LIBRARY COPY
ocT ¢ 3
D e (TR

SID 65-1317

" APOLLO
OPERATIONS
HANDBOOK

COMMAND AND
SERVICE MODULE

SPACECRAFT 012

Prepared Under Direction of
NASA-MSC MISSION OPERATIONS BRANCH
FLIGHT CREW SUPPORT DIVISION

NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

N75-7

o287 C.I/'

SMZA-U3-SC012

e .

. .‘1 ‘fil‘“_.,_



L




SM2A-03-5C012

APOLLO OPERATIONS HANDBOOK

COMMAND AND SERVICE MODULE
SPACECRAFT 012

Contract NAS9-150 , - e
af 4 [l
Exhibit I; Paragraph 10.3 Eihi. “P‘TEH

THIS PUBLICATION SUPERSEDES SM2A-03-SC012 DATED
16 SEPTEMBER 1966, -

PREPARED BY NORTH AMERICAN AVIATION, INC.
SPACE AND INFORMATION SYSTEMS DIVISION
TRAINING AND SUPPORT DOCUMENTATION
DEPARTMENT 671

A CREW ABBREVIATED CHECKLIST, SM2A-03-SC012/CL, IS
PUBLISHED AS A SEPARATE DOCUMENT.

PUBLISHED UNDER AUTHORITY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

* d ¢

SID 65-1317 B“NOVEMBER 1966




SMZ2A-03-58C012

APOLLO OPERATIONS HANDBOOK

LIST OF EFFECTIVE PAGES

TOTAL NUMBER OF PAGES IN THIS PUBLICATION IS 816,
CONSISTING OF THE FOLLOWING:

NOTE: The portion of the text affected by the current changes i1s
indicated by a vertical line in the outer margins of the page.

Page Page

Title 2.8-1 thru 2,.8-70
A thru E 2.9-1 thru 2.9-38
i thru xii 2,10-1 thru 2.10-10
1-1 thru 1-20 2,11-1 thru 2.11-6
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2.5-1 thru 2.5-44 §-1 thru 8-2

2.6-1 thru 2, 6-48 A-1 thru A-6
2,7-1 thru 2,7-48

CHANGE INFORMATION

This handbook is subject to continuous change or revision, on a priority
basis, to reflect current engineering or mission changes, or to improve content
or arrangement. The content and the changes are accounted for by the above
List of Effective Pages, and by the following means:

Record of Publication: The publication date of each basic issue and each change
issue is listed on page B as a record of all editions.

Page Change Date: Each page in this handbook has space for entering a change
date. The latest publication date will be entered in this space each time a page
is changed from the basic issue.

*The asterisk indicates pages changed, added. or deleted by the cutrent change.

Manuals will be distributed as directed by the NASA Apollo Program Office. All requests for
manuals should be directed to the NASA Apollo Spacecraft Program Office at Houston, Texas.
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RECORD OF PUBLICATION

This issue of the Apollo Operations Handbook,
Spacecraft 012, dated 12 November 1966, constitutes
a revision of the handbook, dated 16 September 1966,
Subsequent changes may be issued to maintain infor-
mation current with spacecraft configuration through
completion of the mission. This record will reflect
the publication date of any released changes.
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LATE TECHNICAL CHANGES

The items listed below represent technical changes which have been approved too
late for inclusion in the 12 November 1966 printing of the Apollo Operations Handbook.

Source Description of Change Section Affected
MCR Change S/M RCS fuel from blended hydrazine 2.5
Al735 mixture to monomethylhydrazine
MCR Addition of inverter synchronizer power panel 2,3
1591 which provides circuit breakers for the control
REV 3. of power to the phase synchronizer unit,

FEO This is a nomenclature correction for the 2.8 and 3
M-53025 S-Band switch on the MDC panels No. 13, 23
(10-13-66) and 26. This change is required due to wiring
changes. The S-Band switch was marked
"PTT'", "OFF" and "VOX'". The switch is
now marked "OFF'"', "OFF'" and "T/R'.
MCR Modification of Crew Couch Lockouts. This 1,2,3
Al1733 MCR removes the lockout solenoid actuator
(10-11-66) and wire harness from the X-X axis strut
lockout mechanism. Add an adapter to the
lockout mechanism assembly to fix in the
locked position. The switch on panel No. 9
and the wire harness assembly on the struts
will be removed.
Mission Basic Date_12 Nov 1966 Change Date Page __D
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SYNOPSIS OF SIGNIFICANT CHANGES

This tabulation does not list all changes, additions, and/or deletions in the handbook.
Its purpose is to assist the reader in determining the significant technical changes in cach
system.

PART I. TECHNICAL CHANGES

Handbook Handbook
Section(s) System(s)
Affected Description Affected

1 Updated lockout mechanisms on shock struts, GEN

1 Updated forward hatch cover. GEN

2 Revised RCSC circuit diagram to include entry battery SEQ

backup power to pyro bus.
2 H purge line heater EPS

2 Fuel cell Hy and O reactant shutoff valves holding EPsS
voltage control

2 Cryogenic system response and operation EPS

2 Revised, updated, and assembled end-to-end circuit PROP
and system diagrams. Added electrical power distrib-
ution diagrams and power requirements. Added

operating ranges and panel references to measurement

lists.
4 Added tabular data for color markings contained on SPS, EPS
indicator displays and updated art, and ECS
4 Added typical charts from MMDB to determine S/C RCS,SPS
consumable data. and EPS
4 Added data on S/C attitude controls, RCS
4 Updated SPS Delta V and Engine Gimbal Angle charts, SPS

Mission Basic Date__ 12 Nov 1966 change Date Page E
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FOREWORD

This handbook and its contents are restricted to the require-
ments for Spacecraft 012. It presents, in one document, descriptions
of the spacecraft systems and equipment, and listings of the flight
crew operational procedures necessary for the safe and efficient
function of the spacecraft throughout its planned mission. This
handbook is designed primarily for use by the flight crew, and
secondarily for use by the mission flight controllers, flight planners,
and trainer operators.

NASA comments or suggested changes to this handbook should
be addressed to the Flight Planning Section, FCSD, MSC, Office
Code CF 32, Telephone HU3-4271.

Mission

Basic Date__ 12 Nov 1966 Change Date Page _ i/ii






SM2A-03-SC012
APOLLO OPERATIONS HANDBOOK

TABLE OF CONTENTS

Section Title Page
1 GENERAL INFORMATION. 1-1
1.1 Spacecraft 012 .Configuration 1-1
1.1.1 LES Assembly 1-1
1.1.2 Command Module 1-4
1.1.2.1 Forward Compartment 1-6
1.1.2.2 Crew Compartment 1-6
1.1.2.3 S/C Controls and Displays 1-6
1.1.2.4 C/M Mechanical Controls 1-6
1.1.2.5 Crew Equipment and Equipment Bays 1-12
1.1.2.6 Food and Water . . 1-15
1.1.2.7 Waste Management 1-15
1.1.2.8 Survival Equipment 1-15
1.1.2.9 Aft Compartment 1-15
1.1.3 Service Module 1-16
1.1.4 Spacecraft LEM Adapter 1-16
1.1.5 Spacecraft Systems . 1-16
1.2 Launch Vehicle Configuration 1-16
1.2.1 S-1B Booster . . . 1-19
1.2.2 S-IVB Second Stage 1-19
1.3 Mission 209A Weight Status 1-19
1.4 Postlanding and Recovery 1-19
2 SYSTEMS DATA . . . . . . . 2-1
2,1 Guidance and Control . . 2.1-1
2.1.1 Systems Interface, Guidance and Control 2.1-1
2.1.2 Coasting Flight 2.1-1
2.1.3 Powered Flight 2.1-2
2.1.4 Atmospheric Flight . . 2.1-2
2.2 Guidance and Navigation Systems (G&N) 2.2-1
2.2.1 Introduction . . . . 2.2-1
2.2.2 Functional Description 2.2-1
2.2.2.1 Operational Modes . . 2.2-7
2.2.3 Major Component/Subsystem Descrlptxon 2,2-11
2.2.3.1 Inertial Subsystem . . 2.2-11
2.2.3. Optical Subsystem . . . 2.2-13
2.2.3.3 Computer Subsystem . 2.2-16
2.2.4 Performance and Design Data . 2.2-40
2.2.5 Operational Limitations and Restnctmns 2.2-40
2.2.5.1 S/C Attitude . . . 2.2-40
2.2.5.2 IMU Operation . 2.2-41
Mission : Basic Date___12 Nov 1966 change Date Page iii




SM2A-03-5C012
APOLLO OPERATIONS HANDBOOK

Section Title Page
2.2.5.3 Optics Operation 2.2-41
2.2.6 Telemetry Measurements . 2,2-41
2.2.7 G&N Power Consumption 2.2-45
2.2.8 Interface Signals 2.2-46
2.3 Stabilization and Control System (SCS) 2.3-1
2.3.1 Introduction . 2.3-1
2.3.2 Functional Description 2.3-3
2.3.2.1 Control Capabilities 2.3-3
2.3.2.2 Apollo Reference Axes 2.3-7
2.3.2.3 Subsystems 2.3-8
2.3.3 Flight Control Profxles 2.3-42
2.3.3.1 Ascent 2.3-44
2.3.3.2 Coasting thht (Earth Orbltal) 2.3-45
2.3.3.3 Powered Flight (Earth Orbital) 2.3-48
2.3.3.4 Entry . . . . . . . 2.3-51
2.3.4 Major Component/Subsystem Description 2.3-53
2.3.4.1 Rate Gyro Assembly . 2.3-53
2.3.4.2 Attitude Gyro Accelerometer Assembly 2.3-54
2.3.4.3 Pitch, Roll, and Yaw Electronic Control

Assemblies . . 2.3-55
2.3.4.4 Auxiliary Electromc Control As sembly . 2.3-56
2.3.4.5 Display and Attitude Gyro Accelerometer Assembly

Electronic Control Assembly 2.3-56
2.3.4.6 Rotation Controls 2,3-57
2.3.4.7 Translation Controls . . . . . 2.3-57
2.3.4.8 Flight Director Attitude Indlcator 2.3-61
2.3.4.9 Attitude Set/Gimbal Position Indicator 2.3-65
2.3.4.10 Velocity Change Indicator 2.3-66
2.3.4.11 Electrical Power Distribution 2.3-67
2.3.5 Performance and Design Data . . 2,3-67
2.3.6 Operational Limitations and Restrictions . . 2.3-67
2.3.6.1 S/ C Attitude Change 2.3-67
2.3.7 Telemetry Measurements 2.3-71
2.4 Service Propulsion System (SPS) - 2.4-1
2.4.1 Functional Description 2.4-1
2.4.2 Major Component/Subsystem Descrlptwn 2.4-2
2.4.2.1 Pressurization Subsystem . . . . . 2.4-2
2.4.2.2 Propellant Subsystem . . . . . . . 2.4-6
2.4.2.3 Bipropellant Valve Assembly . . . . . . 2.4-7
2.4.2. 4 Engine Injector . . 2.4-9
2.4.2.5 Ablative Combustion Chamber . 2.4-9
2.4.2.6 Nozzle Extension . 2.4-9
2.4.2.7 Flight Combustion Stab111ty Monltor (FCSM) . 2.4-9
2.4.2.,8 SPS Electrical Heaters . . . . . . . 2.4-11
2.4.2.9 Thrust Mount Assemblies . 2.4-11
2.4.2.10 Propellant Utilization and Gauging Subsystem (PUGS) 2.4-18
2.4.3 Performance and Design Data . 2.4-30

Mission Basic Date_ 12 Nov 1966 Change Date Page iv

——



SMZ2A-03-5C012
APOLLO OPERATIONS HANDBOOK

Section Title Page
3.1 Design Data . . . . . . . . . 2,4-30
.4.3.2 Performance Data . . . . . . 2.4-33
.4.3.3 Power Consumption Data . . . . . . 2.4-33
.3.4 SPS Electrical Power Distribution . . . . 2.4-35
4 Operational Limitations and Restrictions . . . 2.4-35
5 Telemetry Measurements . . . . . . 2.4-35
Reaction Control System (RCS) . . . . . 2.5-
Introduction . 2.5-
S/M RCS Functxonal Descr1pt10n 2.5-
S/M RCS Major Component/Subsystem Descnptmn 2.5-
1 Pressurization Subsystem . . . . 2.5-
2 Propellant Subsystem . . . . . 2.5-
. .3 Engine Assemblies . . . . 2.5
4 Pressure Versus Temperature Measurmg System -
5 Engine Thrusting Logic . . . . . .5-
S/M RCS Performance and Des1gn Data .5-
1 Design Data . . . . . . . . -
2 Performance Data . . -
.4.3 Power Consumption Data S/M RCS and C/M RCS -
4 S/M RCS Electrical Power Distribution . . -

* S/M RCS Operational Limitations and Restrlctlons
S/M RCS Telemetry Measurements
C/M RCS Functional Description .
C/M RCS Major Components/Subsystem Descrlptxon .

