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ABSTRACT

The Systems Description Document, J-2S Improvement Study, provides a condensed

compilation of stage/vehicle systems and support operations changes, schedules,

and costs for incorporation of J-2S engines in the upper stages of the Saturn V launch

vehicle. Detailed back-up data for this condensed document are shown in supplemental

documents. These documents report the detailed results of the mission/performance

analysis, vehicle control and control systems dynamic characteristics, structural

analysis, stage systems impact, launch operations impact, and resources analysis
studies.

The Phase I trade study activity consisted of determining the design vehicle/

payload configuration, mission flight profiles and J-2S/stage operational sequence

which would be studied in detail in the second phase of the study. In addition, trades

were conducted to establish preferred J-2S engine calibration thrust range and

desirability of using mixture ratio shift schedules in the S-II and S-IVB stages.

From these trades, four mission/vehicle configurations were selected for detailed

analysis in the Phase II activity.

The Phase II activity consisted of studies to develop detailed design information for

making an aasessment of total Saturn V vehicle, support operations and KSC launch

operations impact to arrive at a master schedule and program costs required to design,

develop, and produce the J-2S/Saturn V vehicle. Resources required to incorporate

J-2S engines for the LOR mission were identified separately from resources required

to adapt the J-2S/Saturn V for synchronous orbit or low-Earth orbit missions.

The study concludes that incorporation of the J-2S engine in the Saturn V vehicle is

desirable for the following reasons: (1) systems simplification, (2) improved

reliability, payload, and operational flexibility, and (3) cost savings.

LIST OF KEY WORDS

D5-15772

Systems Description Document

J-2 S Improvement Study

J-2S/Saturn V

J-2S/S-II

J-2S/S-IVB

J-2S Engine

Simplified J-2 Engine

Simplified J-2 Applications
Resources J-2S/Saturn V

iii



I_,.15TT2-2

CONTENTS

PARAGRAPH,

REVISIONS
ABSTRACT

CONTENTS

I LLUSTRA TIONS

TABLES

ABBRE VIA TIONS

REFERENCES

FOREWORD

SEC TION 1 - INTRODUC TION

1.0 GENERAL

SECTION 2 - SUMMARY

2.0

2.1

2.2

2.3

2.3.1

2.3.2

2.3.3

2.4

2.4.1

2.4.2

2.4.3

2.4.4

2.4.5

2.4.6

2.4.7

2.4.8

2.5

2.5.1

2.5.2

2.5.3

2.5.4

2.6

2.6.1

2.6.2

2.6.3

2.6.4

2.7

2.7.1

GENERAL

OBJECTIVES

J-2S ENGINE DESCRIPTION

TRADE STUDIES AND CONFIGURATION SELECTION
J-2S Thrust Trades

J-2S Mixture Ratio Trades

Missions, Flight Profiles, and Payload Envelope Trades
VEHICLE ENVIRONMENTS

Vehicle Description

Design Trajectories

Aerodynamics

Acoustics

Structural Loads and Dynamics

Heating Environment

Vehicle Weights and Mass Characteristics
Vehicle Control

PERFORMANCE/MISSION ANALYSIS

Lunar Missions

High Energy Missions

Synchronous Orbit Missions

Low Earth Orbit Missions - Two Stage

STAGE DESCRIPTIONS

S-IC Stage Description

J-2S/S-H Stage Systems Description

S-IVB Stage Description

Instrument Unit {IU) Stage Description
KSC LAUNCH OPERATIONS IMPACT

Propulsion Related Processing Operations

PAGE

ii

iii

iv

X

xxiv

xxxii

xliv

lii

1-1

2-1

2-1

2-1

2-3

2-3

2-3

2-3

2-5

2-5

2-5

2-5

2-5

2-7

2-7

2-9

2-9

2-11

2-ll

2-11

2-11

2-14

2-16

2-16

2-17

2-29

2-32

2-36

2-36

iv



D5-15772-2

CONTENTS (Continued)

PARAGRAPH

2.7.2

2.7.3

2.7.4

2.7.5

2.8

2.9

2.9.1

2.9.2

2.9.3

2.9.4

2.10

2.11

2.11.1

2.11.2

PAGE

Facility and Groun Support Equipment 2-36

Interlock System 2-36

Redline Parameters 2-37

Operations Improvement 2-37

SYSTEMS ENGINEERING AND INTEGRATION (SE&I) 2-38
RESOURC ES 2-39

Stage Resources 2-39

KSC Launch Operations 2-48

Systems Engineering and Integration (SE&I) 2-39
Vehicle Resources 2-49

POTENTIAL PROBLEM AREAS AND POSSIBLE SOLUTIONS 2-58

CONCLUSIONS AND RECOMMENDATIONS 2-58

Conclusions 2-58

Recommendations 2-60

3.0

3.1

3.1.1

3.1.2

3.1.3

3.1.4

SECTION 3 - STUDY OBJECTIVES AND GROUND RULES

STUDY OBJECTIVES

GROUND RULES, GUIDELINES AND ASSUMPTIONS

Vehicle/Payload Definition

Mission Profiles

Technical

Program Resources

4.0

SECTION 4 - J-2S ENGINE

J-2S ENGINE DESCRIPTION

5.0

5.1

5.2

5.2.1

5.2.2

5.2.3

5.3

5.3.3

SECTION 5 - TRADE STUDIES FOR CONFIGURATION

SE LEC TION

GENERAL

J-2S THRUST TRADES

J-2S MIXTURE RATIO TRADES

Independent S-H Stage MR Analysis

Independent S-IVB Stage MR Analysis

Simultaneous S-II Stage and S-IVB Stage MR Analysis

MISSIONS, FLIGHT PROFILES AND PAYLOAD
ENVE LOPES TRADES

Mission Definitions

Mission Flight Profiles versus Performance and

Engine/Stage Systems Impact

Payload Envelope Trades

3-1

3-I

3-1

3-2

3-3

3-4

4-1

5-I

5-1

5-2

5-2

5-11

5-17

5-17

5-17

5-19

5-28

V



Z_-15772-2

CONTENTS (Continued)

PARAGRAPH

5.3.4 Summary of Trade Studies for Configuration Selection

SECTION 6 - VEHICLE DESCRIPTION

6.0

6.1

6.2

6.3

6.4

GENERAL

THREE STAGES - LOR MISSION

THREE STAGE - SYNCHRONOUS MISSION

TWO STAGE - LOW EARTH ORBIT MISSION

TWO STAGE - POLAR ORBIT MISSION

SECTION 7 - VEHIC LE ENVIRONMENTS

7.0

7.1

7.2

7.2.1

7.2.2

7.2.3

7.2.4

7.3

7.4

7.4.1

7.4.2

7.4.3

7.4.4

7.5

7.5.1

7.5.2

7.5.3

7.5.4

7.6

7.7

7.7.1

7.7.2

GENERAL

BASELINE SA-511 SATURN V VEHICLE

J-2S SATURN V DESIGN TRAJECTORIES

Three-Stage-Lunar Orbital Rendezvous Mission

Three-Stage Equatorial Synchronous Orbit Mission

Two-Stage Low Earth Orbit Mission (Coplanar)

Two-Stage Polar Orbit Mission

PRELIMINARY VEHICLE WEIGHT AND MASS

C HARAC TERISTICS

AERODYNAMICS

Statc Stability
Axial Force

Normal Force Distribution

Axial Force Distributions

STRUCTURAL CRITERIA AND LOADS

Environmental Requirements

Design Loads for Nominal Flight

Structural Dynamics

Engine-Out Design Requirements (Malfunction Flight)
HEATING ENVIRONMENT

VEHICLE CONTROL

Rigid Body Controls

Control System Dynamics

SECTION 8 - PERFORMANCE/MISSION ANALYSIS

8.0

8.1

8.2

8.3

8.4

PAGE

5-30

6-1

6-1

6-2

6-2

6-2

7-1

7-1

7-I

7-7

7-11

7-17

7-23

7-33

7-46

7-46

7-46

7-46

7-53

7-56

7-56

7-56

7-80

7-84

7-89

7-91

7-91

7-98

GENERA L 8-1

LOR PERFORMANCE COMPARISONS 8-1

SYNCHRONOUS ORBIT PERFORMANCE COMPARISONS 8-4

LOW EARTH ORBIT (LEO) PERFORMANCE COMPARISONS 8-4

POLAR ORBIT PERFORMANCE COMPARISONS 8-7

vi



-15772-Z

CONTENTS (Continued)

PARAGRAPH

8.5

8.5.1

8.5.2

8.5.3

8.5.4

8.5.5

•ALTERNA TE MISSION PERFORMANC E ANALYSIS

Direct Injection Lunar Mission - Three Stage J-2S/
Saturn V Vehicle

High Energy Missions - Three Stage J-2S/
Saturn V Vehicle

Coplanar Hohmann Transfer Mission

Direct Ascent to Circular Orbit - Three Stage J-2S/
Saturn V Vehicle

Polar Orbit Missions - Three Stage J-2S/Saturn V Vehicle

SECTION 9 - PAYLOAD EXCHANGE RATIOS FOR J-2S/
SATURN V VEHICLES

9.0

9.1

GENERAL

DISCUSSION

SECTION l0 - STAGE/SYSTEMS DESCRIPTION

10.0

10.1

10.1.1

10.1.2

10.2

10.2.1

10.2.2

10.2.3

10.2.4

10.2.5

10.2.6

10.2.7

10.2.8

10.2.9

10.2.10

10.2.11

10.2.12

10.3

10.3.1

10.3.2

10.3.3

10.3.4

10.3.5

10.3.6

GENERA L

S-IC STAGE

S-IC Stage Description

S-IC Stage Structures
S-II/J-2S STAGE/SYSTEM DESCRIPTION

Structural Systems

Mechanical Systems

Electrical System
Thermal Protection

Reaction Control System

Weight and Mass Properties

Ground Support Equipment

Integrated System Tests

Systems Test and Checkout Requirements

Launch Operations Requirements

Reliability Assessment

Summary of S-II Design Modifications

S-IVB STAGE

Stage Design

Propulsion/Mechanical Systems

Electrical Systems

Thermal Environment and Protection

Weight and Mass Properties

Ground Support Equipment

PAGE

8-12

8-12

8-12

8-15

8-15

8-15

9-I

9-2

I0-I

I0-I

I0-I

10-3

10-7

10-7

10-38

10-146

10-208

10-211

10-235

I0-267

I0-330

I0-346

I0-361

I0-373

10-374

I0-384

10-386

10-424

10-480

I0-539

I0-533

I0-553

vii



DS-1577Z-2

CONTENTS (Continued)

PARAGRAPH"

10.3.7

10.3.8

10.4

10.4.1

10.4.2

10.4.3

10.4.4

10.4.5

10.4.6

10.4.7

10.4.8

10.5

10.5.1

10.5.2

10.5.3

10.5.4

10.6

10.7

10.7.1

10.7.2

10.8

10.8.1

Systems Test

Reliability

INSTRUMENT UNIT

Stage Structural Design

IU Systems

Flight Software

Environmental Analysis

Weight and Mass Properties

Electrical Support Equipment/Ground Support Equipment

Testing Requirements

Summary of IU Design Changes

ASTRIONIC SYSTEM INTEGRATION

J-2S/LOR Astrionic System Interface

J-2S/Synchronous Astrionic System Interface

J-2S/LEO Astrionic System Interface

J-2S/Polar Astrionic System Interface

VEHICLE FINAL WEIGHTS

KSC LAUNCH OPERATIONS IMPACT

Launch Operations Changes

Facility and Equipment Modifications

SYSTEMS ENGINEERING AND INTEGRATION (SE&I)
SE&I Tasks Definition

SECTION 11 - RESOURCES

11.0

11.1

11.1.1

11.1.2

11.1.3

11.2

11.2.1

11.2.2

11.2.3

11.3

11.3.1

11.3.2

11.3.3

INTRODUCTION

VEHICLE FACILITIES PLAN

Contractors Facilities

Marshall Space Flight Center (MSFC)

Mississippi Test Facility (MTF)
VEHICLE TEST PLAN

Dynamic Testing

Wind Tunnel Testing

Manrating Flight Qualification Testing
VEHICLE SCHEDULE PLAN

Schedule Ground Rules

Schedule

Schedule Impact

PAGE

10-583

10-634

10-651

10-652

10-671

10-717

10-788

10-791

10-793

10-798

10-802

10-804

10-804

10-884

10-918

10-952

10-968

10-984

10-985

10-988

10-1010

10-1010

II-I

ll-I

II-I

II-I

II-I

11-2

11-2

11-2

11-2

11-5

11-5

II-6

ll-6

..°

Vlll



I_-15TT2-2

CONTENTS (C ontinued )

PARAGRAPH

SECTION 12 - WIND SENSITIVITY STUDY

12.0

12.1

12.1.1

12.1.2

12.1.3

12.1.4

12.2

12.3

INTROD UC TION

STUDY GROUND RULES

Payload Envelopes

Structural Capability
Wind Criteria

Aerodynamics
TECHNICAL APPROACH

RESULTS AND DISCUSSION

APPENDICES

A BASELINE SA-511 VEHICLE DEFINITION

PAGE

12-I

12-I

12-I

12-5

12-5

12-5

12-5

12-6

A-I

ix



D5-15772-2

ILLUSTRATIONS

FIGURE

1.0-1

2.2-1

2.4-1

2.5-1

2.9.4-1

2.9.4-2

2.9.4-3

4.0-1

4.0-2

4.0-3

4. 0-4

4.0-5

4.0-6

4°0-7

4.0-8

4.0-9

4.0-10

4. 0-11

4. 0-12

4.0-13

4.0-14

4.0-15

4.0-16

4. 0-17

4. 0-18

4. 0-19

4.0-20

PAGE

Study Logic Diagram 1-2

General Arrangement 2-2

J-2S/Saturn V Ultimate Compressive Design Loads (Nc) 2-8

J-2S/Saturn V High Energy Performance Capability 2-12

Three-Stage Vehicle

J-2S/Saturn V Synchronous Orbit Performance 2-13

J-2S/Saturn V Low Earth Orbit Performance - Two- 2-15

Stage Vehicle (S-IC/S'II)

Integrated Vehicle Master Development and Delivery 2-50
Schedule

Comparative Cost Summary J-2S/J-2 Equipped 2-55

Vehicles

Comparative Cost Summary J-2S/J-2 Equipped Vehicle 2-56

Mainstage Calibration Thrust Range 4-6

Thrust Vs. Altitude 4-7

Specific Impulse Vs. Mixture Ratio 4-8

Engine Mixture Ratio Vs. Total Engine Weight Flow 4-9

Idle Mode Specification Minimum Specific Impulse 4-11

Vs. Mixture Ratio

Engine Idle Mode Performance 4-12
Idle Mode Performance 4-13

Idle Mode Performance 4-14

Idle Mode Performance 4-15

Estimated J-2S Thrust Build-Up Envelope 4-16

Start - Restart Requirements 4-19

Heat Exchanger Gox Customer Connect Temperature 4-20

Vs. Oxidizer Flowrate

Heat Exchanger GOX Customer Connect Pressure 4-21

Vs. Oxidizer Flowrate

Heat Exchanger Helium Customer Connect Pressure 4-23

Vs. Helium Flowrate at All Engine Operationg Connections

Heat Exchanger Helium Customer Connect Temperature 4-24
Vs. Helium Flowrate

Fuel Pressurization Performance Customer Panel 4-25

Pressure Vs. Flow

J-2S Engine Control Power Requirements 4-29

J-2S Ignition Power Requirement 4-31
Extended Idle Mode Start 4-32

Instrumentation Power Requirements Pressure and Flow 4-33
Transducers

Static Test Purge Procedure 4-36

Engine Purge Sequence for Flight 4-37

X



D5-15772-2

4. 0-23

4. 0-24

4. 0-25

4.0-26

4. 0-27

4.0-28

5.1-1

5.1-2

5.2.1-1

5.2.1-2

5.2.1-3

5.2.1-4

5.2.1-5

5.2.2-1

5.2.2-2

5.2.2-3

5.2.2-4

5.2.2-5

5. 3-1

5. 3-2

5.3-3

ILLUSTRATIONS (Continued)

Hydrogen Engine Inlet NPSH Requirements 4-38

Oxidizer Engine Inlet NPSH Requirements 4-39

Mainstage Start Requirements Engine Inlet Pressure 4-41

Limits

Idle Mode Propellant Supply Conditions/Prestart 4-42

Requirements

J-2S Engine Idle Mode Operation 4-43

Estimated PU Valve Position Vs. Differential Engine 4-44

Mixture Ratio

J-2S Single Engine Thrust Versus Mixture Ratio 5-3

J-2S Engine Specific Impulse Simulated for the S-II and 5-4

S-IVB

S-II ShiftTime-Study - Change in S-II Impulse Propellant 5-6

with Burn Duration at a MR of 5.5

S-II ShiftTime Study - Change in LOR Net Payload, 5-7

AWpL , From Nominal with Burn Duration
S-II MR Schedule Study - Change in LOR Net Payload 5-8

From Nominal (AWpL) Vs. Specified S-If Third

Burn MR'S (With S-II Second Burn MR Held Constant

As a Parameter)

S-II Constant MR Study - Change from Maximum S-II 5-9

Impulse Propellant for Specified Constant S-II Mixture
Ratios

S-II Constant MR Study - Change in LOR Net Payload 5-10

(_WpL) From Nominal Vs. Specified Constant S-II
Mixture Ratios (After A 2.5 Sec. S-II Burn at a MR

of 5. 0)
S-IVB Constant MR Study - Change in S-IVB Impulse

Propellant ( _ Wp3 ) From Maximum Available Vs. 5-12
Constant S-IVB MR

S-IVB Constant MR Study - Change in LOR Net Payload 5-13

(_WpL) From Nominal Vs, Constant S-IVB MR
S-IVB MR Schedule Study - Change in Net LOR Payload 5-14

(AWpL) From Nominal Vs. S-IVB MR Schedule

S-IVB Shift Time Study - Change in S-IVB LOR Impulse 5-15

Propellant (/_ WP3) From Max Available Vs. Duration
of Burn at the 5. 5 S-IVB MR

S-IVB Shift Time Study - Change in LOR Net Payload 5-16

(_WpL) From Nominal Versus Duration of Burn at the
S-IVB MR of 5.5

Payload Shapes 5-18

Candidate Lunar Flight Profiles 5-21

Candidate Two-Stage Low Earth Orbit Flight Profiles 5-22

xi



D5-15772-2

ILLUSTRATIONS (Continued)

5. 3-4

5.3-5

5.3-6

6-1

6-2

7.2-1

7.2-2

7.2-7

7.2-8

7.2-9

7.2-10

7.2-11

7. 3-1

7.3-2

7.3-3

7.3-4

7.3-5

7.3-6

7.3-7

7.4-1

7.4-2

7.4-3

S-II Repressurization System Weight 5-24

Candidate Polar Orbit Flight Profiles 5-25

Candidate Synchronous Orbit Flight Profiles 5-27

Apollo-Saturn V Vehicle Configuration 6-3

Two-Stage Saturn V Vehicle Configuration 6-4

J-2S Single Engine Thrust Versus Mixture Ratio 7-8

J-2S Engine Specific Impulse Simulated for the S-II 7-9

and S-IVB Stages

LOR Design Flight Profile 7-10

J-2S/Saturn V Three Stage - LOR Dynamic Pressure 7-15

and Longitudinal Acceleration Versus Time

Equatorial Synchronous Orbit Design Profile 7-16

J-2S/Saturn V Three-Stage - Synchronous Mission 7-21

Dynamic Pressure and Longitudinal Acceleration
Versus Time

LEO Design Flight Profile 7-22

J-2S/Saturn V Two-Stage LEO Dynamic Pressure and 7-26

Longitudinal Acceleration Versus Time

Two-Stage Polar Orbit Flight Profile 7-27

Polar Orbit Mission - Instantaneous Impact Trace 7-28

J-2S/Saturn V Two-Stage Orbit Dynamic Pressure 7-33

and Longitudinal Acceleration Versus Time

LOR/LEO/2-Stage Polar Orbit Saturn V/J-2S Propellant 7-39

Surface Levels Vs. First Stage Burn Time

J-2S/Saturn V LOR Vehicle Weight and Center of Gravity 7-40

Vs. Vehicle Flight Time
J-2S/Saturn V LOR Vehicle Mass Moment of Inertia Vs. 7-41

Vehicle Flight Time

J-2S/Saturn V Low Earth Orbit Vehicle Weight and 7-42

Center of Gravity Vs. Vehicle Flight Time

J-2S/Saturn V Low Earth Orbit Vehicle Mass Moment of 7-43

Inertia Vs. Vehicle Flight Time

J-2S/Saturn V (2) Stage Polar Orbit Vehicle Weight and 7-44

Center of Gravity Vs. Vehicle Flight Time

J-2S/Saturn V (2) Stage Polar Orbit Vehicle Mass Moment 7-45

of Inertia Vs. Vehicle Flight Time

Normal Force Coefficient Gradient and Center of Pressure 7-47

Versus Mach Number

Variation of Forebody Axial Force Coefficient with Mach 7-48
Numbers at _ = 0°

Distribution of Local Normal Force Coefficient, 7-49

M = I.20, a = i0o.

xii



D5-15772-2

7.4-4

7.4-5

7.4-6

7.4-7

7.4-8

7.5-1

7.5-2

7.5-3

7.5-4

7.5-5

7.5-6

7.5-7

7.5-8

7.5-9

7.5-10

7.6-1

7.7-1

7.7-2

7.7-3

7.7-4

7.7-5

7.7-6

8.2-1

8.2-2

ILLUSTRATIONS (Continued)

Distribution of Local Normal Force Coefficient,

M = 1.2 a = 12 °

Distribution of Local Normal Force Coefficient,

M=I.5, a=10 °

Distribution of Local Normal Force Coefficient,

M = 1.5, _= 12°

Distribution of Local Axial Force Coefficient,

a = 0°, M=1.20

Distribution of Local Axial Force Coefficient,
E = 0°, M=1.50

In_flight Wind Profile

J-2S/Saturn V Apollo/LOR S-IC Combined
Load Distribution

J-2S/Saturn V Apollo/LOR S-II Combined Load
Distribution

J-2S/Saturn V Apollo/LOR S-IVB and IU Combined
Load Distribution

J-2S/Saturn V Low Earth Orbit S-IC Combined Load

Distribution

J-2S/Saturn

Distribution

J-2S/Saturn

Distribution

J-2S/Saturn

Distribution

J-2S/Saturn

Distribution

J-2S/Saturn

Dis tribution

Aerodynamic Heating Indiactor Histories for J-2S

Improvement Study Mission (Maximum Heating)

Flight Control System Gains for the J-2S/LOR Vehicle

Flight Control System Gains for the J-2S/Low Earth
Orbit Vehicle

Flight Control System Gains for the J-2S/Polar Orbit
Vehicle

RSS Thrust Deflection for the J-2S/LOR Vehicle

RSS Thrust Deflections for the J-2S Low Earth Orbit

Vehicle

RSS Thrust Deflection for the J-2S Polar Orbit Vehicle

J-2S/Saturn V Synchronous Orbit Performance

J-2S/Saturn V Synchronous Orbit Performance

V Low Earth Orbit S-II Combined Load

V Low Earth Orbit IU Combined Load

V 2-Stage Polar Orbit S-IC Combined Load

V 2-Stage Polar Orbit S-II Combined Load

V 2-Stage Polar Orbit IU Combined Load

7-50

7-51

7-52

7-54

7-55

7-57

7-58

7-59

7-60

7-61

7-62

7-63

7-64

7-65

7-66

7-90

7-92

7-93

7-94

7-95

7-96

7-97

8-5

8-6

°oo

Xlll



D5-15772-2

8.3-1

8.3-2

8.3-3

8.4-1

8.5-1

8.5-2

8.5-5

10.1-1

10.1-2

10.2-1

10.2-2

10.2-3

10.2-4

10.2-5

10.2-6

10.2-7

10.2-8

10.2-9

10.2-10

10.2-11

10.2-12

10.2-13

10.2-14

10.2-15

10.2-16

102-17

102-18

102-19

10,2-20

I0 2-21

10 2-22

10 2-23

10 2-24

10 2-25

10.2-26

10.2-27

10._-28

ILLUSTRATIONS (Continued)

Low Earth Orbit Performance S-IC/S-H Two Stage Vehicle 8-8

Mainstage Vs. Idle Mode for Orbit Circularization

Low Earth Orbit Performance S-IC/S-H Two Stage Vehicle 8-9

Two-Stage J-2S/Saturn V Direct Ascent to Circular Orbit 8-10
Saturn V Polar Orbit Performance S-IC/S-H Two-Stage 8-11

Vehicle

Three Stage High Energy Mission From Earth Parking Orbit 8-13

With J-2S Engines

Three Stage High Energy Mission From Earth Parking 8-14

Orbit with J-2S Engines

J-2S/Saturn V Hohmann Transfer to Circular Orbit 8-16

Three-Stage J-2S/Saturn V Performance To Circular 8-17

Orbit

Three-Stage J-2S/Saturn V Polar Orbit Performance 8-18

S-IC Stage Configuration 10-5

Saturn V + J-2S Two-Stage Polar Orbit S-IC Fuel Tank 10-6

Modifications

Thrust Cone Skin Panel Modification 10-&

Thrust Cone Stringer Modification 10- 9
Thrust Longeron Modification 10-10

Frame X B 112 Modification 10-11
Frame XB 139.75 Modification 10-12

Frame X B 167.50 Modification 10-13
Frame X B 223 Modification 10-14
Center Engine Support Beam Modification 10-16
Outboard Engine Thrust Block Modification 10-17
Heat Shield Quarter-Panel Modification 10-18
Heat Shield 10-19

Heat Shield (Section A-A) 10-20

Heat Shield (Section B-B) 10-21

Heat Shield (Cross-Section) 10-22

Insulation Modification--Ullage Motor Removal 10-24
Forward Skirt Modification 10-26

Forward Bulkhead and Insulation Modification 10-27
RCS Module Location--Aft Skirt 10-28

RCS Module Provisions--Aft Skirt 10-29

RCS Module Support--Aft Skirt 10-30

RCS Module Support--Aft Skirt (Sections A-A and B-B) 10-31
Slosh Control Baffle--LOX Tank 10-32

RCS Module Provisions--LH 2 Tank Sidewall Insulation 10-33
New Battery Container Support--Thrust Cone 10-35
Installation of Thrust Vector Control System Air Reservoir 10-36
Proposed J-2S Thrust Buildup Profile (Rocketdyne R-7211) 10-44

J-2S and J-2 Engine Sequence 10-45
Thrust Versus Time Profile, LOR Mission (S-II Stage with 10-47

265,000-Pound Thrust Engines)

xiv



D5-15772-2

10.2-29

10.2-30

10.2-31

10.2-32

10.2-33

10.2-34

10.2-35

10.2-36

10.2-37

10.2-38

10.2-39

10.2-40

10.2-41

10.2-42

10.2-43

10.2-44

10.2-45

10.2-46

10.2-47
10.2-48

10.2-49

10.2-50

10:2-51

10.2-52

10.2-53

10.2-54

10.2-55

10.2-56

10.2-57

10.2-58

10.2-59

10.2-60

10.2-61

10.2-62

10.2-63

10.2-64

10.2-65

10.2-66

10.2-67

ILLUSTRATIONS (Continued)

J-2S and J-2 Engine Checkout Schematic 10-48

Estimated J-2S Thrust Decay Characteristics 10-49
Predicted S-II Engines Chamber Pressure from LOX Exhaustion 10-50

(Pc) Cutoff

Solid Propellant Turbine Starter Location on J-2S Engine 10-51
Mainstage Start Requirements, Engine Inlet Pressure Limits 10-53

Pressure and Temperature Requirements for J-2S Engine Start 10-54
J-2 LH2 Recirculation:System Schematic 10-55

J-2S LH 2 Recirculation System Schematic 10-56

J-2 LOX Recirculation System Schematic 10-57
J-2S LOX Recirculation System Schematic 10-58
Oxygen Temperature-Entropy Diagram 10-61
Quality Versus Percent Gas by Volume, Saturated Oxygen 10-62

at 33 psia

Quality Versus Percent Gas by Volume, Saturated 10-63
Hydrogen at 27 psia

J-2S/S-II Predicted LOX Engine Inlet Pressure 10-64
J-2S/S-II Predicted LH 2 Engine Inlet Pressure Band 10-65
J-2S Engine Schematic 10-67
Installation of J-2 Engine Service Lines 10-69
Installationof J-2S Engine Service Lines 10-71
Installationof J-2S Engine Service Lines (Section B--B) 10-76

Installationof J-2 Engine Service Lines (Section A-A) 10-77

Deletion of Thrust Chamber Requirements Chill 10-78
Requirements

J-2S/S-II Outboard Engine Interface 10-79
J-2S Center Engine Interface (Optional) 10-80
J-2S/S-II Center Engine Panel (Lower Fin C) 10-82

J-2 Engine Requirements 10-83

J-2 S Engine Requi rement s 10- 84
J-2S/S-II Thrust Versus Time--LEO Mission 10-85

Estimated J-2S Thrust Decay Characteristics--Mainstage to 10-86
Idle Mode at 4.7 EMR

Estimated J-2S/S-II Idle Mode Thrust Buildup 10-87

Estimates J-2S Engine Cutoff Characteristics--S-If LEO 10-88
Idle Mode Cutoff (First and Second Burn)

J-2 and J-2S LOX Pump Seal Vent Outlet Locations

LOX Pump Seal Drain Zero Thrust Outlet {LEO Mission)

J-2S Engine LH 2 Feedline Purge System

J-2S LH 2 Feedline Purge (Partial Elevation View)
J-2S LOX Tank Low Level Sensor Locations

LOX Depletion Sensor Fitting
J-2S LH2 Tank Low Level Sensor Locations

LOX Tank Slosh Baffle

J-2 and J-2S Engine LOX and LH 2 Tank Pressurization
Manifold s

10-90

10-92

10-93
10-94

10-97
10-98

10-99

10-102

10-104

XV



D5-15772-2

10.2-68
10.2-69
10.2-70
10.2-71

10.2-72

10.2-73

10.2-74

10.2-75

10.2-76

10.2-77

10.2-78

10.2-79

10.2-80

10.2-81

10.2-82

10.2-83

10.2-84

10.2-85

10.2-86

10.2-87

I0.2-88

I0.2-89

10.2-90

10.2-91

10.2-92
10.2-93
10.2-94
10.2-95
10.2-96
10.2-97
10.2-98
10.2-99
10.2-100
10.2-101
10.2-102
10.2-103
10.2-104
i0.2-i05

10.2-106

10.2-107

ILL USTRATIONS (Continued)

•J-2 Pressurization System

Mainstage NPSH Requirements
J-2S Study Missions (Altitude Versus Time)
J-2S/S-II Propellant Tank Ullage Pressure During S-IC

Boost
Common Bulkhead Aft Facing Sheet Temperature at Station 394

Heat Exchanger GOX Temperature Versus Oxidizer Flowrate
J-2S Pressures Versus Restart Requirements
J-2S Heat Transfer Paths

J-2S Pressure Versus Time (45 Minutes)
J-2S Pressure Versus Restart Requirements (45 Minutes

and 2 Hours)
Balanced Vent Thrust Nozzle Configuration

Propellant Settling Thrust (Balanced Vent) System (Schematic)
Propellant Settling Thrust System (Plan View)
Propellant SettlingThrust System (Elevation View)

Engine Valve Actuation System

Engine Valve Actuation System (Aft View)

Existing Valve Actuation System, S-If With J-2 Engine

Accumulator Reservoir Manifold Assembly and Auxiliary
Motor Pump Location

J-2S/S-II ARMA and AMP Location, LEO Mission

Existing ARMA to AMP Line Routing
J-2S/S-II ARMA to AMP Line Routing, LEO Mission

Air Atmosphere System Line Routing

Engine Actuation System Auxiliary Motor Pump Fluid
Schematic

Electrical Power System Deletions (LOR Mission)
Main Bus Current Profile (LOR Mission)
Main Bus Current Profile (LEO Mission)

Redesigned 206A31 Container
Redesigned 207 Container
TVC System Electrical Power Distribution
TVC Bus Current Profile
TVC Container Location

TVC Battery Container
Redundant Engine Ready Bypass
Redundant Engine Start
Redundant Mainstage Start
LOX Exhaustion Pc Cutoff
Flight Events--Mainstage to Idle Mode Cutoff
Mainstage Cutoff Circuitry
All-Engine Cutoff Circuitry
Flight Events: Coast Period--Restart--Extended Idle

Mode to Cutoff

10-107

10-109
10-113
10-114

10-115
10-116
10-117

10-120

10-121
10-122

10-126

19-12e

I0-12_

10-130

10-132
10-133

10-134
10-138

10-139

10-140
10-141

10-144

10-145

i0-14_

10-149

10-151
10-153
10-154

10-155
10-158

10-159

10-160

10-163
10-164

10-16_

10-166
10-177
10-179
10-180

10-182

xvi



D5-15772-2

ILLUSTRATIONS (Continued)

10.2-108
10.2-109
10.2-110
10.2-111
10.2-112

10.2-113
10.2-114
10.2-115
10.2-116
10.2-117

10.2-118
10.2-119
10.2-120
10.2-121
10.2-122
10.2-123
10.2-124

10.2-125
10.2-126
10.2-127
10.2-128

10.2-129
10.2-130

10.2-131

10.2-132

10.2-133

10.2-134

10.2-135
10.2-136
10.2-137
10.2-138
10.2-139
10.2-140
10.2-141

I0.2-142

10.2-143

i0.2-144

Restart Control Circuitry
Zero-Thrust Cutoff Circuitry
RCS Quad Redundant Series--Parallel Injector Valves

S-II Stage Electrical Control of RCS (Typical)
TVC Battery Heater Power
TVC Pump Motor Control

LH2 Balanced Vent Valve Control
Propellant Utilization Power Control (Two-Hour Mission)
RCS Jet Designation and Selection for S-II

Fuel for Stabilizing and Reorientating Due to the Initial
Disturbance Rate

Angular Rate Versus Time for 180-Degree Maneuver
Fuel Expenditure Versus Rate Limit for 180-Degree Maneuver
Reaction Control System Module Perspective
Saturn V/S-IVB Reaction Control System Schematic
Reaction Control System Vibration

Reaction Control System Sinusoidal Vibration

Surface Regions Influenced by Interference Heating from
Reaction Control System Fairing

Reaction Control System Module Purge System
Reaction Control System Servicing System
Reaction Control System Gas Bleed System
Reaction Control System Conditioning (GN2) and Helium

Pressurization System
Reaction Control System Conditioning Ducts
S-II Stage Weight and Center of Gravity Versus Burn Time

(LOR Mission)

S-II Stage Roll and Pitch Intertia Versus Burn Time
(LOR Mission)

S-II Weight Distribution at Ground Ignition (LOR Mission)
S-II Weight Distribution at Engine Cutoff (LOR Mission)
S-II Stage Weight and Mass Data Versus Flight Time

(LEO Mission)

S-II Weight Distribution at Ground Ignition (LEO Mission)
S-II Weight Distribution at Engine Cutoff (LEO Mission)
A7-41 Umbilical Plate Engine Systems Changes
A7-51 SLAM Center Engine Bridle Changes for J-2S Engine
J-2S A7-71 Heat Exchanger Schematic Diagram
C7-53 Pneumatic Checkout Blanking Plate Set

C7-603 System Changes (GH2 Start Tank Vent Control
Supply)

C7-603 System Changes (Recirculation System Helium
Fill Disconnect)

C7-603 System Changes (Recirculation Pressurization
Receiver)

C7-603 Test Control Panel Changes

10-183

10-184
10-185
10-186

10-189

10-190
10-191
10-193

10-194

10-212

10-214
10-215

10-220
10-221
10-224

10-225

10-226

10-229
10-230
10-231
10-233

10-234

10-242

10-243

10-246

10-249

10-259

10-262

10-265

10-268
10-270

10-272
10-274

10-276

10-277

10-278

10-.279

xvii



D5-15772-2

ILLUSTRATIONS (Continued)

10.2-145

10.2-146

10.2-147

10.2-148

10.2-149

10.2-150

10.2-151

10.2-152

10.2-153

10.2-154

10.2-155

10.2-156

10.2-157

10.2-158

10.2-159

10.2-160

10.2,161

10.2-162

10.2-163

10.2-164

10.2-165

10.2-166

10.2-167

10.2-168

10.2-169

10.2-170

10 3. 1-1

10 3. 1-2

10 3.1-3

10 3.1-4

10 3.1-5

10 3.1-6

10 3.1-7

10 3. 1-8

10. 3. 1-9

10. 3.1-10

10. 3.1-11

10. 3.1-12

10. 3. 1-13

C7-603 System Changes (LH 2 Pump Seal Drain Manifold
Disconnect Relief Check Supply)

C7-603 System Changes (LH 2 Feedline Purge Supply)
Leak Check Regulation Test Control Panel Changes
C7-603 System Changes (High Pressure Regulation Panel)
C7-603 System Changes

Switch Supply)

C7-603 System Changes
C7-603 System Changes

Distribution Panel)
C7-603 System Changes
C7-603 System Changes

(Calips Mainstage OK Pressure

(GH 2 Start Tank Supply)
(High Pressure Regulation and

(Engine Leak Check Panel 1)

(Engine Leak Check Panel 2)
C7-603 System Changes (Engine Prevalve Control and

Recirculation System Panel)
Engine Actuation Air Supply System
$7-41 Pneumatic Console Feedline Purge Changes
Prevalve Actuation System Thrust Chamber Chill Changes

Engine Thrust Chamber and Turbopump Purge Changes
Thrust Chamber Chill System Deactivation

Turbine Start Bottle Vent Valve Control System
Deactivation

Turbopump Purge System Deactivation
Recirculation Bottle Helium Supply Disconnect Valve

Actuation Pressure Deactivation (MTF and KSC)

Mainstage OK Pressure Switches Readjustment
Reaction Control Helium Pressurization System

Air Atmosphere Supply System, $7-41 Pneumatic

Servicing Console
LOX Tank Internal Access Kit Modification for LEO Mission

Automatic Checkout System Block Diagram

J-2S Implementation Integrated System Tests Schedule

Prelaunch Sequence--S-II/J-2S
NR Tasks for CDDT and Countdown

Major Structural Sub-Assemblies

Ullage Rocket Intercostals
Thrust Structure Model

Typical Thrust Stringer Section
LOR Mission-Aft No. 1 Battery Adaptor
Aft Skirt Panels Location

Propellant Tank Baffle, Deflector and Propellant Level

Comparison
Baffle Installation-LOX Tank

LH 2 Tank Baffle Installation-3Burn Sync Mission
First Cutoff LH2 Slosh Baffle and Support Structure

_etch

Umbilical Panel Modification

Customer Connect Panel Revisions

10-280

10-281

10-2 82
10-284

10-285

I0-:286

10-287

10-288
10-289

10-290

10-292
10-294

10-295

10-296
10-297

10-298

10-299

10-300

10-302

10-304

10-305

10-306
10-309

10-332
10-337
10-365

10-387

10-388
10-389
10-390
10--391

10-391
10-392

10-397

10-398

10-398

10-399
10-401

10-401

xviii



J

D5-15772-2

ILLUSTRATIONS (Continued)

10. 3. 2-1
10. 3. 2-2
10. 3. 2-3
10.3.2-4
10. 3. 2-5
10 3. 2-6
10 3.2-7

10 3. 2-8
10 3. 2-9
10 3. 2-10
10 3. 2-11
10 3. 2-12

10.3. 2-13
10. 3. 2-14
10. 3. 2-15
10.3.3-1A

10.3.3_1B

10.3o3-1C

10.3.3-1D

10.3.3-2A

10o 3.3-2B

10.3°3-2C

10.3.3-2D

10.3.3-3A

10. 3. 3-3B

10. 3. 3-3C

10.3. 3-3D

Schematic Propulsion/Mechanical
Schematic, Engine Fluid Service Systems
Schematic, LOX Feed and Chilldown (Sequence 6)
Schematic, LH 2 Feed and Chilldown (Sequence 10)

LO2/LH 2 Feedline Spacer
Fuel Tank pressurization System (Sequence 8)

LOX Tank Pressurization System (Sequence 4)
Schematic, Pneumatic Control

Ordnance System
Schematic - APS (Sequence 16)
APS Component Installation
Main Hydraulic Pump/Engine Bell Interference

Main Hydraulic Pump
Thermal Isolator Redesign
Typical Heater Blanket - Sync. Mission
Typical Radiation Shield Synchronous Mission
504N Fwd. Battery No. 1 Current Profile
(LOR Mission Using J-2 Engine)
504N Fwd. Battery No. 2 Current Profile

(LOR Mission Using J-2 Engine)
504N Aft Battery No. 1 Current Profile

(LOR Mission Using J-2 Engine)
504N Aft Battery No. 2 Current Profile

(LOR Mission Using a J-2 Engine)
Fwd Battery No. 1 Current Profile

(LOR Mission Using J-2S Engine)
Fwd Battery No, 2 Current Profile

(LOR Mission Using J-2S Engine)
Aft Battery No° 1 Current Profile

(LOR Mission Using J-2S Engine)
Aft Battery No. 2 Current Profile
(LOR Mission Using J-2S Engine)
Fwd Battery No. 1 Current Profile

(Syne Mis sion/J-2S Engine)

(Fwd Battery No. 2 Current Profile
(Sync Mission/J-2S Engine)

Aft Battery No. 1 Current Profile

(Sync Mission/J-2S Engine)

Aft Battery No. 2 Current Profile

(Sync Mission/J-2S Engine)

10-425
10-429
10-433

10-435
10-437

10-441
10-447
10-451

10-457
10-461
10-463
10-467

10-467

10-475
10-477

10-483

10-483

10-485

10-487

10-487

10-488

10-489

10-491

10-491

10-492

10-493

10-497

xix



D5-15772-2

ILLUSTRATIONS (Continued)

10. 3.
10.3.

10. 3.
10. 3.
10. 3.
10. 3.
10.3.

10. 3.
10. 3.

10. 3.
10 3.
10 3.
10 3.
10 3.
10 3.
10 3.
10 3.

10. 3.
10. 3.
10. 3.
10. 3.
10. 3.
10. 3.

10. 3.

10. 3.

10. 3.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

3-4

3-5

3-6

3-7

3-8

3-9

3-10

3-11

3-12

3-13
4-1
4-2
4-3
4-4
4-5
6-1
6-2

6-3
6-4

6-5
6-6
6-7
6-8

6-9

6-10
7-1

7-2

7-3

1-1

1-2

1-3

i.I-i

I.1-2

i. 1-3

Chilldown Circuit Deletions

Ullage Rocket Jettison

Ullage Rocket Ignition
LOX Point-Level Sensor Depletion
70 Lb Ullage Rocket Ignition

Engine Pump Purge
Propellant Utilization System Schematic
Instrumentation System
Probability of Data Receipt/PCM-RF System
(Sync Mission)
Improved PCM RF System

LH 2 and LOX Feedline ThermalModels
LH 2 Feedline Temperature Bands
LOX Feedline Temperature

Warmest LH 2 Feedline Segment Temperature History
Warmest LOX Feedline Segment Temperature History
Pneumatic Console, Model 321
Pneumatic Console, Models 433A and 320
Similar to 319 and 432A

Gas Heat Exchanger - Model 438A

Propulsion Ground Support Equipment (STC)
Propulsion Ground Support Equipment (KSC)
Engine Turbine Start Tank Pressure System (STC)
Engine Turbine Start Tank Pressure System (KSC)
Thrust Chamber Jacket Purge and Chilldown Supply
System (STC)
Thrust Chamber Jacket Purge and Chilldown Supply
System (KSC)
LOX Dome Purge System
Pressure and Temperature Limit Tests for
First Burn Idle Mode at AECD

Pressure Temperature Limit Tests for
Restart Idle Mode at AEDC
AEDC Attitude Simulation Test Schedule

IU Structural Configuration -Cross Sections

IU Structural Configuration - Door Locations

IU Structural Configuration - Splice and Mounting Detail

IU Structural Capability on Pad, Lower Interface Room

Temperature

IU Structural Capability Max Q Alpha, Lower Interface

Room Temperature

IU Structural Capability End Boost, Lower Interface

Room Temperature

10-500

10-500

10-501

10-501
10-502
10-502
10-511
10-533

10-535

10-537

10-541
10-542
10-543
10-543
10-544

10-555

10-555

10-556

10-556
10-557

10-561
10-562

10-565

10-565

10-567

10-595

10-597

10-611

10-653

10-654

10-655

10-657

10-658

10-659

XX



D5-15772-2

ILLUSTRATIONS (Continued)

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

10.4.

1.1-4

1.1-5

2.2-1

2.2-2

2.2-3

2.2-4

2.2-5

2.2-6

2.2-7

2.2-8

2.2-9

2.3-1

2.3-2

2.4-1

2.4-2

2.4-3

2.4-4

2.4-5

2.4-6

3.1-1

3.1-2

3.1-3

3.1-4

3.1-5

3.1-6

3.1-7

3.1-8

3.1-9

3.3-1

IU Lower Interface Construction

Interface Tension Capability

Saturn Control System

Typical Attitude Error Channel

Typical Attitude Rate Channel

Typical Switch Point Schematic

Resettable Switch Point Schematic

J-2S/LEO Attitude Error Channel

J-2S/LEO Attitude Rate Channel

Typical Attitude Error Channel

Typical Attitude Rate Channel

CCS RF Component Layout

Modified CCS Functional Block Diagram

Coax Switch Logic

Power Amplifier Inhibiting

Power Transfer Switch Operation, Four-Battery System

Four Battery Power System

IU to Stages, Wiring Required for LEO Mission

IU to Stages, Wiring Required for Polar Mission
Sensed Idle Mode Acceleration

Smoothed Inverse Acceleration (503 C' M/F Filter)

Commanded Pitch Attitude (Using 503 C' M/F Filter)

Smoothed Inverse Acceleration (Using 504 E M/F Filter)

Command Pitch Attitude (Using "504E" M/F Filter)

Commanded Pitch Attitude Using Chi-Tilde

Commanded Pitch Attitude Using Automatic Chi-Tilde

Platform Orientation with Offset

Calculation of Offset Gimbal Angles

Synchronous Orbit Capability Study Equatorial Synchronous

Mission Performance Capability

Planar Relationship of LEO Targeting

Flight Program Targeting for LEO

10-566

10-667

10-673

10-676

10-677

10-678

10-679
10-6e2

10-683

10-684
10-685

10-689

10-690

10-698

10-699

10-702

10-704

10-706

10-709

10-725

10-726

10-727
10-728

10-729

10-731
10-732

10-734

10-736

10-740

10-742

10-743

xxi



D5-15772-2

10.4.3.5-1

10.4.3.5-2

10.4.3.5-3

10.4.3.5-4

10.4.3.6-1

i0.4.3.6-2

10.4.3.6-3

10.4.3.6-4

10.4.3.6-5

10.4.3.6-6

10.4.3.6-7

10.4.3.6-10

10.4.3.6-13

10.4.4.2-1

10.5.1. 1-1

i0. 5.1.1-2

10.5. 1.2-1

10. 5.1.2-2

10. 5.i.3-1

10.5.1.4-1

10. 5.1.4-2

10. 5.1.4-3

10. 5.1.4-4

10. 5.1.4-5

10. 5.1.4-6

10. 5.1.4-7

ILLUSTRATIONS (Continued)

Commanded Pitch Attitude LEO Ascent (From 0 to 360 Sec)

Commanded Pitch Attitude LEO Ascent (From 360 to 490 Sec)

J-2S Idle Mode Thrust Buildup

Idle Mode Cut-Off

S-IVB Idle Mode Thrust Profiles

LOR S-IVB Idle Mode Time Response with the Ramped

Thrust Profile

LOR S-IVB Idle Mode Time Response with Constant

5000 Pounds Thrust

Synchronous S-IVB Idle Mode Time Response with

Ramped Thrust Profile

Synchronous S-IVB Idle Mode Time Response with

Constant 5000 Pounds Thrust

Design Objectives with Respect to Nyquist Plot of Attitude

Control System Model Open Loop Frequency Response

(Open at the Actuator)

J-2S/LEO S-IC Max Q Pitch Yaw Nyquist Plot (Open at

the Actuator)

Fuel Consumption for WACS Control of S-If Coast

J-2S/LEO S-IfIdle Mode Pitch Yaw Nyquist (Open at

at Actuator) with S-If Mainstage Cut-Off Control Gains

and Shaping Networks

J-2S/LEO S-If Idle Mode Pitch Yaw Nyquist Plot (Open

at Actuator) with ao = 2.0, a 1 = 4.0 and Idle Mode

Attitude Rate Shaping Network

S-II Idle Mode Thrust Profile and Limits

S-If Idle Mode Time Response with the Nominal Thrust

Profile

S-II Idle Mode Time Response with Worst-Case Thrust

Unbalance

Thermal Effects of Cork During Boost

Saturn Launch Vehicle

LOR Mission Profile

Astrionic System

J-2S Navigation, Guidance and Control System

Stage Electrical Interface Flow

Saturn V Engines, Actuators and Nozzle Arrangement

Auxiliary Propulsion System Control Module

APS System

Flight Control Computer

Switch Selector Functional Configuration

Saturn Vehicle Tracking

S-II Power and Distribution

10-750

10-751

10-754

10-762

10-764

10-766

10-767

10-770

10-771

10-772

10-775

10-778

10-781

10-782

10-783

10-785

10-786

10-789

10-805

10-806

10-808

10-809

10-812

10-814

10-815

10-816

10-817

10-820

10-830

10-832

xxii



D5-15772-2

ILLUSTRATIONS (Continued)

10
10
10
10
i0
10
10
10
I0.
10.
10.
10.
10.
10.
I0.
10.
i0.
10
10
10
10
10
10
10
i0
10
10
I0
10
10
10
10
10.
10.
10
10
i0
10
I0
I0
10
10

5. i.4-8
5.1.i-9

5.1.4-10

5.1.4-11

5.1.4-12

5.1.4-13

5.1.4-14

5.1.4-15

5.1.4-16

5.i.4-17

5.2.1-1

5.2.1-2

5.2.2-1

5.2.3-1

5.2.4-1

5.2.4-2

5.2.4-3

5.2.4-4

5.2.4-5

5.2.4-6

5.2.4-7

5.2.4-8

5.2.4-9

5.3.1-1

5.3.1-2

5.3.2-1

5.3.2-2

5.3.3-1

5.3.4-1

5.3.4-2

5.3.4-3

5.3.4-4

5.3.4-5

5.3.4-6

5.4.1-1

5.4.1-2

5.4.2-1

5.4.3-1

5.4.4-1

5.4.4-2

5.4.4-3

5.4.4-4

Electrical Power Distribution

Typical IU Power Distribution

Emergency Detection System

Stage Separation Systems

S-II Ordnance System

S-IVB Major Ordnance

Instrument Unit

Instrument Unit Components
IU Environmental Control

Electrical Support Automatic Checkout
J-2S/LOR Saturn V Launch Vehicle

Synchronous Mission

Synchronous Orbit Astrionic System Block Diagram

Stage Electrical Interface Flow

Synchronous Orbit Switch Selector Functional Configuration

S-IVB Synchronous Orbit Measurement and Telemetry

S-IVB Synchronous Orbit Radio Frequency System

Synchronous Orbit CCS Functional Block Diagram
CCS Antenna Location

S-IVB Synchronous Orbit Power and Distribution

Synchronous Orbit 113 Power Distribution

Synchronous Orbit Instrument Unit

Thermal Conditioning System Flow Diagram
J-2S/LEO Launch Vehicle

LEO Mission Profile

Astrionic System

LEO Navigation Guidance and Control System Block Diagram
LEO Mission Vehicle Electrical Interfaces

Saturn V Engines, Actuators and Nozzle Arrangement

LEO Control System Block Diagram

Auxiliary Propulsion System Control Module

Flight Control Computer

S-II Power Distribution

LEO Emergency Detection System
J-2S/Polar Vehicle

Polar Orbit Launch Trace

Polar Astrionic System

Stage Electrical Interface Flow

Polar Vehicle Control System

Polar Mission Actuator and Nozzle Arrangement

Polar Vehicle Flight Control Computer

Polar Mission Switch Selector

10-834

10-835

10-837

10-839

10-840

10-841

10-849

10-850

10-852

10-854

10-885

10-886

10-887
10-889

10-t91
10-895

10-_'97

10-t99

10-901

10-904

10-905

10-911

10-913

10-919

10-920

10-921

10-923

10-925

10-926

10-928

10-929

10-931

10-941

10-943

10-953

10-954

10-955

10-957

10-958

10-959

10-961

10-963

...

XXlll

L



D5-15772-2

ILLUSTRATIONS (Continued)

10. 7-1

10.7-2

10.7-3

10. 7-4

10.7-5

11.2-1

11.2-2

11.3-1

12-1

12-2

12-3

12-4

12-5

12-6

12-7

12-8

Conceptual Design Schematic - Reidentify "Ullage Pilot

Relays Reset" Indicators to "SPTS Armed" Indicators

Planview of MSS Platform #1

RCS Oxidizer System

RCS Fuel System

SDD 259 LOX Tank Internal Access Kit Mod for

LEO Mission

SA-500D Dynamic Test Configurations

Short Stack Configuration

Integrated Vehicle Master Development and Delivery

Schedule

Three Stage J-2S/Saturn V Vehicle with 260-1nch

Diameter Payload Envelopes

J-2S/Saturn V Payload Density and Payload Volume

Versus Payload Length

J-2S/Saturn V LOR Allowable Payload Length Versus

Month of Year for Various Launch Availabilities

J-2S/Saturn V LOR Allowable Payload Length Versus

Month of Year for Various Launch Availabilities

J-2S/Saturn V Syn. Orbit Vehicle Allowable Payload

Length Versus Month of Year for Various Launch

Availabilities

J-2S/Saturn V Syn. Orbit Vehicle Allowable Payload

Length Versus Month of Year for Vali ous Launch

Availabilities

J-2S/Saturn V

Month of Year

J-2S/Saturn V

Month of Year

Allowable Payload Length Versus
with Structural Modification

Allowable Payload Length Versus
with Structural Modification

10-1005

10-1006

10-1007

10-1008

10-1009

11-3

11-4

11-7

12-3

12-4

12-7

12-8

12-9

12-10

12-11

12-12

TABLE

2.4-I

2.4-II

2.9.4-I

2.9.4-II

TABLES

Vehicle Design Characteristics

Final Stage Weight Summary

Delta Cost Summary - J-2S/Saturn V - LOR Mission

(Dollars in Millions) (20 Vehicles, 10 Year Program,

2 Per Year, No. 51_ Thru 537)

Delta Cost Summary - J-2S/Saturn V - Synchronous

Mission (Dollars in Millions) (20 Vehicles, 10 Year

Program, 2 Per Year, No. 518 Thru 537)

PAGE

2-6

2-10

2-52

2-53

xxiv



D5-15772-2

2. 9.4-III

4.0-I

4. 0-H

4. 0-III

4. 0-IV

4.0-V

7.1-I

7.1-II

7.1-III

7.1-IV

7. 2-I

7.2-II

7.2-III

7.2-IV

7.2-V

7.2-VI

7.2-VII

7.2-VIII

7.3-I

7.3-11

7. 3-III

7. 3-IV

7.3-V

7.5-I

7.5-II

7.5-III

TABLES (Continued)

Delta Cost Summary - J-2S Saturn V LEO Mission W/O 2-54

RCS (Dollars in Millions) (20 Vehicles, 10 Year Program,

2 Per Year, No. 518 Thru 537)

Single Start Engine Weight 4-4

Multiple Start Engine Weight 4-4

Mainstage Performance (At Standard Vacuum Static 4-5

Conditions)

Idle Mode Performance (Steady State, Liquid) 4-10
Helium Consumption 4-2 7

Baseline Vehicle SA-511 Flight Event History 7-2

Baseline Vehicle SA-511 Weight Description- J-2 7-3

Baseline Vehicle SA-511 Propulsion Data 7-5

Baseline Vehicle SA-511 Design Characteristics 7-6

Flight Event History for the Nominal LOR Design 7-12

Trajectory

LOR Mission Design Characteristics and Weight Summary 7-13

Flight Event History for the Equatorial (0 °) Synchronous 7-18

Orbit Design Mission

Synchronous Orbit Mission Design Characteristics and 7-19

Weight Summary

Flight Event History for the Two-Stage Low Earth Orbit 7-24

(LEO) Design Mission

Two-Stage LEO Mission Design Characteristics and 7-25

Weight Summary

Flight Event History Design Two Stage Polar - No 7-30
Chi Freeze

Two Stage Polar Mission Design Characteristics 7-31

and Weight Summary - No Chi Freeze

S-IC Stage Distributed Weight LOR, LEO and 2-Stage 7-34
Polar Vehicles

S-II Stage, S-IVB Stage and Payload Distributed Weights 7-35
LOR Vehicle

S-II Stage and Payload Distributed Weights LEO 7-36
Vehicle

S-II Stage and Payload Distributed Weights 2-Stage Polar 7-37
Vehicle

Vehicle Accumulative Weights @ Ground Liftoff 7-38

Nc Ultimate for J-2S/Saturn V Apollo/LOR 7-67

N e Ultimate for J-2S/Saturn V Low Earth Orbit
Vehicle 7- 71

N c Ultimate for J-2S/Saturn V Two Stage Polar Orbit 7-75
Vehicle

XXV



D5-15772-2

7. 5-IV

7.5-V

7.5-VI

7.5-VII

7.5-VIII

8.1-I

9-I

10.2-I

10.2-II

10.2-III

10.2-IV

10.2-V

10.2-VI

10.2-VII

10.2-VIII

10.2-IX

I0.2-X

i0.2-XI

10.2-XII

10.2-XIII

i0.2-XIV

i0.2-XV

10.2-XVI

10.2-XVII
I0.2-XVIII
10.2-XIX
10.2-XX

10.2-XXI

10.2-XXII

10.2-XXIII

10.2-XXIV

TABLES (Continued)

Frequency and Generalized Mass for J-2S/Saturn V

LOR Vehicle

Frequency and Generalized Mass for J-2S/Saturn V Low

Earth Orbit Vehicle

Frequency and Generalized Mass for J-2S/Saturn V Two-

Stage Polar Orbit Vehicle

Failure Times After Engine Malfunction (Maximum

q I Product Flight Region with a Uncontrollable

Vehicle

Tension Design Criteria (Number Three Engine Out

Malfunction at Maximum qa Product with a Controllable

Vehicle)

Comparisons of Saturn V LOR Design Characteristics

and Weight Summaries

J-2S/Saturn V Exchange Ratios

S-If Stage Stiffness Properties

Countdown Redlines with J-2 Engine
Countdown Redlines with J-2S Engine
Thrust Chamber Purge Requirements
Oxidizer Dome Purge--J-2S
LOR Mission--System Hardware and Components Affected

by J-2S Incorporation into the S-II Stage (Procured
Items Only)

Ullage Pressure Factors
Tank Conditions, LEO Mission
Tank Pressures, Thrust and Mixture Ratio Versus

Time (LEO Mission)
Tank(s) Parameters/Conditions Versus Time, LEO Mission
Engine Flight Measurement Deletions and Additions
Engine Ground Measurement Deletions and Additions
LH2 Recirculation System Measurement Deletions
LOX Recirculation System Flight Measurement Deletions
Separation System Flight Measurement Deletions
Thermal Analysis Flight Measurement Additions and

Deletions

RCS Measurement Requirements
RCS Thruster Characteriatics

Vehicle Mass Properties Data

FlightControl Sequence ofEvents and Associated Three-Axes

RCS Propellant Usage Requirements for the LEO Mission
RCS System Criteria

S-II Stage Dry Weight and Longitudinal Centers of Gravity,
LOR Mission

S-If Stage Propellant and Longitudinal Centers of Gravity,
LOR Mission

S-If Stage Interstage Weights and Longitudinal Centers of
Gravity, LOR Mission

7-81

7-82

7-83

7-86

7-88

8-2

9-3

10-37

10-39

10-42

1.0-74
10-7_

10-108

10-112

10-119
10-123

10-124

10-197

10-200
10-201

10-202

10-202

10-204

10-203

10-216
10-216
10-217

10-219

10-237

10-238

10-239

xxvi



D5-15772-2

I0.2-XXV

i0.2-XXVI

10.2-XXVII

I0.2-XXVIII

10.2-XXIX

I0.2-XXX

10.2-XXXI

10.2-XXXII

10.2-XXXIII

10.2-XXXIV

i0.2-XXXV

10.2-XXXVI

10.2-XXXVII

I0.2-XXXV!II

10.2-XXXIX

10.2-XL

10.2-XLI

10.2-XLII

10.2-XLIII

10. 3.1-I

10. 3. 1-H
10.3. 1-HI
10. 3. 1-IV
i0. 3.l-V

10. 2.1-VI

10. 3. 1-VII

10.3. 1-VIII

10. 3. 1-IX

i0.3. 1-X

10. 3.2-I

TABLES (Continued)

S-II Drop Weight Event History, LOR Mission
S-II Mass Stage Characteristics, LOR Mission

(English Units) (International Units)

S-II Weight Distribution at Ground Ignition, LOR Mission
S-II Stage at Ground Ignition Cantilevered Items, LOR

Mission

S-II Weight Distribution at Engine Cutoff, LOR Mission
S-II Stage at Cutoff Signal Cantilevered Items, LOR

Mission

S-II Stage Dry Weight and Longitudinal Center of
Gravity, LEO Mission

S-II Stage Propellant Weight and Longitudinal Center of
Gravity, LEO Mission

S-II Interstage Weight and Longitudinal Centers of
Gravity, LEO Mission

S-II Drop Weight History, LEO Mission
S-II Stage Mass Characteristics, LEO Mission (English

Units) (International Units)

S-II Weight Distribution at Ground Ignition, LEO
Mission (Pounds)

S-II Stage at Liftoff, Cantilevered Items, LEO Mission
S-II Weight Distribution at Cutoff, LEO Mission (Pounds)
S'II Stage at Cutoff Signal, Cantilevered Items,

LEO Mission

LOR Mission--Flight Sequence Program
LEO Mission--Flight Sequence Program
S-II Stage Quantitative Values, LOR and LEO Missions
Reliability Apportionment Indices

S-IVB Structural Drawing and Hardware Changes
Umbilical Panel Line Comparison
Customer Connect Panel Comparison Chart
J-2S Engine S-IVB Stage Electrical Interface

Index of Abbreviations ifor Tables 10. 3. 1-VI through
i0. 3.I-X

J-2S Engine/S-IVB Stage Electrical Interface Detailed

Changes - P54

J-2S Engine/S-IVB Stage Electrical Interface Detailed
Changes - P106

J-2S Engine/S-IVB Stage Electrical Interface Detailed
Changes - P107

J-2S Engine/S-IVB Stage Electrical Interface Detailed
Changes - P51

J-2S Engine/S-IVB Stage Electrical Interface Detail
Changes - P108

Engine System Launch Sequence Revisions LOR and
Synchronous Missions

10-240

10-241

10-244

10-247

10-248
]0-250

10-252

10-253

10-254

10-255
10-257

10-261

10-263

10-264

10-266

10-357

10-359
10-3_75

10-375

'10-393

10-400

10-402
10-403
10-404

10-405

10-409

10-413

10-417

10-419

10-431

xxvii



10.3. 2-VI

10.3. 2-VH
10.3. 2-VIII

10.3.2-IX

10.3. 2-X

10.3.2-XI

10.3.2-XH

10.3. 2-XIII
10.3. 2 XIV

10.3. 2-XV

10.3.2-XVI
10.3.2-XVII

10.3. 2-XVIH

10. 3. 2-XXI
10.3.3-I

10.3.3-II
10.3.3-III
10.3.3-IV

10.3.3-V

10.3.3-VI
10.3.3-VII
10.3.3-VIII

D5-15772-2

TABLES (Continued)

Engine System Hardware Changes-LOR and

_]nchronous Missions (Ref Dwg 1A66894)
Chilldown System Hardware Deletions-LOR and

Synchronous Missions (Ref Dwg 1A59098, 1B74477,
1B68375)
Sequence Deletions for LOR Mission

Fuel Tank Pressurization System Hardware Changes
for Synchronous Mission Only (Ref Dwg 1B58009
and 1B58008)

LOX Tank Pressurization System Hardware Changes
for Synchronous Mission Only (Ref Dwg 1B58009
and 1B58008)

Engine Pump Purge Sequence Changes

LH 2 Chilldown System Pneumatic Changes LOR
and Synchronous Missions (Ref Dwg 1B58004)
LO 2 Chilldown System Pneumatic Changes LOR

and Synchronous Missions (Ref Dwg 1B58004)
Pneumatic Power Control System Changes LOR
and Synchronous Mission (Ref Dwg 1B58004)
Engine Pump Purge System Change LOR and

Synchronous Missions (Ref Dwg 1B58004)
Ullage Control Solid Motor Hardware Deletions

LOR and Synchronous Missions (Ref Dwg 1A82765-501)
Synchronous Orbit APS Propellant Management
Auxiliary Propulsion System Hardware Changes LOR
and Synchronous Mission (Ref Dwg 1A65685 and
1A8225S)

Requalification Test Plan for the Engine Driven
Hydraulic Pump

Flight Control System Hardware Changes
Auxiliary Hydraulic Pump Battery Energy
Requirements J-2S Engine
Electrical Components Requiring Active Thermal
Control

_:lectrical Components Requiring Radiation Shieicling

Environmental Control System Hardware Changes
for Synchronous Mission

Ordnance System Hardware Changes
Power System Evaluation
Switch Selector Channel Assignments Deleted
Switch Selector Channel Assignment Added
Additional Switch Selector Channel Assignment
for the Synchronous Mission
Electrical/Electronic Component Deletions for LOR

and Synch Missions
Instrumentation Changes for the J-2S Study

Instrumentation Changes for the J-2S Operational LOR
Additional R&D Instrumentation for the Synchronous
Mission

10-431

10-438

10-439
10-443

10-449

10-453

10-454

10-455

10-456

10-456

10-458

10-459

10-459

10-469

10-47C
10-47_

10-474

10-475

10-478

10-479

10-481

10-503
10-504
10-504

10-505

10-512
10-529

10-530

xxviii



D5-15772-2

10.3.3-XI

10.3.5-I

10.3.5-II
10.3.5-III

10.3.5-IV

f

10.3.6-I

i0.3.6-II

i0.3.7-I

10.3.7-II

10.3.7-1II

I0.3.7-1V

10.3.7-VII

10.3.8-I
10.3.8-II
10.3.8-HI
10. 3.9-I
10.3.9-II
10.3.9-III
10.3.9-IV
10.3.9-V
10.3.9-VI
10.3.9-VII

10.4.1.1-I

10.4.1.1-H

10.4.3-I

10.4.3-II

10.4.3-III

10.4.3.1-I

10.4.3.1-II

10.4.3.5-I

10.4.3.5-II

10.4.3.5-III

10.4.3.5-1V

10.4.3.5-V

TABLES (Continued)

Existing and Improved PCM RF Margin Comparisons
PCM RF System Selection Criteria for a

Synchronous Orbit Mission
Instrumentation Hardware for the J-2S Synchronous
Orbit Mission

Weight Summary (J-2S In Line)
S-IVB Drop Weights LOR Mission (J-2S In Line)

S-IVB Drop Weights Synchronous Orbit Mission
(J-2S In Line)
S-IVB Dome Mass Characteristics at 1st Engine Start
Command for the LOR Mission

S-IVB Stage Static Firings/Launch Systems
Propulsion GSE Maintenance Procedure Changes
J-S2 Engine/S-IVB Stage Development Test Objectives

Engine Actuator Tests
J-2S Battleship Tests at AEDC
AEDC S-IVB/J-2S Battleship Development Test
Program Matrix
S-IVB/J-2S Battleship Tests at MSFC
MSFC S-IVB/J-2S Battleship Development Test
Program Matrix
S-IVB/J-2S Acceptance Test Program
Reliability Summary: LOR Mission

Reliability Summary: Synchronous Mission
Criticality Summary - "25 Most Critical Comoonents"
J-2S/S-IVB Implementation Major Modifications

J-2S/S-IVB Synchronous Mission Major Modifications
Net Deletions Resulting From J-2S Implementation
GSE Modifications Resulting From J-2S Implementation

Existing T/M Measurements Retained (Engine Related)
Flight Measurements Deleted
Additional Flight Measurements Required for J-2S
Engine

J-2S/LEO Margins of Safety

J-2S/Polar Margins of Safety

Approximate Mission Time Line LOR Mission

Approximate Mission Time Line

Approximate Mission Time Line Polar Orbit

Idle Mode Circularization Terminal Conditions

Polar Orbit Insertion Conditions

LEO and Polar Flight Program Impact
LEO Terminal Conditions

Variation of Target Vector (-e)
Restart State

Thrust Tangent to Velocity Vector Constant Thrust

5000#/Engine

10-536

10.-538

10-538

10.-545

10-550

10-551

10-553

10-559

10-563

10-586

10-604

10-607
10-609

10-613

10-615

10-618
10-638

10-639

10-640
10-643

10-644
10-644
10-644
10-645

10-647
10-649

10-662

10-664

10-719

10-720

10-721

10-733

10-737

10-747

10-749

10-752

10-753

10-755

xxix



D5-15772-2

TABLES (Continued)

10.4.3.5-VI

10.4.3.5-VII

10.4.3.5-VIII

10.4.3.6-II

10.4.5-I

10.4.7.3-I

10.5.1.4-I

10.5.1.4-II

10.5. 1.4-III

I0.5. i.4-IV

i0.5. i.4-V

10.5. 2.4-I

10.5. 2.4-1I

10.5. 3.4-I

10.5.3.4-11

10.5.4.4-I

10.6-I

10.6-II

10. 6-III

10. 6-1V

i0. 6-V

10.6-VI

10.6-VII

10. 6-VIII

i0. 6-1X

10. 6-X

I0.6-XI

10.6-XII

10.6-XIII

10.7-I

10.7-II

i0.7-III

12-I

Thrust Tangent to Velocity Vector 12 Sec Build Up to

5000#/Engine

250 Sec Buildup to 5000#/Engine

Thrust Vector Above and Below Velocity Vector 12 Sec

Buildup to 5000#/Engine

Flight-Path Angle Guidance Terminal Conditions

Comparison of AS 504 S-IC and J-2S/LEO S-IC Stability

Margins

Comparison of AS 504 S-II and J-2S/LEO S-II Mainstage

StabilityMargins

IU Physical Characteristics

1/3 Octave Band Acoustic Test Levels, Ref 2X10 -5 n/m 2

S-IVB Switch Selector Channel Assignments Deleted

S-IVB Switch Selector Channel Assignments Added

Approximate Mission Time Line LOR Mission

Stage Measurements Summary

Interrupts

Additional Switch Selector Channel Assignments for the

Synchronous Mission

Approximate Mission Time Line

Stage Measurement Summary

Approximate Mission Time Lines

Approximate Mission Time Line Polar Orbit

Residual Summary- S-IC Stage

Residual Summary - S-IIStage

Residual Summary - S-IVB Stage

S-IC Stage Dry Weight (Lbs)

S-IC/S-II Interstage Weight (Lbs)

S-II Stage Dry Weight (Lbs)

S-II/S-IVB Interstage Weight (Lbs)

S-IVB Stage Dry Weight (Lbs)

Instrument Unit Dry Weight (Lbs)

Vehicle Drop Weights

Vehicle Drop Weights - Synchronous Mission

Vehicle Drop Weights - LEO Mission

Vehicle Drop Weights - Two-Stage Mission

Vehicle Processing Operations

Redline Comparison

Interlocks Deleted from the S-II System

Idealized Monthly Wind Speed for Exceedence

Percentile Values; Cape Kennedy, Florida

(Reference: R-AERO-Y-73-65)

10-756

10-757

10-758

10-759

10-774

10-776

10-792

10-800

10-824

10-825

10-826

10-828

10-845

I0-_92

10-909

10-9_6

10-945

10-966

10-969

10-970

10-971

10-972

10-973

10-974

10-975

10-976

10-977

10-978

10-980

10-982

10-983

10-993

10-999

10-1002

12-2

XXX



D5 -15772-2

TABLES (Continued)

12-]] Summary of Obtainable Payload Lengths for J-2S/

Saturn V with 95% Launch Availability for Month
of March

12-13

xxxi



A

ACE

ACS

ADC

AFC

AG

AGC

AHI

AM

AMP

AN

APS

ASC

ASI

ASP

ATP

ATP

AUX

AVP

Az

Acc/Reg

A/S

D5-15772-2

ABBREVIATIONS

Flight Azimuth

Automatic Checkout Equipment

Automatic Checkout System

Analog-to-Digital Converter

Automatic Frequency Control

AND Gate

Automatic Gain Control

Aerodynamic Heating Indicator

Amplitude Modulation

Amplifier

Ascending Node

Auxiliary Propulsion System

ST-124M Accelerometer Signal Conditioner

Augmented Spark Igniter

Accelerometer Signal Processor

Authority to Proceed

Acceptance Test Procedure

Auxiliary

Address Verification Pulse

(A) Flight Azimuth

Accumulator Register

Add/Subtract

xxxii



D5-15772-2

AZTEC •

B/W

CAT

CCP

CCS

CCSL

CDDT

CDF

CDR

CDSV

CEI

CG

CIU

CL

CN

COD

COM

COV

CP

CPP

CRP

CT

CTCA

ABBREVIATIONS (Continued)

Aerospace Saturn Test and Evaluation Console

Bits/Word

Control Attenuation :Timer

Customer Connect Panel

Commandand CommunicationSystem

CODCounter SequenceLatch

CountdownDemonstration Test

Confined Detonating Fuse

Critical Design Review

ChangeData Sector - Voted

Contract End Item

Center of Gravity

Computer Interface Unit

Center Line

Criticality Number

Crossover Detector

Common

Calculus of Variations

Center of Pressure

Command Program Patch

Command Received Pulse

Control Transformer

Component Test Control Authority

xxxiii



CSTN

CSTV

CVD

CVS

CX

CX :CT

DATAV

DB

DCR

DCS

DCW

DDAS

DIN

DN

DOMS

DSIF

DVT

EAMV

EAS

EBM V

EBW

ECCS

ECP

D5-15772-2

ABBREVIATIONS (Continued)

Single Step Operation - Not

Single Step Operation - Voted

Command Voltage Demodulator

Continuous Vent System

Control Transmitter

Control Transmitter: Control Transformer

Nominal Data Input from External Equipment

Disagreement Bit

Design Certification

Digital Command System

Data Command Word

Digital Data Acquisition System

Special Data Input

Descending Node

Data Output Multiplexer Serializer Latch

Deep Space Instrumentation Facility

Design Verification Tests

Error in Even Memories - Voted

Engine Actuation System

Error in Odd Memories - Voted

Exploding Bridge Wire

Engine Compartment Conditioning System

Engineering Change Proposal

xxxiv



ECS

EDS

EF

EMR

ESE

EVT

FAV

FCC

FCI

FCM

FCS

FIR

FIOR

FM

F/M

FPSD

FS

FTC

g

GBS

GCC_

D5-15772-2

ABBREVIATIONS (Continued)

Environmental Control System

Emergency Detection System

Emitter Follower

Engine Mixture Ratio

Electrical Support Equipment

Equipment Verification Test

Fixed Angle Variable

Flight Control Computer

Flight Critical Item

Flight Combustion Monitor

Flight Control System

Far Infrared

Flight Information and Operations Report

Frequency Modulation

Thrust Acceleration (Force/Mass)

Fuel Pump Seal Drain

Factor of Safety

Florida Test Center (MDAC)

Gravity

Gas Bearing Supply

Ground Control Computer

XXXV



CG

GM.

GRR

GRRA

GSCU

GSE

GU

H

HALTV

H&CO

HOPCIV

i

I&C

IA

ICD

ID

IECO

IF

IGM

IIR

INTC

D5-15772-2

ABBREVIATIONS (Continued}

Gas Generator

Universal Gravitational Constant

Guidance Reference Release

Guidance Reference Release Alert

Ground Support Cooling Unit

Ground Support Equipment

Spin Reference

Spinning Mass (Angular Momentum}

Halt- Voted

Handling and Checkout

Generate HOP Constant - Voted

Inclination of Orbit (Angle}

Instrumentation and Communication

Imput Axis

Internal Control Discrete

Identification

Inboard Engine Cutoff

Intermediate Frequency

Iterative Guidance Mode

Intermediate Infrared

Interface Output Latch (Interrupts LVDC)

xxxvi



INTV "

INT

IP&C

IP&CL

IR

IRIG

LCC

LEO

LES

LET

LM

LO

LOR

LOX

LSD

LTE

LUT

LVDA

LVDC

MAXQ

MAP

D5-15772-2

ABBREVIATIONS (Continued)

Interrupt- Voted

Inverter

Instrumentation Program and Component

Instrumentation Program and Components List

Infrared

Interrange Instrumentation Group

Launch Control Center

Low Earth Orbit

Launch Escape System

Launch Escape Tower

Lunar Module

Lift-off

Lunar Orbital Rendezvous

Liquid Oxygen

Least Significant Digit

Laboratory Test Equipment

Launch Umbilical Tower

Launch Vehicle Data Adapter

Launch Vehicle Digital Computer

Maximum Dynamic Pressure and Bending Moment

Message Acceptance Pulse

xxxvii



D5-15772-2

MCC

MCR

MFV

MGSE

Mod

Mono

MR

MRD

MS

MSD

MSFN

mV

MVS

MVB

MW

N

NIR

NPSH

NRZ

N C

N T

ABBREVIATIONS (Continued)

Mission Control Center

Magnetic Core Register

Main Fuel Valve

Mechanical Ground Support Equipment

Modification

Monostable (Multivibrator)

Mixture Ratio

Measurement Requirements Drawing

Margin of Safety

Most Significant Digit

Manned Space Flight Network

Millivolt

Majority Voting System

Multivibrator

Megawatt

"Not" Condition, a Binary "0"

Near Infrared

Net Positive Suction Head

Non-Return-to- Z ero

Compression Running Load

Tension Running Load

xxxviii



D5-15772-2

OA

OECO

OM/D

Oper

OPR

P

PAC PS

PAM

PCM

PD

PDD

PDE CO

PDP

PDR

PEA

PIRN

PIO

PM

PRF

PRN

PSK

PSR

ABBREVIATIONS (Continued)

output Doppler

Outboard Engine Cutoff

Orbital Mode/Data

Operational

Orbital Processing Routine

Probability

ST-124M Platform AC Power Supply

Pulse Amplitude Modulation

Pulse Code Modulation

Propellant Dispersion

Program Description Document

Propellant Depletion Engine Cutoff

Program Definition Phase

Preliminary Design Review

ST-124M Platform Electronic Assembly

Preliminary Interface Revision Notice

Process Input Output

Phase Modulation

Pulse Repetition Frequency

Pseudo-Random Noise

Phase Shift Keyed

Parallel Storage Register

xxxix



D5-15772-2

PTL

PU

Q

Q/D

R

R

r(or)R

r o

RACS

RAM

RASM

RCS

RDSM

REM

RET

RF

RFA

rms

RPM

RSO

RTC

RUNV

ABBREVIATIONS (Continued)

Prepare to Launch

Propellant Utilization (System)

Aerodynamic Pressure

Quick Disconnect

Stage Reliability

Reset

Vehicle Position

Initial Velocity

Remote Auto. Calibo System

Reliability Analysis Model

Remote Analog Submultiplexer

Reaction Control System

Remote Digital Submultiplexer

Reliability Engineering Model

Return

Radio Frequency

Redundant Force Analysis

Root Mean Square

Revolutions

Range Safety Officer

Reasonable Test Constant

Start Signal - Voted

xl



S

S&A's

SA

SC

SCCS

SCFH

SCFM

SCN

SCO

SE&I

Servo

SDH

SDI

SDL

SG

SLA

SNAP

SPTS

SR

SRA

SS

STC

D5-15772-2

ABBREVIATIONS (Continued)

Set

Safe and Arm Devices

Spin Axis

(S/C) Spacecraft

Saturn Command and Control System

Standard Cubic Feet per Hour

Standard Cubic Foot per Minute

Specification Change Notice

Subcarrier Oscillator

Systems Engineering and Integration

Servomechanism

Simplex Driver - High

Simplex Driver - Intermediate

Simplex Driver - Low

Signal Generator

Spacecraft Launch Vehicle Adapter

Stage Networks Acceptance Program

Solid ,Propellant Turbine Starter

Shift Register

Spin Reference

Single Sideband

Sacramento Test Center

xli



STDV

STE

STP

SUBS

SYNC

TBD

TCC

TCD

TCS

TD

TDH

TDL

TDM

TEMP

TG

TLC

TLCV

TM

TMR

TP&D

TRS

TRSV

D5-15772-2

ABBREVIATIONS (Continued)

Start Tank Discharge Va lye

Special Test Equipment

Standard Temperature and Pressure

Subsequent

Synchronous

To be Determined

Test Control Center

Test Control Drawings

Thermal Control System

Time Delay

TMR Driver - High Current

TMR Driver - Low Current

TMR Driver - Medium Current

Temperature

Torque Generator

Simultaneous Memory Errors

Two Simultaneous Memory Errors - Voted

Telemetry

Triple Modular Redundnace

Test Planning and Evaluation

Transfer Register Serial

Transfer Register Serial - Voted

xlii



TVC

TWT

UHF

ULT

USB

VAB

VCO

VHF

VSWR

WACS

W/M

X

Y

Z

D5-15772-2

ABBREVIATIONS (Continued)

Thrust Vector Control

Traveling - Wave Tube

Ultra-High Frequency

Ultimate

Unified S- Band

Vehicle Assembly Building

Voltage-Controlled Oscillator

Very-High Frequency

Voltage Standing Wave Ratio

Workshop Attitude Control System

Water/Methanol

Roll Axis

Pitch Axis

Yaw Axis

xliii



D5-15772-2

REFERENCES

REFERENCE NO.

7.4-1 NASA TMX-53517, Static Aerodynamic Characteristics

of the Apollo-Saturn V Vehicle.

7.4-2 NASA T-AERO-AD-68-37, date June 18, 1968, to L. F.

Lawson from B. G. Dunn; Subject: Saturn V Axial Force
Characteristics.

7.5-1 NASA R-AERO-AU-63-24, date June 17, 1968, to Mr. Few,
from E. R. Teague; Subject: Acoustic Environments for

the Saturn V J-2S Vehicle Apollo/LOR-Synchronous.

7.5-2 NASA R-P&VE-SJ-68-198, date August 1, 1968, to Mr. K.

Chandler from J. H. Furman, Subject: Preliminary Loads

for the J-2S Improvement Study.

7.5-3 NASA R-P&VE-SLL-50, date August 6, 1968, to Mr.

Furman, from Mr. N. Showers; Subject: Preliminary Resultant

Ground Wind Shear and Bending Moment on the J-2S

Improved Study Configurations.

7.6-1 NASA R-P&VE-68-L-52, date August 6, 1968 to J. E.

Martin from K. B. Chandler; Subject: Aerodynamic Heating

Indicator Histories for J-2S Improvement Study Missions.

7.6-2 NASA R-AERO-AT-12-67, date December 13, 1967;

Subject: Saturn 504-510 Thermal Environment.

xliv



D5-15772-2

10.4=1

10.4-2

10.4-3

10.4-4

10.4-5

10.4-6

10.4-7

10.4-8

May 24, 1968

Boeing 5-9225-H-102

"Recommended J-2S Improvement Study Baseline

Vehicle Mission Profiles and Payload Shapes"

June 10, 1968
MSFC STD 497

Standard Instrument Unit (S-IU) Stage Storage

June 7, 1968

R-AERO-AT-11-68

"Preliminary Estimate of the S-II Base

Environment with J-2S Engines"

June 17, 1968

R-AERO-AU-68-25

"Acoustic Environment for the Saturn V

J-2S Vehicle, Polar Orbit"

June 17, 1968

R-AERO-AU-68-24

"Acoustic Environments for the Saturn V

J-2S Vehicle, Apollo/LOR-Synchronous"

July 22, 1968

Boeing 5-9225-H-113

"Design Trajectory for the Two-Stage

Low-Earth Orbit Mission"

July 23, 1968
MSFC R-AERO-DAP-13-68

"Baseline Trajectory Data for Vehicle SA-511

Using Standard J-2 Engines for the Saturn V

J-2S Implementation Study Contract"

August 5, 1968
MSFC R-P&VE-PA-68-L-52

"Aerodynamics Heating Indicator Histories for

J-2S Improvement Study Missions"

xlv



D5-15772-2

10.4-9

10.4-10

10.4-11

10.4-12

10.4-13

10.4-14

10.4-15

10.4-16

10.4-17

August 6, 1968
MSFC R-i_&VE-PA-68-L-53

•"J-2S Improvement Study Resources

Analysis Ground Rules"

August 7, 1968
MSFC R-P&VE-PA-68-L-57

"Design Trajectories for the Two-Stage

Low-Earth Mission and the Synchronous

Mission for Use in the J-2S Improvement

Study"

August 19, 1968
MSFC-R-P&VE-PA-68- L-62

"Saturn V and J-2S Apollo/LOR Mission Structural

Design Requirements"

"Saturn V and J-2S - Polar Orbit Mission Structural

Design Requirements"

August 26, 1968
MSFC R-P&VE-PA-68-L-66

"Rocketdyne Answers to MDC Question About

J-2S Interface Document R-7211"

September 13, 1968
MSFC R-P&VE-PA-68-L-70

"J-2S Improvement Study Structural Loads"

October 3, 1968
MSFC R-P&VE-PA-68-L-73

"J-2S Improvement Study BaselIne Launch
Vehicle SA-511"

October 10, 1968
MSFC R-P&VE-PA-68-L-85

"Three-Stage Saturn V to 100 N.M. Polar Orbit"
t

October 10, 1968

"S-II/J-2S Thrust Versus Time Profile for

the LEO Mission"

October 10, 1968

Boeing 5-9225-H-128

"Preliminary Dynamic Characteristics and Vehicle

Mass Properties for the Saturn V and J-2S Low-

Earth Orbit Vehicle"

xlvi



D5-15772-2

10.4-18

10.4-19

10.4-20

10.4-21

I0.4-22

10.4-23

10.4-24

10.4-25

10.4-26

October 18, 1968

Boeing 5-9225-H-130

"Ground and Flight Structural Design Loads for the

J-2S Improvement Study LEO (Low Inclination)Vehicle"

October 22, 1968

North American Rockwell Corp. 68MS3502

"Contract NAS7-200 J-2S Improvement Study

Weight Statement"

October 23-24, 1968

"Agenda for J-2S Improvement Study
Mid-Term Review"

October 28, 1968

Boeing 5-9225-H-132

"LOR Design Trajectory for Retrofit of

SA-511 with J-2S Engines"

November 15, 1968

Boeing 5-9225-H-137

"J-2S Improvement Study Design

Trajectory Data"

November 25, 1968

Boeing 5-9225-H-141

"Equatorial Synchronous Orbit Design

Trajectory for Retrofit of SA-511 with

J-2S Engines"

December 4, 1968

MSFC R-P&VE-PA-68-L-90

"J-2S Mid-Term Status Review

Action Items"

December 31, 1968

Boeing 5-9225-H-148

"Ground and Flight Structural Design Loads

for the J-2S Improvement Study Two-Stage

Polar Orbit Vehicle"

December 31, 1968
MSFC R-P&VE-PA-68-L-92

"Dynamic Characteristics for the Saturn V

and J-2S/Low-Earth Orbit Vehicle"

xlvii



D5-15772-2

10.4-27

i0.4-28

10.4-29

10.4-30

10.4-31

10.4-32

10.4-33

10.4-34

10.4-35

10.4-36

10.4-37

January 14,. 1969

MSFC R-P&VE-PA-L-3/Boeing 5-9225-H-149

"Dynamic Characteristics for the Saturn V

and J-2S/Low-Earth Orbit Vehicle"

June 1968

North American Rockwell 69MS2401

"Monthly Progress Report"

November 1, 1968

McDonnell-Douglas A3-850-KOEO-L-5116

"Contract NAS7-101, J-2S Improvement Study

Monthly Progress Report-October, 1968"

August i0, 1968

Boeing 5-9225-HU7

"J-2S Improvement Study Progress and

Status Report - Number 3"

November 1, 1968

MSFC IV-4-404-1 IBM 68-966-0002

"Astrionic System Handbook Saturn

Launch Vehicles"

October 15, 1968

Saturn V Flight Manual SA 505

J-2S Study Final Report

S-II Stage (North American Aviation)

December 2, 1968
MSFC R-ASTR-S-68-99

Technical Information Summary Apollo 8 (AS-503)

Apollo Saturn V Space Vehicle

January 14, 1969

MSFC R-P&VE-PA-69-L-2

Acoustic Environment

MSFC R-P&VE-ST-68-198

"Preliminary Loads for the J-2S Improvement Study"

MSFC R-P&VE-SSL-68-50

"Preliminary Resultant Ground Wind Shear and

Bending Moment on the J-2S Improved Study Configurations"

xlviii



D5-15772-2

10.4-38 December 3, 1965

MSFC III-6-602-7

"Stress Analysis of the Saturn IB/V

Instrument Unit Structure"

10.4-39 January 18, 1968

Contract NAS8-14000 ECP 1558

"IU Lifetime Extension to Meet Requirements

of a Saturn V Synchronous Orbit Mission"

10.4-40 July 31, 1968

MSFC III-6-602-91 (Vol IV)

"Instrument Unit Applications for Saturn I Workshop"

10.4-41 Dwg No. 7916344-1

Vibration Damping Pad

10.4-42 Dwg No. 7916352-1
Installation of Thermal Insulation

10.4-43 December 10, 1968

McDonnell-Douglas Aircraft Astrionic System

Handbook Revisions "Preliminary"

10.4-44 October 23, 24, 1968

MAC-DAC Sync. Orbit Study

S-IVB, J-2S Improvement Study
Mid-Term Review

10.4-45 January 30, 1969

Boeing Document 5-9225-H-153

Final Stage Weight & Mass Properties for In-Line
J-2S/Saturn V LOR and LEO Missions

10.4-46 LVDC Equation DefIning Document for the

AS-505 Flight Program

MSFC IH-4-423-14

10.4-47 Phase III Guidance Dynamics Recommendation

Document for AS-504 (E Mission)

MSFC III-4-436-6

10.4-48 "Astronautical Guidance" by Richard H. Battin,

McGraw-Hill Book Company - New York

xlix



D5-15772-2

10.4-49

10.4-50

10.4-51

10.4-52

I0.4-53

July 31,-1968

MSFC III-6-602-91

Instrument Unit Applications for Saturn

Workshop Vol 3, Workshop Attitude

Control System

January 30, 1968

IBM Drawing 7915953/Mod 1389

Storage, Instrument Unit, Long Term
Procedure for S-IB/V

October 18, 1968

IBM ECP 1502, Structural Change for

Synchronous Orbit Capability

February 4, 1969

Boeing 5-9225-H-154

Final S-II Stage Weight and Mass Properties

for In-Line J-2S/Saturn V LEO Mission

June 24, 1968

Boeing 5-9225-H-110

Design Trajectory for J-2S Improvement Study

Basic Mission Profiles



D5-15772-2

10.7-1 D5-16793, Studyof J-2S Engine Impact on Saturn V
Launch Operations, Boeing Atlantic Test Center.

12-1 D5-15579-4A, Saturn V Operational Structural Capability

(SA-504), Boeing.

12-2 D5-13829, Capabilities of the Major S-IC Structural

Components, Boeing.

12-3 North American S-II Stage Capability.

12-4 McDonnell Douglas A3-850-KOEO-L-4708, date October 4, 1968,

to Mr. L. F. Lawson from Mr. W. Miller; Subject: S-IVB Dry

Weights and Drop Weights for the J-2S Improvement Study.

12-5 IBM Letter, date November 14, 1968, to B. L. Wiesenmaier,

from R. V. Walker; Subject: TBC Requested Data on J-2S

Improvement Study.

12-6 NASA TMX-53328, Terrestrial Environment (Climatic)

Criteria Guidelines for Use in Space Vehicle Development.

li



9

D5-15772-2

FOREWORD

This document, the Systems Description Document of the J-2S Improvement Study,

is one of eight in a series documenting the results of a thirteen-month study

program, performed under National Aeronautics and Space Administration Contract

NAS8-5608, Schedule II, Part VII, Task 3.0. The study effort was supervised

and administered by the Marshall Space Flight Center. The purpose of the study

was to determine the improvements in stage and/or vehicle operating simplicity,

reliability, payload capability, mission flexibility and operational costs resulting

from the incorporation of J-2S engines in Saturn V. Stage data were supplied by:

The Space Division of North American Rockwell (S-r[ Stage); McDonnell Douglas

Corporation (S-IVB Stage); and the Federal Division of IBM Corporation (I. U. and

astrionic systems). The Rocketdyne Division of North American Rockwell Corpora-

tion supplied J-2S engine data. The Boeing Atlantic Test Center, Southeast

Division provided launch operations impact data. The Boeing Huntsville Operation,

Southeast Division provided S-IC stage data, and was the System Engineering and

Integration (SE&I) contractor for the study.

The study compares the impact of incorporating the J-2S engine in the Saturn V

vehicle to a standard baseline Saturn V vehicle (SA-511) with J-2 engines and in

addition describes other system and vehicle changes required for missions other

than LOR. This document provides a condensed compilation of system changes,

schedules, and costs from the S-II, S-IVB and IU stage contractors; J-2S descrip-

tion from the engine contractor; launch operations impact_ and schedules from

the KSC contractor; and integrated total systems assessment, master schedule, and
costs from the SE&I contractor.

Program documentation includes this Systems Description Document, D5-15772-2,
and other documents as listed below:

D5-15772-1

D5-15772-2

D5-15772-3

D5-15772-4

D5-15772-5

D5-15772-6

D5-15772-7

D5-15772-8

Summary

Systems Description

Mission/Performance Analysis

Upper Stage Guidance

Vehicle Control and Control System Dynamics
Characteristics

Structural Analysis

Resource Analysis

Retrofit Analysis

Primary study effort was expended in defining requirements for in-line incorpora-

tion of J-2S engines in SA-518 and subsequent Saturn V vehicles. These results

are reported in documents D5-15772-1 through D5-15772-3 and D5-15772-5

through D5-15772-7. Results of a study to define Iterative Guidance Mode Scheme

lii
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FOREWORD (Continued)

modifications for rendezvous missions with the S-II and S-IVB stages incorpora-

ting J-2S restart and throttling capabilities are reported in D5-15772-4. Require-

ments for retrofit of assembled and stored Saturn V SA-511 with J-2S engines

are reported in D5-15772-8.

Associate stage contractors and KSC launch operations contractor investigations

detailing the effect of the J-2S/Saturn V design configurations and vehicle

environments on their system, operation and resource requirements are reported

in the following documents:

S-II STAGE IMPACT:

SD-69-82-I J-2S ImProvement Study,

Phase I: In-line Implementation

S-IVB STAGE IMPACT:

DAC-56749 J-2S Implementation on the Saturn V/S-IVB Stage

(LOR and Synchronous Orbit Missions)

IU STAGE IMPACT:

69-K44-0001 Final Report (Assessment of Astrionic System and

Instrument Unit Impact for J-2S Implementation on

Saturn V Vehicles)

LAUNCH OPERA TIONS

IMPACT:

D5-16793 Study of J-2S Engine Impact on Saturn V Launch

Operations
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SECTION1
INTRODUCTION

1.0 GENERAL

The Saturn V is currently designed to use J-2 engines in accomplishing its assigned

Apollo/LOR mission. If simplified, more flexible engines (J-2S) replaced the current

J-2 engines, improvements would be realized in payload capability, mission flexibility

and system cost effectiveness.

The general objective of this study was to assess total system impact and to deter-

mine resource requirements when J-2S engines replace J-2 engines in the Saturn V

vehicle. The J-2S engine has idle mode and three-start operating capabilities and

when compared to the J-2, provides greater thrust and higher specific impulse. These

features offer improvements in stage and vehicle simplicity, reliability, operational

cost, payload capability and mission flexibility.

The thirteen month study program was divided into two phases (see Study Logic

Diagram, Figure 1.0-1). The eight week Phase I activity was directed toward con-

ducting vehicle trades for determining the basic vehicle configurations which would

be studied in detail in Phase II. Trade studies were made of missions/trajectory

profiles, payload size and shape, engine thrust, etc. Four mission/vehicle confi-

gurations were selected from these trades as basic vehicles for detailed design

analysis in Phase II. The LOR mission was used for measuring the advantages or

disadvantages associated with incorporating J-2S engines into the Saturn V. Other

candidate missions were selected for measuring J-2S engine associated changes

related to mission peculiar requirements.

Phase II activity was directed toward defining and documenting in detail the four

selected vehicle/mission configurations, their performance capability, flight envir-

onment, necessary vehicle/stage modifications, GSE and facilities modifications

and KSC launch operations impact and comparing them to the Baseline 8A-511 Saturn

V (J-2 engines). Schedules and costs for development and implementation of the

design vehicles into the space program were defined. This document provides a

consensed compilation of total study results.

Data as reported in this document were prepared by: The Space Division, North

American Rockwell Corporation (S-II Stage); McDonnell Douglas Corporation (S-IVB

Stage); The Federal Division, IBM Corporation (I.U. and Astrionic Systems); The

Rocketdyne Division, North American Rockwell Corporation (J-2S Engine Data);

The Boeing Atlantic Test Center, Southeast Division (Launch Operation); and, The

Boeing Company-Huntsville Operation (S-IC Stage and System Engineering and

Integration).
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SECTION 2
s

SUMMARY

2.0 GENERAL

Incorporation of J-2S engines in Saturn V increases systems simplicity and

reliability,and results in cost savings. Improvements in engine thrust, specific

impulse, and operational features results in greater payload capability and mission

flexibility.

2.1 OBJECTIVES

The objective of this study is to determine and report the impact of using
J-2S engines in the S-II and S-IVB stages of the Saturn V launch vehicle. The

improvements in stage/vehicle simplicity, reliability, payload capability, mission

flexibility and operational costs were to be identified. The stages and program

definitions are to be in sufficient detail to enable writing of contract end items

detail specifications during a Phase C Program Definition Phase.

2.2 J-2S ENGINE DESCRIPTION

The J-2S engine is a complete, integrated package of minimum cylindrical

dimensions designed to operate at any precalibrated nominal vacuum thrust level

between 230, 000 and 265, 000 pounds with a minimum instantaneous specific impulse

of 427 seconds. The engine uses liquid oxygen oxidizer and liquid hydrogen fuel

as propellants and is calibrated at a mixture ratio (O/F) of 5. 5. Engine mixture

ratio can, however, be varied over the range of 4o 5 to 5. 5 for the purpose of stage

propellant management. The engine is capable of being used for single or multi-

engine installations on an interchangeable basis. The J-2S engine general arrange-
ment is shown in Figure 2.2-1.

The engine has a single thrust chamber with an expansion ratio of 40:1 and is capable

of being gimbaled to provide thrust vector control. The engine can be operated in an

idle mode (0-5000 pounds nominal vacuum thrust) for a maximum of 1000 seconds

• and a mainstage mode for a maximum of 500 seconds from stage command signals.

The engine can be shutdown from mainstage to engine cutoff (zero thrust), from

mainstage to idle mode operation, and from idle mode to engine cutoff by appropriate

stage command signals. It also can be shut down safely as a result of stage liquid

oxygen depletion. The engine is capable of restarting twice to mainstage while at

orbital conditions without in_flight servicing for periods up to 20 hours (two 10-hour

orbital coasts).

For flight use, the engine requires no temperature preconditioning from grouna

equipment or from the vehicle prior to initial start or restart. Idle mode operation

conditions the hardware prior to mainstage during engine restart. The engine requires

that the user monitor only one engine parameter as a prelaunch "redline" (helium

tank pressure) for flight operational use, providing minimum propellant turbopump

inlet requirements are met. The engine has a service lifeof 3750 seconds of engine

mainstage mode operation and 3500 seconds of engine idle mode operation. The

service life of the engine includes 30 engine starts to mainstage and ten starts to

the idle mode thrust level only.
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2.3 TRADE STUDIES AND CONFIGURATION SELECTION

The purpose of Phase I trade studies was to determine the J-2S/stage system

requirements and vehicle/payload configurations that would have application in the

time period predicted for J-2S/Saturn V. Four design vehicle configurations were

selected for detailed study in Phase II. These vehicle configurations utilize the

J-2S engine features without major structural or systems changes to Saturn v stages
or support operations.

2.3.1 J-2S Thrust Trades

Thrust trades were conducted to determine the preferred engine thrust calibration

level. As a result, J-2S engines calibrated to 265, 000 pounds thrust at a mixture

ratio of 5. 5 were selected for both the S-II and S-IVB stages. The S-II is thrust

sensitive for a LOR mission, while the S-IVB is not. However, the S-IVB is thrust

sensitive when used for other missions. The increase in the S-IVB thrust structure

weight of only 75 pounds to accommodate the J-2S 265,000 pound thrust engines, and

the $56,500 development and zero recurring costs were considered acceptable.

2.3. 2 J-2S Mixture Ratio Trades

Mixture ratio operating levels in both the S-II and S-IVB stages were optimized for

the LOR mission. Operation with mixture ratio schedules and operation with constant

mixture ratios were compared. Performance was determined with, and without,

maximum utilization of impulse propellant. The S-II stage performance was optimized
when operating with a mixture ratio schedule of 5.0 to 5. 5 to 4.5with the shift times

selected to maximize impulse propellant. The S-IVB stage performance was

oPtimum when operating at a constant mixture ratio selected to maximize impulse
propellant.

2.3. 3 Missions, Flight Profiles, and Payload Envelopes Trades

Candidate vehicle/payload configurations and mission flight profiles were examined

to establish engine/stage operational sequence requirements and vehicle load

criteria. The predicted J-2S]Saturn V missions were LOR, Synchronous, two-stage

low-Earth coplanar, and two-stage low-Earth polar. Candidate flight profiles and

payload envelopes for each mission were examined to obtain a reasonable compromise

between J-2S engine/stage systems modifications and mission peculiar requirements.

The four design vehicle configurations selected from these trade data for Phase II
study are:

ao J-2S/Saturn V (Lunar Mission) - The lunar orbital rendezvous (LOR) flight

profile was selected. The standard Apollo payload was selected for the

payload envelope. This shape maintains the Saturn V vehicle geometry
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2.3.3 _(Continued)

and aerodynamic characteristics. The increased payload weight was assumedto
be unif(_rmly distributed within the current Apollo spacecraft. Structural loads
were expectedto increase due to the increased payloadweight, but shouldbe
within baseline SA-511stage capability. Subsequentanalysis showedthis to be
true (para. 2.4.5).

This design vehicle eliminates mission peculiar requirements and gives only
program requirements when J-2 enginesare replaced with J-2S engines. The
other design vehicles (b, c, and d) identify program requirements which are
identified as "mission peculiar".

Do J-2S/Saturn V (Synchronous Orbit Mission) - The design flight profile selected

was a three-stage boost to 100 N M parking orbit, coast for five revolutions in

the parking orbit, S-IVB mainstage burn out of parking orbit into the Hohmann

transfer ellipse, coast to synchronous orbit altitude, and S-IVB third mainstage

burn for orbit circularization and plane change. This profile is a "worst case"

condition for stage systems modifications and payload capability. However, it is

a "best case" condition for mission flexibility. The payload envelope used was

the Apollo shape. Since payload weight to synchronous orbit will be less than LOR,

a reasonable payload density will be maintained. Design loads were expected

to be less than LOR due to the decrease in payload weight and the use of identical

payload envelopes.

C, J-2S/Saturn V (Low-Earth Orbit Mission) - The flight profile selected was direct

S-IC/S-H boost (no parking orbit) to Hohmann transfer orbit perigee at 100 N M,
coast to 300 N M apogee, and S-II start in idle mode for orbit circularization.

This profile demonstrates the usefulness of the J-2S idle mode feature for mission

impulse maneuvers. Use of J-2S idle mode for orbit circularization mininizes S-II

stage modifications since a repressurization system, required for S-II mainstage

restart, is not needed. The payload shape selected was the S-IVB/Apollo shape.

This shape is expected to satisfy postulated manned mission volume requirements.

Since this payload envelope has the same geometry as the three-stage Baseline

SA-511, it has minimal effect on stage structural loads and thus should result in

none or minimum structural modifications. The payload weight was assumed to be

uniformly distributed in the payload volume. Subsequent analysis showed that no

structural modifications were required (Para. 2.4.5).

do J-2S/Saturn V (Polar Orbit Mission) - The flight profile selected was two-stage

direct injection to a 100 N M altitude orbit. Yaw steering of the S-IC and S-II

stages was used to avoid spent stage impacts on major land masses. The pay-

load shape selected was identical to the payload shape selected for the low-Earth

orbit mission. Subsequent analysis showed that minor structural modification

might be required (Para. 2.4.5).
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2.4 VEHICLE ENVIRONMENTS

2.4. 1 Vehicle Description

Two three-stage configurations and two, two-stage configurations were selected
for detail study. Both versions have the Baseline Saturn V SA-511 external con-
figuration. The Apollo payload shapewas used for the three-stage vehicles and the
"S-IVB Workshop"/Apollo payload shapewas used for the two-stage vehicles.
Each configuration is an assembly of SA-511 type stages modified only for installation
of the J-2S engine or to withstand increased structural loads.

Analyses were conductedto define the flight environments of these four design
vehicles and to determine the vehicle systems requirements for the LOR, LEO, and
two-stage Polar orbit missions. All J-2S engine associated changesare referenced
to the Baseline SA-511 Saturn V vehicle.

2.4.2 Design Trajectories

Flight simulations were made for the four design mission/flight profiles selected
in the PhaseI trade study. The design trajectories are nominal trajectories in
that they do not include 3 _ dispersions. They identify payload capability and
vehicle design characteristics for structural, control, and heating analyses.

A comparison of payload capability and vehicle design characteristics of the
Baseline SA-511 vehicle and the J-2S/Saturn V design vehicles are made in
Table 2.4-I. The LOR payload is increased approximately 9 percent when using
J-2S engines. The load criteria parameters for the synchronous vehicles are
boundedby the LOR and LEO vehicle parameters. Since the structural loads
of these vehicles do not exceedcapability, it was considered unnecessary
to perform a synchronous vehicle loads analysis.

2.4. 3 Aerod3rmmics

All basic aerodynamics datawere provided _MSFC. The external shapeof all
J-2S designvehicles is identical to the Baseline SA-511 vehicle. The applicable
Saturn V aerodynamics were used.

2.4.4 Acoustics

The acoustic environments for thedesign vehicle were providea by MSFC.
these environments are somewhatgreater than Baseline SA-511acoustics,
within specification limits and nomodifications are required.

Although
they are
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2.4. 5 Structural Loads and Dynamics

The ultimate compressive design loads (Nc) along with structural capabilities
are shownin Figure 2.4-1. Theseloads are envelopesof design loads developed
for the vehicle design conditions (Rebound,q a max, g max, etc.). Structural loads

are less than capability for all J-28/Saturn V vehicles except in the S-IC fuel tank for

the two-stage polar orbit mission. Structural modification would increase S-IC

weight approximately 74 pounds. Revised mill tapes would be needed to increase

structure cross-section. Another approach would be to use load alleviation techniques

to reduce ultimate compressive loads. These could consist of trajectory shaping,

restricting launch availability and restricting design criteria.

Structural dynamics (lateral vibrations) properties were computed at the

critical times during boost using the stage mass properties supplied by stage
contractors. These data were used in the structural loads and vehicle control
analyse s.

The structural effects of one engine-out and all-engine out malfunctions during

maximum q a product flight region was determined although not imposed as
a design requirement or constraint. Structural failure results from vehicle

tumbling for an all-engine-out malfunction and for a one-engine-out malfunction
on either engines one or two. Structural failure was defined as the

condition when the factor of safety was reduced to one. For all failure cases,

the time-to-failure was calculated to give an indication of mission abort require-
ments. The minimum time-to-failure for the uncontrollable vehicle was 0.25

seconds. Vehicle control was maintained for a one-engine-ou[ malfunction on

either engines 3 or 4. However, structural tension capability was exceeded

in the S-II aft skirt. The minimum time-to-failure for this condition was 0. 4
seconds.

2.4. 6 Heating Environment

Thermal design criteria were provided by MSFC. A comparison of relative

aerodynamic heating of geometrically similar vehicles with dissimilar trajectories

can be made by comparing aerodynamic heating indicator (AI-tI) values. Vehicles

with the same AHIs are assumed to have comparable aerodynamic heating

environment. A comparison of J-2S design vehicles and Saturn V vehicle AHIs

shows that Saturn V thermal environment are applicable for the J-2S design
vehicles.
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2.4. 7 Vehicle Weights and Mass Characteristics

Control of all the J-2S/Saturn V design vehicle weights was maintained. These

data consist of integrated vehicle mass properties, drop weights, fuel residual

summaries, and stage dry weights. The final stage weight summary for the four

J-2S/Saturn V vehicles is shown in Table 2.4-I1. The Baseline SA-511 weights

are shown for comparison. These stage weights reflect system and structural modi-

fications resulting from stage design changes described in Paragraph 2.6, Vehicle/

Stage Descriptions.

2.4. 8 Vehicle Control

Rigid body control requirements and control system dynamic characteristics

analyses were conducted for the LOR, LEO and two-stage polar orbit design
vehicles.

Rigid body control system gains and thrust deflection requirements, including

effects of scatter parameters during first stage flight were determined. The

maximum required F-1 thrust deflection angle of 2.8 degrees occurred for the LEO

vehicle. This is within the Saturn V maximum capability of 5.15 degrees.

Control system dynamic characteristics were determined by generating uncom-

pensated control frequency response Nyquist and Bode plots. This data was

provided for the most unstable boost phase times. The plots indicate the controllabi-

lity of the design vehicles and the complexity of the control system compensator

networks required to stabilize the vehicle. The J-2S design vehicles uncompensated

frequency response characteristics were compared to uncompensated Saturn V data

and show that the compensation required is within the Saturn V design.
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2.5 PERFORMANCE/MISSION ANALYSIS

This section presents mission payload capability of the four J-2S/Saturn V

design vehicles described in Paragraph 2.4.1. Comparisons are made with

the Saturn V using J-2 engines (Baseline SA-511).

2.5. 1 Lunar Missions

The initial J-2S LOR design trajectory, reported in Paragraph 2.4. 2 was based

upon initial best estimates of stage changes required to incorporate the J-2S engine.

After determination of final stage modifications, a final J-2S LOR payload was

calculated. This payload which reflects the stage dry and residual weight changes

is 109, 000 pounds as compared to 100, 078 pounds for the Baseline SA-511 (J-2

engines), a nine percent gain. Most of the nine percent payload gain is due to

increased J-2S thrust and higher specific impulse.

Direct injection lunar payload is 115,320 pounds. This flight profile does not

use an Earth parking orbit and results in a reduced launch window but may be

acceptable for unmanned missions. J-2S direct injection payload is six percent

greater than J-2S LOR payload. A comparison of J-2 LOR, J-2S LOR, and J-2S

direct injection payload is shown in Table 2.5-I.

2.5. 2 High Energy Missions

The flight profile for high energy missions is the same as the LOR flight profile

except for the 90 ° launch azimuth. Payload capabilities as a function of C 3

(twice the specific energy) are shown in Figure 2.5-1 for a LOR type vehicle.
Shown in the figure are approximate energy levels for representative missions.

2.5. 3 Synchronous Orbit Missions

The design synchronous orbit mission used five revolutions in parking orbit and

an equatorial (0 °) orbit inclination. These restraints imposed "worst case" con-

ditions on vehicle payload capability. When these constraints are relieved by

varying the inclination and decreasing the number of parking orbit revolutions, the

payload increases are as shown in Figure 2.5-2. For a 28. 5 degree orbit inclination,

the payload is increased to 75, 800 pounds, a payload gain of 15 percent over the

66, 000 pound design synchronous orbit payload. Reducing the revolutions in parking

orbit to one, increased the payload to 70, 500 pounds.

The J-2/Saturn V payload is 59,500 pounds to an equatorial orbit with a five

revolution parking orbit. The J-2 performance assumed the availability of S-IVB

three-start capability without penalty. The J-2S/Saturn V payload of 66, 000

pounds is an eleven percent increase.
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TABLE 2.5-I
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2.5.4 Low Earth Orbit Missions - Two Stage

2.5. 4.1 Coplanar (LEO)

Two-stage (S-IC/S-II) J-2S and J-2 direct injection payload capabilities to orbit

altitudes up to 500 NM are compared in Figure 2.5-3. The data was generated

using 265K thrust J-2S engines. No attempt was made to optimize the thrust
calibration level as a function of orbit altitude. Lower thrust calibration levels would

increase payload performance at the higher orbital altitudes.

J-2S Hohmann transfer payload capability is also shown in Figure 2.5-3. At 300 NM

altitude, payload capability with Hohmann transfer flight profile is approximately 50

percent greater than with direct injection. S-II stage modification is not required
to support the J-2S/S-II idle mode operation used for orbit circularization at Hohmann

ellipse apogee. To perform the same orbit circularization with a J-2/S-II stage,

major S-II modification would be required for a repressurization syste_n to support

the J-2 mainstage operation. A S-II or payload RCS system would be required by
both J-2 and J-2S vehicles for attitude control during coast.

2.5. 4. 2 Polar

J-2S Hohmann transfer and direct injection payload capabilities to orbit altitudes

up to 300 NM are compared in Figure 2.5-3. A 140 degree launch azimuth was used.

The yaw maneuver was initiated at 100 seconds with a yaw rate of one degree per

second during S-IC flight. During S-II flight, a constant thrust yaw angle of 44. 9

degrees was used. The J-2S payload trends for polar orbit missions are similar

to those for coplanar flight. At 300 NM altitude, the J-2S payload capability

is increased approximately 50 percent when using the Hohmann transfer flight
profile.

The J-2 direct injection payload capability of 201,000 pounds to 100 NM altitude is

also shown in Figure 2. 5-3. This payload is some 7 percent less than J-2S direct

injection payload.

The yaw maneuver required during boost to avoid overflight of major land masses

results in significant payload degradation. For a 100 NM orbit, the payload

degradation from a LEO coplanar mission is approximately 73, 000 pounds.
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2.6 STAGE DESCRIPTIONS

This section summarizes system and operational changes required when J-2S

engines are incorporated in Saturn V.

2.6.1 S-IC Stage Description

The S-IC stage is the first stage of the Saturn V launch vehicle. The S-IC is a

cylindrical booster 138 feet long and 33 feet in diameter. It is made up of a forward

skirt, two cylindrical propellant tanks separated by an intertank structural assembly,

the thrust structure, and four aerodynamic fairings and fins. The S-IC is powered

by five F-1 engines burning a mixture of RP-1 and LOX. One engine, on the vehicle

longitudinal centerline, is fixed; the four remaining engines mounted in a square

pattern about the center engine, are gimbaUed for control. Each F-1 engine provides

a sea level thrust of 1_522 million pounds. The thrust structure transmits the engine

thrust loads to the propellant tanks.

The S-IC stage interfaces structurally and electrically with the S-II stage. It also

interfaces structurally, electrically, and pneumatically with two umbilical service

arms, three tail service masts, and certain electronic systems by antennae.

The S-IC stage configuration is identical to the SA-511 S-IC stage. S-IC structural

loads are less than structural capability for all design missions except the two stage

polar orbit mission. For this mission, structural loads exceed capability in the

S-IC fuel tank. Structural modifications to the fuel tank longitudinal stringers and
also to the tank sidewall are needed to increase the capability to match the loads. The

S-IC weight is increased approximately 74 pounds. However, load allevitation techni-

ques can be used to reduce the design load to the structural capability. These include

trajectory shaping, restricting launch availability, and restricting design criteria.
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2.6.2_ J-2S/S-II StageSystems Description

This section of the report summarizes the major changes required to the S-II
stage/GSE systems and operations required for incorporation of the J-2S engine for
the missions studied. The changesfor the LOR mission are treated as basic and
changesfor the other missions are described as additive requirements. The three
outstanding changesare redesign of the thrust structure to accommodatethe increased
thrust of the J-2S engines (all missions), elimination of the stage recirculation
systems (all missions), and addition of a reaction control system (RCS)to the stage
(LEO mission only).

2.6.2.1 StageStructural Systems

System

Thrust Structure

(Increased enginethrust)

(All missions. )

Base Heat Shield

(Increased clearance require-
ments andthermal environment)

(All missions. )

Tank Skins and Bulkheads

(Deletion of recirculation
system)

(All missions. )

Aft Interstage

(Ullage motor deletion)

(All missions. )

Aft Skirt

(Addition of RCS)

(LEO mission only)

Change

General redesign required to main-
tain structural integrity and stiffness
properties. The approach is to
maintain componentdesign and
material type but, to increase
thickness.

Redesignrigid panel for 1/2-inch
greater hot side core thickness and
addition of wire mesh screen.
Relocate support brackets and
modify tubes and fittings. Modify
flexible curtains to match engine
changes.

Delete holes and bosses required
for recirculation system.

Delete ullage motor attachment
fittings and reinforcements.

Add holes and reinforcement for
RCSmonitoring.
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2.6.2.2 s StagePropulsion/Mechanical Systems

System

Reeirculation System

(Characteristics of the J-2S
engine permit starting without
propellant preconditioning to
subcooledconditions. )

(All missions. )

Engine Servicing System

(Purges anddrains on the J-2S
are revised and/or relocated
from the J-2 requirements. )

(All missions. )

EngineActuation System

(Hydraulic pump operating
speedis increased due to an
increase in speedby its
driver, the LOX pump.)

(All missions. )

(For vehicle attitude control
during idle mode ope'ration(LOX
pump is not operating), a
hydraulic power source is
required. )

(LEO mission. )

Propellant ManagementSystem

(The J-2S engine has the capa-
bility of performing a safe
shutdownby use of the electrical
drop-out of the mainstage OK
pressure switches. )

(All missions)

Change

The entire system on both LOX and
LH2 feed systems have been deleted.

General redesign to satisfy require-
ments specified by the engine
contractor.

Component revision within the
hydraulic pump to meet flow and
speed requirements.

A new flight auxiliary power
system based upon an MDC system
is added to the vehicle.

The stage electrical cutoff circuitry
is modified to utilize the low level

sensors to arm the mainstage OK
cutoff circuit.
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System

(Following mainstage operation,

propellants are required for an
idle mode operation to perform
an orbital cireularization

maneuver. )

LEO mission. )

Pressurization System

(Heat exchanger output of the
J-2S engine is higher than J-2.)

(All missions. )

(The vehicle requires a small
positive acceleration during
coast for propellant settling

and heat input to the LH 2 tank
raises the ullage pressure.)

(LEO mission. )

Engine System

(The J-2S starting system uses
a solid propellant turbine spinner. )

(All missions. )

Ullage Motors

(Engine start characteristics of
the J-2S do not require the

acceleration provided by the
ullage motors. )

(All missions. )

Valve Actuation System

(Deletion of the reeirculation

system reduces the system
requirements to one prevalve
actuation. )

(All missions. )

Change

The low level cutoff sensors are
raised in the tanks to a level corre-

sponding with the idle mode pro-

pellant requirement.

Pressurization manfolds and lines

require increased capability, and
LOX tank pressurant is bled from
four engines rather than five.

A continuous vent system with

axially directed nozzles provides
the low acceleration and tank ullage
pressure control.

Start tank system deleted and SPTS
added to the system.

The ullage motor system and
supporting components and systems
are deleted in their entirety.

The pressure requirements of the
pneumatic system are reduced to
the point where several components
may be deleted.

2-19



SPACE DIVISION ov NORTH AMERICAN ROCKWELL CORPORATION

D5-15772-2

2.6.2.3 Stage Electrical System

System Change

Electrical power system

(Recirculation system is not
required for J-2S engines)

(All missions. )

(45-minute coast period and
Idle Mode Operation)

(LEO mission. )

Component deletions:

Inverter assembly -
recirculation pumps

Recirculation power
transfer switch

Recirculation batteries
Inverter filters
Recirculation motor

power distributor

Engine ignition power
di stributor

Total

Component additions:

New main battery
New Instrumentation

battery
New TVC batteries
New TVC container

New TVC power
transfer switch

New TVC motor start
switch

Redesign 207 container
Redesign 206A35

container

Total

15

.

1

2
1
1

4

1
1

12

Electrical Control System

(Deletion of recirculation and

ullage motor systems)

(All missions)

(Deletion of LOX tank low level
engine cutoff)

(All missions. )

Component deletions:

Nonlatching relays

Magnetic latching relays
EBW firing units
Pulse sensors

TOTAL

Nonlatching relay

T OTA L

5
9
2
2

18

10

10
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System

(New controls for J-2S engine
system)

(All missions)

(Controls for the RCSandTVC)

(LEO mission)

Instrumentation System

(Deletion of recirculation
system andullage motors)

(All missions)

(RCSand TVC system
measurement)

(LEO mission)

Change

Componentadditions:

Nonlatching relays
Magnetic latching relays

Total

Nonlatehing relays
Magnetic latching relays

Total

Componentdeletions:

Voltage attenuator
Current monitor
Dc/dc transducers
Low level flexible

surface transducers
Temperature bridge

modules

Total

Componentadditions:

13
4

17

31
11

42

1
1
4

2

2

10

Asymmetrical bridges 19
Dc/de pressure transducers 5

Transducer potentiometer 1
Low level temperature

probe 1
De amplifier 1
Temperature bridge

submodule 1

Low level flexible
surface transducers 13

Low level differential

amplifier assemblies 2
Low level switch

assemblies

Decoding matrix assembly
Current monitors

Voltage attenuators

Total

4

I

2

2

52
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System

(New J-2S engine system
measurements and changes

in stage thermal environment)

(All missions)

Ordnance system

(Deletion of the ullage
motor ignition system)

Change

Component additions:

Low level tempe rature
probes 6

Low level temperature

bridges 10
Low level flexible

surface transducers 9

Low level dc amplifiers 9
Low level H-SH

temperature submodules 9

New temperature bridge
modules 15

Total 58

Component deletions:

EBW Detonators
CDF Manifolds
CDF Assemblies

Pyrogen Initiators

2
2
9
8

Total 21

Reaction Control System

for the LEO mission, the S-II stage performs an orbital eircularization function
_fter a 45-minute coast. A reaction control system (RCS) consisti.ng basically of
t..,o S-IVB (Saturn V) type thruster modules mounted opposite each other on the aft

yv

_girt is added to provide vehicle attitude control during the coast period. Each
9.IVB module contains three hypergolic bipropellant (N204 - MMH), 150-pound-
._rast rocket engines for pitch, roll, and yaw control Each module also contains
l;li . .

positive expulsion propellant feed system, a 3,000 psig helium pressurization

Cy_tem, valving, lines and electrical control system.

_lae stage/GSE modification required are shown below.

/Aft skirt

System

t_ngine compartment purge system

Change

Add holes and reinforcement for

RCS module monitoring. Add
insulation to offset aerodynamic
and RCS motor impingement
heating.

Provide tap-off for thermal

conditioning of RCS modules.
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System

Electrical system

Aft umbilical

GSEservicing system

Change

Add RCScontrol and measurement
circuitry.

Add a single disconnect andengine
compartment manifold system to
pressurize RCShelium tanks.

A mobile servicing console is
required for manual servicing,
purging, andfilling the RCS
propellant tanks.

2.6.2.5 StageWeights

The installation of the J-2S engine will increase the S-II stagedry weight by 1,862
pounds. The major componentsaffected are shownbelow:

Component

Engineand accessories
Thrust structure
Fairing
Baseheat shield
Purge and leak detection
Fuel recirculation
LOX reeirculation
Electrical system :

Total

Net increase:

Weight Change (lb)

Increase

1218
2000

30
30

3278

1862

Decrease

81

910
305
120

1416

The S-IC/S-II interstage will have a weight reduction of 1099 pounds resulting from
the following:

System

Deletion of ullage motor system
Deletion of recireulation system components
Decrease in measurement system
Decrease in structural elements

Total decrease

Weight Reduction
(lb)

834
155

70
40

1099
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In addition to the abovenet stageweight increase of 1862poundsfor J-2S engine
installation for an LOR mission, the additional equipment required for the LEO
mission will further increase stageweight 2101pounds, distributed as shownbelow:

Component

Add slosh baffle to LOX tank
Additional fairings for RCSand vent systems
LH2 balancedvent system
Stagethrust vector control system for idle

mode
Reaction control system
Additions to environmental control system
Additions to telemetry and measurement system
Additions to electrical system

Total increase

Weight Increase
(lb)

150
40
25

500
946
210

200
30

2101

Total stage weight increase for a LEO mission is, therefore, 3963 pounds.

2.6.2.6 Ground Support Equipment

The ground support equipment changes required as a result of the stage changes are
as follows:

System

Engine servicing system

(Required by changed engine
requirements)

(All missions)

Recirculation system

(Deletion of the stage
recirculation system)

(All missions)

Valve actuation system

(Deletion of stage
recirculation system)

(All missions)

Change Description

Partial deletions or deactivations in:
Umbilical Carrier Plate - Aft

LH2 Heat Exchanger
Pneumatic Checkout Console

Pneumatic Servicing Console
Fluid Distribution System
Static Firing Skirt
Electrical GSE

Partial deletions or deactivations in:
Umbilical Carrier Plate - Aft
Pneumatic Checkout Console
Pneumatic Servicing Console
Electrical GSE

Partial deletions or deactivations in:
Umbilical Carrier Plates

Pneumatic Checkout Console

Pneumatic Servicing Console
Electrical GSE
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" System

Ullage motors (deletion)

(All missions)

Heat shield

(Modified dimensions for J-2S

engine)

(All missions)

Reaction control system

(LEO mission)

Thrust vector control system

(For idle mode operation of
engine gimbaling)

(LEO mission)

Balanced vent system

(For LH 2 tank vent during coast)

(LEO mission)

Engine shutdown, coast, and
restart controls

(LEO mission)

Change Description

Delete handling/storage equipment
and monitoring of ignition system.

Modify center engine platform set.

Add disconnects and equipment for
RCS servicing and control in:

Umbilical Carrier Plate

Pneumatic Servicing and Control
Console s

Electrical GSE

Add disconnects and equipment for

the Dc motor/pump in umbilical

carrier plate, pneumatic checkout

servicing control consoles, electrical
GSE

Add electrical ground power and
control of vent system.

Add electrical power, control, and
monitoring for idle mode shutdown
and idle mode restart

2.6.2.7 Integrated System Tests

Design verificationtesting requirements have been developed for installationof the

J-2S engine intothe S-Ifstage. Testing will be accomplished on the S-If Battleship

stand at the Santa Susana Field Laboratory, at MSFC Facilities, at NR/SD Downey

facilities,and on the firsttwo production vehicles during acceptance testing at MTF.
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The major elements of the program are as follows:

Battleship Test Stand

Boattail Environment
Tests

Subsystem Develop.
ment Tests

Short Duration

Firings
Standard Duration

Firings

MSFC

Thrust structure

(aft skirt tests)
Thermal (plume

heating) tests

NR/SD Downey

NR Downey
facility

Heat shield
tests

MTF

Full mission duration tests

on the first two production
vehicles to demonstrate

total system integration
design verification.

The total test program time span is 13 months from go-ahead - including a seven-
month period for Battleship modification and J-2S engine installation.

2.6.2.8 Systems Integration Documentation

Documentation requiring changes for employment of J-2S engines on the S-II stage
are as follows:

Contract End Item Specifications, Parts I and II

Automatic Checkout

Stage Networks Acceptance Program (SNAP)
Pressurization System
Electrical Power System
Flight Control System
Measurement System
GSE Integrated Checkout

Simulated Flight Test
Interface Dictionary and Command Reference List
Common Sub-procedures: Reeirculation System and Engine System

Acceptance Test Requirement (Non-static Firing)
Seal Beach/MTF Acceptance Test Specification

Manual Functional and Leak Check Acceptance Specification

Vendor Acceptance Test SpecificationReview (LEO Mission)

Static Firing Test and Acceptance Requirements
MTF Static Firing Requirements Document
MTF Static Firing Acceptance Test Specification

Interface Control Documents (ICD's)

KSC Test Specifications and Criteria
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" Schematic Drawings
Electrical Checkout GSE
Mechanical Checkout GSE

Static Firing Electrical GSE
Stage Mechanical Schematics

Flight Sequence Program

2.6.2.9 Launch Operations Requirements

The impact on launch operation of incorporation of J-2S engines in the S-II stage is
being assessed in a separate NASA/KSC study. The information presented below is
a preliminary description of this impact as determined by NR/SD, Seal Beach
Operations.

Requirement

Facility/Equipment

Low Bay Operations

High Bay Operations

Launch Pad Operation
(before CDDT/Countdown)

CDDT/Countdown

Launch Mission Rules

Impact

Partial deletion of engine servicing systems
Deletion of ullage motor handling/inspection

equipment

Deletion of recirculation system support
systems

Addition of equipment for solid propellant
turbine starter handling/storage

Addition of equipment for RCS checkout and
handling (LEO mission)

Simplification of leakage and functional tests
Additional RCS tests (LEO mission)

Reduction of propulsion system testing
Launch vehicle/spacecraft integrated tests

simplified slightly
Addition of RCS electrical checkout

(LEO mission)

Addition of RCS tests (LEO mission)

Slight decrease in complexity
Significant increase in probability of

successful countdown because of redline
reduction

Add RCS tasks (LEO mission)

Of a total of 78 redline measurements, 34
will be deleted

Add 10 redlines for RCS (LEO mission)
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2.6.2.10 " Reliability Assessment

In the 1966 preliminary analysis J-2S study, it was determined that approximately
30 percent of the S-II stage single point failure mode that could cause mission loss
or abort would be eliminated by the system simplifications, resulting from J-2S
engine incorporation• In the present study, this analysis was revised and updated,
and the benefits of such simplification on the stage quantitative reliability values
were then determined. The results are shown below for the LOR and LEO missions
as compared to the baseline S-II-11 configuration. In the case where the boost
period reliability value of 0.95 (meaning 95 of every 100 attempted missions will be

successful) is retained for the LOR and LEO missions, a program reliability benefit
is indirectly implied in the lower apportioned reliability values required of the
remaining stage systems• In the case where the boost period reliability value is
increased, a program reliability benefit is directly indicated•

Boost Period

Reliability 0.95
All Cases

Baseline S-II-11

J-2S/S-II LOR

J-2S/S-II LEO

Boost Period

Reliability
Increased

Mission Total Boost Orbital Total

.95

.95

• 893

.95

• 954

• 954

Boost Orbital

.95

.95

• 95 .94

m

• 945

.95

• 954

• 902
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S-IVB StageDescription

TheS-IVB stage is built in two configurations: (1) the S-IVB/IB which is the
secondstage of the uprated SaturnI and, (2) the S-IVB/V which is the third stage
of Saturn V. Application of the simplified J-2 engine (J-2S) on the S:IVB/V was
investigated to determine its impact on the stage subsystems, performance,
payload potential, and mission flexibility. The stage modification requirements
identified were used to generatedetailed implementation plans, tentative schedules
anddata for estimating budgetary requirements.

To fully understand the effects of the J-2S engine on the S-IVB stage, an analysis
of its requirements on each of the subsystems was madeby the affected techno-
logies. Theseanalyses were basedon requirements of currently scheduled
Saturn/Apollo missions. The Lunar Orbital Rendezvous(LOR), the equatorial
synchronousorbit mission, the polar orbit mission, and the Low Earth Orbit
Mission (LEO) were reviewed. Early in the study, the polar orbit mission was
determined to be impractical andfurther analyses was discontinued. Sincethe
LEO mission does not employ the S-IVB stage, it was excluded from the MDAC-
WDanalyses.

Lunar Orbital Rendezvous Mission

The prime mission investigated for implementation of the J-2S engine on the
S-IVB/V stage was the LOR. This mission requires propulsion of the first two

stages (S-IC and S-II) and a portion of the propellant from the third stage (S-IVBi
to achieve a 100 nautical mile circular parking orbit. The S-IVB and spacecraft
then coast for up to 3 revolutions in this orbit (4-1/2 hours) for vehicle checkout
and precise orbit determination prior to S-IVB stage engine restart. As the

lunar launch window is entered, the third stage engine reignites propelling the
spacecraft into the lunar transfer trajectory. The S-IVB stage is then utilized

to maintain proper attitude control for spacecraft transposition and docking.

Synchronous Orbit Mission

This mission will also utilize the first two stages (S-IC and S-H) plus a portion
of the propellant from the third stage (S-IVB) to achieve a 100 nautical mile cir-

cular parking orbit. After up to a 7-1/2 hour coast period (5 revolutions) the
S-IVB stage will be reignited for insertion into an elliptical transfer orbit whose

apogee altitude is equal to the earth synchronous orbit altitude of 19,323 nautical
miles. Transfer coast time to apogee is approximately 5. 25 hours. Upon reach-
ing apogee, the S-IVB is again restarted to circularize the orbit.

A parking orbit coast period of 7.5 hours or 5 revolutions was selected for these

analyses since it represents the most stringent attitude control system, hydrogen

boiloff, and power requirements that would be imposed on the S-IVB stage in
providing complete longitudinal coverage of the earth. Additional requirements

peculiar to this mission are that the trans-synchronous coast phase must occur
in total sunlight, and the vehicle must be oriented broadside to the sun vector

and rolled continuously about its longitudinal axis at a rate of 1 roll per hour.
Both these requirements are based on S-IVB stage systems thermal criteria.

2-29



D5-15772-2

s

2.6. 3 (Continued)

J-2S Application

Implementation of the J-2S engine on the S-IVB stage will improve stage
reliability, mission flexibility, and performance. It can provide either a two

or three burn capability at 431 seconds specific impulse. Increased reliability
is primarily due to system simplification. The chilldown system (both LOX and

LH2), solid ullage motors, LOX low level sensors, and APS ullage engines and
considerable instrumentation and wiring are not required for the J-2S/S-IVB
configuration and have been deleted.

The J-2S/S-IVB does not require a recirculation chilldown system to condition
its hardware for ignition during a LOR mission. Instead it utilizes an idle mode
operation prior to mainstage ignition to perform the chilldown function thus
eliminating the requirement for this system. This simpler operation greatly

facilitates extension of the two-burn to a three-burn capability. The only addi-
tional modification required to implement a three-burn capability is the addition
of a third solid propellant turbine starter (SPTS) and additional cold helium
spheres to accommodate the second repressurization. If this capability were
implemented using the current J-2 engine, additional batteries and stage plumb-
ing would be required.

Incorporation of a synchronous mission capability results in some stage modifi-
cations; however, these modifications are not a result of incorporation of the

J-2S but are caused by the mission requirements. These changes consist of

adding baffles and/or deflectors in the LOX and LH 2 tank, adding power ampli-
fiers to increase the range of the T/M transmitters, adding active and passive
thermal control systems to accommodate the extended mission coast temper-
ature environments and adding instrumentation.

All stage modifications have been identified in considerable detail. Drawings,
part numbers, and procedures have bean identified with respect to deletions,
revisions and additions. These lists are predicated on the stage requirements
resulting from incorporating the J-2S engine as described in the J-2S interface

document. However, if future developments reveal J-2S operations or inter-
face requirements would be materially different than those considered at present,
some modifications to the changes described in this document may be necessary.

Test Requirements

To assure that the engine will operate with the stage in the manner predicted,
a ground test program is required. This ground test program will be accom-
plished primarily at the Arnold Engineering Development Center (AEDC) and
on the S-IVB Battleship vehicle at MSFC. The test requirements at AEDC have
been defined and are directed primarily toward demonstrating engine operations
with respect to its interface with the S-IVB stage. The test at MSFC will verify
the modifications to stage equipment resulting from incorporation of this engine.

A series of acceptance firing tests on the J-2S equipped S-IVB also are planned
to verify engines/stage interfaces and operations.
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2.6. 3 (Continued)

Ground Support Equipment

Modifications to the ground support equipment are required because of the new

stage operations. However, mese mo_L_mations consist primarily of deleting
procedures, capping off systems no longer needed, and changing name plate
labels. The net result of incorporation of the J-2S engine into the S-IVB is a
simpler stage with attendant program benefits. The basic cost of fabrication,
checkout, launch, and post flight evaluation is materially reduced. This is
accompanied by an increase in payload from the improved engine performance
coupled with a stage weight reduction of 161 lbs for the LOR configuration. The
reliability of the stage increases because of simplification and results in a 22
percent decrease in stage criticality.
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2.6.4 Instrument Unit (IU) Stage Description

The current IU is a 260-inch diameter assembly 36 inches high that fits atop the

S-IVB stage. Fully configured, the IU weighs 4,500 lbs, has a useful lifetime of

approximately eight hours and a reliability over its 6.8 hour design life of 0. 988.

The IU is designed to be applicable to the wide range of missions for the Saturn

family of vehicles. These missions can be placed in the five general classifica-
tions listed below:

Ascent and insertion into earth orbits having varying accuracy require-
ments.

Transfer orbits in the vicinity of the earth, e.g., rendezvous.

Injection into escape trajectories following extended earth orbiting.

Direct ascent and injection into escape trajectories.

Extended missions beyond injection.

Each of these missions places a different set of requirements on the system.

Such factors as requirements for accuracy, in-flight turn-on and turn-off, in-flight

system checkout, varying launch windows, operating time, and differences in equip-

ment reliability, influence the choice of an equipment configuration for a particular
mission.

The IU configuration is d.esigned to meet the following requireme'nts for any of the

five categories of missions:

Navigation - maintain an up-to-date knowledge of the vehicle position,

velocity and orientation.

Guidance - provide vehicle steering commands to obtain desired tra-

jectories with minimum fuel consumption.

Control - establish and maintain desired vehicle attitude.

Sequencing - provide primary and contingency event queuing and execu-
tion and maintain the onboard mission clock.

Command - accept and respond to ground instructions.

Onboard checkout - assist in preflight test and verification of flight worthy

status and provide capability for in-flight tests and status monitoring.

I

9
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2. 6. 4 ('Continued)

Spacecraft control provide for accepting attitude error signals during
flight from the spacecraft.

Telemetry - make numerous flight control and engineering measurements

and provide for their transmission to the ground.

Tracking - provide RF signals for use in ground tracking.

Structure - provide the structural member connecting the thrust stages

with the payload.

Emergency detection - detect abnormal or emergency situations and in-
form the crew.

Power - provide and distribute power to all equipment.

Environment - provide thermal conditioning to electronic components.

The IU system is considerably more than a guidance, navigation and control sys-

tem. The control, assembly and testing of a system of this complexity is a sig-
nificant portion of the total cost of the IU.

2.6.4.1 Summary of IIJ Design Changes

The large majority of changes, which in effect convert the J-2/LOR IU to the J-2S/

LOR IU, fall within the category of mission-to-mission changes which, in the cur-

rent program, require a steady stage "maintenance-of-design" work force in the

engineering design and release cycle. The basic universality of the IU design, the

electrical support equipment, and the digital computer analytical programs, makes

accommodation to new missions very straightforward. An exception is the Syn-

chronous mission where lifetime extension requires modifications that were not

designed in, but again are easily implemented in exercising the growth potential
of the IU.

a. J-2S/LOR IU Changes

Minor changes to the Flight Control System include provision for a reset capability

into one of the two switch points in the S-IVB pitch and yaw attitude error and at-

titude rate filters. The changes are confined to the Flight Control Computer and

the Control Distributor.
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2. 6. 4. 1 (Continued

Flight programs and electrical support programs require minor parametric value

changes and sequence reprogramming because of the idle mode and minor variations

in event sequences.

b. J-2S/Synchronous IU Changes

It is assumed that all changes made to the J-2S/LOR IU cover all engine-imposed

changes. Additional changes which are mission imposed, follow.

Additional Switch Selector commands will be required to initiate the desired se-

quencing and inhibiting of the power amplifiers and antennas. Minor rework will

be required in the distributors for the sequencing and inhibiting logic.

Five additional CCS directional antennas are employed. To maintain satisfactory

circuit margins, two modified Power Amplifiers are used. A power divider and

two coax switches are added to permit antenna selection.

A four uprated IU battery configuration was chosen for the J-2S/Synchronous mis-

sion which extends the IU power system lifetime from 6. 8 to 15 hours. The bat-

teries are a new design and result in a non-recurring cost impact.

Extensive rework of the fligl'.t program results from the mission. Yaw biasing of the

three gimbal ST-124 platform and retargeting equation implementation are unique

to the application.

The Environment Control System is modified by the addition of an additional two

cubic feet GN 2 storage sphere and mounting appurtenances and a redesigned TCS

orifice regulator assembly.

Extensive logic changes are required to "the Electrical Support Equipment auto-

mated checkout program with no change to the basic program. The ESE hard-

ware changes include network modifications for accommodation of the new batteries

and antennas.

c. J-2S/LEO IU Changes

Moderate redesign of the Flight Control Computer (FCC) is required to eliminate the
S-IVB circuitry and to add the S-II idle mode pitch and yaw attitude rate filters.

Blank boards will replace populated boards to minimize the redesign impact.

Major modification is required of the FCC wiring harness.
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2° 6. 4._1 (Continued)

IU OCM/DDAS Telemetry limits to the S-II stage and transmission of data via the

S-II PCM telemetry system will be required. The design impact is minor.

The LEO mission will impose careful optimization of the guidance filters. Im-

plementation is unique for restart stage and estimation of the terminal targeting.

Additional gain switching will be required in the S-II pitch and yaw attitude error

shaping networks for the S-I/idle mode and one gain switch will be required in
the S-II roll shaping network for S-II idle mode.

The IU Environmental Control System liquid coolant lines to the S-IVB stage will
be capped off.

d. J-2S/Polar IU Changes

Because the S-II RCS is not used, the elimination of all S-IVB circuitry, including

APS circuitry from the FCC, results in extensive rework. The design impact is

minimized by use of dummy cards rather than total repackaging of the FCC.

Both the LEO and Polar missions impose excessive tension loads which required
minor structural modification.
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2.7 KSC LAUNCH OPERATIONS IMPACT

The study determined the total impact at KSC when J-2S engines are used in Saturn

V vehicles. Changes to operations and equipment were identified, and implementa-

tion schedules developed.

2.7.1 Propulsion Related Processing Operations

The impact on processing operations primarily concerns modifications to existing

operations rather than the addition or deletion of a large number of operations. There

were 133 S-II and S-IVB propulsion related operations identified for the SA-503

baseline vehicle (those affected by an engine change). For a vehicle configured

for a LOR or Synchronous mission, 70 percent of these operations would be reduced

by an average of 7 percent and only 2 operations would be deleted. For a vehicle

configured for a LEO mission, 45 percent of the operations would be reduced by
an average of 7 percent, and 8 operations would be added due to S-H Reaction Control

System (RCS) and Solid Propellant Turbine Starter (SPTS). Forty percent of the

operations can be eliminated because an S-IVB stage is not used for this mission.

2.7.2 Facility and Ground Support Equipment

The primary effect of J-2S engines on Facilities and Ground Support Equipment located

at KSC was in the Pneumatic Systems on the Mobile Launcher (ML) and the control

and Monitor panels in the Launch Control Center (LCC) for both LOR and LEO Missions.

The Pneumatic System changes consisted of the deletion of one console, modification

of three consoles, and modification of ML plumbing and umbilical. The S-IVB

Pneumatic System changes consisted of the deletion of one console, modification of

two consoles, and modification of ML plumbing and umbilical. S-H RCS servicing
equipment would have to be added to Platform 1 and the 133-foot level of the Mobile

Service Structure (MSS) for the LEO Mission only. This new equipment consists of

two control assemblies, two valve isolation boxes, and an nitrogen purge system.

2.7.3 Interlock System

Changing to J-2S engines impose modified requirements on the Interlock System.

These result in the deletion of 54 interlocks for a LOR or Synchronous mission.

Approximately 34 interlocks on the S-II would be deleted and four top level interlocks

must be added for RCS, Propellant Settling System and the Auxiliary Hydraulic System
for a LEO mission. All S-IVB related interlocks would be deactivated for a LEO
mission.
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2.7.4 Redline Parameters

The LOR mission effect on the Redline Parameters consisted of deleting 20 of the

original 75 redlines and adding five new redlines. The LEO mission effect consisted

of deleting 15 of the original 42 S-II redlines and adding 11 new redlines.

2.7.5 Operations Improvement

It is anticipated that KSC will realize improvements in GSE reliability, processing

flow times and launch complex flexibility as a result of using J-2S engines in the S-II

and S-IVB stages. The overall reliability of the pneumatic system would improve

due to the deletion of consoles and the reduction of complexity of other consoles.

Servicing time would be reduced by the elimination of potential leakage points. The

processing flow time was estimated to be reduced by approximately 10 percent due

to the procedural changes which result from processing the J-2S equipped stages.

Increased launch complex flexibility at KSC results because the design changes

outlined allow for launching different vehicles of various configurations and mission

objectives such as a three stage LOR mission and a two-stage LEO mission.
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2.8 SYSTEMSENGINEERINGANDINTEGRATION (SE&I)

SE&I is presently performed by The BoeingCompanyfor the Saturn V vehicle and is
divided into four activity categories.

Actiyit_ category Tasks

System Integration Program Control, Configuration

Management, Test Program Integration

and Launch Readiness Assessment, and

Logistics

Systems Engineering Interface Engineering, System Definition,

Prelaunch System Analysis, Design

Certification Review, Reliability Analysis

Mission Rules, and System Safety

Technology Flight Evaluation, Propulsion System

Analysis, Structural System Analysis,

and Instrumentation System Analysis

Launch Vehicle and

Mechanical Ground Support

Equipment (LVGSE)

LVGSE Logistics and System Development

Facility (SDF)

The tasks, such as Program Control, Configuration Management, Test Program

Integration, System Definition, Design Certification Reviews, etc., investigate the

overall launch vehicle and its systems including the engines, but are independent of

type of engine used, in that the same efforts are required for J-2 or J-2S equipped

vehicle. These efforts are normal SE&I efforts which are performed under normal

manpower and schedule requirements.

The tasks, Interface Engineering, Flight Evaluation, and Propulsion System

Analysis require additionalSE&I development and recurring efforts. The

LOR Mission requires effortsto develop the necessary guidance system

modification and computer trajectory simulation modifications to both digital

and hybrid simulators. The 3-stage synchronous mission with a 3-burn S-IVB

and 2-stage LEO mission imposes changes in analysis which are unique and

partly independent of the use of the J-2 or J-2S engines. Additional analysts

and development is required to assess J-2S synchronous orbit mission

capabilitiesand to rework the assumed developed synchronous orbit guidance

to incorporate J-2S capabilities. Additional work is also required in guidance

and simulation modifications to implement the 2-stage configuration capabilities.
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2.9 RESOURCES

2.9.1 Stage Resources

2.9.1.1 S-IC Stage

The S-IC stage is not impacted by the J-2S engine and/or mission requirements

except for that of the two-stage polar orbit which causes an overload condition in

the S-IC fuel tank. This overload condition may be solved by (1) load alleviation

or (2) fuel tank skin/stringer beef-up. If the second option is assumed a minimal

development cost of approximately $20,000 is required for new manufacturing mill

tape s.

The S-IC stage resources plans (design, test, manufacturing, facility, schedule and

cost) are the same as those of current stage production program. The S-IC schedule

cycle is 42 months from ATP to on dock KSC, which coincide with the lead time

boundaries of the integrated J-2S program schedule. The S-II stage also requires

42 months prior to on dock KSC.

2.9.1.2 S-If Stage

.Design Plan

The engineering design activities associated with an inline incorporation of J-2S

engines into an advanced S-II stage for either an LOR, Synchronous Orbit, two-stage

Polar Orbit or LEO mission is broken into two phases; a program definition phase

(PDP), and a development operational phase. The PDP will involve six months of

engineering effort, whereas the development operational phase will continue through

vehicle delivery and launch. It is to be noted that all of the identified changes for

this stage upgrading are well within the technical state-of-the-art and available

facility capabilities.

Due to the nature of the task of installing J-2S engines in place of J-2 engines, the

concept or approach for specification and drawing preparation shall be that of making

revisions to existing S-II-15 released documentation (documents may be released

with new identifying numbers to aid configuration control).

Whereas the design plan as presented satisfies the four study missions from a

schedule viewpoint, the LEO mission will require a higher technical manpower level

during the design and analysis periods to fulfill the additional requirements. These

additional requirements include the addition of a reaction control system, auxiliary

power source for engine actuation (gimbal) during idle mode operation, engine idle

mode operation capability, and an LH 2 tank vent system to provide a low vehicle

acceleration force during the coast portion of the flight.
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2.9.1.2 (Continued)

Test Plan

The planned tests represent the minimum development and/or verification tests

considered necessary to provide assurance that the advanced S-II stage, as modified

to incorporate J-2S engines and added mission capability as directed by NASA,

has retained a man-rated status and will therefore require no development flight
tests.

The Test Plan includes:

a. Integrated system tests

lo Structural Testing. Test verification that design changes to the S-II structure

will accommodate the increased thrust and base heat flux of J-2S engines will

be conducted using selected portions of full scale structure and special heat

shield panels.

. Battleship Tests. Development testing will be conducted in the Battleship test

stand (COCA 1) at the Santa Susana Field Laboratory to verify stage/engine

interface compatibility and J-2S cluster operation.

3. All Systems Verification Tests. All Systems tests will be conducted at MTF

utilizing the first production stages.

b. Design Verification Tests

Design verification tests (DVT) will be conducted on selected components to verify

attainment of basic operating parameter requirements. The primary objectives of
DVT are as follows:

1. Verification of proper operation with parameter limits

2. Verification that design approach was satisfactory

3. Resolution of design difficulties

4. Verification of parameter stability

5. Verification of hardware selection by comparison

6. Preliminary verification of parameter stability under stress conditions

c. Qualification Test Program

The primary purpose of a qualification test is to assure equipment performance

during exposure to the environmental stresses predicted in service. To accomplish

this purpose, a selected number of specimens representing production hardware are

subjected to environments selected and arranged to best represent service conditions.
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2.9.1.2 (Continued)

These tests are designed to assure the reliability of the equipment design with respect
to flight operation.

The qualification test program to be conducted on a J-2S/S-H stage will be a continua-

tion of the same program employed for the current J-2/S-II stage as delineated in

the Saturn S-II Reliability Plan. It is considered that this approach best meets the

requirement to achieve or retain a man-rated S-H stage at minimum cost.

Incorporation of the J-2S into the S-H stage requires certain modifications peculiar

to specified missions. These modifications are evaluated relative to the following

factors to determine necessity for qualification or requalification.

1. New or modified component designs in criticality categories I, H, and HI
2. New or changed environments

3. Increased or significantly changed duty cycles

4. New or revised operating modes

5. New or revised significant failure modes

6. Dynamics Program 63-2 requirements

7. Prior test history

8. Common applications

9. Contractual requirements

J-2S Manufacturing Schedule Plan

All Manufacturing sequences of the Manufacturing Plan remain basically the same

for the current J-2 engine configurated stages and LOR mission J-2S engine config-
urated stages. However, changes will be necessary in internal schedules on a

subsystems and subassembly level.

Facilities Plan

The Contractor anticipates no additional requirements for expansion of Government-

funded facilities to accomplish effort proposed in support of the J-2S engine incorpora-
tion into the S-r[ stage.

Schedule Plan

The schedule for vehicles 518 through 537 with J-2S engines present no problems.

Thirty-eight months leadtime has been allowed from raw material release to delivery

of the first stage at KSC, which is consistent with the conclusions previously reached

in the low production rate study. Although the schedule is reflected on an ATP

schedule, some variations in the schedule would be encountered depending upon the

"capability position" at the time of go-ahead. In general, the overall 48-month span
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2.9.1.2 (Continued) 

from go-ahead to delivery of S-II-18 provides adequate time for start-up from 
minimum capability levels. 

Cost Plan 

The S-II stage cost to incorporate the J-2s engine is divided into non-recurring cost 
(development) and recurring (operational). The costs are for a block of 20 vehicles, 
10 year  production program, at two per year production rate.  The baseline stage is 
J-z/S-II-LOR. The total delta non-recurring cost for a LOR o r  synchronous mission 
is $19.48 millions. The delta recurring cost is a saving of $44.68 million ($2.23 
million per  stage). The development cost ($19.48 million) is amortized after the 
8th stage. 

The total delta non-recurring cost of an LEO mission w/o the RCS (J-2S/S-II - LOR 
as a baseline) is $25.05 million. The recurring delta cost is a saving of $31.69 
million of $1.58 million per  stage. The development cost ($25.05 million) is.amor- 
tized after the 12th stage. 

The cost of the RCS system is $5.66 million non-recurring and $28.12 million . 
recurring. 

2.9.1.3 S-IVB Stage 

The net result of incorporation of the J-2s engine into the S-IVB is a simpler stage 
with attendant program benefits. The basic cost of fabrication, checkout, launch 
and post flight evaluation is materially reduced. This is accompanied by an increase 
in payload from the improved engine performance coupled with a stage weight reduc- 
tion of 161 pounds for the LOR configuration. The reliability of the stage increases 
because of simplification and results in a 22 percent decrease in stage criticality. 

Design Plan 

The two existing S-IVB Battleship Vehicles are to be updated for use in  the J-2s 
Engine Test Program. MDAC engineering shall provide technical support for the 
modification and testing phases. Engineering shall also provide personnel to witness 
J-2s testing at the North American Rockwell Corporation, Santa Susanna Facility. 

Sustaining engineering shall be performed for the duration of the Program, which is 
based on a fabrication and launch rate of two vehicles a year .  

Basic S-IVB/V drawings shall be configurated for all additions, modifications, and 
deletions that a r e  required to incorporate the J-2s engine for a LOR mission. 
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2.9.1.3 (Continued)

The J-2S/S-IVB/V stage drawing shall be configurated to incorporate modifications
(scars) that will permit late incorporation of a synchronous orbit mission kit.
Scars are defined as changesto the stage that do not affect the stage performance, but
permit late incorporation of mission peculiar kits.

Engineering shall support the following design reviews:

a. Preliminary Design Review

At this review, Engineering shall present to the customer, concept layouts and
written material that depict the proposed design approach for new and revised
vehicle and GSEsystems.

b. Critical Design Review

At this review, Engineering shall present detailed drawings and supporting analy-

ses of all design changes resulting from the J-2S implementation.

Test Plan

The incorporation of the newly developed J-2S engine into the S-IVB stage and the

mainline Saturn/Apollo Program will require careful and deliberate integration in

order to maintain the man-rated, high confidence level of the present Saturn/

Apollo Program.

Based on the J-2S/S-IVB Development Test Plan in DAC-56749 and the J-2S/S-IVB

Rocketdyne Interface Criteria Document, R-7211, development tests required for

concept verification, operational limit establishment, and acceptance testing

requirements will be defined.

These tests must start at the engine development (Battleship) test level, comple-

mented by S-IVB stage component tests and special instrumentation on mainline

Apollo flight, progress through the stage acceptance firings at STC, comprehensive

launch site system checkout demonstrations and finally verified by inflight system

analysis through adequate placement of instrumentation.

a. Battleship Test

MDAC-WD recommends a joint NASA/Contractor cooperative test approach in

the Battleship tests presently planned for Tullahoma (altitude facility) and MSFC

(sea level facility). This approach involves simultaneous development of stage

modifications while in the process of developing the engine itself. Concurrently,

through MDAC-WD test support, the Contractor plans to develop operational limits
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2.9.1.3 (Continued)

and test procedures which can be employed during later component development

and stage acceptance firing tests.

b. Component Tests

As a result of J-2S engine implementation into the basic S-IVB/V Stages, MDAC-

WD presently envisions that the following qualification tests must be performed.

1. LH 2 Tank Pressurization Module

2. Hydraulic Pump and Thermal Isolator

3. Auxiliary Hydraulic Pump

4. Component Heater Blanket for Synchronous Mission

c. Special Instrumentation for Mainline Apollo Flights

Where Mainline Saturn Apollo Program missions permit, various aspects of the

J-2S engine performance might be verified by appropriate instrumentation. This

shall be predominantly true in the stage-to-engine interface conditions of the space
environment.

d. Acceptance Firing Tests

MDAC-WD recommends a minimum of three Saturn S-IVB vehicles to undergo a

acceptance firing with the new J-2S engine installed. This shall include three full

duration and three partial duration J-2S engine ignitions.

Manufacturing Plan

Manufacturing operations will occur in the general areas of structural, propulsion,

mechanical systems including piping and ducting, electrical components and wiring,

the APS, and GSE. As presently conceived, all of these modifications will be

accomplished with conventional manufacturing methods, processes, and tools.

Modification of the stages to accommodate the J-2S engine will be accomplished by

the Manufacturing organization of MDAC. The tasks will be supported by Quality

Assurance, Procurement, Manufacturing, Engineering, Planning and Tooling,

Facilities Engineering, and Materials and Methods Research and Engineering (MM-RE)

organizations.

Facilities Plan

Based on the current visibility (design, manufacturing, and testing) of the Propulsion

Improvement Study, and on the ground rules and assumptions, it appears that imple-

mentation of the J-2S engine on the S-IVB stages can be accomplished with the existing

facilities currently used on the Saturn Program.
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2.9.1.3 (Continued)

Schedule

The lead time for design, development, procurement, tooling, and manufacturing

is similar to the schedule now being used on the S-IVB program. The largest percen-

tage of detail manufacturing will be performed at the Santa Monica Facility. Primary

welding, major, and final assembly, and checkout will be performed at the MDAC

Huntington Beach Facility.

A fourteen month lead time for procurement will be required prior to the initial

major assembly effort. Required tooling will be phased and scheduled to meet all

fabrication, assembly, and checkout requirements as needed.

A three-burn synchronous mission kit will be developed and available for installation

on any J-2S equipped LOR stage which NASA may designate. This installation would

be performed preferably in-line at the Huntington Beach Facility but could also be
handled at STC.

The J-2S stage will be delivered to KSC three and one-half years after ATP.

Costs

a. Development Costs

The total development (non-recurring) cost for implementing the J-2S on the S-IVB

stage for the LOR mission is $3,474,721.

The total development cost of extending a J-2S/S-IVB to synchronous mission

capability is $1,886,413.

b. Recurring Costs

The delta recurring costs between the LOR J-2/S-IVB and J-2S/S-IVB result in

a net saving of $458,319 per stage on a two per year production rate (10 year

program). Therefore, J-2S/S-IVB LOR development costs are amortized by the

eighth stage.

The delta recurring costs between a J-2S/S-IVB LOR stage and J-2S/S-IVB

synchronous mission stage are $354,548 per stage at a production rate of 2 per

year. These recurring costs are based on the production of 20 kits to be installed

on J-2S/S-IVB LOR stages in-lineand in-position. For a single synchronous

mission kit the recurring cost per stage increases to $657,788 due to the absence

of a learning curve. Based on production of 5 kits, the cost is $463,443 per kit.
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2.9.1.4 IU Stage

Design Plan

The Flight Control Computer (FCC) of the control system and the Control Distribu-

tor of the electrical system are the only end-item components which require hardware

modification as a result of the J-2S engine. A minimum-modification approach will
be taken to design the required changes to the FCC and Control Distributor. This

approach will consider the peculiar requirements of the LOR, Synchronous, LEO and

Polar missions and provide one configuration level of these components for use with

any J-2S/Saturn V vehicle configuration independent of the mission application.

With exception of the above modification, the present Saturn V IU design meets the

requirements of the LOR, LEO and Polar mission applications of the three-stage

or the two-stage Saturn V vehicle with the J-2S engine improvement.

Test Plan

There are no test requirements peculiar to J-2S engine improvement modifications

on the IU. The minor hardware modifications to the FCC and Control Distributor

do not warrant requalification testing. Subsequent to incorporation of the J-2S

improvement changes into these components, they shall be considered qualified by
similarity.

There are no known test requirements peculiar to J-2S/Saturn V IU's for the LOR,

LEO or Polar mission applications. Only those test requirements peculiar to the

incorporation of the IU life extension modifications to satisfy requirements of the

Synchronous mission are discussed here. Further, this discussion is based on the
content of IBM-ECP-1558.

Manufacturing Plan

The IU manufacturing effort is described in terms of three distinct phases : Fabrica-

tion, Assembly and Preparation for Shipment controlled by manufacturing routings

which outline, step-by-step, the procedure to accomplish all the discrete operations

required, including the essential inspections.

The manufacturing routings are machine prepared and afford the flexibility of being

responsive to changes in manufacturing instructions as brought about by engineering
releases of new or changed requirements.

There are no new tooling or fixture requirements for the manufacture of IU assemblies

for the three-stage or two-stage Saturn V vehicle with the J-2S engine improvement.

Configuration variations between IU's for the LOR, Synchronous, LEO or Polar

vehicle configurations can be handled by the issuance of separate sets of manufacturing
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2.9.1.4 (Continued)

instructions (routings) which are unique to a particular IU. In effect, there would

be no essential differences from the manner of manufacturing Saturn V and Uprated

Saturn I on the current program. Further, the nominal times given for each of the

manufacturing phases, including systems checkout, would be the same.

Facilities Plan

Existing facilities are designed to satisfy the broad mission requirements of the

current program. These facilities are sufficient to support the production rate of

two IU's per year, independent of configuration for the LOR, Synchronous, LEO or

Polar vehicle/mission application. No facilities modifications are required due to

J-2S engine improvement or mission application.

Schedule Plan

The master phasing schedule shows that the minor modification required for J-2S

engine control requirements can be accomplished within the normal IU mission cycle

which is representative of such cycles on the current program.

An IU mission cycle is defined as that period of time between the first issue of an

Instrumentation Program and Components (IP&C) List for a given IU and the launch

of a vehicle with that IU. This cycle is 24 months, established by scheduling avail-

ability of the IP&C List 18 months prior to an IU delivery and an IU delivery which is

scheduled against an arbitrary launch date to occur six months later.

The schedule effects of Synchronous mission dependent changes were selected for

illustration because Synchronous mission requirements represent the most severe

lead times for schedule considerations and the greatest impact on program costs.

This study did not reveal any requirements peculiar to the LOR, LEO or Polar

mission/vehicle application which would require time outside of the time span for an

IU mission cycle for a Synchronous mission.

C ost

a. Non-Recurring Cost

Only the Synchronous mission has extensive development costs involving the flight

control computer, structure modification, network and cabling changes, flight

program environmental control system, batteries and battery installation, check-

out programming changes and hardware requalification.

The delta non-recurring cost for J-2S/IU-LOR (J-2/IU-LOR as baseline) is

$0.03 million. The delta non-recurring cost, from the J-2S/IU-LOR, for J-2S/

IU-synchronous is $1.12 million and for J-2S/IU-LEO is $. 05 million.
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2.9. I. 4 (C ontinued)

b. Recurring Cost

Based on a two per year production rate for ten years, there are no delta

recurring costs for the J-2S/LOR and LEO IU's. There are numerous changes

in the flight program, network cabling and in the entire release cycle of design

and manufacturing. The normal vehicle-to-vehicle "maintenance of capability"

accommodates these changes in a routine manner.

The recurring cost of J-2S/IU-synchronous mission is $0.32 million. This

cost is in the assembly and testing line items, which results from mounting

the additional Gas Bearing Supply (GBS) cold plate, additional antennas and

additional plumbing.

2.9.2 KSC Launch Operations
i

Changes in terms of additions and deletions of LC-39 support functions and equip-

ment for the J-2S vehicles were identified. Implementation schedules were deve-

loped to assess the total impact to KSC.

Schedule

The schedules for accomplishing the modification to KSC facilities assume only

the modification and activation of one VAB High Bay, one Firing Room and asso-

ciated equipment, one Mobile Launcher, one MSS, and one Pad. The anticipated

date for the establishment of interfaces was used for GSE design' start. Modification

completion date was established as the date when the first modified stage will be

on dock at KSC. These ground rules result in a total of 24 months to accomplish

the changes. Of this total time span, 17 months have been allocated for design,

6 months for procurement, and 3 months for modification and activation.

The total operations would be reduced from the SA-503 baseline by 3,552 man-

hours {approximately 3.70 men crew size) for the LOR mission and 2,238 man-

hours {approximately 2.33 men crew size) for the LEO mission. The changes

for the Synchronous mission would be essentially the same as for the LOR mission.
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2.9.3 Systems Engineering and Integration (SE&I)

The SE&I tasks, such as Program Control, Configuration Management, Test Program

Integration, System Definition, Design Certification Reviews, etc., are independent

of type of engine used. These tasks are normal SE&I efforts which are performed

under normal manpower and schedule requirement, resulting in zero delta develop-

ment or recurring cost to the J-2S/Saturn V program.

The Interface Engineering, Flight Evaluation and Propulsion System Analysis tasks

are impacted by the incorporation of J-2S engines in the Saturn V vehicle or from

mission profile variations.

ScheduL

Compared to the baseline schedule (recurring twelve months cycle for the J-2/Saturn

V - LOR), twelve months of development for the J-2S/Saturn V - Synchronous Mission

and six months for either the J-2S/Saturn V - LOR or the J-2S/Two--Stage - LEO

mission is required. This applies only to the first flight. Subsequent flights assume
a normal and recurring twelve month cycle.

C osts Impact

The SE&I non-recurring (development) cost is minimal. Compared to the baseline

vehicle (J-2/Saturn V - LOR), the non-recurring delta cost for J-2S/Saturn V - LOR

is $ 0.55 million. An additional cost to the J-2S/Saturn V LOR of $ 0.14 million and

$0.11 million is required for the synchronous mission and for the J-2S/two-stage LEO

mission, respectively. These development costs are mainly for developing and asses-

sing mission capabilities except for the Interface Engineering task which is stage

development cost.

The total SE&I recurring cost for the three-stage/Saturn V-Synchronous mission is

110 percent that of LOR mission which results in a delta cost of $1.06 million per

year. This cost is due to greater mission complexity and is independent of engine

type. The total cost for the two-stage/Saturn V - LEO mission is 70 percent that

of a three-stage/Saturn V - LOR. This reduced cost is due to the fact that the S-IVB

stage is not included, resulting in a cost saving of $3.18 million per year. This cost

is independent of the type of engine.

2.9.4 Vehicle Resources

2.9.4.1 Schedule

The J-2S incorporation imposes no unique schedule problem. The master schedule

is shown in Figure 2.9.4-l. It reflects the total phasing of the program through

delivery of SA-518 on dock at KSC. The study shows that the first J-2S equipped

flight vehicle will be on dock at KSC, 3 1/2 years after Authority to Proceed (ATP);

subsequent vehicles will follow at a rate of one every six months.
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2.9.4.1 (Continued)

The 3 1/2 year production period for a J-2S, SA-518 vehicle is identical to the flow

time required for a J-2 equipped SA-518 vehicle. Pacing items in the schedule are

S-IC and S-II stage material requirements.

2.9.4.2 Cost

Development requirements for the J-2S equipped Sat-urn V vehicle (assuming LOR

mission) result in a non-recurring cost of $23.54 million. These funds will be

expended over a four year period. Peak year development fund requirements are

less than $8.00 million.

Recurring costs for a ten year period of production at a rate of two vehicles per

year, results in an average unit cost saving of $2.7 million compared to a J-2

equipped Saturn V for the LOR mission. Development cost is amortized by the

cost saving per unit produced after only nine vehicles.

Tables 2.9.4-I through 2.9.4-III summarized the integrated vehicle costs of the

J-2S equipped vehicles for the LOR, Synchronous, and LEO mission, respectively.
The costs shown are combined non-recurring and recurring delta costs for a block

of 20 vehicles produced at two per year.

Figure 2.9.4-2 shows the program comparative cost of J-2 and J-2S equipped three-

stage vehicles. Baseline #1, the J-2 equipped Saturn V-LOR, is drawn horizontally

through the zero cost point. Baseline #2, the J-2S equipped Saturn V-LOR, is drawn

through the $30.30 million point which is a comparison of the t_o baseline vehicles.

The $30.30 million cost saving is the sum of $23.54 million development expenditure

plus a stage saving of $53.84 million for 20 units or $2.7 million per unit. This

saving has resulted exclusively from the incorporation of the J-2S in the S-II and

S-IVB stages. To the right of the figure, the delta costs attributed solely to the

mission pecularity are projected. These costs are independent of engine type. The

LOR mission peculiar delta cost is zero (baseline). The cost to incorporate the

mission peculiar changes for a synchronous mission (with either J-2 or J-2S) is

$27.12 million; however, in case of J-2S enwine, this mission cost when combined

with stage saving of $30.30 million (see Table 2.9.4-I) result in a savings of

$3.18 million.

Similarly, Figure 2.9.4-3 shows the program comparative cost of J-2 and J-2S

equipped two-stage vehicles. The comparison between the two baselines is a cost

saving of $24.61 million which is the sum of $20.06 million development expenditure

plus a saving of $44.67 million for 20 units or $2.24 million per unit. The cost

to incorporate the mission peculiar changes for a LEO mission (with either J-2

or J-2S) is $18.61 million; however, in case of J-2S engine, this mission cost

when combined with stage saving of $24.61 million results in a saving of $6.00

million.
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2.9.4.2 (Continued)

The above discussed delta costs are summarized as follows:

Vehicle/Mission Development Cost* Recurring Cost*

Configuration Plus Mission Cost Per Unit

Cost

Amortization

J-2/Saturn V - LOR

J-2S/Saturn V - LOR

J-2S/Saturn V - Synchronous

J-2S/two-stage - LEO

(-) = saving

* ($ millions)

(20 Vehicles)

Baseline

23.54 ( 2.69}

50.66 ( 2.69}

38.68 ( 2.23}

after 9th vh.

after 19th vh.

after 17th vh.
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2.10 POTENTIAL PROBLEM AREAS AND POSSIBLE SOLUTIONS

No potential problems associated with incorporation of the J-2S engine in the

Saturn V vehicle were identified. However, several areas of concern were
identified.

ao Due to thermal dynamic conditions encountered during the time from propellant

tanks pressurization through the boost periods, engine thrust buildup within the

specified start envelope might not be achieved. Additional engine start

analysis and engine tests simulating the thermal dynamic conditions should be

conducted. If a start problem is discovered, a feed duct conditioning system,

e. g., a modified recirculation system, may have to be incorporated.

b, The manpower and critical skills retention associated in a low production rate of

two per year is a problem area which was expressed by the stage contractors.

This problem is considered to be major but not critical and its effects were

included in the stage costs and schedules which were presented for this study.

2.11 CONCLUSIONS AND RECOMMENDATIONS

2o 11.1 Conclusions

The study demonstrates that J-2S engines incorporation in the Saturn V Vehicle is

both feasible and desirable. It yields cost savings compared with continuing the J-2

application, as well as improvement in vehicle reliability, operational simplicity,

increased payload capacity and missions flexibility. The J-2S/Saturn V vehicles are

logical improvements to the flight proven Saturn V launch system. Increased

versatility extends the application of this system to expanded lunar missions or
other missions.

Technical

a. Flight environments were within Saturn V limits or required only minor vehicle
modifications.

b, All required stage and/or support operations changes or modifications are minor

and within the current state-of-the-art technology. Structural loads were

minimized by using the Saturn V external geometry (Apollo spacecraft shape) on

all design vehicles.

Co Simplification of stage and support operations results from the use of J-2S engines.

Simplified engine operations characteristics reduce the number of required stage

systems, prelaunch redlines and failure modes, and simplifies prelaunch operations.
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2.11.1 (Continued)

do The J-2S idle mode increases mission flexibility. Idle mode operation for

slosh control and engine start preconditioning eliminates the need for ullage
rockets and propellant conditioning systems. Idle mode operation allows

the Hohmann transfer flight profile to be used without an auxiliary injection

stage. S-II idle mode operation provides the low impulse maneuver for orbit

circularization. This mode of operation eliminates any major S-II modification

for a repressurization system.

e. J-2S when compared to the J-2 engine, provides increased payload capability as

a result of the increased thrust and higher specific impulse.

Resources

a.

b.

el

do

el

The J-2S program is self-supporting, resulting in a net cost saving of $30. 3

million, for the combined development and a ten year production program

(a block of 20 vehicles, produced at a rate of two per year). The development

cost of $23.5 million will be amortized by the recurring saving after the

production of nine vehicles. The saving is the comparison in cost between

a J-2 equipped vehicle for a LOR mission and a J-2S equipped vehicle for the
same mission.

J-2S engine incorporation incurs no schedule problems. The 3 1/2 years production

period for a J-2S equipped SA-518 vehicle is identical to the flow time required

for a J-2 equipped vehicle. Pacing items in the schedule are S-IC and S-II stage
material requirement.

No major or pacing problems are anticipated in manpower requirements, skill
retentiGn or skill utilization; however, the S-IVB and S-II contractors are

concerned about the skill-mix and management problems associated with a low

production rate of two per year. To retain the skills required and yet hold

manpower costs at low levels, a combination of cross training, team effort and
multi-skill use of individuals would be required.

The existing Saturn V government owned facilities and the contractors facilities

are adequate to support J-2S engine incorporation requirements.

No major vehicle development tests such as dynamic test or wind tunnel test, are

required. Development, verification and qualification tests of selected stage

components are required to verify operating parameter requirements. Battle-

ship tests are required for the S-II and S-IVB stages to verify stage/engine

interface compatibility, characteristics of the J-2S engine and subsystem opera-
ting parameters.
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2.11.1 (Continued)

The S-II stage contractors recommendacceptance test fire of all the stages.
The S-IVB stage contractor recommendsat least three S-IVB stages to undergo
acceptance test firing.

fe No development flight test is required. The stage test plans will provide assur-

ance that the advanced vehicle, as modified to incorporate the J-2S engines and
added mission capabilities, has retained a man rated status.

go The increase in production rate reduces the stage average unit cost. The average

unit cost of a production rate of one per year cannot be estimated accurately

without further in depth analysis of manpower and skill retention requirements.

ho The delta costs of the J-2S equipped vehicle for synchronous mission are $27.12

million. These costs are purely mission peculiar costs, independent of the

type of engine used. The cost saving of $30. 30 million contributed by J-2S engine

will pay for mission cost ($27.12 million) and results in a net cost saving of

$3. 21 million. The above costs are for the ten year program (a block of 20

vehicles produced at a rate of two/year).

io The delta costs of the two-stage/J-2S equipped vehicle for a low Earth Orbit

mission are $18. 60 million. The costs are purely mission peculiar costs,

independent of the type of engine used. The cost saving of $24.37 million

contributed by J-2S engine will pay for the mission cost ($18.60 million) and

results in a net saving of $5. 77 million. The above costs are for the ten year

program (a block of 20 vehicles produced at a rate of two per year).

2.11.2 Recommendations

a. Based on the above conclusions, it is recommended that the J-2S engines be

incorporated in the S-II and S-IVB stages of all follow-on Saturn V's (i. e.,
SA- 516 and on).

b. Additional studies should be conducted to further define the merits of a two-

stage J-2S/Saturn V for low-Earth orbit missions. Trades should be made to

determine the advantages of orbit insertion using J-2S/S-II idle mode operation

as compared to using an injection stage. The abort problems should be
considered.

A trade study of the Reaction Control System (RCS) for stage/payload attitude

control during coast should be conducted to determine whether the RCS system should

be on the payload or on the S-II stage.

The studies should include both technical merits and costs for comparisons.
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SECTION3

STUDYOBJECTIVESAND GROUNDRULES

3.0 STUDY OBJECTIVES

The primary objective of the J-2S Improvement Study was to assess and report the
total systems impact of using J-2S engines in the Saturn V launch vehicle. This

primary effort was concerned with the application of the J-2S engine improvements

as described in the J-2S Interface Criteria Document, Rocketdyne Report Number

R-7211. The principal operational design features of the J-2S included:

a. Idle mode operation;

b. Three-start capability with solid propellant turbine starters; and,

c. Increased thrust and specific impulse.

Vehicle trade data to be developed during Phase I was for the purpose of selecting
design vehicles for Phase If.

Phase II was to define in detail the performance capabilities, design environments,

vehicle/stage simplifications, support operations, and system engineering and

integration analysis; to provide total system impact; and to determine resource

requirements. The system changes related to J-2S engines incorporation for the

LOR mission were to be distinguished from those related to other candidate

missions peculiar requirements.

The study was to define the stages and program in sufficient detail to enable

writing of contract end items detail specifications during a folIow-on six months
Phase C Program Definition Phase.

3.1 GROUND RULES, GUIDELINES AND ASSUMPTIONS

Applicable data from previous and current studies were used wherever possible.

The following guidelines and assumptions controlled this study.

3.1.1 Vehicle/Payload Definition

a. The baseline vehicle was SA-511 with J-2 engines in the S-II and S-.IVB stages

as defined by MSFC. The baseline vehicle definition included payload

capabilities and vehicle environment to provide a base for measuring vehicle

improvements.
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3.1.1 (Continued)

b° Modification to the selected design vehicles was limited to those changes

required for compatibility with J-2S engine_ and to accommodate, if necessary,

additional loads and environments due to increased payload weight and requirements

of mission profiles. The S-IC stage was the same as the baseline SA-511 first

stage.

c. Apollo/Saturn design criteria were used except where otherwise specified or

approved by MSFC.

d. Payload Configurations

o The Apollo payload shape was used on three-stage vehicles. Payload

density was varied with the payload weight.

o Payload shape for the two-stage vehicle was a S-IVB dry workshop shape

plus an Apollo command-service module (same as three-stage shape).

o Maximum payload envelopes for the two-stage and three-stage vehicles

were determined by mission analysis and payload effects studies.

4. Homogeneous mass distribution was assumed for all payloads other than Apollo.

3.1.2 Mission Profiles

The following profiles were used to generate vehicle performance data and to

select the mission/vehicle configurations for detail design analysis.

a. Injection into a 72-hour lunar orbit rendezvous (LOR) trajectory, with three

stages_ after utilization of a 100 NM parking orbit.

b. Direct injection lunar mission (no parking orbit) with three stages.

c. Synchronous orbits of 0° and 28.5 ° inclination with three stages.

d. Direct ascent with two stages to a 100 NM circular orbit.

eo Direct injection performance capabilities of the two-stage vehicle with orbit

altitudes of 100 to 300 NM and launch azimuths of 44 to 110 degrees

(measured from North to South over East).

fb Hohmann transfer to circular orbit with two and three-stage vehicles from 100 NM

perigee to higher orbit altitudes.
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3.1.2 Mission Profiles

go Direct ascent with three stages to a 100 NM polar orbit using yaw steering to
avoid overflight of major land masses. Nominal launch azimuth will be 140

degrees measured from North to East.

h. High energy missions with three-stages direct ascent into 100 NM circular

parking orbit (suborbital burn of the third stage), reignition and burn of third

stage to a specified energy level. Range of energy levels; C3:

(-20 _C 3 _+100 KM2/Sec 2)

Nominal launch azimuth will be 72 degrees measured from North to East.

3.1.3 Technical

a. Trajectory and propellant distribution procedures were compatible with methods

in use at MSFC. Detailed assumptions concerned with ascent trajectories

were discussed and approved by MSFC.

Do A flight performance reserve of 3/4 percent of the total vehicle characteristic

velocity was provided for in the last stage. These reserves were considered

to be part of the usable mainstage propellants.

c. Atmospheric model and geopotential function were provided by MSFC.

d. Nominal wind assumptions, as furnished by MSFC, were consistent with
Apollo wind restrictions. These conditions were:

1. 99.9 percent probability on pad.

2. 99.9 percent probability during lift-off (for the first twenty seconds).

. 95.0 percent probability during powered ascent with 99 percent wind
shear.

4. Gust conditions as specified by MSFC.

e. Modes of rigid body control were at a minimum control frequency of 0.15 cps

and a damping 75 percent of critical. The gains were chosen to produce a

desirable compromise between lateral drift, gimbal angle requirements and

maximum dynamic pressure.
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3.1.4 Program Resources

a. Non-interference with the Saturn/Apollo hardware was assumed.

b. J-2S engine incorporation effectivity was assumed to be vehicle SA-518.

c. A six-month Program Definition Phase would precede J-2S engine incorpora-

tion effectivity.

d. Funds were assumed to be available as required.

e. Cost estimates were in 1968 dollars without inflationary factors applied.

f. Schedules were based on assumed delivery of two Saturn V vehicles per year

from SA-515, prior to introduction of J-2S engines.

go The program outlined to qualify the vehicle for operational flights included

all facility modifications, hardware, and test operations for all necessary

ground testing.

1. The R&D program would not include a test flight.

. The time between the delivery of the last standard Saturn V and the

introduction of the first Saturn V with J-2S engines would be six

months, unless facility modifications require greater time.

h. The operational program used a rate of two deliveries per year. Costs were

calculated for the first ten years of operation with J-2S incorporated (total

of twenty operational vehicles). The influence of annual production rate on

costs were shown for 1, 3 and 4 J-2S/Saturn Vs per year.

i. Launch vehicle and facility modifications were compatible. Necessary launch

facility modifications were identified by KSC.

j. Cost and schedules were based on a one-shift, 5-day week for manufacturing

and engineering.

k. Man-rating was required.

° All necessary propulsion data was supplied by MSFC. Information affecting

S-IC, S-I] and S-IVB stages was coordinated directly between the stage

contractors. Change in ground rules, emphasis, objectives or work state-

ments were issued by MSFC.

m.In documentation, dimensionless parameters were used to the greatest extent

possible. The "International System of Units (SI)" were used in addition to the

"English Gravitational System" in final presentations and reports where appropriate.
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SEC TION 4

J-2S ENGINE

' /

J-2S ENGINE DESCRIPTION

The J-2S engine is designed to operate at any precalibrated nominal

vacuum thrust level between 230,0OO and 265,OO0 pounds, using liquid

oxygen oxidizer and liquid hydrogen fuel as propellants at a mixture

raG., MR, of 5.5.

The engine is integrated into a complete package of minimum cylindrical

dimensions and is capable of being used for single or multi-engine

installations on an interchangeable basis.

The following are features of the engine:

a.

be

c.

de

The engine shall have a single thrust chamber having an expansion

ratio of 40:1 and shall be capable of being gimbaled to provide

thrust vector control. The gimbal bearing shall be mounted on the

thrust chamber injector dome and shall have provisions for attach-

ment to the vehicle stage.

The engine start shall be accomplished by the use of a solid propellant

turbine starter (SPTS) that is fired to spin the propellant turbo-

pumps and to flush propellant inlet ducts of poor quality propellants.

The engine shall be capable of operating in an idle mode (0-5000 pounds

nominal vacuum thrust) and a mainstage mode upon stage command signal.

The engine shall be capable of being shut down from mainstage to engine

cutoff (zero thrust), from mainstage to idle mode operation, and from

idle mode to engine cutoff by appropriate stage command signals. The

engine shall be capable of shutting down safely as a result of stage

liquid oxygen depletion.

4-1



eo

D5-15772-2

The engine shal] be capable of restarting twice _o malnstage wh_le

at orbital conditions without infllght servicing for perJods up to

20 hours (two lO-hour orbital cossts).

fe

ge

The engine will require no preconditioning or servicing of any type

from ground equipment or from the stage vehicle within a mininum of

one hour prior to vehicle launch, other than the electrical require-

ments listed in the Electrical Power (External Requirements) section

of this document.

The engine will require that the user monitor only one engine

parameter as a prelaunch "red-line," viz., the He control tank

pressure, for flight operational use, provided the environment and

other external input requirements are as prescribed in the Engine

Start Requirements section of this document.

ho The engine shall be capable of operating in the low thrust idle mode

for a maximum of lO00 seconds.

i. The engine will provide a mixture ratio control system for stage

propellant management.

j. The engine will have provisions for supplying stage propellant tank

pressurization gases during mainstage operation.

;k. The engine will provide an accessory drive mechanical output.

Io The engine will have provisions for dumping residual stage propellants,

separately, and without ignition.

m. The engine shall have a service life of 3750 seconds of engine total

mainstage mode operation and 3500 seconds of engine total idle mode

operation. The service life of the engine includes 30 engine starts

to mainstage and ten starts to the idle mode thrust level only.
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ENVELOPE " :

The engine is within an envelope approximately 81 inches in diameter and a

maximum of 133 inches in length. The envelope is shown in Fig. 2.2-I

WEIGHT

Single Start Engine

The dry weight of a single start engine including accessories is 3800 pound

maximum. A further weight breakdown is shown in Table 4.0-I.

Multiple Start Engine

The dry weight of a multiple start (two restart) engine including accessori,

and restart accessories is 4050 pounds maximum. A further weight breakdown

is shown in Table 4.0-H.
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TABLE 4.0-I

SINGLE STAI{T FNGINE WTIGtIT

Rocket Engine

Dry

Burnout _

Wet

We i _ht,

pounds

3235

3288

3367

Accessories

Dry

Burnout _

Wet

565

625

630

Total Weight, dry 3800
i

*Dry weight plus the instantaneous weight of fluids
remaining at the termination of rated duration

TABLE 4.0-II

MULTIPLE START ENGINE WEIGHT

Weight,
Rocket Engine pounds

Dry

Burnout*

Wet

Accessories

Dry

Burnout*

Wet

Restart Accessories

3235

3288

33_7

565

625

630

Dry 250

Burnout* 221

Wet 250

Total Weight, dry _050

*Dry weight plus the instantaneous welght of fluids
remaining at the termination of rated duration
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ENGINE PERFORMANCE

HAINSTAGE PERFORMANCE

The engine is capable of being calibrated at any thrust level between 230K

and 265K at a mixture ratio of 5.50 ±2 percent as shown in Table 4.0-III. With

mixture ratio excursion from the calibration point, the engine will oper-

ate within the thrust vs mixture ratio envelope shown in Fig. 4.0-1. The3_

bands shown in Fig. 4.0-1 include all thrust variations due to engine Calibra-

tion and variations in engine inlet conditions within the limits established

in the External Requirements section of this document. Thrust vs altitude

and specific impulse vs mixture ratio are shown in Fig. 4.0-2 and 4.0-3. The

oxidizer and fuel flowrate vs mixture ratio are shown in Fig. 4.0-4.

TABLE 4.0-III

MAINSTAGE PI_FORMANCE

(AT STANDARD VACUUM STATIC CONDITIONS)

Nominal

Thrust,

pounds

230,000 ±3%

i265,ooo ±5%

Minimum

Instantaneous

Specific Impulse,

seconds

_27

Engine
Mixture

Ratio,

o/f

5.50 ±2%

*Fuel density = _.40 Ib/ft 5

**Oxidizer density = 70.79 Ib/ft 3

Engine Duct
Inlet Pressure

psia Total

Fuel Oxidizer

3o* 39

Rated

Duration,

seconds

500

PROPELLANT UTILIZATION

The propellant utilization valve is capable of varying the engine mixture

ratio in accordance with Fig.4.0-1. Propellant utilization capability is

provided by bypassing oxidizer from the oxidizer pump discharge.
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_DLE MODE PERFORMANCE

p.

P
b /

_:ile mode steady-state performance is shown in Table 4.0-IV. Idle mode specific

impulse vs mixture ratio is shown in Fig. 4.0-5. Idle mode performame as a

_nction of inlet conditions is shown in Fig. 4.0-6 through 4.0-9.

TABLE 4.0-IV

IDLE MODE PERFORMANCE (STEADY STATE, LIQUID)

Inlet

P_..'essures

(Total)
bOX, Fue I,

psia psia

_9" 50"_

Flowrates

L0X Fuel

Ib/sec Ib/sec

12.5-+2.5 5.0 -+I.0

Mixture
Ratio

2.5 -+0.5

Minimum

Specific

Impulse,
seconds

280

Nominal

Thrust,

pounds
(Vacuum)

5000 ±1000

Chamber

Pressure,

psia*
Vacuum)

26+5

Rated

Dura ti on

(TotaI),
seconds

1000

_Injector end
•-_Oxidizer density = 70.79 Ib/ft3,

_*Fuel density = _._0 Ib/ft5

TImUSTTRANSIENTS

_brust Increase

The rate of thrust increase will not exceed _0,000 pounds per any I0 milli-

seconds. The thrust increase, corrected to altitude conditions, for all

engines will be within the thrust increase envelope of Fig. 4.0-10 , provided

that the external input requirements to the engine are satisfied. Propel-

lants consumed during the start sequence for engine first start and from

mainstart signal after long idle-mode operatlon are 280_30 Ibm fuel and

I010+ii0 Ibm oxidizer.

Idle Mode Thrust Increase. The maximum idle mode duration required to

achieve the steady-state condition of Table 4.0-1vshall be 100 seconds.

inflight Mainstage Thrust Variations. After mainstage signal plus 20 sec-

onds the difference between values of thrust reduced to site conditions

averaged over 5 seconds at 5-second intervals shall not exceed 0.5 percent
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IDLE MODE PERFORMANCE
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of the _';,ted engine thrust for any 2 consecutive intervals. The sum cf

the absolute values of the differences between 15 consecutive interv:__,=:

_hall not exceed 3 percent of the rated thrust and the algebraic sun' of

!he differences _hal] not exceed 1.5 percent.

Thrust Decrease

The thrust decrease requirements of the J-2S engine shall be as follow:.

From Msinstage Mode to Shutdown. The thrust decay time from engine receiv

of the cutoff signal to a level of 8000 pounds thrust shall not exceed

600 milliseconds and the thrust decay time to zero thrust shall not cx<:ee_

2.5 seconds. Engine cutoff impulse is defined as the thrust time integr_:

between engine receipt of the cutoff signal and the time when the h.u ....

reaches zero pounds. The engine cutoff impulse will not exceed 67,000 lb-_:

when corrected to the closed propellant utilization valve position under

all operating conditions. The test-to-test variation of corrected cutoff

impulse for a given engine will not exceed _65OO lb-sec under all operating

conditions. Propellants consumed during the cutoff sequence are 40 _ 8

lbm fuel and 91 + 18 lbm oxidizer.

From Mainstage Mode to Idle Mode. The thrust decay time from engine re-

ceipt of the cutoff signal to an idle mode thrust less than 8000 pounds,

shall not exceed 4 seconds and the idle mode thrust level shall be less

than 8000 pounds thereafter. Mainstage cutoff impulse is defined as the

thrust time integral between engine receipt of the cutoff signal and 4

seconds later. The engine cutoff impulse shall not exceed llO,O00 lb-sec

when corrected to the null propellant utilization valve position. The

test-to-test variation of corrected cutoff impulse for a given engine

shall not exceed +llO00 lb-sec under all operating conditions. Propellants

consumed during the cutoff sequence are 83 _ lO lbm fuel and 138 _ 23 lbm

oxidizer.
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},'r_n,/,:le i.i_,.(.. ,T,,?Je thrust decay time from englne receipt c", the cui.off

signal to zo_"o thrust shall not exceed 2.0 seconds. Idle mc_'le cutoff

impul_;e is defined as the thrust-time integral between englne receipt o_

the cutoff :,ignal and the time when the thrust reaches zero pounds, l!le

engine cutoff impulse from idle mode shall not exceed 7000 ib-sec. _i,_

test-to-test and engine-to-engine variation of cutoff impulse shall :or

exceed +lOOO Ib-sec under all operating conditions. Propellants con_uz_ _

during the cutoff sequence are 20 _+ 4 ibm fuel and 7.5 +1.5 ibm oxidizer.

START/RESTART SEQUENC ING

Typical timing sequences for three types of initial start and restart

operations are shown in Fig. 4.0-11.

VEHICLE TANK PRESSURIZATION SYSTEMS

The engine shall provide a heat exchanger capable of heating either liquid

oxygen, tapped from the engine system, or vehicle supplied helium, for

use in p_ssurizing the vehicle LOX propellant tank during engine opera-

tion. The engine shall also provide a source of gaseous hydro fen fo _ l_,.:

in pre s_ izing the hydrogen tank during engine operation.

Oxygen Prezsurant

The _.seous oxygen discharge design point shall be 190 F and shall be b_,c

upon nominal 23OK engine operating conditions (5.5 mixture ratio) using

liquid oxygen as the pressurant at a flowrate of 2 pounds per second.

Outlet pressur, -_at the customer connect point shall be a minimum o! 4_C

psia under all engine operating conditions while the liquid oxygen flow-

rate is varied from 1.O to 3.0 pounds per second. Refer to Fig. 4.0-12 and 4.0-13

for heat exchanger performance.
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Helium Pre_nsurant

With helium supplied at an inlet pressure of 350 psia and at an inlet

temperature of 40 R, the outlet pressure at the customer connect point

shall be a minimum of 200 psia under all engine operating conditions

while the helium flowrate is varied from 0.05 to 0.34 pounds per second.

Refer to Figuras 4.0-14 and4.0-15 _rheatbxchanger per_rmance with helium.

The gaseous oxygen and helium Mach number in any portion of the system

shall not exceed 0.3 for any specified condition of flowrate and

temperature.

Hydrogen Taooff

The engine shall provide hydrogen pressurizing gas from a thrust chamber

tap at a flowrate up to 3.0 lb/sec and at a temperature between -32OF and

-19OF. The gas pressure vs pressurant flowrate at the engine interface

are shown in Fig. 4.0-16.
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EXTERNAL REQUIREMENTS

PROPf:LLANTS AND PRESSURANTS

Control of solid impurities in the propellants and fluids must be maintaine,_

in accordance with the applicable military specifications.

Oxidizer

The oxidizer supplied to the engine must be oxygen in accordance with

HIL-P-25508D, except that total hydrocarbon content must not exceed 75

parts per million (ppm), acetylene content must not exceed 1.5 ppm, the

purity must not be less than 99.2 percent, and the particulate content of

tile oxygen must not be limited by the total weight. Oxygen supplied to

the engine must have been processed with ground loading equipment contain-

ing nominal 72-micron or finer filters. These filters must have a maximum

_cifice size of 175 microns.

Fuel

The fuel supplied to the engine must be hydrogen in accordance with HIL-

P-27201, and must be supplied from ground loading equipment, equipped with

nominal 72-micron or finer filters. These filters shall have a maximum

orifice size of 175 microns.

ilelium

The helium supplied to the engine must be Grade A in accordance with the

Bureau of brines. The helium must have a water content less than that de-

fined by a dewpoint of -80 F at standard atmospheric pressure. Helium

_,upplied to the engine must have been processed with equipment containing

._.minal lO-micron or finer filters. These filters shall have a maximum

orifice size of 50 microns.
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The helium supply required for pneumatic actuation of all engine controls

_ _tor,:_ in a spherical tank under 2800 to 3450 psia pressure at ambient

temper_Ature for the single start engine and 3000 to 3450 psia pressure at

ambient temperature for the multiple start engine. The size of the helium

tank is 700 cu in. for the single start engine and 4000 cu in. for the

multiple start engine. Helium usage is as shown in Table 4.0-V.

TABLE 4.0-V

HELIUM CONSUMPTION

The table presents the heli,_m consumption requirements

during the various phases of operation of the J-2S engine.

The usage requirements have been corrected to standard

conditions in the helium tank and standard temperature i_

control system.

a. Idle Mode Start

b. Idle Mode Operation

c. Mainstage Start

d. Mainstage Operation

e. Mainstage Cutoff

f. Engine Cutoff

g. Idle Mode Cutoff

Helium Consumption

10.4 scf

2.78 scfm

1.29 scf

2.89 scfm

1.42 scf

2.75 scf

1.33 scf

Gaseous Nitrogen

Gaseous nitrogen in accordance with MIL-P-274OIB may be used for purging.

The nitrogen total hydrocarbon content shall not exceed lO ppm. Nitrogen

supplied to the engine must have been processed with equipment containing

nominal 10-micron or finer filters. These filters shall have a maximum

orifice size of 50 microns.
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ELECTRICAL POWER

Separate power supply circuits (from stage buss) must be provided for

control power, ignition power, instrumentation power, and ground (prior

to launch)-supplied power. The external electrical power requirements

to be supplied to the engine connect point to operate the engine must be

as follows.

Direct Current for Control Power and Ignition Power

Separate power supply circuits (from stage buss) must be provided for

ignition po_er and control power. The 30vdc (maximum) required for ea-

gine start or for initial voltage application must be applied to the en-

gine for not more than 60 seconds. The d-c, peak-ripple voltage must not

exceed 2.1 volts for the engine system when measured by using a peak-

reading, vacuum-tube voltmeter in series with a _.0-microfarad capacitor.

The higher of the two values measured _en the voltmeter is successively

connected for each of tile two polarities must be considered the ripple

voltage. The maximum voltage transient limit is a 50-volt positive pulse

with a time width of I0 microseconds and a repetition rate of 20 pulses

per second.

Control Power

A maximum of 20 watts shall be provided for control power prior to engine

start, 200 watts during both pr_ and post-mainstage idle mode, 375 watts

throughout mainstage, i00 Watts for 1 sec following C/O, and 20 watts

thereafter (refer to Fig. 4.0-17).
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SI!/5-i_}% ,'ir:_t Start Ignition Power. A maximum of 475 watts at 24 to

31 vdc shall be provided for i.O second after engine start, then 325

watts until 4.0 seconds after mainstage start signal, refer to Fig. 4.0-18.

Extended Idle Mode Ignition Power. A maximum of 475 watts at 24 to 31 vdc

shall be provided for i.O second after engine start, 310 watts for 22 sec-

onds of idle mode and 25 watts for the duration of idle mode. Refer to

Fig. 4.0-19.

Alternating Current

A maximum of 40 watts continuous at 108 to 121 vac, single phase, 400 cps,

for fixed-phase winding; 15 watts control-phase winding of the propellant

utilization actuator motor shall be provided.

Engine Instrumentation

Instrumentation power is as shown in Fig 4.0-20 and will be as follows.

Direct Current. Separate d-c circuits are provided for instrumentation

power and all electrical simulation circuits except pump speeds and flows.

The d-c voltage limits for all, except valve position potentiometers and

temperature transducers, is 24 to 32 vda. The peak ripple voltage on

this supply will not exceed O.1 volt when measuring with a peak-reading,

vacuum-tube voltmeter in series with a 4.O-microfarad capacitor. The

higher of the two values measured, when the voltmeter is successively

connected for each polarity, shall be considered the ripple voltage. The

maximum voltage transient limit is 50 volts (positive pulse), with a

width of lO microseconds, and a repetition rate of 1 pulse per second.
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_._ .!...c ',-c, ! *at/, }:;:Mt for +he ':a}ve !._o:qJ_:: on po+e_:Li,.n_._e_.er:_ -i ,._ "_._.iO0

:_00lO vdc. _l_hepeak-ripple voltage on this supply will not, e).ce_d (}.0'_.!;

v,),t when measuring with a peak-reading vacuum-tube voltmeter i_, serie._

with a )_.O-microfarad capacitor. The higher of the two Values measured,

when the voltmeter is successively connected for each polarity, will be

considered the ripple voltage.

The voltage level required for tile temperature transducers is determiue_!

by the stage signal conditioning circuits, as limits to that value which

does not cause the current through the resistive element to exceed 1

milliampere,

The engine instrumentation power is as follows:

Parameter

Pressure Transducers and

Flowmeter Pickups

#Valve Position Switches

Vo Ita ge

2_ to 52 vdc

2_ to 52 vdc

Power

Eighteen watts (maximum) for

flight. See Fig. 4.0-22 for

other requirements.
Two-watt addition for each

simulation during electrical
simulation

To be determined by stage

circuitry

Valve Position Potentiometer_

Temperature Transducers

Heaters

Pump and Flowmeter Speed
iSimulation

vdc

5 vdc

TBD

I0 vac

0.5 watt (maximum)

To be determined by stage

circuitry

To be determined

0.2 watts per simulation

Alternatin_ Current. A-c voltages required for obtaining simulation on

the pump speed transducers and main propellant flowmeters are as follows:

1. 0.2 watt maximum for each coil at 10 vac, single phase, 208.2

±0.2 cps for the flowmeter pickup simulation

2. 0.2 watt maximum at 10 vac, single phase, 6200 ±5 cps for fuel

pump speed transducer simulation

3. 0.2 watt maximum at 10 vac, single phase, 2290 ±2 cps for the

oxidizer PUmP speed transducer simulation
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_",'_G F, t_I,!O!T[RI_|I_TS

t.,,: eng'ne iced systems, upstream of the main valves, must contain a d_ r

_ ,* _tmo'_I:ilere prior to the introduction of any propellant in order to

t_.,'eclu_ie any ice or combustible mixture formation. Prior to chilling the

engine hardware by introducing liquid propellant into the feed system

_:pstream of the main propellant valves, all moisture must be removed from

,town_tre_ (_f the main valves by purging as shown in Fig. 4.0-21 for static

t,_ting or Fig. 4.0-22for flight.

in a test situation where the normal operational sequence has been in-

Lerrupted and the engine firing is delayed and where the engine is still

to be fired before its hardware is expected to return to ambient tempera-

ture, a suitable quantity of dry inert gas must be introduced through the

nxidizer dome to prevent ice or frost formation on the main injector hard-

ware prior to subsequent tests. Visual inspection of the main injector

hardware must be made prior to engine start to verify an ice-free condition.

Special Flight Requirements

in an abort situation (a preliftoff situation where the normal operational

sequence has been interrupted after the drying purges have been completed),

the engine hardware must be satisfactorily protected from atmospheric

moisture by either protective closures, a dry boattail environment, or

dry gas flow through the thrust chamber.

EN6INE NPSH (REQUIRED)

Engine operation at maximum propellant utilization conditions will be

stable with a pump head loss due to cavitation not to exceed % percent

at the NPSH values shown in Fig. 4.0-23 and Fig. 4.0-24.

4-35



'ii_lt _ ._li, ,ir__.._]r,,._l;.._ "jz_ }l[}b '%_- l'_qi,_ 1,,,__ •

D5-15772-2

A DIVISION OF NORTH AMERICAN ROCKWELL CORPORATION

-_0/,73"_

r

o

n_
LAJ
h-

n_
.<

W
0

.¢

UJ

n_

a.

0
c')

U
L_ ILl

_ _- o
U

u- U,_

W

0

N

X
0

t

I-
u _.

o _ u
Z

Z UJ

u_ U I_J

z=

_ ,_

Jo_
E_-

_z _3

__o

0 _

_U

_u_
_0u _u
=o_
_O_Z

P_

9Nm_

p
0
Z

r_

.J

I-

w
n_

lu

0

Z

0

0

Z Z3

0_

gg=

• . • 0

L_

E_

E_

L)

<

QQ

¢q
I

g

4-36



D5-15772-2

Q A DIVISION OF NORTH AMERICAN ROCKWELL CORPORATION

_m

v77:.?dO(_(_

ILl
IIU I--
OLU

I:L

Ill"

iY

I
I_

.J

P
I--

O
rn

Z
I.u

LD LL
O C
n, r,

N

Z Q-

o

0 o
on

_::+t 12.

N _ot.)u,_ z

c_ L

_o__,=
"_uo

_%o_o
IE_ ZI -

Z _r_

Ill

0
r_

U.l
N

r',

X
0

o

, LI,.I i

l--

_u

c'_i Z

u.,) o : I:_,

u' LLI
-7

.J Z
' I.U °o 0

I---
ILl

-I

Z --
(!.

"_uJ

3o
7

zz" z
-_-----

r_ _O_

uJ Lu _- ::)

u ___.p.
LU 2::) _.-.

u_o

"_ 1:137"
rv' ::3 I.Ij
I..U v') C._
e_ ._1 0

_Z-J

•"r,"_ _

, _ I_I" I _l_ ' I"_

==_'_ _i II-- "_ I_.

v
U

u.l _-

:Z:O
U_n

4-37

[-.

O

. r.z-I

L_

L_
Z

i

©



D5-15772-2

iI-_(..,_C_I_ ]E"E'I:)'_CI_W" I_" • A DIVISION OF NORTH AMERICAN ROCKWELL CORPORATION

i---
,,, 220
i,

" 210
Z

r-_
L_

200

C)'

C_

lgO

i

i

:E 180
1.1..

O

t_

"' 170
,.--I

:>

_ 160

m

X

150

REFERENCED TO ENGINE VEHICLE
INTERFACE UNDER ALL INLET

CONDITIONS,POWER E'XTRACTION,

PRESSURIZATION FLOWRATES, AND
GIMBAL ANGLES PRESCRIBED IN

THIS SPECl FICATION

J ..

164 FT
()---

4.5 5.0

ENGINE MIXTURE RATIO

5.5

FIGURE 4.0-23

HYDROGEN ENGINE INLET NPSH REQUIREMENTS

4-38



li:it. 0 _f_L t,_,o,,._ ' _- _ %Y" P,_T _;L._ •

D5-15772-2

A DIVISION OF NORTH AMERICAN ROC.K_,h/ELL CORPORATION

i--
i,i
LU
U-

It)

Z

r_

IM

O
I.LI
n-

:E

:E

z

:E
LL
O

I,I

..J

>

X

45

4O

35

3O

25

I

REFERENCED TO ENGINE J
VEHICLE INTERFACE UNDER IALL INLET CONDITIONS

POWER EXTRACTION,
PRESSURIZATION FLOWRATES, AND
GIMBAL ANGLES PRESCRIBED IN THIS

SPECI FICATION

42.3 FT

31.9 FT

4.5 5.0

ENGINE MIXTURE RATIO

FIGURE 4.0-24

OXIDIZER ENGINE INLET NPSH REQUIREMENTS

5.5

4-39



D5-15772-2

E_GINE START REQUIREME_{TS

The engine start requirements for static firing and for flight are shown

in Fig. 4.0-25and4.0-26.

For first start, the oxidizer and fuel shall be supplied to the engine

for a minimum of 1 hour and a maximum of 18 hours prior to engine start.

For engine restart to idle-mode restart, the oxidizer and fuel inlet

temperatures must be colder than -lO0 F as shown in Fig. 4.0-26. Mainstage

start _ball be preceded by sufficient idle-mode duration to chill the

propellant feed systems properly. The required duration will be 30

seconds minimum and I00 seconds maximum. Idle mode operation is

described in Fig. 4.0-27.

PROPELLANT UTILIZATION SYSTEM

The propellant utilization system consists of a servocontrolled valve to

bypass liquid oxygen from the oxidizer pump discharge. The valve is

positioned by electrical inputs from a source external to the engine. The

propellant utilization valve is capable of varying the engine mixture ratio

from 4.5 to 5.5 with the characteristics shown in Fig. 4.0-28.
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SECTION 5

TRADE STUDIES FOR CONFIGURATION SELECTION

5.0 GENERAL

The trade studies investigated the J-2S thrust calibration range, J-2S engine

mixture ratio schedules, J-2S/stage operational sequence requirements, and

vehicle/payload configurations to determine the basic vehicle/stage system

requirements and structural load criteria.

Missions other than the basic ltmar design mission (LOR) were considered. The

other mission trades determined vehicle configurations which would optimize the

usefulness of the J-2S engine without major structural or systems changes to the

existing Saturn V stages or support operations.

The data was used to select the four design vehicle configurations for detail

study in Phase II.

5.1 J-2S THRUST TRADES

S-I/and S-IVB stage thrust trades were conducted using a LOR flight profile. The

primary objective of these trades was to determine the preferred calibration range.

At the calibration mixture ratio of 5. 5, the J-2S engine is capable of operating

between a maximum thrust level of 265,000 pounds and a minimum thrust level of

230, 000 pounds. The minimum and maximum thrust calibration range as a func-

tion of mixture ratiois shown in Figure 5.1-1. Specific impulse (Isp) is a

function of mixture ratio but is independent on the calibrated thrust leveL(See Fig. 5. 1-2).

For the S-IVB thrust trades, a constant mixture ratio of 5. 0 was selected to

determine the thrust to payload relationship. Payload weights were determined
for several thrust levels between the maximum and minimum calibrated thrust

levels (from 237, 500 lbs. to 206,500 lbs) at the 5. 0 mixture ratio and Isp of

434. 5 seconds. The payload gain due to the 31, 000 pounds of additional thrust is

approximately 90 pounds. The S-IVB, as a LOR mission third stage, is, therefore,

not thrust sensitive; and it might be presumed that the lower J-2S calibration

thrust level should be selected to avoid impact to the current S-IVB thrust

structure. However, other mission applications of the S-IVB should be considered.

If a higher thrust is desirable, an assessment of thrust structure impact should

be made.

When the 265,000 pound thrust J-2S engine is used on the S-IVB, there

is increased flexibility which results in a more useful boost stage.
The S-IVB is thrust sensitive when used on a two-stage vehicle. For the low

Earth orbit mission, the payload for the INT-20 vehicle (4 F-1 S-IC/S-IVB) is

increased 3, 200 pounds by increasing the S-IVB thrust 31,000 pounds. It is

probable that other launch vehicles, such as the Saturn IB or 260-inch SRM/S-IVB,

would also show a payload improvement at higher S-IVB thrust levels. The

McDonnell Douglas Corporation made a rough determination of S-IVB thrust
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5. 1 (Continued)

structure changesrequired to uprate the structural capability for 265,000 pounds
(a thrust increase of 35,000 lbs). The modifications result in a thrust structure
weight increase of approximately 75pounds. Preliminary estimates show that there
would be no increase in recurring costs but $56,500 would be required for development
to modify the S-IVB thrust structure. This minimal weight and cost increase to uprate
the S-IVB thrust structure for the 265K J-2S engine seems acceptable in light of other
mission applications.

A LOR payload increase of approximately 4, 300pounds results when the S-II
engine thrust is varied betweenthe calibrated thrust levels. This data substantiates
conclusions reached from previous studies that maximum thrust is desired in the
S-II stage. A 265K calibrated J-2S engine shouldbe used in the S-II.

It was concludedthat both the S-IVB and S-II stages should be designed for the
265 K J-2S engine(s).

5.2 J-2S MIXTURE RATIO TRADES

The S-II and S-IVB mixture ratio trades were conductedusing a LOR flight profile
with 265K thrust J-2S engines in both stages. The primary objective was to deter-
mine the optimum mixture ratio (MR) schedule of both stages. The trajectory
optimization was basedon the standard Saturn V LOR mission flight profile for a
72° launch azimuth and used the same ground rules and assumptions. In all cases,
maximum utilization of S-II and S-IVB propellant was achieved. Propellant required
for a velocity increment of 109meters per secondwas reserved in the S-IVB stage.

The J-2S thrust and specific impulse as a function of MR were obtained from the
RocketdyneJ-2S Interface Criteria Document, R-7211, and are shownin Figures
5. 1-1 and 5. 1-2. In all cases, the J-2S enginerequired a 5. 0 MR burn for 2.5
seconds during the start sequence.

Initially, the S-II and S-IVB stages were analyzed independently to determine the
influence of MR in each stage. While one stagewas being analyzed, the other was
held constant at the LOR MR schedule (S-II MR schedule of 5.0 to 5. 5 to 4. 7, and
S-IV MR constantat 5. 0). Finally, the S-II and S-IVB were analyzed simultaneously
to determine the influence of any stage interrelationships on MR operating levels.

5.2.1 IndependentS-II StageMR Analysis

During the S-II MR analysis, the S-IVB stage MR was held constant at the Saturn V
nominal LOR operating level of 5.0. The S-I/was operated for 2.5 secondsat a MR of
5. 0 during ignition sequenceto satisfy J-2S start requirements.
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5.2.1.1 S-II MR Schedule

a. Shift times for the LOR S-II MR schedule of 5. 0 to 5.5 to 4. 7 were optimized.

Duration of burn at 5. 0 MR was fixed at 2.5 seconds but the burn duration at

the 5. 5 MR was varied (and, therefore, also the burn time at the 4. 7 MR).

Since a propellant depletion cutoff was used, only one burn duration at the

5. 5 MR results in maximum S-II impulse propellant. Propellant must be

off-loaded at all other burn times. Figure 5. 2.1-1 presents the relationship

between the change in total S-II impulse propellant and the burn duration at 5. 5

MR. The relationship between the change in LOR net payload and the burn

duration at 5. 5 MR is presented in Figure 5. 2.1-2. The payload optimized at

the maximum impulse propellant loading. This is probably true for all S-II

MR schedules similar to the LOR schedule; that is, high second MR, lower

third MR.

Do Alternate MR schedule with high thrust second MRs and low thrust but

higher specific impulse third MRs were examined. Again, the S-II began

its burn at 5.0 MR for 2.5 seconds. Second MR values of 5. 5 and 5. 4

were used and, third MR values ranged from 4. 5 to 5. 3. The relationship

between the change in LOR net payload, the second MR values, and the

third MR values is presented in Figure 5. 2.1-3. In each case, the shift

time was determined such that the maximum S-II impulse propellant was

consumed. The optimum S-II MR schedule is seen in Figure 5. 2.1-3 to be

5.0 to 5.5 to 4.7.

5.2. i.2 S-II Constant MR

Operation at S-II constant MR operation levels was considered. Any MR other

than the impulse propellant tank MR (TMRI) of 5. 26 will require off-loading

either LOX or LH 2 propellant. The amount of propellant off-loading required as
a function of constant S-II mixture ratio is presented in Figure 5. 2.1-4. The

relationship between the change in LOR net payload and constant S-II MR is

presented in 5. 2.1-5. No payload increase over that obtained using the LOR MR
schedule was obtained at any constant S-II MR. However, a high MR(maximum

thrust) is best when using constant MR even though LH 2 must be off-loaded.

5. 2.1.3 S-II MR Analysis Conclusions

The optimum S-II MR operational level, when analyzed independently of the S-IVB,

is a MR schedule of 5. 0 to 5. 5 to 4. 7 with the shift time from 5. 5 to 4.7 selected

to maximize S-II impulse propellant.
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5.2.2 Indepentent S-IVB Stage MR Analysis

During the S-IVB MR analysis, the S-II stage used the Saturn V LOR MR schedule

of 5. 0 to 5. 5 to 4. 7. In the simulation, the S-IVB was operated at a constant MR

or with a single shift MR schedule.

5.2.2.1 S-IVB Constant MR

When the S-IVB burn is at constant MR._ propellant off-loading is required for all

MRs except the impulse tank mixture ratio (TMRI) of 4. 79. The relationship
between the change in S-IVB impulse propellant and MR is presented in Figure

5. 2.2-1. Figure 5. 2.2-2 shows the relationship between the change in LOR net

payload and S-IVB constant MR. The payload optimized at the MR of 4. 79, the
maximum impulse propellant loading. The maximum net LOR payload increase

was obtained by analyzing the S-II and S-IVB MR schedules simultaneously as

reported in Section 5.2.3.

5.2.2.2 S-IVB MR Schedule

S--IVB MR schedules were considered as a means to increase payload.

a. Shift time, in all MR schedules analyzed, was selected to maximize S-IVB

impulse propellant. The payload relationship between the various MR

schedules analyzed is presented in Figure 5. 2.2- 3. No gain in payload

results from any MR schedule other than the constant 4. 79 MR payload value.

Mixture ratio schedules which shift down from a high MR to a lower MR

produce more payload than when shifting up between the same two MRs.

Do Shift time other than that required for maximum impulse propellant was
considered to determine the effect of S-IVB burn time. The MR schedule

considered was 5. 5 to 4. 5. Propellant offloading is required, as shown in

Figure 5.2.2-4, when the S-IVB burn duration at 5. 5 MR is different from

the time at which impulse propellant is maximized (full tanks).

The relationship between change in LOR net payload and burn duration at

the 5. 5 MR is presented in Figure 5.2.2-5. No payload gain results from

off-loading the S-IVB to vary the burn time. This trend would be expected

to hold for any other high to low MR schedules.

5. 2.2.3 S-IVB MR Analysis Conclusions

The optimum MR operation level for the S-IVB stage, when analyzed independently

of the S-II, is the constant impulse propellant tank MR (TMRI) of 4. 79.
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5.2.3 Simultaneous S-II Stage and S-IVB Stage MR Analysis

There is an interrelationship between the S-II MR schedule and the S-IVB constant

MR. By analyzing the S-II and S-IVB simultaneously, the optimum MR operating
levels were found to be a 5.0 to 5. 5 to 4. 5 MR schedule for the S-II and a constant
4. 79 MR for the S-IVB.

5.3 MISSIONS, FLIGHT PROFILES AND PAYLOAD ENVELOPES TRADES

The basic purpose of these trade studies was to select the basic vehicle/payload

configurations and mission flight profiles which would be studied in detail in

Phase II of the study. The trade study examined significant mission flight profiles

to determine the expected vehicle peI"formance and engine/stage operational

sequence requirements, i.e., start, restart, idle mode duration, mainstage duration,

coast duration, etc. To establish the basic vehicle load criteria, predicted

payload weights and shapes and mission requirements were examined.

5.3.1 Mission Definitions

Predictions of future mission applications were necessary since the J-2S engine/

stage operation requirements are dependent on the mission flight profile. The

post-Apollo missions for both two and three stage Saturn V launch vehicles during

the ten-year period of interest (1972-1981) fall into three major categories: hmar,
Earth orbit al and planetary.

5.3.i.1 Lunar Missions

Lunar mission plans for the Apollo Program follow-on may include extended

astronaut staytimes on the lunar surface. Logistics support will require an increased

Apollo spacecraft delivery capacity. Direct unmanned lunar cargo deliveries

may be required to support the extended manned exploration. Although the manned

delivery systems may retain the Apollo shape, unmanned cargo carrying payloads

will probably be a 260-inch cylindrical shape with a nose cap. The nose cap would

be of the type designated by MSFC as the modified launch vehicle (MLV) nose cap

and is shown in Figure 5. 3-1. Future lunar missions require not only increased

payload capability but also any structural modifications caused by the alternate
payload shape.

5.3.1.2 Earth Orbital Missions

Potential earth orbital missions following the initial post-Apollo spent (or "wet")

S-IVB workshop may be divided into two classes: (1) low-Earth orbit and polar

orbit missions with orbit altitudes ranging between 100 and 300 N M , and (2)

synchronous orbit missions with an orbit altitude of 19,323 N M and inclinations

ranging between 0° and 55 °.
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5. 3. 1.2 (Continued)

All the low-earth orbit missions were assumed to be manned and used ground

fitted space stations with the same basic S-IVB/Apollo shape. For low Earth

coplanar missions, a two stage Saturn V (S-IC/S-II) vehicle would be used. For

a polar mission, launch vehicle yaw steering is required to avoid spent-stage

impact on inhabited land masses. A three-stage vehicle would be preferable

from a performance standpoint because of large energy expenditures for the yaw

steering maneuver. However, the large payload size required to obtain a reason-

able payload density will cause large structural loads.

Synchronous missions would include manned astronomical laboratories, and unman-

ned, but man-visited communication, navigation and earth resources satellites.

The Apollo payload shape would provide sufficient volume to obtain a reasonable

density for these payloads with an estimated weight of 66,000 pounds.

5.3. i. 3 Planetary Missions

All planetary missions were assumed to be unmanned. Planetary payload weight

capability would be equivalent or less than the synchronous orbit mission capa-

bility. The Apollo payload shape provides reasonable payload density. Manned

missions were not considered since these require large uprated Saturn V vehicles.

5.3.2 Mission Flight Profiles versus Performance and Engine/Stage Systems
Impact

There are several possible flight profiles for each mission. The flight profile
affects the payload weight and stage systems modifications such as number of

engine starts, and the duration of idle mode, mainstage burn and coast periods.

Mission requirements were studied on a comparative basis to determine the design

profiles that are a reasonable compromise between J-2S engine/stage systems

modification and mission peculiar requirements.

The J-2S operating criteria of particular interest to mission flight profiles are:

a. Nominal idle mode duration - 100 seconds

b. Maximum mainstage burn duration - 500 seconds

c. Mainstage cutoff to mainstage restart sequencing cannot be accomplished
directly through the idle mode.

d. The required shutdown time between mainstage cutoff and restart signals is
300 seconds.

5-19



D5-15772-2

5.3.2.1 Lunar Flight Profiles

Candidate lunar flight profiles and the J-2S operational sequence requirements are
shown in Figure 5.3-2.

The direct injection flight profile may be used on an unmanned mission. Although

no parking orbit is used, which restricts the launch window and checkout prior to

translunar injection (TLI), this may be acceptable for unmanned missions. Increased

payload results from elimination of hydrogen boiloff and not forcing the velocity vector
into a circular orbit.

The flight profile for the manned lunar orbital rendezvous (LOR) mission is the same

as for the current Apollo/Saturn V. One S-H mainstage burn and two S-IVB mainstage

burns are used. The maximum coast time in parking orbit is approximately 4.5 hours.

Idle mode prior to engine mainstage start is used for engine/propellant conditioning.

The engine start sequence requirements are within the design criteria of the J-2S
engine.

The LOR profile was selected as the lunar design flight profile. The use of this

flight profile eliminates mission peculiar requirements for engine/stage system

changes and allows a direct assessment to be made of engine/stage changes required

when J-2 engines are replaced with J-2S engines on the Saturn V vehicle.

5.3.2.2 Earth Orbital Mission Profiles

Low-Earth Orbit Mission Profiles (Coplanar)

Three candidate flight profiles for coplanar orbit missions with a two-stage vehicle

(S-IC/S-H) are shown in Figure 5.3-3. The final circular orbit altitude required was
assumed to be 300 N. M.

The first profile considered was direct injection to 300 N. M. altitude. This

profile would have the least impact on engine/stage systems because only on S-II

burn and no coast is required (no S-II repressurization system or coast attitude

control system (RCS) needed). However, past studies have shown that direct injec-

tion boost profile is an inefficient way to fly to 300 N. M. since the payload delivered

is only about two-thirds that of a Hohmann transfer to circular orbit.

The second flight profile considered used a Hohmann transfer from a 100 N. M.

parking orbit to the 300 N. M. altitude. This profile would require three S-II

burns: (1) mainstage for injection into parking orbit, (2) mainstage for boost out

of parking orbit and (3) mainstage or idle mode for orbit circularization. Mainstage

restart would require an S-H repressurization system.
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TWO-STAGE FLIGHT PROFILES
o

300 N. M. LAUNCH AZIMUTH 108 - COPLANAR FLIGHT

DIRECT INJECTION

(ONE S-II BURN)

S-II BURN

S-I_C CUTOFF

/ \
! \
I )" >-, I

I

\ \ POWERED ]
FLIGHT

/k
300 N. M.\

_ / ORBIT

HOHMANN TRANSFER WITH

PARKING ORBIT

(THREE S-II BURNS)

IST S-II BURN

S-IC CUTOFF

\ 3RDsiiBURN7

\ -
A IX! \

F_ _ I _
, \Y{ ) J I
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\ f "_._._..- /

/--_/_ -"ND S-If BURN

_ 100 N.M. ORBIT

J-2S ENGINE SEQUENCE (S-II STAGE
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5. 3. 2.2 (Continued)

The third profile considered used a Hohmann transfer orbit without a parking orbit.

The S-II injects on to the I-Iohmann transfer orbit at 100 N. M. and coasts to apogee

at 300 N. M. (approx. 50 min. ). An S-II mainstage burn or idle mode burn is used

for orbit circularization. Two S--II burns are required: (1) mainstage for injection

on to the Hohmann transfer orbit and (2) mainstage or idle mode for orbit circulari-

zation. Mainstage restart requires an S-II repressttrization system while idle

mode restart does not. An S-II repressurization system weight was estimated to be

approximately 12,000 pounds. The payload, consequently, would be reduced 12,000

pounds because, for two-stage vehicles, the exchange ratio between S-H weight and

payload is 1 for 1. This estimate was based on a Boeing "in-house" cursory analysis

of a S-IVB type cryogenic repressurization design using an O2/II 2 burner. Systems
weights as a function of S-II total ullage volume is shown in Figure 5. 3-4. Mainstage

circularization requires only two seconds of full mainstage burn in addition .to the

required 100 second idle mode burn for engine/propellant conditioning. Idle mode

circularization requires a total of about 150 seconds idle mode burn. Idle mode

circularization should be preferable when considering the payload degradation and

the cost of a S-II repressurization system.

The design fligl_t profile then selected was S-II burn to perigee of the Hohmann

transfer orbit, coast for approximat ely 50 minutes to 300 N. M. and orbit circularizatiol

using S-II idle mode. The idle mode circularization demonstrates J-2S low impulse

maneuver capability. This profile requires minimal S-II modifications since no

parking orbit or mainstage restart is used. A reaction control system is required

for attitude control during the coast which must be provided by either the payload or

the S-II stage. For purpose of future comparative interest, it was decided to include

an S-II coast RCS system as a design requirement. Such a system is, of course, a

mission peculiar item and not attributable to any J-2S engine change.

Polar Orbit Mission Profiles

The two candidate polar mission profiles are shown in Figures 5. 3-5. Both pro-

files use yaw steering of all boost stages to avoid spent stage impacts on populated

land masses. S-IC yaw steering of 1 degree per second is initiated after maximum

dynamic pressure time of flight (approx. 100 see.) to minimize structural loading

during the yaw maneuver. The profiles apply to either three-stage or two-stage vehicles.

A flight profile around the east coast of South America expends a large amount of

energy. The payload weight for a three stage vehicle is only about 50, 000 pounds

and is much smaller than required for manned activity in polar orbit. Therefore,

this profile was not considered further.
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5.3.2.2 (Continued)

The flight profile over Cuba and the Isthmus of Panama was selected as the design

flight profile for the polar mission. This profile is direct injection to 100 N. M.

circular orbit. This profile requires only a single burn of each boost stage. Except

for the yaw steering guidance commands, no other mission peculiar modifications

are required. Flights to altitudes above 100 N. M. would involve the same design

requirements as the Low Earth Orbit Mission (coplanar).

Synchronous Mission Profiles

The two candidate synchronous mission profiles are shown in Figure 5.3-6. The

first flight profile considered used continuous burn of all three stages into the

transfer orbit at 100 N. M. No parking orbit is used. After injection, the S-IVB

is cut off and the S-IVB payload coasts in a transfer orbit for approximately 5.3

hours to the synchronous altitude. At the synchronous altitude, the S-IVB is °

reignited for the second time for circularization and plane change. Since no parking

orbit is used, hydrogen boiloff is reduced and a higher payload capability results.

However, the elimination of the parking orbit greatly reduces the launch window.

The second flight profile considered used continuous burn of all three stages into

a 100 N. M. parking orbit. This portion of the profile is very similar to the LOR

profile and imposes no additional requirements on the vehicle. The number of

revolutions in the 100 N. M. parking orbit can be varied from one up to five depend-

ing on the satellite longitudinal position desired. The S-IVB is reignited for boost

out of parking orbit onto the Hohmann transfer orbit. After a coast of approximately

5.3 hours in the transfer orbit, the S-IVB is reignited for orbit cireularization and

plane change. The five revolution parking orbit gives total satellite longitudinal

position flexibility. However, the parking orbit coast of 7.5 hours combined with

the transfer coast of 5.3 hours results in significant stage systems impact. The

operational lifetime of certain S-IVB and IU systems or components would have to be

extended. Also, hydrogen boil-off during the coast periods will be significant and

result in less delivered payload than the first profile.

The second profile with the parking orbit coast was selected for the synchronous

orbit mission. This flight profile is a "worst case" condition for stage systems

modifications and payload capability due to extended operational lifetime, S-IVB

three mainstage starts, and large hydrogen boiloff. The profile also gives maxi-

mum flexibility in selecting satellite position.

Although the five revolution parking orbit is selected for the design flight profile,

the payload obtained with one and three revolutions were determined as a portion

of the alternate mission studies.
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5.3.2.3 Planetary Mission Profiles

The planetary mission flight profile is the same as the LOR mission. One burn of

the S-II and two burns of the S-IVB are required. The second burn of the S-IVB

is used to boost out of the parking orbit to the specified energy level. This design

flight profile imposes only the following system modification beyond those required

for the design LOR flight profile: Slosh baffles must be moved for each propellant

level at engine restart. These levels are mission energy dependent.

5.3.3 Payload Envelope Trades

Saturn V structural design for the LOR mission is based on the payload size and

weight reacting under specific wind criteria. Saturn V type vehicles with payloads

that have weights and plan form areas significantly different from Apollo can result

in structural loads that exceed vehicle stages design capability. The purpose of

these trades was to establish payload shapes and sizes for J-2S/Saturn V migsions

and to predict probable stage structural modifications. Both two-and three-stage
vehicles were examined.

The maximum length of the payload is restricted by the mobile launcher hammer-

head crane. For a three-stage Saturn V, the maximum payload length above the

IU is 109 feet. For a two-stage Saturn V, the maximum payload length above the
S-II is 170 feet.

Payload weight has a major influence on the structural loads. It also influences the

payload size since a reasonable payload density must be maintained. For space

station application, a payload density of approximately 5 pounds per cubic foot was

assumed. For Apollo-type missions, a density of about eleven pounds per cubic
foot was assumed.

Two payload shapes were considered; the standard Apollo and a 260-inch diameter

cylinder with a modified launch vehicle (MLV) nose cap. The MLV nose cap is a

configuration originated for advanced studies purposes. The two payload shapes

are shown in Figure 5.3-1.

5.3.3.1 Lunar Mission Payload Envelopes

The standard Apollo payload shape was selected for the lunar mission/LOR flight

profile. This shape maintains the Saturn V vehicle geometry and gives a direct

comparison to the Saturn V with J-2 engines. The increase in LOR payload weight

is uniformly distributed within the Apollo spacecraft. Structural loads will increase

due to the greater payload weight but should be within SA-511 stage capability.
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5.3.3.2 Earth Orbital Payload Envelopes

Low-Earth Orbit Payload Envelopes (Coplanar)

Studies have shown that for manned mission, the S-IVB/Apollo shape can satisfy

postulated mission volume requirements. Since this envelope has the same plan

form area as the three-stage Saturn V, it would have minimal effect on stage

structural loads and probably no stage structural modifications would be required.

The other payload envelope considered was the 260-inch cylinder with the MLV

nose cap. Results of previous studies show that structural loads would be larger

than with a S-IVB/Apollo envelope due to the large diameter and nose cap. Stage

structure would probably need to be strengthened.

The S-IVB/Apollo envelope was selected since it satisfies postulated mission

volume requirements with no expected stage structural modifications.

Polar Orbit Payload Envelope

The polar orbit missions considered are manned space stations.

A two-stage polar mission would have payload volume requirements similar to the

LEO mission discussed above. For similar reasons, the S-IVB Apollo envelope

was selected for the two-stage polar orbit mission.

A three-stage polar mission payload envelope is restrained to a length 109 feet
above the IU because of mobile launcher hammerhead crane interference. In order

to maintain a reasonable space station volume with the 109 foot height limit, a

26 0-inch cylinder with a MLV nose cap must be used. This payload envelope re-

sults in a total vehicle height considerably greater than nominal Saturn V. The

higher structural loads would undoubtedly exceed stage structural capability.

Synchronous Orbit Payload Envelope

Based on past studies, vehicle payload capability to synchronous orbit is expected
to be on the order of 40 percent less than that obtained for a LOR mission. The

Apollo shape was selected to be the design payload envelope, since at this payload
weight it affords a reasonable payload density.

5.3.3.3 Interplanetary Payload Envelopes

The Apollo envelope was selected for interplanetary payload missions. These

payloads are undefined and the Apollo shape has sufficient payload volume for all

predicted payload weights.
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5.3.4 Summary of Trade Studies for Configuration Selection

From the trade studies described, four Saturn V vehicle configurativns were selected

for defining the impact of incorporating J-2S engines in th_ upper stages. They are:

ao A three-stage vehicle using the Apollo payload shape and flying the basic lunar

orbital rendezvous flight profile.

bo A three-stage vehicle using an Apollo payload shape and flying to the synchronous

altitude via a 100-nautical mile parking orbit.

Co A two-stage vehicle (S-IC/S-II) using an S-IVB workshop type space station with

the Apollo shape and flying to a 300 N M circular Earth orbit.

do A two-stage vehicle (S-IC/S-II) using an S-IVB workshop type space station

with the Apollo shape and flying to a 100 N M circular polar orbit.

A fifth vehicle, a three-stage vehicle with a 260-inch diameter payload above the

S-IVB, flying the polar orbit mission, was given a cursory examination. As suspected,

the increase in inert weight caused by major structural modification to all stages

reduced the vehicle payload capability below that of a two-stage vehicle. It was,

therefore, studied no further. The trade study information is reported in Appendix A

of D5-15772-6, Structural Analysis.

Mission Peculiar Aspects

It became apparent as the trade studies developed that a factual comparison between

a J-2 vehicle and a J-2S vehicle can, only be made using the LOR mission profile

and the three-stage vehicle configuration. Other missions introduce vehicle changes

which are not directly attributable to J-2/J-2S engine operating differences, and

should not be charged against the J-2S engine. It was, therfore, decided that the

basic reference for J-2/J-2S comparison was the three-stage LOR vehicle. Vehicle

and stage changes required for other missions are treated as "mission peculiar."
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SECTION 6

VEHIC LE DESCRIPTION

6.0 GENERAL

This section contains descriptions of the four design vehicle configurations selected

in the Phase I trade study activity. Detailed design information was developed for

these four design configurations during the Phase II activity. An assessment of

total Saturn V vehicle, support operations and KSC launch operations impact was

made to arrive at a master schedule and the program costs required to incorporate

J-2S engines into the Saturn V vehicle. Two two-stage configurations and two
three-stage configurations are defined.

The external geometry of all four design configurations is identical to the Baseline

J-2/Saturn V SA-511. "S-IVB Workshop"/ApoUo payload envelopes are used for

the two-stage configurations. Each configuration is an assembly of SA-511 {srpe

stages modified only for installation of the J-2S engine or to withstand increased

structural loads. The increase in LOR payload weight was uniformly distributed

within the Apollo spacecraft. The payload weight of each of the other configurations

was assumed to be uniformly distributed within the payload envelope. Vehicle

attitude control during boost was accomplished in the normal Saturn V manner.

The S-IC stage uses five standard F-1 engines which develop 7,610,064 pounds of

total thrust. The S-IC total propellant weight used was 4,577,113 pounds. The

S-II and S-IVB stages used J-2S engine(s) calibrated at 265,000 pounds thrust each.

J-2S idle mode operation, three-start capability, and LOX depletion cutoff were

used to enhance mission flexibility and stage simplification. The thrust structure

of both the S-IVB and S-II stages was modified for the increased J-2S thrust. The

S-H propellant tank capacity used was 819,325 pounds of LOX and 158,195 pounds

of LH9 for a maximum capacity of 977,520 pounds. Th_-IVB prop_llanttank_

capacity used was 193,273 pounds of LOX and 44,414 pounds of LH 2 for a maximum
capacity of 237,687 pounds.

6.1 THREE STAGES - LOR MISSION

The LOR mission design vehicle is the basic Saturn V vehicle as developed for the

lunar landing mission. The vehicle consists of the S-IC stage, S-II stage, S-IVB

stage, IU and Apollo spacecraft payload. The vehicle configuration is shown in
Figure 6-1.

No structural modifications are necessary because the increased structural loads

due to the increased payload weight do not exceed J-2/Saturn SA-511 stage structural
capability.

Stage systems modifications are only those required for replacement of J-2 engines
with J-2S engines.
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6.2 THREE STAGE - SYNCHRONOUS MISSION

The Synchronous Mission design vehicle is the three-stage J-2S/Saturn V (Figure

6-1). Structural loads do not exceed structural capability of the stages, therefore,

the S-IC and S-II stages are identical to those of the LOR design vehicle. The only

modifications to the S-IVB stage were for the three-burn capability and for extended

stage lifetime due to the long flight time of the Synchronous Orbit Mission. The

lifetime of the Instrument Unit (IU) was also extended. The S-IVB Auxiliary Pro-

pulsion System (APS) was used for attitude control during vehicle coast.

6.3 TWO STAGE - LOW EARTH ORBIT MISSION

The low Earth mission design vehicle is a two-stage (S-IC/S-II) configuration.

Saturn V/Apollo external geometry is retained by using an "S-IVB workshop"/

Apollo payload envelope as shown in Figure 6-2.

Structural loads do not exceed the Baseline J-2/Saturn V SA-511 stage structural

capability, therefore, the S-IC is identical to the LOR/S-IC. The S-II has systems

modifications for operation during the coast to orbit period. A continuous propellant

vent system and a reaction control system* is provided. J-2S idle mode operation

is used to provide the low impulse maneuver for orbit circularization. The IU

is located between the "S-IVB Workshop" and the Apollo spacecraft to limit the

required modifications from Saturn V equipment.

6.4 TWO STAGE - POLAR ORBIT MISSION

The polar mission design vehicle is a two-stage (S-IC/S-II) configuration. Saturn V/

Apollo external geometry was retained by using an "S-IVB Workshop"/Apollo payload

envelope as shown in Figure 6-2. External geometry is the same as for the two-

stage low-Earth orbit mission.

Structural loads were within the vehicle structural capability except in the S-IC RP-1 tank.

The beef-up of the S-IC tank side wall and longitudinal stringers increased the stage

weight by 74 pounds. It is also possible that load alleviation techniques could be

used to lower the structural loads to Baseline S-IC SA-511 capability. For the study,

the modification to the tank was assumed. The S-H stage is identical to the LOR/S-II.

Since the flight profile is direct ascent (no coast), a continuous propellant vent system

or a reaction control system was not required. The IU is located between the "S-IVB

Workshop" and the Apollo spacecraft to limit the required modifications from Saturn

V equipment. The yaw steering maneuver requires no modification other than those

caused by the structural overload condition in the S-IC.

Attitude control during coast could be provided by either an RCS system on the S-I-I

stage or on the payload (Space Station). For the purpose of future comparative

interest, it was decided to include an S-H RCS system as a design requirement.
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SECTION 7

VEHICLE ENVIRONMENTS

7.0 GENERAL

The J-2S/Saturn V performance parameters, nominal design characteristics and

requirements are given in this section. These design environments were used by

stage contractors in their analysis of stage impact. The final stage designs resulting

from the analysis of these environments are given in Section 10o 0, Stage/Systems

Description.

7.1 BASELINE SA-511 SATURN V VEHICLE

The SA-511 Saturn V launch vehicle with J-2 engines is used in the J-2S Improvement
Study as the baseline vehicle. The differences between the Baseline SA-511 vehicle

and the J-2S vehicle reflects the effects of incorporating the J-2S into the Saturn V.

The Baseline SA-511 vehicle is the basic LOR mission design vehicle as developed

for the lunar landing mission. The vehicle consists of the S-IC stage, S-II stage,

S-IVB stage, IU, and Apollo spacecraft payload. The vehicle configuration is

the same as shown in Figure 6-1. The S-IC stage uses five F-1 engines which

develop 7, 610, 000 pounds of total thrust. The S-II and S-IVB stages use 230, 000

pound thrust J-2 engines. The flight event history, vehicle weight description, and

propulsion data, are given in Table 7.1-I through 7.1-III. Vehicle design characteristics

are shown in Table 7.1-IV. The LOR payload capability is 100, 078 pounds.

The J-2S Improvement Study Baseline Launch Vehicle SA-511, dated September 1968,
as supplied by MSFC is contained in Appendix A of this document.

7.2 J-2S SATURN V DESIGN TRAJECTORIES

Trajectory simulations were made for the four design mission/flight profiles selected

in Phase I trade studies. The design trajectories are nominal trajectories in that

they do not include 3 a dispersions. They identify payload capability and design

characteristics for structural, control, and heating analyses. The Baseline SA-511

payload capability and design characteristics are shown for comparison.

The boost optimization program used to generate the design trajectories is a "plnmb-

line/COV" point mass type simulator. The flight simulation begins with a 12 second

vertical rise followed by a programmed tilt maneuver terminating at 35 seconds.

At this point, a gravity turn is initiated and continued until the COV guidance is

initiated. The COV guidance technique is used to optimize the remaining portion

of the trajectory. The S-IC center engine cutoff occurs 12 seconds prior to S-IC

cutoff. There is a 3. 8 second coast between S-IC cutoff and S-II ignition. Thrust

decay or thrust buildup is not simulated but the thrust buildup and decay propellants
are accounted for in the stage drop weights.
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TABLE 7.1-I

Time (sec)

0

12

35

149.486

153.0

161.486

165.286

167.786

193.986

198.986

426.312

543.832

676. 027

993.160

D2-15772-2

BASELINE VEHICLE SA:511 FLIGHT EVENT HISTORY

(J-2/SATURN V)

Event

Lift-off

Initial Tilt Program

Terminate Tilt Program

Inboard Engine Cutoff

Initiate 'chi freeze' Mode

Outboard Engine Cutoff (Separation)

Ignite S-II at MR = 5.0

Shift MR to 5. 5

Jettison S-IC/S-II Interstage

Jettison LES, Initiate Guidance

MR Shift to 4. 7

S-II Cutoff/Separation

S-IVB Ignition @' MR = 5. 5

S-IVB Cutoff in 100 N. M. Parking Orbit

S-IVB Reignition @ MR = 5. 0

S-IVB Final Cutoff
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TABLE 7. l-II BASELINE VEHICLE SA-511 WEIGHT DESCRIPTION

(J-2/SATURN V)

Io

IL

IIL

S-IC Stage

Total Mainstage Propellant

S-IC Stage (dry)

S-IC Residuals

S-IC Thrust Decay Propellant

Inboard Eng T. D.

Inboard Eng Exp. Prop.

Outboard Eng T. D.

S-IC/S-II Interstage (small)

S-II Ullage Rocket Propellant

S-II Thrust Buildup

1914

408

6746

S-IC/S-II Large Interstage

Launch Escape System

S-II Stage

Total Mainstage Propellant

S-II Stage (dry)

S-II Residuals

S-II Thrust Decay Propellant

S-II/S-IVB Interstage and Retro Propellant

S-IVB Aft Frame (Sep with Interstage)

S-IVB Ullage Rocket Propellant

S-IVB Thrust Buildup Propellant

S-IVB Stage

S-IVB Weight Lost in Parking Orbit

(100 N. M. for 3 Orbits)

S-IVB Thrust Decay Propellant

LH2 Vented
GOX Vented

Auxiliary Prop. Losses and

Ullage for Restart

First Burn Propellant

S-IVB Restart Thrust Buildup

Propellant

S-IVB Mainstage Prop (Incl. F PR and

FGR)

S-IVB Stage (dry)

107

32 81

170

438

18

397

4, 577, 113

289, 409

67, 585

9, 068

1,548

1,360

1,801

9,435

8,936

970, 441"

80,686

14, 136
342

8,086
48

117

440

4, 411

227, 991"*

25, 033

LBS.
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TABLE 7.1-II BASELINE VEHICLE SA-511WEIGHT DESCRIPTION (Continued}
(J-2/SATURN V)

S-IVB Residuals
S-IVB Thrust Decay Propellant
S-IVB SecondBurn Roll Propellant

Instrument Unit

Flight Geometry Reserves (=39m/sec)
Flight Performance Reserves (=70m/sec)

Net Payload

* S-II LOX Loading = 815,427

S-II LH 2 Loading = 155, 014

** S-IVB LOX Loading = 190, 914

S-IVB LH 2 Loading = 37, 077

2,508

93

34

4,183

I,211

2,260

i00, 078 LBS.
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TABLE 7o i-ln BASELINE VEHICLE SA-511 PROPULSION DATA

(J-2/SATURN V)

S-IC Stage

Thrust/eng = 1,522,000 lb

_¢/eng = 5754. 2533 lb/sec

Ae/eng = 9. 9313349 m2/eng
Cross sectional area used for Aero computation = 79, 45976 m 2

S-H Stage

MR= 5.0

F = 205052 lb/eng

@/eng = 481. 34272 lb/sec

MR= 5.5

F = 229927 lb/eng

_/eng = 543. 69117 lb/sec

MR= 4.702

F = 190125 Ibleng

_/eng = 445.25761 Ib/sec

S-IVB Stage
MR= 5.5

F = 231012 Ib/eng

= 543. 68557 Ib/sec

MR = 5.0

F = 206012 lb/eng

= 481.33644 lb/sec

The S-IVB stage burns at MR -- 5.5 from ignition to orbital

insertion. It is restarted and burns to injection at MR = 5.0 .
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TABLE 7.1-IV 
BASELINE VEHICLE SA-511 DESIGN CHARACTERISTICS 

LOR PAYLOAD (LBS) 

LOAD CRITERIA 

MAX Q (LBS/FT~) 

G'S AT MAX Q 

MAXG 

HEIGHT (FT) 

CONTROL 
MODE 

(J-2/SATURN V) 

100,078 

699 

2.07 

4. 15 

363.0 

GIMBAL ENGS. 
& APS** DURING 
S-IVB COAST 

HEATING 

6 
AERODYNAMIC (AHI) (FT - LBS/FT~ - RAD) 46.43 x i o  

THRUST (LBS) MAX 

s-IC 7,610,064 

s- I1 1,149,635 

S-IVB 231,012 

** AUXILIARY PROPULSION SYSTEM 
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7 . 2  (Continued) 

The S-I1 stage uses a 5. 0 to 5. 5 to 4. 7 mixture ratio shift schedule. The S-I1 
is ignited a t  a mixture ratio of 5.0 and shifted to 5.5 after 2.5 seconds. The 
shift from 5.5 to 4.7 occurs when the propellants remaining in the tanks reach 
a 4.7 ratio. The remaining flight events a r e  mission peculiar and a r e  identified 
under each mission design trajectory discussion. 
The J-2s thrust and Isp used in generating the trajectories are presented in Figures 
7.2-1 and 7.2-2, respectively. The S-I1 thrust and Isp is degraded, compared to the 
S - I D  stage, due to engine clustering effects. This method is that used by MSFC to 
obtain the data supplied in Table XI of Appendix A. 

The S-IC propulsion characteristics were simulated in the following manner. Thrust 
was computed by adding the thrust altitude pressure term, (Po - Pa) A,, to the 
sea level thrust. Propellant flow rate was assumed to be a constant equal to the 
ratio of sea level thrust to sea level specific impulse. The effect of acceleration on 
thrust was not considered. The one second of idle mode operation required for  
the s tar t  of the 5-25 engines was not simulated. However, the 100 seconds of idle 
mode operation for J-2s restart was simulated. Idle mode thrust was assumed 
to be 5,000 pounds for the full 100 seconds with an Isp of 280 seconds at a mixture 
ratio of 2.5. 

The aerodynamic heating indicator (AHI) value was calculated for each design tra- 
jectory for aeroheating comparison with the Baseline Vehicle SA- 511. Detailed 
definition of the four design trajectories along with computer printouts showing 
pertinent performance and trajectory data is included in Document D5-15772-3, 
Mission/ Performance Analysis - J-2s Improvement Study. 

7.2.1 Three-Stage-Lunar Orbital Rendezvous Mission 

The J-2S/Saturn V vehicle with an Apollo payload shape is used for Lunar Orbital 
Rendezvous (LOR) Missions to transport men and material to the lunar surface. The 
LOR design flight profile is identibal to Baseline SA-511 design flight profile and is 
shown m Figure 7.2-3. 

The launch vehicle phases of the LOR flight profile a r e  as follows: 

a. Boost with three stages to 100 NM Earth parking orbit. 
b. Three revolution coast in Earth parking orbit. 
C. S-IVB boost to translunar injection. 
d. Launch vehicle/spacecraft (LV/ S C )  separation. 

The simulated vehicle is launched along a 72' launch azimuth. Maximum dynamic 
pressure (q) of 709 pounds/foog occurs at 85 seconds after liftoff. Maximum 
longitudinal acceleration of 4.1 g's occurs a t  S-IC center engine cutoff (149.5 sec). 
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7. 2.1 (Continued)

A "chi freeze" (vehicle pitch attitude freeze) constraint was initiated 3. 5 seconds

after S-IC center engine cutoff and continued until Launch Escape System (LES)
jettison. "Chi freeze" was used to maintain vehicle attitude during S-IC/S-II

first and second plane separation, and LES jettison. The S-IC/S-II large interstage
(second plane separation) was jettisoned at 193. 986 seconds after lift-off. The LES

is jettisoned five seconds later at which time COV guidance is initiated. The S-II

stage is cut off at LOX depletion (198. 889 seconds). S-II stage cutoff, S-II/S-IVB

separation and S-IVB stage ignition occurs simultaneously in the simulation. The

S-IVB inserts the vehicle into a 100 NM (185.2 km) circular parking orbit. The

three revolution parking orbit coast is not simulated but the nominal trajectory

reflects the parking orbit weight loss of 4, 446 pounds by an instantaneous weight drop at

parking orbit insertion. The S-IVB stage restart in the idle mode is simultaneous

with parking orbit insertion. After 100 seconds burn in the idle mode, the S-IVB

switches to full thrust and burns to translunar enerKy cutoff.

The Flight Event History showing the sequence of events during the boost phase is

given in Table 7. 2-I. The Mission Design Characteristics and Weight Summary

containing propulsion data, propellant weights, drop weights, the aerodynamic heating

indicator, and other pertinent trajectory data are given in Table 7. 2-]/. Selected

trajectory design data used in determination of the vehicle environments are shown

in Figure 7.2-4.

7. 2.2 Three-Stage Equatorial Synchronous Orbit Mission

The J-2 S/ Saturn V vehicle with an Apollo payload shape is used to transport men and

material to an equatorial (0 °) synchronous orbit. The synchronous orbit design flight
profile is shown in Figure 7.2-5.

The launch vehicle phases of the Equatorial Synchronous Orbit flight profile are
as follows:

a. Boost with three stages to 100 NM Earth parking orbit.

b. Five revolution coast in Earth parking orbit.

c. S-IVB boost to transfer ellipse.

d. Coast in transfer ellipse.

e. S-IVB boost to Equatorial Synchronous Orbit Injection.

The simulated vehicle is launched along a 90 ° launch azimuth to minimize parking

orbit inclination. The maximum S-IVB propellant utilization was obtained by
simulating the S-IVB thrust at the 5. 5 mixture ratio level. No "chi freeze"

was simulated during the boost to parking orbit. With these exceptions, the boost
to parking orbit for the synchronous orbit mission is similar to the LOR boost to

parking orbit. Maximum dynamic pressure (q) of 723 pounds/foot 2 is encountered at
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TABLE 7.2-I

FLIGHT EVENT HISTORY FOR THE NOMINAL LOR DESIGN TRAJECTORY

(J-2S/SATURN V)

TIME

(SECS)

0

12

35

149. 486

153. 0

161. 486

165. 286

167. 786

193. 986

198o 986

396. 451

498. 889

617. 323

717. 323

1008. 046

E VE NT

Liftoff

Initiate tilt program

Terminate tilt program, begin gravity turn

Inboard engine cutoff

Initiate cM freeze

Outboard engine cutoff, S-IC separation

S-II ignition at a MR = 5. 0

Shift MR to 5.5

Jettison S-IC/S-II large interstage

Jettison LES, initiate COV

Shift M_R to 4. 7

S-II cutoff and separation, S-IVB ignition at a MR = 5o 0

Parking Orbit Injection, weight drop, S-IVB reigrdtion in idle mode

Terminate idle mode, initiate mainstage

S-IVB second cutoff, begin LOR transfer
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TABLE 7. 2-II

S-IC STAGE

LOR MISSION DESIGN CHARACTERISTICS AND WEIGHT SUMMARY

(J-2S/SATURN V)

Sea Level Thrust

Sea Level Specific Impulse

Liftoff Weight

Impulse Propellant

Drop Weight

w/w o

ibs 7,610,064

secs 264.5

ibs 6,414,030

ibs 4,577, 113

Ibs 370,591

1. 186

S-II STAGE

Vacuum Thrust, M.R. = 5.0

Vacuum Specific Impulse

Weight at Ignition

Impulse Propellant

Forward Interstage Jettison Weight

Launch Escape System

Drop Weight

lbs 1,182,035

secs 432.5

lbs 1,466,32(;

lbs 970,441

lbs 9,427

lbs 8,936

lbs 102,571

S-IVB STAGE

Vacuum Thrust, M.R. = 5.0

Vacuum Specific Impulse

Weight at First Ignition

Impulse Propellant Consumed to Orbit

Cutoff Weight in Orbit

Weight Drop in Parking Orbit

Weight at Ignition in Orbit

Impulse Propellant Consumed to Injection

Total Impulse Propellant

Cutoff Weight at Injection

Drop Weight

lbs

secs

lbs

Ibs

lbs

Ibs

ibs

lbs

ibs

Ibs

lbs

237,500

434.5

374,952

64,737

310 215

4 446

305.769

160.696

225.433

145.073

27.160

GROSS PAYLOAD lbs 117,913

Instrument Unit Weight

Propellant Reserves (109 m/sec)

lbs

lbs

4,183

3,664

NET PAYLOAD lbs 110,066
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TABLE 7. 2-II LOR MISSION DESIGN CHARACTERISTICS AND WEIGHT

SUMMARY (Continued),

FLIGHT TRAJECTORY DATA

Launch Azimuth degs 72

Max q (85 secs) lbs/ft 2 709

Max "g's" 4.14

AHI ft-lbs/ft2-rad 49. 09 X 106
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7.2.2 (Continued)

84 seconds after liftoff. Maximum longitudinal acceleration of 4.23 g's occurs

at S-IC center engine cut off (149. 5 sec. ).

Five revolutions in the 100 NM Earth parking orbit (approximately 7.5 hours)wa_
simulated. The S-IVB stage first restart with a 100 second idle mode burn is

initiated at the sixth descending node of the Earth parking orbit. A plane change

of 2.1 degrees and insertion into a Hohmann transfer orbit is accomplished with this

S-IVB burn. The vehicle coast to synchronous altitude via Hohmann transfer

orbit (approximately 5. 3 hours) was simulated. At the synchronous altitude, the
S-IVB stage was restarted for the second time with a 100 second idle mode burn.

This S-IVB third burn is used to circularize the orbit and to perform the plane change
required for an equatorial (0 °) orbit.

The Flight Event History showing the sequence of events during the boost phase is

given in Table 7. 2-IIL The Mission Design Characteristics and Weight Summary

containing propulsion data, propellant weights, drop weights, the aerodynamic heating

indicator, and other pertinent trajectory data are given in Table 7.2-IV. Selected

trajectory design data used in determination of the vehicle environments are shown in

Figure 7. 2-6

7.2.3 Two-Stage Low Earth Orbit Mission (Coplanar)

The two-stage configuration of the J-2S/Saturn V vehicle (S-IC/S-II) is used for the

Low Earth Orbit (LEO) mission to transport men and material to 300 N. M. circular

Earth orbit. The two-stage vehicle uses a payload envelope having the external

dimensions of the S-IVB stage and the Apollo payload. This results in the vehicle

having the same external geometry as the LOR vehicle. The LEO design flight profile
is showninFigure 7.2-7.

The launch vehicle phases of the LEO design flight profile are as follows:

a. Boost with S-IC/S-II to perigee of 100 N. M.

b. Coast of S-II/payload to 300 N. M. apogee of the elliptical orbit.

c. S-II start to idle mode for orbit circularization at 300 N. M. altitude.

The vehicle is launched from Cape Kennedy on a 108 ° launch azimuth. No "chi

freeze" was simulated during the boost phase. The boost phase of the S-IC and S-II

was similar to the LOR boost phase except for S-II insertion into the 100 N. M.

perigee of the Hohmann transfer ellipse. Maximum dynamic pressure (q) of 746
pounds/foot 2 occurs at 83 seconds after lift-off. Maximum longitudinal acceleration

of 4. 41 g's occurs at S-IC center engine cutoff (149 sec. ).
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TABLE

TIME

(SECS)

0

12

35

149. 486

161. 486

165. 286

167. 786

193. 986

198. 986

396. 451

498_ 889

545.886

27737.000

27837.000

28046.086

46830.000

46930.000

47017.093

7. 2-11I FLIGHT EVENT HISTORY FOR THE EQUATORIAL (0°) SYNCHRONOUS

ORBIT DESIGN MISSION (J-2S/SATURN V)

EVENT

Liftoff

Initiate tilt program

Terminate tilt program, begin gravity turn

Inboard engine cutoff

Outboard engine cutoff, S-IC separation

S-II ignition at a 5o 0M.R.

Shift to 5. 5 M,R.

Jettison S-IC/S-II large interstage

Jettison LE S

Shift to 4. 7 M.R.

S-II cutoff and separation, S-IVB ignition at a

5.5 M.R.

P.O. injection and weight drop, begin five orbit coast

Initiate 100 second idle mode burn

End idle mode, begin mainstage at a 5. 5 M.R.

S-IVB second cutoff, begin transfer to synchronous
orbit altitude

Weight drop, and initiate 100 second idle mode

End idle mode, begin mainstage at a 5. 5 M.R.

S-IVB third cutoff, payload in equatorial synchronous

orbit
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TABLE 7.2-1V SYNCHRONOUS ORBIT MISSION DESIGN CHARACTERISTICS AND

WEIGHT SUMMARY (J-2S/SATURN V)

S-IC STAGE

Sea Level Thrust

Sea Level Specific Impulse

Liftoff Weight

Impulse Propellant

Drop Weight

T/Wo

lbs 7,610,064

secs 264.5

lbs 6,367,342

lbs 4,577,113

lbs 370,591
1.20

S-If STAGE

Vacuum Thrust, M.R. = 5.0

Vacuum Specific Impulse

Weight at Ignition

Impulse Propellant

Forward Interstage Jettison Weight

Launch Escape System

Drop Weight

ibs 1,182,035

secs 432.5

ibs 1,419,637

Ibs 970,441

ibs 9,42 7

Ibs 8, 936

Ibs 102,614

S-IVB STAGE

Vacuum Thrust, M.R. = 5.5

Vacuum Specific Impulse

Weight at First Ignition

Impulse Propellant Consumed to P. O.

Cutoff Weight in P. O.

Weight at Second S-IVB Start (I.M.)

Impulse Propellant Consumed to Injection

Weight at Second S-IVB Cutoff

Weight at Third S-IVB Start (I.M.)

Total Impulse Propellant for Final Burn

Cutoff Weight in Orbit

Total S-IVB Impulse Propellant (No Reserves}

Drop Weight

lbs 265,000

secs 431

lbs 328,220

lbs 28,896

lbs 299,324

lbs 292,531

lbs 130,342

lbs 162,188

lbs 158,942

lbs 55,335

lbs 103,607

lbs 214,573

lbs 28,676

GROSS PAYLOAD

Instrument Unit Weight

Propellant Reserves

lbs 74, 931

lbs 4,183

lbs 4, 757
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TABLE 7.2-IV SYNCHRONOUSORBIT MISSIONDESIGNCHARACTERISTICSAND
WEIGHT SUMMARY (Continued)

NET PAYLOAD Ibs 65, 991

FLIGHT TRAJECTORY DATA

Launch Azimuth degs 90 °

Max "q" (84 secs) lbs/ft 2 723

Max "g's" 4.23
AHI ft-lbs/ft2-rad 50.6 x 106
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7.2. 3 (Continued)

The vehicle coast of approximately 45 minutes in the elliptical orbit was simulated.

At the 300 NM apogee, the S-II was started to idle mode for injection into a

300 NM circular orbit. Final orbit inclination is approximately 34 °.

The Flight Event History showing the sequence of events during the boost phase is

given in Table 7.2-V. The Mission Design Characteristics and Weight Summary

containing propulsion data, propellant weights, drop weights, the aerodynamic

heating indicator, and other pertinent trajectory data are given in Table 7.2-VI.

Selected trajectory design data used in determination of the vehicle environments

are shown in Figure 7. 2-8.

7.2.4 Two-Stage Polar Orbit Mission

The two-stage configuration of the J-2S/Saturn V vehicle (S-IC/S-II) is used to

transport men and material to polar orbit. The two-stage vehicle uses a payload

having the external dimensions of the S-IVB stage and the Apollo payload.

This results in the vehicle having the same external geometry as the LOR vehicle.

The two-stage polar orbit design flight profile is shownin Figure 7.2-9.

The launch vehicle phases of the two-stage polar orbit design flight profile are as

follows:

a. Direct injection with S-IC/S-II to 100 N M polar orbit with overflight of

Cuba and the Isthmus of Panama.

b. Yaw steering of S-IC initiated after max q.

c. Yaw steering continuous through S-II burn.

d. 100 NM polar orbit insertion during S-H first burn.

The simulated vehicle was launched along a 140 degree launch azimuth and used

direct injection boost of both S-IC and S-II to 100 NM polar orbit. The boost

phase of the S-IC and S-II was similar to the LOR boost phase except for the yaw

maneuver and insertion into the polar orbit with the S-II.

During the boost phaset the launch vehicle executes a yaw maneuver to avoid stage

impact on major land masses. Yaw steering was initiated 100 seconds after lift-off.

A yaw rate of 1 degree/second was used during S-IC boost. A constant yaw angle

of 44. 9 degrees was used during S-II boost. The yaw maneuver causes the vehicle

to swing around the east coast of Florida and across mid-Cuba. The vehicle passes
over the Isthmus of Panama and flies around the west coast of South America.

Figure 7.2-10 is a map showing the "instantaneous stage impact" trace. The trajectory

shaping was sufficient to avoid stage impact on all major land masses. Maximum

dynamic pressure (q) of 698 pounds/foot 2 occurs at 79. 2 seconds after lift-off- Maximum
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TIME
(SECS)

0

12

35

149. 486

161.486

165. 286

167. 786

193. 986

198. 986

416. 651

484. 038

489. 038

3165. 000

3305. 858

TABLE 7.2-V FLIGHT EVENT HISTORY FOR THE TWO-STAGE

LOW EARTH ORBIT (LEO) DESIGN MISSION (J-2S/SATURN V)

EVENT

Liftoff

Initiate tilt

Terminate tilt program begin gravity turn

Inboard engine cutoff

Outboard engine cutoff, S-IC separation

S-II ignition at a 5. 0 M. R.

Shift to 5. 5 M.R.

Jettison S-IC/S-II large interstage

Jettison LES

Shift M.R. to 4. 7

Shift from mainstage to idle mode

Idle mode cutoff, begin transfer orbit

Initiate idle mode

Idle mode cutoff, injection into final orbit
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TABLE 7.2-VI TWO-STAGE LEO MISSION DESIGN CHARACTERISTICS AND

WEIGHT SUMMARY (J-2S/SATURN V)

S-IC STAGE

Sea Level Thrust lbs 7,610, 0(i4

Sea Level Specific Impulse secs 264.5

Liftoff Weight lbs 6,282,348

Impulse Propellant lbs 4,577,113

Drop Weight lbs 370,591

T/Wo 1.21

S-If STAGE

Vacuum Thrust, M.R. = 5.0

Vacuum Specific Impulse

Weight at Ignition

Propellant Consumed During Mainstage

Forward Lnterstage Jettison Weight

Launch Escape System

Propellant Consumed During 5 Sec. IM

Propellant Consumed During Final IM

Total Impulse Propellant

LH 2 Boiloff in Transfer Orbit

Drop Weight

lbs 1,182,035

secs 432.5

lbs 1,334,644

lbs 943,358

lbs 9, 427

lbs 8,936

lbs 446

lbs 12,577

Ibs 9'70,122

Ibs 319

Ibs 93, 9_7

GROSS PAYLOAD lbs 265, 593

Instrument Unit Weight lbs

Propellant Reserves

S-II Mainstage lbs

Apogee burn {I. M. ) (for 1 ° plane change) lbs

4,183

5,602

8,585

NET PAYLOAD Ibs 247,224

FLIGHT TRAJECTORY DATA

Launch Azimuth

Max "q" (83 secs)

Max "g's"

AHI

degs

Ibs/ft2

ft-lbs/ft2-rad

108

746

4.41

53.3 x 106
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7.2.4 (Continued)

longitudinal acceleration of 4. 5 g's occurs at S-IC center engine cutoff (149. 5

seconds).

The Flight Event History showing the sequence of events during the boost phase is

given in Table 7.2-VII. The Mission Design Characteristics and Weight Summary

containing propulsion data, propellant weights, drop weights, the aerodynamic

heating indicator, and other pertinent trajectory data are given in Table 7.2-VIII.

Selected trajectory design data used in determination of the vehicle environments

are shown in Figure 7.2-11.
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TIME (SEC.)

0

12

35

100

149. 486

153

161. 486

165. 286

167. 786

193. 986

198. 986

396. 451

497.220

TABLE 7.2-VII FLIGHT EVENT HISTORY

DESIGN TWO STAGE POLAR - NO CHI FREEZE (J-2S/SATURN V)

FLIGHT EVENT

Liftoff

Initiate Pitch Program

Terminate Tilt Program

Initiate Yaw (yaw rate = l°/sec)

Inboard Engine

Terminate S-IC S_age Yaw Rate

Outboard Engine Cutoff, S-IC Separation

S-II Ignition at MR = 5. 0, Set Thrust Vector

Angle in Yaw Plane to 44.9 °

Shift MR to 5. 5

Jettison S-IC/S-II Large Interstage

Jettison LES

Shift MR to 4.7

S-II Cutoff in 100 N. M. Polar Orbit (90 ° orbit

inclination)
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TABLE 7.2-VIH TWO STAGE POLAR MISSION DESIGN CHARACTERISTICS

AND WEIGHT SUMMARY NO X FREEZE (J-2S/SATURN V)

S-IC STAGE

Sea Level Thrust

Sea Level Specific Impulse

Liftoff Weight

Impulse Propellant

Drop Weight

T/Wo

S-II STAGE

Vacuum Thrust, M.R. = 5. 0

Vacuum Specific Impulse

Weight at Ignition

Propellant Consumed During Mainstage

Forward Interstage Jettison Weight

Launch Escape System

Total Impulse Propellant

Drop Weight

GROSS PAYLOAD

Instrument Unit Weight

Propellant Reserves

NE T PAYLOAD

FLIGHT TRAJECTORY DATA

Launch Azimuth

Max "q" (79.2 sec)

Max "g's"

AHI

lbs 7, 610, 0(;4
secs 264.5

lbs 6,250, 497

lbs 4, 577, ] ] 3

lbs 370, 591

1.217

lbs 1,182,035
secs 432° 5

lbs 1,302,792
lbs 965, 01 8

lbs 9, 427

lbs 8, 936

lbs 970,441

lbs 93, 987

lbs 4, 183

lbs 5, t24

Ibs 215, 81S

degs 140
lbs/ft 2 _698

4.49

ft-lbs/ 45.66 x 106

ft 2 - rad
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7.3 PRELIMINARY VEHICLE WEIGHT AND MASS CHARACTERISTICS

Distributed weights for the LOR. LEO, and two-stage polar vehicles are shown

i n Tables 7.3-I through 7.3-IV. The distributed pitch moments of inertia for the

various masses are also shown. These mass characteristics were used to develop
the structural loads and dynamics data.

Accumulative weights at lift-off are shown in Table 7.3-V for the LOR, LEO and

two-stage polar vehicles. These mass properties were used as input data for the

structural design loads computer program. Based on S-IC stage propellant con-

sumption rates, accumulative weights for other first stage flight times were computed
by the loads program, as required.

Figure 7.3-1 shows the propellant surface levels for each stage of the design vehicles.

This information was also an input to the ground and flight structural design load
computations.

Figures 7. 3-2 through 7. 3-7 provide the weight, center of gravity, and the pitch

and roll moments of inertia for the LOR, LEO and two-stage polar vehicles during

first stage flight. These mass characteristics were based on preliminary weight

estimates supplied by the associate stage contractors. Final weights were compared

with the preliminary weights to determine the validity of results based on the

preliminary weights. The minor differences in weights do not invalidate any study
results.

Drop weights used for the design trajectories are shown in the Mission Design

Characteristics and Weight Summary Tables, Paragraph 7.2.
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7.4 AERODYNAMICS

The J-2S Improvement Study used the static aerodynamic characteristics of the

basic Apollo/Saturn V launch vehicle. These characteristics, provided by MSFC,

References 7.4-1 and 7.4-2 were used for performance, control, and basic

structural analyses of the J-2S/Saturn V design vehicles. The aerodynamics are

for a typical first stage trajectory profile. After first stage flight, the astmosphere

effects on the vehicle are negligible. Detailed definition of the aerodynamic

properties is given in Document D5-15772-6, Structural Analysis J-2S Improvement
Study.

7.4.1 Static Stability

The normal force coefficient gradient with corresponding center of pressure for

the total vehicle is presented in Figure 7.4-1. This data includes the effects of

protuberances. The normal force coefficient gradient and corresponding center

of pressure are good only up to an angle of attack of 2 degrees. The variations for

the static stability of the Saturn V vehicle are + 6 percent on normal force coef-
m

ficient and + 0.2 caliber on center of pressure. These variations do not include

Reynolds number effects.

The center of pressure is shown for roll angles of 90 degrees and 0 degrees. When

the vehicle is rolled 90 degrees, the center of pressure moves forward by 0.15

caliber while the normal force remains essentially the same. For a roll angle of

45 degrees, the center of pressure is 0.1 caliber aft of the center of pressure for
zero roll angle.

7.4.2 Axial Force

The variation of vehicle zero angle-of-attack axial force coefficients with Mach

number is presented in Figure 7.4-2. The total axial force was determined for

power-on conditions.

7.4.3 Normal Force Distribution

Local normal force coefficient distributions at specific angles of attack and Mach

numbers are shown in Figures 7.4-3 through 7.4-6.

Negative spikes appear in the local normal force distributions for transonic Mach

numbers. At low transonic Mach numbers, the negative spikes caused by local

flow separation appear behind the command module and frustums. In the higher

transonic Mach number range, the negative spikes appear at the compression

corners located at the forward end of the frustums. This is a result of local

flow separation, detached shock waves, and shock-wave boundary-layer interaction.
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7.4.3 (Continued)

The local normal force distributions contain concentrated loads for the contributions

of the launch escape system/command module and the fin-shroud combinations.

These data are appropriate for total vehicle load analyses, but not for individual

component design, since interference and carry over effects are included in
these data.

7.4.4 Axial Force Distributions

Distributions of local axial force coefficients are presented at zero angle of attack
in Figure 7.4-7 and 7.4-8.

For vehicle design purposes, these data are suitable for vehicle angles of attack

less than 10 degrees. Static stability wind tunnel investigations have established

approximately a 5 percent increase of vehicle axial force for angles of attack up
to 10 degrees.
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7.5 STRUCTURAL CRITERIA AND LOADS

Structural design requirements used by associate contractors in determining stage
structural impact are presented in this section. Detailed back-up data are contained
in Document D5-15772-6, Structural Analysis.

7.5.1 Environmental Requirements

a. Flight Winds - The flight wind environments were developed using MSFC design

wind criteria. The flight wind profile for the nominal case was obtained from

a 99 percent probable shear buildup to a 95 percent probable peak wind speed

at 10, 000 meters altitude. An embedded jet gust was imposed upon the peak

of the wind profile. The inflight wind profile is shown in Figure 7.5-1.

b. Acoustics Environments - Preliminary maximum on-pad acoustic environments

and inflight fluctuating pressure environments for the J-2S/Saturn V LOR, LEO,

synchronous and two-stage polar missions were supplied by MSFC, Reference

7. 5-1 and are given in Document D5-15772-6, Appendix B.

These environments are presented in the form of octave band sound pressure

level spectra for the on-pad condition and octave band fluctuating pressure

level spectra for the inflight conditions. These spectra are given per vehicle

zone. The spectra represent the maximum anticipated environments for each

respective zone for the on-pad and inflight conditions.

Although the sound pressure levels differ somewhat from the Saturn V

environment, the new acoustic levels do not cause any vehicle modifications.

7.5. 2 Design Loads for Nominal Flight

Ultimate compressive design loads for each stage of_the LOR, LEO and two-stage

polar orbit design vehicles during nominal flight are given in Figures 7.5-2

through 7. 5-10. Nominal flight assumes no engine malfunctions. The ultimate

combined compressive loads are envelopes of design loads developed for the

vehicle design conditions. A tabulation of the ultimate compressive combined loads

for each design condition is shown in Tables 7.5,I, 7.5-II and 7.5-III. The

ultimate compressive combined loads are determined as follows:

Where:
ULT L2 sr R(X) (x)

F.S. - Pumin____

P(X)

BM(X)

R(X)

PUMI N
F.S.

= distributed longitudinal forces including

aerodynamic forebody drag

= distributed bending moment

= distributed body radius

= minimum ullage pressure (applicable to tank shells only)

= ultimate factor of safety of 1.4 for nominal flight loads

(manned flight criteria)
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7.5.2 ,(Continued) 

The compressive structural capabilities as supplied by the associate stage contractors 
are shown with the design loads. Structural loads a r e  less  than capability for all 
J-BS/Saturn V design vehicles except in the S-IC fuel tank for the two-stage polar 
orbit mission. Structural l'beef-upll could be used to increase the fuel tank strength 
or load alleviation techniques could be used to reduce ultimate compressive loads. 
llBeef-upll would be accomplished by revising mill tapes to increase structure 
cross-sect ion. The S-IC stage weight would increase approximately 74 pounds. 

Critical load parameters of the synchronous orbit vehicle are bounded by the LOR 
and LEO parameters. A s  the loading for these latter vehicles did not exceed the 
structural capability of their individual stage, i t  was  considered unnecessary to 
perform a loads analysis for the synchronous mission. 

The design conditions considered in  determining the ultimate compressive combined 
loads a r e  as  follows: 

a. 

b. 

C. 

d. 

Shear Distribution 

The ground wind shear distribution for a 99. 9 percent probable prelaunch wind and 
a 99 percent probable launch wind were provided by MSFC, References 7 . 5 - 2  and 
7 . 5 - 3 .  

Ground Wind Bending Moment Distributions 

The ground wind bending moment distributions for a 9 9 . 9  percent probable pre- 
launch wind and a 99 percent probable launch wind were  also provided by MSFC, 
References 7 .5 -2  and 7.5-3. 

Inflight Bending Moment Distributions 

The maximum inflight bending moment distributions were determined from a 
flight simulation of the first stage boost phase of each mission. The digital 
simulation used six degrees of freedom to invesitgate flexible body vehicle 
responses. Included in the simulation were: distributed nonlinear aerodynamics, 
four flexible modes, fuel slosh motions, wind penetration capability, and linear 
third-order engine actuators. The flight wind profile (shown in Figure 7.5-1) 
was  considered to act  in the vehicle yaw plane. 

On-Pad Longitudinal Force Distributions 

For  the on-pad ground wind fueled-unpressurized condition, the longitudinal 
force a t  any vehicle station is equal to the vehicle weight forward of that 
station (load factor equal 1 g). 
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7. 5.2 (Continued)

e. Longitudinal Force Distributions for Emergency Shutdown Condition

Longitudinal force at any vehicle station for the emergency shutdown (rebound)

condition is equal to the product of vehicle weight forward of that station times

the rebound load factors. The rebound distributed load factors were provided
by MSFC, Reference 7.5-3.

f, Longitudinal Force Distributions for Nominal Maximum q _ ProduCt condition

The longitudinal force distribution for the nominal maximum q t, product conditions
is defined as follows:

P(X) = F/W(X) + D(X)

Where: P(X) = longitudinal force at any vehicle station

/7 = acceleration load factor at design condition

W(X) = vehicle weight forward of any vehicle station

D(X) = drag force effective at any vehicle station

g. Longitudinal Force Distribution for Maximum Acceleration Condition

The longitudinal force at any vehicle station for the maximum acceleration

(first stage center engine cut-off) condition is equal to the product of the

vehicle weight forward of that station times the acceleration load factor.

7.5. 3 Structural Dynamics

7.5. 3. 1 Technical Approach

Lateral vibration properties to be used in the structural loads and vehicle control

analyses were computed. Free-free mode shapes, slopes and frequencies

for the first through the fourth mode were computed at liftoff, maximum q

product, first stage cutoff, upper stage ignition, and upper stage burnout conditions.

Calculations were based upon lumped weights, cantilevered weights with their equivalent

rotary inertias, and vehicle bending and shear stiffness supplied by associate stage
contractors.

7.5. 3. 2 Results

The natural frequencies and generalized masses for the first four free-free

natural modes for the LOR, LEO and two-stage polar orbit vehicle are shown in

Tables 7.5-IV, 7.5-V and 7.5-VI, respectively. Modal deflections and modal slopes

for these three J-2S/Saturn V vehicles are presented in Document D5-15772-6,
Appendix C.
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7.5.4 Engine-Out Design Requirements (Malfunction Flight)

The effects of an engine-out malfunction during the maximum q_ product region were
determined for the LOR, LEO and polar vehicles. Two cases of this type were investi-
gated: (a) all engines out; and (b) one engine out.

All engines out during this flight region will causean obvious loss of vehicle control,
vehicle tumbling and certain structural failure. This condition was studied to
determine the time-to-failure (or mission abort capability) after the malfunction
occurs. A specific amount of time is required to perform the sequenceof events
which successfully separates the CommandModule from the vehicle after a malfunction
occurs. Therefore, a successful mission abortion requires that the time-to-failure
of the vehicle structure after a malfunction be greater than this minimum. Failure
was defined as the condition when the structural factor of safety was reduced to one.

One engine-out during this flight time may, or may not, cause a loss of vehicle

control. This condition was studied to see if single engine-out flight loads for

controllable flight became a critical design parameter. No effort was made in the

study to impose these one-engine-out flight loads upon the design load envelopes

of the study vehicles.

The loss of an outboard engine when the vehicle is in the maximum q _ product

region causes a reduction of engine compressive forces. At this time, the vehicle

is also in a state of high moment loading due to angle of attack, slosh, flexibility and

control forces; and the bending moments are further increased when the malfunction

occurs. This combination of increasing bending moments and decreasing engine

compressive forces may cause the vehicle tension loads to exceed the structure
tensile capability.

The inflight wind profile shown in Figure 7. 5-1 was used in the analysis of both

the nominal and malfunction flight conditions. This 95 percentile design wind was

assumed to act in the vehicle yaw plane. A 1.1 factor of safety was applied to the

malfunction flight loads. The most critical time for the malfunction to occur was

determined to be 0.2 seconds before peak wind speed is reached.

7.5.4.1 One Engine-Out Malfunction at Maximum q _1 Product

Uncontrollable Flight

This study has determined that the loss of either engine number one or

number two will cause all of the study vehicles to experience a loss of control followed

by tumbling and structural failure. The loss of engine number one at maximum q a

product will cause the most severe one engine-out instability condition.
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7. 5. 4. 1 (Continued)

Engine number one malfunction time-to-failure for the two vehicle stations

(2746. 5 and 2832 AFT) that experience the earliest tension failure are shown in

Table 7.5-VII. Time-to-failure is defined as the time from start of malfunction

to the time when the structure factor of safety is reduced to one. Also shown

is the time from malfunction to the time Launch Escape Vehicle (LEV) angle of attack

limit is reached. Abort limits for S-IC flight are described in terms of the LEV

angle of attack limit at the altitude at which abort occurs. This constraint is due

to the limiting over-pressures on the command module after separation from the
launch vehicle.

Controllable Flight

Failure of upwind engines number three or number four will not cause a loss of

vehicle control. The loss of engine number three will produce the maximum inflight

malfunction loads for this controllable flight condition. The ultimate compression

combined loads and ultimate tensile combined loads for number three engine out
malfunction were determined as follows:

a. Ultimate Compressive Combined Loads

Ultimate compressive combined loads are determined as follows:

= [ p(x)

NCuLT
BM(X) / F.S. R(X)

"7

+ _'R z (X) J - Pumin 2

Where:

BM(X) =

R(X) =

PUMIN =

F.S. =

distributed longitudinal forces including aerodynamic

dynamic forebody drag

distributed bending moment

distributed body radius

minimum ullage pressure (applicable to tank shells only)

ultimate factor of safety of 1.4 for nominal flight loads

and 1.1 for one-engine-out flight loads

Ultimate compressivecombined loads for a one-engine-out malfunction are not

a design condition for any of the J-2S design vehicles.

b. Ultimate Tensile Combined Loads

Ultimate tensile combined loads are determined as follows:

7-85



D5-15772-2

Z

o_ z

_ 'm _M II

_ e

>
I

ts_

!_

<

L_

_.d _4 d

m M _ _

0

t._

0

d

z _
_ z

2;

0 _

0

I

o_

c_

Z _

r_

o
E_ _ _ 0

O,1 '_
I

0
u_

,J

L_
Oq

Oq

0

7-86



D5-15772-2

7.5.4.1 (Continued)

NT _-[ BM(X)
ULT L_rR2(X)

1
p(x) + R(x) | F S.

-- 2 lr R Pumax 2 J "

Where:

P(X)

BM(X)

R(X)

PUMA X

Fo S°

= distributed longitudinal forces including

.aerodynamic forebody drag

= distributed bending moment

= distributed body radius

= maximum ullage pressure (applicable to tank

shells orfly)

= ultimate factor of safety of 1.4 for nominal flight

loads and 1.1 for one-engine flight loads.

The loss of the upwind engine number 3 at 0.2 seconds before the peak wind speed

gave the maximum tension load for a one-engine-out malfunction with a controllable
vehicle.

A tabulation of the one-engine-out tension design criteria for the critical vehicle
stations is shown in Table 7.5-VIII. These data show the critical stations, the

structural tensile capability at those stations, the maximum limit tensile combined

load, the factor of safety associated with each of the maximum limit loads, and

the time from the start of the malfunction to structural overloud (structural

overload occurring when the factor of safety is less than one). The data show

that vehicle station 1564 and vehicle station 1760 exceed tension capability. The

other critical stations maintain a factor of safety greater than 1.1 which is the

safety factor for one-engine-out malfunction flight loads. The controllable,

one-engine-out malfunction at maximum (q _ ) product is a tension design requirement.

7.5.4. 2 All Engine-Out Malfunctionat Maximum q_ Product

An all-engines-out malfunction at maximum q a product resulted in vehicle

tumbling and structural failure. Vehicle stations 1564 and 1760 experienced the

earliest tension failure due to the malfunction. The time-to-failure after malfunction

along with the time to reach Launch Escape Yehicle (LE_) angle of attack limits

are shown in Table 7.5-VII.
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TABLE 7. 5-VIII TENSION DESIGN CRITERIA (NUMBER THREE ENGINE

OUT MALFUNCTION AT MAXIMUM q _ PRODUCT WITH A

CONTROLLABLE VEHICLE)

LOR

S TA TION

1541

1564

1760

2746.5

2832A

MAXIMUM N T
LIMIT

(LB/IN)

1319

1310

1071

1641

1490

TENSION

CAPABILITY

(LB/IN)

204O

1200

1250

1858

1811

FACTOR OF

SAFETY

1. 547

0. 916

1. 167

1.132

1.215

TIME FROM MALFUNC

TION TO STRUCTURAL

FAILURE

0.83 Sec.

LEO

MAXIMUM N T TENSION TIME FROM MALFUNC

LIMIT CAPABILITY FACTOR OF TION TO STRUCTURAL
S TA TION (LB/IN) (LB/IN) SAFE TY FAILURE

1541

1564

1760

1550

1541

1300

2040

1200

1250

1.316

0.779

0.962
0.50 Sec.

0.60 Sec.

POLAR

MAXIMUM N T TENSION TIME FROM MALFUNC-

LIMIT CAPABILITY FACTOR OF TION TO STRUCTURAL

STATION (LB/IN) (LB/IN) SAFE TY FAILURE

1541

1564

1760

1640

1629

1390

2O4O

1200

1250

1.244

0.736

0.899
0.43 Sec.

0.56 Sec.
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7.6 HEATING ENVIRONMENT

Thermal design criteria for the J-2S/Saturn V design vehicles were provided by

MSFC, Reference 7.6-1. A comparison of the relative aerodynamic heating for

different launch vehicles is provided by the equation:

t

AHI = f qv dt

J 7 --El
o

where:

AHI = aerodynamic heating indicator

q = dynamic pressure

v = velocity

El = angle of attack in radians

t = flight time

The aerodynamic heating indicator is a term developed to give relative aerodynamic

heating effects on geometrically similar vehicle with dissimilar trajectories. It is

further defined as being proportional to the time integrated heat input. Therefore,

for two vehicles with the same AHI, the total heat input is asstimed to be equal

and the structural temperatures generally are assumed to be within the same temperature

range.

The design trajectories for the design J-2S/Saturn V vehicles presented in Paragraph

7.2 include the nominal AHI histories. Design maximum AHI's were obtained by

increasing the nominal AHI values 13 percent. Figure 7. 6-1 compares these maximum

AHI's with those of the SA-501 to 503 vehicles and SA-504 to 510 vehicles.

The SA-501 to 503 vehicle thermal environment was used for the LOR, LEO and

synchronous missions and the SA-504 to 510 vehicle thermal environment was used

for the two-stage polar mission. Protuberance heating factors for the study vehicles

was provided by MSFC, Reference 7.6-2.

Upper stage contractors assessed their stage for thermal impact based on the heating

environments defined above. No upper stage aerodynamic heating problems were

encountered. Per MSFC direction, no heating analysis of the S-IC stage was made.
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7.7 VEHIC'LE CONTROL

Rigid body control requirements and control system dynamic characteristics were

determined for the J-2S Lunar Orbit Rendezvous (LOR), Low Earth Orbit (LEO),

and Polar Orbit (PO) vehicle configurations. Vehicle weight and mass characteris-

tics required to perform these control analyses are given in paragraph 7.3. Struc-

tural dynamics characteristics are described, in detail, in D5-15772-6, Structural

Analyses- J-2S Improvement Study. The S-IC and S-II outboard engines are gimbaled

to provide vehicle control. A gimbaled engine and auxiliary propulsion system

provide control during S-IVB stage operation.

7.7.1 Rigid Body Controls

Flight control system gains for first stage flight were calculated using a mathema-

tical model of a rigid vehicle employing the attitude/attitude-rate control mode.

Root summed square (RSS) thrust deflections ( _ ) have been determined for the maximum
dynamic pressure (q) portion of the trajectory. The 95 percent Apollo design wind

was used in obtaining these results.

7.7.1.I Gains

Figures 7.7-1 through 7.7-3 present the flight control system gains. The gains were

chosen to yield a control frequency of 0.15 hertz and a damping ratio of 0.7. The

low control frequency was chosen to avoid control system bending mode coupling.

7.7.1.2 Root Summed Square (RSS) Thrust Deflections

Figures 7.7-4 through 7.7-6 present the RSS thrust deflections ( _ ) required to control
the vehicles in the region of maximum dynamic pressure. The curves are envelopes

of RSS thrust deflection obtained by applying the maximum inflight wind encountered

by the vehicle at each time point along the trajectory. In actuality, the maximum

inflight wind would be encountered only once during a flight. The curves present

the maximum thrust deflection at whatever time the peak wind is encountered. The

maximum'°thrust deflection requirements are well within the Saturn V capability
of 5.15 degrees.

The RSS values were obtained by determining the additional thrust deflections

required because of the inclusion of scatter parameters. These additional deflections

were then added to the nominal value using the RSS technique. The following scatter
terms were applied:

Thrust Imbalance + 1.5%

Thrust Misalignment + 0. 122 degrees

Axial C G Offset + 7 inches
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7.7.1.2 (Continued)

Lateral CG Offset + 2 inches

Normal Force Coefficient Variation + 6%

Center of Pressure Variation + 79 inches

Control System Gains Variation + 10%

7.7.2 Control System Dynamics

A flight control system stability analysis was made to determine the difficulty of

designing the compensator networks for the flight control system of the J-2S design

vehicles. The difficulty is determined by comparing the uncompensated J-2S/Saturn

V results with those of a typical J-2/Saturn V uncompensated system.

A frequency response for each vehicle was obtained for the following flight times

as applicable.

a. First stage at q max

b. S-II Ignition

c. S-II Burnout

d. S-IVB Ignition

e. S-IVB Burnout

These time points represent the flight times of the most severe disturbances.

The basic attitude/attitude-rate feedback control system is used exclusively for these

analyses. To determine the relative effects of the attitude and attitude rate feedbacks,

a frequency response was obtained for attitude feedback only, attitude-rate feedback

only, and for the combined attitude and attitude-rate feedback. The assumptions used
are compatible with those used for Saturn V control system studies. Propellant

slosh data were obtained from the respective stage contractors.

Uncompensated control system frequency response Nyquist and Bode plots were

generated. These were compared to uncompensated Saturn V frequency response

characteristics to indicate the degree of difficulty in designing compensator networks

for the J-2S vehicles ° The stability parameters compared were : aerodynamic gain

margin; rigid body phase margin; slosh magnitude peak; first bending mode phase

margin; first bending mode magnitude peak; second bending mode magnitude peak;
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7.7.2 (Continued)

third bending mode magnitude peak; and fourth bending mode magnitude peak.

Comparison of the frequency responses for the J-2S and Saturn V vehicles shows that

no difficulties will be encountered in designing compensators networks for the J-2S

vehicles; i.e. compensator design for J-2S will be no more difficult than it was for

Saturn V. In fact, it appears that some of the Saturn V compensators may be used
for the J-2S vehicles with little or no modifications.

Detailed analyses of the control system dynamics including the Nyquist and Bode

plots are contained in D5-15772-5, Vehicle Control and Control System Dynamic

Characteristics, J-2S Improvement Study.
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SECTION8

PERFORMANCE/MISSIONANALYSIS

8.0 GENERAL

This section contains general performance for the four J-2S/Saturn V design

vehicles described in Section 6. Comparisons are made with the Baseline SA-511

Saturn V (J-2 engines).

8.1 LOR PERFORMANCE COMPARISONS

The initial J-2S/Saturn V LOR design trajectory, reported in Section 7.2, was

based upon initial best estimates of stage changes required to accommodate the

J-2S engines. This "nominal" design trajectory provided the payload performance

and vehicle design characteristics for detailed analyses of loads, structures,

acoustics, thermal conditions and control dynamics, etc. After all stage changes

resulting from use of J-2S had been determined, a "final" design trajectory was

run. Changes in vehicle design characteristics were so small that study results

would not change. Performance changes are shown in Table 8.1-I. The final LOR

payload is 108,953 pounds compared to 110, 066 pounds for the nominal LOR design

trajectory. The difference is due to changes in drop weight items, usable propellant

loadings and mixture ratio schedules as shown in the table.

The mixture ratio trade indicated that (1) the optimum operation of the S-IVB stage

is obtained with a constant mixture ratio which gives maximum usable impulse

propellant, and (2) the optimum operation of the S-II stage is obtained with a
mixture ratio schedule of 5. 0 to 5. 5 to 4. 5. The 5. 0 MR burn duration is 2. 5

seconds. The 5. 5 MR burn duration is such that maximum S-II impulse propellant

will be consumed.

The drop weight differences reflect hardware and operational changes resulting

from associate contractor detailed analyses of their stage systems. Results of

these analyses are reported in Section 10. 0, Stage/System Description.

Table 8. 1-1 also shows the LOR performance of the Baseline SA-511 vehicle

(100, 078 lbs). The use of J-2S engines in the Saturn V vehicle yields a LOR net

payload increase of approximately nine percent.

As discussed in Section 7. 2, Design Trajectories, the S-II specific impulse

was degraded by two seconds to account for the engine clustering effects. Flight

data from the SA-501, SA-502 and SA-503 Saturn V vehicle indicates that S-II

specific impulse is not degraded. The J-2S/Saturn LOR performance will increase

approximately 900 pounds with no S-II specific impulse degradation. The LOR

Baseline SA-511 would likewise increase with the same assumption.
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TABLE 8.i-I COMPARISONS OF SATURN V LOR DESIGN CHARACTERISTICS AND

WEIGHT SUMMARIES

S-IC STAGE

Baseline Nominal Final

LOR LOR Design LOR Dcsigll

J-2 Engines J-2S Engines J-2S Eng_ncs

Sea Level Thrust lbs

Sea Level Specific Impulse secs

LiftoffWeight lbs

Impulse Propellant Ibs

Drop Weight Ibs

T/W o

7,610, 064 7, 610,064 7,610, 064
264.5 264. 5 264, 5

6,404, 883 6,414,630 6, 416,022

4,577,113 4,577,113 4,577,113

370, 771 370, 591 370,266

1. 118 1o 186 1o 186

S-II STAGE

MR Schedule

Vacuum Thrust, M.R. = 5. 0 lbs

Vacuum Specific Impulse secs

Weight at Ignition lbs

Impulse Propellant lbs

Forward Interstage Jettison lbs

Weight

Launch Escape System lbs

Drop Weight lbs

5.0to5.5 5.0to 5.5 5.0to 5.5

to 4.7 to 4.7 to 4. 5

1,025,260 1,182,035 1,182,035
426.0 432.5 432.5

1,456, 999 1,466,326 1,468, 643

970, 441 970, 441 970, 441

9, 435 9, 427 8, 336

8,936 8,936 8, 936

103, 855 102, 571 104, 610

S-IVB STAGE

First Burn Mainstage MR

First Burn Mainstage Vac. lbs
Thrust

First Burn Mainstage Specific secs

Impulse

Weight at First Ignition lbs

Impulse Propellant Consumed lbs
to Orbit

Cutoff Weight in Orbit lbs

Weight Drop in Parking Orbit lbs

Weight at Ignition in Orbit lbs

Second Burn Mainstage MR

Impulse Propellant Consumed from lbs

PO to Injection (Excluding Reserves)

5. 5 5.0 4. 905

231,012 237, 500 232, 314

424.9 434.5 435.1

364, 331 374, 952 376, 320

71,872 64, 737 66, 990

292,459 310,215 309, 330

4, 411 4, 446 4, 604

288,048 305, 769 304, 726
5.0 5.0 4.905

152,648 160,696 159, 870
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TABLE 8. i-I COMPARISONSOF SATURNV LOR DESIGN CHARACTERISTICS
AND WEIGHT SUMMARIES(Continued)

Baseline Nominal Final
LOR LOR Design LOR Design

J-2 Engines J-2S Engines J-2S Engines

Total Impulse Consumed
(Excluding Reserve)

Cutoff Weight at Injection
Drop Weight

lbs 224,520 225,433 226,860

lbs 135,400 145,073 144,856
lbs 27, 668 27,160 27, 955

GROSS PAYLOAD

Instrument Unit Weight lbs

Propellant Reserves (109 m/sec) lbs

4, 183 4, 183 4, 301

3, 471 39 664 3,647

NE T PAYLOAD 100, 078 110, 066 108,953

FLIGHT TRAJE CTORY DATA

Launch Azimuth

Max q (85 secs)

Max "g's"
AHI

degs _ 72
lbs/ft- 699

4.15

ft-lbs/ft2-rad 46.43 x 106

72 72

709 708

4. 14 4.12

49. 09 x 106 48. 77 x 106
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a. 2 SYNCHRONOUS ORBIT PERFORMANCE COMPARISONS 

Synchronous orbit inclination has a significant impact on payload capability. With no 
plane change during boost phase, a 90 degree launch azimuth down the A i r  Force Eastern 
Test Range (AFETR) results in a 28.5 degree orbit inclination. Boost a t  a 90 degree 
launch azimuth makes maximum use of the Earth's rotational velocity and results in  
maximum payload delivered to orbit. By varying the launch azimuth within the AFETR 
limits, a slightly reduced payload can be delivered to orbit without plane change during 
boost. However, to obtain some orbital inclinations (for example, 0' and 55') boost 
turning is required in addition to launch azimuth variation within the AFETR limits. 

Synchronous orbit performance for several orbit inclinations were generated using 
the design synchronous orbit trajectory ground rules. The net payload as a 
function of synchronous orbit inclination is presented in Figure 8.2-1. The payload 
for the 28.5 degree inclination orbit is 10,000 pounds larger than the payload for the 
equatorial ( O o )  inclination orbit ,  a 15 percent increase. 

For  the synchronous design mission, a large amount of S-IVB LH2 is unusable for 
mainstage impulse due to boiloff during the parking orbit coast (7.5 hours) and 
the transfer coast (5.3 hours). Even at the J-2s maximum mixture ratio, 5. 5, the 
loaded S-IVB LOX was less than LOX tank capacity. Operating at the 5.5 MR 
(lowest J-2s specific impulse), maximizes the S-IVB stage total impulse. Lower 
MRs require larger  LOX offloadings and further reduce the stage total impulse. 
By reducing the number of parking orbit revolutions (reduced hydrogen boiloff) 
the S-IVB LOX tank loading can be increased and a mixture ratio less  than 5. 5 
can be used. Since the lower mixture ratios yield higher specific impulse, the 
S-IVB stage impulse is increased for the one and three parking orbit cases. 
Figure 8.2-2 shows the equatorial synchronous payload as a function of revolutions 
in parking orbit. 
additional payload over the design trajectory (five parking orbit revolutions). 

The one revolution parking orbit  case yields 4,562 pounds (7 percent) 

The Baseline SA-511 vehicle performance for the equatorial synchronous orbit 
design mission is shown in  Figures 8.2-1 and 8.2-2. The J-XS/Saturn V 
equatorial synchronous orbit payload (66,000 lbs) is 11 percent higher than the 
5-2 Saturn V payload (59,500 Ibs). 

8. 3 LOW EARTH ORBIT (LEO) PERFORMANCE COMPARISONS 

Figure 8.3-1 is a comparison of two LEO orbit circularization methods 
for the Hohmann transfer flight profile. These two circularization methods are: 
(1) S-I1 idle mode burn and (2) S-I1 100 second idle mode burn with S-II mainstage 
burn. The data is based on a 90 degree launch azimuth and an S-I1 mixture ratio 
schedule of 5. 0 to 5.5 to 4.7. At 300 NM, the main stage burn circularization gives 
7,000 pounds more payload if the S-II/J-2S mainstage restar t  repressurization 
system weight is not accounted for. Boeing parametric studies indicate such a 
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SYNCHRONOUS ORBIT INCLINATION - DEGREES 

FIGURE 8.2-1 J-2S/SATURN V SYNCHRONOUS ORBIT PERFORMANCE 
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8 .3  (C ontiriued ) 

pressurization system would weigh 12,000 pounds (See Paragraph 5.3,2.2) .  
A f t e r  adjusting the mainstage burn data, the idle mode performance is shown to be 
better for altitudes up to 600 NM. The S-I1 propellant reserve for a 10 plane 
change (allowance for rendezvous) at Hohmann transfer apogee is not included in 
Figure 8.3-1. However, this propellant allowance is included in  LEO design 
trajectory payload computation. 

Comparison of direct injection payload with the Hohmann transfer payload (using 
idle mode injection) for the two-stage J-BS/Saturn V is shown in Figure 8.3-2. 
Direct injection type mission is not a s  attractive a8 the LEO Hohmann transfer design 
mission. A t  300 NM circular orbit, direct injection payload is approximately 50 
percent less than the Hohmann transfer payload. 

A comparison of the 5-2 and J-2s engines for the LEO direct injection two-stage 
vehicle is given in Figure 8.3-2. The 5-2 payload is greater a t  the higher altitudes 
due to a shorter S-11 burn time with J-2s engines (J-2s has a higher propellant 
flow rate with constant stage propellant tank capacity). The gravity losses 
during the J-2/S-II burn a r e  less than the gravity losses during the J-2S/S-II 
burn because a larger fraction of the total J-2/S-I1 impulse is delivered a t  
high altitude. The data was generated using 265K thrust J-2s engines. No 
attempt was made to optimize the thrust calibration level as a function of orbit 
altitude. Lower thrust calibration levels would increase payload performance 
a t  the higher orbit altitudes. 

Launch azimuth effect on the LEO direct injection performance is shown in Figure 
8.3-3. The data is for launch azimuths of 90°, 60°, and 30' for circular orbit 
altitudes up to 500 NM. 

8.4 POLAR ORBIT PERFORMANCE COMPARISONS 

Direct injection polar orbit missions to 100, 200 and 300 NM with a two-stage J-2S/ 
Saturn V vehicle were simulated. This data is shown in Figure 8-4-1. For  compari- 
son, the 100 NM polar orbit direct injection payload for a two-stage vehicle with 5-2 
engines is shown. The payload with J-2s engines is some seven percent greater 
than with 5-2 engines. 

A Hohmann transfer from 100 NM to 200 NM and 300 NM was considered. At 
apogee, S-II idle mode burn was used for  circularization. The payloads comparison 
of Hohmann transfer and direct injection a r e  shown in Figure 8.4-1. Direct injection 
payload capability decreases rapidly with orbit altitude as compared to the Hohmann 
transfer profiles. 

8-7 
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8.5 ALTERNATE MISSION PERFOPMANCE ANALYSIS

This performance analysis is idealized in that drop weights are based on a LOR

J-2S/Saturn V vehicle. No vehicle loads were determined or assessment made of

additional structural weight. Also the Apollo payload shape was assumed in all

cases; thus certain high payloads assume high payload densities.

8.5. 1 Direct Injection Lunar Mission - Three Stage J-2S/Saturn V Vehicle

The direct injection lunar mission is characterized by continuous burn to injection on

the lunar transfer ellipse. No low Earth parking orbit is used.

To determine the optimum direct injection payload, trajectories were simulated

for various sets of cutoff conditions (altitude, velocity and flight path angle).

For each set of cutoff conditions, the liftoff weight and the boost profile were

optimized.

For the optimum trajectory, the minimum altitude during S-IVB burn is 40.6 NM

(75.2 km) where the dynamic pressure is 38 pounds per square foot. The net payload

of 115, 320 pounds represents an increase of approximately 6,400 pounds over the
J-2S/Saturn V final LOR design payload of 108,953 pounds. Payload capability

would decrease for higher dip altitudes. This optimum trajectory also assumes a zero

launch window; that is the launch must occur at the exact planned time.

8. 5.2 High Energy Missions - Three Stage J-2S/Saturn V Vehicle

The flight profile and ground rules for the high energy missions are the same as

for the normal LOR design mission.

For a C 3 of 95 km2/sec 2 (C 3 is twice the specific energy), the S-II can insert the

fully loaded S-IVB plus payload into a 100 NM parking orbit. At higher C3's , there
exists a parking orbit altitude for which no S-IVB suborbital burn is required.

Net payloads for C3's ranging from -20 km2/sec 2 to + 120 km2/sec 2 and for 72 °

and 90 ° launch azimuths are presented in Figures 8.5-1 and 8.5-2. Representative

energy requirements for various missions; i. e., Mars capture, . 5 AU Solar

Probe, etc. are noted on the plots.
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8. 5.3 Coplanar Hohmann Transfer Mission

Two-stage and three-stage J-2S/Saturn V Hohmann transfer performance data has

been generated for circular orbit altitudes from 100 NM to 30, 000 NM. The flight

profile was direct ascent to the Hohmann transfer ellipse at 100 NM and coast to the

desired orbit altitude. At apogee of the Hohmann transfer ellipse, circularization

is achieved by restarting in the idle mode for 100 seconds and switching to mainstage.

For the two- stage vehicle, the use of S-II in idle mode only for the circularization

maneuver was also considered. These data are shown in Figure 8. 5-3.

8. 5. 4 Direct Ascent to Circular Orbit - Three Stage J-2S/Saturn V Vehicle

Payload capability of the three-stage J-2S/Saturn V as a function of orbit altitude

has been determined for the direct ascent mission. The propellant loadings in all

three stages were optimized. The direct ascent and Hohmann transfer performance

are compared in Figure 8.5-4. Direct ascent payload drops off rapidly with

altitude. At 700 NM, three-stage Hohmann transfer performance is 60 percent

greater than direct ascent performance.

8.5.5 Polar Orbit Missions - Three Stage J-2S/Saturn V Vehicle

The polar orbit mission data is based on a 140 ° launch azimuth, a fixed rate yaw

steering in thefirst stage, and a fixed inertia yaw angle in the upper stages,

overflight of Cuba and the Isthmus of Panama, and a first equatorial crossing just

west of South America. For all data presented, the S-II and S-IVB operates at the

thrust, specific impulse and mixture ratio schedule used for the nominal LOR design

trajectory.

The polar net payload as a function of orbit altitude is shown in Figure 8.5-5.
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SECTION 9

9.0

PAYLOAD EXCHANGE RATIOS FOR J-2S/SATURN V VEHICLES

GENERAL

This section contains the payload exchange ratios for the LOR and 100 NM LEO

missions (Table 9-I). Exchange ratios provide a means for determining payload

performance changes from small variations in vehicle nominal design parameters

such as stage weight, propellant weight, thrust and specific impulse. As an

example, J-2S engine tests conducted after release of J-2S engine characteristics

(Rocketdyne J-2S Interface Criteria Document, R-7211) indicate a possible

five second Isp increase. The payload performance gain due to the five second

Isp increase can be obtained by the use of payload exchange ratios as follows:

From Table 9-I

A PL = 397.4 Ibs/sec; S-IIStage

Isp2

PL = 347.8 lbs/sec; S-IVB Stage

A Isp 3

A PL

A PL (Isp2) - _ Isp2

lbs
X Aisp 2 = 397.4 sec X 5 sec. =1,987 lbs

A PL

A PL (Isp3) = A Isp 3

lbs
X AIsp 3 = 347.8 "_eec X 5 sec. = i,739 Ibs

Total A PL from Isp increase = A PL (Isp2) + APL (Isp3)

= 1,987 lbs + 1,739 lbs

= 3, 726 Ibs

Revised LOR Payload = 108, 953 + 3, 726

= 112,679 lbs

Similarily, payload performance increases would be obtained for the synchronous

orbit, low-Earth orbit, and polar orbit missions.
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9.1 DISCUSSION

The payload exchangeratios for both two-stage and three-stage J-2S/Saturn V
vehicles are presented in Table 9-I. The two-stage vehicle mission is direct
ascent to 100 NM circular orbit. The three-stage vehicle mission is LOR. The
exchangeratio for a parameter is determined by perturbing the parameter about
its nominal value. The resulting changes in net payload are plotted as a function
of the perturbed parameter. The exchangeratio (rate of changeof payload with
respect to the perturbed variable) is the slope of the curve at zero perturbation.
A number of theseparameters are coupled which requires the perturbation of a
secondparameter in order to keep a third parameter constant. For example, if
first stage inert weight is changed, liftoff weight must bechangedto keep first
stage propellant weight constant.
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SECTION 10

STAGE/SYSTEMS DE SCRIPTION

This section describes system and operational changes required when J-2S engines

are incorporated in Saturn V. Changes required to replace J-2 engines with J-2S

engines for the LOR mission are identified separately from mission peculiar

changes required to adopt the J-2S/Saturn V for other missions. These changes

are based on the J-2S/Saturn V performance parameters, design characteristics

and requirements defined in Section 7. Each stage of the design vehicle was

evaluated and documented by the contractor responsible for the system. The

descriptions were used in definition of resource requirements and associated

schedules and costs for implementation of the vehicle system.

S-IC STAGE

S-IC Stage Description

The S-IC stage, as shown in Figure 10.1-1, is a cylindrical structure designed to

provide the initial boost for the Saturn V Apollo vehicle and is identical to baseline

S-IC SA-511. This booster is 138 feet long and 33 feet in diameter. The basic

structures of the S-IC are the thrust structure, fuel (RP-1) tank, intertank

section, LOX tank, and the forward skirt. Attached to the thrust structure

are the five F-1 engines which produce a combined nominal sea level thrust of

7,610,000 pounds. Four of these engines are placed equidistantly around a

circle with a diameter of 30. 33 feet. The four outboard engines are attached so they

have a gimbaling capability. Each outboard engine can move in a 5 degree, 9 minute

square pattern to provide pitch, yaw, and roll control. The fifth engine is fixed

mounted at the stage centerline. In addition to supporting the engines, the thrust

structure also provides support for the base heat shield, engine accessories, engine

fairings and fins, propellant lines, retro motors, and environmental control ducts.

The intertank structure provides structural continuity between the LOX and fuel tanks,

which provide propellant storage; and the forward skirt is necessary for interfacing

with the S-II stage.

Propellants are supplied to the engine turbopumps by 15 suction ducts: 5 from

the LOX tank, and 10 from the fuel tank. The fuel tank is a semimonocoque cylindri-

cal structure closed at each end by an ellipsoidal bulkhead. Antislosh ring baffles

are located on the inside wall of the tank, and an antivortex cruciform baffle is

located in the lower bulkhead area. The configuration of the LOX tank is basically

the same with the exception of capacity. The LOX tank will provide storage for

47, 405 cubic feet including ullage. The fuel tank will hold approximately 29,221

cubic feet including ullage. The mixture ratio between LOX and RP-1 is approximately

2.27:1 (LOX to RP-1).
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10.1.1 (Continued)

The LOX and fuel pressurization systems provide and maintain the Net Positive

Suction Pressure (NPSH) required for the LOX and fuel turbopumps during engine

start and mainstage. These systems also provide protection from high pressures

which might occur in the LOX and fuel tanks. Before engine ignition, the LOX and

fuel tanks are pressurized from a ground helium supply. During flight, LOX

pressurization is accomplished by gaseous oxygen obtained by using F-1 engine

heat exchangers to convert oxygen tapped from the engines, from liquid to gas.

The fuel tank is pressurized by gaseous helium supplied by helium bottles located

in the LOX tank. The LOX and fuel feed systems contain sensors for LOX and

fuel depletion for purposes of engine cutoff during flight.

Eight solid propellant retro motors that provide separation thrust after S-IC
burnout are attached externally to the thrust structure, but located inside the

four outboard engine fairings. The S-IC and S-II stages are severed by linear

shaped charges, and the retro motors supply the necessary deceleration force to

provide separation. Each retro motor is pinned securely to the vehicle support

and pivot support fittings at an angle of 7.5 degrees from stage centerline.

Additional systems on the S-IC include:

a. The Environmental Control System (ECS) which protects the S-IC stage

from temperature extremes, excessive humidity, and hazardous gases.

b. The hydraulic system which provides power to operate the engine valves and

thrust vector control system.

Co The pneumatic control pressure system which provides a pressurized

nitrogen supply for command operations of various pneumatic valves,

and a purge for TV camera lenses.

d. The electrical system which distributes and controls the stage electrical

power.

e. The instrumentation system which monitors functional operation of the stage

systems and provides signals for vehicle tracking during S-IC burn.
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10.1.2 S-IC Stage Structures

a. LOR, LEO and Synchronous Missions

The environments and ultimate design loads for the LOR, LEO and synchron-

nous missions were less than the vehicle structural capability. Therefore,

the S-IC stage for these missions is identical to the Baseline SA-511 first

stage configuration.

b. Two-Stage Polar Missions

Due to flight profile peculiarities, the maximum qa product was greater for

the two-stage polar mission than it was for the other three missions. This

condition indicates higher vehicle bending moments which, in turn, produced

ultimate combined compressive loads that were greater than the S-IC fuel

tank sidewall capability.

The tank wall capability is presented in D5-13829, Capabilities of the Major

S-IC Structural Components, and is based on structural tests of the S-IC

fuel tank under combined internal pressure and axial compressive loading.

These capabilities are conservative to some extent since the tank was not

tested to failure.

No structural modification of the lower segment of the fuel tank (Station 365.0

to 483.5) is recommended. The critical design loads for the lower segment

exceed published capability by less than 0.8 percent; e.g., at Station 365, the

design load is 6,909 lb/in combined with an internal local pi'essure of 27.5 psig

while the tank wall capability for this pressure is 6,856 lb/in. The design load

at Station 483.5 is 7,430 lb/in combined with 20.8 psig internal pressure. The

minimum capability at this location is 7,550 lb/in at 20.8 psig.

The upper segment of the tank (Station 483.5 to 602.0) should be modified to

provide structural capability equal to the design loads. A proved analytical

method presented in D5-13272, Analysis of Stability Critical Orthotropic Cylinder

Subject to Axial Compression, was used to resize the upper segment for the

new design condition which is approximately 3.3 percent in excess of capability

at Station 602. Existing stringer spacing and ring frame size and spacing was

used in defining a minimum skin/stringer modification. The required modifica-

tions are to increase the longitudinal stringer cap width by 0.1 inches from

Station 483.5 to Station 602.0, and the skin thickness by 0. 005 inches from

Station 544.26 to Station 602.0. These changes are shown in Figure 10.1-2.

The increase in S-IC weight is approximately 74 pounds.
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10. i.2 (Continued)

Rather than modify the fuel tank, load alleviation techniques such as trajectory

shaping, restricted launch availability, and restricted design criteria could be

used. Trajectory shaping would consist of optimizing yaw steering start time,

yaw steering rate and launch azimuth. This would change the S-IC tilt program

and consequently, result in changes to the load criteria parameters such as

dynamic pressure (q) and acceleration (g). Launch availability could be reduced

by restricting launches to months of the year other than the windy months such

as March as now used for design criteria. The design criteria could be

reduced by accepting a reduction in the current 95 percent probability wind

design criteria. The 1.4 design criteria for manned flight could be reduced.

The factor of safety resulting from the S-IC overload condition is 1.36. This

mission may be unmanned; therefore, a factor of safety of 1.25 would be used

as design criteria and the stage structural capability would be satisfactory.
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10.2 S-II/J-2S STAGE/SYSTEM DESCRIPTION

This section contains the technical definition of the changes required to the S-II stage
for incorporation of the J-2S engine for the LOR, SO, PO, and LEO missions. In
all cases, the change definition for the LOR mission is treated as basic, with changes
for the other missions being described as additive to the basic changes. The tech-
nical definition of stage and GSE systems is supported by analysis and by discussion
of alternate approaches. The corresponding operational changes, test program
requirements, and reliability assessments are included.

10.2.1 STRUCTURAL SYSTEMS

This section describes the structural systems design changes, stage interface
changes, and stage stiffness properties for the several missions studied. The most

significant changes are in the thrust structure complex, and are caused by the
increased thrust of the J-2S engines.

10.2.1.1 Design Changes

Design changes are itemized below for the LOR and LEO missions and also for the
PO missions within the limitations of the study.

10.2.1.1.1 LOR Mission

A comparison of the S-II stage primary body structural capability with the LOR
mission design loads envelope, supplied by TBC, is shown in Figure 7. 5-3.

The S-II structural capability exceeds the design loads. Therefore, no change to the
basic airframe (body) structure is required except as noted below for J-2S engine
installation or to accommodate functional systems modification, deletion, or
additions.

ae Thrust Structure Complex. The increased thrust of the J-2S engine requires
strengthening of the entire thrust structure to maintain structural integrity and/or
to comply with present (S-II-11) stiffness requirements. The stiffness require-
ment must be maintained to conserve use of the present (J-2) feedlines, engine
actuation system, engine servicing system, and engine-to-stage interface hard-
ware without requalification or redesign.

The approach taken in strengthening the thrust structure is to maintain the
location of component parts and type of material, and to increase the thickness
of detail elements. This approach was selected on the basis of minimum cost or
impact on associated hardware, tooling, manufacturing, or engineering.

Detail changes are as follows:

. Thickness of thrust cone skin, stringers, longerons, and frame caps and webs
will be increased. (Figures 10.2-1 through 10.2-7).
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Figure i0. 2-3. Thrust Longeron Modification
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Figure 10. g-5. Frame X B 139.75 Modification

10-12



SPACE DIVISION or NORTH AMERICAN P,OCKWELL CORPORATION

D5-15772-2

LXJ

.Z
wO
Z O o

n- aa

t/')
uJ

n-
L9
Z

Z

t.LJ

I--

Z

LJ.J

t_

L.LJ

...J
-.A

d;
}-.-

(D
Z

O

4.a

(9

°,-4
"U
O

O

u'5

,,D

X

I

c'd

c;

10-13



SPAGEDIVISION()F NOIZTH AMERICAN ROCKWEI.I, (:()RPORATION

D5-15772-2

rv*"

V

I'--
t.l_

,<
kl.3

z
..-3

C3
.._1

O
zE

d

©

0

• ,-.-t

©

r'M

ca
x

E

I

_'d

d

0

10-14



SPACE DIVISION oF NORTH AMERICAN ROCKWELL CORPORATION

D5-15772-2

b.

2.

,

.

Cap and web thickness of center engine support beam will be increased. The
overall depth of beam is maintained (Figure 10.2-8).

e.

Outboard engine thrust block will be locally redesigned to include additional

bolts for reacting higher shear loads (Figure 10.2-9).

Brackets for deleted engine servicing, LOX and LH2 recirculation, helium
injection, and valve actuation systems will be removed as applicable.

5. Support brackets will be added for new LH 2 feed line purge system.

.

.

.

.

Base Heat Shield. Increased clearance requirements and the increased thermal

environment of the J-2S engine require redesign of the rigid panel portion of the
base heat shield. Minor modification of support struts, flexible curtains, and
associated hardware are required as a result of the redesigned panel.

The basic configuration, material, and method of support for the J-2 heat shield
is used in the redesign in order to minimize development cost and impact on
associated systems.

Detail changes are as follows:

Rigid panel will be redesigned to include: clearance for larger J-2S engine
configuration, approximately 1/2 inch greater aft (hot side) core thickness to
increase content of the enclosed thermal resistive material (siloons), and
addition of a stainless steel wire mesh screen over the entire aft surface for

greater resistance to the combined effects of temperature and vibration
(Figures 10.2-10 through 10.2-14).

Support brackets will be relocated on the forward side of the heat shield to

maintain edge distance (Figure 10.2-10).

Flexible curtains and attachments will be modified as necessary to match
engine hat band and rigid panel changes (Figure 10.2-13).

Support tubes and fittings will be modified to accommodate rigid panel
revisions.

LOX Tank Aft Bulkhead. Two special LOX tank gore panels are replaced with
plain gore panels to eliminate holes and bosses no longer required (because of
deletion of the LOX recireulation system).

d. LH2 Tank Skins. The LH2 tank cylinder number two is simplified by eliminating
holes and bosses (not required because of deletion of the LH 2 recirculation pump,
by-pass lines, return line, and fairing).
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Figure i0. Z-8. Center Engine Support Beam Modification
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Figure 10. 2-9. Outboard Engine Thrust Block Modification
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Figure i0. 2-I0. Heat Shield Quarter-Panel Modification
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Figure I0. 2-12. Heat Shield
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Figure 10. Z-13. Heat Shield
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e. Insulation. The LH2 tank sidewall insulation is simplified on the number two
cylinder in the area of the recirculation system, fairing, and removed brackets.

Aft Interstage.

The ullage motor attachment fittings and structural reinforcement (not
required because of ullage motor removal) are deleted.

. External cork insulation to stringers and skin in the area of ullage motor

removal is added for thermal protection of the structure (Figure 10.2-15).

, The two LH 2 recirculation batteries and the associated support structure are
removed due to system deletion.

10.2.1.1.2 PO Mission (Three-Stage Vehicle)

Study of the three-stage PO mission study was terminated at MSFC direction based
upon trade studies performed by TBC (with inputs from the associate stage con-
tractors), which showed that this mission would best be accomplished using a two-stage
Saturn V (S-IC plus S-II).

Figure A-31, D5-15772-6, Structural Analysis, showed a comparison of S-II stage primary

structural capability with the PO mission design envelope profile supplied by TBC. Itis

noted that the S-II structural capability is exceeded for the forward skirt, LH 2 tank sidewall,

aft skirt and aft interstage structures. Therefore, structural strengthening of these

areas would be required for the three-stage PC) mission vehicle.

A preliminary study was performed prior to study termination to obtain rough-cut
weight increases required to sustain the three-stage PO mission design (body) loads.

Results of this study indicate approximately 11,500 pounds weight increase to the
stage dry weights (8800 pounds, S-I] stage dry weight increase, plus 2700 pounds of
S-IC/S-II interstage weight increase).

10.2.1.1.3 PO Mission (Two-Stage Vehicle)

Figure 7. 5-9 showed a comparison of the basic S-II stage structural capability with
the polar orbit (two-stage) mission design envelope profile supplied by TBC. It is
noted that the S-II structural capability exceeds the design loads. Therefore, no
change to the basic airframe (body) structure is required except to accommodate
functional systems modification, deletion, or additions as needed to implement J-2S
engines. Study of the two-stage PO mission was also terminated at MSFC direction.

10.2.1.1.4 LEO Mission

The S-II structural capability exceeds the design loads. Therefore, no change to the
basic airframe (body) structure is required except to accommodate functional systems
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Figure I0. 2-15. Insulation Modification-Ullage Motor Removal
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modification, deletion, or addition. Detail changesto structures in addition to those
required for the LOR mission structures are listed below.

a. Forward Skirt. Addition of the newLH2 tank balancedvent system requires the
following changes:

. Add two holes and associated doublers to provide support for vent line
nozzles (Figure 10.2-16).

. Add support brackets as necessary to support new one-inch diameter vent line
system and two new vent valves.

b. LH 2 Tank and Forward Bulkhead. Addition of the new LH2 tank balanced vent
system requires the following changes:

lo Modify the forward bulkhead gore panel to provide mounting provisions for
new balanced vent line system (Figure 10.2-17).

. Modify forward bulkhead insulation to include insulation of the new balanced

vent line outlet flange at the existing electrical interface outlet (Figure 10.2-17).

. Relocation of the LH2 low-level sensors to Station 410 requires relocating five
holes in the LH 2 tank Cylinder 2 to Station 390 (was Station 349).

C. Aft Skirt. Addition of the reaction control system requires the following changes
in the aft skirt area. (Figures 10.2-18 and 10.2-23 show the general location of
the two RCS modules).

lo Add holes and associated doublers in the aft skirt skin for RCS module

electrical, helium pressure, and thermal conditioning systems (Figure 10.2-19).

. Add reinforcement to the aft skirt structure as shown in Figures 10.2-20 and
10.2-21 to provide load paths to S-II structural frames at Stations 223, 224,
and 283, and to provide adaptation for the RCS module to S-II stage interface
utilizing present S-IVB module attachment locations and fittings. These
fittings are retained since their design incorporates insulation to prevent
heat transfer, and allows relative motion for thermal expansion between the
module and the stage structure.

3. Relocate holes to new locations for three LOX pump seal drain outlets.

d. Slosh Control System. Add a new conical slosh control baffle in the LOX tank to

maintain settled propellant during low "g" coast flight and thus ensure J-2S engine
restart capability (Figure 10.2-22).
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Figure i0. 2-16. Forward Skirt Modification
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e. Thrust Structure.

iI Provide supports on the thrust cone for one new battery container. The

container is shock-mounted similar to existing electrical containers, and
contains four batteries with associated power transfer switches to provide
on-stage power for the hydraulic pumps of the thrust vector control system
during coast flight (Figure 10.2-24).

. The forward mounting bolts for the modified ARMA package require relocation.
The package is extended approximately 6.5 inches forward to accommodate
the new DC auxiliary motor pump.

. Add mounting provision for new 10-inch diameter bottle (TVC air supply)
(Reference figure 10.2-25).

f. Insulation. The following changes to stage and electrical container insulation
are required:

lo Increase cork insulation thickness and density on all S-II electrical containers

to maintain internal environment within present operational design limits during
coast flight.

o Add external cork insulation in the vicinity of the RCS module as shown in
Figures 10.2-18 and 10.2-23 to protect the LH2 tank sidewall insulation
against aerodynamic heating or RCS thruster impingement.

.

.

Modify LH2 tank sidewall insulation at the RCS module locations to provide
an aerodynamic fairing closeout between the module and the sidewall
insulation (Section B-B of Figure 10.2-23).

Modify the LH2 tank sidewall insulation to include new flange and electrical
connector at Station 390 (five places).

10.2.1.2 Structural Interface Changes Between Stages

The primary body structural capability of the S-II stage does not exceed the design
envelopes for the LOR, LEO, and two-stage PO missions. Therefore, no structural
interface changes between stages will be required for those missions. Interface
changes would be necessary for the three-stage PO mission, but study of this mission
was terminated.

10.2.1.3 Stage Stiffness Properties

The S-II stage axial, shear, bending, and torsional stiffness properties are shown in
Table 10.2-I for a sequence of vehicle station increments. Because no design changes
to the primary body (shell) structure are required for the LOR, LEO, and two-stage
PO missions, these stiffness properties are identical to those for the S-II-11 vehicle.

Stiffness properties for the three-stage PO mission were not developed.
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10.2.2 MECHANICAL SYSTEMS

This section describes the changes to the S-II stage mechanical systems to accept a
J-2S engine in place of the J-2. The systems concerned are the engine system,

propellant feed system, propellant management system, pressurization system,
valve actuation system, flight control system, and the environmental control system.
An indication of the simplification afforded by the J-2S incorporation may be gained
by comparing the mechanical systems launch redlines for a J-2/S-II and a J-2S/S-II
stage in Tables 10.2-II and 10.2-III, respectively.

10.2.2.1 Engine System

This section describes those stage changes associated with the higher performance

of the J-2S engine, the revised engine start system using a solid propellant turbine
spinner, the relaxation of required propellant inlet conditions at start command,

revised servicing requirements, and idle mode operation of the engine.

10.2.2.1.1 LOR Mission

a. Engine Performance. The nominal steady state altitude thrust level of the J-2S
engine is 265,000 pounds (stage thrust of 1,325,000 pounds) as compared to

230,000 pounds (stage thrust of 1,150,000 pounds) for the J-2 engine. This
increase in thrust and an associated increase in specific impulse (427 versus
421 seconds minimum) are achieved by operating the engine at a higher thrust
chamber pressure level and use of a higher expansion ratio nozzle (40"1 versus
27.5:1).

The thrust buildup characteristics of the J-2S as installed in the S-II stage are
presented in Figure 10.2-26. The primary fluid requirements to assure this
buildup are propellants in the engine for a minimum of one hour prior to engine
start command, LH 2 inlet pressures between 27 and 40 psia, LOX inlet pressures
between 33 and 45 psia, and liquid at the tank outlets.

Engine circuitry is such that the engine start command initiates idle mode
operation after which a mainstage start command is given to bring the engine
to full operation. During idle mode, the engine is operating by virtue of the
tank ullage pressure only, with no turbopump operation. The S-II application
limits this time period between engine start command and mainstage command
to 1.0 seconds because of second stage separation criteria and J-2S starting
requirements.

The engine start sequence is shown in Figure 10.2-27 (with the J-2 start
sequence included for comparison).

As noted, for S-II usage the J-2S engine will be calibrated to the nominal
265,000 pounds + 3 percent thrust level at a 5.5 + 2 percent engine mixture
ratio (EMR). During the start transient the propellant utilization (PU) valve
will be commanded to the null or 5.0 EMR position. At this EMR each engine

will produce a nominal thrust of 237,500 pounds. At mainstage start command
plus 4.5 seconds the PU valve will be commanded to the 5.5 EMR position. The
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Figure i0. 2-27. J-2S and J-2 Engine Sequence
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engine will operate at this high mixture ratio until the PU computer commands a
shift to a lower mixture ratio (approximately 4.65). The effect on the S-II stage

of this operational mode is shown as the thrust versus time curve Figure 10.2-28.

The engine cutoff sequence is shown in Figure 10.2-29 with the J-2 cutoff
sequence included.

Figure 10.2-30 illustrates the J-2S engine thrust decay with cutoff from main-

stage, and provides an estimate of the maximum impulse and thrust decay time
characteristic s.

A LOX exhaustion cutoff, wherein the all-engine cutoff command is initiated by
dropout of the Mainstage OK pressure switches of any of the five engines, is to
be employed for the LOR mission. Utilizing data derived from S-II Battleship
testing and transposing to expected J-2S conditions, the stage cutoff thrust
characteristics are shown in Figure 10.2-31.

Engine Start System. The J-2S engine uses a solid propellant turbine starter
(SPTS) in place of the present J-2 engine gaseous hydrogen start tank system.
Figure 10.2-32 identifies the location of the SPTS on an engine. As illustrated,
the starter is located on the fuel pump side of the engine. There is ample
clearance between the starter and the stage structure. The minimum clearance
is between the starter and other engine components.

The SPTS ready for installation on the engine weighs approximately 50 pounds,
and will not require special or auxiliary Space Division handling equipment.
Operation of the SPTS is controlled completely within the J-2S engine control
circuitry. The SPTS will be installed just prior to static firing at MTF and
concurrently with other ordnance equipment at KSC.

Checkout of the SPTS prior to static firing or launch will consist of resistance
check of ignition detector links, electrical checkout of the exploding bridge
wire (EBW) initiators (two required per SPTS) prior to installation, and checkout
of the EBW firing units by use of pulse sensors (to be performed as part of the
engine sequence test).

Resistance and electrical checkout will require electrical checkout equipment
similar to that currently being used at KSC for existing S-II stage ordnance
equipment. Checkout of the EBW units will require drag-on cables for operation
of the pulse sensors. The pulse sensors (two per engine) will be supplied as
part of the engine checkout equipment. The checkout consists of the actual
firing of EBW's into the pulse sensors during engine sequence tests with proper
operation indicated by the pick-up of the installed test pressure switches. The
SPTS drag-on cables and pulse sensors will be removed at the same time as
the existing S-II stage ordnance cables and pulse sensors are removed.

Use of the SPTS causes a new requirement for ordnance storage facilities and
checkout equipment at MTF, and the attendant training of personnel in ordnance
handling.
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Figure I0.2-29. J-2S and J-2 Engine Checkout Schematic
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c. Propellant Inlet Conditioning.

,

.

Functional Changes - The starting characteristics of the J-2S engine permit
deletion of the propellant Recirculation Systems. The propellant inlet

pressure and temperature requirements for J-2S engine starting are:

Pre ssure

LOX 33 psia minimum

LH 2 27 psia minimum
(Figure 10.2-33)

Temperature

LOX -100 F to -300 F

LH 2 -100 F to -425 F
(Figure 10.2-34)

These minimum pressure requirements are unchanged from the J-2 application.
The temperature requirements, however, have been relaxed from subcooled

liquid conditions at the engine inlets for the J-2 engine to liquid conditions at
the tank outlets for the J-2S engines. Additional requirements are that
propellants shall be supplied to the engines for a minimum of one hour prior

to start command, and that the feed ducts of the S-II adhere to the following:

LOX Duct

Maximum Length
Maximum Volume

Maximum Heat Input

95 inches

(21 gallons)

3500 Btu/hr ( = 1 Btu/sec)

LH 2 Duct

Maximum Length
Maximum Volume

Maximum Heat Input

390 inches

(85 gallons)
18,000 Btu/hr ( = 5 Btu/sec)

These specific lengths and volumes permit use of the current S-II feed ducts.
The heat input through the present vacuum jacketed lines has been determined

from test data evaluation to range from 2.5 to 4.5 Btu/sec on the LH 2 ducts,
well within the maximum requirement. The LOX ducts will require additional
insulation of the LOX feed duct adapters, spools, and prevalves. With the
added insulation, analysis indicates the heat leak of the LOX ducts will be
approximately 0.46 Btu/sec.

System Changes - The deletion of the fuel and LOX recirculation system is
one of the major advantages of incorporating the J-2S engine on the S-II stage.
The reduction in stage complexity can be seen by referring to Figures 10.2-35,
-36, -37 and -38. With the deletion of the recirculation system, there would
be no stage hardware requirement for engine preconditioning and the
following items would be deleted:
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Figure i0. 2-35. J-2 LH 2 Recirculation System Schematic
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Figure i0. 2-36. J-2S LH2 Recirculation System Schematic
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Figure i0. 2-38. J-2S LOX Recirculation System Schematic
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(a) Five recirculation pumps and associated electrical power and control

equipment

(b) Five recirculation pump discharge valves and associated pneumatic
valve actuation and electrical control equipment

(c) Vacuum jacketed recireulation pump discharge lines

(d) Vacuum jacketed LH 2 return lines and return line manifold

(e) Uninsulated LOX recirculation return lines

(f) Six LOX and LH2 return line valves and associated pneumatic valve

actuation and control equipment

(g) Helium injection subsystem

The existing single-point LH 2 feed and recirculation purge system would be
replaced by a manifold system connected to each feed duct below the prevalve

(utilizing existing pump discharge line ports) refer to Propellant Feed System,
Section 10.2.2.2.

Verification - The principal configuration change requiring major stage test
verification is the elimination of the engine propellant conditioning (recircu-
lation) requirement. The testing which has been completed by the engine
contractor has partially verified the capability of the J-2S engine to start
satisfactorily within the specified maximum and minimum limits. This has
included satisfactory starts made with saturated conditions at the LH2 engine
inlet. Engine starts with saturated conditions at the LOX engine inlet have
not yet been completed. Satisfactory completion of the stage evaluation of
engine start characteristics following deletion of the recirculation system

requires test verification of two primary areas; the ability of the J-2S engine
to clear any saturated fluid from the feed duct which may be generated by
loss of head at S-IC cutoff (this clearing must be accomplished in connec-

tion with the use of a one-second idle mode premainstage operation), and
the nature of the thermodynamic processes experienced by the fluid in the
feed duct during this time. The possibility of additional gas generating in
the feed duct and engine pump inlets as the result of a pressure drop associated
with propellant flow during the start transient must also be considered.
Ground tests to date have not simulated the S-II stage feed duct configuration

or flight simulated effects. Both analytical simulation and test data evaluation
are also difficult because of the complexity of extrapolation of the fluid
dynamics involved to near zero load factors, and because of the rapid pressure
transients experienced during actual flight conditions.

The following is a description of the thermodynamic mechanism expected in
flight, at the time when the acceleration head is reduced to nearly zero as a
result of cutoff of the S-IC engines. The potential problem described will
occur only if the propellant in the S-II feed ducts reached saturation as a
result of this loss in head. When the fluid pressure drops, the temperature
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will remain nearly constant until the pressure is reduced to the saturation value
corresponding to the initial temperature of the fluid. At constant entropy,
temperature in the subcooled or liquid phase is insensitive to pressure changes
of the magnitude involved as shown in Figure 10.2-39. When saturation
pressure is reached, gas will start to form and significant temperature
changes will be experienced as expansion at constant entropy occurs. However,
pressure can drop only at the rate volume is provided for the gas to form as
indicated by the quality lines on the temperature-entropy diagram. The gas
"bubbles" will be at the same pressure as the liquid forming their boundaries

(saturation) and liquid must be displaced to provide the volume needed for
further expansion to lower pressures. The rate at which the expansion will
proceed to the final saturation conditions as established by the ullage pressure
will be finite and will depend on the pressure (or temperature) at which satura-
tion is first reached and upon fluid flow characteristics of the ducts (flow

versus A pressure). Of course, as the pressure drops, more gas is formed
and so on until the final saturation condition is reached.

The quality characteristics as indicated on the "T-S" diagrams are percent by
weight functions; the fluids will be contained in the ducts and will flow through
the engine turbopumps and propellant feed system primarily as a volumetric
function. Therefore, Figures 10.2-40 and 10.2-41 quality versus percent

gas by volume for saturated oxygen at 33 psia, and saturated hydrogen at
27 psia, respectively, have been prepared to facilitate convenient appraisal
of this relationship,

The predicted engine inlet pressures for LOX and LH 2 are presented in
Figures 10.2-42 and 10.2-43, respectively. It is anticipated that maximum
simulation of these pressure profiles will be accomplished during design

verification testing.

Engine Servicing System. The engine servicing system transfers the required
fluids at the proper conditions of pressure, temperature, and flow rate from the
umbilical connections to the appropriate engine system. It also provides ducting
to vent overboard various seals and drains from the engines. The J-2S engine
is shown schematically in Figure 10.2-44 with the stage/engine interfaces for
engine servicing identified. Figures 10.2-45 and 10.2-46 show the routing

of the engine servicing systeras used with the J-2 and J-2S engines respectively.
The J-2S engine servicing subsystems are the same as used with the J-2 engine
except as noted below.

8 Start Tank/Fuel Pump Drain. The start tank system is not required, as the

J-2S engine utilizes a solid propellant turbine starter (SPTS) in place of the
gaseous hydrogen system of the J-2 engine. Based upon this engine change,
the start tank fill and the start tank vent control subsystems will be deleted

from the stage. The start tank vent and relief subsystem will be retained
to function as, and be identified as, the fuel pump drain system. The stage/

engine interface for this identification remains physically the same.
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Figure 10. 2-45. Installation of J-2 Engine Service Lines
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Thrust Chamber Purge and Chill/Thrust Chamber-Turbopump Purge. The
J-2S engine does not require a prestart thrust chamber chill as does the J-2

engine, but the purge requirements are retained. The purge capability of this
system will also meet the purge requirements of the turbopump. The routing
of lines to perform purging of the thrust chamber and turbopumps is accom-
plished upon the engine; therefore, the only change involved on the stage is
reidentification of the interfaces. A comparison of J-2S and J-2 thrust chamber
purge requirements is presented in Table 10.2-IV.

Turbopump Purge/LOX Dome Purge. The turbopump purge on the J-2S engine
is included as a part of the thrust chamber purge, thereby eliminating a system
on the stage; however, a new LOX dome purge requirement is added. There-
fore, the old turbopump purge system will be reidentified and used as the LOX
dome purge system. The LOX dome purge requirements are listed in Table
10.2-V.

Mainstage OK Pressure Switch. This system will be retained as is for the
J-2S implementation. This system permits remote checkout of these pressure

switches. An increase in operational checkout pressure from 500 psig to
700 psig will be required.

LOX Pump Seal Drain. This system will be retained as is for the J-2S

provided the maximum flow, when established, does not exceed the J-2
design flow. The drain system is designed to provide individual overboard
venting of gaseous oxygen from each engine LOX pump seal cavity at a
maximum flow rate of 36,000 scim per engine.

Figure 10.2-47 is a typical cross-section through the engine servicing systems
used with the J-2S engine. A comparison can be made between this figure and
the J-2 engine lines shown in Figure 10.2-48, as to which systems are retained,
deleted, or reidentified. The support brackets for the systems shown in Figure
10.2-48 will be the same as those used with the J-2 engine lines.

Figure 10.2-49 illustrates typical segments of tubing used within the thrust
chamber purge system with the J-2 and J-2S engines. The line routing of this
system is the same with both engines, but the Teflon insulation used on the J-2
engine will not be required with the 3-2S engine.

Figure 10.2-50 illustrates the connect panel to be used at the outboard engine
positions for the J-2S engine. This is physically the same panel used with the
J-2 engine but positions 1, 3, 5, 8 and 9 will not be used. Holes for ports 5, 8
and 9 will be omitted. Position 6, turbopump purge, will be reidentified, as

shown, as LOX dome purge. Position 11, GH 2 start tank vent and relief, is
reidentified as fuel pump drain.

Figure 10.2-51 illustrates the routing and installation of the engine systems used
with the J-2S center engine. A single sheet metal connect panel will replace the
three connect panels used with the J-2 engine. This J-2S center engine interface
is the result of replacing engine-provided flex hoses with stage-provided flex

hoses of a different configuration. The stage hard lines extending from the
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Figure 10. 2-47. Installation of J-2S Engine Service Lines (Section B-B
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START TANK FILL
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START TANK VENT VALVE CONTROL
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STATION 112.0

Figure I0. 2-48. Installation of J-2 Engine Service Lines (Section A-A)
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Figure 10. 2-49. Deletion of Thrust Chamber Chili Requiren_ents
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Figure I0. 2-51. J-2S Center Engine Interface (Optional)
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circular manifold (Figure 10.2-46)out along the center engine beam to a bracket
will be the same as used with the J-2 engine. Reducers will be installed in the

lines at this bracket to reduce the stage lines down to fit the engine line size.
Short sections of stage hard lines (new) will be installed from the reducer to the

connect panel where the flex hoses from the engine are attached.

Figure 10.2-52 illustrates the single sheet metal panel to be used at the center
engine position with the J-2S engine. Flex hoses from the engine are joined to
hard lines at the noted positions on this panel. Bulkhead type unions and "B"

nut couplings will be used instead of the flanged joints used with the J-2 engine.
Tube sizes listed are for the lines on the stage and engine side of the interface.

Figure 10.2-53 shows the configuration of the umbilical panels used with the
J-2 engine and identifies the engine systems. These panels are located at the

stage mold line and provide for mating the engine servicing lines extended from
the engine to the umbilical carrier plate.

Figure 10.2-54 illustrates the umbilical panels used with the J-2S engine. A
comparison can be made between this figure and the J-2 umbilical panels shown
in Figure 10.2-53 as to which systems are retained, deleted, or reidentified.

10.2.2.1.2 LEO Mission

a. Engine Performance. Analysis of the low earth orbit mission has resulted in an

operational requirement for the S-II stage to fire a normal full-thrust burn with
cutoff by the IU followed by a coast (unpowered) period of approximately 45
minutes and then operation of the five J-2S engines in idle mode for approximately
164 seconds to circularize the vehicle orbit. Analysis of the S-II stage charac-

teristics has shown that cutoff of the first burn (full thrust) through approximately
14 seconds of idle mode operation will greatly attenuate propellant slosh character-
istics. Figure 10.2-55 illustrates the vehicle thrust versus time profile for the
LEO mission.

The estimated thrust decay characteristics for a mainstage to idle mode cutoff
is shown in Figure 10.2-56. This estimate is based upon the general cutoff
characteristics of the J-2 engine mounted in an S-II stage and time-impulse
relationships established in the Rocketdyne interface criteria document (R-7211).

The estimated thrust buildup characteristics to idle mode operation following a
45-minute coast period are shown in Figure 10.2-57. This estimate is based

upon pressures at the time of restart (refer to Coast Pressurization, below) of
30 psia in the LH 2 tank and 32.5 psia in the LOX tank. It was assumed that

subcooled liquid conditions would exist at each propellant tank outlet and that
the feed ducts contained saturated gas.

The estimated idle mode cutoff thrust decay characteristics of the J-2S is shown
in Figure 10.2-58. This estimate is based upon the thrust, impulse, and time
relationships established in the interface criteria document.
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Figure 10. 2-52. J-ZS/S-II Center Engine Panel (Lower Fin C)
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b.

C.

Propellant Inlet Conditions. The propellant inlet condition requirements for
first start on the LEO mission are identical to those for the LOR mission.

Additional requirements for the LEO mission exist at first burn shutdown
through idle mode to cutoff, restart to idle mode after the 45-minute coast,
and idle mode burn of approximately 164 seconds. For idle mode operation,
the propellant inlet temperature and pressure requirements, both liquid and
gas, are as shown in Figure 10.2-34. To obtain the maximum idle mode thrust,
it is essential to operate with propellants in the liquid state which is to the left
of the saturation line shown on the figure.

At the initiation of mainstage cutoff to idle mode, the inlet conditions are
subcooled liquid as attained during mainstage burn. Because idle mode operation
will maintain a positive acceleration, it is concluded that the propellants at the

engine inlets will remain liquid through cutoff from idle mode.

During the 45-minute coast period, a low g thrust is applied by balanced venting
of the LH2 tank. With the prevalves remaining open after first burn and with the

settling thrust applied, a liquid condition will exist at the tank feed duct exits.
It is further expected that the liquid condition will exist in portions of the feed
ducts because of the low thrust with a resultant gaseous/liquid mixture at
saturation temperatures.

Variable quantities of heat will be transferred into the feed ducts during coast:

initial conduction from the engines and radiation from various sources (engines,
stage, sun, etc. ). It is predicted that the feed duct propellants will reach an
equilibrium mixed phase (saturated liquid and gas) condition during coast. The
low g thrust forces some liquid down into the ducts and permits some gas to rise
into the tank.

The predicted saturated conditions adequately meet the second start to idle mode
temperature requirements of a maximum of -100 F for both propellants. A
conservative estimate based upon having the ducts full of saturated gas was used

in predicting engine thrust buildup to idle mode.

The rate of heat transfer is expected to be low enough for liquid inlet conditions

to exist for second burn once the initial duct gas is burned with its added thrust.

LOX Pump Seal Drain. When the S-II is modified for the LEO mission, line

routing for the LOX pump seal drain requires three of the vents to be rerouted
away from positions I and III. The new locations are shown in Figure 10.2-59.
This relocation is caused by the requirement for a reaction control system on
the LEO mission located at positions I and III.

The primary objective in choosing the new locations for the exit fittings is to
place them in an area where they will receive the least aerothermal disturbance.
These positions also require minimum redesign and remocking of lines.

The J-2S LOX pump primary seal leakage drain system will be the same as that
currently on the J-2 engine. This system consists of a stage-furnished overboard
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vent system and an engine-furnished positive drain system. The vent and drain

systems are interconnected at the engine connect panel when the engines are
installed on the stage.

During acceptance test static firing at MTF, the LOX pump seal leakage is
ducted overboard into the engine jet plume and flame bucket by the engine-furnished
positive drain line. This line contains a burst diaphragm housing, but the

diaphragm is omitted for static firings. After static firing, the diaphragm is
installed which precludes leakage entering the S-II engine compartment during
KSC tanking tests, prelaunch and first-stage boost because this leakage is then
vented overboard by the stage vent system.

When the engine(s) reaches mainstage, the diaphragm(s) is designed to rupture
at a nominal 21 psid, and any leakage is drained by the positive drain line.

During LEO mission coast, the leakage is via the positive drain mode. The

nominal leakage varies per engine from zero to a maximum value of 36,000 scim.
If this engine-to-engine variation in leakage rates produces a significant flight
control disturbance, then a thrust spoiling device, illustrated in Figure 10.2-60,
will be added to the engine drain line and installed at the same time as the burst
diaphragm.

10.2.2.2 Propellant Feed System

This section discusses a design change to the propellant feed system to accomplish
system purging prior to propellant loading.

10.2.2.2.1 LOR Mission

a. Fuel Feedline Purge System. The J-2S, like the J-2, will require purging of the
fuel feedlines prior to propellant loading. The purging procedures will remain

essentially the same for the J-2S, which consists of a feedline helium pressure
(30 psig) vent cycle operation.

A system design change will be required for J-2S. The change in design is
required because of the deletion of the fuel recirculation system which provided

a common single-point purge at the fuel return line. Figure 10.2-61 schematically
shows the new fuel feedline purge system for the J-2S engine installation. The

system consists basically of a circular manifold that connects to each engine
fuel feedline through a check-valve, and terminates at an umbilical disconnect.

Figure 10.2-62 illustrates a partial line routing of the fuel feedline purge system.
The system consists of a series of formed metal rigid tubes joined together with
threaded fittings or by welding. Starting at the umbilical panel interface in the
aft skirt, a one-inch diameter line is routed downward in the area between the

thrust cone and the aft skirt, and ties into a circular manifold (also one-inch in
diameter) just below Station 196. The circular manifold is common to all five

engine fuel feedlines. The manifold is routed in a circular configuration
270 degrees around the outside of the thrust cone from Fin C to Fin D. Individual
lines, 3/4-inch in diameter, with check valves, extend upward from the circular

manifold and connect to the fuel feedlines just below the prevalve through the
unused recirculation bypass port. These lines will be routed adjacent to the
feedlines through the aft skirt and within the aerodynamic fairings.
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10.2.2.2.2 LEO Mission

There is no change from that described for the LOR mission.

10.2.2.3 Propellant Management System

The propellant management system changes as described below are concerned with
the engine cutoff sequencing to be used on the missions under study.

10.2.2.3.1 The LOR Mission

am Functional Changes. The propellant management system will be revised to
initiate all-engine cutoff at LOX exhaustion (mainstage OK pressure switch
dropout). The present S-II stage uses a set of engine cutoff sensors (propellant
level) in the LOX tank in conjunction with a timer to cause J-2 engine cutoff.

The higher flowrates associated with the J-2S engine at 265,000 pounds of thrust
will cause a more severe drawdown of the LOX surface near the end of S-II boost,

even though g forces are higher than the present S-II, It is estimated that these
characteristics with LOX exhaustion cutoff will result in an increase of 1500

pounds of LOX residual over that expected with a J-2 cluster using the engine
cutoff sensors and a 1.5-second delay cutoff sequence. The estimated total LOX
residual for the J-2S installed S-II stage is 3000 pounds in the tank and sump at
cutoff command.

b. System Changes. The LOX depletion engine cutoff system installation in the LOX
tank will remain intact for the J-2S equipped stage. The electronics associated
with the five LOX tank ECO transducers also will remain intact, but will be

disconnected from the engine cutoff circuit and used only to supply an arming
signal to a mainstage OK pressure switch engine cutoff circuit. This mainstage
OK cutoff circuit will provide a cutoff signal to all five engines upon dropout of
the first engines pressure switches. Circuitry will be provided to ignore any
engine-out condition that occurs prior to arming of the cutoff system. The LOX
depletion ECO circuit will be armed continuously, and the existing switch selector

signal to arm that circuit will not be required.

Further studies will be conducted to determine the optimum cutoff system for
maximum stage reliability and payload. The use of an idle mode burn phase after
mainstage cutoff offers the possibility of reducing the propellant and ullage gas
residuals by as much as 8000 pounds and increasing LOR escape payload by

approximately 1500 pounds, but further system complications, such as unbalanced
thrust will reduce this value. A total system review will therefore be initiated at

program implementation.

10.2.2.3.2 LEO Mission

aD Engine Cutoff System. The LEO mission will require three normal cutoff
commands as compared to the single command at LOX exhaustion on the LOR

mission. A mainstage cutoff command will be issued by the IU when the vehicle
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b.

e.

reaches a predetermined velocity, which will result in the engines' continuing
operation in the idle mode. An all-engines cutoff command will be impressed
upon the engines a specified number of seconds later, which will terminate idle

mode operation and put the vehicle in a coasting condition. Following completion
of the orbital circulization maneuver, accomplished by restart of the J-2S
cluster to idle mode, an all-engine cutoff command will be issued by the IU.

A backup mainstage engine cutoff capability will be provided by retention of the
present depletion cutoff systems. The present (S-II-3) system will be retained

as is, except that the five LOX low-level sensors will be raised from the sump
area at Station 157 to the top of the cruciform baffle at Station 170 to ensure that
adequate LOX remains to permit execution of the second idle mode burn for an
orbital circulization maneuver. For the same reason, the LH2 low-level sensors
will be raised from their present location at Station 369 to Station 410. This
backup cutoff circuit will only be able to command mainstage cutoff, and therefore
will not affect idle mode operation.

Upon receipt of a mainstage cutoff command from either source (IU or propellant
depletion sensors), the stage circuitry will lock out the capability to close the
prevalves. A failure assessment associated with this action and time period
indicates no catastrophic failure modes. Further studies associated with pro-
pellant conditions in the feed ducts during the coast and restart time periods may
alter this lockout capability.

Depletion Cutoff Sensor Relocation. Figure 10.2-63 depicts the new location
requirements for the LOX tank low-level sensors (XB170). The five sensors will

be mounted on the cruciform baffle webs which lie on the four outboard engine
center lines. Each sensor will be bolted to a machined pad which, in turn, will

rivet to the cruciform web. The existing wire harness assembly for the sensors
will have to be lengthened due to the 13-inch forward movement (XB170 - XB157 =
13 inches). The existing sensor-mounting pedestal will be deleted.

Figure 10.2-64 represents a typical sensor mounting pad.

Figure 10.2-65 shows the new location of the LH 2 tank low-level sensors at
Station XB410 (was XB369 ). The access cover plate and mounting flange have
been raised accordingly.

Propellant Residuals for Second Burn. Due to the very low propellant flowrates
in idle mode operation, it is estimated that the LOX residual weight trapped in
the tank and sump will be reduced to approximately 1000 pounds (despite lower
g forces) at the start of gas ingestion at the engine. The weight of fuel trapped
in the LH 2 tank at the start of gas ingestion is estimated to be 1200 pounds,
allowing for thrust misalignment. Studies will be conducted to verify that any

gas ingestion and resulting thrust unbalance can be tolerated by the flight control
and reaction control systems. The potential increase in payload from burning
all available liquid and part of the ullage gases may be as great at 4000 pounds.

During second burn idle mode, considerable uncertainty exists concerning the
engine mixture ratio, because it is quite sensitive to ullage pressures. To

accommodate an assumed mixture ratio of 1.45 +01"35, a second burn mixture
ratio shift (MRS) allowance of 1830 pounds LOX anti'f690 pound LH 2 is provided.
This is over and above the mainstage flight performance reserve.
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Figure I0. 2-63. J-2S LOX Tank Low Level Sensor Locations

10-97



SPACE DIVISION ov NORTH AMERICAN ROCKWELL CORPORA FiC :

D5-15772-2

A

L
A

X B 165

CRUCIFORM WEB

I

SECTION A-A

(SENSOR OMITTED)

Figure i0. 2-64. LOX Depletion Sensor Fitting
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A listof the propellant items which comprise the nominal propellant masses at

mainstage cutoff ispresented below:

Itemization of Propellant Mass at Mainstage Cutoff
(Tanks and Sump Only)

Item

Mainstage Flight Performance
Reserve (FPR)

First Burn Idle Mode

Consumption

PU Bias

Boiloff in Coast

Nominal Second Burn

Consumption (1.45 EMR)

Second Burn Mixture Ratio
Shift Allowance

Geometry Trapped Residuals

Nominal Propellant Remaining
at MECO

LOX

(Pounds)

4755

619

m

100

7490

1830 (2.8 EMR)

1000

LH2
(Pounds)

1025

565

15,794

530

250

5160

1690 (0.85 EMR)

1200

10,420

The minimum propellant required at MECO to ensure circulization of the orbit
in second burn is obtained by subtracting the mainstage flight performance
reserve and PU bias from the nominal mass at MECO, yielding 11,039 pounds
LOX and 8,865 pounds LH 2. These minimum required masses dictated raising
of the depletion cutoff level to a minimum station (room temperature) of 168.0

in the LOX tank and 407.6 in the LH 2 tank. To allow adjustability about this
level by means of the ECO time delay modules, the ECO point sensors will be
installed somewhat higher at station 170 in the LOX tank and station 410 in the
LH2 tank.
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d. Anti-Slosh Baffles. Predicted vehicle acceleration and associated first mode

sloshing frequencies in the propellant tanks are presented below for three
significant times.