.

NV NDDNN NN NN NN DD DN NN DN DD N DN DDN NN
oo oIV T T GO b D s R s
= D D O D 000000 Q0 00~ O Ut R W W W WY
NN DN NN DNDNDN
[ NN IT BT NEC RV NC UG IR BT SR BT RS (RS RS I ST NS B NS I C L B
o

1
N Y N N S O I O R T I S I I I R R e
NN OWU U DN - e e e O N0 DO 00 WO N0 00000 00U WD 00N

1 Pressurization Subsystem . . .
. 2 Propellant Subsystem . . . . .

3 Engine Assembly . . -

4 Propellant Jettison . . . . . -

C/M RCS Performa.nce and De51gn Data . . . .5-

1 Design Data . . . . . . . . . -

2 Performance Data . . . . . . .5-

.3 Power Consumption Data . . . -

0 C/M RCS Operational Limitations and Restr1ct10ns -

10.1 C/M RCS Electrical Power Distribution . . . -

11 C/M RCS Telemetry Measurements . . . . .5-
FElectrical Power System (EPS) . . . . . 2,6-
1 Introduction . . . . . . . 2,6-
2 Functional Description . . . . . 2,6-
2.1 Energy Storage . . . . . . . . 2.6-
2.2 Power Generation . . . . . . 2,6~
2.3 Power Conversion . . . . . . . 2.6-
2.4 Power Distribution . . . 2.6-
3 Major Component/Subsystem Descrlptwn . . . 2.6-
3.1 Cryogenic Storage . . . . . . . 2.6-
3.2 Batteries . . . . . . . 2.6-
3.3 Fuel Cell Power Plants . . 2.6-1
3.4 Inverters . . . . . . . . . . 2.6-1

Mission : Basic Date_ 12 Nov 1966 Change Date Page v




SMZ2A-03-5C012
APOLLO OPERATIONS HANDBOOK

Section Title Page
2.6.3.5 Battery Charger . . . . 2.6-22
2.6.3.6 Power Distribution 2.6-25
2.6.4 Performance and Design Data 2.6-30
2.6.4.1 AC and DC Data . . . . 2.6-30
2,6.4.2 Power Requirements . . . 2.6-34
2.6.5 Operational Limitations and Restrictions 2.6-36
2.6.5.1 Fuel Cell Power Plants . . . 2.6-36
2.6.5.2 Cryogenic Storage Subsystem 2.6-38
2.6.6 Telemetry Measurements 2.6-39
2.7 Environmental Control System (ECS) 2.7-1
2.7.1 Introduction . 2.7-1
2.7.2 Functional Descr1pt1on . . . . 2.7-2
2.7.3 Major Component/Subsystem Descrlptlon 2.7-3
2.7.3.1 Oxygen Supply Subsystem 2.7-3
2.7.3.2 Pressure Suit Circuit Subsystem . . . 2.7-7
2.7.3.3 Cabin Pressure and Temperature Control Subsystem . 2.7-13
2,7.3.4 Water-Glycol Coolant Subsystem 2.7-17
2,7.3.5 Water Supply Subsystem . . 2.7-24
2.7.3.6 ECS-Waste Management System Interface , 2.7-26
2.7.3.7 Electrical Power Distribution . 2.7-28
2.7. 4 Performance and Design Data . 2.7-31
2.7.4.1 Metabolic Data . . . 2,7-31
2.7.4.2 Oxygen Supply Subsystem . 2.7-31
2.7.4.3 Pressure Suit Circuit Subsystem . 2.7-32
2.7.4.4 Cabin Pressure and Temperature Control

Subsystem . 2.7-32
2.7.4.5 Water-Glycol Coolant Subsystem 2,7-32
2.7.4.6 Water Supply Subsystem . . 2.7-33
2.7.4.7 Waste Management System . 2.7-33
2.7.4.8 ECS Power Consumption Data . . . . 2.7-33
2.7.5 Operational Limitations and Restrictions 2,7-38
2.7.5.1 ECS Caution Placards . . 2.7-38
2.7.5.2 ECS Caution Notes . . 2.7-38
2.7.5.3 ECS General Data . . 2.7-39
2.7.5.4 Cabin Depressurization Rates . . . 2,7-39
2.7.5.5 Cabin Repressurization Rates 2.7-39
2.7.6 Telemetry Measurements . . 2,7-44
2.8 Telecommunication System 2.8-1
2,8.1 Introduction . . 2.8-1
2.8.2 Functional Description 2.8-2
2.8.2.1 Voice Communications . 2.8-2
2.8.2.2 Data Operations . . . . . 2.8-6
2.8.2.3 Tracking and Ranging . 2,8-10
2.8.2.4 Unified S-Band Operations . . . 2.8-12
2.8.3 Major Component/Subsystern Description 2,8-13
2.8.3.1 Instrumentation Equipment Group 2.8-14
2.8.3.2 Voice and Data Equipment Group . . 2,8-17

Mission Basic Date__ 12 Nov 1966 Change Date Page vi




~ SM2A-03-5C012
APOLLO OPERATIONS HANDBOOK

Section Title Page
2.8.3.3 RF Electronics Equipment Group 2.8-42
2.8.3.4 Antenna Equipment Group . 2.8-57
2.8.3.5 Electrical Power Distribution 2.8-62
2.8. 4 Performance and Design Data . 2.8-62
2.8.5 Operational Limitations and Restrictions 2.8-07
2.8.5.1 Antennas . . 2.8-67
2.8.5.2 Data Storage Equ1pment 2.8-67
2.8.5.3 Unified S-Band System 2.8-68
2.8.5.4 General . . . 2.8-68
2.8.6 Telemetry Measurements . . . 2.8-69
2.9 Sequential Systems . . . 2.9-1
2.9.1 Introduction . 2.9-1
2.9.2 Functional Description . 2.9-1
2.9.2.1 Sequential Events Control System (SECS) 2.9-1
2.9.2.2 Emergency Detection System 2.9-4
2.9.2.3 Launch Escape System 2.9-10
2.9.2.4 Earth Landing System . . . 2.9-11
2.9.3 Major Component/Subsystem Description 2.9-14
2.9.3.1 Sequential Events Control System 2.9-14
2.9.3.2 Emergency Detection System 2.9-24
2.9.3.3 Launch Escape System . . . g 2.9-32
2.9.3.4 Earth Landing Subsystem . 2.9-33
2.9.4 Performance and Design Data . . 2.9-33
2.9.4.1 Power Requirements . . . 2.9-35
2.9.5 Operational Limitations and Restrlctlons 2.9-35
2.9.6 Telemetry Measurements . . . . 2.9-36
2.10 Caution and Warning System (C&WS) 2.10-1
2.10.1 Introduction . 2.10-1
2.10.2 Functional Description . . 2.10-1
2.10.3 Major Component/Subsystem Descrlptlon 2.10-3
2.10.3.1 Electrical Power Distribution 2.10-3
2.10.4 Performance and Design Data 2.10-3
2.10.4.1 C&WS Power Consumption Data 2,10-3
2.10.5 Operational Limitations and Restrictions 2.10-3
2,10.5.1 C&WS General Data ' 2.10-3
2.10.6 Telemetry Measurements 2.10-10
2.11 Miscellaneous Systems Data 2.11-1
2.11.1 Introduction . . . . . . . . . 2.11-1
2.11.2 Clocks . . . . . . . . . 2.11-1
2.11.3 Digital Event Tlmers . . 2.11-1
2.11.4 Accelerometer (G-Meter) . . . . . . 2.11-1
2.11.5 Command Module Interior-Lighting . . . . 2.11-1
2.11.5.1 Functional Description . 2.11-2
2.11.6 Command Module Uprighting System 2.11-2
2.11.6.1 Functional Description . 2.11-2

3 CONTROLS AND DISPLAYS . . . . . 3-1
3.1 Controls/Displays Locator Index 3-3
vii

Mission : Basic Date_12 Nov 1966 Change Date Page




SMZ2A-03-5C012
APOLLO OPERATIONS HANDBOOK

Section Title Page
4 PERFORMANCE . . . . . . . . . . . 4-1
Introduction . . . . 4-1

4.1 Crew Display Instrurnent Markmgs and Accuracy
Data . . . . . . . 4-1
4.1.1 Service Propulsion System Indlcators . . . 4-3
4,1.2 Reaction Control System Indicators . . . . 4-4
4.1.3 Electrical Power System Indicators 4-5
4.1.4 Environmental Control System Indicators 4-11
4.1.5 Telecommunication System Meters . 4-13
4,1.6 Sequential Systems Indicators . . . . . 4-15
4.1.7 Miscellaneous Indicators . . . . . . . 4-16
4.2 Consumable Requirements . . . . . 4-18
4,2.1 S/M RCS Propellant Consumption Data . . . 4-18
4.2.2 C/M RCS Propellant Consumption Data . . . 4-25
4.2.3 SPS Propellant Consumption Data . . . . . 4-27
4.2.4 EPS and ECS Consumption Data . . . . . 4-30
4.3 RCS and SPS Thrusting Data . . . . . . 4-34
4.3.1 RCS Translation Control . . . . . . 4-34
4.3.2 RCS Rotation Control . . . . . . . 4-34
4.3.3 SPS Engine Thrust Performance . . . . 4-39
4.4 S/C Operational Constraints and L1m1tat10ns . . 4-39
4. 4.1 Operational Constraints . . . . . . . 4-39
4.4. Operational Limitations . . . . . . . 4-43
5 EXPERIMENTS AND SCIENTIFIC EQUIPMENT DATA . . . 5-1
Introduction . . . . . . 5-1
5.1 Scientific Equipment 5-1
5.1.1 Medical Data Acquisition System (MDAS) 5-1
5.1.2 Electrical Cables and Adapters . . 5-1
5.1.2.1 Octopus Cable . . . . . . . 5-5
5.1.2.2 Cobra Cable T- Adapter . . 5-5
5.1.2.3 PGA and CWG Electrical Adapter Cables 5-7
5.1.2.4 Hardware Power and Signal Cables . . . . 5-7
5.2 Medical Experiments . . . . . . 5-7
5.2.1 In-Flight Exerciser (M-3A) (MOO3) 5-7
5.2.1.1 Equipment Description 5-7
5.2.1.2 Experiment Procedures . . . . . . . 5-9
' 5.2.1.3 Crewman Participation . . . . . 5-10
5.2.1.4 Recovery Requirements . . . . 5-10
5.2.2 In-Flight Phonocardiogram (M- 4A) (M004) 5-10
5.2.2.1 Equipment Description 5-10
5.2.2.2 Experiment Procedures . . . . . . . 5-11
5.2.2.3 Crewman Participation . . . . . . . 5-11
5.2.2.4 Recovery Requirements . . . . . 5-11
5.2.3 Bone Demineralization (M-6A) (M006) . . . . 5-11