First Mode Lateral Slosh

Frequencies

Mission Phase

Main Thrust Just
Prior to MECO

a = 3.8g o

Idle Mode

a = 0.07g o

Propul sire
Vent Coast

a = 2 x 10-5g o

LH2 Tank
(cps)

0.23

O.034

LOX Tank

(cps)

0.38

0.054

0.0006 0.0009

Slosh

Amplitude

Magnification Factor

1.0

54

190,000

The possibility exists that MECO will occur when the mainstage slosh kinetic
energy is at its maximum (liquid surface is perpendicular to the tank axis). When
this energy is converted to potential energy at the lower acceleration values
which follow MECO, a higher peak slosh amplitude can result that is inversely
proportional to the ratio of acceleration. For example, a 1-inch maximum
amplitude sloshing prior to MECO could result in a 54-inch maximum wave
height in first idle mode burn, as indicated by the amplification factors presented
in the table above. For the coast period, the theoretical amplitude factor has a

value of 190,000. This indicates that even a small remaining slosh velocity at
first idle mode cutoff could carry the LOX to the forward part of the tank and

result in excessive boiloff from contact with the warm sidewalls or in collapse
of the tank pressure due to cooling of the ullage gas from contact with finely
divided LOX. To minimize the chance of large amplitude excursions in coast,
first idle mode cutoff is programmed to occur at 13.8 seconds after MECO,
which would catch the worst case residual slosh wave at or near its point of zero
velocity. This would also allow time for the damping action of the cruciform
baffles to dissipate much of the slosh energy.

For further slosh control, it is tentatively proposed that a retention baffle be
added at the LOX level expected at first idle mode cutoff. Such a baffle would
also help to prevent excursion of the LOX due to RCS attitude corrections and
maneuvers which might uncover the LOX sump before restart. This baffle,

shown on Figure 10.2-66 would consist of a 24-inch-wide conical ring perpendi-
cular to the tank wall and quarter immersed at MECO. During the design
implementation phase a study will be made of the feasibility of controlling
propellant sloshing through special restrictions on the operating cycle of the
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RCS system, thereby minimizing the need for the retention baffle. No retention

baffle is planned for the LH2 tank since the wall frames provide considerable
impedance to large amplitude liquid excursions. The GH2 propulsive vent
provides a vehicle acceleration of 2 x 10-5g during coast which is sufficient to
settle any liquid particles in 370 seconds on a free fall basis.

10.2.2.4 Pressurization System

10.2.2.4.1 LOR Mission

a. Functional Changes.

. LOX Tank Pressurant - Because the oxygen heat exchanger outlet pressure

is higher for the J-2S engine (1700 psia) than for the J-2 engine (1100 psia),
it is necessary to orifice the manifolded pressurant line upstream of the stage
regulator.

Consideration was made of orificing the outlet side of the heat exchangers
adjacent to the interface between the engines and the stage. This approach,
which held the maximum regulator inlet pressure to the present 1100 psi at
low flowrate, was discarded due to the excessively large pressure loss at

high pressurant flow rates which result i n starving of the pressurant system.

Analysis has shown that; with the higher temperature of the pressurant gas of
the GOX heat exchangers, the output of four heat exchangers is adequate to
meet all LOX tank pressurant requirements. The temperatures are 620 F
maximum out of the J-2S heat exchangers versus 440 F maximum out of the
J-2 engines. Therefore, to simplify the customer-connect panel to the center
engine, the pressurant line from that engine will be removed for the
J-2 S-equipped stage.

o LH 2 Tank Pressurant - The hydrogen pressurant tapoff pressure is also
higher for the J-2S engine than it is for the J-2 engine. Normally, the J-2S

is capable of an output of 1300 psia maximum and the J-2 maximum is 900 psia.
This means that the stage hydrogen pressurant lines will have to be orificed,
and the lines between the engine hydrogen tapoff and the orifice will have to
be requalified to the new pressure levels.

b. System Changes.

. Figure 10.2-67 illustrates the installation of the LOX and LH2 pressurization
manifolds for the J-2 and J-2S engines. The manifolds extend from the engine
connect panels to the LOX regulator and to the LH 2 tank pressurization line,
respectively. These manifolds are constructed of Inconel 719 and consist of

several sections, some of which contain gimbal joints to allow for expansion
and contraction due to temperature and structural motion. The manifold

systems are identical for both engines with the exception of the center engine
LOX manifold which is not required with the J-2S engines.
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Figure I0. 2-67. J-2 and J-2S Engine LOX and LH 2 Tank Pressurization Manifolds
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. Orifices will be installed upstream of the pressurant regulator to reduce the
higher pressure outputs of pressurant gas from the J-2S engine. The size
and location of the orifices will be determined following a total system

analysis. Figure 10.2-68 shows the pressurization system presently being
used on the S-II stage. The anticipated installation of orifices is also shown

for adaptation of the system to the J-2S engine.

. Table 10.2-VI is a listing of procured elements in the present pressurization
system and the effect on them of J-2S engine incorporation.

. Partial requalification of the entire pressurization inlet to regulator systems
is required for the higher tap-off pressure output of the J-2S engine.

. The prepressurization and venting systems will remain identical to the present
configurations.

C. System Analysis. The initial study ground rules defined an increase in the

mainstage fuel NPSH for the J-2S engine. The NPSH requirements for the J-2S
are shown in Figure 10.2-69. The analysis presented below was conducted on
this basis with the following conclusions:

. The present S-II LH 2 tank two-stage pressure level is sufficient to meet the

NPSH requirements of the 265,000-pound thrust J-2S engine.

o The present S-II LOX tank pressure level is sufficient to meet the NPSH

requirements of the 265,000-pound thrust J-2S engine.

Subsequently, the J-2S NPSH requirement was lowered to the existing J-2
requirement; a reinforced conclusion therefore can hence be drawn that current
tank pressure levels are adequate.

The factors that have the greatest influence on propellant tank pressure levels
are engine NPSH requirements, propellant temperature, propellant feedline
pressure losses, and fluid head at the pump inlet. In establishing tank pressure

levels, some ground rules and assumptions must be made regarding these
factors. For this study, the current S-II stage design criteria and assumptions
were used and are as follows:

Vent system back pressure

Initial bulk temperature corresponding
to vent system back pressure

Design heat loads

Temperature stratification

LOX Tank

15.5 psia

163.1 deg (R)

108,000 Btu

1.5 deg

LH 2 Tank

16.2 psia

37.1 deg (R)

209,000 Btu

1.9 deg
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Engine inlet temperature at cutoff

Vapor pressure at cutoff

Fluid head at cutoff (no engine
out - 4.7 EMR)

Propellant feedline pressure losses

(5.5 EMR LOX and 5.0 EMR LH 2)

LOX Tank

164.6 deg (R)

16.9 psia

5.6 psi

3.75 psi
(472 Ib/see)

LH2 Tank

39.0 deg (R)

21.65 psia

1.4 psi

2.2 psi
(85.6 lb/sec)

The conditions at cutoff are used in establishing tank pressure levels because
the conditions at cutoff are more severe.

The NPSH requirements and propellant flow rates for 265,000 pounds were
obtained from Rocketdyne document R-7211, J-2S Interface Criteria.

NPSH at 5.5 EMR

NPSH at 5.0 EMR

Engine flow rate at 5.5 EMR

Engine flow rate at 5.0 EMR

LOX

42.3 ft (20.8 psi)

31.9 ft (15.7 psi)

525 Ib/sec

450 Ib/sec

LH 2

216 ft(6.6 psi)

197 ft(6.02 psi)

95 Ib/sec

88 Ib/sec

It will be assumed that the flow rates given in the Rocketdyne document are
nominal and do not include tolerances due to engine-to-engine and pump-to-pump
variations. The flow rate tolerances for the J-2 engines are 5.5 percent for the

fuel and 4 percent for LOX. These tolerances plus the 3.0 pounds per second
stage pressurant requirements will also be assumed for the J-2S. Therefore,
the propellant feed line pressure losses are as follows:

EMR 5.0

LH 2 system delta P = 2.76

LOX system delta P = 3.75

EMR 5.5

delta P = 3.18

delta P = 5.07

The minimum required ullage pressure is determined by adding the NPSH
requirement to the vapor pressure of the fluid in the line and the feedline pressure
drop and then subtracting the fluid head from the total.

Table 10.2-VII lists these values for two engine mixture ratios: 5.0 and 5.5 for
both propellant tanks. Normal mixture ratio at cutoff will be 4.7, which will
result in a satisfactory margin in both tanks.

A one-engine-out mission was also investigated. The only effectof one-engine-out

is a 20 percent reduction in the fluidhead.
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Table 10.2-VII. Ullage Pressure Factors

LH 2 TANK

5.0 EMR at Cutoff 5.5 EMR at Cutoff

No Engine Out One Engine Out No Engine Out One Engine Out

NPSH

Vapor Pressure
at Cutoff

Propellant Feed-
line Losses

Fluid Head

Min required ullage

pressure

Min supplied
ullage pressure

Margin

*Factor of safety

6.02 psi

21.65 psia I

6.02 psi

21.65 psia

6.60 psi

21.65

6.60 psi

21.65

2.76 psi 2.76 psi

1.4 psi

29.03 psia

30.50 psi

1.47 psi

1.27

1.12 psi

29.31 psia

30.50 psia

1.19 psi

1.218

3.18

1.4

30.03 psia

30.50

0.47

1. 086

3.18

1.12

30.31 psi

30.50

0.19

1. 035

*Note: By definition,the factor of safety for the LH 2 tank is:

SF = Vapor Pressure at Cutoff - InitialBulk Vapor Pressure + Margin
Vapor Pressure at Cutoff - InitialBulk Vapor Pressure

LOX TANK

5.5 EMR at Cutoff 5.0 EMR at Cutoff

No Engine Out One Engine Out No Engine Out One Engine Out

NPSH

Vapor Pressure

Propellant Feed-
line Losses

Fluid Head

Min required ullage

pressure

20.8

16.9

5.07

5.6

37.17

20.8

16.9

5.07

4.48

38.29

15.7

16.9

3.75

5.6

30.75

15.7

16.9

3.75

4.48

31.87
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Table 10.2-VII. Ullage Pressure Factors (Cont)

LOX TANK

5.5 EMR at Cutoff 5.0 EMR at Cutoff

No Engine Out OneEngine Out No Engine Out OneEngine Out

Min Supplied
Ullage Pressure

Margin

Max Tank Pressure

36. O0

-1.17

42.00 psia

36.00

-2.29

42.00 psia

36.00

+5.25

42.00 psia

36.00

+4.13

42.00 psia

Figure 10.2-70 shows the various study missions altitude versus time pre-
dictions. The values in this table were used in determining the predicted ullage
pressure in the LH 2 tank during a launch. Figure 10.2-71 is a composite curve
showing the predicted ullage pressures that will be available during the S-IC
boost portion of the flight. Note that Figure 10.2-71 is based on the use of
existing components.

Since the specifiedtemperature of the LOX pressurant gas coming out of the heat

exchanger is higher for the J-2S than for the J-2 engine, an analysis was per-

formed to determine the effectthis warmer gas would have on the common

bulkhead aftfacing sheet. The primary consideration is the temperature on the

common bulkhead aft facing sheet exceeding the maximum structural design

limit. Figure 10.2-72 shows the result of this analysis. The predicted tempera-

ture for the common bulkhead aft facing is lower than the maximum structural

limit specified. Figure i0.2-73 shows the LOX heat exchanger performance

curve provided by Rocketdyne. This heat exchanger curve was used in the pre-

dictions for common bulkhead aftfacing sheet temperature.

10.2.2.4.2 LEO Mission

a. Coast Pressurization. Earlier studies of the S-IItank pressurization require-

ments for J-2S engine restart to the idlemode after 45 minutes of coast indicated

that no repressurization appeared needed for the hydrogen tank, but that repres-

surization appeared needed for the oxygen tank, based on an approximate heat

balance method and use of Computer Program 6N-992. Ifthe hydrogen ullage

gas is vented to supply a propellant settlingthrust, the additional pressure loss

must be allowed for. Therefore, additional analysis was conducted, including

runs with Program 7N-992 with improved heat load inputs.

Figure 10.2-74 shows the engine inlet oxidizer and fuel pressures required for
J-2S operation in the idle mode and results of the 7N-992 study plotted at points
A, B, and C. Since the large propellant supply lines are designed for mainstage
engine operation, a negligible pressure drop exists for the low flow rates

required during idle mode operation. Since the propellant acceleration heads
are also negligible during the near zero-G coast period, the required engine inlet
pressures may be assumed the same as ullage gas pressures in each tank.
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At the termination of S-II stage boost thrust (which includes a period of idle mode
operation to reduce cutoff slosh disturbances), the initial conditions for the
45-minute coast period are estimated to be as shown in Table 10.2-VIII.

Location of the various heat inputs is shown in Figure 10.2-75 with resulting
pressure-time curves from the existing tank pressurization program 6N-992
shown in Figure 10.2-76.

Points A in Figure 10.2-76 show the starting pressures (at mainstage cutoff) of
34 and 32 psia for the LOX and LH 2 tank ullage gases respectively. After coasting
for 2700 seconds (45 minutes), the computer program results show the oxygen
pressure has dropped to 33 psia (point B') with 3.6 pounds of helium gas makeup

added, and to 32.5 psia (point B extrapolated) with no helium makeup. Similarly,
the hydrogen ullage gas pressure apparently remained constant, due to the larger
heat input (point B'), but because the vehicle will be constantly venting hydrogen
gas for the low-g thrust, the pressure actually drops to point B at restart time.

The computer program results show both pressures drop further during the J-2S
engine firing time; the oxygen to about 32 psia (point C) and the hydrogen to 28.5
psia (also point C). The pressures at points A, B, and C are plotted in
Figure 10.2-74 to show the shift during coast and firing times.

The principal effect of the pressure change is to locate the oxidizer/fuel mixture
ratio at about 1.45 in Figure 10.2-74 with the corresponding thrust level averaging
about 4400 pounds. The tanked quantities in Table 10.2-VIII reflect this mixture
ratio for the 11,000 pounds of propellant needed for circularization, together
with typical residuals.

Based on the analysis described above, restart capability of the J-2S engines
in the idle mode will exist after a 45-minute coast period without the necessity
of repressurization of either the LH 2 or the LOX tank, assuming a low-G settling
thrust is provided.

It is also concluded that the hydrogen ullage gas may be used as propellant for
the propellant settling requirements.

An additional study was conducted to extend the coast period from the previous
45 minutes to 2 hours. In addition, the tank pressurization computer program
7N-992 was used with and without heat transfer to the ullage gas for both the
LH 2 and LOX tanks. Hydrogen ullage gas again was used to provide the required
low-g settling thrust during coast, but this time with the correct vent area to
eliminate superimposing the result of a separate calculation of its effect on the
remaining ullage gas pressure.

Figure 10.2-77 shows the available ullage gas feed pressure plotted on the
Rocketdyne diagram for the required J-2S engine feed pressures. The two cases
considered were:

Without heat transfer to the ullage gas, comprising the most severe (and
conservative) condition

With heat transfer to the ullage gas
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Table 10.2-VIII. Tank Conditions, LEO Mission

Parameter MECO Restart End

Time, seconds 0 2,700 2,837

LH2 Tank

Ullage gas pressure, psia
Average gas temperature, degR
Volume of gas, ft3
LH2 Propellant (including residuals), lb
Ullage gasweight (including 20 lb helium), lb
LH2 temperature, deg R
GH2 ventedfor thrust, lb

32.0
159
35,500
8,000
1,340
38.5
0

30.0
139
35,600
7,600
1,440
39.5
150

28.5
131
36,600
3,100
1,450
41.0
151

LOX Tank

Ullage gas pressure, psia
Average gas temp_erature,degR
Volume of gas, ft _
LOX propellant, including residuals, lb
Ullage gasweight, (including 80 lb helium), lb
LOX temperature, deg R

34.0

310

12,350

11,000

3,490
165

32.5
288

12,350
10,900
3,590
167

32.0
285

12,450
4,400
3,600
169

Engine Performance

Number of engines

Thrust, each engine, Ib

Specific impulse (vac), see

Mixture ratio, by weight

2

7
125
0

5

4,500
28O
1.3

5

4,300
28O
1.6

Assumed Heat Inputs, Btu/hr

To LH 2 through LOX bulkhead

To LH 2 through wall
To LH2 through boattail
To LH 2 tank sidewall

To LOX and GOX through aft bulkhead

10,000
22,000
42,000

104,000
6,000
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In each case, a total hydrogen ullage gas vent area of 0.16-square-inches was
provided during the entire coast period to supply an initial 2 x 10-5g o acceleration
for propellant control at 32-psia ullage pressure and 0. 057 pound per second

flowrate. After 45-minute and 2-hour coast periods, this acceleration reduces
to 1.7 x 10 .5 and 1.4 x 10 -5, respectively, which are still ample compared to

4 x 10 -6 go required to maintain settled propellants.

No changes were made in the estimated tank conditions at mainstage cutoff, J-2S
restart, and end of firing from those shown in Table 10.2-VIII.

Table 10.2-IX lists the available hydrogen and oxygen tank ullage feed pressure,
and related engine thrust and oxidizer/fuel mixture ratio data consistent with the

engine performance curves of Figure 10.2-77.

Table 10.2-X shows the final computer program printout data for ullage
gas/pressures, weights, evaporation rates, total evaporation, vent rate and
total weight vented, for time, 0, 2700, 5000, 2700, and 7370 seconds, with and
without heat transfer to the ullage gas.

The analysis indicates that the ullage pressure will be sufficient for restart of
the J-2S engines after either 45 minutes or 2 hours of coasting when heat transfer
to the ullage gas is considered.

Table 10.2-IX. Tank Pressures, Thrust and Mixture Ratio Versus Time

(LEO Mission)

Location

Symbol

(Figure 10.2-74)

A
B
C

D
E

F
G

H
I

Time

(Seconds)

0
2700
2845
7200
7360

2700
2848
7200
7373

Tank Ullage
Pressure,

psia

LH 2 LOX

32.0 34.0
27.9 32.8
26.5* 32.3
25.5 30.9
24.1 30.4

27.4 31.5
26.0* 31.0
22.4 29.0*
21.0 28.5*

*Extrapolated from program printout data

Total
Thrust

(Ib)

7
4306
4106
3905
3705

4206
4006
3555
3505

Mixture
Ratio

O/F(wt)

(GH 2)
1.8

2.2

2.3

2.7

1.8

2.1
3.2
4.0

Remarks

Case (1) with
heat transfer

to gas

Case (2)
without heat

transfer to gas
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Table 10.2-X. Tank(s) Parameters/Conditions Versus Time
LEO Mission

LH2 TANK

Time, Sec-------- 0 2700 5000 7200 7370 Remarks

Run No.

0541-61

0541-63

0541-61

0541-63

0541-61

0541-63

0541-61

0541-63

0541-61

0541-63

0541-61

0541-63

Para-
meters

PU

psia

WG
Ibs

WDOTE
Ib/see

WE
Ibs

MDOTV
Ib/sec

WV
Ibs

32.0

32.0

1133
1133

0.116

0.116

0.056

0.056

0

0

27.4
27.9

1222
1223

0.067
0.068

229
230

0. 048
0. O48

140
140

24.6
26.2

1256
1258

0.0546

0.0555

367
370

0.0434
0.0436

245
245

22.4
25.5

1276
1279

0.0477
0.0490

479
483

0.0399
0.0412

336
337

21.1

24.1

1275
1278

0. 0144
0. 0140

484
489

0.0380
0.0392

343
344

LOX TANK

0541-62

0541-51

0541-62

0541-51

0541-62

0541-51

PU

psia

W
lbs

WE
lbs

34.0
34.0

5081

5154

5080

5155"
5O78

-2.9

5090

-4.2

(4 oo)x

*Extrapolated; program "escort" error needs debugging.

Without A Hg
With AHg

Without AHg
With AHg

Without AHg
With AHg

Without AHg
With AHg

Without AHg
With &Hg

WithoutA Hg
With AHg

Without A Hg
With AHg

Without AHg
With AHg

Without A Hg
With & Hg
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b.

Assuming that LH2 tank vent valve actuation could be detrimental to the mission,

two methods of preventing this occurrence were considered. A second assumption
was that heat rates to the hydrogen propellant may be high enough to cause this
pressure increase. The methods considered were vent valve lock-up and elimination
of step pressurization. Elimination of step pressurization was selected because
of its simplicity compared to the hardware and controls for locking of the vent

valve. Without step pressurization, the final LH 2 tank pressure will be approxi-
mately 3 psi less than shown on Figure 10.2-77 points C and E, which remains
within the performance limits when heat transfer to the tank exists.

Propellant Settling Thrust System (Balanced Vent). To maintain propellants at the

tank outlets during the coast period and at idle mode restart, a settling thrust
system will be added to the stage. The analysis of Figure 10.2-77 utilized a
vehicle acceleration to local gravity (a/go) ratio of 2 x 10 -5 to provide this pro-

pellant orientation. With an assumed vehicle weight of 350,000 pounds, the
required thrust is:

It
F = --W = 7.01bf

g

or 3.5 pounds each for two axially directed balanced nozzles.

A thermal analysis has been conducted of the LH 2 tank during the proposed
flight profile and the results show that the LH2 ullage may be used as a gas
source to provide the settling thrust. Assuming isentropic expansion from an
average ullage gas temperature of 149 R to the solid hydrogen temperature of
25 R, the nozzle efficiency

= 1-Te/T c = 0.832

and the thrust coefficient is

CF =

= 0.97xl.62 x.832

= 1.43

making the throat area of each nozzle

At = F/C F Pc = 3.5/1.43x3129

= 0. 079 in 2

with a throat diameter of 0.32 inch. The area expansion ratio corresponding to
the temperature ratio is approximately 5 to 1 resulting in an exit diameter of
0.72 inch. Figlre 10.2-78 illustrates the nozzle configuration.
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X B 894.0

X B 890.0

VENT NOZZLE
THROAT DIAMETER 0.32-1N.
EXIT DIAMETER 0.72-1N

\
/

75 IN.

STRINGER

Figure 10. 2-78. Balanced Vent Thrust Nozzle Configuration
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The flowrate required to provide necessary thrust using an estimated specific
impulse of 125 seconds is 2 x 3.5/125,, or 0. 056 pounds per second. Total vented

hydrogen in 2700 seconds is then about 150 pounds. (Net increase of gas mass at

restart with about 250 pounds evaporated LH 2 is thus 100 pounds. ) A computation
of the expansion of remaining ullage gas to replace the lost volume indicates a
total pressure drop of about 2 psi as shown at point B on Figure 10.2-74.

The propellant settling thrust system is shown schematically in Figure 10.2-79.

The system consists of two parallel mounted normally closed solenoid valves,
instrumentation ports, two nozzles mounted on the stage external skin, inter-
connecting tubing and fittings, and a purge system including two check valves.

Figures 10.2-80 and 10.2-81 show the proposed LH 2 Tank propellant settling
thrust system installation. The system consists of two normally-closed solenoid
valves mounted on the forward skirt at XB884 and 27 degrees 15 minutes clockwise
from position IV, and two diametrically opposed exhaust nozzles mounted on the
forward skirt 0 degrees 30 minutes counterclockwise from position I and III at
XB890. The nozzles will be connected to the valves through a series of 1-inch
diameter tubes. A 1.50-inch diameter supply line including flex hoses to com-
pensate for the forward bulkhead thermal excursions connects the valves to the
forward bulkhead at an unused electrical port located at XB935.18, RBHDll0.47
and 0 = 260 degrees 45 minutes.

A helium purge line is connected from a tee in the existing LH 2 tank vent valve
actuation system to each side of the solenoid valves. This arrangement will pro-
vide purging both upstream and downstream of the valves to eliminate hazardous
conditions during ground operations. The following configurations were also
studied:

lo A thrust system consisting of the two diametrically opposed valves mounted
on the forward bulkhead and connected to the exhaust nozzles with flex hoses
was examined and discarded as one valve failure would create an unbalanced

vent system.

. A third thrust system was investigated which consisted of two valves mounted
on the forward bulkhead manhole cover and two diametrically opposed exhaust
nozzles mounted on the forward skirt. The nozzles are connected to the valve

through a series of 1-inch diameter tubing mounted on the forward bulkhead.
This system was eliminated because it required breaking into the thrust system
to remove the manhole cover, produced a colder environment for the valves,
and exceeded the S-II forward ICD line of constraint.

10.2.2.5 Valve Actuation System

10.2.2.5.1 LOR Mission

a. Functional Changes. With removal of the recirculation systems, the inflight
valve actuation system function is reduced to that of prevalve actuation at engine
cutoff. Those portions of the system required to provide actuation pressure to
the recirculation system valves will be deleted.
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PURGE LINE FROM

LH 2 TANKVENT VALVE

ACTUATION SYSTEM x_

_,[1

EXHAUSTNOZZLE

,.,,CHECKVALV_ __,ORIFICE

TEE TO HAVE PROVISIONS
FOR TEMPERATURE AND
PRESSURE MEASUREMENTS

SHUTOFF VALVE

.._--"_FLEX HOSE

Figure 10. 2-79. Propellant Settling Thrust (Balanced Vent) System (Schematic)
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XB 866_
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X B 822_

MOLDLINE SKIN

Figure I0. 2-81. Propellant Settling Thrust System (Elevation View
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b. System Description. A schematic of the revised prevalve actuation system is
shown in Figure 10.2-82. The new system will utilize the existing 1.5 cubic foot
helium bottle. However, the system will only be pressurized to 725 + 25 psig so
that the pressure regulator will not be required. The bleed solenoid_md one

relief valve will be retained. The helium injection system disconnect will be
utilized instead of the original valve actuation system disconnect because it is

located close to the system components and allows for a cleaner system package.
A pressure transducer (DXXXX) is added for static firing evaluation purposes.

Figure 10.2-83 illustrates the routing of the prevalve actuation system for use
with the J-2S engine. The actuation lines extend from stage umbilical panel 3A
(A7736) to the helium storage bottle located at Fin B, then to the LOX prevalve
solenoids located at XB 112 and LH2 prevalve solenoids at XB 167, and finally
from the respective solenoids to the LOX prevalves on the LOX sump and to the
LH2 prevalves in the LH 2 feedlines at XB 315. The lines are constructed of CRES
tubing per MB0160-007 and are connected together with B-nut type fittings. No
requalification of components will be required.

The GSE $7-41 servicing console helium supply pressure to the stage valve

actuation system shall be changed from 3000 + 250/-0 psig to 725 + 25 psig.

Figure 10.2-84 illustrates the original valve actuation system. The following list
of components are deleted.

Schematic
Number

1)45

1)47

P51

P53

1)66

1)67

NR Specification

ME273-0013-0014

ME273-0013-0005

ME2 84-0158-0003

ME2 84-0159-0002

ME2 84-0159-0001

ME2 84-0270-0001

ME284-0294-0001

Description

Recirculation System Helium
Fill Disconnect

Ground Half of 1)45

Recirculation System Actuation
Regulator

LOX Return Line Solenoid Valve

LH 2 Recirculation Pump Valve
and Return Line Valve Solenoid
Valve

LOX Recirculation Actuation
Relief Valve

LH 2 Recirculation Actuation
Relief Valve Test Connect

Number

Required
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FRAME AT X B 167.50
LH2 PREVALVE SOLENOIDS

AND ACTUATION

PRESSURE MANIFOLD

FRAME AT X B 112.00 LOX
PREVALVE SOLENOIDS

AND ACTUATION PRESSURE

FIN C (ENGINE 3)
\

PURGE TO MAST

ANNULAR SPACE
PRESSURE AND

TEMPERATURE

PORT FITTING

OVERBOARD

DUMP WITH
DIFFUSER

/ FIN B (ENGINE 2)

POSITION I

(ENGINE FIVE

I

I
(FIVE PLACES)

LOX SUMP

(ENGINE 5)

POSIilON II

P76

UMBIL

/

. F4 (FIVE PLACES)

/

FIN D (ENGINE 4)

FI7(FIVE

P55 ME284-0074-0002 CHECK VALVE

P65 ME284-0270-0001 RELIEF VALVE

P76 ME144-0010-0011 DISCONNECT

P99 ME284-0159-0003 BLEED SOLENOID

P102 ME282-0010-0002 HELIUM RECEIVER
P48 ME282-0036-0002 SURGE CHAMBER

(LOX SYSTEM)

VIEW AFT

POS I

FIN A (ENGINE1)

F 16(FIVE PLACES)

P56 ME284-0074-0002 CHECK VALVE

F16 ME284-0356-0001 LOX

PREVAL'/E SOLENOIDS

F17 ME248-0356-0001 LH 2
PREVALVE SOLENOIDS

F3 LOX PREVALVE

F4 LH 2 PREVALV E
P69 ME 282-0036-0002 SURGE

Figure 10. ?-83. Engine Valve Actuation System (Aft View)
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Schematic
Number

P68

P72

P94

P105

NR Specification

ME284-0294-0001

ME144-0010-0012

ME144-0010-0001

ME2 84- 0294- 0001

ME284-0353-0001

Description

LOX Recirculation Actuation
Relief Valve Test Connect

Recirculation System Emergency

Actuate Disconnect (LH 2)

Ground Half of P73

Recirculation System

Emergency Actuate Connect

Emergency Actuate Check Valve

Number

Required

1

1

1

Co Analysis of Change. The following table shows a comparison of the valve
actuation system requirements between the J-2 and J-2S systems:

Stored Gas Capacity

Regulated Pressure

Prevalves

11 Recirculation Valves

Emergency Actuation

Prevalve Surge Chambers

J-2

1-1/2 cubic feet at

3000 psig

675 - 750 psig

Actuate 10
Valves at ECO

Actuate 5
Fuel Prevalves at
Recircu!ation STOP

Hold Closed from
S-II Start to S-II ECO

6 LH 2 Recirculation
Valves

2 at 750 psig

J-2S

1-1/2 cubic feet at

725 psig

None

Actuate 10
Valves at ECO

None

None

None

2 at 725 psig

With the removal of the recirculation valves from the stage, the valve actuation
system is greatly simplified. The prevalve design is a normally open valve that
requires pressure only in the closed position. The emergency actuation system

functioned only to operate the LH 2 recirculation valves. With the removal of all
recirculation valves, the emergency actuation system is no longer required.
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Analysis determined that the stored pressure could be reduced to 725 + 25 psig.
The prime factors considered were the reduced requirement for stored energy
due to the improved prevalves, the removal of 11 recirculation valves that

required actuation pressure throughout the flight, and the requirement to actuate

the fuel prevalve in flight.

10.2.2.6 Flight Control System

10.2.2.6.1 LOR Mission

a. Engine Actuation System. The nominal drive speed of the engine-driven hydraulic
pump as governed by the LOX turbopump will be increased from the present
8,000 rpm to a value of 10,200 rpm. Consistent with the increased speed, and
unchanged hydraulic flow requirements, the pump hanger ("wobble plate") angular
travel limit will be changed to limit the flow to the existing 8-gpm requirement
at the new rated speed. Because the reduced angular travel will produce less
radial displacement of the piston shoes relative to their hold-down plate, the
diameter of the piston shoe cutouts in the plate will be reduced accordingly. This
will provide greater bearing area in an axial thrust direction between the piston
shoe flanges and the hold-down plate to cope with the increased, speed-induced,
load.

Two revised pumps will be subjected to the following qualification tests at the new
speed condition s:

1. Fluid immersion

2. Calibration

3. Endurance

4. Heat rejection

Early studies, based on a J-2S configuration employing a 27.5-to-1 chamber,
indicated that an interference would exist between the main hydraulic pump and
the thrust chamber. The current J-2S with a 40-to-1 chamber will eliminate the

major interference, but, it may be necessary to rotate the case bypass solenoid
valve to eliminate a potential minor interference of the connecting wire harness
with the engine.

The only other changes required to adapt to the J-2S would be minor revisions
to hydraulic hose routing due to differences in the hose bracket attach provisions
between the J-2 and J-2S engines.

The actuator phase lag during static firing is expected to be slightly higher than
with present J-2 engines. It is, therefore, probable that the existing static firing
phase lag requirements will have to be relaxed and/or the supplier's phase lag
acceptance test requirements tightened. Characteristics during flight are not
affected and are satisfactory.
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The existing actuator and existing operating pressure produce a maximum stall
force of 48,000 pounds. This is below the 52,000 poundsspecified in the J-2S
Interface Criteria, documentR-7211, which is assumedto be the engine limitation
and not a design load for the actuator.

10.2.2.6.2 LEO Mission

a. Engine Actuation System Modifications. The LOX turbopump, which drives the

main hydraulic pump, does not rotate when the J-2S is operating in the idle mode.
Therefore, because the engines must be gimbaled during the idle mode operation,
the hydraulic power for gimbaling must come from an auxiliary motor pump (AMP).
The present S-II stage employs an ac-powered AMP in each of the four hydraulic
systems. The AMP is used only on the ground for system checkout, and for
prestatic firing and prelaunch preparations. Use of the ac-powered AMP in flight
would require addition of batteries, a 3-phase 400 Hz inverter/transformer and
possible modifications to the motor to cope with the near-vacuum environment in

flight. To avoid the development effort required to adapt the present ac system,
it is proposed that the existing AMP be replaced with a modified S-IVB dc-powered
AMP.

In the S-IVB application, all of the inlet fluid to the AMP is taken from the case
of the main pump and an inlet filter is provided to prevent the AMP from ingesting
wear particles from the main pump. Also, because of the filter, the casedrain
flow from the AMP is ducted back to the upstream side of the filter and recircu-
lated within the AMP package. In the S-II application, the AMP inlet will be taken
from the prefiltered fluid in the system reservoir and will not require additional
filtration. Therefore, because the AMP filter is not required and is, in fact,

detrimental in that the S-II reservoir pressure may be insufficient to overcome
the filter pressure drop, the filter will be deleted. In addition, a relief valve

and differential pressure indicator, paralleling the filter and a quick-disconnect
fitting (used for ground servicing on the S-IVB) will be deleted. Elimination of
the filter will require that a case drain connection be added to the AMP so that

the case drain can be routed back to a point upstream of the existing system
return filter.

Figure 10.2-85 shows the installation of the existing accumulator reservoir
manifold assembly (ARMA), the AMP, the ARMA/AMP mounting panel and
adjacent equipment and structure. Figure 10.2-86 shows the same installation
with the new S-IVB type AMP and the revised ARMA/AMP mounting panel. The
line routing between the existing AMP and the ARMA, and that of the new AMP
and existing ARMA, are shown schematically in Figures 10.2-87 and 10.2-88,
respectively.

Electrical power for the four AMP's will be supplied from two 56-volt batteries.
Each battery will power the systems on diametrically opposed engines so that if
one power supply fails, the thrust vector control symmetry will be retained.
Additional discussion of the electrical power system is contained below.
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D.C. MOTOR/I.5 GPM PUMP

AUXILIARY MOTOR PUMP

A

ELECTRICAL PACKAGES

ARMA PACKAGE

PANEL

J-2S ENGINE J BOX

ACCUMUIATOR, RESERVOIR,

MANIFOLD ASSY

B_ FITTINGS (RIGID LINES

ON ARMA PKG SIDE, FLEX LINES

OUTSIDE ARMA PKG) TYPICAL FOR

J-2 AND J-2S

/

ENG

SERVOACTUATOR

MANIFOLDED FLEX HOSE

ASSY' S

VIEW A-A

Figure i0. 2-86. J-2S/S-IIARMA and AMP Location, LEO Mission
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b.

A positive pressure must be maintained in the AMP motor to minimize brush/
commutator arcing and to serve as a medium for transferring heat to the outside

shell and to the hydraulic fluid where it can be rejected by radiation. Development
tests suggest that the motor commutator and brush surfaces rely on an oxide film
for lubrication. Air was therefore determined to be the best pressurizing
medium.

To maintain the required ambient within the motor, two 525-cubic-inch
receivers precharged to a nominal pressure of 470 psig will be utilized. Each
receiver will support diagonally opposed systems in a manner similar to the
electrical power system distribution described above.

Operation of the engine actuation system from liftoff through S-II boost will be
the same as presently employed. The accumulator will be locked-up at termina-
tion of the idle-mode following the main stage cutoff. At this time, it is predicted
that the accumulators will have discharged approximately 70 cubic inches each
through gimbaling and valve leakage, and will have approximately 45 cubic inches
remaining.

The systems will remain dormant during the subsequent coast until approximately
3 minutes prior to idle mode start. At this time the AMP's will be started and
the accumulators unlocked in preparation for gimbaling control during idle burn.

The pumps will recharge the accumulator oil volumes in approximately 34 seconds,
thus assuring full accumulator energy at engine start.

The peak demand will occur at initiation of thrust vector control. At this time,
there could be residual 2.5-degree engine position error. This will cause a net
accumulator depletion of only 8 cubic inches even if the position error exists in

both pitch and yaw.

Subsequent to this transient the expected gimbaling plus servovalve leakage will
require an average flow of 1.2 gpm, which is 0.5 to 0.6 gpm less than the AMP
capability.

If coast periods in excess of one hour are anticipated, it is likely that the AMP's
would have to be started periodically to maintain satisfactory fluid temperatures.

The temperature of the gas in the LOX turbopump exhaust hood at engine cutoff
is estimated to be 675 F for the J-2, and 730 F for the J-2S. This indicates that

the temperatures within the hydraulic pump will be slightly higher after cutoff of
the J-2S engine than those presently experienced with the J-2 installation. The
highest temperatures of interest will be those of the O-rings in the shaft seal.
However, the expected temperatures will be less than the maximum allowable

for the "Viton" material employed.

EAS Auxiliary Air System. During restart idle mode operation of the J-2S engines,
vehicle attitude will be maintained by gimbaling the J-2S engines for thrust vector
control. Hydraulic power for this gimbaling must be provided by an auxiliary
hydraulic pump driven by a direct-current electric motor as during idle mode

operation the J-2S engines propellant pumps and therefore the main hydraulic
pump are not operated. The dc motor requires an air atmosphere around the
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brush-commutator to eliminate excessive sparking wear, and erosion of the
brushes during operation at altitude (vacuum).

The air requirement is for missile-clean dry air meeting the requirements of
MSFC specification 164 at a pressure of 470 + 45 psia. A storage capacity of
1050 cubic inches at this pressure and ambient temperature will satisfy all

requirements including the maximum anticipated leak rates.

To improve the system reliability, the auxiliary air system shall be provided as
two identical subsystems. Each subsystem shall supply two auxiliary hydraulic
systems that are diametrically opposite- one subsystem will operate in conjunc-
tion with Engines 1 and 3 and the other subsystem with Engines 2 and 4.

As an air source is not presently available on the S-II vehicle an additional

system must be incorporated into the S-II stage.

The auxiliary air system will consist of a single umbilical connection and two
subsystems of identical components including a reservoir (525 cubic inches),
relief valve, check valve, vent valve (solenoid), instrumentation fittings, inter-
connecting tubing, and fittings.

Figure 10.2-89 illustrates the routing of the air atmosphere system lines for the
J-2S engine auxiliary hydraulic pumps. The system lines extend from stage
umbilical panel 3A to the two air storage reservoirs located inside the thrust

cone above X B 139.75 frame adjacent to Position I and III and to the four auxiliary
hydraulic pumps located outside the thrust cone adjacent to the fins at X B 139.75.
The lines are constructed of CRES tubing per MIL-T-8808 and are connected
together with "B" nut type fittings.

The auxiliary hydraulic pump/motor package, as shown schematically in Figure

10.2-90 includes a connection to the air system, a relief valve, instrumentation
ports, and a regulator to reduce the stored 470 psia to 15 psig within the motor
compartment.

All components within the air system are presently available as qualified hardware
with the exception of the storage bottle relief valve, A partial qualification test
program of an existing valve at the new relief setting of 530 to 570 psig will be
required.

10.2.2.7 Environmental Control System

10.2.2.7.1 LOR Mission

a. ECCS and TCS. No hardware or procedural changes will be required for the
thermal control or engine compartment conditioning systems. The absence of
thrust chamber chilldown and the increased base heating associated with the J-2S
engines will result in boattail and thermal control container temperatures which
will be slightly higher than presently experienced, but within acceptable limits.
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Figure i0. 2-89. Air Atmosphere System Line Routing
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10.2.2.7.2 LEO Mission

a. Coast Requirements. An analysis of one forward and one aft thermal control
system container (each typical of the present design) showed that the internal
temperatures after a 50-minute coast period would be -27 and -26 F, respec-
tively. The typical minimum design temperature is 0 F.

A maximum heating condition, caused by base heating during S-II boost and solar
radiation during coast, was also considered for an aft system container. In this
case, the internal temperature was predicted to be 275 F. The upper limit for
most containers is 140 F.

Preliminary studies show that the present internal temperature limits can be
maintained on both forward and aft containers by use of 1-inch-thick cork
insulation on the internal surfaces of the cover and sides and a 1/2-inch-thick
cork on the internal surfaces of the ends and external surface of the base. This

study was based upon the use of cork with a specific weight of 30 pounds per cubic
foot. Additional studies will be required to optimize the insulation design and
minimize the weight penalties. If orbital coast periods in excess of 50 minutes

are to be considered, additional studies will be required. It is conceivable that
there is some duration of coast which would require an active environmental
control system.

10.2.2.8 Ullage Motors

The S-II stage equipped with J-2S engines does not require ullage motors; the four
ullage motors and their associated electrical controls and structural supports will
therefore be deleted.

The requirement for ullage motors on the J-2-equipped S-II stage was to ensure that
settled propellants are maintained during the time period from S-IC engine cutoff and
to provide a slight acceleration to assist in satisfying engine start NPSH requirements
through S-II engine start. Studies have shown that ullage motors are not required to
ensure that propellants remain settled for scheduled separation times. As the J-2S

engine can be started with zero NPSH conditions and does not require LOX pump
discharge propellants to be subcooled, the ullage motors will be deleted.

10.2.3 ELECTRICAL SYSTEM

This section describes changes to the S-II stage electrical system required for
incorporation of the J-2S engine. The electrical system includes the following
subsystems: electrical power, electrical control, instrumentation, and ordnance.

Both design changes and operational changes are described. The principal system
changes are the result of elimination of the LH 2 recirculation system, elimination
of the ullage motors, and addition of the reaction control system for the LEO mission.

10.2.3.1 Electrical Power System

The electrical power system elements of concern include the recirculation batteries,
main battery, instrumentation battery recirculation system inverters, and the asso-
ciated switches and buses.
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10.2.3.1.1 Design Changes

al LOR Mission. The stage electrical power system for the LOR mission is shown
on Figure 10.2-91 with deletions indicated for the recirculation batteries and

inverters. Ignition power is shown provided by the main battery instead of by
the recirculation system batteries.

An estimated main bus load profile based on the above deletions and on J-2S

engine requirements is shown in Figure 10.2-92.

. Engine System. Each of the five J-2S engines contains a solid propellant
turbine starter (SPTS) that is used in starting the engine. Each engine

contains two SPTS ordnance initiating chains, consisting of an ordnance
initiator device that is fired by a high energy pulse from an exploding bridge-
wire (EBW) firing unit. Both ordnance initiators are connected to the solid
propellant turbine starter. The main stage bus will provide power for each
engine including the ignition and SPTS devices. Dual pulse sensors are
installed on the engine to be used in place of the ordnance initiators for

checkout. The dual pulse sensors will be powered by the engine bus.

o Fuel Recirculation System. Because the fuel recirculation system is not
required for J-2S engines and will be deleted, the engine ignition load will
be added to the main bus and 15 components will be deleted from the electrical
power system as listed below. The telemetry and hardwire 28 vdc supplied
by the instrumentation bus for the five fuel recirculation pump valve position
indicator switches will also be deleted.

Components Deleted

Part Name

Inverter Assembly - Recirculation Pump

Recirculation Power Transfer Switch

Recirculation Batteries

Filter

Recirculation Power Distribution

Engine Ignition Power Distributor

Part Number

ME495-0006-0004

ME452-0026-0011

ME461-0015-0001

ME495-0006-0006

V7-540277

V7-540285

Number
Deleted

5

I

2

5

i

I

0 LOX Recirculation System. The LOX recirculation system is also not

required for J-2S engines and will be deleted. Therefore, three electrical
components taking power from the main bus will be deleted. The telemetry
and hardwire 28 vdc supplied by the instrumentation bus for the five LOX
recirculation return valve position indication switches will also be deleted.
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Separation System. The separation system EBW firing units 1A and 1B,
which are used for the ullage motors, will not be required because the ullage
motors will be deleted from the S-II stage. Therefore, the 28 vdc power

required to operate these EBW firing units will be deleted from the main and
instrumentation bus, and the 28-vdc power required to operate the associated

pulse sensors will be deleted from the main bus.

LEO Mission. The LOR mission requirements described previously will have

the following additional requirements for the LEO mission.

Engine System. The J-2S engine requirements for the LEO mission include
the capability to terminate mainstage operation and return to idle mode
operation prior to the 45-minute coast period. J-2S engine idle mode restart
and operation capability will be required at the end of the coast period to
complete the LEO mission. Since the main and instrumentation batteries
will be required to provide additional power necessary for the 45-minute
coast period, restart, and idle mode operation, new batteries will be
required for this mission. The battery selected for these applications will
have the following characteristics:

Voltage: 26 to 31 volts for load currents from 40 to

110 amperes and for a 0 to 105 F ambient

Capacity: 75 ampere-hours

Cells: 20 cells with selector for 19 cells

Size: 19 by 11 by 8.5 inches

Weight: 85 pounds (maximum)

The capacity requirement is based on a flight duration of approximately
1 hour, a main battery flight usage of 48 ampere-hours, and an instrumenta-

tion battery flight usage of 50 ampere-hours. The 75 ampere-hour design
requirement will provide a satisfactory margin for checkout and transfer
test usage. An estimated main bus current profile is shown in Figure 10.2-93.
The instrumentation bus current profile is estimated to be constant at approxi-

mately 50 amperes throughout flight.

The battery minimum voltage requirement is based on the minimum allowable
of 24 volts at all using equipment and a maximum of 2 volts drop from the
battery. The battery maximum voltage requirement is based on the maximum
allowable of 31 volts for J-2S engine control and ignition buses.

A ground-operated heater and a temperature transducer will be incorporated
inside each battery to maintain and verify proper operating temperature. The
battery case will be sealed, and the battery case and individual cells will be
provided with a relief valve and vents, respectively, which permit escape of
gas without loss of electrolyte in a gravity free, vacuum environment.
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The increase in size of the main and instrumentation batteries necessitates

a redesign of the 206A31 and 207 containers. The main battery will be

located within the redesigned 207 container and the instrumentation battery
will be relocated in the 206A31 container since the 207 container cannot

accommodate both batteries. Sketches of the revised 206A31 and 207 container

layouts are shown in Figures 10.2-94 and 10.2-95.

If the coast period is lengthened to 105 minutes, the 75 ampere-hour battery

described above could stillsupport the main bus power requirements ifthe

propellant utilizationsystem is switched offduring the coast period. This

would result in a main battery flightusage of 57 ampere-hours. The increased

coast period would result in an instrumentation battery flightusage of 100

ampere-hours. The 75 ampere-hour battery described above could be

modified to a capacity of 110 ampere-hours with no increase in size or

weight.

RCS. The reaction control system (RCS) provides vehicle attitude control

during the coast period and J-2S engine restart. There are two RCS systems
for each stage with mounting on opposite sides of the aft skirt area. The main
battery will provide power to energize 24 solenoids in each RCS unit. The
solenoids will be sequenced on and off intermittently to control the fuel and
oxidizer valves for the RCS attitude control engines. Each RCS unit will use
approximately 16 watt-hours of electrical power for maintaining stage attitude
control. The instrumentation battery will provide 28 vdc power for the RCS
flight measurements.

Flight Control System. The LEO mission requirements for J-2S engine restart
and idle mode operation at the end of the coast period will require a thrust
vector control system (TVC) for gimbaling the engines. The system must also
be capable of providing gimbaling during ground checkout and of maintaining
temperature control of the hydraulic fluid during the coast period. The main
hydraulic pump is inoperative during idle mode operation, so an auxiliary
motor pump (AMP) will be required to provide the hydraulic pressure necessary
to gimbal the engines. It is proposed that the existing ground powered AMP be
replaced by a modified S-IVB dc-powered AMP to provide these functions. A
schematic of the electrical power distribution for the thrust vector control
system is shown in Figure 10.2-96.

The 56-vdc power required by the TVC system will be provided by two battery
packages. Each battery package will consist of two 28-vdc batteries which have
the following characteristic s:

Voltage:

Capacity;

Cells:

Size:

Weight:

26.5 to 31 volts for load current from 110 to

170 amperes and for a 0 to 105 degree F
ambient. During motor start the voltage
will not exceed the limits of 18 to 33.5 volts

25 ampere-hours

21 cells with selector for 20 cells

16.5 by 10 by 8 inches

60 pounds (maximum)
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206A31

J

40 IN.

Figure i0. 2-94. Redesigned 206A31 Container
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APPROX 58 IN.

MAIN BATTERY

SWITCHES

3 j
APPROX

75 IN.

SEQUENCE

CONTROLLER

APPROX 40 IN.

Figure I0. 2-95. Redesigned 207 Container
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The capacity requirement is based on a flight usage of 12 ampere-hours and

a ground usage (checkout and transfer tests) of 6 ampere-hours. The
25 ampere-hour design requirement will provide a satisfactory margin for
mission variations. An estimated bus current profile which is typical of

either TVC bus 1 or 2 is shown in Figure 10.2-97.

The battery minimum steady state voltage requirement is based on a minimum
allowable of 51 volts at the motors and a maximum of 2 volts drop from the

battery. The battery minimum during motor start is based on S-IVB battery
specifications. The battery maximum steady state voltage requirement is
based on the maximum allowable voltage at the motors plus a minimum voltage
drop from the batteries of one volt.

A ground and flight-operated heater and a temperature transducer will be
incorporated inside each battery to maintain and verify proper operating
temperature. Stage networks will be planned to inhibit heater operation
during J-2S engine ignition. The battery case will be sealed, and the battery
case and individual cells will be provided with a relief valve and vents,

respectively, which permit escape of gas without loss of electrolyte in a
gravity-free, vacuum environment.

Power and control switching will require one additional ME452-0026-0011
power transfer switch to transfer the two TVC buses from ground power to
batteries and four motor start switches (MDD 1B32647) for motor start and
stop.

The TVC batteries, power transfer switch, and motor control switches will

be installed in a new container located on the thrust cone approximately 11

degrees from Position IV toward Position I (see Figure 10.2-:98). The location
chosen provides adequate space for the new container with a minimum of
redesign to the surrounding area. A sketch of the TVC container layout is
shown in Figure 10.2-99.

An alternate proposal to the S-IV dc AMP is the use of a flight ac power system
to supply the existing ground-powered AMP. An ac system would eliminate
problems with dc motor brush life and eliminate the requirement for a unique
air supply to pressurize the motor throughout ground and flight operation. The
ac system would require a special motor winding to match the output of the
inverter, but similar windings are already in use on the recirculation pump
motors. The inverter can be designed to incorporate a low frequency, low

voltage output during motor start to limit current in-rush without reducing
starting torque. However, implementation of the ac system would require
extensive development and qualification programs since there is no qualified,
off-the-shelf inverter of the above type available at present.

Fuel Tank Pressurization System. The LH 2 tank main vent valves will not

require electrical lockup during the coast period. The LH 2 step pressurization
switch selector Channel 7 command, used during mainstage operation, will not
be required later in the mission. A balanced LH 2 tank vent system will be
required during the coast period. With this system, the LH2 tank will be
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POS III
11°

ENG 3

ENG 2
X ENG 4

ENG 1

\

POS II POS I

Figure I0. 2-98. TVC Container Location
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vented through propulsive nozzles to maintain settled propellants and to
control tank pressure. The main bus will provide 28-vdc electrical power
to operate the balanced venting system.

10.2.3.1.2 Operational Changes

This section summarizes changes to the electrical power system checkout require-
ments associated with J-2S hardware changes.

ae LOR Mission. The electrical power system checkout requirements to incorporate
J-2S engine for the LOR mission will affect Specification MA0701-1034-111,
"Manual Checkout, Electrical Power System. " Deletion of the fuel recirculation

system will result in approximately a 25-percent revision to the above specifica-
tion and a 25-percent reduction in effort required to perform the checkout
operation.

b. LEO Mission. The electrical power system checkout requirements will affect
Specification MA0701-1034-111, "Manual Checkout, Electrical Power System,"
Addition of the TVC system results in approximately a 20-percent revision to
the above specification and a 20-percent increase in effort required to perform
the checkout operation.

10.2.3.2 Electrical Control System

i0.2.3.2, i Design Changes

This section contains the hardware changes to the electrical control system associated
with the J-2S engine incorporation. A brief description of the change, the change
rationale, and a list of the electrical control system components affected are included.

a. LOR Mission

. Engine System. The incorporation of the J-2S engines on the S-II stage
requires modification to the electrical control system, primarily to provide
stage electrical control for the new J-2S engine solid propellant turbine
starter (SPTS) system.

Required changes to the switch selector commands for the LOR mission are
as follows:

Deleted S-II Switch Selector Commands

LH 2 Recirculation Pumps Off

Ullage Trigger

Chil!down Valves Close

LOX Depletion Sensors Cutoff Arm
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New S-II Switch Selector Commands

Prevalves Close Arm Reset

All Engines Start No. 2

Mainstage Start No. I

Mainstage Start No. 2

Revised Title

All Engine Start No. i was Engines Start

The J-2S engine will require an engine ready bypass signal from the stage
prior to engine start. The stage will provide signals from engine ready
bypass buses 1 and 2 when commanded through the switch selector. One
additional relay will be required to incorporate this change. Figure 10.2-100
shows the circuitry required to mechanize these functions. These relays are
reset by the engine control reset bus and the S-II engine start enable bus.

J-2S engine start will also require an "all engine start No. 1" command
followed by an "all engine start No. 2" command from the switch selector.
Each command is capable of initiating engine start and two relays will be
required to implement these functions as depicted in schematic Figure
10.2-101. These engine start control relays are reset by the engine control
relay reset bus and the S-II engine start enable bus. The S-II engine start
enable bus is hot until S-IC separation during flight.

J-2S engine mainstage mode (followingengine start) will require "mainstage
start No. 1" command followed by "mainstage start No. 2" command from the
switch selector. Each command is capable of initiating mainstage operation.
Two relays are required to implement these functions. Figure 10.2-102
depicts the circuitry required to mechanize these functions. These relays
are reset by the engine control reset bus and the S-II engine start enable bus.

The inflight LOX depletion engine cutoff arm command will be provided by
a signal from two out of five sensors in the LOX tank without a switch

selector arm command. Five relays will be required to implement this
change as depicted by Figure 10.2-103. A hardwire LOX depletion arm
indication will be provided through an umbilical connector for ground checkout.

The normal engine cutoff at termination of the S-II boost period will be
accomplished by using the mainstage OK pressure switch dropout. The LOX
tank depletion (two out of five engine dry sensor signal, as previously

described) will be required to arm the engine cutoff circuitry (close relay
contacts Kv and Kw in Figure 10.2-103). Then the first engine with both
mainstage OK pressure switches to dropout will simultaneously cut off the
remaining engines.
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The one-engine-out capability during mainstage operation will be retained.

An additional feature is required in the case of an early engine-out to prevent
that engine from cutting off the remaining four engines at LOX exhaustion

cutoff arm (two out of five dry sensors). Figure 10.2-103 shows the necessary
circuitry to mechanize the new requirement. If Engine 1 terminates prema-

turely during mainstage operation, an internal engine cutoff signal will energize
relay K6-1 and initiate the 430 millisecond prevalve timer for Engine 1. Relay
K-137 contact will be in the closed position during this operation. Relay Kcc
will be energized by the run-out of the prevalve timer.

Relay contact Kv will remain open until LOX exhaustion ECO arm, preventing
Engine I from terminating the other engines early. Relay contact Kcc will be
opened by the Engine 1 prevalve timer run-out, preventing the other four
engines from being terminated by the 2-out-of-5 LOX dry sensor signal that
closes relay contacts Kv, Kw, Kx, Ky, and Kz. The remaining four engines
will continue to burn until LOX exhaustion produces an internal engine cutoff

signal. The signal will be transmitted to cut off the remaining three engines
before the prevalve timer, for that engine, can run out. The normal external

switch selector command and emergency engine cutoff circuitry remain
unchanged. Five relays will be required to implement this change.

The following stage harnesses in the 206 container area will be deleted:

206A7W12, 206W13, 206W210, 206W211, 206W212, 206W213, 206W214,
206W215, 206W419, 206W420, 206W421, and 206W423. In the 200 container

area the following wire harnesses will be deleted: 200W9, 200W10, 200W12,
200W14, 200W17, 200W19 and 200W23.

The additional electrical control relays are required to incorporate the J-2S
engine for the LOR mission because of the redundant idle mode start, redundant

mainstage start, mainstage operations, LOX exhaustion engine cutoff, and
redundant engine ready bypass functions.

Fuel Recirculation System. The fuel recirculation system is not required for
J-2S engine start and the effect on the electrical control system is to delete
functionally 10 relays as listed below. The relays which are no longer
required will be utilized to implement control of new J-2S engine functions.

Control Relays Functionally Deleted

Relay Type

II

III

IV

Part Number

ME455-0005-

ME455-0005-

ME455-0005-

Quantity
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LOX Recirculation System. The LOX recirculation system is not required for
the J-2S engine start and the effect on the electrical control system is to
delete functionally five relays as listed below. These spared relays will be
used to implement new functions for the J-2S engine control.

Control Relays Functionally Deleted

Relay

Type III

Part Number

ME455-005-

Quantity

Separation System. Separation system EBW firing units 1A and 1B, which

are used for the ullage motors, are not required because the ullage motors
will be deleted from the stage. This permits six components to be deleted
from the electrical control system as listed below.

Components Deleted

Part Name

Ullage EBW Firing Units
( Government-furni shed)

Ullage Pulse Sensors
(GFP)

Ullage Trigger Control
Relays

Part Number

40M39515-119

40M02852

ME455-0005-0010

Number Deleted

Electrical Interface Requirements. The list below defines connector, pin

and functions as modified to incorporate the J-2S engine for the LOR mission.

Aft Umbilical Connector No. 1 (206A8W2J1)

Pin
Letter

4
5
8

10
12
22
23
24
25
26
27
44
53
56

J-2S Functions

Spare
Spare
Command Engine
Spare
Command Engine
Command Engine
Command Engine
Command Engine
Command Engine

Ready Bypass Relays Isolation Test Return

Command Engine 5 Mainstage Cutoff No.
Measurement Engine Start Lockout Ind

Command LH 2 Prevalves Close
Command Engine 1 Mainstage Cutoff No.
Spare

Ready Bypass No. i Relays Isolation Test
Ready Bypass No. 2 Relays Isolation Test

2 Mainstage Cutoff No. 1
3 Mainstage Cutoff No. 1
4 Mainstage Cutoff No. 1

1
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Aft Umbilical Connector No. 2 (206ASW1J1)

Pin

Letter

6

7
11
19
21
30

32
36
38
42
47
51

57
59

J-2S Function

Spare
Spare
Spare

Spare

Command Mainstage Cutoff No. 1 Relay Isolation Test
Spare

Spare
Spare
Spare

Command Mainstage Cutoff No. 2 Relay Isolation Test
Spare
Spare
Spare
Spare

Aft Umbilical Connector No. 3 (206ASWlJ2)

Pin
Letter

8
23

J-2S Function

Spare
Spare

Aft Umbilical Connector No. 4 (206A8W3J1)

Pin
Letter

3
8

17
18
22
27
42
45
46
47

48
49
51
52
53

J-2S Function

Measurement
Measurement
Measurement
Measurement
Measurement
Measurement
Measurement
Measurement
Measurement
Measurement

Measurement
Measurement
Measurement
Measurement

Measurement

Engine
Engine
Engine
Engine

Engine
Engine
Engine
Engine
Engine
Engine

Engine
Engine
Engine
Engine
Engine

4 Mainstage OK Bypass Throttle Enable

3 Mainstage OK Bypass Throttle Enable

5 Mainstage OK Bypass Throttle Enable

1 Mainstage OK Bypass Throttle Enable

2 Mainstage OK Bypass Throttle Enable

4 No. 1 SPTS; No. 2 EBW (0-5v)

2 No. 1 SPTS; No. 2 EBW (0-5v)

4 No. 1 SPTS; No. 1 EBW (0-5v)
3 No. 1 SPTS; No. 1 EBW (0-5v)

3 No. 1 SPTS; No. 2 EBW (0-5v)

5 No. 1 SPTS; No. 1 EBW (0-5v)

5 No. 1 SPTS; No. 2 EBW (0-5v)

1 No. 1 SPTS; No. 2 EBW (0-5v)

1 No. 1 SPTS; No. 1 EBW (0-5v)

2 No. 1 SPTS; No. 1 EBW (0-5v)
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Aft Umbilical Connector No. 5 (206A8W2J2)

Pin
Letter

18
19
28
29
33
34
36
37
38
50

J-2S Function

Spare
Spare
Spare
Spare
Spare
Spare
Spare
Spare
Spare
Spare

Aft Umbilical ConnectorNo. 6 (206ASW8J1)

Pin
Letter

4
8

17
21
25
29
32
34
36
41

J-2S Function

CommandEngine
CommandEngine
CommandEngine
CommandEngine
CommandEngine
CommandEngine
CommandEngine
CommandEngine
CommandEngine
CommandEngine

4 Component
3 Component
1 Component
2 Component
4 Component
3 Component
5 Component
5 Component
1 Component
2 Component

Test Idle Mode Solenoid
Test Idle Mode Solenoid
Test Idle Mode Solenoid
Test Idle Mode Solenoid
Test MainstageStart Solenoid
Test Mainstage Start Solenoid
Test Mainstage Start Solenoid
Test Idle Mode Solenoid
Test Mainstage Start Solenoid
Test Mainstage Start Solenoid

Aft Umbilical ConnectorNo. 7 (206A8W9J1)

Pin
Letter

3
4
5

20
21
22
23
26
27
28
29
39
40
41

J-2S Function

Spare
Spare
Spare
Spare
Spare

Spare
Spare
Spare
Spare
Spare
Spare
Spare
Spare
Spare
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Aft Umbilical Connector No. 7 (206ASW9J1)(Cont)

Pin
Letter

42
43
44
45
46
52
53
54
55
56
60

Spare
Spare
Spare
Spare
Spare
Spare
Spare
Spare
Spare
Spare
Spare

J-2S Function

Aft Umbilical Connector No. 8 (206A8W4J1)

Pin
Letter

1
2
3
4
5

13
14
15
34
35

J-2S Function

Spare
Spare
Spare
Spare
Spare
Measurement Engine1 Ignition Detection No. 2 Simulate
Measurement Engine2 Ignition Detection No. 2 Simulate
Measurement Engine5 Ignition Detection No. 2 Simulate
Measurement Engine3 Ignition Detection No. 2 Simulate
Measurement Engine4 Ignition Detection No. 2 Simulate

SpecialTest Connector No. 7 (206A40J14)

Pin
Letter

D
L
M
J
K

J-2S Function

Engine 1 Throttle Enable MainstageOK Bypass
Engine 1 Ignition Detection No. 2 Simulate
Engine I No. 1Heater On
Engine 1 No. 1 SPTS, No. 2 EBW (0-5v)
Engine 1 No. 1 SPTS, No. 1 EBW (0-5v)

Special Test Connector No. 8 (206A40J16)

Pin
Letter

D
L

J-2S Function

Engine 2 Throttle EnableMainstage OK Bypass
Engine 2 Ignition Detection No. 2 Simulate
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Special Test Connector No. 8 (206A40J16) (Cont)

Pin
Letter

M
J
K

J-2S Function

Engine 2 No. 1 Heater On
Engine 2 No. 1 SPTS No. 2 EBW (0-5v)
Engine 2 No. 1 SPTS No. 1 EBW (0-5v)

Special Test Connector No. 9 (206A40J18)

Pin

Letter

D
L
M

J
K

J-2S Function

Engine 3 Throttle Enable Mainstage OK Bypass

Engine 3 IgnitionDetection No. 2 Simulate

Engine 3 No. 1 Heater On

Engine 3 No. i SPTS No. 2 EBW (0-5v)

Engine 3 No. i SPTS No. i EBW (0-5v)

Special Test Connector No. 10 (206A40J20)

Pin

Letter

D
L
M
J
K

J-2S Function

Engine 4 Throttle Enable Mainstage OK Bypass
Engine 4 Ignition Detection No. 2 Simulate
Engine 4 No. 1 Heater On
Engine 4 No. 1 SPTS No. 2 EBW (0-5v)
Engine 4 No. 1 SPTS No. i EBW (0-5v)

Special Test Connector No. 11 (206A40J22)

Pin
Letter

D
L
M
J
K

J-2S Function

Engine 5 Throttle Enable Mainstage OK Bypass
Engine 5 Ignition Detection No. 2 Simulate
Engine 5 No. 1 Heater On
Engine No. 1 SPTS No. 2 EBW (0-5v)
Engine No. 1 SPTS No. 1 EBW (0-5v)

J-2S Engine Interface Connector P51

Pin
Letter

X

g
d
h

J-2S Function

Mainstage Start Signal
Mainstage Cutoff Command
Mainstage Cutoff Monitor

Mainstage OK Bypass (Throttle Enable)
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J-2S Engine Interface ConnectorP51 (Cont)

Pin
Letter

I
K
H
M
N
C
D
E

J-2S Function

Pneumatic SystemVent
Pneumatic SystemVent
Reserved - Heater Power (+)
Reserved - Heater
Reserved - Heater
Reserved - Heater
Reserved - Heater
Reserved - Heater

Power (+)
Power (+)
Power (-)
Power (-)
Power (-)

J-2S Engine Interface ConnectorP54

Pin
Letter

R
g
S
J
K
J
a
b
k

e

d
N

q
r
B
F
G
A

e
C
H
O

J-2S Function

Component Test-Idle Mode Solenoid

Component Test-Mainstage Start Solenoid
Simulate Signal-Ignition Detect No. 2
Monitor - Idle Mode Control On

Monitor-Mainstage Start Control On
Monitor - SPTS Initiated

Monitor-Mainstage Cutoff Lock-in
Spare Wire

Monitor- No. 1 SPTS Ready
Monitor - SPTS Armed

Monitor - No. 1 Heater On (Reserved)
Monitor - No. 2 Heater On (Reserved)
Monitor - No. 1 SPTS; No. 1 EBW Monitor (0-5v)
Monitor - No. 1 SPTS; No. 2 EBW Monitor (0-5v)

Reserved - Heater 2 Simulate Signal
Spare Wire
Spare Wire
Reserved - Heater 1 Simulate Signal
Reserved - Redundant Engine Start Signal
Reserved - Redundant Mainstage Cut-Off Spare Signal
Reserved - Redundant Engine Ready Bypass Signal
Reserved - Redundant Mainstage Start Signal

J-2S Engine Interface Connector No. P108

Pin
Letter

G

H
I

J-2S Function

Measure, Helium Tank Gas Temperature Resistance
Thermometer, A-Sensor, Sensor Output

Spare
Measure, Helium Tank Gas Temperature Resistance

Thermometer, A-Sensor, Input Common
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J-2S Engine Interface Connector No. P108 (Cont)

Pin
Letter

J

K
L
M
N
O
P
R
S
T
U
V
n
P
S

t

U

V

W

X

Y

J-2S Function

Measure, Helium Tank Gas Temperature Resistance,
Thermometer, A-Sensor, Output Common

Spare
Spare
Spare

Spare
Spare
Spare
Spare
Spare
Spare
Spare
Spare
Spare
Spare
Measure, Main Fuel Injection No. 2 Temperature

Resistance Thermometer

Measure, Main Fuel Injection No. 1 Temperature
Resi stance Thermometer

Spare
Measure, Main Fuel Injection No. 2 Temperature

Re si stane e The rmometer

Measure, Main Fuel Injection No. 1 Temperature
Resistance Thermometer

Measure, Main Fuel Injection No. 2 Temperature
Resistance Thermometer

Measure, Main Fuel Injection No. 1 Temperature
Resistance Thermometer

J-2S Engine Interface Connector No. P105

Pin
Letter

C
J

J-2S Function

Spare
Spare Shield Return

J-2S Engine Interface Connector No. P107

Pin

Letter

K

L

J-2S Function

Measure Voltage On Propellant Utilization Valve For
Position Potentiometer

Measure Voltage On Propellant Utilization Valve For
Position Potentiometer
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J-2S Engine Interface ConnectorNo.

Pin
Letter

H

M

N

T

W

X

Z

c
m

d

J_

n

P107 (Cont)

J-2S Function

Supply, Positive 5 vdc Excitation for Hot-gas Tapoff Valve
Position Potentiometer

Supply, Positive 5-vdc Excitation for Idle Mode Valve
Position Potentiometer

Supply, Positive 28-vdc Duplicate Power for Instrumentation
System Valve Position Switches

Supply, Positive 5-vdc Excitation for Fuel Bypass Valve
Position

Measure, Idle Mode Valve Limit Switch Closed Signal

Spare

Measure, Idle Mode Valve Position Potentiometer Signal
Output

Measure, Idle Mode Valve Limit Switch Open Signal

Measure, Hot Gas Tapoff Valve Position Limit Switch
Open Signal

Measure, Hot Gas Tapoff Valve Position Limit Switch

Closed Signal

Measure, Fuel Bypass Valve Position Limit Switch
Open Signal

Measure, Hot Gas Tapoff Valve Position Potentiometer

Signal Output

Measure, Fuel Bypass Valve Position Limit Switch
Closed Signal

Measure, Fuel Bypass Valve Position Potentiometer
Signal Output

J-2S Engine Interface Connector No. P106

Pin
Letter

J

R

J-2S Function

Measure, Dummy Pressure Transducer Signal Output

Spare
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J-2S Engine Interface Connector No. P106 (Cont)

Pin
Letter

E

F

b

e

d

h

1_

r

J-2S Function

Command Dummy Pressure Transducer 20-Percent

Calibration and Checkout Voltage Input

Command Dummy Pressure Transducer 80-Percent

Calibration and Checkout Voltage Input

Measure, Idle Mode Chamber Pressure Transducer

Signal Output

Command, Idle Mode Chamber Pressure Transducer

20-Percent Calibration and Checkout Voltage Input

Command, Idle Mode Chamber Pressure Transducer

80-Percent Calibration and Checkout Voltage Input

Measure, Helium Tank No. 1 Pressure Transducer
Signal Output

Command, Helium Tank No. 1 Pressure Transducer

20-Percent Calibration and Checkout Voltage

Command, Helium Tank No. 1 Pressure Transducer

80-Percent Calibration and Checkout Voltage Input

LEO Mission. The LOR mission requirements described previously will have
the following additional requirements for the LEO mission.

Engine System. An inflight instrument unit (IU) computer termination of the
J-2S engine mainstage operation into the idle mode (not an engine cutoff) will
be required for the LEO mission. A computer mainstage cutoff backup will
be provided by LH2 and LOX tank sensors (2 out of 5) dry indication signal.
A 10-second idle mode operation will be required before the 45-minute coast
period to allow the flight control system to arrest the vehicle attitude

transient level to a maximum of + 2.5-degree attitude error. The (RCS)
will provide attitude control during the 45-minute coast period, and is limited

to a small body rate and + 2.5-degree attitude error. The IU computer will
issue an "all engine cutoff" command that is timed 10 seconds from mainstage
cutoff for insertion into the 100 nautical mile orbit. Figure 10.2-104 depicts

a mainstage to idle mode thrust decay curve to indicate flight events during
this period.
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During the LEO mission, new switch selector commands are required for
mainstage cutoff, thrust vector control, LH 2 balanced vent system, restart,

and extended idle mode operation. The following switch selector changes
are required:

New S-II Switch Selector Commands

"Mainstage Cutoff"
"Mainstage Cutoff Reset"
"Restart Arm"
"Restart Arm Reset"

"LH 2 Balanced Vent System Arm"

"TVC Auxiliary Hydraulic Pumps No. 1 and No. 2 On"
"TVC Auxiliary Hydraulic Pumps No. 3 and No. 4 On"
"TVC Auxiliary Hydraulic Pumps No. i and No. 2 Off"
"TVC Auxiliary Hydraulic Pumps No. 3 and No. 4 Off"

S-II Switch Selector Commands Deleted

"LH 2 Step Pressurization"

Two new switch selector commands will be required for the mainstage
operation cutoff (mainstage operation cutoff and mainstage operation cutoff
reset). Figure 10.2-105 is a schematic of the circuitry necessary to

mechanize this new function. The switch selector mainstage cutoff or LH2
or LOX dry sensor signal will terminate mainstage operation into idle mode.
The LH2 and LOX tank sensors will be moved up in the tanks to allow sufficient
remaining propellants for restart and idle mode operation to complete the
300-nautical-mile orbit mission. The mainstage cutoff command will set the
Km and Kn relays. The Km relay contact will connect the +2Dll main bus to
the mainstage cutoff bus No. 1 which applies mainstage cutoff No. 1 to the
engine. The engine mainstage cutoff-on signal energizes Kq relay which
provides a hardwire indication of mainstage cutoff via Kq contacts to the
S-II/S-IVB interface. The Kn relay contact provides a redundant mainstage

cutoff No. 2 to the engine utilizing the +2D21 instrumentation bus.

Mainstage cutoff bus No. i or No. 2 will terminate J-2S engine mainstage
operation and return the engine to idle mode operation. Telemetry measure-
ments will be provided from each mainstage cutoff bus. Mainstage cutoff
reset switch selector command or the +2D145 engine control relay reset bus
will remove power from the two mainstage cutoff buses by resetting Km and
Kn relays. Two latching and five non-latching type control relays are required
to implement the new redundant mainstage cutoff function.

The prevalves will be locked out (open) beginning with "all engine cutoff" at
the 100 nautical mile altitude and will remain locked open for the remainder

of the LEO mission. Figure 10.2-106 depicts the all engine cutoff circuitry
necessary to terminate idle mode operation prior to the 45-minute coast
period and to provide the prevalve lock out signal. Switch selector channel 18
will set K22 relay which applies the main and instrumentation bus (diode
isolated)via K22 contacts to engine cutoffrelays K70-1, K70-2, K71-1
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and K71-2. The same +28-vdc signal will be utilized to lock open the

prevalves, lock up the hydraulic accumulators, and open the LH 2 balanced
vent system. Switch selector commands will be required to arm the LH 2
and LOX sensor mainstage cutoff circuitry prior to switch selector command
for mainstage cutoff. During mainstage operation the one engine out and
emergency engine cutoff capability will be retained. In case of an early

engine out during mainstage operation, the prevalve for that engine will close
at the run out of the 430-millisecond prevalve timer. The remaining four
engines will continue mainstage operation until mainstage cutoff. For the
LEO mission an internal engine cutoff will not terminate the remaining
engines under any circumstance. Figure 10.2-104 (shown earlier) shows a
thrust decay curve and indicates events beginning with mainstage cutoff and
continuing until start of the 45-minute coast period. The lock out of the
prevalves is indicated on this curve.

The J-2S engines have been designed for inflight restart, and during the LEO
mission this new function will require two commands (restart arm and restart
arm reset) from the switch selector. Figure 10.2-107 shows the flight events
prior to restart and Figure 10.2-108 shows the circuitry necessary to provide
restart control. A switch selector S-II restart arm command will set Kaa

relay which applies the +2Dll main bus to the +2D145 engine control relay
reset bus. A switch selector restart arm reset command will be required
after the S-II restart arm reset command to assure the prevalve lock out

(open) is maintained during engine restart and extended idle mode operation.
An all engine start command will now restart the engines into the extended
idle mode operation. One latching type control relay will be required to
implement the restart arm function.

The J2-S engines during the LEO mission will only be cutoff (zero thrust) by the
switch selector channel 18 all engine cutoff command or the PD and EDS
emergency termination. Figure 10.2-109 depicts the cutoff circuitry necessary
to provide zero thrust cutoff. Engine cutoff bus No. 1 or No. 2 will provide
each engine with redundant cutoff signals. The internal engine cutoff indication
from an individual engine will energize a relay (K6-1 for Engine 1) resulting
in Engine 1 prevalve closure. Blocking diodes prevent one engine from ter-

minating another. Ten nonlatching type relays will be deleted from the LOR
engine cutoff circuitry for the LEO mission.

RCS. The reaction control system (RCS) will be required during the coast
period and J-2S engine restart for maintaining vehicle attitude control. There
will be two S-IVB type RCS units mounted on opposite sides of the S-II aft

skirt area. Figure 10.2-110 shows the RCS quad redundant series - parallel
injector valves for one RCS engine. Two parallel injector valves must fail
to prevent engine start and two series injector valves must fail to prevent
cutoff. Figure 10.2-111 depicts the control circuitry necessary for one

RCS engine. Relays K1, K2, K3 and K4 are DPDT with the four coils
connected in parallel. The IU computer will provide the +28 VDC and return
control signal necessary to sequence the RCS engines. One set of relay
contacts will be used to control an oxidizer valve and the other a fuel valve.

The +2Dll main bus shall provide the power to energize the solenoids. Tele-
metry measurements will be provided from one normally closed set of contacts
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Figure i0. 2-110. RCS Quad Redundant Series--Parallel Injector Valves
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(a)

(b)

(c)

(d)

on each relay. There are three engines for each RCS unit, resulting in the
addition of 24 nonlatching type control relays for both RCS units. The ground
servicing and checkout will be provided at KSC for the RCS units. Fig-
ure 10.2-104 indicated when the IU computer will take control of the RCS unit
and Figure 10.2-107 indicated when the IU computer will terminate control.

Flight Control System. During the LEO mission, the S-II flight control system
will require a thrust vector control dc motor hydraulic pump system for engine
gimbaling during the extended idle mode operation to complete the 300-nautical-
mile orbit mission. The present S-IVB dc motor auxiliary hydraulic pump
system is proposed for this function. This system will require a 56-vdc
battery package, power transfer switch, and electrical control for start

sequencing of the dc motors. Adjacent dc motor pumps will be powered from
separate 56 vdc battery packages. Two new switch selector commands will
be required to start the motors during the coast period at approximately three
minutes before engine restart for temperature control of the hydraulic fluid
and to build up the pressure in the accumulators. The first switch selector

command will start dc motors for Engines 1 and 2 from separate 56 vdc
battery packages. The second switch selector command will be delayed

approximately 0.5 seconds to allow the starting surge to diminish sufficiently
before applying power to start the dc motors for Engines 3 and 4. This process
will reduce the high current drain on the batteries during motor start.

A new switch selector command will also be required to lock up the hydraulic

accumulator reservoir at the time of "all engine cutoff" prior to the coast
period during the LEO mission. Switch selector channel 12 command, "unlock
the hydraulic accumulator", will be required during engine restart for the
LEO mission.

Figure 10.2-105 showed a thrust decay curve to indicate events beginning with
mainstage cutoff and continuing until start of the 45-minute coast period.
Figure 10.2-107 depicted events beginning approximately three minutes prior
to engine restart and continuing through the extended idle mode operation.
The following steps provide the requirements for switch selector commands
and electrical control relays to implement the flight events for engine gimbaling
by the auxiliary dc motor pump system.

There will be approximately a lO-second idle mode operation starting with

termination of mainstage operation.

The hydraulic energy in the accumulator at the termination of mainstage
operation will provide for engine gimbaling during the 10-second idle mode
period.

The hydraulic accumulators will be locked up beginning with "all engine
cutoff" at the 10-second idle mode termination.

The hydraulic accumulators will be unlocked shortly after commanding the
thrust vector control dc motor pump system on. The dc motor pump will be
turned on three minutes prior to engine restart for hydraulic fluid warm up
and to charge up the accumulator.
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Figure 10.2-112 shows the circuitry necessary to mechanize control of the 
TVC battery heaters. The battery heater power i s  supplied from the +2Dll 
main bus and the heaters will automatically cycle on and off with temperature. 
The electrical control provided by the circuit in the figure will allow the 
heater circuit to be disabled to reduce the battery drain during S-I1 engine 
start. Relay K25 will be reset  by the engine control relays reset bus +2D145 
prior to liftoff. A set of closed contacts on K25 relay will reset relay KQQ 
and KRR. The contacts of KQQ and KRR relay will switch the +2Dll main 
bus to the TVC battery heater circuit. Switch selector command "all engine 
cutoff reset" Channel 31 will set relayK25 which will remove the TVC battery 
heater circuit from the +2Dll main bus to reduce the load during S-I1 engine 
start. Switch selector command "prevalves close arm" Channel 99 will reset 
K25 which will switch power to the heater circuits for  the coast period. 
Switch selector command "all engine cutoff reset'' Channel 31 will be required 
prior to S-I1 engine restart to remove the TVC heater load from the +2Dll 
main bus. The heater circuit will remain disabled because of the small time 
duration fo r  the remainder of the LEO mission. Current limiting res i s tors  
are incorporated to provide GSE monitoring of the TVC battery heater power. 
Two new DPDT latching type relays are required to implement this change. 

Figure 10.2-113 shows the control circuitry necessary to sequence the TVC 
auxiliary dc motor pump system on and off. A new switch selector command 
will set relay KNN. The KNN relay contacts will apply +28 vdc power from 
the +2Dll main bus to the motor start switches for  TVC dc motors No. 1 
and No. 2. The motor start switch contacts will apply +2DXX bus to 
s ta r t  TVC motor No. 1 and +2DXY to  start TVC motor No. 2. These two 
new TVC buses are powered from separate +56-vdc battery sources. A 
second switch selector command will set relay KPP approximately 0.5 sec- 
onds after relay KNN was set. Relay KPP contacts will connect TVC motor 
No. 3 to +2DXX bus and TVC motor No. 4 to +2DXY bus via the individual 
motor start switch contact. The +2D40 will provide summation monitoring of 
four motor start switches to indicate power off for all DC auxiliary 
hydraulic motor pumps. Switch selector commands are required to reset 
relays KNN and K P P  for removing power from the four dc motors. Two 
DPDT latching type relays are required to implement this change. A tele- 
metry measurement will be provided for each TVC motor to indicate that 
power is on. 

4. Fuel Tank Pressurization System. A balanced LH2 tank vent system will be 
required during the coast period of the LEO mission. A new switch selector 
command will be required to a r m  the LH2 tank balanced vent system prior to 
the coast period. The "all engine cutoff bus" will provide the signal to open 
the balanced LHz tank vent system. The balanced vent system will be open 
for the remainder of the mission. Four  latching type relays will be required 
to implement this new function. 

Figure 10.2-114 depicts the circuitry necessary to implement the LH2 tank 
balanced vent valve control system. A new switch selector command, "LH2 
balanced vent arm,  I '  will be required to  arm the system by setting relays KJJ 
and KHH. The balanced vent switch selector arm command wil l  be required 
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prior to"all engine cutoff" Channel 18 command. Relay contacts KHH and KJJwill
apply 2Dll bus to both solenoids through KLL and KMM relay contacts. Switch
selector Channel 18 "all engine cutoff" command will set relays KMM and KLL.

The four relays will be reset prior to liftoff by a GSE command and verified
by monitoring the +2D40 bus response through a series of four relay contacts.

Propellant Management Power Control. The new batteries for the LEO mission
(45-minute coast period) will be capable of an alternate two-hour coast mission

by removing propellant management power during the extended coast period.
The power was calculated for an identical LEO mission (one mainstage oper-
ation and one three-minute idle mode period) except for a 105-minute coast
period.

Figure 10.2-115 shows the circuitry required for controlling the propellant
management power during an alternate two-hour coast LEO mission. Power
will be removed from the propellant utilization and propellant level monitor
dc power buses (2D14 and 2D15) during the 105-minute coast period to con-
serve power. Power will be switched on again prior to engine restart to
obtain temperature measurements.

Figure 10.2-116 shows power off for the propellant management system.
Before liftoff, the GSE will command power on for the propellant management
system by applying +28 vdc through aft umbilical connector No. 1 to the power
transfer switch motor. The power transfer switch will cycle to the opposite
position and switch the main +2Dll bus to power the +2D14 and +2D15 buses.

During the S-IC boost phase the S-II engine start enable bus will hold relays
KSS, KTT, and KUU in the reset state. Relay KUU will be required to arm
the power control circuit. A new switch selector command, "PU power
control arm" will be required to set relay KUU to arm the power transfer

switch circuit. The switch selector "all engine cutoff" Channel 18 command
just before the 105-minute coast period will set relay KSS causing the power
transfer switch to cycle and remove power from the +2D14 and +2D15 buses.

The contacts in series with KSS and KTT coils prevent power from being
available simultaneously at each input to the motor of the power transfer
switch.

Approximately three minutes before engine restart, relays KSS and KTT will
be reset by the new switch selector command "PU power control reset". A
new switch selector command, "PU power on" will be required to set relay
KTT to cycle the transfer switch and apply power to the propellant management
system again. Power will be on for the remainder of the LEO mission
(approximately six minutes).

Three new switch selector commands and three DPDT latching type control
relays are required to implement this change.
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10.2.3.2.2 Operational Change

This section summarizes changes to the electrical control system checkout require-
ments associated with the J-2S hardware changes.

a. LOR Mission. The electrical control system checkout requirements to incorporate
the J-2S engine for the LOR mission will affect the following:

1. MA0203-1343 207 Electrical Container, Bench Checkout

2. MA0203-1342 207A2 Electrical Sequence Controller, Bench
Checkout

.

Deletion, addition, and reassignment of control relays for the LOR mission
result in a 20 percent change to each bench checkout specification. The
checkout time will remain approximately the same, because the additions
and reassignment of control relays should approximately equal the deletions.

MA0701-1067-210 Stage Electrical/Pneumatic Control Systems
Checkout ,

Deletion of the recirculation and ullage motor systems plus the additions to
control the J-2S engines result in approximately a 15 percent change to this
specification. The checkout time should be reduced slightly due to the
deletions.

b. LEO Mission. The electrical control system checkout requirements for the LEO
mission will affect the following:

i. MA0203-1343 207 Electrical Container, Bench Checkout

2. MA0203-1342 207A2 Electrical Sequence Controller, Bench
Checkout

3,

Deletion, addition and reassignment of control relays for the LEO mission will

result in a 20 percent change to each bench checkout specification. The
checkout time will remain approximately the same.

MA0701-1067-210 Stage Electrical/Pneumatic Control Systems,
Checkout

Addition of the LH 2 tank balanced vent system and prevalve lockout with an
all engine cutoff will require approximately a 10 percent change to this
specification. The checkout time will be increased slightly due to the
additions.
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10.2.3.3 Instrumentation System

10.2.3.3.1 Design Changes

This section contains the hardware changesto the instrumentation system associated
with the J-2S engine incorporation. A brief description of the changeandwhy it is
required and a list of the instrumentation componentsis included.

The changeslisted in this section are based on there being no changeto the S-II-11
instrumentation program andcomponents list, dated 5 January 1968. S-II design
changes, approved after this date may alter the information contained in this section.

a. LOR Mission.

. Engine System. The changes to the instrumentation system are a result of
the engine configuration changes reflected at the engine interface.

The measurements added and deleted from the flight measurement system are
shown in Table 10.2-XI. The measurement changes, required in the ground
measurement system, are listed in Table 10.2-XII. The only new hardware
required for the flight system will be 15 new temperature bridge modules.

Sufficient hardware and open channels are available to accommodate the added

35 measurements. Wiring and harness changes and additions will be required
for all measurement changes.

. Fuel Recirculation System. The measurement system changes, as a result
of the deletion of the LH 2 recirculation pumps, are listed in Table 10.2-XIII.

Except for the deletion of wire harnesses, only the following two hardware
items are deleted:

Attenuator 0-70 vde

Current Monitoring System
V7-750300
ME431-0019-0007

o LOX Recirculation System. The changes to the flight measurement system,
as a result of the deletion of the LOX recirculation and helium injection system
are listed in Table 10.2-XIV. Wire harness changes are the only hardware
changes affected by the deletion of the LOX recirculation system.

. Separation System. The changes to the flight measurement system as a result
of the ullage motors deletion are listed in Table 10.2-XV. Wire harnesses,
associated with these measurements, as well as the following hardware will
be deleted:

4 Dc/dc transducers ME478-0030-0005
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Table 10.2-XIII. LH 2 Recirculation System Measurement Deletions

Measurement 1 Function

FLIGHT SYSTEM

C540-200
C541-200
VK251-207
VK252-207
VK253-207

VK254-207
VK255-207
VK256-207
VK257-207
VK258-207
VK259-207
VK260-207

K313-207
VK317-207

K410-207
K412-207
K413-207

K414-207
K415-207
K416-207

XMlll-207
XMl14-207

Recirculation Battery 1 Temperature
Recirculation Battery 2 Temperature
Engine 1 Recireulation Pump Valve Open

Engine 2 Recirculation Pump Valve Open
Engine 3 Reeirculation Pump Valve Open
Engine 4 Recirculation pump Valve Open
Engine 5 Recirculation pump Valve Open
Engine 1 Recirculation pump Valve Closed
Engine 2 Recirculation Pump Valve Closed
Engine 3 Recirculation Pump Valve Closed
Engine 4 Recirculation Pump Valve Closed
Engine 5 Recirculation Pump Valve Closed
Chilldown Valve Close Command

Recireulation Cutoff Indicator

Recirculation Pump Valve Close Command
Engine 1 Recirculation Pump On Command
Engine 2 Recirculation Pump On Command
Engine 3 Recirculation Pump On Command
Engine 4 Recirculation Pump On Command

Engine 5 Recirculation Pump On Command
Recirculation Dc Bus Voltage
Recirculation Battery Current

GROUND SYSTEM

BMlll-207
BMl12-207
WMl13-207
M9137-GND
BT006-218
BT007-218
BT008-218
BT009-218
BT010-218

Reeirculation De Bus Voltage
Recirculation Battery 1 and 2 Voltage
Recirculation Battery 2 Voltage
Recirculation Bus Current

Engine 1 Recirculation Pump Speed
Engine 2 Recirculation Pump Speed

Engine 3 Recirculation Pump Speed
Engine 4 Recirculation Pump Speed
Engine 5 Recirculation Pump Speed
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Table 10.2-XIV. LOX Recirculation System Flight Measurement Deletions

Measurement Function

XD127-206
XD128-206

VK271-207
VK272-207
VK273-207
VK274-207
VK275-207

VK276-207
VK277 -207
VK278-207
VK279-207
VK280-207

K390-207

He Inject Supply Pressure

He Inject Regulator Outlet Pressure
Engine 1 LOX Return Line Valve Open
Engine 2 LOX Return Line Valve Open
Engine 3 LOX
Engine 4 LOX
Engine 5 LOX

Engine 1 LOX
Engine 2 LOX
Engine 3 LOX
Engine 4 LOX

Return Line
Return Line
Return Line
Return Line
Return Line
Return Line
Return Line

Valve Open
Valve Open
Valve Open
Valve Closed

Valve Closed
Valve Closed
Valve Closed

Engine 5 LOX Return Line Valve Closed
LOX Return Line Valve Close Command

Table 10.2-XV. Separation System Flight Measurement Deletions

Measurement Function

D054-200

D056-200

D058-200

D060-200

VK237-206

VK238-206

Ullage Rocket 2 Chamber Pressure

Ullage Rocket 4 Chamber Pressure

Ullage Rocket 6 Chamber Pressure

Ullage Rocket 8 Chamber Pressure

EBW Pulse Indicator Ullage 1A

EBW Pulse Indicator Ullage 1B

10-202



SPACEDIVISION ,,_: NORTIt AMERICAN R()(:KWEI,I_ C(3J,_,F(-_?,,.,\'!_,?',_

D5-15772-2

Do

.

.

2.

Thermal Analysis. The changes in thermal environment, as a result of the

system changes on the stage, will require a change in the flight measurements

(as indicated in Table 10.2-XVI on the following page. ) The additional hardware
required, as a result of these changes, is as follows:

6
2
4
4
9
9
9

Temperature Probes

Temperature Bridges
Temperature Bridges
Temperature Bridges
Flexible Surface Transducers (dual)
Dc amplifiers
H-SH Temperature Submodules

ME449-0078-0001
V7-750463-201

V7-750463-191
V7-750463-311
ME449-0026-0005
ME473-0003-0001
ME901-0588-0001

The hardware deletions are ME449-0011-0001, and two bridge modules,
V7-750463-201.

Sufficient telemeter channels are available to accommodate the additional

measurements. Changes to the wire harnesses, associated with all measure-
ments, as well as the installation drawings for the new measurements will be
required.

LEO Mission. The instrumentation system requirements established for the LEO
mission are in addition to those identified in the LOR mission section.

Engine System. There are no additional instrumentation system requirements.

RCS. The reaction control systems will add a total of 48 new flight measure-
ments: 24 identical measurements for each of the two systems. The new
measurements for each system are shown in Table 10.2-XVII.

Table 10.2-XVII. RCS Measurement Requirements

Measurement Function

CXXX-XXX

CXXX-XXX
CXXX-XXX
DXXX-XXX
DXXX-XXX
DXXX-XXX
DXXX-XXX
DXXX-XXX
DXXX-XXX
DXXX-XXX
DXXX-XXX
DXXX-XXX

KXXX-XXX

Attitude Control Oxidizer Module 1 Temperature
Attitude Control Fuel Module 1 Temperature
APS Helium Pressure Tank - Module 1 Temperature
Attitude Control Chamber 1-1 Pressure
Attitude Control Chamber 1-2 Pressure
Attitude Control Chamber 1-3 Pressure
Attitude Control Helium Pressure Tank i Pressure

Helium Regulator Outlet Module 1 (APS) Pressure
Fuel Supply Manifold Module 1 (APS) Pressure
Oxidizer Supply Manifold Module 1 (APS) Pressure
Fuel Tank Ullage Volume Module 1 Pressure
Oxidizer Tank Ullage Volume Module 1 Pressure
There are twelve (12) 28 vdc discrete measurements
required for each RCS unit associated with the electrical
control relays for the fuel and oxidizer valves on the
attitude control engines.
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Table 10.2-XVI. Thermal Analysis Flight Measurement
Additions andDeletions

Measurement 1 Function

Additions

C188-206

C189-206

C190-206

C191-206

C251-206

C252-206

C252-206

C253-206

C254-206

C671-206

C672-206
C683-306

C710-206

C711-206

C713-206

C714-206

C715-206

CXXX-206
CXXX-206

Thrust ConeAft Ambient Temperature

Thrust ConeAft Ambient Temperature

Thrust ConeAft Ambient Temperature

Thrust ConeAft Ambient Temperature

Thrust ConeAft Stringer Temperature

Thrust ConeAft Stringer Temperature

Thrust ConeAft Stringer Temperature

Thrust ConeAft Stringer Temperature

Thrust ConeAft Stringer Temperature

Engine Compartment Gas Temperature

Engine Compartment Gas Temperature
Heat Shield Aft SurfaceTemperature

Heat Shield Aft SurfaceTemperature

Heat Shield Aft SurfaceTemperature

Heat ShieldAft SurfaceTemperature

Heat Shield Aft SurfaceTemperature

Heat ShieldAft SurfaceTemperature

Heat Shield Aft SurfaceTemperature
Heat Shield Aft SurfaceTemperature

Deletions

C232-206 Thrust ConeForward Surface Temperature

C241-206 Thrust ConeForward Surface Temperature
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The additional measurement hardware required to make these measurements
are as follows:

4 Asymmetrical Bridges
2 Asymmetrical Bridges

V7-750463-471
V7-750463-291

In addition to this hardware, 5 vdc power will be required for the last six

pressure measurements listed in Table 10.2-XVIII. RACS wiring will also
be required for the remaining three pressure measurements in the table.

Flight Control System. The thrust vector control system required for
gimbaling the engines during the extended idle mode operation of the LEO
mission will be powered by adc motor pump system. The dc motor will be
housed in a container that will be pressurized. Each outboard engine will
require one dc motor pump. The air pressure in each dc motor container
will be monitored during flight. The hardware required to implement the
flight measurements is listed below:

4 De/de Pressure Transducers
1 1 Transducer Potentiometer

ME478-0028-0007
MC449-0007-0001

Fuel Tank Pressurization System. Two new measurements are required for
the LH 2 balanced vent system for the LEO mission. The two measurements
with the hardware required to make them are as follows:

CXXX-XXX
DXXX-XXX

LH2 Balanced Vent Inlet Temperature

LH 2 Balanced Vent Inlet Pressure

1 Dc/dcPressure Transducer

1 LL Temperature Probe
1 Dc Amplifier

1 Temperature Bridge
Submodule

ME478-0028-0007
ME449-0072-0001
ME473-0003-0001

Thermal Analysis. New measurements required for flight thermal analysis
are as follows:

C343-207
C344-207
C349-209
C351-210
C356-221

C357-214
C359-225
C360-206
C511-223

Battery Shelf Temperature

Electrical Container Equipment Mount Temperature
Instrumentation Container Equipment Mount Temperature
Instrumentation Container Equipment Mount Temperature
Tracking Aid Equipment Mount Temperature
PM Control Equipment Mount Temperature
Telemetry Control Equipment Mount Temperature
Switch Selector Control Equipment Mount Temperature

Propellant Dispersion Container Equipment Mount Temperature
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Addition of thesemeasurements will require the following measurement
hardware"

9 Low Level Flexible SurfaceTransducers
9 Asymmetrical Bridges

ME449-0026-0001
V7-750463-311

A changeto the telemetry equipment will also be required to provide the
required number of low level channels. In either of the RASM's, the following
cards will be required to provide the capability for twenty additional low level
temperature measurements:

2 Low Level Differential Amplifier Assembly 50M60204-050
4 Low Level SwitchAssembly 50M10940-1
1 DecodingMatrix Assembly 50M10920-1

o Electrical System. Addition of new batteries to satisfy power requirements
for the LEO mission has established the requirement for the twelve new
measurements listed below:

MXXX-XXX
MXXX-XXX
MXXX- XXX
MXXX-XXX
KXXX-XXX
KXXX-XXX
KXXX-XXX
KXXX-XXX
C XXX-XXX

CXXX-XXX

CXXX-XXX
CXXX-XXX

TVCS 1 Bus Voltage
TVCS 2 Bus Voltage
TVCS 1 Bus Current
TVCS 2 Bus Current

Engine 1 M-P On Indication
Engine 2 M-P On Indication
Engine 3 M-P On Indication
Engine 4 M-P On Indication
TVCS 1 Battery Temperature
TVCS 2 Battery Temperature
TVCS 3 Battery Temperature
TVCS 4 Battery Temperature

The additional hardware required to implement these measurements is as
follows:

2 Current Monitoring Systems ME431-0019-0007
2 0- to -7 v Attenuators V7-750300-41
4 Low Level Flexible Surface Transducer ME449-0026-0001

4 Asymmetrical Bridges V7-750463-241

10.2.3.3.2 Operational Changes.

This section contains a description of the instrumentation system checkout require-
ments associated with J-2S hardware changes.

a. LOR Mission. Revisions to the following checkout procedures and measurement

listswill be required:

J7-976411 Ground Instrumentation Measurements List

V7-976411 Saturn S-II Instrumentation Program and Components List,

S-II-11 Stage
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MA02 01-1892 Measurement System Test and Checkout, S-II-6 stage and
Subsequent Stages

MA0201-1921 Measurement System Test and Checkout, Automatic Mode,
S-II-6 and Subsequent Stages

MA0201-1975 S-II-6 and Subsequent Stage Ground Measurement System
Test and Checkout (Seal Beach)

MA0201-4363 S-II Ground Instrumentation System Test and Checkout (MTF)

The above checkout procedures and measurement lists would require from a
20 to 80 percent revision. The checkout procedures would not change
appreciably in complexity and checkout time required.

b. LEO Mission. The operational changes for the LEO mission are the same as
those listed for the LOR mission.

10.2.3.4 Ordnance System

10.2.3.4.1 Design Changes

This section contains the hardware changes to ordnance system associated with the
J-2S engine incorporation. A brief description of the changes why they are required,
and a list of the deleted ordnance system components are included.

a. LOR Mission. Listed below are the ordnance components which are associated

with the ullage motor ignition system, that will be deleted because the ullage
motors are deleted from the J-2S S-II stage.

Components Deleted

Part Name

EBW Detonator
CDF Manifold

CDF Assembly
CDF Assembly
CDF Assembly
CDF Assembly
CDF Assembly
CDF Assembly
CDF Assembly
CDF Assembly
CDF Assembly
Pyrogen Initiator

Part Number

7865742-1

ME288-0001-0005

ME901-0052-3525

ME901-0052-3575

ME901-0052-3577

ME901-0052-3663

ME901-0052-3665

ME901-0052-3715

ME901-0052-3717

ME901-0052 -3765

ME901-0052-3767

ME453-0004-0001

Number Deleted

b. LEO Mission. No additional ordnance system design changes have been identified
for the LEO mission.
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10.2.3.4.2 Operational Changes

This section contains a description of the ordnance system checkout requirements
associated with J-2S hardware changes.

a. LOR Mission. The ordnance system checkout requirements to incorporate the
J-2S enginefor the LOR mission will affect the following:

lm For the engine solid propellant turbine start (SPTS) system, a process
specification will be prepared for electrical checkout of the exploding
bridgewire (EBW) initiators (two required for each SPTS) before their
installation for MTF static firing and KSC flight.

. For the engine SPTS system, a process specification will be prepared for
installing and arming the EBW initiators (disconnecting the dual pulse sensors)
prior to MTF static firing.

. For the engine SPTS E:BW system live ordnance test at KSC, process
specification MA0301-1004, "Preparation of Live Ordnance Test, S-II
Vehicle, Kennedy Space Center High Bay Area, Procedures for" will be
revised. This specification will also be revised to provide for the deletion

of the ullage motor ignition system.

o For the engine SPTS EBW system and deleted ullage motor ignition, process
specification MA0301-1005, "Exploding Bridgewire Detonator Installation
and Arming, Procedure for" will be revised. This specification will be
revised to install and arm the SPTS EBW initiators at KSC prior to flight.

b. LEO Mission. No additional checkout requirements have been identified for the
LEO mission.

10.2.4 THERMAL PROTECTION

This section discusses the aerodynamic and base heating rates applicable to the J-2S
study and the resulting hardware temperatures.

10.2.4.1 Aerodynamic Heating

The S-II stage surface and protuberances are subjected to aerodynamic heating
during first stage boost.

10.2.4.1.1 Heat Transfer Rates

Analyses of aerodynamic heating rates for the LOR, SO, PO, and LEO mission

trajectories have been conducted at MSFC. The results indicate that the aerodynamic
heating rates for all of the missions are less severe than the AS-501 - 503 mission

trajectory heating rates. Therefore, the AS-501 - AS-503 nominal aero heating
design environment is applicable to the LOR, SO, and LEO missions. However,

proturberance factors used for the AS-504 - AS-510 design thermal environment
should be used for these missions since the Maeh number-time histories for these

trajectories and for the J-2S trajectories resemble each other closely.
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For the PO mission, the AS-504 - AS-510 thermal design environment shouldbe used
since the PO mission trajectory is even less severe than that of the AS-504 - AS-510
missions.

10.2.4.1.2 Design Temperatures

Aerodynamic heating rates for the J-2S study are the sameas for the present S-II
design; thus, existing S-II-11 structural design temperatures will not change.

10.2.4.2 BaseHeating

The S-II stagebase region is subjected to convective heating resulting from the
reverse flow of the J-2S engineexhaust plume. This is due to the mutual impingement
of the exhaust plumes at high altitude, which results in high temperature and pressure
interaction regions. These impingements regions are also the primary source of the
base region radiative heating.

10.2.4.2.1 Gas Recovery Temperature and Shear Loads

The same gas recovery temperatures used for the J-2 engine configuration were used
for the base heating analyses of the J-2S configuration. These values were 3100 F for
the rigid heat shield and flexible curtain, and 2325 F for the thrust structure and other
base regions. It is anticipated that because of higher chamber pressure, the shear
loads on the base heat shield will be higher than those experienced with the J-2
configuration.

10.2.4.2.2 Convective Heat Transfer Rates

A study employing an approximate analytical technique was made to quantitatively
determine the difference in stagnation convective heating rates at the base heat shield
between the J-2 and J-2S engine configurations.

Based on S-II model static and flight test data with the J-2 engine configuration, a
curve of base pressure at the heat shield as a function of engine chamber pressure is
available. Using this curve, a base pressure for the J-2S of 0. 096 psia was obtained
at the nominal chamber pressure, 1185 psia. This value was used to obtain the base

heating estimates. The comparable value for the J-2 engine is 0.065 psia at the
nominal chamber pressure of 715 psia.

Both J-2 and J-2S base heating analyses employed the same gas recovery temperatures
of 3100 F for the rigid heat shield and flexible curtains and 2325 F for thrust structure

and other base regions. No effects of engine gimbaling were included.

Results of the analysis indicate that convective heating rates for the J-2S will increase
approximately 20 percent over the J-2. However, flight test data with the J-2 engine
indicate that actual convective heating rates at the heat shields are significantly less
than the design environment. Therefore, it should be satisfactory to retain this J-2
design convective heating environment for the J-2S configuration.
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10.2.4.2.3 RadiantHeatTransfer Rates

Using the J-2S nominal plume properties, radiation levels have beencalculated at
various locations on the base heat shield and the thrust structure. These levels have
been calculated at the same locations using an average J-2 plume; the radiation from
the J-2S was found to be as much as 20 percent higher than that producedby the J-2.
For this reason, NR is in concurrence with the NASArecommendation that the design
radiation environment be increased 25 percent abovethe level used with the J-2 engines.

Becausethe S-II stage is used above195,000 feet for all of the proposed missions,
the radiation levels shouldnot changesignificantly from mission to mission.

10.2.4.2.4 Structural Temperatures

a. Base Heat Shield. The predicted maximum temperature for the heat shield aft
laminate is 1575 F. The maximum temperatures for the center and forward

laminate were 790 F and 450 F, respectively. The aft laminate temperature of
1575 F is 275 F higher than the postflight evaluation one-engine-out maximum

predicted temperature (1300 F) for the J-2 configuration, and 105 F higher than
the 1470 F test temperature for the final 48-inch by 48-inch panel tests. It
should be noted that the final panel test had a local rupture in the aft laminate.

The local rupture itself was determined non-detrimental to the base heat shield,
but loss of a large section of the aft laminate could expose the center laminate

to direct base heating and cause the center laminate temperature to exceed 1000 F.

The predicted shear loads resulting from the gas flow across the aft face of
the heat shield are expected to double. It is possible that these higher shear
loads could peel off a large section of the aft laminate and cause the heat shield to

fail. It is therefore recommended that the heat shield be redesigned for the
J-2S configuration to eliminate the possibility of a local rupture of the aft laminate.

bt Thrust Cone and Station 196 Web. Results of the thrust structure analysis
predict a maximum thrust structure temperature of 345 F at the end of S-II

boost. This is 18 F above the present maximum temperature, The temperature
trends are similar.

Results of the Station 196 web analysis predict a maximum temperature of 457 F
for the web skin. This is an increase of 8 F over the present maximum web
surface temperatures. The temperature trends are similar.

Co Interstage. The interstage analysis was conducted for the first 30 seconds of

S-II boost (from S-IC separation to S-II interstage separation); it was based on
the present external and internal insulation systems and a 235 F temperature at

start of S-II boost. Results of the interstage analysis predict maximum tempera-
tures at the time of interstage separation of 470 F. This is 10 F higher than the
present maximum predicted temperatures, and 30 F below the present 500 F
maximum design temperature.
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10.2.5 REACTION CONTROL SYSTEM

For the LEO mission, the S-II stage performs an orbital circularization function with

the payload following a coast period to apogee. During this coast period (approxi-
mately 45 minutes), a system for attitude control is required to remove vehicle
perturbations due to initial shutoff of the J-2S engine cluster from idle, and to main-
tain vehicle attitude. Sizing of the reaction control system (RCS) included propellant
to perform a 180 degree maneuver about the roll, pitch and yaw axes.

The propellant weight and time, for stabilization of the initial disturbance due to the
J-2S engine shutdown from idle mode, were calculated from the following equations:

t =9°I/F 1'
12

COp = NF t/ Isp

(57.3)

The value of "to (initial disturbance rate) was assumed to be +0.6 degree per second.

During the analysis of this disturbance, it was assumed that ;/o could occur about any
one, or all three, of the axes. Therelore, the yaw and roll jets could be firing
simultaneously. For a clockwise roll and left yaw, it can be seen from Figure
10.2-116 that the opposing jets, ld and lb, are both firing. This also occurs for

counter-clockwise roll and a right yaw with the opposing jets being 3d and 3b. To
reduce this obvious waste in fuel, a change in the flight computer logic is necessary
to shut down any two opposing jets that may fire during the same time interval. For
the purpose of calculating the fuel requirements for this mission, the assumption was
made that this logic did exist.

Reorientation of the vehicle is necessary because of its change in angular position
caused by the initial disturbance rate. The equation used to calculate the fuel for
this case is as follows:

2NF
--\[I Y o t/MF 1'co p is p Y

The fuel for reorientation is also dependent upon the initial disturbance rate, _/o .
In Figure 10.2-117, the total fuel per cluster for stabilization and reorientation is
plotted for various values of _0. This was done so that the fuel requirement for both

stability and reorientation can be updated with any additional revision in the distur-
bance rate,//o.

Fuel and time were calculated to rotate the vehicle at a rate equal to its orbital rate.
In this way, it will maintain an orientation along the trajectory. The major and minor
axis of the orbital ellipse varies from approximately 4100 to 4300 miles. The
vehicle can therefore be considered as remaining along the local horizontal.
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A 5.0-degree deviation from the local horizontal was used in the analysis due to the
orientation along the trajectory and a deadband of 2.5 degrees. Included also were
gravity gradient and aerodynamic disturbance torques.

A 180-degree maneuver about the roll, pitch, and yaw axes was included in the tabula-
tion of the fuel requirements. Figure 10.2-118 presents the rate limits as a function
of time for all three axes. Figure 10.2-119 is a plot of fuel expenditure per cluster
for roll, ptich, and yaw; both individually and as a sum, for various rate limits.

The maximum duty cycle was calculated from the ratio of disturbance torque to
control torque. This expression gives the thruster on-time as a percentage of the
total mission time.

Duty cycle = 0.094 percent

Tables 10.2-XVIH and 10.2-XIX present the basic data used in the analysis, with the
results presented in Table 10.2-XX.

10.2.5.1 System Selection and Description

10.2.5.1.1 System Selection

The reaction control systems studied for S-II application were selected based on the
consideration that they were available proven hardware. Another factor in choosing
candidate systems was to select systems which have performance characterisitics
compatible with the S-II mission requirements. Three systems were initially
considered: the Apollo service module RCS, the uprated Saturn I-B/S-IVB attitude
control system, and the Saturn V/S-IVB attitude control system. All three systems

employ hypergolic bipropellant rocket engines and positive expulsion feed systems to
provide propellant feed capabilities under zero and random gravity environment.

The Apollo RCS module employs four radiation-cooled, pulse-modulated rocket
engines. The engine has a rated vacuum thrust of 100 pounds and a steady state

specific impulse of 276 seconds. The engines use N204 oxidizer and MMH fuel at
a mixture ratio of 2.1. There are two system configurations: Block I design, with
two propellant tanks and a total propellant capacity of 120 pounds; and Block II with
four propellant tanks and a capacity of 326 pounds. For the Apollo application, the
RCS is mounted to a removable panel; when installed On the service module, this is
an integral part of the service module structure.

The Saturn I-B/S-IVB attitude control system consists of three ablative pressure-fed

rocket engines with a vacuum thrust of 150 pounds each and a steady state specific

impulse of 292 seconds. The engine uses N204 and MMH propellants at a mixture ratio of
1.6:1. The system is installed in a self-contained detachable module with the thrusters
positioned to provide pitch, yaw, and roll control. The system has a propellant
capacity of 62 pounds.

The Saturn V/S-IVB attitude control system has an engine cluster consisting of three
150 pound thrust attitude control engines for pitch, yaw, and roll control (identical
to the Saturn I-B/S-IVB engines) and a 70-pound engine to provide axial thrust. The

system has a propellant capacity of 330 pounds.
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Table 10.2-XVIII. RCS Thruster Characteristics

Symbo! Description a, b, d Jets

Isp 292

F

R

Specific impulse, seconds

(steady state)

Thrust magnitude, pounds

Distance from vehicle

centerline, inches

Jet cant angle, degrees

147.2

210.34

10

Table 10.2-XIX. Vehicle Mass Properties Data

Symbol

W

Xcg

Iyy = Iss

Ixx

!

Description

Total vehicle weight, pounds

Vehicle center of gravity from
reaction control jets, inches

Vehicle pitch or yaw moment
of inertia, slug-ft 2

Vehicle roll momet of inertia,
slug-ft 2

RCS effective moment arm

J-2S Engine
Shutdown

360, 000

786

!

Roll, _ = Rcos 5

Pitch, _' = Xcg

6/
Yaw, = Xcg cos 5

35,500,000

1,250,000

20O

79O

771
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For the purpose of this study, all of the attitude control systems considered were
assumed to be of the type desired with respect to engine thrust levels and minimum
impulse bit capabilities. The study then became a process of examining the advan-
tages and disadvantages of the various system configurations. The system must have

sufficient redundancy for man rating. A detachable modular RCS was considered
desirable to maintain an independent propulsion system to facilitate manufacturing,
checkout, and replacement, if required. The modular concept is appropriate for
isolating the thermal control problems associated with space environment and

cryogenic space vehicles. Compact system modules with shorter lines and buried
engine installation simplify the thermal control problem during flight by permitting
the use of passive protection.

A summary of the factors considered most significant in arriving at the selection of
the S-II reaction control systems is presented in Table 10.2-XXI. As a result of
assessing these factors, the Saturn V/S-IVB system was selected for the S-II. The

primary factors which led to its selection were that it requires a minimum modifi-
cation to the existing design for S-II application, requires only two modules to
provide adequate control capability with required redundancy features, and can meet
the propellant loading capacity for S-II mission requirements.

The propellant capacity of the Saturn IB/S-IVB system does not meet the minimum

requirement currently estimated for the S-II mission. It is felt that modifying the
systems to provide larger propellant tanks would result in design changes requiring
system requalification. Although it is recommended that the axial thrust engine on
the Saturn V/S-IVB attitude control system be deleted, it is felt that this will have
little impact on system qualification status.

The Apollo service module RCS has two major disadvantages in regard to the S-II
mission application. First, the engine employs single propellant injector valves
with dual activation coils (automatic and manual). This configuration does not provide
redundancy for a valve failure. In order to provide such redundancy, a four-module
configuration is required. This is compared to the quad redundant series-parallel
injector valves configuration used in the S-IVB design, which requires only two

modules to provide the same redundancy capability. Another disadvantage of the
Apollo RCS is that it would require considerable system modifications to repackage
the unit into a detachable module design.

10.2.5.1.2 System Description

The system selected for the S-II RCS application is the McDonnell Douglas Company
(MDC) Saturn V/S-IVB RCS module. The modules, two required per vehicle, are
demountable and will be procured to the configuration presently being manufactured

by the MDC. A module is shown in Figure 10.2-120. The module has a tri-lobe
body section with external skin that mounts the propellant tanks, pressurization tank,

and thrusters. An aerodynamic nose fairing with a 30 degree profile provides
additional space for mounting the penumatic controls.

The module is shown schematically in Figure 10.2-121.
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a.

b.

co

d.

Pressurization System. The RCS pressurization system stores helium at

3100 + 100 psia. Two regulators in series reduce the storage pressure to
196 + 3 psia for propellant tank ullage pressure. Because a common pressuri-
zation system is used for both propellant tanks, quadruple check valves are
located between the regulator and the tanks. These prevent the hypergolic

propellants from mixing as a result of positive expulsion bladder leakage or
permeation. A solenoid operated vent valve is provided for the low-pressure

regulated helium system to provide pneumatic control of the expulsion bladders
during loading and checkout. A relief valve gives protection against over-
pressurization of the regulated helium system during ground and flight operations.
All helium entering the regulated pressure area is filtered in the helium control
module upstream of the pressure regulator.

Propellant Feed System. The positive expulsion propellant feed system provides
propellant transfer to the engine under zero and random gravity conditions. The
propellants are contained in two titanium cylindrical tanks with hemispherical ends,
a Teflon expulsion bladder, and an axially-mounted concentric tube arrangement
for fill, drain, and recirculation. The propellant feed distribution system

incorporates filters and auxiliary ports for servicing, venting, and purge operations.

Thrusters. Three 150-pound-thrust engines are employed in each module. Each

engine combustion chamber is constructed of ablative material. The chamber is
integrally fabricated and composed of the combustion chamber, nozzle section
and nozzle expansion cone. The engine employs quadruple propellant injector
valves for redundant valve action. The injector consists of twelve pairs of unlike
doublets arranged to minimize hot spots in the combustion chamber. The valve
side of the injector is filled with a silver braze heat-sink that reduces injector
operating temperatures. During the qualified engine life (330 seconds) the
external wall temperature does not exceed 1060 degrees R and the maximum

valve body external temperature does not exceed 625 degrees R. Other engine
characteristics are given below.

RCS Engine Characteristics

Steady-state thrust (vac), lbf
Steady-state specific impulse (vac), seconds
Minimum impulse bit, lbf-seconds
Chamber pressure, psia
Nozzle expansion ratio
Fuel
Oxidizer
Mixture ratio

Rated life, seconds

Weight, lbm

150
292

7.5
100

33.9:1
MMH

N204
1.6:1
330

27

Mounting. Figure 10.2-116 shows the selected location of the two RCS modules

and their relationship to existing faired protrustions. The modules are offset
0 degrees 50 minutes from the vehicle position planes for alignment with existing
external hat section stringers. This allows symmetrical location of module
attachment structure relative to existing S-II structure.
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The aft skirt structure is reinforced as shownin Figures 10.2-20 and 10.2-21.
This provides load paths to S-II structural frames at Stations223, 240, and 283.
and provides adaptationfor theRCSmodule to S-II interface, using present
S-IVB module attachment locations andfittings. Design of these fittings
incorporates insulation to prevent thermal transfer, and allows relative
motion for thermal expansionbetween the module and the stage.

e. Fairing and Insulation. A closeout fairing between the RCS module and the LH 2
tank sidewall insulation is required for aerothermodynamic smoothness.

Figure 10.2-23 shows changes to the LH 2 tank sidewall insulation and also
shows the area of application of external cork insulation required to protect
the insulation or structure in the vicinity of the RCS module against aerodynamic
heating or thruster impingement.

f. Electrical System. Electrical control of the RCS is discussed under Astrionics.

10.2.5.2 Environment

10.2.5.2.1 Vibration Levels

Figures 10.2-122 and 10.2-123 give the sinusoidal and random vibration criteria
derived for the RCS module based on predicted flight environments only. It is
proposed that these data be used for qualification requirements, since the RCS is
required only for flight and is not installed during static firing.

10.2.5.2.2 Aerodynamic Heating

Analysis was conducted comparing fairing temperatures using heat rates of the NR

design aeroheating trajectory and the NASA design heat rates for the present fairing
configuration. Results of the analysis using a simplified thermal model show that
the fairing temperature using the NR heat rates will be lower than using the NASA
design heat rates. It is therefore concluded that temperature caused by aerodynamic
heating will not result in either a fairing structure or RCS component problem.

Additional insulation will be required on the S-II structure around the fairing due to
protuberance effects on the S-II stage, as shown in Figure 10.2-124. This insulation
will be similar to the present S-II insulation system around the LH 2 feedline fairing.

10.2.5.2.3 Base Heating

An analysis has been conducted to determine the possible effects of J-2S plume
radiation on the base of the RCS unit. The analysis was conducted for the most out-
board point on the RCS since this point should receive the greatest amount of radiation
from the plumes. The J-2S plumes used for the analysis have the following
properties:

MR = 5.87 T c = 3520 degrees K

P = 1231 psia Altitude = 300,000 feet

10-223



SPACE DIVISION oF NORTH AMERICAN ROCKWELL CORPORATIO2;

D5-15772-2

10 1

10 0

v

ILl

Z
0

U.,I

LI_I

U
U

10 -1

10 -2

m

B

m

m

D_

B

m

, RADIAL

...... LONGITUDINAL

_--'----" TANGENTIAL

0.42

0.01

0 20 100 1000

FREQUENCY (CPS)

2000

Figure 10. 2-122. Reaction Control Systena Random Vibration

10-224



SPACE DIVISION oF NORTH AMERICAN ROCKWELL CORPORAl: IC:,'"'_

D5-15772-2

10 2

10 1

v
<
t.l.I
¢.,,

7_
O
I---

ID
L)
<

10 o

10-1 I
5

i RADIAL
i LONGITUDINALI

i _-_TANGENTIAL

FREQUENCY (CPS)

Figure i0. 2-123. Reaction Control System Sinusoidal Vibration

10-225



SPACE DIVISION oF NORTH AMERICAN ROCKWELL CORPORATION

D5-15772-2

J
f REGION 2 / f

-Z/ ... f f

_ ...... )

SCALE: 1" =60"

f

f
f

WAKE REGION

..-.,.,..._
.--.......

2.0-

_) 1.5--

b
,,<

Z 1.0

I..U

r_

O
_- 0.5-

0

REGION 1

W._AKE REGION

"REGZ 2

J I I I I I
40 60 80 120 160 240

TIME, SEC.

[

Figure i0. 2-124. Surface Regions Influenced by Interference

Heating from Reaction Control System Fairing

10-226



SPACEDIVISION OFNORTHAMERICANROCKWELLCOR_"-': ,,z'[ON

D5-15772-2

The radiation resulting from this plume was computedfor the condition with the
interstage off. This will give the greatest amountof radiation since more of the
plume is exposedto the RCSunit.

The analysis resulted in a radiation heat flux of 0.06 Btu per square foot per second.

No additional thermal protection for radiant heating will be required since the design
will be basedon higher aerodynamicheating rates.

10.2.5.2.4 Aerodynamic Loading

Analysis of a limited nature has indicated a possible problem associatedwith the
30-degree nose cone profile on the module as presently designed. A quick-look has
showna 15-degree nose cone profile to be more favorable on the module whenmounted
on the S-II stage from an aerodynamic loading andheating standpoint. Consideration
was given to converting the 30-degreenose cone profile to the 15-degree nose profile,
but design problems were encounteredregarding the capability either to cantilever
the longer 15-degree nose cone on the current RCSmodule and/or supporting
structurally the 15-degree nose conefrom the stage sidewall. For thepurpose
of this study, a decision was therefore made to retain the current 30-degree nose
cone profile.

Further analytical work for a 30-degreenose cone profile to define further aerodynamic
loading andheating environment, anda comparison of the results of these analyses
with the current configuration capability, must be accomplished to make a final reso-
lution of fairing configuration.

10.2.5.3 Ground Servicing Equipment

The GSErequirements for the RCSmodulesconsist of installation andcheckout
equipmentfor the VAB, and moduleservicing equipment for the launch facility.
Specific equipment requirements for the VAB have not beendefined, but GSEis
required to provide the following functions:

RCSmodule transport andcheckout
Pneumatic and electrical checkout equipment for preinstallation checks
Module installation equipment
Postinstallation electrical continuity checkout equipment

At the launch facility, the RCS module servicing operations are performed manually
with the exception of helium storage sphere pressurization. Propellants are loaded
on board before the launch countdown begins. Fluid and gas distribution drag-in flex
hoses for system purge, propellant transfer and pneumatic requirements for module
servicing are connected manually to the RCS module. A description of the servicing
equipment is given below.

10.2.5.3.1 Propellant Purge Servicing

The RCS module purge system provides gaseous nitrogen to the fuel and oxidizer
subsystems for moisture removal prior to propellant loading. Individual purge equip-
ment is used for purging the fuel and oxidizer systems of the RCS.
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Nitrogen purge gas is supplied to the module servicing console (Douglasdesignation:
Model 472 for fuel and Model 473 for oxidizer) andtransferred to the RCSthrough the
fill line (Figure 10.2-125). The gas circulates through the individual propellant
systems and is ventedto atmosphere. The system purge lasts for approximately
five minutes. The enginevalves are then opened, allowing the purge gases to flow
through the engines. The engine valves are closed after approximately two minutes,
andthe system purge is complete.

The system supplies gaseousnitrogen to the module at a pressure of 30+ 2 psig and
at ambient temperature.

10.2.5.3.2 Propellant Circulation and Loading System

The system provides for circulation of propellants betweenthe North American
Rockwell mobile servicer andthe RCSmodels 472and 473 servicing consoles until
the propellants are conditionedto the proper temperature and pressure for RCS
loading (Figure 10.2-126). Whenthe propellant conditioning is achieved, the propel-
lant is diverted to the module through the fill line. As propellant accumulates in the
module tank, displaced gases are forced through the recirculation lines back to the
console and downto the NR mobile servicer. An increase in propellant pressure
will indicate whenthe module tank is full. Observation of a sight glass on the console
will showwhen the system is free of bubbles. After the tank is filled, a measured
amount of propellant will be off-loaded to meet the module propellant loading require-
ments. The propellant is off-loaded through the fill line back to the console anddown (
to the NR mobile servicing unit.

Fuel system operating parameters are as follows:

Pressure, propellant transfer
propellant return

30 + 2 psig
23_ 1 psig

Temperature 80 + 5 F

Flowrate 0.5 to 1.5 gpm

The fuel gasbleed system is part of the console andis connected to the RCSmodule
tank recirculation line by a flex hose (Figure 10.2-127). The system removes gas
which has accumulatedabovethe propellant inside the RCStank bladder.

10.2.5.3.3 Temperature Control

It is assumedthat the prelaunch thermal conditioning nitrogen purge requirements for
the RCSmodules will be the same as those on the S-IVB: 33 poundsper minute (each)
at approximately 100F. The three following methods of providing these requirements
were investigated:

. New independent system. This method has the obvious advantage of allowing
optimization of flow rate and temperature without compromising other system
requirements. However, it has the equally obvious disadvantage of requiring
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a new umbilical connection and a revision to the facility dueting. (It is

possible that the S-IVB engine compartment duct would be modified to suit
this purpose. )

. Tap-off from aft thermal control system. This method would require modifi-
cation of the umbilical connection and the facility duct system, since the new
total flow would be approximately three times that of the present system. The
one attractive feature is that the temperature requirements of both systems

are compatible.

Tap-off from engine compartment conditioning system (ECCS). Preliminary
studies show that since there will be no thrust chamber chilldown on the J-2S

concept, it appears feasible to reduce the ECCS purge temperature to a value
which will satisfy both systems. However, the required purge temperature

will call for operation of the facility system below its present calibration
limits. Therefore, the existing control circuitry (thermistors in S-II engine
compartment and associated controls) must be calibrated down to approxi-
mately 0 F (presently calibrated to 30 F minimum) or the concept revised to
that employed in the thermal control systems (control by temperature sensor
in duct).

Tapping off from the ECCS appears to require the least modifications and will be
employed unless shown not to be feasible by more detailed analyses. Assuming this
method is feasible, two 4-inch-diameter stubs will be added to the V7-417501 duct at

Station 196, near position II. From these take-off locations, 4-inch-diameter, light
gauge, aluminum ducts will be routed under the existing thermal control system ducts
to each of the two RCS modules. Figure 10.2-128 shows the proposed routing.

The new ducting will be supported, where possible, by attaching to the existing ducts
with clamps and brackets as shown in Figure 10.2-129. In locations where there is
no existing thermal control duct, the new duct will be routed closer to the Station 196
frame and attached to the basic structure. All RCS ducting, excluding the stub-outs
on the ECCS duct, will be field-installed at KSC to preclude interference with the
static firing ECCS manifold (GSE) used only at MTF.

10.2.5.3.4 Pneumatic Pressurization System

The RCS pneumatic pressurization system pressurizes the helium storage tank for
flight through a stage-mounted system (Figure 10.2-128). The system also maintains
propellant ullage pressure after propellant loading, before pressurization of the
helium tanks. The pneumatic system is pressurized in a three-step operation to
maintain ullage pressure on the propellants during standby and to meet safety and
vehicle system requirements. The operating parameters are listed below:

Operation

Propellant ullage control
Attitude control system
Helium tank prepressurization
Attitude control system

Helium tank pressurization

Pressure

(psig)

50

1450

3100

Tempe rature
(F)

Ambient

Ambient

Ambient

Flowrate

(lb/min maximum)

0.01

0.35

0.75
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POS IV

FIN P

NE901-0208 ENG COMPT

COND SYS MANIFOLD (GN2)
|

I

FIN C

POS I

/

MODIFIED

VT-A17501 DUCT

33 FT DIA (REF)

POS III

.25 INCH DIA HIGH

PRESS TUBING

FIN P,

4 INCH DIA

I.IGHTWEIGHT DUCT

POS II

Figure 10. 2-128. Reaction Control System Conditioning (GN2)

and Helium Pressurization System
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-_ XB 196
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EXISTING SADDLE CLAMP

EXISTING 3.00 DIA
THERMAL CONTROL

SYSTEM

sADdLEcua_ (_w)

FWD

SAODU_CLAMP(NEw)

RCS COND SYSTEM

4.00 DIA LIGHT

WEIGHT DUCT

5.25 (APPROX) m_

Figure i0. 2-129. Reaction Control System Conditioning Ducts
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10.2.6 WEIGHT AND MASS PROPERTIES

This section contains the weight and mass properties of the S-II stage with J-2S
engines for the LOR and LEO missions. The data are presented in the form of tables
and charts. Detailed computer printouts of the data are available, if desired. The

baseline configuration for this data is the MSFC J-2S Improvement Study Baseline
Launch Vehicle SA-511, dated September 1968.

10.2.6.1 LOR Mission

The installation of the J-2S engine will increase the S-II stage dry weight by 1862
pounds. A brief description of the affected components is as follows:

a. Engine and Accessories. The replacement of J-2 engines with J-2S engines
will result in a net weight increase of 1218 pounds.

b. Thrust Structure. Structure will be redesigned to accommodate the increased
thrust loads of the J-2S engines, resulting in a net weight increase of 2000 pounds.

e. Fairings. The propellant recireulation line fairings are deleted, because the

propellant recirculation system is not required with the J-2S engine. The weight
decrease is 81 pounds.

do Base Heat Shield. The rigid base heat shield thickness is increased by 0.5-inch,
and a steel wire mesh is added to the exposed surface, resulting in a weight
increase of 30 pounds.

e. Purge and Leak Detection System. Modification to existing purge system to
meet J-2S configuration will result in a 30-pound weight increase.

fo Fuel and Oxidizer Recirculation System. Propellant recirculation systems are

not required for the J-2S configuration. A fuel system weight decrease of 910
pounds and oxidizer system weight decrease of 305 pounds are realized.

g. Electrical System. A 120-pound weight reduction results from the removal of
the propellant recirculation system.

ho S-IC/S-II Interstage. A total weight reduction of 1099 pounds results from the
following: deletion of the ullage system, 834 pounds; deletion of propellant

recireulation system components, 155 pounds; decrease of measurement system
commensurate with ullage system deletion, 70 pounds; decrease of structure by
40 pounds.

10.2.6.1.1 S-II Stage Dry Weight and Longitudinal Centers of Gravity

These data are presented in Table 10.2-XXII..

10.2.6.1.2 S-II Stage Propellant Weights and Longitudinal Centers of Gravity

These data are presented in Table 10.2-XXIII.
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10.2.6.1.3 S-II Interstage Weights and Longitudinal Centers of Gravity

Data for the lower andupper aft interstage structures are presented in
Table 10.2-XXIV

10.2.6.1.4 S-II Drop Weight Event History

Data are shownon Table 10.2-XXV.

10.2.6.1.5 S-II StageMass Characteristics

The vehicle weights, centroids, and moments of inertia are shownin Table 10.2-XXVI
in English and International units.

10.2.6.1.6 S-II StageWeight and Center of Gravity Versus Burn Time

These data are shownin Figure 10.2-130.

10.2.6.1.7 S-II StageMomentof Inertia Versus Burn Time

Roll and pitch momentsof inertia in International units versus burn time are shown
in Figure 10.2-131.

10.2.6.1.8 S-II WeightDistribution andCantilevered Items at GroundIgnition

Weight distribution is listed in Table 10.2-XXVII and is plotted in Figure 10.2-132.
Cantilevered items are shownin Table 10.2-XXVIH.

10.2.6.1.9 S-II WeightDistribution and Cantilevered Items at EngineCutoff

Weight distribution are listed in Table 10.2-XXIX and plotted on Figure 10.2-133.
Cantilevered items are shownin Table 10.2-XXX.

10.2.6.2 LEO Mission

In addition to the weight changesdescribed abovefor the LOR mission, the following
weight changeswill be in effect for the LEO mission:

a. Propellant Container. Addition of a lower antislosh baffle in the LOX tank will
result in a 150-poundincrease.

b. Fairings. Additional fairings for the LH2 balancedvent system andthe reaction
control system will producea 40-poundincrease.

c. Fuel System. The addedLH2 balancedvent system causes a 25-poundincrease.

d. StageControl System. The existing four auxiliary hydraulic motors will be
replaced with four 28 vdc motors, a four-battery power supply, and associated
cabling, mounts, and plumbing. The nef weight increase is 500 pounds.

e. Reaction Control System. A completely new system will be added, with a total
dry weight of 946pounds.
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Table 10.2-XXII. S-II StageDry Weight and Longitudinal Centers of Gravity,
LOR Mission

Item
Weight

(lb)

013)
179
O57
130
302
351

S-II Body
X-Station

(in.)

Structure (49,
Propellant Container 29,
Forward Skirt 4,
Aft Skirt 4,
Thrust Structure 9,
Fairings and Associated Structures 1,
BaseHeat Protection
Paint and Sealer

Propulsion System and Accessories
Engine ans Accessories
Purge System
Fuel System
Oxidizer System
StageControl System

Equipment and Instrumentation
Environmental Control System
Guidance System
Telemetry and Measurement

Equipment
Propellant Utilization System
Electrical System
Range Safety Equipment
Pneumatic System
Separation System

660
334

(26,472)
19,248

416

3,166
2,519
1,123

(6,645)
1,121

481

2,734

634
829
319
410
117

418

(414.8)
465.5
885.3
241.0

157.3
340.4

60.7
592.3

(121.
715.
266.
374.
172.
113.

(381.
370.
570.
380.

374.
215.

757.
221.
468.

Growth Allowance 321.

9)
4

8

4
1

0

2)
2
3
7

4
8
4
4
5

S-V Body
X-Station

(in.)

(1978.8)
2029.5
2449.3
1805.0

1721.3
1904.4
1624.7
2156.3

(1685.9)
2279.4

1830.8
1938.4
1736.1
1677.0

(1945.2)
1934.2
2134.3

1944.7

1938.4
1779.8
2321.4
1785.4
2032.5

1885.3

Total S-II Dry Stage Weight 82,548 317.7 1881.7
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Table 10.2-XXIII. S-II Stage Propellant and Longitudinal Centers of Gravity,
LOR Mission

Item

Residuals and Reserve Propellants

Fuel Pressurizing Gas
Fuel - Propellant Utilization

Residual Allowance

Fuel - Thrust Decay
Fuel - Trapped
Oxidizer Pressurizing Gas
Oxidizer - Thrust Decay
Oxidizer - Trapped
Service Items

Weight
(lb)

(13,390)
1,594

53O

2OO

2,651
3,992

455
3,898

7O

Standard Propellant Consumption (967,890}

Fuel 154,289

S-II Body
X-Station

(in.)

(295.5)
650.2
369.2

374.3
334.2
283.8

159.0
141.3

115.3

(331.5)
638.5

Oxidizer

Other Weight Items

Thrust Buildup
Fuel
Oxidizer

Consumed prior to Ignition
Service Items

Vented Gases - Common Bulkhead

Engine Start Cartridge Propellant

813,601

(2,550)

725

1;825

( lO5)
38

67

273.

(455.

896.
367.

(190.
371.

88.

1

6)

9
4

5)
1
0

S-V Body
X- Station

(in.)

(1859.5)
2214.2

1933.2

1938.3

1898.2
1847.8
1723.0
1705.3
1679.3

(1895.5)
2202.5

1837.1

(2019.6)

2460.9
1931.4

(1754.5)
1935.1
1652.0
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Table 10.2-XXIV. S-II StageInterstage Weights and Longitudinal Centers
of Gravity, LOR Mission

Item

S-IC/S-II Interstage Documented

to S-IC Stage Stations 0 to -23

Structure

Interstage Structure
Paint and Sealer

Equipment and Instrumentation
Separation System
Guidance System

Total S-IC/S-II Interstage Documented
to S-IC Stage Dry Weight

S-IC/S-II Interstage Documented to

S-II Stage Stations 0 to 196.0

Structure

Interstage Structure

Weight
(Ib)

(1481)
1471

10

( 67)
57
10

1548

(8127)
7838

S-II Body
X-Station

(in.)

(- 12.3)
- 12.3

- 12.0

(- 2.4)
- 2.6

- 1.6

- 11.9

(93.9)
93.6

Fairing and Associated Structures
Paint and Sealer

Propulsion System
LOX Fill and Drain Disconnect

Equipment and Instrumentation

Telemetry and Measuring
Separation System
Guidance System

S-IC/S-II Interstage Documented to
S-II Stage Dry Weight

149
140

7)
7

202)
6O
85
57

8336

107.5
98.2

(160.0)
160.0

(133.9)
107.3

169.2

109.3

94.9

S-V Body
X-Station

(in.)

(1551.7)
1551.7
i552.0

(1561.6)
1561.4
1562.4

1552.1

(1650.6)
1657.6
1456.6
1465.8

(1404.0)
1404.0

(1430.1)
1456.7

1394.8
1454.7

1658.9
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Table 10.2-XXV. S-II Drop Weight Event History
LOR Mission

Mission Event

Time (sec)

S-IC Mainstage

161 (S-IC OECO)

165 (S-II Ignition)
(Ignition to 90% P. C.)

Mainstage Burn

194 (S-II Prior to
Interstage Jettison)

Mainstage Burn

499 (S-II Cutoff and
Separation)

Item Description

Bulkhead Purge Gas

S-IC/S-II Interstage (Small)

J-2S Start Cartridge Propellant

LOX Thrust Buildup

LH 2 Thrust Buildup

S-IC/S-II Inter stage (Large)

LOX Thrust Decay
LH2 Thrust Decay

Dry Stage
LOX Remaining in Tank (Including sump)
LH2 Remaining in Tank
LOX Tank Pressurant

LH2 Tank Pressurant
LOX Trapped (Outside of Tank)

LH 2 Trapped (Outside of Tank)
Service Items (Hydraulic oil, etc. )

Weight
(lb)

38

1,548
67

1,825
725

8,336

455
2OO

82,548
2,545

2,940
3,992
1,594
1,353

241
70
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Table 10.2-XXVIII. S-II Stage at Ground Ignition
Cantilevered Items LOR Mission

Thrust Structure

Point of Attachment

Weight

Center of Gravity

Pitch Moment of Inertial
about Point of Attachment

S-II Station 223
Saturn-V Station 1787

38,447 pounds

S-II Station 108.1
Saturn-V Station 1672.1

26,366 Kg-M-sec 2

190,705 Slug-Feet 2

LOX Tank

Point of Attachment

Weight

Center of Gravity

Pitch Moment of Inertia
about Point of Attachment

S-II Station 284

Saturn-V Station 1848

835,187 pounds

S-II Station 273.6
Saturn-V Station 1837, 6

266,289 Kg-M-sec 2
1,926,068 Slug-Feet 2

Forward Bulkhead

Point of Attachment

Weight

Center of Gravity

Pitch Moment of Inertia
about Point of Attachment

S-II Station 823
Saturn-V Station 2387

2540 pounds

S-II Station 898.3
Saturn-V Station 2462.3

1363 Kg-M-sec 2
9859 Slug- Feet 2
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Table 10.2-XXX. S-II Stage at Cutoff Signal

Cantilevered Items LOR Mission

Point of Attachment

Weight

Center of Gravity

Pitch Moment of Inertia
about Point of Attachment

Thrust Structure

S-II Station 223

Saturn-V Station 1787

38,380 pounds

S-II Station 108.1

Saturn-V Station 1672.1

26,366 Kg-M-sec 2

190,705 Slug-Feet 2

LOX Tank

Point of Attachment

Weight

Center of Gravity

Pitch Moment of Inertia

about Point of Attachment

S-II Station 284

Saturn-V Station 1848

19,723 pounds

S-II Station 263.5

Saturn-V Station 1827.5

8211 Kg-M-sec 2

59,391 Slug-Feet 2

Forward Bulkhead

Point of Attachment

Weight

Center of Gravity

Pitch Moment of Inertia

about Point of Attachment

S-II Station 823

Saturn-V Station 2387

2540 pounds

S-II Station 898.3

Saturn-V Station 2462.3

1363 Kg-M-sec 2

9859 Slug- Feet 2
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f. Environmental Control System. One equipment container with shock mounts for

stage control batteries will be added and one additional container will be shock-

mounted. The total increase is 210 pounds.

g. Telemetry and Measuring. A larger 28-vdc battery, and 48 additional measure-

ments will be installed, with a total weight of 200 pounds.

h. Electrical System. A larger 28-vdc battery will be installed, resulting in a

30-pound increase.

The total weight increase compared to the LOR mission to accomplish the LEO

mission is 2001 pounds.

10.2.6.2.1 S-II Stage Dry Weight and Longitudinal Centers of Gravity

These data are presented in Table 10.2-XXXI.

10.2.6.2.2 S-II Stage Propellant Weights and Longitudinal Centers of Gravity

These data are presented in Table 10.2-XXXII.

10.2.6.2.3 S-If Interstage Weights and Longitudinal Centers of Gravity

Data for the lower and upper aft interstage structures are presented in

Table I0.2-XXXIII.

i0.2.6.2.4 S-II Drop Weight History

These data are shown in Table 10.2-XXXIV.

10.2.6.2.5 S-II Stage Mass Characteristics

The vehicle weights, centroids, and moments of inertia are shown in

Table 10.2-XXXV in English and International units.

i0.2.6.2.6 S-II Stage Weight and Mass Data Versus Flight Time

These data are shown in Figure i0.2-134.

i0.2.6.2.7 S-II Weight Distribution and Cantilevered Items at Ground Ignition

Weight Distribution is shown in Tablel0.2-XXXVI and Figure 10.2-135. Cantilevere

items are shown in Table 10.2-XXXVII.

I0.2.6.2.8 S-II Weight Distribution and Cantilevered Items at Engine Cutoff

Weight Distribution is shown in Tablel0.2-XXXVIIIand Figure 10.2-136. Canti-
levered items are shown in Table 10.2-XXXIX..
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Table 10.2-XXXI

S-II Stage Dry Weight and Longitudinal Center of Gravity

LEO Mission

Item

Structure

Propellant Container
Forward Skirt

Aft Skirt

Thrust Structure

Fairings and Associated Structure
Bast Heat Protection

Paint and Sealer

Propulsion System and Accessories

Engine and Accessories

Purge System

Fuel Systmn

Oxidizer System

Stage Control System

Reaction Control System

Equipment and Instrumentation

Environmental Control System

Guidance S,vstem

Telemetry and Measurement Equipment

Propellant Utilization System

Electrical S,vstem

Range Safety Equipment

Pneumatic System

Separation System

Weight

(lb)

(49,203}
29, 329

4057

4130

9302

1391

660

334

(27,943)
19,248

416

3191

2519

1623

946

(7085)
1331

481
2934

634

859

319

410

117

S-II Body
X Station

(In)

(413.9)
464.0

885.3

241.0

157.3

336.6

60.7

592.3

(126.4)
71.2

266.8

379.2

172.1

121.3
223.3

(367.3)
338.3

570.3

364.7
374.3

213.7

755.2

221.4

468.5

S-V Body
X Station

(In)

(1977.9)
2028.0

2449.3
1805.0

1721.3

1900.6

1624.7

2156.3

(1690.4)
1635.2

1830.8

1943.2

1736.1

1685.3

1787.3

(1931.3)
1902.3

2134.3

1728.2

1938.3

1777.7

2319.2

1785.4

2032.5

Growth Allocation 418 321.3 1885.3

Total S-II Dry Stage Weight 84, 649 314.6 1878.6
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Table 10.2-XXXII

S-II Stage Propellant Weight and Longitudinal Center of Gravity,

LEO Mis.,

Item

Residuals and Reserve Propellants

Fuel Pressurizing Gas
Fuel -

Residual Allowance

Fuel - Main Stage Reserve
Fuel - 2nd Idle Mode Mixture

Ratio Shift Allowance

Fuel - Trapped

Oxidizer Pressurizing Gas

Oxidizer - Main Stage Reserve
Oxidizer - 2nd Idle Mode Mixture

Ratio Shift Allowance

Oxidizer - Trapped
Service Items

Standard Propellant Consumption

Mainstage
Fuel
Oxidizer

Thrust Decay - Mainstage to Idle

Weight

(Ib)

(19,470)

1704

530

1025

S-II Body
X Station

(in)

(272.0)
650.2

356.3

365.7

1690

1441

4092

4735

1830

2353

70

377.9

313.6

283.8
162.1

157.

131.

115.

Fuel

Oxidizer

1st Idle Mode

Fuel

Oxidizer

2rid Idle Mode

Fuel

Oxidizer

Other Weight Items

Thrust Buildup
Fuel

Oxidizer

Consumed During Coast

R CS Propellant

Vented Gas - LH 2 Tank

Consumed Prior to Ignition
Service Items

Vented Gas - Common Blkhd

Engine Start Cartridge Propellant

(940,332)
148,113

792,219

(319)
98

221

(1184)

565

619

(12, 650)
5160

7490

(2550)
725

1825

(814)
664

150

(333.7)
652.6

274.0

(245.3)
413. )

171.0

(285.7)

411.9

170.5

(261.7)

398.1

167.7

(454.3)
901.3

365.0

(259.1)

225.0

410.0

lion

(lO5)
38

67

(190.5)

I 371.1
88.0

S-V Body
X Station

(in)

(1836. O)
2214.2

1920.3

1929.7

1941.9

1877.6

1847.8

1726.1

1721.2

1695.0

1679.3

(1897.7)
2216.6

1838.0

(1809.3)
1977.0

1735.0

(1849.7)
1975.9

1734.5

(1825.7)
1962.1

1731.7

(2018.3)
2465.3

1929.0

(1823.1)
1789.0

1974.0

(1754.4)
1935.1

1652.0

10-253



SPACEDIVISIONOFNORTH AMERICAN ROCKWELL CORPORATION

D5-15772-2

Table 10.2-XXXIII

S-II Interstage Weight and Longitudinal Centers of Gravity,

LEO Mission

Item

S-IC/S-II Interstage Documented to

S-IC Stage Stations 0 to -23

Structure

Interstage Structure
Paint and Sealer

Equipment and Instrumentation

Separation System

Guidance System

TOTAL S-IC/S-II INTERSTAGE DOCU-

MENTED TO S-IC STAGE DRY WEIGHT

S-IC/S-II Interstage Documented to

S-II Stage Stations 0 to 196.0

Structure

Interstage Structure

Fairing and Associated Structure
Paint and Sealer

Propulsion System
LOX Fill and Drain Disconnect

Equipment and Instrumentation

Telemetry and Measuring
Separation System

Guidance System

S-IC/S-II INTERSTAGE DOCUMENTED
TO S-II STAGE DRY WEIGHT

Weight

(lb)

(1481)
1471

10

S-II Body
X Station

(In)

(-12.3)
-12.3

-11.5

(67) (- 1.9)
57 - 2.0

i0 - 1.6

1548 -ii. 9

(8127)
7838

149
140

(7)
7

(202)
6O

85
57

(93.9)
93.6

107.5

98.2

(160.0)
160.0

(133.9)
107.4

1(;9.2

109.3

94.98336

S- V Body
X Station

(In)

(1551.7)
1551.7

1552.5

(1562.1)
1562.0

1562.4

1552. 1

(1657.9)
1(;57.6

1671.5

1662.2

(1724.0)
1724.0

(1697.9)
1671.4
1733.2

1673.3

1658.9
l
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Table 10.2-XXXIV

S-II Drop Weight History, LEO Mission

Mission Event

Time (sec)

S-IC Mainstage

161 (S-IC OECO)

165 (S-II Ignition)

(Ignition to 90% PC)

Mainstage Burn

194 (S-II Prior
to interstage
jettison

Mainstage Burn

484 (Shift to
1st Idle Mode)

497 (S-II at 1st
Idle Mode Cutoff)

Coast/Transfer
Orbit to 300
Nautical Mile
Altitude

3203 (S-II at 2nd
Idle Mode

Ignition)

3370 (S-II at 2nd
Idle Mode Cutoff)

Item Description

Bulkhead Purge Gas

S-IC/S-II Interstage (Small)

J-2S Start Cartridge Propellant

LOX Thrust Build-up
LH 2 Thrust Build-up

S-IC/S-II Interstage (large)

LOX Thrust Decay
LH 2 Thrust Decay

LOX Idle Mode

LH2 Idle Mode

Reaction Control Propellant

Vented LH 2 Tank Pressurant

LOX Idle Mode

LH2 Idle Mode

Dry Stage

LOX Remaining in Tank (including sump)
Unusable 1000

Mainstage flightreserve 4735
2nd idlemode MRS allow. 1830

Weight (Ib)

38

1548
67

1825
725

8336

221
98

619
565

664
150

7490
5160

84,649
7585
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Table 10.2-XXXIV

S-II Drop Weight History, LEO Mission (Cont)

Mission Event

Time (sec)

3370 (S-II at 2rid

Idle Mode Cutoff)

(Cont)

Item Description

LH2 Remaining in Tank
Unusable

Mainstage Bias
Mainstage Flight Reserve
2nd Idle Mode MRS Allowance

LOX Tank Pressurant

LH2 Tank Pressurant
LOX Trapped (outside of tank)

LH 2 Trapped (outside of tank)
Service Items

Weight (lb)

1200
530

1025
1690

4445

4O92
1704
1353

241
7O
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Figure i0. 2-135. S-II Weight Distribution at Ground Ignition (LEO Mission)
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Table 10.2-XXXVII

S-II Stage at Liftoff, Cantilevered Items

LEO Mission

Thrust Structure

Point of Attachment

Weight

Center of Gravity

Pitch Moment of Inertia
about Point of Attachment

S-II Station 223

Saturn-V Station 1787

38300 pounds

S-II Station 109.2
Saturn-V 1673.2

26735 Kg-M-sec 2

193374 Slug-Ft2

LOX Tank

Point of Attachment

Weight

Center of Gravity

Pitch Moment of Inertia

about Point of Attachment

S-II Station 284
Saturn -V Station 1848

835456 pounds

S-II Station 273.1
Saturn-V 1837.1

267049 Kg-M-sec 2
1931565 Slug-Ft 2

Forward Bulkhead

Point of Attachment

Weight

Center of Gravity

Pitch Moment of Inertia
about Point of Attachment

S-II Station 823
Saturn-V Station 2387

2540 pounds

S-II Station 898.3
Saturn-V Station2462.2

1423 Kg-M-sec 2
10292 Slug-Ft 2
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Table 10.2-XXXIX

S-II Stage at Cutoff Signal, Cantilevered Items

LEO Mission

Thrust Structure

Point of Attachment

Weight

Center of Gravity

Pitch Moment of Inertia
about Point of Attachment

S-II Station 223

Saturn-V Station 1787

38233 pounds

S-IIStation 109.3

Saturn-V Station1673.3

26209 Kg-M-sec 2

189566 Slug-Ft2

LOX Tank

Point of Attachment

Weight

Center of Gravity

Pitch Moment of Inertia
about Point of Attachment

S-II Station 284
Saturn-V Station 1848

21133 pounds

S-II Station 254.0

Saturn-V Station 1818.0

9295 Kg-M-sec 2
67232 Siug-Ft2

Forward Bulkhead

Point of Attachment

Weight

Center of Gravity

Pitch Moment of Inertia
about Point of Attachment

S-II Station 823

Saturn-V Station2387

2540 pounds

S-II Station 898.3
Saturn-V Station 2462.3

1423 Kg-M-sec 2
10292 Slug-Ft2
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10.2.7 GROUND SUPPORT EQUIPMENT

This section describes the changes required to the mechanical ground support
equipment (MGSE) and the electrical support equipment (ESE) for J-2S engine
incorporation on the LOR and LEO missions. The changes for the LEO mission are
described as additions to those required for the basic LOR mission.

The baseline configuration for GSE is described in the Configuration Control M aster
Record (CCMR), Parts 1 and 2, dated 13 November 1968.

The equipment and GSE for servicing and checkout of the J-2S engine as a component,
as well as for the solid propellant turbine starter (SPTS), is assumed to be provided
as GFE, or by the engine contractor as directed by NASA.

10.2.7.1 Mechanical Ground Support Equipment (MGSE) Changes

The basic philosophy for modifying the MGSE required to check out, service, and
launch a J-2S-powered S-II will be to deactivate, modify existing systems, and add
new hardware only when deactivated hardware cannot be used. No changes will be
made solely to up-grade existing systems. Removal of deactivated systems will be
accomplished in the detail design phase only if a degradation in system reliability can
be demonstrated, or to provide space for added systems.

10.2.7.1.1 Auxiliary MGSE Changes for the LOR and PO Missions

a. A7-41, Umbilical Carrier Plate, S-II Intermediate Swing Arm. The carrier
plate provides the structural termination for the individual fluid and electrical
system connectors. It contains the latching and push-off systems that provide
a near simultaneous separation of the individual disconnects shortly after vehicle
liftoff.

, Design Changes. The disconnects at the following locations are deleted
and the opening capped with a metal plate to maintain the purge gas
atmosphere between carrier plate and stage (Figure 10.2-137).

Disconnect No.

7

10

11

17

Find No.

A7741

A7753

A7752

A7755

I J-2 Nomenclature
Turbine Start Bottle GH2 Vent Control Pressure

Turbine Start Bottle Pressurization

LH 2 Pump Seal Drain

Prevalves and Recirculation System

I Actuation System Pressure
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b.

The following disconnects are redesignated as follows:

Disconnect No.

6

12

22

27

Find No. J-2 Nomenclature

LOX Dome Purge was Turbopump PurgeA7742

A7754

A7736

A7750

Fuel Pump Drain was Turbine Start
Bottle Vent and Relief

Prevalve Actuation system Pressure was

Inflight Helium Injection

LH 2 Feedline Purge was Recirculation
LH 2 Line Purge

. Qualification and Test. Qualification of the carrier plate will not be affected
by the change. No testing will be required to revalidate the carrier system
above that currently performed at KSC for the J-2/S-II program.

. Modification. Hardware modifications can be accomplished in the field or
at the umbilical refurbishment facility (currently NR/LAD) after support of
the last J-2/S-II commitment.

4. Contractual documents affected are the following:

(a) Saturn Stage S-II Ground Support Equipment, Contract Specification
CP 190 M0001A

(b) 13M50097, Saturn Interface Control Document, Saturn V Vehicle S-II
Stage Fluids Requirements

(c) 65ICD9746, Umbilical and Service Connections, S-II (intermediate)

A7-51, Side Load Arresting Mechanism (SLAM). The SLAM provides a structural
tie, attaching to the engine bridles, to react side loads during ground engine

start. The outboard engine attachments can be separated on command to permit
engine gimbaling. The center engine attachment is fixed. The outboard engine
bridle is provided as GFE with the engine, whereas the center engine bridle is
provided by NR/SD. The outboard bridle attachment points to the SLAM have
been designed by Rocketdyne to interface with existing equipment.

. Design Change. The change in the J-2S side load attachment points will
require modification of the center engine bridle collar struts. These
changes, shown in Figure 10.2-138, consist of shortening the vertical

struts, a redesign of the center strut attachment fitting, and a redesign of the
turnbuckle barrel to develop a shorter length adjustment.

, Retest. The redesigned and modified struts will be individually proof-tested
to limit design load. No structural testing of the entire SLAM system is

required.

. Modification. Modified components of the center engine SLAM system can be
accomplished in the field. No contractual documents are affected.

10-269



SPACE DIVISION oF NORTH AMERICAN ROCKWELL CORPORATION

D5-15772-2

/
/

/
!

!

f_

MODIFY TO A

SHORTER LENGTH

MODIFY TO SHORTER

LENGTH & DIFFERENT

END ATl_ACIIMENT

Figure i0. 2-138. A7-51 SLAM Center Engine Bridle

Changes for J-2S Engine

10-270



SPACE DIVISION ov NORTH AMERICAN ROCKWELL CORPORATION

D5-15772-2

C. A7-61 Umbilical Carrier Plate, Aft - Static Firing. The A7-61 provides the
termination support structure for the hard fluid lines (used as a substitute for
the disconnects during static firing) and electrical systems servicing the stage.
The carrier plate is fastened securely to the stage to withstand the static firing
environment

. Design Changes. The changes to the A7-61 will be similar to those described
for the A7-41 except that physical change will consist of removal of support

bracketry on deleted systems and nomenclature changes, as appropriate.
No retesting is required nor are contractual documents affected.

d. A7-71, LH 2 Heat Exchanger. The A7-71 heat exchanger is essentially a
double-walled vacuum-jacketed vessel encompassing three chill coils in a liquid
and gaseous bath of hydrogen. The coils chill helium and hydrogen gas for use
with the S-II stage.

. Design Change. The start tank chill and thrust chamber chill circuits will
be deactivated by capping openings at Find Numbers A9247, A9241, A9248,
and A9242 (Figure 10.2-139).

. Retest. Retesting will consist of verifying total system functional com-
patibility in conjunction with tanking tests at MTF and CDDT at KSC.

3. Modification. All modification is to be accomplished in the field.

4. Affected Contractual Documents:

Contract Specification C P362M 0001A

65ICD9765, Physical ICD S-II Heat Exchanger

65ICD9766, Piping Criteria - S-II Pneumatic Servicing, Saturn V

e. A7-84 Engine Compartment Platform Set. The A7-84 consists of three distinct
platform assemblies: two circumferential platform sets attaching to the aft
interstage at S-II Stations 30 and 114, and a set of protective platform panels
fitting over the heat shield. The platforms provide personnel access to the engine
compartment.

. Design Changes. Only the heat shield platform will be affected due to a change
in the heat shield support configuration. The platform panels will be modi-
fied to clear the revised strut locations. A fit test at KSC low bay will be
required. Modification can be accomplished in the field. No contractual
documents are affected.

10.2.7.1.2 Auxiliary MGSE Changes for the LEO Mission.

These changes are delta to those required for the LOR mission.
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a. A7-41, Umbilical Carrier Plate, S-II Intermediate Swing Arm.

• Design Changes.

Disconnect No.

I0

17

Add connects at the following locations (Figure 10.2-137):

Find No. Nomenclature

A7753

A7755

RCS Pressurization

EAS air supply

2. Qualification and Test. Testing is not affected by the test.

3. Modification. Modification will be accomplished in the field.

4. Contractual Documents Affected.

Contract Specification C P190M 001A

Saturn ICD 13M50097

Saturn ICD 65ICD9746

b. A7-61 Umbilical Carrier Plate, Aft - Static Firing

. Design Changes. Hardline support bracketry and designation will be added
for the EAS Air Supply system at Find No. A7755. Modification is to be
accomplished in the field; no retest is required nor are contractual
documents affected.

10.2.7.1.3 Checkout MSGE Changes for the LOR and POMissions

a. C7-53, Pneumatic Checkout Blanking Plate Set. The C7-53 contains the plates
and fittings required to block off subsystems for leak and functional tests (Fig-

ure 10.2-140).

. Design Changes. Additional blanking plates are to be provided for the
oxidizer dome purge system leak check at the disconnect (KSC only). The
existing turbopump purge blanking plate will be utilized at the engine
connect panel. The oxidizer dome purge plate will also satisfy prevalve
actuation system requirements. There is to be no retest, modification can be
accomplished in the field, and no contractual documents are affected.

b• C7-70 S-II Pneumatic Console Test Set. The C7-70 is a portable item of GSE

containing the controls and monitoring devices to operate and checkout individual
electrical and electro-mechanical components within the $7-41.
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Figure i0. 2-140. C7-53 Pneumatic Checkout Blanking Plate Set
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C°

° Design Changes. Control and monitoring circuitry are to be added for the
LOX dome purge pressure switch and solenoid valve. The nomenclature of

recirculation system pressure will be changed to prevalve actuation pressure,

and LH2 recirculation system purge will be changed to LH2 feedline purge.
Added control system integrity will be verified, and modification can be
accomplished in the field. The contractual document affected is Contract
Specification C P490M0003A.

C7-603 Console, Pneumatic. The C7-603 provides the pneumatic stimuli to
check out the various stage systems. It provides pressure levels to proof-

pressure test and leak test both components and subsystems. The C7-603 is
used at the manufacturing and static firing facilities only.

° Design Changes. The 400-psig GH_ start tank vent control supply system
will be inactivated by capping fluid junction FJ109 and removing nomenclature
from the rear panel and from the control switch on the test control panel
(Figures 10.2-141 through 10.2-144).

The 750-psig recirculation System Helium Fill Disconnect Actuation Supply
system will be inactivated by capping fluid junction FJ147 and removing
nomenclature from rear panel and from the control switch on the test control

panel (Figures 10.2-142 and 10.2-144}.

The 1000 psig recirculation pressurization receiver requirements are deleted
for the J2-S, and an actuation supply, and leak check pressurization of
725 ± 25 psig for the LOX and LH 2 prevalves is added. Therefore, the
deleted system will be used to provide the prevalves 725 • 25 psig actuation
supply and leak check pressure. This is to be accomplished by changing
pressure regulator G9PR7, pressure switch G9PS8, relief valve G9RV6,
and revising nomenclature on the rear panel and control switch on the test
control panel (Figures 10.2-143 and 10.2-144).

The 0-20 psig GH 2 start tank fill manifold disconnect relief check system
will be inactivated by capping fluid junction FJ170, removing solenoid
actuation control and removing nomenclature from front and rear leak

check regulation panels {Figures 10.2-145 and 10.2-147).

The 30 psig LH 2 pump seal drain manifold supply system will be inactivated
by capping fluid junction FJ135 and removing solenoid actuation control and

nomenclature from front and rear leak check regulation panel (Fig-
ures 10.2-145 and 10.2-147).

The 0-20 psig LH 2 pump seal drain manifold disconnect relief check supply
system will be inactivated by capping fluid junction FJ174, removing
solenoid actuation control and nomenclature from front and rear leak check

regulation panel (Figures 10.2-145 and 10.2-147).

The 30 psig LH 2 recirculation system purge supply system will be inactivated
by capping fluid junction FJ194 and removing solenoid actuation control and
nomenclature from front and rear leak check regulation panel (Figure 10.2-145
and 10.2-147).
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Figure I0. 2-141. C7-603 System Changes

(GH 2 Start Tank Vent Control Supply)
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Figure I0.2-144. C7-603 Test Control Panel Changes
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Figure i0. 2-145. C7-603 System Changes (LH2 Pump Seal Drain Manifold

Disconnect Relief Check Supply)
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Figure i0. 2-146. C7-603 System Changes

(LH 2 Feedline Purge Supply}
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Figure i0. 2-147. Leak Check Regulation Test Control Panel Changes
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The LH2 feedline purge supply will be provided by redesignating the engine
fuel recirculation system supply - 30-80 psig. Nomenclature will be changed
on the high pressure regulation panel (Figures 10.2-146 and 10.2-148).

The oxidizer dome purge supply will be provided by redesignating the engine
oxidizer recirculation system supply - 30-80 psig. Nomenclature will be
revised on the front and rear high pressure regulation panel {Figures 10.2-146

and 10.2-147).

Calips mainstage OK pressure switches checkout requirements are 700 psig
for the J2-S and 550 psig for the J-2. Pressure switches G9PSll and
G9PS15 will be reset to the higher pressure (Figure 10.2-149).

The 500 psig GH2 start tank supply system will be inactivated by capping
fluid junction FJ122 and removing nomenclature from front and rear of high
pressure regulation and distribution panel (Figures 10.2-150 and 10.2-151).

Inactivate engine leak check panel 1 and spare the following circuits are

(Figure 10.2-152):

GH 2 Start Tank Vent Control

Emergency Start Tank Vent Control

GH 2 Start Tank Pressure Meters

Revise nomenclature on the following circuits to reflect new functions:

GH 2 start tank control valves changed to component test-mainstage
start solenoid

Oxidizer turbine bypass valves changed to mainstage cutoff lock-in

Gas generator valves changed to fuel bypass valve open

Engine leak check panel 2 will have engine gas generator bleed valve
nomenclature changed to idle mode valve (Figure 10.2-153).

On the engine prevalve control and recirculation system panel the LH 2 and
LOX return line valve circuits will be inactivated and spared {Figure 10.2-154).

Retest. All modified functional systems, excepting nomenclature change

only, will be leak checked, and functionally tested as a subsystem. All
modification can be accomplished in the field, and no contractual documents
are affected.
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Figure 10. 2-148. C7-603 System Changes (High Pressure Regulation Panel)
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Figure I0.2-150. (;7-(_03 System Changes (GFI2 Start Tank Supply)
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Figure 10. 2-151. C7-603 System Changes (High Pressure Regulation and
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Figure I0. 2-15Z. C7-603 System Changes (Engine Leak Check Panell)
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Figure i0, 2-153. C7-603 System Changes (Engine Leak Check Panel 2)
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10.2.7.1.4 Checkout MGSE Changes for the LEO Mission

a. C7-603, Pneumatic Checkout Console. The EAS air supply system function will
be accomplished by deleting the G7-870648 module from the manual console and

replacing it with a new module. With the removal of the G7-870648 module,
the following fluid junctions will be capped and become nonfunctional: FJ56,
FJ58, FJ321, FJ325 and FJ333 (Figure 10.2-155).

. Leak check and ramp pressure control module (G7-871294) will be revised
to provide control for air supply solenoid valve, controls for stage's bleed
valve for air reservoirs, and meters to monitor air pressure.

. Pressure selector module (G7-871297) will be revised to provide recording
capabilities for C7-50 transducers and 20 percent and 80 percent calibration
control for the C 7-50 transducers.

. Modification will be accomplished in the field and leak and functional test
will be performed after modification. Contractual documentation is not
affected.

b. C7-50 Manual Pressure Checkout Transducer Set. Two 0-1000 psig pressure
transducers and two calibration modules will be added, and storage will be
provided. Modification is to be performed in the field; no retest is required.
Contractual documentation is not affected.

C • C 7-70 S-II Pneumatic Console - Test Set. New circuitry will be added to control
and monitor the RCS and EAS air supply systems added to the $7-41. Modifica-
tions will be performed in the field, and retest will consist of functional test
only. Contractual documents are not affected.

10.2.7.1.5 Servicing MGSE Changes for the LOR/PO Missions

The fluid distribution systems provide the plumbing interconnecting the servicing and
checkout MGSE with the stage through the A7-61 carrier plates and H7-21 static
firing skirt. The following are affected:

$7-27 Fluid distribution system, Test Stand A2, MTF

$7-33, Fluid distribution system, Test Stand A1, MTF

SDD-198, Fluid distribution system, Station VIII, Seal Beach

SDD-199, Fluid distribution system, Station IX, Seal Beach

° Design Changes. Inactivated lines will be capped and active lines

redesignated as appropriate. Inactivated flex lines interconnecting the fluid
distribution system are to be removed to either the A7-61 or H7-21. There

is no retest required, and all modification will be accomplished in the field.
Contractual documents are not affected.
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bo $7-41, S-II Pneumatic Console Set. The $7-41 provides the various pneumatic
services required to check out and pressurize the S-II stage from prelaunch
through launch.

o Design Changes. The new LH 2 feedline purge requirement will be accom-
plished by using the existing LH 2 recirculation purge system. This will
require changes in $7-41 panel nomenclature only. The new oxidizer dome

purge requirement will be accomplished by the addition of a new system in
the $7-41 A-section. This new system will include a pressure regulator,
gauge, relief valve, calibration valves, manual valve, solenoid valve,
pressure switch, filter, and pressure transducer. The fluid medium for
this system will be gaseous helium. It is assumed that no heaters will be

required to heat the gas at KSC (Figure 10.2-156).

The new prevalve actuation system servicing criteria will require a new
regulation system in the $7-41 "A" section, and a new console interface and

supply line to valve A9133 in the "B" section. The new regulation system
will be provided by modification of the current thrust chamber chill system
(which is no longer required). This will require replacing regulator A8991,
relief valve A8995, transducer A15598, pressure switch A9154 and associated

tubing with lower pressure and flow capacity ports. All other components
in the existing system shall be used (Figure 10.2-157).

The revised engine thrust chamber and turbopump purge requirements will
be provided by utilizing the existing thrust chamber purge system. Due to
the new pressure and flow requirements, it will be necessary to replace
transducer A15599 and relief valve A15557 in the "B" section and change
relief valve A9001 and the setting of pressure regulator A8997 in the
"A" section (Figure 10.2-158).

Deletion of the thrust chamber chill requirements will result in the inactiva-

tion of the portion of that system from console interface fitting A9199 to the
outlet of check valve A9126 in the "B" section. Removal of these components
may be required to provide space for the addition of other systems in that
console {Figure 10.2-159).

Deletion of the turbine start bottle vent valve control system will result in the
inactivation of that system by capping the inlet of regulator A9035 and
interface fitting A9220 in the "C" section (Figure 10.2-160).

The existing turbopump purge system in the "C" section will be inactivated

by capping the inlet of solenoid valve A9043 and interface fitting A9221
(Figure 10.2-161).

Deletion of the recirculation system will result in the inactivation of the

recirculation bottle helium supply disconnect actuation system at MTF and
KSC by capping at the inlet of solenoid valve A9066 and interface A9234. At

hITF only, the recirculation shut-off valves actuation system and the
recirculation shut-off actuation pressure sensing system will both be
inactivated by capping at the inlet of solenoid A15513 and interfaces FJ79
and FJ80 (Figure 10.2-162).
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Figure i0. Z-162. Recirculation Bottle Helium Supply Disconnect Valve

Actuation Pressure Deactivation (MTF and KSC)
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.

The change in the checkout pressure for the mainstage OK pressure
switches will result in readjusting regulator A9075, and pressure switches
A9176 and A9177 in the "C" section (Figure 10.2-163).

Deletion of the stage turbine start bottles will result in eliminating the
$7-41 "D" section in its entirety.

Retest requirements. Added and modified subsystems will be leak and
functionally tested, and modification will be accomplished in the field.

Affected Contractual Documents:

Contract Specification CP181M0002A

Physical ICD, Pneumatic Console 65ICD9762

Pneumatic Console S7-41 C/B,

Pneumatic Console $7-41 A/D,

Piping Criteria S-II Pneumatic,

65ICD9763, Saturn V

65ICD9764, Saturn V

65ICD9766, Servicing

c. $7-42, Pneumatic Servicing - Electrical Console. The $7-42 contains the
electrical control and monitoring circuitry to operate the A7-71 and $7-41
remotely when the A7-71 or $7-41 is isolated from the launch control center.

1. Design Changes. The LOX dome purge will have control and monitoring
circuitry added for new pressure switch and solenoid valve added to the
$7-41 console.

The control and feedback logic of the engine thrust chamber chill will be
inactivated to inactivate system.

Control and feedback logic of the start tank pressure will be inactivated to
inactivate system.

Prevalve actuation nomenclature will be changed to convert thrust chamber
chill to new requirement.

Feedline purge nomenclature will be changed to convert LH 2 system purge
to new requirement.

"Operating Pressures OK," "System in Standby," etc., logic will be revised
to eliminate inactivated components.

2. Retest. The modified system will be tested for functional compatibility with
the $7-41. All modifications will be accomplished in the field, and no
contractual documents are affected.
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10.2.7.1.6 Servicing MGSE Changes for the LEO Mission

a. Design changes require the reactivation of lines on the following systems inacti-
vated for LOR for the EAS air supply and checkout system:

$7-27, Fluid distribution system, Test Stand A2, MTF

$7-33, Fluid distribution system, Test Stand A2, MTF

SDD-198, Fluid distribution system, Station VIII, Seal Beach

SDD-199, Fluid distribution system, Station IX, Seal Beach

b. $7-41, S-II Pneumatic Console Set

1. Design Changes. A reaction control helium pressurization system will be
added to the "B" section {Figure 10.2-164). The LOX return line helium

injection subsystem will be modified to provide EAS air supply (Figure 10.2-163.

2. Retest. Added and modified subsystems will be leak and functionally tested.
Modifications are to be accomplished in the field.

3. Affected Contractual Documents

Contract Specification C P181M 002A

Physical ICD, S-II Pneumatic Console $7-41 B/Saturn V, 65ICD9762

Piping Criteria S-II Pneumatic, 65ICD9766, Servicing

c. $7-42 Pneumatic Servicing - Electrical Console

1. Design Changes. Circuitry will be added to control and monitor the RCS and
EAS air supply subsystems added to the $7-41. Modifications are to be

accomplished in the field. Retest will consist of functional verification only,
and no contractual documents are affected.

10.2.7.1.7 Handling MGSE Changes for LOR/PO Mission

a. H7-21, Static Firing Skirt. The H7-21 provides the aft structural interface to the

S-II for handling and transportation. The electrical and fluid systems required to
check out the S-II, not serviced through the umbilicals, terminate at the H7-21
for redistribution to the stage systems.

1. Design Changes. Inactive termination will be capped and active connections
redesignated as appropriate. No retest is required, and all modifications are
to be accomplished in the field. Contractual documents are not affected.

10.2.7.1.8 Handling MGSE Changes for the LEO Mission

a. SDD-258, LOX Tank Internal Access Platform

1. Design Changes. Modify lower stabilization strut will be modified to clear

added slosh baffle (Figure 10.2-166). Modification will be accomplished by
reworking the existing strut, and retest will consist of proof loading the
reworked strut. No contractual documents are affected.
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LOX TANK

SDD 259

/_--'--_r__ _//OU TERsSTTR;_D i N TERFERENC E J

\\I /

BAFFLE

Figure 10. Z-166. LOX Tank Internal Access Kit

Modification for LEO Mission
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10.2.7.2 Electrical Support Equipment (ESE)

The changes to the S-II Stage ICD's and checkout requirements to incorporate the
J-2S engines will provide the ESE contractor with the ESE hardware change require-
ments necessary for the LOR and LEO missions.

10.2.7.3 Automatic Checkout Equipment (ACE)

The primary purpose of the automatic checkout system is to perform a comprehensive
checkout of the Saturn S-II stage (with J-2S engine implementation) before shipment
to KSC. A series of GSE end items are used to test the Saturn S-II stage after manu-
facture under conditions which most nearly simulate actual flight of the stage. Seal
Beach test sites provide a thorough check of the electrical, mechanical, fluid, and
telemetry systems. MTF test sites perform these same functions and also provide
structural testing through the static firing.

The GSE is designed to provide as much automatic testing as practicable, but manual
functions are retained as backup to automatic functions and to provide certain func-
tions not feasible to automatic control.

10.2.7.3.1 ACE System Requirements - LOR/PO Missions

The Saturn S-II stage automatic checkout system has been designed as a group of
checkout stations controlled by a computer complex. These specialized checkout
stations must be able to test the following systems on the stage:

1. Engine system

2. Propellant feed system

3. Propellant management system

4. Engine compartment conditioning system

5. Pressurization system

6. Electrical power system

7. Electrical control system

8. Separation system

9. Destruct system

10. Emergency detection system

11. Flight control electronic system

12. Thermal control system

13. RF systems

14. Measurement system

10-307



SPACEDIVISIONOFNORTHAMERICANROCKWEI,I,CORPORATION

D5-15772-2

'he computer complex serves as the central automatic control for the checkout
tations. Each checkoutstation has facilities for checkoutof the mechanical systems,
lectrical system, RF systems, digital data acquisition systems and telemetry sys-
?ms. Figure 10.2-167 is a block diagram of the automatic checkout system.

CheckoutStationRequirements. The automatic checkout system for the J-2S
engine implementation consists of a controlling computer complex linked to a
number of specialized checkout stations. Thesecheckout stations, in turn, are
linked to the functional systems on the stage. Associated with its particular
function, the checkout station must provide stimuli to the stage; provide control
signals to associated checkout stations and the stage; monitor GSEand stage
system responses; store system responsesand results of evaluation, as required:
translate system responses into a suitable format for facilitating evaluation;
evaluate system responses (further testing or corrective action is to be under-
taken on the basis of evaluated results; provide visual readouts and complete
records of test procedure and system responses; and provide a self-check
capability for maintenance and machine confidence.

. Computer Complex Checkout Station (C7-100) - The C7-100 checkout station
consists of the C7-101 checkout computer and its peripheral equipment
(C7-103 program input rack, C7-104 data printout rack, C7-105 auxiliary
memory rack, and C7-110 high speed data printout rack), C7-102 test
conductor console, C7-106 buffer equipment rack, C7-107 local digital
driver link rack (MTF only), C7-108 remote digital driver link rack (MTF

only), C7-109 isolation and drive rack, and C7-111 magnetic tape transport
rack (MTF only). The purpose of the computer complex checkout station is
to link the automatic operations of the GSE checkout stations and S-II stage
systems. Via the checkout stations (discussed subsequently), the checkout
computer will control the sending of stimuli tothe S-II stage systems and the
monitoring of responses trom the systems.

(a) C7-100 Station Design Changes. There are no changes to the C7-100
computer complex end items because of J-2S engine implementation,
except for the C7-102 test conductor console. The following five
functions are deleted from the hazardous monitor panel because of
deletion of the recirculation system:

Recirculation system dc greater than 64v

Recirculation system de greater than 60v

Reeirculation system dc low

Reeirculation system helium pressure bottle greater than 1600 psig

Recirculation system helium bottle greater than 825 psig

These changes require removal of the m'm_eplates and deactivation of
the cabling in the a-boxes which connect the hazard functions to the
C7-102.
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MA0201-1048

MA0705-1015-111

Affected documentation includes the following:

Hazardous Monitor Process Specification

Semiautomatic Checkout C7-100, (Stations
VIII, IX)

The principal software items affected by electrical GSE changes are:

C7DXXX-127-XXX

C7DXXX-250-XXX

C7DXXX-251-XXX

C7DXXX-252-XXX

C7DXXX-253-XXX

C7DXX_X-254-XXX

C7DXXX-255-XXX

GSE Integrated Test

Electrical Power System Checkout

Flight Measurements System Checkout

Stage Networks Acceptance Program

Flight Control System Checkout

Pressurization System Checkout

Simulated Flight System Checkout

Electrical Checkout Station (C7-200). The electrical checkout station
consists of the C7-201 automatic control rack, C7-202 manual control and

display rack, C7-204 signal distribution rack, C7-205 special data rack,
C7-208 station control and display rack, C7-209 local control and display
rack, C7-210 stage substitutes rack, C7-211 scanner rack, C7-212
discrete display rack, and C7-213 interlock relay rack.

The station provides hardware for the electrical checkout of many stage
systems. Checkout can be done in either manual or automatic mode.

In the automatic mode, hardware is provided for electrical checkout under

computer control, allowing the computer to select and direct station equip-
ment operation and to transform data into a format for computer analysis
and status recognition. Display of stimuli and responses provides rapid
station status as well as easy troubleshooting and fault isolation. Interlocks
of stage power, stimuli and responses and associated limit condition sensing
of the power buses assure safe checkout operation. The electrical checkout
station is used in testing the following stage systems:

Propellant Dispersion Engine Propellant Management

Separation Pressurization Flight Control

Electrical Measurement Thermal Control

(a) C7-200 Station Design Changes. The C7-202 manual control and display
rack changes are in the switch selector control and display drawers,
and are due to the addition and deletion of switch selector commands.

These consist of deleting two commands, revising two commands, and
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adding seven new commands. The changesare accomplished by changing
nomenclature on the display panels and by adding and rewiring diodes
in the control and display drawers.

The following C7-202 rack documentation is affected due to switch
selector command additions and deletions:

G7-852600

G7-872322

G7-872323

G7-872326

G7-872327

MA0201-1235

MA0701-1012-111

Rack Schematics

Switch Selector Control Drawer

Switch Selector Control Panel

Switch Selector Display Drawer

Switch Selector Display Panel

Switch Selector Display C7-202 Rack

Manual Checkout C7-200, Stations
VIII, IX

Six new drawings are required for the switch selector control and dis-
play drawer harnesses, componentboards, and drawer schematics.

The C7-204 signal distribution rack changesare in the engine system
drawers. They consist of deleting 21 commands, revising 11 com-
mands, and adding 25commands. Twenty-one added commands will
use the spared positions, and four new commands will require additional
hardware (the addition of four flip-flops, four relays, and four relay
drivers). This will be accomplished by repatching and adding approxi-
mately twenty new patchcords. These changes are caflsed by the
deletion of the recirculation system, helium injection system, and start
tank system. Functions to engine mainstage operation, engine ready
and engine ignition detect signals were added.

Documentation affected by these changes is as follows:

G7-852300 Control Logic No. 1 (20 Percent)

G7-852640 Command Distributor Relay Logic No. 1
(20 Percent)

G7-857100 Rack Schematic (15 Percent)

MA07_l-1012-111

MA0701-1014-212

Manual Checkout C7-200, Station (VIII or IX)

Static Firing Checkout

These modifications require three new rack harnesses and one new
output patch panel assembly.
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The C7-209local control and display rack will be changedby revising the
nomenclature on six switch positions on the engine stimuli control panels
and by revising 26 legend light nomenclatures on the engine stimuli dis-
play panels.

The following documentation is affected:

G7-986072 Rack Schematic (20 Percent)

MA0701-1012-111 Manual CheckoutC7-200 Station VIII or IX

C7-209 rack changesare due to deletion of recirculation system, helium
injection system, ,andstart tank system. Principal additions are func-
tions for enginemainstage operation, engine cutoff, engine ready, and
engine ignition detect.

Changesto the C7-211 scanner rack consist of adding approximately 60
patchcords. Documentationaffected by the changeis as follows:

G7-855810 Rack Top Drawing (15 Percent)

G7-981683 Rack Schematic (20 Percent)

G7-981684 Rack Schematic (20 Percent)

MA0201-1532-001 Rack Process Specification (20 Percent)

MA0201-1532-002 Rack Process Specification (20 Percent)

C7-211 rack changesare caused by the deletion of the recirculation
system, start tank system andhelium injection system commands and
measurements, and the addition of the engine mainstage operation,
engine ready, engine detect, and engine start system signals. In some
cases the C7-211 rack provides a lanapdriver for stage measurements
with a 4.02K resistor in series.

The C7212discrete display rack changesrequire the revision of 60
legend lights andthe addition of 30new legend light connections.

G7-981688 Rack Schematic (20 Percent)

G7-981689 Rack Schematic (20 Percent)

MA0201-1535 Rack Process Specification (20 Percent)

The deletions are caused by deletion of recirculation andhelium
injection systems. The additions are due to new engine cutoff
commands.

The C7-213interlock rack changesconsist of revising the patch panels.
Approximately 100patchcords are deleted and 90 are added. Interlock
requirements for J-2S engine implementation have not yet been
fully defined.
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Documentation affected by modifying the C7-213 rack are:

G7-855850 Rack Top Assembly (15 Percent)

G7--981679 Rack Schematic (15 Percent)

G7-981682 Rack Schematic (15 Percent)

MA0201-1786-001 Rack Process Specifications

MA0201-1786-002 Rack Process Specifications

C7-213 Rack changes are caused by deletion of recirculation pump start
interlock and start tank vent open commands. The additions are not yet

clearly identified, but the changes entail only patching change in the
C7-213 rack.

Functional test documentation affected by the changes to the C7-211,

C7-212, and C7-213 is as follows:

MA0701-I012-I11 Manual Checkout C7-200 Station VIII or IX

MA0701-1014-212 Static Firing Checkout

No changes result to the C7-201 automatic control rack, C7-205
special data rack, C7-208 station local control and display rack and
the C7-210 stage substitutes rack.

Range Safety Command Receiver (RSCR) Checkout Station (C7-307). The
RSCR checkout station provides equipment and circuitry for checking the
radio command receivers on the stage. Test signals from the rack are

transmitted to the stage radio command receivers via hardwire or air link.
Signals indicating response of stage receivers are returned to the rack for
comparison with specific requirements. This signal comparison is per-
formed by personnel operating the rack.

The rack verifies proper operation of stage-installed receivers, power
dividers, filters, and hybrid and interconnecting coaxial cable links. The
command antenna subsystem test verifies the operation of each command
antenna and its associated voltage standing wave ratio (VSWR) measurement.
Partial automatic rack operation is provided by the electrical checkout

station and the digital data acquisition station.

(a) C7-307 Changes. There are no changes to the C7-307 rack caused by
J-2S engine incorporation.

Digital Data Acquisition System (DDAS) Checkout Station C7-400. The DDAS
checkout station is composed of four racks, C7-401 automatic control and

display rack, C7-402 local control and display rack, C7-403 PCM (DRS-1)
rack, and C7-406 computer adapter rack. This station provides the hardware

and circuitry to retrieve data from the pulse code modulated (PCM)
telemetry system of the stage. Code pulse trains from the PCM systems
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are regenerated to remove transmission noise and are converted from serial
to parallel format to produce information suitable for computer processing.
Capability for recording and limited playback is made available through
control and feedback lines to the tape recorder rack (C7-516) of the
telemetry checkout station.

The station receives, demodulates, and decommutates PCM data from

either the stage or from magnetic tapes, and routes the data to display at
the station or the telemetry ground station tape recorder (C7-516).

(a) C7-400 Station Design Changes Due to LOR Mission. There are no
changes to the C7-400 checkout station due to J-2S engine incorporation.

Telemetry System Checkout Station (C7-500). The telemetry checkout station
is composed of 9 racks: C7-510 automatic control and display rack, C7-511
PCM format rack, C7-512 oscillograph rack, C7-513 decommutation rack,
C7-514 discriminator rack, C7-515 receiver rack, C7-516 tape recorder
rack, C7-518 single sideband rack, and C7-519 telemetry receiver station,
Model TRS-1. The purpose of the C7-500 station is to check the airborne
telemetry systems of the stage. The primary functions are as follows:

1. Receive, monitor, and detect RF carrier frequencies

o Provide for the magnetic recording and playback of undecoded
intelligence transmitted via the FM/F'M, _{nd PCM/_'M
telemetry systems

3. Decode FM/FM data

o Convert analog data to the PCM format for computer access during
automatic checkout

5. Provide for local monitoring of single-channel PCM data

o Provide for local control of the stage RF equipment and telemetry
calibrations

7. Process and record a limited amount of telemetered data for post-
test evaluation.

(a) C7-500 Station Design Changes. The C7-500 telemetry checkout station
is unaffected by changes to incorporate the J-2S engine.

Static Firing Control Station (C7-800). The C7-800 station exists at MTF

only, and is activated only for static firing tests. The station consists of
the C7-801 (local static firing rack), the C7-802 (remote static firing rack),
and the C7-805 (eingine cutoff rack).

The C7-801 and C7-802 racks permit manual control, display, and signal
distribution of all 28-vdc parameters required for a static firing of the S-II
stage (except engine gimbaling, which is computer controlled). These racks
also provide for automatic sequencing (with manual override capability)
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during the interval from completion of propellant loading to initiation of
propellant detanking. The racks are also integrated with the facility pro-
grmnming bay to provide a time-oriented countdown, The C7-801 rack
consists of tour bays and is located in the test control center, The C7-802,

consisting of three bays, is located in the ground service center and is
remotely controlled by the C7-801 rack.

The C7-805 rack permits the monitoring of certain engine parameters and
provides automatic cutoff of all engines in the event of a dangerous condition
during static firing. The rack indicates the cause of cutoff by means of
auxiliary monitoring devices. The C7-805 rack, consisting of two bays, is
located in the ground service center and is remotely operated and self-
tested l rom the C7-801 rack.

(a) C7-800 Station Design Changes. Changes to the C7-801 local static
firing "A" rack consist of adding 7 new switch selector channels, adding
10 new switches with indicator lights, deleting 13 switches and 9
associated indicator lights, adding one new switch panel, and adding 4
new diode boards. Because of the deletion of the start tanks, two start
tank meter panel drawers are inactivated.

J

C7-801 rack changes require documentation change of the iollowing:

G7-981676 Rack Schematic (20 Percent)

MA0201-1902 Rack Process Specification (20 Percent)

MA0201-1384 Rack Process Specification (20 Percent)

One new panel process specification is required.

C7-801 rack modifications are required because of deletion of the switch
selector commands, recirculation system, helium injection system, and
start tank system. The new additions are for switch selector commands,
engine mainstage operation commands, and solid propellant turbine
spinner (SPTS) system and engine ready and engine ignition detection
signals.

Changes to the C7-802 remote staticfiring "A" rack include 17 relay

function additions and 31 relay function deactivations. These are

accomplished by approximately 100 patchboard deletions and approxi-

mately 75 patchcord additions.

G7-981677 Rack schematic (20 percent)

G7-871393 Program board assembly

G7-871394 Program board assembly

MA0201-1904-001 Rack process specification (20 percent)
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These changesare required becauseof deletion of the recirculation
system, helium injection system, and start tank system. The additions
are causedby new engine mainstage operation commandsand engine
relay isolation test commands.

The C7-805engine cutoff rack is modified by inactivating the five
drawers for monitoring the gas generator temperature.

G7-981678 Rack Schematic

.

Functional test specification affected for C7-801, C7-802 and C7-805 is:

MA0701-1014-212 Static Firing Countdown (Test Stand A2)

Cable and J-Box Requirements - The cabling and J-box installations provide
multiconductors for the interconnection and the transmission of electrical

power and signals between the S-II stage and GSE, and between GSE end
items. The installed cabling is capable of sustaining the maximum load

requirements during any checkout phase, protecting where necessary cir-
cuits with fuses or resistors and isolating rack interconnections with diodes.

MTF cabling, in addition to the above, has the capability of sustaining load
conditions of a static firing.

Cabling change requirements are made for all four sites (two at Seal Beach
and two for MTF). In practice, however, only one site will be modified
at each location. The cabling information gives all necessary information for

choosing the respective sites.

(a) Acceptance Stand No. 1 Cable Installation (C7-35), Acceptance Stand
No. 2 Cable Installation (C7-40), MTF Firing Control Center Cable
Installation (C7-38) Design Changes. Changes to these installations
require revision of the terminal distribution rack wire lists in the
control centers and test stands. Changes to cabling and terminal dis-

tribution racks consist of moving jumper wires, and equipment cable
wires.

Changes to this equipment are summarized as follows:

C7-35 (Test Stand A2) Move 110 jumper wires, revise 1300
termination s

C7-40 (Test Stand A1) Move 200 jumper wires, revise 860
terminations

C7-38 (C2) Move 55 jumper wires, revise 560 terminations

C7-38 (C1) Move 160 jumper wires, revise 340 terminations
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(b)

Documentation affected by the changes is as follows:

C7-35 (Test Stand A2)

F02-000208

G7-850035

G7-879081

G7-980340

c7-3s (c1/c2)

Fo2-oooo5( (C1)

F02-000256 (C2)

G7-850038 (C1//C2)

G7-85{i791 (C1)

G7-871216 (el)

G7-879072 (C2)

G7-985104 (C2)

G7-985604 (el)

C7-40 (Test Stand A1)

F02-000108

G7-850040

G7-855256

G7-856792

G7-985105

Field Site Installation - Cable Assembly

Cable Set (C7-35)

Wire Harness, Terminal Distribution Rack

Interconnecting Diagram

Field Site Installation - Cable Assembly

Field Site Installation - Cable Assembly

Cable Set (C7-38)

Wire Harness, Terminal Distribution Rack
(Jumpers)

Wire Harness, Terminal Distribution Rack

(Cables)

Wire Harness, Terminal Distribution Rack

Interconnecting Diagram

Interconnecting Diagram

Field Site Installation - Cable Assembly

Cable Set (C7-40)

Wire Harness, Terminal Distribution Rack
(Cables)

Wire Harness, Terminal Distribution Rack
(Jumpers)

Interconnecting Diagram

Electrical Terminal Distributor Stations VIII and IX (SDD 154), Cable
Installation, Station VIII (SDD 196), Cable Installation, Station IX

(SDD 197) Changes. Changes to the SDD cabling consist of moving
jumper wires, revising equipment cable wires, fu,_e_: and Jiodes.
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These SDD cabling changes a re  summarized a s  follows: 

SDD 154 (Station VIII): Move 131 jumpers, revise 338 terminations, 
add 16 fuses 

SDD 154 (Station 1 3 :  
add 16 fuses 

Move 131 jumpers, revise 338 terminations, 

SDD 196 (Station VIII): Move 160 jumpers, revise 100 terminations 

SDD 197 (Station 1%: Move 160 jumpers, revise 100 terminations 

Affected documentation includes: 

SDD 154 

G7-875215 (Station VIII) W i r e  Harness, Terminal 
Distributor, JB1 

G7-8 75225 (Station 1 3  Wire Harness, Terminal 
Distributor, JC1 

SDD 196 (Station VI19 
G7-875218 Wire Harness, Terminal Distributor , JB4 

G7-8 75244 Drag-on Junction Box Assembly Drawing 

SDD 197 (Station IX) 

G7-875228 Wire Harness, Terminal Distributor, JC4 

G7-875244 Drag-on Junction Box Assembly Drawing 

(c) Instrumentation Drag-On Cables A2 (SDD 345), Instrumentation Drag-On 
Cables A 1  (SDD 346), Changes, Changes to the instrumentation drag-on 
cables at MTF consist of the deactivation of existing measurements and 
the addition of new measurements which affect cable routing and 
receptacle box harnesses. 
there are five cable assembly revisions, eight harness assemblies 
changed, and 10 cables deleted. Changes to the SDD 345 and SDD 346 
affect the following documentation: 

For each of SDD 345 and SDD 346 cable sets ,  

F02-000123 Field Site Installation - Cable Sets (SDD 346) 

SO2-000223 Field Site Installation - Cable Assembly 
(SDD 345) 

(d) Stage Station Test Electrical Harness (C7-43), Field Site Installation 
of Stage Mounted GSE Changes. Changes to the C7-43 consist of revis- 
ing the cable sets. This entails the deletion of s ix  cables from each of 
the eight cable sets ,  in support of deletion of the recirculation system. 
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Changes to the field site installations of atage-mounted GSE consist of 
revising drawings showing inatallation of carry-on instrumentation 
cables and drag-on Instrumentation cables to show new mountings, 
brackets, cable clamp locations, and drilling details of Saturn J-ZS 
instrumentation. These drawings affect MTF, KSC, and the C7-43. 

Documentation affected by these changes includes: 

Carry-on Cables 

FOZ-000416 (Teat Stand A2) 

F02-000420 (Test Stand Al) 

F02-000421 (KSC) 

F02-000465 (Test Stand A2) 

F02-0004(;7 (Test Stand Al) 

Field Site Installation - Cable 
A 8 sem bly 

Field Site Installation - Cable 
A s sem bly 

Field Site Installation - Cable 
A 6 sem bly 

Field Site InstaIlation - Cable 
Assern bly 

Field Site Installation - Cable 
Assembly 

- c7-43 

G7-850043 Cable Set Installation Assembly 

G7-$70241 Cable Set Installation Assembly 

G7-871004 Cable Set Installation Assembly 

G7-98 7 17 3 Cable Set Installation Harness Assembly 

V7-760900 Cable Installation - Stage-Mounted 

(e) Power Distribution System, Test Stand A2 (C7-80) Power Distribution 
System, Test Stand A 1  (C7-81) Changes. 
for test stands A2 and A 1  will be revised to show deactivation of the 
56-vdc recirculation system and the engine ignitlon battery simulator. 

The power distribution systems 

8. Other  GSE Items and Related Changes. 

(a) Digital Events Recorder (C7-77). The digital events recorder detects 
and records changes of state 

(ON = +8 z;' , OFF = 0 -o +'' ') on the S-11 discrete command and mea- 

surement lines. 
changes, the time of the change to the nearest milllsecond, and an 

When a change ie detected, the state to whlch it 
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identifying number are recorded on a hard copy printout and punched 
paper tape or  magnetic tape (MTF only). There are  no hardware change8 
to this equipment, only revision to J-boy/TDR input lines and a revision 
to the interface control document (ICD), The ICD is used to correlate 
the identifying number with the discrete on the input line. Revision of 
the ICD's is necessary to delete 46 functions, add 64 functions (using the 
spares) and revise 49 functions. 

(b) Remote Distribution Rack (C7-41). The C7-41 remote distribution rack 
is used to monitor and transfer the power from facility power to GSE 
power, from GSE power to GSE power, <and from GSE power to stage 
power. It i s  provided with interrupt c ixui ts  and interlocks to protect 
all stage and GSE buses. Provision is made for isolating the (27-200 
station, the C7-800 station and the C7-(i03 pneumatic checkout console 
set during testing and servicing at the static firing sites (MTF) and at 
Seal Beach, The changes to the C7-41 Rack a re  deactivation of the 
entire 56 vdc recirculation power system and the electrical control, 
sensing and power tran13fel. system for the 56 vdc rectifier; deactivation 
of the electrical control and power switching for the stage recirculation 
bus a d  battery simulator circuits; and deactivation of the engine ignition 
load bank and engine ignition battery simulator. 

MTF, in addition to the above changes, requtres deactivation of the 
isolation valve control and summary indicating circuits. Indicators on 
the  iaolation valve drawers are  changed to show spare. 

C7-41 documentation affected by LOR mission requirements includes: 

G7-987011 

67-987012 

MA0201-1595 

MA0201-1586 

~ ~ o 2 0 1 - 1 5 ~ 1 1  

MAO201-1582 

MA0201-158 3 

MA0201-1609 

MA 0 2 0 1 - IS 1 1 
MA0201-1615 

MA0701 -1 014-212 

MA0701-1027-111 

ICack Schematic 

lhck Sohem at i c' 

Funutional Testing Rack Process Specification 

Functional Testing Rack Process Specifleation 

Functional Testing Rack Process Specification 

Functional Testing Rack Process Specification 

E'unctfonal Testing Rack Process Specification 

Functional Testing Rack Process Specification 

Func4ional Testing Rack Process Specification 

E'iuictional Testing Rack Process Specification 

StRtic- Firing Countdom (Test Stand A2) 

ACE Activation (Station VI11 or IX) 
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The C7-41 changes are due to deletion of the recirculation system. 
LOR mission does not use a 56 vdc battery since the  recirculation sys- 
tem has been removed, but this battery system can be used for the 
t h r u s t  vector control system (TVCS) of the LEO mission. If a C7-41 
hardware change i s  made for both the LOR mission and LEO mission 
simultaneously, the hardware changes can be minimized. 

The 

Time Code Rack ((27-48). 
code signals for the various systems requiring a synchronous timing 
signal: strip chart recorders,  tape recorders,  local and remote t ime 
displays, (27-101 computer and (27-77 digital events recorder. This 
serves as the master  time synchronization throughout the GSE computers 
checkout complex. 
the J-2s engine modification. 

The C7-48 time code rack provides the time 

There are no changes to  th i s  equipment because of 

Ground Equipment Test Set (C7-44). 
(GETS) is used to verify the functional readiness of the ground support 
equi-pment checkout stations. It receives the electrical stimuli at the 
stage umbilical connectors (like the stage) from the GSE, processes 
these stimuli, and sends back responses to the GSE. Signal acceptance 
and response generation i s  such that the electrical functional character- 
istics of the stage checkout equipment a r e  verified for proper operation. 
The equipment has the capability of processing analog and digital signals 
and encoded discrete commands that simulate the instrument unit (IU). 
GETS performs hazardous condition simulation, hazardous monitor 
switching, flight control simulation, decoder switching, GETS control 
switching, stage systems simulation, time delay patching, electrical 
power operation, and audio communication network operations. 
to the (27-44 will require the addition of two new integrated program 
board assemblies, the addition of two new static firing program board 
assemblies, the revision of the self-test program boards and a revision 
of the IU command decoder for the addition of seven new switch selector 
commands and deletion of two switch selector functions. Patchboard 
rework will require approximately 1000 new patchcords. 

The ground equipment test set 

Changes 

Documentation affected by the C7-44 changes includes the following: 

MA0 2 0 1- 1 7  7 6 GETS IU Decoder Process Specification 
(20 Percent) 

MA0201-1953 GETS Functional Test Process Specification 
(20 Percent) 

MA0701-1014-212 Static Firing Countdown (Test Stand A2) 

Engine Sequence Recorder (SDD 273) Power Supply 56 vdc (SDD 337) 
(Stations VI11 and IX only), S-I1 Ordnance. 
recorder is used to monitor the engine valve positions during engine 
sequence testing. 
special data rack for engine valve analog measurements. 

The SDD 273 oscillograph 

These recorders a r e  used in lieu of the (27-205 
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The SDD 337-vdc power supply provides the electric power to operate

the five LIt 2 recirculation pump motors during checkout and simulated
prclaunch operations. The SDD 273 recorder requires a change in
documentation for the reidentification of new engine function assign-
ments on each channel. The SDD 337-56-vdc power supply will be dis-
connected and documented as spare on the power distribution drawings

and system schematics. The S-H ordnance requires only changes in
documentation due to addition of the engine SPTS system. Two new

specifications are required:

E BW Initiator Electrical Checkout Specification

EBW Initiator Installation and Arming Specification

There are two revised process specifications:

MA0301-I004 Live Ordnance Test Specifications

MA0301-1005 Installation and Arming Specification

Operational Specification Changes

MA0701-1012-111, C7-200 Station Manual Checkout, (Station VIII or IX),
affects C7-202, C7-204, C7-209, C7-211, C7-212, and C7-213. The

amount of change is approximately 20 percent. The specification is easier
to run, because of deletion of 56-vdc power supply switching test (recircu-
lation system), addition and deletion of switch selector cards, and addition
and deletion of C7-204 commands controlled by C7-209 and C7-202.

MA0701-I014-212, Static Firing Countdown, (Test Stands AI and A2), affects C7-41,

C7-44, C7-204, C7-211, C7-212, C7-123, C7-801, C7-802, and C7-805.

Total change is approximately 30 percent. The specification has the same
ease of performance as before, because of addition and deletion of engine

system functions (including reeirculation system), changes in switch
selector functions, and changes in the automatic sequence test.

MA0701-1027-111 AGE/GSE Activation, Stations VIII, IX, affects C7-41,

with a total change of approximately 5 percent. The specification is essen-
tially easier to run than before, because of deactivation of 56 vdc power

supply system of C7-41.

MA0705-1015-111, Semiautomatic Activation C7-100 Stations (VIII and IX),
affects C7-102 hazardous monitor. The total change is approximately

5 percent, and testing is easier since there are fewer hazards to check
(deletion of recirculation power and pressurization conditions).
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10.2.7.3.2 ACE System Requirements - LEO Mission

The Saturn S-II stage automatic checkout system has been designedas a group of
checkout stations controlled by a computer complex, and will be the same for the
LEO mission.

ao Checkout Station Requirements. The automatic checkout system for the J-2S
engine implementation consists of a controlling computer complex linked to a
number of specialized checkout stations. This concept will remain unchanged
for the LEO mission.

lo Computer Complex Checkout Station (C7-100). The only changes to the
C7-100 computer complex end items resulting from J2-S engine implemen-
tation are to the C7-102 test conductor console. The following functions
are added to the hazardous monitor panel:

Thrust Vector Control System DC greater than 64v.

Thrust Vector Control System DC greater than 60v.

Thrust Vector Control System DC low.

These changes require addition of legend plates and cabling in the J-boxes
that connect the hazardous functions to the C7-102. Cabling changes can be
minimized by combining LOR and LEO mission changes in this area. The
following documentation is affected by this change:

MA0201-1048 Hazardous Monitor Process Specification

MA0705-1015-111 Semiautomatic Checkout C7-100, Stations VIH and IX

The principal software items affected by electrical GSE changes are same
as for the LOR mission.

o Electrical Checkout Station (C7-200_ The C7-202 manual control and dis-
play rack changes consist of adding a new switch selector control panel to
provide for the nine new switch selector commands required, and adding
17 new commands using an existing spare panel assigned for static
firing 2. The latter commands are implemented by changing nomenclature
on the panel.

The following C7-202 rack documentation is affected by the above changes:

G7-852600 Rack Assembly

MA0201-1235 Switch Selector Display, C7-202 Rack
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New drawings are required for the new switch selector control panel, plus
applicable rack harnesses.

The C7-204 signal distribution rack changes consist of adding 17 each of
flip-flops, logic gates, relays and relay drivers, plus the necessary patching

(34 patchcords) to implement these new commands.
by these changes is as follows:

G7-852200

G7-852300

G7-852640

G7-857100

Documentation affected

Rack Assembly

Control Logic No. 1

Command Distributor Relay Logic No. 1

Rack Schematic

These modifications alsorequire 4 new rack and drawer harnesses and

a new patch panel assembly. The C7-211 scanner rack changes are due to
approximately 27 added functions to be monitored. This is accomplished by

adding 49 patchcords to the A3 patch panel and 29 patchcords to the A17
patch panel. Documentation affected:

G7-855810 Rack Assembly

G7-981683 Rack Schematic

G7-981684 Rack Schematic

MA0201-1532-001 Process _pe eifieation

MA0201-1532-002 Process Specification

Also affected are the two new program board assemblies (A3 and A17)
which were added for the LOR mission. The C7-212 discrete display rack

changes require the addition of approximately 12 legend lights to display
new functions being monitored. These are implemented by the addition of

24 patchcords.

G7-855870

G7-857047

G7-857048

G7-981688

G7-981689

MA0201-1535-001

MA0201-1535-002

Documentation affected is as follows:

Rack Assembly

Program Board Assembly

Program Board Assembly

Rack Schematic

Rack Schematic

Process Specification

Process Specification
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Also affected are the legend plate drawing and the display panel concerned.

The C7-213 interlock relay rack changes due to the LEO mission have not

yet been determined. It is presently assumed that a maximum of 20 new
functions may need to be interlocked. Based on this assumption, approxi-

mately 60 patchcords would be added to implement existing spare relays
for these functions. Documentation affected by this change is as follows:

G7-855850 Rack Assembly

G7-981679 Rack Schematic

G7-981682 Rack Schematic

MA0201-1786-001 Process Specification

MA0201-1786-002 Process Specification

Also affected are the two new program board assemblies (A4 and A15) which
were added for the LOR mission. Functional test documentation affected by

LEO mission changes to the C7-200 Station is as follows:

MA0701-1012-111 Manual checkout, C7-200 Stations VIII and IX

MA0701-1014-212 Static Firing Checkout

There will be no changes to the following C7-200 Station racks for the
LEO mission:

C7-201 Automatic Control Rack

C7-205 Special Data Rack

C7-208 Station Control and Display Rack

C7-209 Manual Control and Display Rack

C7-210 Stage Substitutes Rack

Range Safety Command Receiver (RSCR) Checkout Station (C7-307). There
are no changes required for the C7-307 rack resulting from J2-S engine

incorporation.

Digital Data Acquisition System (DDAS) Checkout Station (C7-400). No
changes are required for the C7-400 station because of J2-S engine
incorporation.

Telemetry System Checkout Station (C7-500). No changes to the C7-500

station are required for J2-S engine incorporation.

Static Firing Control Station (C7-800). Changes to the C7-801 local static

firing rack consist of adding 9 new switch selector commands, 11 new switch
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commands and 17 legend plates to spare indicator lights. The new switch
selector commands will require the addition of 3 diode boards and wire

harness changes to the switch selector encoder drawer, and 9 legend plates
to existing spare switchlights on the switch selector panel. The 11 new
switch commands will utilize spare switches on the new panel added for the
LOR mission. Five of these will have associated indicator lights. The
remaining 12 indicator lights will be located on various other panels of the

C7-801, depending on the system involved and availability of spares. The
documentation affected is as follow:

G7-852800 Rack Assembly

G7-872715 Switch Selector Encoder

G7-856835 Switch Selector

G7-981676 Rack Schematic

MA0201-1902-001 Process Specification

The C7-802 changes consist of adding patchcords to implement the nine
switch selector commands of the C7-801, and to connect 17 existing spare
relays into the circuits required. This will require approximately 60
additional patchcords. Documentation affected is as follows:

G7-871393 l>rogram Board Assembly

G7-871394 Program Board Assembly

G7-981677 Rack Schematic

MA0201-1904-001 Process Specification

The C7-805 engine cutoff rack is not affected by LEO mission requirements.
The functional test specification affected by C7-801 and C7-802 changes is:

MA0701-1014-210 Static Firing Countdown (Test Stand A2)

Cable and J-Box Requirements. The cabling and J-box installations provide
multiconductors for the interconnection and the transmission of electrical

power and signals between the S-II stage and GSE, and between GSE end
items. The installed cabling is capable of sustaining the maximum load
requirements during any checkout phase, protecting (as necessary) circuits
with fuses or resistors and isolating rack interconnections with diodes.

The same capability will be retained for the LEO mission.

ta) MTF J-Box and Cable Installation (C7-35, C7-38, and C7-40).
Changes to the MTF cable sets require additional revisions to the
terminal distribution rack wire lists for the control centers and

test stands. Changes are summarized as follows.
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(b)

(c)

C7-38 (Control Center)

Add 75 jumper wires

C7-35 and C7-40 (Service Center, Test Stand A2 or A1)

Add 250 jumper wires

Add 1 new cable assembly

Add 1 new umbilical cable and adapter

Add 6 drag-on cables

Add 3 stage mounted GSE harnesses

Add 7 receptacle/harness assemblies

Documentation affected by the above changes will be the same as for
the LOR mission, plus new drawings required for approximately
19 new cables.

Seal Beach J-Box and Cable Installation (SDD-154, SDD-196, SDD-197).

Changes to the Seal Beach cable sets consist of the following:

Add 6 new drag-on cables

Add 1 new umbilical adapter and GETS cable

Add 2 new cables for battery simulation

Add 8 receptacles in junction box

Add 1 conduit hub to junction box

Add and/or change 50 fuses

Change 200 wire terminations

Documentation affected will be same as for the LOR mission, plus
new drawings for the added requirements.

Stage Station Test Electrical Harness (C7-43) Field Site Installation

of Stage-Mounted GSE. These changes require revision to stage
mounted GSE drawings at Seal Beach, MTF, and KSC to show new
carry-on and drag-on cable clamp support locations, in addition to
revision to the GSE static firing cable sets.
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(d)

Other

(a)

(b)

The following documentation is affected:

V7-760900 C7-43 (Seal Beach) Cable Installation

F02-000421 C7-92 (KSC) Cable Installation

G7-850043 C7-43 Assembly

G7-850692 C7-92 Assembly

G7-850693 Harness Assembly

G7-850694 Harness Assembly

New drawings are required for the added cable and harness
assemblies.

Power Distribution System, Test Stand A2 (C7-80), Test Stand A1
(C7-81). The 56 vdc circuit required for the thrust vector
control system will require addition of a 56 vdc panel circuit
with circuit breaker and a battery simulator circuit. With rela-
tively minor modification, the 56 vdc recirculation system which
was deactivated for the LOR mission can be used for this
function.

GSE Items

Digital Events Recorder (C7-77). There are no hardware changes
required for this equipment. Revision to ICD's is needed to add
21 new channels at Seal Beach and 27 new functions at MTF.

These are all existing spares.

Remote Distribution Rack (C7-41). As stated above, the LOR
mission deactivated the 56 vdc distribution system used for the
recireulation bus. The LEO mission requires two 56-vdc

systems for the thrust vector control hydraulic system. This
will be accomplished by using the existing 56 vdc power system
as TVC bus. This existing circuit fulfills one of the require-
ments. A complete new circuit will be added requiring 1 circuit
breaker, 1 shunt, a relay, and interface connections.

The existing capabilities of the main and instrumentation power
circuits are sufficient to accommodate the anticipated 60- to
80-ampere loads.

Since the spare capability of the C7-41 has been filled, an
additional panel will be required to accommodate the above
hardware, and an interface connection and new harness will be

required.

10-328



SPACEDIVISION OFNORTHAMERICANROCKWELLCORPORATION

D5-15772-2

(c)

(d)

Documentation affected includes the following:

Rack Schematics

G7-987011

G7-987012

G7-981938

G7-985749

G7-981939

G7-985748

Process Specifications

MA0201-1586

MA0201-1595

MA0201-1609

Circuit Status Panel

G7-850306

New drawings are required for new panel, interface connection
and harness, revised interface plate, and assembly
drawing.

Time CodeRack (C7-48). There are no changes to this rack
resulting from the LEO mission.

Ground Equipment Test Set (C7-44). The changes to the C7-44
will consist of adding approximately 32 pateheords to each of
two patch panels and revising one wire harness in the IU recorder
drawer (approximately 12 wires).

Documentation affected is as follows:

MA0201-1776 GETS IU Decoder Process

Spe eifi ca tion

MA0201-1953 GETS Functional Test Process

Specification
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MA0701-1013-211 Static Firing Countdown(Test StandA1)

MA0701-1014-210 Static Firing Countdown(Test StandA2)

The two newpatch panels addedfor the LOR mission will also
be affected.

(e) Engine Sequence Recorder (SDD 273), Power Supply 56 vdc
(SDD 337). There are no changes to this equipment resulting
from the LEO mission.

b. GSE Operational Specifications

1. GSE Operational Specification Changes for LEO Mission.

(a) MA0701-1012-111, C7-200 station manual checkout(Stations VIII
and IX,)affects C7-41, C7-202, C7-204, C7-211, C7-212, C7-213,
with the total change approximately 10 percent. The specification
reverts to essentially the same ease of performing as before
LOR mission changes, because of reinstatement of 56-vdc power
switching test for thrust vector control system (TVCS), and
addition of reaction control system (RCS). Additional command
monitoring, recording, and response monitoring are required
due to nine new switch selector commands. The addition of

LH 2 balanced vent valve system requires additional command
and response monitoring by GSE.

(b) MA0701-1013-211, Static Firing Countdown (Test Stand A1), and
MA0701-1014-210, Static Firing Countdown (Test Stand A2),
affect C7-41, C7-44, C7-77, C7-102, C7-208, C7-211, C7-212,

C7-213, C7-801, and C7-802. The total change is approximately
15 percent. Specification ease of performance will be essentially
the same as before LOR mission changes, for reasons stated
above.

(c) MA0701-1027-111, ACE/GSEActivation, C7-200, Stations VIII

and IX, affects C7-41. The total change is approximately
5 percent. Specification ease of performance is essentially
the same as before the LOR mission, due to reactivation of
56 vdc power supply for TVCS.

(d) MA0705-1015-111, Semiautomatic Activation, C7-100, Stations VIII
and IX, affects C7-102 hazardous monitor. The total change is

approximately 5 percent. Testing is essentially the same as before
LOR mission, due to addition of TCVS monitoring functions.

10.2.8 INTEGRATED SYSTEM TESTS

The primary objective of this test program is to develop S-II Stage Systems as
modified to incorporate the J-2S engine for a LOR or LEO mission to ensure a
highly reliable man-rated stage that meets all operating and performance
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requirements of the design specification. This test program entails a minimal
amount of design verification testing due to the extensive applicable experience

gained in development of the present S-II stage.

Testing is to be accomplished on the S-II Battleship Stand (COCA 1) at the Santa

Susana Field Laboratory (SSFL) and on the first two production vehicles during
acceptance testing at the Mississippi Test Facility (MTF). A certain versatility
is present should an "all systems" vehicle be made available, which would then
replace the Battleship, however, test plans as described in this report assume
that the Battleship facility will be employed. Structural testing and base heat

testing (exhaust plume) will be accomplished on NASA facilities at MSFC.

An overall summary of the test program is shown in Figure 10.2-168.

10.2.8.1 LOR Mission

10.2.8.1.1 Structural Testing

Changes to the S-II structure to accommodate the increased thrust level and
base heat flux of the J-2S engine will require the accomplishment of design
verification tests to prove the integrity of the modified design. In particular,
tile revised thrust structure/aft skirt and heat shield will be tested due to the

addition of the J-2S. A more extensive structure test would be required for the
PO mission. A series of model tests will be conducted to determine thermal

effects of the J-2S plume on the S-II.

am Thrust Structure/Aft Skirt Tests. The thrust structure is the primary

load carrying system for transmitting engine loads to the vehicle. The
critical environments for the thrust structure include compression,
shear and bending loads during J-2S/S-II operation, tensile loading
during S-IC operation, and elevated temperature gradients during
J-2S/S-II operation, Additional local loading is imposed by propellant
lines and equipment mountings.

The aft skirt is the load carrying system for transmitting axial loads
and bending moments during S-IC boost flight and S-II thrust loads during
J-2S/S-II operation. The design environment for the aft skirt consists
of the applied structural loads, thermal gradients and local loading due
to umbilical loads applied during pre-launch and launch.

1 Test Objectives. The primary objectives of this test series are to
verify the structural integrity of the thrust structure/aft skirt
assembly when subjected to the static loads, thermal environment,
local loads and edge conditions of the flight installation and to
determine stress and deflection influences of individual engine and
actuator loads. (Precant angle for engine installation is a secondary
function of this objective.)
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Test Setup. The structural tests of the thrust structure/aft skirt will be
conducted at the NASA R-P&VE Laboratory Test facilities at MSFC. The
test specimen will be a structurally complete S-II stage thrust structure
and aft skirt assembly. Additional equipment required to conduct this test
series, assumed to be available at MSFC from previous testing includes
the following:

(a) Dummy S-II interstage

(b) A load ring to be attached to the forward end of the aft skirt

(e) Fixturing and loading devices to apply various point loads

(d) Thermal control equipment to simulate heat inputs and outputs

Test Conditions. The thrust structure/aft skirt shall be subjected to the
following load conditions while installed in the R-P&VE test stand:

(a) Individual applied loads (thrust, umbilica, etc.) to determine influence
coefficients for single loading parameters on the stress and deflection
characteristics of the various structural elements.

(b) Application of limit loads in conjunction with a thermal environment to
verify analytical determination of structural stress and strain under

the following load conditions:

Limit thrust - all engines - 0 degree gimbal

Limit thrust - all engines - 6 degree gimbal

Limit thrust - one engine out - full gimbal

(c) Application of ultimate loads to verify structural integrity of the thrust
structure/aft skirt assembly under the following critical conditions:

Maximum thrust - all engines - 0 degree gimbal (no heat)

Maximum thrust - all engines - 0 degree gimbal (with heat)

Maximum thrust - all engines - 6 degree gimbal (no heat)

Maxinmm thrust - one engine out - full gimbal (no heat)

Maxinlunl thrust - one engine out - full gimbal (with heat)

Special Instrumentation. There is no special instrumentation requirement
beyond those used during previous thrust structure/aft skirt testing to deter-
mine stress, deflection, and temperature values.
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b. Heat Shield Tests. The heat shield has the function of protecting the J-2S

engines and the S-IIafterbody from hot exhaust gas recirculation and exhaust

plume radiation.

i. Test Objectives. The objective of this test series is to verify the structural
and thermal integrity of the rigid portion of the base heat shield when
subjected to the design base environment. The most critical condition is that

represented by one engine out.

. Test Setup. The heat shield testing will be conducted at NR laboratory and
test facilities.

The test specimen for structural verification will be a flight design quarter

panel heat shield. Other test equipment shall include fixtures, heating
lamps, vibrators, and vacuum facility similar to those used during original
S-II heat shield testing.

A primary change from previous testing will be that the test panel orientation
js to be horizontal rather than vertical.

The test specimens for thermal testing will consist of small panels
(12 by 12 inches) utilizing the flight design fabrication techniques.

. Test Conditions. The heat shield quarter panel while mounted to a suitable
vibration fixture and an enclosure which maintains the hot side of the panel

in an inert atmosphere (2 percent maximum oxygen content) will be subjected
to the sinusoidal vibration spectrum performed at room temperature and the

random vibration spectrum performed at room and elevated temperatures. The

detailed pressure, temperature, and vibration values will be those established
for the J-2S engine. The small panel tests will be performed in a vacuum
chamber simulating S-II operating altitudes and temperatures. The capability
of the thermal side of the panel to exhaust the internal pressure will be
monitored.

. Special Instrumentation. There is no special instrumentation requirement
over those utilized during previous heat shield testing.

C° Dynamic/Acoustic Tests. Based upon engine contractor information that the
acoustic levels generated by the J-2S engine are no more severe than those
generated by the J-2, it is not planned to perform any special tests for this
parameter. Should a change in the acoustic environment be noted during engine
testing, this test plan may be revised to add tests on the first production article

to verify stage integrity with the new values.

10.2.8.1.2 Battleship Testing

To conduct the development phases of the J-2S implementation program, the
Battleship stand (COCA 1) at the Santa Shasana Field Laboratory will be utilized. All
of the following described tests may be run on an All Systems Vehicle at MTF instead
of the Battleship should it be made available.
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The Battleship test stand affords a useful tool that permits installation and tests of the

various subsystem changes required for J-2S implementation. A capability exists
with the Battleship stand to withstand a malfunction with a lesser cost and schedule

impact on the program than that provided by an All Systems Vehicle,

a. Boattail Environment Tests. To ascertain propellant conditions available to the

engine at start command, a series of boattail environment tests will be conducted.
This test series is planned early in the test program to permit use of the infor-

mation in programming single J-2S engine tests at Rocketdyne simulating the
S-II stage environment.

To reproduce the environment within the engine compartment in the stacked
configuration at KSC, a simulated aft interstage enclosure, flight heat shield,

and flight engine compartment conditioning system (ECCS) will be installed on
the Battleship stand (COCA I).

io Test Objectives. The primary test objectives of this series are determination

of propellant conditions within the feed ducts and pump inlets, determination
of hydraulic fluid conditions within the hydraulic system, and determination
of temperatures within the electrical and instrumentation containers.

. Test Procedure. This test series shall be conducted using the prelaunch
sequence with a minimum amount of changes to fit facility needs. The
anticipated prelaunch sequence is shown in Figure 10.2-169.

Minimum propellant tanking for this series will be 60 percent LOX load

and 40 percent LH 2 load. This quantity of propellant will satisfy the
requirement for cryogenics in the engine compartment.

. Special Instrumentation. This test series does not require special instru-
mentation beyond that utilized in the previous boottail environment test
series.

Do Subsystem Development Tests. To determine and verify various subsystem
operating parameters, a series of tests will be performed on the Battleship
stand. Although several test objectives may be obtained utilizing a single J-2S
engine with four J-2 engines, other objectives require a complete five engine
cluster, therefore the minimal program that satisfies all objectives uses the
five engine cluster.

This test series is programmed as four 60-second-duration tests and three full
duration tests. A total data evaluation analysis and correlation to previous test
results will be performed between tests.

i. Test Objectives. Each test of the Battleship will have multiple objectives.
Certain tests will have specialized objectives. The overall test objectives
are listed below:

(a) Determine the capability of the engine servicing system on the stage
to properly service each engine in the cluster.
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(b) Determine and evaluate propellant conditions at the engine during the
starting sequence, and note engine-to-engine variations due to clustering.

(c) Determine and evaluate pressurization system gas conditions and
regulator operation

(d) Determine and evaluate cluster environment data

(e) Determine and evaluate the effects of a LOX exhaustion cutoff. The

unsymmetrical thrust tail-off associated with this type of cutoff will be
determined.

(f) Determine adequacy of the redesigned hydraulic pump to satisfy the
engine actuation system requirements of a minimum gimbal rate.

(g) Determine an integrated stage electrical requirement.

. Test Procedure. This test series will be conducted utilizing the presently

developed Battleship firing procedures with modifications to accommodate
the requirements of the J-2S engines. The basic nature of the test program
and the inherent ease of operation of the Battleship preclude the need for
special procedures.

. Special Instrumentation. To satisfy the test objectives, the following
instrumentation will be required in addition to that for a normal Battleship
test.

(a) Twenty high response pressure transducers installed at the various
tank outlets and engine inlets

(b) Ten temperature transducers installed at the various tank outlets and
engine inlets

(c) Approximately fifteen vibration transducers installed at selected points
on the thrust structure and engines

. Data Requirements. The accumulated data from these tests will be presented

as detailed engineering reports from the various affected engineering groups.
These reports will include performance analysis and a cause and effect

analysis for all observed anomalies.

10.2.8.1.3 All Systems Verification Tests

The first two production stages incorporating the J-2S engine will be subjected to a
full mission duration test in addition to the normal acceptance test. These tests

will serve as the total system integration design verification and will provide the first

stage subsystems and GSE integration verification.

a. LOR Mission. Due to the high confidence factor in successful operation based upon

the large background of experience and available operating data on the S-If stage,
Imowledge of the effects each of the present subsystems has upon the others and
knowing the nature of the changes to incorporate the J-2S, the integrated design
verification tests will be conducted upon the first production stage prior to its
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acceptance testfirings. Data from the acceptance tests will also be utilized in

the overall development test evaluation.

I° Test Objectives. The primary objective of this portion of the overall test
program is the verification that the stage meets all design parameters and
is not adversely affected by incorporation of the J-2S engine.

Detailed test objectives will be present for each of the stage subsystems
that have been affected plus a final determination of the influence of each

subsystem upon overall stage operation and performance. These objectives
are listed below:

(a) Verify the countdown sequence and associated activities for S-II static
firing and launch with the J-2S engine installed

(b) Verify compatibility of the revised stage hardware and requirements
with the revised GSE

(c) Verify the stage//GSE capability to service and checkout a J-2S engine
cluster properly

(d) Verify satisfactory engine starting characteristics and determine the
thrust increase envelope for the flight stage

(e) Verify satisfactory mainstage operation with emphasis upon the stage
pressurization system performance and thrust structure compliance

(f) Verify satisfactory hydraulic system operation under flight weight
mounting conditions

(g) Verify satisfactory operation of the revised valve actuation system
and determine the operational margin remaining with the retained

components

(h) Verify satisfactory operation of the electrical power and control systems
and determination of the power margin available with the redistributed
loads

(i) Verify satisfactory cutoff characteristics including adequacy of the tank
screens and baffles, determination of residual propellant quantity,
and determination of the stage thrust decay rate and thrust unbalance

during cutoff

. Test Procedure. The test procedures to be used in this test series will be
those developed during Battleship testing and detailed in operational specifi-
cations for test stand installation and handling, pretest checkout, acceptance
testing, and post-test checkout. As on the present S-II static firings, the
sequence of events for a KSC launch will be adhered to as closely as

possible.
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3. Special Instrumentation. The proper verification and evaluation of stage
operation will require useof the following special instrumentation on this
stage:

(a) Approximately twenty-four strain transducers installed on the thrust
structure

(b) Twenty high response pressure transducers installed at the various tank
outlets and engine inlets

(c) Ten temperature transducers installed at the various tank outlets

(d) Approximately fifteen vibration transducers installed at selected points
on the stage structure and engines

4. Data Requirements. The data presentation will be that illustrated in the
S-II-4 Static Test Final Report.

10.2.8.2 LEO Mission

The S-II stage test program for the LEO mission will be the basic program called
out for the LOR mission, with test program modifications as noted below.

10.2.8.2.1 Structural Testing

Testing of the thrust structural/aft skirt will include simulation of the additional
loads caused by mounting the RCS. A vibration test series with an RCS mounted on
an aft skirt section will be conducted to verify both the mount and the RCS integrity
when subjected to the S-II vibration levels.

10.2.8.2.2 Battleship Testing

During subsystem development testing, the test program will be revised to include
the following test objectives:

a. Determine and evaluate the stage effects of cluster cutoff to idle mode
and operation of approximately 14 seconds of idle mode.

b. Determine and evaluate operating parameters of the balanced vent system in

the LH 2 tank over a 45-minute coast period

c. Determine stage characteristics when the engines are started to and operate
in idle mode only

d. Verify operating characteristics of the auxiliary hydraulic system

10.2.8.2.3 All Systems Verification Testing

The verification testing of the first two production articles at MTF will be as described

previously for the LOR mission with the following revisions:

a. Electrically simulate operation of the RCS modules
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b. Revise the cutoff procedures to provide mainstagecutoff through 14 secondsof
idle mode

co

do

Verify tank pressure characteristics during a coast period with continuous

venting of the LH 2 tank

Verify auxiliary hydraulic system operation when the J-2S cluster is in extended
idle mode operation

10.2.9 SYSTEMS TEST AND CHECKOUT REQUIREMENTS

Employment of J-2S engines on S-II vehicles will require certain changes to stage
test requirements, checkout procedures, and other contractual documents. This
section describes the effort required to accommodate these changes for the two
major S-II/J-2S missions.

10.2.9.1 Automatic Checkout

The automatic checkout effort involves the analysis of stage and GSE systems,
establishing configuration and checkout requirements, the preparation, release, and
control of checkout tapes, and the publication of program description documents

(PDD's). Automatic checkout is performed at Seal Beach and at MTF using the
CDC 924A computer, the C7 series of checkout stations, the S-II stage, and an
ATOLL software system.

10.2.9.1.1 LOR Mission

The revisions described below apply to the listed checkout tapes and to the related
PDD' s.

a° Stage Networks Acceptance Program (SNAP). In the separation system section,
the ullage motor firing system checkout will be deleted (10 percent reduction).
In the propellant feed system section, checkout of the helium injection system,
recirculation pumps, and recirculation valves will be deleted (90 percent

reduction), and checkout procedures for the valve actuation system _and
the prevalves control system will be revised (5 percent revision). In the
engine system section, checkout of new circuits will be added (20 percent
increase) and the control and logic operations will be completely revised

(100 percent revision).

b. Pressurization System. The operations related to regulator settings will be
revised (5 percent revision).

Co Electrical Power System. The recirculation bus checkout will be deleted

(10 percent reduction) and operations related to electrical control interlocks
are to be revised (10 percent revision).

d. Flight Control System. Checkout to accommodate new pressure limits will be
revised (20 percent revision).
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eo Measurements System. Checkout of all recirculation measurements will be
deleted (5 percent reduction) and other tests will be changed as necessary to
accommodate new relocated, re-channelized, or otherwise changed flight
measurements (30 percent revision).

fo GSE Integrated Checkout. Checkout of recirculation system control GSE will be
deleted (5 percent reduction). Checkout of engine control GSE and monitor
functions will be revised (30 percent revision).

g. Simulated Flight Test. New switch selector commands and alternate operational
modes will be added (10 percent increase). The flight sequence will be revised

(100 percent revision).

h° Interface Dictionary and Command Reference List. The Dictionary and list will
be revised to reflect flight and hardware measurement changes (30 percent

revision).

i° Common Subprocedures. Recirculation system operations will be deleted
(5 percent reduction); engine system and related interface operations will be
revised (30 percent revision).

10.2.9.1.2 Delta LEO Mission

a. Stage Networks Acceptance Program (SNAP). In the propellant feed system
section, tests of the prevalve responses to engine cutoffs will be revised (5 per-
cent increase). In the engine system section, checkout of the reaction control
system (RCS) and engine restart logic will be added (5 percent increase).

b°

Co

Pressurization System. Functions for the balanced LH2 tank vent system will
be added (5 percent increase).

Electrical Power System. Checkout procedures for the airborneauxiliary

hydraulic pump power supply and control will be added (20 percent increase).

dw Flight Control System. Add functions for the "Idle Mode (second engine start)"

thrust vector control operations (I0 percent increase).

et Measurement System. Checkout of new flight measurements related to the RCS,

the balanced LH 2 tank vent system, and the thrust vector control system will be
added (15 percent increase).

f, GSE Integrated Checkout. Control and monitor functions will be revised
(15 percent increase).

g* Simulated Flight Test. Sequencing will be revised and functions added for the

RCS, balanced LH 2 tank vent system, thrust vector control system, prevalve
control, and "Idle Mode" restart (10 percent increase).
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h. Interface Dictionary and CommandReference List. The dictionary and list will
be revised to reflect measurement changes(15 percent increase).

i. CommonSubprocedures. Subprocedureswill be revised to reflect the modified
stage quiescent state verification routine (5 percent increase).

10.2.9.2 AcceptanceTest Requirements (Non-static Firing)

Two contractual specifications establish the requirements for post-manufacturing
and post-static firing non-cryogenic stageacceptancetesting at Seal Beachand the
Mississippi Test Facility. Supplier acceptancetest specifications are reviewed to
assure that subcontractor componentprocedures are acceptable.

10.2.9.2.1 LOR Mission

a. Seal Beach/MTF Acceptance Test Specification

o Data Requirements. Data requirements for recirculation system and ullage
motor firing unit monitors will be deleted (5 percent reduction).

. Electrical Power. Recirculation power bus requirements will be deleted

(10 percent reduction).

o Measurements. Measurement accuracy requirements for turbine by-pass,

start tank discharge, and gas generator valve position measurements will be
deleted. Unique requirements will be added for accuracy checkout of new

measurements (5 percent reduction).

. Separation. Reference to ullage motor ignition functions will be deleted
(10 percent reduction).

. Engines. Engine cut-off and engine sequence test requirements will be
revised (80 percent revision). Requirements will be added for checkout of
new control and logic functions (20 percent increase).

. Propellant Feed and Recirculation. Requirements for recirculation, and
helium injection functions will be deleted (90 percent reduction). Prevalve
control test requirements will be revised (10 percent revision).

. Simulated Flight. Simulated flight pretest requirements, acceptance
readiness configuration, and flight sequences to conform to revised systems
requirements will be changed (70 percent revision).

. Pressurization. Propellant tank pressure regulator test requirements will be

revised (5 percent revision).

. The following tables will be revised: engine sequence requirements,
electrical power buses data evaluation requirements: fligt_t analog measure-
ment data and evaluation requirements, flight critical EMC monitoring

points (20 percent revision).
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b. Manual Functional and Leak Check Acceptance Specification. The specification is

revised to reflect changes in the engine system leak and functional acceptance
requirements resulting from the deletion of the gas generator, start tank,
recireulation system, turbo pump seal purge and drain requirements, and

related subsystem hardware and operational changes.

LH 2 and LOX recirculation systems are eliminated and the LH2 and LOX feed
system checkout testing criteria are modified accordingly.

Requirements must be added for the thrust chamber fuel bypass system and the

LH 2 feed duets purge system. Thrust chamber tapoff turbine drive checkout
will be defined and LOX dome purge system checkout specified. Valve actuation
system checkout details will be completely revised and the LOX and LH 2 tank
pressurization system requirements modified to new pressure levels. The
above changes require the development of detailed leak cheek procedures, from
line section to terminations (closed valve or blanking plates), the establishment
of pressure levels, and the resolution of functional testing definitions for

controls (30 percent reduction).

C. Vendor Acceptance Test Specifications Review. There are no significant
changes.

i0.2.9.2.2 Delta LEO Mission

a. Seal Beach/MTF Acceptance Test Specification.

o Electrical Power. Electrical power test requirements will be added to

provide for idle mode thrust vector control system (20 percent increase).

. Measurements. Measurement accuracy requirements will be added for
new measurements (10 percent increase).

, Engines. Test requirements will be added for engines restart capability

in the idle mode (10 percent increase). Engine sequencing requirements
will be revised (10 percent revision).

. Prevalves. Prevalves control test requirements will be revised (5 percent

revision).

. Reaction Control System. Add test requirements to assure proper electrical
control of the RCS (100 percent increase).

G. Thrust Vector Control. Acid test requirements for electrical control of

engine gimbaling during Idle Mode (10 percent increase).

. Pressurization. Acid electrical control test requirements for balanced LH 2
tank venting (five percent increase).
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8. Simulated Flight. Revise flight sequencerequirements (10 percent increase).

o Data Requirements. Add and revise data and data evaluation requirements

of new measurements (five percent increase).

b.
Manual Functional and Leak Check Acceptance Specification. Functional and/or

leak check requirements will be added for the LOX and LH 2 pump seal drain

vent systems, the balanced LH 2 tank vent system, and the auxiliary hydraulic

system (10 percent increase).

C. Vendor Acceptance Test Specifications Review. New subcontractor component
procedures will be reviewed and approved for the reaction control system,
auxiliary hydraulic system and the balanced LH 2 tank vent system. All new and
revised vendor acceptance test procedures will be reviewed to assure perform-
ance, reliability, and quality control acceptability (five percent increase).

10.2.9.3 Static Firing Test and Acceptance Requirements

Two contractual documents are used to define the requirements for acceptable stage

performance before, during, and immediately following each static firing test at the
Mississippi Test Facility.

10.2.9.3.1 LOR Mission

a. MTF Static Firing Requirements Document. This document will be revised to

reflect changes in pre-static, static, and post-static checkout requirements
resulting from engine sequence, recirculation, measurement and related system
and subsystem changes. Changes in test configuration, safety requirements,
and shipping and handling requirements will also be incorporated (15 percent
reduction).

b. MTF Static Firing Acceptance Test Specification. This document sets forth

the Engineering requirements, tolerances and limits required for satisfactory

stage performance during static firingtests.

This specification will be revised to reflect the new engine sequence, mechanical,
and electrical operational limits, measurement system and engine cutoff changes,
deletion of the recirculation system and changes in related subsystem purge and
function requirements. Proper operation of new system parameters, such as

the solid propellant turbine starter (SPTS), will be incorporated as stage
acceptance requirements (15 percent reduction).

10.2.9.3.3 Delta LEO Mission

a. MTF Static Firing Requirements Document. This document will be revised
to reflect changes in the pre-static, static, and post-static firing checkout
requirements resulting from changes to the engine sequence, pump seal drain
outlets, prevalve control system, and the addition of a balanced LH2 tank vent
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b.

system. Performance verification of the reaction control electrical system and

the idle mode thrust vector control system will be incorporated. The flight
control system will be verified for proper idle mode operation by use of the

auxiliary motor pump. Changes in the measurement system, telemetry, and
range safety command systems checkout requirements will be incorporated for
proper pre-static and post-static firing checkout (5 percent increase).

MTF Static Firing Acceptance Test Specification. New flight sequence commands
and operational modes will be added for the idle mode restart operations, coast

operations, balanced LH 2 tank venting, and thrust vector control. Operation
of the LOX low level sensors at the correct propellant level will be verified for
second burn assurance (15 percent increase).

10.2.9.4 ICD Requirements

ICD's are contractual documents which establish interface design criteria. Prepara-
tion, and maintenance responsibility is retained by NASA. Preliminary Interface
Revision Notices are submitted by the Contractor as required to achieve compatibility
between the S-II stage and interfacing equipment and material.

10.2.9.4.1 LOR Mission

a.

b.

C.

d.

e.

f.

g.

h.

13M07000 S-IC/S-II Functional. Electrical commands and loads will be revised.

13M07001 S-II/S-IVB Functional. Electrical commands and loads will be revised.

13M07005 J-2S/S-II Functional. New ICD defining functional interfaces will be
issued.

13M50097 S-II Fluid Requirements. Requirements will be deleted for start tank

system, LOX and LH 2 recirculation systems, and gse generator and turbopump
purge system. Requirements will be added for oxidizer dome purge system and
LH 2 feed duct purge system. Requirements will be revised for thrust chamber

purge system, fuel pump drain system, valve actuation system, and LOX and
LH 2 pressurization systems.

13M50405 J-2S/S-II Physical. A new ICD will be issued defining the physical
interfaces.

40M30593 S-II/S-IVB Electrical. The Separation System electrical control
circuits will be revised.

65ICD9000 S-II Protuberances. Ullage motors will be deleted.

65ICD9746 Umbilical (A7-41) and Service Connections (aft). Fuel pressurization
line purge, start tank actuation, fuel seal cavity bleed, valve actuation fill, and
start tank fill will be deleted. Existing disconnects will be redesignated to new

functions: fuel pump drain, oxidizer dome purge, LH 2 feedline purge, and
helium injection.
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i ° 65ICD9762, 65ICD9763, 65ICD9764, $7-41 Physical Console (Pneumatic Servicing)
"D" section will be deleted completely. In '%" section, LOX Dome Purge System

and LH 2 Feedline Purge will be added. In "B" section, thrust chamber chill
will be deactivated. In "C" section, turbine start bottle GH 2 vent control will be
deactivated.

j . 65ICD9765 A7-71 Heat Exchanger. Thrust chamber chill and engine start bottle
circuits will be deactivated.

k. 65ICD9766 Piping Criteria (Pneumatic). Functions will be deleted and revised
to match $7-41 and A7-71 changes.

1. 40M3362X Flight Sequence. See Paragraph 10.2.9.7.1 below for description.

m°
40Ml1703 Electrical GSE Pneumatic Checkout Equipment. Electrical circuits

will be revised, added, or deleted in the $7-41 and A7-71 units to correspond

with system changes.

n. 40M35000 S-II/ESE Electrical. Control and measurement functions for the start

tank system, LOX and LH 2 recirculation systems, and ullage motor ignition
system will be deleted. New control and measurement functions will be added
for the J-2S control/start/sequencing requirements. Functions for stage elec-
trical control and measurement systems will be revised. Power requirements

for the LH 2 recirculation system will be deleted.

10.2.9.4.2 Delta LEO Mission

a. 13M07005 J-2S/S-II Functional. Control functions for "Idle Mode" second burn
will be added.

b.

C.

d.

13M50097 S-II Fluid Requirements. Requirements for RCS helium supply, RCS
thermal conditioning, and TVC air pressurant supply will be added.

40Ml1703 Electrical GSE Pneumatic checkout Equipment. Requirements for RCS

helium supply and for TVC air pressurant supply will be added.

40M30593 S-II/S-IVB Electrical. Functions from RCS control and thrust vector
control will be added.

e.

f.

40M3302X Flight Sequence. See paragraph 10.2.9.7.3 below for description.

40M35000 S-II/ESE Electrical. Functions for RCS, thrust vector control,

balanced LH 2 tank vents, idle mode second burn, LOX tank low level sensors,
and electrical controls will be added.

g. 65ICD9000 S-II Protuberances. Balanced LH 2 tank vents and RCS modules will
be added.
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h. 65ICD9746 Umbilical (A7-41) and Service Connections (aft). Disconnect for RCS
helium supply and TVC air supply will be added.

i. 651CD9762, 651CD9763, 651CD9764; $7-41 Pneumatic Console. RCS helium

supply and TVC air supply will be added.

j. 651CD9766 Piping Criteria, S-IIPneumatics. Requirements for RCS helium
supply and TVC air supply will be added.

10.2.9.5 KSC Test Specificationsand Criteria (SID 66-1465)

The specifications and criteria document establishes all S-II test requirements at
KSC.

10.2.9.5.1 LOR Mission (5 percent reduction)

a..

b.

c.

d°

e°

f.

g.

h.

i °

j.

J-2S Engine. Test requirements for the gas generator and start tank systems
will be deleted. Provisions for verification of the solid propellant turbine start
system, thrust chamber bypass system, and t_rust chamber gas tapoff system
will be added. The electrical sequence and timing requirements will be revised.

LOX Fill and Drain. Test requirements for the LOX depletion cutoff circuits
will be revised.

Fuel Pressurization. Reference to the fuel recirculation system will be deleted.
The regulator requirements and the feed duct purge check valve requirements
will be revised.

LOX Pressurization. All reference to the LOX recirculation system will be
deleted. The regulator requirements will be revised.

Ullage Motors. All requirements will be deleted.

Electrical Power. The power requirements for the fuel recirculation system
will be deleted.

Control Pressure. Requirements will be revised to accommodate the simplified
system.

Sequencing. The LOX and fuel recirculation functions will be deleted and the

engine start sequencing test requirements will be revised. All ullage motor
ignition test requirements will be deleted.

Separation. All tests of the ullage motor ignition system will be deleted.

Transducers and Signal Conditioning. Test requirements as required will be
revised to account for deleted and new measurements.

10-353



SPACEDIVISION C_FNORTH AMERICAN ROCKWEIJ_ (:ORPORATION

D5-15772-2

10.2.9.5.2 Delta LEO Mission (10 percent increase)

a. Fuel Pressurization. Test requirements for the Balanced LH 2 tank vent system
will be added.

b. LOX and LH 2 Fill and Drain. LOX and LH 2 low level sensor checkout will be
revised.

c. Environmental Conditioning. RCS thermal conditioning and purge requirements

for the balanced LH 2 vent nozzles will be added.

d. Reaction Control System. Requirements for this new system will be added.

e. Electrical Power. Requirements for power to the thrust vector control system
will be added.

f. Sequencing. Test requirements will be added for "Idle Mode" restart, balanced
LH 2 vent system and thrust vector control system. Reference to LH 2 step
pressurization will be deleted.

g. Fluid Power. Requirements will be added for the thrust vector control system.

10.2.9.6 Schematic Drawings

System schematics depict the configuration of the S-II GSE and its functional interface

with the stage. These schematic drawings are used to assist in the definitionof

design changes, development of test procedures, and conduct of trouble-shooting at the

test sites. They are also used to assess the compatibility of stage and GSE.

10.2.9.6.1 LOR Mission

ao Electrical Checkout GSE (Seal Beach and MTF). These drawings will require
extensive revisions because of deletion of the recirculation system, deletion of

the ullage motors, deletion of the engine gas generator and start tank, addition
of 10 EBW firing units and pulse sensors, revision of engine stimuli and measure-
ments, simplification of the valve actuation system, and revision of stage
stimuli and measurements.

b. Mechanical Checkout GSE (Seal Beach and MTF). The elimination of J-2 engine
thrust chamber chill, start tank, LOX and LH 2 recirculation requirements and
modification of the stage system purge requirements reduces the number of
active components in the following GSE: A7-71 heat exchanger, $7-27, $7-33,
SDD-198, and SDD-199 fluid distribution systems, and the A7-51 SLAM. The
number of active circuits in the C7-603 pneumatic checkout console and the
$7-41 pneumatic servicing consoles will also be reduced. The GSE schematic
modifications will establish the revised line runs and interconnections to be

compatible with the stage changes.

C. Static Firing Electrical GSE (MTF). The elimination of J-2 engine thrust chamber
chill and start tank requirements, modification of the stage system purge require-

ments, total elimination of LOX and LH 2 recirculation, and the simplification of
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the static firing requirements reduces the electrical circuitry in the following
GSE: C7-801, C7-802, C7-S05, C7-211, C7-213, C7-41, $7-42, $7-41, A7-71,
$7-27, $7-33, and C7-44. The changes plus the modifications to the engine con-
trol and measurements circuitry will result in extensive wire and function
changes to both the A1 and A2 test stand system schematics.

d. S-II Stage Mechanical. The Stage System schematic drawings will require

revision to incorporate changes in the recirculation, valve actuation, and engine
systems. Sections requiring major modifications include the Engine Checkout,
Recirculation, and Valve Actuation sections, while the remaining sections will
require minor modifications.

10.2.9.6.2 Delta LEO Mission

a. Electrical Checkout GSE (Seal Beach and MTF). Revisions are required because
of addition of idle mode restart, addition of RCS relays and bus, modification
of prevalve control, addition of balanced LH 2 tank venting, addition of thrust
vector control, modification of LOX and LH 2 low level sensor functions, and
revision of stage stimuli and measurements.

bo Mechanical Checkout GSE (Seal Beach and MTF). Revisions are required

because of addition of balanced LH 2 tank venting, addition of thrust vector
control, addition of RCS helium supply, addition of RCS thermal conditioning,
and addition of balanced LH 2 venting and purging.

Co

do

Static Firing Electrical GSE (MTF). Revisions are required because of Idle

Mode restart, thrust vector control, Balanced LH 2 venting and purging, LOX
and LH 2 low level sensor function modification, modification of prevalve control,
addition of RCS simulation, revision of flight sequencing, and revision of stage
stimuli and measurements.

S-II Stage Mechanical. Revisions are required because Of the addition of RCS,

thrust vector control, balanced LH 2 tank venting system and related purging,
RCS helium supply, and RCS thermal conditioning.

10.2.9.7 J-2/S-II Flight Sequence Program

The flight sequence program is a chronological list of the IU switch selector stimuli
addressed to the S-II stage during flight. This sequence is incorporated in the
automated simulated flight test which is conducted during acceptance testing at
Seal Beach and at MTF, and is programmed into the static firing controller at MTF.
Interface Control Document 40M3362X governs the timing, sequence, and ehanneli-
zation of flight sequence commands.
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10.2.9.7.1 LOR Mission

The deletion of recirculation systems and the ullage motors, and the revised engine

starting logic required some revisions to the flight sequence program which are used

for J-2/S-II configurations. The following S-II switch selector commands have been
deleted:

"LH 2 Recirculation Pumps Off"

"Ullage Trigger"

"Chilldown Valves Close"

"LOX Depletion Sensors Cutoff Arm"

The following S-If Switch Selector Commands have been added:

"Prevalves Close Arm Reset"

"All Engines Start No. 2"

"Mainstage Start No. I"

"Mainstage Start No. 2"

The command "Engine Start" has been revised to "All Engines Start No. i".

Using the MSFC J-2S Design Trajectory timing, a preliminary S-II Flight Sequence

Program was evolved for the LOR mission. The program is shown in Table i0.2-XL.

Several functions which are not addressed to the S-II stage are shown for reference

purposes.

Additional switch selector commands were used on S-II-3 to modify the propellant

utilization operational mode (ECP 5982) to an open loop operation; however, the timing

and open loop mode have not been established yet as a permanent change. The

commands for the "open loop" mode are as follows:

"Open Loop Arm"

"High EMR Select"

"High EMR Reset"

"Low EMR Select"

"Open Loop Arm Reset"

Although open-loop operation of the propellant utilization system may be employed !n

future missions, the flight sequence tables herein reflect the original closed loop

mode. It is assumed that the propellant utilization sequencing and tin_ing used on

fuLure S-If flights will also be used on missions which employ the J-2S/S-II

configuration.
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Table 10.2-XL. LOR Mission - Flight SequenceProgram

Nominal
Flight Time
(Min:See) Command

Switch Selector

Stage I Channel
Prelaunch - Reference Information

-24:00 Prevalves Lockout On S-II Ground
-24:00 All Engines Cutoff On S-II 18
-04:00 Hydraulic Accumulators Locked On S-II Grotmd

00:00.0 Liftoff- Start of Time Base 1 (T1)

02:29.5 S-IC Inboard EngineCutoff - Start of Time Base 2 (T2)
02:30.5 Start First FM/FM Calibration S-II
02:35.5 Stop First FM/FM Calibration S-II
02:36.5 OrdnanceArm S-II

02:41.5 S-IC Outboard EnginesCutoff - Start of Time Base 3

30
9

11

(T3)
02:41.6
02:41.7
02:42.2
02:42.3
02:42.4
02:42.5
02:42.6
02:42.7
02:42.8
02:42.9
02:43.0
02:43.1
02:43.2
02:44.4
02:48.1
02:48.3
02:49.1
02:49.2
03:14.0
04:43.0
04:48.0
06:10.0
06:15.0
TBD
07:47.0
07:48.0

LH2 Tank High Pressure Vent Mode
Prevalves Close Arm Reset
S-IC/S-II SeparationNo. 1
S-IC/S-II SeparationNo. 2
Switch Engine Control to S-II
Engines Cutoff Reset
EnginesReady Bypass
Prevalves Lockout Reset
All EnginesStart No. 1
All EnginesStart No. 2
Mainstage Start No. 1
Mainstage Start No. 2
EnginesReady BypassReset
Hydraulic Accumulators Unlock
Start Phase Limiter Cutoff Arm
Activate Propellant Utilization System
Start Phase Limiter CheckoutArm Reset
Prevalve Close Arm
SecondPlane Separation
Start SecondFM/FM Calibration

Stop Second FM/FM Calibration
Start Third FM/FM Calibration

Stop Third FM/FM Calibration

LH 2 Step Pressurization
S-II/S-IVB Ordnance Arm

LIt 2 Depletion Sensors Cutoff Arm

S-II
S-II

S-IC

S-IC

IU
S-II

S-II

S-II

S-II
S-II

S-II

S-II

S-II
S-II

S-II

S-II

S-II

S-II

S-II

S-II

S-II

S-II

S-II

S-II

S-II

S-II

38

48

15

19

33
31

20

19
33

TBD

TBD

TBD
49

12

25

32

6

99

23

3O

9

30
9

7

8

42

08:18.0 Cutoff S-II J-2S Engines - Start of Time Base 4 (T4)

08:18.8 S-II/S-IVB Separation S-II 5
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i0.2.9.7.2 Delta LEO Mission

New switch selector commands are required because of the addition of the thrust

vector control system, the "Idle Mode" restart operations, and the baLanced LH 2
vent system. Further analysis is required to establish the possible use of ground-
issued commands during the coast period and "Idle Mode" second burn period. The

ground commands would be used as backup measures and also to controL alternate
sequence modes for alternate time bases and mission modes. The analysis would

be performed in conjunction with the MSFC Launch Vehicle Ground Support Plan that
is issued for ever.v launch. The flight sequence program for the LEO mission is
shown in Table 10.2-XLI. A summary listing is given below. The following S-II
Switch Selector Command has been deleted:

"LH 2 Step Pressurization"

The foLLowing S-II Switch Selector Commands are new:

"Start Auxiliary HydrauLic Pumps No. i"

"Start Auxiliary Hydraulic Pumps No. 2"

"Restart Arm"

"Restart Arm Reset"

"Balanced LH 2 Vent System Arm"

"Mainstage Cutoff"

"Start AuxiLiary Hydraulic Pumps No. 1 Reset"

"Start Auxiliary Hydraulic Pumps No. 2 Reset"

"Mainstage Cutoff Reset"

"LOX Depletion Sensors Cutoff Arm"

The "S-II/S-IVB Ordnance Arm" and "S-II/S-IVB Separation" commands are not
shown in the table since separation operations after the idle mode second burn were
not considered to be a part of this study.
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Table 10.2-XLI. LEO Mission - Flight Sequence Program

Nominal

Flight Time
M in :See Command

Switch Selector

Stage ] Channel

-24:00

-24:00

-04:00

Prelaunch - Reference Information

Prevalves Lockout On S-II

All Engines Cutoff On S-II

Ilydraulie Accumulators Locked On S-II

Ground

18

Ground

00:00.0 Liftoff - Start of Time Base 1 (T1)

02:29.5 S-IC Inboard Engine Cutoff - Start of Time Base 2 (T2)

02:30.5

02:35.5

02:36.5

Start First FM/FM Calibration

Stop First FM/FM Calibration
Ordnance Arm

S-II

S-II

S-II

3O
9

11

02:41.5 S-IC Outboard Engines Cutoff - Start of Time Base 3 (T3)

02:41. (i
02:41.7

02:42.2

02:42. :/
02:42.4

02:42.5
02:42.6

02:42.7

02:42.8

02:42.9

02:43.0

02:43.1

02:43.2

02:44.4

02:48.1

02:48.3

02:49.1
02:49.2

03:14.0

04:43.0

04:48.0

06:10.0

06:15.0

07:34.0

07:34.2

07:34.4

08:04.0

(approx)

LH 2 Tank High Pressure Vent Mode
Prevalves Close Arm Reset

S-IC/S-II Separation No. 1

S-IC/S-II Separation No. 2

Switch Engine Control to S-II

Engines Cutoff Reset

Engines Ready Bypass
Prevalves Lockout Reset

All Engines Start No. 1
All Engines Start No. 2

Mainstage Start No. 1

Mainstage Start No. 2

Engines Ready Bypass Reset

Hydraulic Accumulators Unlock
Start Phase Limiter Cutoff Arm

Activate P.U. System
Start Phase Limiter C/O Arm Reset
Prevalve Close Arm

Second Plane Separation
Start Second FM/FM Calibration

Stop Second FM/FM Calibration
Start Third FM/FM Calibration

Stop Third FM/FM Calibration

LOX Depletion Sensors Cutoff Arm

LH 2 Depletion Sensors Cutoff Arm
Balanced LH2 Vent System Arm

Mainstage Cutoff (Initiated by IU upon
satisfaction of orbital parameters.
After this event has occurred the

remaining commands in time base 3
are issued in the indicated sequence)

S-If

S-If
I, S-IC
! S-IC

' IU

S-II

S-II

i S-II
' S-II

S-II

S-II

S-If

S-If

S-If

S-II

' S-II
i

S-If

S-If

S-II

S-II

S-II

S-II

S-II

S-II

S-II

S-II
S-II

38

48
15

19
o r )
,)o

31

2O

19
33

TBD

TBD

TBD

49

12

25

32

6

99

23

3O
9

30

9

3

42

TBD
TBD
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Table 10.2-XLI. LEO Mission - Flight Sequence Program (Cont)

Nominal

Flight Time
Min:Sec

08:05.0

08:14.0

X(TBD)

X+00:00.1

X+00:00.2

TBD
TBD

Switch Selector

Command Stage Channel

Mainstage Cutoff Reset S-II TBD

All Engines Cutoff S-II 18

(Start of Time Base 5 (T5))

Restart Arm

Restart Arm Reset

Prevalves Close Arm Reset

NOTE: The following sequences will be

repeated as required dta'ing the "coast"
mode.

Start Tlm Calibrate

Stop Tlm Calibrate

NOTE: Preliminary studies indicate

that thermal control of the auxiliary

bydraulic fluid will not be required

during the "coast" mode. If future
studies indicate the need of thermal

control, additional commands can be

added to turn the auxiliary hydraulic

pumps on and off.

S-II

S-II

S-II

S-If

S-II

TBD

TBD

48

30

9

50:00.0 Begin Restart Preparations - Start of Time Base 6 (T6)
(approx)

50:09.9

50:14.9

50:15.0
50:15.5

50:16.0

53:09.4
53:14.4

53:14.6

53:14.8

53:15.0

53:15.1

53:15.5

Start Tim Calibrate

Stop Tlm Calibrate

Start Auxiliary Hydraulic iPumps No. 1

Start Auxiliary Hydraulic Pumps No. 2

Hydraulic Accumulators Unlock
Start Tim Calibrate

Stop Tim Calibrate

Engines Cutoff Reset

Engines Ready Bypass

All Engines Start No. 1

All Engines Start No. 2

Engines Ready Bypass Reset

S-II

S-II

S-If

S-II

S-II

S-II

S-II

S-II

S-II

S-II

S-If

S-II

30

9

TBD

TBD

12
30

9

31

20

33

TBD

49

56:00.6 Cutoff S-II Engines - Start of Time Base 7 (T7)
(Assumes 165.6 seconds of "Idle Mode" burn time)

TBD
TBD

56:00.8
56:00.9

Start Auxiliary Hydraulic Pumps 1 Reset
Start Auxiliary Hydraulic Pumps 2 Reset

NOTE: S-II/S-IVB ORDNANCE ARM,

S-II/S-IVB SEPARATION, and any S-II
deorbit or retro commands are not shown

because flight operations after S-II "Idle

Mode" cutoff are not part of this study.

S-II

S-If

10-360



SPACE DIVISION OF NORTH AMERICAN ROCKWELL CORPORATION

D5-15772-2

10.2.10 LAUNCH OPERATIONS REQUIREMENTS

The effect on the launch operations of the S-II stage resulting from incorporation of

the J-2S engine for the LOR mission (and for those additional effects resulting from
stage changes necessary to accommodate LEO mission requirements) are being
assessed in a separate study by NASA/KSC. The information presented in the follow-

ing paragraphs is a preliminary description of the launch operations impact as
determined by NR/SD Seal Beach Operations. It was earlier submitted to NASA/KSC
as an initial overview of the launch operations impact.

10.2.10.1 Facility and Launch Support Equipment Requirements

Changes required for the LOR mission and the additional changes required for the
LEO mission are described in the following paragraphs.

i0.2. i0. I. 1 LOR Mission

The ullage motor handling, storage, X-rays, inspection requirements, and the S-II
GH 2 supply requirements are to be deleted. The umbilical fluid lines for engine
start tank purge and chill, LOX recirculation helium injection, start tank vent con-
trol, LH 2 pump seal drain, and thrust chamber chill will be deleted or capped off,
but the purge function will be retained. The Section "D" console of $7-41 ground
pneumatic console and interconnecting lines will be deleted. The support require-
ments for the recirculation batteries will be deleted. Over All Test (OAT) equipment
for recirculation electrical load simulation and control will be deleted. Electrical

Support Equipment (ESE) will be revised as required for the modified electrical con-
trols and modified measurement signals. The requirement for the engine solid

propellant turbine start (SPTS) ordnance for handling, storage, and inspection will
be added. Electrical cabling will be modified to new requirements.

i0.2. i0. i.2 Delta LEO Mission

a. Reaction Control System (RCS): Requirements for a bench checkout facility in
the VAB for the RCS module leak and functional tests will be added. It may be
possible to use the existing S-IVB facility for these tests. An RCS valve control
unit will be added on Platform No. 1 of the mobile service structure (MSS). The

hypergolic propellant loading, pressurization, and purging lines and connections
on the MSS will be modified to provide for servicing the S-II RCS modules from
Platform NO. 1. Safety clothing and safety devices required for the toxic hyper-

golic propellant handling and servicing will be added. Handling and hoisting
equipment for installation of the RCS modules will be provided. An umbilical
line for the RCS helium supply ($7-41 connections) will be added. Storage and
preservation requirements for the RCS modules are to be provided.

b. Thrust Vector Control (dc pump motors in pressurized containers). Dc ground

power supply and controls will be added. Support requirements for the airborne
batteries, umbilical line for auxiliary hydraulic motor air tank supply ($7-41
connections), and facility air supply on LUT's to feed the $7-41 TVC air circuit
will be added.
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C. Miscellaneous. Checkout equipment will be added to measure solar absorptivity
and infared emissivity for optical property tests on airborne components. The
ESE will be modified for required electrical control and measurement signals,
and the electrical cabling will be changed to meet new requirements.

10.2.10.2 Low Bay Operations

Low Bay operations will be affected as stated below.

I0.2. i0.2.1 LOR Mission

The elimination of the engine start tanks and the stage recirculation systems will

simplify the stage systems leakage and functional tests that are performed in Low Bay.

I0.2. i0.2.2 LEO Mission

The addition of the RCS bench checkout involving thorough leak and functional tests
will increase the propulsion checkout tasks. The additional measurements will
increase the measurements checkout. The increased electrical power and control
systems will increase the electrical checkout.

I0.2. i0.3 High Bay Operations

High Bay operations will be affected as described below.

10.2.10.3.1 LOR Mission

a. Individual System Tests and Operations. The elimination of the stage recircula-
tion systems and engine start tanks will reduce the propulsion system testing.
The deletion of the ullage motors and the addition of the engine SPTS will balance
each other in regard to EBW testing and checkout. The simplified fluid systems
will reduce the $7-41 ground pneumatics operations and checkout. The A7-41 aft
umbilical installation task and leak checks will be slightly reduced. The elimi-
nation of the ullage motor fairings will simplify the installation of fairings. The
new switch selector functions will increase the switch selector and sequence
control checkout tasks.

b. Launch Vehicle and Space Vehicle Integrated Tests. The integrated testing will
not be significantly affected by the fluid system changes, since the tests are
generally electrical in nature and fluid operations are at a minimum. The addi-
tional switch selector commands and flight sequencing will slightly increase the
complexity. The elimination of the stage recirculation systems will have a very
minor effect in reducing electrical checkouts. The danger of inadvertent dry

spinning and damaging of the LH 2 recirculation pumps is eliminated. The elimi-
nation of the recirculation batteries and inverters reduces the electrical prepara-
tion tasks slightly.

e. Ordnance Operations. The deletion of the ullage motors will eliminate the large
ordnance handling, hoisting, and installation tasks. The small ordnance tasks

will be increased by the addition of the engine SPTS system. It is presumed that
the SPTS cartridges will be installed in High Bay as is the other ordnance; only
EBW detonators and the safe and arm device are installed at the Launch Pad
during the countdown.
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10.2.10.3.2 Delta - LEO Mission

a. Individual System Tests and Operations. The addition of the RCS system elec-
trical provisions will require additional electrical checkout. The RCS modules
will normally not be installed on the stage during High Bay testing except for an
IU guidance and flight control test; therefore individual RCS module tests will not

be performed in High Bay. The dc motor auxiliary hydraulic system with its
dc ground power and airborne battery requirements will increase the electrical
checkout tasks. The balanced LH 2 tank venting system will increase the check-
out task. The idle mode restart logic will increase the electrical and engine
systems checkout task. The revised flight sequencing will increase the switch
selector and logic checkout task. The additional measurements will increase
the measurements verification task. The revised prevalve control system will
increase the electrical checkout task. The A7-41 aft umbilical installation task

and leak checks will also be slightly increased.

b. Launch Vehicle and Space Vehicle Integrated Tests. The RCS modules will be
installed on the stage for the IU end-to-end guidance and flight control test. For

other integrated tests, an RCS simulator will be electrically connected to the
stage with drag-on cables. The revised prevalve control system, the balanced
LH2 vent system, the thrust vector control system, the idle mode restart logic,
the additional switch selector commands, the flight sequencing logic and simu-
lated coasting flight will significantly increase the integrated testing require-
ments and lengthen the S-II stage active period during integrated testing. This
will require engineers, technicians, and support personnel to spend a signifi-
cantly greater amount of time on integrated testing.

c. Ordnance Operations. There is no change from the LOR mission.

10.2.10.4 Launch Pad Operations Prior to CDDT-Countdown

Operations will be affected as described in the following paragraphs.

i0.2. i0.4. 1 LOR Mission

The miscellaneous tasks required prior to the CDDT-countdown are not significantly
affected. The launch vehicle and space vehicle integrated tests performed at the

launch pad are affected only slightly as described under High Bay Operations above.

10.2.10.4. 2 LEO Mission

The RCS modules will be permanently installed at the launch pad just prior to the

flight readiness test (FRT). During the FRT the modules will be pressurized and
actual valve movements will occur during the simulated flight sequence. The other
integrated test tasks performed at the pad will be significantly increased for the same
reasons described in the High Bay Integrated Test Section.
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10.2.10.5 CDDT and Launch Countdown

The effect on operations will be as described below.

10.2.10.5.1 LOR Mission

Figure 10.2-170 shows the NR/SD tasks that are required during the CDDT-countdown

combination. The original tasks (J-2 engines) that are no longer required because of
the J-2S engine implementation are shown for comparison and are lined out. The
vacuum check on the jacketed fluid lines, performed just prior to the start of the

CDDT, will be considerably simplified by the deletion of the stage recirculation sys-
tems. The net effect of the J-2S implementation on the CDDT countdown operations
is a minor reduction in the tasks. The elimination of start tank purge, chill and
pressurization, thrust chamber chill, LH2 recirculation pump operations, and LOX
helium injection purge and operation are also slight task reductions. The elimination
of redlines associated with these operations, however, provides a significant increase
in the probability of a successful countdown. The redlines are discussed in the
Launch Mission Rules section below.

10.2.10.5.2 Delta - LEO Mission

Figure 10.2-170 shows the additional tasks required by the RCS, the thrust vector
control system, and the balanced LH 2 tank venting system. A large additional task,
in preparation for the CDDT, is the purging, flushing, propellant loading, and pneu-
matic servicing of the RCS modules. This task is performed using firing room con-
trol and RCS valve unit control on MSS Platform No. 1. Since the hypergolic
propellants are extremely hazardous, this task is safety-oriented and performed
cautiously. In addition, the RCS modules must be thermally controlled until launch
time. The thermal control requires the periodic monitoring and recording of module
temperatures while the engine compartment conditioning system continuously supplies
conditioned air to the modules. In the event of an extensive delay, the hypergolic
propellants must be drained with subsequent flushing, decontamination, and drying of
the RCS modules. The addition of the RCS modules also adds additional redline

requirements. The increased complexity of the electrical power system, the electri-
cal control system, the flight sequencing commands, the coast mode, and the idle
burn restart mode will significantly increase amount of checkout used in the various

individual tasks. In addition, this increased complexity will increase the integrated
checkouts performed during the CDDT-countdown. The over-all effect of the LEO
mission requirements will significantly increase the CDDT-cotmtdown tasks and will
slightly reduce the probability of a successful countdown.

10.2.10.6 Launch Mission Rules

The effect on the Launch Mission Rules will be as described below.

10.2.10.6.1 LOR Mission

The J-2S implementation significantly reduces the number of redlines that could cause

a mission cancellation. Of a total of 78 redline measurements, the following 34 meas-
urements are deleted: LOX pump discharge temperatures (Engines 1-5), start tank
gas temperatures (Engines 1-5), thrust chamber jacket temperatures (Engines 1-5),
engine inlet LH 2 temperatures and pressures (Engines 1-5), start tank pressures
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(Engines 1-5), valve actuation regulator out pressure, helium injection supply pres-

sure, helium injectionoutlet pressure, and recirculation dc bus voltage. The

deletion of these redlines also reduces the number of personnel required to monitor

redlines in the Firing Room at the Mission Support Central Instrumentation Facility

(CIF) and at the MSFC-Launch Information Evaluation Facility (LIEF).

10.2.10.6.2 Delta - LEO Mission

The addition of the RCS modules requires the following 10 additional redlines: RCS
module temperatures (2), helium tank temperatures (2), helium tank pressures (2),
fuel supply manifold pressures (2), and oxidizer supply manifold pressures (2). For
the thrust vector control system, two additional redlines are required: auxiliary
hydraulic pump motor pressurization air tank pressure, and auxiliary hydraulic
dc bus voltage. These additional redlines will require an increase in the personnel
monitoring tasks.

i0.2.11 RELIABILITY ASSESSMENT

In the 1966 preliminary analysis J-2S study, Reference 1.1-2, it was determined that
approximately 345, or 30 percent of the S-II stage single point failure modes that could
cause mission loss or abort would be eliminated by the stage system's simplifications
resulting from incorporation of the J-2S engine. In this present study, this analysis
was reviewed and updated as necessary and the benefits of such simplification on the

stag e quantitative reliability values was then determined. The presently contracted
quantitative reliability of the S-II stage (with J-2 engines) is 0.95 - meaning that 95
of every 100 attempted missions will be successful.

10.2.11.1 LOR Mission

Two methods of expressing the S-II stage quantitative reliability increase resulting
from incorporation of the J-2S engine were considered. The first method directly
evaluated the effect of the reduced number of components and their failure modes on
the present reliability value of 0.95. It was determined that the new quantitative
reliability value would be 0.954. An overall program cost savings is implied in this

increase in stage reliability, but such an evaluation was beyond the scope of the
present study.

The second method retained the current reliability value of 0.95, but reapportioned

(downward) the required reliability values of each remaining stage system. Such an
approach would also imply an overall program cost reduction through the reduced
scope of the reliability testing program.

Table 10.2-XLII includes the overall stage reliability values for these two methods
for the LOR mission. Typical values of the reapportioned reliability of the stage
systems are shown in the "boost period" column of Table 10.2-XLII. The boost
period includes the following phases: countdown, S-IC boost, S-IC/S-II separation,
and S-II boost.
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i0.2. Ii.2 LEO Mission

The same two methods of expressing the S-II stage quantitative reliability changes for
the LOR mission were employed for the LEO mission. The reliability values for the

boost period are multiplied by the corresponding values for the orbital period to give
the overall LEO mission reliability values. In addition to the above noted boost

period phases, the orbital period includes the following phases: idle mode shutdown,
coasting, and restart�burn in idle mode.

The firstmethod of directly evaluating the effectof the reduced number of components
and their failure modes on the current reliabilityvalue of 0.95 for the boost period

gave a value of 0.954. The corresponding value determined for the orbital period
was 0.945. The overall LEO mission reliabilitywould then be 0.902.

With the second method, the present value of 0.95 was retained for the boost period

and the remaining stage system apportioned reliabilities could then be reduced. The
corresponding relative value for the orbital period was 0. 940. The overall LEO
mission reliability on this basis would then be 0.893.

Table 10.2-XLII shows the overall stage reliability values for these two methods for

the LEO mission as well as for the LOR mission. Table 10.2-XLIII shows the reap-

portioned system reliability indices for the boost period, orbital period, and for the
overall LEO mission.

10.2.12 SUMMARY OF S-II DESIGN MODIFICATIONS

The design changes required to incorporate the J-2S engine into the S-II stage for the
LOR mission and those additional changes required to perform the two-stage LEO
mission are summarized according to stage systems.

For additional design change definition, refer to the appropriate Engineering disci-

pline section.

10.2.12.1 J-2S//S-II Stage Design Modifications (LOR Mission)

10.2.12. I.1 Engine Servicing System

a. Stage Mechanical Systems. Start tank chill and fill system and start tank vent
valve control system will be deleted. The start tank V & R system will be
reidentified as fuel pump seal drain system. The current fuel pump seal drain
system will be deleted. Thrust chamber chill function will be deleted, and the
line insulation removed. The turbopump purge system will be reidentified as

LOX dome purge system. On engine/stage fluid interface panels, the center
engine customer connect panels are to be reduced from three to one, and inter-
face lines reduced from twelve to six. Interface lines for the outboard engine

ave to be reduced from thirteen to eight.

b. Stage Electrical Systems. Electrical circuitry for start tank vent control sole-
noid (stage pneumatics) is to be deleted, as is the electrical circuitry for start

tank vent emergency solenoid (engine electrical).

c. Stage Structural Systems. Brackets will be eliminated for deleted stage systems.
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Table 10.2-XLII. S-II StageQuantitative Reliability Values,
LOR and LEO Missions

Boost Reliability 0, 95 Boost Reliability 0.95 for
in All Cases Original S-II//J-2 case only

Mission Boost Orbital Total Total

J-2/S-II LOR

J-2S//S-II LOR

J-ZS/S-II LEO

0. 950

0.950

0.950 0o 940

O. 950

O. 950

O. 893

Boost Orbital

0.950

0.954

0.954 0.945

0.950

0.954

0.902

Table 10.2-XLIII. Reliability Apportionment Indices

Boost Orbital Composite
Period Period LEO MissionSystem

Electrical Control

Electrical Power

Emergency Detection

Engine Compartment Conditioning

Engine

Engine Servicing

Engine Actuation and Auxiliary
Air Atmosphere

Flight Termination

Me asu rein ent

Pressurization

Propellant Valve Actuation

Propellant Feed

Propellant Management

Radio Frequency

Reaction Control

Separation

Structure

Thermal Control

LH 2 Balanced Vent

S-II Stage

0.991805

O. 997O3O

O.999947

0.999942

0.992792

O. 999474

0.990640

0.998443

0.999970

0.996653

0.999247

0.996462

0.987838

0.999902

0.999741

0.999512

0.999553

O.999955

0.999999

0.988598

0.989638

0.999962

0.999999

0.991220

0.999994

0.997136

0.995513

0.999975

0.991275

0.999119

0.994068

0.993321

0.999488

0.999698

0.999999

0.999801

0.999963

0.999970

0.980496

0.986699

0.999909

0.999941

0.984075

0.999468

0.987803

0.993963

0.999945

0.987897

0.998367

0.990551

0.981240

0.999390

0.999439

0.999511

O. 999354

0.999918

0.999969

P
0. 950000 0.940338 0. 893321
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i.

.

Recirculation Systems

Stage Mechanical Systems

LOX. The five return lines and five valves are to be deleted from engine
interface to tank. The helium injection system (tank, regulator, valves,

and lines) will be deleted.

LH 2. Five pumps, six valves, five bypass lines, return lines, purge line
and check valve are to be deleted. LH 2 feed line purge manifold and check
valves will be added.

b. Stage Electrical Systems

1. LOX. Circuitry for control of helium injection solenoids will be deleted.

m LH 2. Circuitry for control of recirculation pumps and monitoring circuitry
for pump speed and valve position will be deleted. Recirculation batteries,
inverters, filters, transfer switches and bus will also be deleted.

c. Stage Structural Systems

.

.

b.

Co

LOX. The necessity is eliminated for two special LOX tank bulkhead gore
segments, since holes and bosses are not required. The support bracketry
for return lines and helium injection systems will be deleted.

LH 2. LH 2 tank cylinder 2 will be simplified, eliminating recirculation holes
and bosses. The return line fairing will be deleted. The insulation of LH 2
tank cylinder 2 will be simplified, and support bracketry will be eliminated.

1.3 Valve Actuation System

Stage Mechanical Systems. Tank pressure will be changed from 3000 to 750 psi
for prevalve actuation. The regulator will be deleted, as will the solenoid valves
and lines for return and discharge valve control. The relief valve will be

replaced. The emergency LH2 recirculation actuation lines and disconnect will
be deleted. By utilizing the helium injection disconnect, the actuation fill dis-
connect can be deleted.

Stage Electrical System. Circuitry for control of recirculation actuation sole-
noid valves will be deleted.

Stage Structural System. Installation of bracketry for regulator, solenoid
valves, lines, and disconnect will be eliminated.

10.2.12.1.4 Ullage Motors

a. Stage Mechanical Systems.

b. Stage Electrical Systems.
motor ignition.

Four ullage motors will be deleted.

Power and control circuits will be deleted for ullage
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c. Stage Ordnance System. Twenty-one ordnance devices will be deleted.

d. Stage Structural Systems. Ullage motor attach fittings and structural reinforce-
ment will be deleted; cork insulation on interstage will be added.

10.2.12.1.5 Propellant Tank Pressurization

a. Stage Mechanical Systems. Regulators will be modified for higher pressure and

flow; pressurization line gimbal joints will be modified for higher pressures.

The pressurization (LOX) line will be deleted from center engine.

10.2.12.1.6 Engine Start Control System

a. Stage Electrical System. Ignition power will be added to main bus. Control for

duplicate engine start commands will be added, as will control ibr duplicate

mainstage start commands.

10.2.12.1.7 Engine Cut-Off Control System

a. Stage Electrical Systems. Control circuits will be added for LOX low level arm

of all engine cut-off from Pc dropout; control circuits will be added to prevent

low level arm from initiating all engine cutoff under premature engine-out

conditions.

10.2.12.1.8 Thrust Structure

a. Stage Structural Systems. Thickness of stringers, frame longerons, and skin

will be increased. Web and cap thickness on center engine support beam will be

increased, and local redesign of engine thrust block will be accomplished.

10.2.12. i.9 Flight Control System

The wobbler plate on primary flight control pump will be redesigned.

10.2.12.1.10 Heat Shield

a. Stage Structural Systems. The rigid panels will be redesigned, and stainless

wire mesh screen will be added to hot side of rigid panel. Support brackets will

be relocated, and flex curtains and attachments will be redesigned to match

engine and rigid panel change. Minor modification will be made to basic support

tubes and fittings.

10.2.12.1.11 Instrumentation

The following changes are to be made in measurements.
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a. Additions

b. Deletions

10.2.12.2

i0.2.12.2.1

a.

be

C.

Total

Flight

34 Temperature

10 Pressure

15 Position

65 Discrete

5 Voltage

129

Ground

5 Temperature

10 Position

2 Acoustic

Total 17

Total

Flight

14 Temperature

16 Pressure

15 Position

81 Discrete

1 Voltage

1 Current

128

Ground

Total

24 Temperature

27 Pressure

15 Position

13 Voltage

1 Current

5 Tachometer

85

J-2S/S-II Stage Design Modifications (LEO Mission)

Balanced Vent System

Stage Mechanical Systems. Vent system from LH 2 tank will be added (two
parallel solenoid valves, vent lines, and two nozzles). A vent system purge,
single-line with orifice tapped off vent valve actuation supply, will be added.

Stage Electrical Systems. Power and control for vent solenoid valves will be
added.

Stage Structural Systems. Vent line holes will be added, in forward skirt, and
doublers will be added around holes to support nozzles. Support brackets will
be added for vent lines. The tank forward bulkhead gore panel will be changed

to provide holes and mounting for two solenoid valves, and insulation will be
modified for compatibility.
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10.2.12.2.2 Thrust Vector Control System

a. Stage Mechanical Systems. Ac motor/pumps will be replaced with dc motor/pumps
of tlle S-IVB type. An air system (tanks, lines, and disconnect) will be added for
dc motor compartment atmosphere. A case drain line from auxiliary pump to
ARMA will be added, and the hydraulic package panel will be enlarged.

b. Stage Electrical Systems. Electrical power (batteries) and control for four dc
motors will be added.

Co Stage Structural Systems. The forward mounting provision on thrust cone will
be relocated for modified hydraulic package, and mounting provisions on thrust

cone for new battery container will be added.

10.2.12.2.3 Reaction Control System

au Stage Mechanical Systems. Two reaction control modules (S-IVB/S-V type) will

be added. A system to pressurize RCS helium tanks will be added. RCS
temperature conditioning system will be added, using ducts from ECCS.

b. Stage Electrical Systems. Electrical power and control for RCS will be added.

Co Stage Structural Systems. Aft skirt structure will be reinforced and mounting
provisions will be added for the RCS modules. Holes will be added in the aft
skirt for electrical, pressurization, and thermal control lines. Support brackets
for electrical, pressurization, and thermal control lines will be added. Insula-
tion shields will be added in areas of thruster impingement, and external cork
insulation added fore and aft of RCS modules. A fairing close-out of RCS
modules will be added.

10.2.12.2.4 LOX Tank Low Level Sensors

a. Stage Mechanical Systems. LOX sensors will be relocated from sump pedestal
to cruciform baffle.

b. Stage Structural Systems. Mounting holes will be provided for sensors on
cruciform baffle.

10.2.12.2.5 LOX Pump Seal Drain Outlet

ae Stage Mechanical Systems. Three of five LOX pump seal drain lines will be
rerouted.

be Stage Structural Systems. Holes for three LPSD outlets will be relocated on aft
skirt.

10.2.12.2.6 Prevalve Control System.

a. Stage Electrical Systems. Electrical control will be added to disable prevalve
closure at all engine cut-off command.

10-379



SPACEDIVISIONOFNORTHAMERICANROCKWELLCORPORATION

D5-15772-2

10.2.12.2.7 Idle ModeShutdown

a. StageElectrical Systems. Electrical control will be addedto provide mainstage
shutdownto idle mode from: switch selector command, or LOX or LH2 (two of
five) low level sensor signal. Electrical control will be addedto lock up hydrau-
lic accumulators at first burn all-engine cutoff.

10.2.12.2.8 Coastand Restart Controls

a. StageElectrical Systems. Electrical control will be addedto reset engine con-
trol relays for restart to idle mode. Electrical control will be addedto start
TVC auxiliary hydraulic system (three minutes) before restart, and electrical
control addedto unlock hydraulic accumulators immediately after TVC
auxiliary units are on.

10.2.12.2.9 Slosh Control

a. StageStructural Systems. Conical slosh control baffle will be addedin the LOX
tank.

10.2.12.2.10 Fairing Venting

a. StageStructural Systems. Increased venting area will be addedfor the nose
cone portion of the LH2 feedline fairings.

i0.2.12.2.11 Instrumentation

a. Stage Electrical Systems. The following flightmeasurements are to be added:

16 Temperature

21 Pressure

28 Discrete

1 Position

2 Voltage

2 Current
F__

Total 70

10.2.12.2.12 Miscellaneous

New main toldinstrumentation batteries for extended operational period will be

added. 207 electrical container for mounting larger battery and 206A31 container to

accept new battery willbe redesigned. Density and thickness of cork insulation will
be increased on all electricalcontainers.
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10.2.12.3 J-2S/S-II GSE Design Modifications (LOR Mission)

10.2. 12.3.1 Engine Servicing System

a. Umbilical Carrier Plate, Aft. Start tank vent valve actuation disconnect will

be deleted. The fuel pump seal drain (F P S D) disconnect and the start tank

chill and fill disconnect will be deleted. Reidentify start tank V and R disconnect

to F P S D. Reidentify turbopump purge disconnect to LOX dome purge.

b. LH2 Heat Exchanger. Thrust chamber chill circuit and start tank chill and fill
circuit will be deactivated.

c. Pneumatic Checkout Console. Deactivate the start tallk vent control supply, start

tank fillsupply, start tank filldisconnect relief check supply, fuel pump seal

drain supply, and fuel pump seal drain disconnect relief check supply will be

deactivated. The LOX recirculation system supply will be redesignated to LOX

dome purge supply. Mainstage OK pressure switch, reset level, will be

redesignated.

d. Pneumatic Servicing Console. LOX dome purge will be added. The thrust

chamber chill, start tank vent valve control, and turbopump purge will be

deactivated. The mainstage OK pressure switch level will be modified. Start

tank chill, start tank fill, and start tank purge will be deleted.

e. Pneumatic Servicing Control Console. Control and signal conditioning will be

changed to be compatible with the changes listed above.

f. Fluid Distribution System. The static firing skirt will be changed by capping and

redesignating fluid lines as required for compatibility.

g. Electrical GSE. Electrical control circuitry will be deactivated for the start tank

pneumatic vent and emergency vent.

10.2.12.3.2 Recirculation Systems

a. Aft Umbilical Carrier Plate. Recirculation LH 2 line purge disconnect will be

redesig_ated to LH 2 feed line purge disconnect.

b. Pneumatic Checkout Console. LH 2 recirculation system purge manilold and the

engine fuel recirculation system supply will be deactivated.

c. Pneumatic Servicing Console. LH 2 recirculation purge system will be redesig-

nated to LH 2 feed line purge.

d. Electrical GSE. Electrical power and control for the LH 2 recirculation pumps,

monitoring of pump speed and valve positions, and electrical power and control

of helium injection solenoid valves will be deleted.
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Valve Actuation System

Umbilical Carrier Plates. The fill disconnect will be deleted. The helium

injection disconnect will be redesignated to prevalve actuation disconnect. The
emergency LH 2 recirculation actuation disconnect will be deleted.

b. Pneumatic Checkout Console. The valve actuation system fill disconnect actuation
supply will be deactivated.

c. Pneumatic Servicing Console. The valve actuation system helium fill disconnect
actuation supply will be deactivated. The thrust chamber chill system will be

redesignated to prevalve actuation system. The emergency LH 2 recirculation
actuation supply system will be deactivated.

d. Electrical GSE. Power and control for recirculation valve actuation solenoid

valves and emergency LH 2 recirculation actuation system valves will be deleted.

10.2.12.3.4 Ullage Motors

a. Handling and storage equipment and monitoring of ignition system will

10.2.12.3.5 Propellant Tank Pressurization

a. There is no change to this system.

10.2.12.3.6 Engine Start Control System

a. Electrical power, control, and monitoring of engine start system will be added.

Engine Cutoff Control System

Power, control, and monitoring of engine cut-off control will be

10.2.12.3.7

a. Electrical.
added.

10.2.12.3.8 Thrust Structure

a. There is no change to this system.

10.2.12.3.9 Heat Shield

a. Interstage Platform Set. The center engine access set will be modified to the
revised heat shield configuration.
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10.2.12.4 J-2S/S-II GSE Design Modifications (LEO Mission)

10.2.12.4.1 Balanced Vent System

Electrical ground power and control of vent system will be added.

10.2.12.4.2 Thrust Vector Control System

A disconnect for dc motor air supply will be added, as will a system to leak-check air
supply system in the pneumatic checkout console. A system to check out and service

the air supply system in the pneumatic servicing and control console will be added,
and ground power, control, and monitoring of the dc motor/pump.

10.2.12.4.3 Reaction Control System

A disconnect for RCS helium tank pressurization system will be added on umbilical
carrier plate. Pressurization system and control for the RCS helium system will be
added on the pneumatic servicing and control units. Electrical power, control, and
monitoring of RCS stage control relays will be added.

10.2.12.4.4 LOX Tank Low Level Sensors

A system to check out LOX low level sensor mainstage shutdown signal will be added.

10.2.12.4.5 LOX Pump Seal Drain Outlet

There is no change to this system.

10.2.12.4.6 Prevalve Control System

There is no change to this system.

10.2.12.4.7 Idle Mode Shutdown

Electrical power, control, and monitoring will be added for engine idle mode shutdown.

10.2.12.4.8 Coast and Restart Controls

Electrical power and control will be added for engine restart.
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i0. 3 S-IVB STAGE

The distinguishing features of the J-2S engine as based on the Rocketdyne
Interface Criteria Document, R-7211 are as follows:

• Increased thrust - 265, 000 pounds maximum

• Increased expansion ratio - 40:i

• Idle Mode Operation

• Solid Propellant Turbine Starter

• Thrust Chamber Fuel Jacket Bypass

• Thrust Chamber Tapoff Drive

• Rigid High Pressure Propellant Ducts

• Purge and Drain Changes

• Engine Instrumentation Changes

• LOX Depletion Cutoff Capability

• Rapid Propellant Dump Capability

Each of these features has been closely analyzed to determine its potential

application and impact on the S-IVB stage. Details of these analyses are pre-
sented in MDAC report DAC-56749, March 1969, a companion publication to

this report. As a result of these analyses, feasible applications have been

defined to the point where in-depth design changes have been determined.

This section presents a detailed description of the changes to the S-IVB stage

and ground support equipment (GSE) resulting from incorporation of the J-2S.
A description of the ground test program necessary to verify engine/stage

operations and to demonstrate their operational compatibility is included.

Weight and reliability data is also furnished. It should be noted that the infor-

mation presented is quite detailed and is of such a nature that implementation

(detail design) could proceed immediately upon authorization. However, the

modifications presented are not based on the results of stage development

testing but rather on predictions of engine performance; therefore, until an

adequate battleship test program has been completed the changes noted in this
section cannot be considered final.

Replacement of the J-2 by the J-2S engine results in a simpler S-IVB stage

physically and functionally. However, the J-2S results in a more complex

stage in that idle mode chilldown represents a new operational mode. For

prediction and past flight analyses, idle mode operation requires an effort

similar to that for mainstage.
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10. 3 (Continued)

Physically the J-2S features affect the S-IVB as follows. The increased thrust

necessitates strengthening of the thrust structure. As a result of corresponding
increased chamber pressure and turbopump speeds, redesign and requalification
testing is required for the main hydraulic pump and fuel tank pressurization con-

trol systems. Increased expansion ratio has little physical affect on the stage.
With similar sea level test side loads as experienced on the J-2, no changes to
GSE are required.

Idle mode operation permits deletion of the recirculation chilldown system.
Since the engine starts in an idle mode where the conditions of propellants can
be of mixed phase, it is no longer necessary to ensure that liquid propellants
are at the engine interface during engine start. Therefore, the solid ullage
motors and aft firing APS engines are not required for propellant settling
acceleration. The engine also has the capability of being shut down from main-
stage to idle mode, thereby permitting slosh wave attenuation. Coupled with

reduced start requirements, both solid ullage motors and APS ullage engines
can be removed.

The Solid Propellant Turbine Starter (SPTS) eliminates several stage/engine
and stage/umbilical tower interfaces associated with the J-2 start tank.

Additionally, inflight restraints on times between restarts and engine mixture
ratio (EMR) have been essentially eliminated.

The thrust chamber fuel jacket bypass permits ambient thrust chamber start

conditions, thereby eliminating chilled helium for preconditioning. This along
with start tank replacement by the SPTS has resulted in elimination of cold
helium for the engine. Successful efforts were made to eliminate the stage
cold helium requirements for prepressurization and cold helium bottle fill. As
a result, the GSE requirement for cold helium has been eliminated.

Thrust chamber tapoff drive has little affect on the stage other than relaxing
the 4.5:1 EMR restraint during engine restart. Rigid high pressure ducts are
an engine improvement not directly affecting the stage.

Purge and drain changes have eliminated several stage/engine interfaces and
all inflight purges. Flight data may ultimately permit reduction of the stage
4.5 cubic foot pneumatic helium sphere as a result of purge and actuator
reductions.

Engine instrumentation changes result in proposed elimination of significant
amounts of flight instrumentation. MDAC has expressed concern in the sub-

sequent ability to establish S-IVB operational performance, verify idle mode
chilldown models, and identify causes of malfunction should they occur.
Discussions have been held with NASA and Rocketdyne on this subject. A

recommended instrumentation list is given in Paragraph 10.3.9.

The LOX depletion cutoff capability permits elimination of the LOX low level
sensor system. While LOX depletion will not generally be used, and since the

S-IVB is controlled by velocity cutoff, it does permit a reduction in unusable
propellants at engine cutoff. This is reflected as a pound-for-pound payload
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10. 3 (Continued)

increase. The rapid propellant dump capability will find application in stage
safing and passivation required for orbital rendezvous and Workshop applica-
tions. There are no resulting stage hardware changes.

In the following subsections, the stage system changes required for accomplish-
ment of a synchronous mission are also defined. Much of the analyses for
these changes has been presented in MDAC report DAC-56584 of July 1967.
Stage changes are required for increased coast duration, three engine burns,
and higher mission altitude. The major changes are addition of heater blankets,
propellant slosh baffles, and increased telemetry equipment.

The J-2S engine, because of its simpler requirements on stage supporting
systems, provides an additional degree of flexibility to the S-IVB stage when
considering the synchronous and other future missions. For example, in the
synchronous mission, three burns result in only two simple engine-required
changes. The first is addition of a third Solid Propellant Turbine Starter (SPTS)
to the engine and addition of cold helium in the stage. There are other changes
required for this mission but they are not associated with the engine operations.
If the J-2 engine were used on the S-IVB rather than the J-2S, extending the
capability from two to three burns would require not only additional cold helium
but more electrical power, plumbing of additional pneumatic pressurant from
the stage to the engine, and utilization of significant APS propellant to provide
ullaging accelerations during the additional chill period prior to third burn.

The simplification of the stage as evidenced by the significant list of stage

deletions noted in this section is accompanied by a significant increase in stage
reliability and performance. Also the checkout, launch, and flight operations
are simplified. Therefore, the net results of application of the J-2S, results

in significant benefits to the S-IVB stage and its program.

10. 3. 1 Stage Design

A primary purpose of the S-IVB stage (Figure 10. 3. 1-1) structure is to with-
stand and transfer the loads created by the payload and the instrument unit to
the S-II stage and to maintain structural integrity for the additional loads
generated by the S-IVB stage. Local structure must also have the ability to
withstand loads caused by the mounting of internal equipment, protuberances,
and externally located systems.

The primary load carrying structural subsystem consists of five major sub-
assemblies shown in Figure 10. 3. 1-2. These assemblies are the forward

skirt, propellant tanks, aft skirt, thrust structure, and aft interstage.
Structural assemblies which do not carry primary airframe loads are the
longitudinal tunnels.
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FIGURE 10.3.1-1. S-IVB/SATURN V STAGE
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LOX TANK
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THRUST STRUCTURE

2832
J-2S ENGINL

2746

AFT INTERSTAGE

2519

FIGURE 10. 3. 1-2. MAJOR STRUCTURAL SUB-ASSEMBLIES

10. 3. i.1 Structures

Structural modifications to the S-IVB stage in conjunction with the implementa-
tion of the J-2S engine for the LOR and 3-Burn Synchronous basic missions are
discussed in the following paragraphs.

LOR and 3-Burn Synchronous Mission

Due to the elimination of the chilldown recirculation system, four feedthru
fittings (LOX and LH 2 chilldown pump line and the LOX and LH2 chilldown
return line fittings) will be deleted from the aft dome assembly. The chemical

milled pads in the dome segments (thick pads for welding fittings in place) will
be left intact. The LH 2 tank aft dome internal insulation will be modified to be
compatible with the LH 2 tank fitting deletions. The LH 2 chilldown pump line
and the LH 2 chilldown return line fairings will be deleted from the aft skirt.
The retrorocket plume impingement curtains will be modified to delete the
feedthru boots required for the chilldown system piping lines. Wiring and
piping supports for the chilldown system will also be deleted.

Eliminating the ullage rockets allows the deletion of the ullage rocket fairings
support fittings, and replacing heavy duty machined intercostals with lighter
weight standard sheet metal intercostals (Figure 10. 3. 1-3). The present
location of stringers 44A, 45A, l16A, and l17A and the intercostals attached
thereto will not be changed. Wiring supports will be deleted.
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FIGURE 10.3. 1-3. ULLAGE ROCKET INTERCOSTALS
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10.3. 1. 1 (Continued)

The thrust structure will be strengthened to sustain the 265, 000 pounds thrust

of the J-2S engine by increasing the cross sectional area of the stringers and
increasing the thickness of two skin areas shown in Figure 10. 3. 1-4. The
existing extrusion will be utilized to fabricate the new stringers as shown in
Figure 10. 3. 1-5.

In addition to the above structural changes, a battery mounting adapter will
permit the use of a smaller aft number one battery in the aft skirt between
stringers number i0 and 14 for LOR missions (Figure 10. 3. 1-6). For the

3-Burn Synchronous mission, the original capability will be retained by
removing the adapter.

3-Burn Synchronous Mission

Revisions to the tank repressurization system permits the deletion of seven

ambient helium storage spheres and retaining straps (Figure 10. 3. 1-7). The
seven ambient helium sphere support pans provided for the LOR mission capa-
bility will be left in place. Three cold helium storage spheres will be added in
the LH2 tank. Three positions are presently available in the LH 2 tank for
additional spheres; one in the main tunnel area and two in the auxiliary tunnel
area. Piping supports will be added as required.
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10. 3. 1. 1 (Continued)

Slosh baffles provided for the LOR mission S-IVB stages will not be compatible
with the 3-Burn mission requirements (Figure 10. 3. 1-8), therefore additional

baffles and deflectors will be added in the LOX tank and LH 2 tank as shown in
Figures 10. 3. 1-9 thru 10. 3. 1-11. Attach points for the new baffles and deflectors
have been added by previous authority. The external black and white paint

pattern will be revised and low emissivity coatings will be applied to certain
internal areas of the skirt structures for thermal control of electrical modules

and components. Additional brackets and attach fittings required for piping,
wiring, and electrical components unique to the synchronous mission, will be
installed on all stages even though they may be used for LOR missions only.

Drawing Changes

Table 10.3. 1-I lists the structural components affected by the J-2S engine
implementation. Parts to be added, deleted, or modified are listed by sub-
system and drawing number. The total number and size of the engineering
drawings affected are listed below:

Structures Section Installations Section

24 "J" size revisions
9 "J" size new

11 "D" size new

2 "C" size new
5 "D" size revisions

12 "J" size revisions

2 "J" size new

TABLE 10. 3. 1-I. S-IVB STRUCTURAL DRAWING

AND HARDWARE CHANGES

LOR MISSION

1. Delete chilldown recirculation system (Ref. 1A59098.)

Qty. part No. Title Task

2

1

1

1

1

1

1

1B63286
1B63286-3
1B67065-1
1B67066-1
1B67067-1
1B67068-1
1A89613

1B66688-1
TBD

1B67216-1
TBD

Dome Assy. Aft, LOX Tank
Flange
Elbow Assy.
Elbow Assy.

Flange
Flange
Insulation Instl. Aft Dome

Ring
Pad (Foam, same dia. as
1B66688-1)
Ring
Pad (Foam, same dia. as
1B67216-1)

Rev is e
Delete
Delete
Delete
Delete
Delete
Revise
Delete
Add

Delete
Add
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TABLE 10. 3. 1-I (Continued)

Qty Part No. Title Task

1B65109

IA39315
1A39303
1A39301
IA39300

1A39295
IA39295-27
1A39295-299
1A39295-300

1A39295-331
1A39295-332
1A39295-397
1A39295-647
1A68145-1
1A79480-503
1A79481-1
1A84438-1
1A39295-217
1A39295-671
1A39295-675
1A39295-3
1A39295-297
1A39295-311
1A39295-711
1A93255
1B44031-1
1B50906-1
1B54542-1
1B63115-1

Curtain Instl, Retrorocket
Plume Impingement
Painting and Markings Instl.

Tank Assy LOX and LH 2
Structures Assy
Vehicle Assy
Skirt Assy Aft
Stringer
Stringer
Stringer
Angle
Angle
Angle
Channel

Fitting
Fairing Instl
Fairing Instl

Fitting
Skin (Replace with full skin)
Skin (Replace with full skin)
Skin (Replace with full skin)
Stringer
Filler
Filler
Filler

Angle, Cap
Skin (Replace with full skin) '

Doubler, Forward
Fitting

Doubler, Aft

Revise

Revise
Revise
Revise
Revise
Revise
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Add
Delete
Delete
Delete
Revis e
Delete
Delete

Delete
Delete

2. Delete ullage rockets (Ref 1A82765). See section 10. 3. 2.6 for
propulsion hardware.

2
2
2

*2
*2

2
2

IA39295
IA93015-I
IA93610-I
1B27471-1
IB37128-1
1B37128-2
1B37182-1
1B37182-2

Skirt Assy Aft
Bracket
Bracket

Fitting
Machined Intercostal

Machined Intercostal

Fitting
Fitting

Revise
Delete
Delete
Delete
Delete
Delete
Delete
Delete

*Replace 1B37128-1 and 1B37128-2 machined intercostals with conventional

type intercostal between MDAC Station 200 and 220.
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TABLE 10.3.1-I (Continued)

Qty Part No. Title Task

4
4

2
2
2
2
2
4
2
4
2
2
2

2

1B37183-1
1B37183-2
1B37184-1
1B43826-1

1B34789

1B34789-5
1B34789-7
1B34789-17

1B347 89-18
1B34789-19
1B34789-23
1 B34789- 24
1B34789-25
1B34789-27
1B34789-29
1B34789-31
1B34789-33
1B34789-43
1A39301
1A39300
1A39315
1B56624-1

Fitting
Fitting
Fitting
Intercostal

Structure Instl Ullage

Rocket Support
Shim

Shim

Clip

Clip
Intercostal

Clip
Clip
Shim

Spacer
Shim
Stiffener
Doubler

Clip
Structures Assy
Vehicle Assy
Painting and Markings Instl

Fairing Instl

Delete
Delete
Delete
Delete

Revise

Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Revis e
Revise
Revise
Delete

3. Increase load carrying capability of thrust structure for 265,000 pounds
thrust.

m

TBD

1A39312
1A39301
1A39300

Thrust Structure Assy

(Similar to 1A39316)
Thrust Structure Instl

Structure Assy
Vehicle Assy

SYNCHRONOUS MISSION

Revise

Revise
Revise
Revise

lo

o

3.

1

1

Delete chilldown recirculation system (Ref 1A59098), same as for
LOR mission.

Delete ullage rockets (Ref

Increase slosh control ca'

1B68278-1
TBD

1A82765), same as for LOR mission.

}abilities.

Baffle Instl LOX Tank

Baffle Instl LH 2 Tank,

Upper

Add
Add
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TABLE i0.3. l-I (Continued)

Qty. Part No. Title Task

TBD Add

1

TBD

1A39315

1A39301

1A39300

1B56518

Baffle Instl LH 2 Tank,
Lower

Deflector Instl LH 2 Tank,
Upper
Painting and Markings Instl
Structures Assy
Vehicle Assy
Baffle and Deflector Instl

Add

Revise
Revise
Revise
Delete or
Revise

4. Increase load carrying capability of thrust structure, same
LOR mission.

5. Revise tank repressurization system (Ref. 1B58009)

as for

n

3
3

12
3

12
3

12
3

24
24

7
14
14

7
28
28
28
28
28
28
28

1A57523
1A39297-1
1A48858-1
106265-16
55666-400A1
MS24665-152
MVC62172-400A
NS102892-054
S0046T239
S0148A056-033 P
S0148A056-033R
1B39870

1B27629- 501

1B27632-1
1B27632-2
1B66868-501
AN310-3
AN960-10L
H20-4
MS24665-151
NAS1303-7D
NAS13 51-4- 24 P
S0111L17H0458

Sphere Instl Cold Helium
Strap Assy
Sphere, Storage, Helium
Bolt
Gasket
Pin

Coupling
Nut

O-Ring
Washer
Washer
Instl. Ambient Helium
Bottle

Strap Assy

Fitting
Fitting
Sphere Assy
Nut
Washer
Nut
Pin
Bolt
Screw
Washer

Revise
Add
Add

Add
Add
Add
Add

Add
Add
Add
Add
Revise

Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete

6. Revise stage external surface emissivity value for component thermal
control.

m

1

1A39315
1A39301
1A39300

TBD

Painting and Markings Instl
Structures Assy
Vehicle Assy
Sphere, Ambient Helium
Storage, Coated

Revise
Revise
Revise
Revise
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10.3. 1. 2 Stage Interfaces

This subsection describes the modifications to the customer connect panel and
electrical interface (between the J-2S engine and the stage) and the disconnects
at the umbilical panel (between stage and ground support equipment (GSE)).

The umbilical panel on the aft skirt (Figure 10. 3. 1-12) will be revised to
eliminate the fuel pump drain disconnect, the pre-valve closing backup dis-
connect, and the start tank vent and relief drain disconnect. This is possible
since the start bottle on the J-2S has been replaced with the solid propellant
turbine starters. The disconnect left open by the deletion of the hydrogen start
tank initial fill system will be utilized for LOX dome purge without the need for
requalification.

Table 10. 3. 1-II gives a comparison of design requirements between the J-2
and J-2S engine.
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TABLE 10.3.1-II. UMBILICAL PANEL LINE COMPARISON

Function

LOX Dome

Purge (Was
Start Tank

Fill

Start Tank
Vent and
Relief

Thrust
Chamber

Purge

Prevalve

Closing
Backup

Fuel Pump
Drain

Media

Helium

(Was
Hydrogen)

Hydrogen
Gas

Helium

Helium

Hydrogen
Gas

Operating Pressure

J-2

1200 to 1400

psia

1000 psia
Prechill
and 55 to

200 psia
Purge

J-2S

475 +25

psig

Deleted

150 +25

psig

Deleted

Deleted

Operating Temperature

J-2

-300 ° to -140OF

-350°F

(Prechill) and
+50o to +200OF

(Purge)

J-2S

+500 to
+150°F

Deleted

+50°F to
+150°F

Deleted

Deleted

10. 3. 1.2 (Continued)

The customer connect panel (CCP) for the J-2S engine will not contain ports to
accommodate the turbine start bottle vent valve actuation, hydrogen and LOX

chilldown systems, or the engine pump purge system. Added to the J-2S panel
is the oxidizer dome purge inlet port which was not a requirement on the J-2
engine. Comparison of the J-2S CCP with the J-2 CCP is shown in Figure
10. 3. 1-13. Design requirements for the CCP interface are noted in Table
10.3. 1-IIi
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TABLE 10.3.1-111 CUSTOMER CONNECT PANEL COMPARISON CHART

Function

Helium Tank

Fill System

Fuel Pump
Drain *

Oxidizer

Media

Helium

Gaseous

Hydrogen

Gaseous

Operating Pressure

J-2

3,100+ i00

psig

140 psia

50 psia

J-2S

3,100± 100

psig

140 psia

50 psia

Operating Temperature

-170 °to
-300 °F

J-2

-425°F to

Ambient

Pump Drain

Thrust
Chamber

Jacket Purge

Calips Line

Oxidizer

Dome Purge

(Not Used On
J-2 Engine)

Heat

Exchanger
Helium Inlet

Oxidizer
Tank
Pres sur-
ization

Hydrogen
Tank
Pressur-

ization

Oxygen

Helium

Helium

Helium

Helium

Helium

Gaseous

Hydrogen

L000 psia
Prechill

and 55 to

200 psia

Purge

3100 ± 100

psig

0 to 700

psia

150 to 430

psia

950 psia
Max

150 ± 25

psig

3100 ± 100

psig

475 ± 25

psig

0 to 700

psia

150 to 430

psia

1250 psia
Max

-298°F to
+140°F

-350°F

(Prechill)
+50°to +200°F

(Purge)

Ambient

-423 °F

-423°F to

+715°F

-270°F to

+165°F

J-2S

Ambient

-425 °F
to

Ambient

-298 °F
to

+140°F

+50°to
+150°F

Ambient

50 ° to
150°F

-423°F

-423°F

to
+715°F

-270°F

to
+165 °F

* Not presently planned for the J-2S.
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10.3.1.2 (Continued)

The connectors which comprise the electrical interface betweenthe stage and
the J-2S engine are listed in Table 10.3.1-IV with a brief description of the
requirements and disposition of these connectors. A detailed breakdown of the
differences may be found in Tables 10.3.1-V through 10.3.1-X.

The connectors J13, J15, and J17on wire harness 403W4can be deleted
becausethere is no auxiliary instrumentation packageon the J-2S engine. The
wiring modifications for J14, J16, and J18 of 403W4and J1 of 403W5are
primarily the result of function switching and do not represent a large problem.
The wiring modifications represented by J1 of 403W200are the result of instru-
mentation changes. A new connector must be addedto wire harness 403W5to
provide new restart control. To implement the additional engine instrumentation
not presently on the engine_it will be necessary to add two new connectors to
wire harness 403W200.

TABLE 10.3. 1-IV. J-2S ENGINES-IVB STAGE ELECTRICAL INTERFACE

1. Wire Harness 403W4

.

1

Connector

J12

J13

J14

J15

J16

J17

J18

Wire Harness 403W5

Connector

J1

J2

J (new)

Wire Harness 404W29

Connector

J1

Disposition

No Change

Delete

Modify wiring to add 18 functions and
delete 12 functions.

Delete

Modify wiring to add 9 functions and
delete 10 functions.

Delete

Modify wiring to add 14 functions and
delete 12 functions.

Disposition

Modify wiring to add 12 functions

Delete

Add new connector

Disposition

No Change
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TABLE 10.3.1-IV (Continued)

mmtumL_- N__

1 Wire Harness 403W200

Connector

J1

J5

J (new)

J (new)

Disposition

Modify wiring to add 6 functions and
delete 21 functions.

No Change

Add new connector.

Add new connector.

TABLE 10. 3. 1-V. INDEX OF ABBREVIATIONS FOR
TABLES 10. 3. 1-VI THROUGH 10. 3. 1-X

ADD + W

EXC + W

EXC

NOM

ADD

N. C.

ADD W

MON

RDNT

SIM

HTR

RES

CT

DRD

CMD

CONT

Add a new function and wire.

Delete J-2 function, replace with J-2S function
and add a wire.

Delete J-2 function and replace with J-2S
function.

Nomenclature change.

Add a new function.

No change required.

Add wire.

Monitor.

Redundant.

Simulate.

Heater.

Reserved.

Component Test.

Dropped.

Command.

Control.
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TABLE 10.3.1-VI.
J-2S ENGINE/S-IVB STAGE ELECTRICAL INTERFACE DETAILED CHANGES - P54

J-2S

Engine
Interface
Connector

t54

Stage
Connector/

Pin

J14 A

B

C

D

E

F

G

403W4 Wire Harness

J-2S Function

Res, No. 1
Htr Sim Sig

Res, No. 2
Htr Sim Sig

Res, Rdnt
Mnst Cutoff

Sig

Mort, Ignition
Volt (30v)

Mon, He Cont
On

Spare Wire

Spare Wire

J-2 Function

Spare

Meas, Control
Assy Temp
No. 2

Spare

Meas, GSE Ign
Bus Mon

Meas, He Cont
On

Meas, Cont
!Assy Temp
No. 1

IMeas, Cont

H Res, Rdnt
Eng Rdy
Byp Sig

J Mon, Idle
Mode Cont
On

K

L

Mon, Mnstg
Start Cont On

Assy Temp
No. 2

Spare

Meas, Ign
Phase Cont On

Meas, St Tk
Disc Vlv Cont

On

Sim Sign
Mnstg Ok

Cmd. Seq Test
Sim Mnstg Ok
Press Sw

Change

Black
Panel Panel

Box
Corm Conn

Corm
Pin Pin

Pin

ADD
+W

EXC

+W

ADD

+W

NOM J10F P15F SP

N.C. J10R P15R P3V

ADD
W

ADD
W

ADD
+W

EXC J9b

EXC J9c

NOM J10V P15V PIR
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TABLE 10.3.1-VI (Continued)

J-2S

Engine
Interface

Connector

P54

Stage
Connector/

lain

M

N

O

P

Q

R

S

T

U

V

W

X

Y

403W4 Wire Harness

J-2S Function

Sim, Sign-Ign
Det 1

Mon, No. 2

Htr On (Res)

Res, Rdnt
Mnstg St Sig

Mort, Mnstg
Cont On

C.T., He
Cont Sol

C.T., Idle
Mode Sol

Sim Sign-Ign
Det 2

Mon, Mnstg
Ok 1 Drd Out

Mon, Mnstg
Ok 1 Drd Out

Mon, Cutoff
Lock-In On

Mon, Ign Det

CT No. 2

ASI Spk Sys

CT l>¢vr &
Cont Buss

Mon (30V)

J-2 Function

Cmd, Seq Test
Ign Det Sim

Meas, Spare
Mort

Spare

Meas, Mnstg
Cont On

Cmd, Comp
Test He Cont.

Cmd, Comp
Test Ign

Spare Wire

Meas, Mnstg

Ok 1 Depres-
surized

Meas, Mnstg
Ok 1 Depres-
surized

Meas, Eng
Cutoff Lock-In

Meas, Ign
Complete

Cmd, C.T.

Spk Sys 2

Supply, C.T.
Pwr

Change

NOM

ADD

ADD

+W

N°C.

NOM

EXC

Black
Panel Panel

Box
Conn Corm

Conn
Pin Pin

Pin

J10U P15U PIS

J9S

J9T

Jl0a PlJ

Jl0Z PI5Z PIK

ADD JIOT PI5T PIP

NOM

NOM

NOM

NOM

N°C.

NOM

J9N

J9U

J9M

J9V

J10C P15C PIC

Jl0d Pl5d P3r

10-406



D5-15772-2

TABLE 10.3.1-VI. (Continued)

J-2S

Engine
Interface

Connector

P54

Stage
Connector/

lain

J14 Z

a

b

403W4 Wire Harness

J-2S Function

CT No. 1 ASI

Spk Sys

Mon. Mnstg
Cutoff Lock-
In

Spare Wire

J-2 Function

Cmd, Comp
Spk Sys 1

Meas, Oxid
Turb Byp Vlv
Cld

Meas, Oxid

c_ Mon, Spts
Armed

Turb Byp Vlv
Op

Meas, Spare
Mon

d
m

e

f

g

h

J

k

m

n

Mon, No. 1

Htr On (Res)

Res, Rdnt

Eng St Sig

CT Mnstg
Cont Sol

CT Mnstg St
Sol

Mon, ASI
Spk On

Mon, SPTS
Initiated

Mon, No. 1
SPTS Ready

GSE Gnd Ref

Mon, Ign Volt
(5V)

Meas, Fuel Inj
Temp Ok No. 1

Spare Wire

Cmd, CT
Mnstg Cont

Cmd, CT St Tk
Diseh Control

Meas, ASI Spk
On

Meas, GGSpk
On

Spare Wire

Supply GSE Gnd
Ref

Meas, Ign Volt l
(5V)

Change

NOM

EXC

DEL

ADD

EXC

ADD
F

NOM

NOM

N° C.

EXC

ADD

NoC.

N°C.

Black
Panel Panel

Box
Conn Conn

Conn
Pin Pin

Pin

J10X Pl5X PIM

J9W

J9X

JION PI5N P3p

J9Y

J9Z

Jiow

J10Y

J9a

J9A

J10P

J10S

J5h

P15W

P15Y

P15P

PI5S

PIL

PIN

P3a

P3U
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TABLE 10.3.1-VI (Continued)

J-2S

Engine
Interface

Connector

P54

Stage
Connector/

Pin

J14 p

q

r

s

t

U

V

W
m

X

Y

J-2S Function

403W4 Wire Harness

J-2 Function

Mon, ECA
Temp

Mon, No. 1
SPTS; No. 1
EBW Mon

(0-5V)

Mon, No. 1
SPTS; No. 2
EBW Mon

(0-5V)

Mon, Cont

Volt (5V)

Instr Gnd Ref

!Mon, ECA
Temp

Mon, E CA
Temp

Z

Mon, No. 2

ASI Spk

Mon, No. 1
ASI Spk

CT Lockout

(Cutoff Sig)

Shield
Return

Meas, Cont
Assy Temp
No. 1

Meas, No. 1
GG Spk Mon

Meas, No. 2
GG Spk Mon

Meas, Cont
Volt

Meas, Instr
Rtn

Meas, Cont
Assy Temp
No. 1

Meas, Cont
Assy Temp
No. 1

Meas, No. 2
ASI Spk Mon

Meas, No. 1

ASI Spk Mon

Cmd, C T
Lockout

Shield

Change

N°C.

EXC

EXC

NoC.

NOM

NOM

NOM

NoC.

N°C.

N°C.

NoC.

Black
Panel Panel

BoxConn Conn
Conn

Pin Pin
Pin

J8V

J10J Pl5J P3i

J10K P15K P3h

J5g

J5f

J8R

J8P

J10H P15H P3j

J10G Pl5G P3k
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TABLE 10. 3. 1-VII. J-2S ENGINE/S-IVB STAGE ELECTRICAL
INTERFACE DETAILED CHANGES - P106

J-2S

Engine
Interface
Connector

PI06

Stage
Connector/

Pin

J16 A

B

C

D

E

F

G

H

J

K

L

M

403W4 Wire Harness

J-2S Function

Spare

Spare

Spare

Spare

Cmd Dummy
Press Xdrc
20 Pct Cal Co
Volt In

Cmd, Dummy
Press Xdcer
80 Pct Cal
Co Volt In

Spare

Spare

Meas,
Dummy
Press Xdcr

Sig Out

Meas, Instr
Pkg Temp
Res Them,
Sens Out

Spare

Supply, Pos
28 Vdc Dup
l>wr For

Instr Sys

J-2 Function

Spare

Spare

Spare

Spare

Cmd, Fuel
Pump

Interstg 20
Pct Cal

Cmd, Fuel
Pump Intsg
80 Pet Cal

Spare

Spare

Meas, Fuel
Pump Intsg
Press

Meas, Pri
Instr Pkg
Temp

Spare

Supply, Pri
Inst Pkg 28
Vdc Pwr

(Redun)

Change

NC

NC

NC

NC

EXC

EXC

NC

NC

EXC

NOM

NC

NOM

403A61
Panel

J1-N

JI-P

J5R

J8U

J3P
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TABLE 10.3.1-VII. (Continued)

J-2S

Engine
Interface

Connector

P106

Stage
Connector/

Pin

J16 N

P

R

S

T

U

403W4 Wire Harness

J-2S Function

V

W

Supply, 28

Vde Dup l>wr

Instr Sys

Spare

Spare

Meas, Pri
Instr Pkg

Temp Res
Therm Out C

Meas, Helium
Tk 2 Press

Xdcr Sig Out

Cmd, He Tk
No. 1 Press
Xdcr 20 Pct
Cal-Co In

Cmd, HE Tk2
Press Xdcr
80 Pet Cal-Co
Volt In

Cmd, Fuel

Pump Disc
Press 20 Pet

Cal-Co Volt

In

J-2 Function

Supply, Pri
Instr Pkg 28
Vde Rtn

(Redun)

Spare

Supply, Pri
Instr Pkg 5
Vdc Pwr

(Rdnt)

Meas, Pri
Instr Pkg
Temp

Meas, He Tk
2 Press

Xdcr Sig Out

Cmd, He Tk
Press, 20 Pet
Calib

Cmd, He Tk
Press 80 Pct
Calib

Cmd, Fuel
Pump Diseh

Press, 20
Pct Calib

Change

iNOM

NC

DEL

NOM

NOM

NOM

NOM

NOM

403A61
Panel

J3R

J2P

JST

J5j

Jlr

Jlq

Jlp
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TABLE 10.3.1-VII (Continued)

J-2S

Engine
Interface

Connector

P106

Stage
Connector/

Pin

J16 X

Z

a

b

C
n

d
m

e

J-2S Function

403W4 Wire Harness

J-2 Function

Cmd, Fuel
Pump Disch

I Press 80 Pet

Cal Co Volt
In

Supply, Dup
Press Xdcr

Sig Rtn Instr
Sys

Meas, Instr
Pkg Temp
Res Therm
In Com

Meas, Idle
Mode Cmbr
Press Xdcr

Sig Out

Cmd, Idle
Mode Chmber
Press 20 Pet
Calib

Cmd, Idle
Mode Chmbr
Press 80 Pet
Calib & Co
V Iu

Meas, Oxid
Pump Disch
Press Xdcr

Sig Out

f Meas, Fuel
Pump Disch
Press Xdcr

Sig Out

Cmd, Fuel
Pump Disch
Press 80 Pct
Calib

Supply, Dup
Press Instr

Pkg

Meas, Instr

Pkg Temp

Meas, Eng
Start Tk
Press

Cmd, Eng St
Tk Press 20
Pet Calib

Cmd, Eng St
Tk Press 80
Pct Calib

Meas, Oxid
Pump Diseh
Press

Meas, Fuel
Pump Diseh
Press

Change

NOM

NOM

NOM

EXC

EXC

EXC

NOM

NOM

403A61

Pane I

Jln

J2N

J8S

J5b

Jlm

Jlz

J5c

J5a
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TABLE 10.3.1-VII (Continued)

J-2S

Engine
Interface

Connector

PI06

Stage
Connector/

Pin

J16 g

h

J

k

m

n

P

r

s

403W4 Wire Harness

J-2S Function

Cmd, Thrust
Chmbr Press
Xdcr 20 Pet
Calib

Meas, He Tk
No. 1 Press

Xder Sig Out

Cmd, He Tk 1
Press Xder 20
Pet Cal & Co
Volt

Cmd, Oxid
Pump Disch
Press Xder
20 Pet Cal

Cmd, Oxid
Pump Disch
Press Xdcr

80 Pet Calib

Cmd, Thr
Chmbr Press
Xdcr 80 Pet
Calib

Meas, Thr
Chmbr Press

SigOutput

Cmd, He Tk 1
Press Xder
80 Pet Calib

& c/o

Shield Rtn

J-2 Function

Cmd, Thrust
Chmber
Press 20 Pet
Calib

Meas, Gas
Gen Chmbr
Press

Cmd, Gas
Gen Chmbr
Press 20
Pet Calib

Cmd, Oxid
Pump Diseh
Press 20 Pet
Calib

Cmd, Oxid
Pump Diseh
Press 80 Pet
Calib

Cmd, Thrust
Chmbr Press

80 Pet Calib

Meas, Thrust
Chmbr Press

Cmd, Fuel
Turbine 80
Pet Calib

Shield Rtn

Change

NOM

EXC

EXC

NOM

NC

NC

NC

EXC

NC

403A61
Panel

Jly

J7K

Jlw

Jid

Jlc

Jlx

J6K

Jlf

Shld 2
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TABLE 10.3. 1-VIII
J-2S ENGINE/S-IVB STAGE ELECTRICAL INTERFACE DETAILED CHANGES- P107

J-2S
Engine

Interface
Connector

P107

Stage
Connector/

Pin

J18 A

B

C

D

E

403W4 Wire Harness

J-2S Function

Spare

Spare

Spare

Spare

Supply, Pos 5
Vdc Exc PU

Vlv Pos Pot

J-2 Function

Spare

Spare

Spare

Spare

Supply, PU Vlv
Pos Pot 5 Vdc

F Spare

G Spare

H Supply,

Spare

Spare

Supply, Start

J

K

L

M

N

Vdc Exc Hot

Gas Tap-Off
Vlv Pos Pot

Spare

Meas, Volt
On PU Vlv

Pos Pot

Meas, Volt
On PU Vlv

For Pos Pot

Supply, Pos 5
Vdc Exc Idle
Mode Vlv Pos
Pot

Supply, Pos
28 Vdc Dup
Pwr Instr

Sys Vlv Pos
Sw

Tk Disch Vlv
Pos Pot 5 Vdc

Spare

Spare

Spare

Supply, Oxid
Turb Bypass
Vlv Pos Pot

5 Vdc

Spare

Change

NC

NC

NC

NC

NOM

NC

NC

EXC

NC

ADD

ADD

EXC

ADD

Inter-
Conn
Panel

J6-E

J6-F

ilnter-
Conn

Panel

Black 1
I

Box'
Conn i,
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J-2S

Engine
Interface

Connector

P107

TABLE 10.3.1-VIII (Continued)

Stage
Connector/

Pin

J18 P

R

S

T

U

V

W

X

Z

a

403W4 Wire Harness

J-2S Function

Spare

Spare

Supply, Pos
5 Vdc Exc

Fuel Byp Vlv
Pos

Meas, Idle
Mode Vlv

Lmt Sw Closet

Supply, Pos
5 Vdc Exc
Main Oxid
Vlv Pos Pot

Supply, Pos
5 Vdc Exc
Main Fuel
Vlv Pos Pot

Spare

Meas, Idle
Mode Vlv

Pos Pot Sig
out

Meas, Idle
Mode Vlv

Lmt Sw Open

Sig

Meas, Main
Oxid Vlv Pos

Lint Sw Open

Sig

J-2 Function

Spare

Spare

Supply, GGVlv
Pos Pot 5 Vdc

Meas, Fuel

Bid Vlv Pos,
Closed

Supply, Main
Oxid Vlv Pos

Pot 5 Vdc

Supply, Main
Fuel Vlv Pos
Pot 5 Vdc

Meas, ASI

Oxid Vlv Pos,
Open

Meas, Oxid
Turb Byp Vlv
Pos Pot

Meas, Oxid
Bid Vlv Pos,
Closed

Meas, Main
Oxid Vlv Pos

Open

Change

NC

NC

EXC

EXC

NOM

NOM

DEL

EXC

EXC

NOM

Inter-
Conn
Panel

J6-A

Jll-E

J-6C

J6-B

JII-C

J5d

J11D

J9E

Inter- Black I

Corm Box i

Panel Conn !

P16E _,P3c

P16-C P3-q

P16D P3d
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TABLE 10.3.1-VIII (Continued)

J-2S
Engine

Interface
Connector

P107

Stage /
| 403W4Wir(Connector/
r

Pin JJ-2S Function
f

J18 b
m

e

d

e
m

f

g

h

J

Meas, Main
Oxid Vlv Pos
Lint Sw Close.

Sig

Meas, Hot
Gas Tapoff
Vlv Pos Lmt

Sw Open Sig

Meas, Hot
Gas Tapoff
Vlv Pos Lmt

Sw Closed Sig

Meas, PU Vlv
Pos Pot Sig
Output

Spare

Meas, Fuel
Byp Vlv Pos
Lmt Sw Open
Sig

Meas, Main
Oxid Vlv

Pos Pot Sig

Out

Meas, Hot
Gas Tapoff
Vlv Pos Pot
Sig Out

Harness

J-2 Function

Meas, Main
Oxid Vlv Pos

Closed

Meas, Start
Tank Disc Vlv

Pos Open

Meas, Start
Tank Disc Vlv

Pos Closed

Meas, PU Vlv
Pos Pot

Spare

Meas, Gas Gen

Vlv Pos Open

Meas, Main
Oxid Vlv Pos
Pot

Meas, Start
Tk Disc Vlv
Pos Pot

Change

NOM

EXC

EXC

NC

NC

EXC

NC

EXC

Inter-
Conn
Panel

J10A

J9G

JllB

J5e_

Spare

J9J

J5U

J5V

Inter-
Conn

Panel

P15A

PI6B

(No
Wire)

Black

Box
Conn

P3a

P3f
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TABLE I0.3.1-VIII (Continued)

J-2S

Engine
Interface

Connector

P107

Stage
Connector/

Pin

J18 k

In

n

P

r

[-2S Function

403W4 Wire Harness

J-2 Function

Meas, Main
Fuel Vlv

Pos Lint Sw

Open Sig

Meas, Main
Fuel Vlv

Pos Lint Sw

Closed Sig

Meas, Fuel

Byp Vlv
Pos Lint Sw

Closed Sig

Meas, Fuel
Byp Vlv
Pos Pot Sig
Out

Meas, Main
Fuel Vlv Pos

Pot Sig Out

S Shield
Return

Meas, Main
Fuel Vlv

Pos Open

Meas, Main
Fuel Vlv Pos

Closed

Meas, Gas
Gen Vlv Pos
Cl(ised

Meas, Gas
Gen Vlv Pos

Pot

Meas, Main
Fuel Vlv Pos

Pot

Spare Wire

Change

NOM

NOM

EXC

EXC

NC

ADD
W

Inter-
Corm
Panel

J9K

J11K

JIIA

J5W

J5X

J10E

(Ref)

Inter-
Corm
Panel

PI6K

PI6A

PI5E

Black
Box

Conn

P3b

P3g

SP
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TABLE 10.3. 1-IX. J-2S ENGINE/S-IVB STAGEELECTRICAL
INTERFACE DETAILED CHANGES- P51

J-2S
Engine

Interface
Connector

P51

Stage
Connector/

Pin

J1 A

B

C

D

E

F

G

H

K

L

403W5 Wire Harness
J-2S Function

Eng Cont Pwr
(KI01)

Eng Cont Pwr

(KI01)

Res Htr Pwr

(-)

Res, Htr l>wr

(-)

Res, Htr Pwr

(-)

Eng Cont l>wr

(KI01)

Eng Cont Pwr

(KI01)

Res, Htr I>wr

(+)

PNEU Sys
Vent

Spare Wire

PNEU Sys
Vent

He Vent
Cont Sol

J-2 Function

Supply, Eng
Cont

Supply, Eng
Cont

Spare

Spare

Spare

Supply,
Pwr

Supply,
Pwr

Spare

Spare

Spare

Spare

Change

NC

NC

ADD

+W

ADD
+W

ADD
+W

Cont NO M

Cont NOM

ADD
+W

ADD
+W

ADD
+W

ADD

+W

NOM

M

N

Res Htr Pwr

(+)

Res, Htr Pwr
(+)

CMD Emer-

gency He Venl

Spare ADD
+W

ADD
+W

Spare

BB
Conn

Pin

PllH

PllK

ND

ND

ND

PllM

P11R

ND

ND

ND

ND

PIT

ND

ND
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TABLE i0.3.1-1X (Continued)

J-2S

Engine
Interface

Connector

P51

Stage
Connector/

Pin

O

P

R

T

U

V

W

X

Y

Z

a

403W5 Wire Harness

J-2S Function

Ign Pwr
(KI03)

DC Gnd Rtn

(KI05N)

DC Gnd Rtn

(K105N)

DC Gnd Rtn

(K105N)

D C Gnd Rtn

(Sl05S)

Ign Pwr
(K103)

Ign Pwr
(K103)

Spare Wire

MNSTG

St Sig

Eng Cutoff
Mon

Eng Rdy Byp
(Cutoff Reset)
Sig

Eng Rdy Mon

J-2 Function

Supply, Ign
Pwr

Ign & Cont
Pwr Gnd Rtn

Ign & Cont
Pwr Gnd Rtn

Ign/Cont Pwr
Gnd Rtn

Ign/Cont l>wr
Gnd Rtn

Supply, Ign
Pwr

Supply, Ign
Pwr

Spare

CMD, MSTG
ENAB

Meas, Eng
Cutoff ON

CMD, Eng
Ready Byp

Meas, Eng

Change

NC

NC

NC

NC

NC

NC

NC

AW

ADD
+W

NC

NC

NC

b

C
m

d

MNSTG Ok
2 Mon

Spare Wire

MNSTG Cut-
off Mon

Rdy

Meas, MNSTG
Ok 2 Press

Spare

Spare

NC

AW

ADD

+W

BB
Conn

Pin

P4A

403 El3

403 E2

403 E3

403 E4

P43

P4F

ND

P5g

P3Y

P5E

P3X

P2j

ND

ND
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TABLE 10.3.1-IX (Continued)

J-2S

Engine
Interface
Connector

P51

Stage
Connector/

Pin

e
m

f

g

h

£

k

nc

403W5 Wire Harness
J-2S Function

MNSTG Ok
1 Mon

Eng Start
Sig

MNSTG
Cutoff CMD

MNSTG

Ok Byp
(Throttle
ENAB LE)

Eng Cut-
off Sig

Shield Rtn

J-2 Function

Meas, MNSTG
Ok 1 Press

CMD, Eng
Start

Spare

Spare

CMD, Eng
Cutoff

Shield Rtn

Shield

Floating

Change

NC

NC

ADD
+W

ADD
+W

NC

BB

Conn

Pin

P2i

P5V

ND

ND

P5W

TABLE 10. 3. 1-X. J-2S ENGINE/S-IVB STAGE ELECTRICAL
INTERFACE DETAIL CHANGES - P108

J-2S

Engine
Interface
Connector

P108

Stage
Connector/

Pin

J1 A

B

C

D

403W200 Wire Harness
J-2S Function

Spare

Spare

Spare

Spare

J-2 Function

Spare

Spare

Spare

Spare

Change

DEL
W

DEL
W

NC

NC

Dest
Conn

Pin
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TABLE 10.3.1-X (Continued)

J-2S

Engine
Interface

Connector

P108

Stage
Connector/

Pin

E

F

G

H

K

L

M

N

O

403W200 Wire Harness

J-2S Function

Spare

Spare

Meas, HE TK
Gas Temp
Re s. Therm
"A" Sens

Spare

Meas, HE
TK Gas Temp
Res Therm
"A" Sensor

Meas, HE TK
Gas Temp
Re s. The rm
"A" Sensor

Spare

Spare

Spare

Spar e

Spare

J-2 Function

Spare

Spare

Meas, Start
TK Gas Temp
"A" Sensor

Meas, ST
TK Gas

Temp "B"
Sensor

Meas, ST
TK Gas Temp
"A" Sensor

Meas, ST
TK Gas Temp

"A" Sensor

Meas, ST
TK Gas Temp

"B" Sensor

Meas, ST

TK Gas Temp
"B" Sensor

Meas, HE
TK Gas Temp

Meas, Oxid
Dis Temp
"B" Sensor

Meas, Oxid
Pump Dis
Temp "B"
Sensor

Dest
Conn

Change Pin

NC

NC

EXC P4- C

DEL

E XC P4- E

E XC P4 -B

DEL

DEL

DEL P5-C

DEL

DEL
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TABLE 10.3. I-X (Continued)

J-2S

Engine
Interface

Connector

PI08

Stage
Connector/

Pin

P

R

S

T

U

V

W

X

Z

403W200 Wire Harness
J-2S Function

Spare

Spare

Spare

Spare

Spare

Spare

Meas, Oxid
Pump Disc
Temp "B"

eonS Input
mmon

Meas, Oxid
Pump Disc
Temp "A"
Sens Output
Common

Meas, Fuel
Pump Disc
Temp "A"
Sensor

J-2 Function

Meas, Fuel
Pump Disc
Temp "B"
Sensor

Meas, Fuel

Pump Disc

Temp "B"
Sensor

Meas, Oxid
Pump Disc
Temp "B"
Sensor

Meas, HE
TK Gas Temp

Meas, HE
TK Gas Temp

Meas, Fuel
Pump Disch

Temp "B"
Sensor

Meas, Oxid
Pump Disch
Temp "A"
Sensor

Meas, Oxid
Pump Disch

Temp "A"
Sensor

Meas, Fuel
Pump Disc
Temp "A"
Sensor

Change

DEL

DEL

DEL

DEL

DEL

DEL

NC

NC

NC

Dest
Conn

Pin

P5-E

P5-B

P8-E

PI2-E
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TABLE 10.3. I-X (Continued)

J-2S

Engine
Interface

Connector

P108

l

I

Stage
Connector/

Pin

__a

b

C

d

e

f

g

h

J

403W200 Wire
J-2S Function

Meas, Fuel

Pump Disc

Temp "A"
Sensor

Meas, Oxid

Pump Disc

Temp "A"
Sensor

Meas, Fuel
Turb Inl

Temp Common

Meas, Fuel
Turb Inl

Temp

Meas, Fuel

Pump Diseh

Temp "A"
Sensor

Meas, Oxid
Turb

Out Temp

Meas, Oxid
Turb Out

Temp

Meas, Oxid
Turb In

Temp

Meas, Oxid
Turb In

Temp

Harness
J2 Function

Meas, Fuel
Pump Disc

Temp "A"
Sensor

Meas, Oxid
Pump Disc
Temp "A"
Sensor

Meas, Fuel
Turb Inl

Temp

Meas, Fuel
Turb Inl

Temp

Meas, Fuel
Pump Disc

Temp "A"
Sensor

Meas, Oxid
Turb Out

Meas, Oxid
Turb Out

Temp

Meas, Oxid
Turb In

Temp

Meas, Oxid
Turb In

Temp

Change

NC

NC

NC

NC

NC

NC

NC

NC

NC

Dest
Conn

Pin

P12-B

P8-C

PI-E

P1-B

P12-C

PI0-E

P10-B

P2-E

P2-B
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TABLE 10.3. I-X (Continued)

J-2S

Engine
Interface

Connector

P108

Stage
Connector/

Pin

k

12"1

n

P

r

s

t

U

V

W

403W200 Wire
J-2S Function

Meas, Fuel
Turb In

Temp

Meas, Oxid
Turb Out

Temp

Spare

Spare

Meas, Oxid
Turb Inlet

Temp

Meas, Main
Fuel Inj
No. 2 Temp

Meas, Main
Fuel Inj
Temp No. 1

Spare

Meas, Main
Fuel Inj
Temp No. 2

Meas, Main
Fuel Inj
Temp No. 1

Harness
J2 Function

Meas, Fuel
Turb In

Temp

Meas, Oxid
Turb Out

Temp

Meas, Thrust
Chmbr Jkt

Temp No. 1

Meas_ Thrust
Chmbr Jkt

Temp No. 1

Meas, Oxid
Turb Inl

Temp

Meas, Thrust
Chmbr Jkt

Temp No. 2

Meas, Fuel
Inj Temp

Meas, Thrust
Chmbr Jkt

Temp No. 1

Meas, Thrust
Chmbr Jkt

Temp No. 2

Meas, Fuel
Inj Temp

Change

NC

NC

DEL

DEL

NC

EXC

NOM

DEL

EKC

NOM

Dest
Corm

Pin

P1-C

P10-C

P2-C

P6-C

P7-C

P6-E

P7-E
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TABLE 10.3. I-X (Continued)

J-2S
Engine
Interface
Connector

P108

Stage
Connector/

Pin

X

Y

Z

403W200Wire Harness

J-2S Function

Meas, Main
Fuel Inj
Temp No. 2

Meas, Main
Temp Inj
Temp No. 1

Shield Rtn

J2 Function

Meas, Thrust
Chmbr Jkt

Temp No. 2

Meas, Fuel
Inj Temp

Shield Rtn

Change

EKC

NOM

NC

De s t
Conn

Pin

P6-B

P7-B

10.3.2 Propulsion/Mechanical Systems

The propulsion systems of the S-IVB stage provide thrust for major vehicle
velocity increases, attitude control, ullaging of propellants, and S-II/S-IVB
separation. Figure 10.3.2-1 presents the overall stage main propulsion
schematic as modified for incorporation of the J-2S engine. Succeeding
schematics show detailed subsystem comparisons between the J-2 and J-2S ver-
sions of the S-IVB. Only those systems affected by the J-2S or synchronous
mission are discussed in the following sections.

S-IVB mechanical systems are comprised of flight control, environmental
control, and ordnance systems. Flight control hydraulic gimbaling is affected by

changes in engine mass, thrust, and turbine speed. As a result of J-2S idle
mode operation, the auxiliary hydraulic system must assume increased functions
as the sole means of engine gimbaling during idle mode. Environmental control

systems are chiefly affected by the extended stage lifetime needed for the syn-
chronous orbit mission. The ordnance system comprised of solid ullage motor

ignition, jettison hardware and J-2S solid propellant turbine starter ignition.
Deletion of the ullage motor system hardware is partially offset by addition of
the J-2S Solid Propellant Turbine Spinner (SlaTS).

10.3.2.1 Engine Fluid Service Systems

The primary features of the J-2S engine that directly affect the stage engine

fluid service system are deletion of the hydrogen start tank, fuel pump drain,
and the addition of a LOX dome purge requirement.
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10.3.2.1 (Continued)

Deletion of the hydrogen start tank allows the removal of the vent and relief
line and disconnect between the umbilical panel and the Customer Connect Panel
(CCP) (Figure 10.3.2-2). The vent and relief line and disconnect will also be

removed between the carrier and CCP. The start tank emergency vent valve on
the J-2 engine has been removed from the J-2S but no hardware change is nec-
essary to the stage.

To purge the LOX dome, the disconnect that was previously used for start tank

initial fill will be utilized. Tube assemblies making up the system from the
umbilical panel to CCP will contain flexible hose assemblies. These disconnect

and hose assemblies operating pressures are compatible with the requirement
of the LOX dome purge and will not require requalification testing. The LOX
dome purge will utilize the manifold purge connection left vacant on the CCP.

Sequencing will be revised from the present AS-511 specification as shown in

Table 10.3.2-I and hardware changes are noted in Table 10.3.2-II. Stage con-
figuration for the Synchronous Mission is the same as the LOR and data in the
above mentioned tables are applicable to both missions.

The engine system H&CO drawing, 1B59461, J-2 Engine Leak Check, currently
in use, would be deleted for Huntington Beach Facility VCL checkout. A new
H&CO procedure for J-2S checkout would be required. A major portion of
1B66572, Propulsion System Test - SV, VCL, pertaining to engine testing,
would need to be rewritten and reprogrammed.

10.3.2.2 Propellant Fill and Feed Systems

The J-2S engine is capable of operating on propellant tank ullage pressure alone
(idle mode}, without the highly pressurized propellant from the turbo-pumps
which the standard J-2 engine requires. Idle mode operation can be achieved
on hot gases, mixed phase, liquid, or any combination of these oxidizer and
fuel conditions.

The thrust level in steady-state idle mode operation, with nominal tank operat-
ing pressures and liquid propellants is about 5000 pounds. However, for
restart, the engine will be required to operate initially on gases and mixed
phase propellant due to warm propellant feed ducts. Such operation will pro-

duce a thrust of approximately 1000 pounds, increasing gradually until liquid
propellants have entered the engine and steady state idle mode operation is

achieved. Propellant flow during idle mode operation chills down the engine
and propellant feed system, thereby performing the current recirculation chill-
down function. With the idle mode operation capable of performing the chilldown
of each start, the existing LOX and LH2 chilldown systems can be removed from
the stage entirely as shown in Figures 10.3.2-3 and 10.3.2-4.

Deletion of the chilldown system eliminates the need for the LOX and hydrogen
prevalves. These valves displace five inches of the feed duct system and will
be replaced with short duct lengths (spacers}, Figure 10.3.2-5. To avoid
requalification testing involving system vibration, the spacers will be designed
to the same weight as the prevalves, thereby not significantly affecting the
system dynamic response characteristics.
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TABLE 10.3.2-I. ENGINE SYSTEM LAUNCH SEQUENCE REVISIONS
LOR AND SYNCHRONOUS MISSIONS

Event Time
(Hr :Min :Sec) Change

Open Start Tank Vent
Open Start Tank Purge
Close Start Tank Supply
Open Start Tank Supply
Close Start Tank Vent

Close Start Tank 9apply
Open Start Tank Supply Vent
Start LOX Dome Purge
Stop LOX Dome Purge

T- 00:20:00
T - 00:20:00
T - 00:14130
T - 00:14:30
T - 00:05:30

T - 00105:00
T - 00105100
T - 07130:00
T - 07100:00

Delete
Delete
Delete
Delete
Delete
Delete
Delete
ADD
ADD

TABLE 10.3.2-II. ENGINE SYSTEM HARDWARE CHANGES-LOR AND

SYNCHRONOUS MISSIONS (Ref Dwg 1A66894)

Item

LOX Dome Purge
Pipe Assembly
Pipe Assembly
Nut
Elbow

Pipe Assembly
Pipe Assembly
Nut

Hose Assembly

Flange
Pipe Assembly

Pipe Length
in.

35

Part Number

To Be Determined
1B52556-1
1B52559-1
MC 174C8W
MC167C8
1B52553-1
1B52580-1
MC174C6
1A48852-507
1A89733-503
1B52569-1

Qty Change

New Design
Delete
Delete
Delete
Delete
Delete
Delete

Delete
Delete
Delete
Delete

NOTE: Pipe Assemblies contain 1/2 x 0. 028 Dia tubing with standard
MC end fittings unless otherwise specified.

*Pipe assembly contains one 1A48852-507 hose assembly.
* *Pipe assembly contains 1A89733-503 flange on one end.
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10.3.2.2 (Continued)

5.000

l
O.490

Omission of the chilldown system eliminates the need for the chilldown line
elbow and the chilldown return line fittings which are welded into the hydrogen

and LOX tanks. These fittings will be omitted and the holes will not be drilled
in the tanks. Deleted hardware is listed in Table 10.3.2-III.

Deletion of the chilldown requirement eliminates several sequences from the

prelaunch and flight events. Five prelaunch and ten flight sequences are no
longer required for the LOR mission, Table 10.3.2-IV. Five prelaunch and
sixteen flight sequences are eliminated for the Synchronous Mission. Con-
tinuous purging of the LOX chilldown pump is eliminated thus reducing total
helium consumption by 200 standard cubic inches per minute for the entire
prelaunch and flight duration. Total reduction of helium consumption for the
LOR mission is 50 cubic feet, and 105 cubic feet for the Synchronous Mission.

The removal of the chilldown systems and prevalves results in moderate changes
to 1B59459, Propellant Tanks Subsystem Leak Check Procedure. All changes
are deletions in nature and would require minimal time expenditure to accom)lish.
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TABLE 10.3.2-III. CHILLDOWN SYSTEM HARDWARE DELETIONS-LOR

AND SYNCHRONOUS MISSIONS (Ref Dwg 1A59098, 1B74477, 1B68375)

Item

LH2 Chilldown Shutoff Valve
Seal (Naflex)
Duct Assembly (LH2)
Resilient Mount (LH2)
Resilient Mount (LH2)

Prevalve (LH2)
Prevalve (LO2)

Duct Assembly
Resilient Mount
Resilient Mount

Duct Assembly
Resilient Mount

Support
Insulation
Insulation
Diffuser
Gasket

Duct Assembly (LO2)
Resilient Mount
Resilient Mount
Resilient Mount

Swing Check Valve
Misc Hardware

LO2 Chilldown Pump
Seal (Naflex)
Jumper
Pipe As sembly
Adapter
Seal

Pipe Assembly
LO2 Chilldown Shutoff Valve
Coupling- Marman
Gasket- Marman

Coupling- Marman
Gasket- Marman
Nut
Strainer
Nut
Check Valve
Duct

Tube Assembly
Union

Tube Assembly

Part Number Qty Change

1A49965-527
VD261-0037-0504

1A49966-505
1A49962-527
1A49962-503
1A49968-507
1A49968-509
1B59760-1
1A49962-531
1A49962-513
1A87741-503
1A49157-505
1B38989-1
1B55325-1
1B55326-1
1B55060-1
1B55061
1A87736-501
1A49962-529
1A49962-515
1A49962-511
1A49964-501

1A49423-507

VD261-0037-1753
MS25083-1EE3
1B59313-1
MC237C4W
MC252C4TA
1B59314-1
1A49965-533
MVC61772-200A
55666-200-A1
MVC61772-225A
55666-225-A1

1
2
1
2
2
1
1
1
2
2
1
1
1
1
1
1
1
1
1
1
1
1

1
2
1
1
4
4
1

1
18
18

2
2

Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete

Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete

Delete
Delete
Delete

1A94729-1
1B52985-501
1A94729-501

1B53920-503
1A97740-1
1B66501-1
MC160C4
1B52585-1

1 Delete
3 Delete
3 Delete
3 Delete
1 Delete
1 Delete
2 Delete
1 Delete
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TABLE 10.3.2-III. (Continued

Item

Tube Assembly
Union

Nut

LH2 Chilldown Pump

Pipe Assembly

Pipe Assembly

Flange - Marman

Hose Assembly
Flow Meter

Part Number

1B64162-1

MC164C4

S0109C7

1A49421-505

1A59315-1

IB59312-I

58951-1-025

1A48850-507

1A89104-507

i

lil¢i_ONNIILL N_LA$_.....-

Qty Change

Delete
Delete

Delete
Delete
Delete
Delete

Delete
Delete
Delete

TABLE 10.3.2-IV. SEQUENCE DELETIONS FOR LOR MISSION

Event Time (Hr :Min:Sec) Remarks

Chilldown Pumps on for 2 Min
Open Thrust Chamber Chilldown

LH 2 Chilldown Pump ON
LO2 Chilldown Pump ON
Close LOX and LH2 Prevalves
Feed Duct Prevalves OPEN

LOX Chilldown Pump OFF

LH2 Chilldown Pump OFF
LOX Chilldown Pump ON
LH2 Chilldown Pump ON
Feed Duct Prevalves OPEN

LH2 Chilldown Pump OFF
LOX Chilldown Pump OFF
LOX Chilldown Pump Purge Control
Valve OFF

T-00:30:00
T-00:10:00
T-00:05:00
T-00:04:50
T-00:04:45
T+00:08:39

T+00:08:30.4
T+00:08:41
T+02:59:31.5
T+02:59:46.5

T+03:09:47.9
T+03:09:57.9
T+03:09:58.1
T+03:15:35.5

T- = Prior to Launch

T+ = Flight

10.3.2.3 Fuel Tank Pressurization and Repressurization System

As a result of the J-2S increased chamber pressure, a higher pressure is

experienced in the hydrogen tap off which is used to pressurize the hydrogen tank.

The present hydrogen tank pressurization system, designed for the J-2 engine
is basically adequate for the higher pressure except for two pipe assemblies

upstream of the pressurization module which will require increased wall thick-
ness (no change to hose assemblies) and changing of the three orifices in the
module. The three orifices will be rough calibrated in the Battleship program
in order to eliminate the need for a development test on the module. At the

present time the orifices are calibrated on each flight vehicle and it is planned
to continue the practice on vehicles using the J-2S engine. Pressurization con-
trol module requalification to the higher operating pressure will be necessary.
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10.3.2.3 (Continued)

Fuel tank pressurization helium requirements for the LOR Mission are identical
to the AS-511 using a J-2 engine, but are different for the synchronous mission,

Figure 10.3.2-6. The LOR vehicle requires nine cold helium and seven ambient
bottles. Of these, one of the cold helium bottles and, if required, five of the
ambient bottles are used for hydrogen tank repressurization. The synchronous

mission requires twelve cold bottles and no ambient bottles. With the restartable
burner the additional cold bottles will provide sufficient pressurization gas for

three burns for both the hydrogen and LOX tanks.

Two of the additional cold helium bottles will be added in the secondary tunnel

area, and one will be added in the main tunnel.

This can be accomplished by removing the caps from the tank fittings and install-
ing the 3 bottles. In the secondary tunnel the present 1B67299-1 manifold will be
retained. The MC plug and seal will be removed from the end of the manifold
and a 1B67094-1 manifold and 1B67299-501 manifold will be installed to connect
the two additional bottles.

The MC plug and seal removed from the end of 1B67299-1 manifold will be used
to plug the 1B67299-501 manifold. Table 10.3.2-V lists hardware changes for
the synchronous mission.

To add a bottle in the main tunnel area will require redevelopment of two sections

of the hydrogen pressurization line and relocation of the supporting structure.
The 1B67299-505 manifold will be removed and replaced with 1B67299-503 which
is a three bottle manifold.

10.3.2.4 LOX Tank Pressurization and Repressurization System

The LOX Tank Pressurization System, Figure 10.3.2-7, will not change because
of the use of the J-2S engine in place of the J-2, and will be identical to AS-511
for the LOR mission. Due to the requirement of two repressurizations during the

synchronous mission, it will be necessary to add one cold helium bottle and delete
the two ambient bottles used for LOX tank repressurization. The total cold helium

bottle requirements are described in paragraph 10.3.2.3 for both LOX and LH2
tanks. Table 10.3.2-VI lists hardware changes for the synchronous mission.