Mission Basic Date_12 Nov 1966 Change Date Page viii




SM2A-03-5C012
APOLLO OPERATIONS HANDBOOK

Section Title Page
5.2.3.1 Eguipment Description . .. . . . 5-11
5.2.3.2 Experiment Procedures 5-11
5.2.3.3 Crewman Participation . 5-12
5,2.3.4 Recovery Requirements 5-12
5.2.4 Human Otolith Function (Vestlbular Effects)
(M-9A) (M009) 5-12
5.2.4.1 Equipment Description 5-12
5.2.4.2 Experiment Procedures 5-12
5.2.4.3 Crewman Participation . . 5-13
5.2.4.4 Recovery Requirements 5-13
5.2.5 Cytogenetic Blood Studies (M- 11) (MOll) 5-13
5.2.5.1 Equipment Description . . . . 5-13
5.2.5.2 Equipment Procedures 5-13
5.2.5.3 Crewman Participation 5-14
5.2.5.4 Recovery Operations 5-14
5.2.6 Cardiovascular Reflex Condltxomng (M 48) (M048) 5-14
5.2.6.1 Equipment Description . . . . . 5-14
5.2.6.2 Experiment Procedures 5-15
5.2.6.3 Crewman Participation . . . 5-15
5.2.6.4 Recovery Requirements 5-15
5.3 Scientific Experiments . . 5-16
5.3.1 Synoptic Terrain Photograph (S 5A) (8005) . . 5-16
5.3.1.1 Equipment Description . . . . 5-16
5.3.1.2 Experiment Procedures . . . . . 5-16
5.3.1.3 Crewman Participation 5-16
5.3.1.4 Recovery Requirements 5-17
5.3.2 Synoptic Weather Photography (S 6A) (5006) 5-17
5.3.2.1 Equipment Description . . . . 5-17
5.3.2.2 Experiment Procedures . . . . 5-17
5.3.2.3 Crewman Participation 5-17
5.3.2.4 Recovery Requirements 5-17
5.4 Technical Experiments . . . 5-18
5.4.1 In- Flight Nephelometer (T -3) (T003) . . . 5-18
5.4.1.1 Equipment Description . . . . 5-18
5.4.1.2 Experiment Procedures . . 5-18
5.4.1.3 Crewman Participation 5-18
5.4.1.4 Recovery Requirements . . . . 5-19
6 CREW PERSONAL EQUIPMENT . . . . . . 6-1
Introduction . . . . . . 6-1

6.1 Crew Compartment Configuration and Crew
Environment . . . . . . . 6-1
6.2 Mirrors . . . . . . 6-2
6.2.1 Internal Viewing errors (CFE) 6-2
6.2.2 External Viewing Mirrors (CFE) . 6-3
6.3 Crewman Optical Alignment Sight (COAS) 6-4
6.3.1 Operational Use . . . . . . 6-5

Mission Basic Date 12 Nov 1966 Change Date Page ix




SM2A-03-5C012
APOLLO OPERATIONS HANDBOOK

Section Title Page
6.4 Space Suit Assembly (GFP) . . . 6-6
6.4.1 Space Suit Off or Shirtsleeve Environment 6-6
6.4.1.1 Constant Wear Garment . . . . . . . 6-6
6.4.1.2 Flight Coveralls . . . 6-6
6.4.1.3 Communications Soft Hat 6-7
6.4.1.4 Constant Wear Garment Electrical Adapter 6-8
6.4.1.5 Electrical Umbilical "Sleep' Adapter . . 6-9
6.4.2 Space Suit On Environment . . . . 6-9
6.4.2.1 PGA Unpressurized or Ventilated 6-9
6.4.2.2 PGA Pressurized . . . . 6-9
6.4.3 PGA Description . . . . . . 6-9
6.4.3.1 PGA Components . . . . . 6-9
6.5 PGA Stowage . . . . . . . 6-12
6.5.1 Torso and Glove Stowage 6-12
6.5.2 Helmet Stowage . . . . . . . . 6-12
6.6 PGA Connecting Equxpment . . . . 6-13
6.6.1 Pressure Garment Assembly (PGA) Electrical

Adapter (GFP) . . . . . . 6-13
6.6.2 Oxygen Hose (Umb111ca1) (GFP) . . . . . 6-13
6.7 Crew Couches . . . . . . . . . 6-13
6.7.1 Crew Couch Structure . . . . . . . 6-14
6.7.2 Crew Couch Positions . . . . . . . 6-15
6.7.2.1 Occupied Positions . . . . . . . . 6-15
6.7.2.2 Unoccupied Positions . . . . . . . 6-16
6.7.3 Crew Couch Component Description . . . . 6-17
6.7.3.1 Headrest . . . . . . . . . . 6-17
6.7.3.2 Backrest . . . . . . . . . . 6-18
6.7.3.3 Armrests . . . . . . . . . 6-18
6.7.3.4 Seat Pan and Footrest . . . . . . . 6-18
6.7.3.5 Crew Couch Pads . . . . . . . . 6-19
6.7.4 Mechanical Adjustments . . . . . . . 6-19
6.7.4.1 Headrest Adjustments . . . . . . . 6-19
6.7.4.2 Armrest Adjustments . . . . . . . 6-19
6.7.4.3 Seat Pan Adjustment Directions . . . . . 6-21
6.7.4.4 Footrest and Footstrap Adjustments . . . . 6-22
6.7.4.5 D-Ring Handle Extension . . . . . . 6-22
6.7.4.6 Docking Position Adjustment . . . . . . 6-22
6.7.4.7 Shoulder Strap Adjustment . . . . . . 6-23
6.8 Crewman Restraints . . . . . . . 6-23
6.8.1 High G-Load Restraints . . . . . . . 6-23
6.8.1.1 Crewman Restraint Harness . . . . . . 6-23
6.8.1.2 Weightless Restraint . . . . . . 6-24
6.8.1.3 Guidance and Navigation Stat1on Restraint . . . 6-25
6.8.1.4 Crewman Sleeping Restraints . . . . . . 6-26
6.9 Flight Data File (GFP) . . . . . . . 6-27
6.9.1 Commander's Flight Data File . . . . . 6-28
6.9.2 Senior Pilot's Flight Data File . . . . . 6-28
6.9.3 Pilot's Flight Data File . . . . . . . 6-29

"12 Nov 1966 x

Mission Basic Date Change Date Page




SM2A-03-SC012
APOLLO OPERATIONS HANDBOOK

Section Title Page
6.10 Crewman In-Flight Tool Set and Workshelf (GFB) 6-30
6.10.1 Torque Wrench (Tool A) ; . . . . 6-31
6.10.2 Adapter Handle (Tool E)} . . . . . . . 6-31
6.10.3 10-Inch Driver (Tool H) 6-31
6.10.4 4-Inch Driver (Tool L) . . . . . 6-31
6.10.5 Emergency Wrench (Tool B) . . . . . . 6-31
6.10.6 T-Handle (Tool C) . . . . . . . 6-32
6.10.7 End Wrench (Tool F) (2) . . 6-32
6.10.8 5/32-Inch Short Driver (Tool J) . .. . 6-32
6.10.9 4-Inch Torque Set Driver (Tool R) . . . . 65-32
6.10.10 In-Flight Tool Set Tether . . . . . 6-32
6.10.11 D-Ring Extension Handle (Tool N} 6-32
6.10.12 Operational Use 6-32
6.10.13 Stowage 6-32
6.10.13.1 In-Flight Tool Set Stowage Pouch and Tool Set

Drawer . . . 6-35
6.10.13.2 Miscellaneous Stowage . . . . . 6-35
6.10.14 Workshelf Assembly . . . . . 6-35
6.10.14.1 Usage . . . . . . . 6-36
6.11 Drinking Water Subsystem 6-37
6.12 Food 6-38
6.12.1 Use 6-38
6.12.2 Stowage . . . 6-38
6.12.2.1 LEB Food Stowage Compartment . . . 6-38
6.12.2.2 RHEB Auxiliary Food Compartment Drawer 6-39
6.12.2.3 LHEB Food Stowage Compartment . . 6-39
6.13 Personal Hygiene (GFP) . . . 6-39
6.13.1 Cleansing of Teeth-Oral Hygiene Assembly 6-39
6.13.2 Wet Cleansing Cloth . . . . . . 6-40
6.13.3 Dry Cleaning Cloth . . . . . . . . 6-40
6.13.4 Towels e 6-41
6.13.5 Tissue Dispensers . . . . . . 6-41
6.14 Medical Supplies (GFP) . . . . . . 6-41
6.14.1 Monitoring Equipment . 6-41
6.14.1.1 Clinical Physioclogical Momtormg Instrument Sct 6-41
6.14.1.2 Personal Biomedical Sensors Instrument Assembly . 6-42
6.14.1.3 Biomedical Preamplifier Instrument Assembly . . 6-42
6.14.1.4 Bioinstrumentation Accessories Kit . . 6-42
6.14.1.5 Personal Radiation Dosimeters . . . . . 6-43
6.14.2 Medical Kit (GFP) . . . . . . . . 6-43
6.14.2.1 Packaging . . . . . . . . 6-44
6.14.2.2 Stowage . . 6-44
6.14.2.3 Medical Kit Addltlonal Usage . . . . 6-44
6.15 Survival Kit (GFP) . . . . . 6-44
6.15.1 Stowage . . . . 6-44
6.15.2 Survival Kit Contamer Operatmn . . 6-46
6.15.3 Contents of the Survival Kits . . . 6-46

Mission Basic Date_12 Nov 1966 Change Date Page x1




SM2A-03-SC012
APOLLO OPERATIONS HANDBOOK

Section Title Page
6.15.4 Description and Use of Survival Kit Components . 6-47
6.15.4.1 Liferafts . . . . . . 6-47
6.15.4.2 Beacon/ Transceiver 6-47
6.15.4.3 Survival Lights (2) 6-48
6.15.4.4 Survival Glasses (3) 6-48
6.15.4.5 Survival Knives (2) . . . . . . 6-49
6.15.4.6 Water Cans (3) . . . . . . . . . 6-49
6.15.4.7 Desalting Kits (2) Plus Tablets (16) . . . . 6-49
6.15.4.8 Emergency Medical Survival Kit . . 6-49
6.15.5 Sea Water Pump (CFE) . . . . . 6-49
6.16 Stowage . . . . . . . . . . 6-50

7 SYSTEM SCHEMATICS . . 7-1

Mission Basic Date__12 Nov 1966 Change Date Page xii




SM2A-03-5C012
APOLLO OPERATIONS HANDBOOK

GENERAL INFORMATION

SECTION 1

GENERAL INFORMATION

INTRODUCTION.

This section contains information relating to the Apollo spacecraft 012
configuration, and a description of the launch vehicle and booster used for

the mission.

SPACECRAFT 012 CONFIGURATION,

Spacecraft 012 (figure 1-1) conforms to a Block I CSM configuration
consisting of a launch escape system (LES) assembly, command module
(C/M), service module (S/M), and the spacecraft lunar excursion module
adapter {SLA), This spacecraft, designed for an earth orbital mission,
does not contain a lunar module (L.M) within its adapter. (For a description
of the launch vehicle used with spacecraft 012, refer to paragraph 1.2)

NOTE The Block I configuration missions for the Apollo
program provide the following:

e Command module and service module development for
earth orbital missions

e Demonstration of systems operational capabilities
including all types of aborts, land and water recovery,
Saturn IB and Saturn V operation and capability, and
systems operation during earth orbit

e Development of qualified teams for checkout, launch,
manned space flight network (MSFN}, recovery, and
flight analysis.

LES ASSEMBLY.