10.3.2.5 Pneumatic Control System

The pneumatic control system, Figure 10.3.2-8 is greatly simplified by the J-2S
engine and the ensuing deletion of LH 2 chilldown, LO 2 chilldown, start tank, and

the engine pump purge components.

Removal of the LH 2 and LO2 chilldown systems allows deletion of the actuation
control module and associated hardware and all purge lines to the LH2 chilldown
shutoff valve and LOX chilldown pump. Removal of the start tank from the J-2S
eliminates the need for the actuation control module (normally closed side of

pneumatic control module) that actuated the start tank vent and relief valve. The
J-2S design requires that the engine pumps be purged only prior to liftoff. This
change makes possible the deletion of the engine pump purge control module and
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TABLE 10.3.2-V. FUEL TANK PRESSURIZATION SYSTEM
HARDWARE CHANGES FOR SYNCHRONOUS MISSION ONLY

(Ref Dwg 1B58009 and 1B58008)

Item Part Number

Ambient Helium Bottle

Cold Helium Bottle
Pipe Assembly
Pipe Assembly
Associated Hardware

Qty Change

Manifold

Adapter
Seal

Plug
Seal

Isolator

Screw
Washer

Nut
Manifold

Manifold

Pipe Assembly
Pipe Assembly
Module Assembly

Cap Assembly
Bolt
Washer

Pipe Assembly
Pipe Assembly
C lamp
Clamp
Bolt
Washer
Nut

Check Valve

Pipe Assembly
C lamp
Bolt
Bolt
Washer
Nut

Pipe Assembly
Pipe Assembly
Union
Nut
Washer

Pipe Assembly
Clamp
Collar

1B39870 5

1A48858-1 3
1B64380-1 1

1B64384-1 1

1B67094-1 1
MC 237C 8W 3
MC 252C 8TA 3
MC 238C 8W 1
MC 252C 8TA 1
5045-002 2
Robinson
MS35215-55 12
AN960D10L 12
NAS679C3 12
1B67094-503 1
1B67094-505 1
1A98355-1 1
1B43397-1 1
1B69550-1
MC177C 12W
NAS1004-4H 4
AN960D416L 4
1B58859-1
1B68898-1
NAS1715C4K

NAS1715C 8K
NAS1003-1A
AN960D10L
NAS679C 3
1B51361-1
1B66254-1
NAS1715C4K 2
NAS1003-1A
NAS1003-1A

AN960D10L 2
NAS679C 3 2
1B66254-1
1B66816-1
MC 164C 12W
MC 174C 12W
AN906D1716

1B66815-1
TAllC55D24 5
1B64177-507 5

Delete
Add

Redesign
Redesign
Added
Add
Add
Add
Delete

Delete
Add

Add
Add

Add
Add

Delete

Redevelop
Redevelop
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete

Delete
Delete

Redesign
Delete
Delete
Delete
Delete
Delete
Delete
Delete
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TABLE 10.3.2-V

Item

Collar
Bolt
Washer

Nut
Nut
Washer

Pipe Assembly

Pipe Assembly
Pipe Assembly
Clamp
C lamp
Bolt
Washer
Nut

Pipe Assembly

Cap Assembly
Clamp
Collar
Collar
Bolt
Washer

Nut

Clamp
Bolt
Washer
Nut
Union

Pipe Assembly
Clamp
Bolt
Washer
Nut
Union

Pipe Assembly
Tee
Nut
Reducer

Pipe Assembly
Pipe Assembly

Vent Seal

"Part Number

1B64178-507
NAS1003-1A
AN960C10L
NAS679C 3
MC174C12W

AN960D1716
1B66824-1

1B66814-I

IB66803-I

NAS1715C 22K

NASI715G6K
NAS1003-1A

AN960D10L

NAS679C3

1B64614-1

(Ref Transducer
020)
MC177C4W
TAllC55D24

1B64177-507
1B64178-507
NAS1003-1A
AN960D10L
NAS679C 3
NAS1716D12K
NSA1003-1A
AN960D10L
NAS679C3
MC160C12W
1B66808-1
NAS1716D12K
NAS1003-1A
AN960D10L
NAS679C3
MC160C12W
1B67697-1

MC122D12
MC 124C 12W

MC247C12-4
1B67699-1

1B67696-1

(Ref Transducer
D249)
1B58239-1

(Continue d)

K_ItlIILL NtI(iL¢

Qty Change

5 Delete
10 Delete
10 Delete
10 Delete

Delete

Delete

Redevelop Pipe Assy
by Removing 1B63908
Tee and 1B44164-523
Tee.
Delete
Delete

2 Delete
2 Delete
2 Delete
2 Delete
2 Delete

Delete

Delete
3 Delete
3 Delete
3 Delete
6 Delete
6 Delete
6 Delete

Delete
Delete
Delete
Delete
Delete
Delete

12 Delete
24 Delete
24 Delete
24 Delete

Delete
Delete

Delete
Delete

Delete
Delete
Delete

4 Delete
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TABLE 10.3.2-V (Continued)

Item

Bolt
Washer
Gasket- Marman

O-Ring
Vent Seal
Bolt
Washer
Gasket- Marman

O-Ring

Part Number Qty

NAS1004-6H 12 Delete

AN960C416L 12 Delete
54 973-12A 1 4 Delete
S0046T26 4 Delete
1B58239-1 6 Delete
NAS1004-6H 9 Delete
AN960C416L 9 Delete
54973-12A1 3 Delete
S0046T26 3 Delete

Change

10.3.2.5 (Continued)

eliminates the requirement to thermally condition the pneumatic bottle prior to
liftoff. In flight, automatic sequencing of the module is no longer required.

Tables 10. 3.2-VII thru 10.3.2-XI list sequence and hardware changes to the
pneumatic control system.

The removal of actuation control modules, purge control modules, and various
other components in this system result in a major change to 1B59457, Pneumatic
Control Subsystem Leak Check. The majority of changes are deletions in nature;

therefore, the time required to change the procedure would be held to a minimum.

Major portions of drawing 1B66572, Propulsion System Test - SV, VCL, per-
taining to valve timing and other facets of the pneumatic control system would
have to be rewritten and reprogrammed.

10.3.2.6 Ullage Control Solid Motor System

On stages using the J-2 engine, the ullage rockets are fired at the time of
separation just prior to first burn. This imparts adequate stage acceleration to

insure settled propellants during the separation transient and main engine start.
Settled propellants are required to prevent chilldown pump cavitation and to
insure liquid propellants at the engine/stage interface. The required acceleration
is provided on the Saturn V vehicle by two solid propellant rockets mounted on the
aft skirt 180 ° apart and angled with the thrust vector passing through the vehicle
center of gravity. The spent ullage motors and their fairings are jettisoned
after they have burned out (Figure 10.3.2-9).

With the idle mode capability of the J-2S engine, the ullage rockets are no longer
required. The J-2S engine is capable of idle mode operation without the sub-
cooled propellants which the standard J-2 engine requires. First start can be

achieved on gaseous, mixed phase, liquid or any combination of these oxidizer
and fuel conditions existing in the feed ducts. This is provided that run NPSH is
available in propellants at the main tank outlets at engine start command.
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TABLE 10.3.2-VI. LOX TANK PRESSURIZATION SYSTEM HARDWARE
CHANGES FOR SYNCHRONOUS MISSION ONLY

(Ref Dwg 1B58009 and 1B58008)

Item Part Number

Module Assembly

Cap Assembly
Bolt
Washer

Pipe Assembly
Orifice Assembly

Pipe Assembly
Clamp

Clamp
Bolt
Washer
Nut

Support
Collar
Collar
Bolt
Washer
Nut
C lamp
Elbow

Qty Change

Amb Helium Bottle
Tee

Pipe Assembly
Union

Pipe Assembly

1B69550-1 1 Delete
MC 177C 12W Delete
NAS1004-4H 4 Delete
AN 960D416 L 4 Delete
1B66842-1 1 Delete

1B58007-535 1 Delete
1B67108-1 1 Delete
NAS1715C 4K 3 Delete
NAS1715C 8K Delete
NAS1003-1A Delete
AN 960D10 L Delete
NAS 679(73 Delete
1B66863-1 1 Delete
1B64178-507 1 Delete
1B64177-507 1 Delete
NAS 1004- 34A 2 Delete
AN960D416L 2 Delete
NAS679C4 2 Delete
NAS1715C 4K 2 Delete

C lamp
Bolt
Washer

Clamp
Bolt
Washer
Nut

Pipe Assembly
Pipe Assembly

Pipe Assembly

MC 165C4 (Add in
Place of MC162C4 Tee)
1B39870 2
MC 162C4
1B58853-1 1

MC 160C 12W
1B67386-1 1

NAS1716D12K
NAD1003- 2A 2
AN960D10L 2

NAS1716D12K 2
NAS1003-1A 4
AN960D10L 4
NAS679C3 2

1B66251-1 1
1B58801-1 1
{Ref Transducer

D088, & D254)
IB69840-I 1

Delete
Delete
Delete

Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete

Redevelop Pipe
Assembly by

Removing 1B63809
Tee
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TABLE 10.3.2-VII. ENGINE PUMP PURGE SEQUENCE CHANGES

Event

Engine Pump Purge Control Valve
Enable on

Engine Pump Purge Control Valve

Engine on (Back-up Signal)

Time (Sec)

T + 639.5

T + 648

Remarks

Delete on LOR and SYNC
Missions

Delete on LOR and SYNC
Missions

T = Time of J-2S Ignition

10.3.2.6 (Continued)

Deletion of the ullage motor system represents a significant simplification of the
stage hardware and operational sequence. These deletions are common to the

LOR and synchronous missions and are a direct result of the increased capa-
bilities of the J-2S engine.

Deletion of telemetry talkback components include a pressure transducer,
temperature transducer, temperature bridges, and electrical harnesses.

Ullage control and solid motor deletions for both the LOR and Synchronous
missions are listed on Table 10.3.2-XII.

Ullage motors, support structure, and aft skirt penetrations will be deleted. See
Figure 10.3.1-3.

Elimination of the solid propellant ullage motor system also deletes the following
operational sequences.

• T* - 20 see: Arm ullage rocket ignitionsystem, charge firing units.

• T - 0.1 sec: Fire exploding bridgewire and Pyrogen igniters.

• T - 0.1toT+ 4 sec: Ullage motor burn.

T+ 12 sec: Fire exploding bridge wire and ignite confined detonation fuse,
thereby exploding the frangible nuts and allowing jettisonof the ullage rocket
assembly, fairing, and mounting.

* Time of Separation

Checkout of initiatorsand circuitry as well as motor installationare significant
operations that can now be omitted.
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IVICI31_I_IELL NUGL_

TABLE 10.3.2-VIII. LH 2 CHILLDOVCN SYSTEM PNEUMATIC CHANGES
LOR AND SYNCHRONOUS MISSIONS

(Ref Dwg 1B58004)

Item

Pipe Assembly
Union

Pipe Assembly

Pipe Assembly

Pipe Assembly

Pipe Assembly
TEE

Pipe Assembly
Module

Check Valve

Strap
Seal

Adapter

Pipe Assembly
TEE

Pipe Assembly

Pipe Assembly

Pipe Assembly

Pipe Assembly
Reducer

Pipe Assembly
Bracket

Pipe Assembly

Pipe Assembly

Pipe Assembly

Pipe Assembly
Restrictor

Pipe Assembly

Pipe Assembly

Pipe Assembly

(1B58004 zone 41)

Pipe Assembly

(IB58004 zone 42)
MISC Hardware

Pipe
Length

8O

90

120

120

40

72

120

120

7O

120

5O

120

72
60

96
60

96

42

Part Number

1B59292-1
MC 160C4W

1B59294-1
1B59291-1
1B59298-1
1B52502-1
MC162C4
1B52610-1
1B66692-501
1B67481-1
1B66290-1
MC 252C 4TA
MC 237C 4W
1B74809-1
1B74811-1
1B52464-1
1B59297-1
1B59293-1
1B59287-1
MC 235C 7W

1B64600-501
1B64133-1
1B64829-1
1B64828-1

1B64827-1
1B64826-1
1B40622-501
1B64825-1
1B64824-1
1B64144-1 R1

1B52543-1

Qty

1

11

1

1

1

1

2

1

1

2

2

4

2

1

1

1

1

1

1
1

1

2

1
1

1
1

1

1

1

1

Change

Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete

Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete

Delete
Delete
Delete
Delete
Delete
Delete

Delete
Delete
Delete

Redevelop

Redevelop
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TABLE 10.3.2-IX. LO2 CHILLDOWN SYSTEM PNEUMATIC CHANGES
LOR AND SYNCHRONOUS MISSIONS

(Ref Dwg 1B58004)

Item

Pipe Assembly
Pipe Assembly
Pipe Assembly

Pipe Assembly
Pipe Assembly
Pipe Assembly
Pipe Assembly
Pipe Assembly
Pipe Assembly
Pipe Assembly
Pipe Assembly
Pipe Assembly
Pipe Assembly
Pipe Assembly
Pipe Assembly
Pipe Assembly

Pipe

Length

130'

42
34
27
86
43
89
17
11

140"
94
75**
25

4
14

3

Part Number

1B52455-1

1B52494-1
1B74204-1
1B74205-1
1B69966-1
1B74208-1
1B66503-1
1B75036-1
1B75037-1
1B64141-1
1B59285-1
1B67712-1
1B75035-1
1B75034-1
1B75033-1
1B75189-1

Qty

1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Pipe Assembly
Block
Union

Clamp
Adapter
Seal

Orifice
Check Valve
Cross
CAP
Orifice

Pipe Assembly
Hose Assembly
Flange

12 1B75032-1
1B43242-1
MC160C4W
NAS1715C4K
MC 287C4W
MC 252C 4TA
1B40622-5
1B67481-1
MC163C4
MC177C4W
1B40622-3
New
1A48850-507
Marman
58951-1025

1
1
7

32
2
3
1
1
1
1
1

2
1

Change
F-

Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete

Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Add

Delete
Delete

* Pipe assembly contains hose assembly 1A48850-507.
** Pipe assembly contains 58951-1-025 flange.
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TABLE 10.3.2-X. PNEUMATIC POWER CONTROL SYSTEM CHANGES
LOR AND SYNCHRONOUS MISSION

(Ref Dwg 1B58004)

Item

Control Module

Pipe Assembly
Flange

Misc Hardware

Pipe Assembly

Pipe
Length

85

Part Number

1A58345-523

1B67231-1
Marman
58951-1-025

Q ty change

1 Modify*
1 Delete
1 Delete

Delete
1 New

NOTE: Pipe is 1/4 diameter x . 028 Cres with standard MC fitting on one
end and Marman flange 58951-1-025 on the other.

* Module to be modified by removing solenoid from normally closed
side and capping all open ports.

TABLE 10.3.2-XI. ENGINE PUMP PURGE SYSTEM CHANGE
LOR AND SYNCHRONOUS MISSIONS

(Ref Dwg 1B58004)

Item

Module

Pipe Assembly

Pipe Assembly

C lamp
Union

Nut

Pipe Assembly
Vent Seal

Misc. Hardware

Tee

Adapter

Flange

Flange
Pipe Assembly
Adapter
Seal

Pipe Assembly

Pipe
Length

92*

20**

52

Part Number

1A58347-513
1B67224-1
1B67233-1
NAS1715C416
MC164C4
MC 174C 4W
1B52516-1
1B58239-1

15

1A95010-1
1A98722-1
MARMAN
59097-1-12
1A89733-1
1B52538-1
MC237C4W
MC 252C4TA

1B63285-1

Qty Change

Delete

Redesign
Delete
Delete
Delete

Delete
Delete
Delete

Delete

Delete
Delete
Delete

Delete
Delete

Delete
Delete

Delete

* Pipe assembly contains 1A95010-1 tee, 1A98722-1 adapter,

59097-1-12 flange, and one MC fitting.
** Pipe assembly contains 1A89733-1 flange and one MC fitting.
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EXPLOSIVE (FRANGIBLE)
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ORDNANCE
DISCONNECTS

PRESSURE
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SPRING
HOUSING

TX-280
MOTOR

TYPICAL 2 PLACES
1800 APART

FIGURE 10.3.2-9 ORDNANCE SYSTEM

10.3.2.7 Auxiliary Propulsion System

The Auxiliary Propulsion System (APS) as it is designed for the Saturn V vehicle
includes one Gemini 72 pound thrust ullage engine in each of the two modules.

The J-2S engine with its idle mode capability will not require APS ullaging for
either the LOR or synchronous mission. Slosh control and propellant settling
will be accomplished with idle mode.

The Saturn V modules will be flown on both the LOR and synchronous missions.
Fuel consumption for the synchronous mission, as shown in Table 10.3.2-XIII, is
greater than for the LOR mission and is well within the APS capability.

Redesign of the Saturn V module requires the removal of the 72 pound thrust
ullage engine, Figure 10.3.2-10 and engine support frame. The outer fairing
will be fabricated without the ullage engine opening and the propellant manifolds
will be redesigned to eliminate the ullage engine ports. Deleted electrical hard-
ware includes the pressure transducer, associated connectors and wiring.

Table 10.3.2-XIV lists the components deleted from the APS module. A cutaway
of the module is shown in Figure 10.3.2-11. The figure depicts the present con-
figuration and the major components to be deleted when employed with the J-2S
engine.

The deletion of the APS ullage engines would result in moderate changes to

drawing 1B66902, Auxiliary Propulsion System Acceptance Test, S-IVB/SV,
and drawing 1B69403, APS Subsystem Checkout, SV.
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TABLE 10.3.2-XII. ULLAGE CONTROL SOLID MOTOR HARDWARE DELETIONS
LOR AND SYNCHRONOUS MISSIONS

(Ref Dwg 1A82765-501)

Item

Rocket Motor

Cover

Fairing Assembly
Cable Assembly
Ring Assembly
Fairing Assembly
Frame
Bracket
Bracket
Stiffiner
Bracket
Column
Column

Beam
Beam

Frame, Thrust
Ring
Misc Hardware

Part Number

1A81960-1
1A02612-501

1A78552-1
1A02590-501
1B43420-1
1A74671-1
1A82592-1
1A02598-1
1A02602-1
1A0260-1
1A02663-1
1A02665-501
1A02665-502

1A02666-501
1A02666-502
1A02667-1
1A02669-1

Qty

2
2
2
2

2
2
2
2
2
2
2
2
2
2
2
2
2

Change

Delete

Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete
Delete

Delete
Delete
Delete
Delete
Delete

NOTE: Hardware deletions listedabove are sub parts to top drawing

1A82765-501 which will be deleted in its entirity. See paragraph

10.3. i.i for structural hardware changes and paragraph
10.3.2.10 for ordnance changes.

10.3.2.7 (Continued)

Deletions of portions of drawing 1B69571, Auxiliary Propulsion System Module -
SV, VCL pertaining to the ullage engines, would be moderate and would result

in rewriting and reprogramming.

Due to extended periods of exposure to the sun and deep space during the synchro-
nous mission, the temperature in the propellant tanks and the self sealing dis-

connects will go beyond acceptable limits as noted below.

Area

Propellant Tanks

Self-Sealing Disconnects

* Beyond temperature limits.

Allowable Temp (°F) Actual (°F)

High Low High Low

105 40 102 35*

160 -20 270* -25*
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TABLE 10.3.2-XIII. SYNCHRONOUS ORBIT APS
PROPE LLANT MANAGEMENT

Module Capacity

Propellant Consumption
Attitude Control

Propellant Consumption
Ullaging

Residual (10%)

Module I

Fuel (Lbs)

125.6

52.3

0.0

12.6

Oxidizer (Lbs)

204.0

83.7

0.0

20.4

Module III

Fuel (Lbs)

125.6

55.0

Oxidizer (Lbs)

204.0

88.0

0.0 t 0.012.6 20.4

Propellant Required 64.9 104.1 67.6

Excess or Off-Loaded 60.7 99.9 58.0

!

t 108.495.6 i

TABLE 10.3.2-XIV. AUXILIARY PROPULSION SYSTEM HARDWARE
CHANGES LOR AND SYNCHRONOUS MISSION

(Ref Dwg 1A65685 and 1A82258)

Item Part Number Qty Change

Engine No. 4 - Ullage 2 Delete

Retainer
Cover

Tube Assembly
Expander
Bracket

Jumper

Pipe Assembly
Pipe Assembly
Pipe Assembly
Pipe Assembly
Frame
Frame

Rocketdyne
21O05
1B63088-1
1B52658-1
1B57441-1
MC239C42

1B57259-1
MS25083-1BB7
1B59580-1
1B59670-I

IB59679-I

1B59572-I

1B51331-I

1B33333-269

2
2
2
2
2

Delete
Delete
Delete
Delete
Delete
Delete
Delete

Redevelope
Redevelope
Redevelope
Delete

Redesign*

*Redesign to omit opening for ullage motor.
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10.3.2.7 (Continued)

The minimum temperature attained by the propellant tank is 35°F which is 5°F

below the minimum allowable. This temperature occurs in the vicinity of the
forward tank support area. This problem is eliminated by fabricating the entire
forward tank support of fiberglass. There will be no appreciable weight change.

The maximum temperature attained by the self-sealing disconnects is +270°F

which is ll0°F above the maximum allowable. Recent redesigns dictated by
AS-501 flight results incorporate a shield over the exposed area. These shields

have been designed and fabricated for future vehicles and are expected to elim-
inate the disconnect high temperature problems.
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10.3.2.8 Flight Control System

The hydraulic system design, performance, operation and handling have been
reviewed for compatibility with the J-2S engine and with the missions specified
in the study. The hydraulic system performance capability was studied because
of the increases in gimbal loads and changes in the engine start conditions. The

significant increases in gimbal loads were caused by increased thrust. System
operation was found to be satisfactory with a somewhat reduced margin.

The most significant change in operation of the hydraulic system is the require-

ment that the system provide stage control (pitch and yaw) during idle mode
before restart. The idle mode duration may be as long as 100 seconds with the

engine thrust varying from 1,350 ibs at start to 5,000 pounds maximum. The
engine driven hydraulic pump will not be operating because the LOX turbine
which drives the pump is not powered during this period. The auxiliary hydraulic

pump and the accumulator must therefore supply all the flow required. The
capability of the system was found to be satisfactory.

Engine Driven Pump and Isolator Assembly Modification

The most significant hydraulic system hardware change recommended as a
result of this study is the modification and partial requalification of the engine
driven hydraulic pump and isolator assembly. The changes are required because

the speed of the LOX turbine, which directly drives the pump, has increased
significantly and the clearance between the pump and the engine nozzle is reduced.
A comparison of the J-2 and J-2S pump speed requirements is shown below:

RPM J-2 J-2S

Maximum Speed 8,700 10,870

Nominal Speed 8,000 10,500

Overspeed

(Pump Specification)

10,000 12,000

Analyse s

The two basic problems to be resolved were the increased speed of the pump and
the reduction in clearance between the pump and engine nozzle.

Possible solutions to the increased speed problem included (1) modification and

requalification of the present pump, or (2) modification of another "off the shelf"
pump which is designed for higher speed to suit this application but requires a

complete requalification program.

The increased speed problem was reviewed with the pump manufacturer. It was
mutually agreed that the present pump can be modified and requalified to meet
the new requirements. The only hardware modification recommended by the
manufacturer is to change the thickness of a spacer in the displacement control.
This modification will reduce the stroke from 25 to 19 degrees and limit max-

imum flow to the same level as the present pump.
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I0.3.2.8 (Continued)

The endurance test on the present pump is 100 hours duration. It is

recommended that this be reduced to 60 hours to compensate for operation at
the higher speeds. This is considered conservative since the pump is operated
during normal testing for less than 10 hours and during engine burn for only
a few minutes.

Based upon these considerations a decision can be made solely on the basis of
the analysis related to the pump-to-nozzle clearance problem.

The dimensions of the present hydraulic pump, Part No. 1A66240, which is part

of the pump isolator assembly, Part No. 1A86847, have been reviewed and are
not considered compatible with the envelope provided in Figure 32 of J-2S Inter-
face Criteria Document, R-7211, Revision dated 7 May 1968. Further investi-
gation into this area was considered necessary to (1) determine if additional
clearance is available to allow installation of the pump isolator assembly, and
(2) determine if sufficient clearance was allowed to assure that the pump clears

the nozzle during engine operation considering thermal expansion, vibration,
and dimensional tolerances.

The latest information from Rocketdyne indicates that under worst tolerance

conditions the nozzle just contacts the present pump envelope, see Figure 10.3.2-12.
Since the nozzle nominal dimension has increased 0.5 inch in that area, the installed
pump envelope must be reduced by 0.5 inch to restore the original J-2 nozzle
clearance condition. This of course assumes that tolerance buildups are the same
for J-2 and J-2S° The installed pump length must be reduced approximately one
inch to increase the nozzle clearance by 0.5 inch.

Several possible methods of obtaining additional clearance were considered:

a. Modify the thermal isolator and the seal and bearing group to reduce the
overall length and use the present spline shaft. This change was found to
be feasible only if the required reduction in the installed length of the pump
isolator assembly did not exceed 3/8 inch.

b. Modify the thermal isolator to extend the present seal and bearing group up
into the LOX turbine dome. This would require that Rocketdyne provide a

shorter spline shaft. This change was found to be feasible to reduce the
installed length of the pump isolator assembly by approximately one inch.

C. Adapt the S-II pump, which is a smaller unit, to the J-2S and the S-IVB
hydraulic system. This is not considered feasible because substantial
redesign is required.

do Adapt another smaller pump to the J-2S and the S-IVB hydraulic system.
This solution is considered most feasible if a very large additional clearance
is required.

These methods were based on the analyses discussed in subsequent paragraphs.
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10.3.2.8 (Continued)

The present pump and thermal isolator assembly installed length can be reduced
approximately 3/8 inch and still use the present spline shaft. This would be
accomplished by reducing several clearances in the seal and bearing group and
by reducing the isolator length by an equivalent amount. The margin in the
thermal isolation capability of the present design is such that additional requal-
ification of this feature would not be required. The clearance obtained with this

change was found to be insufficient.

The present pump and redesigned thermal isolator assembly installed length can
be reduced approximately one inc_ if a new shorter quill shaft is used. This

would be accomplished by redesign of the isolator assembly to make the present
seal and bearing group extend up into the LOX turbine dome. Figures 10.3.2-12
and 10.3.2-13 show a comparison of the present and proposed design. No redesign
of the seal and bearing group would be required. The thermal isolator would be

changed to move the flange location and to reduce the diameter of the portion of
the isolator that extends up into the dome to allow insertion at a more favorable

angle. Sufficient clearance must remain between the two flanges to allow the
isolator to be bolted to the pump and to the LOX dome. The margin in the ther-

mal isolation capability of the present design is such that MDAC is confident
that this change can be made but requalification of this feature is considered
necessary.

The flexible lines terminating at the pump will not require change since the
location of the pump will only move about one inch in the direction reducing the
point to point length.

Not all details of the isolator redesign have been resolved, but some considera-
tions are included below:

a. The present nut and bolt arrangement will not fit between the new isolator
flanges. The Rocketdyne provided studs are presently too long and could
be shortened. (Four . 063 washers are presently used.) Bolts could also
be used if the isolator flange holes are slotted to allow bolt installation.
The pump-to-isolator bolt installation could be inverted to give more
clearance, but slots in the isolator flange would also be required on this
end because of the bolt length required.

be Consideration must be given to moving the location of the seal vent port.
Sufficient clearance will still be available between the flanges.

C. Redesign of the thermal isolator is expected to reduce the insulation cap-
ability. This will increase the maximum pump temperatures experienced

during orbit and increase the heat loss during ground hold. The margin
in thermal isolation capability of the present design is such that MDAC is
confident that the isolator can be shortened but requalification of this
feature is necessary.

The J-2S Interface Criteria Document, R-7211 specifies that the temperature

range of the mounting pad face and drive spline with exhaust system gases is
-250°F to +900°F. This is the same range specified for the J-2 engine. The
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PROPOSED J-2S
SHORTER QUILL SHAFT REQUIRED

TURBINE EXHAUST DOME

PRESENT J-2

I

THERMAL
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0.5
(APPROX.)

J-2S
NOMINAL

J-2S NOZZLE
EXTREME

TOLERANCE

(APPROX.) 0.50

-1.0 INCH
(APPROX.)

ENT PUMP WITH
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!

J-2 NOZZLE
NOMINAL

J-2S NOZZLE
NOMINAL

J-2S NOZZLE _
EXTREME TOLERANCE

-X-PUMP - ISOLATOR - LOX TURBINE DOME IN WORST TOLERANCE POSITION IN RELATION TO NOZZLE

FIGURE 10.3.2-12 MAIN HYDRAULIC PUMP/ENGINE BELL INTERFERENCE
MAIN HYDRAULIC PUMP

PROPOSED J-2S PRESENTJ-2

--SLOTS MAY BE USED ON ONE OR BOTH
FLANGES TO ALLOW INSTALLATION
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FIGURE 10.3.2-13 THERMAL ISOLATOR REDESIGN
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10.3.2.8 (Continued)

high temperature is related to engine burn periods. The maximum acceptable
oil temperature established for any point in the hydraulic system is 275°F.

Flight test data on several missions shows that the oil temperature in the pump
levels off at approximately 180°F after 35 minutes of soak after each engine

burn period. The low temperature requirement is related to ground hold periods.

During ground hold the hydraulic system is maintained at acceptable levels by
periodic operation of the auxiliary pump with ground electrical power. A temper-
ature sensor in the engine driven pump is monitored during ground hold and the

auxiliary pump is operated as required. Reduction of the isolator capability is
expected to increase the heat loss rate through the pump mounting pad and
require additional auxiliary pump operation. The present system is considered
capable of handling this additional heat requirement.

Adaptation of the present S-II pump manufactured by the American Brake Shoe
Company is not considered feasible because the pump would have to be almost
wholly redesigned and a hot gas shaft seal added. Specifically, the program
would have to include the following:

a.
The pump manifold assembly and case would have to be redesigned to
accommodate the S-IVB hydraulic system method of recirculating fluid

through the pump in order to keep the fluid at an operating temperature
throughout the coast mode portion of the flight.

b* The pump would require a hot gas shaft seal, and since no such seal is
available, the seal would have to be designed, developed and qualified.

MDAC experience with the design, development and qualification of the hot
gas seal on the present S-IVB pump indicates that this would be a major
effort.

c. The modifications required to adapt the pump to the S-IVB hydraulic system

configuration would invalidate the pump qualification.

A survey of other available pumps was made and it was concluded that another
feasible unit would be a standard Vickers fixed angle variable (FAV) displace-
ment pump, Model PV012, modified to adapt to the S-IVB hydraulic system plus
the addition of a hot gas shaft seal. The factors supporting this conclusion are:

a. The FAV pump provides an envelope with substantial clearance mounted on

the present isolator assembly design.

b. The hot gas shaft seal requirement could be met by using the hot gas seal
developed and qualified on the current S-IVB pump. The qualified seal

group can be fitted to the new pump as a unit, requiring only modification
to the seal group housing to adapt to the new pump.

c. The pump manifold assembly and case would have to be redesigned to adapt
to the S-IVB hydraulic system method of recirculating fluid.
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10.3.2.8 (Continued)

de The isolator assembly requires no change. Since the same seal group would
be used, the thermal isolation feature need not be requalified. Therefore
only a partial requalifieation of the assembly is required.

Two of the three flex lines terminating at the pump would be lengthened slightly
because the port location will be different on the FAV pump.

Selected Design

Considering the latest information received from Rocketdyne on the clearance

available, only two of the solutions discussed are considered feasible and pro-
vide adequate clearance. They are (1) adapt a new smaller pump to this appli-
cation and use the present thermal isolator, and (2) redesign the thermal iso-
lator, modify the present pump for the higher speeds, and use a new shorter
quill shaft.

Change (2) which includes redesign of the thermal isolator has been selected
based upon minimum change and minimum cost.

Component Test Plan

A limited requalification test program is required to assure satisfactory oper-
ation of the modified pump and isolator assembly. The test requirements will
be similar to those established for the currently utilized assembly. Two speci-
mens will be used in the program. The program will be conducted in accordance
with the test plan in Table 10.3.2-XV.

Satisfactory operation must also be verified on Battleship type tests for both
high and low temperature limits.

TABLE 10.3.2-XV. REQUALIFICATION TEST PLAN FOR THE
ENGINE DRIVEN HYDRAULIC PUMP

Room Temp

High Temp

Proof

!Leakage

Vibration

Flow AP

Duty Cycle
(Hot Gas)

Spec. 1 Spec. 2 iStructural I Operational Repeat Cycle

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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10.3.2.8 (Continued)

Hydraulic System Installation

A hydraulic line support on the J-2S engine has been moved approximately 2.0
inches from its location on the J-2 engine. Three hard lines must be redesigned
as a result of this change. Three flexible lines which terminate at the same
location will not require change. The new hard lines may be requalified by sim-

ilarity and no additional tests are required. The assumption here as well as
with the remainder of the hydraulic system is that the vibration and acoustic
environments are the same for the J-2/S-IVB stages and the J-2S/S-IVB stages.

The three flexible lines terminating at the engine driven pump will not be modi-
fied since the pump location is only changing approximately one inch in the direc-
tion reducing the point to point length. The hydraulic system hardware drawings
which must be modified are listed in Table 10.3.2-XVI.

The hardware changes include (1) change a spacer thickness in the pump dis-
placement control to limit pump flow and power at the higher speeds, and (2)
redesign the thermal isolator to reduce the installed pump envelope to allow
more clearance with the J-2S nozzle.

TABLE 10.3.2-XVI° FLIGHT CONTROL SYSTEM HARDWARE CHANGES

Part
NumberItem or Drawing Title Quantity Change

Tube Assembly - Low Press, Engine 1B32326 1 Redevelop j

Tube Assembly - High Press, Engine 1B32327 1 Redevelop

Tube Assembly- Therm Cond 1B32328 1 Redevelop
Engine

Engine Driven Hydraulic Pump (SCD) 1A66240 1 Modify and
Requalify

Thermal Isolator 1A86457 1 Redesign

Baffle 1A86372 Redesign1

1Pump Isolator Assembly 1A86847 Revise

Hydraulic System Installation 1B62563 1

Actuator, Hydraulic (SCD) 1A66248
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10.3.2.8 (Continued)

Auxiliary Hydraulic Pump Operating Schedule and Energy Requirements

The auxiliary hydraulic pump operation schedule and the on-board energy
consumed from aft battery number 2 on the S--IVB/J-2S stages will be different
than on previous S-IVB/J-2 stages. There are several significant contributors
to this change.

a. The chilldown pumps which also consumed energy from aft battery number
2 have been eliminated. The auxiliary pump on the S-IVB/J-2 is started
310 seconds before the engine restart sequence to prevent the transient
power surges associated with auxiliary pump start up from being sensed by
the chilldown inverters. This lead time is no longer required.

b. The J-2S restart sequence requires that the auxiliary pump be operated
during idle modes for stage attitude control.

c. Operation of the auxiliary pump is required for additional heating cycles
because of increased coast duration for the synchronous mission.

The energy requirements for the two missions considered are shown in Table
10.3.2-XVII.

The following assumptions were made in determining the energy requirements.

a. The auxiliary hydraulic pump must be operated during all periods listed.
The current shown is the average expected for a worst case flight condition.

1. Prelaunch - 45 amp.

2. Boost - 45 amp.

3. 50 seconds before an idle mode or S-IVB burn period for filling accu-
mulator and centering engine - 45 amp.

4. All idle modes - 45 amp.

5. All S-IVB burn periods - 30 amp.

6. Auxiliary pump mixing heating cycles as required below - 45 amp.

b. Mixing and heating cycles are required at the following approximate times
during all coast periods.

1. Mixing cycle 48 seconds duration at every hour unless a heating cycle
is scheduled at that time.

2. Heating cycle 480 seconds duration at the end of every three hour period.

The auxiliary motor air supply mass has been evaluated in previous studies for

missions as long as the synchronous mission and found to be adequate.
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TABLE 10.3.2-XVII. AUXILIARY HYDRAULIC PUMP BATTERY ENERGY
REQUIREMENTS J-2S ENGINE

Operating Mode

Prelaunch (Inter-
nal Power)

Boost

First S-IVB Burn
Idle Mode
Full Thrust

First Coast

Thermal Cycles
No. 1 Mix

2 Mix
3 Heat
4 Mix
5 Mix

6 Heat

7 Mix

Prefire Operation

Second Burn
Idle Mode
Full Thrust

I Second Coast

Thermal Cycles
No. 1 Mix

2 Mix

3 Heat
4 Mix

Prefire Operation
I

Second Burn J

Idle Mode I

Full Thrust I

Time
Power

On
Seconds

3O

498.9

120.8

48
48

480
48

5O

100
291

TOTAL ENERGY (AMP-HRS)

LOR Mission

Current

Amps

45

45

45

45
45
45
45

45

45
45

Energy
Consumed

Amp-Hrs

O. 37

6.24

Synchronous Mission

Time
Power

On
Seconds

3O

489.9

1.51 58.4

O. 60 48
0.60 48

6.00 480
0.60 48

48
48O

48

O. 63 50

1.25 100
3.63 208.7

48
48

48O
48

5O

IO0
92.5

21.43

Current

Amps

45

45

45

45
45
45
45
45
45
45

45

45
45

45
45
45
45

45

45

45

E ne rgy
Consumed

Amp-Hr

0.37

6.24

0.74

0.60
O. 60
6. O0
0.60
0.60
6.00
O. 60

0.63

1.62
2.61

0.60
0.60
6.00
0.60

0.63

1.62

1.15

38.41
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10.3.2.8 (Continued)

Handling and Checkout

Handling and checkout procedures associated with the hydraulic system have been
reviewed to determine what changes are required to make them compatible with

the J-2S engine. No significant changes are required in the fill, flush and bleed
procedure, the hydraulic subsystem test requirements drawing, and the engine
alignment procedure since the basic hardware remains unchanged. The nozzle
exit dimensions to which the engine alignment fixture must mate are the same
for the J-2S as the J-2 engine. Three drawings will be changed to reflect new

hydraulic system part numbers.

Procedure

Test Requirements Hydraulic Subsystem

S-IVB Stage HB

Fill, Flush, Bleed and Fluid Samples,
Hydraulic System - HB

Engine Alignment Procedure - S-IVB/HB

Dwg No.

Hours Saved or Added

To Operations/Stage

1B40171 NONE

1B40973 NONE

1B39095 NONE

Instrumentation

The flight instrumentation on the hydraulic system for J-2S/S-IVB stage will be

the same as for the J-2 S-IVB stage with one exception, i.e., differential pres-
sure transducers will be used on the actuators for early production stages as
was done for early J-2/S-IVB stages. Data will be evaluated to determine actual

gimbal loads.

10.3.2.9 Environmental Control System

Environmental control changes are necessary due to the increased coast periods
of the synchronous mission. Thermal control is accomplished by active {heater
blankets) and passive (radiation shield) insulation.

Heater Blankets - Twelve components on aft skirt panels Nos. 2, 3, 4, 8, 17

and 19 (Figure 10.3.1-7) will need active heating in addition to radiation shields.
Table 10.3.2-XVIII indicates the units which require active heating, their loca-
tion, temperature limit and heating capacity required. The active heating will
be accomplished by form-fitting heater blankets made of synthetic rubber with

heater elements in the walls, Figure 10.3.2-14. The heater blanket will have
two thermostats in parallel, each one located adjacent to the area on the elec-
tronic component with the highest mass density. Either thermostat can activate
the blanket, and in this way the operation of the heater blanket will be more
stable. The outside of the heater blanket will be covered with a low emissivity
aluminum surface. Inside in some areas, soft foam material (e. g., poly-

urethane) will be used. The purpose of the foam is to provide a mechanical bond
and act as a shock absorber between the electronic component and the blanket

walls. The foam material will be strategically located to assure maximum heat
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ELECTRICAL COMPONENTS REQUIRING ACTIVE
THERMAL CONTROL

Name Location Problem Fix

Switch Selector Aft Panel 2

Remote Analog Sub-

multiplexer (2)

Remote Digital

Submultiplexer

Multiplexer
Assembly (4)

50 Amp Motor
Driven Switch (3)

50 Amp Motor
Driven Switch

Cold Helium Bottle
Pressure Trans-
ducer

Aft Panels 3, 8

Aft Panel 3

Aft Panel 4, 8

Aft Panel 19

Aft Panel 17

Auxiliary Tunnel

Exceeds Low Temperature
Limit of -13°F

Exceeds Low Temperature
iLimit of -4°F

Exceeds Low Temperature
Limit of-30°F

Exceeds Low Temperature
of -300°F

15 Watt
Heater
Blanket On
Each Unit

5 Watt
Heater Blan-
ket On Each
Unit

Recalibrate
Unit At
Lower

Tempe rature
Or Install
Heater Blan-
ket On Unit

10.3.2.9 (Continued)

transfer between the heater element and the component. The blanket will contain
an electric receptacle and a stud fastener arrangement. The heater blankets will
be in kit form, suitable for installation at KSC, with no need to disconnect cables
or move the electronic components.

The electrical equipment heaters "on" and "off" command will permit thermal
conditioning of the 12 components as required during the mission. The sequencer
"on" command applies 28 volts dc to a heater power bus at a predetermined time.
This enables all heater blankets simultaneously. The termostat control devices
on each heater blanket will cycle power on and off to control the temperature
within the required band. The weight of each heater will depend on the size of
the component it heats; however, the weight of each heater should be less than
eight ounces. The heater blankets will require development testing.

Passive Thermal Control

A number of stage components require passive protection from their respective

ambients. This protection can be accomplished with low emissivity radiation
shielding materials, coatings, and thermal isolators.
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CONN

FASTENER. RECEPTACLE
& HOLDOWN BRACKET_

rAT WITH
POTTING & BRACKET

D I ELECTRI C I NSULAT ION

FOAM (POLYURETHANE)

HEATER W I RE ELEMENTS

FIGURE 10.3.2-14 TYPICAL HEATER BLANKET- SYNC. MISSION

TABLE 10.3.2-XIX. ELECTRICAL COMPONENTS

REQUIRING RADIATION SHIELDING

Name Location Problem Fix

Sequencer

56 V Power Dis-

tribution Panel

28 V Power Dis-
tribution Panel

Attitude Control

Relay (2)

Signal Condition-
ing Panels (6)

Liquid Level
Control Units

Voltage Excitation
Module Assembly

Aft Pane l 1

Aft Pane 1 17

Aft Panel 19

Aft Panels 6

and 18D

Aft Panels 7,9,
12, 13, 14, and
16

Aft Panel 10

Aft Panel 18B

Exceeds Low Temper-

[ature Limit Qualifying
Component

High Temperature
Problem

Provide Low

Emissivity
Covers on Both
Sides of Each
Panel

Mount on Large
Heat Sink;

Locally Remove.
Low Emissivity
Coating From
LOX Tank Dome
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10.3.2.9 (Continued)

Thermal Radiation Shielding

Radiation shielding consists of aluminized "Kapton" sheets covering the aft skirt
electronic equipment. In accordance with appropriate thermal analysis, selected
electronic equipment andpanels must be completely covered with low emissivity
( _ = 0.5) material. The low temperature limit, at which the equipment was
qualified, must not be exceeded to achieve mission accomplishment. The equip-
ment and panels to be covered are listed in Table 10.3.2-XIX. Figure 10.3.2-15

shows a typical radiation shield application to a component support panel.

Coating and Mounting Devices

Certain components have thermal problems which require either isolation from

the stage structure or a change in optical properties by the application of suitable
coatings. These methods will permit them to stay within prescribed tempera-
ture limits :

Component

Pneumatic Power
Control Module

Ambient Helium
Fill Module

IAmbient Helium

iBottle (4-1/2 c. f. )
I

APS Tanks

APS Self-Sealing
Quick Disconnect

Forward Battery
No. 1

Forward Battery
No. 2

Location

Thrust Structure

Tray 1

Thrust Structure

Tray 1

Thrust Structure

Aft Skirt

APS aft Bulkhead

Forward
Skirt

Problem

Exceeds Low Temper-
ature Limit of-125°F

Exceeds Low - 125 °F ant

High +165°F Temp
Limits

High Temperature

Propellant Tank Temp
exceeds lower limit

Exceeds low Temp
limit

Exceeds High Temp
limit of +160°F

Fix

Low Emissivity
and Low Absorb-

tivity of Emissiv-
ity Ratio

Paint Thermal
Isolators and
Low , and a/_
Paint

Low _ point

Make forward

tank support

of fiberglass

Use fiberglass
mounting bracket

Paint section of

forward skirt

hdjacent to
_atteries white
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FRONT VIEW (INBOARD)

f j/

BACK VIEW (OUTBOARD)

FIGURE I0.3.2-15 TYPICAL RADIATION SHIELD SYNCHRONOUS MISSION

10.3.2.9 (Continued)

Existing Thermal Conditioning to be Removed

The insulation unit 1B39506 for the chilldown line which passes through the aft
skirt and the aft skirt environmental control manifold will be removed. The

ambient helium bottle shroud and thermal conditioning duct (1B57366 and 1A69978)
will be deleted since the helium temperature conditioning required for inflight
engine purges is not required with the J-2S engine. This duct is a branch of a
larger duct which supplies purge gas to the thrust structure. The side outlet
duct for the helium bottle will be capped, i.e., no design change will be made
to the thrust structure purge gas duct.

Table 10.3.2-XX summarizes the hardware changes to the environmental
control system.

10.3.2.10 Ordnance Systems

Modifications to the existing stage ordnance systems as a result of the J-2S
implementation result primarily in equipment deletions. The two solid propel-

lant ullage motors and their fairings which are attached on the S-IVB aft skirt
will be deleted, as will the two ordnance systems used for rocket ignition and
jettison. These systems are exploding bridgewire (EBW) systems, requiring
deletion of the EBW firing units, EBW detonators and detonator blocks, the fuse
trains, and attaching hardware.
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TABLE 10.3.2-XX. ENVIRONMENTAL CONTROLSYSTEM
HARDWARECHANGESFOR SYNCHRONOUSMISSION

Part
Item Number Quantity Change

Bottle Shroud

Branch Duct

Chill Return Line Insulation

Heater Blankets

Radiation Shields

1B57366

1A67978

1B39506

TBD

TBD

1

1

1

4

3

Delete

Delete

Delete

Add

Add

10.3.2.10 (Continued)

Hardware additions include providing doublers on the skirt over the area where
the ullage rockets were mounted, as well as providing for new GFE ordnance
associated with the J-2S engine solid propellant turbine starters. Stage hardware
changes are tabulated in Table 10.3.2-XXI.

Deletion of the ullage rockets and their ignition and jettison systems will result
in considerable time saving at KSC by eliminating certain test procedures and
reducing the effort of others. However, this saving will be partially offset by
added installations of the J-2S solid propellant turbine starters (GFE) and the

associated EBW initiators (GFE).

Each of five ordnance systems on Saturn V are initiated by one redundant pair

of EBW detonators. During a launch vehicle overall test with "plugs-out", a
launch sequence is run with detonators mated to vehicle firing networks and
fired into closed pressure chambers {test chambers). These same ten test
chambers are refurbished and used for the plugs-out test for subsequent launches.

The plugs-out test for a J-2S launch will require a reduction in the quantity
of test chambers for use with EBW detonators, and the new requirement for
test chambers for use with the EBW initiator for SPTS. This latter test chamber

may possibly require a new design, although other test chamber designs exist
from previous Saturn programs.
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TABLE 10.3.2-XXI. ORDNANCE SYSTEM HARDWARE CHANGES

Name Number

Rocket Motor Instl. (1A827651

Rocket Motor (Ref)
Rocket Motor Fairing Assy

(Re 
Transducer Instl

Live Components Instl

Rocket Ignition System (1B57448)

EBW Firing Unit
EBW Detonator
CDF Manifold

CDF Assembly
CDF Pyrogen Initiator
CDF Disconnect
CDF Disconnect

Frangible Nut

Rocket Jettison System (1B57009)

EBW Firing Unit
EBW Detonator
Detonator Block

CDF Assembly
Explosives Kit, EBW Detonator
Test Chamber Kit, EBW

Detonator

Explosives Kit, Solid Propel-
lant Turbine Starter

Explosives Kit, EBW
Initiator, SPTS

1A81960

1A74671
1B58507
1A82766

40M39515 (GFE)
7865742

1B58045 (GFE)

IB53581 (GFE)

1B53584 (GFE)
1B74495

1B56218

1A72620

40M39515 (GFE)
7865742
1A84223
1B56400
1B34834

1B58705

TBD

TBD

Quantity

2
1

1

1

2

Change

2 Delete

2 Delete

2 Delete
2 Delete

2 Delete
2 Delete
2 Delete
9 Delete
4 Delete

2 Delete
2 Delete
4 Delete

2 Delete
2 Delete
1 Delete

Delete
Revise

Revise*

Add

Add

* Assumes no new configuration chamber required for the SPTS EBW initiator
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10.3.3 Electrical Systems

Three electrical subsystems are affected by the installation of the J-2S engine.
These systems are: (1) the power and electrical distribution system which
provides power to all of the components (valves, transmitters, range safety,

etc.) at the proper time. This system is made up of batteries, power distrib-
utors, cables and connectors, etc., (2) the data acquisition system which
provides data for automatic preflight checkout of the vehicle, monitoring ot
vehicles performance during powered flight, post flight evaluation of vehicle
performance and verification of commands received in the vehicle from the
ground station, and (3) the Propellant Utilization and loading system which
controls engine mixture ratio to achieve simultaneous depletion of the propel-
lants and provides signals which indicate mass of propellant on board for
control of propellant loading.

10.3.3.1 Electrical Power Systems

The current profiles used to determine ampere-hour requirements for the
batteries listed in Table 10.3.3-I are shown on Figure 10.3.3-1A through D,

Figures 10.3.3-2A through D, and Figures 10.3.3-3A through D.

The impact of the J-2S engine on the power system of the LOR-J-2 vehicle
is minimal as shown on Table 10.3.3-I. Considering present battery comple-

ment would be the replacement of the present aft No. 1 battery, a
1A59741-507, with a 1A83468-505 for the LOR mission with the J-2S. For
this mission the options for aft No. 1 battery were 1A83470 (63 amp-hr),

1A83468-505 (87 amp-hr), and 1A59741-501 (256 amp-hr). The 1A83470 would
fulfill mission requirements providing the battery heaters do not operate for an

excessively long time. Another choice might be the 1A83468-505 (recommended)
which would leave adequate safety margins. A comparison of the physical
dimensions of batteries 1A83468-505 and 1A59741-507 indicates that the two
batteries are nearly the same size but not interchangeable without physical
rework. Even though the containers are comparable in size, twenty cells of
the type used in battery 1A83468 do not appear to fit nicely into the container
of battery 1A59741 because this container is divided into three smaller compart-
ments causing space to be wasted. Therefore, a revision to the battery mounting
structure would be necessary. The 1A83468-505 battery could be used without
additional qualification testing since the qualification tests for the 1A83468-505
are virtually the same as those for the 1A59741-507. If change to the 1A83468-505
is considered undesirable, the 1A59741-507 presently installed could be utilized;
however, the weight penalty over the 1A83468-505 would be 85 pounds with the
battery loaded to only 18 percent of its capacity.

For the synchronous mission it will be necessary to change the present Forward
No. 1 Battery from a 1A59741-507 to two parallel 1A59741-503 batteries rated at
366 amp-hr each. This results primarily from the additional power required for
long range telemetry transmission. The Forward Bus No. 1 and the 366 amp-hr
battery were originally sized for an R&D Data Acquisition System, so it is capa-
ble of handling the increased load. The additional 366 amp-hr battery is primarily
for the increased stage operational time. This concept has been tested and used on the
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POWER SYSTEM EVALUATION

Battery
Part

Number

Specifi-
cation

Rating
(Amp-Hr)

Arhp-Hr
Required

Percent
Utiliza-

tion

Amperes
Required

LOR MISSION WITH PRESENT J-2

1A59741-507 256 88 34 12.5 to 12.8

1A68316-501

1A59741-507

1A68317-503

28

256

84 @ 56V

14.3

49

41 @ 56V

51

19

49

Fwd No. 1

(28 Volts)

Fwd No. 2

(28 Volts)

Aft No. 1

(28 Volts)

Aft No. 2

(56 Volts)

Total

Weight

.05to 5.5

1.3 to 45.3

0.4to 88

Weight
Lbs

170

2O

170

83

443

LOR MISSION WITH J-2S

1A59741-507 256 82 32 12.9 to 13.2 170Fwd No. 1

(28 Volts)

Fwd No. 2

(28 Volts)

Aft No. 1

(28 Volts)

Aft No. 2

(56 Volts)

Weight
Range

Weight of
Best

Option

Weight
Change
from pres-
ent J-2

IA68316-501

3 Options
1A83470
1A83468-505"
1A 59741- 507

1A68317-503

28

63
87*

256

84 @ 56V

i0.3

45.7

27.4 @ 56V

37

73
53*
18

33

.05to 5.5

0.9 to 45.4

0 to 45

2O

5O
85*

170

83

331

to
443

*356

-87

*Probable best option
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TABLE 10.3.3-I.

Battery
Part

Number
Specifi- i

cation
Rating

(Amp-Hr)

(Continued)

Amp-Hr
Required

Percent
Utiliz a-

tion
Amperes IWeigh
Required i Lbs

SYNCHRONOUS ORBIT WITH J-2S

Fwd No. 1

(28 Volts)

Fwd No. 2

(28 Volts)

Aft No. 1

(28 Volts)

Aft No. 2

(56 Volts)

Weight
Range

Weight of
Best Option

Weight
Change
from pres-
ent J-2

Two
1A 59741- 503

1A68316-501

2 Options
1A59741- 507"
1A59741-503

1A68317-503

366

(each)

28

256*
366

84 @ 56V

617

7.8

91.6

45 @ 56V

84

28

36*
25

54

32.0 to 49.7

.05 to 5.5

0.9 to 45.4

0 to 45

*Probable best option

400

20

170"

2OO
83

643
to

7O3

*643

+200

10.3.3.1 (Continued)

S-IV with this type of battery. Additional testing with this particular battery will

be done for increased confidence in the paralleling technique. The percent of
utilization is greater than is normally used (84 percent) with the battery heaters
operating with a 100 percent duty cycle. This is a smaller margin of safety than
is normally used. However, with a constant current drain of approximately
25 amperes, the battery heaters will be activated infrequently, if at all. Assuming
no heater activation, the percent of utilization is 76 percent which is acceptable.
An E/I switch for each battery provides separation on external power. This pre-

vents the batteries from bucking each other under no load and dissipating energy.
On GSE command to internal power, the batteries are simultaneously paralleled
and share the load. A complete evaluation (including circuit diagrams) has been
performed in the Synchronous Orbit Capability Study under supplemental agree-
ment 1145 of Contract NAS7-101.
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10.3.3.1 (Continued)

Pending a thermal analysis for the synchronous mission, the 1A57941-507
battery is recommended for aft No. 1 battery. If thermal analysis indicates
the need for more battery heater power, it may be necessary to recommend a
1A59741-503 for the aft No. i battery. No structural support changes are

required since the 1A59741-503 is the same physical size as the 1A59741-507.

10.3.3.2 Electrical Control Systems

The impact of the J-2S engine on the electrical control systems of the Saturn V
Stage for both LOR and synchronous mission profiles, consists of (1) the deletion

of the two chilldown inverters and associated controls, (2) deletion of the four EBW
firing units, four EBW pulse sensors, and controls associated with the solid
ullage rocket motors, (3) deletion of the LOX depletion sensors, control units,

(4) depletion of the control circuits for the LOX and LH2 chilldown valves and
prevalves, including the prevalve delay timer module, (5) deletion of the 72 pound
OAMS ullage engine and associated controls from each APS, and (6) addition of a
solid propellant turbine starter unit for each engine start. In addition, the engine
pump purge has been deleted and the LOX dome purge has been delegated to the
GSE. The start bottle and gas generator commands have been deleted through
the use of SPTS to start the engine. The schematics for these circuits are
shown in Figures 10.3.3-4 through 10.3.3-9.

Twenty-three switch selector channels will be deleted with six added to the switch
selector for engine functions and twelve added for passivation° These channel
assignments are required to operate the S-IVB/J-2S vehicle in LOR and synchro-
nous modes. The list of deleted switch selector channel assignments are found in
Table 10.3.3-II with the list of added channel assignments in Table 10.3.3-III.

Ten additional switch selector channel assignments are required on the synchro-

nous mission over that of the LOR mission profile. These controls are related to
the electrical equipment heater blankets and the tape recorder. These additional
switch selector channel assignments are listed in Table 10.3.3-IV.

Due to the extreme cold environment encountered in the synchronous mission,
heater blankets will be added to certain electrical equipment to maintain an

optimum operating temperature. The tape recorder has been added to the synchro-
nous mission vehicle to provide continuous coverage of the vehicle measurements

throughout the insertion phase of the mission profile.

Stage modifications due to deletion of measurements or commands will be made in
the wiring harnesses from either the function/engine interface and/or the first

relay controlling the measurement or command. No modification is required
internal to any of the major black boxes (the 56 volt aft power distribution assem-

bly, the 28 volt aft power distribution assembly, aft control distribution assembly,
sequencer and the switch selector). Any relay modules or switching assemblies
not used as a result of deletions will remain in these units as spares.

The hardware removed as a result of the modifications discussed is listed in
Table 10.3.3-V.
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TABLE IO. 3.3-11. SWITCH SELECTOR CHANNEL 
ASSIGNMENTS DELETED 

Fuel Chilldown Pump ON 

Fuel Chilldown Pump OFF 

LOX Chilldown Pump ON 

LOX Chilldown Pump OFF 

Chilldown Shutoff Pilot 
Valve ON 

Chilldown Shutoff Pilot 
Valve OFF 

Prevalve Close Command 
ON 

Prevalve Close Command 
OFF 

Engine Pump Purge Control 
Valve Command ON 

Engine Pump Purge Control 
Valve Command OFF 

Start Tank Vent Valve Open 
ON 

Channel 

2 

42 

43 

10 1 

102 

55 

88 

57 
54 

56 

73 

11 

Start Tank Vent Valve Open 
OFF 

70 Lbs Ullage Engine 
Command No. 1 ON 

70 Lbs Ullage Engine 
Command No. 1 OFF 

70 Lbs Ullage Engine 
Command No. 2 ON 
70 Lbs Ullage Engine 
Command No. 2 OFF 

Charge Ullage Jettison ON 

Ullage Charging Command 
Reset 
Fire Ullage Jettison ON 

Charge Ullage Ignition ON 

Fire Ullage Ignition ON 

Firing Ullage Reset 

Fuel Injection Temp OK 
Bypass (Main Stage Enable) 

10.3.3.2 (Continued) 

Deletion of the chilldown inverters, prevalves, chilldown shutoff valves, EBW 
firing units, LOX depletion sensors, and logic modules wil l  afford a sizable 
reduction in component test effort. These deletions wi l l  also simplify installa- 
tions, electrical test requirements, and H&CO drawings. However, the engine 
sequence for J-2s is sufficiently different from the J-2 engine sequence that the 
engine test requirements and H&CO drawings must be completely revised for 
dry area and static test firing checkout. The all-systems test is also affected 
by the changes in engine sequence. 
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TABLE 10.3.3-III. SWITCH SELECTOR CHANNEL
ASSIGNMENT ADDED

1. Emergency He Dump ON*

2. Emergency He Dump OFF*

3. Mainstage Cutoff ON

4. Mainstage Cutoff OFF

5. Mainstage OK Bypass ON

6. Mainstage OK Bypass OFF

7. Pneumatic System Vent ON*

8. Pneumatic System Vent OFF*

9. Propellant Dump Solenoid
Valve Closed*

10. Propellant Dump Solenoid
Valve Open*

11. Mainstage Start ON

12. Mainstage Start OFF

13. Idle Mode Control Valve

(Solenoid) Open*

14. Idle Mode Control Valve

(Solenoid) Closed*

15. Mainstage Start Control
Valve Open*

16, Mainstage Start Control
Valve Closed*

17. Mainstage Control Valve
Open*

18. Mainstage Control Valve
Closed*

*Required for In-Orbit Passivation

TABLE 10.3.3-IV. ADDITIONAL SWITCH SELECTOR CHANNEL
ASSIGNMENT FOR THE SYNCHRONOUS MISSION

Thermal Conditioning

1. Electrical Equipment Heaters I 2° Electrical Equipment Heaters

Enable i Disable

3. Slow Record ON

4. Slow Record OFF

5° Recorder Playback ON

6. Recorder Playback OFF

7. Fast Record ON

Telemetry

8.

9.

10.

Fast Record OFF

Emergency Playback Reverse
ON

Emergency Playback Reverse
OFF
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TABLE 10.3.3-V.

D5-15772-2

ELECTRICAL/E LECTRONIC COMPONENT DELETIONS
FOR LORAND SYNCMISSIONS

Item Part Number

Purge and Drain

Engine Pump Purge Module

Engine Pump Purge Reg Backup Press Sw

1A 58347

1B52623

Conn P33 (403W8)

Conn P32 (403W8)

Start Tank

Start Tank Vent Pilot Valve

Conn P30 (403W8)

Chilldown

Prevalve Actuation Cont Module

Chilldown Shutoff Valve Pilot Valve

Prevalve Pilot Valve

Fuel Tank Prevalve

Fuel Tank Chilldown Shutoff Valve

LOX Chilldown Inverter

Fuel Chilldown Inverter

LOX Chilldown Pump

Fuel Chilldown Pump

LOX Chilldown Shutoff Valve

LOX Prevalve Pos Ind Sw

LH2 Tank Prevalve Ind Sw

PTIH-8-3P

PTIH-8-4P

1A 58345

PTIH-8-3P

1B66692

1B66692

1B66692

1A49968

1A49965

1A74039

1A74039

1A49423

1A49421

1A49965

1A49968

1A49968

Fuel Tank

Conn

Conn

Conn

Conn

Conn

Conn

Conn

Chilldown Shutoff Valve Ind Sw

P12 (403W2)

Pll (403W2)

Pll (404W7)

P12 (404W7)

P10 (EMC Testing)

P1 (404W26)

P9 (404W7) EMC Testing

1A49965

PTIH-8-3P

PTIH-8-3P

1A82714

1A82714

10-435452-15P

10-435452-15S

10-435452-15P
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TABLE i0.3.3-V. (Continued)

_NmLL __

Item

Chilldown (Continued)

Corm Pl (404W27)

Conn P2 (404W26)

Conn P2 (404W27)

Conn P24 (404W7)

Corm P26 (404W7)

Conn Pll (404W7)

Conn P12 (404W7)

LOX Depletion Sensors

(4) LOX Tank Sensor Assy

(4) LOX Sensor Control

Wire Harness (406Wl) (Delete)

Conn P1 (406Wl)

Conn P2 (406Wl)

Conn P7 (404W30)

Conn P3 (404W30)

Corm P4 (404W30)

Conn P5 (404W30)

Conn Pll (404W30)

(3) Conn J1 (L. S. C. )

(3) Conn J2 (L. S. C. ) (Used in EMC Testing)

(2) Feed Thru Disconnect (424A5J8 & J9)

Conn P18 (404W7) (Used in EMC Testing)

Conn P19 (404W7)

Conn P20 (404W7)

Ullage Rocket Ignition

(2) Panel 18C (404A47)

(2) U.R. Ignition EBW FU

(2) Conn P54 (Dummy) (404W7)

Part Number

10-435452-15S

1A82714

1A82714

1A82714

1A82714

1A82714

1A82714

1A68710

1A68710

1B58968

1B37872-503

1B37872-503

1B37872

DS07-19-2S-9

DS07-19-2S-9

DS07-19-2S-9

DS07-19-2S-9

DM5600-19-2P

PTIH-12-10P

1B37873

S0286E-12-10S

S0286E-12-10S

S0286E-12-10S

1B51299

40M39515

10-150921-123
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TABLE 10.3.3-V. (Continued)

Item Part Number

Ullage Rocket Ignition (Continued)

(2) Conn P55 (Dummy) (404W7)

(2) Conn P51 (404W7)

(2) Corm P53 (404W7)

U.R. Ign Manifold CDF Block

Corm J1 (404A47-2)

Corm J2 (404A47-2)

Pulse Sensor Mtg Brkt Assy (Flt) (404A47A4)

Pulse Sensor Mtg Brkt Assy (NF) (404A47A4)

10-150921-123

PT07CE-12-SP

RB10-42612-3S

1A84223

10-42212-3P

10-42212-3P

1B52640

DSV-4B-780

(2) UR Ign EBW Pulse Sensor

(2) Conn J1

(2) Corm J2

(2) Test Chamber (404A47A4A3)

(2) Test Chamber (404A47A4A4)

(2) Conn J1

(2) Conn J2

40M02852

10-42212-3P

PT07E-12-8 P

1A58816

1A58816

PTIH- 8- 3P

PT07E-12-8P

Wire Harness (Int to 404A47) (404A47A4W1)

Wire Harness (Int to 404A47) (404A47A4W2)

Wire Harness (Int to 404A47) (404A47A4W3)

Wire Harness (Int to 404A47) (404A47A4W4)

(2) Conn

(2) Corm

(2) Conn

(2) Corm

(2) Diode Suppression Mod (404A47A4W3 and
W4)

Ullage Rocket Jettison

Panel Pos 18A

(2) Dummy Recep

(2) U.R. Jet EBW FU

(2) Conn (P51) (404W7)

1 B 50054

1B50242

1B58950

1B58950

PT06CE-8-35

PT00CE-12-SP

PT07 CE-12-8P

PT06 CE- 12-8S

1B58950

1B51297

10-150921-123

40M39515

PT07H-12-8P
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TABLE 10.3.3-V. (Continued)

Item Part Number

Ullage Rocket Jettison (Continued)

(2) Conn (1)52)

U.R. Jet CDF Block

(2) Conn

EBW C/O Bracket (Flight)

E BW C/O Bracket (NF)

(2) U.R. Jet EBW Pulse Sensors

(2) Conn J1

(2) Conn J2

(2) Test Chamber (1 & 2)

(4) Conn J1

Wire Harness (404A75A10W1

Wire Harness (404A75A10W2)

Wire Harness (404A75A10W3)

Wire Harness (404A75A10W4)

(2) Conn J1

(2) Conn J2

(2) Corm J1

(2) Conn J2

(2) Diode Supp Mod

Ullage Engine Module (At)S)

70 Pound Ullage Engine Module (414A7)

(4) Conn

(2) Conn (414W1) P21 MS3116E8-4S

(2) Conn (4!4W1) 1)22 MS3116E8-4S

(2) Circuit Supp. Mod

Wire Harness (Mod) (414W1)

70 Pound Ullage Engine Module (415A7)

Wire Harness (Modify) (415W1) (Same as
414W1 A1)S W1)

10-42612-3S

1A84223

10-42212-31 )

1A97791

DSV-4B-778

40M02852B

10-42212-31)

PT07E-12-81)

1A58816

1)TIH-8-31)

1B40164

1B40165

1B58950

1B58950

1)T02CE-12-81)

1)T06CE-8-3S

1)T00CE-12-81)

1)T06CE-12-8S

1B41560

NAA 15-210001

1)TIH- 8-41)

MS3116E8-4S

MS3116E8-4S

1B54522

1B67267

NAA 15-210001

1B67267
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10.3.3.3 Propellant Utilization System

Since the response of the PU Systemdependson the mainstage performance of
the engine, a comparison was madebetweenthe J-2 andJ-2S engine performance
characteristics. A comparison betweenthe J-2 engine PU valve characteristics
presently being usedfor closed loop PU System operation and the estimated J-2S
engine PUvalve characteristics in R-7211 indicates that the nonlinear shape
of PU valve characteristics will not changesignificantly. The PU valve LOX
corrective flow gain for the J-2S engine is near 83.5 poundsLOX per second
per unit EMR change at a bridge gain ratio of 5.0:1.0. This gain is
basedon the J-2S engine weight flow versus engine mixture ratio characteristics
presented in the J-2S Interface Criteria Documentof May 7, 1968. The gain is
also shownto be independentof the calibrated thrust level of the J-2S engine.
The corresponding LOX corrective flow gains for the J-2 engines presently
being usedfor closed loop PU Systemoperation are within one db of the J-2S
value. This small gain difference indicates that although the J-2S engine thrust
and flow characteristics have beenincreased over the characteristics of the J-2
engine, the LOX corrective flow gain does not display any significant change.
Therefore, a +4.5 db adjustment presently available in the PU System motor

loop feedback network provides adequate PU System gain adjustment capability
without PU System modifications.

The transfer of the LOX cutoff responsibility to the J-2S engine results in a
change in the amount of trapped and unavailable LOX which must be used in

revising the end point of the LOX calibration. No other changes are required.

Mission Requirements/PU System

Closed loop PU System operation is recommended for the S-IVB/J-2S Stage during
the LOR and synchronous missions. No PU system modifications are required
to utilize the J-2S engine. However, the open loop low EMR command for engine
restart will not be required. Recommended PU system operation is based on
Boeing design trajectories and status reports.

The recommended modes of PU system operation for the LOR mission are
presented below.

Burn Period Mode of Operation Commanded EMR

First Open Loop 5.0/1.0

Second Closed Loop 5.0/1.0

The open loop mode of operation during first burn eliminates the need of an LH 2
boiloff bias and, therefore, the sequencing associated with the bias.
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10.3.3.3 (Continued)

The recommendedmodes of PU system operation for the synchronous mission
are presented below.

Burn Period Mode of Operation Commanded EMR

First Open Loop 5.5/1.0

Second Closed Loop 5.35/1.0

Third Open Loop 5.0/1.0

The open loop mode of operation during first burn eliminates the need of an LH 2
first coast. The closed loop EMR for second burn reflects the results of past
synchronous mission studies. Open loop operation during third burn eliminates the
need of an LH_ bias for second coast and eliminates thrust variations due to PU

z
valve motion toward the end of flight. The elimination of LH 2 boiloff biases also
eliminates the sequencing associated with the biases.

The capability of operating in the modes previously discussed were incorporated
into the propellant utilization electronics at 504 and subs. The basic approach
is shown in Figure 10.3.3-10.

10.3.3.4 Instrumentation System

Saturn V LOR Stage

The measurement changes for the operational J-2S LOR missions are itemized
in Table 10.3.3-VI. There are a total of 54 deletions and 46 additions to the

S-IVB. The deletions occur primarily in three areas; (1) ullagerocket and
jettison, (2) J-2 engine peculiar measurements, and (3) chilldown system. The
additions are primarily on the J-2S engine. A comparison of the S-IVB/J-2 and
S-IVB/J-2S indicates that 24 measurements at the engine interface remain the

same. Functionally, 9 other engine measurements remain the same; however,
the measurement range is different from the J-2. Of the 54 measurement

deletions, 17 are at the engine interface with the remainder in the vehicle.
Nine additional measurements will be monitored from the stage. One of these
measurements, C8, was flown on earlier vehicles but is not presently teleme-
tered. The remainder are engine associated measurements such as commands
and talkbacks which are picked up in distributors. The additional telemetry

requirements at the engine interface fall into two categories as follows: (1) those
that are presently wired to the interface and (2) those which are not presently
wired to the interface, most of which have been requested by MDAC. It is
assumed that transducers and wiring to implement these requested measurements

can be installed on the engine by Rocketdyne.

Since the instrumentation net change is only 8 deleted measurements, it will
not be necessary to change the present multiplexing and RF transmission system
provided the sampling rates remain approximately the same as they are presently.

However, as a result of these changes, it will be necessary to change the signal
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FIGURE 10.3.3-10. PROPELLANT UTILIZATION SYSTEM SCHEMATIC

10.3.3.4 (Continued)

conditioning rack module complement, revise cable drawings, cable network

drawings, schematics, Instrumentation Program and Components List, and
installation drawings.

Engine instrumentation power requirements during the S-IVB flight and coast
period are reduced from 240 watts for the J-2 to 18 watts for the J-2S.

Virtually all the additional measurement points are on the engine, therefore,

transducer component testing will be small. However, new amplifiers, temper-
ature bridges, and other networks for the additional measurements must be

designed and tested if present components are not acceptable.

Instrumentation test requirements and H&CO drawings must be revised for dry
checkout areas and for the Beta Test Stands at Sacramento.

The transducer and signal conditioning rack module additons and deletions as well
as wire harness changes for the LOR mission are listed in Table 10.3.3-VII.

Saturn V Synchronous Stage

The measurement changes for an operational J-2S synchronous mission are
itemized in Table 10.3.3-VIII.
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TABLE 10.3.3-VII.

D5-15772-2

Component

Temp Bridge

Temp Bridge

Temp Bridge

DC Amplifier

DC Amplifier

Temp Sensor

Temp Sensor

Temp Sensor

Temp Sensor

Press Transducer

Press Transducer

Press Transducer

Press Transducer

Press Transducer

Press Transducer

Press Transducer

Position Transducer

Position Transducer

Position Transducer

Position Transducer

Level Sensor

Event Network

Event Network

INSTRUMENTATION CHANGES FOR THE J-2S
OPERATIONAL LOR

Number

Added

17

3

Part

Number

1A98088

1A82274

TBD

1A82395

TBD

NA5-27215

1A67863

NA5-27321

TBD

NA 5-27412

1B43320

1B53574

1B53573

1B88035

1B43324

TBD

NA 5-27307

NA5-27285

NA5-27306

TBD

1A68710

1B44241

TBD 2

Number
Deleted

2

2

3

1

1

1

2

1

1

1

1

Modify
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TABLE 10.3.3-VII. (Continued)

Part Number Number
Component Number Added Deleted Modify

Flow Rate

Freq to DC Converter

Wire Harness 404W203

Wire Harness 404W208

Wire Harness 403W200

1A89104

1B37523-501

1B74670

1B67209

1B67208

2

2

10% change to
noted drawing.

5% change to
noted drawing.

5% change to
noted drawing.

TABLE 10.3.3-VIII. ADDITIONAL R&D INSTRUMENTATION FOR THE
SYNCHRONOUS MISSION

Measurements Fwd Aft

LOX Tank (Internal)

Twenty-one (21)

Temperatures

LOX Tank (External)

Six (6) Temperatures

Auxiliary Propulsion System

Thirteen (13) Temperatures

O2H 2 Burner

Three (3)Temperatures

Six (6) Pressures

21

13

Minimum

Sample
Rate

24 SPM

1 SPM

1 SPM

4 SPS

4 SPS

Function

Evaluation of LOX sloshing
and heat input (for boiloff
calculations)

Evaluation and analysis of
heat input into LOX tank
(for boiloff calculations)
entrainment, and strati-
fication

Thermo evaluation and

verification of passive and
active thermo control
methods.

Determination of flowrates

of propellants (oxygen and

hydrogen) and pressurant
(Helium)
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Measurements

Non Propulsive Vent

Two (2) Temperatures

LOX Tank Vent Inlet

One (1)Temperature

Cold Helium System

Two (2) Temperatures

LH2 Tank (Internal)

Thirty-five (35)
Temperature s

LH2 Tank (External)

Nine (9) Temperatures

!Aft Skirt (External)

Four (4) Temperatures

Continuous Vent

One (1) Temperature

TABLE 10.3.3-VIII. (Continued)

Fwd Aft

35

4

Minimum

Sample
Rate

4 SPS

4 SPS

1 SPM

24 SPM

1 SPM

1 SPM

4 SPS

Function

Determination of vent flow-
rates required to determine
LH2 mass characteristics
such as boiloff

'Determination of LOX tank

pressurant flowrate and
venting characteristics

LH2 mass calculations due

to uncertainty of LH2 level
and LOX ullage volume

Evaluation and analysis of
fuel sloshing, vapor en-
trainment, heat input (for
boiloff calculations) and
stratification

Evaluation and analysis of
fuel heat input (for boiloff
calculations)

Evaluation and analysis of
heat input into LOX tank

(for boiloff calculations)

Determination of vent gas
energy increase in vent line
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Measurements

Power System

One (1) Current

One (1) Voltage

Two (2) Temperatures

PCM RF System

Two (2) Forward Power

Two (2) Reflected Power

Deleted:

One (1) Forward Power

One (1) Reflected Power

Thermo Conditioning

Ten (10) Temperatures

Total 55 66

TABLE I0.3.3-VIII. (Continued)

Minimum

Fwd Aft Sample
Rate

Function

1 4 SPS

1 4 SPS

2 5 SPM

Prelaunch redline require-
ment, determination of
battery loads for perform-
ance evaluation.

2 5 SPM

2 5 SPM

Prelaunch checkout per-
formance evaluation.

-1 12 SPS

-1 12 SPS

10 1 SPM Thermal evaluation and
verification of thermal
control methods.

10.3.3.4 (Continued)

A comparison of the operational telemetry lists for the S-IVB/J-2 and S-IVB/J-2S

stages indicates the S-IVB/J-2S synchronous stage will require 47 additional

measurements, 54 deletions and range changes for 9 measurements. During the

R&D phase of the synchronous program, it is anticipated that an additional 166

measurements will be required, or a net change of 112 measurements. The

deletions fall into the same category as for the LOR mission. The operational

additions all fall into the same category as for the LOR mission. The R&D

measurements are a general augmentation of the engine, APS and tankage instru-

mentation. The present instrumentation system cannot accommodate this many new

measurements without additional equipment. A discussion of these changes is

found in the following paragraphs.
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10.3.3.4 (Continued)

Instrumentation System Evaluation for Synchronous Orbit

The present instrumentation system must be augmented to telemeter the

additional synchronous orbit measurements. The ground rules for the mission
are as follows:

1. Mission control parameters will not be changed in sample rate, time
slot, or cross strapping.

2. The measurements listed in Table 10.3.3-VIII were used in sizing the
system.

3. Continuous data coverage is required, which requires a tape recorder.

The recommended system is outlined below and shown in Figure 10.3.3-11.

• Add 2 Model 270 multiplexers

• Add 2 low level remote analog submultiplexers

• Re-program the Model 301 PCM/DDAS assembly for time sharing
3 Model 270 multiplexers in the present CP multiplexer time slot.

S-IVB FWD
"S-IVB AFT

RASMMD 102

_1

[ 1

T^DC / PCM/FM
.... MOD II

I M_-45_"_ I. t SWITCHING

i-*i PLEXER I I PLEXER I I PLEXER I

J [ MD270 J [ MD 270 ] [ MD270 l

I I

I I
I SEQUENCER I I IU

__J I

I

RASM ]_ SIGNAL i
MD 102 CONDITIONING

ASSEMBLIES

I RASM I-_ MULTI- I--
MD 102 PLEXER

MD 270

' l
SIGNAL CONDITIONING ASSEMBLIES

17"EXI STI NG SYSTEM

FIGURE 10.3.3-11. INSTRUMENTATION SYSTEM
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10.3.3.4 {Continued)

All present measurements on the CP multiplexer will be cross-strapped to the
same channels on the 2 added Model 270 multiplexers. This maintains a sample

rate of 120 or 12 sps for these measurements. Prime channels 6, 7, 8, and 15

are opened up for remote analog multiplexer inputs. As a sample rate of 4 sps
will satisfy the requirements of the synchronous orbit measurement, provisions
are available, on each of the three multiplexers, for 4 remote submultiplexer
inputs (40 low-level measurements) and 14 high-level (0-5V) inputs to be meas-
ured at 4 sps° Considering all three multiplexers, this provides for 120 temper-
ature measurements, via remote analog multiplexing and 42 other measurements
conditioned and inserted in the Model 270 multiplexer for measurement at a

4 sps rate. The complete evaluation may be found in the synchronous orbit study.

PCM RF System Evaluation

The ground rules are as follows:

1. The IU PCM/RF system will be changed to allow receiving of data

throughout mission.

2. A 10 db system improvement is required to insure reception of data
through mission.

3. The vehicle will roll at the rate of one revolution per hour.

The vehicle RF and/or TM systems must be modified if they are to be used to
facilitate data recovery during the final portion of the transfer orbit and the final
burn of the S-IVB. Calculations based on the current 18 watt configuration of the
Saturn V and utilizing the TLM 18 tracking net indicate that threshold will occur
at a nominal altitude of 5,000 miles. System improvement versus probability of
data recovery by a single ground station for 20,000 miles altitude and arbitrary
vehicle attitude is plotted in Figure 10.3.3-12.

Since the vehicle is experiencing a roll during the transfer orbit maneuver and
its axis is perpendicular to the sun, the ground station may fall anywhere in the
complete sphere of the radiation pattern of the vehicle. This makes the probabil-

ity curve directly related to the antenna gain pattern of the vehicle. Further,
since at 20,000 miles distance the earth subtends an angle of 28 ° with respect to
the vehicle, the entire earth (and therefore all antennas on earth) could fall
within a single null of the pattern. Therefore, it must be assumed that to
completely preclude the loss of data, the system must be improved sufficiently
to assure ground station lock in a worst-case condition. The worst nulls in the
vehicle pattern go to -18 dbm with respect to an isotrophic radiator.

The curve in Figure 10.3.3-12 is based on contour plots of antenna patterns.
Characteristics of the antenna patterns are as follows:

80 percent of sphere of radiation above -6 db

90 percent of sphere of radiation above -9 db

95 percent of sphere of radiation above -12 db
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FIGURE 10.3.3-12.

I • SINGLE GROUNDSTATION
• SINGLE POLARIZATION

RHC OR LHC
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PATTERN CONTOUR PLOTS
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5 I0 15 20 25
DB

PROBABILITY OF DATA RECEIPT/PCM-RF

SYSTEM (SYNC MISSION)

10.3.3.4 (Continued)

97.5 percent of sphere of radiation above -18 db

100 percent of sphere of radiation above -21 db

Using the formula: Nn = 1 - (i- NI)n

Where: n = Number of ground receivers

Nn = Probability of receiving data with n ground receivers

N 1 = Percent of sphere of radiation above a certain db level

With the existing system characteristics shown in Table 10.3.3-IX, there is an
80 percent probability of receiving data at a single TLM-18 ground receiver.

With two ground receivers there is a 96 percent probability of receiving data.
With three ground receivers the probability rises to 99.2 percent.

10-535



TABLE I0.3.3-1X.

D5-15772-2 __

EXISTING AND IMPROVED PCM RF MARGIN
COMPARISONS

I. (18W, TLM-18)

Veh Trans Pwr

Veh Ant. Gain

Veh RF Syst Loss

Space Attenuation

Grnd Sta Ant. Gain

Grnd Sta RF Loss

Exp Revr Sig Pwr

Req Sig Pwr

Margin

2. (Two 40W, TLM-18)

Veh Trans Pwr

Veh Ant. Gain

Veh RF Syst Loss

Space Attenuation

Grnd Sta Ant. Gain

Grnd Sta RF Loss

Exp Revr Sig Pwr

Req Sig Pwr

Margin

Nora. Best Worst

+ 42.5

- 6.5

- 4

-170

+ 28

- 0.5

-110.5 dbm

-100 dbm

- 10.5

+ 46

- 6.5

0

-170

+ 28

- 0.5

ii0.5 dbm

-I00 dbm

0

+ 42.5

0

- 4

-170

+ 28

0

-103.5

-i00

- 3.5

+ 46

0

0

-170

+ 28

0

-103.5

-I00

+ 7

dbm

+ 42.5

- 12

- 4

-170

+ 28

- 2

-117.5

-I00

- 17.5

+ 46

- 12

0

-170

+ 28

- 2

-117.5

-100

- 7

dbm
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10.3.3.4 (Continued)

Six systems were analyzed in the synchronous orbit study. The recommended

system adds two 1A77080 forty watt amplifiers, one at each antenna, using the

Mod II RF assembly as drivers. This would increase the antenna power from a

nominal value of 4.4 watts (22 watts nominal transmitter output through a nom-

inal 7 db insertion loss) to 40 watts for an improvement of approximately 10 db.

This system is shown in Figure 10.3.3-13. The major considerations for this

system is listed in Table 10.3.3-X. The complete evaluation may be found in

the synchronous orbit study.

A list of the hardware required for the synchronous mission is given in
Table 10.3.3-XI.

T q HPOWER DC AMP
MEASUREMENT

REFLECTED _ HIGH GAIN H
POWER DC AMP
MEASUREMENT

RF
DETECTOR

RF I
DETECTOR .

I

PCM RF ASSY /

PCM II RF RF

XMTR _ POWER POWERAMP DIVIDER

COAX SWITCH
CHECKOUT
MODULE

f

_I BI-
DIRECTIONAL
COU P LER

IH,GHLOSSl [ RF POWERAMP
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FIGURE 10. 3.3-13. IMPROVED PCM RF SYSTEM
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TABLE 10.3.3-X. PCM RF SYSTEM SELECTION CRITERIA FOR A
SYNCHRONOUS ORBIT MISSION

Selected System

Selected Receiving Stations Required

All S-IVB Meas Received During Flight

Decrease in S-IVB Meas Rate

Antenna Switching Required

Vehicle Attitude Control

Vehicle Attitude Sensing

Antenna Pattern Test

New Hardware

System Improvement

System Description

No

Yes

No

No

No

No

No

No

10db

Add two power
amplifiers

TABLE 10.3.3-XI. INSTRUMENTATION HARDWARE FOR THE
J-2S SYNCHRONOUS ORBIT MISSION

Quantity Part Name *Reference Part Number

Add 3

Add 2

Add 2

Add 2

Add 1

Add 110

Add 7

Signal Conditioning Racks**

Amplifiers

Model 270 Multiplexers

Low Level Remote Analog
Submultiplexers

Tape Recorder

Temperature Transducers

Pressure Transducers

1B55689

1A77080

1B55251

1B54062

IA66884-xxx

IA67863

IB43324

*This part number provided similarity information for pricing purposes and

may not be the actual part number.

**These racks hold the necessary temperature bridges, amplifiers, etc. for
the added transducers.
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TABLE 10.3.3-XI. (Continued)

Quantity Part Name *Reference Part Number

Delete 1

Delete 1

Add 2

Add 2

Modify 1

Modify 1

Modify 1

Modify 1

Modify 1

Modify 1

Modify 1

Modify 1

Add 1

Modify 2

Forward Power Transducer

Reflected Power Transducer

Forward Power Transducers

Reflected Power Transducers

1A94910-511 •

1A54875-501

1A95910-511

1A54875-501

Wire Harness 404W208

Wire Harness 406W200

Wire Harness 408W200

Wire Harness 404W209

Wire Harness 404W206

Wire Harness 411W219

Wire Harness 411W200

Wire Harness 411W205

Wire Harness 405Wxxx

Wire Harness 414W200
415W200

50% Increase to 1B67209

200% Increase to 1B58865

300% Increase to 1B58247

25% Increase to 1B66648

25% Increase to 1B66646

50% Increase to 1B64944

50% Increase to 1B58282

50% Increase to 1B76615

Equal to 11365303

50% Increase to 1B58284

*This part number provided similarity information for pricing purposes and
may not be the actual part number.

10.3.4 Thermal Environment and Protection

The thermal environments for the S-IVB Stage were defined for the boost and

orbital phases of flight. The aerodynamic heating environments were found to
be less severe than those produced by the AS-501 maximum heating trajectory;
therefore, no high temperature problems are indicated for the vehicle structure.
Thermal analyses of the LH2 and LOX feedlines were performed to determine
the orbital minimum and maximum line temperatures in support of the engine
chill-down analyses. The results indicate that most of the line segments will
exceed the Rocketdyne upper temperature limit (-100°F) for the various mission
phases considered unless the surface optical properties are modified.
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10.3.4.1 Aerodynamic Heating

The J-2S missions as described in NASA letter R-P&VE-PA-68-L-52, dated
6 August 1968 (LOR and synchronous) are less severe from a heating viewpoint
than the AS-501 design trajectory. No high temperature problems are indicated
for the S-IVB vehicle structure.

10.3.4.2 Orbital Heating

The objective of this thermal analysis was to determine minimum and maximum

LOX and LH 2 feedline temperatures for use in the engine chilldown analysis.
Also determined were maximum orbital heating rates to the LH2 and LOX when

flowing through the feedlines. These heating rates are presented below for a
vehicle in Low Earth Orbit (LEO) and in a transfer trajectory.

LEO Transfer Trajectory

LH 2 Feedline 2100 Btu/hr 1900 Btu/hr

LOX Feedline 500Btu/hr 675 Btu/hr

The thermal models for both feedlines, extending from the propellant tanks to
the J-2S engine interface, consist of a series of cylindrical nodes (Figure 10.3.4-1)
whose temperatures are determined by use of a three-dimensional heat transfer

digital computer program. Each node, representing a line segment which is
partially shaded by the surrounding structure, is input with variable direct solar,
albedo, and earth emission heat fluxes and allowed to reradiate to space and the

surrounding structure. The portion of the LH 2 feedline enclosed in the fairing
and aft skirt region, and the LOX feedline inside the thrust structure radiate to
the surrounding structure. Line supports and brackets are represented by con-
duction paths in the thermal models.

The following assumptions were used in determining the minimum and maximum
feedline temperatures.

a. Earth Orbit Parameters

1. 100 nautical mile circular orbit.

2. Maximum heating orbit - angle between orbit plane and sun vector
(_) = 52 degrees.

3. Minimum heating orbit - _ = 0 degree.

b. Vehicle Orientation

1. LEO - vehicle centerline parallel to velocity vector; position plane I
toward earth.

2. Transfer trajectory to synchronous orbit - vehicle centerline per-
pendicular to sun vector with a one revolution per hour roll rate.

10-540



D5-15772-2

FAIRING

LOX TANK SKIRT

WARMEST LH2
LINE SEGMENT

THERMAL CURTAIN

THRUST STRUCTURE

WARMEST LOX
LINE SEGMENT

FIGURE i0.3.4-1. LH 2 AND LOX FEEDLINE THERMAL MODELS

10.3.4.2 (Continued)

c. Feedline Optical Properties

I. Solar absorptivity (a) = 0.52.

2. Emissivity (e) = 0.29.

d. Vaporized propellant and oxidizer were assumed to occupy the lines

immediately after engine cutoff.

Figures 10.3.4-2 and 10.3.4-3 present the minimum and maximum temperatures

along the LH 2 and LOX feedlines that exist at the engine restart times being

considered in this study. Temperature bands are presented for both lines during

the earth orbit phases of the flight. These bands define the range of temperatures

which occur because of the variation of the time that the vehicle is in the earth's

shadow (dependent on the _ angle). No temperature band is presented for the

5.3-hour transfer phase of flight since the only source of heat during this phase

of the mission is direct solar radiation, and the 1 rph roll rate produces a fixed

time in the sun for each line segment.

The results indicate the maximum average LOX feedline temperature will occur

at the end of the 5.3-hour transfer trajectory, whereas the maximum average

LH 2 line temperature will occur at the end of the 7.5-hour earth orbit period.

This is because, unlike the LOX line, the LH2 feedline runs along the entire

length of the thrust structure which produces a greater shading effect on the line

during the transfer orbit, when the only source of heat on the line is highly direc-

tional solar energy. During the low earth orbit phase of flight, when there is

diffuse albedo and earth emitted energy incident on the line, the shading effects

of the thrust structure are less pronounced, resulting in the higher average line

temperature.
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I0.3.4.2 (Continued)

Temperature histories for the warmest LH 2 and LOX feedline segments are pre-
sented in Figures 10.3.4-4 and 10.3.4-5 respectively. The warmest LH2 line

segment is located adjacent to the thrust structure approximately 120 inches from

the LH 2 tank. The warmest LOX line segment is located near the customer con-
nect panel approximately 40 inches from the LOX tank. The LOX feedline has a

more rapid warming rate in comparison to the LH2 feedline because itis not

vacuum jacketed and has less mass.

To reduce the linetemperatures to values approaching the Rocketdyne -100°F

upper temperature limit, the following possibilitiesshould be considered:

a. Reduce the opticalproperty ratio (n/c) of the line segments exposed to

direct solar radiation from their present high value of I.8 to approximately

0.3 by painting those line segments white. Although there is the possibility

of some degradation of the 0.3 value (i.e., an increase) due to contamination

of the paint as the result of retrorocket plume impingement during separa-

tion from the S-II Stage, the final o/c ratio should be considerably less than
the present 1.8 value. A reduction of the n/e ratio to 0.3 should maintain

the line segments exposed to direct solar radiation at approximately 0°F

during all of the missions presently being considered.

b. Reduce the emissivity of those line segments not exposed to direct solar

radiation from the present value of 0.3 to approximately 0.1 by wrapping

these segments with a low emissivity material such as aluminized mylar.

This would reduce the rate of heat transfer to these line segments by radia-

tion from the surrounding structure.
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10.3.4.2 (Continued)

e. An alternative to the first two possibilities would be to wrap all line segments
with a high performance insulation system such as multiple layers of alumin-
ized maylar. Such an insulation system, while it would have to be protected
from the retrorocket plume impingement effects, should maintain most of
the line segments well below -100°F.

10.3.5 Weight and Mass Properties

The weight data generated during this study examined the mass characteristic
changes resulting from the incorporation of a J-2S engine as an "in-line modifi-
cation" on an operational stage.

10.3.5.1 Weight Breakdown

Table 10.3.5-I is a tabulation, in NASA format, of the weights of the major sub-
systems of the three configurations evaluated. The baseline configuration,
Vehicle 511, was chosen as the representative operational vehicle. The LOR
mission and synchronous mission vehicles are modifications of the baseline vehicle
incorporating a J-2S engine and mission related modifications as an "in-line
change".
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TABLE 10.3.5-I WEIGHT SUMMARY (J-2S IN LINE)

NASA 2nd Generation Breakdown

Propellant Container
Forward of Tanks
Aft of Tanks
Thrust Structure

Fairings & Assoc Structure
Paint & Sealer
Heat & Flame Prot Insulation

Structure

Engine & Accessories
Purge System For Chilldown
Fuel System
Oxidizer System
Cryogenic Repress System
Stage Control Sys Hardware

Propulsion Sys & Accessories

Equip & Instr Structure

Environmental Control Sys
Control Sys Electronics

Telemetry & Measuring Sys
Propellant Utilization Sys
Electrical System
Range Safety System
Pneumatic System

Auxiliary Propulsion Sys
Separation System
Ullage System
Systems for Total Vehicle

Equipment & Instrumentation

Stage Dry Weight

Change from S-IVB-511 Baseline

S-IVB-511
Baseline

LOR
Mission

(lbs)

W3.3 8933
W3.6 1242

W3.8 1816
W3.9 774
W3.10 196
W3.15 104

W3.18 182

W3.0 13248

W4.1
W4.6
W4.7
W4.8
W4.9
W4.10

W4.0

W6.1
W6.2
W6.5
W6.8
W6.10

W6.11
W6.12

W6.15
W6.16
W6.17
W6.18
W6.2O

W6.0

WAD

3572
272

1573
1264

310
284

7275

430
231
116

1165
175
829

69
298
854
117
212

91

g588

25111

S-IVB-511

J-2S Engine
LOR

Mission

(Ibs)

8923
1242
1801

809
174
104
182

13235

4012
0

1616
1317

310
284

7539

427
231
116

1126
175

726
69

269

829
117

0
91

4176

24950

-161

S-IVB-511

J-2S Engine
Sync.

Orbit Mission

(Ibs)

9232
1242

1801
809
174
104
182

13544

4073

0
1067
1111

310
284

6845

431
268
116

1533
175

1060
69

269
829
117

0
91

4958

25347

+236
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10.3.5.2 Weight Substantiation

To aid in the evaluation of the study results, the substantiation for the weight
changesshownin Table 10.3.5-I are presented below.

Propellant Container W3.3

Remove chilldown systems
fittings coded to propellant
container

Delete existing LH2 tank
baffle

Add new LH2 tank baffle
& deflector

Add new LOX tank baffle

LOR Sync Orbit

-10 lb -10 lb

-198 lb

+220 lb

+287 lb

Change to W3.3

Aft of Tanks W3.8

Redesign skin supports due to
deletion of chilldown system

Redesign skin & stringers due
to deletion of ullage rockets

-10 lb +299 lb

LOR Sync Orbit

-21 lb -21 lb

+ 6 lb + 6 lb

Change to W3.8

Thrust Structure W3° 9

Increase stringer area on thrust
structure due to higher design
loads of J-28 engine

-15 Ib -15 Ib

LOR Sync Orbit

+35 lb +35 lb

Change to W3.9

Fairings & Associated Structure W3.10

Remove chilldown system line
fairings

+35 lb +35 lb

LOR Sync Orbit

-22 lb -22 lb

Change to W3.10 -22 lb -22 lb
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10.3.5.2 (Continued)

Engine & Accessories W4.1

Remove engine start tank fill
line

Remove engine start tank vent
& relief line

Add engine LOX dome purge
line and wiring

Remove standard J-2 engine

Add J-2S engine with 2 solid
propellant turbine starters

Add J-2S engine with 3 solid
propellant turbine starters

Change to W4.1

Purge System for Chilldown W4.6

Remove chilldown & purge

system

Remove multipurpose support
structure and assign to oxidizer
system

Change to W4.6

Fuel System W4.7

Add spacer & couplings to
replace chilldown prevalve

Delete (5) ambient helium
bottles, bottle supports, and
plumbing

Add (2) cold helium bottles,

bottle supports, and plumbing

Change to W4.7

LOR

-61b

Sync Orbit

-61b

- 61b -61b

+7 lb +71b

-3515 lb

+3960 lb

-3515 lb

+4021 lb

+ 440 lb + 501 lb

LOR

- 256 lb

Sync Orbit

- 256 lb

- 16 lb - 16 lb

- 272 lb - 272 lb

LOR

+431b

Sync Orbit

+431b

_-664 lb

+115 lb

+431b -506 lb
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i0.3.5.2 (Continued)

Oxidizer System W4.8

LOR Sync Orbit

Add multipurpose supports
previously coded to W4.6

Add spacer to replace chill-
down prevalve

Delete 2 ambient helium

bottles, bottle supports, and
plumbing

Add 1 cold helium bottle,
bottle supports, and plumbing

+ 16 lb

+ 37 lb

+ 16 lb

+ 37 lb

- 264 lb

+ 58 lb

Change to W4.8 + 53 lb

Equipment & Instrumentation Structure W6. I

LOR

- 153 lb

Sync Orbit

Remove panel isolators no
longer required

Add wire support panel for
thermoconditioning equipment

-31b -31b

+4 lb

Change to W6.1 - 3 lb

Environmental Control Equipment W6.2

+llb

LOR Sync Orbit

Add heater blankets

Add 1 cold plate for tape
recorder

+ 11 lb

+ 26 lb

Change to W6.2

Telemetry & Measuring Equipment W6.8

Remove LOX depletion sensors

Remove feed thru disconnect

and wiring

Delete 54 telemetry measurements

LOR

- 71b

-15 lb

-35 lb

+ 37 lb

Sync Orbit

-71b

-15 lb

-35 Ib

10-548



D5-15772-2

10.3.5.2 (Continued)

Add new J-2S telemetry
measurements.

Add tape recorder.

Add XMTR switch assembly.

Add RF power amplifier.

Add 2 Model 270 multiplexers.

Add 3 signal conditioning racks.

Change to W6.8

Electrical System W6.11

Remove aft No. 1 battery.

Remove forward No. 1 battery.

Add smaller aft No. 1 battery.

Add 2 larger forward
No. 1 batteries.

Modify wiring.

Add E/I switch.

Change to W6.11

Pneumatic System W6.15

Remove control modules asso-

ciated with ehilldown system.

Modify engine pneumatic control
modules and plumbing.

Change to W6.15

LOR

+ 18 Ib

Syne Orbit

+210 lb

+ 38 lb

+llb

+llb

+40 lb

+135 lb

- 39 lb +368 lb

LOR

-170 lb

+ 78 lb

- ii Ib

Sync Orbit

-170 lb

+378 lb

+ 14 lb

+91b

-103 lb +231 lb

LOR

- 27 lb

- 21b

Sync Orbit

- 27 lb

- 21b

- 29 lb - 29 lb
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10.3.5.2 (Continued)

Auxiliary Propulsion System W6.16

Remove APS ullage engines

Remove engine support
structure and wiring

Change to W6.16

Ullage System W6.18

Remove entire ullage
rocket system

Change to W6.18

ti$_lJ_ftVmL4- N_

LOR Sync Orbit

- 22 Ib - 22 Ib

- 3 Ib - 3 Ib

- 25 Ib - 25 lb

LOR Sync Orbit

- 212 lb - 212 lb

- 212 lb - 212 lb

10.3.5.3 Drop Weights

Tables 10.3.5-II and 10.3.5-III present the S-IVB drop weights for the LOR and
synchronous orbit missions respectively. These drop weights are listed in the
format specified by Boeing memorandum 5-9225-H-121, dated 6 September 1968.

TABLE 10.3.5-II S-IVB DROP WEIGHTS LOR MISSION (J-2S IN LINE)

Mission Event Item Description Item Weight (LBM)

S-U/S-IVB
Separation

Idle Mode
Start

Mainstage Start

90 Percent Thrust

Engine Cutoff
Command

AFT Interstage
Retro Propellant
Separation Package

Idle Mode LOX
Idle Mode LH2

Turbine Spin Prop
LOX Thrust Buildup
LH2 Thrust Buildup

APS (Roll Control)

LOX Thrust Decay
LH2 Thrust Decay
LOX Idle Mode
LH2 Idle Mode

7,021

1,062
51

13
5

10

365

145

91
40
20

8
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TABLE 10.3.5-II (Continued)

Mission Event Item Description Item Weight (LBM)

Start Coast

2nd Idle Mode Start

2nd Mainstage Start

2nd 90 Percent Thrust

2nd Engine Cutoff

Trans Lunar Injection

LOX Vented
LH2 Vented

APS (Attitude Control)

LOX Idle Mode
LH2 Idle Mode

LOX Thrust Buildup
LH2 Thrust Buildup
Turbine Spin Prop

APS (Roll Control)

LOX Thrust Decay
LH2 Thrust Decay
LOX Idle Mode
LH2 Idle Mode

S-IVB Dry Stage
LOX Trapped
LH2 Trapped
LOX Ullage Gas
LH2 Ullage Gas
Cold Helium in Bottles

Repress Helium (Ambient)
APS Propellant
Service Items

270

3,623
3O

150
92O

365
145

10

2

91
40
20

8

24,950
396
733
377
425
197

72
589

57

TABLE 10.3.5-III S-IVB DROP WEIGHTS SYNCHRONOUS

ORBIT MISSION (J-2S IN LINE}

Mission Event Item Description Item Mass (LBM)

S-II/S-IVB

Separation

Idle Mode
Start

M ainstage
Start

Ninety Percent
Thrust

AFT Interstage
Retro Propellant

Separation Package

Idle Mode LOX
Idle Mode LH2

Turbine Spin Prop
LOX Thrust Buildup
LH2 Thrust Buildup

APS (Roll Control)

7,021
1, 062

51

13
5

10
365
145
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TABLE 10.3.5-III (Continued)

Mission Event Item Description Item Mass (LBM)

J2-S Cutoff
Command

Start Coast

2nd Start Idle Mode

2nd Mainstage Start

2nd 90 Percent Thrust

2nd J2-S Cutoff
Command

Start Coast

3rd Start
Idle Mode

3rd Mainstage
Start

3rd 90 PercentThrust

3rd J2-S Cutoff
Command

Sync Orbit
Injection

LOX Thrust Decay
LH2 Thrust Decay
LOX Idle Mode
LH2 Idle Mode

LOX Vented
LH2 Vented

APS (Attitude Control)

LOX Idle Mode
LH2 Idle Mode

LOX Thrust Buildup
LH2 Thrust Buildup
Turbine Spin Prop

APS (Roll Control)

LOX Thrust Decay
LH2 Thrust Decay
LOX Idle Mode

LH2 Idle Mode

LOX Vented
LH2 Vented

APS (Attitude Control)

LOX Idle Mode
LH2 Idle Mode

LOX Thrust Buildup
LH2 Thrust Buildup
Turbine Spin Prop

APS (Roll Control)

LOX Thrust Decay
LH2 Thrust Decay
LOX Idle Mode
LH2 Idle Mode

S-IVB Dry Stage
LOX Trapped
LH2 Trapped

LOX Ullage Gas
LH2 Ullage Gas
Cold Helium

APS Propellants
Service Items

91
4O
2O

8

4OO

6,606
75

150
92O

365
145

9

1

91
4O

2O
8

3OO

1,800
68

150
92O

365
145

9

1

91
4O
2O

8

25,347
396
733
57O
614

120
199

59
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10.3.5.4 Mass Characteristics

Table 10.3.5-IV presents the S-IVB dome mass characteristics for the LOR
mission. This mission is considered the worst controllability case for the

study.

TABLE 10.3.5-IV. S-IVB DOME MASS CHARACTERISTICS
AT 1ST ENGINE START COMMAND FOR THE LOR MISSION

Forward
Dome (_)

Aft

Dome (_)

Weight

(Ibs)

11, 240

204,00 8

Horiz.
C.G.

(Inches)

597.7

237.2

Vertical
C.G.

(Inches)

-0.1

Lateral
C.G.

(Inches)

0

-0.1

Point of

Attachment S-IVB

Station (Inches)

554.7

286.1

Pitch Moment

of Inerti_

(Slug-ft2)

5,888

143,492

(_) Includes forward dome, insulation, accessories and 10,082 lbs. of LH 2.

(_) Includes aft dome, common bulkhead, thrust structure and accessories,
J-2S engine, LH 2 and LOX feed lines, and 193,273 lb of LOX.

(_ The Pitch moments of inertia of the domes are about their respective
attach points.

10.3.6 Ground Support Equipment

The GSE associated with the S-IVB is divided into propulsion, electrical, and
mechanical support systems. The following paragraphs are identified by the
corresponding stage system that is being serviced or monitored. Where deleted
functions have resulted in unused GSE, the present policy of system isolation
rather than removal has been applied.

The J-2S caused changes to propulsion GSE are generally ones of deleting functions
and isolating hardware. Engine start tank elimination has permitted isolation of
the GH 2 supply system. GSE heat exchanger subsystems were not isolated since
this would require new control circuits, the requirement for both engine and stage
cryogenic helium was eliminated. Rather, no LH 2 is admitted to the GSE heat
exchanger, thereby, significantly reducing prelaunch efforts and helium con-
sumption. Propulsion GSE changes occur only at STC and KSC.

Electrical GSE changes are required where valve functions or monitoring are no
longer required in the propulsion GSE. In addition, a large number of changes
are required to the automatic checkout equipment at Huntington Beach and STC.
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10.3.6 (Continued) I 

However, since these systems have inherent flexibility, most changes are 
readily accomplished via patch panel changes. A t  KSC the majority of electrical 
changes are in the government furnished GSE made by General Electric. The 
expected changes to panels in the low bay, launch umbilical tower, and launch 
control center have been identified. More details of KSC impact is found in 
Section 4.4.7 of the Resources Analysis, D5-15772-7. 

Mechanical GSE is affected by certain access kit changes resulting from removal 
o r  relocation of stage and engine components. 

10.3.6.1 Propulsion System Ground Support Equipment 

The primary pieces of propulsion GSE consist of the following: 

a. One pneumatic console, Model 321, located at Huntington Beach, and one 
pneumatic console, Model 32lA, located at STC. Figure 10.3.6-1 is 
typical of each. 

b. Two each pneumatic consoles, Model 319 and 320, located at STC. Three 
each pneumatic consoles, Model 432A and 433A, located at KSC. 
Figure 10.3.6-2 is typical of each. 

C. Two gas heat exchangers, Model 318, located at STC. This model is 
similar to  Model 438A below except fo r  deletion of the GH2 control system 
rack assembly. 

d. Three gas heat exchangers, Model 438A, located at KSC (Figure 10.3.6-3). 

The block diagrams (Figure 10.3.6-4 for STC and Figure 10.3.6-5 for  KSC) show 
the GSE and S-IVB Stage interfaces. 

The pneumatic console, Model 432A, is the ambient helium distribution console. 
This console is designed to receive ambient temperature helium between 
3,500 psig and 6,600 psig, regulate it to lower pressures  and distribute the 
helium through its internal system to the gas heat exchanger (Model 438A), 
pneumatic console (Model 433A), and the stage at the required pressure and 
flowrates. 

The gas heat exchanger (Model 438A) consists of a dewar-type, double-walled 
cylindrical vessel which contains three systems of coils (Figure 10.3.6-3). 
The vessel is mounted on a frame base with the LH2 fill and vent systems and 
the rack-type control console. The function of the gas heat exchanger is to  
produce cryogenic helium and hydrogen gas needed by the stage and 3-2 engine 
for chilldown and pressurization functions during the la t ter  portion of the launch 
countdown. The heat exchanger is designed to  receive LH2 and gaseous hydrogen 
from the facility, helium from the Model 432A console, and nitrogen from the 
Model 433A console. LH2 is supplied from the facility to  the heat exchanger inlet. 
The LH2 passes through a 2-inch control valve and a vacuum-jacketed pipe into 
the bottom of the vessel. 
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FIGURE 10.3 .6-2 .  PNEUMATIC CONSOLE, MODELS 433A AND 320 
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i0.3.6.1 (Continued)

The LH 2 volume in the vessel is controlled by a capacitance type level sensor.
The level sensor ensures that the three systems of coils are immersed in LH2
at all times during operation. The level sensor automatically opens and closes
the fill valve, as required.

The rack assembly adjacent to the heat exchanger tank contains the gaseous
hydrogen system and the helium inlet and outlet control systems. The rack has
a control panel for manual setup and checkout of the unit. An enclosed electrical
cabinet is mounted on the base next to the rack. The rack is an open console to

provide ventilation and prevent possible explosion from entrapped hydrogen.
Facility supplied gaseous hydrogen at 1,600 to 6, 000 psig is received by the
gaseous hydrogen system. The pressure is regulated to 1,225 +50 psig before
entering the heat exchanger. The regulator is a dome-loaded type, but instead
of using upstream gas to load the dome, a supply of helium from Model 432A is
used for safety reasons.

All of the lines and components leaving the heat exchanger through the rack
assembly are well insulated to minimize heat leak into the flowing cold gas.

In addition to the gaseous hydrogen and helium systems, there is a gaseous
nitrogen system to provide control pressure for the solenoid operated

pneumatic valves. The 750 psig gaseous nitrogen is supplied from Model 433A
console.
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10.3.6.1 (Continued) 

The Model 433A pneumatic console is primarily the cold helium distribution 
console. The,cabinet is very similar to Model 432A and is illustrated in 
Figure 10.3.6-2. 

The console receives cryogenic helium from circuits 2 and 3 of the Model 438A 
gas heat exchanger, and distributes the gas to the stage and 5-2 engine. 
Model 433A console contains the gaseous nitrogen system. It is designed to 
receive gaseous nitrogen from the facility at 6,000 psig and regulate and distribute 
the gas to  purge the Model 432A console, the interior of the Model 433A console, 
and the Model 438A electrical console. The purge maintains a positive pressure 
of 2-inches of water in the cabinets. The gaseous nitrogen system also supplies 
actuation pressure for  all pneumatically-operated valves in the GSE. All 
cryogenic lines and components in the console are insulated. 

The combination of Models 318, 319, and 320, located at STC is s imilar  to the 
combination of KSC Models 438A, 432A, and 433A, and has the same combined 
functional capabilities. 

GSE is supplied for propellant loading of the two APS modules of the S-IVB stage. 
The APS GSE consists of a fuel distribution console, oxidizing distribution console, 
and three regulator gage assemblies. The APS GSE is located on the mobile 
service structure at the level closest to the S-IVB APS modules. APS GSE 
supplied t o  perform complete receiving and preinstallation checkout of the APS 
propellant and pneumatic systems is similar in functional capabilities at 
Huntington Beach-VCL, STC-VCL, and APS Lab at KSC. 

Table 10.3.6-1 shows the systems which checkout and prepare the S-IVB stage 
for  static firings and launch. The affected models and their  locations are also 
shown. A discussion of J-2s impact on these systems is found in the following 
paragraphs. 

Pneumatic Control Pressurization System 

The pneumatic console pressurization system provides ambient temperature 
helium gas to  the stage pneumatic control system and to  the LOX and LH2 
repressurization storage spheres. The system must pressurize the stage 
pneumatic control sphere, and repressurization spheres in  a 3-step operation 
required by stage system design, safety requirements, and engine system 
requirements. Implementation of the J-2s engine will not affect this system. 

Auxiliary Propulsion System Pneumatic Pressurization System 

The APS pneumatic pressurization system pressurizes the helium storage tank 
in each APS module for flight. The system also maintains propellant ullage 
pressure after the APS modules have been loaded and pr ior  t o  pressurization 
of the helium tanks. Propellants are loaded onboard the APS modules before 
the actual launch countdown begins. 
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TABLE 10.3.6-1. S-IVB STAGE STATIC FIRINGS/LAUNCH SYSTEMS 

Applicable 
Model Number 

HB STC KSC 

321 
321A 

3 19 
321A 

43 2A Pneumatic Control Pressurization System 

321 
321A 
321 
321A 

____  

321A 43 2A System Pneumatic 
Pressurization Sys tem 

~~ ~~ I Cold Helium Bottle Pressurization System 318 
3 19 
3 20 

432A 
433A 
438A 

432A 
43 8A 

7-- _ _ _ ~ - -  

Engine Turbine Start Tank Pressurization System i 321 
321A 

3 18 
3 20 
321A 

321 
321A 

318 
319 
3 20 
321A 

432A 
433A 
43 8A 

Engine Control Bottle Pressurization System 

1 Thrust Chamber Purge and Chilldown System 3 18 
3 19 
3 20 

43 2A 
433A 
43 8A 

321 
321A 

3 18 
3 19 
3 20 
321A 

432A 
433A 
43 8A 

LOX Tank Prepressurization System 

321 
321A 

3 18 
3 19 
3 20 
321A 

43 2A 
433A 
43 8A 

1 LH2 Tank Prepressurization System 

321 
321A 

321A 47 2 
47 3 

Auxiliary Propulsion System Purge System 

I Oxidizer Dome Purge 3 20 432A 
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10.3.6.1 (Continued}

The APS pneumatic system is pressurized in a 3-step operation to maintain

ullage pressure on the propellants during standby and to meet safety and vehicle
system requirements. Implementation of the J-2S engine will not affect this
system.

Cold Helium Bottle Pressurization System

The cold helium bottle pressurization system provides cryogenic helium gas to
the storage spheres located in the stage LH 2 tank. The stage spheres provide
helium gas for LOX tank pressurization and operation of the dual pressurization

system for LOX and LH 2 tank repressurization during flight. The GSE system is
required to produce the low temperature gas from an ambient supply. Pressuri-
zation of the spheres requires a high flow rate to load several storage spheres in
a reasonable length of time. The cold helium spheres are pressurized in a

3-step operation to comply with stage checkout, safety, and purge requirements.

Implementation of the J-2S engine eliminates the requirement that the pressuri-
zation of the cold helium bottles, engine control bottle, LOX tank and LH2 tank
be accomplished with cold helium gas. At STC the LH2 supply valve to Model 318

heat exchanger shall remain in the closed position at all times. At KSC the LH 2
supply valve to Model 438A heat exchanger shall remain in the closed position at
all times. These changes will be accomplished by STC and KSC revisions to
applicable checkout and loading procedures.

Engine Turbine Start Tank Pressurization System

The turbine start tank pressurization system supplies cryogenic hydrogen gas for
chilldown and pressurization of the J-2 engine turbine start tank. The system
also supplies ambient temperature helium to purge and dry the tank prior to
chilldown. The implementation of the J-2S engine eliminates the requirement for
this system. To save cost, the unused systems will not be removed from the

GSE. At STC the GH 2 system will be disconnected and capped off at the following
locations (Figure 10.3.6-6}:

a. Facility in-line tee located downstream of Model 320 of GH 2 supply to heat
exchanger.

b. Turbine start bottle supply outlet port.

c. 50 psig purge supply upstream of purge supply valve A-9377.

d. GH 2 vent system downstream of check valves A-9548 and A-9511.

e. 750 psig GH 2 valve control pressure at inlet port of solenoid valves A-9361,
A9360, and A-9441.
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10.3.6.1 (Continued)

At KSC the GH 2 and helium systems will be disconnected and capped off at the

following locations (Figure 10.3.6-7):

a. 6,000 psig GH 2 inlet A-11714.

b. Turbine start bottle supply outlet port A-11708.

c. GH 2 vent outlet A-11709.

d. 50 psig helium system upstream of solenoid valves A-11925 and A-11964.

e. Valve control pressure at inlet ports of control solenoid valves A-11983,

A-11915, andAl1927.

f. Inlet port of 6,000 to 2,000 psig helium regulator A-12057.

At Huntington Beach the implementation of the J-2S engine does not affect the

propulsion GSE. For maintenance procedure revisions, See Table 10.3.6-II.
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10.3.6.1 (Continued)

Engine Pneumatic Bottle Pressurization System

This system pressurizes the J-2 engine pneumatic control bottle with cryogenic

helium gas. The engine control bottle provides helium for engine valve actuation

and engine purge on the ground and during flight. Pressurization of the bottle

requires a 3-step operation. The bottle is initially pressurized to 950 psia and

then the pressure is dumped to purge and dry the bottle. The second step pres-

surizes the bottle to 1,450 psia to perform engine purges prior to propellant

loading. The bottle pressure is again dumped at completion of engine purge.

Final pressurization is accomplished with cryogenic helium gas. The imple-

mentation of the J-2S engine eliminates the need for cryogenic helium and hence

the requirement of controlling cryogenic helium with this system. At Huntington

Beach the implementation of the J-2S engine does not affect the propulsion GSE.
For maintenance procedure revisions, see Table 10.3.6-II.

Thrust Chamber Jacket Purge and Chilldown System

This system chills the J-2 engine thrust chamber prior to vehicle liftoff. Chill-

down is accomplished with cryogenic helium gas. Prior to chilldown, the system
is purged with low pressure ambient temperature helium to remove all moisture

contamination. Implementation of the J-2S engine eliminates the helium chill
requirement.
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TABLE I0.3.6-H. PROPULSION GSE MAINTENANCE
PROCEDURE CHANGES

Model
Number/Name

Gas Heat Exch
DSV-4B-318

Pneu Console

DSV-4B-319

Pneu Console

DSV-4B-320

Auto. Stage Ckout
Pneu Console
DSV-4B-321

Auto. Stage Ckout
Pneu Console
DS¥-4B-321A

Pneu Console
DSV-4 B-432A

Pneu Console
DSV-4B-433A

Gas Heat Exch
DSV-4B-438A

I M.P. Dwg

Number

1B33747

IB40841

1B40842

1B37943

1B58201

1B58203

1B58722

1B66388

Effort

Delete pneumatic actuation press setup,
para 6.1.2 and circuit No. 1 (GH2) press.
para 6.1.4. Revise depress, para 6.1.5

and securing of actuation press para 6.1.6.

No changes to maintenance procedure.

Revise filters etc., para 6.1.1, console-
stage and sys press, for external leak-

checks, para 6.3, console securing,
para 6.4, regulators and valves operational
check, para 6.5, controls test, para 6.6
and lubrication, para 6.7. Revise
transducer leakchecks, Table 2.

No changes to maintenance procedure.

No changes to maintenance procedure.

Revise relief valve functional check,

para 5.3, cleaning, para 6.1, pressuriza-
tion, para 6.3, depressurization, para 6.4,
R&R, para 9 and repair, para 10. Revise
Age items and Table I.

Revise pressurization, para 6.3 and
depressurization 6.4 Age items and Table I.

Revise relief valve functional check,

para 5.3, cleaning, para 6.1, pressuri-

zation, para 6.3, and depressurization,
para 6.4 Age items and Table I.
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i0.3.6.1 (Continued)

Propulsion GSE at STC will be modified as follows, see Figure 10.3.6-8:

Eliminate the thrust chamber chilldown supply by disconnecting the cold helium

supply line in Model 320 from inlet port of pneumatic A-9376 valve, and installing
pressure caps on the inlet port and the disconnected tubing. At the facility inter-
face plate, disconnect the thrust chamber chilldown supply line from the tee and
install pressure caps on the tee and disconnected tubing. Disconnect the vent
system downstream of check valve A-9551 and add pressure caps. Disconnect

the 750 psi GN 2 valve control pressure from the inlet port of A-9362 and A-9513,
and add pressure caps.

Propulsion GSE at KSC will be modified as follows, see Figure 10.3.6-9:

Eliminate the thrust chamber chilldown supply by disconnecting Circuit No. 2

cold helium supply plumbing at the upstream port of filter A-11919 in Model 438A,
and install pressure plugs to the filter inlet port and plumbing. In Model 433A
disconnect the tube assembly downstream of orifice A-11937 and install pressure
plugs in the orifice and tube assembly. Disconnect the 750 psi GN2 valve control

pressure at the inlet port of solenoid A-11931 valve and install pressure plugs.
Implementation of the J-2S engine does not affect Huntington Beach propulsion
GSE. For maintenance procedure changes, see Table 10.3.6-1].

LOX Tank Prepressurization System

The LOX tank prepressurization system provides cryogenic helium gas to the
stage LOX tank during the latter portion of the launch countdown. The system
also maintains standby pressure on the LOX tank prior to LOX loading, and
provides pressure to drain the tank in the event of an aborted launch or at the
end of a countdown demonstration.

Implementation of the J-2S engine will affect this system in that ambient helium
will be used exclusively. The LH2 supply valve to Model 318 at STC or
Model 438A at KSC will be in the closed position at all times.

LH 2 Tank Prepressurization System

The LH 2 tank prepressurization system performs the same function on the

stage fuel tank as the LOX system performs on the LOX tank. The system
supplies cryogenic helium to the LH2 tank for pressurization during the latter
portion of the launch countdown. The system also supplies tank standby
pressure prior to loading, and pressure to drain the tank.
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10.3.6.1 (Continued)

Implementation of the J-2S engine will affect this system in that ambient helium
will be used exclusively. The LH 2 supply valve to Model 318 at STC or
Model 438A at KSC will be in the closed position at all times.

APS Purge System

This system supplies gaseous nitrogen to the auxiliary propulsion system
module propellant tanks and engine manifold to purge the propellant system
of moisture in preparation for loading.

The system provides for circulation of propellant through the attitude control
system propellant control assemblies to establish pressure and temperature
requirements of the propellant prior to loading. Propellant is then supplied
from the control assembly to the attitude control system module to load the

tanks. The propellant is circulated through the attitude control system module
tanks to ensure that the system is free of gas bubbles. The system has the
capability for removal of a measured amount of propellant from the module.
The system is designed to remove gas which has accumulated in the attitude
control system propellant tank bladder after loading and prior to launch. The
sight glass inlet tubing has been increased in diameter to improve sight glass
response to actual liquid level within the bleed system. Implementation of the
J-2S engine will not affect this system.

Oxidizer Dome Purge System

The purpose of this system is to supply an inert gas to purge the J-2S LOX dome

and injector of moisture, contaminants, or LOX. At STC the inert gas is GN2,
and at KSC it is helium.

At STC, Model 320 may be used after revising orifice A-9958 to meet the J-2S
engine purge flow requirements.

At KSC, Model 432A will be revised by removing the second stage preset 750 psig
regulator A-11752 and adjacent plumbing (Figure 10.3.6-10) and replacing it
with a dome-loaded regulator of the same basic setting, a loader regulator,
and required plumbing in order to provide a regulator of adequate flow
capability. A 750 psi helium system will be tapped off downstream of

regulator A-11752. This 750 psi system requires a filter, solenoid valve,
orifice, and plumbing to the added Model 432A interface. Facility plumbing
must be added from this 432A interface to the stage aft umbilical interface
plate. For maintenance procedure changes, see Table 10.3.6-II.
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10.3.6.2 Electrical GSE

The electrical GSE at MDAC Huntington Beach (HB) and STC consists of a digital

computer controlled checkout system whose primary function is to verify the
design integrity and operational capability of the complete S-IVB stage. A backup

manual control capability is also provided to allow sating and/or shutdown of the

stage in the event of failure in the automated equipment.

Each vehicle system or component that requires testing is separated or isolated,

stimulated, and the response is measured and compared with a set of standards

with allowable tolerances. If the measured response exceeds the allowable

tolerance, further tests are made to determine whether the vehicle system or the

automatic checkout system is at fault. Then an indication is given, pin-pointing

the problem area.

The electrical GSE at KSC is also a digital computer controlled checkout system

which has the same objectives as the system at HB and STC. Th e principal

difference at KSC is that the backup manual control capability is much more

extensive. The system is designed so that the vehicle checkout and launch

could be conducted manually, if necessary.

The following discussion of GSE subsystems applies to HB, STC, and KSC. There

will be an emphasis on HB and STC because the automatic checkout equipment is

controlled by MDAC, whereas at the KSC Saturn V launch complex 39, the GSE is

controlled by various contractors, principally General Electric.
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Modifications in the GSEcan be made with relative easebecausepatch panels
have been provided to route con_.mal_ds,talkbacks, and measurements between
the Automatic CheckoulSystem {ACS}andthe vehicle and mechanical GSE.
Changesin the patchpanels will impact a portion of the manual control and
display capability. %_hisrefers to switches, lights or meters on control panels.
Changeson the control panels can be economically handledby relabeling functions
on the panels rather than removing or changinghardware.

Implementation of the j-2S eng)neinto LheACSat HB and STCwill affect the GSE
models controlling the patch panels and the GSEmanual control console models.
Specifically, the GSEmodels affected at HB are the DSV-4B-184A & B patch
panel models, the DSV4B-233 remote pneumatic control console, and the
DSV-4B-234 propulsion _ystem digital control console.

At STC, the models a_ffected are the DSV-4B-184C, D and E patch panel models,
the DSV-4B-233A, B and C remote pneumatic control consoles, the DSV-4B-234

and 234A propulsion system control consoles, and the DSV-4B-648 engine safety
cutoff rack assembly.

At KSC, the General Electric control panels affected are the 405AI networks panel,
the 406AI recire_flation panel, the 406A3 helium control panel, the 406A4 GH/GN

control panel, the 406A5 engine test panel, the 406A6 engine prep panel, the

409AI EBW and ordnance panel, and the events display panel.

KSC strip charts and recorders will be changed to remove measurements that will

no longer be required and to add any new measurements. Deletion of measurements

will allow for better arrangement of parameters displayed and changes to relocate

the measurements on thc_ more suitable recorders will be accomplished.

Modification of Launch Control Center (LCC) ESE panels to accommodate the J2-S

will require rework of associated patch distributors. The rework will involve the
removal of patch jumpers for all control and monitor hmctions that are deleted on

the LCC panels. A deleted switch may result in up to six jumpers removed from

the distributor. A deleted monitor function will normally require the removal of
one to two patch jumpers for each indication removed. The addition of a switch

function or indicator to a panel may require the addition of patch jumpers to route
the signal to and from the panel.

There are three areas on the Launch Umbilical Tower (LUT) that will require
modification. They are the LUT patch distributors, fwd and aft crossover

distributors, and swing arm No. 6.

Repatching of the LUT patch distributor will be required to implement the J-2S
change. The patch changes in these distributors will be more extensive than the

changes to the LCC distributors. The chacages will involve patch jumper removals

in the various relay circuits associated with the control and monitor functions

deleted. Jumpers will be added as required by any new monitoring requirements

or interlocks that may be needed for the solid propellant turbine starter system.

Fwd and aft crossover dist.ributors patching changes will be raluired to delete

functions routed to the stage and GSE by these distributors. New monitoring

requirements for the SPTS system will require patch jumper changes or additions.

Minor roods to the electrical umbilicals and pneumatic lines on swing arm No. 6

are required due tl) the J2-S en_ne :zystems.
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The modifications to these manual control consoles, panels, and distributors are
shown in detail in the following paragraphs in terms of vehicle system and pro-
pulsion GSE system modifications. As the J-2S engine implementation affects
each of these systems, the resulting electrical GSE changes are specified. The
systems under consideration are the electrical power system, the propulsion
support system, the engine turbine start pressurization system, the chilldown

system, the pneumatic control system, the auxiliary propulsion system, the
hydraulic system, the propellant utilization system, the ordnance system, and
the instrumentation and telemetry system.

With regard to mission requirements, the electrical GSE must necessarily be
designed to accommodate any mission requirement since requirements may change
at the last moment. Therefore, the GSE will accommodate either the LOR or the
synchronous orbit missions without additional modification.

Electrical Power System

In the electrical GSE, the Vehicle External Power Racks, Model No. DSV-4B-134,
provide a ground power source for all four 28 vdc vehicle power busses and also
includes a 56 vdc supply. The impact of the J-2S engine on the stage has the overall
effect of reducing the vehicle power requirement, therefore, the J-2S engine will
not affect this GSE system.

Propulsion Support System

At HB, the propulsion support system is the Automatic Stage Checkout Pneumatic
Console, Model No. DSV-4B-321, which controls the distribution of helium or

nitrogen gas to meet the leak and functional checkout requirements of the stage and
APS equipment during dry checkout exercises. The J-2S engine does not require a
start bottle supply, therefore, the electrical GSE is affected in the following way:

Model DSV-4B-233

Remote Pneumatic Control Console-VCL 1 & 2

Mainstage Checkout Panel (A2)

Delete

Ind-Start bottle open
Ind-Start bottle closed

Switch-Start bottle supply valve

Dwg 1A65727-1
Dwg 1A78635-1

Via

3 patcheord deletions

2 patchcord deletions
6 patchcord deletions

At STC, the propulsion support systems for VCL is the Pneumatic Console, Model

No. DSV-4B-321A, while the system at the Beta complex is the Gas Heat Exchanger,
Model No. DSV-4B-318, and the Pneumatic consoles, Model No. DSV-4B-319 and

320. These units are modified to eliminate the cold helium supply for thrust
chamber chilldown and the cold hydrogen supply for the turbine start bottle. The
start bottle supply is eliminated from Model 321A. The electrical GSE is affected
as follows:

Model DSV-4B-233C

Remote Pneumatic Control Console-VCL

Mainstage Checkout Panel (A2)

Delete

Dwg 1B52840-1
Dwg 1A78635-503

Via
Same as Model 233 at HB
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Models DSV-4B-233A and B

Remote Pneumatic Control Console-Beta 1
Remote Pneumatic Control Console-Beta 3

Vehicle Supply Panel (A2A2)

Dwg 1A78634-1
Dwg 1B39212-1
Dwg 1A78635-501

Delete

Lad-start tank GH 2 Fill-open
Lad-start tank GH 2 Fill-closed

Switch-start tank GH 2 fill supply valve
Lad-start tank GH 2 vent open
Lad-start tank GH 2 vent closed

3
3

11
3
3

Switch-start tank GH2 vent valve 11

Lad-cold GH 2 vent open 3
Lad-cold GH 2 vent closed
Switch-cold GH 2 supply vent valve
Lad-thrust chamber C/D supply open
Lad-thrust chamber C/D supply closed
Switch-thrust chamber C/D supply valve
Lad-thrust chamber supply vent open
Lad-thrust chamber supply vent closed
Switch-thrust chamber supply vent valve
Meter-eng start tank pressure

3
6
3
3
7
3
3
5
3

Via

patchcord deletions
patchcord deletions
patchcord deletions
patchcord deletions

patchcord deletions
patchcord deletions
patchcord deletions
patchcord deletions

patchcord deletions
patchcord deletions
patchcord deletions
patchcord deletions
patchcord deletions
patchcord deletions
patchcord deletions
patchcord deletions

Vehicle Supply Valves Panel (A1A3) Dwg 1A78638-1

Delete

Lad-start tank purge supply open
Lad-start tank purge supply closed
Switch-start tank purge supply valve

Via

3 patchcord deletions
3 patchcord deletions
8 patchcord deletions

Various measurements are also deleted from the propulsion support system at
STC which cause the following patchcords to be deleted from the patch panel
models:

Models DSV 4B-184C and D

Elect C/O Accessory Kit-Beta 1
Elect C/O Accessory Kit-Beta 3

Dwg 1B44043-1
Dwg 1B44047-1

Delete

Ind-Eng start tank supply press.
Ind-Eng start tank supply temp
Lad-thrust cham purge & C/D temp
Ind-thrust cham purge & C/D OI press.

Lad-GH 2 Ht-Ex-1 cold output temp

Via

18 patchcord deletions

15 patchcord deletions
15 patchcord deletions
12 patchcord deletions
15 patchcord deletions
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At KSC, the propulsion support system consists of the pneumatic consoles,
Model No. DSV-4B-432A and 433A, and the Gas Heat Exchanger, Model No.
DSV-4B 438A. These consoles are similar in function to models 318, 319 and
320 at STC and therefore have similar deletions. The electrical control panels
are affected in the following manner:

Helium Control Panel (406A3)

Delete:

Ind-GH bank purge open
Ind-GH bank purge closed
Switch-GH bank purge supply valve

GH/GN Control Panel (406A4)

Delete:

Ind-GH 6,000 PSI supply valve closed
Ind-GH 6,000 PSI supply valve open
Switch-GH 6,000 PSI supply valve
Meter-GH 6,000 PSI ambient sup press.
Meter-GH 1,500 PSI ambient sup press.
Ind-GH cold ht-ex-1 vent open
Ind-GH cold ht-ex-1 vent closed
Switch-GH cold ht-ex-1 vent valve

Switch-Ht exchanger outlet temp ckt No.

Engine Preparation Panel (406A6)

Delete:

Ind-eng start tk supply valve open
Ind-eng start tk supply valve closed
Switch-eng start tk supply valve
Ind-T/C chilldown supply open
Ind-T/C chilldown supply closed
Switch-T/C chilldown supply valve
Ind-start tk purge supply valve open

Ind-start tk purge supply valve closed
Switch-start tk purge supply valve
Ind-start tk supply vent open
Ind-start tk supply vent closed
Switch-start tk supply vent valve
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Engine Turbine Start Tank- Pressurization System

The J-2 start tank system is used to spin the fuel turbine for the engine start
sequence. The J-2S engine uses a solid propellant turbine start (SPTS) tech-
nique, thereby eliminating the start bottle and need for ground pressurization,
and all associated valves and controls. The interface between this system and
the electrical GSE are the umbilical lines. The deletions in the umbilical
functions and their effect on the electrical GSE models are listed below:

At HB

Model DSV-4B-234

Prop Sys Digital Control Console VCL 1 & 2
Mainstage Manual Control Panel (A2)

Dwg 1A65728-1

Dwg IA82231-503

Delete

Ind-start tank vent open-cmd.
Switch-start tank vent pilot valve open-Olose
Ind-start tank emer. vent cmd.-on

Switch-start tank emer. vent valve open-close

Via

3 patchcord deletions
3 patchcord deletions
2 patchcord deletions
5 patchcord deletions

At STC

Model DSV-4B-234

Propulsion System Control Console - VCL

Mainstage Manual Control Panel (A2)
Dwg 1A65728_1
Dwg 1A82231-503

Delete

Same functions as model 234 at HB

Via

Models DSV-4B-233 A and B

Remote Pneumatic Control Console-Beta 1
Remote Pneumatic Control Console-Beta 3

Vehicle Supply Panel (A2)

Dwg IA78634-I

Dwg IB39212-I

Dwg 1A78635-501

Delete

Ind-start tank dump open
Ind-start tank dump closed
Switch-start tank vent valve

Ind-start tank emer dump stand

Ind-start tank emer dump stage
Switch-start tank emer dump valve

Via

3 patehcord deletions
4 patchcord deletions

5 patchcord deletions
2 patchcord deletions

4 patchcord deletions
15 patchcord deletions
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At KSC

Engine Test Panel (406A5)

Delete:

Ind-comp test st tk discharge valve open
Ind-comp test st tk discharge valve closed
Ind-start tank sol energized
Switch-comp test start tank disch valve

Engine Preparation Panel (406A6)

Delete:

Switch-st tank vent pilot valve

Switch-st tank emer dump valve
Meter- st tank temperature
Meter-st tank pressure

Recirculation Chilldown System

The recirculation chilldown system maintains subcooled liquid propellant at the
J-2 pump inlets to prevent a pump stall during engine start. The idle mode
capability of the J-2S makes the entire chilldown system unnecessary. Items
such as the chilldown pumps, ehilldown inverters, prevalves, shutoff valves,
frequency converter, and transducers are eliminated. The deletions appear to
the GSE as umbilical pin function deletions which require many patching deletions
and control panel changes. These changes are outlined below.

The patchcord deletions under models DSV-4B-184A and B are those which do
not affect any manual control panels but affect interfaces with the computer and
various digital or analog display devices:

At Huntington Beach

Models DSV-4B-184 A and B

Elect C/O Accessory Kit VCLNo. 1 Dwg 1B44042-1
Elect C/O Accessory Kit VCLNo. 2 Dwg 1B44044-1

Delete

Meas-LOX C/D pump diff.

pressure
Ind- LH 2 C/D valve open
Ind - LOX C/D valve closed

Ind - LH2 C/D pump diff
press

Umbilical Pin

404W2JI-I, 2,3

404W2J1-18
404W2J1-34

411WlJ1-l,2,3

Via

6 patchcord deletions

2 patchcord deletions
2 patchcord deletions
6 patehcord deletions
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Delete

Ind - LOX C/D pilot relay reset

Ind - LH2 C/D pump pilot relay reset
Ind - LOX C/D pump inv pwr on
Ind - LH2 C//D pump inv pwr on

]Umbilical Pin

404W15J2-N
404W15J2-P

404W15J2-Q
404W15J2-V

Via

2 patchcord deletions

2 patchcord deletions
2 patchcord deletions
2 patchcord deletions

Model DSV-4B-234

Propulsion System Control Console
Mainstage Manual Control Panel

Dwg 1A65728-1
Dwg 1A82231-503

Delete

Ind - LH 2 pre-valve closed
Ind - LH 2 pre-valve open
Ind - LOX pre-valve open
Ind - LOX pre-valve closed
Switch-LH2 and LOX pre-valves
Ind - LH 2 and LOX C/D shutoff closed

Ind - LH 2 and LOX C/D shutoff open
Switch-LH 2 and LOX C/D shutoff valves

Via

2 patchcord
2 patchcord
2 patchcord
2 patchcord
5 patchcord
3 patchcord
2 patchcord
5 patchcord

deletions
deletions
deletions
deletions
deletions
deletions
deletions
deletions

At the Sacramento Test Center, the following changes will be made:

Models DSV-4B-184C, D, and E

Elect C/O Accessory Kit-Beta 1
Elect C/O Accessory Kit-Beta 3
Elect C/O Accessory Kit-VCL

Dwg 1B44043-1
Dwg 1B44047-1
Dwg 1B44048-1

Delete

Same misc umbilical functions as the model 184 at

Huntington Beach

Via

Model DSV-4B-234A

Propulsion System Control Console Beta 1 and 3

Mainstage Propulsion Manual Control Panel (A2)

Dwg 1B63464-I

Dwg IA82231-501

Delete

Ind - LOX pre-valve open
Ind - LOX pre-valve closed

Ind - LH 2 pre-valve open
Ind - LH 2 pre-valve closed
Switch-LH 2 and LOX pre-valves
Ind - LH 2 and LOX C/D shutoff open
Ind - LH2 and LOX C/D shutoff closed

Switch-LH2 and LOX C/D shutoff valve

Via

3 pateheord
3 patchcord
3 patchcord
3 patchcord
9 patchcord
4 patchcord
5 patcheord

9 patchcord

deletions
deletions

deletions
deletions
deletions
deletions
deletions

deletions
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At Kennedy Space Center, the chilldown system deletions will have the
following effects:

Recirculation Panel (406A1)

Delete entire panel composed of:

Ind -LOX prevalve closed
Ind -LOX prevalve open
Switch- LOX prevalve
Ind -LH prevalve closed
Ind -LH prevalve open
Switch-LH prevalve emer close
Ind -LOX C/D inv pwr on
Ind -LOX C/D pump ready to start
Switch- LOX C/D pump
Ind -LH C/D inv pwr on
Ind -LH C/D pump ready to start
Switch-LH C/D pump
Ind -LOX C/D valve closed

Ind -LOX C/D valve open
Switch-LOX C/D valve
Ind -LH C/D valve closed
Ind -LH C/D valve open
Switch-LH C/D valve emer close

Meter-LOX pump CAV press
Meter- LOX flow rate
Meter-LH flow rate

Networks Panel (405A1)

Delete:

Ind -LOX C/D relay reset
Ind -LH2 C/D relay reset
Ind -LH2 C/D inv pwr off
Ind -LOX C/D inv pwr off
Ind -Chilldown pumps safe

Engine Preparation Panel (406A6)

Delete:

Meter-Eng thrust chamber jacket temp

Events Display Panel

De lete:

Ind -prevalve emer close cmd
Ind -SIVB LOX chilldown
Ind -SIVB LH chilldown

Ind -LOX chilldown inv pwr on
Ind -LH chilldown inv pwr on

]0-575



D5-15772-2

10.3.6.2 (Continued)

Pneumatic Control System

The stage pneumatic control system provides regulated gas for certain purge
and control operations. Certain purge and co ntrol functions are not required

on the J-2S engine, such as the start tank vent valve control, the LOX chilldown
pump purge control, and the engine pump purge control. These functions were

included in the discussion of the start tank system and the chilldown system.

Ordnance System

The ordnance system consists of many EBW firing units and initiators used
throughout the stage to fire explosive charges or solid propellant motors.
Implementation of the J-2S engine eliminates the requirement for the solid

propellant ullage control rockets, thereby deleting a total of 4 EBW firing units
and initiators. However, the J-2S engine presents a new requirement for EBW
firing units associated with the solid propellant turbine starters. There will be
2 or 3 SPTS gas generators furnished with the engine and each unit uses 2 EBW

firing units and initiators. Therefore, the impact on the electrical GSE will be
an exchange of ullage rocket ignition and jettison functions with SPTS functions.

Another change resulting from the SPTS is the deletion of the gas generator
which presently drives the LOX and LH2 turbines after engine start. This

change will result in further exchanges of gas generator functions with SPTS

functions. At Huntington Beach, the following GSE models are affected

Models DSV-4B-184A and B

Elect C/O Accessory Kit - VCL No. 1

Elect C/O Accessory Kit - VCL No. 2
Dwg 1 B44042-1
Dwg 1B44044-1

Delete

Cmd-EBW Ullage rkt fir unit disable
Ind-EBW Ullage rkt fir unit enable
Ind-EBW Ullage rkt relay reset
Meas-Eng spark gas gen #1 sig

Meas-Eng spark gas gen #2 sig
Meas-Eng gas gen valve closed

Umbilical Pin

404WlJ1-48
404W2J1-51
404W4J1-58
404W2J1-5
404W2J1-8
404W4Jl-16

Via

3 patchcord deletions
2 patchcord deletions
2 patchcord deletions
No Change
No Change

No Change

Add

Ind-Monitor #1 SPTS ready

Ind-Monitor #2 SPTS ready

Ind-Monitor #3 SPTS ready
Meas-Monitor #1 SPTS #1 EBW

Meas-Monitor #1 SPTS #2 EBW

Meas-Monitor #2 SPTS #I EBW

Meas-Monitor #2 SPTS #2 EBW

Meas-Monitor #3 SPTS #I EBW

Meas-Monitor #3 SPTS #2 EBW

Umbilical Pin

4"04W2J1-42
TBD

TBD
404W2J1-5
404W2J1-8

TBD
TBD

TBD
TBD

Via

2 patchcords added
2 patchcords added
2 patchcords added
No Change
No Change
9 patchcords added
9 patchcords added

9 patchcords added
9 patchcords added
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At Sacramento Test Center, the following changes will be made.

Models DSV-4B-184C, D, and E

Elect. C/O Accessory Kit - Beta 1 Dwg 1B44043-1

Elect. C/O Accessory Kit - Beta 3 Dwg 1B44047-1
Elect. C/O Accessory Kit - VCL Dwg 1B44048-1

Add or Delete via

Same as the model 184 at Huntington Beach

Model DSV-4B-648

Engine Safety Cutoff Set Rack Assy Dwg 1B49100-1

The Rocketdyne furnished gas generator temperature high-low cutoff panel
assembly (G1047) will be deleted entirely. In its place will be a SPTS monitor
panel which will either be furnished by Rocketdyne or built by MDAC.

At Kennedy Space Center, the following changes will be made:

EBW and Ordnance Panel (409A1)

Reidentify:

Title "Ullage Rkt Ignition" to "SPTS #1 EBWS"
Title "Ullage Rkt Jettison" to "SPTS #2 EBWS"
All "pulse sensor fired" indications to "SPTS #1 (or 2) fired."
"Pilot relays reset" indication to "SPTS Armed"

Add:

Two meter circuits for "SPTS #3 EBWS"

Three inds "SPTS #1 Ready," "SPTS #2 Ready," and "SPTS #3 Ready. "
Two "SPTS #3 Fired" indications

Delete:

Ind-ullage rkt fir units enabled
Switch-ullage rkt fir units enable-disable

Events Display Panel

Delete:

Ind-Ullage rkt fir unit enabled
Ind-Ullage rkt ignition fir unit #1 fired

Ind-Ullage rkt ignition fir unit #2 fired
Ind-Ullage rkt jettison fir unit #1 fired
Ind-Ullage rkt jettison fir unit #2 fired
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Auxiliary Propulsion System

Since the J-2S engine has an idle-mode capability, the 72-pound thrust ullage
engines are no longer required. The effect on the electrical GSE is minimal

since there is only one umbilical talkback involved. This impact is shown below.

At Huntington Beach and Sacramento Test Center

Models DSV-4B-184A, B, C, D, and E

Elect. C/O Accessory Kit

Delete Umbilical Pin via

Ind-Ullage relay reset 70 pound 404W4J1-35 2 patchcords deleted
in each area

At Kennedy Space Center, one monitor is affected

APS Launch and Monitor Panel (419A1)

Delete:

Ind-70 lbs thrust ullage eng. relay reset

Hydraulic System

Engine gimbaling is accomplished with hydraulic actuator assemblies connected
to an engine-driven hydraulic pump. Implementation of the J-2S engine will
necessitate a new pump assembly but this change will not affect the electrical
GSE in any way.

Propellant Utilization System

The propellant utilization system measures the quantity of propellant remaining
in each tank and controls the engine mixture ratio according certain pre-
programmed levels to achieve maximum stage payload and also to achieve
simultaneous depletion of propellants. This system also provides signals to the
engine cutoff logic for cutoff at certain minimum propellant levels.

The J2-S engine has the capability of running to LOX depletion thereby elimi-
nating the requirement for the LOX depletion cutoff logic circuitry. This will
cause patching changes at Huntington Beach and Sacramento Test Center and

control panel changes at Kennedy Space Center.
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At Huntington Beach and Sacramento Test Center

Models DSV-4B-184A, B, C, D, and E

Elect C/O Accessory Kits

Delete

Ind-LOX point level sens #1 wet cond
Ind-LOX point level sens #2 wet cond
Ind-LOX point level sens #3 wet cond
Cmd-sim LOX pt lvl sens #1wetcond

Cmd-sim LOX pt lvl sens #2wetcond
Cmd-sim LOX pt lvl sens #3weteond
Ind-LOX Point lvl sens #4 wet cond

Cmd-Sim LOX pt lvl sens #4wetcond

Umt)ilical Pin

404W2J1-38
404W2J1-37
404W2J1-36
404W3J1-8
404W3J1-7
404W3Jl-14
404W4J 1- 57
404W1J1-55

At Kennedy Space Center

Engine Test Panel (406A5)

Delete:

Ind-LOX sensor No. 1 wet
Ind-LOX sensor No. 2 wet
Ind-LOX sensor No. 3 wet
Switch-simulate LOX sens #1 wet
Switch-simulate LOX sens #2 wet
Switch-simulate LOX sens #3 wet

Switch position "LOX Sensor #4 sire wet"

Reidentify:

Ind. "LOX/LH Sensor #4 wet" to "LH Sensor #4 wet"

Events Display Panel

Delete:

Ind-LOX cutoff sens No. 1 wet
Ind-LOX cutoff sens No. 2 wet
Ind-LOX cutoff sens No. 3 wet

Ind-LOX cutoff sens No. 4 wet

Instrumentation and Telemetry System

via

2 patchcord deletions
2 patchcord deletions
2 patchcord deletions
2 patchcord deletions
2 patchcord deletions
2 patchcord deletions
2 patchcord deletions
5 patchcord deletions

The instrumentation and telemetry system transmits all stage measurements to
a Digital Data Acquisition Station (DDAS) for decommutation. Then the entire
data field is stored in the computer memory so that any or all measurements

may be printed out for analysis. Measurement changes resulting from the J-2S
engine will not have any hardware effect on this part of the electrical GSE.
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There are a few measurements that are routed through the digital-to-analog
converters in the DDAS. These measurements are then made available for

oscillograph display or control panel indications. Any changes in these measure-
ments will result in hardware changes such as patehcord deletions or monitor

panel changes. The vast majority of measurements associated with the J-2S

engine implementation are not routed to graphs or panels, particularly at HB and
STC.

The impact of these measurement changes on the electrical GSE is shown below.

At Huntington Beach, there will be only 3 measurement exchanges and no

hardware changes.

Exchange K6 "ignitionphase control solenoid energized indication"

with TBD "idle mode control solenoid energized indication."

Exchange K11 "gas generator spark system ind"
with TBD "SPTS initiatedind"

Exchange K96 "start tank discharge control ind"

with TBD "mainstage start control sol on"

At STC, there will be measurements deleted at Beta 1 and 3 which affect
patchcords only.

Models DSV-4B-184C and D

Elect. C/O Accessory kit - Beta 1

Elect. C/O Accessory kit - Beta 3

Delete

Dwg 1B44043-1

Dwg 1B44047-1

D218 LH 2 chilldown pump diff press
D219 LOX chilldown pump diff press

F4 LOX circ pump flow rate
F5 LH2 circ pump flow rate

via

3 patchcord deletions
3 patehcord deletions
6 patchcord deletions
6 patchcord deletions

At KSC, there will be four monitor panels affected. These functions have been

covered in the previous discussions on the chilldown system, start bottle system,
and the ordnance system and are summarized below.

Recirculation Panel (406A1)

meter - LOX pump cav pressure
meter - LOX flow rate
meter - LH flow rate

Delete:

D103
F4
F5
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Engine Test Panel (406A5)

Delete:

K6
Kll
K96

K105
Kl17
K122
K124
K125

ind-ignition phase cont sol energ
ind-gas gen spark sys on

ind-start tank disch sol energ
ind-eng pump purge press not high
ind-gas gen valves open
ind-start tank disch valve open
ind-LOX turbine bypass valve open
ind-LOX turbine bypass valve closed

Engine Preparation Panel (406A6)

Delete:

C6

C7

C199

DI7
D19

D50

meter-eng start tank temp

meter-eng helium cont bottle temp
meter-eng thrust cham jacket temp
meter-eng start tank press
meter-eng helium cont bottle press
meter-eng pump purge press

EBW and Ordnance Panel (409A1)

Delete:

K149
K150
K176
K177
M64
M65
M66

M67

ind-Ullage rkt jtsn fir unit #1 pulse sens fired
ind-Ullage rkt jtsn fir unit #2 pulse sens fired
ind-Ullage rkt ign fir unit #1 pulse sens fired
ind-Ullage rkt ign fir unit #2 pulse sens fired
meter-Ullage rkt ign fir unit #1 charge voltage
meter-Ullage rkt ign fir unit #2 charge voltage

meter-Ullage rkt jtsn fir unit #1 charge voltage
meter-Ullage rkt jtsn fir unit #2 charge voltage

Kennedy Space Center Test Control Center Low Bay Panel Modifications

The Test

Propellant Level Monitor Panel

Remove Indications:

LOX No. 1 Wet
LOX No. 2 Wet
LOX No. 3 Wet

Control Center (TCC) low bay panel modifications are as follows:

Remove Switches:

LOX No. 1 Simulate Wet
LOX No. 2 Simulate Wet
LOX No. 3 Simulate Wet
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Engine Test Panel

Remove Meters and Circuits: Remove Switches and Function:

Start Tank Press.

Pump Seal Purge
Spark System Test (GG Spark)
Start Vent Open - Close
Start Tk. Emer. Vent Open - Close

Change Switch Nomenclature and Function:
STDV to Mainstage Start Solenoid

Remove Indicators:

Fuel Bleed Closed
LOX Bleed Closed

Discharge Valve Open
Discharge Valve Closed
Start Tk. Solenoid Energized
LOX TBV Open

LOX TBV Closed

GG Valves Open
GG Valves Closed

GG Spark System ON
GG No. 1 Spark OK
GG No. 2 Spark OK

Add Indicators:

Mainstage Start Solenoid Energized

Stage Pressure Panel

Remove Switch and Function:

Prevalves Close - Open
Chilldown Valves Close - Open

Remove Indicators:

Prevalves LH Closed

Prevalves LH Open
Prevalves LOX Closed

Prevalves LOX Open

Chilldown Valves LH Closed

Chilldown Valves LH Open
Chilldown Valves LOX Open
Chilldown Valves LOX Closed

Distributors

Repatch Pwr. Distributor (802-463A4)
Repatch Control Distributor (802-420A1),
Minor repatching is required to delete functions no longer required to

support propulsion check in low bay.
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10.3.7 Systems Test

In utilizing the J-2S engine, several major modifications to both S-IVB stage
hardware and operation are planned. These changes lead to the questions of
whether battleship, acceptance, and flight tests are necessary, and if so, what
type should be performed and to what extent.

A summary of major changes follows:

Chilldown will be performed by idle mode operation, thereby permitting
removal of the recirculation chilldown system pumps, motors, prevalves,
shutoff valves, inverters, converters, and instrumentation currently

required to assure adequate propellant NPSH at engine start. Chilldown
will be accomplished by a flow of propellants which are burned in the

engine at a fraction of mainstage Isp.

Propellant unsettling during separation can be tolerated during the J-2S
start transient since poor quality propellants may be ingested by the J-2S
at engine start. Propellant resettling and run conditions are expected to
be regained by the time mainstage NPSH is required, therefore, the
existing solid ullage motor rocket system will be deleted. During restart
operations, idle mode chilldown provides settling thrust and APS ullaging
is not necessary.

Propellant slosh control will be accomplished after mainstage operation by
a thrust decrease from mainstage thrust to idle mode and then to shutdown.
This replaces present APS ullaging for this purpose, and along with the
deletion of APS ullaging prior to restart, APS ullage engines can be removed.

As a result of the J-2S LOX depletion capability, the LOX low level sensor
system will be removed. This includes the sensors, conditioners,
amplifiers, and other associated electrical equipment.

The rapid propellant dump capability of the J-2S presents a convenient
means of propellant tanks passivation or safing in orbit. This feature may
prove useful in rendezvous and manned orbiting applications.

Four phases of testing are planned to develop and establish the S-IVB/J-2S
stage as a replacement stage for the S-IVB/J-2. These phases consist of
(1) chilldown development tests to be conducted at AEDC, (2) the S-IVB/J-2S
system development tests to be conducted at MSFC, (3) the S-IVB/J-2S stage
acceptance tests at STC, and (4) the flight verification tests at KSC.

10.3.7.1 Battleship Testing

Since the J-2S/S-IVB will be man rated, it must exhibit a high degree of

reliability and therefore high confidence in design changes. Presently, no
vehicle has been set aside solely for flight testing; the first launch will be for
payload purposes. A successful flight program must be assured from the onset,
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for a failure of a single Saturn V vehicle, if attributed to J-2S implementation ,
could obviate the program advantages this engine has to offer. Stage changes
which affect reliability or which might degrade performance will be regarded
with caution. There are several areas which could compromise or affect these
objectives and considerations.

First, several basic analytical parameters are unknown or vary to such a degree
that payload performance degradation may result from the conservative
approaches required to assure mission success. The actual hardware chill
requirements have not been thoroughly identified at this time and are not available

for a rigorous idle mode chill optimization. Stage and engine hardware tempera-
tures in orbit are difficult to predict, being dependent on stage orientation and
mission profile. Tank pressure variations, which can result from relief setting
tolerances alone, create numerous idle mode feed pressure combinations and

therefore different chilldown durations. Second, simplified models have been
used for the chilldown analysis, i. e., lumped masses for the engine and stage
ducting, choked flow, simple resistance equations, arbitrarily chosen percents
of engine mass to be chilled, etc.

Based on these models and predictions, some extensive stage modifications are
proposed to exploit J-2S capabilities. If no testing is performed prior to flight,
confidence cannot be expected to be very high and system reliability could
possibly fall below that presently established. Therefore, a ground systems
test program (a battleship program) is recommended to provide information in
three vital areas. First, sufficient test data must be obtained to verify
analytical predictions or to change them. Second, operational limits for safe
stage performance must be established. Third, test and launch procedures
must be developed in a manner which will not jeopardize flight stages during
acceptance testing and launch.

The S-IVB/J-2S stage Battleship test program has been designed to integrate the

S-IVB stage and J-2S engine into a compatible flight worthy S-IVB system from
the initial design phase through complete engine/stage development.

The following paragraphs discuss the Battleship test planning and the test
objectives which must be completed to provide a high degree of confidence and

reliability in the final integration of the J-2S engine into the S-IVB stage. In
the development of the objectives, emphasis has been placed on confidence level
elevation and reliability gains while keeping the overall testing costs at a minimum.

Battleship Test Objectives

The testing objectives have been divided into three major groups for the

Battleship tests; those of concept verification, operational limit establishment,
acceptance test and launch requirements. This information will also serve to
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augment the perpetual reliability failure analysis and Flight Information and
Operations Report (FIOR) efforts when the S--IVB/J-2S stage becomes
operational. Table 10.3.7-I lists the objectives applicable to each group.

Each test objective is presented in the following pages, and contains a
justification for the testing, a description of the test required, and the type
of information to be obtained. This information should not be considered as

the only data that is to be obtained, nor does it imply that the measurements
listed will be the only ones required. However it does serve to indicate the
magnitude, scope and importance of the objective.

The objectives and justification for each are considered preliminary at this
time and will be augmented with additional objectives and/or justifications
as the program is further defined.

The test requirements have been defined for both AEDC and MSFC S-IVB/J-2S
Battleship tests as noted under the "test definition" section.

OBJECTIVE B-l: Determine Engine Pneumatic System characteristics for a
Nominal LOR Mission and a Nominal Synchronous Orbit Mission.

This objective will require the following type of information:

a. Determine helium consumption (mass) for start, steady state, and cutoff,
for each of the burns required for the above missions and the following
phases of operation:

1. Idle mode start

2. Idle mode operation

3. Mainstage starts

4. Mainstage operation

5. Mainstage cutoff (mainstage to idle mode)

6. Engine cutoff (mainstage to zero thrust)

7. Idle mode cutoff

b. Determine helium residuals available for.propellant dumping and passivation.

c. Establish sequence, procedures, and time required to blow down (safe) the
helium sphere after last burn cutoff (max, min and nominal blowdown history).

d. Establish minimum allowable pneumatic system pressures for successful

operation of the phases listed under step a.
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Typical data required to verify this objective includes:

a. Engine control sphere temperature

b. Engine control sphere pressure

OBJECTIVE B-2: Demonstrate Solid Propellant Turbine Starter (SPTS)concept
for First, Secondand Third Burn Start.

Since the SPTSconcept is new to the S-IVB stage, performance data onengine
start and S-IVB stage interaction is required. Additional data required is
listed below:

ao SPTS chamber pressure history (pressure, burn time and characteristic

pressure buildup and decay, run-to-run and engine-to-engine deviations)
to be used in conjunction with engine basic performance (thrust buildup) to
reconstruct test data and predict performance. Effects on rate of engine
thrust buildup are also desired to determine engine side loads, stage thrust

structure loading, structural and flow effects on inlet ducts (especially in
transition to tapoff gas bootstrap operation).

b. Environmental operation extremes of the SPTS should be tested to obtain

the characteristic buildup profile for typical temperatures within the allowable
and expected flight temperatures.

c. Pump performance (stall margin) with SPTS system.

Present planning includes six three-start SPTS tests at altitude simulation, and
six three-start SPTS tests during sea-level testing. These tests can be run in
conjunction with other tests.

Typical data required to verify this objective includes:

a. Temperatures SPTS casing Nos 1, 2, and 3

b. Pressures SPTS chamber Nos 1, 2, and 3

c. Temperature fuel turbine inlet

d. Time from engine start command to attainment of mainstage (90% thrust)

e° Engine performance data during transient; including pump speeds, pressures,
and flow rates.

OBJECTIVE B-3: Demonstrate the concept of taping off Thrust Chamber Gas
and utilizing it to drive the Turbopump Turbines for first, second and third burn.
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The tap-off-turbine concept is new to the S-IVB stage. Information is required

on the performance and stability of this method. Its effect on engine start
(start transients), and steady state stability (with PU perturbations). Tapoff
flow will be calculated and used in conjunction with other engine performance
parameters to calculate overall engine performance for test reconstruction and

to make performance predictions. Environmental effects on tapoff system opera-
tion during start transient will be investigated.

Typical data required to verify this objective includes:

a. Pressure, tapoff gas

b. Temperature, tapoff gas

c. Fuel turbine inlet temperature

d. Oxid turbine inlet temperature

e. Fuel turbine inlet pressure

f. Oxid turbine inlet pressure

g. Vibration levels

h. Environmental (hardware) temperatures

OBJECTIVE B-4: Evaluate J-2S Engine Mainstage Performance Over the
Mixture Ratio Excursions Expected with Open and Closed Loop PU Operation.

The following information is needed to enable effective post test reconstruction
of engine performance, and to predict engine performance:

a. Steady state performance variations; including thrust, EMR, propellant
consumptions and Isp.

b. Gain values for operation at expected EMR (stage effects) including varia-
tions of all interface parameters.

c. Engine response (thrust) characteristics to changes in EMR (PU effects).

d. Sea level and altitude simulation test data to derive conversion factors to

predict flight performance from stage acceptance test data.

e. Thrust stability (open loop/closed loop)

Typical data required to verify this objective includes:

a. Chamber pressure

b. Thrust history (altitude versus sea level)
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c. Engine propellant flow rates

d. Engine vibration and side loads

e. Hot gas turbine system characteristics

f. Turbopump characteristics

OBJECTIVE B-5: Determine J-2S Engine Start Transients from Idle Mode to
Mainstage for First Burn Start and Restart.

The following information is needed to enable effective post test reconstruction
of engine performance, and to predict engine performance:

a. Start impulse

b. Performance variations; including thrust, EMR, propellant consumption,
and Isp.

c. Engine response characteristics to changes in EMR.

d. Sea level and altitude simulation test data to derive conversion factors to

predict flight performance from stage acceptance test data.

e. Feed system flow transients and loads

f. Thrust stability

g. Thrust alignments (stage moments)

h. Sea level and altitude side loads on restrainer links and hydraulic actuators.

Typical data required to verify this objective includes:

a. Propellant flow rates

b. Thrust history (sea level and altitude)

c. Chamber pressure

d. Engine vibration and side loads

e. Thrust rise rate (time to 90% thrust)

f. Hot gas turbine system characteristics

g. Turbopump characteristics
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OBJECTIVE B-6: Determine J-2S Engine Cutoff Transients for Mainstage to
Idle Mode, Mainstage to Zero Thrust and Idle Mode Cutoff.

The following information is needed to enable post test reconstruction of engine
performance, and to predict engine and flight performance:

a. Cutoff impulse

b. Cutoff thrust decay rate and stability (time to zero thrust)

c. Sea level and altitude simulation test data to derive conversion factors to

predict flight performance from stage acceptance test data.

d. Propellant consumption

e. Thrust alignment (stage moments)

f. Feed system flow transients and loads

Typical data required to verify this objective includes:

a. Propellant flow rate

b. Thrust history (sea level and altitude)

c. Chamber pressure

d. Engine vibration and side loads

e. Hot gas turbine system characteristics

f. Turbopump characteristics

OBJFCTIVE B-7: rvaluate J-2S Fngine Idle Mode as a means of Cutoff Slosh
Control.

The application of steady state J-2S engine idle mode operation after mainstage
cutoff for slosh control is dependent upon the mainstage to idle mode transient

envelope. Cutoff idle mode steady state and transient repeatability are of pri-
mary concern. The following data should be obtained:

a. Steady state performance

b. Cutoff thrust transient from mainstage to steady state idle mode (rate,
stability, and repeatability).

Thrust alignment

Idle mode cutoff thrust transient (cutoff impulse)

C°

d.
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e. Propellant consumption

f. Engine specific impulse and mixture ratio.

Typical data required to verify this objective includes:

a. Thrust history (sea level and altitude)

b. Propellant flow rates

c. Chamber pressure

d. Engine vibration and side loads

OBJECTIVE B-8: Demonstrate the ability of the J-2S Engine to safely shutdown

on Stage LOX depletion.

The J-2S utilizes LOX pump discharge pressure switches, instead of the present
stage propellant tank level sensors to sense depletion. This new method of
engine cutoff will affect propellant residuals and hence propellant loading

, schedules. Interaction between stage and engine during LOX depletion is also
of significance and the following information is needed:

a. Determine engine cutoff sequence.

b. Determine residual LOX mass at engine shutdown.

c. Determine propellant consumption from engine cutoff signal to zero thrust

d. Determine variations from nominal engine cutoff in all engine systems as
stated in Objective B-6.

e. Determine cutoff thrust history, impulse and repeatability.

Typical data required to verify this objective includes:

a. Propellant consumption and chamber pressure

b. Thrust history, thrust decay rate and stability (time to zero thrust)

c. Engine vibration and side loads

d. LOX feed system characteristics during depletion cutoff

e. Hot gas turbine system and turbopump characteristics
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OBJECTIVE B-9: Determine the required Idle Mode Chilldown time and per-
formance necessary to achieve the First Burn Start.

Engine chilldown tests are necessary to determine nominal engine and turbopump
cooldown time. A satisfactory chilldown must be followed by a successful

attainment of mainstage operation. First burn ehilldown tests should be repeated
until the chilldown duration is repeatable for a given set of conditions. Questions
which must be answered include:

a. Will propellant unsettling be overcome by the time run NPSH requirements
are met?

b. Will a delayed thrust buildup at separation create stage control or ullage
collapse problems ?

c. What is the minimum duration of idle mode operation required for first burn
chilldown ?

Item a. can be analytically determined; both a. and b. above will be verified in

flight. Item c. can be determined during the AEDC testing. The following type
of information is required to satisfy the above objective:

a. NPSH conditions at the pump inlets

b. Thrust history (idle mode start to mainstage operation) and thrust stability

c. Chilldown duration

d. Engine propellant consumption, mixture ratio and specific impulse during
idle mode.

e. Start impulse (including rate and stability)

Typical data required to verify this objective includes:

a. Engine chamber pressure, propellant flowrates during idle mode

b. Propellant temperatures and pressures at engine pump inlets and outlets,
pump inlet duct feed hardware temperatures, and engine chilldown
associated hardwa re temperatures.

c. Thrust (sea level and altitude)

d. Nominal ehilldown duration (time required to meet specification start and
mainstage requirements)

e. Engine vibration and side loads
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OBJECTIVE B-10: Determine the effects of Operational Pressure and Tempera-
ture Limits onChilldown during First Burn Idle Mode.

During S-IVB boost, heating will increase the propellant duct temperature prior
to S-IVB/S-II separation. This is followed by a short period of zero gravity.
The combination of boost heating and zero "g" could possibly cause some
liquid propellant vaporization in the duct prior to mainstage start. Becauseof
this vaporization it is necessary that the operational pressure and temperature
limits be tested to insure that the J-2S engine caningest the maximum expected
vapor during idle mode and the start transient. Simulation of these conditions
will also include the pressure profile through S-II maximum acceleration and
into the zero "g" transient at separation.

Engine chilldown tests should be performed varying the LOX and LH2 tank
pressures andfeed duct temperatures. The tests shownin Figure 10.3.7-1
should beperformed to determine engine and turbopump cooldown times. The
shapeof the start limits V'box"is only illustrative, and must be defined during
the course of this test program. The following type of information is necessary
for this objective:

a. NPSH conditions at the LOX and LH 2 pumps inlet, pump performance and
associated transiet engine performance (including items in Objective B-5).

b. Total propellant consumption, LOX and LH2 flow rates, and chilldown times.

Typical data required to verify this objective includes:

a. LOX and LH2 pumps inlet and outlet pressures and temperatures.

b. Stage inlet duct temperatures, engine chilldown associated hardware
temperatures, and engine injector conditioning.

OBJECTIVE B-11: Determine the required Idle Mode Chilldown Time and
Performance necessary to achieve Restart.

Since idle mode chilldown operation is a new concept, considerable experimental
data and test verification is needed. Some questions which must be answered
include:

a. What is the minimum duration of idle mode operation required for chilldown,
and the associated dispersions, sensitivity and repeatability?

b. What is the corresponding propellant consumed?
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10.3.7.1 (Continued)

Simplified models have been used for the chilldown analysis using lumped masses

for the engine and stage ducting, choked flow, simple resistance equations, speci-
fied percents of engine mass to be chilled, etc. Based on these models and
predictions, some extensive stage modifications have been proposed to exploit

the J-2S capabilities (e. g., removal of the recirculation chilldown system). Test-
ing is required to augment analytical predictions, to establish system confidence

and system reliability, to avoid excessive initial performance penalties, and to
identify performance margins.

Engine chilldown tests should be performed to determine the nominal engine and
turbopump cooldown time. To be termed successful, a satisfactory idle mode
chilldown must be followed by a successful achievement of mainstage operation.
For each given set of conditions the restart idle mode chilldown should be

repeated until a band of repeatability is established. The following type of
information is required to satisfy this objective:

a. LOX and LH2 turbopump inlet NPSH history from idle mode start through
mainstage start.

b. Pump performance and stall margin during mainstage start.

c. Nominal restart idle mode chilldown time and performance, and stabilization.
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d, Nominal restart idle mode thrust chamber performance, specific impulse,
and mixture ratio.

e. Thrust rise rate and stability during restart idle mode.

f. Propellant flowrate characteristics and consumption during restart idle mode.

Typical data required to verify this objective includes:

a. Thrust chamber pressure and thrust.

b. Propellant flow rates.

c. Propellant pressures and temperatures in the inlet ducting and in the engine.

do Stage inlet duct hardware temperatures, and engine chilldown associated
ha rdwa re temperatures.

e. Hot gas turbine system and turbopump characteristics.

f. Engine vibration and side loads.

OBJECTIVE B-12: Determine the effects of Operational Pressure and Tempera-
ture Limits on Chilldown during Restart Idle Mode.

During S-IVB coast, orbital heating will increase the propellant duct, engine
hardware, and the propellant bulk temperatures. Simulation of these extremes

of pressure and temperature combinations during restart idle mode is necessary
to simulate these conditions. Simulations might be conducted using the battleship

stage prevalves and heat lamps to create "hot and dry" duct starts, and varia-
tions thereof. The tests will include simulations of 4.5, 5.3 and 7.5 hours of
orbital heating. These engine chilldown tests should be performed by holding
the engine hardware temperatures constant and varying the tank pressure and

the feed duct temperatures. The tests shown in Figure 10.3.7-2 are designed
to explore the limits and to establish a nominal cooldown time for all expected
variations. Test numbers correspond to tests described in Table 10.3.7-3.

Four additional tests, with variations in engine hardware temperatures, will be
conducted to complete the survey. The following information should be obtained
from these tests:

a. NPSH conditions at the LOX and LH 2 pumps inlet.

b. Propellant consumption and chilldown time.

Typical data required to verify this objective includes:

a. LOX and LH 2 flow rates

b. LOX and LH 2 pumps inlet temperature and pressure

c. LOX and LH 2 pumps discharge pressure and temperature
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10.3.7.1 (Continued)

d. Stage inlet duct temperature and engine chilldown associated hardware
temperatures.

OBJECTIVE B-13: Simulate Simultaneous Restart Idle Mode and Ambient

Repress Start.

In the event the O2/H 2 burner system should fail to ignite for repress, the
ambient helium repress system would be used to pressurize both propellant

tanks. If this were to occur, the repress signal could occur simultaneously with
idle mode start or shortly thereafter. Concurrent tank pressurization and idle

mode operation could be expected to yield significant differences from the
completely pressurized ehilldown times and thrust history.

To simulate this condition, idle mode start would be at CVS tank pressure
(equivalent differential pressure) followed by closure of the CVS system and
propellant tanks pressurization with the ambient helium system. Since the CVS
and ambient helium systems may not be available at AEDC, equivalent venting
and pressurization rates could be used. These tests should be run at the "worst
case" inlet temperature conditions. The following information is necessary:

a. NPSH conditions at the pump inlets

b. Propellant consumption and chilldown time.

c. Idle mode thrust chamber performance; thrust, Isp, mixture ratio, chamber
pressure, etc.
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Typical data required to verify this objective includes:

a. Propellant flow rate

b. Stage inlet duct temperatures and engine chilldown associated
ha rdwa re temperatures

c. Engine pump discharge pressures and temperatures

OBJECTIVE B-14: Determine the performance characteristics of the LOX

Tank Pressurization System during Engine Mainstage Operation.

Satisfactory completion of this objective will be achieved when the following
conditions have been met:

a. Because of the difference in engine start characteristics associated with

the J-2S SPTS and tapoff turbine concept, determine the ullage pressure
recovery rate during engine start transition.

b. Because of the higher LOX flowrate associated with the higher performance
of the J-2S engine and the heat exchanger, demonstrate in-flight pressuri-
zation control at 38 to 41 psia.

c. Determine the nature of ullage gas temperature stratification with the
increased propellant outflow.

Typical data required to verify this objective includes:

a. LOX tank ullage pressure

b. LOX tank ullage temperatures

c. Helium flowrate through heat exchanger

d. Inlet and outlet helium temperature at the heat exchanger

e. Overcontrol and undercontrol energy rates

f. Overcontrol and undercontrol pressure rise and collapse rates

OBJECTIVE B-15: Determine the Performance Characteristics of the LH 2 Tank
Pressurization System during Engine Mainstage Operation.

The increased performance of the J-2S engine makes it necessary to evaluate
the capability of the LH2 tank pressurization system during the start transient

and mainstage operation of the J-2S engine. The hydrogen gas used as a pres-
surant is tapped off of the fuel injector at an increased pressure due to the
higher thrust chamber pressure associated with the J-2S engine. Because of
the higher tapoff pressure, it is necessary to verify that the LH 2 pressurization
system will function properly in providing the required tank pressure. Satisfactory
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completion of this objective will be achieved when the following conditions have
been met:

ao

bo

Co

Because of the difference in engine start characteristics associated with

the J-2S SPTS and tapoff turbine concept, determine the ullage pressure
recovery rate during engine start transition.

Because of the higher LH 2 flowrate associated with the higher performance
of the J-2S engine, demonstrate in-flight pressurization control at 28 to 31
psia.

Determine ullage gas temperature stratification associated with the
increased propellant outflow.

d. Determine step pressurization performance

Typical data required to verify this objective includes:

a. LH 2 tank ullage pressure

b. LH 2 tank ullage temperature

c. Flowrate of the pressurant

d. Temperature of the pressurant

e. Pressure of the pressurant

f. Pump inlet temperature

OBJECTIVE B-16: Establish Loading and Venting Procedures for the Engine
Control Helium Sphere.

The J-2S engine control helium is stored in a spherical tank of 4,000 cu in.,
under 3100 +100 psig pressure at -200 ° to +140°F. The loading flowrate must
be limited t_ 0. i lbm/sec or less. The GSE/stage/engine system must be flow

tested to verify that the specified requirements are met. The following infor-
mation must be obtained:

a. Mass of helium loaded

b. Maximum system flowrate

c. Time to load to specified values

d. Time to vent down

Typical data required to verify this objective includes:

a. Engine control helium sphere pressure

b. Engine control helium sphere gas temperature

OBJECTIVE B-17: Demonstrate Adequate Helium Purge for the J-2S Thrust
Chamber Jacket and the Turbopumps.
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A helium purge of the thrust chamber LH2 jacket and both turbopumps cavities
prior to firing is necessary to remove any air or water vapor present. A helium
purge after a static firing removes water vapor from the turbopump cavities and
accumulated hydrogen from the LH2 jacket.