The LES assembly (figure 1-1) provides the means for separating the
C/M from the launch vehicle during pad or suborbital aborts. This assembly
consists of a Q-ball instrumentation assembly (nose cone), ballast com-
partment, canard surfaces, pitch control motor, tower jettison motor,
launch escape motor, a structural skirt, an open-frame tower, and a boost
protective cover (BPC). The structural skirt at the base of the housing,
which encloses the rocket motors, is secured to the upper portion of the tower,
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Figure 1-1. Spacecraft 012 Configuration {Sheet 1 of 2)
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Figure 1-1. Spacecraft 012 Configuration (Sheet 2 of 2)
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RCS PITCH MOTOR PORTS
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WINDOW

The BPC (figure 1-2) is attached to the lower end of the tower to protect the
C/M from thermal heat during boost and from exhaust damage by the
launch escape and tower jettison motors. Explosive nuts, one in each
tower well leg, secure the tower to the C/M structure. (For additional
information, refer to the sequential systems in section 2.)

COMMAND MODULE.,

The C/M (figure 1-3) forms the spacecraft control center, contains
necessary automatic and manual equipment to control and monitor the
spacecraft systems, and contains the required equipment for safety and
conform of the crew. The module is an irregular-shaped, primary
structure encompassed by three heat shields (coated with ablative material
and joined or fastened to the primary structure) forming a conical-exterior
shape. The C/M consists of a forward compartment, a crew compartment,
and an aft compartment,
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Figure 1-2. Boost Protective Cover
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Figure 1-3. Spacecraft 012 Command Module
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1.1.2.1

1.1.2.2

1.1.2.3

1.1.2.4

Forward Compartment.

The forward compartment (figure 1-3) is the area outside the forward
access tunnel, forward of the crew compartment forward bulkhead and is
covered by the forward heat shield. Four 90-degree segments around the
perimeter of the tunnel contain the recovery equipment, two negative-pitch
reaction control system engines, and the forward heat shield release
mechanism. Most of the equipment in the forward compartment consists
of earth landing (recovery) system components.

The forward heat shield, or apex cover, is made of brazed stainless-
steel honeycomb and covered with ablative material. It contains four
recessed fittings which permit the launch escape tower to be attached to the
C/M inner structure. Jettison thrusters separate the apex cover from the
C/M after entry or after the launch escape assembly is separated during
an abort. (For additional information, refer to the sequential systems in
section 2.)

Crew Compartment.

The crew compartment or inner structure (figure 1-3) is a sealed
cabin with pressurization maintained by the environmental control system
(ECS). The compartment, protected by a heat shield, contains controls and
displays for operation of the spacecraft and spacecraft systems; contains
mechanical adjustments for the crew couches, restraint harness assem-
blies, hatch covers, window shades, etc.; and is provided with crew
equipment, food and water, waste management provisions, survival equip-
ment, and scientific experiments equipment., Access hatches, observation e
windows, and equipmentbays are attached as partofthe compartment structure.

The crew compartment heat shield, like the apex cover, is made of
brazed stainless-steel honeycomb and covered with ablative material. This
heat shield, or outer structure, contains the S/C umbilical connector outlet,
ablative plugs, and a copper heat sink for the optical sighting ports in the
lower equipment bay, two side observation windows, two forward viewing
windows, and the outer cover for the side access hatch which also contains
an observation window.

S/C Controls and Displays.

Information relating to controls and displays for operation of the
spacecraft and its systems is provided in section 3.

C/M Mechanical Controls.

Mechanical controls (figure 1-4) are provided in the crew compart-
ment for manual operation of the crew couch assembly, side access hatch
covers, forward access hatch cover, and manual override levers for the
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Figure 1-4, C/M Mechanical Controls (Sheet 1 of 3)
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Figure 1-4. C/M Mechanical Controls (Sheet 2 of 3)
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Figure 1-4. C/M Mechanical Controls (Sheet 3 of 3)
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1.1.2.4.6

1.1.2.5

socket at one end) is mounted on the cover and will bear against a bracket
on the tunnel wall. When turned by a handcrank or torque wrench with a
5/32-inch drive, the jackscrew will intend and allow the cover to be rotated
and removed. The cover is rotated by use of the inside handholds or the
outside by an item of GSE and can only be retrieved from within the crew
compartment end of the tunnel,

Windows and Shades.

Five windows are provided through the inner structure and heat shield
of the C/M: two forward viewing, two side observation, and the crew access
hatch windows. (See figure 1-3.) During orbital flight, photographs of
external objects will be taken through the viewing and observation windows.
The inner windows (including the circular inner hatch window) are made of
tempered silica glass with 0. 25~inch-thick double panes, separated by 0.1
inch of space, and have a softening temperature point of 2000°F. The outer
windows (including the square outer hatch window) are made of amorphous
fused silicon with a single 0. 7-inch-thick pane. Each pane contains an
antireflecting coating on the external surface, and has blue-red reflective
coating on the inner surface for filtering out most infrared and all ultraviolet
rays, a softening temperature point of 2800°F, and a melting point of 3110°F.

Shades are provided for controlling external light entering the C/M
through the triangular forward viewing windows, the square side observation
windows, and the circular inner hatch window. These shades, individually
designed for each window configuration, are made of mylar film which has
been heat-treated to roll up when not held flat. The shades are opaque for
zero light transmittal, have a nonreflective inner aluminized surface, two
snap fasteners and fabric handles for attaching or removing from a partic-
ular window, and a 3/4-inch strip of Velcro hook material around the outer
surface for holding the shade against the Velcro pile around the perimeter of
the window. If desired, a shade can be peeled back from the Velcro pile
material and stowed in place on one side of the window.

Cabin Pressure Controls.

Two control levers for manually operating the ECS cabin pressure
relief valves are located near the C/M left couch and left side window. ({See
figure 1-4.) These levers are provided as a mechanical override for open-
ing and closing the redundant sides of the automatic cabin pressure regulator.
(For additional information, refer to the environmental control system in
section 2.)

Crew Equipment and Equipment Bays.

Each crewmember has personal and accessory equipment provided for
his use in the crew compartment. Major items of personal equipment con-
sist of a pressure garment assembly (PGA) with attaching hose and
umbilical, a communications assembly, a constant-wear garment, bio-
medical sensors, and radiation dosimeters. Major items of accessory
equipment shared by the crew consist of an in-flight tool set and a medical
kit. (For a detailed list of crew equipment, refer to section 6.) (Specific
items contained in the C/M equipment and storage baysare listedinfigure 1-6.)
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FEB

'ENT BAY (RHFEB) AND RIGHT-HAND EQUIPMENT BAY (RHEB)

27 Sonitotion supply sowoge

AFT EQUIPMENT STOWAGE BAY (AESB)

17 Crew ottenvation s (X=X oxis) 1 Bottery charper

18 Crew attenuotion strvt {Z~-2 oxis) 2 CO2 obsorber conminen

19 Phase comacting cupocitor fuse box 3 Pyro botteries and circuit breoker ponel
20 Comportmenn T, Sond Z (ref) 4 Fecol conister {stowed)

21 Circuit interryprer 5 TV lers storoge

22 Right crew couch ) Co? absorber containers (4)

23 Crew ottenuation stnr (Y-Y axis) 7 Pen lights compartmant Z .

24 Side shock aMenucticn panels 8 COj obsorber contoinens (6)

25 Waste storge inlet lor bulkheod) 9 Compartment Y

26 Stowed lecol canister (ref) 10 Comportment T

Comgpartment $

28 Scientific equipment compartment E 12 PGA ond sieep restraint stowoge bog
29 Bottery chorger (ref) 13 Crew occess hatch (ref)
14 PGA helmet, comm soft hat, light wt heodset stowoge
15 Bulkheod wireways (typical)
16 Spaceswit (2), life vest (3), sieeping restraint (1) stowoge bag
{7 Aisleway (under center couch)
18 Fecal canister (inoge position)
19 Electricol inverten
20 AC power box
21 Spacecralt storoge botteries

Figure 1-6. C/M Equipment and Stowage Bays
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1.1.2.6 Food and Water.

Food and water provisions, including water delivery and food prepara-
tion equipment, are available in the crew compartment LHEB and LEB
(figure 1-6) for the length of the mission. Food may be prepared
by adding water to plastic bags containing the dehydrated food and kneading
the mixture. Prepared food can be squeezed directly into the mouth of an
astronaut, Hot or cold water is available at the potable water supply panel
for food reconstitution. Chilled drinking water is supplied to the crew through
a flexible hose from the water delivery unit. The potable water is a
by-product of the EPS fuel cells. ’

1.1.2.7 Waste Management.

Waste management provisions in the crew compartment RHFEB and
AESB (figure 1-6) consist of equipment for collecting, sterilizing, and
storing human fecal matter and personal hygiene wastes {such as used
cleansing pads, towels, etc.). Fecal matter and personal hygiene wastes
are collected in polyethylene bags, disinfected, and stored in a vented area.
Urine is expelled overboard into space.

1.1.2.8 Survival Equipment.

The survival kits stowed in the crew compartment RHFEB (figure 1-6)
are available for the postlanding phase of the mission (land or water). The
major items contained in each kit include 6 pounds of water, a desalter kit,
a one-man life raft, radio transceiver, portable light, sunglasses, and a
machete. Life vests worn by the crew during lift-off and entry are stowed
in the space suit stowage bag during the orbit phase of the mission. (See
figure 1-6.) :

1.1.2.9 Aft Compartment.

The aft compartment (figure 1-3) is the area encompassed by the aft
portion of the crew compartment heat shield, aft heat shield, and aft portion
of the primary structure. This compartment contains 10 reaction control
engines, an impact attenuation structure, instrumentation, and storage tanks
for water, fuel, oxidizer, and gaseous helium. (Four crushable ribs, along
the S/C +Z axis, are provided as part of the impact attenuation structure to
absorb energy during a land impact.)

The aft heat shield, which encloses the large end of the C/M, is a
shallow spherically contoured assembly. It is made of the same type of
materials as other C/M heat shields. However, the ablative material on
this heat shield has a greater thickness for the dissipation of heat during
entry. External provisions are made on this heat shield for connecting the
C/M to the S/M.

SPACECRAFT 012 CONFIGURATICN
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1.1.3 SERVICE MODULE.

The S/M is a cylindrical structure formed by l-inch-thick aluminum
honeycomb panels, Radial beams, from milled aluminum alloy plates,
separate the structure interior into six unequal sectors around a circular
center section. (See figure 1-7.) Equipment contained within the service
module is accessible through maintenance doors located strategically around
the exterior surface of the module. Specific items, such as flight control
system (SPS and RCS) and most of the S/C on-board consumables (and
storage tanks) contained in the S/M compartments, are listed in figure 1-7.

Radial beam trusses on the forward portion of the S/M structure
(figure 1-7) provide a means for securing the C/M to the S/M. Alternate
beams, one, three, and five, have compression pads for supporting the C/M.
Beams two, four, and six, have shear-compression pads, and tension ties,
A flat center section in each tension tie incorporates redundant explosive
charges for S/M~-C/M separation. These beams and separation devices are
enclosed within a fairing (26 inches high and 13 feet in diameter) between the
C/M and S/M.

1.1.4 SPACECRAFT LEM ADAPTER.

The spacecraft LEM adapter (SLA) is a truncated cone which connects
the CSM to the S-IVB instrument unit on the launch vehicle. (Seefigure 1-1.)
This adapter, constructed of eight 2-inch-thick aluminum panels, is 154 incnes
in diameter at the forward end (C/M interfice) and 260 inches at the aft end.
Separation of the spacecraft from the SLA is accomplished by means of
explosive charges which permit the four SLA forward panels {(above
station 583. 3),to disengage from the CSM and rotate outward 45 degrees from
vertical. The four aft panels remain attached to the S-IVB instrument unit.
For mission 204A, a cross-shaped stiffener is installed within the SLA in
place of a LEM. The S/M SPS nozzle extends into the SLLA which also houses
an umbilical cable for connecting circuits between the launch vehicle and the
spacecraft.

1.1.5 SPACECRAFT SYSTEMS,

Data relating to the operational spacecraft systems and interface
information are presented in section 2 of this handbook.

1.2 LAUNCH VEHICLE CONFIGURATION,

A two-stage Saturn IB launch vehicle, consisting of an S-IB booster and
an S-IVB second stage, is scheduled to provide the required thrust for
inserting S/C 012 into orbit (figure 1-8,) An instrumentation unit, located
between the 5-IVB and the SLA, controls each of the two hoost stages during
flight, The total length of the Saturn IB launch vehicle, including the space-
craft, is approximately 224 feet, An emergency detection system sequencer
display panel, in the C/M, enables the crewtomonitor launch vehicle engine
performance during lift-off, (Refer to the sequential systems in section 2,)

SPACECRAFT 012 CONFIGURATION—LAUNCH VEHICLE CONFIGURATION
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SPS HELIUM TANKS
SPS FUEL TANK
SPS OXIDIZER TANK

RADIAL BEAM TRUSS
(6 PLACES)

FAIRING

SM JETTISON

~SM JETTISON
CONTROLLER
SEQUENCER (2)

L WATER SUPPLY
TANKS (2)

L EPS SPACE

RADIATOR

Ha TANK = ™ HELIUM

ECS SPACE RADIATOR . SERVICING

RCS PACKAGE
(4 PLACES)

ECS SPACE
RADIATOR

PANEL
SPS ANK
OXIDIZER 02 TAN > FUEL CELL
POWER PLANTS
SERVICE H2 TANK
PROPULSION ) EPS SPACE RADIATOR
ENGINE e SECTOR 1 VIEwo
FUEL TANK 2 SECTOR 4
FUEL FILL POINT e Q (SKIN PARTIALLY REMO VED
€ DI FOR CLARITY)
.z/ "
C/M sectors (top view)
1 and 4 are 50-degree sectors
SPS ENGINE 2 and 5 are 70~degree sectors
EXPANSION NOZZLE 3 and 6 are 60-degree sectors
SERVICE MODULE ITEMS
Sector 1 Sector 5
Electrical power system space radiator Environmental control system space radiator
Super-critical oxygen tank (two) Service propulsion system oxidizer tank
Super-critical hydrogen tank (two) Reaction control system package (-Y axis)
Sector 2 Sector 6
Environmental control system space radiator Space radiator selection valve, (two)

Glycol shutoff valves (two)
Reaction control system package (-Z axis)
Service propulsion system fuel tank

Service propulsion system oxidizer tank
Reaction control system package (+Y-axis)
Space radiator isolation valve (two)

Sector 3 Center section
Service propulsion system helium tank (two)

Service propulsion system fuel tank
Service propulsion system engine

Reaction control system package (+Z-axis)
Service propulsion system helium tanks (two)

Sector 4
Electrical power systermn space radiator
Fuel cell power plant (three)
Helium servicing panel
Reaction control system control unit
Electrical power system power control relay box
Service module jettison control battery (two)
Service module jettison controller sequencer (two)

Water supply tank {two)
SM-2A-643E

Figure 1-7. Spacecraft 012 Service Module
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Figure 1-8. Apollo Launch Vehicle (Saturn IB)
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l.2.1

S-1B BOOSTER.

The S-1IB booster (first stage) for Saturn IB is manufactured by the
Chrysler Corporation, This booster is 257 inches in diamater, 82 feet in
length, and is powéred by eight Rocketdyne H-1 engines. Each engine,
burning RP-1 and liquid oxygen, produces 200, 000 pounds of thrust for a
total stage thrust over 1, 600, 000 pounds.

S-IVB SECOND STAGE.

The 5-IVB second stage for Saturn IB is manufactured by the Douglas
Aircraft Company. This stage is 260 inches in diameter, 58 feet in length,
and is powered by a single Rocketdyne J-2 engine, The engine, burning
liquid hydrogen and oxygen, produces a stage thrust of approximately
200, 000 pounds., During flight, the J-2 engine uses three different mixture
ratios, resulting in values of thrust ranging from 190, 000 to 230, 000 pounds.

MISSION 204A WEIGHT STATUS,

NOTE The NASA-MSC is responsible for providing a
detailed weight status for Apollo mission 204A as
available in the MSC Reference Trajectory Document,

POSTLANDING AND RECOVERY,

Information relating to postlanding recovery aids is provided under
sequential systems in section 2, Postlanding ventilation for the crew is
supplied through two vent valves in the forward access hatch cover. (See
figure 1-4.) A handpump and flexible hose, stored under the right crew
couch {figure 1-6), is used to obtain water from the sea for conversion to
potable water, (Refer to crew equipment in section 6.) An Apollo Recovery
Operations Handbook will provide a detailed description of recovery equip-
ment and rescue procedures.

Mission
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SECTION 2

SYSTEMS DATA

INTRODUCTION.

Systems data include description of operations, component descrip-
tion and design data, operational limitations and restrictions, and telemetry
measurements, Subsection 2.1 describes the overall spacecraft navigation,
guidance, and control requirements and the resultant systems interface,.
Subsections 2.2 through 2.10 present data grouped by spacecraft systems,
arranged in the following order: guidance and navigation, stabilization and
control, service propulsion, reaction control, electrical power, environ-
mental control, telecommunications, sequential, and cautions and warnings.
Subsection 2. 11 deals with miscellaneous systems data.

Mission

Basic Date L2 Nov 1966 Change Date_____________ Page _ﬂ_‘i__







SMZ2A-03-5C012
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

SECTION 2
SUBSECTION 2.1

GUIDANCE AND CONTROL

SYSTEMS INTERFACE, GUIDANCE AND CONTROL,

Apollo CSM atmospheric and space flight is achieved by application of
controlled translation forces and rotational force moments, Guidance and
control initiates and terminates the thrust and rotational forces and force
moments as a function of the magnitude of the change required. Guidance
and control provides the following basic functions:

® Attitude Control
e Guidance
e Navigation

Attitude control is a function associated with spacecraft orientation
with respect to an inertial reference or a known coordinate system,
Guidance is a function requiring a combination of attitude control with rate
stabilization and steering commands for the purpose of modifying space-
craft trajectory via major velocity changes. Navigation determines
spacecraft position and velocity, and predicts future position,

To accomplish mission requirements, the guidance and navigation,
stabilization and control, service propulsion, and reaction control systems,
plus the astronauts, are integrated into an automatic/manual closed loop
control system.

Guidance and control activity is grouped into three profiles of flight:
coasting, powered, and atmospheric. The primary control loops involved
are illustrated in figures 2.1-1 through 2.1-4, Figure 2.1-1 is an
abbreviated integration of all major equipments necessary to accomplish
the activities in all three flight profiles. Figures 2.1-2 through 2.1-4
divide the equipment into the proper perspective for each profile.

It must be noted that in figure 2.1-1, the loops are closed that
represent coasting flight (CF) functions. For powered flight (PF) or
atmospheric flight (AF), open the coasting flight loops and close contacts
representing the desired loops.

COASTING FLIGHT

The guidance and control activities involved in coasting flight are
accomplished through the basic functional loops shown in figure 2.1-2.

Mission
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These loops provide attitude reference, attitude control, attitude hold, and
automatic and manual maneuver capabilities necessary to accomplish the
several tasks involved during coasting flight., They are also the central
reference and control loops required for all phases of flight.

A reference attitude frame is established by the G&N inertial meas-
urement unit (IMU), and/or by the SCS body-mounted attitude gyros
(BMAGs), and attitude gyro coupling unit {AGCU). Inertial sensors sense
S/C motion contrary to the reference frame. The sensed attitude errors
and rates are conditioned through servo electronics and logic to initiate
countermotions via the reaction jet control (RCS) which nullifies the original
motion. The AGC inserts automatic control and maneuver commands into
the loop. The rotation, translation, and attitude impulse controls insert
manual commands into the loop. The flight director attitude indicator
(FDAI) is the S/C attitude visual display.

POWERED FLIGHT.

Powered flight is considered that which will use the S/M service
propulsion system (SPS) engine to initiate a major velocity change.
Figure 2.1-3 illustrates those basic loops necessary for the tasks involved.
As shown, the loops are an extension of those required for coasting flight.
Added, are the (SPS) engine on-off thrust logic and the SPS gimbal control
loops. In coasting flight, all attitude control is through the RCS. Powered
flight, by the SPS engine, requires roll control through the RCS, and pitch
and yaw control by gimbaling the SPS engine nozzle., Primary control of
thrusting is by the AGC. However, figure 2.1-3 shows how various manual
controls can be used instead of or to backup automatic functions,

ATMOSPHERIC FLIGHT

Atmospheric flight is encountered during the entry phase of the
mission at which time the S/C experiences aerodynamic forces.
Figure 2.1-4 illustrates the basic loops required for control of the S/C
during this phase. The central loop is identical to that in figure 2.1-2.
The main difference is that service module/command module (S/M-C/M)
separation has taken place, and the command module RCS system is used.
Another difference is that the aerodynamic forces will stabilize the C/M in
pitch and yaw, and the entry g-level (lift vecto= control) will increase or
decrease through roll contreol. Primary control is automatic, with manual
rotation control available, in event of automatic control malfunctions.

For detailed operation of the several loops involved in guidance and
control, refer to the descriptions of the guidance and navigation system,
subsection 2.2, and the stabilization and control system, subsection 2. 3.
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GUIDANCE AND NAVIGATION SYSTEM

STABILIZATION AND CONTROL SYSTEM
SERVICE PROPULSION SYSTEM
REACTION CONTROL SYSTEM

ELECTRICAL POWER SYSFEM

ENVIRONMENTAL CONTROL SYSTEM

TELECOMMUNICATION SYSTEM

SEQUENTIAL SYSTEMS (SECS, EDS, LES, ELS)

CAUTION AND WARNING SYSTEM
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Figure 2.1-1., Integrated Flight Profile Functional Flow Diagram
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Figure 2.1-2. Cmasting Flight Profile Functional Flow Diagram
GUIDANCE AND CONTROL
Mission Basic Date__12 Nov 1966 Change Date ‘Page 2.1-5/2.1-6

mﬁ,.

3







R

PROGRAM SELECT INITIATE I

FROM NAVIGATIONS
OR UPLINK (MSFN)

l
TIME —'—b

VELOCITY
CHANGES

AUTOMATIC GUIDANCE AND
NAVIGATION CONTROL LOOP

r MANUAL |
I I SETTING
v ACCELERATION
I I av AND VELOCITY X-AXIS l
CHANGES
| REMAINING | ACCSEELS;%;‘”ER
(SCS) l
T | et l
SPS ENGINE
MANUAL OIR
l AGC THRUST ON-OFF AND THRUST o‘:,_éfl
NAVIGATION Iorr VELOCITY COMMANDS I
AND COMMANDS SENSING I
GUIDANCE THRUST ON-OFF l THR'USI Loor
PROGRAMS - ENGINE
(GAN) COMMANDS (G&N) | ON-OFF CONTROL '
| g LOGIC (SPS) l
| {5Cs)
! l L MANUAL THRUST ON l
COMMANDS (SCS) l
| THRUST OFF COMMANDS
(FCSM SENSING)
e M NG e
STEERING
COMMANDS
l 4
cou J
l SERVO ELECTRONICS »(
AND CONTROL y
| (GaN)
l ATTITUDE
N COMMANDS
+
MANUAL FDAI (SCS)
ATTITUDE
COMMANDS L ATTITUDE
ERROR
ATTITUDE
RATES
MU <
?ﬁ%‘g&,’.’fﬁé‘ ATTITUDE ATTITUDE TOTAL
Ml sz(rGas&o':)s ATTITUDE
(G&aN)
A 3
—_———d e
VELOCITY
CHANGES