The engine manufacturer specifies that dry helium at 150 +25psig and 50° to
150°F (125 SCFM reference) be supplied at the customer connectpanel. For
static testing, the purge is accomplished by flowing helium from 30 minutes
prior to propellant drop and/or propellant loading until engine start, and for
15 minutes following engine cutoff. The GSE/stage/engine system must be flow
tested to verify that it meets the specified requirements. Information required
to complete this objective includes:

a. Mass of gas used for typical purges

b. System flow rate (orifice pressure and temperature and/or flow measure-
ment during blowdown).

Typical data required to verify this objective includes:

a. Pressure and temperature at customer connect point

b. Purge supply pressure

OBJECTIVE B-18: Demonstrate Adequate Helium Purge to the LOX Dome.

A helium or nitrogen purge of the LOX dome is necessary before a firing to
remove water vapor, and after firing to prevent accumulation of hydrogen in
the dome. The engine manufacturer specifies a 30-minute purge with dry helium
at 50 ° to 150°F (400 +25 psig) or nitrogen at 100 ° to 150°F (600 +25 psig) and
150 SCFM before propellant drop and/or propellant loading and a 15-minute

purge at 150 SCFM after firing. The LOX dome purge is also required for the
full duration of any hold period in the firing sequence, i.e., for any period after
a cutoff and prior to a restart. The GSE/stage/engine system must be flow
tested to verify that it meets the specified requirements. Information required
to complete this objective includes:

a. Mass of gas used for typical purge

b. System flow rate (orifice pressure and temperature and/or flow measure-
ments during blowdown).

Typical data required to verify this objective includes:

a. Pressure at customer connect panel

b. Temperature at customer connect panel

c. Purge supply pressure
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10. 3. 7. 1 (Continued)

OBJECTIVE B-19: Establish test operation and countdown procedure for
Static Test and Acceptance Firings.

Establish a smooth and workable countdown procedure that will allow sufficient

time to complete each necessary step of the countdown. The existing S-IVB
countdown procedures will be used where applicable, the new requirements
identified, and integrated into a new procedure. This procedure will be tested

and verified so that conversion to actual production acceptance test procedures
will be smooth and efficient. Demonstrate integration of purge procedures,
redline monitoring requirements, sequencing and hold capability. Develop
and/or demonstrate adequate means to eliminate the fire hazard that could

occur because of the excess hydrogen dumped through the engine during extended
idle mode operation.

OBJECTIVE B-20: Establish test operations and countdown procedures for Launch.

Derive new procedures emanating from the new J-2S installation and S-IVB stage
modifications, and integrate into existing sequences. These procedures will be
tested during simulated countdowns, where particular attention will be given to
the integration of (1) new purge procedures, (2) liftoff requirements, (3) items

that may require a hold, (4) launch hold time capability, (5) recycle capability,
(6) recycle points, and (7) overall time to complete the countdown. Particular
emphasis will be placed on obtaining a reasonably simple, but effective count-

down procedure with sufficient flexibility to cope with any anticipated complexi-
ties that may evolve in an actual KSC launch countdown.

OBJECTIVE B-21: Determine the Propellant Tank Pressures required for Sea
Level Idle Mode Testing.

To more adequately simulate flight conditions during MSFC Battleship testing, it
is desirable that an extended idle mode capability be established for the MSFC

battleship test program. It is also desirable that this testing utilize S-IVB stage
system hardware, specifically the vent and relief valves, and the stage pressur-
ization systems. Therefore, in the most part, it is undesirable to run at ele-

vated tank pressures, i.e., pressures beyond the S-IVB stage systems capability.
Testing within these pressure ranges (compensating for atmospheric pressure)
must be conducted at AEDC altitude test facility to verify operational capability
in this regime and to establish nominal chilldown times (and limits) prior to
initiation of MSFC testing. Information required to complete this objective
includes:

a. NPSH conditions at the LOX and LH 2 pump inlets

b. Propellant consumption and chilldown time

Typical data required to verify this objective includes:

a. Inlet duct temperatures and engine chilldown associated hardware
te rope r ature s

b. Pump discharge pressures and temperatures

c. Propellant flowrates
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10. 3. 7. 1 (Continued)

OBJECTIVE B-22: Demonstrate (1) proper operation of the hydraulic system
and determine effect of propellant loading, chilldown and hot gimballing on

hydraulic fluid and GN 2 temperature in major hydraulic system components
and (2) demonstrate that the hydraulic system operates in a proper manner with
the engine centered hydraulically, using the auxiliary pump. Monitor fluid and

GN 2 temperature in major hydraulic system components during propellant
loading and during chilldown. Repeat the test during propellant loading and the
subsequent engine firing of one of the hot gimballing tests to determine if the

high temperature condition produced by system operation during engine hot firing
has any detrimental effect.

Instrumentation Required:

Meas. No. Title

C050-403

C138-403

,2217-401

C642-403

D043-403

D549-403

D550-403

L504-403

Temp - Hydraulic Pump Inlet Oil

Temp - Accumulator GN 2

Temp - Main Hydraulic Pump Flange

Temp - Reservoir Oil - (Hardware)

Press - Accumulator GN 2

Press - Hydraulic System - Hardwire

Press - Reservoir Oil- Hardwire

Level - Reservoir Oil - Hardwire

Range

400 to 785°R

400 to 785°R

-360 to 810°R

400 to 785°R

(0 to 4000 psia
MVA System)
1500 to 4000 psia

(1500 to 4500
MVA System)
1500 to 4500 psia

0 to 400 psia

0 to 100%

MRD No.

1A37147

1A37149

1A87937

1B32590

1A37145

1B50156

1B50157

1B32589

OBJECTIVE B-23: To determine engine control loop dynamic characteristics
during an engine firing condition.

Measure the frequency response and the transient response of the pitch and yaw
engine actuator control system and the actuator differential pressures while
gimballing during hot firing. The recorded data will be utilized to determine
the following:

a. Closed loop frequency response characteristics.

b. Cross coupling effect in the nongimballing plane.

c. Dynamic response to step commands.

d. Compute control loop transfer functions.

e. Determine engine spring mass characteristics.

f. Determine actuator static load characteristics including duct/umbilical
spring rate, gimbal friction, load bias effects.

g. Vehicle dynamic characteristics during gimballing.
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10. 3. 7. 1 (Continued)

The tests to be conducted during an engine hot firing condition are listed on
Table 10.3.7-II.

OBJECTIVE B-24: Verify satisfactory closed loop dynamic characteristics of

Propellant UtilizationSystem.

Determine closed loop dynamic characteristics of PU system during hot firing
and compare with analytical results. Offload LOX to obtain hardover PU System
valve operation and transient valve response to a 5.0:1.0 commanded mixture
ratio. Typical data required for this objective are:

• Mass Histories

• PU Error Signal

• PU Valve Position

S-IVB/J-2S Battleship Development Tests at Arnold Engineering Development
Center

The S-IVB/J-2S Battleship development test program at Arnold Engineering
Development Center (AEDC) will provide basic altitude (vacuum) simulation for
detailed investigation of system chilldown requirements. Although the taro "g"
aspect of the flight cannot be directly simulated, some simulation of propellant

conditions at idle mode start (a zero "g" condition in flight) can be obtained by
utilizing the present S-IVB prevalves and the propellant inlet ducts, to obtain
variations of hot and dry inlet condition for idle mode start. This in conjunction
with different tank pressures would provide different chilldown flows and times
to achieve a chilldown.

L

Thirty-two tests (Tables 10.3.7-III and 10.3.7-IV) have been defined for the
J-2S/S-IVB test program at AEDC, and primarily include (1) first burn idle
mode, (2) restart idle mode, and (3) short duration mainstage testing. The

emphasis during the AEDC testing has been placed on exploring the pressure
and temperature limits for first burn start and restart to establish realistic
chilldown times for each. These tests are scheduled at approximately three
per J-4 test cell evacuation ("air-on") every other week for seventeen weeks
of testing (Figure 10.3.7-3). An "air-on" is defined as one AEDC altitude
simulation with a continuous blowdown to attain the low pressures of altitude.

It is assumed that 33 seconds of mainstage and up to 1000 seconds of idle mode or
combinations thereof can be run back-to-back over several hours (one "air-on"
period). It is understood that steam capacity is limited to a maximum of 520 seconds
of idle mode such that the remainder of a 1000 second idle mode test would be

with decaying ceil pressure.
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Order

o

2.

3.

4.

5.

6.

7.

8.

9.

10.

Ii.

12.

13.

14.

15.

16.

17.

18.

TABLE 10. 3. 7-II.

Command "P" "Y"

Amplitude ACT ACT

1/4 °

+1/2 °

±1/4 °

1/2 °

±2 °

±2 °

4-2 °

±2 °

+1 o

4.1 °

±1/2 °

4-1/2 °

4-7.0 °

4-7. 0 °

ENGINE ACTUATOR TESTS

Frequency

Range (CPS)

X *(0.5 to 15. 0)

X *(0. 5 to 15. 0)

X *(0. 5 to 15. 0)

X *(0. 5 to 15. 0)

X 0. 2,0. 5,1.0

X 0.2,0.5,1.0

X 0. 2,0. 5, 1. 0

X 0.2,0.5,1.0

X --

X --

X *(0. 5 to 15. 0)

X *(0. 5 to 15. 0)

X X *(0. 5 to 15. 0)

X X *(0. 5 to 15. 0)

X --

X --

X 0. 0367 cps

X 0. 0367 cps

Sinusoidal

Command

X

X

X

X

X

X

Triangular
Command

X

X

X***

x t

X

X

X

X

Step
Pattern

xtt

xtt

*0.5 cycle increments for 0.5 thru 3.0 cps

0.25 cycle increments for 3.25 thru 7.0 cps

0.5 cycle increments for 7.50 thru 10.0 cps

1.0 cycle increments for 11 thru 15.0 cps

"_" f T , T = 0. 9 sec

":'".-*",'Extend pitch, extend yaw {in phase}

?Extend pitch, retract yaw {out of phase)

tt -2 1--'1
_ T = 0. 9 sec against stop

IT I
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TABLE 10. 3. 7-IL (Continued)

INSTRUMENTATION REQUIRED

Meas No. Title Range MRD No.

C050-403

C138-403

C217-401

C642-403

C685-401

D043-403

D549 -403

D550-403

D510-403

D511-403*

G504-403"

G505-403"

L504-403

M704-B20*

M705-B20*

N703-B03

Temp - Hydraulic Pump Inlet Oil

Temp - Accumulator GN 2

Temp - Main Hydraulic Pump Flange

Temp - Reservoir Oil - (Hardwire)

Temp - Engine Gimbal Assembly

Press. - Accumulator GN 2

Press. - Hydraulic System -
(Hardwire)

Press. - Reservoir Oil - (Hardwire)

Press. - Differential, Eng "P"
Actuator (Hardwire)

Press. - Differential, Eng "Y"
Actuator (Hardwire)

Position - Actuator Piston Pot,
Pitch Plane (Hardwire)

Position - Actuator Piston Pot,
Yaw Plane (Hardwire)

Level - Reservoir Oil (Hardwire)

Current - Servo Valve Input
Signal - "P"

Current - Servo Valve Input
Signal - "Y"

Misc- Eng Support Link Load,
Pitch Plane

400 to 785°R

400 to 785°R

-260 to 810°R

400 to 785°R

-310 to 785°R

1500 to 4000

psia (0 to
4000 psia for
MVA System)

1500 to 4500

psia

0 to 400 psia

-6000 to 6000

psid

-6000 to 6000

psid

+ 7.5 deg

+7. 5 deg

0 to 100%

_=50 ma

+50 ma

:_50,000 lb

1A37147

1A37149

1A87937

1B32590

1B20052

1A37145

iB50156

1B50157

1B32594

1B32595

1B32591

1B32592

1B32589

1B29435

1B29436

1B32665

*A: If the majority voting system (MVA) is incorporated on stages
utilizing J-2S engines, measurements marked * will be eliminated
and those marked A will be utilized.
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Meas No.

N704-B03

i New

New

G0012-403A

G0013-403A

G0014-403A

G0015-403A

G0517-403A

G0518-403A

D0257-403A

D0258-403A

D0598-403A

D0599-403A

M0740-B03A

M0741-B03

M0742-B03A

M0743-B03A

M0744-BG3A

M0745-B03&

/
TABLE 10. 3. 7-II. (Continued)

Title

Misc - Eng Support Link Load,
Yaw Plane

Rotational Gimbal Potentiometer
Pitch Plane

Rotational Gimbal Potentiometer
Yaw Plane

Position T1 Actuator Pitch Plane

Position T2 Actuator Pitch Plane

Position T3 Actuator Yaw Plane

Position T4 Actuator Yaw Plane

Position T2 Act Pitch Plane
Hardwire

Position T2 Act Yaw Plane Hardwire

Press. Differential Act, Pitch

Press. Differential Act, Yaw

Press. Differential Act, Pitch Hdw.

Press Differential Act, Yaw
Hardwire

Current TM1-Servo Pitch Act -
Hardwlre

Current TM2-Servo Pitch Act -
Hardwire

Current TM3-Servo Pitch Act -
Hardwire

Current TM1-Servo Pitch Act -
Hardwire

Current TM2-Servo Pitch Act -
Itardwire

Current TM3-Servo Pitch Act -
Hardwire

Range

±50,000 lb

±7.5 deg

±7.5 deg

±7 deg

±7 deg

±7 deg

±7 deg

±7 deg

±7 deg

3000 psid

3000 psid

3000 psid

3000 psid

±60 ma

+60 ma

±60ma

+60 ma

± 60 ma

±60ma

MRD No.

1B32665

1B74778

1B74779

1B74780

1B74781

1B74782

1B74783

1B74784

1B74785

1B74786

1B74787

1B74772

1B74773

1B74774

1B74775

1B74776

1B74777

,&.
If the majority voting system (MVA) is incorporated on stages utilizing J-2S engines,
measurements marked * will be eliminated and those marked A will be utilized.
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TABLE i0. 3. 7-III.

Test

±,

1A

1B

Run

Time

IM/MS/IM

lO/O/O

1/8/2

1c 15o/o/o

1D 100/8/10

2A 3/8/2

2B 300/0/0

i

2C 150/8/10

2D 125/8/15

3A 1/8/3

3B 200/0/0

3c 150/8/10

3D 125/8/15

[ 4A 3/8/10

4B 400/0/0

4C 200/8/2

4D 175/8/5

J-2S BATTLESHIP TESTS AT AEDC

LOX

1:) T L THW 1 P

max min --- max

max

max

max

max

max

max

max

rain ---

--- min

280°R

--- rain

--- max

--- nom

max

max

max

max

max

max

max

LH2 Eng

F TL 1 TH w TH w

rain

min

max

rain

min

max

max

nom

max

max

max

max

max

max

max

max

Comments

Establish first burn

I/M time -- one

hour hold -- pre-
valve open

Verify 1A data with
engine start

Establish most

favorable I/M
time -- prevalve
closed

Dry ducts

Verify test-lC with
engine start

First burn max +

Restart extended

I/M sire (max
hardware temp)

Restart sim, verify
2B with start

Restart sire

max

rain

min

nom

max

min

min

min

max

min

min

nom

max

min

rain

min

max

max

max

max

First burn min I/M

(max T, P)

Ext'd restart I/M

sim (rain P, THW )

Restart sire, verify
3B with start

Restart sire

rain

min

min

min

rain

max

max

nom

rain

min

rain

min

min

max

max

nom

max

max

max

max

First burn I/M

(min T, P)

Ext'd restart I/M

sim (min P, max

THW)

Restart sim, verify
test 4B with start

Restart sim
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F "_ _,

Test

5A

5B

5C

5D

6A

6B

6C

7A

7B

7C

8A

8B

8C

9A

9B

9C

I/M
MS
P

T L
TItW1

TABLE 10. 3. 7-IIL

Run

Time
IM/MS/IM

1/8/2

200/0/2

1/33/10

100/33/10

15/0/10

175/33/2

125/33/15

1/5/5

175/5/5

100/33/10

1/5/10

100/33/2

100/33/0

1/33/10

150/0/0

150/0/0

P

rain

nom

nom

max

min

nom

nom

rain

rain

nom

nom

nom

nom

LOX

T L

min

nora

max

THW 1 P

rain

max nom

nom

non_l max

(Continued)

LH2

TL 1 THW

rain ---

--- max

nom ---

--- nom

rain max

max nora --- max

min nom --- min

Eng

THW

max

max

max

max

max

max

max

max --- min max max

--- nom min --- nom max

--- nom nom --- nom nom

nom nom nom --- max

--- nom nom nom max

nom nom --- nom max

nom nom --- nom nom --- nom

nom

nom

l

nom nom nom nom

nom --- nom nom --- min

= Idle mode duration (seconds)
= Mainstage duration (seconds)
= Tank pressure
= Liquid temperature
= Hardware temperature

Comments

First burn I/M

(min T, P)

Ext'd restart I/M

sim (nom P, max

THW)

LOR first burn sire

LOR restart sire,
LOX depl

Extended first
burn I/M

Ext'd restart I/M

(nom P, max THW )

Ext'd restart I/M

(nom P, min THW )

Synchronous
Mis s ion
Simulation

Sync mission sim

Sync mission sim

Sync mission sim,
LOX depl

First burn I/M (nom

P, T) (nom eng THW )

Extended I/M (nom P,

THW, and eng THW )

Extended I/M (nom P,

THW, and min eng
THW)
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AEDC S--IVB/J-2S BATTLESHIP DEVELOPMENT TEST PROGRAM MATRIX. ------;7--

t

1
O

• "_. ¢xl

io --

Run Time

B-1

B-2

B-3

B-4

B-5

B-6

B-7

B-8

B-9

B-10

B-11

B-12

B-13

B-21

Objective s

Determine Engine Pneumatic System Characteristics

Demonstrate SPTS (1, 2 and 3 Starts)

Demonstrate Tapoff Turbine Concept

Evaluate J-2S Mainstage Performance Over PU Range

Determine J-2S Engine Start Transients (I/M to MS)

Determine J-2S Engine Cutoff Transients

Evaluate J-2S Engine I/M for Cutoff Slosh Control

Demonstrate LOX Depletion Cutoff

Determine First Burn I/M Chilldown Time and
Performance

Determine LOX and LH 2 Chilldown Pressure and
Temperature Limits for First Burn Idle Mode

Determine Restart I/M Chilldown Time and
Performance

Determine LOX and LH 2 Chilldown Pressure and
Temperature Limits for Restart Idle Mode

Simulate Simultaneous Restart Idle Mode and Ambient

Repress

Determine Propellant Tank Pressures Required for

Sea Level Idle Mode Testing

* Test Run Time (Idle Mode/Mainstage/Idle Mode) in Seconds.
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FIGURE 10.3.7-3. AEDC ATTITUDE SIMULATION TEST SCHEDULE
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10.3. 7. 1 (Continued)

S-IVB/J-2S Battleship Development Tests At MSFC

For the MSFC S--IVB/J-2S Battleship test program, thirty-two tests have been
defined (Tables 10.3.7-V and VI). These tests include numerous full duration

firings, s_mchronous mission, and LOR mission simulations, PU excursion,
and LOX depletion tests. Emphasis during these tests has been placed on
S-IVB/J-2S systems testing and the establishment of acceptance test and
launch requirements. The tests are scheduled over a one year period
allowing significant time periods between the scheduled tests for
data analysis.

It should be noted that the tests scheduled indicate numerous extended idle mode
tests. These tests are designed to augment the AEDC chilldown studies

utilizing the S--IVB system to integrate chilldown and mainstage testing,
including complete mission simulation. The chilldown times are subject to
change pending the results of the preceding S--IVB/J-2S Battleship testing at
AEDC. Aside from the basic inability to simulate zero "g" during ground
testing; and the lack of altitude simulation (as available at AEDC); the MSFC
extended idle mode testing, at present, still faces two major constraints.

a. To conduct idle mode tests at sea level, it is presently required that the
LH 2 tank pressure be a minimum of 40 psia to preclude engine

deterioration. Since the S-IVB LH2 tank relief valves are presently set
for 31 to 34 psia, this would entail modification or replacement of the
valves to increase LH2 tank relief pressure upwards of 41 psia.

b. Extended idle mode testing generates excess GH2 from the engine
exhaust and unless properly disposed of, could create a fire hazard.

Idle mode testing has been safely and successfully conducted at the engine manu-
facturers test facility by utilizing a GN2 ring purge around the engine exhaust.
For extended idle mode testing at MSFC, this type of system is presently

available at MSFC to eliminate the fire hazard problem. S-IVB LH 2 tank vent
valves have also been modified at MSFC to relieve in excess of 40 psia.

As with the AEDC Battleship testing the present S-IVB propellant inlet ducting
and prevalves will be used to obtain variation of hot and dry inlet conditions
for idle mode start.

In light of the projected long term utilization of the S-IVB/J-2S stage testing,
it is strongly recommended that an extended idle mode capability be
established for the MSFC test area. Although this testing still lacks two basic
ingredients of flight simulation that are fundamental to the question of adequate
chilldown (i. e., zero "g" and low exhaust pressure), it is hoped that correlation

can be developed between the AEDC and MSFC testing. This information, along
with the later flight verification, may substantiate the value of long range MSFC
flight support testing throughout the course of the S--IVB/J-2S flight program.
A basic altitude (low pressure) simulation system at MSFC for long term test
availability should also be considered to replace long term tie-up of the AEDC
facility.
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TABLE I0.3. 7-V. S-IVB/J-ZS BATTLESHIP TESTS AT MSFC

Test

No.

2A

2B

2C

4A

4B

5A

5B

6A

6B

7A

7B

Run Time

1/30/Z

1/15o/1o

z5o/7o/lo

z5o/3oo/lo

1/450/10

1/150/10

ZO0/300/lO

1/lO0/10

ZOO/Z50/IO

3/15O/lO

15o/25O/lO

3/150/10

lOO/30O/lO

C ornrn ent s

MSFC Battleship/J-ZS Systems
Shakedown

Three- start Shakedown. Max

restart idle mode, max slosh
control idle mode

Full duration (in three burns)

3 SPTS demonstration

Full duration single burn (open

loop PU null). Demonstrate full

duration (acceptance test
simulation)

(LOR simulation) 5. 5 PU5.0 PU

LOR simulation 5.0 PU

Ambient repress simultaneous
with idle mode start (4.5 PU)

LOR simulation 4. 5 PU

LOX depletion cutoff with idle

mode (Ambient repress
simultaneous with idle mode

start) (5. 5 PU)

LOR launch countdown and

flight simulation

LOX depletion without idle

mode (PU -- closed loop)
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T ABLE 10.3.7-V. (Continued)

Test
No.

8A

8B

9

10A

10B

10C

11A

11B

11C

12A

12B

12C

13A

13B

13C

14A

14B

14C

15

Run Time

1/150/2

1/300/2

1/30/2

Comments

LOR static test (acceptance simulation) (PU 5.5)

Demonstrate elect, control and instr adequacy
(PU 4.5) (First acceptance test simulation)

New Engine Shakedown Tests

1/150/10

250/70/10

250/300/10

3/100/5

200/70/0

200/200/0

5/150/0

PU 5.0 (open loop)

PU 5.0 (open loop)

PU 5.0 (open loop)

PU 5.5 (closed loop)

PU 5.0 (closed loop)

PU 4.5 (open loop)

PU 5.0 (closed loop)

Sync mission simulation;

pressure, temperature
limits survey for

Battleship test correlation
with AEDC data

I Sync mission simulation;

pressure, temperature

limits survey for

Battleship test correla-
tionwith AEDC data

175/70/0

175/250/0

2/70/0

125/200/0

125/150/10

1/150/2

1/70/2

1/250/2

1/450/0

Arab repress simult with idle mode start;
PU 5.0 closed loop

Arab repress simult with idle mode start;
PU 5.0 closed loop

LOX depletion with
idle mode cutoff

PU 5.5 (closed loop)

PU 5.0 (closed loop)

PU 4.0 (open loop)

Sync mission launch

countdown and flight

simulation

Sync mission static test

simulation (first accept-

ance test simulation)

Full duration capability -- single burn closed
loop LOX depletion (acceptance test simulation)
PU 5.5 cutback to 5.0
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TABLE 10.3.7-VI.
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MSFC S-IVB/J-2S BATTLESHIP DEVELOPMENT TEST PROGRAM MATRIX
m

Objectives

B-1

B-2

13-3

B-4

B-5

B-6

B-7

B-8

13-9

B-10

B-11

B-12

B-13

B-14

B-15

B-16

B-17

B-18

B-19

B-20

B-21

Determine Eng Pneu Syst Characteristics

Demonstrate SPTS (1, 2 and 3 Starts)

Demonstrate Tapoff Turbine Concept

Evaluate J-2S Mainstage Perf Over PU Range

Determine J-2S Eng St Transients (I/M to MS)

Determine J-2S Eng Cutoff Transients

Evaluate J-2S Eng I/M for Cutoff Slosh Control

Demonstrate LOX Depletion Cutoff

Determine First Burn I/M Chilldown Time and Perf

Determine Propellant Chilldown Press. and Temp
Limits for First Burn Idle Mode

Determine Restart I/M Chilldown Time and Perf

Determine Propellant Chilldown Press. and Temp
Limits for Restart Idle Mode

Simulate Simultaneous Restart Idle Mode for

Ambient Repress

Determine LOX Tank Press. Syst Perf

Determine LH 2 Tank Press. Syst Perf

Establish Eng Cont He Sphere I__ading and Venting
Procedures

Demonstrate Adequate TC Jacket and Turbopump Purge

Demonstrate Adequate LOX Dome Purge

Establish Test Op and DC Procedures for Static Test

and Acceptance Firing

Establish Test Op and DC Procedures for Launch

Determine Prop Tank Pressures Required for Sea

Level Idle Mode Testing

* Test Run Time {Idle Mode/Mainstage/Idle Mode) in Seconds.
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10.3.7.2 S-IVB/J-2S Stage Acceptance Test At STC

The S-IVB/J-2S Acceptance Test Program at the Sacramento Test Center (STC)
will provide basic S-IVB/J-2S and GSE systems integration verification and

flight performance prediction data. It is proposed that acceptance testing be
accomplished in lieu of all systems testing and to verify S-IVB single, double
and triple burn modes. The number of initial stages to be acceptance tested

is subject to static firing and flight successes. For study purposes, three
stages were selected as a minimum number for acceptance testing. This

number is somewhat arbitrary and it is recommended that following initial
acceptance tests the program be reviewed with NASA to establish whether

acceptance firings be 1) continued, 2) performed intermittently at a rate not

presently identifiable, or 3) discontinued entirely. The objectives and tests
defined for the first three stages are shown in Table 10.3.7-VII. The test
objectives listed for each test are only those associated with the S-IVB/J-2S

modifications and are in addition to, and/or replace current S-IVB/J-2 stage
acceptance test objectives. AI1 current test objectives of removed systems
will be deleted. Further definition of each objective is presented in this para-
graph and contains a justification for the testing, a description of the tests
required, and the type of information to be obtained. This information should

not be construed to mean these are the only data that is to be obtained, nor does
it imply that the measurements listed will be the only ones required. However,
it does serve to indicate the magnitude, scope, and importance of the objectives.

Two tests have been defined for acceptance testing of the first S-IVB/J-2S

stage to simulate a LOR mission. The first test, a 70-second duration run,
serves as a system shakedown, an initial S-IVB/J-2S and GSE integration
verification, and initial systems calibration. The 70-second run time is the

minimum time required to achieve good engine steady state data for calibration
purposes. Hydrogen system leak checks and a thorough data analysis will be
completed prior to loading for the next test. The second test will be approx-
imately 380-seconds duration to complete the equivalent of a mission burn time

on the stage. This test will also serve as a calibration test to verify and
augment the test results of the first test and demonstrate run-to-run performance
repeatability. The PU system will be operated at different levels for each of

the two tests above, providing two sets of data points.

A single, full duration firing is defined for acceptance testing of the second
S-IVB/J-2S stage for systems reliability demonstration, and systems

operational and performance verification. The S-IVB/J-2S stage systems
calibration and performance data acquired will be used for comparison with
the first stage testing data to verify system stage-to-stage performance

repeatibility and to establish flight performance prediction techniques to apply
to later stages which may not be acceptance fired.
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10.3.7.2 (Continued)

Acceptance firing of the third S-IVB/J-2S stage will be performed on the first
synchronous mission stage and will include three firings to simulate a

synchronous mission. PU operation and engine calibration will closely
simulate the performance profile of the three burn mission and will provide
additional calibration data for different performance levels. As with the tests
on the first stage, sufficient time will be allowed between tests to allow

adequate hydrogen system leak checks and thorough data analysis.

This testing provides six stage tests to confirm the S-IVB/J-2S integration
and performance and, excluding the PU variations, provides three stage-to-
stage and four test-to-test performance repeatibility verification tests.

The idle mode starts on the restart mission simulation tests will be limited to

a short idle mode (similiar to the first burn start simulation of 1 to 3 seconds);
since extended idle mode testing is not considered practical from two aspects:

a, First burn idle mode and restart idle mode cannot be adequately simulated,
even to the degree demonstrated at AEDC and MSFC, and would not add

significant data or confidence for later flight of the stages.

b. The 40 psia LH2 tank pressure required for extended idle mode testing
cannot be achieved on a flight stage during sea level testing without
temporary modifications to the LH2 vent and relief valves. This type of
modification is not acceptable to MDAC and would violate the acceptance
test criteria of verifying complete S-IVB/J-2S stage and GSE integration.

OBJECTIVE A-h Determine Engine Pneumatic System Characteristics for
Nominal LOR Mission and a Nominal Synchronous Orbit Mission.

This objective will require the following type of information:

a. Determine helium consumption (mass) for start, steady state, and cutoff,
for each of the burns required for the above missions and the following
phase s of operation:

1. Idle mode start

2. Idle mode operation

3. Mainstage starts

4. Mainstage operation

5. Mainstage cutoff (mainstage to idle mode)

6. Engine cutoff (mainstage to zero thrust)

7. Idle mode cutoff
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(Continued)

Determine helium residuals available for propellant dumping and passivation.

Establish sequence, procedures, and time required to blow down (safe) the
helium sphere after last burn cutoff (max, min and nominal blowdown
history).

Establish minimum allowable pneumatic system pressures for successful
operation of the phases listed under step a.

Typical data required to verify this objective includes:

a. Engine control sphere temperature

b. Engine control sphere pressure

OBJECTIVE A-2: Establish Mainstage Start Characteristics for First,
and Third Burn Start.

Second,

Since the SPTS concept is new to the S-IVB stage, information is required on

the performance of this method, its effect on engine start, and any S-IVB stage
interactions. Acceptance test data will supplement Battleship test results. The
following type of information is required for the reasons noted:

a. SPTS chamber pressure history (pressure, burn time, and characteristic
pressure buildup and decay, run-to-run and engine-to-engine deviations)
to be used in conjunction with engine basic performance (thrust buildup) to

reconstruct test data and predict performance. Effects on rate of engine
thrust buildup are also desired to determine engine side loads, stage
thrust structure loading, structural and flow effects on inlet ducts
(especially in transition to tapoff gas bootstrap operation).

b. Pump performance (stall margin) with SPTS system.

Typical data required to verify this objective includes:

a. Temperature SPTS Casing No. 1

b. Temperature SPTS Casing No. 2

c. Temperature SPTS Casing No. 3

d. Pressure SPTS Chamber No. 1

e. Pressure SPTS Chamber No. 2

f. Pressure SPTS Chamber No. 3
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(Continued)

Temperature fuel turbine inlet

m

Time from engine start command to attainment of mainstage (90 percent

thrust).

i. Engine performance data during transient; including pump speeds,
pressures, and flowrates.

OBJECTIVE A-3: Demonstrate the Concept of Tapping Off Thrust Chamber Gas
and Utilizing it to Drive the Turbopump Turbines.

The tap-off-turbine concept is new to the S-IVB stage. Information is required
on the performance and stability of this method. Its effect on engine start

(start transients), and steady state stability (with PU perturbations). Tapoff
flow will be calculated and used in conjunction with other engine performance

parameters to calculate overall engine performance for test reconstruction and
to make performance predictions. Acceptance test data will be used to supple-
ment Battleship test results.

Typical data required to verify this objective includes:

a. Pressure tapoff gas

b. Temperature tapoff gas

c. Fuel turbine inlet temperature

d. Oxidizer turbine inlet temperature

e. Fuel turbine inlet pressure

f. Oxidizer turbine inlet pressure

g. Vibration levels

h. Environmental (hardware) temperatures

OBJECTIVE A-4: Evaluate J-2S Engine Mainstage Performance.

The following information must be obtained to enable effective post test
reconstruction of engine performance, and to predict engine flight performance:

a. Steady state performance variations; including thrust, EMR, propellant
consumptions, and ISP.

b. Gain values for operation at expected EMR (stage effects) including
variations of all interface parameters.
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c. Engine response (thrust) characteristics to changesin EMR (PU effects).

d. Sea level test data to derive conversion factors to predict flight
performance from stage acceptance test data.

e. Thrust stability (openloop/closed loop).

Typical data required to verify this objective includes:

a. Chamberpressure

b. Thrust history

c. Enginepropellant flowrates

d. Enginevibration and side loads

e. Hot gas turbine system characteristics

f. Turbopump characteristics

OBJECTIVE A-5: Determine J-2S Engine Start Transients from Idle Mode to
Mainstage for First Burn Start and Restart.

Acceptance test data will supplement Battleship test results, providing
additional datapoints for flight stage predictions. The following information
is neededto enable effective post test reconstruction of engine performance,
and to predict engineflight performance:

a. Start impulse

b. Performance variations; including thrust,
and ISP.

EMR, propellant consumption,

c. Engine responsecharacteristics to changes in EMR.

d. Test data to derive conversion factors to predict flight performance from
stage acceptancetest data.

e. Thrust stability

f. Thrust alignments (stagemoments).
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10. 3. 7. 2 (Continued)

Typical data required to verify this objective includes:

a. Propellant flowrates (gpm)

b. Thrust history

c. Chamber pressure

d. Engine vibration and side loads

e. Thrust rise rate (time to 90%thrust)

f. Hot gas turbine system characteristics

g. Turbopump characteristics

OBJECTIVE A-6: Determine J-2S Engine Cutoff Transients for Mainstage to
Idle Mode, Mainstage to Zero Thrust, and Idle Mode Cutoff.

Acceptance test data will supplement Battleship test results. The following
information is needed to enable post test reconstruction of engine performance,
and to predict engine performance.

a. Cutoff impulse

b. Cutoff thrust decay rate and stability (time to zero thrust)

c. Test data to derive conversion factors to predict flight performance from
stage acceptance test data.

d. Propellant consumption

e. Thrust alignment (stage moments)

Typical data required to verify this objective includes:

a. Propellant flowrate

b. Thrust history

c. Chamber pressure

d. Engine vibration and side loads

e. Hot gas turbine system characteristics

f. Turbopump characteristics
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10.3. 7. 2 (Continued)

OBJECTIVE A-7: Demonstrate Idle Mode Chilldown for First Burn Start.

Acceptance test datawill supplement Battleship test results of ground chill
effects prior to first burn start. The following type of information is required
to satisfy the aboveobjective:

a. NP_H conditions at the pump inlets

b. Thrust history (idle mode start to mainstage operation) andthrust stability

c. Chilldown duration

do Engine propellant consumption, mixture ratio and specific impulse during
idle mode.

e. Start impulse (including rate and stability)

Typical data required to verify this objective includes:

a. Engine chamber pressure, propellant flowrates during idle mode

b. Propellant temperatures and pressures at engine pump inlets and outlets,
pump inlet duct feed hardware temperatures, and engine chilldown
associated hardware temperatures.

c. Thrust (sea level and altitude).

d. Nominal chilldown duration (time required to meet specification start
(mainstage) requirements).

e. Engine vibration and side loads.

OBJECTIVE A-8: Determine the Performance Characteristics of the LOX

Tank Pressurization System during Engine Mainstage Operation:

Satisfactory completion of this objective will be achieved when the following
conditions have been met:

ao Because of the difference in engine start characteristics associated with

the J-2S SPTS and tapoff turbine concept, determine the ullage pressure
recovery rate during engine start transition.

b. Because of the higher LOX flowrate associated with the higher performance
of the J-2S engine and the heat exchanger, demonstrate in-flight
pressurization control at 38 to 41 psia.

c. Determine the nature of ullage gas temperature stratification with the
increased propellant outflow.
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10. 3. 7. 2 (Continued)

Typical data required to verify this objective includes:

a. LOX tank ullage pressure

b. LOX tank ullage temperature

c. Helium flowrate through heat exchanger

d. Inlet and outlet helium temperature at the heat exchanger

e. Overcontrol and undercontrol energy rates

f. Overcontrol and undercontrol pressure rise and collapse rates

OBJECTIVE A-9: Determine the Performance Characteristics of the LH 2 Tank
Pressurization System during Engine Mainstage Operation

The increased performance of the J-2S engine makes it necessary to evaluate
the capability of the LI-I2 tank pressurization system during the start transient
and mainstage operation of the J-2S engine. The hydrogen gas used as a
pressurant is tapped off of the fuel injector at an increased pressure due to
the higher thrust chamber pressure associated with the J-2S engine. BeCause
of the higher tapoff pressure, it is necessary to verify that the LH 2
pressurization system will function properly in providing the required tank
pressure. Satisfactory completion of this objective will be achieved when the
following conditions have been met:

a. Because of the difference in engine start characteristics associated with
the J-2S SPTS and tapoff turbine concept, determine the ullage pressure
recovery rate during engine start transition.

b. Because of the higher LH 2 flowrate associated with the higher performance
of the J-2S engine, demonstrate in-flight pressurization control at 28 to 31
psia.

c. Determine ullage gas temperature stratification associated with the
increased propellant outflow.

d. Determine step pressurization performance.

Typical data required to verify this objective includes:

a. LH2 tank ullage pressure

b. LH 2 tank ullage temperature

c. Flowrate of the pressurant

d. Temperature of the pressurant
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10. 3. 7.2 (Continued)

e. Pressure of the pressurant

f. Pump inlet temperature

OBJECTIVE A-10: Verify Loading and Venting Procedures for the Engine
Control Helium Sphere.

The J-2S engine control helium is stored in a spherical tank of 4,000 cu. in.,
under 3,100 _100 psig pressure at -200 to +140°F. The loading flowrate must
be limited to 0.1 lbm/sec or less. The GSE/stage/engine system will be flow
tested to verify the loading procedures developed in Battleship testing.

The following information must be obtained:

a. Mass of helium loaded

b. Maximum system flow-rate

c. Time to load to specified values

d. Time to vent down

Typical data required to verify this objective includes:

a. Engine control helium sphere pressure

b. Engine control helium sphere gas temperature

OBJECTIVE A-11: Demonstrate Adequate Helium Purge for the J-2S Thrust
Chamber Jacket and the Turbopumps.

A helium purge of the thrust chamber LH 2 jacket and both turbopumps cavities
prior to firing is necessary to remove any air and water vapor present. A
helium purge after a static firing removes water vapor from the turbopump
cavities and accumulated hydrogen from the LH 2 jacket.

The engine manufacturer specifies that dry helium at 150 ±25 psig and 50 ° to
150°F (125 SCFM reference) be supplied at the customer connect panel. For
static testing, the purge is accomplished by flowing helium from 30 minutes
prior to propellant drop and/or propellant loading until engine start, and for
15 minutes following engine cutoff. The GSE/stage/engine system will be flow
tested to verify that Battleship test derived design requirements are satisfactory
for flight stage testing.

Information required to complete this objective includes:

a. Mass of gas used for typical purges

b. System flow rate (orifice pressure and temperature and/or flow

measurement during blowdown).
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Typical data required to verify this objective includes:

a. Pressure and temperature at customer connect point

b. Purge supply pressure

OBJECTIVE A-12: Demonstrate Adequate Purge to the LOX Dome.

A purge of the LOX dome is necessary before a firing to remove water vapor,
and after firing to prevent accumulation of hydrogen in the dome. Nitrogen
will be used for the purge. The engine manufacturer specifies a 30-minute

purge with dry nitrogen at 150 SCFM, and 100 ° to 150°F (600 +25 psig) before
propellant drop and/or propellant loading and a 15-minute pur-ge at 150 SCFM

after firing. The LOX dome purge is also required for the full duration of any
hold period in the firing sequence, i.e., for any period after a cutoff and prior
to a restart. The GSE/stage/engine system will be flow tested to verify that
the purge media and hardware modifications meet the purge requirement.

Information required to complete this objective includes:

a. Mass of gas used for typical purge

b. System flowrate (orifice pressure and temperature and/or flow measure-
ments during blowdown).

Typical data required to verify this objective includes:

a. Pressure at customer connect point

b. Temperature at customer connect point

c. Purge supply pressure

OBJECTIVE A-13: Verify Test Operation and Countdown Procedure for
Acceptance Firings.

Verify that the acceptance countdown procedures developed in Battleship testing
allow sufficient time to complete each necessary step of the countdown. The
existing S-IVB countdown procedures will be used where applicable, the new
requirements identified, and integrated into a new procedure. This procedure
will have been tested and verified during Battleship testing so that conversion
to actual production acceptance test procedures will be smooth and efficient.
Verify integration of purge procedures, redline monitoring requirements,
sequencing and hold capability.

OBJECTIVE A-14: Establish Test Operations and Countdown Procedures for
Launch.

Derive new procedures emanating from the new J-2S installation and S-IVB
stage modifications, and integrate into existing sequences. These and

Battleship-developed procedures will be tested during simulated countdowns,
where particular attention will be given to integration of the following.
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a. New purge procedures

b. Liffoff requirements

c. Items that may require a hold

d. Launch hold time capability

e. Recycle capability

f. Recycle points

g. Overall time to complete the countdown

Particular emphasiswill be placed on obtaining a reasonably simple, but
effective countdownprocedure with sufficient flexibility to copewith any
anticipated complexities that may evolve in anactual KSC launch countdown.

10.3.7.3 Flight Testing

The first S-IVB stageusing the J-2S enginewill beman-rated. Therefore, a
high level of confidence in the design changesandoverall reliability is mandatory.
Verification of the S-IVB/J-2S performance, flight verification of new concepts
and GSEsystems integration will be obtained from the first flight. Dataobtained
from this flight will be compared to the data generated during extensive ground
testing at AEDC and MSFC for performance verification and to provide data for
future flight predictions.

Special emphasis will be placed onverification of first burn start at zero-g and
restart at zero-g with "hot and/or dry" ducts. This will be the first actual
demonstration of thesestart concepts with flight conditions. Other areas of
particular interest will be propellant control and propellant conditions at the
pump inlets during S-IIfS-IVB separation andprior to mainstage start and
restart. The early flights will have extra instrumentation for systems perform-
anceverification, for stage and engine hardware environmental temperature
histories andto establish margins of performance. The data will beused to
verify performance predictions and clarify environmental envelopes.

The following flight test objectives must be achieved to verify satisfactory opera-
tion of the J-2S engineand the S-IVB stage. These objectives are in addition to
current J-2/S-IVB stageflight test objectives,

J-2S Engine Performance and Conditioning

Determine the J-2S engine ground chilldown, idle mode chilldown, start, and
cutoff performance characteristics. Evaluation of the following will verify this
objective:

a. J-2S engine duct and turbopump chilldown performance on the ground prior
to liftoff and during idle mode operation prior to start and restart. The

environmental heating of the engine during boost and orbital coast.
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Engine conditioning provided by the thrust chamber jacket purge, turbo-
pump and LOX dome purges required during prelaunch preparations.

The J-2S engine control helium sphere prepressurization, loading, and
sphere conditions prior to and at liftoff, and at engine start command.
Environmental heating of the control helium sphere during boost and orbital
coast. Helium consumption during:

Idle mode operation

Mainstage start

Mainstage

Cutoff

The J-2S engine sequencing.

Engine performance including thrust, specific impulse, total impulse, and
propellant consumption during:

Idle mode operation

Mainstage start

Mainstage

Cutoff

Propellant consumption by the J-2S engine using flow integral.

The performance of the solid propellant turbine start system during engine
start and restarts. Effects of environmental heating and vibration during
boost and orbital coast on the performance of the system.

The performance and stability of the turbopumps during mainstage operation.
Satisfactory operation of the turbopumps will provide in-flight verification
of the concept of tapping off thrust chamber combustion gases.

The effect of cryogenic and/or ambient repressurization upon the extended
idle mode chilldown performance during restart.

The effect of the deletion of APS ullaging upon J-2S engine restart and the
capability of idle mode operation to control the propellants prior to restart.

The performance of idle mode in providing control of propellant unseating

and sloshing after mainstage cutoff.
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LH 2 Propellant Feed System

Demonstrate the capability of the LH 2 feed system to provide sufficient LH 2 and
net positive suction head during idle mode and mainstage operation of the J-2S

engine. Evaluation of the following will verify this objective:

a. LH 2 temperature and pressure and tank ullage pressure during loading
operations and at liftoff.

Prepressurization of the LH2 tank prior to launch.

Transition from ground prepressurization to onboard flight pressurization
system to provide tank ullage pressure during engine operation.

d. Conditions of propellant supplied to the J-2S engine LH 2 pump inlet during
idle mode and mainstage operation.

e. Idle mode chilldown of the LH 2 propellant feed system and associated engine
hardware.

f. Repressurization of the LH 2 tank prior to restarts.

g. Orbital boiloff mass.

h. Boost and orbital heating of the LH 2 propellant feed system.

i. Pressurization control module operation.

LOX Feed System

Demonstrate the capability of the LOX feed system to provide sufficient LOX and

net positive suction head during idle mode and mainstage operation of the J-2S
engine, Evaluation of the following will verify this objective:

a. LOX temperature, pressure and tank ullage pressure during loading opera-
tion and at lfftoff.

b. Prepressurization of the LOX tank with ambient helium prior to launch.

c. Transition from ground prepressurization to onboard flight pressurization
system to provide LOX tank ullage pressure during engine operation.

d. Pressurization control module operation.

e. Pressure and temperature of the cold helium supply.

f. J-2S engine heat exchanger performance.

be

C.
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g. Conditions of propellant supplied to the J-2S engine LOX pump inlet during
idle mode and mainstage operation.

h. Idle mode chilldown of the LOX propellant feed system and associated
engine hardware,

i. Boost and orbital heating of the LOX propellant feed system.

j. Repressurization of the LOX tank prior to restarts.

Pneumatic Control System

Determine the amount of stage pneumatic helium required to provide pneumatic
power throughout the mission.

Evaluation of the following will verify the objective:

a. Pressure and temperature of the stage ambient helium supply.

b. Regulated control pressure.

c. Actuation of pneumatic valves,

Hydraulic Power System

The evaluation of the hydraulic power system will include the following:

a. Verification that adequate pressurized fluid flow is provided by the rede-

signed main hydraulic pump to the servo-actuator and that hydraulic system
pressures are maintained within expected limits.

b. Verification that fluid temperature is maintained within expected limits
during system operation,

c. Verification that auxiliary hydraulic pump motor air pressurization is
maintained.

d. Verification of auxiliary hydraulic pump engine positioning capability during
idle mode and restart.

Hydraulic Servo System

The evaluation of the hydraulic servo system will include the following:

a. Verify the adequacy of actuator artificial damping mechanism performance

b. Verify the adequacy of present compensation for thrust vector deflection

errors caused by gimbal "slop" and thrust structure compression effects.
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c. Evaluate the effects of thrust misalignment and thrust eccentricity errors
on actuator perform:race.

d. Determine and evaluate actuator start transient loads during initial start
and restart,

e, Determine and evaluate gimbal friction during engine burn after gimbal
bearing has been exposed to space environment.

f. Compare critical actuator component temperatures with predicted values,

g. Verify proper pitch and yaw actuator responses to commands.

h. Evaluate the effects of IU command errors in the non-S-IVB burn modes on
actuator performance.

i. Evaluate actuator deflections during non-S-IVB burn modes.

Stage Separation

Verify clearance distance between S-II/S-IVB stage during separation. Demon-
strate adequacy of stage attitude control and propellant control systems during

separation and prior to mainstage start. This objective will be achieved by
determining the following:

a. Lateral clearance between stages.

b. Separation distance history between stages.

c. Evaluation of attitude errors and rates experienced during separation and
first idle mode°

d. The effect of the deletion of the solid ullage rockets upon propellant control
during separation.

e. Performance of idle mode in providing propellant control prior to mainstage
start after separation.

f. Propellant conditions at the LOX and LH 2 pump inlets and ullage pressures
prior to the first mainstage start.

Thrust Vector Control System

Demonstrate proper performance of the main engine control system during S-IVB
flight. This objective will be achieved by evaluation of the following:

a. Response of the thrust vector control system to commands from the
instrument unit.

b. Response of the control system sensors and networks.
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c. Verification of control system stability during S-IVB flight, including
controlability immediately after separation.

d. Evaluation of transient regions of flight (e.g., separation, guidance
initiation).

e. Demonstrate proper main enginepositioning prior to engine restart during
extendedidle mode operation.

Trajectory/Propulsion Compatibility

Verify compatibility of the observed trajectory and S-IVB propulsion system
performance. This objective will be achieved by determining the following from
trajectory data:

S-IVB stage thrust, specific impulse, and mass flow.

Vehicle mass at ignition and cutoff.

S-IVB stage thrust vector misalignment.

Stage Sequence of Events

Verify proper S-IVB acknowledgment of sequence commands issued from the IU.
This objective will be verified by comparing IU command times to stage moni-
tored command times.

Propellant Utilization System

Demonstrate the PU system performance for inflight propellant management as
defined by the criteria listed herein.

a. Demonstrate the ability of the PU system to provide propellant management
and to deplete residuals within a predetermined value.

b. Demonstrate closed-loop PU operation in the programmed mixture ratio
(PMR) mode during first burn. Following a three-orbit coast and restart,
control the EMR to a nominal reference mixture ratio of 5.0:1 during
second burn.

Stage Aero/Thermodynamics

Determine stage Aero/Thermodynamics environments during all phases of flight.
This objective will include the following:

a. Stage thermal environment and the response of structure and components
subjected to cryogenics, aerodynamic heating, solar and albedo radiation,

a,

b.

C,
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and plume impingement are to be investigated. Areas to be evaluated
include:

1. Forward skirt (sync mission)

2. LH2 tank (syncmission)

3. Aft skirt andinterstage

4. Thrust structure

5. APS (sync mission)

6. O2-H2 burner (sync mission)

7. J-2S engine

8. Propellant feed duets

b. The propellant heat input during ground hold, boost, powered flight, and
orbital coast.

c. The internal pressures within the forward and aft compartments will be
comparedwith postflight simulations and design data.

10.3.8 Reliability

The J-2S Engine features result in a decisive simplification of S--IVBstage
subsystems. An evaluation of the effects of these simplifications in terms of
(1)potential improvements in current S--IVBreliability predictions and (2)
reduction in the number of critical failure modes are the major objectives of
the reliability study.

The secondary objective of the reliability study is an evaluation of Lunar Orbit
Rendezvous(LOR) and SynchronousOrbit (Sync)missions which are opera-
tionally more difficult than current two-burn andthree-burn missions, pri-
marily dueto longer mission durations.

To accomplish the aboveobjectives, criticality evaluations were made com-
paring J-2 and J-2S equippedstages for the candidatemissions, providing
reliability indices (in terms of criticality) and tabulations of relative numbers
of failure modes for each mission and vehicle.

i0.3.8.1 Background, Definitions, Guidelines and Assumptions

Saturn S-IVB stage modifications resulting from use of the J-2S engine include

deletions of flightcriticalitems associated with removal of engine precondi-

tioning and ullage positioningfunctions and reductions in the criticalityof
components which no longer are required to provide control for these functions.
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An evaluation of the impact of these changes on S-IVB Stage reliability was
provided in Douglas Report DAC-56372. This evaluation was based on stage
configurations, mission descriptions, and reliability models which existed in
1966. To establish an improved basis for decision, it is now appropriate to
reevaluate the earlier reliability analysis to accommodate the results of S-IVB

flight history acquired since the earlier report, and changes in missions,
configurations, and reliability analysis procedures.

Definitions

To provide an understanding of terminology used in the analyses, the following
definitions are provided:

Probability (1)) - The likelihood of occurrence, expressed as a value 0---1)-<1;
where 0 represents impossibility and 1 represents certainty.

• Stage Reliability (R) - Probability that stage loss will not occur.

Criticality Number (CN) - The rate resulting from the failure probability of
a component/system expressed as the number of stages lost per million
missions.

Reliability Analysis Model (RAM) - An MDAC-WD analysis containing dia-
grams, failure effect analyses, and reliability predictions developed for the
S-IVB evaluation in 1968.

Reliability Engineering Model (REM) - An MDAC-WD report containing
block diagrams, failure effect analyses, and reliability predictions written
for Flight AS-501 in 1966.

Flight Critical Item (FCI) - A component piece of hardware; the failure of
which may lead to loss of stage in flight.

Mission Failure Mode (FM) - The failure of an FCI in a specific mode of
required operation which causes loss of the mission or the vehicle.

Guidelines and Assumptions

The method used to evaluate the reliability of the Saturn S-IVB stage is a
criticality analysis. In this analysis, criticality numbers are generated to
determine the stage-loss probabilities that are chargeable to each of the Flight
Critical Items. The factors which have been taken into account in calculating
the criticality of the Flight Critical Items (FCI) are the following:

a. Generic Failure Rate (k) (assumed to be constant)

b. Environmental Adjustment Factor (K)

During J-2S Main Stage K = 1000
During J-2S Idle Mode K= 100
During Coast K = 10
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c. Failure Mode Frequency Factor for each failure mode (a).

d. Operating times or cycles during each of the flight phases.

e. Conditional probabilities of stage-loss, given the designated failure mode
has occurred (_).

The criticality number is that portion of an item failure probability which
contributes to the probability of "stage loss" multiplied by 106 . Thus, criti-

cality is expressed in losses per million flight, chargeable to the FCI or sub-
system being analyzed. In the Reliability Engineering Models (REM) and
Reliability Analysis Models (RAM) reports, stage reliability and "no-stage-loss"
probability are considered equivalent. Correspondingly, "stage-loss" prob-
ability and the total criticality number multiplied by 10 -6 are considered
equivalent.

The actual performance of the criticality number calculation is accomplished
by a computer program written in Fortran IV language using the factors listed

above. These factors are obtained from historical failure data for stage
components found to be flight critical through failure mode and effects analyses,
and operating times determined from mission time lines for the candidate
missions.

Current Reliability Analysis Models (RAM) for S-IVB two-burn and three-burn

missions were used as baselines for the analyses contained in this report.
The baseline analyses (AS-503 and AS-504) provide the most recent information
on S-IVB reliability, and their mission profiles approximate the candidate LOR
and Synchronous missions to be evaluated in this study. The data used from
these models were the computer printouts of the failure effects and criticality
analysis, the criticality ranking of flight critical items, and critical single
failure point lists. These data were first modified to reflect equal levels of
analysis details and the longer mission profiles of the candidate missions to

provide a criticality determination for a standard J-2 Engine equipped stage.
The second step included analysis of failure effects which would be modified

or removed as a result of equipment removals, reduced requirements, and
subsystem changes to provide a criticality determination for a J-2S Engine
equipped stage.

Detailed analyses were performed for the 25 most critical components, and

those components directly changed by J-2S implementation; accounting for over
80 percent of the total stage mission criticality. The balance of stage compo-
nent critiealities were adjusted using adjustment factors derived from the

detail analyses; i. 26 for the Synchronous Mission and i. 13 for the LOR Mission.
These factors account for the longer coasts for the candidate missions; when
compared to the AS-503 and AS-504 RAM time lines.
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10.3.8.2 Summary of Results

Criticality reductions due to implementation of the J-2S engine are 15percent
for the Lunar Orbital Rendezvousmission, and 16percent for the Synchro-
nous Orbit mission. The reductions principally reflect equipment and func-
tional deletions in the Chilldown, Propellant Feed, Auxiliary Propulsion, and
Electrical subsystems. In addition, critical failure modes causing actual
mission loss are reduced approximately 25percent as shownin the Reliability
Summary Table 10.3.8-I and 10.3.8-II. Figure 10.3.8-1 also displays the
stage reliabilities for the LOR and Syncmissions. Reliability improvements
are indicated for both missions whenthe J-2S is implemented. For the
synchronous mission using a J-2 engine equippedstage, the reliability pre-
diction is sisnificantly below the goal of 0.95. The J-2S equippedstage reli-
ability prediction exceeds the goal of 0.95 for the synchronous mission.

Tables of failure mode deletions, item criticality reductions, and criticality
ranking are given in DAC-56749.* Table 10.3.8-III summarizes criticality
information for the 25 most critical components.

Table 10.3.8-III explains some of the differences betweenthe results of this
study andthose provided in the original J-2S/S--IVB study (DAC-56372). First,
Rocketdyneinformation dictated a constant criticality number for the J-2S
engine used in this study, whereas in the earlier study the criticality numbers
reflected the reducted complexity of the J-2S engine and adjustments for
multiple burns. Second, criticality reductions for equipment deletions in the
twenty-five most critical componentsamount to 2600 units for the LOR mission
in this study, compared to 4800 units in the earlier study. The lower criti-
cality number (2600) reflects knowledge gained through operational experience.
Consequently, a smaller percentage reduction in stage criticality is now
observed for J-2S implementation. In summary, the failure modes deleted by
J-2S have been evaluated as less critical, or have lower occurrence frequencies

than in the earlier report.

Finally, the analysis presented in this report evaluates changes in equipment
operations and configurations which were not identified in the earlier report.
These include the increased duty cycles on the hydraulic subsystems. This
subsystem, therefore becomes more critical due to J-2S implementation.
Evaluation of ullage pressure system, which has a considerably higher criti-
cality for the Synchronous mission than for the LOR mission is also included
in the new analysis.

10.3.8.3 Subsystem and Component Evaluations

Evaluations of S-IVB subsystems and components which have undergone major
revisions for J-2S engine applications or for the Synchronous mission are

presented in this section. Other items of equipment which were removed or
whose functional requirements were modified as a result of J-2S application

*DAC-56749, J-2S Implementation on the Saturn V/S-IVB Stage - LOR and

Synchronous Missions, March 1969.
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TABLE 10.3.8-III. CRITICALITY SUMMARY -
"25 MOST CRITICAL COMPONENTS"*

1. Engine (GFE)

2. Sequencer

3. Elec. Assy., P.U.

4. Repress. Control Module

5. Aft. Power Assy. (56V)

6. Actuator, Hydraulic (2 ea)

7. Cont. Vent Control Module

8. Chilldown Inverters

9. Batt's. Fwd. & Aft #1

10. APS Tank Assy.

11. Engines, 150 #APS

12. Press. Reg, APS

13. Batt, Aft #2

14. Low Press Module APS

15. Motor, Retro Rocket (2 ea)

16. Aux. Hydraulic Pump

17. Inverter, P.U.

18. Power Control Module

19. Power Mtg. Assy. (28V)

20. Engine, 70 # APS

21. Control Relay Pkg.

22. Lox Chill Pump

23. LH 2 Chill Pump

24. Accum/Reservoir

25. LOX Tank Press. Control

J-2

14,000

2681

2350

0

1470

1812

519

1180

1039

1436

1131

1307

899

1122

1316

1084

509

627

576

821

660

300

300

157

313

J-2S

LOR

14,000 * *

2310

2146

0

930

1812

491

0

824

1436

1131

1307

564

1122

1316

1108

4O3

627

44O

0

66O

0

0

157

313

J-2

14,000

3530

3140

3191

2160

1919

1941

1842

1858

1760

1693

1660

1474

1416

1316

11,59

945

914

960

847

7OO

442

442

441

416

SYNC

J-2S

14,000 * *

3365

2390

2843

2051

1919

1708

0

1240

1760

1693

1660

737

1416

1316

1208

628

914

48O

0

7OO

0

0

441

416":-

Based on 3 burn synchronous mission.

See paragraph 10.3.8.3
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10.3.8.3 (Continued)

were identified during the course of this study. These equipment removals
result in major changes in criticality rankings for the candidate mission.

Analysis and results for these deletions and changes are presented in DAC-56749,
J-2S Implementation on the Saturn V/S-IVB Stage - LOR and Synchronous
Missions, March 1969.

Engine

Criticality evaluation of the J-2S engine was based on the failure effects analysis
of the J-2 engine for the SA-503 mission (MSFC Drawing 10M30828). Because
a quantitative listing of component failure modes with the resultant criticalities
was not available, a count was made of the failure modes which use of the J-2S

will eliminate. A listing was then made of new (J-2S) hardware and the failure
modes associated with it. It was found that the total number of failure modes

has been reduced by 21 percent. It is estimated, then, that the criticality of
the J-2 engine (14,000) will be reduced by 21 percent (to 11,000) for the J-2S
engine. It is the responsibility of the engine manufacturer to determine the
new criticality, therefore, while the remainder of the report states the criti-
cality of the J-2S engine as 14,000, it should be kept in mind that a lower value
will probably ultimately be used. The MDAC analysis of the engine is presented
in DAC-56749, previously mentioned.

Auxiliary Hydraulic Pump

A detailed analysis has been made of the Auxiliary Hydraulic Pump (AHP)
because of its changed duty cycles. The AHP must be turned on every hour
during coast periods to insure proper thermal conditioning of the hydraulic
fluid. In addition, during idle mode operation, the AHP is the only source of
power for positioning of the engine; failure of the AHP during idle mode burn
may result in an engine hardover condition and loss of the mission.

It was found that a criticality increase of 86 percent for the AHP has been
incurred on the Synchronous mission due to the extended coast periods and the
extensive time spent in idle mode. In contrast, there was less change in the
AHP's criticality for the shorter LOR mission.

Engine-Driven Hydraulic Pump

The J-2S LOX turbopump during mainstage operation will be turning at a speed

greater than the present J-2 pump. Since the main hydraulic pump is driven
directly by the turbopump's shaft it must also operate at a higher rotational
speed. The increase in pump speed causes an increase in the criticality of
the pump. The magnitude of this increase has been identified as 34.6 percent.
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S-IVB/J-2S Pneumatic Systems Combination

It has been proposed that a provision be made to join the pneumatic systems of
the stage and the engine in some manner so that, if one or the other system
failed, the mission could be continued. A reliability analysis was performed
to evaluate the result of such a change on the criticality of the vehicle.

The description of the "best choice" system, and detailed analysis is presented
in DAC-56749. There are potential criticality reductions of nearly 900 and
600 units for the Synchronous and LOR missions, respectively, if implemen-
tation of this connection were carried out. However, development considerations
and loss of engine commonality with the S--II Stage applications are not consid-

ered merited by the system reliability increase and this system change is not
recommended.

10.3.9 Summary of S-IVB Design Changes

The major modifications to the S--IVB resulting from J-2S implementation are

summarized in Table 10.3.9-I. These modifications apply to both LOR and
synchronous missions. Table 10.3.9-II summarizes the additional S-IVB

changes dictated by requirements peculiar to the synchronous mission using the
J-2S engine. A list of deleted components and other significant items is shown
in Table 10.3.9-III. GSE modifications are summarized in Table 10.3.9-IV

for Huntington Beach, STC, and KSC.

Proposed stage and engine instrumentation has not met with general agreement
among NASA, Rocketdyne, and MDAC. MDAC does not consider the instrumen-
tation presented in the Rocketdyne Interface Criteria Document, .R-7211, to be

adequate for verification of idle mode chilldown models and engine performance.
If the present program policies on flight evaluation and mission support are con-
tinued in a follow-on J-2S/S--IVB program, MDAC recommends the instrumenta-
tion listed in Tables 10.3.9-V, VI, and VII. If NASA chooses to reduce the

amount of preflight and postflight evaluation presently required, it may be
possible to reduce this list significantly.

Tables 10.3.9-V, VI, and VII reflect only that instrumentation associated with
the J-2S engine and its supporting systems. Other stage peculiar and synchro-
nous mission measurements were discussed in paragraph 10.3.4.
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TABLE 10.3.9-I. J-2S/S--IVB IMPLEMENTATION
MAJORMODIFICATIONS

Delete

LOX and LH2 Chilldown Systems

• 2 Prevalves
• 2 Motor/Pumps
• 2 Shutoff Valves
• 2 Flow Meters
• Ducts, Diffusers,

• 2 Actuation Modules
• 5 Check Valves
• 2 Inverters
• 5 Measurements

Fairings, and Mount Panels

Ullage Systems

2 Solid Ullage Motors • 2 Mount Panels
2 Fairings • 2 APS Ullage Engines
2 Jettison Devices
2 EBW Firing Units, Detonators and CDF Systems

LOX Low Level Sensors

3 Sensors and Controls
Feed-thru Disconnect

Engine Service System

Start Tank Vent, Relief Line and Disconnect
Fuel Pump Drain Lines and Disconnect
Engine Pump Purge Module and Lines

Add/Modify

2 Feed Duct Spacers
LOX Dome Purge Line
Strengthen Thrust Structure
Re-orifice Fuel and LOX Tank Pressure Control Modules

Replace Aft No. 1 Battery with Smaller Battery
Redesign Main Hydraulic Pump Isolator,

Reduce Pump Stroke
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TABLE 10.3.9-II. J-2S/S-IVB SYNCHRONOUS MISSION
MAJOR MODIFICATIONS

Add 3 Cold Helium Spheres - Delete 7 Ambient Spheres.

Add Baffles/Deflectors to LOX and LH 2 Tanks.

Add Saturn IB Power Amplifiers to T/M Transmitter.

Add Instrumentation for New Equipment.

Add Active and Passive Thermal Control Systems.

TABLE 10.3.9-III. NET DELETIONS RESULTING
FROM J-2S IMPLEMENTATION

150 I_ak Paths

15 Valves

16 Position Indicator Switches

2 Actuation Control Modules

3 Disconnects

1 Pressure Switch

2 Motor/Pumps

7 Redlines

TABLE 10.3.9-IV. GSE MODIFICATIONS RESULTING
FROM J-2S IMPLEMENTATION

At Huntington Beach

Modify Model 348, LOX Tank Access Kit
(Also for STC and KSC).

Modify 4 electrical panels (patchcords and reidentification).

At Sacramento Test Center

Delete GG overtemp panel. Add tap-off overtemp panel.
Isolate turbine start bottle supply.
32 changes to 3 electrical control panels

(patchcords and reidentification).

At Kennedy Space Center

Isolate turbine start bottle supply.
Provide 750 psig helium for LOX dome purge.
Delete solid ullage motor handling kit.
Add SPTS handling cart.
91 changes to 8 ESE panels - G.E. controlled

(patchcords, switches, and reidentification).
Modify Model 400, Aft Battery Handling Kit.
Modify Model 1900, Component Handling Kit.
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TABLE 10.3.9-V. EXISTING T/M MEASUREMENTS RETAINED

(ENGINE RELATED)

Ao The following existing flight measurements are listed in the J-2S Engine
Interface Criteria Document.

No Title

C1

C2

C7

Cll

C 133

C134

C 197

C200

C215

D1

D8

D9

D19

D242

F1

F2

G3

G4

G10

No. Title

Temp - Fuel Turbine Inlet K5

Temp- LOX Turbine Inlet K7

Temp- Helium Tank K10

Temp - Electrical Control Assy K12

Temp - LOX Pump Discharge K13

Temp - Fuel Dump Discharge K14

iTemp - Instrumentation Package Kl18

iTemp - Main Fuel Injection Kl19

Temp- LOX Turbine Outlet K120

Press - Thrust Chamber K121

Press - Fuel Pump Discharge K157

Press - LOX Pump Discharge K158

Press - Helium Tank
K159

Press - Helium Tank Backup

Flow - Oxidizer
M6

Flow - Fuel M7
Pos - Main LOX Valve

T1
Pos - Main Fuel Valve

T2
Pos - PU Valve

Event -

Event -

Event -

Event -

Event -

Event -

Event -

Event -

Event -

Event -

Event -

Event -

Event -

Volt -

Volt -

Speed -

Speed -

Mainstage Control Sol On

Helium Control Sol On

ASI Sparks On

Engine Ready Signal

Engine Cutoff Lock-in On

Mainstage OK Press Sw 1

Main Fuel Valve Open

Main Fuel Valve Closed

Main LOX Valve Open

Main LOX Valve Closed

Mainstage OK Press Sw 2

No. 1 Mainstage OK
Depress

No. 2 Mainstage OK
Depress

Engine Control Bus

Engine Ignition Bus

Oxidizer Pump

Fuel Pump
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TABLE 10.3.9-V (Continued)

Bo

No.

D4

D5

C.

C3

C4

C8

C9

C10

D104

D,

D1

D4

D5

D8

D9

D104

D242

The following flight measurements were on the J-2 engine, but they are not
being provided by Rocketdyne on the J-2S engine. It is recommended that
these measurements be retained:

Title No. Title

Press - Main Fuel Injection D7 Press - Oxidizer Turbine Inlet

Press - Main Oxidizer Injection D18 Press - Engine Regulator Outlet
I

The following stage furnished measurements will be retained on the
S-IVB/J-2 S stage:

Temp

Temp

Tcmp
Inlet

Temp
Outlet

Temp

Press

- Fuel Pump Inlet

- Oxidizer Pump Inlet

- Heat Exchanger Helium

- Heat Exchanger Helium

- Engine Area Ambient

- LH 2 Press Module Inlet

D2

D3

G1

G2

K21

K140

M60

Press - Fuel Pump Inlet

Press - Oxidizer Pump Inlet

Pos -Actuator Piston Pitch

Pos - Actuator Piston Yaw

Event - Engine Start On

Event - Engine Cutoff On

Volt - PU Valve Control

Range changes are required for the following measurements:

Press - Thrust Chamber

Press - Main Fuel Injection - Not
Listed in J-2S Interface Document

Press - Main Oxidizer Injection -
Not Listed in J-2S Interface
Document

Press - Fuel Pump Discharge

Press - Oxidizer Pump Discharge

Press - LH 2 Press Module Inlet

Press - Eng Cont Helium Sphere
Backup

F1

F2

T2

C7

Flow - Oxidizer

Flow - Fuel

Speed - Fuel Pump

Temperature - Helitum Gas
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TABLE 10.3.9-VI.

D5-15772-2

FLIGHT MEASUREMENTSDELETED

No.

C6

C159

C161

C199

D10

D17

D50

D103

D218

D219

D220

D221

D241

F4

F5

G5

G8

G9

K6

The following measurements will be deleted when the J-2S engine is used with
the S-IVB stage:

Title

Temp - GH 2 Start Bottle

!Temp - LOX Circulation Return
Line

Temp - Fuel Circulation Return
Line

Temp - Thrust Chamber Jacket

Press - GG Chamber

Press - GH 2 Start Bottle

Press - Engine Pump Purge Reg

Press - He Inlet LOX Recirc

Pump Motor Container

Press - LH2 Chilldown Pump Diff

Press - LOX Chilldown Pump Diff

Press - Ullage Control Chamber
1-4

Press - Ullage Control Chamber
2-4

Press - GH 2 Start Bottle Backup

No.

Kll

K20

K96

K105

Kll0

Kill

Kl12

Kl17

K122

K123

K124

K125

Title

Event - GG Spark System On

Event - Eng ASI LOX Valve Open

Event - Start Tank Discharge
Control

Event - Pump Purge Control
Backup Press Switch De-Energ

Event- LOX Prevalve Closed

Event - Fuel Prevalve Open

Event- Fuel Prevalve Closed

Event - GG Valve Open

Event - Start Tank Discharge
Valve Open

Event - Start Tank Discharge
Valve Closed

Event - Oxid Turbine Bypass
Valve Open

Event - Oxid Turbine Bypass
Valve Closed

Me as ure me nt

Flow- Oxid Circ Pump

Flow- Fuel Circ Pump

Pos - Eng GG Cont Valve

Pos - Oxid Turbine Bypass Valve

Pos - Eng Start Sphere Discharge
Valve

K126

K127

K131

K136

K137

Event - Oxid Bleed Valve Closed

Event - Fuel Bleed Valve Closed

Event - LOX C/D Purge Reg
Backup P/SW De-Energ

Event - Closed Fuel SOV Chill

System

Event - Open Fuel SOV Chill

System

Event - Ignition Phase Control Sol
Energ

K138 Event - Open Oxid SOV Chill

System
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No.

K139

K149

K]50

K176

K177

K109

M26

M27

D5-15772 --2 ,_ </'\"_/ ,

m

TABLE 10.3.9-VI. {Continued)

Title

Event - Closed Oxid SOV Chill

System

Event - Ullage Rocket Jettison 1

Event - Ullage Rocket Jettison 2

Event - Ullage Rocket Ignition 1

Event - Ullage Rocket Ignition 2

Event - Oxid Prevalve Open

Volt - Phase A=B LH 2 Chilldown
Inverter

Volt - Phase A=B LOX Chilldown
Inverter

No.

M28

M29

M40

M41

M64

M65

M66

M67

K8

Title

Freq- LH 2 Chilldown Inverter

Freq - LOX Chilldown Inverter

Volt - LOX Chilldown Inverter AC

Volt - LH2 Chilldown Inverter AC

Volt - Firing Unit 1 EBW Ullage
Rocket Ign

Volt - Firing Unit 2 EBW Ullage
Rocket Ign

Volt - Firing Unit 1 EBW Ullage
Rocket Jettison

Volt - Firing Unit 2 EBW Ullage
Rocket Jettison

Event - Ignition Detected
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TABLE 10.3.9-VII.
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ADDITIONAL FLIGHT MEASUREMENTS
REQUIREDFORJ-2S ENGINE

A. The following new measurements are contained in the J-2S Engine Interface
Criteria Document and will beprovided by Rocketdyne:

Title No. Title

TBD

No.

TBD

TBD

'F BD

TBD

TBD

TBD

TBD

TBD

Press - Idle Mode Chamber- Low

Event- Idle Mode Valve Open

Event- Idle Mode Valve Closed

Event - Fuel Bypass Valve Open

Event - Fuel Bypass Valve Closed

Event - SPTS Initiated

Event - Hot Gas Tapoff Valve Open

Event - Hot Gas Tapoff Valve
Closed

TBD

TBD

TBD

TBD

TBD

TBD

TBD

Event - Mainstage Cutoff Lock-In
On

Event - SPTS, EBW Firing Units
Armed

Event - SPTS 1 Ready

Event - SPTS 2 Ready

Event- SPTS 3 Ready

Pos- Fuel Bypass Valve

Pos - Hot Gas Tapoff Valve

Pos- Idle Mode Valve

B. The following new measurements will be furnished by the stage contractor and
will be placed on the stage side of the interface:

TBD

TBD

TBD

TBD

TBD

Event- Mainstage Start Command

Event- Mainstage Start Sol
Energize

Event - Idle Mode Cont Sol

Energize

Event - Helium Vent Control
Command

Event - Eng Pneu Sys Vent
Command

TBD

TBD

TBD

TBD

Event - Prop Dump Sol Energize

Event- Mainstage Cutoff On

Temp- LOX Engine Interface
(160 - 700°R)

Temp- LH 2 Engine Interface

(35 - 700°R)
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TABLE 10. 3. 9-VIL (Continued)

C. It is recommended that the following new measurements be provided on the
engine for the purpose of idle mode flowrate and effectiveness evaluations,
SPTS evaluation, and environmental condition determinations.

MEASUREMENT RANGE

Temp

Temp

Temp

Temp

Temp

Temp

Temp

Temp

Temp

Press

Press

Press

Press

Press

Press

Press

LOX Pump Bearing Coolant

LH 2 Pump Bearing Sump

Idle Mode ASI LOX Line

Idle Mode Injector LOX Line

Idle Mode ASI LH 2 Line

LH 2 Film Coolant Injector

LH 2 Injector (Range Change)

Fuel By7pass Manifold

SPTS Case No. 2

160-700°R

35-700°R

160-700°R

160-700°R

35-700°R

35-700°R

35-700°R

35-700°R

300-2000°R

Idle Mode ASI LOX Line

Idle Mode Injector LOX Line

Idle Mode ASI LH 2 Line

LH 2 Film Coolant Injector

LH 2 Injector

FueI Turbine Inlet

ASI Combustion Chamber

0-50 PSIA

0-50 PSIA

0-50 PSIA

O-5O PSIA

0-50 PSIA

0-1500 PSIA

0-50 PSIA
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10.4 INSTRUMENT UNIT

The Instrument Unit is a load bearing slice of the vehicle structure, 260 inches

in diameter and 36 inches high. The astrionic equipment, cabling and plumbing

are periferally mounted to provide clearance for the Lunar Module legs and for

convenience in the structural mounting of the thermal conditioning panels.

Each IU is uniquely configured and is modified for each mission and/or vehicle.

The recent history of design release activity has shown that one in four of the

mandatory changes has been a mission-associated change.

Flexibilityhas been designed intothe IU to minimize the impact of mission im-

posed guidance, control and sequencing variations on the vehicle stages. With

the exception of the J-2S/Synchronous mission, where the 15-hour mission re-

quires lifetime extension of the IU, the J-2S engine application has imposed minor

design changes to the structure and hardware. The software impact is detailed

but largely absorbed within the normal maintenance-of-design activity.

It has been assumed that the J-2S program will result in a mix of Saturn V missions

and that l'U's will correspondingly be of mixed configuration during the design and

fabrication cycles. A specific J-2S program definition may provide for some ad-

ditional efficiencies in being able to settle on a "worst case" or universal design
for all missions.

The following IU modifications are in large part based on the particular require-

ments of each mission.
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10.4.1 Stage Structural Design

The present IU structure is defined by Dwg 30Z13100-1, Structural Assembly.

Principal features of this structure are depicted in Figures 10.4.1-1, 10.4.1-2

10.4.1-3. The IU structure is a cylindrical structure 260 inches in diameter and

36 inches high. The cylindrical structure consists of honeycomb sandwich con-

struction 0.95 inch thick with upper and lower interface channel rings. It pro-

vides various pads, brackets, and insert mounting provisions, cutouts for antenna

cables, a ST-124 viewport, interface bolt access, an umbilical connection and a

load-carrying access door.

The honeycomb sandwich construction consists of 7075-T6 aluminum alloy face

sheets bonded with METLBOND 329 adhesive to a 3.1 or 8.1-1b-per-cu-ft core.

EPOCAST H-1310, Mod. 1, is used to adhesively splice the core. The brackets

and pads, bonded with METLBOND 329 and EPON 934, are in most cases also

bolted to the basic honeycomb structure.

Certain salient features which must be carefully considered when evaluating the

IU structure for new vehicle missions and configurations are:

The access door is load carrying and must be capable of being removed

and reinstalled any time prior to flight. Also, the door frame must be

capable of supporting the vehicle load when the door is removed.

The 8.1-1b-per-cu-ft core is used to redistribute loads imposed by

bracket, pad and mounting ring structural elements. Therefore,

certain component additions or changes could require redesign of

the core pattern prior to bonding.

The structural buckling considerations must include not only the basic

vehicle shell loads, but also the lateral loads imposed by the IU com-

ponents attached to the basic honeycomb structure. The lateral loads

are intensified by the dynamic environment imposed on the component

and attachment dynamic response. Because of these complexities,

structural capability values of the IU shell are subject to minor varia-
tions.

The present IU configuration (installation and assembly criteria) is defined by Dwg

10Z22501-1, Instrument Unit Assembly. This assembly defines each IU configura-

tion by drawing revision level as required by the 10 IU system requirements (Navi-

gation and Guidance, Attitude Control, Sequencing, Measurement and Telemetry,

Radio and Command, Tracking, Power and Distribution, Emergency Detection,

Environmental Control and Structural) combined with alignment, interface control

documentation and parameters effeeting component mounting surface requirements.

This assembly also defines the component mounting hardware and component lo-
cations.
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10.4.1 (Continued)

The structural design criteria is identical to that presently specified by NASA for

the Saturn V 1-U structures. The safety factors which are applicable to the Saturn

V IU structural design as minimum values are:

Yield Load

Ultimate Load

-- 1.1 times limit load

= 1.25 times limit load (unmanned)

= 1.40 times limit load (manned)

The ultimate load factor generally governs the present IU structural design, except
for flange yield under tension load at the lower interface.

10.4.1. 1 Structure

The major IV structural differences between the Uprated Saturn I (200 series) and

the Saturn V (500 series) are that the Saturn V IU's (AS 505 and subs) have the

following design modifications:

Corked insulation cold-bonded on the IU outer skin except for the um-

bilical door, splice plates and protrusion covers. The insulation is

defined by Dwg 7916352-1, Installation of Thermal Insulation. This

insulation greatly increases the load carrying capability of the IU shell

structure under end boost loads with temperature.

Vibration damping compound of X-306 adhesive loaded with lead is cold-bonded

under a pressure of one psi to the outer sMn in the ST-124 viewpoint area

(position IV) and replaces steel channels previously used for the Saturn V

IU configuration. This installation is definedby Dwg 7916344-1. Vibration

Damping Pad. The damping compound is more effective in reducing local

vibration induced loads than the previous damping system.

Antenna insert patterns to accommodate different types and relocated antennas.

By inspection it will be noted that the 500 series will have a higher structural load

carrying capability compared to the 200 series, and is used in the study.

The present IU capability to resist structural loads is shown in Figures 10.4.1.1-1,

10.4.1.1-2 and 10.4.1.1-3. Engine-out induced loads were not studied.

These curves are based on predicted structural capability, dated December 12,

1968, and are to be used as a guide for mission trends. Specific verification of any

combination of loads and environments, by stress analysis, is required.
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10.4.1.1 (.Continued)

It is necessary to consider only the lower interface curves which were conserva-

tively developed from the lower interface load allowables. The lower interface

curves govern in the analysis. Values of estimated loads falling outside the re-

quired safety factor line with reference to zero axial load and bending moment

indicate that structural modification is required.

The structural capabilities for Figures 10.4.1.1-1 through 10.4.1.1-3 are based

upon the following longitudinal compressive and tensile values for nominal flight:

Figxlre 10.4.1.1-1 N c = 324 lbs /in., Nt= 98 lbs /in.

Figure 10.4. 1.1-2 N c = 1435 lbs /in. Ult, N t =361 lbs /in. limit yield (flange)

Figure 10.4.1.1-3 N c = 1400 lbs /in. Ult, Nt = 361 lbs /in. limit yield (flange)

Since the J-2S payload is not presently defined, the load distribution on the IU

structure was considered uniform. This does not allow the consideration of load

concentrations from payload hard points or load application points such as the LEM

load concentrations presently considered in the Uprated Saturn I and Saturn V IU

structural design.

The IU structure, besides providing a load transfer path between adjacent stages,

also provides a component mounting area for guidance and control, telemetry, sup-

porting ECS and other subsystems. The determination of component equipment

loads to assess the capability of the IU structure requires definitions of the acoustic/

vibration environment, stiffness/transmissibility characteristics and the arrange-

ment of the component equipment. The determination of static and static equiva-

lent dynamic equipment loads resulting from these factors to determine IU structure

impact are not dealt with in this study, but are expected to be of the same order of

influence as for the present Saturn V vehicles.

Since the design criteria for the IU specifies a minimum-weight structure, no

handling and transportation loads were considered critical in the original design.

Consequently handling and transportation fixtures were provided which introduced

loads into the IU in a manner compatible with the IV flight structure. The handling

and transportation design philosophy was not impacted in this application.

a. J-2S/LOR

The vehicle loads for the IU structure were obtained from Reference 10.4-13 for

the lower interface (station 3222).

The combined loads, axial and bending, are shown in Figures 10.4.1.1-1, 10.4.1.1-2

and 10.4.1.1-3 for the respective on-pad, Max Q Alpha and end boost conditions of
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10.4.1.1 (Continued)

the LOR. These figures depict that the LOR loads are within the IU capability.

Thus, the present IV, baseline AS 511, with the addition of cork and damping

compound as described in Para 10.4.1.1 is structurally adequate to withstand

the running loads imposed by the LOR mission.

The access door is load carrying and must be capable of being removed and rein-

stalled any time prior to flight. Also, the door frame must be capable of sup-

porting the vehicle load when the door is removed. Since the LOR on-pad loading

is less than the IU capability, the access door and door frame are qualified for

and capable of carrying the imposed mission loads.

The LOR IU is not subjected to acoustic, acceleration or vibration environments

which are of greater severity than those imposed on the present Saturn V IU vehicles

(refer to Para 10.4.4.1). Therefore, the determination of static and static

equivalent of acceleration and equipment dynamic loading effects is not dealt with

in this study.

The thermal environment for the LOR IU is within the adequacy of the presently

flown Saturn V vehicles (AS 501, 502 and 503). Therefore, no thermal analysis is

required for this IU (refer to Para 10.4.4.2).

b. J-2S/LEO

The vehicle loads for the IU structure were obtained from References 10.4-36

and 10.4-37 for the lower interface (station 3222).

The combined loads, axial and bending are shown in Figures 10.4.1.1-1,

10.4.1.1-2 and 10.4.1.1-3. The respective on-pad, Max Q and end boost loads

are within the IU capability with the exception of the Max Q Alpha condition.

The Max Q Alpha load is a condition in which the bending moment is contributing to

a tension running load on the interface rails which exceeds the rU structural ten-

sion capability.

Table 10.4.1.1-I gives the margins of safety for the upper and lower interface ten-

sion loads and for two Max Q Alpha flight conditions, nominal and one engine-out.

This table depicts the lower interface rail during Max Q Alpha period of flight

(nominal) to be the design case.

This tension condition also exists in Para 10.4.1, 1.c (Polar). The design changes

necessary to overcome this condition will be discussed in Para 10.4.1.1. c since

the Polar tension load is a more severe case. Thus, the design change can be in-

corporated to accommodate either the LEO or Polar IU's and give these vehicles

greater load carrying capability.
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TABLE I0.4. I.l-I. J-2S/LEO MARGINS OF SAFETY

MAX Q ALPHA MARGINS OF SAFETY

CONDITION UPPER INTERFACE LOWER INTERFACE

Nominal + 0.28 - 0.25

(Tension)

Engine-Out + 0.46 + 0.43

ASSUMPTION: The maximum limit tension load due to delta

pressure across the IU structure is 26 lbs /in.

NOTES: io

2.

The previous assumption is included in the MS.

The negative MS indicates that the interface

rail has a yield factor of safety less than i.1

and indicates thatflange yielding occurs.

361 - 1 =-0.25
MS-- 4--_
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10.4.1.1 (Continued)

The on-pad and end boost loads present no problem to the present baseline IU;

AS 511. However, these IU's must be equipped with insulation (cork) and damping
compound as described in Para 10.4.1.1.

The access door is load carrying and must be capable of being removed and rein-

stalled any time prior to flight. Also, the door frame must be capable of support-

ing the vehicle load when the door is removed. Since the LEO on-pad loading is

less than the IU capability, the access foor and door frame are qualified for and
capable of carrying the imposed mission loads.

The LEO IU is not subjected to acoustic, acceleration or vibration environments

which are of greater severity than those imposed on the present Saturn V IU

vehicles (refer to Para 10.4.4.1). Therefore, the determination of static

acceleration and static equivalent of dynamic component loading effects are not
dealt with in this study.

The thermal environment for the LEO IU is within the adequacy of the presently

flown Saturn V vehicles (AS 501, 502 and 503). Therefore, no thermal analysis

is required for this I'U (refer to Para 10.4.4.2).

c. Polar

The vehicle loads for the IU structure were obtained from References 10.4-36 and

10.4-37 for the lower interface (station 3222).

The combined loads, axial and bending, are shown in Figures 10.4.1.1-1,

10.4.1.1-2 and 10.4.1.1-3 for the respective on-pad, Max Q and end boost condi-

tions of the Polar IU. These figures depict that the Polar loads are within the IU

capability with the exception of the Max Q Alpha condition.

The Max Q Alpha load is a condition in which the bending moment is contributing
to a tension running load on the interface rails which exceeds the IU structural ten-

sion capability.

Table 10.4.1.1-II gives the margins of safety for the upper and lower interface

tension loads and for two Max Q Alpha flight conditions, nominal and one engine-

out. This table depicts the lower interface rail during Max Q Alpha (nominal) to
be the design case.

This type of localized failure is attributed to flange yielding at the lower interface

rail. There are 108 NAS 625 high-strength-steel bolts (. 3125 diameter) with wash-

ers mounted through access bolt holes on the SLA through the SLA interface ring

and the IU upper interface rail. Washers and MC 623-5 nuts complete the attach-

ment through the IU upper access bolt holes.
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TABLE i0.4.1, l-II. J-2S/POLAR MARGINS OF SAFETY

MAX Q ALPHA

CONDITION

MARGINS OF SAFETY

UPPER INTERFACE LOWER INTERFACE

Nominal + 0. I0

Engine-Out + 0.36

-0.35

(Tension)

+0.34

ASSUMPTION:

NOTES:

The maximum limit tension load due to delta pres-
sure across the IU structure is 26 lbs /in.

1. The previous assumption is included in the MS.

2. The negative MS indicates that the interface rail

has a factor of safety less than 1.1 and indicates

that flange yielding occurs.

MS= 361 - ] =-0.35
5"5"7
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10.4.1.1 (Continued)

The IU lower interface, on the other hand, has 216 NAS 625 high-strength-steel bolts

(.3125 diameter) with washers mounted through the IU lower access bolt holes, IU

lower interface rail, and S-IVB stage forward interface ring to NAS 687-A5 float-

ing nut-plates. The nut-plates are mounted on the S-IVB stage, and therefore are

not addressed in this study by IBM, although they may be impacted. The number

of bolt holes is a multiple function of the 108 S-IVB forward skirt stringers; two

interface bolts are on each side of a stringer.

Because fewer bolts were required at the upper interface, the IU upper interface

rail is thicker than the lower (. 200 vs . 125 inches thick). The effect of prying

forces between stage interfaces makes the IU lower interface rail marginally ade-

quate for flange yield under current Saturn V contract loads.

There are several possible fixes for this structural design condition. The break

points between increasingly more costly fixes are as follows:

A minimum modification fix may be possible, dependent upon small inter-

face specimen (approximately 8 x 15 inches) testing for flange yield. A

special manufactured washer to reinforce the flange locally would be used

to increase the flange yield capability, but it is not known how much be-

cause of the complex prying of the IU interface. (See Figure 10.4.1.1-4. )

The fix need not be for the entire interface, but the locations can only be de-

cided upon after such testing takes place.

For load levels beyond which the minimum modification fix would be ef-

fective, a modification would include increasing the length of the vertical

legs to provide a larger bond (adhesive) area and increasing the flange

height of lower interface rails. Along with this modification, the shape of

bolted access hole cutouts at the IU interface would be altered to help prevent

stress concentration factors from becoming a governing factor. From Table

10.4.1.1-II the MS is -0.35 and this corresponds to a N t of 888 lbs /in.

(ultimate). A preliminary analysis indicates that the vertical leg height

would be increased from the present 1.0 inch to 1.39 inch (Figure 10.4.1.1-5)

and the flange height would be increased from the present 0. 125 inch to ap-

proximately 0. 166 inch. These values would be refined during the design

phase for the Polar IU and are only presented here to indicate a representa-

tive change.

For very high tension load levels, the inner skin thicknesses would also

have to be increased and the number and/or strength of the interface bolts

would have to be addressed. This impact is not described in this study and

will be analyzed subsequent to redesign.
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10.4.1.1 (Continued)

The required change would make the MS positive for a yielci conuition.

The on-pad and end boost loads present no problem to the present baseline IU;

AS 511. However, these IU's must be equipped with insulation (cork) and damp-
ing compound as described in Para 10.4.1.1.

The access door is load carrying and must be capable of being removed and rein-

stalled any time prior to flight. Also, the door frame must be capable of support-

ing the vehicle when the door is removed. Since the Polar on-pad loading is less

than the IU capability, the access door and door frame are qualified for and capable

of carrying the imposed Polar mission loads.

The Polar IU is not subjected to acoustic, acceleration or vibration environments

which are of greater severity than those imposed on the present Saturn V IU vehicles

(refer to Para 10.4.4.1). Therefore, the determination of static acceleration

and static acceleration and static equivalent of acceleration and dynamic equipment
is not dealt with in this study.

The end of boost and orbital thermal environment for the Polar IU are within the

adequacy of the presently flown Saturn V vehicles (AS 501, 502 and 503). There-

fore, no thermal analysis is required for this IU (refer to Para 10.4.4.2).

d. Synchronous

The vehicle loads for the IU structure are obtained from Reference 10.4-39 for

the lower interface (station 3222).

The combined loads, axial and bending, are shown in Figures 10.4.1.1-1,

10.4.1.1-2 and 10.4.1.1-3 for the respective on-pad, Max Q Alpha and end boost

conditions of the Synchronous mission IU. These figures depict that the Syn-

chronous loads are within the IU capability. However, structural buckling con-

siderations must include lateral loads imposed by the IU components attached to

the honeycomb structure. These lateral loads are intensified by the dynamic res-
ponse of components and attachment hardware. This consideration has not been

fully analyzed in the area of the side-by-side GBS panels. The predicted dynamic

response of the basic structure in this area cannot be accurately analyzed by ex-

isting techniques. Therefore, a comprehensive structural analysis cannot be ac-

complished without the static equivalent of dynamic loads for this area being

derived by structural testing.

The access door is load carrying and must be capable of being removed and rein-

stalled any time prior to flight. Also, the door frame must be capable of support-

ing the vehicle load when the door is removed. Since the Synchronous on-pad
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10.4.1.1 (Continued)

loading is less than the IU capability, the access door and door frame are qualified

for and capable of carrying the imposed mission loads.

The Synchronous IU is not subjected to acoustic, acceleration or vibration environ-

ments of greater severity than those imposed on the present Saturn V IU vehicles.

However, the complexity of determining the static equivalent of dynamic loads and

component vibration responses in the area of the side-by-side GBS panels is highly

questionable as to the degree of accuracy. Thus, dynamic testing is required in

order to verify analysis methods and certify the structure and components for flight

worthiness. This is addressed in Para 10.4.7.3.

The structural in-line modifications for the Synchronous IU are defined in Paragraph

3.4.1.1. b (Antenna Mounting Provisions) and Para 3.4.1.2. b (GBS Panel Mount-

ing Provisions) of Reference 10.4-39. A summary of these paragraphs follows.

(See Figure 10.5.1. 4-15 for IU location numbers.)

A modification will be required to add six 30Z13058-1 brackets at location 2_ in a

pattern identical with the existing 30Z13058-1 bracket pattern in location 2_ to ac-

commodate an additional GBS panel in location 23. The other changes required
for this area are as follows:

Add 8.1 honeycomb core in location 23.

Delete four brackets, 30Z13044-1, and one bracket assembly, 30Z13050-1.

Delete 16 inserts, NAS 1398134-3.

The antenna modifications required in the basic structure are as follows:

VHF antenna cutouts and insert patterns which are presently located in
location 9-10 and 21-22 would be relocated to locations 10-11 and 22-23

below the existing UHF TM antenna cutouts and insert patterns.

CCS directional antenna cutouts and insert patterns must be made at loca-

tions 5-6, 9-10, 13-14, 17-18 and 21-22. The antenna mounting provision

in location 3-4 must be deleted and relocated to provide similar antenna

mounting provisions in location 1-2.

The referenced ECP did cite certain modifications which are now included in the

AS 511 baseline vehicle. These additional changes include the vibration damping

channels in the ST-124 area, location 21, which are deleted and replaced by a

vibration damping pad. This installation is defined in Reference 10.4-41. Cork

thermal insulation is added to the IU outer skin except for the umbilical door,

splice plates and protrusion covers. This insulation is defined in Reference
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10.4.1.1 (Continued)

10.4-42, however, these are not changes to the present AS 511 baseline IU,

since the), have previously been incorporated.

The thermal environment for the Synchronous IU is within the capability of the

presently flown Saturn V vehicles (AS 501, 502 and 503). Therefore, no thermal

stress analysis is required for the Synchronous IU (refer to Paragraph 10.4.4.2.1).

A thermal cycling environment is encompassed by the Synchronous IU. This has

been addressed in Paragraph 10.4.4.2.3 and presents no problems to the IU
structure.

10.4.1.2 Stage Interfaces

The upper (station 3258) and lower (station 3222) interfaces and adjacent structure

from the J-2S IU's are assumed to be similar to the present Saturn V with the

exception of the LEO and Polar IU interfaces. These exceptions are explained in

Paragraphs 10.4.1.1.b and 10.4.1.1.efor the respective LEO and Polar IU's.

A basic assumption is made that the undefined payload design will satisfy the base-

line vehicle interface criteria specification for the IU/S-IVB.
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10.4.2 IUSystems

This section defines the impact on the IU systems resulting from the J-2S engine
and mission changes. The impacts are confined to resulting hardware alterations
only. Software is treated in paragraph 10.4.3. To clearly show mission related
changes, the systems are treated by mission. The J-2S engine impact is entirely
contained in the J-2S/LOR mission sections. Changesfor the other missions then
addto those but must be considered mission deltas only.

10.4.2.1 GuidanceSubsystem

The Saturn V IU GuidanceSubsystemconsists of the ST-124M three-gimbal, sta-
bilized inertial platform assembly providing a space-fixed coordinate reference
system for navigation measurements (vehicle acceleration and velocity}. The
measurements are sent through the LVDA to the LVDC where they are used in
calculating the vehicle's velocity and position in space relative to the earth.

10.4.2.1.1 J-2S/LORMission

a. Requirements

There are no requirements resulting from the vehicle modification to J-2S en-
gines or the LOR mission that imposes new requirements on the guidancesub-
system hardware. Therefore, nohardware modification is required.

10.4.2.1.2 J-2S/Synchronous Mission

a. Requirements

The present three-gimbal ST-124Mplatform has a + 45° operational yaw limitation,
although the gimbal stops are at approximately 60o_ A large variety of yaw re-
quirements is encounteredwhen considering the spectrum of missions addressed
for SynchronousOrbit.

The worst-case yaw of approximately 72° is encounteredfor an equatorial Synchro-
nous orbit which is entered from a 44° inclined waiting orbit. Sincethis exceeds
the present capability, a hardware or software modification is required.

b. Modification

There will be no hardware modifications to meet the large yaw requirement of
certain SynchronousOrbit missions. This requirement will be met by using a yaw
bias technique. This technique involves intentional offset of the ST-124M
platform to take advantageof the available 90° range of yaw.
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10.4.2.1.3 J-2S/LEO Mission

a. Requirements

There are no requirements resulting from the vehicle modification to J-2S engines

on the LEO mission that imposes new requirements on the guidance subsystem

hardware; therefore, no hardware modifications is required.

10.4.2.1.4 J-2S/Polar Mission

a. Requirements

As stated under the requirements for Synchronous Orbit, the present three-gimbal

ST-124 platform has a +45 ° operational yaw limitation. The Polar Orbit mission
requires a yaw guidance command of approximately 50 °. Since this exceeds pre-

sent capability, some modification is required.

b. Modification

There will be no hardware modification to meet the large yaw requirement of the

Polar mission. This requirement will be met by using a yaw bias technique.

This technique involves intentional offset of the ST-124M platlorm to take

advantage of the available 90 ° range of yaw.

10.4.2.2 Control Subsystem

The attitude control requirement of the Saturn Launch Vehicle can be divided into

control during powered flight and control during coast flight. Attitude control during

powered flight is accomplished by swivelling the propulsion engines to control

thrust vector direction. During coast flight, attitude control is provided by the

auxiliary propulsion system of the S-IVB stage. This auxiliary propulsion system

is used also during powered flight of the S-IVB stage for roll control, which cannot

be achieved with the single engine of the S-IVB stage.

The main components of the Saturn attitudecontrol system are shown in Figure

I0.4.2.2-I. The platform gimbal-angle readings (@ X O¥ OZ) indicate the orien-

tation of the vehicle in the navigation coordinate system (XS _S ZS)" The LVDC
computes the required thrust vector orientation according to the guidance scheme

and generates attitude error signals ( _ R _ P _ y)--with respect to the body-fixed
roll. pitch, and yaw axes--which are sent to the Flight Control Computer (FCC).
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10.4.2.2 (Continued)

In addition to the attitude error signals, the FCC receives attitude rate signals

( _p _Y _R -- with respect to the vehicle pitch, yaw and roll axes) from the Con-

trol Signal Processor. All control signals fed into the FCC are analog signals.

The FCC processes and combines these signals according to the control law to

generate the control signals for the engine actuators and attitude control nozzles.

The Saturn V control law for the thrust vector deflection angle ( 8 ) is:

L_ = ao _ + aI

where a o and a I are gain factors, and _ and $ are att,tude error angle and

attitude angular rate, respectively.

Attitude control of the launch vehicle during powered flight is accomplished by

swivelling of the main propulsion engines and thereby changing the orientation

of the thrust vector. The S-IC and S-II stages have five engines each. The four

outer engines can be swivelled in pitch and yaw by two hydraulic actuators at each

engine. The S-IVB stage is propelled by a single engine which can be swivelled

in pitch and yaw. In addition, the S-IVB stage is equipped with an auxiliary pro-

pulsion system consisting of six nozzles (two sets of three nozzles) mounted

on the outside of the aft end of the S-IVB stage. Four of the six nozzles are

required for roll control of the S-IVB stage, since roll control cannot be achieved

with a single main propulsion engine.

The output to each actuator is derived from a 50 MA Servo Amplifier. The 50 MA

Servo Amplifier is a current amplifier capable of supplying 50 milliamps to the
actuator load.

During coast flight, attitude control of the vehicle is accomplished by means of

the S-IVB stage auxiliary propulsion system which contains six attitude control

engines (thrust nozzles). When fired, the nozzles produce torques about the center

of gravity of the vehicle. They are controlled in a pulse-type manner (full thrust

or OFF) by the spatial amplifiers in the Flight Control Computer. The attitude

control engines are turned ON when the input signal to the spatial amplifier ex-

ceeds certain limits and turned OFF when the input signal falls below a set thres-

hold. The control scheme generates thrust pulses of variable duration at chang-

ing intervals which are controlled by the pseudo rate modulators in the spatial

amplifier. Over a certain range of the input signal, the output of the modulator

is pulse-width and frequency modulated and is a function of the input signal magni-

tude. Above this range, the output (thrust) is continuously ON; below this range,
it is OFF.
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10.4.2.2 (Continued)

A typical attitude error channel in the FCC is shown in Figure 10.4.2.2-2. The

filter configuration determines a o of the control equation. Figure 10.4.2.2-3

depicts a typical attitude rate channel within the FCC. The filter again determines

a 1 of the control equation.

Both a o and al are capable of being changed in flight. This is accomplished by

energizing relays (called switch points) within the filter with Switch Selector dis-
cretes.

10.4.2.2.1 J-2S/LOR Mission

a. Requirements

The only additional requirement to change a J-2/LOR control subsystem to a J-2S/

LOR control subsystem is to have the capability of resetting switch point 5.

The purpose of the switch point is to change the gain through the filter network in

the FCC. The switch point will be set while in the S-IVB idle mode. This is not

necessary when idle mode is merely a step to mainstage as is the case for S-IVB

first burn. However, under restart conditions, the S-IVB is in idle mode for 100

seconds. During these 100 seconds idle mode the switch point will be set. For

S-IVB mainstage it will be reset.

b. Hardware Modification Summary

Figure 10.4.2.2-4 shows the schematic of a typical switch point in the control sub-

system. The Switch Selector issues a discrete that energizes a latching relay in

the control distributor. The latching relay then sends 28 volts to the FCC, ener-

gizing a non-latching relay in the proper filter. The only existing reset capability

on the switch points is a GSE function.

To provide the required in-flight reset capability, a Switch Selector discrete will

be used to reset switch point 5. The hardware impact will consist of routing
one wire from the Switch Selector to the Control Distributor to diode - or the

GSE reset signal and the in-flight Switch Selector reset signal. The new circuitry

is shown in Figure 10.4.2.2-5.

10.4.2.2.2 J-2S/Synchronous Orbit Mission

Requirements and hardware modification is identical to that discussed under the

LOR mission paragraph 10.4.2.2.1.
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10.4.2.2.3 J-2S/LEOMission

a. Requirements

The additional requirements to be met are:

1. No S-IVB stage (Dummy printed circuit cards).

2. Two states of burn for the S-II stage (mainstage and idle).

3. S-II Pitch and Yaw attitude rate channels require different filters in main-

stage and idle modes.

4o S-II attitude error filters and Roll attitude rate filter require an additional

switch point for idle mode.

One additional constraint for this study was no major pin function changes would

be allowed.

b. Hardware Modification Summary

Since no S-IVB stage is used on the J-2S/LEO vehicle, seventeen modules used

only for S-IVB operation will be removed from the FCC. Of these seventeen

modules, fifteen will be replaced by blank boards; two will be replaced by the
additional S-II mode Pitch and Yaw attitude rate filters. Replacing the fifteen

modules with blank boards minimizes the impact to the existing FCC design and

permits conversion to other mission configurations.

The existing attitude error filters and the Roll attitude rate and attitude error fil-

ter will be redesigned to add an additional switch point for S-II idle mode. This

switch point will be connected to the S-II idle mode signal rather than a Switch

Selector discrete. Connecting it to the idle mode signal ensures that the filter is

in the proper coD_figuration for the idle mode without additional Switch Selector
functions.

The mode signals for S-II idle mode will be routed into the FCC on pins presently

designated for switch points 8 and 9. These pins were chosen because the wiring

presently exists in IU Networks but switch points 8 and 9 are not used in the Saturn

co_'ig_ration. This allows minimum impact to convert from one mission to a J-2S/

LEO mission.

Presently, only six of the eight 50 MA Servo Amplifiers are loaded during

coast toensure minimum transients when going from Coast to S-IVB Burn mode.

Since the J-2S/LEO mission will require going from Coast to S-II mode, the re-

maining two 50 MA Servo Amplifiers will also be loaded during coast.
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I0.4.2.2.3 (Continued)

The relays to switch the dummy loads in and out as well as the relays required to

switch the idle mode filters in and out will be derived from the unused S-IVB re-

lays. Presently, ten relays are used in the S-IVB mode only; six of these
will be used for the switching described.

All of the aforementioned changes will require major modifications to the FCC
wiring harness.

Typical J-2S/LEO attitude error and attitude rate channels are shown in Figures

1 0.4.2.2-6 and 10.4.2.2-7, respectively.

10.4.2.2.4 J-2S/Polar Mission

a o Requirements

The t_equire_ments for a J-2S/Polar control subsystem are:

1. No S-IVB stage.

2. No APS.

b. Hardware Modification Summary

The only change to the internal construction of the control subsystem components

is in the FCC. The following depicts the minimum modifications to the FCC to

meet the above requirements.

Since no S-IVB Burn or Coast control is needed, fifty-one modules will be

removed from the FCC and replaced with blank boards. This allows versatility

in case the APS is ever desired, but also eliminates the expense of flying unneces-

sary hardware.

The switching within the FCC will be redesigned so that relays will be energized

in S-IC mode and de-energized in S-II mode. This reduces the power consumption
of the FCC.

The wiring harness will be completely redesigned to remove the unnecessary

wiring. Approximately 50% of the wiring harness will be eliminated; however, the
FCC pin function will remain the same.

Typical J-2S Polar attitude error and attitude rate channels for the FCC are shown

in Figures 10.4.2.2-8 and 10.4.2.2-9, respectively.
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10.4.2.2.4 (Continued)

A preliminary look at completely redesigning the FCC indicates that the non-recur-

ring costs can be absorbed and the unit cost will be reduced. The approach is not

feasible, however, because few Polar missions will be flown from the inventory.

It is recommended that the essentially universal design described earlier be re-
tained as baseline.

10.4.2.3 Instrumentation and Communication Subsystem

Within this subsystem are included the functions of measuring and telemetry, digi-

tal command and tracking.

1_0.4.2.3.1 J-2S/LOR Mission

There are no system changes that will require additional measurements; there-

fore, no impact on measuring and telemetry. The digital command and tracking

hardware, in its present form, is not impacted by the change to J-2S engines.

Using the digital command link, it is possible to address any switch selector func-

tion in either the IU or the S-IVB stage. Because a number of switch selector

functions change within the stages and the IU, the functional capability of digital

command will change. This will be handled with software, however, and requires
no hardware change.

10.4.2.3.2 J-2S/Synchronous Mission

a. Requirements

The Synchronous orbit mission resulted in the following additional requirement on

the I&C subsystem. See Reference 10.4-39.

The requirement to orient the roll axis perpendicular to the sun and roll at one

revolution per hour during the Hohmann transfer, impose new requirements on the

CCS system antenna configuration. The present CCS omni capability is insufficient

at altitudes encountered in this mission. Further, the single CCS directional

antenna cannot be pointed during the Hohmann transfer because of S-IVB stage

constraints. Mission analysis, which considered the constraints and the unpre-

dictability of vehicle - ground station positional relationship at this time, showed

that the IU required a capability to radiate a donut-shaped pattern around the IU.

The conclusion was reached that by using proper combinations of pitch and yaw to

maintain the sun pointing during the Hohmann transfer, a 70 ° width of the donut-

shaped pattern (nose to tail) would be sufficient.
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10.4.2.3.2 (Continued)

b. Hardware Modification Summary

To meet the communications requirement imposed during the Hohmann transfer,

a configuration employing six of the present CCS directional antennas is recom-

mended. The selection of a single antenna for "pointing" purposes will be con-

trolled by the LVDA/LVDC and switch selector. To maintain satisfactory circuit

margins, two modified Power Amplifiers are used. A power divider and coax

switches are added to permit antenna selection.

c. Hardware Modifications Details

The Synchronous Orbit mission constraints have imposed requirements which ex-

ceed the present production IU telemetry RF down-link capability. Other incon-

sistencies between requirements and capabilities were noted in the measurement

and telemetry areas. The command system was reviewed toensure an adequate

up-link circuit margin.

The above areas have been fully assessed and are discussed in the subsequent sec-

tions. The I&C hardware modifications necessary to successfully accomplish

the Synchronous mission are summarized below:

The current CCS Power Amplifier will be replaced by two modified

Power Amplifiers.

Five additional CCS directional antennas will be added.

One additional power divider will be installed.

Two additional coaxial switches will be added.

1. Justification for Change

(a) Radio Frequency Subsystems

The modification of the RF down-link subsystem was limited to equip-

ment in the UHF band. Limiting improvements to the UHF band was

chosen because the VHF hardware did not offer as much improvement

potential in gain per unit size, ground network coverage, etc. and to

conform with the FCC direction to abandon the VHF spectrum in the
1970's.

Circuit margin analysis of the CCS system indicated that with a nomi-

nal 20-watt power amplifier a minimum vehicle antenna gain of +4.5

db would be required for satisfactory reception of the down-link PCM
telemetry. This requirement was based on:
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10.4.2.3.2 (Continued)

Synchronous altitude, 5 ° elevation angle.

30 ft dish ground antennas.

Continuous vehicle roll at 1 revolution per hour.

The spectrum of mission constraints dictated the antenna beam pattern

or coverage necessary: a donut-shaped radiation pattern around the

vehicle with 360 ° coverage in roll and a 60 ° coverage from nose to

tail (centered about 0+90o). Essentially, this is an omnidirectional

antenna system with a required minimum gain of +4.5 db.

A basic problem in achieving this type of omni coverage is that any

final design will turn out to be non-omnidirectional. The use of mul-

tiple elements is mandatory to minimize the shadowing effects of the

vehicle. The use of elements around such a large vehicle, although

posing problems, provides an adequate radiation pattern. Feeding

these antennas in parallel simplifies the sytem design and operational

use, but usually produces interference pattern lobing with deep nulls

and wastes power through power division to the antennas and resultant

transmission not beamed at earth stations. The optimum omnidirec-

tional antenna system for this type of application, then, is not omni-

directional at all but provides for maximum energy transfer in only

one direction at any given time. The antenna system chosen for the

Synchronous mission utilizes six CCS directional antennas spaced a

nominal 60o apart around the IU. These antennas operated in the low

gain configuration provide the desired beam width and gain. Two power

amplifiers are used to minimize RF power losses in the distribution

system. See Figure 10.4.2.3-1 for a schematic of the CCS RF com-

ponent layout. A functional block diagram of the instrumentation is

seen in Figure 10.4.2.3-2.

Power amplifier and antenna switching is accomplished under control

of the LVDC program. Switch selector functions are used in conjunc-

tion with coaxial switches to control the beam direction relative to the

vehicle. Inherent in the design of the RF system are the following
features:

Present capability of the CCS omni antenna system is retained
for near-earth orbit use.
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10.4.2.3.2

(b)

(c)

(Continued)

Adjacent antenna switching during the transfer trajectory is ac-

complished by switch selector command resulting in a maximum

RF blackout of 50 db. (Carrier phase lock will be maintained

although PCM decommutation will become unlocked.).

It is impossible for any two adjacent antennas to radiate at the

same time thereby eliminating interference nulls.

The present high gain CCS antenna capability is retained for use

at Synchronous altitude after vehicle stabilization prior to the
third S-IVB burn.

Telemetry Subsystem

The Mission Control Data will be cross-strapped between the S-IVB

and IU as implemented in the baseline vehicle. No hardware modifi-

cations are necessary in this area.

Measurement Subsystem

The S-IU 511 baseline IU contains four measuring racks with a total of

80 conditioners. There are many measurements (e. g., vibration and

battery temperature) which would be desirable from a post-flight analy-

sis standpoint. The addition of these measurements would have re-

sulted in the requirement for a fifth measuring rack. However, since

none of these could be considered in the mandatory category where (a

mandatory measurement is defined here as one which, if not obtained,

might jeopardize the lives of the crew), it was not recommended that

these measurements be added to the IP&C List for the Synchronous

Orbit mission. The following measurement changes represent an ex-

tension of the baseline measurement philosophy:

PCM Measurements Considered for Addition:

Parameter Measurement Name Characteristics

M 6D---Bus Voltage Similar to M12-601

M 6D---Battery Current Similar to XM16-601

J CCS Amp #2 Helix

Current

Similar to J82-603
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10.4.2.3.2 (Continued

Parameter

K

K

K

K

K

K

K

K

K

K

K

K

Measurement Name

CCS Switch #1 Antenna

#2 Pos

CCS Switch #1 Antenna

#6 Pos

CCS Switch #2 Antenna

#3 Pos

CCS Switch #2 Antenna

#5 Pos

CCS Switch #3 Antenna

#4 High Gain Pos

CCS Switch #30mni

Antenna Pos

CCS Power Amplifier

#i On Indication

CCS Power Amplifier
#1 Inhibit

CCS Power Amplifier

#2 On Indication

CCS Power Amplifier

#2 Inhibit

CCS Transponder On

Indication

CCS Transponder Inhibit

Characteristics

Similar to VK131-603

Similar to VK131-603

Similar to VK131-603

Similar to VK131-603

Similar to VK131-603

Similar to VK131-603

Similar to VK150-601

Similar to VK153-603

Similar to VK150-601

Similar to VK153-603

Similar to VK150-601

Similar to VK153-6.03
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10.4.2.3.2 (Continued)

The following measurements are no longer required:

VK131-603 CCS Switch Pos Omni

VK132-603 CCS Switch Pos Directional Lo Gain

VK150-601 CCS Transmitter and Amp On Indication

VK153 - 603 CCS Transmitter and Power Amplifier Inhibit

It is possible that to add the battery and helix current measurements will require

a new measuring rack not considered necessary at the time the referenced ECP

was prepared. See Reference 10.4-39.

10.4.2.3.3 J-2S/LEOMission

a. Requirements

The J-2S/LEO mission uses the S-IC and S-II stages to boost a space station into

Low-Earth Orbit. A constraint in this study was to consider the mission manned.

Furthermore, the J-2S equipped S-II will use the idle mode to circularize the

orbit. This is equivalent to lunar injection restart of a typical manned Saturn V.

Prior to restart, the vehicle is checked using Mission Control Data. These para-

meters are cross-strapped between the S-IVB and IU PCM systems on baseline

vehicles to assure reliability. Therefore, provisions must be made to cross-

strap the S-II and IU PCM system.

There are no system changes within the IU brought about by the J-2S/LEO mission

that will require additional measurements; therefore, no impact on measuring

and telemetry. Some measurements associated with ECS going to the S-IVB stage

and associated with S-IVB J-2 propulsion are no longer required; however, for

several reasons hardware should not be changed.

These are not required but may cost more to remove than to leave wired. The

actual number of LEO IU's will determine required effort.

C-26 Temperature, IU/S-IVB Exit Coolant

F-10 Flow Rate, S-IVB Inlet Coolant

K-20 S-IVB Burn Mode
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10.4.2.3.3 (Continued)

These TM channels are time shared with other, still-required, stage propulsion

measurements and therefore only the source can and will be removed. The wiring

in cables is best left spare.

G1-403 Position Pitch Actuator S-IVB Engine

G2-403 Position Yaw Actuator S-IVB Engine

HI-403 Valve Current Pitch Actuator S-IVB Engine

H2-403 Valve Current Yaw Actuator S-IVB Engine

Auxiliary Propulsion System (APS) associated measurement will be used with the

S-II APS system.

The digital command and tracking hardware in its present form is not impacted

by the change to J-2S engines or the LEO mission. Using the digital command

link, it is possible to address any switch selector function in either the IU or the

S-IVB stage. Because the S-II stage has assumed the S-IVB stage restart func-

tion, it will now become addressable via the digital command system and its switch
selector. Thc new IU switch selector functions will also be available. This will

be handled with software, however, and requires no hardware change.

b. Hardware Modification Summary

No modification to IU hardware is required. However, to accomplish the IU S-II

stage PCM cross-strapping requirement, it is assumed that interconnecting cables

through the space station will utilize the same interface cables and pins that now ac-

complish cross-strapping with the S-IVB PCM.

This is discussed further in paragraph 10.4.2.4.3 b, Electrical Subsystem, LEO

mission, Hardware Modification Summary.

10.4.2.3.4 Polar Mission

a. Requirements

The J-2S/Polar mission uses the S-IC and S-II stages to boost a space station

directly into a 100 n.m. orbit. No S-II stage restart, extended idle or APS mode

are presently required. Therefore, the S-II lifetime is very short and no orbital

checkout is required. As a result, the IU and S-II PCM cross-strapping required

for LEO mission is not a requirement for Polar missions.
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10.4.2.3.4 (Continued)

There are no system changes within the IU brought about by the J-2S/Polar mission

that will require additional measurements; therefore, no impact on measuring and

telemetry. Some measurements associated with ECS going to the S-IVB stage and

associated with S-IVB propulsion are no longer required; however, for several

reasons hardware should not be changed.

These are not required but may cost more to remove than to leave wired. The

actual number of Polar mission IU's will determine required effort.

C-26 Temperature, IU/S-IVB Exit Coolant

F-10 Flow Rate, S-IVB Inlet Coolant

K-20 S-IVB Burn Mode

These TM channels are time shared with other, still-required stage propulsion

measurements and therefore only the source can and will be removed. The wiring

in cables is best left spare.

G1-403 Position Pitch Actuator S-IVB Engine

G2-403 Position Yaw Actuator S-IVB Engine

H1-403 Valve Current, Pitch Actuator S-IVB Engine

H2-403 Valve Current, Yaw Actuator S-IVB Engine

H3-404 S-IVB Aux Propulsion IP/IIIP

H4-404 S-IVB Aux Propulsion I-II/I-IV

H5-404 S-IVB Aux Propulsion III-II/III-IV

The digital command and tracking hardware in its present form is not impacted

by the change to J-2S engines or the Polar Mission.

b. Hardware Modification Summary

The removal of the requirement to cross-strap the IU and a booster stage PCM's

creates a problem. Because the CP1 Model 270 Multiplexer is not exclusively

redundant with DP1 Multiplexer, the CP1 is required and must now be used with

some IU TM system as other stage PCM's are no longer available. It is there-

fore required that the CP1 be wired to the IU PCM/DDAS Assembly Model 301
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10.4.2.3.4 (Continued)

and receive sample rate and frame synchronous from the IU PCM. No internal

changes are required within either the CP1 or the PCM.

10.4.2.4 Electrical Subsystem

Within this subsystem are included the functions of 28 vdc power distribution,
sequencing, and interconnection required by other system modifications.

10.4.2.4.1 J-2S/LORMission

a. Requirements

There are no system changes required to accomplish the J-2S/LOR mission that

cause an impact on the 28 vdc power distribution system.

There is an additional sequencing requirement within the control system FCC to
use special filter networks during S-IVB extended idle mode. These filters must

then be switched out during S-IVB mainstage burn. In-flight resettable filter

switching for switch point 5; therefore, becomes a new requirement, because in

the present IU networks the filter switching is not resettable except from GSE.

The only requirement for systems interconnection modification is to implement

FCC switch point No. 5 reset from the Switch Selector and isolate the Switch
Selector from the GSE reset bus.

b. Hardware Mcdification Summary

A spare channel of the Switch Selector will be wired to the Control Distributor,
to the reset coil of FCC switch point 5 relay. Also wired to that reset is a

GSE controlled reset bus. A diode in each of the two lines will isolate the two

driving sources (See Figures 10.4.2.2-4 and 10.4.2.2-5).

10.4.2.4.2 J-2S/Synchronous Mission

a. Requirements

The IU lifetime extended to 15 hours imposes new requirements on the IU 28 vdc

power distribution system. It is recommended that the three 350 ampere-hour

batteries of the baseline IU be replaced with four redesigned 470 ampere-hour

batteries. This approach will require development and qualification of the new

batteries. An alternate configuration using six of the present IU batteries was

studied. While this six-battery approach would eliminate the need for battery

development and qualification, the network modifications for the six-battery con-
figuration which would include the addition of a Power Distributor, are significantly

more complex than with the four-battery configuration.
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i0.4.2.4.2 (Continued)

The sequencing and interconnection modification for the LOR mission are also re-

quired for the Synchronous mission. In addition, there is a requirement for inter-

connection of the communication system modifications and the four-battery system.

Sequencing using the LVDA/DC and switch selector is also required for the antenna

switching.

b. Hardware Modification Summary

1. Communication System Modification

The communication system for a synchronous orbit mission will consist of the

existing VHF telemetry link, the existing CCS telemetry up-link, and a modified

CCS telemetry down-link. The modified down-link includes: the CCS transponder,

two CCS power-amplifiers, three coax switches, two power dividers, six low/high

gain antennas, and two omni antennas. See Para 10.4.2.3.2 for a complete

telemetry system description. The electrical system cabling and sequencing logic

must be modified due to the new system requirements and the relocation of com-

ponents.

The sequencing logic for the three coax switches will be similar to the CCS coax

switch sequencing logic used on AS 511. Three switch selector commands will

be used to select one of the three outputs of each coax switch. ESE simulate com-

mands will be provided for each of the switch selector outputs. The position of

each coax switch will be monitored by two telemetry measurements. Each mea-

surement will indicate one of the energized positions. The abser_ce of both mea-

surements will indicate the de-energized position of the switch. A total of nine

ESE commands will be required to simulate the nine switch selector commands

(See Figure 10.4.2.4-1).

To prevent antenna pattern interaction, only one power amplifier at a time will be

active. The power amplifiers will be enabled and inhibited by switch selector com-

mands. Two separate commands are required for each power amplifier to prevent

loss of communication during the transition from the inhibited to the enabled stage.

A 15-second warm-up period is required before the standby amplifier can be

operational. A total of four switch selector commands and four ESE simulate com-

mands will be required for the power amplifier enabling and inhibiting. Tele-

metry measurements will monitor the status of each power amplifier enabling/

inhibiting circuit. Additional measurements may be required by I&C on one or

both of the power amplifiers (See Figure 10.4.2.4-2).

Approximately fifteen switch selector commands will be required to initiate

the desired sequencing and inhibiting of the power amplifiers and antennas.

prosimately ten relays and thirty-five diodes will be required in the dis-

tributors for the sequencing and inhibiting logic.

Ap-
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10.4.2.4.2 (Continued)

c. Power System Modification

The synchronous orbit mission requires an extension of the IU power system life-

time from 6.8 hours to 15 hours. Several methods of extending the power system
lifetime were investigated. Systems that were studied included:

Four uprated IU batteries

Six of the present IU batteries

Five of the present IU batteries.

The [our-uprated battery system is recommended for synchronous orbit mission
power system.

[. Electrical Load Profile

Electrical load profiles were prepared using the nominal power requirements of

the IU components. The loads were distributed to meet the following criteria:

Battery discharge depth shall not exceed 80% at end-of-mission.

Minimize the number of flight-critical buses.

Isolate the coolant pumps from the other IU loads.

All subsystem components should be on the same bus.

Equalize battery loading.

The nominal values were derived from test data, except for the measuring racks

and the Telemetry Calibrator Power and Control Assembly. An estimated load of

1.75 amperes was used for each measuring rack. An estimated load of 0.45

amperes was used for the Telemetry Calibrator Power and Control Assembly. It

should be noted that a component could draw more current than previously mea-

sured and still meet its specification. For example , the specification for the P1

RF and F1 RF assemblies allows the input current to range as high as 7.5 amperes.

The average 28 vdc current for the 34 samples tested has been 3.8 amperes. The

possibility of the IU components drawing more than the nominal currents has not

been neglected. The six-battery power system and the four-battery power system

discharge rate can increase by 25% per battery and still remain within the 80%

discharge depth at the end-of-mission. In addition, the 80% discharge depth pro-

vides a built-in safety factor for any unexpected increases in the power require-

ments of the IU components.
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10.4.2.4.2 (Continued)

The load profiles also assume that the load is equally shared when a component

receives power from several batteries. This assumption is true only if the bat-

teries have approximately equal voltages. Any appreciable differences in the

battery voltages_ could increase the load on the battery with the highest voltage.

The problem of load sharing can become critical when the batteries are operated

above the 80% discharge depth.

2. Power Shutdown (Selective Shutdown)

The selective shutdown of certain systems was investigated as a method of con-

serving power. The VHF telemetry and C-Band transponder systems could be

shut down once the vehicle was out of range of the ground stations. However,

since the overall battery requirements did not change, selective shutdown of these

components was not adopted.

3. End-of-Line Shutdown (Figure 10.4.2.4-3)

At the end of the required IU lifetime, which for a particular synchronous orbit

mission may be from 8 to 15 hours after lift-off depending on the selected hover

point, there will be some time period before the IU batteries are depleted.

During the last two hours of the required IU lifetime, the IU will participate in the

initiation of the S-IVB stage passivation by issuing approximately 40 switch selec-

tor commands. However, the passivation procedure, which is relatively slow at

synchronous altitude, will not be completed at the end of the required IU lifetime

(The final steps will be controlled manually from the spacecraft.).

To prevent inadvertent IU or S-IVB switch selector commands and to prevent pos-

sible hazardous conditions during the period of battery depletion after the end of

the required IU lifetime, power will be removed from the IU.

The system proposed to shut down the power system will prevent any single failure

from causing an undesired power transfer. Two separate switch selector com-

mands will initiate the power-down sequence to the LVDA/LVDC and transfer the

motor-driven switch to the external position. The LVDA/LVDC power-down se-

quence must be followed to prevent spurious outputs when power is removed.

The two switch selector commands set relays KA and KB. Normally open con-

tacts of KA and KB are logically "AND" in three circuits: (1) to enable relay

coils KC, KD, KE, KF, and KG, (2) to enable power to the contacts of relay KE,

and (3) to reset transfer switch relay K8. Relays KF and KG are only required

for the six-battery system. Relay KE is used to initiate the LVDA/LVDC power-

down sequence. The existing Halt, GCOA, GCOB, and Memory Release commands
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10.4.2.4.2 (Continued)

from ESE will be wired through normally closed contacts of KE to the LVDA.

normally open contacts of KE willbe wired to +28 volts through normally-open

contacts of KA and KB. Relays KA, KB, and KE must be energized to initiate

the power-down sequence.

The

Prior to lift-off,the IU is transferred to internal power. Normally-open contacts

of K8 close and energize the coilof relay K1 when the set coil of K8 is energized.

Contacts of K1 then transfer and apply ESE power to contacts X 1 - X 2 of the motor-

driven switch, driving the switch to the internal power position. The motor

wiper stops on contact Y2. The switch is driven back to the external power posi-

tion by applying power to contact Y1 - X2. Resetting K8 de-energizes relay K1,

which then applies ESE power to motor contacts YIX2 . In-flightpower transfer

is performed by resetting relay K8 and supplying 28V power to motor contacts

Y1 - X2. Power for the power transfer sequence is obtained directly from the

battery. Contacts of relays KA and KB are "AND"ed together to provide the 28V

power to the switch. Normally closed contacts of the KC and KF are used to inter-

lock the ESE power supply from the IU battery during checkout. Normally closed

contacts of KA and KB are "AND'ed together and wired to ESE. This circuit will

monitor the logic state of these relays toensure that KA and KB are reset prior

to lift-off.

4. Four Uprated IU Batteries-Recommended Power System (Figure 10.4.2.4-4)

The baseline S-IU--511 uses three batteries. After considering the increased life-

time and electrical energy requirements of the synchronous mission, an attempt

was made to employ the four-battery system used on R&D vehicles S-IU-501

through S-IU-503. However, it was found that the ampere-hour capacity of four

of the present IU batteries was inadequate to meet the Synchronous Orbit mission

requirements.

The Eagle-Pieher Company was asked to recommend a battery which could supply

470 ampere-hours at a 25-ampere discharge rate. The Eagle-Picher Company in-

dicated that the rating of the present IU battery could be increased from 350 to

470 ampere-hours by using different battery cells. The present 4240 cell would

be replaced by a 4240-5 cell. This cell is presently used in the Agena program.

Eagle-Picher engineering is confident that they have the ability to provide a bat-

tery for this purpose.

Several new cables will be required to connect the fourth battery into the existing

power system. Cable changes to the other three batteries will be slight since

the same battery case will be used for both the existing IU battery and the uprated

battery. The fourth battery will be used to power the cooling system. The loads

on the other three batteries will be optimized by wiring changes within the distri-

butors. The end-of-mission discharge depth on each of the batteries will be ap-

proximately 67%.
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10.4.2.4.2 (Continued)

The ground stations must be modified to support a four-battery configuration.

ESE bus voltage monitoring capability via the umbilical and test connectors will

be required.

Voltage and current measurements must be added for the fourth battery. A 20-

ampere loading per battery is expected for a Synchronous Orbit mission. The

accuracy of the current measurements could be increased by changing the value

of the shunt in the uprated batteries. The present IU battery has a 100-ampere

shunt, 100 millivolts at 100 amperes. A 50-ampere shunt, 100 millivolts at 50

amperes, is recommended for the uprated batteries.

10.4.2.4.3 J-2S/LEOMission

a. Requirements

There are no system changes required to accomplish the J-2S/LEO mission that

cause an impact on the 28 vdc power distribution system.

There are two additional requirements on the sequencing system.

1. Make the S-II burn mode for the FCC in-flight resettable so that S-II coast

mode can be accomplished without having to stage the S-I_ as is presently done to
remove the FCC from S-II burn mode status.

2. Provide sequencing to switch the FCC into S-II idle mode.

An interconnection requirement will impact the space station and S-II stage. All

IU/S-IVB interface wires to and from the S-II and S-IC stage will require wiring

through the space station. Some IU/S-IVB interface wires associated with the

APS moving from the S-IVB stage to the S-II stage and the PCM cross-strapping

between IU and S-II stage will require wiring through the space station and into

the S-II stage. See Figure 10.4.2.4-5.

b. Hardware Modification Summary

The hardware modification necessary to accomPlish the FCC in-flight resettable
S-II burn mode is a switch selector output wired to the side of a new S-II burn

mode reset relay. This relay will have normally closed contacts in series with

the source of 28V power which puts the FCC in the S-II burn mode. Setting the

relay will remove power, which is presently done only by staging the S-II. This

will then put the FCC in the S-II coast mode.
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10.4.2.4.3 (Continued)

The requirement in the sequencing system to switch the control system FCC into

a S-II idle mode is done with existing switch points 8 and 9 so that no cabling or

distributor changes are required. The only impact is on the switch selector table,

which is normally modified for every mission.

Definition of the IU/S-IVB interface wired on through the space station and wiring

associated with moving the APS and PCM cross-strapping from S-IVB to S-II is

required. See Figure 10.4.2.4-5.

1. 201 wires pass through the space station to the S-IC and S-II stages from
stage connectors as indicated.

STAGE

CONNE CTOR S-IC S-II

1 17 24

2 26 16

3 11 10

4 27 2

6 12 14

7 12 16

8 i0 4

115 86

2. In addition, 23 wires normally terminating in the S-IVB stage now termi-
nate in the S-II stage. These are:

STAGE

CONNECTOR WIRES

5(APS function) 10

9(PCM function) 13

3. 46 wires normally terminating in the S-IVB stage now terminating at the
IU/S-IVB interface are:

STAGE

CONNE C TOR WIRE S

3 2

4 2

5 18

6 9
7 12
8 3

46
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10.4.2.4.4 J-2S/Polar Mission

a. Requirements

There are no systems changes required to accomplish the J-2S/Polar mission that

cause an impact on the 28 vdc power distribution system.

There is a reduced load on the sequencing system because there is no S-IVB stage
or any of its functions. The sequencing hardware, 2 switch selector functions

(S-IVB Burn Mode), and a Discrete In and Interrupt to the LVDA/DC remain wired

spare. If required for some other function,they are available by a simple Control

Distributor change. The change in requirements associated with the Polar mission

sequencing is mainly software because all S-IVB switch selector functions and

time bases associated with the S-IVB stage are no longer required.

An interconnection requirement will impact the space station. All IU/S-IVB inter-

face wires to and from the S-II and S-IC stage will require wiring through the space
station. All IU/S-IVB interface wires to and from the S-IVB will now be terminated

at the S-IVB interface and can be left as spares.

b. Hardware Modification Summary

Definition of the IU/S-IVB interface wired on through the space station and IU wir-

ing terminating at the S-IVB interface is required. See Figure 10.4.2.4-6.

1. 201 wires pass through the space station to the S-IC and S-II stages as
indicated:

STAGE

CONNE C TOR S-IC S-II

1 17 24

2 26 16

3 11 10

4 27 2

6 12 14

7 12 16

8 10 4

115 86
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10.4.2.4.4 (Continued)

2. 69 wires normally terminating in the S-IVB stage now terminating at the
IU/S-IVB interface are:

STAGE

CONNE C TOR WIRE S

10.4.2.5

3 2

4 2

5 28

6 9

7 12

8 3

9 13

69

Emergency Detection System (EDS)

The EDS is a malfunction alarm and abort handling system. It is a redundant sys-

tem making use of both triple redundant and dual redundant techniques to achieve

maximum reliability.

The EDS parameters that require processing within the system are:

Angular Overrate.

Loss of thrust on two or more engines.

The present system consists of the EDS Display and Control circuitry within the

spacecraft, engine thrust sensors and engine cutoff circuitry within each stage,
and four units within the IU:

EDS Distributor.

Rate Gyros .

Control Signal Processor .

EDS Engine Cutoff Inhibit Times.

EDS Distributor

The EDS distributor is used to interconnect, enable, or disable all parameters and

commands as they require transmission to and from the Booster and Spacecraft.
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Rate Gyros

The Rate Gyros sense vehicle rate about the P, R, Y axis with triple redundant

gyros.

Control Signal Processor

The Control Signal Processor determines from a 2 of 3 majority that an "Angular

Overrate" condition exists. The overrate threshold can be switched; for example,

it is 4o/sec in pitch and yaw for most of the first stage burn and 9.2O/sec there-
after. Roll is not switched and remains at 20O/sec for the entire boost.

EDS Engine Cutoff Inhibit Timer

The EDS Engine Cutoff Inhibit Timer prevents engine cutoff as part of the abort

sequence for the first 30-40 sec from lift-off. This is done to make sure that any

engines thrusting will remain thrusting to help pull the booster away from the pad

before destruct is required.

10.4.2.5.1 J-2S/LORMission

a. Requirements

A requirement of this mission when utilizing J-2S engines is that the S-IVB stage

will be operated in the idle mode. When this is done the thrust level is so reduced

from mainstage thrust levels that the thrust switches on the J-2S engine in the

S-IVB will not properly indicate thrust OK or not OK. It is assumed that the se-

quence of events will provide the astronauts with procedural logic to interpret the

displays.

b. Hardware Modifications

None required.

10.4.2.5.2 J- 2S/Synchronous Mission

Requirements and hardware modifications are identical to the LOR mission para-

graph 10.4.2.5.1.

10.4.2.5.3 J-2S/LEOMission

a. Requirements

Two mission requirements must be considered as they pertain to the EDS system.
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10.4.2.5.3 (Continued)

i. The S-IVB stage as a propulsion stage no longer exists.

2. The S-II will function in the idle mode.

The absence of the S-IVB stage means that some mode switching to cause the EDS

system to monitor the S-IVB in place of other stages is no longer required. This

is a very minor function, requiring very little circuitry, and is therefore best left un-

altered.

The S-II idlemode causes the same problem discussed under the LOR mission

pertaining to S-IVB idle mode. The S-IIwith J-2S engines will not have functional

thrust OK indicationswhile in the idle mode. It is worse in this case because of

multiple (5)J-2S engines. Again, however, this will be handled by procedures in

the spacecraft, therefore, no hardware modification is required.

b. Hardware Modification

None required.

10.4.2.5.4 J-2S/Polar Mission

a. Requirements

One requirement must be considered as it pertains to the EDS system. The S-IVB

stage as a propulsion stage no longer exists. The rationale stated for the LEO

mission is true here also. No hardware modification is required.

10.4.2.6 Environmental Control Subsystem (ECS)

The E CS consists of the Thermal Conditioning System and the Gas Bearing Supply

System. The Thermal Conditioning System heats or cools, as required, the

Astrionics in both the IU and S-IVB stage forward compartment. The Gas Bearing

Supply furnishes GN2 at a regulated temperature and pressure for lubrication of

the gas bearing in the ST-124 Inertial Platform System.

10.4.2.6.1 J-2S/LORMission

There are no requirements resulting from the change to J-2S engines as used on
the LOR mission that affect the ECS.

10.4.2.6.2 J-2S/SynchronousMission

a. Requirements
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The Synchronous Orbit mission will require Environmental Control System

performance beyond present system capabilities. As presently defined, the mis-

sion will subject the IU to thermal environments more severe than those existing

for the basic Apollo/Saturn V mission. In addition, the mission requires exten-

sion of the operational lifetime from the current 6.8 hours to 15 hours duration.

b. Hardware Modification Summary

The above areas have been fully assessed and are discussed in the following

paragraphs. The ECS hardware modifications required to successfully accomplish

the Synchronous Orbit mission are summarized below:

An additional GN 2 storage sphere (2 cu ft ), with appurtenances

(mounting panel, plumbing, etc.) will be placed in location 23

The current TCS orifice regulator assembly will be replaced by a redesigned

assembly.

c. Justification for Change

Thermal Conditioning System

Mission thermal analyses have been performed to assess the temperature control

parameters and assure that positive thermal control will be maintained at all times.

As presently defined, the mission consists of the following flight phases:

1. LowEarth Orbit- up to 7.5 hours of velocity-oriented low earth orbit (100

n.m.) at inclinations from 28.5o to 64o.

2. Hohmann transfer - 5.5 hours of transfer trajectory with vehicle broadside

to the sun and rolling at a rate of one revolutions per hour.

3. Synchronous Orbit - up to 2 hours of Synchronous Orbit at inclinations up
to 64o.

In only one of these phases of flight (Hohmann transfer) is the thermal environment

known and fixed. TheLow EarthOrbit can range from "cold" (maximum time in

earth shadow, 28.5 ° inclination) to "hot" (zero time in shadow, 64 ° inclination)

with all-inclusive cases possible as a function of inclination and date and time of

launch. The Synchronous Orbit can also range from cold (vehicle parallel to solar

vector) to hot (vehicle broadside to solar vector) for the 2 hours of orbit, with all

intermediate conditions again possible. Without definite knowledge concerning a

particular mission at a particular date it became necessary to examine the extreme
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cases. The results are compiled below, showing net system heat load.

"Hot" Case i=64o in

earth orbit, vehicle

broadside to sun in

Synchronous Orbit

"Cold" Case i=28.5°

in Low Earth Orbit,

vehicle axis parallel

to solar vector in

Synchronous Orbit

Flight Phase

Ascent 6.0 kw

Low Earth Orbit 2.21 1.05

Hohmann Transfer 2.05 2.05

Synchronous Orbit 2.65 -0.6

Total energy expended

in "hot" case - 36 kwh

The IU coldplate heat gains/losses were determined by means of a numerical

transient analysis in which each vehicle coldplate position was broken down into

a system of 28 nodes. The thermal energy incident on the system was obtained

from a separate computer program with the synchronous orbit mission profile.

The S-IVB coldplate heat losses for the maximum cold case (Low Earth Orbit and

Synchronous Orbit) and heat losses for the Hohmann transfer period were provided

by McDonnell-Douglas. Coldplate heat gain/loss profiles for the hot low-earth

and synchronous orbit phases were unavailable. It became necessary to approxi-

mate these values to complete the evaluation of the TCS performance. The con-

servative numbers used were (net, average values): No heat gain (0 kw) in Low

Earth Orbit, and 0.5 kw gain in Synchronous Orbit.

As observed from system heat loads, acceptable heat loads (0-9 kw) are main-

tained during all flight phases for the worst hot case. The total energy expended

(maximum) over 15 hours duration (maximum for the Synchronous Orbit mission)

is 36 kilowatt-hours. The capacity of the present cooling system is approximately

45 kilowatt-hours, i.e., there is sufficient water stored in the water accumulator

(146 lbs ) to provide for 45 kwh of cooling--an ample amount for the Synchronous

Orbit mission.

For the worst "cold" case, as illustratedin the table, net positive system heat

loads are maintained throughout synchronous orbit injection. In the final flight
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phase however, the heat load drops to -0.6 kw, a net loss. This condition is iden-

tical to that which currently exists on operational Saturn V missions in cold trans-

lunar coast trajectory, and is not considered unacceptable. A heat loss rate of

0.6 kw is equivalent to about a 2OF/hour M/W temperature decrease. Owing to the

relatively short duration of the Synchronous Orbit flight phase, temperature require-
ments will be met at all times.

The limiting factor in ECS operating lifeis the consumption of expendable fluids--

water for Thermal Conditioning System (TCS) cooling, GN2 for TCS pressuriza-

tion, and GN 2 for the Gas Bearing Supply (GBS) to the InertialPlatform. Itwas

established in the preceding paragraphs that there is sufficientwater stored in

the water accumulator to complete the Synchronous mission in the worst (hot)

case.

With regard to the GN 2 for the TCS pressurization, the maximum use rate of . 097
lbs/hr defines 2.18 lbs of GN2 required to satisfy a 150% safety factor for a 15

hour mission. The present storage sphere (165 cu in.) has 1.2 lbs of usable

GN2 at lift-off. Thus, two possibilities exist: (1) increase the storage capacity

(enlarge present sphere or add an additional sphere), or(2) decrease the GN2 use

rate to a level that can be supplied by the current storage configuration. Assess-

ment has confirmed that the latter may be accomplished with a nominal hardware

change by resizing the orifices within the orifice regulator assembly.

Gas Bearing Supply System

Additional GN 2 for the ST-124M Inertial Platform will be required for the Synchro-

nous Orbit mission due to the extended-life requirement. The present storage

sphere (2 cu ft ) has about 26 lbs of usable GN 2 atlift-off. The 2.2 lbs/hr use

rate defines 49.5 lbs of GN2 required for 150% safety factor for 15 hours. As-

sessments have established that the least impact approach is the addition of a

second 2 cu ft sphere to operate in parallel with the current sphere.

10.4.2.6.3 J-2S/LEOMission

a. Requirements

This mission will have a space station substituted for the S-IVB stage. This re-

lieves the requirement to provide thermal conditioning to the S-IVB stage forward

compartment and requires that the inlet and exit the S-IVB stage presently uses,

be capped in the IU.
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10.4.2.6.3 (Continued)

b. Hardware Modification Summary

At present, ECS mating with the S-IVB is done with quick disconnects. The inlet

is fitted with a quick disconnect adaptor which will be capped with a quick discon-

nect socket and then a cap. The exit is presently fitted with a flexhose, adaptor

and quick disconnect socket. This will be deleted and a quick disconnect assembly

and cap substituted.

10.4.2.6.4 J-2S/Polar Mission

Requirements and hardware modifications are identical to those stated for the LEO

mission in paragraph 10.4.2.6.3.
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10.4.3 Flight Software

This paragraph contains the flightsoftware and attitude control system studies direc-

ted toward identifyingmodifications to baseline systems due to J-2S implementa-

tion. The LOR, Synchronous, LEO, and Polar missions were examined and the

results and recommendations are included in the following paragraphs. The LOR

was used as the baseline mission for both the flightprogram and attitude control

system evaluations.

The LVDC flight program may be separated into three major divisions: the boost

major loop, the minor loop, and the orbital flight program. Guidance and naviga-

tion calculations are performed in the major loop as well as timekeeping and other

repetitive functions which do not occur on an interrupt basis. The ST-124M plat-

form gimbal angle sampling, accelerometer sampling, and control system com-

putations are done in the flight software. A self-test and data storage routine for

use during earth parking orbit and a telemetry time-sharing routine that is used

while the vehicle is over receiving stations make up the orbital flight program.

First stage guidance generates steering commands during the time from guidance

reference release (GRR) to initiation of Iterative Guidance Mode (IGM). The basic

scheme is a time-tilt profile. A fourth-degree time polynomial, obtained from a

least-square curve fit of the nominal baseline attitude versus time, is used to de-

termine the commanded steering angle. Rate limiting to keep the rate changes

within safe bounds prevents the commanded attitude changes from exceeding one

degree per second. Tilt arrest, the time at which time-tilt guidance ends, occurs

approximately 140 seconds after lift-off. After tilt arrest, all guidance commands

are frozen until the initiation of Iterative Guidance Mode (IGM).

IGM is designed to direct the Saturn V vehicle to the desired end conditions in a

near optimum fashion. The thrust vector steering law on which IGM is based is

approximately the optimum steering function for planar motion of a point mass

vehicle over a flat earth. The basic equation for the attitude is applied in both

the pitch and yaw planes in IGM to provide three-dimensional guidance. In addi-

tion, the guidance scheme employed for Saturn V missions permits up to three

distinct thrust levels during boost to orbit, and two thrust levels during out of

orbit burn. Since IGM is a path adaptive scheme, the vehicle state (position,

velocity, and acceleration) is a required input to the guidance equations. IGM

thus compensates for non-nominal vehicle performance and "homes" in on the

desired end conditions. For the baseline mission (LOR), IGM will be implemented

during two periods for this flight. The first (or boost) period begins during S-II

burn and terminates at first S-IVB cutoff when the vehicle enters an earth parking

orbit. The second period, out of (parking) orbit, begins after S-IVB reignition.

It is completed upon insertion of the vehicle into the target orbit at S-IVB second

cutoff. For the LOR mission, this orbit will be a translunar el)Apse. The equa-

tions and logic needed to implement IGM are essentially the same for both periods.

These equations are found in Reference 10.4-46.
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10.4.3 (Continued)

The Boost Navigation routine determines position, velocity, and acceleration rela-

tive to the inertial (:KS, YS, ZS) coordinate frame as needed for inputs to the boost

guidance equations. The computations for position and velocity are carried in

one-and-one-half precision. Boost Navigation is used from Guidance Reference

Release (GRR) to T5 + 100 seconds (S-IVB cutoff +100) and from Time Base 6

alert to T7 + 15 seconds. Time Base 6 (chilldown) alert occurs at first orbital

navigation cycle after T6-9 seconds. The baseline mission time line is given in

Table 10.4.3-I.

The evaluation of gravitation is a three-step process. In the first step, the Y

component of the vehicle position in the geocentric equatorial coordinate system

is computed. In the second step, the gravitational acceleration is computed from

a zonal harmonic expansion of the earth potential. In the third step, the gravita-

tional components are transformed back into the navigation coordinate system.

The gravitation model evaluates only the spherical earth and first oblateness terms

during most portions of flight. This is done by setting the third and fourth terms

to zero. The accuracy of the navigation routine is not seriously degraded by ne-

glecting all but the first two terms in the potential expansion. However, the third

and fourth terms are used during orbital navigation since the total time in orbit is

several hours and S-IVB restart depends on navigation.

Four missions were evaluated to determine impact on the flight software due to

the inclusion of J-2S engine characteristics. These missions: LOR, Synchronous,

LEO, and Polar, are treated separately in each of the following paragraphs. The

LOR mission was used as a baseline for the software analysis and definitions of

the various functions refers to an LOR type mission unless otherwise stated. The

remaining missions were evaluated as to the deviations from the baseline. This

direction was chosen because the majority of existing documentation refers to a

LOR type mission. The approximate mission time lines are given in Table

10.4.3-I, 10.4.3-II and 10.4.3-III.

Attitude control system studies were directed to determining modifications to the

flight control system due to the J-2S engine. The AS 504 flight control system was

considered to be representative of the AS 511 J-2 LOR baseline flight control sys-

tem. The analysis and conclusions are included with the guidance studies in the

following paragraphs.

\
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TABLE 10.4.3-III. APPROXIMATE MISSION TIME LINE POLAR ORBIT

Time Time

Base _ _ _ (Seconds) _ .

TB0

TB1

TB2

TB3

T B 4 ;:"

-17

0

79

149

161

165

166

168

193

198

396

497

Event

Guidance Reference Release

Liftoff

Q Max

Center Engine Cutoff

S-IC Cutoff

S-II Ignition (idle)

S-II Mains tage

MR Shift to 5.5

Interstage Separation

LES Separation
MR Shift to 4. 7

S-II Cutoff

"-::Orbital phase past time base 4 has not been defined.
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10.4.3.1 Boost Major Loop

The major loop contains the navigation, guidance, timekeeping, and other repeti-

tive operations of the flight program. The boost navigation routine combines gra-

vitational acceleration with measured ST-124M platform data to compute position

and velocity. Guidance in the first stage, referred to as "time-tilt", generates

attitude commands as a function of time. This "open-loop" guidance is not affected

by vehicle dynamics and the rate of turn of the vehicle about each axis of the ref-

erence frame is limited to one degree per second by the flight control system of

the vehicle. Just prior to first stage cutoff, the attitude commands are "frozen"

until the initiation of the Iterative Guidance Mode (IGM) in the second stage. This

freeze is to reduce flight perturbations caused by staging. The IGM routine is

primarily used to compute the steering angle commands and the "time-to-go" for

the remaining burn time of the vehicle. When mission design requires another

burn after insertion into earth parking orbit, onboard computations determine when

the restart preparation should begin in order to inject the vehicle into the desired

trajectory. IGM guidance is normally used for this second burn if guidance is re-

quired.

The accelerometer processing routine accomplishes two main objectives: It accu-

mulates velocities as measured by the ST-124M platform and detects velocity

measurement errors through "reasonableness" tests. The "reasonableness" test

is designed to detect large errors in the change velocity. A velocity change is

considered reasonable if it falls within +50 percent of the expected change, enlarged

by a Reasonable Test Constant (RTC), as discussed in Reference 10.4-31.

10.4.3.1.1 J-2S/LOR

The LOR mission design trajectory is given in Reference 10.4-53. The mission

profile is injection into a 72-hour lunar transfer trajectory via a 100-nautical mile

earth parking orbit by a three-stage vehicle with an Apollo payload configuration.

Two burns of the S-IVB and a three-revolution parking orbit (4-1/2 hours) were

used. The LOR mission was analyzed and no modifications to the flight software

are necessary to include J-2S engines. The presettings which are mission depen-

dent will change as they do from mission to mission. Although no modifications

to the software are required for the J-2S engine, a modification to the cutoff logic

is recommended (paragraph 10.4.3.5.5) to utilize the characteristics of the J-2S

engine to improve insertion conditions.

10.4.3.1.2 J-2S/Synchronous Orbit

Evaluation of software major loop changes for the Synchronous Orbit profile was

made and no problem areas peculiar to the J-2S engine were found. The major

modifications necessary for a Synchronous mission are defined in Reference

10.4-39. No changes are necessary to the flight program, Reference 10.4-39,
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10.4.3.1.2 (Continued)

other than IGM presettings, to include the J-2S engine characteristics in a Syn-

chronous mission. However, the recommended changes to the cutoff loop para-

graph 10.4.3.5.5 would be a desirable modification.

10.4.3.1.3 J-2S/LEO

The LEO mission, Reference 10.4-10, involves a two-stage vehicle insertion into

an elliptical orbit at 100 nautical miles. A second burn of the second stage using

idle mode thrust is used to circularize the orbit at 300 nautical miles, The analy-

sis and simulation was divided into three distinct sections: ascent, coast, and idle

mode circularization. The coast and targeting will be discussed under the Orbital

Program section.

The basic simulation tool used in guidance analysis was the "6-Degree-of-Free-

dom" simulator. The "6-D" is a simulation of the Saturn V vehicle, LVDC flight

program, and the LVDC/LVDA interfaces. A mathematical model of the atmo-

sphere is used to calculate atmospheric density and speed of sound as functions

of altitude. These computations are used in calculating the aerodynamic forces

on the S-IC stage. The wind model simulates atmospheric winds in addition to

the nominal rotating atmosphere. This is accomplished by assuming that the

wind vector is perpendicular to the radius vector. The direction of the wind vec-

tor is determined by adding an input wind azimuth to the vehicle flight azimuth.

Gravitational effects are calculated as functions of radius, geocentric latitude and

position. The control law simulated is the same control law used in the Flight

Control System. The simulation uses engine position, center of gravity position,

engine vacuum thrust, and nozzle deflections to calculate forces and moments

about the body axes caused by engine thrust. The vehicle control gains, moments

of inertia, moment arms, and applied forces and torques are used to compute

angular accelerations from which vehicle attitude rates and attitudes are deter-

mined.

The simulator's accelerometer processing section receives velocity components

from the integration routines and differences these values from those of the pre-

vious computation cycle to determine the velocity change. This velocity is quan-

tized and added to the previous accumulation of velocity. The resulting velocity

components are input into the flight program.

AS 503 C' filter and actuator characteristics were used in the "6-D" for guidance

and control system evaluation. Time base switching is simulated using mass,

thrust values, and guidance signals. Vehicle events normally sequenced by the

flight program through the Switch Selector are simulated realistically. The simu-

lator uses the specified time-tilt polynomial guidance scheme for the S-IC stage

and the Iterative Guidance Mode (IGM) for the S-II.
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10.4.3.1.3 (Continued)

Also included in the simulator are orbital navigation and second restart

and burn capabilities. The vehicle was considered as a rigid body in the "6-D",

thus eliminating the effects of bending. Slosh dynamics were not implemented

in the simulation.

The ascent phase was simulated utilizing "time-tilt" guidance in the S-IC stage and

two-stage IGM guidance in the second stage. The "abort-to-orbit, " Reference

10.4-46, guidance was utilized for the S-II stage to facilitate entrance into the

high-speed-cutoff loop and to take advantage of the "time-to-go" calculations that

are based on the velocity required for achieving the desired orbit. This modifi-

cation may be accompIished through guidance constants and invoIves no impact on

the flight software major loop.

Simulations have been made of the J-2S second S-II burn to circularize at a 300

nautical mile altitude. The initial simulations used the present Saturn V "abort-

to-orbit" logic with the AS 503 C' control filter and actuator model since the data

was readily available. A constant idIe mode thrust and mass rate was used to

investigate the capability of the simulated accelerometer package to sense the
small level of acceleration.

The resulting acceleration is shown relative to time in Figure 10.4.3.1-1. The

reciprocal of this acceleration is input to the M/F filter and the output, shown in

Figure 10.4.3.1-2, is input to the guidance equations. The resulting transient

in the commanded pitch attitude can be seen in Figure 10.4.3.1-3. The accelero-

meter quantization level of . 05 m/s constitutes a large percentage of the approxi-

mately . 68 m/s 2 acceleration during idle mode thrust.

Itis readily seen from Figure 10.4.3.1-3 that the M/F filterresponse can ad-

versely effectthe guidance equations and that the AS 503 C' filterused in this

case is unsatisfactory. A filterwith a slower response, such as the AS 504 E

(Reference 10.4-47), should be used to smooth the inverse acceleration input to

the guidance equations. Figures 10.4.3.1-4 and 10.4.3.1-5 illustratethe result-

ing inverse acceleration and commanded attitudewhen the 504 E filterwas used.

An alternative method would be to replace the present method with a linear regres-

sive curve. This technique would ensure smooth input to the guidance equations.

This method, however, is dependent on predicting the thrust level during idlemode

and the change in M/F more accurately than is normally possible. There would

be no impact on the flightprogram ifthe M/F filterwas replaced, while minor mod-

ificationswould be necessary to implement the alternative method.

In the guidance equations that correct for altitude deviations (Section 3, Reference

10.4-46), gravity becomes the dominant term for the idle mode circularization.

This results in a commanded attitude that places the vehicle almost along the radius

vector. The attitude correction can be bypassed by operating in a "chi-tilde"
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(Reference 10.4-46) mode which assumes the desired altitude has been attained,

as in this case, and velocity is the prime concern. This can be accomplished

by adjusting a presetting. The commanded pitch attitude using "chi-tilde" guidance

is illustrated in Figure 10.4.3.1-6. Figure 10.4.3.1-7 is a commanded pitch at-
titude from a simulation that had a limit on the altitude correction terms. When

this limit was reached, guidance automatically switched to a "chi-tilde" mode.

Table 10.4.3.1-I compares the terminal conditions of the techniques discussed

above. No significant difference was recorded and the automatic "chi-tilde" would

require a minor logic change. Therefore, the presetting technique is recommended as

there would be no impact on the flight program except scaling of inverse accelera-

tion. Table 10.4.3-II shows the sequence of events for the LEO mission.

10.4.3.1.4 J-2S/Polar Orbit

The Polar Orbitmission profile is direct injection into a 100-nautical mile polar

orbit by a two-stage vehicle. One burn of the S-IVB is required. The ground

track is over Cuba and Panama by boost turning both stages. The mission was

flown to avoid expended stage impact upon land masses.

The present Saturn platform is a three-gimbal platform with gimbal order from

inner to outer of pitch, yaw, roll. Complete freedom of movement about pitch

and roll exists, but the platform tumbles if the middle gimbal exceeds +60 ° .

Therefore, study efforts were first directed towards testing the adequacy of plat-

form alignment techniques for meeting yaw requirements. The most promising

technique was that known as yaw biasing. Rather than align the platform yaw (ZS)

axis down the launch azimuth, the yaw axis is aligned to make an angle, 6 , with

the launch azimuth. The launch plane is converted from a plane of zero yaw to

one of variable yaw. This is the key to the utility of a yaw bias (or roll offset).

The standard alignment giving a design limit at most +45 ° (Reference 10.4-31),

about the boost plane is not adequate for large perturbations. With an appropriate

choice of _, these limits can be transformed and made relative to the boost plane.

Simulations were made using the yaw biasing technique with offset gimbal angles.

The yaw biasing technique involves a redefinition of the platform coordinate sys-

tem. The coordinate system is rotated through an offset d about the X s axis,

illustrated in Figure 10.4.3.1-8. Thus the YAW (Zs) axis is offset 6 degrees
from the firing azimuth (Za). This modification does not affect the vehicles

trajectory, but merely modifies the platform measure of that trajectory. The

gimbal angles e p, e R, e y define the vehicle orientation in the "S" coordinate

system (whose Z s is offset d degrees from the launch azimuth). Similarly,

a p, a y, aR define the vehicle orientation in the "A" coordinate system (whose
ZA passes through the launch azimuth). Based on the simulation results, it can

be concluded that a yaw bias of 10 ° will handle this mission: instead of a maximum

yaw attitude of 49.3 o, the platform senses one of 40.3o For a yaw bias of 20o,
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this is reduced to 31.0 degrees.

The principal advantage of the yaw biasing technique is that no new hardware is

required; its principal drawback is the complexity added to mission planning and

software development. To minimize the effect of yaw biasing on mission analysis,

it may be desirable to incorporate a routine in the flight program which converts

"standard" gimbal angle to "offset" gimbal angles. The required routine has been
defined and is given in Figure 10.4.3.1-9. It should be used during pre-IGM guid-

ance prior to the +45 ° limiting of yaw in Minor Loop Support. During IGM the use

of the proper matrix relating IGM coordinates to platform coordinates automati-

cally includes the offset.

To achieve a polar orbit, a yaw command of approximately 50 ° at a rate of lO/sec

is required during S-IC guidance after passing the region of maximum dynamic

pressure. This may be handled by initiating the yaw guidance command computa-

tion at a preset time in Time Base 1 as

CHIY = CHIY + YAWRT (DTNOM)

where CHIY = 0, initially

YAWRT = l°/sec

DTNOM = nominal computation cycle length

This may be incorporated into the time tilt logic.

Two-stage IGM guidance is needed to guide the S-II into the desired orbit. In order

to minimize the flight program impact, it is desirable to use abort-to-orbit two-

stage IGM guidance (Reference 10.4-46). In order to use abort-to-orbit IGM in

Time Base 3, it is necessary to set certain flags in IGM and define the presettings

for this logic properly.

The "6-D" simulation of the polar mission was primarily used to verify the ade-

quacy of abort-to-orbit IGM and the yaw biasing technique. The simulation was

based on a preliminary reference trajectory provided by the Boeing Company.

The firing azimuth is 140 o. The vehicle inserts into a 100 nautical mile circular

orbit with a descending node of 2.4270935 degrees. The insertion parameters

achieved in the simulation are compared with those of the reference trajectory in

Table 10.4.3.1-II. The time table of the sequence of events is given in Table
10.4.3-Ill.

10.4.3.2 Boost Minor Loop

The minor loop is initiated by an interrupt approximately every 40 milliseconds

during boost flight and requires approximately 21 milliseconds to complete the

cycle.
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Launch vehicle attitudes in the form of angular displacements measured by the

ST-124M platform gimbal resolvers are compared with the desired vehicle atti-

tude as determined by the guidance computations (Reference 10.4-31). The de-

sired vehicle attitude angles are recomputed each minor loop by adding a fixed

increment to the previously desired attitude.

The boost minor loop was evaluated for the four missions being considered and no

impact to the flight software minor loop was found.

10.4.3.3 Orbital Program

During the orbital coast periods, the LVDC will perform seven functions: naviga-

tion, guidance, attitude cot_,trol, event sequencing, data management, ground com-

mand processing, and data compression. Navigation, guidance and attitude con-

trol are carried out on a regular basis under control of the minor loop interrupt.

Orbital navigation is performed every 8 seconds and orbital guidance is performed

every second. Event sequencing is carried out by the switch selector processing

routine (Reference 10.4-46) in response to the switch selector interrupt. Ground

commands are processed in response to the command decoder interrupt which has

an interrupt priority below that of the minor loop and the switch selector. During

orbital flight when the vehicle is not over a ground station, the data compression

executive program (Reference 10.4-32) provides the framework within which the

interrupt controlled orbital flightDro_ram operates. Estimate time line for the
J-2S/LOR Mission is given in TalSle _0.4.3-1.

10.4.3.3.1 J-2S/LOR Orbital Program

The LVDC Equation Defining Document for the AS 505 Flight Program (Reference

10.4-46) was used as a reference in evaluating the orbital program of the LOR

mission. The orbital program that is defined in this reference was the latest

documented scheme at the time of this evaluation and was designed for a lunar

trajectory and no impact resulted in the LOR. When the time from GRR becomes

equal to or greater than a time presetting, the S vector, which is a unit vector

a predetermined number of degrees ahead of the radius vector in the flight plane,

and the S___vector, a vector 90 degrees ahead of theS vector in the flight plane,

are calculated. When the dot product of the S__vector and the target vector T,

becomes negative, theS vector is nearly colinear with the target vector and the
S • T calculations begin. This logic ensures that theS vector will be inside of

the cone, defined by rotating the nodal vector about the target vector, when the

S • T calculations are begun. When the cosine of the angle between theS and T

vectors is equal to or less than the cosine of the angle between the nodal vector

and the target vector, the Time Base 6 is begun. TheS vector is fixed at this

time and stored for later use in the end condition calculations.
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The transition from orbital navigation and control to boost mode is made on the

basis of predicted time to go until the start of Time Base 6. For the J-2S/LOR

mission, Time Base 6 is defined as the estimated time for initiating idle mode

thrust. A fixed attitude (local horizontal) guidance scheme is used until the full

idle mode thrust level is attained. No modifications are necessary to the LOR orbital

program other than changing presettings. Each computation cycle during Time Base

5, time to go to the beginning of Time Base 6 is calculated based on the period of
the parking orbit, the position of the target vector and the vehicle radius vector

in the flight plane, and the number of revolutions to be traversed before the start

of Time Base 6. When time to go is less than 9 seconds, a flag is set which

causes the program to return to the boost mode of operation, (boost navigation,

25 minor loops per second) after the next orbital navigation cycle. These target-

ing constants which vary from mission to mission constitute the only impact on

the LOR mission. The estimated time line for the baseline and J-2S/LOR mis-

sions are given in Table 10.4.3-I.

10.4.3.3.2 J-2S/Synchronous Orbital Program

The orbital program for a Synchronou s Orbit. Reference 10.4-39, does not need

any modifications when utilizing J-2S engines during boost phases. An advantage,

however, of using the J-2S engine characteristics is the elimination of a previous

constraint of 0.5 hours minimum time for chilldown between parking orbit inser-

tion and restart. This allows a restart at the first descending node and access to

certain hover points with an increased payload. This is graphically represented
in Figure 10.4.3.3-1.

10.4.3.3.3 J-2S/LEO Orbital Program

The AS 505 orbital program was utilized as a baseline program for the LEO mis-

sion. Navigation, guidance, attitude control, event sequencing, data management,

ground command processing, and data compression as defined in Reference 10.4-

46 would be adequate for the LEO mission. There are , however, modifications

necessary to the targeting equations to allow the normal calculations of the re-

start state and estimation of the terminal targeting for a J-2S/LEO mission. Pre-

parations for restart begin when the vehicle position satisfies a geometric rela-

tionship with the target vector for the selected restart opportunity. In a lunar

mission, the target vector is a unit vector which lies in the earth-moon plane, at

an angle _ from the vector through perigee of the target orbit. The target vector

is defined by its right ascension and declination, which vary with launch time and

are fixed at lift-off. This type of relationship is meaningless for a LEO type mis-

sion. The target vector for the LEO mission would be defined as a unit vector

through apogee and the negative target vector (aim vector) would be through the

perigee. An eccentricity vector that has a direction colinear with perigee and a
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10.4.3.3.3 (Continued)

magnitude equal to the eccentricity of the transfer orbit can be used as the aim

vector. This vector is derived in Reference 10.4-48 and could easily be computed

onboard. The unitized negative _e would constitute a target vector colinear with

the line of apsides in the direction of apogee. This new target vector, T, would

then be utilized in the targeting equations. Figure 10.4.3.3-2 illustrates a planar

relationship of the above described vectors and the radius vectors at ignition and

cutoff as given in the reference trajectory. The targeting constants would neces-

sarily be changed, but these constants are usually changed from mission to mis-

sion and would not impact the orbital flight program. The modifications to

the targeting equations as discussed above were defined for implementation in the

flight program as shown in Figure 10.4.3.3-3. The logic can easily be inserted
in the flow illustrated in Reference 10.4-46.

10.4.3.3.4 J-2S/Polar Mission Orbital Program

Telemetry station acquisitions and losses are determined as a function of vehicle

position and equations onboard determine whether the vehicle is within range of

a station. In the Polar mission, station acquisition will largely be determined by

ships at sea instead of the present trackIng sites. The ground trace of the Polar

mission is assumed to cross minimum land masses and will be out of range of

most of the present tracking sites. The preliminary mission design did not in-

clude the orbital phase of the Polar trajectory. No modifications are expected,

however, to the orbital program and techniques described in the previous sections.

Changing targeting constants, described in paragraph 10.4.3.3.1, is the only for-

seeable impact on the orbital flight program for a Polar mission.

10.4.3.4 Program Verification

The present flight program verification utilizes two different six-degree-of-freedom

simulations: a System/360 digital simulation (6-D), and a Simulation Laboratory

simulator. The System/360 simulator is a bit-by-bit simulation of the launch ve-

hicle digital computer/data adapter (LVDC/LVDA) and a detailed simulation of the

rigid body vehicle dynamics. Some important features are run-to-run repeat-

ability; program trace capability; extensive capability for perturbing input data

to the LVDC/LVDA; and automatic checking of such items as scaling overflows,

telemetry timing, and switch selector timing. The Simulation Laboratory simu-

lator consists of a flight-type LVDC/LVDA, a flight-type switch selector, a sim-

plified vehicle model on the GE-235 digital computer, an IBM 1800 telemetry re-

cording/reduction computer, a platform simulator, and associated interfacing,

exercising, and controlling equipment. Some important features are use of flight-

type hardware, use of telemetry output for analysis, and real-time non-repeatable

operation.
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IV UPSQR T .4
SQD: s qrt(XDS ;:-"*2 + YDS':'-':-'2 + Z DS ::-'-_2 )|

!

RDOTV=R 1X*XDS+

R 1 Y::_ YDS+

R 1 Z* Z DS

E 1X: VSQD-':-'R 1X -

R DOTV::_XDS

E 1Y=VSQD*R 1Y-

R DOT V;:-"Y DS

E 1 Z : VSQD,','R 1 Z-

RDOTV*ZDS

ET-X=R IX/R

E2Y=RIY/R

E2Z:RIZ/R

TPXU= -EX

TPYU: -EY

TPZU: -EZ

U PSQR T

T p= sq r t(T px U ;:--_:--Z+ Tpy U_',--;:--2 + Tpz U;:,_.-2)

,i

TPX:TPXU/TP ]

TPY:TPYU/TP

TPZ:TPZU/TP

EX=EIX/MU:EZX

EY:EIY/MU-EZY

EZ:EIZ/MU-EZZ

FIGURE 10.4.3.3-3. FLIGHT PROGRAM TARGETING FOR LEO
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The navigation portion of the flight program determines the position, velocity, and

acceleration of the vehicle. Accurate navigation is necessary for proper function-

ing of all guidance after first stage. The accuracy of the navigation is checked by

comparing the flight program navigation quantities to the 6-D navigation quantities.

The accelerometer processing section of the program reads the duplexed accele-

rometer pulse counters in the LVDA and differences these readings from those of

the previous computation cycle to determine the velocity change. Each increment

is then processed through the accelerometer reasonableness tests to determine if

the change is unreasonably high or low. Any reasonable increment is added into

the previous accumulation of velocity increments for use in the boost navigation.

Any unreasonable increment is ignored, and replaced by an increment based on a

prestored thrust and mass profile. Additionally, the length of the computation

cycle and the time since GRR are computed in this program section.

During the mission, nominal operation of accelerometer processing is verified

through comparing the velocity accumulation of the LVDC to that of the 6-D. De-

tailed operation of the routine is verified by perturbing the accelerometer readings

to force all accelerometer channel selection and reasonableness test paths, and

tracing the operation of the program. The prestored acceleration profile is checked

by forcing continual zero changes in the down-range and vertical accelerometers

and by checking the velocity accumulation between the flight program and the 6-D.

This perturbation causes the prestored profile (F/M)c to be used for most of the

flight. The parameters of the orbit achieved are also checked to verify the ade-

quacy of the profile.

During certain portions of flight (staging intervals, etc.) the computed F/M is

noisy and a preset value is used along with the reasonableness test constants

(RTC's). The preset value of F/M, the value of the RTC's, and the performance

parameters of the (F/M)c routines are changed several times throughout flight.

The changes in these constants used in accelerometer processings are verified

by checking the values of the RTC's and the performance parameters of the (F/M)c

routine once per computation cycle for one full boost period. At each point that

any of the values change, the times of the change and the updated values are checked

against the desired time and values.

The computation of the time since GRR will be verified on all cases for the mission

by a comparison of flight computer and simulator times. The calculation of the

length of the computation cycle will be verified indirectly by verifying that boost

navigation, which uses this time, is accurate.

During the mission, the accuracy of boost navigation is verified by comparison

of LVDC and 6-D position and velocity every computation cycle during boost.
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Interaction of the guidance and navigation, accuracy of the guidance scheme, and

performance of the high-speed loop are verified by comparison of the orbit attained

to the preset target orbit.

Orbital navigation accuracy is verified by comparing LVDC and 6-D position and

velocity components every flight program navigation pass. The once-per-second

position computation is verified indirectly by verification of orbital guidance ac-

curacy. The C-Band switching and telemetry acquisition and loss logic are veri-

fied at each change in status by hand computations to determine if the change should
have occurred.

The start of TB6 is a function of position components and is verified with hand

computations. The TB6 start time is also compared with the time calculated from

the time-to-go to restart preparation. Again, as in boost navigation, the same

check of accuracy is made.

Yaw and roll guidance is verified beginning at GRR. The nominal pitch guidance

commands are checked by comparing the commanded attitudes to ideal values

obtained by evaluating the time tilt polynomial to verify that an error no larger
than 0.1 ° exists between them.

The orbital guidance maneuvers are verified by checking to see that the specified

attitude is commanded and that the maneuvers are executed at the programmed

times.

The following paragraphs attempt to distinguish the amount of deviation in program

verification each of the evaluated missions require. The baseline requirements

are described in Appendix 8, Revision 760, to Contract NAS8-14000.

10.4.3.4.1 J-2S/LOR Program Verification

The requirements of program verification for the LOR mission are adequately

covered in the baseline referenced. There would be no impact to the present

flight program verification procedures.

10.4.3.4.2 J-2S/Synchronous Program Verification

The verification programs must be modified for a Synchronous mission and new

programs developed for data reduction. Preparation and planning for flight eval-

uation will take into consideration the changed hardware and mission lifetime ex-

tension and their effects on present data reduction programs and analysis tech-

niques. The 15-hour lifetime of the IU is expected to add approximately 75 per-

cent more computer time and 10-percent more manpower than the requirements
referenced in the baseline.
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10.4.3.4.3 J-2S/LEO Program Verification

The LEO mission consists of a two-stage ascent to 100 nautical miles, coast to

300 nautical miles and a restart of the S-II stage to circularize the orbit. Mode-

rate modifications to the verification programs will be required for the LEO mis-

sion. The verification requirements will, however, be approximately the same

as the baseline due to the two-stage configuration ascent phase.

10.4.3.4.4 J-2S/Polar Program Verification

The Polar mission requires modifications to the verification programs similar to

the requirements of the Synchronous mission. The extended lifetime of the IU will

not be required for this mission and the computer time necessary for evaluating

this area will not be needed. Therefore, the manpower requirements are the same

as those for the _mchronous and the computer requirements are approximately the
same as those stated in the reference.

10.4.3.5 Guidance Analysis

Guidance is defined in Reference 10.4-31 as the computation of maneuvers neces-

sary to achieve the desired end conditions of a trajectory. Control is defined as

the execution of maneuvers determined from the guidance scheme. These general

definitions were used as a basis for analyzing the performance of the present

Saturn V guidance and control techniques; the objective being to evaluate the

feasibility of using J-2S engines in various types of missions. Table 10.4.3.5-I

summarizes software impact for the missions under considerations.

10.4.3.5.1 J-2S/LORGuidance

Present software is aligned to a lunar trajectory and no impact will result from

using J-2S engines. IGM constants will be changed but they are consistently

changed from mission to mission at the present time.

10.4.3.5.2 J-2S/Synchronous Guidance

The objective in this analysis was to evaluate the advantages of the J-2S engine for

a Synchronous-type mission. The advantage of releasing the time constraint, dis-

cussed in para 10.4.3.3.2 for restart is due to the absence of previoysly required

chilldown operations. Synchronous Orbit software, Reference 10.4-39, will be

impacted as shown in Table 10.4.3.5-I and discussed in Reference 10.4-39.
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TABLE 10.4.3.5-I . FLIGHT PROGRAM IMPACT

PHASE

LEO First

S-II Burn

LEO

Targeting

LEO Idle Mode

Guidance

Polar

Ascent (S-IC)

Polar

Ascent (S-II)

Synchronous

Ascent

Synchronous

Orbital &

Restart

LOR Ascent

LOR Orbital

& Restart

GUIDANCE

Present abort-

to-orbit

None

Present abort-

to-orbit with

active "chi-tilde"

Modified

Present abort-

to-orbit

None

None

SOFTWARE

CHANGE

None

Moderate

None

Major

None

None

None

CONSTANTS

CHANGE

Constants

Constants

Constants

Constants

Constants

Constants

Constants

Constants

Constants

*Defined in Reference 10.4-39
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10.4.3.5.3 J-2S/LEOGuidance

The ascent phase of the LEO mission was simulated using "time-tilt" guidance in

the first stage and a two-stage iterative guidance (abort-to-orbit) in the S-II stage.

The insertion conditions are compared to the reference trajectory (Reference

10.4-10) in Table 10.4.3.5-II. No modifications to the guidance equations were

required to obtain the commanded pitch attitude illustrated in Figures 10.4.3.5-1

and 10.4.3.5-2. Necessarily, guidance constants were changed to utilize the

advantages of the two-stage IGM logic. These advantages include easy entry in

the cutoff logic and a more accurate calculation of "time-to-go."

Simulations were made using the recommended targeting technique at various

times after the transfer ellipse had been defined to investigate any degradation of

the transfer ellipse due to venting, drag, and gravity. Since the target vector is

orbit dependent, degradation of the transfer ellipse would alter the target vector.
Table 10.4.3.5-III lists the target vector components calculated at various times

of flight. The last three calculations compare vent/drag models with the refer-

ence trajectory described in Reference 10.4-10. It is readily Seen from Table

10.4.3.5-III that some degradation occurs from the original transfer ellipse inser-

tion state, and it is therefore reasonable to calculate the target vector at a later

time. The present restart calculations include a time guard presetting to prevent

certain parameters being calculated too early. This time guard would be utilized

to delay the target vector calculation until the desired time. Table 10.4.3.5-IV

compares the reference trajectory restart state to that of a simulation using the

-e target vector. The program used was a navigation program (HYPERVENT) that

included the AS 503 vent/drag model and the modified restart equations. The posi-

tion and velocity at the termination of the first S-II burn from the reference tra-

jectory was input to the program and the restart state was calculated 2678 seconds

later which was very close to the reference trajectory.

Planar simulations of the J-2S circularization study indicated that near optimum

thrusting will occur when a thrust tangential to the velocity vector is applied.

Therefore, only minimum guidance will be required to fulfill the mission require-

ments. In these simulations, no IGM guidance was used and thrust was obtained

by linear interpolation of the build-up curves previously illustrated (Figure

10.4.3.5-3). The thrust initiation was varied as a function of time from perigee

and the thrust direction was along the velocity vector except in one series of runs

the attitude was aligned above and below the velocity vector by a constant angle

which varied from 0 to +3 degrees. The results of these basic simulations are

given in Tables 10.4.3.5-V through 10.4.3.5-VIII and indicate that the reference

trajectory is not an optimum burn in the S-II idle mode circularization phase. A

more nearly optimum trajectory would be a burn across apogee keeping the vehicle

aligned to the flight-path angle. This would result in less fuel expenditure and

small guidance manuevers. The results of the simulation aligning the vehicle to

the flight-path angle, along the same arc as the reference, are compared to the

reference trajectory terminal conditions as illustrated in Table 10.4.3.5-IX.
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TABLE 10.4.3.5 - II. LEO TERMINAL CONDITIONS

Radius (m)

Velocity (m/s)

Eccentricity

Flight Path Angle

Perigee (m)

Apogee (m)

Inclination (deg)

Descending Node

(deg)

(deg)

Simulation

6563270

7898.01

• O266O5

-.0039

656327O

6922045

33. 1392

57. 3921

R ere renc e

6559974

7898.02

.O26596

-.00005

6559974

6918446

33.0901

57.3750
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TABLE 10.4.3.5 - HI. VARIATION OF TARGET VECTOR (-e)

TIME TPX TPY TPZ

489 -.26230547 -.96496322 .00646442

697 -.271177418 -.96233840 .00662765

1009 -.29045546 -.95686312 .00696568

2305 -.28342734 -.95897502 .00594097

3165 -.27718179 -.96080326 .00524073

3165. -.27642584 -.96102073 .00522847

3165.* -.29575303 -.95524869 .00548497

3166.** -.29573089 -.95525587 .00548442

_Sirnulatton results - no venting thrust

*_Simulation results - 503 C' vent/draB model

***Simulation results - 503 C' vent/drug model ÷ 10_
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TABLE 10.4.3.5 - IV. RESTART STATE

Reference

Trajectory

Calculated restart time(sec) 3165

X (m)

Y (m)

Z (m)

R (m)

(m/s)

(m/s)

7" (m/s)

V (m/s)

Inclination (deg)

Descending Node (deg)

Eccentricity

Flight Path Angle

True Anomaly (deg)

Radius at Perigee (m)

Radius at Apogee (m)

Energy

-1292364.6

-6796459.5

27964.5

6906600.58

-7362.704

1381.592

98.220

7501.4436

33.08767

57.16318

.0250800

.13034933

174.92586

6569303.76

69O7296.87

-59103259.2

(-e)
Hypervent

3164

-1307321.7

-6781667.4

28126.5

6906583.46

-7368.389

1403.235

98.316

7501.4595

33.08758

57.16334

.02508092

.13198541

174.86216

6569292. O9

69O7297.35

-59154669.9

H-R

Difference

-1 aec

-4957.1

14792.1

162.0

-17. 12

-5. 685

21. 643

096

0159

-. OOOO9

OOO16

0000009

OO1636O8

- O637O

-11.67

.48

51410.7
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TABLE 10.4.3.5 - IX.

Radius (m)

Velocity (m/s)

Inclination (deg)

Descending Node

Eccentricity

FLIGHT-pATH ANGLE GUIDANCE TERMINAL CONDITIONS

Perigee (m)

Apogee (m)

SLmulation Relerence

6919380 6919589

7584.289 7584.999

33.09346 33.09974

57.15370 57.14019

.0015003 .0012609

6898810 6902166

6919540 6919595

(deg)

Flight Path Angle (deg) .01505 .00262
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10.4.3.5.3 (Continued)

There are several alternative methods for guidance as discussed in paragraph

10.4.3.13 and above. The impact on the flight software would obviously depend on

the scheme chosen. With the assumption that minimum modifications are desir-

able, the recommended technique would be to utilize the "chi-tilde" guidance and

a mission designed inverse acceleration filter. This would result in no impact

on the flight software and reasonable terminal conditions could be achieved. This

technique, therefore, is the recommended scheme. The impact on the flight soft-

ware is given in Table 10.4.3.5-I for the LEO mission using this technique.

10.4.3.5.4 Polar Analysis

One area of the flight program requires modification for a two-stage Polar mission.

The large commanded yaw attitude could approach the yaw limit of +60 ° of the

three-gimbal platform. To prevent the platform from tumbling, a software limit

+45o is in the present flight programs. The study effort was concentrated on test-

mg the adequacy of a platform alignment technique for meeting the +45 ° yaw require-
ments. The yaw biasing technique, discussed in paragraph 10.4.3.1.4, does not af-

fect the trajectory of the vehicle, but merely changes the platform's measurement

of the trajectory. To implement this method, it is desirable to incorporate a rou-

tine in the flight program to convert "standard" gimbal angles ( O_- 0°) to "offset"

gimbal angles (e _ 0 °) for use during pre-IGM guidance prior to the +45 ° limiting

of yaw in Minor Loop Support. During IGM the use of the proper matrix relating
IGM coordinates to platform coordinates automatically includes the offset. The neces-

sary logic changes are illustrated in Figure 10.4.3.1-9. The Polar mission im-

pact on the flight software is summarized in Table 10.4.3.5-I.

10.4.3.5.5 Improved Cutoff Prediction

The cutoff calculations are begun when the predicted time-to-go calculated in IGM

becomes less than a presetting. In order to maximize the frequency at which the

cutoff calculations are executed and thereby increase the accuracy of the cutoff,

only the essential routines are included in the high-speed loop. These are Accele-

rometer Processing, Boost Navigation, S-IVB Cutoff Backup and the Cutoff Time

Prediction Routine. The prediction routine uses a table of velocities and corre-

sponding times to establish a second-order polynomial which expresses velocity

as a function of time. This polynomial is then solved to predict the time at which

cutoff velocity will be reached. The cutoff velocity is less than the insertion ve-

locity by a preset bias. This bias compensates for thrust tailoff and system de-

lays which cause some velocity to be gained after the cutoff command is issued.

If the engine is shut down from idle mode thrust (5000 lbs) rather than mainstage

thrust (230,000 - 265,000 lbs), the velocity gained during thrust decay after cutoff

is decreased by a factor of approximately 50. Thus, the magnitude of possible

discrepancy between the predicted velocity gained and the actual velocity gained

and its effect on the insertion conditions is considerably smaller. Any method that
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10.4.3.5.5 (Continued)

could be recommended for adding logic to the present cutoff scheme would be de-

pendent on thrust decay data to determine the method feasibility. Uncertainty

in the amount of time involved and thrust levels from mainstage to idle and from

idle to cutoff precludes any recommendation that could be made. With appropriate

data available, more extensive investigation into cutoff schemes and interactions

with the control system could be made.

The apparent advantages of using an idle mode cutoff are: reduced tailoff impulse

uncertainty; reduced criticality of high-speed-loop timing; and providing an ullage

function. An obvious, but minor, disadvantage is the inclusion of two shutdown

signals in the cutoff logic. In the preliminary analysis, see Figure 10.4.3.5-4,

the transient from mainstage to idle mode was represented by two steps. The

mainstage level before the step was 202,000 pounds. The first step was to 25,300

pounds, while the final step was to expected steady-state idle mode thrust (5000).

As the thrust decreases, F/M decreases and the IGM "time-to-go" increases.

This possible problem area should be investigated thoroughly but is not expected

to be critical due to the expected short transient time and since the actual trans-

ient will be smoother than the step representation. When a cutoff scheme is

approved for implementation, it would be recommended for all of the missions

being considered in this report.

10.4.3.6 Control Analysis

Attitude control system studies were performed with the objective of determining

modifications to the baseline vehicle/mission (AS 511 J-2/LOR) flight control sys-

tem (FCS) necessitated by J-2S implementation. This did not include final design

efforts in terms of optimizing control gain programs and shaping network con-

figurations. The AS 504 FCS was considered to be representative of the AS 511

J-2/LOR FCS for these studies.

Vehicle parameters were derived from data supplied by the participating stage

contractors. No changes are to be made to the engine actuators for the J-2S

application. There is no difference between mainstage and idle mode thrust

vector control frequency response; therefore, AS 504 design characteristics

have been assumed in this study.

Three vehicle/mission profiles and corresponding payloads--three-stage LOR

with Apollo payload, three-stage Synchronous with Apollo payload, and two-stage

LEO with a S-IVB/Apollo shaped payload--were considered. No detailed studies

were necessary on the two-stage Polar vehicle/mission with S-IVB/Apollo shaped

payload because from a FCS standpoint it is similar to the LEO boost phase.
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10.4.3.6.1 J-2S/LORMission

Since the J-2S/LOR vehicle, mission, and payload are similar to those of the

AS 504, the existing baseline FCS is adequate for S-IC burn, S-II burn, S-IVB

mainstage burn, and S-IVB coast modes. Therefore, control studies were oriented

toward investigation of requirements during idle mode operation.

a. S-IVB Idle Mode

Pitch/yaw axis control studies were performed for the extended S-IVB idle mode

preceding second mainstage burn. Due to uncertainties in the idle mode thrust

profile, two candidate control systems were considered.

Gimballed J-2S control using existing S-IVB burn
pitch/yaw control scheme.

APS (Auxiliary Propulsion System) control using

existing S-IVB coast pitch/yaw control scheme.

Also, as a result of the thrust profile uncertainty, two possible thrust profiles

were considered (See Figure 10.4.3.6-1).

The constant 5000 pounds thrust, which is an ideal case, and the ramped thrust,

which was obtained from Reference 10.4-30, represent bounds of the actual J-2S

idle mode thrust profile.

1. Gimballed J-2S Control

Due to the rapid variation in the ramped thrust profile, time response (rather

than "frozen-point" frequency response) analysis was performed to evaluate vehi-

cle performance with gimballed J-2S pitch/yaw control. An analog simulation of

a single axis model of the S-IVB stage was utilized to perform the analysis. The
simulation model included:

Rigid body dynamics.

Two AS 504 fuel slosh modes.

AS 504 fourth order actuator model with position and rate limiting.

Attitude error and attitude rate feedback with AS 504 S-IVB shaping
networks.

Timevarying thrust profile.
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10.4.3.6.1 (Continued)

Effects of a 3.47 inches center of gravity offset in the form of an

equivalent _ ma (engine misalignment angle).

Idle mode vehicle response to realistic initial conditions of _ (attitude error} =

0.8 ° and $ (attitude rate) = 0.04O/sec were obtained for both the ramped thrust

profile and the constant 5000 pound thrust profile with various values of control

gains. Attitude error and engine displacement response are shown in Figure

10.4.3.6-2 for the ramped thrust and in Figure 10.4.3.6-3 for the constant thrust.

The responses in part (a) of each figure were obtained using control gains of ao

(attitude error channel gain) = 0.81 and a 1 (attitude rate channel gain} = 0.97,

which are the probable S-IVB first mainstage burn gains. The responses in part

(b} of each figure were obtained using gains of a o = 2.0 and al = 4.0 with a gain

switch back to 0.81 and 0.97 at second mainstage burn. The responses indicate

a slowly varying, low damped system as would be predicted by examination of the

control mode natural frequency and damping.

1
fn: c2

= al -_C2/a °
2

where C 2 = control moment coefficient.

Since C2 is directly proportional to control thrust, the low level of J-2S thrust

during idle mode results in a very low control mode natural frequency and damp-

ing. The effect on performance of increasing the gains and thus increasing the

control frequency and damping can be seen by comparing the responses. The ve-

hicle response is "poor" even for the maximum thrust of 5000 pounds and control

gains of 2.0 and 4.0 (fn = 0.03 and _ = 0.19). However, the gimballed J-2S con-

trol system is adequate since the idle mode lasts a short period of time during

which no significant demands on the control system are expected; i.e., idle mode

initial conditions are expected to be low (on the limit cycle of the S-IVB coast con-

trol system); no significant disturbance torques are expected, and no sizeable

maneuvers will be performed during idle mode.

No extensive frozen point stability analysis was performed for the S-IVB Idle Mode,

but one Nyquist plot was obtained for a thrust of 5000 pounds and gains of ao = 2.0

and a 1 = 4.0 A brief discussion of the Nyquist criterion and the digital Nyquist

computer program is included in paragraph 10.4.3.6.3. a. In addition to the data

used in the time response analysis, two AS 504 flexible body modes were included

in the Nyquist. The Nyquist plot indicated a low rigid body phase margin (19°), as

would be expected from the time responses, and gain stabilized bending modes.
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10.4.3.6.1 (Continued)

2. APS Control

Due to the uncertainty in the thrust profile, use of the APS for control during idle

mode was investigated. The J-2S engine would be commanded to zero.

To determine APS control adequacy and fuel requirements, a digital simulation of

a three-axis rotational model of the S-IVB stage was employed. A disturbance

torque resulting from the ramped thrust profile acting through a center of gravity

( c g ) offset of 3.47 inches together with gravity tradient torques and realistic
initial conditions of _ = 0.8 ° and _ = 0.04°/sec were included in the simulation.

Results of the simulation indicated that APS control torque is sufficient, and that

the fuel requirement is 4.6 pounds for the 100 second idle mode. This amount of

fuel is relatively small when compared to the Saturn V APS fuel capacity of 614

pounds. However, the fuel requirement is sensitive to the idle mode thrust level
and c g offset. For thrust levels above the ramped thrust profile and/or c g

offsets greater than 3.47 inches, the fuel requirement would increase.

3. Summary

Results of the analysis considering APS control for S-IVB idle mode operation

hdicate that APS control torque capability is sufficient, and a relatively small

amount of fuel is required for the assumed conditions.

Results of the analysis of gimballed J-2S control of S-IVB idle mode operation in-

dicate that the dominant vehicle control mode is lightly damped with a low natural

frequency. However, the gimballed J-2S control system is adequate.

Gimballed J-2S is recommended for idle mode pitch and yaw axis control because

it is adequate and costs nothing to use. The existing S-IVB burn control scheme with

increased gains will be utilized. Control gains will be increased at the end of first

S-IVB mainstage burn and switched back to the lower values at second mainstage
burn start command. Therefore, the only modifications required to the baseline

FCS for the J-2S/LOR vehicle/mission are those needed to provide reset capabi-

lity for a switch point in the S-IVB shaping networks.

10.4.3.6.2 Synchronous Mission

The J-2S Synchronous mission is equivalent to the J-2S/LOR mission from a FCS

standpoint except that the Synchronous mission includes two extended idle modes.

The first precedes second S-IVB mainstage burn, and the second precedes third

S-IVB mainstage burn.
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10.4.3.6.2 (Continued)

Since the vehicle parameters for the first extended idle mode are almost identical

to those for the LOR idle mode, no additional analysis was performed. Vehicle

responses (See Figures 10.4.3.6-4 and 10.4.3.6-5) were obtained for the second

idle mode employing the same analog simulation described in paragraph 10.4.3.6.1.

These responses indicate a higher control mode natural frequency and damping

than those for the LOR (or first Synchronous) idle mode. The moment of inertia

is less and the control moment arm is greater, resulting in a higher control mo-

ment coefficient (C2) and thus a higher control frequency and damping. From these

responses it is evident that the same control gains can be used for both idle modes.

Thus, the FCS for the J-2S/Synchronous mission will be identical to the FCS for

the J-2S/LOR mission. The increased control gains for S-IVB idle mode will be

switched in at first and second S-IVB mainstage cutoff and switched back to the

lower gains at second and third S-IVB mainstage start commands.

10.4.3.6.3 J-2S/LEOMission

As a result of the difference in payload, the vehicle dynamics for the J-2S/LEO

mission differ from those of the baseline AS 511 J-2/LOR mission. Therefore,

attitude control studies were performed for all flight stages to determine any

modifications required to the baseline FCS.

a. S-IC Burn

Stability analysis was performed for the pitch/yaw axis during S-IC burn via the

Nyquist criterion. A representative Nyquist plot for a Saturn attitude control sys-

tem, open at the actuator, is shown in Figure 10.4.3.6-6. Vehicle stability can

be related to gain and phase margins, which are designated on the plot. Gain mar-

gin is the increase or decrease in gain that would cause the system to be margin-

ally stable. Phase margin is the phase lead or lag that would cause the system to

be marginally stable. Acceptable margins are generally considered to be 6 db

(a factor of 2 to 1) gain margins, 30 degrees rigid body phase margin, and 45 de-

grees first bending mode phase margin. The second and higher bending modes

are gain stabilized with a gain margin of at least 6 db.

A digital Nyquist computer program of a pitch/yaw axis attitude control system

model was employed to obtain Nyquist plots for S-IC burn. The model contained:

Rigid body dynamics.

Four bending modes.

Four AS 504 fuel slosh modes.

10-769



IBM
D5-15772-2

A

®

V

-=-D-

2.0

/
1.0 !

0
40

L

v

120

/

4o_' 8o

/.---

v

1:

-1.0

,o

<:13.

1.0

0.5

0

-0.5

A
/
/

(a)

4O v 120 20 1

T,ime (Sec)

/\
/80\

\J
Time_(Sec)

L

v

I_0

ao= .81, al= .97 (b) ao= 2.0, al= 4.0

FIGURE 10.4.3.6 - 4. SYNCHRONOUS S-IVB IDLE MODE TIME RESPONSE WITH

RAMPED THRUST PROFILE

10-770



IBM
D5-15772-2

A

--D-

1.0

0.5

0

%
\/\/\,-1

.J

4:) o 12_ 4o a J

-0.5

,o

1.0

0.5

0

\/40
\

120 40 80 1:

-0.5
Time (Sec) Time (Sec}

(a) ao= .81, al= .97 (b} ao= 2.0, al= 4.0

FIGURE 10.4.3.6 - 5. SYNCHRONOUS S-IVB IDLE MODE TIME RESPONSE WITH

CONSTANT 5000 POUNDS THRUST

10-771



IBM
D5-15772-2

FIRST BENDING

PHASE MARGIN

RIGID BODY

GAIN MARGIN

AERODYNAMIC

GAIN MARGIN

-270 o
UNITY CIRCLE

st BENDING MODE

2nd BENDING MODE

-180 ° 0 o

RIGID BODY

PHASE MARGIN

.90 °

Stability may be related

to gain and phase margins;

intersection of the -i point

implies undamped motion.

FIGURE 10.4.3.6-6. DESIGN OBJECTIVES WITH RESPECT TO NYQUIST PLOT

OF ATTITUDE CONTROL SYSTEM MODEL OPEN LOOP

FREQUENCY RESPONSE (OPEN AT THE ACTUATOR}

1D_Tq9



IBM

D5-15772-2

10.4.3.6.3 (Continued)

AS 504 linear actuator model.

Attitude error and attitude rate feedback.

AS 504 control gains.

Shaping networks similar to those of the AS 504.

No roll stability analysis was performed since the roll axis stability problem is

less severe than that for the pitch/yaw axis.

A summary of the rigid body stability margins for lift-off, maximum dynamic pres-

sure, and cutoff periods of flight is presented in Table 10.4.3.6-I. The AS 504

S-IC margins are included for comparison (The Nyquist plot for maximum dy-

namic pressure is shown in Figure 10.4.3.6-7). The results indicate that sta-

bility margins for the LEO S-IC stage pitch/yaw axis obtained On a preliminary

design basis are comparable to the AS 504 stability margins. Thus, the baseline

S-IC FCS will provide adequate J-2S LEO S-IC burn stability.

b. S-II Mainstage Burn

Stability analysis was performed for the pitch/yaw axis during S-II mainstage burn

using the digital Nyquist program of a S-II pitch/yaw model. The S-II model in-

cluded:

Rigid body dynamics.

Four bending modes.

Two AS 504 fuel slosh modes.

AS 504 linear actuator model.

Attitude error and attitude rate feedback with

control gains and AS 504 shaping networks.

Nyquist plots were obtained at S-II mainstage ignition and cutoff. With control

gains of a o = 0.80 and a 1 = 1.40 at ignition and a o = 0.40 and a1 = 0.90 at cutoff,

stability margins comparable to those for AS 504 S-II burn were obtained. A sum-

mary of the rigid body stability margins are presented in Table 10.4.3.6-II with

the AS 504 margins shown for comparison. These results indicate that the base-

line S-II control scheme will be adequate for LEO S-II mainstage burn.
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COMPARISON OF AS 504 S-IC AND J-2S/LEO

S-IC STABILITY MARGINS

STABILITY

MARGIN

Aerodynamic Gain

Margin (db)

Rigid Body Phase

Margin (deg)

Slosh Gain

Margin (db)

1st Bending Mode

Phase Margin (deg)

2nd Bending Mode

Gain Margin (db)

3rd Bending Mode

Gain Margin (db)

4th Bending Mode

Gain Margin (db)

LEO

22.2

27.0

7.1

87.3

LIFT-OFF

AS 504

22.6

28.3

6.1

LEO

6.1

27.1

3.3

93.3

MAX-Q

AS 504

10.6

26.4

3.6

CUTOFF
*!

LEO AS 5O4

5.0 5.1

28.2 33.1

3.4 8.5

66.0

42.2 29.0

13.9 13.0

13.1 22.8

115.2

12.3

59.3

11.8

62.4

29.8

7.3

6.3

9.8

16.6

25.2

24.2

11.6

10.7

11.8
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COMPARISON OF AS 504 S-If AND J-2S/LEO

S-If MAINSTAGE STABILITY MARGINS

STABILITY

MARGIN

Rigid Body Phase

Margin (deg)

Rigid Body Gain

Margin (db)

1st Bending Mode

Phase Margin (deg)

2nd Bending Mode

Gain Margin (db)

3rd Bending Mode

Gain Margin (db)

4th Bending Mode

Gain Margin (db)

IGNITION
LEO AS 504

43.5

15.8

167.0

47.0

26.5

42.9

15.4

77.0

7.5

15.4

15.4

LEO

41.8

9.2

gain

stabilized

6.1 db

25.5

21.8

36.316.4

CUTOFF

AS 504

40.5

11.7

115.0

18.0

43.0

23.0

10-776



IBM

D5-15772-2

10.4.3.6.3 (Continued)

c. S-II Coast Flight Control

1. FCS Analysis

The proposed coast FCS utilizes Reaction Control System (RCS) modules mounted

on the aft skirt of the S-II stage. An alternate approach, assuming the payload

is a workshop/space station with a self-contained RCS system, is to utilize the

WACS (Workshop Attitude Control System) thrusters during S-II coast phase. See

Reference 10.4-49 for a description of the WACS system. Analysis was performed

to predict fuel requirements for this alternate approach. A digital simulation of

a three-axis rotational model of the S-II coast configuration was used in the analy-

sis.

12 thrusters of 25 lbs thrust each, mounted on the aft end of the

Workshop (near S-II Workshop interface).

Note: the S-IVB APS used as S-II/RCS has six thrusters of 150

lbs thrust each.

Spatial amplifiers with pseudo-rate modulation.

Yaw-roll channel coupling.

Reaction jet minimum on time logic.

Limiting of attitude error signals.

Reaction control system.

Gravity gradient disturbance torques - no aerodynamic torques.

Fuel requirements were obtained for the 3000-second coast using as initial con-

ditions the attitude errors and attitude rates at S-II/S-IVB separation of the AS

501 flight and guidance commands of zero in yaw and roll and track local horizon-

tal in pitch. Figure 10.4.3.6-8 (a) shows the fuel requirements as a function of

moment arm (or longitudinal center of gravity location) and Figure 10.4.3.6-8 (b)

shows the fuel requirements as a function of pitch/yaw moment of inertia. For

nominal center of gravity location and pitch/yaw moment of inertia, the required

WACS fuel is 203 lbs (The required fuel for RCS modules mounted on the aft of

the S-II stage is 7.06 lbs for the nominal conditions.); however, the fuel con-

sumption using the WACS is very sensitive to longitudinal center of gravity loca-

tion and the pitch/yaw moment of inertia.
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10.4.3.6.3 (Continued)

2. Implementation Impact

Use of either the WACS or the S-II RCS for S-II coast control require minor modi-

fications to the FCS in the IU. The baseline S-IVB APS FCS is used for the S-II

RCS and the WACS FCS will exist whether or not it is used for S-II coast control.

The advantages of using the WACS for S-II coast control when the payload is a

workshop/space station are:

Elimination of the impact of mounting the RCS on the S-II stage

and the associated costs for qualification of the design against

structural and environmental constraints.

Elimination of the additional testing required for S-II RCS.

The disadvantages of utilizing the WACS for S-II coast control are:

Increase in WACS fuel requirement.

Less control torque available (400 ft -lb in pitch, 800 ft -lb in

yaw and 1080 ft -lb in roll) than with S-II APS; l_wever, this

control torque is adequate (assuming nominal cg location defined

above).

When the J-2S/LEO mission payload is defined, the alternative of using the pay-

load thrusters for total vehicle flight control during the coast phase may be attrac-

tive. The implementation impact points out the fact that a trade-off exists between

the advantages of eliminating the S-II RCS and the additional fuel requirement on

the WACS. The ultimate decision of which system to use for S-II coast control

will have to consider WACS fuel availability and final center of gravity and moment

of inertia data for the S-II coast configuration.

d. S-II Idle Mode

1. Pitch/Yaw Stability Analysis

As a first step in determining whether S-II mainstage pitch/yaw control gains and

shaping networks would be sufficient for S-II idle mode, a stability analysis was

performed. The analysis was made with the same digital Nyquist program and

data employed in the S-II mainstage cutoff analysis with the exception that idle

mode thrust was considered to be 5000 lbs per engine.

With S-II mainstage pitch/yaw gains and shaping networks the idle mode Nyquist
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10.4.3.6.3 (Continued)

(see Figure 10.4.3.6-9) exhibits a very low rigid bodyphase margin and an un-

stable first bending mode. Further investigation showed that the attitude rate

shaping network for idle mode would have to be different from the mainstage net-

work to obtain desirable rigid body stability margins and phase stabilize the first

flexible body mode. With a second over fourth order attitude rate shaping network

and control gains of ao = 2.0 and a I = 4.0, desirable rigid body and flexible body
stability margins were obtained as indicated by the Nyquist plot in Figure 10.4.
3.6-10.

2. Pitch/Yaw Continuous Time Response

A continuous time response analysis was performed to evaluate the effect of a time

varying idle mode thrust and thrust unbalance. A single axis digital simulation of

the S-II stage pitch/yaw axis was used. The simulation contained:

Rigid body dynamics.

Four bending modes.

AS 504 linear actuator with position and rate limits.

Attitude error and attitude rate feedback with control gains and

shaping networks.

Time varying thrust profiles.

Disturbance torques resulting from thrust unbalance.

The idle mode thrust profile and limits are shown in Figure 10.4.3.6-11. These

estimated characteristics and limits were obtained by memorandum from the par-

ticipating stage contractor, North American Rockwell Corporation.

Vehicle response to realistic initial conditions of qJ = 0.8 ° and $ = 0.04°/sec
were obtained for two cases:

Case I - each of the four control engines was assumed to have the

nominal thrust profile shown in Figure 10.4.3.6-11.

Case II - a worst case thrust unbalance was considered. Each of two

adjacent control engines (positive pitch) was given the upper limit

thrust shown in Figure 10.4.3.6-11. Each of the opposite two control

engines was assumed to have the lower-limit thrust.
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FIGURE 10.4.3.6-9. J-2S/LEO S-II IDLE MODE PITCH YAW NYQUIST

(OPEN AT THE ACTUATOR) WITH S-II MAINSTAGE

CUT OFF CONTROL GAINS AND SHAPING NETWORKS
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FIGURE 10.4.3.6-10. J-2S/LEO S-II IDLE MODE PITCH YAW NYQUIST PLOT

(OPEN AT ACTUATOR) WITH ao = 2.0, a 1 = 4.0 AND

IDLE MODE ATTITUDE RATE SHAPING NETWORK
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10.4.3.6.3 (Continued)

Attitude error and engine deflection responses for Case I and Case II are shown

in Figures 10.4.3.6-12 and 10.4.3.6-13, respectively. The control gains and

shaping networks used were the ones defined by the stability analysis. The re-

sults for Case II show that the control system can overcome the worst-case thrust

unbalance. The response in both cases is slow and lowly damped due to the low

thrust; however, the responses settle out in 40 to 50 seconds which would be

adequate for S-II idle mode.

The results of the pitch/yaw stability analysis and continuous time response analy-

sis indicate that a switch at mainstage cutoff to higher attitude error gains and to

d ffferent attitude rate shaping networks will be required for the idle mode.

3. Roll Stability Analysis

For the S-II idle mode, stability analysis was also performed for the roll axis.

The digital Nyquist program was used for a roll axis model containing:

Rigid body dynamics.

Four AS 504 torsional modes.

AS 504 linear actuator model.

Attitude error and attitude rate feedback with control gains and

shaping networks.

When the AS 504 S-II roll shaping networks were used, the first two torsional

modes were not gain stabilized. However, adequate stability margins were ob-

tained with gains of a o = 0.50 and a 1 = 1.0 and shaping networks similar to those
used for S-IC roll in the AS 504 FCS. These same shaping networks and gains of

ao = 0.25 and al = 0.20 were used to obtain adequate stability margins at S-II

mainstage cutoff.

The results indicate that the same roll shaping networks (similar to those used

for AS 504 S-IC roll) can be used for S-II mainstage burn and S-II idle mode with

a gain switch at mainstage cutoff.

e. Summary

Stability analysis indicated that margins comparable to the AS 504 stability mar-

gins are obtained for LEO S-IC burn and S-II mainstage burn using control gains

and shaping networks similar to those of the baseline AS 511 FCS.

\
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10.4.3.6.3 (Continued)

Continuous time response analysis and stability analysis have shown that adequate

vehicle response and stability are achieved for LEO S-II idle mode using S-II main-

stage attitude error and roll attitude rate shaping networks with increased gains

and specific S-II idle mode pitch and yaw attitude rate shaping networks and gains.

Therefore, with the exception of normal control gain and shaping network design:

No modifications are required to the baseline S-IC FCS.

No modifications are required to the baseline S-II FCS for

S-II mainstage burn mode.

One additional gain switch will be required in the S-II pitch and

yaw attitude error shaping networks for S-II idle mode.

An additional pitch and yaw attitude rate shaping network will be

required for S-II idle mode.

One gain switch will be required in the S-II roll shaping networks
for S-II idle mode.

The gains in the pitch/yaw attitude error networks, the gains in the roll networks

and the pitch/yaw attitude rate networks will be switched at S-II mainstage cutoff.

10.4.3.6.4 J-2S/Polar Mission

The two-stage Polar vehicle/mission with the S-IVB/Apollo-shaped payload is very

similar to the vehicle/payload of the LEO mission. Primary differences are the

absence of the RCS, no extended S-II stage coast and steering in the yaw axis dur-

ing S-IC and S-II mainstage burns. These differences do not significantly affect

the boost FCS performance and, therefore, the LEO mission S-IC and S-II main-

stage burn FCS analyses (see paragraphs 10.4.3.6.3. a and 10.4.3.6.3. b) are appli-

cable to the Polar mission. The results of the LEO mission analyses indicated

that adequate stability margins are obtained using control gains and shaping net-
works similar to those of the baseline AS 511 FCS. Since the Polar mission does

not require an S-II coast phase or an extended S-II idle mode, minor control gain

and shaping network changes will be the extent of the modifications to the baseline

AS 511 FCS required for the J-2S/Polar mission.
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10.4.4 Environmental Analysis

10.4.4.1 Vibration

The J-2S IU is located at the same station location (station 3222) as the present

Saturn V IU's. Also the lift-off acoustic environment is generated by the S-IC

stage F-1 engines as on present Saturn V vehicles. Thus, the J-2S on-pad and

lift-off acoustic and associated vibration environments will be of similar magni-

tude to those seen on the AS 501, 502 and 503 vehicles and will present no impact

on the J-2S IU structure or components, provided the J-2S components are of the

same type as the present IU components and are vibration qualified to the present

Saturn V environment and vibration specifications. Since the Synchronous IU has

the side-by-side GBS panels, this will have to be dynamically tested to determine

the coupling effect of the two panels on components and structure.

The maximum dynamic pressures and the associated staticaccelerations at the

J-2S IU station location 3222 are lower than, or approximately equal to, the pres-

sures of AS 501, 502 and 503 and to the acceleration profiles utilized in Reference

10.4-38. Therefore, the J-2S in-flightenvironment (aerodynamic induced acoustic,

vibration and staticacceleration) will be similar to the presently imposed environ-

ments of the AS 501, 502 and 503 IU's and should not present any problems to the

J-2S IU's assuming the components are of the same type as the present IU com-

ponents or are vibration/acceleration qualifiedto the present Saturn V environ-

ment and vibration�acceleration specifications. Since the Synchronous IU has side-

by-side GBS panels, this will have to be dynamically tested to determine the

coupling effect ofthe two panels on components and structure.

The acoustic environment imposed by the J-2S engines on the IU will be no more

severe than that for the present Saturn V J-2 engines during S-II burn (Reference

10.4-35). The associated IU vibration environments as depicted on the AS 501,

502 and 503 vehicles during S-r[ powered flights were negligible. Therefore, the

J-2S IU vibration environments will be negligible during S-II burn.

10.4.4.2 Thermal

10.4.4.2.1 Structural Environment

The thermal environments as defined by Reference 10.4-8 for the J-2S improve-

ment studies are less severe during the boost phase of flight than the AS 501, 502

and 503 design trajectory heating. The AS 501 through 503 IU's were not insulated

with cork and may be considered a worst-case condition as compared to the

insulated (. 090 in. layer of cork added to the outside skin of the IU) J-2S IU's.

This layer of cork reduces the maximum structural temperature at the end of first

stage boost (Figure 10.4.4.2-1) ; thus, increasing the IU load-carrying capability

at end boost.
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10.4.4.2.1 (Continued)

The J-2S IU structures are capable of withstanding the end boost structural tem-

peratures as seen from a cursory look, and no analysis was performed.

10.4.4.2.2 ECS Environment

Addition of the cork will have a secondary effect on the operation of the ECS. Dur-

ing boost, the structural temperature will be reduced (Figure 10.4.4.2-1) ; there-

fore, ECS heat loads will be reduced also. This will result in slightly lower coolant

temperatures prior to and immediately following sublimator start-up and also lower

sublimator heat rejection requirements. During orbit, the cork will also act as an

insulator, reducing ECS heat losses during the cold portions of the orbit and re-

ducing ECS heat gains during the hot portions of the orbit. The heat gain/loss re-

duction is expected to be small, and no analyses have been performed to establish

the magnitudes. However, assessments can still be made on the effect of the cork

for particular mission thermal analyses.

For the 15-hour Synchronous mission, the effect of the cork will be benificial. Pre-

vious analyses, documented in "Synchronous Orbit ECP" (Reference 10.4-39) de-

fined the ECS requirement as maintaining a net positive heat load at all times while

not exceeding the cooling capacity of the water accumulator (equivalent of 46

kilowatt-hours of sublimator cooling). The analyses demonstrated that the above

requirements would be met, while utilizing 80% of the 46 KWH for "hot" case con-

ditions.

During all phases of the "hot" case including Ascent, LEO, Hohmann Transfer and

Synchronous, there was a net heat flux from the structure into the ECS. This value

was extremely small, 160 watts for LEO and 100 watts for Hohmann Transfer and

Synchronous. The cork will reduce these heat gains towards zero, thus increas-

ing slightly the 20% safety factor on the water supply.

For the "cold" case, the ECS loses heat through the structure to space for LEO and

Synchronous resulting in a net cooling requirement of approximately 19 KWH.

For the "cold" set of conditions, the cork will reduce the heat losses to bring the

cooling requirement somewhere between the maximum value of 36 and the minimum

(uncorked) value of 19 KWH.

Thus the cork will improve the ECS heat balance in all cases for the Synchronous

by reducing heat gains under hot conditions and thereby conserving water, and re-

ducing heat losses under cold conditions, further assuring the positive system heat

load required for proper ECS operation.
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10.4.4.2.3 Orbital Environment

The thermal cycling environment which would be encompassed during the 15-hour

Synchronous mission does not present any thermal stress problems to the IU

structure (Reference 10.4-40); and therefore, no thermal stress analysis is re-

quired.

10.4.5 Weight and Mass Properties

The operational weight for the J-2S IU's are shown in Table 10.4.5-I. Also shown

are the physical characteristics of the J-2S IU's (LOR, LEO, Polar and Synchron-

ous).

The data in the table reflects the following IU structural modifications:

Remove Vibration Damping Channels.

Install Vibration Damping Pad (X-306).

Install Cork Thermal Insulation.

Install IU/SLA Mating Hardware.

(This is a new _ weight reporting requirement).

Install additional paint for cork.

-63.5 lb

+60.0 lb

+64.0 lb

+ 6.01b

+11.0 lb

+78.5 lb
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TABLE i0.4.5-I. IU PHYSICAL CHARACTERISTICS

Weight

X Axis cg

Y Axis cg

Z Axis cg

Roll Im

Pitch Im

Yaw Im

NOTES:

VEHICLE

LoR, LEO_POLAR

4301 (-0, +100) Ibs*

3244.7 in.

-7.1 in.

-12.1 in.

1935.1 kg m sec 2

1058.7 kg m sec 2

940.9 kg m sec2

AS 509 Baseline IU

dated 11/20/68, is

identical to AS 511.

IU Im were taken about
the IU center of mass.

Axes are vehicle sign

convention.

Design modification

weights for LEO and
Polar are not included

in this table and will be

determined subsequent

to redesign.

*Weight variations account

for minor variations prior

to launch.

SYNCHRONOUS

4675 (-0, +100) Ibs*

3244.2 in.

-4.8 in.

-15.0 in.

2095.8 kg m sec 2

1150.9 kg m sec2

992.6 kg m sec2

AS 506 Baseline IU

analysis, dated

11/20/68, used to

establish Synchronous

criteria.

IU Im were taken about

the IU center of mass.

Axes are vehicle sign

convention.

*Weight variations account

for minor variations prior

to launch.
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10.4.6 Electrical Support Equipment/Ground Support Equipment

The purpose of the Electrical Support Equipment/Ground Support Equipment (ESE/

GSE) paragraph is the definition of ESE/GSE modifications required by the J-2S engines

used on a Saturn V vehicle for a LOR, LEO, Polar Orbit or Synchronous Orbit

mission. The ESE/GSE modifications were determined by considering the AS 505
lit as a baseline.

10.4.6.1 Component Acceptance Test

The component acceptance test ESE/GSE will require no modification to acceptance

test the components to be implemented on the LOR, LEO, Synchronous or Polar
missions.

10.4.6.2 System Test

The system test ESE/GSE modifications are discussed below according to IU sub-

systems. In each case, the missions are listed in a manner such that the mission

creating the greatest amount of impact is easily determined.

10.4.6.2.1 Instrumentation and Communications (I&C)

a. J-2S/LOR, LEO and Polar Missions

The I&C subsystem is not impacted by these missions or the implementation of the

J-2S engine. Therefore, no ESE/GSE modifications are required.

b. J-2S/Synchronous Mission

The I&C subsystem does require modification for this mission as described in para-

graph 10.4.2.3. Therefore, the following ESE/GSE modifications are required :

In order to verify proper operation of the antenna switching network of the on-

board CCS system, a switching matrix must be installed in the RF ground
station.

The capability to monitor one additional helix current and six antenna posi-

tions must be incorporated into the RF ground station. The helix current
measurement will be similar to the one now monitored and the antenna

position indicators will be similar to ones now implemented in the ground

station.

Five additional cables must be added to the RF ground station to monitor

the CCS antenna outputs.
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10.4.6.2.1 (Continued)

These modifications represent approximately 50% change to the CCS section of the

RF ground station.

10.4.6.2.2 Electrical Subsystem

a. J-2S/LOR, LEO and Polar Missions

The electrical subsystem is neither impacted by these missions nor the implementa-

tion of the J-2S engine; therefore, no ESE/GSE modifications are required.

b. J-2S/Synchronous Missions

The IU lifetime extension requirements of a Synchronous mission require adding

a fourth battery to the IU. The ground power source has the capability to supply

four vehicle buses, but the capability to monitor the bus voltage of the fourth bus

must be added. This will require removal of one jumper in the ground power

source. The addition of six directional antennas with switching capabilities and

the replacement of the existing power amplifier with two uprated power amplifiers

with switching capabilities will require adding a total of 13 ESE simulate command

lines. Nine ESE lines will be required to switch the antennas and four lines will be

required to switch the amplifiers.

10.4.6.3 Software

The automatic checkout program modifications resulting from implementing a J-2S

engine to perform a LOR, LEO, Polar or Synchronous mission with a Saturn V

vehicle are divided into two categories:

Subsystems Automated Checkout Programs.

IU Overall Checkout Program.

Each type is listed below with a discussion of the changes to be expected with each

type.

10.4.6.3.1 Subsystems Automated Checkout Programs

The subsystems automated checkout programs used to check out the following sub-

systems of AS 505 will require modifications for each of the missions under study.

In most cases, only parameter changes will be required.

However, some modifications will require portions of the checkout program to be

rewritten.

\
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bo

10.4.6.3.1 (Continued)

a. Control Subsystem

1. J-2S/LOR, Polar and Synchronous Missions

(a) A 1 Gain

(b) A o Gain

(c) Control System Nulls

(d) Control Relay Redundancy

(e) Engine Deflection

2. J-2S/LEO Mission

(a) Control Computer Comparators

(b) A 1 Gain

(c) Control Computer APS

(d) Control Computer Relay Redundancy

(e) A o Gain

(f) Control System Nulls

(g) Engine Deflection

Electrical Subsystem

1. J-2S/LOR, LEO, Polar and Synchronous Missions

(a) Power Distribution and Control

(b) General Networks

(c) Simulated Plug Drop
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i0.4.6.3.2 IU Overall Checkout Program

The IU Overall Checkout Program is a general program applicable to all Saturn V

vehicles with little or no modification from one vehicle to another. The mission

requirements of the missions under study are such that the basic checkout program

will not require modification. All modifications due to new or changed mission re-

quirements can be loaded into the basic program through the use of user controlled

data tables. These tables can be updated and maintained to the latest mission re-

quirements to be inserted into the basic program without impacting that program.

10.4.6.4 Simulation Laboratory

The Simulation Laboratory hardware will require minor modifications. The Flight

Control Computer (FCC) is checked out in the Simulation Laboratory, but since

the FCC will be modified in a manner to cause least impact, the test console func-

tions will only require new name plates.

10.4.6.5 Flight Evaluation and Analysis

The additional Flight Evaluation and Analysis for the missions under study was

determined by considering the mission requirements of AS 503 versus the mission

requirements of the missions under study.

i0.4.6.5.1 J-2S/LOR Mission

No additional Flight Evaluation and Analysis will be required for the LOR mission.

10.4.6.5.2 J-2S/LEO and Polar Missions

The LEO and Polar Orbit missions will require an additional 25% effort to evaluate

and analyze the flight data. The major portion of this effort results from an ad-

ditional 100% effort in evaluating and analyzing the Guidance and Control flight data.

10.4.6.5.3 J-2S/Synchronous Mission

Due to the life extension requirements of the IU for the Synchronous Orbit mission,

it is projected that an additional 100% effort will be required to evaluate and analyze

the flight data. All systems must be evaluated to determine the performance during
the extended life of the IU.

10.4.6.6 KSC

The KSC ESE/GSE requirements are essentially the same as those at Huntsville;

therefore, the same modifications will be required at KSC. However, the ESE/

GSE at KSC must be modified by the various support contractors that control the

ESE/GSE.

\
÷.
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10.4.6.6 (Continued)

The IU hardware modifications will likewise necessitate modification to the auto-

mated subsystem checkout procedures at KSC. The checkout programs to be

modified are listed below with the missions that require the change.

10.4.6.6. i Electrical Subsystem

a. J-2S/LEO, LOR, Polar and Synchronous Missions

1. Launch Vehicle Operations for Space Vehicle Overall Test #1 (Plugs In),

V-20010.

2. Launch Vehicle Operations for Space Vehicle Overall Test #2 (Plugs Out),

V-20012.

3. Switch Selector Functional Verification, V-21107.

4. Power Distribution and Control Switching Test, V-21263.

10.4.6.6.2 Control Subsystem

a. J-2S/LEO Mission

1. Flight Control Computer Comparator Test, V-23169.

2. Flight Control Computer Redundancy Test, V-23171.

3. APS Gain Test, V-23175.

4. FCC Systems Gain Test, V-23176.

b. J-2S/LOR, Polar and Synchronous Missions

1. Flight Control Computer Redundancy Test, V-23171.

2. APS Gain Test, V-23175.

3. FCC Systems Gain Test, V23176

As discussed in the paragraph on Huntsville test software, the IU overall test pro-

gram requires no modifications to the basic program.
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10.4.7 Testing Requirements

The test requirements to be used for testing the J-2S vehicles will be essentially

the same as those used on AS 505. The test specifications will however, change

to reflect the IU hardware design changes.

10.4.7. i Development

No new test requirements will be necessary for the J-2S vehicle IU's. Existing

test specifications Can be used with some modifications to reflect the hardware

design changes. The specification modifications will result in less than 1% change

in the existing specification documents for the LOR missions, approximately 10%

c_hanges for LEO and Polar Orbit missions and approximately 25% change for the

Synchronous Orbit missions. The test specifications will be determined and re-
leased once the hardware design changes are released.

10.4.7.2 Component Qualification

The component qualification status of the changing components will be unaffected

except in the Synchronous Orbit case. The batteries to be used for Synchronous

Orbit will require qualification since they are built with entirely new cells. These

battery cells have been used on the Agena program and qualification should present

no problems.

10.4.7.3 IU Static and Dynamic Test Requirements

10.4.7.3.1 J-2S/Synchronous Mission

No significant difference exists dynamically between the Synchronous Orbit IU

configuration and the S-IU 511 baseline study IU. However, in the area of loca-

tion 23, an increase in dynamic loads is anticipated as a result of the addition

of another gas bearing supply panel in this highly loaded region. Most of the

dynamic load increase will occur at frequencies below 100 Hertz because of

coupling effects between the two adjacently mounted GBS panels.

The predicted response of the basic structure to the increased dynamic loading can-

not be analyzed accurately by use of existing techniques. Even though our present

analysis technique will not reveal coupling between responsive panels, it is ex-

pected to occur and result in a slightly higher GBS panel response. However, the

resulting dynamic load on the IU structure and the levels of vibration exposure of

the GBS panel and Astrionic equipment components are expected to be within the

present component qualification environment.

Since the above assessment is based on engineering judgement rather than rigor-

ous analysis, an IU structure certification test is proposed to confirm that the GBS
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10.4.7.3.1 (Continued)

panel coupling effects will result in component environments that are within present

qualification levels and to confirm that the structure can withstand the increased
loads.

A grazing incident progressive wave acoustic noise test would be conducted on a

portion of the l-t/ consisting of locations 21 through 24. Maximum vehicle body

loads would be applied to the segment simultaneously with the acoustic environment.

A similar test was performed to evaluate a vibration damping modification.

Test hardware would consist of a portio n of IU structure segment 30Z13102 which

would be loaded with dummy components using flight type mounting panels and

brackets. Both IU 511 and J-2S configuration would be tested and the resulting

vibration responses would be evaluated to determine coupling effects.

This test would be subcontracted to a test contractor. The contractor would set up

and conduct the test. He would also furnish all necessary test equipment, collect

the data and submit a data report to IBM.

The acoustic environment specification for this test is shown in Table 10.4.7.3-I.

The specification was generated from Saturn Apollo flight data. The Overall

Sound Pressure Level and the Sound Pressure Level versus Frequency Spectrum

would be based on composite worst-case environments considering both lift-off

and Max Q Alpha for Saturn Apollo flights 501, 502 and 503. The normal 3 db

tollerance was added to the worst-case environment to complete the specification.

Acoustic noise, vibratory acceleration and structural strain measurements will be

required for test evaluation.

Three microphones, 18 accelerometers and 18 strain gages will be required.

from these measurements will be recorded during the tests for later spectral

analysis.

Data

The costs of these tests would be minimized by utilizing existing test fixtures,

GFE dummy components and MSFC supplied transportation for transporting the

test specimen and test fixtures between IBM and the test contractor. The follow-

ing dummy components would be GFE:

50M22100 Dummy ST-124 Platform GFE

SK80-0541-1 Dummy GN 2 Heat Exchanger GFE

50M22108-1 Dummy Retroreflector Assy GFE

20Z42023 Dummy GBS Panel Assy GFE
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TABLE 10.4.7.3-I. 1/3 OCTAVE BAND ACOUSTIC TEST LEVELS, REF 2xl0-5n/m 2

GEOMETRIC MEAN

FREQUENCY HZ

5.0

6.3

8.0

10.0

12.5

16.0

20.0

25.0

31.5

40.0

50.0

63.0

80.0

100.0

125.0

160.0

200.0

250.0

315.0

400.0

500.0

630.0

800.0

1000.0

1250.0

1600.0

2000.0

2500.0

3150.0

4000.0

5000.0

6300.0

8000.0

LEVEL DB

128.0

129.5

130.5

132.0

133.5

134..5

135.5

136.5

137.0

138.0

141.0

143.0

144.0

144.5

145.0

145.0

144.0

142.0

141.5

141.5

140.5

140.5

140.0

140.0

139.5

138.5

138.0

137.5

137.0

135.0

133.5

131.5

128.0

125.0
155.0

TOLERANCE

SPL 0 +4 DB

OASPL0 +4 DB
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10.4.7.3.1

50Z13019

50Z 12504

50Z 12500

50Z13018

50Z12574

(Continued)

Dummy CCS TM Antenna GFE

Dummy C-Band Antenna GFE

Dummy VHF TM Antenna GFE

Dummy "S" Band CCS Air Antenna GFE

Dummy "C" Band Transponder GFE

10.4.7.3.2 J-2S/LOR Mission

The LOR mission IU structure will require no additional static and dynamic test-

ing since there are no structure modifications or additional hardware to be added

to the IU.

10.4.7.3.3 J-2S/Polar and LEO Missions

The combined loads, axial and bending, for the respective on-pad, Max Q Alpha,

and end boost conditions of the Polar and LEO are within the IU capability with

the exception of the Max Q Alpha condition. The Max Q Alpha load is a condition

in which the bending moment is contributing to a tension running load on the inter-

face rails which exceeds the IU structural tension capability. Since the Polar

tension load is a more severe case, the design changes for the Polar case will

overcome this condition for Polar and LEO.

As a result of the interface rail modifications discussed in paragraph 10.4.1.1, it

is recommended that a test be performed on the interface rail to determine the

flange yield on the 8 in. x 15 in. specimen.
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i0.4.8 Summary of IU Design Changes

The large majority of changes, which in effect convert the J-2/LOR IU to the J-2S/

LOR IU, fall within the category of mission-to-mission changes which, in the cur-

rent program, require a steady state "maintenance-of-design" work force in the

engineering design and release cycle. The basic universality of the IU design, the

electrical support equipment, and the digital computer analytical programs, makes

accommodation to new missions very straightforward. An exception is the Syn-

chronous mission where lifetime extension requires modifications that were not

designed in, but again are easily implemented in exercising the growth potential

of the IU.

10.4.8. 1 J-2S/LOR IU Changes

Minor changes to the Flight Control System include provision for a reset capability

into one of the two switch points in the S-IVB pitch and yaw attitude error and at-

titude rate filters. The changes are confined to the Flight Control Computer and

the Control Distributor.

Flight programs and electrical support programs require minor parametric value

changes and sequence reprogramming because of the idle mode and minor variations

in event sequences .

10.4.8.2 J-2S/Synchronous IU Changes

It is assumed that all changes made to the J-2S/LOR IU cover all engine-imposed

changes. Additional changes which are mission-imposed, follow.

Additional Switch Selector commands will be required to initiate the desired se-

quencing and inhibiting of the power amplifiers and antennas. Minor rework will

be required in the distributors for the sequencing and inhibiting logic.

Five additional CCS directional antennas are employed. To maintain satisfactory

circuit margins, two modified Power Amplifiers are used. A power divider and

two coax switches are added to permit antenna selection.

A four uprated IU battery configuration was chosen for the J-2S/Synchronous mis-

sion which extends the IU power system lifetime from 6.8 to 15 hours. The bat-

teries are a new design and result in a non-recurring cost impact.

Extensive rework of the flight program results from the mission. Yaw biasing of

the three gimbal ST-124 platform and retargeting equation implementation are

unique to the application.

The Environment Control System is modified by the addition of an additional two

cuft GN2 storage sphere and mounting appurtenances and a redesigned TCS orifice

regulator assembly.

\
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Extensive logic changes are required to the Electrical Support Equipment auto-

mated checkout program with no change to the basic program. The ESE hard-

ware changes include network modifications for accommodation of the new

batteries and antennas.

10.4.8.3 J-2S/LEO IU Changes

Moderate redesign of the Flight Control Computer (FCC) is required to eliminate

the S-IVB circuitry and to add the S-II idle mode pitch and yaw attitude rate filters.

Blank boards will replace populated boards to minimize the redesign impact.

Major modification is required of the FCC wiring harness.

An alternate provision for a Reaction Control System for the J-2S/Polar vehicle

during the Hohmann transfer is the use of the Auxiliary Propulsion System of the

space station with control provided by the IU. The changes to the IU are minor

since identical instrumentation of the function is required in either approach.

The cost effectiveness of the integrated payload/vehicle approach appears to

be significant. Further study is recommended after further development of the

space station.

IU PCM/DDAS Telemetry links to the S-II stage and transmission of data via the

S-II PCM telemetry system will be required. The design impact is minor.

The LEO mission will impose careful optimization of the guidance filters. Im-

plementation is unique for restart state and estimation of the terminal targeting.

Additional gain switching will be required in the S-II pitch and yaw attitude error

shaping networks for the S-II idle mode and one gain switch will be required in
the S-H roll shaping network for S-II idle mode.

The IU Environmental Control System liquid coolant lines to the S-IVB stage will
be capped off.

10.4.8.4 J-2S/Polar IU Changes

Because the S-II RCS is not used, the elimination of all S-IVB curcuitry, including

APS circuitry from the FCC, results in extensive rework. The design impact is

minimized by use of dummy cards rather than total repackaging of the FCC.

Both the LEO and Polar missions impose excessive tension loads which require
minor structural modification.
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10.5 ASTRIONiC SYSTEM INTEGRATION

The Astrionic System h_tegration section is a consolidation of changes to the

Astrionics of the stages where like subsystems for the entire vehicle may be

evaluated by inspection without cross referencing. Detailed explanation and

analysis may be found in earlier sections under corresponding Stage/Systems

Description. Attention is invited to the fact that in many cases, the text is ver-

batim extraction from preliminary stage reports provided by stage contractors.

This section is divided into four subsections: the J-2S deltas to the J-2/LOR

vehicle configuration, J-2S/Synchronous, J-2S/LEO, and J-2S/Polar. The

J-2S/LOR section will contain essentially all changes due to the conversion to

J-2S engines. The three sections following the J-2S/LOR section will contain

mission oriented changes with separate identification of additional modifications

directly resulting from J-2S engine impact. Assumptions made are:

AS 511 Saturn vehicle configuration is basically identicalto AS 505 (IU only).

._},, in--line modifications are compared with present Saturn V opera-

tion.

Two-stage vehicles will be manned flights and will have an undefined

22 ft. diameter payload assumed to be a space station.

if a system is modified, deleted or shaded, the changes are so noted by a shaded

overlay with an explanatory note on each figure.

10.5.1 J-2S/LOR Astrionic System Interface

10.5.1.1 Purpose

This section of the J-2S Improvement Study (Astrionic System Integration) defines

the Astrionic System differences between the three-Stage Saturn V vehicle AS 511

configured with J-2S engines on the S-II and S-IVB stages and the AS 511 vehicle

configured with conventional J-2 engines.(Figure 10.5.1.. 1-1) Mission definition

for the baseline study is a Lunar Orbit Rendezvous described by Figure 10.5.1 • 1-2.

If an existing system is changed, only the changes or additions are described in
this document and the Astrionic System Handbook and/or Saturn V Flight Manual

is referenced for a more detailed overall description. Each illustration in this

section is referenced to a corresponding illustration in the Astrionic System

Handbook or the document from which it was taken.
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Ref 10.4-32, Fig. 1-3

SOLID ULLAGE ROCKET AND RETROROCKET SUMMARY

STAGE TYPE QUANTITY NOMINAL THRUST PROPELLANT GRAIN
AND DURATION WEIGHT

S-IC 278.0 POUNDS

S-II

S-IVB

RETROROCKET

RETROROCKET

i_i}.)_i!ii!_:':":':":"_"..:..:..::::.:.:;:.1
::::::::::::::::::::::::::::::::::::

8

i.::3.:'_._._!:::':':':i:i:i:i:i_
::::::::::::::::::::::::
.:..'.:.:.:.:...:.:.:.:.:,:.:._
:.:..',.',:,:.'..'.'-'.','.:.'.'.I

4

75,800 POUNDS"
0.541 SECONDS

34,810 POUNDS*
1.52 SECONDS

::_.:._:_:_. • . _

ENGINE DATA

I ] ENGINEI NOMINAL THR_IST

STAGE I QTY I MODEL EACH TOTAL

S-IC [ 5 I F-I ] 1'526'500 m 7,632,500

....i o
soivs[i

.'.'.._._..:._._:.'.'_._....._._..._.:.:.:,

::_:::_.::_..<__..:.x::.',
268.2 POUNDS

BURN
TIME

150 SEC

S-IVB
STAGE

S-If
STAGE

!
l

363 FEE1

STAGE

S-IC Base

(including fins)

S-IC Mid-stage

DIMENSIONS

DIAMETER

63.0 FEET

33.0 FEET

S-II Stage 33.0 FEET

S-IVB Stage 21.7 FEET

Instrument Unit 21.7 FEET

LENGTH

138 FEET

81.5 FEET

59.3 FEET

3.0 FEET

S-IC

STAGE

)--

SATURN V STAGE MANUFACTURERS

STAGE

S-IC

MANUFACTURER

THE BOEING COMPANY

S-ll NORTHAMERICAN-ROCKWELL

S-IVB McDom_llDo,uglasAstrommttcm C_.

S-IU INTERNATIONAL BUSINESS MACHINE CORP.

PRE-LAUNCH LAUNCH VEHICLE
GROSS WEIGHT m 6,368,000
POUNDS

• MINIMUM VACUUM THRUST AT 120°F

_ ARF_JkCHANGED

+ NOMINAL VACUUM THRUST AT 60°F

NOTE: THRUST VALUES, WEIGHTS, AND BURN TIMES ARE ALL APPROXIMATIONS.

FIGURE I0.5. I.i-i. SATURN LAUNCH VEHICLE
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I I I

r LOR

110,135 LB

4.5 HR COAST \,_

//I -
_D S-IVB BURN_/_

J-2S ENGINE(S) SEQUENCE- UPPER STAGES

S-II

(1) IDLE MODE - 1 SEC
(2) MAINSTAGE TO LOX DEPLEI_ON

S-IVB

(1) IDLE MODE - 1 SEC
(2) MAINSTAGE TO ORBIT
(3) MAINSTAGE CUTOFF
(4) COAST 3 ORBITS - 4. 5 HR
(5) IDLE MODE - 100 SEC
(6) MAINSTAGE TO LOR INJECTION
(1) MAINSTAGE CUTOFF

Ref i0.4-1

FIGURE 10. 5.1.1-2. LOR MISSION PROFILE
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10.5.1.2 J-2S/LOR Astrionic System Functional Description

The Astrionic System includes that integrated group of components and/or sub-

systems which provide the following vehicle functions during flight:

Navigation, guidance, and control of the vehicle

Measurement of vehicle parameters

On-board datamanagement

Data transmission between vehicle and ground stations (up and down)

Tracking of the launch vehicle

Checkout and monitoring of vehicle functions

Detection of emergency situations

Generation of electrical power for system operation

Power and signal distribution

Thermal conditioning of components

Separation of stages

Propellant management

Most of the astrionie system components are located in the Instrument Unit (IU)

which is mounted on top of the S-IVB Stage. Additional components such as tele-

metry, distributors, thrust vector control subsystem, electrical networks, are

located in the vehicle stages.

The overall Astrionic System of the J-2S AS 511 vehicle is shown in the simplified

block diagram, Figure t0.5.1.2-1.

a. Navigation, Guidance and Control

Function and Description

The G&C system provides the following basic functions during flight (Reference

Figure 10.5.1.2-2.

Stable positioning of the vehicle to the commanded position with

a minimum amount of sloshing and bending.

A first stage tiltattitude program which gives a near zero lift

trajectory through the atmosphere.
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W AREA MODIFIED

FIGURE 10.5.1.2-2. J-2S NAVIGATION, GUIDANCE AND CONTROL SYSTEM
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10.5.1.2 (Continued)

Provides steering commands during S-II and S-IVB burns which guide the

vehicle to a predetermined set of end conditions while maintaining a minimum

propellant trajectory for earth orbit insertion.

Maintains the proper vehicle position during earth orbit.

Provides guidance during the second S-IVB burn, placing the vehicle in the

proper orbit.

C&C Hardware

The Stabilized Platform (ST-124M) is a three-gimbal configuration with gas bearing

gyros and accelerometers mounted on the stable element. Gimbal angles are

measured by redundant resolvers and inertial velocity is obtained from integrating

accelerometers (See Figure 10.5.1. 2-2).

The Launch Vehicle Data Adapter (LVDA) is an input-output device for the Launch

Vehicle Digital Computer (LVDC). The LVDA/LVDC components are digital

devices which operate in conjunction to carry out the flight program. The flight

program performs the following functions: (1) processes the inputs from the

ST-124M, (2) performs navigation calculations, (3) provides the first stage tilt

program, (4) calculates IGM steering commands, (5) calculates attitude errors, and

(6) issues lmmch vehicle sequencing signals.

The Control/EDS Rate Gyro package contains nine rate gyros (triple redundant in

three axes). Their outputs go to the Control Signal Processor (CSP) where they

are voted and sent to the Flight Control Computer (FCC) for damping vehicle

angular motion.

The FCC is an analog device which receives attitude error signals from the LVDA/

LVDC and vehicle angular rate signals from the CSP. These signals are filtered

and scaled, then sent as commands to the S-IC, S-II and S-IVB engine actuators

and to the Auxiliary Propulsion System (APS) Control Relay packages. The Control

Relay packages accept FCC commands and relay these commands to operate

propellant valves in the APS.

The Switch Selectors in each stage are used to relay Sequencing Commands from

the LVDA/LVDC to other locations in the vehicle.

b. Measurements and Data Transmission

Each vehicle stage is equipped with a Measuring and Telemetry System, including

RF transmitter and antennas. For efficient utilization of available bandwidth and

to obtain the required accuracy, three different modulation techniques are used in

\
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10.5.1.2 (Continued)

each stage telemetry system. These three are: frequency modulation/frequency

modulation (FM/FM), pulse code modulation/frequency modulation (PC M/FM),

and single sideband/frequency modulation (SS/FM) which is employed in R and D

flights only.

Telemetry data is radiated from the vehicle to ground stations in the VHF band

(225-260 MHz). The PCM/FM System of the S-IVB stage and the IU are inter-

connected to provide a redundant transmission path and to make S-IVB measure-

ments available to the LVDA. All flight control data is transmitted through the

PC M/FM System.

The Telemetry System of each stage has a separate output via coaxial cable to

the electronic support equipment, which is used with the digital data acquisition

system for vehicle checkout before launch.

The IU command system permits data transmission from ground stations to the IU

for insertion into the LVDC.

c. Tracking

The ODOP Transponder is located in the S-IC stage of the launch vehicles. The IU

is equipped with two C-Band Radar Transponders and CCS Transponder (S-Band

tracking).

d. Emergency Detection System

The Emergency Detection System (EDS) collects special measurements from each

stage of the launch vehicle. Based on these measurements, critical states of the

vehicle which may require mission abort are detected, and the information is sent

to the Spacecraft for display and/or initiation of automatic abort.

10.5.1.3 J-2S/LOR Electrical Interface

The J-2S Improvement Study Launch Vehicle is identified to the basic Saturn V

AS 511 configuration. The baseline vehicle is configured for Lunar Orbit

Rendezvous mission. The electrical interface is shown in Figure 10.5.1,3-1.

10.5.1.4 J-2S/LOR Astrionic Subsystems

10.5.1.4.1 Navigation and Guidance

The hardware for the J-2S Guidance System will not require modification. The

basic guidance philosophy as given in the Astrionic System Handbook will not be

changed for J-2S. The flight program will require programming changes to guide
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10.5. i. 4.1 (Continued)

the vehicle with the J-2S stages. Program sequence changes are discussed in

more detail in paragraph 10.5.1.4.3 and paragraph 10.5.1.4.10.

10.5.1.4.2 Attitude Control

The Saturn V Vehicle Control System Analysis is discussed further utilizing

vehicle simulation techniques in paragraph 10.5.1.4.10.

a. S-II Attitude Control

The S-II Attitude Control System will be identical to the J-2 configuration.

Electrical control systems changes (deletion of LOX and Fuel Recirculation

Systems) are discussed in paragraph 10.5.1.4.7.

b. S-IVB Attitude Control

The S-IVB Flight Control System incorporates two systems. During powered

flight thrust vector steering is accomplished by gimbaling the J-2S engine for

pitch and yaw control and by operating the APS engines for roll control. Steer-

ing during coast flight is by use of APS engines only. (Reference Figure 10.5.1-6).

The APS engines are located in two modules 180 ° apart on the aft skirt of the

S-IVB stage (Reference Figure 10.5. 1.4-2). Each module contains four engines;

three 150-1b thrust control engines and one 70-1b thrust ullage engine. The APS

modules provide three-axis stage attitude control and stage propellant-settling

control. With the idle-mode capability of the J-2S engine, the 70-1b thrust ullage

engines used for propellant control are no longer required. The engines are

located in the Auxiliary Propulsion System as shown in Figure 10.5.1.4-3. Engine

gimbaling is accomplished with hydraulic actuator assemblies connected to an

engine-driven hydraulic pump. Implementation of the J-2S engine will necessitate

a new pump assembly. A more detailed description of these changes may be

found in paragraph 10.5.1.4.7.

c. IU Attitude Control

The IU Basic Attitude Control System will be identical to the J-2 configuration.

The only flight control system hardware impact for the LOR mission are the

changes required to include a reset capability into one of the two switch points in

the S-IVB pitch and yaw attitude error and attitude rate filters. This switch point

reset capability is necessary to implement a switch to higher control gains for idle

mode. The incorporation of a resetable switch point into the Flight Control

Computer for the S-IVB filters requires the following modifications ( reference

Figure 10.5.1.4-4.
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Ref 10.4-32, Fig. 7-5
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10.5.1.4.2 (Continued)

Redesign of the 12 S-IVB pitch and yaw attitude error and
attitude rate filters printed circuit boards.

Redesign of motherboards #2, 3 and 4.

In-flight reset capability, which would permit setting or resetting the switch point

more than one time during flight, for one switch point can be obtained by adding
the following information:

Add one diode to control distributor to provide isolation between switch

selector and GSE inputs to reset coils.

Add one wire to the cable from the switch selector to the control distributor

to provide excitation of the reset coils.

Add one wire to the IU cables interfacing with the GSE through the umbilical

to provide reset capability for the switch point.

10.5.1.4.3 Mode and Sequencing

Mode and sequence control involves most of the electrical/electronic systems in
ihe Saturn V launch vehicle; however, in this section the discussion will deal

mainly with the switch selector and associated circuitry (Figure 10.5.1. 4-5).

The launch vehicle digital computer (LVDC) memory contains a predetermined

number of sets of instructions which, when initiated, induce portions of the launch

vehicle electrical/electronics systems to operate in a particular mode. Each mode

consists of a predetermined sequence of events. The LVDC also generates

appropriate discrete signals such as engine ignition, engine cutoff and stage
separation.

Mode selection and initiation is accomplished through eitber an automatic LVDC

internal command or through an external command from ground checkout equip-

ment, IU command system, or from the flight crew in the spacecraft.

The flexibility of the mode and sequence control scheme is such that no hardware

modification is required for mode and flight sequence changes. The changes are

accomplished by changing the instructions and programs in the LVDC memory.

Many of the sequential operations in the launch vehicle that are controlled by the

LVDC are performed through a switch selector located in each stage. The switch

selector decodes digital flight sequence commands from the LVDA/LVDC and

activates the proper stage circuits to execute the commands. The outputs of the

switch selector drive relays either in the units affected or in the stage sequencer.
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Ref 10.4-32, Fig. 7-20
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i0.5. i.4.3 (Continued)

a. S-II Mode and Sequencing

The incorporation of the J-2S engines on the S-II stage requires a modification to

the Electrical Control System, mainly to provide stage electrical control for the

new J-2S engine solid propellant turbine spinner (SPTS) system.

The J-2S engine requires changes to the switch selector commands for the LOR

mission as follows:

Deleted S-II Switch Selector Commands

"LH 2 Recirculation Pumps Off"

"Ullage Trigger"

"Chilldown Valves Close"

"LOX Depletion Sensors Cutoff Arm"

New S-II Switch Selector Commands

"Prevalves Close Arm Reset"

"All Engines Start No. 2"

"Mainstage Start No. I"

"Mainstage Start No. 2"

Revised Title

"All Engine Start No. I" WA____S"Engines Start"

The J-2S engine will require an "engine ready" bypass signal from the stage prior

to engine start, The stage will provide signals from engine ready bypass bus No. 1

and No. 2 when commanded through the switch selector. One additional relay will

be required to incorporate this change. These relays are reset by the engine

control reset bus and the S-H engine start enable bus.

J-2S engine start will require an "all engine start No. 1" command followed by an

"all engine start No. 2" command from the switch selector. Each command is

capable of initiating engine start and two relays will be required to implement

these functions. These engine start control relays are reset by the engine

control relay reset bus and the S-II engine start enable bus. The S-II engine

start enable bus is hot until S-IC separation during flight.
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10.5.1.4.3 (Continued)

J-2S engine mainstage mode (following engine start) will require "mainstage

start No. 1" command followed by "mainstage start No. 2" command from the switch

selector. Each command is capable of initiating mainstage operation. Two

relays are required to implement these functions. These relays are reset by

the engine control reset bus and the S-II engine start enable bus.

The in-flight LOX depletion engine cutoff arm command will be provided by a

signal from two of five sensors in the LOX tank without a switch

selector arm command. Five relays will be required to implement this change.

A hardware LOX depletion arm indication will be provided through an umbilical

connector for ground checkout.

The one-engine-out capability during mainstage operation will be retained. An

additional feature is required in the case of an early engine out to prevent that

engine from cutting off the remaining four engines at LOX exhaustion cutoff arm

(2 out of 5 dry sensors).

Assuming engine No. 1 terminates prematurely during mainstage operation,

stage circuitry in conjunction with a 430 millisecond prevalve timer for engine

No. i will prevent the other four engines from being terminated prematurely

by the 2 out of 5 LOX dry sensor signal. The remaining four engines will
continue to burn until LOX exhaustion produces an internal engine cutoff signal

(from one of the four remaining engines). The signal will be transmitted to
cut off the remaining three engines before the prevalve timer, for that engine,

can run out. The normal external switch selector command and emergency

engine cutoff circuitry remain unchanged. Five relays will be required to

implement this change.

The reason the additional electrical control relays are required to incorporate

the J-2S engine for the LOR mission is because of the redundant idle mode start,

redundant mainstage start, mainstage operations, LOX exhaustion PC engine

cutoff and redundant engine ready bypass functions.

b. S-IVB Mode and Sequence

Incorporation of the J-2S engine on the S-IVB stage will require the deletion of

twenty-three switch selector channels, with six being added to the switch selector

for engine functions. These channel assignments are required to operate the

J-2S/S-IVB vehicle in LOR modes, considering the following hardware modi-

fications: (1) the deletion of the two chilldown inverters and associated controls;

(2) deletion of the four EBW firing units, four EBW pulse sensors, and controls

associated with the solid ullage rocket motors; (3) deletion of the LOX depletion

sensors, control units; (4) depletion of the contm 1 circuits for the LOX and LH 2

chilldown valves and prevalves, including the prevalve delay timer module;
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(5) deletion of the 75-1b ullage engine and associated controls; and (6)

addition of a solid propellant turbine starter unit for each engine start. In

addition, the engine pump purge has been deleted and the LOX dome purge has

been delegated to the GSE. The start bottle and gas generator commands have

been deleted through the use of SPTS to start the engine.

The auxiliary hydraulic pump will be activated by switch selector commands

from the IU at predetermined times.

The list of deleted switch selector channel assignments are found in Table

10.5.1. 4-I with a list of added channel assignments in Table 10.5.1.4-II.

c. IU Mode and Sequence

Incorporation of the J-2S engine on the Saturn V vehicle will require additional

switch selectors to reset switch points in the Flight Control Computer. One diode

must be added to the control distributor and one cable from the switch selector to

the control distributor must be added to accomplish the resetable switch points.
The flight sequence associated with the J-2S/LOR mission is shown in Table

10.5.1.4-HI.

10.5. 1.4.4 Telemetry and Measurement

The purpose of the measuring systems is to detect the phenomena to be measured

and to process and distribute this data to the input of each stage telemetry system.

All measurements, regardless of their original characteristics, must be pro-

cessed into electrical signals within a 0 to 5-volt range prior to delivery to the

stage telemetry system. The telemetry system accepts these input signals for
transmission to the ground recovery stations.

The Telemetry System for each stage of the vehicle must accept signals produced

by the measuring portion of the instrumentation system, and accurately reproduce

and transmit them to the ground stations. Measurement signals are accepted at

a fixed input level, processed, and fed to the proper airborne antennas. In the

case of checkout measurements, the signals are transmitted via breakaway cable
arrangement to the ground checkout station prior to lift-off. Saturn vehicle

telemetry subsystems are shown in Reference 10.4-32.

a. S-II Telemetry and Measurement

The changes, listed in this paragraph, are based on the no-change, S-H-11

Instrumentation Program and Components List, dated January 5, 1968. Approved

S-II design changes, subsequent to this date, may alter the information contained

in this paragraph.
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TABLE 10.5. 1.4-I. S-IYB SWITCHSELECTOR
CHANNEL ASSIGNMENTSDELETED

Channel 58
59
22
23
91
92
82
83
24
25
1
2

42
43

101
102
55
88
57
54
56
73
11

Fuel Chilldown Pump ON
Fuel Chilldown Pump OFF
LOX Chilldown Pump ON
LOX Chilldown Pump OFF
Chilldown Shutoff Pilot Valve ON
Chilldown Shutoff Pilot Valve OFF
Prevalve Close CommandON
Prevalve Close CommandOFF
Engine Pump Purge Control Valve CommandON
Engine Pump Purge Control Valve CommandOFF
Start Tank Vent Valve OpenON
Start Tank Vent Valve OpenOFF
70 lbs. Ullage Engine CommandNo. 1 ON
70 lbs. Ullage Engine CommandNo. 1OFF
70 lbs. Ullage Engine CommandNo. 2 ON
70 lbs. Ullage Engine CommandNo. 2 OFF
Charge Ullage Jettison ON
Ullage Charging CommandReset
Fire Ullage Jettison ON
Charge Ullage Ignition ON
Fire Ullage Ignition ON
Firing Ullage Reset
Fuel Injection Temp. OK Bypass (Main StageEnable)
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TABLE 10.5.1.4-II. S-IVB SWITCH SELECTOR CHANNEL

ASSIGNMENT ADDED

Mainstage Cutoff ON

Mainstage Cutoff OFF

Mainstage OK Bypass ON

Mainstage OK Bypass OFF

Mainstage Start ON

Mainstage Start OFF
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10.5.1.4.4 (Continued)

Tape recorders may be required during communication blackout at engine start.

A major telemetry design and development impact would be required if this became

necessary. This effort is not defined in this proposal.

Because of the J-2S engine thrust chamber dimensions, it is considered that the

cameras, utilized for S-II-1 and S-II-2 interstage separation, are desirable but

not mandatory for the LOR mission.

Hardware changes for the instrumentation system consist mainly of wiring harness

and transducer modifications. Table 10.5.1. 4-IV reflects the changes in types of

measurements affected by the J-2S incorporation.

Sufficient telemeter channels are available to accommodate the additional measure-

ments. Changes to the wire harnesses, associated with all measurements, as

well as the installation drawings for the new measurements, will be required.

b. S-IVB Measurement and Telemetry

A comparison of t he applicable telemetry for J-2/S-IVB and J-2S/S-IVB indicates

that 24 measurements at engine interface remain the same. Functionally, 9

engine measurements remain the same; however, the measurement range is

different from the J-2. Total vehicle deletions number 54, 17 are at the engine
interface with the remainder in the vehicle. Nine additional measurements

will be monitored from the stage. One of these measurements, C8, was flown

on earlier vehicles but is not presently telemetered from vehicle 509. The re-

mainder are engine associated measurements such as commands and talkbacks

which are picked up in distributors. The additional telemetry requirements at

the engine interface fall into two categories as follows: (1) those that are

presently wired to the interface and (2) those which are not presently wired to

the interface, most of which have been requested by McDonnell Douglas

Astronautics Company. It is assumed that transducers and wiring to implement

these requested measurements can be installed on the engine by Rocketdyne.

The deletions occur primarily in three areas as follows: (1) ullage rocket and

jettison, (2) peculiar J-2 engine measurement, and (3) chilldown system. The

additions are primarily on the J-2S engine.

Since the net change in terms of numbers of parameters is only 8 measurements

less for the J-2S (54 deletions and 46 additions), it will not be necessary to

change the present multiplexing and RF transmission system provided the

sampling rates remain approximately the same as they are presently. However,

as a result of these changes, it will be necessary to change the signal conditioning

rack module complement, revise cable drawings, cable network drawings,

schematics, IP&CL's, and installation drawings.
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TABLE 10.5. 1.4-IV. STAGE MEASUREMENTSSUMMARY

TYPE

Acceleration
Acoustic
Discrete Signals
Flowrate
Liquid Level
Miscellaneous
Position
Pressure
RPM
Strain
Temperature
Vibration
Voltage, Current, Frequency

QUANTITY

4
mm

157

10

4

4

36

105

10

mm

105

m_

33
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10.5.1.4.4 (Continued)

Virtually all the additional measurement points are on the engine; therefore, trans-

ducer component testing will be small. However, new amplifiers, temperature

bridges, and other networks for the additionalmeasurements must be designed

and tested ifpresent components are not acceptable.

c. IU Telemetry and Measurement

Incorporation of the J-2S engine on the Saturn V vehicle will have no affect on the

IU Telemetry and Measurement System.

10.5.1.4.5 Radio Command System

The Saturn V Vehicle Command system consists of two major functions, (1)Range

Safety system for S-IC, S-If and S-IVB stages and (2)Command Communications

system for the Instrument Unit.

a. S-II Radio Command System

The function of the radio command system in the S-II stage is to provide a means

of terminating the flightvia coded commands from ground stations. Incorporation

of the J-2S engine will require no modification to the S-II radio command system.

b. S-IVB Radio Command System

The S-IVB radio command system serves the same function as the S-II and is

thus not impacted by the J-2S incorporation.

c. IU Radio Command System

The Command Communication System (CCS) provides for digitaldata transmission

from the ground station to the LVDC. This communication link is used to update

functions through the LVDC. Incorporation of the J-2S engine on the Saturn Launch

vehicle will require no modifications to the CCS.

10.5.1.4.6 Tracking

The Saturn Launch Vehicle Tracking system will not change with J-2S configuration.

A description of the system for AS 511 is given in Figure 10.5.1.4-6.

In the Saturn V space vehicle there is a continuous requirement to transmit infor-

mation to ground stations in order to track the vehicle. This requirement is

filled by the RF systems.
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10.5.1.4.6 (Continued)

The RF system functions to transmit (via RF carrier) all vehicle flight evaluation

data as well as to evaluate vehicle performance (flight path) for ground receiving

stations. These functions are accomplished through the use of Antenna and

Tracking systems.

The principal tracking systems used are:

ODOP (offset doppler) system - used in the S-IC stage.

C-band radar - used in the IU.

S-band - used in Spacecraft and IU.

a. ODOP System (S-IC)

An offset doppler, frequency measurement system is an elliptical tracking system

which measures the total doppler phase shift in a ultra-high frequency (UHF)

continuous wave (CW) signal transmitted to the S-IC stage. The system uses a

fixed station (ground) transmitter, a vehicle-borne transponder and three or

more fixed station (ground) receivers.

b. C-Band (IU)

C-band is a pulse radar system which is used for precise tracking during launch

and orbit phases. Two C-band radar transponders carried in the IU provide radar

tracking capabilities independent of vehicle attitude.

c. S-Band System (SC and IU)

The S-band system provides tracking capability to the unified S-Band (USB)

ground stations.

10.5.1.4.7 Power Supply and Distribution

a. S-II Power Supply and Distribution

Incorporation of the J-2S engine on the S-H stage for the LOR mission results in

deletion of the LOX and LH 2 recirculation systems and the ullage motors. Since

the LH 2 recirculation batteries are deleted (reference Figure 10.5.1, 4-7) ignition

power must be provided by the main battery.

Each of the five J-2S engines contains a solid propellant turbine spinner (SPTS) that

is used in starting the engine. Each engine contains two SPTS ordnance initiating

chains, consisting of an ordnance initiator device that is fired by a high energy

pulse from an EBW firing unit. Both ordnance initiators are connected to the
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10.5. i.4.7 (Continued)

solid propellant turbine spinner. The main bus shall provide power for each engine,

including the ignition and SPTS devices. Dual pulse sensors are installed on the

engine to be used in place of the ordnance initiators for checkout. The dual pulse

sensors will be powered by the engine bus.

The main bus is required to provide the J-2S ignition load because deletion of the

LH 2 recirculation batteries removes the power source presently used for engine
ignition. The engine ignition load shall be added to the main bus and fifteen com-

ponents shall be deleted from the Electrical Power system. The telemetry and

hardwire 28 VDC supplied by the instrumentation bus for the five fuel recircula-

tion pump valve position indicator switches shall be deleted.

The fuel reeirculation system is no longer required because the J-2S engine

requires no pre-conditioning prior to engine start.

The ullage motor ignition EBW Firing Units 1A and 1B are not required because the

ullage motors are deleted from the S-II stage. The 28 VDC power required to

operate the EBW Firing Units shall be deleted from the main and instrumentation

bus. The 28 VDC power required to operate the associated pulse sensors shall
be deleted from the main bus.

The ullage motors are deleted because the J-2S engine starts in a mode that

provides sufficient thrust for propellant settling prior to entering the mainstage

operation.

b. S-IVB Power Supply and Distribution

The impact of the J-2S engine on the power system of the J-2/LOR vehicle is

minimal. Deletion of LOX and LH2 chilldown inverters and ullage motors are

the most significant factors in redistribution of battery loading (Reference

Figure 10.5.1. 4-8). Both chilldown inverters were supplied from aft battery

No. 2, thus reducing the percent of battery life utilization. Ullage motors and

associated EBW Firing Units were removed from aft battery No. 1. Consider-

ations are being made to reduce the capacity of S-IVB batteries due to J-2S

implementation.

c. IU Power Supply and Distribution

Incorporation of the J-2S engine on the Saturn V vehicle will not affect power

distribution in the IU. Typical IU Power Distribution is shown in .Figure

10.5.1.4-9.
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10.5.1.4.8 Emergency Detection System

The EDS system for the Saturn AS 511 J-2S vehicle will remain the same

as present AS 511 configuration described in Reference 10.4-31, Astrionic

System Handbook. Figure 10.5.1.4-10 shows a block schematic of the AS 511

J-2S EDS.

The Emergency Detection System (EDS), which is a part of the Crew Safety System,

is designed to sense and react to emergency situations resulting from launch

vehicle malfunctions which may arise during the mission. Protection of the Apollo

crew against vehicle failure is the prime function of the EDS.

In general, the abort modes for operation of the EDS are:

Manual Abort - based on Astronauts's judgement and decision.

Automatic Abort - is initiated by excessive angular rates of the vehicle or

by the loss of thrust in two or more engines in the S-IC stage during specified

times of flight. The measurements are obtained from triple redundant

sensors with majority voting logic.

The automatic abort rate limits are: + 4 degrees per second with a tolerance of

+ . 49 degrees in pitch and yaw and + 20 degrees per second with tolerance of

+ 1.5 degrees in roll.

Auto abort is automatically enabled at lift-off, provided the EDS-auto, LV-rates-

auto and two-engine-out-auto switches are enabled in the spacecraft.

The automatic abort mode is active only during first stage flight from lift-off until

the crew manually inhibits the automatic abort at approximately 120 seconds;

therefore, an automatic abort always utilized the LES for escape (the LES is

jettisoned shortly after S-II ignition by the crew).

In order to afford protection for personnel and facilities in the launch area, thrust

is not terminated with aborts prior to 30 seconds of flight time. The switch

selector enables the EDS cutoff circuitry at 30 seconds of flight with a timer back-up

at 30 seconds.

The only EDS anomaly occurs during the idle mode of the J-2S engine. The J-2S

in idle mode looks like an engine out to the "thrust OK" switches; therefore, the

"thrust no OK" will be indicated in the spacecraft display. The S/C will not be

able to differentiate between engine out and engine idling with present "thrust OK"

lights. Correction of the problem would entail development of a more sensitive

thrust OK switch which could be used in place of the present one or switched in for

idle mode periods.
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10.5.1.4.8 (Continued)

The problem was not pursued further since it could also be solved with a

procedure change in the spacecraft.

10.5.1.4.9 Separation

The Saturn V launch vehicle system provides for separation of an expended stage

from the remainder of the vehicle. For S-IC/S-II separation, a dual plane

separation technique is used wherein the structure between the two stages is

severed at two different planes (Figure 10.5.1, 4-11). The S-II/S-IVB separation

occurs at a single plane. All separations are controlled by the launch vehicle

digital computer (LVDC) located in the Instrument Unit (IU).

Stage separation sequencing includes a requirement to ensure stable flow of

propellants into the engines. A small force is required to settle the propellants

in their tanks prior to engine mainstage; on J-2/AS 511 vehicle this is

accomplished via ullage motors on both S-II and S-IVB stages.

a. S-II Separation

With the capability of providing thrust for propellant settling prior to entering

mainstage operation, the J-2S engine eliminates the requirement for ullage

motors on the S-II stage. There shall be six components deleted from the S-II

electrical control system as a result of stage separation modification. These

components consist of four ullage motors and associated EBW firing units

(reference Figure 10.5.1.4-12).

b. S-IVB Separation

For the same reason as the S-II stage separation, the S-IVB ullage rockets and

associated hardware will be deleted. Deletion of the system on the S-IVB stage

also includes a ullage rocket jettison system and associated hardware (reference

Figure i0.5.1.4-13).

c. IU Separation

Separation is controlled by commands issued from the LVDC; however, no IU

hardware will be impacted by the J-2S configuration.

10.5.1.4.10 Flight Program

a. Guidance Analysis

A flight program is defined as a set of instructions which controls the launch

vehicle digital computer (LVDC) operation from seconds before lift-off until the

I_-R2R
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10.5.1.4.10 (Continued)

end of the launch vehicle mission. These instructions are stored in memory

within the LVDC.

The flight program performs many functions during the launch vehicle mission.

These functions include: navigation, guidance, attitude control, event

sequencing, data management, ground command processing and hardware

evaluation. Specific definition of these functions depends on mission objectives.

For purposes of discussion the flight program is divided into five sub-elements.

These are the powered flight major loop, the orbital flight program, the minor

loop, interrupts and telemetry.

The powered flight major loop contains guidance and navigation calculations,

timekeeping and all repetitive functions which do not occur on an interrupt basis.

The orbital flight program consists of an executive routine concerned with IU

equipment evaluation during orbit and a telemetry time-sharing routine to be

employed while the vehicle is over receiving stations. In addition, in the orbital

flight program, all navigation, guidance and timekeeping computations are

carried out on an interrupt basis keyed to the minor loop. The minor loop

contains the platform gimbal angle and accelerometer sampling routines and

control system computations. Since the minor loop is involved with vehicle

control, minor loop computations are executed at the rate of 25 times per second

during the powered phase of flight. However, in earth orbit a rate of only 10

executions per second is required for satisfactory vehicle control.

1. Prelaunch and Initialization

Until just minutes before launch the LVDC is under control of the ground control

computer (GCC). At T-8 minutes the GCC issues a prepare-to-launch (PTL)

command to the LVDC. The PTL routine performs the following functions:

Executes an LVDC/LVDA self-test program and telemeters the results.

Monitors accelerometer inputs and calculates the platform-off-level

indicators. Telemeters accelerometer outputs and time.

Performs reasonableness checks on particular discrete inputs and alerts.

These discretes and alerts include PTL, guidance reference release (GRR),
lift,-off, 8-IC fuel depletion, S-II propellant depletion and S-IVB engine cutoff.

Interrogates the error monitor register. The purpose of the error monitor

register is to detect any errors in the operation of the LVDC and telemeter

the results.
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Keeps all ladder outputs zeroed which keeps the engines in a neutral

position for launch.

Processes the GRR interrupt and transfers LVDC control to the flight program.

Samples platform-gimbal angles.

At T-22 seconds, the launch sequencer issues a GRR alert signal to the LVDC and

GCC. At T - 17 seconds, a GRR interrupt signal is sent to the LVDC _ GCC.

With the receipt of this signal, the PTL routine transfers control of the LVDC

to the flight program.

When the GRR interrupt is received by the LVDC, the following events take place:

The LVDC sets time base zero (To).

Gimbal angles and accelerometers are sampled and stored for use by flight

program routines.

Time and accelerometer readings are telemetered.

All flight variables are initialized.

The GCC is signaled that LVDC is under control of the flight program.

During the time period between GRR and lift-off, the LVDC begins to perform

navigational calculations and processes the minor loops. At T-8.9 seconds,

engine ignition command is issued. At T-0 lift-off occurs and a new time base

(T1) is initiated.

2. Powered Flight Major Loop

Incorporation of the J-2S engine requires no modification to flight software.

Guidance constants are expected to change as they do from mission to mission.

The major loop contains the navigation and guidance calculations, timekeeping and

other repetitive operations of the flight program. Its various routines are sub-

divided by function. Depending upon mode of operation and time of flight, the

program will follow the appropriate sequence of routines.

The accelerometer processing routine accomplishes two main objectives: it

accumulates velocities as measured by the platform and tries to detect velocity

measurement errors through "reasonableness" tests.
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The boost navigation routine combines gravitational acceleration with measured

platform data to compute position and velocity.

The "pre-iterative" guidance mode, or "time-tilt" guidance program, is that part

of the flight program which is performed from GRR until the end of the S-IC burn.

The guidance commands issued during the time-tilt phase are functions of time

only. This phase of the program is referred to as open-loop guidance since

vehicle dynamics do not affect or influence the guidance commands. When the

launch vehicle has cleared the mobile launcher, the time-tilt program first

initiates a roll maneuver to align the vehicle with the proper azimuth. After this

command, roll and yaw commands remain at zero and the vehicle is gradually

pitched about the vehicle Y axis to its predetermined boost heading. Rate

limiting of the output commands prevents the angles (desired flight attitude angles)
from exceeding 1° per second.

The iterative guidance mode (IGM) routine, or "path adaptive" guidance,

commences after second-stage ignition and continues until the end of S-IVB first

burn. Cutoff occurs when the velocity required for earth orbit has been reached.

IGM is used again during S-IVB second burn.

IGM is based on optimizing techniques using the calculus of variations to determine

a minimum propellant flight path which satisfies mission requirements. Since the

IGM considers vehicle dynamics, it is referred to as closed-loop guidance.

3. Interrupts

An interrupt routine permits interruption of the normal program operation to free

the LVDC for priority work and may occur at any time within the program. When

an interrupt occurs, the interrupt transfers LVDC control to a special subroutine

which identifies the interrupt source, performs the necessary subroutines, and

then returns to the point in the program where the interruption occurred. Table

10.5.1.4-V is a list of interrupts in the order of decreasing priority. Interrupts

are not affected by incorporation of J-2S engine.

4. Telemetry Routine

A programmed telemetry feature is also provided as a method of monitoring LVDC

and LVDA operations. The telemetry routine transmits specified information and

data to the ground via IU telemetry equipment. In orbit, telemetry data must be

stored at times when the vehicle is not within range of a ground receiving station.

This operation is referred to as data compression. The stored data is transmitted

on a time-shared basis with real-time telemetry when range conditions are favor-
able.
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TABLE i0.5.1.4-V. INTERRUPTS

DECEASING

P_O_TY

1

2

3

4

5

6

7

FUNCTION

Minor Loop Interrupt

Switch Selector Interrupt

Computer Interface Unit Interrupt

Temporary Loss of Control

Command Receiver Interrupt

Guidance Reference Release

S-II Propellant Depletion/Engine Cutoff
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5. Discrete Back-ups

Certain discrete events are particularly important to the flight program since

they periodically reset the computer time base which is the reference for all

sequential events. For Saturn V vehicles, these significant events (time bases)

are: (See Table 10.4.3-I).

T 1 Liftroff (LO)

T 2 S-IC Center Engine Cutoff (CECO)

T 3 S-IC Outboard Engine Cutoff (OECO)

T 4 S-II Cutoff

T 5 S-IVB Cutoff (Boost Phase)

T 6 S-IVB Restart

T 7 S-IVB Cutoff (Orbital Phase)

Since switch selector outputs are a function of time (relative to one of the time

bases), no switch selector output could be generated if one of the discrete signals

was missed. A backup routine is provided to circumvent such a failure. The

discrete back-up routine will simulate these critical signals if they do not occur

when expected.

In the cases of the back-up routine for LO and CECO, special routines are

established as a double safety check. In both cases, motion as well as time are

confirmed before a back-up discrete is used. For LO, the back-up routine is
2

entered 17.5 seconds after GRR. If the vertical acceleration exceeds 6. 544 ft/sec

for four computation cycles, the vehicle is assumed to be airborne and the lift-off

discrete is issued. For CECO, an assurance is made that an on-the-pad firing of

the S-II stage cannot occur if T 1 is accidentally set. Before T 2 can be initiated,

velocity along the downrange axis is tested for a minimum of 500 m/sec.

The execution time for any given major loop, complete with minor loop compu-

tations and interrupts, is not fixed. The average execution time for any given

major loop in powered flight, complete with minor loop computation and interrupt

processing, is called the normal computation cycle for that mode. The compu-

tation cycle is not fixed for two reasons. First, the various flight modes of the

program have different computation cycle lengths. Second, even in a given flight

mode, the uncertainties of discrete and interrupt processing and the variety of

possible paths in the loop preclude a fixed computation cycle length.

Incorporation of the J-2S engine requires no modification to the present discrete

back-ups.
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b. Control Analysis

Since the J-2S/LOR vehicle, mission and payload are similar to those of the

AS 504, the existing baseline FCS is adequate for S-IC burn, S-II burn, S-IVB

mainstage burn and S-IVB coast modes. Therefore, control studies were oriented

toward investigation of requirements during idle mode ope ration.

1. S-IVB Idle Mode

Pitch/yaw axis control studies were performed for the extended S-IVB idle mode

preceeding second mainstage burn. Due to uncertainties in the idle mode thrust

profile, two candidate control systems were considered:

Gimballed J-2S control using existing S-IVB burn pitch/yaw control scheme.

APS (Auxiliary Propulsion System) control using existing S-IVB coast
pitch/yaw control scheme.

Also, as a result of the thrust profile uncertainty, two possible thrust profiles
were considered.

The constant 5000 pounds thrust, which is an ideal case and the ramped thrust

represent bounds of the actual J-2S idle mode thrust profile.

Due to the rapid variation in the ramped thrust profile, time response (rather.

than "frozen-point" frequency response} analysis was performed to evaluate vehicle

performance with gimballed J-2S pitch/yaw control. An analog simulation of a

single axis model of the S-IVB stage was utilized to perform the analysis. The

gimballed J-2S control system is adequate since the idle mode lasts a short

period of time during which no significant demands on the control system are

expected; i.e., idle mode initial conditions are expected to be low (on the limit

cycle of the S-IVB coast control system), no significant disturbance torques are

expected and no maneuvers will be performed during idle mode.

Results of the analysis considering APS control for S-IVB idle mode operation

indicate that APS control torque capability is sufficient, and a relatively small

amount of fuel is required. However, possible misalignment between the J-2S thrust

vector and S-IVB center of gravity could cause sizable APS propellant consumption.

It is concluded that the gimballed J-2S utilizing the existing S-IVBburn control scheme

with increased gains will be used as the S-IVB idle mode control system. The

increased gains would be switched in at the end of first S-IVB mainstage burn,

and switched back to the lower gains at second mainstage burn start command.

A final design effort will be required to determine the "best" idle mode control

gains.
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10.5.1.4.11 Instrument Unit

The IU is a cylindrical structure 6.6 meters (260 in. ) in diameter and 0.9 meters

(36 in. ) in height, mounted on top of the S-IVB stage as illustrated in Figure

10.6.1. 4-14. The IU is attached to the S-IVB stage and to the Spacecraft/Lunar

Module Adapter (SLA) and remains attached to both after Command and Service

Module (CSM) and Lunar Module (LM) separation.

The IU contains the equipment necessary to:

Perform guidance and control of the vehicle from lift,-off through CSM and

LM separation.

Aid in radar tracking of the vehicle.

Provide a command link for ground control of the vehicle.

Provide temperature control for the electronic equipment in the IU and the

S-IVB stage forward skirt. Instrumentation is provided to monitor

performance of this equipment.

Incorporation of the J-2S engine on the Saturn V vehicle will require hardware

modifications to two IU components. Flight Control Computer and Control

Distributor (reference Figure 10.5. L 4-15).

10.5.1.4.12 Environmental Control

a. S-II Environmental Control

Incorporation of the J-2S engine on the S-II stage will require no modification to

the environmental control system.

b. S-IVB Environmental Control

Forward Skirt Thermoconditioning

The electrical/electronic equipment in the S-IVB forward skirt area is thermally

conditioned by a heat transfer subsystem using a circulating coolant for the medium.

Principal components of the system, located in the S-IVB stage forward skirt area,

are a fluid distribution subsystem and cold plates. The coolant is supplied to the

S-IVB by the IU thermo-conditioning system, starting when electrical power is

applied to the vehicle, and continuing throughout the mission.

Forward Skirt Area Pur6e

The forward skirt area is purged with GN 2 to minimize the danger of fire and

explosion while propellants are being loaded or stored in the stage, or during
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Instrument Unit

Saturn V

S-IV B Stage

Ref. 10.4-31, Fig. 12.1-1

FIGURE 10.5.1.4-14. INSTRUMENT UNIT
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other hazardous conditions. The purge is supplied by the IU purge system which

purges the entire forward skirt/IU/adapter area. The total flow rate into this

area is approximately 3500 SCFM.

The thermal conditioning system contains five thermal conditioning panels (cold

plates) in S-I_B stage. The S-IVB cold plate dimensions are 68.58 centimeters

by 109.22 centimeters (27 in. by 43 in.).

"Electronic Equipment Ambient Conditioning"

"The ambient space surrounding the S-IVB/IU equipment is conditioned to maintain

a minimum temperature of + 40°F by the use of conditioned air prior to loading

cryogenics and after loading with GN 2. The latter maintains an inert atmosphere.

The S-IVB aft skirt mounted equipment and the APS modules are also conditioned

by a separate system. The same ground rules apply as in the forward section."

"Eight components on S-IVB aft skirt panels No. 2, 3, 4, 8, 17 and 19 have external

electric heating in addition to radiation shields. The heater blankets are form-fitted

to the electronic component. They are made of solid and foam polyurethane. The

heater elements on the inside walls of the blanket are controlled by thermostats

which contact the component to regulate its temperature." (Reference 10.4-43. )

The heater thermostat "on" and "off' command controls thermal conditioning of

the 8 components as required during the mission. The sequencer "on" command

applies 28 volts due to a heater power but at a predetermined time. This enables all

heater blankets simultaneously. The thermostat control devices on each heater

blanket will cycle power on and off to control the temper ature within the required
band.

The radiation shielding is required by components which require passive thermal

control only.

c. IU Environmental Control

The environmental control system (ECS) maintains an acceptable operating envir-

onment for the IU equipment during preflight and flight operations. The ECS is

composed of the following (reference Figure 10.5.1.4-16).

The thermal conditioning system (TCS) which maintains a circulating

coolant temperature to the electronic equipment of 59 ° +lOF.

Preflight purging system which maintains a supplyof temperature and

pressure-regulated air/GN 2 in the IU/S-IVB equipment area.

10-851



IBM
D5_45772-2

TH!RMALCONDITIONINGSYSTEMLOW DIAGRAM

[till] .......... ill ....................... ]]Illll ...... I I 1 I I 1 I I I I | LLI_II i i z ] i i i i ....

Ref. 10.4-32, Fi_. 6.2-18
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Gas bearing supply system which furnishes GN 2 to the ST-124M3 inertial

platform gas bearings.

Hazardous gas detection sampling equipment which monitors the IU/S-IVB

forward interstage area for the presence of hazardous vapors.

Incorporation of the J-2S engine on the Saturn V Launch vehicle will require no

modification to the IU Environmental Control System.

10.5.1.4.13 Electrical Support Equipment

a. S-II Electrical Support Equipment

The S-II ESE at Seal Beach, California, and Mississippi Test Facility (MTF} consist

of an Automatic Checkout System whose primary purpose is to perform a com-

prehensive checkout of the Saturn S-H stage (with J-2S engine implementation)

prior to shipment to KSC. A series of ESE end items are used to test the Saturn

S-H stage after manufacture under conditions which most nearly simulate actual

flight of the stage. Seal Beach test sites provide a thorough check of the electrical,

mechanical, fluid and telemetry systems. MTF test sites perform these same

functions and in addition provide structural testing through the static firing.

The ESE is designed to provide as automatic testing as practicable; however,

manual functions are retained as backup to automatic functions and also to provide

certain functions not feasible to automatic control.

Checkout Station Requirements

The automatic checkout system for the J-2S engine implementation consists of a

controlling computer complex linked to a number of specialized checkout stations.

These checkout stations in turn are linked to the functional systems on the stage.

Reference Figure 10.5. L 4-17.

Associated with its particular function, the checkout station must provide the

following:

Provide stimuli to the stage.

Provide control signals to associated checkout stations and the stage.

Monitor GSE and stage system responses.

Store system responses and results of evaluation as required.
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Translate system responses into a suitable format for facilitating evaluation.

Evaluate system responses. Perform further testing or initiate corrective
action on the basis of evaluated results.

Provide visual readouts and complete records of test procedure and system
responses.

Provide self-check for maintenance and machine confidence.

Computer Complex Checkout Station (C7-100)

The C7-100 checkout station consists of the C7-101 checkout computer and its

peripheral equipment (C7-103 Program Input Rack, C7-104 Data Printout Rack,

C7-105 Auxiliary Memory Rack, and C7-110 High Speed Data Printout Rack),

C7-102 Test Conductor Console, C7-106 Buffer Equipment Rack, C7-107 Local

Digital Driver Link Rack (MTF only), C7-108 Remote Digital Driver Link Rack

(MTF only), C7-109 Isolation and Drive Rack and C7-111 Magnetic Tape Trans-

port Rack (MTF only). The purpose of the computer complex checkout station is

to link the automatic operations of the GSE checkout stations and S-II stage systems.

Via the checkout stations (discussed subsequently), the checkout computer will

control the sending of stimuli to the S-H stage systems and the monitoring of

responses from the S-H stage systems.

C7-100 Station Changes

There are no changes to the C7-100 Computer complex end items because of J-2S

engine implementation except for the C7-102 Test Conductor Console. Five func-

tions are deleted from the hazardous monitor panel due to deletion of the recirculation

system. These five functions are:

Recirculation System DC greater than 64V.

Recirculation System DC greater than 60V.

Recirculation System DC Low.

Recirculation System He Press Bottle greater than 1600 psig.

Recirculation System He Bottle greater than 825 psig.

These changes require removal of the nameplates and deactivation of the cabling
in the J-boxes which connect the hazard functions to the C7-102.
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Electrical Checkout Station (C7-2001

The electrical checkout station is composed of the C7-201 Automatic Control

Rack, C7-202 Manual Control and Display Rack, C7-204 Signal Distribution Rack,

C7-205 Special Data Rack, C7-208 Station Control and Display Rack, C7-209

Local Control and Display Rack, C7-210 Stage Substitutes Rack, C7-211 Scanner

Rack, C7-212 Discrete Display Rack and C7-213 Interlock Relay Rack.

The system provides hardware for the electrical checkout of many stage systems.
Checkout can be done in a manual mode or automatic mode.

In the automatic mode, hardware is provided for electrical checkout under com-

puter control allowing the computer to select and direct station equipment operation

and to transform data into a format for computer analysis and status recognition.

Display of stimuli and responses provides rapid station status as well as easy

troubleshooting and fault isolation. Interlocks of stage power, stimuli and respon-

ses, and associated limit-condition sensing of the power busses, assure safe checkout

operation. The electrical checkout station is used in testing the following stage
systems:

Propellant disper sion

Separation
Electrical

Engine
Pressurization

Measurement

Propellant management

Flight control
Thermal control

C7-200 Station Chan_es

The C7-202 Manual Control and Display Rack changes are in the switch selector

control and display drawers and are due to the addition and deletion of switch

selector commands. These consist of deleting two commands, revising two com-

mands and adding seven new commands. The changes are accomplished by changing

nomenclature on the display panels and by adding and rewiring diodes in the control

and display drawers.

The C7-204 Signal Distribution Rack changes are in the engine system drawers and consist

of deleting twenty-one commands, revising eleven commands and adding twenty-

five commands. Twenty-one commands which are added will use the spared positions,
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and four new commands will require additional hardware (add four flip-flops, four

relays and four relay drivers). This will be accomplished by repatching and add-

ing approximately twenty new patchcords. These changes are due to the deletion

of the recirculation system, helium injection system and start tank system. Added

were functions to engine mainstage operation, engine ready and engine ignition

detect signals. These modifications require three new rack harnesses and one

new output patch panel assembly.

The C7-209 Local Control and Display Rack will be changed by revising the

nomenclature on six switch positions on the engine stimuli control panels and by

revising 26 legend light nomenclatures on the engine stimuli display panels.

C7-209 Rack changes are due to deletion of recirculation system, helium injection

system and start tank system. Principal additions are functions for engine main-

stage operation, engine cutoff, and engine ignition detect.

Changes to the C7-211 Scanner Rack consist of adding approximately 60 patchcords.

C7-211 Rack changes are due to the deletion of the recirculation system, start tank

system and helium injection system commands and measurements along with

addition of the engine mainstage operation, engine ready, engine detect and engine

start system signals. In some cases the C7-211 Rack provides a lamp driver for

stage measurements with a 4.02 K resistor in series.

The C7-212 Discrete Display Rack changes require the revision of 60 legend lights

and the addition of 30 new legend light connections. The deleti,ms are due to

recirculation and helium injection systems. The additions are due to new engine

cutoff commands.

The C7-213 Interlock Rack changes consist of revising the patch panels. Approxi-

mately 100 patchcords are deleted and 90 are added. Interlock requirements for

J-2S engine implementation have not yet been fully defined. C7-213 Rack changes

are due to deletion of recirculation pump start interlock and start tank vent open

commands. The additions are not yet clearly identified; however, the changes

entail only patching changes in the C7-213 Rack.

No changes result to the C7-201 Automatic Control Rack, C7-205 Special Data Rack,

C7-208 Station Local Control and Display Rack and the C7-210 Stage Substitutes Rack.

Range safety Command Receiver (RSCR) Checkout Station (C7-307)

The RSCR checkout station provides equipment and circuitry for checking the radio

command receivers on the stage. Test signals from the rack are transmitted to the

stage radio command receivers via hardwire or air link. Signals indicating res-

ponse of stage receivers are returned to the rack for comparison with specific

requirements. This signal comparison is performed by personnel operating the

rack.
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The rack verifies proper operation of stage installed receivers, power dividers,

filters and hybrid and interconnecting coaxial cable links. The command antenna

subsystem test verifies the operation of each command antenna and its associated

voltage standing wave ratio (VSWR) measurement. Partial automatic rack

operation is provided by theElectrical Checkout Station and the Digital Data

Acquisition Station.

C7-307 Changes

Due to J-2S engine incorporation, there are no changes to the C7-307 Rack.

Digital Data Acquisition System Checkout Station (DDAS) C7-400

The DDAS checkout station is composed of four racks, C7-401 Automatic Control

and Display Rack, C7-402 Local Control and Display Rack, C7-403 PCM (DRS-1)

Rack and C7-406 Computer Adapter Rack. This station provides the hardware and

circuitry to retrieve data from the pulse code modulated (PCM) telemetry system

of the stage. Code pulse trains from the PCM systems are regenerated to remove
transmission noise and are converted from serial to parallel format to produce

information suitable for computer processing. Capability for recording and limited

playback is made available through control and feedback lines to the tape recorder

rack (C7-516) of the telemetry checkout station. The station receives, demodulates
and decommutates PCM data from either the stage or from magnetic tapes, and

routes the data to display at the station or the telemetry ground station tape

recorder (C7-516).

C7-400 Station Changes

There are no changes to the C7-400 Checkout Station due to J-2S engine incorporation.

Telemetry System Checkout Station (C7-500)

The Telemetry Checkout Station is composed of 9 racks, C7-510 Automatic Control

and Display Rack, C7-511 PCM Format Rack, C7-512 Oscillograph Rack, C7-513

Decommutation Rack, C7-514 Discriminator Rack, C7-515 Receiver Rack, C7-516

Tape Recorder Rack, C7-518 Single Sideband Rack and C7-519 Telemetry Receiver

Station Model TRS-1. The purpose of the C7-500 station is to check the airborne

telemetry systems of the stage. The primary functions include:

Receive, monitor and detect RF carrier frequencies

Provide for the magnetic recording and playback of undecoded intelligence
transmitted via the PAM/FM/FM, SSB/FM and PCM telemetry systems
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Decode PAM/FM/FM and SSB/FM data

Convert analog data to the PCM format for computer access during
automatic checkout

Provide for local monitoring of a single channel PC M data

Provide for local control of the stage RF equipment and telemetry calibrations

Process and record a limited amount of telemetered data for post-test
evaluation.

C 7- 500 Station Changes

The C7-500 Telemetry Checkout Station is unaffected by changes to incorporate

the J-2S engine.

Static Firin6 Control Station {C7-800)

The C7-800 Station exists at MTF only and is activated only for static firing tests.

The station consists of the C7-801 (Local Static Firing Rack), the C7-802 (Remote

Static Firing Rack) and the C7-805 (Engine Cutoff Rack). The C7-801 and C7-802

racks permit manual control, display and signal distribution of all 28 VDC para-

meters required for a static firing of the S-II stage (except engine gimballing, which

is computer controlled). These racks also provide for automatic sequencing (with

manual override capability) during the interval from completion of propellant load-

ing to initiation of propellant detanking. In addition, the racks are integrated with

the facility programming bay to provide a time-oriented countdown. The C7-801

rack consists of four bays and is located in the test control center. The C7-802,

consising of three bays, is located in the ground service center and is remotely

controlled by the C7-801 rack.

The C7-805 rack permits the monitoring of certain engine parameters and provides

sutomatic cutoff of all engines in the event of a dangerous condition during static

firing. The rack indicates the cause of cutoff by means of auxiliary monitoring

devices. The C7-805 rack, consisting of two bays, is located in the ground

service center and is remotely operated and selftested from the C7-801 rack.

C7-800 Station Changes

Changes to the C7-801 Local Static Firing "A" Rack consist of adding seven new

switch selector channels, adding 10 new switches with indicator lights, deleting

13 switches and nine associated indicator lights, adding one new switch panel and

adding four new diode boards. Because of the deletion of the start tanks, two

start tank meter panel drawers are deactivated.
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C7-801 Rack modifications are required because of deletion of the switch selector

commands, recirculation system, helium injection system and start tank system.

The new additions are for switch selector commands, engine mainstage operation

commands and solid propellant turbine spinner (SPTS) system and engine ready

and ignition detection signals. Changes to the C7-802 Remote Static Firing "A"

Rack include 17 relay function additions and 31 relay function deactivations.

These are accomplished by approximately I00 patchboard deletions and approxi-

mately 75 patchcord additions. These changes are required due to deletion of

the recirculation system, helium injection system and start tank system. The

additions are due to new engine mainstage operation commands and engine relay

isolation test commands. The C7-805 Engine Cutoff Rack is modified by de-

activating the five drawers for monitoring the Gas Generator temperature.

Cable and J-Box Requirements

The cabling and J-box installations provide multiconductors for the interconnection

and the transmission of electrical power and signals between the S-II stage and GSE

and between GSE end items. The installed cabling is capable of sustaining the

maximum load requirements during any checkout phase, protecting where necessary

circuits with fuses or resistors and isolating rack interconnections with diodes.

Mississippi Test Facility cabling, in addition to the above, has the capability of

sustaining load conditions of a static firing.

Cabling change requirements are made for all four sites (two at Seal Beach and two

for MTF). In practice, however, only one site will be modified at each location.

The cabling information gives all necessary information for choosing the respective

sites.

Accpetance Stand No. 1 Cable Installation (C7-35)

Acceptance Stand No. 2 Cable Installation (C7-40)

MTF Firing Control Center Cable Installation (C7-38)

Changes to these equipments require revision of the terminal distribution rack wire
lists in the control centers and test stands. Changes to cabling and terminal distri-

bution racks consist of moving jumper wires and equipment cable wires. Changes to

tbis equipment can be summarized as follows:

C7-35 (A2) Move 110 jumper wires, revise 1300 terminations

C7-40 (A1) Move 200 jumper wires, revise 860 terminations

C7-38 (C2) Move 55 jumper wires, revise 560 terminations

C7-38 (C1) Move 160 jumper wires, revise 340 terminations
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Electrical Terminal Distributor Station 8 and Station 9 (SDD 154)

Cable Installation, Station 8 (SDD 196}

Cable Installation, Station 9 tSDD 197__

Changes to the SDD cabling consist mainly of moving jumper wires, revising

equipment cable wires, fuses and diodes. These SDD cabling changes can be
summarized as follows:

SDD 154 Station 8 Move 131 jumpers, revise 338 terminations, add 16 fuses

SDD 154 Station 9 Move 131 jumpers, revise 338 terminations, add 16 fuses

SDD 196 Station 8 Move 160 jumpers, revise 100 terminations

SDD 197 Station 9 Move 160 jumpers, revise 100 terminations

Instrumentation Drag-On Cables A2 ISDD 345_

Instrumentation Drag-On Cables A1 tSDD 346_

Changes to the instrumentation drag-on cables at MTF consist of the deactivation

of existing measurements and the addition of new measurements which affect cable

routine and receptacle box harnesses. For each of SDD 345 and SDD 346 cable

sets, there are five cable assembly revisions, eight harness assemblies changed
and 10 cables deleted.

Stage Station Test Electrical Harness (C7-43} Field Site Installation of Stage
Mounted ESE

Changes to the C7-43 consist of revising the cable sets. This entails the deletion

of six cables from each of the eight cable sets, in support of deletion of the re-

circulation system. Changes to the Field Site Installations'of stage mounted GSE

consist of revising drawings depicting installation of "carry-on" instrumentation

cables and drag-on instrumentation cables to show new mountings, brackets, cable

clamp locations and drilling details of Saturn J-2S Instrumentation. These drawings
affect MTF, KSC, and the C7-43.

Power Distribution System, Test Stand A2 (C7-80)

Power Distribution System, Test Stand A1 IC7-81_

The power distribution systems for test stands A2 and A1 will be revised to show

deactivation of the 56 VDC recirculation system and the engine ignition battery
simulator.
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Other ESE Items

Digital Events Recorder (C7-771

The digital events recorder detects and records changes of state

+28 +7.5

(ON= + 8 , OFF= )
- 0 -0

on the S-II discrete command and measurement lines. When a change is detected,

the state to which it changes, the time of the change to the nearest millisecond

and an identifying number are recorded on a hard copy printout and punched paper

tape or magnetic tape (MTF only).

C7-77 Changes

There are no hardware changes to this equipment -- only revision to j-box/TDR

input lines and a revision to the Interface Control Document (ICD). The ICD is used

to correlate the identifying number with the discrete on the input line. Revision of

the ICD's is necessary to delete 48 functions (using the spares) and revise 49
functions.

Remote Distribution Rack (C7-41)

The C7-41 Remote Distribution Rack is used to monitor and transfer the power

from facility power to GSE power, and from GSE power to stage power.

It is provided with interrupt circuits and interlocks to

protect all stage and GSE busses. Provision is made for isolating the C7-200

station, the C7-800 station and the C7-603 Pneumatic Checkout Console Set during

testing and servicing at the static firing sites (MTF) and Seal Beach.

C7-41 Changes

The changes to the C7-41 Rack can be summarized as follows:

Deactivate the entire 56 VDC recirculation power system and the electrical

control, sensing and power transfer system for the 56 VDC rectifier.

Deactivate the electrical control and power switching for the stage recircu-

lation bus and battery simulat or circuits.

Deactivate the engine ignition load bank and engine ignition battery simulator.
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Mississippi Test Facility, in addition to the above changes, requires deactivation

of the isolation valve control and summary indicating circuits. Indicators on the

isolation valve drawers are changed to show spare. C7-41 changes are due to

deletion of the recirculation system. The LOR mission does not use a 56 VDC

battery since the recirculation system has been removed; however, this battery

system can be used for the Thrust Vector Control System (TVCS) of the LEO

mission. If a C7-41 hardware change is made for both the LOR mission and LEO

mission simultaneously, the hardware changes can be minimized.

Time Code Rack (C7-48)

The C7-48 Time Code Rack provides the time code signals for the various systems

requiring a synchronous timing signal, e.g., strip chart recorders, tape record-

ers, local and remote time displays, C7-101 Computer and C7-77 Digital Events

Recorder. This serves as the master time synchronization throughout the ESE

computers checkout complex.

C7-48 Changes

There are no changes to this equipment because of the J-2S engine modification.

Ground Equipment Test Set (C7-44 !

The Ground Equipment Test Set (GETS) is used to verify the functional readiness

of the ground support equipment checkout stations. It receives the electrical

stimuli at the stage umbilical connectors (like the stage) from the ESE, processes

these stimuli and sends back responses to the ESE. Signal acceptance and

response generation is such that the electrical functional characteristics of the

stage checkout equipment are verified for proper operation. The equipment has

the capability of processing analog and digital signals and encoded discrete

commands which simulate the IU. GETS performs hazardous condition simulation,

hazardous monitor switching, flight control simulation, decoder switching, GETS

control switching, stage systems simulation, time delay patching, electrical power

operation and audio communication network operation.

C7-44 Changes

Changes to the C7-44 will require the addition of two new integrated program board

assemblies, the addition of two new static firing program board assemblies, the

revision of the self-test program boards and a revision of the IU command decoder

for the addition of seven new switch selector commands and deletion of two switch

selector functions. Patch board rework will require approximately 1000 new

patchboards.
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Engine Sequence Recorder (SDD 273)

Power Supply 56 VDC (SDD 337) (Station 8 and Station 9 Only}, S-II Ordnance

The SDD 273 Oscillograph Recorder is used to monitor the engine valve positions

during engine sequence testing. These recorders are used in lieu of the C7-205

Special Data Rack for engine valve analog measurements.

SDD 337 VDC power supply provides the electric power to operate the five LH 2
recirculation pump motors during checkout and simulated prelaunch operations.

SDD 273 and SDD 337 Changes

The SDD 273 recorder requires a change in documentation for the reidentification

of new engine function assignments on each channel. The SDD 337 56 VDC power

supply will be disconnected and documented as spare on the power distribution

drawings and system schematics.

S-II Ordnance Changes

The S-II Ordnance requires only changes in documentation due to addition of the

engine SPTS system.

C7-100 Station Software Changes

The principal software items affected by Electrical ESE changes are:

C7DXXX-127-XXX GSE Integrated Test

C7DXXX-250-XX-X Electrical Power System Checkout

C7DXXX-251-XXX Flight Measurements System Checkout

C7DXXX-252-XXX Stage Networks Acceptance Program

CTDXXX-253-XXX Flight Control System Checkout

C7DXXX-254-XXX Pressurization System Checkout

C 7 DXXX-255-XXX Simulated Flight System Checkout

ESE Operational Specifications

Operational Specification Changes

MA0701-1012-111 C7-200 Station Manual Checkout (8 or 9)

Affects C7-202, C7-204, C7-209, C7-211, C7-212, C7-213.
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Total change approximately 20%.

Specification is easier to run because of:

Deletion of 56 VDC power supply switching test (Retire).

Addition and deletion of switch selector cards.

Addition and deletion of C7-204 commands controlled by C7-209 and

C7-202.

MA0701-1014-210 Static Firing Countdown (A2)

Affects C7-41, 44, 204, 211, 212, 123, 801, 802, 805.

Total Change approximately 30%.

Essentially same ease of performing specification as before.

Addition and deletion of engine system functions (including recite

system).

Changes in switch selector functions.

Changes in the auto sequence test.

MA0701-1013-211 Static Firing Countdown (A1)

Affects C7-41, 44, 204, 211, 212, 213, 801, 802, 805.

Total change approximately 30%.

Essentially same ease of performing specification as before.

Addition and deletion of engine system functions including recirculation

system.

Changes in switch selector functions.

Changes in auto sequence test.
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MA0701-1027-111 ACE/GSE Activation Station 8 and 9

Affects C7-41.

Total change approximately 5%.

Essentially easier specification to run than before.

Deactivation of 56 VDC power supply system of C7-41.

h{A0705-1015-111 Semi Automatic Activation C7-100 Station (8 and 9)

Affects C7-102 hazardous monitor.

Total change approximately 5%.

Testing is easier since there are fewer hazards to check.

Deletion of recirculation power and pressurization conditions.

b. S-IVB Electrical Support Equipment

The S-IVB ESE at Huntington Beach (HB) and Sacramento (STC), California consists

of a digital computer controlled checkout system whose primary function is to verify

the design integrity and operational capability of the complete S-IVB stage. A back-

up manual control capability is also provided to allow safing and/or shutdown of the

stage in the event of failure in the automated equipment.

Modifications in the ESE can be made with relative ease because patch panels

have been provided to route commands, talkbacks and measurements between

the automatic checkout system (ACS) and the vehicle and ESE. Changes in the

patch panels will impact a portion of the manual control panels. Changes on the

control panels can be economically handled by relabeling functions on the panels

rather than removing or changing hardware.

The modifications to these manual control consoles and panels are shown in detail

in the following paragraphs in terms of vehicle system and propulsion ESE system

modifications. As the J-2S engine implementation affects each of these systems,

the resulting ESE changes are specified. The systems in question are: the

electrical power system, the propulsion support system, the engine turbine start

pressurization system, the chilldown system, the pneumatic control system, the

auxiliary propulsion system, the hydraulic system, the propellant utilization

system, the ordnance system and the instrumentation and telemetry system.
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1. Electrical Power System

In the electrical power system ESE, the Vehicle External Power Racks provide a

ground power source for all four 28 VDC vehicle power busses and also includes

a 56 VDC supply.

The impact of the J-2S engine on this system has the overall effect of reducing the

vehicle power requirement. Therefore, the J-2S engine will not affect this system.

2. Propulsion Support System

At HB, the propulsion support system is the Automatic Stage Checkout Pneumatic

Console which controls the distribution of helium or nitrogen gas to meet the leak

and functional checkout requirements of the stage and APS equipment during dry

checkout exercises. The J-2S engine does not require a start bottle supply,

therefore, the ESE is affected in the following way:

Remote Pneumatic Control Console (Mainstage Checkout Panel-A2)

Delete:

Ind. -Start bottle open

Ind. -Start bottle closed

Switch-Start bottle supply valve

3 patchcords deleted

2 patchcords deleted

6 patchcords deleted

At STC, the propulsion support system is the pneumatic console, the Gas Heat

Exchanger and the Beta Pneumatic consoles. These units are modified to

eliminate the cold helium supply for thrust chamber chilldown and the cold

hydrogen supply for the turbine start bottle. The ESE is affected as follows:

Remote Pneumatic Control Console (Mainstage Checkout Panel-A2)

Delete:

Ind.-Start bottle open
Ind. -Start bottle closed

Switch-Start bottle supply valve

3 patchcords deleted

2 patchcords deleted

6 patchcords deleted

Remote Pneumatic Control Console-Beta 1 (Vehicle Supply Panel-A2A2}

Remote Pneumatic Control Console-Beta 3 (Vehicle Supply Panel-A2A2}

Delete:

Ind. - Start tank GH 2 Fill-open 3 patchcord deletions
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Ind.-Start tank GH_ Fill-closed 3 patchcord
b)

Switch-Start tank _I-I 2 Fill supply valve 11 patcheord

Ind.-Start tank GH2 Vent-open 3 pateheord

Ind. -Start tank GH 2 Vent-closed 3 patchcord

Switch-Start tank GH 2 Vent valve 11 pateheord

Ind.-Cold GH2 Vent-open 3 patehcord

Ind.-Cold GH2 Vent-closed 3 patchcord

Switch-Cold GH 2 supply vent valve 6 pateheord

hid.-Thrt_st chamber C/D supply open 3 patehcord

Ind.-Thrust chamber C/D supply closed 3 patchcord

Switch- Thrust chamber C/D supply valve 7 patehcord

Ind.-Thrust chamber supply vent-open 3 patehcord

h_d.-Thrust chamber supply vent-closed 3 pateheord

Switch-Thrust chamber supply vent valve 5 patchcord

Meter-Eng start tank pressure 3 patchcord

deletions

deletions

deletions

deletions

deletions

deletions

deletions

deletions

deletions

deletions

deletions

deletions

deletions

deletions

deletions

Vehicle Supply Valves Panel (A1A3,)

Delete:

Ind.-Start tank purge supply-open

Ind.-Start tank purge supply-closed

Switch-Start tank purge supply valve

3 patcheord deletions

3 pateheord deletions

8 patehcord deletions

Various measurements are also deleted from the propulsion support system at

STC which cause the following patchcords to be deleted from the patch panel models:

Elect C/O Accessory Kit-Beta 1

Elect C/O Accessory Kit-Beta 3

Delete:

Ind. -Eng. start tk bot supply press

Ind. -Eng. start tk bot supply temp

Ind.-Thrust chamber purge and C/D

temp

Ind.-Thrust chamber purge and C/D

OI press

Ind.-GH 2 Ht-Ex-1 cold output temp

18 patchcords deleted

15 patchcords deleted

15 patchcords deleted

12 patehcords deleted

15 patchcords deleted
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At KSC, the propulsion support system consists of the pneumatic consoles and the

Gas Heat Exchanger. These consoles are similar in function to the models at STC

and therefore have similar deletions. The electrical control panels are affected

in the following manner:

Helium Control Panel (406A3_

Delete:

Ind. -GH bank purge-open

Ind.-GH bank purge-closed

Switch-GH bank purge supply valve

GH/GN Control Panel (404A4J

Delete,:

Ind.-GH 6000 PSI supply valve-closed

Ind.-GH 6000 PSI supply valve-open

Switch-GH 6000 PSI supply valve

Meter-GH 6000 PSI ambient supply press.

Meter-GH 1500 PSI ambient supply press.

Ind.-GH cold Ht-Ex-1 vent-open

Ind.-GH cold Ht-Ex-1 vent-closed

Switch-GH cold Ht-Ex-1 vent valve

Switch-Ht. exchanger outlet temp ckt #1

Engine Preparation Panel

Delete:

Ind.-Eng start tank supply valve-open

Ind.-Eng start tank supply valve-closed

Switch- Eng start tank supply valve

Ind.-T/C chilldown supply-open

Ind.-T/C chilldown supply-closed

Switch-T/C chilldown supply valve

Ind. -Start tank purge supply valve-open

Ind. -Start tank purge supply valve-open

Switch-Start tank purge supply valve

Ind.-Start tank supply vent-open

Ind. -Start tank supply vent-closed

Switch-Start tank supply vent valve
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3. Engine Turbine Start Tank Pressurization System

The start tank pressurization system is used to spin the fuel turbine for the engine

start sequence. The J-2S engine uses a solid propellant turbine start (SPTS)

technique, thereby eliminating the start bottle and all associated valves and

controls. The interface between this system and the ESE are the umbilical lines.

The deletions in the umbilical functions and their effect on the ESE models are

listed below:

(a) At HB

_r_o2__Sys DigitalControl Console VCL 1 and 2 (Mainstage Manual Control

Panei-A2

Delete:

Ind. -Start tank vent open-cmd

Switch-Start tank vent pilot valve open-close

Ind.-Start tank emergency vent command-on

Switch-start tank emergency vent valve open-

close

3 patcheords deleted

3 pateheords deleted

2 patchcords deleted

5 patcheords deleted

(b) At STC

,propulsion system Control Console-VCL (Mainstage Manual Control Panel-A21

Delete same functions as at HB above.

Remote Pneumatic Control Console-Beta 1 and Beta 3 (Vehicle Supply Panel-A2)

Delete:

Ind. -Start tank dump-open

Ind.-Start tank dump-closed
Switch-Start tank vent valve

Ind.-Start tank emergency dump stand

Ind.-Start tank emergency dump stage

Switch-Start tank emergency dump valve

3 patcheords deleted

4 patcheords deleted

5 patehcords deleted

2 patcheords deleted

4 patehcords deleted

15 patcheords deleted

10-870



IBM

D5-15772-2

10.5.1.4.13 (Continued)

(c) At KSC

Engine Test Panel (406A5)

Delete:

Ind.-Comp test st tk discharge valve-open

Ind.-Comp test st tk discharge valve-closed

Ind.-Start tank sol energized

Switch-Comp test start tank discharge valve

Engine Preparation Panel (406A6)

Delete:

Switch-Start tank vent pilot valve

Switch-Start tank emergency dump valve

Meter-Start tank temperature

Meter-Start tank pressure

4. Chilldown System

The thrust chamber chilldown system maintains the proper percentage of saturated

liquid propellant at the turbine inlets to prevent a turbine stall during engine start.

The idle mode capability of the J-2S makes the entire chilldown system unnecessary.

Items such as the chilldown pumps, chilldown inverters, prevalves, valves,

frequency converter and transducers are eliminated. The deletions appear to the

ESE as umbilical pin function deletions which require many patching deletions and

control panel changes. These changes are outlined below.

The patchcord deletions under Electrical C/O Accessory Kit VCL #1 and 2 are

those which do not affect any manual control panels but affect interfaces with the

computer and various digital or analog display devices:

(a) At HB

Electrical C/O Accessory Kit VCL #1

Electrical C/O Accessory Kit VCL #2

Delete the following umbilical functions:
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Umb. Pin Function

404W2Jl-1, 2, 3

404W2Jl-18

404W2J1-34

411W]Jl-1, 2, 3

404W15J2-N

404Wl 5J2-P

404W15J2-Q

404W15J2-V

Meas-LOX C/D pump diff

pressure

Ind.-LH 2 C/D Valve open
Ind.-LOX C/D Valve closed

Ind. -LH2 C/D pump diff pressure

hid. -LOX C/D pilot relay reset

Ind.-LH2 C/D pump pilot relay reset

Ind.-LOX C/D pump inverter power

on

Ind.-LH 2 C/D pump inverter power
on

6 patchcord deletions

2 patchcord deletions

2 patchcord deletions

6 patchcord deletions

2 patchcord deletions

2 patchcord deletions

2 patchcord deletions

2 patchcord deletions

_'foo2ulsionSystem Control Console (Mainstage Manual Control Panel)

Delete:

Ind.-LH 2 pre-valve-closed

Ind. -LIt 2 pre-valve-open

Ind.-LOX pre-valve-open

Ind. -LOX pre-valve-closed

Switch-LH 2 and LOX pre-valves
Ind.-LH2 and LOX C/D shutoff closed

Ind. -LH 2 and LOX C/D shutoff open

Switch-LH 2 and LOX C/D shutoff valves

2 patchcords deleted

2 patchcords deleted

2 patchcords deleted

2 patchcords deleted

5 patchcords deleted

3 patchcords deleted

2 patchcords deleted

5 patchcords deleted

(b) At STC, the following changes will be made:

Elect. C/O Accessory Kit-Beta 1

Elect. C/O Accessory Kit-Beta 3

Elect. C/O Accessory Kit VCL

Umbilical function deletions are same miscellaneous functions as the Associated

Model at HB.
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Propulsion System Control Console Beta I and 3 (Mainstage Propulsion Manual

Control Panel-A2)

Delete:

Ind.-LOX pre-valve-open

Ind.-LOX pre-valve-closed

Ind. - LH 2 pre-valve-open

Ind.-LIt 2 pre-valve-closed

Switch-LH2 and LOX pre-valves

Ind.-LH 2 and LOX C/D shutoff-open
Ind.-LH2 and LOX C/D shutoff-closed

Switch-LH2 and LOX C/D shutoff valve

3 patcheords deleted

3 patchcords deleted

3 patchcords deleted

3 patchcords deleted

9 patchcords deleted

4 patchcords deleted

5 patchcords deleted

9 patcheords deleted

At KSC, the chilldown system deletions will have the following effects:

Recirculation Panel (406A1)

Delete entire panel.

Networks Panel (405A1)

Delete:

Ind.-LOX C/D relay reset

Ind.-LH 2 C/D relay reset
Ind.-LH2 C/D inverter power off

Ind.-LOX C/D inverter power off

Ind. -Chilldown pumps safe

Engine Preparation Panel (406A6)

Delete:

Meter-Eng. thrust chamber jacket temp

Events Display Panel

Delete:

Ind.-Prevalve emergency close cmd

Ind.-S-IVB LOX chilldown

Ind.-S-IVB LH chilldown

Ind.-LOX chilldown inverter power on
Ind.-LH chilldown inverter power on

10-873



IBM

D5--15772-2

i0.5. i. 4.13 {Continued)

5. Pneumatic Control System

The stage pneumatic control system provides regulated gas for certain purge and

control operations. Certain purge and control functions are not required on the

J-2S engine, such as the start tank vent valve control, the LOX chilldown pump

purge control, and the engine pump purge control. These functions were included

in the discussion of the start tank system and the chilldown system need not be
d is cuss ed further.

6. Ordnance System

The ordnance system consists of many EBW firing units and initiators used through-

out the stage to fire explosive charges or solid propellant motors. Implementation

of the J-2S engine deletes the requirement for the solid propellant ullage control

rockets. This deletes a total of four EBW firing units and initiators because of

the ignition and jettison systems. The J-2S engine has a new requirement for EBW

firing units; however, with the solid propellant turbine start (SPTS) technique.

There will be three SPTS gas generators furnished with the engine and each unit

uses two EBW firing units and initiators. Therefore, the impact on the ESE will

be an exchange of ullage rocket ignition and jettison functions with SPTS functions.

Another change resulting from the SPTS technique is the deletion of the gas

generator which presently drives the LOX and LH 2 turbines after engine start.

This change will result h_ further exchanges of gas generator functions with
SPTS functions.

(a) At HB, the following ESE models are affected:

Electrical C/O Accessory Kit - VCL #1

Electrical C/O Accessory Kit - VCL #2

Delete the following umbilical functions:

404WlJ1-48

404W2J1-51

404W4J1-58

CMD-EBW Ullage rkt fir
unit disable

Ind.-EBW Ullage rkt fir
unit enable

Ind.-EBW Ullage rkt

relay reset

3 patchcords deleted

2 patehcords deleted

2 patchcords deleted
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Add the following Umbilical functions:

404W2J1-42 Ind. -Mort #1 SPTS

ready

TBD Ind. -Mon #2 SPTS

ready
TBD Ind. -Mon #3 SPTS

ready

TBD Meas -Mort #2 SPTS

#1 EBW

TBD Meas -Mon #2 SPTS

#2 EBW

TBD Meas -Mort #3 SPTS

#1 EBW

TBD Meas -Mon #3 SPTS

#2 EBW

2 patchcords added

2 patchcords added

2 patchcords added

9 patchcords added

9 patchcords added

9 patchcords added

9 patchcords added

(b) At STC, the following changes will be made.

Electrical C/O Accessory Kit-Beta 1

Electrical C/O Accessory Kit-Beta 3

Electrical C/O Accessory Kit VCL

Additions and deletions are the same as for the Electrical C/O Accessory Kits

at HB.

Engine Safety Cutoff Set Rack Assembly

The Rocketdyne furnished gas generator temperature high-low cutoff panel assem-

bly (G1047) will be deleted entirely. In its place will be a SPTS monitor panel

which will either be furnished by Rocketdyne or built by McDonnell-Douglas. This

will be determined at a later date.

(c) At KSC, the following changes will be made:

EBW and Ordnance Panel

Re-identify:

Title "Ullage RKT Ignition" to "SPTS #i EBWS"
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Title "Ullage RKT Jettison" to "SPTS #2 EBWS"

All "Pulse Sensor Fired" indications to "SPTS #1 (or 2) Fired"

"Pilot Relays Reset" indication to "SPTS Armed"

Add:

Two meter circuits for "SPTS #3 EBWS"

Three Inds "SPTS #I Ready," "SPTS #2 Ready" and "SPTS #3 Ready"

Two "SPTS #3 Fired" indications

Delete:

Ind.-Ullage RKT fir units enabled

Switch-Ullage RKT fir units enable-disable

Events Display Panel

Delete:

Ind.-Ullage RKT fir unit enabled

Ind.-Ullage RKT ignition fir unit #1 fired

Ind.-Ullage RKT ignition fir unit #2 fired

Ind.-Ullage RKT jettison fir unit #1 fired

Ind.-Ullage RKT jettison fir unit #2 fired

7. Auxiliary Propulsion System

Since the J-2S engine has an idle-mode capability, the 72-1b thrust ullage engines

are no longer required. The effect on the electrical GSE is minimal, how-

ever, since there is only one umbilical talkback involved. This impact is shown

below.

(a) At HB and STC

Electrical C/O Accessory Kit

Delete the following umbilical function.

404W4J1-35 Ind.-Ullage relay reset
70-1b

2 patchcords deleted

in each area

(b) At KSC, one monitor is affected.

APS Launch and Monitor Panel (419A1)
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Delete:

Ind.-70-1b thrust ullage engine relay reset

8. Hydraulic System

Engine gimballing is accomplished with hydraulic actuator assemblies connected

to an engine driven hydraulic pump. Implementation of the J-2S engine will neces-

sitate a new pump assembly but this change will not affect the ESE in any way.

9. Propellant Utilization System

The propellant utilization system measures the quantity of propellant remaining

in each tank and controls the engine mixture ratio according to certain pre-pro-

grammed levels to achieve maximum stage payload and also to achieve simultaneous

depletion of propellants. This system also provides signals tothe engine cutoff

logic for cutoff at certain minimum propellant levels.

The J-2S engine has the capability of running to LOX depletion thereby eliminating

the requirement for the LOX depletion cutoff logic circuitry. This will cause

patching changes at HB and STC and control panel changes at KSC.

(a) At HB and STC

Electrical C/O Accessory Kits

Delete the following umbilical functions:

404W2J1-38

404W2J1-37

404W2J1-36

404W3J1-8

404W3J1-7

404W3Jl-14

404W4J1-57

Ind. -LOX point level

sens #1 wet cond on

Ind.-LOX point level
sens #2 wet cond on

Ind.-LOX point level
sens #3 wet cond on

Cmd.-Sire LOX pt

lvl sens #1 wet cond

Cmd.-Sire LOX pt
lvl sens #2 wet cond

Cmd.-Sire LOX pt
lvl sens #3 wet cond

Ind. -LOX point level
sens #4 wet cond on

on

on

on

2 patchcords deleted

2 patchcords deleted

2 patehcords deleted

2 patehcords deleted

2 patcheords deleted

2 patchcords deleted

2 patchcords deleted
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404WiJ1-55 Cmd -Sim LOX pt

lvl sens #4 wet cond on
5 patchcords deleted

(b) At KSC

Engine Test Panel (406A5)

Delete:

Ind.-LOX sensor No. 1 wet

Ind.-LOX sensor No. 2 wet

Ind.-LOX sensor No. 3 wet

Switch-Simulate LOX sensor #1 wet

S_¢itch-Simulate LOX sensor #2 wet

Switch-Simulate LOX sensor #3 wet

Re- ider, tffy:

!nd.-"LOX/LH Sensor #4 Wet" to "LH Sensor #4 Wet"

Delete switch position "LOX Sensor #4 Sim Wet"

Events Dis p_la_y__Panel

Delete:

Ind.-LOX cutoff sensor #i wet

Ind.-LOX cutoff sensor #2 wet

Ind.-LOX cutoff sensor #3 wet

Ind.-LOX cutoff sensor #4 wet

10. Instrumentation and Telemetry System

The instrumentation and telemetry system transmits all stage measurements to

a Digital Data Acquisition Station (DDAS) for decommutation. Then the entire

data field is stored in the computer memory so that any or all measurements may

be printed out for analysis. Measurement changes resulting from the J-2S en-

gine will not have any hardware effect on this part of the ESE.

There are a few measurements that are routed through the digital-to-analog con-

verters in the DDAS. These measurements are then made available for oscillo-

graph display or control panel indications. Any changes in these measurements

will result in hardware changes such as patchcord deletions or monitor panel

changes. The vast majority of measurements associated with the J-2S engine
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implementation are not routed to graphs or panels, particularly at HB and STC.

The impact of these measurement changes on the ESE is shown below.

(a) At HB, there will be only three measurement exchanges and no

hardware changes.

Exchange K6 "ignition phase control sol energized ind." with

TBD "idle mode control sol energized ind."

Exchange Kll "gas generator spark system ind." with TBD

"SPTS initiatedind."

Exchange K96 "start tank discharge control ind." with TBD

"mainstage start control sol on"

(b) At STC, there will be four measurements deleted at Beta 1 and 3

which affect patchcords only.

Electrical C/O Accessory Kit - Beta 1

Electrical C/O Accessory Kit - Beta 3

Delete:

D218

D219

F4 LOX circ

F5 LH 2 circ

(c)

LH 2 chilldown pump diff pressure

LOX chilldown pump dfff pressure

pump flow rate

pump flow rate

At KSC, there will be four monitor panels affected.

3 patchcords deleted

3 patchcords deleted

6 patchcords deleted

6 patchcords deleted

These func-

tions have been covered in the previous discussions on the chilldown system, start

bottle system and the ordnance system but will be repeated here for clarity.

Recirculation Panel (406A1)

Delete:

D103

F4

F5

Meter-LOX pump cav
Meter-LOX flow rate

Meter-LH flow rate

pressure
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i0.5.1.4.13 (Continued)

Engine Test Panel (406A5)

Delete:

K6 ' Ind.-Ignition phase cont sol energ.

Kll Ind.-Gas gen spark sys on

K96 Ind.-Start tank disch sol energ

K105 Ind.-Eng. pump purge press not high

KlI7 Ind,-Gas gen valves open

K122 Ind.-Stact tank disch valve open

K[24 Ind.-LOX turbine bypass valve open

K125 Ind.-LOX turbine bypass valve closed

._.:n._:_ne .P___e2ai atlon Panel L40_

C6 Meter-Eng start tank temp

C7 Meter-Eng helium cont bottle temp

C199 Meter-Eng thrust cham jacket temp

D17 Meter-Eng start tank press

D19 Meter-Eng helium cont bottle press

DS0 Meter-Eng pump purge press

EBW and Ordnance Panel (409A1)

Delete:

K149

K150

K176

K177

M64

M65

M66

M67

Ind.-Ullage RKT jettisonfir unit #1 pulse sensor fired

Ind.-Ullage RKT jettisonfir unit #2 pulse sensor fired

Ind.-Ullage RKT ignitionfir unit #1 pulse sensor fired

Ind.-Ullage RKT ignitionfir unit #2 pulse sensor fired

Meter-Ullage RKT ignitionfir unit #1 charge voltage

Meter-Ullage RKT ignitionfir unit#2 charge voltage

Meter-Ullage RKT jettis_afir unit #1 charge voltage

Meter-Ullage RKT jettison fir unit #2 charge voltage

c. IU Electrical Support Equipment

The purpose of the IU ESE paragraph is the definition of ESE modifications required

by the J-2S engines used on a Saturn V vehicle for a LOR mission. The ESE

modifications were determined by considering the changes necessary to uprate

a baseline AS 505 IU for use on the LOR mission. Implementation of the J-2S

engines on a Saturn V vehicle and the mission requirements of a LOR mission
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10.5.1.4.13 (Continued)

will require no hardware modifications to the ESE since the LOR mission require-
ments add no additional hardware or hardware requirements. The software will
require minor changesin the automatedsubsystem checkout programs and the IU
overall checkout program.

1. Automated SubsystemCheckoutPrograms

The following subsystem checkout programs will require test parameter changes

and/or minor program rewrite for the LOR mission.

Control Subsystem

A 1 Gain

A 0 Gain

Control Systems Nulls

Control Relay Redundancy

Engine Deflection

Electrical Subsystem

Power Distribution and Control

General Networks

Simulated Plug Drop

2. IU Overall Checkout Program

The IU overall checkout program is a general program applicable to all Saturn V

vehicles with little or no modification from one vehicle to another. The mission

requirements of the LOR mission are such that the basic checkout program does

not require modification. All changes due to the LOR mission can be loaded into

the basic program via user controlled data tables. These tables can be updated

and maintained to the latest mission requirements to be inserted into the basic

program without impacting that program.

Similar programs at KSC will also require updating.

10.5.1.4.14 Propellant Management

The propellant management system monitors .propellant mass for control of pro-

pellant loading, utilization and depletion. Components of the system include con-

tinuous capacitance probes, propellant utilization valves, liquid level sensors and

electronic equipment.

f
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10.5.1.4.14 (Continued)

The propellant utilization provides for control of propellant consumption during

engine burn periods by controlling the usage ratio of the LOX to assure minimum

propellant residuals at termination of flight. The subsystem is capable of re-

ducing the stage propellant residual to less than 0.25 percent of the total pro-

pellant mass loaded (or a three sigma of 575 lbs), under the assumption that the

engine burns until a propellant depletion signal is received. The propellant utili-

zation subsystem is activated during flight for first and second burn, beginning

shortly after engine start and is deactivated after engine cutoff. During second

burn, normal cutoff will be initiated by either the IU or by a signal from the tank

depletion sensors.

a. S-II Propellant Management

Incorporation of the J-2S engine on the S-II stage will require no additional hard-

ware impact to the propellant utilization system.

b. S-IVB Propellant Management

Since the response of the propellant utilization system depends on the mainstage

performance of the engine, a comparison was made between the J-2 and J-2S

engine performance characteristics. A comparison between the J-2 engine pro-

pellant utilization valve characteristics presently being used for closed loop pro-

pellant utilization system operation and the estimated J-2S engine propellant uti-

lization valve characteristics indicates that the nonlinear shape of propellant uti-

lization valve characteristics will not change significantly. The propellant utili-

zation valve LOX corrective flow gain for the J-2S engine is near 83.5 lbs LOX

per second per EMR at a bridge gain ratio of 5.0:1.0. This gain is based on the

J-2S engine weight flow versus engine mixture ,ratio characteristics presented in

the J-2S Interface Criteria Document of May 7, 1968. The gain is also shown to

be independent of the calibrated thrust level of the J-2S engine. The correspond-

ing LOX corrective flow gains for the J-2 engines presently being used for closed

loop propellant utilization system operation are within one db of the J-2S values.

This small gain difference indicates that, although the J-2S engine thrust and flow

characteristics have been increased over the characteristics of the J-2 engine,

the LOX corrective flow gain does not display any significant change. Therefore,

a +4.5 db adjustment presently available in the propellant utilization system motor

loop feedback network provides adequate propellant utilization system gain ad-

justment capability without propellant utilization system modifications.

The transfer of the LOX cutoff responsibility to the J-2S engine results in a change

in the amount of trapped and unavailable LOX which must be used in revising the

end point of the LOX calibration. No other changes are required.
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i0.5. i. 4.14 (Continued)

Closed loop propellant utilization system operation is recommended by the S-IVB

stage contractor for the J-2S/S-IVB stage during the LOR mission. No propellant

utilization system modifications are required to utilize the J-2S engine. However,

the open loop low EMR command for engine restart will not be required. Recom-

mended propellant utilization system operation is based on the Boeing Company

design trajectories and status report.

The recommended modes of propellant utilization system operation for the LOR

mission are presented below:

Burn Period Mode of Operation Commanded EMR

First Open Loop 5.0/1.0

Second Closed Loop 5.0/1.0

The open loop mode of operation during first burn eliminates the need of an LH 2

boiloff bias and, therefore, the sequencing associated with the bias.

c. IU Propellant Management

Since the IU only issues sequence commands to the stage for Propellant Manage-

ment, no hardware changes will be associated with J-2S incorporation.

Utilizing the closed loop propellant utilization system recommended by the S-IVB

stage contractor, however, will require software modifications to the IU software.

Present Saturn vehicle design has the capability of placing into orbit, with the open

loop propellant utilization system, payloads specified in the J-2S study. The open

loop system is a preset mixture ratio to be activated by the IU Switch Selector at

a predetermined time of flight. Continuing with the open loop propellant utiliza-

tion system as flown on AS 503 would be more appropriate relative to guidance
software modifications.
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10.5.2 J-2S/Synchronous Astrionic System Interface

10.5.2.1 Purpose

This paragraph of the J-2S Improvement Study (Astrionic System Inte_ration Synchro-
nous Mission) defines the differences between the three-stage Saturn V vehicle

J-2S/SA 511 (Reference Fig_are 10.5.2.1-1) configured for the Synchronous Orbit

Mission (Reference Figure 10.5.2.1-2) and the three-stage Saturn V vehicle J-2S/

AS 511 configured for Lunar Orbital Rendezvous (defined in paragraph 10.5.1).

If an existing system is changed only the changes or additions are des-

cribed in this document and the Astrionic Handbook, Saturn V

Flight Manual and/or the J-2S/LOR Astrionic System Report (para. 10.5.1) is

referenced for a more detailed description. Modification peculiar to J-2/J-2S

interface wilt be so noted. Each illustration in this paragraph is referenced to a

corresponding illustration in the document from which it was taken.

1_).5.2.2 J-2SAstrionic System(Synchronous Orbit)

The overall Astrionic System of the J-2S/Synchronous AS 511 Vehicle is shown

in simplified block diagram Figure 10.5.2.2-1. The major portion of the Astrionic

System is located in the Instrument Unit (IU), which is mounted on top of the S-IVB

stage. Basic Astrionic System Functions are explained in pararraph 10.5.1.2 of the
J-2S/LOR section.

The operational lifetime of the IU is limited by the capacity of the power supply

(batteries) and the water supply of the environmental control system.

Characteristics of the Synchronous Orbit mission vehicle are:

The IBM study report entitled "IU Lifetime Extension to Meet Require-

ments of a Saturn V Synchronous Orbit Mission" (Reference 10.4-39) is

used as a basis for the mission description and constraints.

The SynchronousOrbit mission will consist of from 0.5 to 7.5

hours in low-earth waiting orbit, 5.5 hours in Hohmann transfer to

Synchronous altitude, and 2.0 hours at Synchronous altitude. Thus,

three S-IVB burns are required with a maximum IU lifetime of 15 hours.

An unlimited hover point capability is required for the equatorial case

and for Synchronous Orbits inclined up to 64 o. The IU modifications

must meet the requirements of this spectrum of missions to permit

flexibility in mission planning.
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SOLID ULLAGE ROCKET AND RETROROCKET SUMMARY

TYPE QUANTITY NOMINAL THRUST PROPELLANT GRAIN
AND DURATION WEIGHT

278.0 POUNDS

STAGE

S-IC

S-IT

S-IVB

RETROROCKET 8 75,800 POUNDS-
O.541 SECONDS

RETROROCKET 4 34,810 POUNDS
I.52 SECONDS

_i_-:'.'!:!i}_i::.:!:}:i:i:i:_:i_i!_!i_i:::::::::::::::::::::::::.......- ...:_.

_i;_=>_._;_.>x_..¢.-=...:.:...........-.

268.2 POUNDS

. :.:i:::_.:::::

|

ENGINE DATA

ENGINE NOMINAL THRUST

STAGE QTY MODEL I EACH [ TOTAL

1S-IC 1 5 I F-I I 1,526,500 I 7,632,500

_:_:_.'_-: _: ..:_:.1:.__,,_=:(m_

S-IVB
STAGE

S-II
STAGE

363 :EET

STAGE DIMENSIONS

DIAMETER

S-IC Base 63.0 FEET
(including fins)

S-IC Mid-stage 33.0 FEET

S-IT Stage 33.0 FEET

S-IVB Stage 21.7 FEET

Instrument Unit 21.7 FEET

LENGTH

138 FEET

81.5 FEEl

59.3 FEEl

3.0 FEET

S-IC

STAGE

)_.._,

STAGE

S-IC

S-II

S-IVB

S-IU

SATURN V STAGE MANUFACTURERS

MANUFACTURER

THE BOEING COMPANY

NORTH AMERICAN-ROCKWELL

McDonnell Dou_la_ Astro_autice Co,

INTERNATIONAL BUSINESS MACHINE CORP.

PRE-LAUNCH LAUNCH VEHICLE
GROSS WEIGHT m6,368,000
POUNDS

* MINIMUM VACUUM THRUST AT 120°F

:::_::::_::_AREA CH_uNOED

NOMINAL VACUUM THRUST AT 6O°F

NOTE: THRUST VALUES, WEIGHTS, AND BURN TIMES ARE ALL APPROXIMATIONS.

Ref. 10.4-32, Fig.l-3

F IG_U_RE i0.5.2, i-I. J-2S/LOR SATURN V LAUNCH _EHICLE
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I I IIII

SYNCHRONOUS

65,792 LB'

i _" _
/

/
/ 3RD S-IVB BURN

/S-IC CUTOFF-; _

S-I.I CUTOFF_ t _ _. l\
' \ 5.3 HR|

'_'_ "I TRANSFER'I ,sT j TIME l

J
t{'_N. M .)_B i r_., .,., _ /

S-IVB

k BURN /

",., / /

\

S-IVB

(11
(2)

(3)

(41

(5)

(61

IDLE MODE - 1 SEC
MAINSTAGE TO ORBIT
MAINSTAGE CUTOFF
COAST 5 ORBITS - 1.5 HR
IDLE M3DE - 100 SEC.
MAINSTAGE TO TRANSFER
TRAJECTORY

(/I MAINSTAGE CUTOFF
(8) COAST -5.3 HR

(9) IDLEMODE - I00SEC

(I0)MAINSTAGE TO ORBIT

(II)MAINSTAGE CUTOFF
I I

Ref i0.4-i

FIGURE i0.5.2.1-2. SYNCHRONOUS MISSION
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U

I

"o

I
I

I

...,.,....-

I
I

I I I

u_

K

Ref i0.4-31, Fig. 1.4_2

FIGURE 10.5. 2.2-1. SYNCHRONOUS ORBIT ASTRIONIC SYSTEM BLOCK DIAGRAM
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10.5.2.2 (Continued)

During the Hohmann transfer, the vehicle will be in total sunlight and

will be oriented with its roll axis perpendicular to the sun (S-IVB

constraint).

During the Hohmann transfer, the vehicle will roll at 1 revolution

per hour (S-IVB constraint).

The second S-IVB burn and third S-IVB burn must be such that

ground coverage is maintained during the burns.

The IU must have a continuous communication capability during

the Hohmann transfer and at Synchronous altitude.

10.5.2.3 J-2S/Synchronous Electrical Interface

The J-2S/Syachronous Improvement Study launch vehicle is identified to the basic

J-2S/LOR vehicle profile. The electrical interface is shown in Figure 10.5.2.3-1.

t0.5.2.4 J-2S/Synchronous Astrionic Subsystems

10.5.2.4.1 Navigation and Guidance

The hardware for the J-2S/Synchronous Guidance System will not require modifi-

cation. The basic guidance philosophy as given in the Astrionic System Handbook

will not be changed for the J-2S/Synchronous mission. The flight program will

require programming changes to guide the vehicle with the J-2S stages and to

meet mission constraints. Program changes are discussed in more detail in

paragraphs 10.5.2.4.3 and 10.5.2.4.10.

There will be no hardware impact modifications to meet the large yaw require-

ments of certain Synchronous Orbit missions. This requirement will be met by

using a yaw bias technique. This technique involves intentional offset of

the ST-124M Platform to take advantage of the available 90 ° range of yaw.

(Reference 10.4-39)
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lU TO SPACECRAFT

EDS LIFTOFF
EDS AUTO ABORT

+28 VDC FOR EDS

•!_. Y_.._R. _._A_k.......
:!__l:_:i:__l;_:i:_,_,15_:!_¢.i'
GUIDANCE REFERENCE RELEASE
AGC LIFTOFF
S-Ii AND S-IVB FUEL TANK

PRESSURE,_
LV ATTITUDE REFERENCE

FAILURE_:
LV RATE EXCESSlVE _

EDS ABORT REQUEST_'
S-II START/SEPARATION_,
STAGE ENGINES OUT_:

___.= VISUALLY DISPLAYED

S-II TO S-IVB

+28 VDC FOR RETRO-ROCKET
PRESSURE TRANSDUCER

S-IVB ENGINE START ENABLE

|U TO STAGES

STAGE ENGINE ACTUATOR COI_MANDS
STAGE ENGINE ACTUATOR MEASURING

VOLTAGES
+28 VDC FOR SWITCHING AND

TIMING
STAGE SWITCH SELECTOR SIGNALS _-i(.

(VERIFY, COMMAND, ADDRESS,

READ, RESET, ENABLE) _ ,=_,,_
STAGE EDS COMMAND ENGINES OFF

S-IVB ATTITUDE CONTROL SYSTEM
COMMANDS

TELEMETRY CLOCK AND SYNC.

t;e ST_.Gt_S.*..ii:i!ii_:_:i:_!_!i_i!_:_i_:_:i:."_l..,...,...#' ! i, .........'_;
:..:,:.:..._:._..:...'.:..,:,.....-'..:.,:..:,.............._._:::..._:_:::_'._"

I_g""_"Y' _g_'O'_"_""I/__To_:i:i,_:_]
 .siiiiiiiiiiiiiiiiiiiiI

_:h.:_::}:!:.:!:::!:_:_:_:_:_:!:::!:_:!:_::_}:_:_:_:_:_:_:_:_:_:_:.:.:_:_:.:.:}:_:_:.:.:._:_

* TWO STAGE VEHICLE CHANGES ONLY

/

r

v

SPACECRAFT TO IU

+28 VDC TO EDS
LV ENGINES CUTOFF TO EDS
ATTITUDE ERRORSIGNALS
Q-BALL PITCH AND YAW
S-IVB ENGINE CUTOFF
AGC COMMANDPOWER

S-IVB IGNITION SEQUENCE
START

AUTO ABORT DEACTIVATE
INITIATE S-II/S-IVB

SEPARATION,S)

SPACECRAFT CONTROL
DISCRETEly.

TRANSLUNAR INJECTION

INHIBIT(_)

IU COMMAND SYSTEM ENABLE:_
"_ = MANUALLY INITIATED

S-IVB TO IU

+28 VDC FOR TIMING
SWITCH SELECTOR ADDRESS

VERI FI CATION

LOX TANK PRESSURE
FUEL TANK PRESSURE

RSCR & PDS EBW FIRING UNIT

ARM AND ENGINE CUTOFF ON
ENGINE THRUST OK

TELEMETRY SIGNALS

S-II TO IU

ENGINE ACTUATOR POSITIONS

+28VDC FOR TIMING
S-IC STAGE SEPARATED

AFT INTERSTAGE SEPARATED

S-II STAGE SEPARATED
S-IT ENGINE OUT

S-IT PROPELLANT DEPLETION

SWITCH SELECTOR VERIFY
FUEL TANK PRESSURE -

ENGINE THRUST OK

LOX TANK PRESSURE

• ! ii

S-IC TO IU

ATTITUDE CONTROL ACCELEROMETER
SIGNALS

ATTITUDE CONTROL RATE GYRO

SIGNALS
+28 VDC FOR TIMING

ENGINES OUT

OUTBOARD ENGINE CUTOFF
S-IT ENGINES START ENABLE

SWITCH SELECTOR ADDRESS

VERI FY
S-IC THRUST OK

Ref 10.4-34, Fig. 1-4

FIGURE i0.5.2.3-1. STAGE ELECTRICAL INTERFACE FLOW
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10.5.2.4.2 Attitude Control

a. S-II Attitude Control

Performance of the S-II stage will be identical to the J-2S/LOR mission; there-

fore, no modifications will be required.

b. S-IVB Attitude Control

Converting from J-2S/LOR to J-2S/Synchronous missions will require no hardware

modifications additional to those discussed in the J-2S/LOR report, paragraph

10.5.1.4.2 b.

c. IU Attitude Control

Converting from J-2S/LOR to J-2S/Synchronous missions will require no hardware

modifications additional to those discussed in the J-2S/LOR report, paragraph

10.5.1..4.2 c.

10.5.2.4.3 Mode and Sequence

a. S-II Mode and Sequence

Converting from the J-2S/LOR to the J-2S/Synehronous mission will require no

hardware impact additional to those described in the J-2S/LOR report, paragraph

10.5.1.4.3 a.

b. S-IVB Mode and Sequence

Converting from J-2S/LOR to the J-2S Synchronous mission requires twenty-two

switch selector assignments in addition to those discussed in paragraph 10.5.1.4.3b,

twelve of which are required for passivation. The remaining ten controls are re-

lated to the Electrical Equipment Heater Blankets and Tape Recorder. These ad-

ditional switch selector channel assignments are listed in Table i0.5.2.4-I.

See Figure 10.5.2.4-1.

Additional switch selector channel assignments for the J-2S/Synchronous Orbit

are listed in Table 10.5.2.4-I.

c. IU Mode and Sequencing

Converting from J-2S/LOR to S-2S/Synchronous Orbit will require no additional

hardware changes to the basic IU Mode and Sequencing System. However, as a re-

sult of modifications to the communication system modification the electricat system
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Ref 10.4-32, Fig. 7-20

NOTES: SIGNAL RETURN LINES FROM THE SWITCH SELECTORS, THROUGH THE CONTROL
DISTRIBUTOR, TO THE {VDA ARE :_OT SHOWN IN THIS FIGURE.

THE LETTERS USED TO LABEL IHTERSTAGE CONNECTIONS BETWEEN UNITS ARE

NOT ACTUAL Pit`'OR CABLE CONNECTORS. THE LETTER CODE IS DENOTED

BELOW :

a : 8-DIGIT cor4MAND (8 LINES)

b : FORCE RESET {REGISTER) (l LI>_E + I REDUND_T LINE)

c : REGISTER VERiFICATIUH (t,LINES)

d = READ CO_,IAND (1 LIT,'[+ I REUUNDANT LINE)

f STAGL SELECT LIHES r-

n (I LINE + ] REi;UNDANT LltiE)
,_ Is'
j : b, c, d, e, f, 9, AND h T(} IU TELEMETRY JS

k = REGISTER TEST) IT

ZERO Ir;DICATEI TO STAGE TELEMETRY IP,5W SEL OUTPUT (I LIFJE EACH)

;'_ = +28 VDC FRO!.ITHE IrISTRUMEFIT UNIT

L VDA

DIGITAL t

INPUT _ --
I_LTI PLE,<ERJ

I

d

c.

I LVDC __

RECEIVER I [_I

I GROUNDCOMPUTER I
IIAI]III
_ b ¢ d f'j h

T[ LE:.!LT ;!:' ],VIE _hAS ,-r rr_ • _
I , d e ] _+.i.&,.4_4_&, . . : . ....

;iiii{_i;_iii{i::iiiii::iiiii::i':i::i_ii|i_::_iiIi::|iitii::
"-'-:]_i:i[:i:]_:i:i:-:-:.:.:_::_::_::]_:_::_i_!:i_j:$:i]_i:

::F.._:iE:i:£:'::i:i:i:::::3_:i:?:i:ig_:"J:":: _:
:::::::::::::::::::::::::::::::::::::::::::::::::::::::
::::::::::::::::::::::::::::::::::::::::::::::::::::

i:!:._!!:.[.:.!_:!i!i!:!_!i!:!:!:!:!_!:!._:_!:_!:!._:!:_.%,!_:!
I I I I i I I

ELECTRICAL
SUPPORT EQUIPMENT

1%TRIBUTflF_iI

iiiiiiiiiiiiiiii iiiiiiili._iNi!i{_}:!.

1 I_ ,_UTPUT LIHES

I .i _;J e,

L_

S,'HTCH
SELL ",T:';_ ']

iii_R_::_i::}_:_._
}_CONTRO':!:!_i}il_
!_5.LRCU!T:R:Y!:!:_

STAGE TELEMETRY _ I _

AHD ODAS __".'_:!:!::14)- '

STAGE +2_ vdc1_.._.:_i_,_. - ::

112 UUTPUT LINES_ i

• --........-,,;'A_ :.:.:.:.. SELELTO/_ I

STAGE TELEMETRY

AND DDAS

l]2 OUTPUT LINES t

STAGE TELEMETRY

AND UDAS

STAGE +28 vdc/-I i

112 OUTPUT LINES I

il 9 .':

iU

S.IVB STAGE

S-II STAGE

ilili_! .AREAS M,ODIFIED/ADDED

SAC STAGE

FIGURE 10.5. 2.4-1. SYNCHRONOUS ORBIT SWITCH SELECTOR

FUNCTIONAL CONFIGURATION
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TABLE 10.5.2.4-1. ADDITIONAL SWITCH SELECTOR CHANNEL

ASSIGNMENTS FOR THE SYNCHRONOUS MISSION

THERMAL CONDITIONING

1. Electrical Equipment Heaters Enable

2. Electrical Equipment Heaters Disable

TELEMETRY

3. Slow Record ON

4. Slow Record OFF

5. Record Playback ON

6. Record Playback OFF

7. Fast Record ON

8. Fast Record OFF

9. Emergency Playback Reverse ON

10. Emergency Playback Reverse OFF

11. Emergency He Dump ON*

12. Emergency He Dump OFF*

13. Pneumatic System Vent ON*

14. Pneumatic System Vent OFF*

15. Propellant Dump Solenoid Valve Closed*

16. Propellant Dump Solenoid Valve Open*

17. Idle Mode Control Valve (Solenoid) Open*

18. Idle Mode Control Valve (Solenoid) Closed*

19. Mainstage Start Control Valve Open*

20. Mainstage Start Control Valve Closed*

21. Mainstage Control Valve Open*

22. Mainstage Control Valve Closed*

* Required for In-Orbit Passivation
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10.5.2.4.3 (Continued)

cabling and sequencing logic must be modified due to the new system requirements

and the relocation of components.

The sequencing logic for the three coax switches will be similar to the CCS coax

switch sequencing logic used on S-IU-506. Three switch selector commands will

be used to select one of the three outputs of each coax switch. ESE simulate

commands will be provided for each of the switch selector outputs. The position

of each coax switch will be monitored by two telemetry measurements. Each

measurement will indicate one of the energized positions. The absence of both

measurements will indicate the de-energized position of the switch. A total of

nine ESE commands will be required to simulate the nine switch selector commands.

See Figure 10.5.2.4-1.

To prevent antenna pattern interaction, only one power amplifier at a time will be

active. The power amplifiers will be enabled and inhibited by switch selector

commands. Two separate commands are required for each power amplifier to

prevent loss of communication during the transition from the inhibited to the enabled

stage. A 15-second warm-up period is required before the standby
amplifier can become operational. A total of four switch selector commands and

four ESE simulate commands will be required for the power amplifier enabling and

inhibiting. Te]emetry measurements will monitor the status of each power
amplifier enabling/inhibiting circuit.

Approximately fifteen switch selector commands will be required to initiate the

desired sequencing and inhibiting of the power amplifiers and antennas. Approxi-

mately ten relays and thirty-five diodes will be required in the distributors for

the sequencing and inhibiting logic.

Also, two separate switch selectors commands will be required to shut down IU

power at the end of IU lifetime.

Refer to paragraph 10.5.2.4.10 for the Flight Sequence table.

10.5.2.4.4 Measurement and Telemetry

a. S-II Measurement and Telemetry

Converting from J-2S/LOR to J-2S/Synchronous mission will require no modification

additional to those _liscussed in the J-2S/LOR report, paragraph !0.5.1.4.4 a.
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10.5.2.4.4 (Continued)

b. S-IVB Measurement and Telemetry

Measurements associated with the S-IVB J-2S engine are described in J-2S/LOR

report, paragraph 10.5.1.4.4 b. A comparison of the operational telemetry lists

for the S-IVB/J-2 and S-IVB/J-2S stages indicate the S-IVB/J-2S stage will re-

quire 47 additional measurements, 54 deletions, and range changes for 9 measure-

ments. During R&D phases of the Synchronous program, it is anticipated that an

additional 166 measurements will be required or a net change of 112 measurements.

The deletions fall into the same category as for the LOR mission. The operational

additions all fall into the same catego_ as for the LOR mission. The R&D measure-

ments are a general augmentation of the engine, APS and tankage instrumentation.

The present instrumentation system cannot accommodate this many new measure-

ments without additional equipment. A brief discussion of these changes is found

in the following paragraphs.

The present system must be augmented to telemeter the additional Synchronous

Orbit measurements. The recommended system is outlined below and shown in

Figure 10.5.2.4-2.

Addition of 2 Model 270 Multiplexers.

Addition of 2 Low Level Remote Submultiplexers.

Re-Program the Model 301 PCM/DDAS Assembly for Time Sharing

3 Model 270 Multiplexers in the Present CP Multiplexer Time Slot.

All present measurements on the CP multiplexers will be cross-strapped to the

same channels on the two added Model 270 Multiplexers. This will maintain a

sample rate of 120 or 12 sps for these measurements. Prime channels 6, 7, 8

and 15 are opened up for Remote Analog Multiplexer inputs. As a sample rate

of 120 sps will satisfy the requirements of the Synchronous Orbit measurement,

provisions are available, on each of the three multiplexers, for 4 remote sub-

multiplexer inputs (40 low-level measurement) and 14 high-level (0-5V) inputs

to be measured at 4 sps. Considering all three multiplexers, this will provide

for 120 temperature measurements, via remote analog multiplexing and 42

other measurements conditioned and inserted in the Model 270 Multiplexer

for measurement at a 4 sps rate.

The vehicle RF and/or TM systems must be modified if they are to be used to

facilitate data recovery during the final portion of the transfer orbit and the

final burn of the S-IVB. Calculations based on the current 18-watt configuration

of the Saturn V and utilizing the TLM 18 tracking net indicate that threshold will

occur at a nominal altitude of 5,000 miles.
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10.5.2.4.4 (Continued)

Since the vehicle is experiencing a roll during the transfer orbit maneuver and its

axis is perpendicular to the sun, a ground station may fall anywhere in the complete

sphere of the radiation pattern of the vehicle. Further, since at 20,000 miles dis-

tance the earth subtends an angle of 28 ° with respect to the vehicle, the entire

earth (and therefore all antennas on earth) could fall within a single null of the pat-

tern. Therefore, it must be assumed that to completely preclude the loss of data,

the system must be improved sufficiently to assure ground station look in a worst-

case condition. The worst nulls in the vehicle pattern go to - 18 dbm with respect

to an isotrophic radiator.

With the existing system characteristics, there is an 80% probability of

receiving data at a single TLM-18 ground receiver. With two ground receivers

there is a 96% probability of receiving data. With three ground receivers the

probability rises to 99.2%.

Six systems were analyzed in the Synchronous Orbit study. The S-IVB contractor

recommended system adds two 1A77080 40 watt amplifiers, one at each antenna,

using the Mod II RF assembly, as drivers. This would increase the antenna power

from a nominal value of 4.4 watts (22 watts nominal transmitter output through

a nominal 7 db insertion loss) to 40 watts for an improvement of approximately

10 db. This system is shown in Figure 10.5.2.4-3.

c. IU Measurement and Telemetry

The S-IU-511 baseline IU contains four Measuring Racks with a total of 80 signal

conditioner slots. The S-IU-506 IP&C list contains measurements which use 73

of the 80 signal conditioners.

There are many measurements (e.g., vibration and battery temperature) which

would be desirable from a postflight analysis standpoint. The addition of these

measurements would have resulted in the requirement for a fifth Measuring Rack.

However, since none of these could be considered in the mandatory category

(a mandatory measurement is defined here as one which if not obtained

might jeopardize the lives of the crew} it was not recommended that these

measurements be added to the IP&C list for the Synchronous Orbit mission.

Hardware modification for the J-2S/Synchronous mission CCS telemetry are

discussed in paragraph 10.5.2.4.5 c IURadio Command System.

The Mission Control Data will be cross-strapped between the S-IVB and IU as

implemented in the baseline vehicle. No hardware modifications are necessary

in this area.
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10.5.2.4.5 Radio Command

a. S-II Radio Command

Converting from J-2S/LOR to J-2S/Synchronous will require no hardware modi-

fications to the S-II Radio Command. More detail is given in paragraph 10.5.1.4.5.

b. S-IVB Radio Command

Converting from J-2S/LOR to J-2S/Synchronous will require no hardware modi-

fication to the S-IVB Radio Command.

c. IU Radio Command System

The combination of S-IVB stage constraints (to be oriented with the roll axis per-

pendicular to the sun and roll at one revolution per hour) for a continuous communi-

cation capability during Hohmann transfer impose new requirements on the CCS

system antenna configuration. The present CCS omni capability is insufficient

at altitudes encountered in this mission. Further, the single CCS directional

antenna cannot be pointed during the Hohmann transfer because of S-IVB stage

constraints. Mission requirements based on vehicle to ground station positional re-

lationships, showed that the IU required a capability to communicate in a donut-

shaped pattern around the IU. The conclusion was reached that by using proper

combinations of pitch and yaw to maintain the sun pointing during the Hohmann

transfer, a 70 ° width of the donut-shaped pattern (nose to tail) would be
sufficient.