£0LDOY

-~

e

et



LT



I S AL — —— —— ——— —— — — —— — f——— —— a—

MANUAL ROTATION

E
ROTATION —#{ CONTROLS DIRECT ¢

I
| COMMANDS (SCS)
MANUAL
— P G—— G— St——— S— Sm—— arvene—— S TRANSLATION
= ' COMMANDS
CELERATION l l
~ND VELOCITY X-AXIS '
ANGES ACCELEROMETER I PROPORTIONAL
SENSOR l
(5CS) l
PS ENGINE MANUAL DIRECT I
IN-OFF AND it oz-éﬂr I ATTITUDE PSEUDO RATE
! N PULSE
2LOCITY COMMANDS l ROLL ERRORS ¢ DEADBAND > MODULATOR
NSING l T aND umiTing (5C3)
op L {5CS) -4
ENGINE | —_—— e
——— CONTROL —>-0-
(SPS) [ ‘___,__ e —— — —— ——
AL THRUST ON |
ANDS {5CS) ' I -
1MANDS I l p -
l INTEGRATOR - 3
GIMBAL
(sCS) MTVC
POSITION ELECTRONICS
CONTROLS (5C9
(5C5) )
MANUAL
TRIM
| COMMANDS ]
GIMBAL =
s STEERING COMMANDS + ] servo .
¢ PITCHAYAW ELEC(TSE%N'CS d £
ERRORS T -
—
ATTITUDE
COMMANDS
INRSSIII SN R N —_— ————
FDAI (SCS)
ATTITUDE [ ’
ERROR ATTITUDE ERRORS
N
ATTITUDE
RATES K
TOTAL
—®] amnruoe ATTITUDE REFERENCE, INE
PHTCHA AW DISPLAY, AND FEEDBACK
RATES
ARS
- ATTITUDE
REE SENSORS [
Align  LIBMAGS) sCs ATT|TUDE CHANGES
VELOCITY CHANGES

Figure 2.

ror.DOUY EXANME ) Mission Bas






SMZA-03-5CO0l12
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

_._.——-——_-—-—-_————.—-—-_——-—_.——__—_—__.—1

RCS ATTITUDE CONTROL

] DIRECT CONTROL Loor l
! MANUAL |
MANUAL TRANSLATION DIRECT
TRANSLATION ~———— CONTROL ULLAGE I
COMMANDS (5CS) COMMAND THRUST
I ACCELERATION
AND
ORTIONAL l THRUST
DIRECTION
R FORCE I OR
! REAS:;;ON AOND TORQUE
ROTATION || SPACECRAFT
PSEUDO RATE REACTION CONTROL %' DYNAMICS
PULSE JET SELECTION (S/M RCS)
MODULATOR LOGIC (s¢cs)y ™ l
{5C8) _l
e . o—— e, e, St S S — S——. S Stt, S e S———— f— —— — Y
GIMBAL
POSITION l
sensORs [
e l
GIMBAL l
POSITION Mrve l
Thons ELECTRONICS $PS ENGINE GIMBAL
con (59 CONTROL LOOP
{5CS)
UAL '
‘MANDS ! l
GIMBAL GIMBAL ENGINE
SERVO CONTROL GIMSAL ] TORQUE
*1 eLecTrONICS ELECTRONICS "l CONTROL H
(5CS) (SCS) (595) |
- -— e e e e e et o ———d
R R,P,Y
RATE
GYROS
(sCs)
rY
ATTITUDE REFERENCE, INERTIAL SENSOR,
WAAW DISPLAY, AND FEEDBACK LOOPS
g)
- ATT[TUDE CHANGES
VELOCITY CHANGES
SM-2A-945

Figure 2.1-3, Powered Flight Profile Functional Flow Diagram

GUIDANCE AND CONTROL
Mission Basic Date__12 Nov 1966 Change Date Page _2- 1-7/2.1-8

eOLDOUT EIRME 3






VELOCITY
CHANGES

AGC
NAVIGATION
AND
GUIDANCE
PROGRAMS
(GaN)

NAVIGATION
SIGHTING
ANGLES

4

cov
SERVO ELECTRONICS

AUTOMATIC GUIDANCE AND
NAVIGATION CONTROL LOOP

STEERING ERROR!

AND CONTROL
(G&N)

e e e e

! MANUAL
| aTTiTUDE
| COMMANDS

y +
[ s;

MU

ACCELERATION
INTEGRATING

SENSORS?
(G&N)

ATTITUDE

ATTITUDE

FDAL (SCS)

ATTITUDE
ERROR

ATTITUDE
RATES

SENSORS
(G&N)

VELOCITY
CHANGES

ATTITUDE
CHANGES

TOTAL
ATTITUDE

[azx]

/fROCUT FRAME |






I ROTATION
MANUAL
! ROTATION ——] CONTROLS DIRECT ¢
| COMMANDS {5CS)
|
|
: MANUAL DISABLE
i COMMANDS
| PITCH/YAW PROPORTIONAL *
I ERROR —
| DECOUPLING
| [ATTiTooe ‘v PSEUDO RATE
STEERING ERRORS 1 | oeapeano ROLL ERROR + PULSE
| *1 AND LIMITING ’gb > Ns\gDULATOR -
L {5CS) -% (5CS)
FOAI (5CS)

ATTITUDE REFERENCE, INERTIAL SENSOR
ggg:ot DISPLAY, AND FEEDBACK LOOPS
ATTITUDE
RATES
TOTAL BMAG
ATTITUDE BACKUP

RATE
ARS
ATTITUDE AGCU - ATTITUDE
EULER - o
COMPUTER ‘ REF SENSORS
ATT (BMAGS)5C$
ALIGN ATTITUDE CHAN:

VELOCITY CHAN!

Mission






SMZ2A-03-SC012

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

e e e - — —— —— ——— ——— . ———— — — — — — —— —— —— f— D St e - - ity i ——— —

RCS ATTITUDE CONTROL

|
DIRECT CONTROL LOOP I
AERODYNAMIC
| FORCES
|
i
MANUAL DiSABLE |
COMMANDS !
IAL ‘ ‘ |
l |
{
SPACECRAFT
el IR | | o
JET SELECTION >
»{ MODULATOR o JET CONTROL | ROTATION |
LOGIC  (SCS) _ t
{5CS) (C/M RCS) 1
ROTATION
______________________________________ J
ATTITUDE REFERENCE, INERTIAL SENSOR,
DISPLAY, AND FEEDBACK LOOPS
RATE
GYROS
(5CS)
ATTITUDE CHANGES
VELOCITY CHANGES
SM-2A-943

Figure 2.1-4.

Atmospheric Flight Profile Functional Flow Diagram

GUIDANCE AND CONTROL

Mission Basic Date_l2 Nov 1966 Change Date

sOLDOUT FRAME 5

Page 2. 1-9/2. 1-10







SM2A-03-SC012
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

SECTION 2
SUBSECTION 2.2

GUIDANCE AND NAVIGATION SYSTEM (G &N)

INTRODUCTION-

The guidance and navigation (G&N) system measures spacecraft
attitude and velocity, determines trajectory, controls spacecraft attitude,
controls the thrust vector of the service propulsion engine, and provides
abort information and display data. Primary determination of the spacecraft
velocity and position, and computation of the trajectory parameters is
accomplished by the manned space flight network (MSFN).

The G&N system consists of three subsystems as follows:

e Inertial subsystem (ISS)
¢ Computer subsystem (CSS)
e Optics subsystem (OSS)

The inertial subsystem is composed of an inertial measurement unit
(IMU), part of the power and servo assembly (PSA}, part of the controls and
displays, and three inertial coupling display units (CDUs). The IMU provides
an inertial reference with a gimbaled, three-degree-of-freedom, gyro
stabilized stable platform.

The computer subsystem is composed of an Apollo guidance computer
(AGC), and two display and keyboard panels (DSKYs), which are part of the
controls and displays. The AGC is a digital computer which processes and
controls information to and from the IMU and optics, and stores programs
and reference data.

The optics subsystem is composed of a scanning telescope (SCT), a
sextant (SXT), drive motors for positioning the SCT and SXT, parts of the
PSA, part of the controls and displays, and two optics CDUs. The SCT and
SXT are used to determine the spacecraft position and attitude with relation
to stars and/or landmarks.

The three G&N subsystems are configured such that the CSS and OSS
may be operated independently. This allows continued use of the CSS and /or
OSS in the event of a malfunction in one of these subsystems or the ISS.
System power requirements and reference signals are provided by the power
and servo assembly (PSA). Major components of the system are located in
the command module lower equipment bay (figure 2.2-1). System circuit
breakers, caution and warning indicators, and one of the DSKYs are located
on the main display console.

FUNCTIONAL DESCRIPTION.

The guidance and navigation system provides capabilities for the
following:

e Inertial velocity and position (state vector) computation

e Optical and inertial navigation measurements
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® Spacecraft attitude measurement and control

e Generation of guidance commands during CSM-powered flight and
C/M atmospheric entry.

The G&N system is initially activated and aligned during the prelaunch
phase. During the ascent phase, the system measures velocity and attitude,
computes position, compares the actual spacecraft trajectory with a pre-
determined trajectory, and displays pertinent data, The flight crew uses
the displayed information as an aid for decision to abort or continue the
mission. However, spacecraft control is maintained by the S-IVB guidance
until CSM/S-IVB separation. Upon separation, the G&N svstem assumes the
guidance and navigation functions using the data acquired during ascent.

During periods when onboard velocity and/or attitude change sensing
is not required, the IMU is placed in standby operation to conserve electrical
power. The AGC is used more extensively than the IMU; however, it will
also be placed in standby operation to conserve electrical power. When the
guidance and navigation function is to be restored, the IMU and AGC are
reactivated, with the AGC using the last computed velocity as the basis for
further velocity computations. New positional data must be acquired from
optical sightings or MSFEN through telemetry or voice communications.

Initial position and attitude information as well as periodic updating of
this information is made through use of the optics. This is accomplished
by the navigator making two or more landmark and/or star sightings. The
sightings are made by acquiring the star-landmark with the SCT and/or SXT.
When the viewed object is centered, a mark command is initiated. The AGC
reads the optics angles, IMU angles, and time, in conjunction with internal
programs.to determine the spacecraft position. This position information
and the spacecraft velocity are used to compute an estimated trajectory.
The actual trajectory is compared with previous trajectory data to generate
the trajectory error, if any, for further reference. Optical measurements
are also used in aligning the IMU to a specific reference orientation.

The IMU (figure 2.2-2) contains three inertial rate integrating gyros
(IRIGs), three angular differentiating accelerometers (ADAs), and three
pulsed integrating pendulous accelerometers (PIPAs). The IRIGs, PIPAs,
and one ADA are mounted on the stable platform which is gimbaled to pro-
vide three degrees of freedom. The two remaining ADAs are mounted on
the middle gimbal. The stable platform inertial reference is maintained by
the IRIGs and ADAs in conjunction with electronic stabilization loops. Anyv
displacement of the platform is sensed by the IRIGs which produce output
signals representative of the magnitude and direction of displacement. The
ADAs sense the displacement rate and produce output rate control signals
to maintain correct stabilization loop control response. The IRIG and ADA
signals are applied to servo amplifiers, which condition the signals to drive
gimbal torque motors. The gimbal torque motors then restore the initial
platform orientation by driving the gimbals until the IRIG signals are nulled.
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The PIPAs are orthogonally mounted and sense changes in spacecraft
velocity. An acceleration or deceleration results in output signals which
are representative of the magnitude and direction of the velocity change.
The output signals are applied to the AGC which uses the information to
update spacecraft velocity data. Continual updating of velocity information,
with respect to the initial spacecraft position and trajectory, enables the
AGC to provide current velocity, position, and trajectory information.

The IMU also provides a space stabilized reference for spacecraft
attitude sensing and control. Attitude change sensing is accomplished by
monitoring the spacecraft attitude with reference to the stable platform.
Resolvers are mounted at the gimbal axes to provide signals representative
of the gimbal angles. Inertial CDUs contain resolvers which repeat the
platform attitude. Attitude monitoring is afforded by comparing the IMU
resolver output signals with the CDU resolver signals. If the angles differ,
error signals are-generated and applied to the stabilization and control sys-
tem. If the attitude error is larger than the selected deadband limits, the
SCS fires the appropriate RCS engines. The spacecraft is rotated back to
the initial reference attitude and the error signals are nulled (within
deadband limits).

The AGC provides automatic execution of computer programs, auto-
matic control of ISS and OSS modes, and, in conjunction with the DSKYs,
manual control of ISS and OSS modes and computer displays. The AGC
contains a two-part memory which consists of a large non-erasable section
and a smaller erasable section. Non-erasable memory contains mission
and system programs and other predetermined data which are wired in
during assembly. Data readout from this section is non-destructive and
cannot be changed during operation. The erasable section of memory pro-
vides for data storage, retrieval, and operations upon measured data and
telemetered information. Data readout from this section is destructive,
permitting changes in stored data to be made as desired. Information
within the memory may be called up for display on the two DSKYs. The
DSKYs enable the flight crew to enter data or instructions into the AGC,
request display of data from AGC memory, and offer an interrupt control
of AGC operation. The AGC timing section provides timing signals of
various frequencies for internal use and to other onboard systems which
require accurate or synchronized timing. Data within the AGC is trans-
mitted to MSFN through a ''downlink'' telemetry function. Telemetered
data is transmitted as a function of an AGC program or by request from
MSFN. Data within the AGC may be updated through an "uplink'' telemetry
function controlled by MSFN. The AGC performs guidance functions by
executing internal programs using predetermined trajectory parameters,
attitude angles from the inertial CDUs, velocity changes from the PIPAs,
and commands from the DSKYs (crew) to generate control commands.

The navigation function is performed by using stored star-landmark data,
optics angles from the optics CDUs, and velocity changes from the PIPAs
in the execution of navigation programs.
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The optics provide accurate star and landmark angular measure-
ments. Sightings are accomplished by the navigator using the SXT and
SCT. The optics are positioned by drive motors commanded by the optics
hand controller or manually using a universal tool, as desired. The shaft
axes are parallel. Trunnion axes may be operated in parallel or offset,
as desired. The SCT is a unity power instrument providing an approxi-
mate 60-degree field of view. It is used to make landmark sightings and
to acquire and center stars or landmarks prior to SXT use. The SXT
provides 28-power magnification with a 1. 8-degree field of view. The
SXT has two lines of sight, enabling it to measure the included angle
between two objects. This requires two lines of sight which enable the
two viewed objects to be superimposed. For a star-landmark sighting,
the landmark line of sight is centered along the SXT shaft axis. The star
image is moved toward the landmark by rotating the shaft and trunnion
axes until the two viewed objects are superimposed. The shaft and
trunnion angles are repeated by the optic CDUs. When the navigator is
satisfied with image positions, he issues a mark command to the AGC.
The AGC reads the optics CDU angles, IMU CDU angles, and time, and
computes the position of the spacecraft. The AGC bases the computation
on stored star and landmark data which may also be used by the AGC to
request specific stars or landmarks for navigational sightings. Two or
more sightings, on two or more different stars, must be taken to perform
a complete position determination.

2.2.2.1 Operational Modes.

The G&N system is operated in six basic operational modes.
Selection of any one mode is accomplished manually by the flight crew or
automatically by the AGC, The basic modes are as follows:

e Monitor (initiated by SCS mode selection)

e Zero encode

e Coarse align

e Fine align

e Attitude control

e Entry

The system configuration necessary to operate in any of the modes is
established by relay switching.

The monitor mode is used at launch, ascent, and during orbit until
CSM/S-IVE separation, to provide flight path data for crew displays. The
coarse align, fine align, and zero encode modes are used to
align the IMU after standby periods or to acquire a new stable platform
orientation. The attitude control mode provides for spacecraft attitude
control and navigation computations to measure position and velocity. The
entry mode provides control of the spacecraft lift vector during entry
phase.

GUIDANCE AND NAVIGATION SYSTEM
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2.2.2.1.1

The ISS and CSS will be operated in on-standby cycles to conserve
electrical power. During standby operation, the ISS maintains IMU temper-
ature, and the CSS maintains AGC timing functions. The OSS is shut off
when not in use. Since standby operation time varies for each of the
subsystermns, standby is not considered as basic mode.

Monitor Mode.

During prelaunch operations, the G&N system is aligned to the desired
launch reference attitude and gyro compasses to me:intain this attitude.
Approximately 3 minutes prior to launch, the gyro compassing is stopped
and the system becomes inertially referenced. Upon lift-off the AGC begins
monitoring the flight path angles by driving the Inertial Coupling Display
Units (ICDUs) through programmed attitude changes. The ICDU angles are
compared with the IMU gimbal angles to produce flight path error signals
which are displayed by the FDAI error needles. Total spacecraft attitude,
with respect to the IMU orientation, is displayed by the FDAI ball.
{Prelaunch FDAI readings are 164. 76-degree roll, 58, 30-degree pitch, and
9.69-degree yaw, with respect to the navigation axis symbol. Display at
orbit insertion is O-degree roll, 310.5-degree pitch, and 0-degree yaw,
assuming a 180-degree roll has been performed and launch pad 37 is used.)
During boost prior to launch escape tower (LET) jettison, the AGC displays
the following:

REGISTER 1 - Inertial flight path angle; inertial velocity with respect
to local horizontal in degrees.

REGISTER 2 - Inertial velocity in ft per sec.
REGISTER 3 - Altitude above launch pad in nautical miles (NMs).
Upon receipt of LET jettison signals the displays change to the following:

REGISTER | - Predicted Gs for free-fall and entry at 60-degree
bank angle.

REGISTER 2 - Altitude of perigee above the mean equatorial radius
in NMs.

REGISTER 3 - Time of free-fall to 300, 000 ft above mean equatorial
radius in minutes and seconds.

This displayed data provides the flight crew with sufficient information to
make abort or continue decisions; however, if time is not critical, the
decision is made by the flight crew and MSFN jointly.
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2.2.2.1.2 Zero Encode Mode. G&N

The zero encode mode enables correction of the CDU data stored in
AGC. This mode is used to ensure that the reference angles contained in
the CDU registers of the AGC correspond with the actual CDU angles. This
is accomplished by driving the CDUs to zero, then clearing the AGC CDU
registers. This starts the AGC CDU registers at zero and enables the
registers to maintain correct CDU angles by counting pulses from the CDU

digital encoders.
2.2.2.1.3 Coarse Align Mode.

The coarse align mode enables stable platvform alignment to within
approximately 2 degrees of a desired platform orientation. Prerequisite
information to accomplish coarse alignment consists of the desired platiorm
orientation and present spacecraft attitude.

The desired platform orientation angles are computed by an align-
ment program executed by the AGC. The navigator determines the space-
craft attitude immediately prior to coarse alignment by making two or
more sightings on stars or landmarks. Upon completion of the sightings,
the AGC reads the optic angles and computes the gimbal angles necessary
to attain the desired platform orientation. The AGC generates drive
signals to position the CDU resolvers to the required gimbal angles. The
INMU-CDU resolver error signals, generated by repositioning the CDUs,
are applied to the gimbal torque servo amps which drive the gimbal torque
motors to position the platform to the desired orientation.

o

The stable platform orientation will normally be such that the X-axis
lies along the spacecraft thrust vector during all powered phases, except
ascent, and along the spacecraft stability axis during entry.

g%}
]
[3%]

1.4 Fine Align Mode

The fine align mode completes stable platform orientation to the
required degree of accuracy. The navigator makes two or more star
sightings, using on-board data and the optics to acquire the desired stars.
Upon receipt of the optic angles the AGC computes the INMU angles neces-
sary to complete the alignment. In the fine align mode, the IMU angles are
repeated by the inertial CDUs which are monitored by the AGC to determine
the actual IMU orientation. The AGC generates torquing signals to cancel
any error between the actual IMU orientation and the desired orientation.
These torquing pulses are applied to the IRIG torquing coils. The IRIGs in
conjunction with the stabilization loops, reposition the stable platiorm until
the desired orientation is attained. Upon completion of fine alignment, the
IMU/CDU resolver signals and the stabilization loop signals are at null.

The syvstem configuration required for fine align mode also applies
IMU resolver signals to the SCS as apparent attitude error signals. To
prevent these signals from appearing as actual spacecraft attitude errors,
the SCS must be operated in an SCS mode which rejects G&N derived signals.
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2.2.2.1.5

2,2.2.1.06

Attitude Control Mode.

The attitude control mode provides spacecraft attitude change sensing,
generates error signals for spacecraft attitude control, velocity change
signals for updating AGC velocity information, and signals for timing SPS
engine thrust termination commands.

During spacecraft attitude control, the IMU gimbal resolvers sense any
displacement of the spacecraft with respect to the stable platform orientation
and produce corresponding error signals. The error signals are applied
directly to the SCS-FDAI ball for error display and to the inertial CDU
resolvers, The IMU-CDU error signals are displayed on the IMU control
panel, resolved into spacecraft axes, and applied to the SCS. 1If the error
signals indicate an attitude error larger than the selected deadband,
appropriate RCS engines are fired and the desired spacecraft attitude is
restored.

For delta V maneuvers, the G&N system provides attitude control,
velocity change sensing, and total velocity change control by generating
thrust termination commands. Prior to thrusting, the IMU is aligned sothat
the stable platform X-axis is parallel to the thrust vector. The AGC deter-
mines time-to-ignition and total velocity change desired, and performs mode
verification routines. At ignition time the AGC flashes the DSKY displays to
the crew for initiation of ignition (manual DSKY entry is required). During
thrusting, the CDU applies attitude error signals to the SCS. Roll error
signals are applied to the RCS engines; however, pitch and yaw error signals
are applied to the SPS engine gimbals rather than RCS engines. This
ensures alignment of the thrust vector through the spacecraft center-of-
gravity and along the correct trajectory. The PIPAs on the stable platform
sense the velocity changes and apply proportional output signals to the AGC.
The AGC computes and updates spacecraft velocity, and counts down a preset
counter with the PIPA signals., When the counter reaches zero, a thrust
termination signal is generated and applied through the SCS electronics to
the SPS engine.

Entry.

The entry mode provides for generation of attitude error and steering
signals, sensing of deceleration, and computation of velocity changes during
the entry phase of the mission. The steering signals provide for control of
the spacecraft lift vector through the SCS, to inhibit excessive G-loadings
and heat buildup, and to control the flight path to enable landing at a pre-
selected site. Attitude error signals are applied to the FDAI attitude error
needles.

Entry configuration is similar to attitude control with the exceptions
that the roll response time is reduced, one step of axis resolution is not
needed, and the AGC will produce steering signals to the SCS by driving the
roll CDU. From initiation of entry mode until 0. 05G switching, roll, pitch,
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G&N
and yaw error signals provide attitude control., Upon 0.05G switching, the
pitch and yvaw error signals provide display only. Prior to entry, the IMU
X-axis is aligned along the spacecraft entry velocity vector. This alignment
eliminates the need for navigation base-to-spacecraft body axis resolution.
Deceleration is sensed primarily by the IMU X-axis PIPA, although changes
in lift vector orientation cause some lateral movement which is sensed by
the Y and/or Z PIPAs. The outer gimbal, or roll, 1X resolver is connected
to the 16X resolver in the ROLL CDU, giving a 16:1 increase in attitude
error signal and reducing the response time of the roll channel. The AGC
will produce steering signals by executing a programmed lift vector down
entry (to ensure capture), 180~degree roll to lift vector up, then generate
further steering signals with respect to G forces, heat buildup, and range
needed. These steering signals are routed to the roll CDU where an IMU-
CDU resolver error is generated and routed to the SCS for FDAI display
and/or RCS engine control, The entry may be performed manually with the
pilot flying to the steering signals as displayed on the FDAI orautomatically
with the AGC steering signals routed to the roll RCS engines for spacecraft
control,

2.2.3 MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

(8%
(3%
w
—

Inertial Subsystem.