To meet the communications requirement imposed during the Hohmann transfer,

a configuration employing six of the present CCS directional antennas is re-

commended. The selection of a single antenna for "pointing" purposes will be

controlled by the LVDA/LVDC and Switch Selector. To maintain satisfactory

circuit margins, two modified Power Amplifiers are used. A power divider

and coax switches are added to permit antenna selection.

IU hardware measurement and telemetry modifications as a result of converting

from J-2S/LOR to J-2 S/Synchronous mission are summarized as follows

(Figure 10.5.2. 4-4).

The current CCS Power Amplifier will be replaced by two modified

Power Amplifiers.

Five additional CCS directional antennas will be added.
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1(i 5.2. t.5 (Contim_ed)

One additional power divider will be installed.

Two additional coaxial switches will be added.

:['he Modification of the RF down-link subsystem was limited to equipment in the

UttF band. Limiting improvements to the UHF band was chosen because the VHF

hardware did not offer as mueh improvement potential in gains per unit size,

ground network coverage, etc. and to conform with the FCC direction to

abandon the VHF spectrum by 1970.

Circuit margin analysis of the CCS system indicated that with a nominal 20-watt

power amplifier a minimum vehicle antenna gain of + 4.5 db would be required

for satisfaetory reception of the down-link PCM telemetry. This requirement
was based on:

Synchronous altitude, 5 ° elevation angle.

30-foot dish ground antennas.

Continuous vehicle roll at one revolution per hour.

The spectrum of mission constraints dictated the antenna beam pattern or cover-

age necessary. Essentially, this is an omni-directional antenna system with a

required minimum gain of + 4.5 db.

A basic problem in achieving this type of omni coverage is that any final design

will turn out to be non-omnidirectional. The use of multiple elements is man-

datory to minimize the shadowing effects of the vehicle. The use of elements

around such a large vehicle, although posing problems, provides an adequate

radiation pattern. Feeding these antennas in parallel simplifies the system

design and operational use, but usually produces interference pattern lobing

with deep nulls and wastes power through power division to the antennas and

resultant transmission not beamed at earth stations. The optimum omni-

directional antenna system for this type of application, then, is not omni-

directional at all but provide for maximum energy transfer in only one direc-

tion at any given time. The antenna system chosen for the Synchronous

mission utilizes six CCS directional antennas spaced a nominal 60 ° apart

around the IU. These antennas operated in the low gain configuration provide

the desired beam width and gain. Two power amplifiers are used to minimize

RF power losses in the distribution system. See Figure 10.5.2.4-5 for a

schematic of the CCS RF component layout. A fun ctional block diagram of the

instrumentation is seen on Figure 10.5.2.4-4.
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10.5.2.4.5 (Continued)

Power amplifier and antenna switching is accomplished under control of the

LVDC program. Switch selector functions are used in conjunction with coaxial

switches to control the beam direction relative to the vehicle. Inherent in the

design of the RF system are the following features:

Present capability of the CCS "omni" antenna system is retained for
near-earth orbit use.

Adjacent antenna switching during the transfer trajectory is accomplished

by switch selector command resulting in a maximum rf blackout of 50 db.

(Carrier phase lock will be maintained although PCM decommutation will

become unlocked. )

It is impossible for any two adjacent antennas to radiate at the same time,

thereby eliminating interference nulls.

The present high gain CCS antenna capability is retained for use at Synchro-

nous altitude after vehicle stabilization prior to the third S-IVB burn.

The basic Command Communication System (CCS) is not impacted by mission

constraints. Because a number of switch selector functions change within the

stages and the IU, the functional capability of the digital command will change.

This is handled with software, however, and requires no hardware changes.

10.5.2.4.6 Tracking

No hardware modifications will be required in the S-II and S-IVB Tracking system

as a result of the J-2S/Synchronous Orbit mission. The IU Tracking system re-

quires no modifications for the J-2S implementation and was not addressed in

the Synchronous Orbit Study.

10.5.2.4.7 Power Supply and Distribution

a. S-II Power Supply and Distribution

Converting from the J-2S/LOR to the J-2S/Synchronous Orbit mission requires

no additional hardware impact on the S-II Power Supply and Distribution.

10-902



IBM
D5-15772-2

10.5.2.4.7 (Continued)

b. S-IVB Power Supply and Distribution

For the Synchronous mission it will be necessary to change the present Forward

No. 1 Battery from a 1A59741-507 to two parallel 1A59741-503 batteries rated at

366 amp-hr each (Figure 10.5.2.4-6). This results primarily from the additional

power required for long range telemetry transmission. The Forward Bus No. 1

and the 366 amp-hr battery were originally sized for an R&D Data Acquisition

System, so it is capable of handling the increased load. The additional 366 amp-hr

battery is primarily for the increased stage operational time. This concept has

been tested and used on the S-IV with this type of battery. Additional testing with

this particular battery will be done for increased confidence in the paralleling

technique. The percent of utilization is greater than is normally used (8 4%) with

the battery heaters operating with a 100% duty cycle. This is a smaller margin
of safety than is normally used. However, with a constant current drain of

approximately 25 amp, the battery heaters will be activated infrequently, if at

all. Assuming no heater activation, the percent of utilization is 76% which is

acceptable. An E/I switch for each battery provides separation on external

power. This prevents the batteries from bucking each other under no load and

dissipating energy. On GSE command to internal power, the batteries are simul-

taneously paralleled and share the load.

Pending a thermal analysis for the Synchronous mission, the 1A57941-507 battery

is recommended for Aft No. 1 Battery. If thermal analysis indicates the need for

more battery heater power, it may be necessary to recommend a 1A59741-503 for

the Aft No. 1 Battery. No structural support changes are required since the

1A59741-503 is the same physical size as the 1A59741-507. Battery modifications

require modification to wiring harnesses and drawings.

c. IU Power Supply and Distribution

A four uprated IU battery configuration was chosen as J-2S/Synchronous Orbit

power system (Figure 10.5.2.4-7). The four batteries will extend IU Power

system lifetime from 6.8 to 15 hours.

Several new cables will be required to connect the fourth battery into the existing

power system. Cable changes to the other three batteries will be slight since the

same battery case will be used for both the existing IU battery and the uprated

battery. The fourth battery will be used to power the cooling system. The loads

on the other three batteries will be optimized by wiring changes within the

distributors. The end-of-mission discharge depth on each of the batteries will

be approximately 67%. A 20-ampere for loading per battery is expected for a

Synchronous Orbit mission.
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10.5.2.4.7 (Continued)

The ground stations must be modified to support a four-battery configuration.

ESE bus voltage monitoring capability via the umbilical and test connectors will

be required.

Voltage and current measurements must be added for the fourth battery.

Electrical load profiles were prepared using the nominal power requirements

of the IU components. The loads were distributed to meet the following criteria:

Battery discharge depth shall not exceed 80% at end-of-mission.

Minimize the number of flight-critical buses.

Isolate the coolant pumps from the other IU loads.

All subsystem components should be on the same bus.

Equalize battery loading.

The nominal values were derived from test data, except for the measuring racks

and the Telemetry Calibrator Power and Control Assembly. An estimated load

of 1.75 amperes was used for each measuring rack. An estimated load of 0.45

amperes was used for the Telemetry Calibrator Power and Control Assembly.

It should be noted that a component could draw more current than previously

measured and still meet its specification.

The four battery power system discharge rate can increase by 25% per battery

and still remain within 80% discharge depth at the end-of-mission. In addition,

the 80% discharge depth provides a built-in safety factor for any unexpected

increases in the power requirements of the IU components.

The load profiles also assume that the load is equally shared when a component

receives power from several batteries. This assumption is true only if the

batteries have approximately equal voltages. Any appreciable differences in the

batteries' voltages could increase the load on the battery with the highest voltag_

The problem of load sharing can become critical when the batteries are operated

above the 80% discharge depth.

At the end of the required IU lifetime, which for a particular Synchronous Orbit

mission may be from 8 to 15 hours after lift-off depending on the selected hover

point, there will be some time period before the IU batteries are depleted.
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10.5.2.4.7 (Continued)

During the last two hours of the required IU iffetime, the IU will participate in

the initiation of the S-IVB stage passivation by issuing approximately 40 switch

selector commands. However, the passivation procedure, which is relatively

slow at Synchronous altitude, will not be completed at the end of the required

IU lifetime (The final steps will be controlled manually.).

To prevent inadvertent IU or S-IVB switch selector commands and to prevent

possible hazardous conditions during the period of battery depletion after the

end of the required IU lifetime, power will be removed from the IU.

The system proposed to shut down the power system will prevent any single

failure from causing an undersized power transfer. Two separate switch

selector commands will initiate the power down sequence to the LVDA/LVDC

and transfer the motor driven switch to the external position. The LVDA/LVDC

power down sequence must be followed to prevent spurious outputs when power
is removed.

10.5.2.4.8 Emergency Detection System

Converting from J-2S/LOR to J-2S/Synchronous mission will require no additional

hardware impact to the Saturn Vehicle Emergency Detection System.

10.5.2.4.9 Separation

a. S-II Separation

Converting from J-2S/LOR to J-2S/Synchronous mission will require no impact

additional to that discussed in paragraph 10.5.1.4.9 a , J-2S/LOR report.

b. S-IVB Separation

The S-IVB Separation system will require no impact additional to that discussed

in paragraph 10.5.1.4.9 b , J-2S/LOR report.

e. IU Separation

The IU Separation will require no impact as a result of J-2S/LOR to J-2S/

Synchronous conversion.

10.5.2.4.10 Flight Program

a. Guidance Program Analysis

Synchronous Orbit studies were conducted to determine impact of mission con-

straints on the Flight Program. Areas of consideration were:
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10.5.2.4.10 (Continued)

Yaw Biasing of Three Gimbal Platform.

Navigation Accuracy.

Scaling.

IGM.

Additional S-IVB Restart, Coast.

Retargeting, Restart Preparation.

Antenna Switching.

Orbital Guidance.

Pass ivation.

Memory Requirements.

Discussion of Synchronous Orbit problem area and conclusions may be found in

the IBM Synchronous Orbit ECP. Once the Synchronous Orbit program is defined,

the incorporation of J-2S engines will not require modification. An advantage,

however, of using the J-2S engine characteristics is to eliminate a previous

constraint of 0.5 hours minimum time for chilldown between orbit insertion and

restart. This allows a restart at the first descending node and access to certain

hover points with increased payload (Table 10.5.2.4-II).

b. Control Analysis

The J-2S synchronous mission is equivalent to the J-2S/LOR mission from a

Flight Control System standpoint except the synchronous mission includes two

extended idle modes. The first precedes second S-IVB mainstage burn arfl the

second precedes third S-IVB mainstage burn.

Since the vehicle parameters for the first extended idle mode are almost identical

to those for the LOR idle mode, no additional analysis was performed. Vehicle

responses were obtained for the second idle mode employing the same analog

simulation described in paragraph 10.4.3.6.

These responses indicate a higher control mode natural frequency and damping

than those for the LOR (or first Synchronous) idle mode. The moment of inertia

is less and the control moment arm is greater, which results in a higher control

moment coefficient. Results were that the same control gains can be used for
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TABLE 10. 5.2.4-II. APPROXIMATE MISSION TIME LINE

SYNCHRONOUS

Time Time

Base (Seconds)

TB0 -17

TB1 0

84

TB2 149

TB3 161

165

166

168

193

198

396

TB4 489

489

490

493

TB5 545

5 Rev._7.5 hr

TB6 5045

5145

5147

TB7 5353

5.3hr

TB8 8533

8633

8635

TBv 8725

Event

Guidance Reference Release

Liftoff

Q Max

Center Engine Cutoff

S-IC Cutoff

S-II Ignition (idle)

S-II Mainstage

S-II MR Shift (5 - 5. 5)

Interstage Separation

LES Separation

S-If MR Shift (5.5 - 4. 7)

S-II Cutoff

S-IVB Ignition (idle)

S-IVB Mains tage

S-IVB MR Shift (5 - 5. 5)

S-IVB Cutoff (lst burn)

Parking Orbit Coast

S-IVB Reignition (idle)

S-IVB Mains tage

S-IVB MR Shift (5 - 5. 5)

S-IVB Cutoff (Znd burn)

Transfer Orbit

S-IVB Reignition (idle)

S-IVB Mainstage

S-1VB MR Shift (5 - 5.5)

S-IVB CutQff (3rd burn)
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10.5.2.4.10 (Cont inued)

both idle modes. Thus, the FCS for the J-2S/Synchronous mission will be identical

to the FCS for the J-2S/LOR mission. The increased control gains for S-IVB idle

mode will be switched in at first and second S-IVB mainstage cut-off and switched

back to the lower gains at second and third S-IVB mainstage start commands.

10.5.2.4.11 Instrument Unit

Components modified on the Instrument Unit as a result of J-2S/LOR to J-2S/

Synchronous mission conversion are shown in Figure 10.5.2.4-8.

10.5.2.4.12 Environmental Control

a. S-II Environmental Control

Converting from the J-2S/LOR mission to the J-2S/Synchronous Orbit mission

will require no additional hardware impact on the S-II Environmental System.

b. S-IVB Environmental Control

Synchronous Orbit mission constraints impose additional thermal control require-

ments on the S-IVB Environmental Control System (Reference 10.4-44).

Three cold panels will be added to the forward skirt of the S-IVB for the Synchro-

nous Orbit mission. The S-IVB sequencer, 56 volt power supply distribution panel,

28 V power distribution panel, attitude control relay (2), signal conditioning panels

(6) and liquid level control units must be provided with low emissivity covers to

compensate for low temperature constraints. The voltage excitation module

assembly must have a large heat sink mounted to overcome a high temperature

problem. Low a and/or a / _ paint will be used on the pneumatic power control

module, ambient helium fill module, ambient helium bottles (1/2 cu ft ).

Forward APS tank support and APS quick disconnect mounting bracket shall be

modified with fiberglass to compensate for low temperature constraints.

The S-IVB Switch Selector, remote analog submultiplexer, remote digital sub-

multiplexer and multiplexer will require a 15 watt heater blanket on each unit.

The 50 amp motor driven switches on aft panels 17 and 19 will require 5 watt

heater blankets on each unit to compensate for low temperature constraints.
Recalibration of the cold helium bottle transducer or installation of a heater

blanket on the unit will be required to overcome low temperature constraints.
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Ref 10.4-31, Fig. 12.1-3

FIGURE I0.5.2.4-8. SYNCHRONOUS ORBIT INSTRUMENT UNIT
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10.5.2.4.12 (Continued)

c. IU Environmental Control

The ECS hardware modifications required to successfully accomplish the Synchro-

nous Orbit mission are summarized below: (Reference Figure i0.5.2.4-9)

i. An additional GN 2 storage sphere (2 cu ft ) with appurtenances (mounting
panel, plumbing, etc.) will be placed in location 23.

2. The current TCS orifice regulator assembly will be replaced by a redesigned

assembly.

Mission thermal analyses have been performed to assess the temperature control

parameters and assure that positive thermal control will be maintained at all

times. As presently defined, the mission consists of the following flight phases:

i. Low Earth Orbit - Up to 7.5 hours of velocity-oriented low earth orbit

(i00 n.m.) at inclinations from 28.5 ° to 64 ° .

2. Hohmann transfer - 5.5 hours of transfer trajectory with vehicle broadside

to the sun and rolling at a rate of one revolution per hour.

3. Synchronous Orbit - Up to 2 hours of Synchronous Orbit at inclinationsup

to 64° .

In only one of these phases of flight (Hohmann transfer) is the thermal environment

known and fixed. The Low Earth Orbit can range from "cold" (maximum time in earth

shadow, 28.5 ° inclination) to "hot" (zero time in shadow, 64 ° inclination) with

all-inclusive cases possible as a function of inclination and date and time of launch.

The Synchronous Orbit can also range from cold (vehicle parallel to solar vector)

to hot (vehicle broadside to solar vector) for the 2 hours of orbit, with all inter-

mediate conditions again possible. Without definite knowledge concerning a par-

ticular mission at a particular date it became necessary to examine the extreme

cases. Worst case thermal environments were investigated for both hot and cold

environments.

The total energy expended (maximum) over 15 hours duration (maximum for the

Synchronous Orbit mission) is 36 killowatt-hours. The capacity of the present

cooling system is approximately 45 killowatt-hours, i.e., there is sufficient

water stored in the water accumulator (146 lbs ) to provide for 45 kwh of cooling

-- an ample amount for the Synchronous Orbit mission. Also, owing to the

relatively short duration of the Synchronous Orbit flight, temperature require-
ments will be met at all times.

10-912



IBM
D5-15772-2

Ref 10.4-32, Fig. 7-5

THERMALCONDITIONINGSYSTEMFLOWDIAGRAM

L

g

FIGURE 10.5.2.4-9. THERMAL CONDITIONING SYSTEM FLOW DIAGRAM
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10.5.2.4.12 (Continued)

The limiting factor in ECS operating life is the consumption of expendable fluids

-- water for Thermal Conditioning System (TCS) cooling, GN 2 for TCS pressuri-
zation, and GN2 for the Gas Bearing Supply (GBS) to the Inertial Platform. It

was established that there is sufficient water stored in the water accumulator to

complete the Synchronous mission in the worst (hot) case.

With regard to the GN 2 for the TCS pressurization, the maximum use rate of

• 097 lbs/hr defines 2.18 lbs of GN 2 required to satisfy a 150% safety factor for

a 15 hour mission. The present storage sphere (165 cu in.) has 1.2 lbs of usable

GN2 at lift-off. Thus, two possibilities exist: (1) increase the storage capacity

(enlarge present sphere or add an additional sphere) or (2) decrease the GN2 use

rate to a level that can be supplied by the current storage configuration. Assess-

merit has confirmed that the latter may be accomplished with a nominal hardware

change by resizing the orifices within the orifice regulator assembly.

Additional GN 2 for the ST-124M Inertial Platform will be required for the Synchro-

nous Orbit mission due to the extended life requirement. The present storage

sphere (2 cu ft ) has about 26 lbs of usable GN 2 at lift-off. The 2.2 lbs/hr use

rate defines 49.5 lbs of GN 2 required for 150% safety factor for 15 hours.

Assessments have established that the least impact approach is the addition of

a second 2 cu ft sphere to operate in parallel with the current sphere.

10.5.2.4.13 Electrical Support Equipment

a. S-II Electrical Support Equipment

Converting from the J-2S/LOR to the J-2S/Synchronous mission will require no

hardware impact additional to that discussed in paragraph 10.5.1.4.13 a
J-2S/LOR report.

b. S-IVB Electrical Support Equipment

The S-IVB J-2S/SynchronousOrbit study was performed by comparing the Saturn

V J-2/Synchronous Orbit vehicle configuration to the J-2S/Synchronous Orbit
configuration.

Modifications to the Saturn V J-2S/Synchronous Orbit vehicle are identical to those

described in paragraph 10.5.1.4.13 b.
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10.5.2.4.13 (Continued)

c. IU Electrical Support Equipment

The purpose of the IU ESE paragraph is the definitionof ESE modifications required

by the J-2S engines used on a Saturn V vehicle for a Synchronous Orbit

mission. The ESE modifications were determined by considering the changes

necessary to uprate a baseline AS 505 IU for use on the Synchronous mission. Imple-

mentation of the J-2S engines on a Saturn V vehicle and the mission requirements

of the Synchronous mission will necessitate changes in the ESE hardware and check-

out programs used to verify IU systems operation.

1. ESE Hardware Modifications

(a) Instrumentation and Communication Subsystem (I&C)

The I&C subsystem does require modification for this mission as

described by paragraph 10.5.2.4.5; therefore, the following ESE

modifications are required.

In order to verify proper operation of the antenna switching network of

the onboard CCS system, a switching matrix must be installed in the

RF ground station.

The capability to monitor one additional helix current and six antenna

positions must be incorporated into the RF ground station. The

additional measurements are similar to the ones now being monitored.

Five additional cables must be added to the RF ground station to

monitor the CCS antenna outputs.

(b) Electrical Subsystem

The IU lifetime extension requirements of a Synchronous mission require

adding a fourth battery to the IU. The ground power source has the

capability to supply four vehicle busses, but the capability to monitor

the bus voltage of the fourth bus must be added to the ground power

supplies. This will require removal of one jumper in the ground

power source. The change to six directional antennas and the replace-

ment of the existing power amplifier with two uprated power amplifiers

with switching capabilities will require adding a total of thirteen

ESE simulate command lines. Nine lines will be required to sw, itcl',

the antennas and four lines will be required to switch the

amplifiers.
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10.5.2.4.13 (Continued)

2. Checkout Program

The automated checkout program modifications resulting from implementing

a J-2S engine to perform a Synclu'onous mission with a Saturn V vehicle are

divided into two categories.

Subsystems Automated Checkout Programs.

IU Overall Checkout Program.

The automated checkout programsneeding modification are listed below with

the subsystem requiring the program. In some cases, only parameter changes

are required but there are some changes that will require minor program rewrite.

(a) Control Subsystem

A1 Gain.

0 Gain.

Control Systems Nulls.

Control Relay Redundancy.

Engine Deflection.

(b) Electrical Subsystem

Power Distribution and Control.

General Networks.

Simulated Plug Drop.

The IU overall program can be modified for the Synchronous mission with no change

to the basic program. The IU overall program is a general program applicable to

all Saturn V vehicles with little or no modification to thc basic program from one

vehicle to another. All modifications due to the IU hardware changes and the Synch-

ronous mission requirements can be loaded into the basic program via user-controlled
data tables.

KSC will require changes similar to the ones mentioned above.
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10.5.2.4.14 Propellant Management

a. S-II Propellant Management

Converting from J-2S/LOR to J-2S/Synchronous mission willrequire no additional

modifications to the S-II Propellant Utilization (PU) system.

b. S-IVB Propellant Management

The S-IVB contractor recommended modes of PU system operation for the Synchronous

mission are presented below:

BURN PERIOD

First

Second

Third

MODE OF OPERATION COMMANDED EMR

Open Loop 5.5/1.0

Closed Loop 5.35/1.0

Open Loop 5.0/1.0

The open loop mode of operation during first burn eliminates the need of an LH 2

bias for first coast. The closed loop EMR for second burn reflects the results

of past Synchronous mission studies. Open loop operation during third burn eliminates
the need of an LH2 bias for second coast and eliminates thrust variations due to

PU valve motion toward the end of flight. The elimination of LH 2 boiloff biases

also eliminates the sequencing associated with the biases.

c. IU Propellant Management

The IU will require no hardware modifications as a result of J-2S/Syncl_ronous PU

system. Open and closed loop PU software impact is discussed in paragraph

10.5.1.4.14 c, J-2S/LOR mission.
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10.5.3 J-2S/LEO Astrionic System Interface

10.5.3.1 Purpose

This section of the J-2S Improvement Study (Astrionic System Integration LEO Mis-

sion) defines the differences between the two-stage Saturn V vehicle J-2S/AS 511

(Reference Figure 10.5.3.1-1) configured for the Low Earth Orbit mission (Reference

Figure 10.5.3.1-2) and the three-stage Saturn V vehicle J-2S/AS 511 configured for

the Lunar Orbit Rendezvous (defined in section 10.6.1).

If an existing system is changed, only the changes or additions are described

in this section, and the Astrionic Handbook, Saturn V Flight Manual, and/or

the J-2S/LOR section 10.6. 1 is referenced for a more detailed description.

Modification peculiar to the J-2/J-2S interface will be so noted. Each il-

lustration in this section is referenced to a corresponding illustration in the
document from which it was taken.

10.5.3.2 J-2S Astrionic System (LEO Mission)

The overall Astrionic System of the J-2S/LEO AS 511 vehicle is shown in the sim-

plified block diagram, Figure 10.5.3.2-1. Vehicle characteristics of the LEO mis-
sion are :

a. The S-IVB stage is configured as an undefined space station.

b. The S-II stage must place Saturn vehicle in waiting orbit; therefore, the S-II must

possess the capability of restarting J-2S engines and maneuvering the vehicle with

a reaction control system. (Reaction control may be provided by the space station

RCS in lieu of the RCS located in the S-II, see paragraph 1O. 4.3.6.3 c. for detailed

discussion. )

The Astrionie System includes that integrated group of components and/or sub-

systems which provide the following vehicle functions during flight:

Navigation, guidance, and control of the vehicle.

Measurement of vehicle parameters.

On-board data management.

Data transmission between vehicle and ground stations (up and down).

Tracking of the launch vehicle.

Checkout and monitoring of vehicle functions.

Detection of emergency situations.

Generation of electrical power for system operation.

Power and signal distribution.
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SOLID ULLAGE ROCKET AND RETROROCKET SUMMARY

STAGE TYPE QUANTITY NOMINAL THRUST PROPELLANT GRAIN

AND DURATION WEIGHT

S-IC 278.0 POUNDS

S-II

RETROROCKET

RETROROCKET

8

4

75,800 POUNDS °

0.541 SECONDS

34,810 POUNDS*

I.52 SECONDS

:': iiiiiiiiiiiiiii}i_i}::..=================================
268.2 POUNDS

ENGINE DATA

ENGINE NOMINAL THRUST

STAGE QTY MODEL EACH TOTAL

S-IC 5 F-l 1,526,500 7,632,500

,:_:_:.,_::_ """--- '----*":.,x_:,_:_:.:._:...................................Is-ii 5 1,325, oo0

STAGE DIMENSIONS

DIAMETER

S-IC Base 63.0 FEET

(including fins)

S-IC Mid-stage 33.0 FEET

S-II Stage 33.0 FEET

Instrument Unit 21.7 FEET

LENGTH

I38 FEET

81.5 FEEl

3.0 :EET

SATURN V STAGE MANUFACTURERS

STAGE MANUFACTURER

THE BOEING COMPANY

NORTH AMERICAN-ROCKWELL

S-IC

S-II

S-IU INTERNATIONAL BUSINESS MACHINE CORP.

IU--

I INI)VI: I NI,;I)

I'AYI (IAI)

S-If

STAGE

S-IC

STAGE

w

363 -.{ET

'\

___2.

PRE-LAUNCH LAUNCH VEHICLE

GROSS WEIGHT _ 6,368,000

POUNDS

• MINIMUM VACUUM THRUST AT 120°F

:i:)_8_ AR_A CIIANGED

NOMINAL VACUUM THRUST AT 60_F

NOTE: THRUST VALUES, WEIGHTS, AND BURN TIMES ARE ALL APPROXIMATIONS.

FIGURE 10. 5.3. 1-1. J-2S/LEO LAUNCH VEHICLE

Ref 10.4-32, Fig .i-3
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I

r
TWO STAGE/LOWORBIT

300 NM

/
/ _o_-,,Bu_---_

I _ l I c C UT_F _ _

' '"[ BURN /

"5MINI v "-,50MIN J
POWERED \ TRANSFER/

FLIGHT _____ _ J TIME ]
\,_-i,CUTOFF_COAST /

-- _00 N.M.) //

I

J-2S ENGINE(S) SEQUENCE

S-II

(1) IDLE MODE- 1 SEC
(2) MAINSTAGE TO TRANSFER

TRAJECTORY

(3) MAINSTAGE CUTOFF
(4) COAST - 3000 SEC
(5) RESTARTFORORBIT INJECTION

Ref i0.4-I

FIGURE 10. 5.3.1-2. LEO MISSION PROFILE
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10.5.3.2 (Continued)

Thermal conditioning of components.

Separation of stages.

Propellant management.

Most of the astrionic system components are located in the IU which is mounted

on top of the S-IVB Stage. Additional components such as telemetry, distribu-

tors, thrust vector control subsystem, electrical networks, are located in the

vehicle stages.

The overall Astrionic System of the J-2S AS 511 vehicle is shown in the simpli-

fied block diagram, Figure 10.5.1.2-1.

1. Navigation, Guidance and Control

Function and Description

The G&C system provides the following basic functions during flight (Reference

Figure 10.5.3.2-2.

Stable positioning of the vehicle to the commanded position with a minimum

amount of sloshing and bending.

A first stage tilt attitude program which gives a near zero lift trajectory

through the atmosphere.

Provides steering commands during S-II burns which guide the vehicle to

a predetermined set of end conditions while maintaining a minimum pro-

pellant trajectory for earth orbit insertion.

Maintains the proper vehicle position during earth orbit.

Provides guidance during the second S-II burn, placing the vehicle in the

proper waiting orbit.

G&C Hardware

The Stabilized Platform (ST-124M) and the Launch Vehicle Data Adapter/Launch

Vehicle Digital Computer are described in J-2S/LOR study. No additional hardware

modifications are required as a result of the LEO mission.

The FCC is an analog device which receives attitude error signals from the LVDA/

LVDC and vehicle angular rate signals from the CSP.
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Ref 10.4-32, Fig. 7-14

FIGURE 10.5.3.2-2. LEO NAVIGATION GUIDANCE AND

CONTROL SYSTEM BLOCK DIAGRAM
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10.5.3.2 (Continued)

These signals are filtered and scaled, then sent as commands to the S-IC and S-II

engine actuators and to the Reaction Control System (RCS) Control Relay Packages.

The Control Relay Packages accept FCC commands and relay these commands to
operate propellant valves in the S-II or the space station.

2. Measurements and Data Transmission

The Measurement and Telemetry System is described in the J-2S/LOR Study.

Modifications to the S-IVB stage as a result of being transformed into a space

station were not addressed in this study. Other stages of the Saturn V vehicle

will require no hardware changes to the basic measurement and telemetry system.

3. Tracking

The Tracking System is described in the J-2S/LOR Study. No additional modifica-
tion will result from the J-2S/LEO mission.

4. Emergency Detection System

The basic Emergency Detection System will remain as described in the J-2S/LOR

Study.

10.5.3.3 J-2S/LEO Electrical Interface

The J-2S/LEO Study Launch Vehicle is identified to the baseline Saturn V J-2S/LOR

AS 511 configuration. The electrical interface is shown in Figure 10.5.3.3-1.

10.5.3.4 J-2S/LEO Astrionic Subsystems

10.5.3.4.1 Navigation and Guidance

The hardware for the J-2S/LEO Guidance System will require no modification.

Guidance software modifications are discussed in paragraph 10.5.3.4.10, Flight Pro-

gram. Flight Sequence changes are given in paragraph 10.5.3.4.3, Mode and Se-

quencing.

10.5.3.4.2 Attitude Control

The Saturn V vehicle LEO control system analysis is discussed further utilizing con-

trol simulation techniques in paragraph 10.5.3.4.10, Flight Program. Saturn V en-

gine actuator and nozzle arrangements are shown in Fig]we 10.5.3.4-1. Figure

10.5.3.4-2 is a block diagram of LEO control system. Definition of the LEO Mission

requires a passive S-IVB Stage; therefore, no discussion will be directed toward the
S-IVB Stage.
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Ref 10.4-32, Fig. 7-15

NOTES :

I. ALL SIGNAL ARROWS INDICATE POSITIVE VEHICLE
MOVEMENTS.

2. VEHICLE PITCHES AROUND THE "Y" AXIS
3. ENGINE ACTUATOR LAYOUTS SHOWN AS VIEWED

FROM AFT END OF VEHICLE.
4. DIRECTIONS AND POLARITIES SHOWN ARE TYPICAL

FOR ALL STAGES.

5. + B INDICATES ENGINE DEFLECTION REQUIRED TO
CORRECT FOR POSITIVE VEHICLE MOVEMENT.

6. CG : CENTER OF GRAVITY
F = NOZZLES ON

EXT = ACTUATOR EXTENDED
RET = ACTUATOR RETRACTED

B = THRUST VECTOR ANGULAR DEFLECTION

PAY[

INSTRUMENT
UNIT-

III flip

III II --_-- III IV

_. S-II ACTUATOR AND

'I' ", NOZZLELAYOUT
2-Y 3-Y

I ,,--G--'" } S-lIST

\
YAW OR Z

AXIS

UNDEFINED

I'AYI.OAD

lli

\

CONTROL

NOZZLES

PITCH OR Y
AXIS

Ill

STAGE

Il-

l

+¢R

, @ ROLL OR X
AXIS

!S-IC & S-II POLARITY TABLE

ACTUATOR MOVEMENT

ACTUATOR + _,yNO. +mR +_'P

I-Y RET RET

I-P EXT RET

2-Y EXT RET

2-P RET EXT

3-Y RET EXT

3-P EXT EXT

4-P EXT EXT

4-Y RET RET

CONDITIONS DURING COAST

R Y 4-¢p P

I IV F F

I p F

Iii F F

ill II F F

111p F

III IV F F

FIGURE 10.5. 3.4-1. SATURN V ENGINES, ACTUATORS

AND NOZZLE ARRANGEMENT

10-926



D5-15772-2

10.5.3.4.2 (Continued)

a. S-II Attitude Control System

Changing the Saturn V, S-II stage from a J-2S/LOR to a J-2S/LEO will require

major modification to the S-II Attitude Control System.

A Reaction Control System (RCS) will be required during the coast period for

maintaining vehicle attitude control. There will be two MDAC RCS units

utilized. Mounting will be on opposite sides of the S-II aft skirt area (Refer-

ence Figure 10.5.3.4-1). The RCS units will be the same as the Auxiliary Pro-

pulsion System required on the S-IVB/LOR stage (Reference Figure 10.5.3.4-3).

The RCS is limited to a small body rate and +2.5-degree attitude error. An

alternative is the use of the RCS system of the space station as discussed in

paragraph 10.4.3.6.3 c.

The IU computer will provide the + 28 VDC and return control signal necessary

to sequence the RCS engines. One set of relay contacts will be used to control

an oxidizer valve and the other a fuel valve. Telemetry measurements will be

provided from one normally closed set of contacts on each relay. There are

three engines for each RCS unit resulting in the addition of 24 nonlatching type

control relays for both RCS units. The ground servicing and checkout will be

provided at KSC for the RCS units.

The LEO mission requirements for J-2S engine restart and idle mode operation

at the end of the coast period will require a thrust vector control DC motor

hydraulic system for gimballing the engines. The main turbo-pump is inopera-

tive during idle mode operation. Another method is required to provide the

hydraulic pressure necessary to gimbal the engine s to complete the LEO mission.

The system will be capable of providing gimballing during ground checkout.

The present Douglas S-IVB DC motor auxiliary hydraulic pump system is re-

commended for this function. The recommended S-IVB DC motor system will

require a 56 VDC battery package, power transfer switch and electrical control

for start sequencing of the DC motors. Adjacent DC motor pumps will be power-

ed from separate 56 VDC battery packages.

A balanced LH 2 tank vent system will be required during the coastperiod of the

LEO mission. A new switch selector command will be required to arm the LH 2

tank balanced vent system prior to the coast period. The "all engine cutoff bus"

will provide the signal to open the balanced LH 2 tank vent system prior

to the coast period. The balanced vent system will be open for the re-

mainder of the mission. Four latching type relays will be required to

implement this new function.
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FIGURE L0.5.3.4-2 LEO CONTROL SYSTEM BLOCK DIAGRAM
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Ref 10.4-32, Fig. 6-14

FIGURE I0.5.3.4-3. AUXILIARY PROPULSION SYSTEM CONTROL MODULE
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10.5.3.4.2 (Continued)

b. IU Attitude Control

To convert from a J-2S/LOR configuration to a J-2S/LEO configuration will require

major modification to the Flight Control Computer (Reference Figure 10.5.3.4-4).

The additional requirements to be met are:

No S-IVB Stage.

Two states of burn for the S-II Stage (mainstage and idle).

S-II pitch and yaw attitude rate channels require different filters in

mainstage and idle modes.

S-II attitude error filters and roll attitude rate filter require an additional

switch point for idle mode.

An additional constraint for this study was no major pin function changes would be
allowed.

Since no S-IVB stage is used on the J-2S/LEO vehicle, 17 modules used only for

S-IVB operation will be removed from the FCC. Of these 17 modules, 15 will be

replaced by blank boards; two will be replaced by the additional S-II idle mode

pitch and yaw attitude rate filters. Replacing the 15 modules with blank boards

minimizes the impact to the existing FCC design.

The existing attitude error filters and the roll attitude rate filter will be rede-

signed to add an additional switch point for S-II idle mode. This switch point will

be connected to the S-II idle mode signal rather than a switch selector discrete.

Connecting it to the idle mode signal ensures that the filter is in the proper con-

figuration for the idle mode without additional switch selector functions.

The mode signals for S-I! idle mode will be routed into the FCC on pins presently

designated for switch points 8 and 9. These pins were chosen because the wiring

presently exists in IU Networks but switch points 8 and 9 are not used in the Saturn

configuration. This allows minimum impact to convert from one mission to a J-2S/
LEO mission.

Presently, only six of the eight 50 MA Servo Amplifiers are loaded during ooast to

ensure minimum transients when going from coast to S-IVB burn mode. Since the

J-2S/LEO mission will require going from coast to S-II mode. the remamirg two

50 MA Servo Amplifiers will also be loaded during coast.

The relays to switch the dummy loads in and out as well as the relays required to
switch the idle mode filters in and out will be derived from the unused S-IVB
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10.5.3.4.2 (Continued)

relays. Presently, 10 relays are used in the S-IVB mode only; six of these will be
used for the above switching.

All of the aforementioned changes will require major modification to the FCC wiring
harness.

10.5.3.4.3 Mode and Sequence (LEO)

The basic mode and sequence is described in paragraph 10.5.1.4.3 of the J-2S/

LOR Astrionic System Study.

a. S-II Mode and Sequence

Converting from J-2S/LOR to J-2S/LEO missions requires modification to the S-II

Sequencing system.

During the LEO mission new switch selector commands are required for mainstage

cutoff, thrust vector control, LH 2 balanced vent system, restart and extended idle

mode operation. The following switch selector changes are required:

New S-II Switch Selector Commands

"Mainstage Cutoff"

"Mainstage Cutoff Reset"

"Restart Arm"

"Restart Arm Reset"

"LH 2 Balanced Vent System Arm"

"TVC AUX Hydraulic Pumps #1 and #2 ON"

"TVC AUX Hydraulic Pumps #3 and #4 ON"

"TVC AUX Hydraulic Pumps #1 and #2 OFF"

"TVC AUX Hydraulic Pumps #3 and #4 OFF"

Delete S-II Switch Selector Commands

"LH 2 Step Pressurization"
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10.5.3.4.3 (Continued)

Two new switch selector commands will be required for the mainstage operation

cutoff (mainstage operation cutoff and mainstage operation cutoff reset). A com-

puter mainstage cutoff backup will be provided by LH 2 and LOX tank sensors

(two out of five) dry indication signal. A 10-second idle mode operation will be

required prior to the 45-minute coast period to allow the flight control system to

arrest the vehicle attitude transient level to a maximum of +2.5 degree attitude

error. The Reaction Control System will provide attitude control during the 45-

minute coast period and is limited to a small body rate and +2.5 degree attitude
error. The IV computer will issue an "all engine cutoff" command that is timed

10 seconds from mainstage cutoff for insertion into the 100 nautical mile orbit.

The LH 2 and LOX tank sensors will be moved up in the tanks to allow sufficient
remaining propellants for restart and idle mode operation to complete the 300
nautical mile orbit mission.

The prevalves will be locked out (open) beginning with "all engine cutoff" at the

100 nautical mile altitude and will remain locked open for the remainder of the LEO
mission.

The J-2S engines during the LEO mission will be cut off (zero thrust) only by the
switch selector channel 18 "all engine cutoff" command or the PD and EDS emer-

gency termination. Engine cutoff bus #1 or #2 will provide each engine with re-

dundant cutoff signals. Blocking diodes prevent one engine from terminating

another. Ten non-latching type relays will be deleted from the LOR engine cutoff

circuitry for the LEO mission.

Switch selector channel 18 will apply the main and instrumentation bus to engine cut-

off relays. The same + 28 VDC signal will be utilized to lock open the prevalves,

lock up the hydraulic accumulators and open the LH 2 balanced vent system. Switch

selector commands will be required to arm the LH 2 and LOX sensor mainstage cut-

off circuitry prior to switch selector command for mainstage cutoff. During main-

stage operation the one engine out and emergency engine cutoff capability will be

retained. In case of an early engine out during mainstage operation the prevalve

for that engine will close at the runout of the 430 millisecond pre-timer. The re-

maining four engines will continue mainstage operation until mainstage cutoff.

For the LEO mission an internal engine cutoff will not terminate the remaining en-
gines under any circumstance.

The J-2S engines have been designed for in-flight restart and during the I,F,O mission

this new function will require two commands (Restart Arm and Restart Arm Reset)
from the switch selector.

Two new switch selector commands will be required to start the motors during the

coast period at approximately 3 minutes prior to engine restart for temperature

control of the hydraulic fluid and to build up the pressure in the accumulators.
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The first switch selector command will start DC motors for engine #1 and #2 from

separate 56 VDC battery packages. The second switch selector command shall be

delayed approximately 0.5 seconds to allow the starting surge to diminish suffic-

iently before applying power to start the DC motors for engine #3 and #4. This

process will reduce the high current drain on the batteries during motor start.

A new switch selector command will also be required to lock up the hydraulic

accumulator reservoir at the time of "all engine cutoff" prior to the coast period

during the LEO mission. Switch selector channel 12 command, "Unlock the

hydraulic accumulator, " will be required during engine restart for the LEO mission.

The following steps provide the requirements for switch selector commands and

electrical control relays to implement the flight events for engine gimballing by
the auxiliary DC motor pump system.

There will be approximately a 10-second idle mode operation starting
with termination of mainstage operation.

The hydraulic energy in the accumulator at the termination of main-

stage operation will provide for engine gimballing during the 10-second
idle mode period.

The hydraulic accumulators will be locked up beginning with "all engine
cutoff" at the 10-second idle mode termination.

The hydraulic accumulators will be unlocked shortly after commanding
the thrust vector control DC motor pump system on. The DC motor

pump will be turned on three minutes prior to engine restart for hydraulic
fluid warm up and to charge up the accumulator.

The LH2 tank main vent valves will not require electrical lockup during the coast

period. The LH 2 step pressurization switch selector channel 7 command, during

mainstage operation, will not be required for the LEO mission. A balanced LH 2
Tank Vent System will be required during the coast period of the LEO mission.

The LH 2 tank will be vented through propulsive nozzles to maintain settled pro-
pellants and to control tank pressure. The thrust from the vent nozzles will be

balanced to minimize stage turning movement.

b. IUMode and Sequence

Converting from J-2S/LOR to J-2S/LEO mission requires modifications to incor-

porate an additional FCC switch point for the S-II idle mode. Paragraph 10.5.3.4.2b,

IU Attitude Control, describes the modifications recommended to accomplish the
change.
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Additional switch selector events will be added to the Flight Sequence table; however,

no impact will be required above normal mission modifications. A general flight

sequence is given in paragraph 10.5.3.4.10.

10.5.3.4.4 Telemetry and Measurement

Converting from J-2S/LOR to J-2S/LEO missions will require no major modifica-

tions to the Saturn V, S-II, and IU stages.

a. S-II Telemetry and Measurement

Telemetry and measurement associated with the J-2S engine are discussed in para-

graph 10.5.1.4.4a, S-II TM and Measurement of the J-2S/LOR Astrionic System

Report. A summary of J-2S/LEO measurements is given in Table 10.5.3.4-I.

TABLE 10.5.3.4-I. STAGE MEASUREMENTS SUMMARY

TYPE QUANTITY

Acceleration

Acoustic

Discrete Signals

Flowrate

Liquid Level

Miscellaneous

Position

Pressure

RPM

Strain

Temperature

Vibration

Voltage, Current, Frequency

4

185

10

4

4

36

129

10

J18

m--

37
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10.5.3.4.4 (Continued}

The Reaction Control Systems will add a total of 48 new flight measurements;

24 identical measurements for each of the two systems. Use of the alternate

space station reaction control system will eliminate this requirement.

The Thurst Vector Control System required for gimballing the engines dur-
ing the extended idle mode operation of the LEO mission will be powered by a DC

motor pump system. Each outboard engine will require one DC motor pump. The

DC motor will be housed in a container that will be pressurized. The air

pressure in each DC motor container will be monitored during flight in addition to
the air container.

Addition of new batteries to satisfy power requirements for the LEO mission has

established the requirement for the 12 new measurements.

A change to the telemetry equipment will also be required to provide the required
number of low-level channels.

Two new measurements are required for the LH 2 balanced vent system for the
LEO mission.

It should be noted that without sufficient number of picket ships, extensive periods

will exist where the vehicle will not be within range of a ground receiving station

and data will not be available during these periods.

b. IU Measuring and Telemetry

Transformation from J-2S/LOR to J-2S/LEO will require no major hardware

modifications to the IU Telemetry and Measurement Subsystem. Measurements

associated with the non-existant S-IVB stage will be deleted from IU measurement

system. However, with the RCS system being implemented on the S-II stage a

portion of the measurements will be replaced with the corresponding function
measurement associated with the S-II.

One modification that must be considered in the study of two-stage vehicle missions

is the possibility of routing the IU PCM/DDAS Telemetry Link to the S-II stage and

transmitting data via the S-II PCM telemetry system. Flight control data is pre-

sently transmitted redundantly from the IU and S-IVB stage via two systems. One

is the PCM/DDAS system in the IU, the other is PCM telemetry system located in

the S-IVB stage. Groundrules for the two-stage vehicle did not define the space

station capabilities, therefore, the possibility of losing the redundant S-IVB tele-

metry was addressed.

The S-II telemetry system is capable of accepting PCM/DDAS information from the

IU and transmitting via their own PCM system. The modification would require

some hardware changes to the S-II system.
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10.5.3.4.5 Radio Command

No modifications will be required to the S-II stage or the Instrument Unit radio

command as a result of the J-2S/LEO mission.

10.5.3.4.6 Tracking

No modifications will be required to the S-II stage or the Instrument Unit as a
result of the J-2S/LEO mission.

10.5.3.4.7 Power Supply and Distribution

a. S-II Power Supply and Distribution

The J-2S engine requirements for the LEO mission shall include the capability to

terminate mainstage operation and return to idle mode operation prior to the 45-

minute coast period. J-2S engine restart capability and idle mode operation will

be required at the end of the coast period to complete the LEO mission. Since the

main and instrumentation batteries will be required to provide additional power

necessary for the 45-minute coast period, restart and idle mode operation, new

batteries will be required for the LEO mission (Re_'erence Figure 10.5.3.4-5).

The battery selected for these applications will have the following characteristics:

Voltage: 26 to 31 volts for load current from 40 to 110 amperes

and for a 0 to 105 degree F ambient.

Capacity: 75 ampere-hours.

Cells: 20 cells with selector for 19 cells.

Size: 19 x 11 x 8.5 inches,

Weight: 85 pounds (maximum).

The capacity requirement is based on a flight duration of approximately one hour,

main battery flight usage of 48 ampere-hours, and instrumentation battery flight

usage of 50 ampere-hours. The 75 ampere-hour design requirement will pro-

vide a satisfactory margin for checkout and transfer test usage

The battery minimum voltage requirement is based on the minimum allowable of

24 volts at all using equipment and a maximum of twn volts drop from the battery.

The battery maximum voltage requirement is based on a maximum allowable of

31 volts for J-2S engine control and ignition busses.
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10.5.3.4.7 (Continued)

A heater and a temperature transducer will be incorporated inside

each battery to maintain and verify proper operating temperature. The

battery case will be sealed, and the battery case and individual cells will be pro-

vided with a reIief valve and vents, respectively, which permit escape of gas

without loss of electrolyte in a gravity-free, vacuum environment.

If the coast period is lengthened to 105 minutes, the 75 ampere-hour battery des-

cribed above could still support the main bus power requirements if the Propel-

lant Utilization system is switched off during the coast period. This would result

in a main battery flight usage of 57 ampere-hours. The increased coast period

would result in an instrumentation battery flight usage of 100 ampere-hours. The

75 ampere-hour battery described above could be modified to a capacity of 110

ampere-hours with no increase in size or weight.

The 56 VDC power required by the TVC system will be provided by two battery

packages previously used in J-2 configuration for recirculation. Each battery

package will consist of two 28 VDC batteries which have the following character-
istics:

Voltage: 26.5 to 31 volts for load currents from 110 to 170 amperes

and for a 0 to 105 degree F ambient. During motor start

the voltage will not exceed the limits of 18 to 33.5 volts.

Capacity: 25 ampere-hour s.

Cells: 21 ceils with selector for 20 cells.

Size: 16.5 x 10 x 8 inches.

Weight: 60 pounds (maximum).

The capacity requirement is based on a flight usage of 12 ampere-hours and a

ground usage (checkout and transfer tests) of six ampere-hours. The 25 ampere-

hour design requirement will provide satisfactory margin for mission variations.

A heater and a temperature transducer will be incorporated inside

each battery to maintain and verify proper operating temperature.

Stage networks will be planned to inhibit heater operation during J-2S engine ig-

nition. The battery case will be sealed, and the battery case and individual cells

will be provided with a relief valve and vents, respectively, which permit cscape

of gas without loss of electrolyte in a gravity-free, vacuum environment.
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Power and control switching will require one additional power transfer switch to

transfer the two TVC buses from ground power to batteries and four motor start
switches for motor start and stop.

An alternate proposal is the use of an AC power system to supply the TVC motors.

an AC system will eliminate problems with DC motor brush life and eliminate the

requirement for a unique air supply to pressurize the motor throughout ground and

flight operation. The AC system will require a special motor winding to match the

output of the inverter but similar winding are already in use on the recirculation

pump motors. The inverter can be designed to incorporate a low frequency, low

voltage output during motor start to limit current inrush without reducing start-

ing torque. However, implementation of the AC system would require extensive

development and qualification programs since there is no qualified, off-the-shelf

inverter of the above type available at present.

The TVC battery heater power is supplied from the +2Dll main bus and the heaters

will automatically cycle on and off with temperature.

Switch selector command "all engine cutoff reset" channel 31 will be required

prior to S-II engine restart to remove the TVC heater load from the + 2Dll main

bus. The heater circuit will remain disabled because of the small time duration

for the remainder of the LEO mission. Current limiting resistors are incorporated

to provide GSE monitoring of the TVC battery heater power. Two new DPDT lat-

ching type relays are required to implement this change.

The main bus shall provide 28 VDC electrical power to operate the balanced vent-

ing system.

b. IU Power Supply and Distribution

No additional hardware requirements will be required in the IU Power Supply and
Distribution system as a result of the J-2S/LOR to J-2S/LEO conversion.

10.5.3.4.8 Emergency Detection System

During Saturn mission with a S-IVB stage coast and restart phase, the Emergency

Detection System displays two functions in the spacecraft as manual abort indication:

a. LOX Tank Pressure

b. Fuel Tank Pressure

These functions are available in the S-II fuel and LOX tanks and are presently par-

tially wired to the spacecraft. To convert from J-2S/LOR to J-2S/LEO would
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10.5.3.4.8 (Continued)

require modification in the EDS system to complete the electrical interface between

the spacecraft display and these two S-II indications (Reference Figure 10.5.3.4-6).

J-2S/LEO "thrust OK" EDS switches during idle mode are affected as described in

paragraph 10.5.1.4.8, J-2S/LOR mission.

10.5.3.4.9 Separation

The Saturn vehicle separation system is described in paragraph 10.5.1.4.9 of the

J-2S/LOR Astrionic System Study. No additional hardware modifications will be

required to the S-II stage or the IU as a result of the J-2S/LEO mission.

10.5.3.4.10 Flight Program

A description of the Saturn V Flight Program is given in paragraph 10.5.1.4.10 of

the J-2S/LOR Astrionic System Study. Converting from the J-2S/LOR to the J-2S/

LEO will require modification to the flight program.

a. Guidance Analysis

The LEO mission involves a two-stage vehicle insertion into an elliptical orbit at

100 nautical miles. A second burn of the second stage using idle mode thrust is

used to circularize the orbit at 300 nautical miles. The analysis and simulation

was divided into three distinct sections: ascent, coast and idle mode circularization.

The ascent phase was simulated using the 6-D Saturn V simulator utilizing "time-

tilt" guidance in the S-IC stage and two-stage IGM guidance in the second stage.

Modifications may be accomplished through guidance constants and involves no

impact on the flight software major loop.

Simulations were also made of the J-2S second S-II burn to circularize at a 300

nautical mile altitude. Result of the simulation was a recommendation to replace

the M/F filter. This modification was recommended as it did not require impact

on the flight program except scaling of inverse acceleration.

The boost minor loop was evaluated by the LEO mission and no impact to the flight

program was found.

The AS 505 orbital program was utilized as a baseline program for the LEO mission.

Navigation, guidance, attitude control, event sequencing, data management, ground

command processing and data compression would be adequate for the LEO mission.
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There are, however, modifications necessary to the targeting equations to allow
the normal calculations of the restart state and estimation of the terminal tar-

geting for a J-2S/LEO mission. Reference Table 10.5.3.4-II for Mission Time Lines.

b. Control Analysis

Software simulations were utilized in the Control System Analysis to determine

mlomalies in transforming from the J-2S/LOR to the J-2S/LEO mission.

Control analysis for the J-2S/LEO mission has indicated that with the exception of

normal control gain and shaping network design

No modifications are required to the baseline S-IC FCS.

No modifications are required to the baseline S-II FCS for S-II main-

stage burn mode.

One additional gain switch will be required in the S-II pitch and yaw

attitude error shaping networks for S-II idle mode.

An additional pitch and yaw attitude rate shaping network will be re-

quired for S-II idle mode.

One gain switch will be required in the S-II roll shaping networks for
S-II idle mode.

The gains in the pitch/yaw attitude error networks, the gains in the roll networks

and the pitch/yaw attitude rate networks will be switched at S-II mainstage cutoff.

10.5.3.4.11 Instrument Unit

A basic description of the IU is given in paragraph 10.5.1.4.11 of the J-2S/LOR

report. Converting from J-2S/LOR to J-2S/LEO missions will require no im-

pact to additional IU hardware.

10.5.3.4.12 Environmental Control System

a. S-II Environmental Control System

Converting from J-2S/LOR to J-2S/LEO mission requires no additional hardware

modifications to the S-II Environmental Control System.

\,
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TABLE 10.5.3.4-II. APPROXIMATE MISSION TIME LINE

LOW EARTH ORBIT

Time Time

Base (Seconds) Event

TB0

TBI

TB2

TB3

TB4

TB5

TB6

TB7

-17

0

82

149

161

165

166

168

193

198

396

486

45 rain.

3065

3165

33O5

Guidance Reference Release

Liftoff

O Max

Center Engine Cutoff

S-IC Cutoff

S-II ignition (idle)

S-II Mains tage

S-II MR Shift (5 - 5. 5)

Interstage Separation

LES Separation

S-II MR Shift (5. 5 - 4. 7)

S-II Cutoff (1st burn)

Transfer Coast

Local Horizontal Tracking

S-II Reignition (idle)

S-II Cutoff (2nd burn)
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10.5.3.4.12 (Continued)

b. IU Environmental Control System

Converting from J-2S/LOR to J-2S/LEO mission will require no additional modifica-

tion to the IU Environmental Control System. The IU ECS has the capability of meet-

ing design functions with the undefined S-IVB stage ECS completely capped.

10.5.3.4.13 Electrical Support Equipment

a. S-II Electrical Support Equipment

Implementation of the J-2S engines on the S-II stage for a LEO mission, requires

modification to the S-II stage hardware. Hence, the ESE used in the manufacturing

checkout and the static firing checkout of the S-II stage must be modified to pro-
vide checkout capability of the modified hardware. The S-II ESE modifications

discussed below will update the North American Rockwell (NAR) checkout facilities

at Seal Beach, California and Mississippi Test Facility (MTF) to check out the

S-II/J-2S stage. Similar changes will be required at KSC. However, those changes
will not be discussed specifically since various support contractors control the
hardware at KSC.

1. Computer Complex Checkout Station (C7-1001

The only changes to the C7-100 Computer Complex end items resulting from J-2S
engine implementation are to the C7-102 Test Conductor Console. Three functions

are added to the Hazardous Monitoring panel as follows:

(a) Thrust Vector Control System DC greater than 64V.

(b) Thrust Vector Control System DC greater than 60 V.

(c) Thrust Vector Control System DC low.

These changes require addition of legend plates and addition of cabling in the
J-Boxes which connect the hazardous functions to the C7-102. Note that these

functions can directly replace the first three functions deactivated for the LOR

mission (see 10.5.1.4.13 a of LOR Mission Study). Cabling changes can be mini-

mized by combining LOR a_d LEO changes in this area.

2. Electrical Checkout Station (C7-200)

The C7-202 Manual Control and Display Rack changes consist of adding a new switch

selector control panel to provide for the nine new switch selector commands required,

and adding 17 new commands using an existing spare panel assigned for Static Fir-

ing #2. The latter commands are implemented by changing nomenclature on the
panel.
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10.5.3.4. 13 (Continued)

The C7-204 Signal Distribution Rack changes consist of adding 17 each of the flip-

flops, logic gates, relays and relay drivers, plus the necessary patching (34 patch-
cords) to implement these new commands.

These modifications also require four new rack and drawer harnesses and a new

patch panel assembly.

The C7-211 Scanner Rack changes are due to approximately 27 added functions to be

monitored. This is accomplished by adding 49 patchcords to the A3 patch panel and

29 patchcords to the A17 patch panel. Also affected are the two new Program Board
Assemblies (A3 and A17) which were added for the LOR mission.

The C7-212 Discrete Display Rack changes require the addition of approximately 12

legend lights to display new functions being monitored. These are implemented by
the addition of 24 patchcords.

The C7-213 Interlock Relay Rack changes due to the LEO mission have not yet been

determined. It is presently assumed that a maximum of 20 new functions may need

to be interlocked. Based on this assumption, approximately 60 patchcords would

be added to implement existing spare relays for these functions. Also affected are

the two new Program Board Assemblies (A4 and A15) which were added for the LOR
mission.

There will be no changes to the following C7-200 Station racks for the LEO mission.

C7-201

C7-205

C7-208

C7-209

C7-210

Automatic Control Rack

Special Data Rack

Station Control and Display Rack

Manual Control and Display Rack

Stage Substitutes Rack

3. Range Safety Command Receiver (RSCR) Checkout Station (C7-307)

There are no changes required for the C7-307 Rack resulting from J-2S engine in-

corporation.

4. Digital Data Acquisition System (DDAS) Checkout Station (C7-400)

No changes are required for the C7-400 Station due to J-2S engine incorporation.

5. Telemetry System Checkout Station (C7-500)

No changes to the C7-500 Station are required for J-2S engine incorporation.
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10. 5.3.4.13 (Continued)

6. Static Firing Control Station (C7-800)

Changes to the C7-801 Local Static Firing Rack consist of adding nine new switch

selector commands, 11 new switch commands and 17 legend plates to spare indica-

tor lights. The new switch selector commands will require the addition of three

diode boards and wire harness changes to the Switch Selector Encoder Drawer, and

nine legend plates to existing spare switchlights on the Switch Selector Panel. The

11 new switch commands will utilize spare switches on the new panel added for the

LOR mission. Five of these will have associated indicator lights. The remaining

12 indicator lights will be located on various other panels of the C7-801, depending
on the system involved and availability of spares.

The C7-802 changes consist of adding patchcords to implement the nine switch

selector commands of the C7-801, and to connect 17 existing spare relays into the

circuits required. This will require approximately 60 additional patchcords.

The C7-805 Engine Cutoff Rack is not affected by LEO mission requirements.

7. Cable and J-Box Requirements

The cabling and J-Box installations provide multiconductors for the interconnection

and the transmission of electrical power and signals between the S-II stage and ESE

and between ESE end items. The installed cabling is capable of sustaining the maxi-

mum load requirements during any checkout phase, protecting as necessary, cir-

cuits with fuses or resistors and isolating rack interconnections with diodes. The

same capability will be retained for the LEO mission.

(a) MTF J-Box and Cable Installation(C7-35_ C7-38 and C7-40)

Changes to the MTF cable sets require additional revisions to the terminal distribu-

tion rack wire lists for the control centers and test stands. Changes are summarized
as follows:

C7-38 (Control Center)

Add 75 jumper wires.

C7-35 or C7-40 (Service Center, A2 or A1)

Add 250 jumper wires.

Add one new cable assembly.

Add one new umbilical cable and adapter.

Add six drag-on cables.

Add three stage mounted GSE harnesses.

Add seven receptacle/harness assemblies in TRB's.
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10.5.3.4.13 (Continued)

(b) Seal Beach J-Box and Cable Installation(SDD-154, SDD-196, SDD-197)

Changes to the Seal Beach cable sets consist of the following:

Add

Add

Add

Add

Add

six new drag-on cables.

one new umbilical adapter and GETS cable.

two new cables for battery simulation.

eight receptacles in junction box.

one conduit hub to junction box.

Add and/or change 50 fuses.

Change 200 wire terminations.

(c) Stage Station Test Electrical Harnes (C7-431 Field Site Installation of

Stage Mounted ESE

These changes require revision to stage mounted ESE drawings at Seal Beach, MTF

and KSC to show new carry-on and drag-on cable clamp support locations, in ad-

dition to revision to the ESE static firing cable sets.

8. Power Distribution System, Test Stand A2 (C7-80), Test Stand A1 (C7-81)

The 56 VDC circuit required for the Thrust Vector Control System will require ad-
dition of a 56 VDC panel circuit with circuit breaker and a battery simulator circuit.

With relatively minor modification, the 56 VDC Recirculation System which was
deactivated for the LOR mission can be utilized for this function.

9. Digital Events Recorder (C7-771

There are no hardware changes required for this equipment. Revision to ICD's is

needed to add 21 new channels at Seal Beach and 27 new functions at MTF. These

are all existing spares.

10. Remote Distribution Rack (C7-41)

As stated above, the LOR mission deactivated the 56 VDC distribution system used

for the recirculation bus. The LEO mission requires two 56 VDC systems for the

Thrust Vector Control Hydraulic system. This will be accomplished by using the

existing 56 VDC power system and re-nomenclaturing it as TVC bus. This exist-

ing circuit fulfills one of the requirements, and a complete new circuit will be ad-

ded requiring one circuit breaker, one shunt and a relay, plus interface connections.

The existing capabilities of the Main and Instrumentation power circuits are suf-

ficient to accommodate the anticipated 60 to 80 ampere loads.

10-949



IBM
D5-15772-2

10.5.3.4.13 (Continued)

Since the spare capability of the C7-41 has been used up, an additional panel will be

required to accommodate the above hardware, and an interface connection and new

harness will be required.

11. Time Code Rack (C7-48)

There are no changes to this rack resulting from the LEO mission.

12. Ground Equipment Test Set (C7-44)

The changes to the C7-44 will consist of adding approximately 32 patchcords to each

of two patch panels and revising one wire harness in the IU Decoder Drawer {approxi-

mately 12 wires). Also affected will be the two new patch panels added for the LOR
mission.

13. Engine Sequence Recorder (SDD 273), Power Supply 56 VDC (SDD 337)

There are no changes to this equipment resulting from the LEO mission.

b. IU Electrical Support Equipment

The purpose of the IU ESE section is the definition of ESE modification required by
the J-2S engines used on a Saturn V vehicle for a LEO mission. The ESE modifica-

tions were determined by considering the changes necessary to uprate a baseline

AS 505 IU for use on the LEO mission. Implementation of the J-2S engines on a

Saturn V vehicle and the mission requirements of a LEO mission will require no

hardware modifications to the ESE since the LEO mission requirements add no

additional hardware or hardware requirements. The software will require minor

changes in the automated subsystem checkout programs and the IU overall checkout

program.

Automated Subsystem Checkout Programs

The following subsystem checkout programs will require test parameter changes
and/or minor program rewrite for the LEO mission:

1. Control Subsystem

(a) Control Subsystem.

(b) A 1 Gain.

(c) A o Gain.
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10.5.3.4.13 (Continued)

(d) Control Computer APS.

(e) Control Computer Relay Redundancy.

(f) Control System Nulls.

(g) Engine Deflection.

2. Electrical Subsystem

(a) Power Distribution and Control.

(b) General Networks.

(c) Simulated Plug Drop.

IU Overall Checkout Program

The IU overall checkout program is a general program applicable to all Saturn V
vehicles with little or no modification from one vehicle to another. The mission

requirements of the LEO mission are such that the basic checkout program does

not require modification. All changes due to the LEO mission can be loaded into

the basic program via user controlled data tables. These tables can be updated

and maintained to the latest mission requirements to be inserted into the basic

program without impacting that program.

Similar programs at KSC will also require updating.

10.5.3.4.14 Propellant Management

a. S-II Propellant Management

The new batteries for the LEO mission (45 minute coast period) will be capable of

a two hour mission by removing Propellant Management power during the extended

coast period. The power was calculated for an identical LEO :mission (one main-

stage operation and one three-minute idle mode period) except for a 105-minute

coast period.

Power will be removed from the Propellant Utilization and Propellant Level Moni-

tor DC power buses during the 105-minute coast period to conserve power. Power

will be switched on again prior to engine restart to obtain temperature measurements.

Prior to liftoff the GSE will command power on for the Propellant Management Sys-

tem. A new switch selector command "Propellant Utilization Power Control Arm"
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i0.5.3.4.14 (Continued)

will be required to arm the power transfer switch circuit. The switch selector

"all engine cutoff" Channel 18 command just prior to the 105-minute coast period

will set relays causing the power transfer switch to cycle and remove power from

the Propellant Utilization System.

Approximately three minutes prior to engine restart two new switch selector com-

mands, "Propellant Utilization Power Control Reset" and "Propellant Utilization

Power On" will be required to cycle the transfer switch and apply power to the Pro-

pellant Management System again. Power will be on for the remainder of the LEO

mission (approximately six minutes).

Three new switch selector commands and three DPDT latching type control relays

are required to implement this change.

b. IU Propellant Management

The J-2S/LEO configuration will require no hardware modification to the IU as a

result of modification to the S-II Propellant Management System. A description

of IU Propellant Utilization functions and recommendations is given in paragraph
10.5.1.4.14 c, IU Propellant Management.

10.5.4 J-2S/Polar Astrionic System Interface

10.5.4.1 Purpose

This section of the J-2S Improvement Study (Astrionic System Integration Polar

Mission) defines the differences between the two-stage Saturn V vehicle AS 511/

J-2S (Reference Figure 10.5.4.1-1) configured for the Polar Orbit mission (Refer-

ence Figure 10.5.4.1-2) and the three-stage Saturn V vehicle AS 511/J-2S con-

figured for the Lunar Orbit Rendezvous (defined in paragraph 10.5.1).

If an existing system is changed or described to greater detail, only the changes or

additions are described in this document and the Astrionic Handbook, Saturn V

Flight Manual and/or the J-2S LOR Astrionic System Report (paragraph 10.5.1) is
referenced for a more detailed description. Modification peculiar to J-2/J-2S

interface will be so noted. Each illustration in this section is referenced to a cor-

responding illustration in the document from which it was taken.

10.5.4.2 J-2S Astrionic System (Polar Mission)

The overall Astrionic System of the J-2S/Polar AS 511 vehicle is shown in the

simplified block diagram, Figure 10.5.4.2-1. Vehicle characteristics of the Polar
mission are:
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SOLID ULLAGE ROCKET AND RETROROCKET SUMMARY

STAGE TYPE QUANTITY NOMINAL THRUST PROPELLANT GRAIN
AND DURATION WEIGHT

S-IC 278.0 POUNDS

S-II

RETROROCKET

::::::::::::::::::::::::::::::::::::
RETROROCKET

8

iiiiiiiiii iiii!iii iii }
:::::::::::::::::::::::::::::

4

75,800 POUNDS.
0.541 SECONDS
-o-,-..o_...._-.......-.-.-,-,..-..o.,-.,,...,

34,810 POUNDS_
I.52 SECONDS

ii!i  F:::: ii iii i:ii_i_h::.:.::i:.::_:_i_::...::i:_:_$:':!:

268.2 POUNDS
IU

ENGINE DATA

ENGINE NOMINAL THRUST

STAGE QTY MODEL EACH TOTAL

S-IC 5 F-l l ,526,500 7,632,500

_:.:.:_"""v.'.'.'.::::::::::::::::::::::::::::::::::::::_:::::::::::::::::::::::::::::::::::'_'_';_'_'_':'Y_"-';:':;}s-if 5 i{_..::,.=._;:.:_i_!{_ii_iC_,ooo_fi.",:"-',o"o__ii!il

H}II)FFI NH)

PAY1 f}AI)

S-II
STAGE

363 FEET

STAGE DIMENSIONS

DIAMETER

S-IC Base 63.0 FEET
(including fins)

S-IC Mid-stage 33.0 FEET

S-II Stage 33.0 FEET

Instrument Unit 21.7 FEET

LENGTH

138 FEET

81.5 FEE1

!

3,0 FEEl

SATURN V STAGE MANUFACTURERS

STAGE MANUFACTURER

THE BOEING COMPANY

NORTH AMERICAN-ROCKWELL

INTERNATIONAL BUSINESS MACHINE CORP

S-IC

S-II

S-IU

S-IC

STAGE

PRE-LAUNCH LAUNCHVEHICLE
GROSSWEIGHT_ 6,368,000
POUNDS

• MINIMUM VACUUM THRUST AT 120°F

:!:!:!:{:!:_:_:_AREA CHANGED

NOMINAL VACUUM THRUST AT 60°F

NOTE: THRUST VALUES, WEIGHTS, AND BURN TIMES ARE ALL APPROXIMATIONS.

FIGURE 10.5.4.1-1. J-2S/POLAR VEHIC LE

Ref 10.4-32, Fig. 1-3
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10.5.4.2 (Continued)

The S-IVB stage is configured as an undefined space station.

The S-If stage must place Saturn vehicle into a 100 nautical mile Polar nrbit.

The S-II stage will have no RCS system nor will it have restart.

The major portion of the Astrionic System is located in the IU, which is mounted

on top of the undefined S-IVB stage. During flight, the Astrionic System performs,
or is associated with functions described in paragraph 10.5.1.2.

10.5.4.3 J-2S/Polar Electrical Interface

The J-2S/Polar study launch vehicle is identified to the baseline Saturn V J-2S/LOR

SA 511 configuration. The electrical interface is shown in Figure 10.5.4.3-1.

10.5.4.4 J-2S/Polar Astrionic Subsystems

10. 5.4.4.1 Navigation and Guidance

The hardware for the J-2S/Polar Guidance System will require no modification.

Guidance software modifications are discussed in paragraph 10.5.4.4.10, Flight
Program. Flight sequence changes are given in paragraph 10.5.4.4.3, Mode
and Sequencing.

10.5.4.4.2 Attitude Control

Definition of the J-2S Polar mission requires an undefined 22 ft space station
between the IU and S-II stage; therefore, no discussion will be directed toward the

S-IVB stage. The S-II stage function for Polar mission is to place the vehicle pay-

load into a 100 nautical mile earth orbit utilizing the same physical configuration
described in paragraph 10.5.1.4.2a J-2S/LOR mission.

Figure 10.5.4.4-1 shows a block diagram of the control system configured for two-

stage Polar mission. The J-2S/Polar mission vehicle control system analysis is

discussed further in paragraph 10.5.4.4.10, Flight Program. Saturn V engine
actuator arrangements are shown in Figure 10.5.4.4-2.

a. S-II Attitude Control System

Definition of J-2S/Polar mission will require no modifications to the S-II stage in
addition to those discussed in paragraph 10.5.1.4.2 a, J-2S/LOR mission. The

RCS and TVC system discussed in paragraph 10.5.3.4.2a, will not be necessary

for J-2S/Polar mission due to the single S-II burn and the termination of the S-II

stage at 100 nautical miles.
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_U TO SPACECRAFT

LD2 I T :,Li,)R7
+28 ','DE Fjc !:Off

_-2_-:vn,,:FD.;:.:_.!?_:!_L......

GUIDANCE PEFERENCE REIE,':Si

AGC LIFTOFF

S-II FUEL TAN<
PRESSURE '_'

LV ATTITUDE REFERENCE

FAILURE V
LV RATE EXCESSIVE V

EDS ABORT REQUEST V
S-II START/SEPARATIOh V

STAGE ENf;INES OUT V

V : VISUALLY DISPLAYED

A

'i

4_

..:.:.:.:.!.!.{.:.!.{.:;.;:;.;.:.;.;.;.;.;.;.;-;.;.;.:.:.:.:.:.:.:.:.:.:.:.:.:.
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,OLTAGF S

+-_; VDC FOR SWITC.iI_IG AND

TIMING

,T,_GE SWITC_ :_cL}f,T:Ir" SIGNALS

.vERIFY, COMMAND, ADCCESS,

READ, RESET, ENABLE)
STAGE EDS COMMAND ENGINES OFF

TELEMETRY CLOCK AND SYNC.

, / I
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-I
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SP_,CFFRAFT TO iu

•., L:i_].;NEb CUT_/-_- T(., :,

rT'.F!iUE EPRO_ !V,;,,
_.;_&Li r' TCh AN,., Y._

[ ,'{_ :;F',INE CUT:;F_

.... .'4/,r, L, :'0W£.

,:,10 ,'¢tT ULACr., _.

: Lr:,h;C,T I or,' M

'ALE ,ArT CD_TI<IiL

'.H SLP[ TE r,:

;:.:h IUN,_ INJECT_='.

; )!4MAh-; _VSTEM t_,;,: t.?
M - M_NUALL v !;;::ZaT_L;

........ , .... ..-.-.-,-.-.-.-,-,.,-.:.:,:
iii!s;i_$B"T&'"h]' !:ii:iii:i:!:_:i:i:!:!:!:i:i:i:!:ii!ii!::!"

:!:_.?.K_:.&K_._.'W._.""_._:i:i:!:!:i:
::::::::::::::::::::::::::::::::::::::::::":i:i:i:_

:i:'_}T.'4_i:_4Ci'_:!_r_:!__::
:::::::::::::::::::::::::::::::::::::::::::::::::::::
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II TO IU

.L_,,.T),T FFI_, " _'.'!;,#_

I,, :A;,L ti:i':-_ L TE[
:.!T ;',TFe%T,_hE SEi:Al,';"!

":,/ :,; Ft•P&TE:
: qL: ',[ )i;_

:'k'FiL,k'." ,i_ :

,,:" ," <F_E..,,:. VE_I!,
:: i ! T;,'i, ;; : :. RE

; ;( TAN_ PRi ",[!PE

SIC TO IU

ATTITUDE CONTROL ACCELEROMETER

SIGNALS
ATTITUDE CONTROL RATE GYRO

SIgnALS

+28 VDC FOR TIMING

ENGINES OUT

OUTBOARD ENGINE CUTOFF

S-El ENGINES START ENABLE

SWITCH SELECTOR ADDRESS

VERIFY

S-IC THRUST OK

FIGURE 10.5.4.3-1. STAGE ELECTRICAL INTERFACE FLOW
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IU

j <I_NTROL - EDS
RATI., GYROS

L

LVDC/LVDA

FL IGTIT

CONTROL

COMPUTER

IINIJI,_FINEI) PAYI,OAD

S-1 [ STAGE

};-IC STAGE

B
C

B
C

_; -11

ACTUATORS

CONTROl, 5; I(;NAI,

PROCESSOR J

S-IC

ACTUATORS

Ref. 10.4-32, F ig. 7-14

FIGURE i0. 5.4.4-1. POLAR VEHICLE CONTROL SYSTEM
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Ref. 10.4-32, Fig. 7-15

NOTES:

I. ALL SIGNAL ARROWS INDICATE POSITIVE VEHICLE
MOVEMENTS.

2. VEHICLE PITCHES AROUND THE "Y" AXIS
3, ENGINE ACTUATOR LAYOUTS SHOWN AS VIEWED

FROM AFT END OF VEHICLE.

4. DIRECTIONS AND POLARITIES SHOWN ARE TYPICAL
FOR ALL STAGES.

5. + # INDICATES ENGINE DEFLECTION REQUIRED TO
CORRECT FOR POSITIVE VEHICLE MOVEMENT.

6. CG = CENTER OF GRAVITY

F = NOZZLES ON
EXT : ACTUATOR EXTENDED

RET = ACTUATOR RETRACTED
B = THRUST VECTOR ANGULAR DEFLECTION

UN1)EF I NED

PAYI,DAI)

III

\
YAW OR Z

AXiS

PAYLI

INSTRUMENT
UNIT-

IV

+ @ ROLL OR X
AXIS

S-IC & S-II POLARITY TABLE

ACTUATOR MOVEMENT

ACTUATOR
NO.

I-Y

1-P

2-Y

2-P

3-Y

3-P

4-P

4-Y

+¢Ri+¢y '_p

RET RET

EXT RET

EXT RET

RET EXT

RET EXT

EXT EXT

EXT EXT

RET RET

PITCH OR Y
AXIS

Ill

\

S-IC STAGE

FIGURE i0.5.4.4-2. POLAR MISSION ACTUATOR AND NOZZLE ARRANGEMENT
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10.5.4.4.2 (Continued)

b. IU Attitude Control

The IU Attitude Control System will require no hardware modifications due to the

J-2S engines being installed on S-II stage, configured for Polar mission. How-

ever, the Polar mission Flight Control Computer will require significant modifica-

tions to compensate for deletion of S-IVB stage functions. Fifty-one of the 90
modules in the Flight Control Computer associated with S-IVB burn and orbit con-

trol will be deleted. In J-2S/LEO configuration a number of these modules were re-

defined for the S-II RCS system, however, Polar mission will not require the use
of any S-IVB FCC functions. Reference Figure 10.5.4.4-3.

10.5.4.4.3 Mode and Sequence (Polar)

The basic Mode and Sequence system is described in paragraph 10.5.1.4.3 (a and c),
J-2S/LOR Mode and Sequence. Reference Figure 10.5.4.4-4.

a. S-gMode and Sequence

Converting from J-2S/LOR to J-2S/Polar mission requires no hardware modifica-

tion to the Mode and Sequence additional to those discussed in paragraph 10.5.1.4.3a,
J-2S/LOR Mode and Sequence.

b. IUMode and Sequence

IU Mode and Sequence will require no hardware modification as a result of J-2S/

Polar mission. Flight sequence changes will require software changes discussed

further in paragraph 10.5.4.4.10.

10.5.4.4.4 Telemetry and Measurement

Converting from J-2S/LOR to J-2S/Polar missions will require no major modifica-

tions to the Saturn V, S-II and IU stages.

a. S-II Telemetry and Measurement

Telemetry and Measurement modifications associated with the J-2S/LOR to J-2S/

Polar conversion are identical to paragraph 10.5.1.4.4a. J-2S/LOR mission.

b. IU Telemetry and Measurement

The IU Telemetry and Measurement system will require no hardware modification
as a result of the J-2S/LOR to J-2S/Polar conversion. Measurements associated

with S-IVB functions will be deleted from IU telemetry. Without S-II RCS system

the measurements need not be employed for J-2S Polar mission.
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I' t ' I ', I
L%: SIGNAL RETURN LINES FROM THE SWITCH SELECTORS, THROUGH THE CONIR(}L

DISTRIBUTOR, TO THE I.VDA ARE :_OT SHOWN I:_ THIS FIGURE.

THE LETTERS iJSED TO LABEL I;_TERSTAGE CON'IECTIO'iS BETL-JEE_U:_ITS ARE

:_OT ACTUAL PiN ,JR CABLE CUt,I!iECTORS. THE LETTER CODE IS DENOTED
BELOW:

a = 8-SIGIT CO).IMA:iO{L; LI_IES)

b = FORCE RE_LT (P,EGISTER) (I LI':L + ) REU_CUtCIT LINE)

c = REGISTER ','ERIFIC,.',TIOh(_ LINES)

d = _EAL, BOMHAND (I LIhL + I RLDUNDANT LIr_E)

°}
f 5TAGL ]LLECT LILIES

,9 (I Ll_iL + i REuur_DANT LHIE)

i - b, c, d. L', f, g, Arib h [i) IU TELEMETRY
k : REGIS[L/< FLL.T

ZERu I:iDICAT[ I TO ;_TAC_ETLLE!.IErRY
SW SEL dUTPUT (I LI'_E EACH)

,, = *28 '/DE FRO:! THE IFI_TPUME:IT U:IIT

L VLJC

:_:CONTRO_:_:!i!_
Lt:.EZ_RCUI_T.RY$!IX,

L, t. .I

tJ

S;AGE l_
CONIROL F',
CIRCUITRY I _

::iiii{!!iii{{iii:i!AR .AsMOmF  . 

l GROU;CI)COMPUTER I

II$IIIII
fg!:

z.z.#..#

ELECTRICAL

SUPPORT EQUIPMENT

1 TELEMEFRY

ii I AND_E,AS I ........

_:_:_a....:e:_:_...::.::i:i:!:!:)i:}:T...:*.{{:_:._:.i:_!i_|_!_._ii_i_!_!i!_!_i_,
LVDA El :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

....IDIG IT AL | _I' :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

-lr'IULTIPLE/:LkJ wI _, ¢ ¢ I I I I I I I I I
/ /kl _ ua e ,_ _ _ ,:

11Z )uTPUT LI:iES S,._ITCH c

SELECTOI' _d_ "

IU

SWITCH

SELECTOR

STAGE TELEMETRY

AriD DUAS

STAGE +28 vdc

112 OUTPUT LI;_ES

SWITCH
SELECTOR

D

e

STAGE TELEI4ETRY
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10.5.4.4.4 (Continued)

The undefined space station of the two-stage vehicle, however, presents a problem

in redundant transmission of IU PCM/DDAS telemetry via the S-IVB telemetry sys-

tem (Reference paragraph 10.5.3.4.4b) J-2S/LEO IU Telemetry and Measurement).

Rather than modify the telemetry system to enable redundant flight control informa-

tion transmission via the S-II stage for the short duration of boost into the 100

nautical mile orbit, the IU will use minimum modification and transmit all IU data

through IU telemetry system.

10.5.4.4.5 Radio Command

No modifications will be required to the S-II stage or the IU Radio Command as a

result of the J-2S/Polar mission.

10.5.4.4.6 Tracking

No modifications will be required for the S-II stage or the IU as a result of the J-2S/

Polar conversion.

i0.5.4.4.7 Power Supply and Distribution

a. S-II Power Supply and Distribution

Converting from J-2S/LOR to J-2S/Polar mission requires hardware impact on the

S-II Power Supply and Distribution System. Modifications are identical to those

described in paragraph 10.5.1.4.7a.

b. IU Power Supply and Distribution

No additional hardware requirements will be required in the IU Power Supply and

Distribution system as a result of the J-2S/LOR to J-2S/Polar conversion.

10.5.4.4.8 Emergency Detection System

No modification will be required to the S-II stage or IU Emergency Detection Sys-

tem as a result of the J-2S/Polar mission.

10.5.4.4.9 Separation

The Saturn vehicle Separation system is described in paragraph 10.5.1.4.9 of the

J-2S/LOR Astrionic System Study. No additional hardware modifications will be

required to the S-II stage or the IU as a result of the J-2S/Polar mission.
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10.5.4.4.10 Flight Program

a. Guidance Analysis

One area of the flight program requires modification for a two-stage Polar mission.

The large commanded yaw attitude approaches the yaw limit of + 60 ° of the three-

gimbal platform. To prevent the platform from tumbling, a software limit +45 ° is

in the present flight programs. The study effort was concentrated on testing the

adequacy of a platform alignment technique for meeting the +45 ° yaw requirements.

The yaw biasing technique does not affect the trajectory of the vehicle, but merely

changes the platform measurement of the trajectory. To implement this method,

it is desirable to incorporate a routine in the flight program to convert "standard"

gimbal angles to "offset" gimbal angles for use during pre-IGM. During IGM the use

of the proper matrix relating IGM coordinates to platform coordinates automatically

includes the offset. Reference Table 10.5.4.4-I for Polar mission flight sequence.

b. Control Analysis

The J-2S/Polar Flight Control System Analysis is the same as is discussed in para-

graph 10.5.3.4.10 b.

10.5.4.4.11 Instrument Unit

Converting from J-2S/LOR to J-2S/Polar mission will require no IU components be

modified additional to those shown in paragraph 10.5. 1.4.11, Figure 10.5.1.4-15.

10.5.4.4.12 Environmental Control System

a. S-II Environmental Control

Converting from J-2S/LOR to J-2S/Polar will require no additional hardware
modifications to the S-II ECS.

b. IU Environmental Control

Converting from J-2S/LOR to J-2S/Polar will require no additional hardware
modification to the IU ECS.

10.5.4.4.13 Electrical Support Equipment

a. S-II Electrical Support Equipment

Modification to the S-II Electrical Support Equipment are identical to those des-

cribed in paragraph 10.5.1.4.13a.
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TABLE I0.5.4.4-I. APPROXIMATE MISSION TIME LINE POLAR ORBIT

Time

Base
i , , i

TB0

TB1

TB2

TB3

T B 4 ':-"

- - ,, , , i , , i , i

Time

(S ec onds,),

-17

0

79

149

161

165

166

168

193

198

396

497

Event

Guidance Reference Release

Liftoff

Q Max

Center Engine Cutoff

S-IC Cutoff

S-II Ignition (idle)

S-II Mainstage
MR Shift to 5.5

Interstage Separation

LES Separation
MR Shift to 4. 7

S- II Cutoff

*Orbital phase past time base 4 has not been defined.
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10.5.4.4.13 (Continued)

b. IU Electrical Support Equipment

Modification to the IU Electrical Support Equipment are identical to those des-

cribed in paragraph 10.5. 1.4.13 c.

10.5.4.4.14 Propellant Management

a. S-II Propellant Management

The J-2S/Polar S-II Propellant Management system will function the same as a

J-2S/LOR system therefore will require no hardware modifications.

b. IU Propellant Management

Converting from J-2S/LOR to J-2S/Polar will require no hardware modifications

to the IU to accommodate the Saturn vehicle Propellant Utilization system.
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10.6 VEHICLE FINAL WEIGHTS

Final vehicle weights reflecting the systems and structural modifications which

result from J-2S engine installation and mission environmental requirements are

given in this section.

Fuel residual summaries, stage dry weights, and interstage weights for the four

design vehicles are shown in Tables 10.6-I through 10.6-IX. These data were
compiled from information supplied by the associate stage contractors. The

Baseline SA-511 weights are shown for comparison.

For the LOR, LEO and synchronous orbit missions, the S-IC weights remain the

same as the Baseline SA-511 weights. Two-stage polar mission loads exceeded

the structural capability of the S-IC fuel tank side wall. Fuel tank weight for this

vehicle reflects the 74 pounds of additional structure required to increase

structural capability.

Tables 10. 6-X through 10. 6-XIII show the final drop weights for each of the design
vehicles.
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TABLE 10.6-X J-2S VEHICLE DROP WEIGHTS - LOR MISSION

ITEM

TOTAL WEIGHT DROP AT S-IC STAGING

S-IC (Dry)
S-IC Residuals

S-IC Thrust Decay Propellant

Inboard Engine Thrust

Decay Propellant

Inboard Engine Expended

Propellant

Outboard Engine Thrust

Decay Propellant

S-IC/S-II Interstage (Small)

S-II Start Cartridge Propellant

S-II Thrust Build-up

S-r[ Bulkhead Purge Gas

1,915

408

6,746

WEIGHT (LBS)

(370,266)

289,409

67, 585

9,069

1,548

67

2,550
38

TOTAL WEIGHT DROP AT S-IC/S-II INTERSTAGE DROP

TOTAL WEIGHT DROP AT LES JETTISON

(8,336)

(8,936)

TOTAL WEIGHT DROP AT S-II STAGING (104, 610)

S-II (Dry)
S-II Residuals

S-II Thrust Decay

S-II/S-IVB Interstage

S-IL/S-IVB Interstage (Retro. Prop. )

S-IVB Separation Package

S-IVB Idle Mode Propellmlt

S-IVB Turbine Spin Propellant

S-IVB Thrust Build-Up

82,548

12,735

655

7,021

1,062

51

18

10

510

TOTAL S-IVB WEIGHT LOST IN ORBIT (4,604)

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

Thrust Decay

Idle Mode

Propellant Vented (3 orbits)

APS* Propellant

Thrust Build-Up

Turbine Spin Propellant

APS* Propellant

131

28

3,893

30

510

10

2

* Auxiliary Propulsion System
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TABLE 10.6-X J-2S VEHICLE DROP WEIGHTS - LOR MISSION (Continued)

ITEM

TOTAL WEIGHT DROP AT S-IVB SECOND CUT-OFF

S-IVB (Dry)
S-IVB Residuals

S-IVB Thrust Decay

S-IVB Idle Mode Propellant

TOTAL INSTRUMENT UNIT DROP WEIGHT

WEIGHT (LDS)_

(27, 955)

24, 950

2,846

131

28

(4,301)
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TABLE 10.6-XI J-2S VEHICLE DROP WEIGHTS -

SYNC HRONOUS MISSION

ITEM

TOTAL WEIGHT DROP AT S-IC STAGING

S-IC (Dry)
S-IC Residuals

S-IC Thrust Decay Propellant

Inboard Engine Thrust

Decay Propellant

Inboard Engine Expended

Propellant

Outboard Engine Thrust

Decay Propellant

S-IC/S-II Interstage (Small)

S-If Start Cartridge Propellant

S-H Thrust Build-up

S-H Bulkhead Purge Gas

1,915

408

6,746

TOTAL WEIGHT DROP AT S-IC/S-H INTERSTAGE DROP

TOTAL WEIGHT DROP AT LES JETTISON

TOTAL WEIGHT DROP AT S-H STAGING

S-If (Dry)
S-II Residuals

S-If Thrust Decay

S-II/S IVB Interstage

S-II/S-IVB Interstage (Retro. Prop.)

S-IVB Separation Package

S-IVB Idle Mode Propellant

S-IVB Turbine Spin Propellant

S-IVB Thrust Build-up

TOTAL S-IVB WEIGHT LOSS IN PARKING ORBIT

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

Thrust Decay

Idle Mode

Propellant Vented (5 orbits)

APS* Propellant

Thrust Build-up

Turbine Spin Propellant

S-IVB APS* Propellant

* Auxiliary Propulsion System

10-980

WEIGI[T (LBS)

(370,266)

289,409

67,5_5

9,069

1,548

67

2,550

38

(8,336)

(8.93_)

(104,610)

82,548

12,735

655

7,021

1,062

51

18

10

510

(7,760)

131

28

7,006

75

510

9

1
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TABLE 10.6-XI J-2S VEHICLE DROP WEIGHTS -

SYNCHRONOUS MISSION (Continued)

ITEM WE1t n

TOTAL S-IVB WEIGHT LOSS IN TRANSFER ORBIT (2, M _')

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

S-IVB

Thrust Decay
Idle Mode

Propellant Vented

APS* Propellant

Thrust Build-up

Turbine Spin Propellant

APS* Propellant

510

9

1

TOTAL WEIGHT DROP AT S-IVB THIRD CUT-OFF (28,197)

S-IVB (Dry)
S-IVB Residuals

S-IVB Thrust Decay

S-IVB Idle Mode Propellant

_4"25 ....

2.691

131

28

TOTAL INSTRUMENT UNIT DROP WEIGHT (4,67 5)

* Auxiliary Propulsion System
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TABLE 10.6-XII J-2SVEHICLE DROP WEIGHTS - LEO MISSION

ITEM

TOTAL W.UIGHT DROP AT S-IC STAGING

S-IC (Dry)

S-IC Residuals

S-IC Thrust Decay Propellant

Inboard Engine Thrust

Decay Propellant

Inboard Engine Expended

Propellant

Outboard Engine Thrust

Decay Propellant

S-I C/S -II Inter s ta ge (Small)

S-II Start Cartridge Propellant

S-II Thrust Buiid-up

S-H Bultdlead Purge Gas

TOTAL WEIGHT DROP AT S-IC/S-II INTERSTAGE DROP

1,915

408

6,746

TOTAL WEIGHT DROP AT LES JETTISON

TOTAL WEIGHT DROP DURING S-II COAST TRANSFER ORBIT

S-II Thrust Decay

S-II Idle Mode

S-II Reaction Control Propellant

WE__IG}!T.(}3iS)

(370, ::I,6i

289,-t09

67, 585

1, ;_.[_

(;7

2,550

38

(8, :_3(_)

(8,98_)

(1, 429)

;_J !)

-1-!{;

664

TOTAL WEIGHT DROP AT S-II SECOND IDLE MODE CUT-OFF

S-II (Dry)

S-II Residuals

TOTAL INSTRUMENT UNIT DROP WEIGHT

(.(}4,89'.})

84, _,I 9

[0,25I)

(4, :;o] )
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TABLE 10.6-XIII J-2S VEHICLE DROP WEIGHTS

TWO-STAGE POLAR MISSION

ITEM

TOTAL WEIGHT DROP AT S-IC STAGING

S-IC (Dry)

S-IC Residuals

S-IC Thrust Decay Propellant

Inboard Engine Thrust

Decay Propellant

Inboard Engine Expended

Propellant

Outboard Engine Thrust

Decay Propellant

S-IC/S-II Interstage (Small)

S-II Start Cartridge Propellant

S-II Thrust Build-up

S-H Bulkhead Purge Gas

1,915

408

6,746

TOTAL WEIGHT DROP AT S-IC/S-H INTERSTAGE DROP

TOTAL WEIGHT DROP AT LES JETTISON

TOTAL WEIGHT DROP AT S-II STAGING

s-n (Dry)
S-II Residuals

S-II Thrust Decay

S-II/S-IVB Interstage

S-H/S-IVB Interstage (Retro. Prop.)

S-IVB Separation Package

S-IVB Idle Mode Propellant

S-IVB Turbine Spin Propellant

S-IVB Thrust Build-up

TOTAL INSTRUMENT UNIT DROP WEIGHT

WEIGHT (LBS)

(370, 21;(;)

289. 409

(;7, 555

9,069

l. 548

C,7

2,550
38

(8,336)

(8,93_;)

(104,610)

82,54 8

12,7Y15

655

7,021

1. 062

51

18

10

510

(4.30])
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10.7 KS(? LAUNCH OPERATIONS IMPACT

This study assesses the impact on KSC Saturn V launch operation of replacing the

J-2 equippeti S-II and S-IVB stages with J-2S equipped stages. This assessment

includes :

a. Identifying the changes to KSC launch operations resulting from the change to

the J-2S engine and associated mandatory stage changes.

b. Identifying the changes to KSC ground equipment and facilities required by the

new engine and associated stage changes.

c. Providing a conceptual design for all new and modified equipment.

d. Providing an implementation schedule to reflect the time required to design,

modify and activate the launch facility for the J-2S vehicles.

The study approach used the SA-503 configuration and processing flow as a baseline.

Processing requirements for vehicles using the J-2S modified stages were identified

and compared to SA-503 to establish a delta change in vehicle processing, launch rules,

and interlock requirements.

Throughout this section, references to mission relate to the following stage combinations:

a. Lunar Orbit Rendezvous (LOR) Mission - This mission requires a vehicle confi-

guration composed of an S-IVB with one restart and an S-H with no restarts. The

vehicle changes will be limited to the addition of J-2S engines only.

b* Low Earth Orbit (LEO) Mission - This mission requires a vehicle configuration

composed of an S-II with one restart and no S-IVB. This vehicle change will be a

result of both J-2S addition and mission peculiar requirements.

Co Synchronous Orbit Mission - This mission requires a vehicle configuration composed
of an S-IVB with two restarts and an S-II with no restarts. This configuration will

be a result of the addition of J-2S engines and mission peculiar requirements.
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10.7.1 I_aunchOperations Changes

10.7.1.1 Propulsion Related Processing Changes

The SA-50:_ vehicle was the baseline processing flow against which changes were

measured. Each function, starting with Low Bay preparation to receive a stage

through to vehicle launch and post launch refurbishment, was analyzed to determine

whether it would be affected by the J-2S configured stage or vehicle. The results of

this analysis are summarized and presented in Table i0.7-I.

There have been 133 propulsion related processing functions identified. For the

LOR and Synchronous missions, 98 functions would be changed, 2 functions related to

recirculation/chilldown would be deleted, and the balance would be unaffected. For

the LEO mission, 60 functions would be changed, 55 functions related to the S-IVB

stage would not apply, 1 function related to recirculation would be deleted, 8 functions
would be added, and the remainder would be unafiected. Of the 8 new functions, 6 would

be related to the S-II RCS, 1 to the IU/S-II mating and 1 to the IU/Space Station mating.

A review of procedures for accomplishing the processing flmctions indicated that the

average procedure change resulted in an approximate 7 percent reduction in manhours.

Since many LOR and Synchronous mission processing functions were not affected, the

net impact on processing manhours for these vehicles is very small. For the LEO

mission, while the S-II processing manhours were slightly increased due to the addi-

t-ion of new functions, the elimination of the S-IVB stage resulted in a large decrease

of processing time.

Vehicle processing changes that are unique to the vehicle configurations are discussed

in this section. Section 10.7.1.2 defines the impact of the J-2S engine on the Launch

Mission Rules. This impact is primarily one of changing S-II and S-IVB stage redlines.

Sectionl0.7.1.3 covers changes to the interlock system resulting from stage changes

related to the J-2S engine.

a. Three Stage LOR Vehicle (Baseline)

The processing changes related to this vehicle will be as follows:

1. Installation and checkout of ullage rockets will be deleted for both the S-II

and S-IVB stages.

2. Test and checkout of recirculation and engine chilldown will be deleted for

both stages.

3. Checkout of the S-IVB APS ullage engine will be deleted.
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10.7.1.1 (Conti_ued)

. Test and checkout of the engine startup provision and checkout of engine

startup sequence will be modified for both stages. Start tank and gas

generator functions will be deleted and Solid Propellant Turbine Starters

(S PTS) and LOX dome purge functions will be added.

no Test and checkout of the S-IVB prevalves and LOX depletion sensors will

be deleted. In the case of the S-II stage, the processing related to prevalv_,s

and LOX depletion sensors will be modified to provide cutoff for all engines.

o Installation and checkout of flight batteries will be modified to reflect

deletion of two of the S-II batteries and the replacement of one of the S-IVI:

batteries with a smaller battery.

° Test and checkout of the engine idle mode will be added and test and check(_ut

of the hydraulic actuation will be modified for the S-IVB.

b. Three Stage Synchronous Orbit Vehicle

The additional processing changes will be as follows_

l. Test, checkout, and ordnance installation for the SPTS will be added to the

S-IVB stage.

° Telemetry test and checkout will be modified to account for measurements

from the S-IVB and IU. The change to the S-IVB will include adding signal

conditioning racks, multi-plexers and a new tape recorder to handle the

additional measurements and adding a power amplifier to transmit them the

additional distance. The IU has a modification to its power amplifiers.

. Installation and checkout for increased battery capacity will be added to the

S-IVB and IU. For the S-IVB, two electrical isolation switches will be added

to prevent the two batteries from bucking each other during ground operations.

c. Two Stage LEO Vehicle

The processing changes related to this vehicle will be as follows:

1. All S-IVB processing will be deleted.

. All processing changes for the S-II identified in Section 10.7.1.1, Paragraph a

for the LOR vehicle will apply to the LEO mission.

1 Installation, test, checkout, servicing, and gas removal for an I1CS system

will be added to the S-II stage. The ttCS system will be identical to the LOR

APS system, excluding ullage motors, used on the S-IVB stage.
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10.7.1.1 (Continued)

. Test and checkout of a balanced propulsion venting of the LH2 tanks will be

added to the S-II stage. This system will provide positive oxidizer and fuel

settling for the S-II stage.

1 Test and checko,Jt for an auxiliary hydraulic system including installatiol

of hydraulic system batteries and servicing of hydraulic system air cooling
supply will be added to the S-II stage.

10.7.1.2 Launch Rules

Launch Mission Rules are developed to provide guidance to the Launch Director and

launch team o_ganization by specifying preplanned decisions which are designed to

minimize real time rationalization required when non-nominal situations occur during
the launch countdown and applicable prelaunch tests. The SA-503 Launch Mission

Rules were reviewed to determine if the replacement of J-2 engines by J-2S engines

would chauge the Lmmch Mission Rules. Only mandatory redlines were considered

in the review, and it was assumed that all SA-503 mandatory redlines would be avail-

able for stages equipped with J-2S engines except for systems which were deleted on

J-2S engines. A detailed listing o_ the redline differences is included in Table 10.7-II.

The following is a summary of redline changes.

a. Delete 15 of 42 mandatory redline measurements and add 4 new mandatory
redline measurements for S-II with no restarts.

b. Delete 15 of 42 manda¢ovj redline measurements and a=ld 11 mandatory redline
measurements for S-II with one restart.

c. Delete 5 of 32 mandatory redlines and add 1 mandatory redline for the S-IVB.

It appears that the probability of meeting preplauned launch windows will be increased

due to _he reduced number of redlines; however, since lmmch mission rules must be

prepared for each missile to be fired and since the impact of J-2S engines on the

launch mission rules is small, the impact on KSC costs or schedules is considered

negligible.

10.7.1.3 Interlocks

The Saturn V In_rlock System consists of relay logic circuits which react to timed

comma:lds from the Terminal Countdown Sequencer. The relay logic circuits issue

the comma,_cls to the electromechanical components on each of the launch vehicle

stages and ground support equipment and respond to the vehicle condition established

by the command to set up a_n interlock condition which allows the next event in the

countdown to be completed. Only launch critical functions and conditions are inter-

locked as prerequisites for a safe launch and the accomplishment of the primary
mission objectives.
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10.7.1.3 (Continued)

The present Satu:,nV Interlock System as defined in Boeing DocumentD5-16266-4,
"Functional Analysis Document for Saturn V Interlock System," was reviewed to
determine the impact resulting from the use of J-2S engines on the S-II and S-IVB
stages.

The detailed results of this review are tabulated in Table 10.7-III. These results

inOicate that appro_:imately 54 interlocks can be deleted from the system for a

LOR or Synchronous mission. The interlock deletions are associated with Recircu-

lation System, Ullage Systems, Gas Generator, Prevalves, and LOX Depletion

Cutoff System. The impact of a LEO mission will result in the deletion of the

interlocks associated with the use of J-2S engines on the S-II (approximately 34).

the deletion of all S-IVB related interlocks (approximately 45 top level interlocks),

and the addition of S-II interlocks (font top level) due to the addition of RCS Propellant

Settling System and the Auxiliary Hydraulic System for thrust vector control :luring

idle mode.

10.7.2 Facility and Equipment Moflifications

10.7.2.1 General

This section includes the results of the facility and equipment requirement develop-

ment and conceptual design. The major changes to KSC hardware resulting from

this effort are in the GSE Pneumatic System, the Control and Monitor Panels in the

LCC, and the addition of RCS servicing equipment for the S-H Stage.

10.7.2.2 Pneumatics

The specific requirements imposed on the GSE Pneumatic Systems by the replacement

of J-2 en_nes with J-2S engines are based on the design concept that: 1) consoles

which are no longer required will be removed rather than deactivated, and 2) S-II

Pneumatic System consoles and associated plumbing will be modified to provide the

capability to support either a LEO or LOR mission without further modification.

A summary of the Pneumatic System changes is as follows:

a. S7-41A "S-II Regulation and Distribution Console"

1. Add 32 new components plus interconnecting wiring and plumbing.

2. Modify or recalibrate 10 components.

3. Delete 17 components plus interconnecting wiring and plumbing.
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10.7.2,2 (Continued)

b. $7-41B "S-II Pneumatic Control Co_lsole"

1. Add 20 new components plus interconnecting wiring and plumbing.

2. Modify or recalibrate one pressure transducer.

3. Delete 11 components plus interconnecting wiring and plumbing.

c. $7-41C "S-I] Pneumatic Actuation, Purge, and Checko,_t Console"

1. Add 8 components plus interconnecting wiring and plumbing.

2. Delete 10 components plus interconnecting wiring and plumbing.

d. $7-41D "S-H GH 2 Servicing Console" and associated plumbing, is deleted.

e. A7-71 "S--H LH 2 Heat Exchanger"

1. Disconnect and cap two lines

f. DSV-4B-432-A-1414 "S-IVB Pneumatic Console"

1. Add one solenoid valve and associated wiring and plumbing.

g. DSV-4B-433A-1415 "S-IVB Pneumatic Console"

1. Add 25 new components and associated wiring ancl plumbing.

2. Delete 61 components and associated interconnecting wiring and plumbing.

h. Delete the S-IVB Heat Exchanger (DSV-4B-438-A-1416) and its associated plumbing

and circuitry.
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10.7.2.3 Electrical/Instrumentation

Detailed functi-Jnalchangesto Electrical andInstrumentation GSEwere identified
and collected by GSEsystem or item to identify the total changeto each.

The GSEchangesnecessary to support the respective J-2S configured stageswere:

_Q For the S-IVB stage with one restart, one LCC ESE panel was deleted and

eight were modified; three LCC and five ML patch distributors were modified,

one measurement rack, two ML crossover distributors and one relay rack

were modified; the ll0A, DDAS, DEE and PTCS systems were modified; and

S-IVB TCC pan_ls and distributors were modified.

Do For the S-IVB stage with two restarts, the same changes as above were made

with the only difference being that additional modifications were made to one

LCC ESE panel to add provisions for the third SPTS.

Co For the S-II stage without restart, one LCC ESE panel was deleted and eleven

were modified; three LCC and six ML patch distributors were modified; one

measurement rack, two ML crossover distributors, three power distributors,

a bus terminal assembly and a 5VDC module were modified; the ll0A, DDAS,

DEE and PTCS systems were modified; a 56VDC ground power supply was
deleted and the S-II TCC panels and distributors were modified.

do For the S-II stage with one restart, all the above S-II changes were made and

in addition to these, two APS panels were added to the LCC ESE; four OIS

boxes and two phones were added on MSS Platform #1 to support S-II RCS

servicing; and two OTV cameras were relocated on the MSS to view hypergolic
servicing of the RCS modules.

Table 7-2 of Reference 10.7-1 lists GSE systems or items that change to support

processing of the J-2S configured stages. Each change is related to the particular

stage and stage configuration it supports.

Conceptual design schematics were prepared for the changes that involve redesig-

nating existing elements to new functions or that add new elements. (Figure

10.7-1 illustrates such a change .) Where the change is a simple deletion of an

element (switch, patchcord, data channel) sufficient definition of the design
concept change was made.

A design concept for adding RCS control and monitoring to the S-II stage ESE was

prepared. While the S-II RCS provisions are identical to that of the S-IVB APS, it
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10.7.2.3 (Continued)

is necessary tc_ develop the conceptual design to a level to identify all related

equipment changes. The GSE distributor has sufficient existing spare capacity to

absorb the addition of patches without hardware changes. The only case where

new computer channels will exceed channel deletions is in the case of the DDAS System

for the S-H with one restart case. Since all channels allocated to the S-IVB stage

will be available in this case, no changes to add extra DDAS capacity will be required.

In the case of the S-II stage with one restart where two new APS panels will be added

in the LCC, particular attention is given to related cabling and electrical power

capacities. In both cases existing cables and existing electric power service will

have adequate capacity to support the new panels.

The general design concept related to the additions will be to use existing spare

components and cabling wherever possible and where new components are needed

will use the same type of components as already in use.

In the case of instrumentation changes, the increased number of telemetry measure-

ments identified for all of the stage configurations are within the capacity of the

existing telemetry systems. No new links nor transmission data rates were identified.

Where data transmission range is increased, as in the case of the S-IVB with two

restarts (synchronous mission), this results in stage changes to transmit more data

a greater distance but these changes will not change ground equipment.

The total impact of the changes discussed above will be a small reduction in hardware

and processing for each vehicle except for the case of the LEO mission where the

elimination of the S-IVB stage will result in a major reduction in processing.

10.7.2.4 RCS Servicing System Modifications

The S-II with one restart will require RCS units (S-IVB APS less ullage engines)

for attitude control of the stage during flight. The S-II RCS units will be identical

to the existing S-IVB APS units (less ullage engines) and will be located on the aft end

(Vehicle Station 1760) of the S-II stage. Onboard propellant storage and ullage

pressurization systems will be identical to that utilized by the S-IVB APS. GSE units

required for servicing the RCS units will be the same as are now provided for the

S-IVB APS. The hypergolic servicing of either RCS/APS system occurs during the

Hypergolic Load Test Sequence of the vehicle countdown preparations. Contractors

will conduct RCS/APS loading for their respective stages.

GN 2 (750 psig) will be provided for the S-IVB APS servicing over Swing Arm No. 6

and GN 2 (500 psig) will be provided for the S-II RCS servicing to Platform No. 1 from

10-991



D5-15772-2

10.7.2.4 (Continued)

S-II Service Arm 4. GHe (3200 psig) for the onboard APS He storage and pressuriza-

tion will be provided for the S-IVB APS over the umbilical on Service Arm 6. GHe

(3200 psig) will be provided to the S-II onboard RCS He storage and pressurization

over the S-II umbilical on Service Arm 4.

The method considered for S-II RCS loading is that of installing the S-IVB APS

Loading System at the S-II level. This will require the installation of two additional

isolation valve boxes on the 133-foot level of the MSS similar to APS servicing boxes

on the 221-foot level and two control assemblies on Platform No. 1. This approach

is shown in plan view on Figure I0:7-2. The RCS fuel and oxidizer systems are

shown in Figure 10.7-3 and 10.7-4 respectively. The installation will be as

follows: one fuel box for lines 23-0 (fill), 24-0 (return), and 25-0 (vent) and one

oxidizer box for lines 27-0 (fill), 28-0 (return), and 29-0 (vent) (See Figure 10.7-3

and 10.7-4) on the 133-foot level of the MSS similar to APS servicing boxes on the

221-foot level. Lines (approximately 170 feet each) from the isolation valve boxes

will be routed, oxidizer on one side of the MSS and fuel on the other side, along the

133-foot level to interface plates adjacent to MSS Platform No. 1 located at approxi-

mately the 135-foot level for propellant loading of the S-II RCS. The horizontal pipe

chases to the RCS interface at Platform No. 1 will maintain a positive slope from the

interface plates to insure proper draining of the hypergol lines following propellant

transfer. This system is identical to the system that now services the S-IVB APS,

and S-II RCS propellant loading will be procedurally the same. There will be no

special drain or purge requirement as no additional points will be developed in the

propellant delivery and return lines.

The addition of this system at the 133-foot MSS level and on Platform No. 1 will also

require the following additions:

a. Hardline piping (insulated) from the isolation valve boxes along each side of the

MSS to a new MMH Bulkhead (Interface Plate) on the fuel side and to a new N20 4

Bulkhead (Interface Plate) on the oxidizer side.

b. Pipe chases and a catwalk for the hardline piping mentioned above on each side

of the MSS.

c. Flex hoses from the bulkheads to the control assemblies and from the control

assemblies to the vehicle RCS/APS units.

d. Four additional OIS boxes and 20IS phones on Platform No. 1 to monitor and

control hypergol loading.

e. Relocation of 20TV cameras from the S-IVB APS Loading function to the S-II

Loading function for the LEO mission only.
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10.7.2.4 (Continued)

f. GN 2 flex lines from Service Arm 4 to the control assemblies for purging and valve

actuatioJ_. This system will also require (2) 0-50 PSIG regulators and (1) 0-500

PSIG regulator.

go Additional safety equipment will have to be installed at the 133-foot level of the

MSS. Included in this equipment will be a safety shower, eyewash and a first aid
station.

h. A GN 2 purge capability for the new isolation valve boxes on the MSS. This capa-
bility already exists at the spacecraft and S-IVB MSS levels. Therefore, the

change is minor and will only require the installation of valves in the GN 2 lines
at the 133-foot level andpipe runs to the isolation valve boxes.

The addition of an RCS System on the S-I] stage will require external vehicle access

between station 1760 and 1900 at vehicle positions I and III. MSS Platform 1 positioned

at station 1760.00 will satisfy this requirement. 65ICD9144 states that vehicle to

MSS Platform 1 compatibility exists between station 1646 and 1920. The hinged

clamshell on Platform 1 which closes in the vicinity of Service Arm 4 will have to

remain partially open at this position; however, this will not limit the access to the

RCS System.

10.7.2.5 Handling and Access Equipment

A7-84 Heat Shield Platform

Use of the J-2S engine will require that the present heat shield be reduced in size.

Approximately three inches will be cut away from the shield in the engine nozzle area

and the support struts will be relocated. These changes will require fabrication of

a new heat shield platform. This platform is installed during vehicle checkout to

provide a walkway for personnel to service the S-II stage. The platform consists of

a one-inch thick, aluminum skin, honeycomb interior structure support by four-inch

thick styrofoam blocks.

In order to conform to the reduced size of the heat shield, the platform will have to

be cut to allow new struts to pass through the structure (there are four new strut

points called for in the changed heat shield). In addition, a kickplate approximately

one-inch high will be needed around the circumference of the platform.

SDD-259 LOX Tank Internal Access Platform Outer Stand

A slosh baffle will be installed in the aft end of the S-II LOX tank. This baffle consists

of a 24-inch wide conical ring perpendicular to the tank wall. This baffle will interfere

with the strut of the outer stand SDD-259 as shown in Figure 10.7-5. The strut will be
cut and lengthened so as to clear the top of the baffle. It will be welded at the break point.
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TABLE 10. 7-III INTERLOCKS DELETED FROM THE S-II SYSTEM

RELAY FUNCTION

RE FE RE NC E

FIGURE

Kl18

K126

K227

K223

K206

K228

K217

K226

K213

K218

K216

K215

A24K1

Klll

K50

KI-1

K823

K125

K237

K223

K206

K823

K9

K96

K40

K28

K34

Kl03

K18

K848
K850

K852

K854

K856

NOTE

Recirculation Ready for Launch

Any LH2 Depletion C/O Sensors Dry

LOX Return Line Valves Open

All LOX Prevalves Open

All LOX Prevalves Open

Pump Valves Open

Pump Valves Open

All LH2 Prevalves Closed

All LH2 Prevalves Closed

Return Line Valve Open

Close Recirculation Pump Return Line Valves

Close Recirculation Pump Valves and Return
Line Valves

LOX and LH2 Return Line and LH2 Pump

Valve Control

Recirculation Stop Reset
Recirculation Reset

Ullage Trigger
All Gas Generator Valves Closed

Recirculation Ready for LOX Load
10% LOX Level

All LOX Prevalves Open

All LOX Prevalves Open
All Gas Generator Valves Closed

Recirculation Bus Supervision
+2DSll Power On

Recirculation Power Transfer Isola_on

Recirculation Bus Power Transfer

Recirculation Bus Internal

OAT Recirculation Bus Supervision

Recirculation Bus Voltage OK

LH2 1 Dry
LH2 2 Dry

LH2 3 Dry

LH2 4 Dry

LH2 5 Dry

The prevalve interlocks deleted from the Recir-

culation System should be used in the Propellant

Loading Chain to ensure that the prevalves are

open prior to start of propellant flow.

5

6

6

6

7

8

8

8

8

8

4

10

10

10

10

10

4
9

9

9

9

9
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TABLE i0. 7-III INTERLOCKS DELETED FROM S-IVB SYSTEM (CONTINUED)

RELAY

K54

K633

A45A6K6

K623

K631

K622

K632

A45A6K5

K629

K646

K639

K424

A45A9K 19

K425

A45A9KI8

K890

A3AIOKI

A3AIOK2

A3AIOK3

A3AIOK4

FUNCTION

Ullage Rocket Pilot Relays Reset

LH2 Chilldown Inverter Power On

LH2 Chilldown Inverter Power On

LH2 Chilldown Valve Open

LH2 Prevalve Closed

LOX Chilldown Valve Open

LOX Chilldown Inverter Power On

LOX Chilldown Inverter Power On

LOX Prevalve Closed

LOX & LH2 Prevalve Emergency Close Command

LOX & LH2 Prevalve Emergency Close Command

LH 2 Bleed Valve Closed

Fuel Bleed Valve Closed

LOX Bleed Valve Closed

LOX Bleed Valve Closed

70 lb. Thrust Ullage Engine Relay Reset

Ullage Rocket Relays

Ullage Rocket Relays

Ullage Rocket Relays

Ullage Rocket Relays

RE FERE _,rC i_:-

F1G UR E

2, 11

2, ll
13

2, 11

2, 11

2, 11

2, 11
13

2, ll
2, 11

13

2, 11
13

2, 11
13

12

12

1.2

12

12

NOTE These interlocks can be deleted from the inter-

lock chain which activates K968 - S-IVB Stage

Ready for Firing and K972 - S-IVB Stage Ready
for Launch.
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TABLE 10. 7-IH INTERLOCKS ADDED TO S-II SYSTEM FOR LEO MISSION (CONTINUED)

APS No.

Interlock Condition

1 Engine Valve Power On

APS No. 2 Engine Valve Power On

I,H2 Vent Directional Control in

Flight Position

Auxiliary Hydraulic Pump Power On

(Flight Mode)

Reason

To ensure that APS engine valve

power is available prior to S-IC
ignition.

Same as above

To ensure that tile LH2 tank is

venting through balanced vent

system.

To ensure that power is available

for TVC during idle mode.
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10.8 SYSTEMS ENGINEERING AND INTEGRATION (SE&I}

SE&I is presently performed by The Boeing Company for the Saturn V vehicle and

is divided into four activity categories.

Activity C ategor_ Tasks

System Integration Program Control, Configuration

Management, Test Program Integration

and Launch Readiness Assessment, and

Logistics

Systems Engineering Interface Engineering, System Definition,

Pre-Launch System Analysis, Design

Certification Review, Reliability Analysis

Mission Rules, and System Safety.

Technology Flight Evaluation, Propulsion System

Analysis, Structural System Analysis, and

Instrumentation System Analysis

Launch Vehicle and

Mechanical Ground

Support Equipment

(LVGSE)

LVGSE Logistics and System Development

Facility (SDF)

The tasks, such as Program Control, Configuration Management, Test Program

Integration, etc., investigate the overall launch vehicle and its systems including

the engines, but are independent of type of engine used. These tasks arenot impacted.

The tasks, Interface Engineering, Flight Evaluation, and Propulsion System Analysis

required additional SE&I development and recurring efforts. The LOR Mission requires

efforts to develop the necessary guidance system modifications and computer trajectory

simulation modifications. The three-stage synchronous mission with three-start S-IVB

requires additional analysis and development to assess J-2S synchronous orbit mission

capabilities and to rework the assumed developed synchronous orbit guidance to

incorporate J-2S capabilities. Additional work is also required in guidance and

simulation modifications for the two-stage LEO mission.

10.8.1 SE &I Tasks Definition

10.8.1.1 System Integration

Systems Integration tasks consist of the following:
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10.8.1.1 (Continued)

al Program Control: Program Control responsibility is to prepare and main-

tain the Saturn V baseline schedule plans from schedules and technical data

collected from other NASA/MSFC organizations and contractors to provide

visibility to the program management on overall Saturn V schedules. The

schedules are monitored and kept up-to-date. Status reports and contingency

and long range planning with recommendations are prepared.

Impact: This task is independent of the type of engine and thus requires no
increased effort.

b. Configuration Management: Configuration Management responsibility is to

prepare and maintain MSFC configuration management manual and contractor

requirements as directed by MSFC to assure compatibility of equipment,

perform change integration activities subject to MSFC review and approval,

and maintain MSFC specification index and centralized specification.

Impact: This task is independent of the type engine, and thus requires no
increased effort.

Co Test Program Integration and Launch Readiness Assessment: This task

responsibility is to develop program level plans and directives which establish

requirements to integrate and control Saturn V test activities and mission

activities. The taskls other responsibilities are also to develop and maintain

readiness review plans, procedures and schedules, and to develop and maintain

launch vehicle test and checkout requirements, specifications, criteria and
redline documentation for use at KSC.

Impact: This task is independent of the type of engine, and thus require no
increased effort.

do Logistics: Logistics responsibility is to provide and manage logistics

products and services in support of the Saturn V system at KSC and test

sites such as procurement and delivery of hardware kits, reporting spares

status, identifying and assessing logistics problems.

Impact: This task is independent of the type of engine and thus requires no

increased effort.

10.8.1.2 System Engineering

System Engineering tasks consists of the following:
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10.8.1.2 (C on_nued)

a_ Interface Engineering: Interface Engineering task responsibility is to maintain

the Saturn V mechanical Interface Control Documents which control stage

to stage and stage to engine interfaces as well as vehicle to MGSE and vehicle

to launch facility interfaces. ECPs, ECRs and AVOs submitted by Contractors

and NASA Labs are analyzed and evaluated for interface compatibility.

Acceptance or rejection of the ECPs, ICRs and AVOs is recommended to

MSFC; after government concurrence, IERs and IRNs are prepared for

contract compliance.

Impact: The Interface Engineering task is impacted by the J-2S requirements.

Development effort is needed for researching, defining and documenting

new interface changes resulting from the S-II and S-IVB stages design

modifications. Such changes involve relocating pneumatics, deletion

or relocation of fluid lines and disconnects rerouting and clamping
of electrical harnesses and deletion or de-activation of kits.

be System Definition: The system definition task is to compile data

furnished by the government and the contractors to assemble a vehicle system

definition document for NASA approval. The document, when approved, provides

consistent technical baseline for design operation, maintenance, logistics,

reliability and safety analysis. Such documents are Saturn Flight Manual,

Mechanical Schematic and Ordnance system documents.

Impact: This task is independent of the type of engine, and thus requires no
increased effort.

Co Prelaunch System Analysis: This task responsibility is to analyze the Saturn V

system, identify problems and provide data and recommendations for NASA

management to evaluate and determine the effectiveness of the launch vehicle

and LVGSE.

Impact: This task is independent of the type of engine, and thus requires no

increased effort.

d, Design Certification Review (DCR): The DCR responsibility is to prepare

directives and procedures which establish requirements and outline for

reporting proof of design and development maturity of Saturn V vehicle.

DCR reports are collected from stage and GSE contractors, then integrated,

critiqued and distributed to cognizant government personnel for review and

evaluation. DCR activities also include planning and managing DCR oral

presentations, identifying problems and tracking action items.

Impact: This task is independent of the type of engine, and thus requires no
increased effort.
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10.8. I.2 (Continued)

e. Reliability Analysis Program: This task responsibility is to compile data

from contractors to prepare and maintain Failure Effect Analysis (FEA),

Criticality Determination (CD) and Reliability Analysis Model (RAM) reports

for use by other NASA organizations and stage contractors to evaluate the

reliability of the stage systems and overall vehicle performance.

Impact: This task is independent of the type of engine, and thus requires no
increased effort.

f. Mission Rules: This task responsibility is to review, integrate and update

Saturn V launch and flight mission rule documents which provide operating
ground rules for vehicle prelaunch and flight operation.

Impact: This task is independent of the type of engine, and thus requires no
increased effort.

go Saturn System Safety: This task responsibility is to maintain system safety

program standards, document performance analysis of safety criteria, deve-

lopment requirements and level of compliance, define manned flight awareness
and schedule exhibits.

Impact: This task is independent of the type 'of engine, and thus requires no
increased effort.

10.8.1.3 Technology

Flight System Analysis consists of the following tasks:

al Flight Evaluation: The SE&I Flight Evaluation responsibilities include trajectory

and performance analysis. Input data in digital form are received, through

the MSFC Computation Laboratory from the launch vehicle stage contractors
and launch range facilities. These raw data are used to reconstruct the launch

vehicle trajectory through use of digital and analog computers. The computers

compare flight data with preflight predictions and plot all data which fall outside
the predicted bands.

Detailed technical system performance analysis is also performed utilizing

a Unified Flight Analysis System concept. The output from these analyses and

stage contractor's analyses are incorporated into the final evaluation report

and submitted to NASA headquarters. The analysis results are used as a

feedback for design changes and anomaly corrections.
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I0.8. I.3 (Continued)

Impact: The flight system analysis is impacted by the change in mission

configuration. The three-stage synchronous mission with three-start

S-IVB and two-stage LEO mission impose changes in analysis which

are unique and partly independent of the use of J-2 or J-2S engines.

The changes involve necessary guidance system modification and

computer trajectory simulation modifications to both digital and

hybrid simulators.

Additional analysis and development is required to assess J-2S

synchronous orbit mission capabilities and rework the assumed

developed synchronous orbit guidance to incorporate J-2S

capabilities. Hybrid and digital simulations will also require

additional update. Additional work is required in guidance and

simulation modifications to implement the two-stage configuration

capability.

Do Propulsion System Analysis: Propulsion System Analysis responsibility includes

propulsion system performance prediction, flight evaluation, environmental

control and structural heating study.

Impact: The impact on propulsion performance to incorporate J-2S engine into

propulsion models involves checkout, modifications, revision and

verifications of engine digital and hybrid programs. The following

are descriptive summaries of the changes involved:

lo Revise J-2S Engine Steady State Digital Program (PAST), developed

by Rocketdyne. A basic PAST engine program should be furnished

as GFD.

(a) Revise PAST Program

(b) Modify Program (develop separate S-H and S-IVB Models)

(c) Revise the engine models in other S-H and S-IVB analysis

programs.

(d) Verification of all programs utilizing the J-2S digital model

o Revise J-2S Engine Transient Analysis Hybrid Program; sufficient

J-2S test data should be available to allow development of an adequate

model.

(a) Analyze test data and develop performance maps

(b) Revise existing J-2 engine program

(c) Check out new program
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10.8.1.3 (Continued)

Co Structural System Analysis: This task includes flightloads and mass analysis,

ground winds, structural dynamic characteristics, vibration and acoustics data,

structural design accuracy and flightevaluation.

Impact: The type of engine or mission variation imposes no impact on this
task.

d. Instrumentation System Analysis: This task includes telemetry systems and RF

systems analysis.

Impact: The type of engine or mission variation imposes no impact on this
task.

10.8.1.4 Launch Vehicle and Mechanical Ground Support Equipment (LVGSE)

ao LVGSE Logistics: This task responsibilities are to provide and manage logistics

resources for specific LVGSE. Specific responsibilities include planning,

analysis, spares provisioning, procurement, repair and modification, supply

system management and O&M manual preparation.

Impact: This task is independent of use of J-2S, and thus requires no
increased effort.

b. Systems Development Facility (SDF)

The Systems Development Facility, known as the "Breadboard" is located

in Building 4708 at MSFC. The Breadboard houses the LCC electrical

support equipment, LUT GSE, LCC RCA U0A, LUT RCS ll0A, Operational

Display System, DDAS, S-IC electrical simulator, S-II electrical simulator,

S-IC Mechanical Automation Breadboard, S-IVB Mock-up (500 ST stage)

and the I. U. stage.

The Breadboard is a functional replica of the launch systems and associated

GSE. It simulates electrically the functions of the vehicle systems and

subsystems. The three main functions of the Breadboard are:

I. To verify LVGSE and ESE equipment Mod Kits (physical and/or electrical

intent) prior to their incorporation at KSC.

. To debug and validate all program tapes and procedures such as the

LVDC flight program, Saturn V launch computer complex operating

systems and vehicle test programs, and
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10.8.1.4 (Continued)

3. To investigate and analyze vehicle systems and subsystem problems.

The modifications and changes to the SDF due to the J-2S engine are

mainly electrical patch work to the ESE patch boards and wiring changes

to the panels. Some plumbing changes to the S-IVB-500 ST stage, S-IVB

Pneumatic Console model 433A and the auxiliary pneumatic console are

required. Installation of new rood kits are required such as the Flight

Control Computer (FCC) and the Control Distributor which are modified

by IBM on the I.U. stage to adapt J-2S engines.

A J-2S engine will be required to replace the existing J-2 engine in S-IVB-

500 ST stage. The J-2S engine will be acquired from the engine development

program and will be available at no cost to the government.

A summarized list of SDF changes is as follows:

. Replace existing S-IVB J-2 engine with J-2S engine. This would

include the removal of existing S-IVB J-2 engine, installation of the

J-2S engine and checkout of the J-2S engine and checkout of the J-2S

engine integrated with the S-IVB 500 ST stage.

, Incorporate modifications to existing equipment. This effort would

require installation and checkout of modifications to the following

equipment:

(a) S-IVB-500 ST stage

(b) S-IVB electrical support equipment

(c) S-IVB mechanical support equipment simulator

(d) S-IVB (DDAS (Digital Data Acquisition System)

(e) S-IVB auxiliary pneumatic console

(f) S-IVB pneumatic console, model 433A

(g) S-II stage electrical simulator

(h) S-II electrical support equipment

(i) S-II DDAS

(j) S-H mechanical support equipment simulator

(k) I.U. DDAS

Impact: There is no increased effort to the SDF task, since all changes

and modifications will be routine operations, without interfering with the

scheduled work at the time.
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SEC TION U

RESOURCES

11.0 INTRODUC TION

This section describes the integrated vehicle resources.

Resources data has been collected from the stage data and grouped to portray an

overall resource picture of the integrated vehicle.

The following integrated vehicle resources plans are presented:

Vehicle Facilities Plan

Vehicle Test Plan

Vehicle Master Schedule Plan

ii.I VEHICLE FACILITIES PLAN

The J-2S implementation requirements impose no change, modification or addition

to the existing Saturn V facilities.

11.1.1 Contractors Facilities

These facilities are normally located at the Contractor's headquarters. Some of

these facilities are Government funded. The contractors anticipate no additional

requirement for the expansion of these facilities to support the J-2S efforts, however,

the S-II stage Contractor anticipates a continued situation where government-owned

equipment and facilities are inadequate for their intended use because of obsolescence

or innovations. Special funds have been available for these minor facility replacements

and modifications. The S-II Contractor anticipates a continued requirement of

approximately $100, 000 per year, regardless of manufacturing schedule change or

production rate.

11.1.2 Marshall Space Flight Center (MSFC)

No expansions or modifications are anticipated at MSFC. The DTV facility is not

affected since no vehicle dynamic testing is required for the J-2S program (test

plan is presented in sectionll. 2.1). Special structuraltests such as the S-II stage
thrust structure and aft skirt will be conducted on NASA R-P&VE facilities at MSFC.

These facilities are adequate and require no expansion or modifications.

11.1.3 Mississippi Test Facility (MTF}

This is a government owned facility at which the Contractor provides management

services during static firing of the 1st and 2nd stages (S-IC & S-II) of the Saturn V
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11.1.3 (Continued)

vehicle. The test complex for each stage contains static test stands, a control

center, and other related support facilities. The MTF is adequate to support the

J-2S program; no problem is anticipated.

11.2 VEHICLE TEST PLAN

11.2.1 Dynamic Testing

The SA-500D Dynamic Test Vehicle (DTV) Program has been completed at MSFC.

The objectives of the DTV were to measure the vehicle characteristics during

dynamic excitation of the vehicle and to develop mathematical models to predict

and verify these characteristics. Math models and prediction techniques derived

during SA-500D DTV Program are available for accurately predicting

structural dynamic characteristics of Saturn V type boost stages. The math models

and prediction techniques are developed for the three configurations shown in Figure

11.2-1, (1) S-IC/S-H/S-IVB/IU/PL, (2) S-II/S-IVB/IU/PL and (3) S-IVB/IU/PL.

The boost stages of all basic vehicles investigated in this study (LOR, Synchronous,

and LEO missions) are similar to SA-500D and their structural dynamic charac-

teristics can be predicted analytically. No dynamic testing of the boost stages
is needed.

Apollo type payload dynamic responses are predictable with math models updated

from Short Stack Dynamic Vehicle (SSDV) test data run at MSC. SSDV configuration

(S-IVB forward skirt/IU/PL) is shown in Figure 11.2-2. Payload local dynamic

responses are difficult to predict; therefore, payloads other than Apollo will probably

require a SSDV test at the MSC Spacecraft Acoustic Lab, ; however, these tests are

part of the payload development and would be accountable as such and not charged

against the J-2S/Saturn V vehicle program.

11.2.2 Wind Tunnel Testing

Wind Tunnel Model tests investigate aerodynamic characteristics and dynamic

behavior of the Saturn V under laboratory conditions. Wind tunnel testing is not

required because the flight vehicle configurations are geometrically identical to

Apollo. Aerodynamic coefficients have been established. Force and stability data

have been gathered from Vehicle-Force Model and Vehicle Ground Winds Elastic

Model to establish the capability of the flight vehicle to withstand the dynamic loads.

11.2.3 Manrating Flight Qualification Testing

First J-2S Saturn V will be manrated. The Saturn V vehicle is considered far

advanced in development and development and design maturity. The risk is minimized.

Each Saturn stage affected (S-H, S-IVB and IU) has its own test plan to perform the
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11.2.3 (Continued)

minimum development and/or verification tests considered necessary to provide

assurance that the advanced stage as modified to incorporate J-2S engines and added

mission capability as directed by NASA, has retained a man-rated status and will,

therefore, require no development flight tests.

Design Certification Heviews (DCR's) as well as other reviews such as PFR and FRR

may be conducted to evaluate the design maturity and determine the degree of risk

involved to manrate the first flight. In the event the first flight is not certified as

manrated, it will be utilized as an unmanned useful payload mission such as a deep

space probe or a synchronous orbit mission. Unmanned missions are usually

common and necessary to every program to gain knowledge and confidence in new

systems introduced for new space probes. Therefore, no cost for manrating flight

qualification testing is considered in the resource study.

11.3 VEHICLE SCHEDULE PLAN

The integrated vehicle master development and delivery schedule plan is presented

in this section. The schedule data are developed and provided individually by the

stage contractors. These data are integrated to form a master schedule plan.

The master schedule demonstrates flow time and lead time relationships among

milestones such as design and facility modifications, stage fabrication and

stage delivery.

11.3.1 Schedule Ground Rules

The schedule is based on a low production rate of two vehicles per year with six

months intervals between launches. The delivery plan requires that all the stages

are delivered on dock KSC at the same time as indicated in Figure 11.3-1. On Dock
KSC was taken as a commitment date from which the schedule is stretched backward

to determine the authority to proceed (ATP).

Schedules as based on time from ATP to delivery on Dock KSC rather than on

calendar year. The ATP varies from stage to stage. The ATP for the S-IC and the

S-II stages is 42 months prior to delivery on Dock KSC while periods of 35 and 18

months, respectively, are required for the S-IVB and IU stages.

A minimum of six months effort is assigned to phase "C" which is a program definition

phase. Phase "C" proceeds the ATP. During phase "C", the Contract End Item (CEI)

specification is defined; equipment requirement specification functional plan and

specification control drawings are revised and prepared. All efforts are complete

to a level sufficient for contract definition and cost and schedule estimating.
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II.3.1 (Continued)

The schedule is based on a one-shift, five-day week for manufacturing and engineer-

ing; it is also based on an assumed delivery of two Saturn V vehicles per year from

the AS-515 and on; so the "on hand capabilities" is assumed to be maintained at the

same level going with the J-2S program (AS-518 and on).

11.3.2 Schedule

Figure 11.3-1 shows the integrated vehicle master development and delivery

schedule. The schedule is common for the LOR, synchronous and LEO mission

except for the IU stage and SE&I where the synchronous mission requires extra lead

time effort, as further discussed below.

Phase "C" is not required for the S-IC stage. All program definition efforts

for the stage are complete. J-2S and/or mission profile impose no design changes or

modifications to the S-IC; however, the two stage polar orbit mission profile loads
cause an overload condition in the S-IC fuel tank. Insignification modifications

to manufacturing operation (new mill tape) are required; this will not alter the S-IC
schedule.

The S-If stage Phase "C" include the initiationof raw material for the "Mini-Thrust

Structure" test article to permit earliest possible fabrication and testing. Although

testing of the Mini-Thrust Structure will not be completed untilafter completion of

the S-If-18 thrust structure, this is not considered to be a risk situation.

Mission peculiarity has no effect on the development and deliveries schedule except

for the IU stage where the synchronous mission program required an extra four months

for design and certification testing of the Hi-density Core Structure Segment and

design of Hi-energy Cell Battery. For Systems Engineering and Integration (SE&I),

an extra 6 months is required for development for the LOR and LEO missions, and

an extra 12 months is required for development for the synchronous orbit mission.

This extra effort for the IU stage and the SE&I applies only to the first launch,

subsequent launches resume the normal schedule as illustrated.

11.3.3 Schedule Impact

The overall schedule, as illustrated, is straightforward. The stage schedules are

integrated without any activity or event that poses critical phasing or schedule

problem. The ATP varies from stage to stage (42 months prior to on Dock KSC for

S-IC and S-II, 36 months for the S-IVB and 18 months for the IU stage). This

variation is considered favorable for budgetary purposes where cost may spread out

over a longer period.
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SECTION 12

WIND SENSITIVITY STUDY

12.0 INTRODUCTION

The four J-2S/Saturn V design vehicles used the Saturn V external geometry

with an Apollo Spacecraft payload shape. This shape provides adequate payload

volume for the LOR, Synchronous Orbit, Low-Earth Orbit, and Polar Orbit

missions. However, other missions, or future experiments, may have greater

payload volume requirements.

A candidate payload shape to provide greater payload volume could be a 260-inch

diameter cylinder with a MLV nose cone. To determine the effect of this shape

on the Saturn V vehicle, a wind sensitivity study was conducted to define the

relationship between design wind speed, payload length, payload weight, and

design wind exceedence percentile. The wind exceedence percentile numbers

(95 percent, 90 percent, 80 percent design winds, etc.) are the percentage of
time during which a given wind speed magnitude will not be exceeded within a

particular period. The relationship between exceedence percentile values and

wind speed is shown in Table 12-I. If the given peak wind speed magnitude is

determined to be the maximum allowable within the structural capability of the

vehicle, then the exceedence percentile number may be taken to be launch availa-

bility. This means that the vehicle may be launched the same percentage of the

time that the maximum allowable wind speed is not exceeded.

J-2S/Saturn V structural design is based upon wind criteria formulated for March,

the month with the highest probable wind speed. For other months, the design wind

criteria will be less severe and the structural loading will be reduced. The payload

length can be increased by launching during a month with less severe design wind

criteria, by reducing the specified structural factor of safety, and/or by making
structural modifications to the critical stations. The critical station is that station

most likely to fail with increased loads.

12.1 STUDY GROUND RULES

12.1.1 Payload Envelopes

The payload envelopes for the basic 260-inch diameter MLV payload shape were

chosen to encompass the full range of allowable payload lengths expected for month-

to-month peak wind speed variations, for changes in launch availability and for two

factors of safety. Figure 12-1shows the vehicle configuration and the four payload

envelopes used in the study. Payload weights of 109,200 pounds and 65,600 pounds

were considered. These weights are representative of LOR and synchronous orbit

mission payloads. The payload weights were uniformly distributed throughout the

payload envelope. The relationship between payload length, payload volume, and

payload density is shown in Figure 12-2.
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TABLE 12-I IDEALIZED MONTHLY WIND SPEED FOR EXCEEDENCE

PERCENTILE VALUES; Cape Kennedy, Florida

(Reference: R-AERO-Y-73-65)

10-14 km Altitude

Percentile

Exceedence

Month
i

Jan.

Feb.

Mar.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

50% 80% 90% 95% 99_

WIND SPEED

m/s m/s m/s m/s m/s

45. 0 58.0 66. 0 72.0 84.0

41.0 58.0 68.0 75. 0 93. 0

47.0 60.0 68.0 75.0 97.0

40.0 54. 0 61.0 66. 0 78.0

23. 0 36. 0 44. 0 50.0 58.0

13. 0 22.0 28. 0 34. 0 42.0

10. 0 15. 5 19. 0 23° 0 31.0

10. 0 15.0 19.0 22° 0 28.0

11.0 19. 0 23° 0 26.0 30. 0

22° 0 34. 0 41.0 47.0 58.0

30. 0 40.0 47.0 53. 0 79. 0

36.0 50. 0 57. 0 63. 0 75.0
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12.1.2 Structural Capability

The compressive structural capability for the S-IC stage, the S-w stage, the S-IVB

stage, and the Instrument Unit were taken from References 12-1 through 12-5

12.1.3 Wind Criteria

The inflight wind profiles used for this study were taken from References 12-6.

Superimposed upon each wind profile is an embedded jet gust.

12.1.4 Aerodynamics

The normal force coefficient distributions for the 260-inch diameter payload

cylinder and Modified Launch Vehicle (MLV) nose cone were taken from MSFC

Memorandum R-AERO-AD-68-44, "Static Aerodynamic Characteristics of the

Saturn V + J-2S Vehicle," dated July 18, 1968.

12.2 TECHNICAL APPROACH

Flight simulations were performed for the two payload weights with the payload

lengths shown in Figure 12-1. The flexiblebody responses during firststage boost

were obtained, Flight simulation included rigid body translation and rotation in

the yaw plane, one free-free bending mode, and two nozzle degrees of freedom.

The wind profiles were applied in the yaw plane.

Bending moment values at the vehicle stations were obtained as functions of pay-

load length and wind speed. Using factors of safety of I.25 and 1.4, allowable

bending moments for each vehicle stationwere determined using the following

formula:

Where: BM(X) = allowable bending moment

R(X) =
F.S. =
PUmi n =

P(X) =

NCA P =

distributed body radius

structural factor of safety

minimum ullage pressure (applicableto tank shells only)

distributed longitudinalforce including aerodynamic forebody

drag

compressive structural capability

Allowable wind speed as a function of payload length was determined for all vehicle

stations and the most critical stations were determined. Then, relating wind

speed to launch availability for each month, allowable payload lengths were

determined for each month of the year for launch availabilities of 95 percent, 90

percent, 80 percent and 50 percent for both payload weights. In addition, allowable

payload lengths for each month of the year were determined for several levels of

structural modifications.
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12.3 RESULTSANDDISCUSSION

Both mannedand unmanned missions (factors of safety of 1.4 and I.25, respectively)

were considered. Results were obtained for two payload weights so that the effect

of payload weight could be assessed. In addition to determining the maximum allow-

able payload envelopes without structural modifications, payload length gains resulting

from successive structural modifications to criticalstations were obtained.

Three levels of structural modifications were considered: 1) no structural

modifications; 2) structural modifications to the Instrument Unit; and 3) structural

modifications to the Instrument Unit, the S-IVB forward skirt, the S-II/S-IVB

interstage, and the S-II forward skirt. Structural modifications to the S-IVB LH 2
tank shell were not considered since this modification would be significant from

a cost standpoint and rather than modify the entire stage, other structural designs

and concepts should be investigated.

The relationship between allowable payload length, launch availability, and

month of year for an unmodified J-2S/Saturn V are shown in Figures 12-3 through

12-6. The effect of structural modifications on the payload length is shown
in Figures 12-7 and 12-8. Modification to the S-II forward skirt is not required

with the 65,600 pound payload with a safety factor of 1.25 because the aft Y-ring

of the S-IVB LH 2 tank is more critical than either of the S-II forward skirt stations
thereby eliminating them as critical design stations.

A summary of obtainable payload lengths for both payload weights and for manned

and unmanned factors of safety is presented in Table 12-II. This table contains

data for 95 percent launch availability in the month of March (75 meter per second

design wind speed) and shows the gains in allowable payload length which can result

from modifying the critical vehicle stations.

The detailed results of this wind sensitivity study are contained in Document

D5-15772-6, "Structural Analysis - J-2S Improvement Study".
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APPENDIX A

BASELINE SA-511 VEHICLE DEFINITION

This appendix contains the Baseline SA-511 vehicle definition for a LOR mission

as provided by MSFC. The data includes payload capability, vehicle environments,

and stage descriptions to provide a base for necessary vehicle changes when

J-2S engines are incorporated in the S-II and S-IVB stages.
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SECTION I

INTRODUCTION

This document has been prepared to provide a baseline launch vehicle to

which all changes resulting from the J-2S Improvement Study will be referenced.

This baseline launch vehicle, designated SA-511, is an estimated projection

of the current operational Saturn Y vehicle. The baseline launch vehicle data

as contained herein reflect currently available information. Where specific

technical data have not yet been generated, reasonable values have been assigned.

The baseline launch vehicle is to be used only for comparison purposes in

conjunction with the J-2S Improvement Study and does not necessarily represent

approved changes to the vehicle. Any redefinition or change to the baseline

launch vehicle during the course of the J-2S Improvement Study will be provided

by the Propulsion Division (R-P&VE -P) and will be published as an amendment
to this document.

Section II contains the general description of the reference launch vehicle and its

nominal flight trajectory. Also provided are weight summaries, mass characteristics

and other pertinent design data.

Section III contains descriptions of the baseline S-IC, S-II, and S-IVB stages and
the Instrument Unit.
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SECTION If. BASELINE VEHICLE DESCRIPTION

io 0 CONFIGURATION DESCRIPTION

The Saturn ¥ SA-511 launch vehicle consists of an S-IC stage utilizing five 1. 522

million pound thrust (sea level) LOX/RP-1 F-1 engines, an S-II stage powered by

five 230, 000 pound-vacuum thrust (5. 5 M.R. ) LOX/LH 2 J-2 engines, an S-IVB
stage utilizing one of the above J-2 engines, an Instrument Unit, and an Apollo-

type payload as shown in Figure 1.

2.0 WEIGHT SUMMARY AND MASS CHARACTERISTICS

Assigned weights for the S-IC stage, the S-IC/S-II interstage, the S-II stage, the

S-II/S-IVB interstage, the S-IVB stage, and the Instrument Unit are given in

Tables I through VI. Residual weight summary for the first, second and third stage

is given in Table VII.

Table _¢III gives the vehicle mass characteristics summary for the flight. Mass

properties versus time (mass, C.G. moment of inertia) during first, second, and

third stage flight are given in Table IX.

3.0 TRAJECTORY

The baseline trajectory for vehicle SA-511 is applicable to the Saturn Y Apollo

geometry configuration flown to the standard LOR flight profile. All stages are

filled to capacity and the first stage liftoff weight and "pitch" profile optimized

to yield the maximum payload at translunar injection. The net payload forward

of the instrument unit (I. U.) at TLI is 100, 078 lb. A 72 ° launch azimuth measured

from north toward east was used.

Table X is the baseline vehicle weight description of SA-511 as used in the

trajectory calculations.

Table XI displays the baseline propulsion data.

Table XII is a time history of sequence of events from liftoff to final injection.

Figures 2 and 3 display the forebody axial force coefficient vs Mach number and the

variation of average base pressure with altitude, respectively. Figure 4 displays

the normal force (CN¢_) vs Mach number for the Apollo geometry configuration.

Table XIII contains the detailed LOR trajectory data and Table XI¥ gives the definitions

and symbols used in the trajectory data of Table XIII.
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I*

If.

Ill.

TABLE X

BASELINE VEHICLE WEIGHT DESCRIPTION

S-IC Stage

Total Mainstage Propellant 4, 577, 11 3

S-IC Stage (dry)
S-IC Residuals

S-IC Thrust Decay Propellant

Inboard Eng T. D.

Inboard Eng Exp. Prop.

Outboard Eng T. D.

S-IC/S-II Interstage (small)

S-II Ullage Rocket Propellant

S-II Thrust Buildup

1914

4O8

6746

289,409

67,585

9,068

1,548

1,360

1,801

S-IC/S-II Large Interstage

Launch Escape System

9,435

8,936

S-II Stage
Total Mainstage Propellant 970,442*

S-II Stage (dry) 80,686
S-II Residuals 14, 136

S-II Thrust Decay Propellant 342

S-II/S-IVB Interstage and Retro Propellant 8, 086

S-IVB Aft Frame & Detonation Package (Sep with Interstage) 51

S-IVB Ullage Rocket Propellant 117

S-IVB Thrust Buildup Propellant 440

S-IVB Stage

S-IVB Weight Lost In Parking Orbit

(100 N.MI. for 3 Orbits)

S-IVB Thrust Decay Propellant

LH 2 Vented
GOX Vented

Auxiliary Prop. Losses and Ullage for Restart

First Burn Propellant

S-IVB Restart Thrust Buildup Propellant

S-IVB Mainstage Prop (Incl FPR and FGR)

S-IVB Stage (dry, Less Aft Frame & Detonation Pkg. )
S-IVB Residuals

S-IVB Thrust Decay Propellant

S-IVB Second Burn Roll Propellant

107

3, 2 81
170

438

18

397

4,411

227,991"*

25,033

2,508
93

34

LBS.
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TABLE X (Cont'd_

BASELINE VEHICLE WEIGHT DESCRIPTION

Instrument Unit 4, 183

Flight Geometry Reserves (=39 m/sec) 1,211

Flight Performance Reserves (-- 70 m/sec) 2,260

Net Payload 100, 078

*S-II LOX Loading = 815, 427

S-II LH 2 Loading -- 155, 014

**S-IVB LOX Loading = 190, 914

S-IVB LH2 Loading = 37, 077

LBS.
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TABLE XI

PROPULSION DATA

S-IC Stage

Thrust/eng = 1,522, 000 lb

vv/eng = 5754. 2533 lb/sec

Ae/eng = 9. 9313349 m2/eng 2
Cross sectional area used for Aero computation = 79. 45976 m

S-II Stage

MR = 5.0:1

F = 205052 lb/eng

_/eng = 481. 34272 lb/sec

MR = 5.5:1

F = 229927 lb/eng

v_/eng = 543. 69117 lb/sec

MR = 4. 702:1

F = 190125 lb/eng

v¢/eng = 445. 25761 lb/sec

S-IVB Stage
MR = 5.5:1

F = 231012 lb/eng

v¢ = 543. 68557 lb/sec

MR = 5.0:1

F = 206012 lb/eng

_} = 481. 33644 lb/sec

The S-IVB stage burns at MR = 5. 5:1 from ignition to orbital

insertion. It is restarted and burns to injection at MR = 5.0:1
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Time (see)

0

12

35

149. 486

153. 0

161. 486

165. 286

167. 786

193. 986

198. 986

426. 312

543° 832

676.027

993.160

TABLE XII

EVENT HIsToRY

Event

Lift-off

Initial Tilt Program

Terminate Tilt Program, Begin Ctp = 0 flight

Inboard Engine Cutoff

Initiate 'ehi freeze' Mode

Outboard Engine Cutoff (Separation)

Ignite S-II at MR = 5. 0:1

Shift MR to 5. 5:1

Jettison S-IC/S-II Interstage

Jettison LES, Initiate Guidance

MR Shift to 4. 7:1

S-II Cutoff/Separation

S-IVB Ignition @ MR = 5. 5:1

S-IVB Cutoff in 100 N. M. Parking Orbit

S-IVB Reignition @ MR = 5. 0:1

S-IVB Final Cutoff
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Symbol

Time

Inertial
Velocity

Relative
Velocity

GammaS

GammaR

Mass

Weight

Thrust

Longit.
Acceleration

Altitude

Radius

Incl

Mach

Dyn
Pressure

ALFP

AZ.S

D5-15772-2

TABLE XIV

DEFINITION AND SYMBOLS FOR TRAJECTORY TABLES

Table Units

all seconds

1 m/see

ft/sec

1 m/see

ft/sec

1 degrees

1 degrees

2 kilograms

2 pounds

2 Newtons

pounds

2 m/sec 2

ft/sec 2

3 meters

feet

3 meters

feet

3 degrees

4

4 N/m 2

lb/ft 2

4 degrees

5 degrees

Definition

Instantaneous time from liftoff

Vehicle velocity in the space fixed

coordinate system

Vehicle velocity in the earth fixed

coordinate system

Flight path angle, measured from local

horizontal to the inertial velocity vector

Flight path angle, measured from local

horizontal to the relative velocity vector

Vehicle mass at time t

Vehicle weight at time t

Vehicle thrust at time t

Acceleration along the longitudinal
vehicle axis

Distance above the spheriod at time t

Distance from center of earth at time t

Instantaneous inclination

Mach number, based on relative velocity

Dynamic pressure due to relative

velocity

Relative pitch attitude angle measured from

relative velocity

Azimuth angle, measured in space fixed system

from north to south over east
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Symbol

Latitude

Longitude

CHIP

CHIY

AERO

Heating

Indicator

Alpha*Q

X

Y

Z

X DOT

Y DOT

Z DOT

XD DOT

YD DOT

ZD DOT

Table

5

5

5

5

TABLE XIV (Cont'd)

DEFINITIONS AND SYMBOLS FOR TRAJECTORY TABLES

Units Definition

degrees Geocentric latitudeof vehicle position at time t

degrees Earth relative longitude at time t (+east)

degrees Apollo 13 pitch attitude command

degrees Apollo 13 yaw attitudecommand

N-m/m2 (t qVRI dt

6 Jo /7 __
lb-ft/ft2 - 2

6 N-radian Product of angle of attack and dynamic pressure

lb-degree

7 m Apollo 13 position coordinates
ft

7 m Apollo 13 position coordinates
ft

7 m Apollo 13 position coordinates

ft

8 m/sec Apollo 13 velocity components

ft/see

8 m/sec Apollo 13 velocity components

ft/see

8 m/sec Apollo 13 velocity components

ft/sec

9 m/sec 2 Apollo 13 acceleration components

ft/sec 2

m/sec 2 Apollo 13 acceleration components

ft/sec 2

m/sec 2 Apollo 13 acceleration components

ft/sec 2

A-82

9

9



D5-15772-2

4.0 AERODYNAMICS

Assigned aerodynamics characteristics for the SA-511 baseline are assumed to be

the same as for the Apollo-Saturn V vehicle. These are given in NASA TM X-53517;

Subject, Static Aerodynamics Characteristics of the Apollo - Saturn V Vehicle; dated

September 16, 1966. The data includes normal force characteristics and local force

distributions necessary for performance, control, and basic structural analyses of

the vehicle. The axial force characteristics given in TM X-53517 have been updated
based on flight results. These updated axial force characteristics have been a_i_-:d

to SA-511 and are given in MSFC Memorandum R-AERO-AD-68-37, Subject, Saturn V

Axial Force Characteristics; dated June 18, 1968, and Figures 2, 3, and 4 of this
memorandum.
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5.0 FLIGHT CONTROL

5.1 CONTROL SYSTEM DESIGN OBJECTIVES

General control system design objectives for each of the three flight stages are

given below.

a. Provide adequate control to ensure stable flight

b. Provide well damped responses in order to ensure vehicle structural integrity

c. Compensate for component and structural tolerances

Vehicle flight may be classified into the following categories.

a. Nominal System or parameters within the range

having a 3 a probability of occurrence.

1. Reference System or parameters at the specified

design values.

2. Three Sigma System or parameters at the boundary of

+ 3 a (0. 9973 probability of occurrence)

range.

b. Off Nominal System or parameters outside the'+ 3 ¢r

range.

Specific stability objectives to satisfy the above stated general objectives are

listed below. These objectives should be used as desired objectives and should

not be construed as specifications. Definitions used in the stability objectives are

as follows:

a. Phase Margin The amount of phase lead or lag required

to cause the characteristic roots of a mode

of motion to just depart from the left-half

s-plane, i.e., become unstable.

b. Gain Margin The amount of gain increase required to

cause the characteristic roots of a mode of

motion to just depart from the left-half s-

plane, i.e., become unstable.
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el Control System Gain Margin

(S-IC only)

The smallest gain increase in the rigid

body and slosh frequency range required

to cause the characteristic root (s) to

just depart from the left-half plane, i.e.,

become unstable, with the exception of

those gain margins related to hydrogen-

tank slosh. These are exzluded because

their contribution to vehicle response is

negligible due to their small modal masses.

d. Peak Gain Margin The minimum increase in gain required to

cause the characteristic root (s) of a

mode of motion to just depart from the

left-half s--plane in the presence of the

most adverse phase lead or lag.

e. Aerodynamic Gain Margin The decrease in gain required to cause the

characteristic root (s) introduced by aero-

dynamics to just depart from the left-half

s-plane.

5.2 NOMINAL FLIGHT

Control system design objectives for nominal flight are given in the following

subparagraphs.

To meet the design objectives, it is expedient to define certain stability margin

objectives for the linear system open at each of the three locations:

a. Engine summation point

b. Attitude error channel

c. Attitude rate channel

Structural mode peak gain margin objectives depend on the structural damping

values used. Where the damping value obtained from structural tests is used

in analysis, a smaller margin objective is used. Prior to tests, all margin

objectives were large because damping values used were not considered

conservative.
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5.2o 1 S-IC Reference Flight

The function of the S-IC control system is to provide adequate vehicle control

such that the desired trajectory is followed with sufficient accuracy that any

dispersions at S-IC burnout can be compensated by the upper flight stages.

Stability objectives for the linear pitch (yaw) system, using reference parameter

values, are as follows:

a. A minimum aerodynamic gain margin of 6 db

b. A minimum control system gain margin of 6 db

c. A minimum control system phase margin of 30 degrees

d. A minimum phase margin for phase stabilized bending modes of 45 degrees

e. A minimum gain margin at the peak of gain stabilized bending modes of 6 db

f. A minimum gain margin at the peak of LOX and RP-1 slosh modes of 0 db

No objective is specified for hydrogen slosh modes since their contribution to

vehicle response is negligible due to their small modal masses.

Because of vehicle symmetry in the pitch and yaw planes, objectives for the pitch

and yaw contro 1 systems are identical.

Stability objectives for the linear roll control system, using reference parameter

values, are as follows:

a. A minimum control system gain margin of 6 db

b. A minimum control system phase margin of 30 degrees

c. A minimum gain margin for all torsional mode peaks of 12 db

5.2.2 S-II Reference Flight

The functions of the S-II control system are to provide adequate recovery capability

following S-IC/S-II separation and to provide adequate control for the remainder of the

flight such that the desired trajectory is followed with sufficient accuracy that any
dispersions at S-II burnout can be compensated by the S-IVB flight stage.

Stability objectives for the linear pitch (yaw) system, using reference parameter values,
are as follows:
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a. A minimum control system gain margin of 6 db

b. A minimum control system phase margin of 35 degrees

c. A minimum phase margin for the first bending mode of 45 degrees

d. A minimum gain margin for the second bending mode peak prior to LET

jettison of 6 db, and after LET jettison of 12 db

e. A minimum gain margin for the third and fourth bending mode peak of 12 db

f. A minimum phase margin for the LOX slosh modes of 35 degrees

Because of vehicle symmetry in the pitch and yaw planes, objectives for the

pitch and yaw control systems are identical.

Stability objectives for the linear roll control system, using reference parameter
values are as follows:

a. A minimum control system gain margin of 6 db

b. A minimum control system phase margin of 35 degrees

c. A minimum gain margin for all torsional mode peaks of 12 db

5.2.3 S-IVB REFERENCE FLIGHT

The S-IVB control system is designed to provide adequate recovery capability

following S-]I/S-IVB separation and to provide adequate control for the remainder

of flight such that the design trajectory is followed with sufficent accuracy that any

dispersions at burnout do not significantly affect the vehicle mission. Linear

pitch (yaw) system stability objectives for powered flight, using reference parameter

values, are as follows:

a. A minimum control system gain margin of 6 db

b. A minimum control system phase margin of 35 degrees

c. Minimum bending mode peak gain margins of 12 db

d. A minimum phase margin for LOX slosh of 35 degrees
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5.2.4 Three Sigma Flight

The stability objectives considering 3 o-parameter variations for the S-IC, S-II,

and S-IVB stages are:

al

b.

Co

d.

el

f.

go

a m,nimum aerodynamic gain margin of 3 db

a minimum control system gain margin of 3 db

a minimum control system phase margin of 15 degrees

a minimum slosh peak gain margin of 0 db (S-IC only)

a minimum slosh phase margin of 20 degrees

a minimum bending mode phase margin of 20 degrees

a minimum bending mode gain margin of 3 db

5.3 OFF NOMINAL FLIGHT

Control system desig_ objectives for off-nominal flight are to recover and

successfully stage following S-IC or S-II engine malfunction or actuator hardover

conditions. Recovery requires that the vehicle remain controllable and maintain

vehicle dynamics such that structural failure does not occur.

5.4 ACCOMPLISHMENT OF OBJECTIVES

5.4. 1 Stability

AS-504 stability data are the currently available data most representative of

the expected configuration of the 511 vehicle. These data are found in the

Boeing Company Document, D5-15508-4, "Launch Vehicle Flight Control System

Stability Analysis, SA-504 (Initial)," July 15, 1967. The degree to which the control

system designed for this vehicle meets the stability design objectives is summarized

in the following data and conclusions as presented in the referenced document.

Results of the analysis are:

ao S-IC pitch control system reference gain and phase margins of 3. 4 db and 24.7 °

are below the design objectives of 6 db and 30 ° respectively as shown in Table XV.

Margins with 3_-tolerances (including nonlinear effects) are reduced to 1.6 db

and 17.5 °. Control system phase margin is not considered a problem since the

3,-objective of 15 ° is met. Control system gain margin is below the 3 6"

objective of 3 db; however, this condition results from the use of slosh damping
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corresponding to low tank wave heights (0.05 m). With larger wave heights,

damping increases sufficiently to raise the control gain margin above its 3 6"

objective value.

b. For the SA-504 vehicle, S-IC TVC nonlinearities cause a 0.3 db reduction

in minimum gain margin. Previous analysis indicated a 2.0 db reduction.

This change in effect of TVC nonlinearities is caused by the SA-504 vehicle gain

margin being relatively insensitive to the phase shift resulting from nonlinearities.

c. A trade study to evaluate the S-IC control gain switch time indicates that the nominal

110 second switch time provides early engine-out capability with 95 percentile winds.

Engine failures only after 6 seconds were considered. A change to 100 second

switching will give an improvement of 1.1 db in the minimum control system gain

margin, but at the expense of more marginal early engine-out capability due to

poorer transient response. It is recommended that the 110 second gain switch be

retained. The second gain switch time is satisfactory at 130 seconds.

d. S-IC roll control system gain and phase margins are 5.4 db and 29.2 ° as shown

in Table XVI. These are below the reference objectives of 6 db and 30o; however,

the design is considered satisfactory as the 3 • margins meet the design objectives.

e. S-IC roll first torsional peak gain margin is 8. 7 db; under 3 a- conditions, the

margin reduces to 0. 8 db. However, the first torsional mode is phase stabilized

with a peak phase margin of 152 ° for reference conditions. Torsional mode gain

margins are reduced from the SA-501 analysis primarily as a result of lower

torsional frequencies corresponding to the heavier vehicle, and tolerance

increases. It is recommended that an alternate objective of phase stabilization

be employed on the first torsional mode because tolerances that affect phase

shift are defined sufficiently to establish 3 _" phase conditions. At the frequency

in question (6 I-Iz) a 3¢_objective of 45 ° phase margin and 75 ° phase margin

measured at peak modal amplitude are considered adequate.

f. The second torsional mode 3 _" gain margin is also below the 3 db objective
of 2.6 db. This mode is phase stabilized with a peak phase margin of 124 °.

Because of the conservative tolerances placed on torsional data, the second

torsional mode 3 a-gain margin is considered adequate at 0.4 db below the

objective. It is recommended that the objective be relieved sufficiently to satisfy

the calculated margin.

g. S-II stage second bending mode peak gain margin prior to LET jettison is

below the objective with a value of 3. 0 db as shown in Table XVII. Under 3 _'conditions,

this reduces to -1.7 db. This mode is adequately phase stabilized with a peak

phase margin of 174 ° during the period that gain margin objectives are not met

An alternate objective of phase stabilization is recommended.
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h. Table XVIII and XIX show that the S-H roll control system and the S-IVB pitch

control system meet all stability objectives.

5.4.2 Responses

The rigid body responses of various control variable of AS-504 vehicle (considered

representative of 511 vehicle responses) to a 95 percentile nondirectional design wind

applied as a cross wind are shown in Figures 5 through 10. Both the nominal con-

dition and three sigma condition are included for the wind peaking at the 10 kilometer

altitude which represents the approximate condition of maximum dynamic pressure-

angle of attack product. Control is adequate and well damped.
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6.0 STRUCTURAL LOADS

Longitudinal acceleration and dynamic pressure during first stage boost is given

in Figure 11. The maximum acceleration is 4. 16 g's and the maximum dynamic

pressure is 700 lb/ft 2.

Ground wind shear distribution for a 99.9 percent prelaunch wind (unfueled vehicle)

and a 99 percent launch wind (fueled vehicle) are given in Figures 12 and 13. Inflight

shear distribution for the maximum (q,_.) time of flight is given in Figure 14.

Bending moment distribution for a 99. 9 percent prelaunch wind (damper attached)

and 99 percent launch wind (damper detached) are given in Figures 15 and 16. Inflight

bending moment distribution for maximum (q_) time of flight is given in Figure 17.

On-pad longitudinal force distribution (fueled vehicle) with a load factor of 1.0 g's

is given in Figure 18. Longitudinal force distributions during the S-IC center engine

cutoff (CECO) and maximum (q_) times of flight are shown in Figures 19 and 20.
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SECTION III

BASE LINE STAGE DESCRIPTIONS

1.0 S-IC STAGE

1.1 CONFIGURATION DESCRIPTION

The S-IC stage consists of two cylindrical propellant tanks separated by an inter-

tank structural assembly, a thrust structure and four aerodynamic fins. This stage

is powered by five F-1 engines. The thrust structure transmits stage thrust loads

to a 396-inch diameter shroud which supports both of the cylindrical propellant

tanks. The fins are mounted to the engine skirts which protect each of the four

engines from excessive aerodynamic loading. The fins provide vehicle stability

during flight. Four vehicle holddown points are located angularly between

the outer engines.

i.2 STRUCTURE

1.2.1 Thrust Structure Assembly

The thrust structure distributes the thrust loads from the F-1 engines to the fuel

tank during flight and provides holddown points for the vehicle during tests and

launch. The thrust structure is made of aluminum and composed of four holddown

posts, four engine thrust posts, a cross beam structure between holddown posts

to support the center F-1 engine, stiffened skin, and frames.

1.2.2 Tail Assembly Shroud and Fairing

The tail assembly shroud continuously surrounds the base of the S-IC stage

except at locations of the engine skirts. The shroud and engine skirts are com-

posed of an aluminum skin with external longitudinal stiffeners and internal

lateral stiffeners. The longitudinal shroud stiffeners are channel sections
which are chamferred at both ends.

I. 2.3 Fins

Each of the four fins are attached to aerodynamic fairings for the engines and

provide vehicle stability during flight.

1.2.4 Propellant Containers

Both of the cylindrical propellant tanks are made of 2219-T87 aluminum tanks.

Ellipsoidal bulkheads are used at the forward and aft end of both tanks. The

cylindrical skin sections of the fuel tank have internal integral milled stringers.
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1.2.5 Intertank Structure

The intertank section provides structural continuity between the oxidizer and

fuel tanks and is composed of corrugated aluminum skin panels stiffened by
I-rings.

1.2.6 Forward Skirt Assembly

The aft end of the forward skirt is attached to the LOX tank and the forward

end interfaces with the S-II stage. The skin panels, fabricated from 7075-T6

aluminum, are stiffened and strengthened by ring frames and stringers.

1.3 PROPULSION SYSTEMS

1.3. 1 F-1 Engine

This engine is a single-start, fixed-thrust, gimbaled bipropellant system which

uses liquid oxygen as the oxidizer and RP-1 as the fuel. The fuel also serves

as the turbopump lubricant and the control actuator hydraul ic fluid. Basic engine

components include a regeneratively cooled tubular-walled thrust chamber with

a turbine exhaust gas cooled extension skirt, a gas generator with a dual gas heat

exchanger, a direct-drive turbopump, an engine gimbal system, and an engine

control system.

Each outboard engine is attached to the thrust structure by a gimbal assembly.

The center engine is mounted to the cross beams of the stage thrust structure

and cannot be gimbaled. Outboard engines gimbal in a five-degree square

pattern for xehicle thrust vector control.

1.3.2 Propellant Container Pressurization

Before engine ignition, the LOX and RP-1 tanks are prepressurized with helium from

launch support equipment. During flight, the RP-1 tank is pressurized with heated

helium supplied from on-board storage cylinders while the LOX is pressurized

by GOX obtained by heating LOX bled from the LOX turbopump outlet. Both the LOX

and RP-1 pressurization systems use the F-1 engine heat exchangers as the heat source.

1.4 Thermal Protection

The base heat shield consists of numerous honeycomb panels with a hot side

layer of M-31 thermal barrier trowelled into the open face honeycomb.
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2.0

2.1

S-H STAGE

CONFIGURATION DESCRIPTION

This stage consists of a cylindrical liquid hydrogen tank located forward of the

liquid oxygen tank. Both tanks are separated by a common insulated bulkhead.

Principal structural components include the forward skirt, the forward bulk-

head, the liquid hydrogen tank walls, the common intertank bulkhead, the

intermediate skirt, the thrust structure and the aft skirt and interstage.

2. 2 STRUCTURE

2.2.1 Aft Skirt and Interstage

This structure transmits first stage thrust loads to the S-II stage and is

built of 7075 aluminum alloy material. The structure is stiffened by external

hat-section stringers and stabilized internally by circumferential ring frames.

2.2.2 Thrust Structure

An inverted conical frustrum thrust structure transfers S-II stage engine thrust

loads to the body shell. This aluminum structure is stiffened by circumferential

ring frames and hat-section stringers; Four pairs of thrust longerons and

a center engine support beam cruciform assembly accept and distribute the thrust

loads of t he J-2 engines.

2.2.3 Propellant Containers

The LOX tank is composed of the common bulkhead and an ellipsoidal aft bulkhead

which are welded together. The common bulkhead is an eUipsoidal aluminum sandwict

structure with a fiberglas/phenolic core. The LH 2 tank has an aluminum cylindrical

section which is stiffened by internal rings. The cylindrical section separates the

elliptically-shaped bulkhead from the common bulkhead. A layer of foam-filled honey-
comb insulation is attachedrexternally to the LH 2 tank to prevent excessive boil-off.

2.2. 4 Forward Skirt

This structure transmits lower stage thrust loads to the S-IVB stage and is

similar to the aft skirt and interstage.
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2.3 Propulsion Systems

2.3. 1 J-2 Engine

Primary propulsion for the S-I/stage is provided by five J-2 rocket engines

which are high-performance engines utilizing liquid oxygen and liquid hydrogen

as propellants. The only fluids used in the engine are the propellants and helium

gas. The extremely low operating temperature of the engine prevents the

use of lubricants or other fluids. Programmed mixture ratio shift has bee n

utilized for the S-r[ stage.

Propellant utilization is accomplished by passing liquid oxygen from the discharge

side of the oxidizer turbopump to the inlet side through a valve driven by a

servomotor.

The J-2 features a single tubular-wall, bell-shaped thrust chamber, and two

independently driven, direct-driven turbopumps for liquid oxygen and liquid

hydrogen. Both turbopumps are powered in series by a single gas generator,

which uses the same propellants as the thrust chamber. An electrical control

system which contains solid-state logic elements is used to sequence the start

and shutdown operations of the engine.

The four outer J-2 engines are mounted to the S-II stage thrust structure aft

section. The other engine is attached to cross beams in the thrust structure. The

outer four engines are capable of being gimbaled + 7° square pattern to provide
thrust vector control.

2.3.2 Propellant Container Pressurization

Prepressurization of the LOX and LH2 tanks prior to launch is accomplished

with helium supplied from launch support equipment. Infligl_ pressurization

for the LOX tank is accomplished with GOX obtained by heating LOX bled

from the LOX turbopump outlet. The LOX is converted to GOX by a heat

exchanger located in the engine turbine exhaust duct. Inflight pressurization

for the LH 2 tank is accomplished by gaseous hydrogen bled from the thrust
chamber hydrogen injector manifold of each of the four outer J-2 engines.

3. 0 S-IVB STAGE

3.1 CONFIGURATION DESCRIPTION

The S-IVB stage is basically a 260-inch diameter semimonocoque structure

consisting of dual propellant tanks separated by a common bulkhead, a thrust

structure assembly, a forward skirt assembly, an aft skirt, and an S-II/S-IVB

interstage. The LOX tank is located aft of the LH 2 tank.
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3. 2 STRUCTURE

3. 2.1 Forward Skirt

The forward skirt is an aluminum alloy, cylindrical sl:_n and stringer structure.

It houses the various antennae, the forward umbilical plate, panels with telemetry
and electrical equipment, and joins the S-IVB to th_ Instrument Unit.

3.2.2 Liquid Hydrogen Tank

The fuel tank consists of a cylindrical section 268.5 inches long and 260 inches
in diameter with hemispherical shaped bulkheads. It is fabricated of an aluminum

alloy except for the aft bulkhead (common bulkhead) which is made of aluminum

sheets and fiberglas-phenolic honeycomb core which serves as an insulator

between the LOX and LH 2 tanks. The tank cylinder is formed by longitudinally
welded aluminum sheets. The internal surface is machine milled in a waffle

pattern to obtain tank stiffness with minimum weight.

Polyurethane insulation blocks, covered with a fiberglas sheet and coated with a

sealant, are bonded into the waffle patterns to minimize LH2 boil-off.

3.2.3 Liquid Oxygen Tank

The oxidizer tank is formed by the intersection of the aft LH 2 tank bulkhead
(common bulkhead) with the aft LOX bulkhead. The radius of both bulkheads

is 130 inches but each intersects the other so that there is no cylindrical element
in the LOX tank.

3.2.4 Thrust Structure

The thrust structure consists of a truncated cone made of an aluminum alloy, skin

and stringer type consturction. It provides the attach point for the J-2 engine

and distributes the engine thrust over the entire tank circumference. It is attached

to the LOX tank bulkhead by means of a bolted joint.

3.2.5 Aft Skirt

The cylindrical shaped aft skirt is the load bearing structure between the Lh 2 tank anc

aft interstage. It is made of aluminum alloy skin and stringer panels mechani-

cally joined. The skirt contains the aft umbilical plate and houses panels with

telemetry and electrical equipment. The skirt also supports the auxiliary
propulsion system.
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3.2.6 Aft Interstage

The aft interstage is a truncated cone that provides thf_ load supporting structure
betweenthe S-IVB stage and the S-II stage. Interstage diameter varies from
396inches to 260 inches. It is formed from aluminum alloy skin and stringer
constructed panels. The aft interstage contains the S-II _:etrorocket motors and
separates with the S-II stage.

3.3 PROPULSION SYSTEMS

3. 3.1 J-2 Engine

The J-2 engine us ed in the S-IVB stage is virtually identical to the engines

which provide thrust to the S-II stage with the exception of an added restart

capability. The engine has the capability of being gimbaled + 7° (square pattern)

to provide thrust vector control in pitch and yaw planes.

A rechargeable, engine-mounted, hydrogen start tank and a spark ignition system

featuring automatic reset provide the basic elements for the multiple restart

capability of the engine.

3.3.2 Auxiliary Propulsion System

The S-IVB auxiliary propulsion system provides stage three axis attitude control

and stage propellant control during coast flight. The system is made up of
two modules located 180 ° apart on the aft skirt. Engines for the attitude control

system use storable hypergolic propellants (MMH and N204). This system
_)rovides for pitch and yaw control during tmpowered flight and roll control

(luring powered and unpowered flight. The engines are nongimbaled and are

pressure-fed.

The ullage thrust engines are used to maintain a settled propellant condition

during times of LH 2 non-propulsive venting. These engines share the propellant

and pressurization systems of the attitude control engines.

3.3.3 Propellant Container Pressurization

Prepressurization of the LOX and LH 2 tanks prior to launch is _ccomplished
with helium supplied from launch support equipment.

Inflight pressurization for the LOX tank is accomplished with heated helium.

helium is stored in cold helium spheres located in the LHo tank and is heated

by the engine heat exchanger located in the turbopump turbine exhaust duct.

Inflight pressurization for the LH 2 tank is accomplished by gaseous hydrogen

bled from the J-2 thrust chamber hydrogen injector manifold.

The
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3.3.3 (continued)

Repressurization for the LOX and LH 2 tanks is also accomplished with heated

helium, but in this case, it is heated by a heat exchanger located in a hydrogen/'

oxygen burner ("helium heater"). In the event of a failure of the burner, ambient

helium is provided by a secondary system.

4.0 INSTRUMENT UNIT

4.1 C ONF IGURATION DESCRI PTION

The launch vehicle guidance, navigation, and control equipment, and most of the

instrumentation is packaged in the Instrument Unit which is located immediately

forward of the S-IVB stage. The Instrument Unit forms a part of the vehicle

load-bearing structure with interface to the S-IVB stage and spacecraft.

4.2 STRUCTURE

The basic IU structure is a short cylinder fabricated of an aluminum alloy

honeycomb sandwich material. The structure is fabricated from three honeycomb

sandwich segments of equal length.

Attached to the inner surface of the cylinder are cold plates which serve both

as mounting structure and thermal conditioning units for the electrical/electronic

equipment.
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