The function of the inertial subsystem is to provide a space-stabilized
inertial reference from which velocity changes and attitude changes can be
~sensed, It is composed of the inertial measurement unit (IMU), the naviga-
tion base (NB), parts of the power and servo assembly (PSA), parts of the

control and display panels, and three coupling display units (CDUs).

2.2.3.1.1 Navigation Base.

The navigation base (NB) is the rigid, supporting structure which
mounts the IMU and optical instruments. The NB is manufactured and
installed to close tolerances to provide accurate alignment of the equipment
mounted on it, It also provides shock mounting for the IMU and optics.

2,2.3.1.2 Inertial Measurement Unit.

The inertial measurement unit (IMU) is the main unit of the inertial
subsystem. Itis a three-degree-of-freedom stabilized platform assembly,
containing three inertial reference integrating gyros (IRIGs), three pulsed
integrating pendulous accelerometers (PIPAs), and three angular differenti-
ating accelerometers (ADAs), The stable member itself is machined from
a solid block of beryllium with holes bored for mounting the PIPAs, IRIGs,
and one of the three ADAs. Three gimbal and six intergimbal assemblies,
which house torque motors and resolvers, are also partofthe IMUassembly,
together with preamplifiers and gimbal-mounted electronics. Figure 2.1-2
shows how the IRIGs and the PIPAs are mounted relative to each other on
the stable member (or inner gimbal). The three gimbal axes, about which
each of the gimbals rotate, are also shown.
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The stable platform attitude is maintained by the IRIGs, ADAs, stabi-
lization loop electronics, and gimbal torque motors. Any displacement of
the stable platform or gimbal angles is sensed by the IRIGs and ADAs, which
generate error signals. IRIG error signals are resolved and amplified at
the IMU and applied to stabilization loop electronics. ADA-produced error
signals are summed with the IRIG error signals. The resultant signal is
conditioned and applied to the gimbal torque motors, which restore the
desired attitude.

The stable platform provides a space-referenced mount for three
PIPAs, which sense velocity changes. The PIPAs are mounted orthogonally
to sense the velocity changes along all three axes. Any translational force
experienced by the spacecraft causes an acceleration or deceleration which
is sensed by one or more PIPAs. Each PIPA generates an output signal
proportional to the magnitude and direction of velocity change. This signal,
in the form of a pulse train, is applied to the AGC. The AGC will use the
signal to update the velocity information and also generate signals to torque
each PIPA ducosyn back to null,

The temperature of the IRIGs and PIPAs is maintained within required
limits during both standby and operating modes of the IMU, The IMU tem-
perature control system contains circuits to supply normal proportional
temperature control with the capability of backup or emergency control in
case of a proportional control malfunction. The proportional temperature
control circuit is the primary means of maintaining the IRIG and PIPA
temperature and provides the most accurate control. This type of controlis
available when either the proportional or auto-override mode is selected
with the IMU TEMP MODE selector switch. The purpose of the auto-
override mode is to provide automatic switching from that mode to
emergency control if there is a malfunction in the proportional control
circuit, If a malfunction occurs in the proportional mode, the switching to
emergency control must be performed manually. In the proportional mode,
the temperature is controlled by the proportional temperature control
bridge and is'maintained at 135+0.5°F. While in the emergency mode, it is
controlled by the mercury thermostat and is held within £3°F,

The backup temperature control and indicator circuit is intended for
use in the event the proportional control fails. The control sensing elements
for this system are three PIPA indicating sensors (connected in series) and
six IRIG sensing elements (connected in series) in two separate bridges.
This system can maintain the temperature to within £1°F. In this mode of
operation, an alarm indication is not available to the astronaut because of
modifications to the temperature alarm amplifier circuit.

2.2.3.1, Coupling and Display Units.

There are five CDUs mounted below the IMU control panel at the lower
equipment bay. Three CDUs function as part of the ISS, while the two
remaining CDUs function with the OSS. The optic CDUs (OCDUs) are
described in paragraph 2.2.3.2. The three inertial CDUs (ICDUs) are
identical and mav be interchanged. Display dials on the front panel of each
provide a 6-digit readout. Positioning of the ICDUs is accomplished by the
AGC. Each ICDU contains a 1/4-speed, 1/2-speed, l-speed, and 16-speed
resolver, the functions of which depend upon the ISS mode of operation. The
angular movements of the resolvers are converted into digital signals by a
digital encoder, processed by encoder electronics, and routed to AGC
registers which maintain current ICDU angles for use as desired. The AGC
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2.2.3.1.4

2.2,3.2.1

commands CDU movements by applying digital drive commands to digital-
to-analog converters. The drive signals are converted from digital to analog
and applied to CDU motor drive amplifiers which position the CDUs. The
l-speed and l6-speed resolvers function as receivers of signals produced by
l-speed and 16-speed resolvers mounted on the IMU. The 1/2-speed
resolvers are used to zero the CDUs and the 1/4-speed resolvers are not
used. The resolvers provide input signals to selector circuits which provide
motor drive signals or spacecraft attitude error signals, depending upon ISS
mode of operation. The IMU outer gimbal 1-speed resolver signals are
applied to the roll CDU l6-speed resolver to increase roll control rates
during entry.

Power and Servo Assembly.

The power and servo assembly (PSA), located just below the display
and control panel in the lower equipment bay, serves as a central mounting
point for most of the G&N electronic units such as power supplies and
amplifiers. It also contains the backup electronics used to supply timing
pulses to the IMU in case of an AGC timing malfunction. It consists of 10
removable trays mounted adjacent to each other and connected to a junction
box. The PSA trays utilize three wiring harnesses to provide electrical
connection: one for module-to-module connection, another for module-to-
junction box connection, and a third for module connection to a-38-pin
female test plug on the front of the PSA tray.

Optical Subsystem.

The optical subsystem is used for taking precise optical sightings on
celestial bodies and for taking fixes on landmarks. These sightings are used
for aligning the IMU and for determining the position of the spacecraft. The
system includes the navigational base, two of the five CDUs, parts of the
power and servo assembly, controls and displays, and the optics, which
include the scanning telescope (SCT) and the sextant (SXT).

.

Optics.

The optics consist of the SCT and the SXT mounted in two protruding
tubular sections of the optical base assembly., The SCT and SXT shaft axes
are aligned parallel to each other and afford a common line-of-sight (LOS)
to selected targets. The trunnion axes may be parallel or the SCT axis mayv
be offset depending upon mode of operation.

The sextant is a highly accurate optical instrument capable of measur-
ing the included angle between two targets. Angular sightings of two targets
are made through a fixed beam splitter and a movable mirror located in the
sextant head. The sextant lens provides 1, 8-degree true field of view with
28X magnification, The movable mirror is capable of sighting a target to
57 degrees LOS from the shaft axis. The mechanical accuracy of the
trunnion axis is twice that of the LOS requirement due to mirror reflection
which doubles any angular displacement in trunnion axis.

The scanning telescope is similar to a theodolite in its ability to
accurately measure elevation and azimuth angles of a single target using an
established reference. The lenses provide 60-degree true field of view at

¥ magnification. The telescope allowable LOS errors are 1l minute of arc
rms in elevation with maximum repeatability of 15 arc/seconds and
approximately 40 arc/seconds in shaft axis.
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2.2.3.2.2 Coupling Display Units.

The function of the OCDUs is to positionand repeatangles of the SCT and
SXT shaft and trunnion axes. The OCDUs are similar to the ICDUs, but may
not be interchanged due to internal mechanical differences allowing higher
OCDU rates. Each OCDU has a 6-digit display readout and can be positioned
automatically by AGC command. CDU angles are converted to a digital
signal by a digital encoder, processed by encoder electronics, and routed to
an AGC register. AGC positioning commands are applied to a digital-to-

- analog converter, converted to a representative analog signal, and applied
to a motor drive amplifier in the SXT. Resolvers in the SXT function as
transmitters to CDU resolvers which receive the position signals and apply
the commanded angles to the CDU motor drive amplifiers to position the
CDU motor. :

Trunnion CDU 1/4-speed and 16-speed resolvers function as receivers
~and provide drive signals to the trunnion CDU motor. The SXT trunnion
resolvers which drive the CDU resolvers are l-speed and 64-speed respec-
tively, providing a 1:4 SXT trunnion to CDU trunnion ratic. Visual readouts
on the trunnion display dials are thus four times the trunnion angle and two
times the star line-of-sight angle from zero position. The 1/2-speed
resolver, in conjunction with the cosecant amplifier, provides a variable
gain computing resolver which is used in the RESOLVED mode of operation.
The 1-speed resolver is not used in the trunnion CDU,

Shaft CDU 1/2-speed and 16-speed resolvers function as receivers and
produce drive signals to the shaft CDU motor. SXT resolvers used as
transmitters are also 1/2-speed and 16-speed resolvers, affording a 1:1
ratio; thus, the display dials provide direct readouts of the shaft angles.

The l-speed resolver resolves polar coordinates intc rectangular coor-
dinates for the RESOLVED mode of operation. The 1/4-speed resolver is
not used in the shaft CDU.

2.2.3.2.3 Operational Modes.

Optics positioning is accomplished automatically by the AGC or
manually by the crew. Overall mode control is established by crew selec-
tion of the ZERO OPTICS, MANUAL, or COMPUTER modes on the OPTICS
panel,

ZERO OPTICS mode enables automatic drive of the SXT shaft and
trunnion motors to zero. This is accomplished by applyving the SXT resolver
output signals to the input of the SXT motor drive amplifiers. The drive
signals are applied to the CDU and SCT resolvers which follow the SXT shaft
and trunnion axes to zero. After 60 seconds, the AGC optics position
registers are cleared. This mode may be selected by AGC program or
manually.

MANUAL mode enables positioning control of the optics by manual
manipulation of the optics hand controller., The hand controller is mech-
anized such that, right-left movement generates shaft commands, and
up-down movement generates trunnion commands. Hand controller drive
rates are selected by the position of the CONTROLLER SPEED switch.
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Positions HI, MED, and LO control the amplitude of the drive signal to the
hand controller. Hand controller drive signals are applied to the SXT

shaft and trunnion drive amplifiers through the CONTROLLER MODE switch
for selection of DIRECT or RESOLVED mode. In DIRECT mode, the image
motion is presented in a polar coordinate reference frame; in RESOLVED
mode, the image motion is presented in a rectangular coordinate reference
frame.

In DIRECT mode, shaft commands move the image in a circular path
around the center of the field of view. Trunnion commands drive the image
in a straight line across the center of the field of view. The angular
orientation of the trunnion commanded straight line movement is a function
of the shaft angle; therefore, direction of image movement with respect
to the direction of hand controller movement is also a function of shaft
angle. The rate of image movement, for shaft commands, is a function
of trunnion angle, wherein increasing trunnion angles result in increasing
image movement rates.

In RESOLVED mode, shaft commands move the image left-right in
a straight line. Trunnion commands move the image up-down in a straight
line. Image movement is in the same direction as hand controller move -
ment and the rate of movement is constant for varying angles.

In COMPUTER mode, the AGC positions the optics to a star or land-
mark determined by AGC programming. This mode is performed by an
AGC routine which is called up automatically by various alignment pro-
grams. The target star or landmark may be defined by AGC programming
or by the crew. If the target star or landmark is not selected by AGC
programming, the crew makes a DSKY entry defining either the latitude,
longitude, and altitude for a landmark or the star code for a star. The
AGC determines the spacecraft attitude by monitoring the ICDUs, and
computes the angles necessary to drive the optics to the desired target.

(If the angles necessary to acquire the target are beyond the capabilities

of the optics, the AGC flashes the DSKY displays.) When the necessary
angles are computed, the AGC displays the desired shaft and trunnion
angles on the DSKY and initiates OCDU drive to these angles. When the
AGC has completed driving the CDUs, the crew checks the DSKY-displayed
angles against the 6-digit CDU displays and the SCT counters. The crew
then locates and identifies the target in the SCT, enables manual control,
and completes the sighting, The AGC can also perform zero optics
functions, if desired, by the AGC program.

The SCT trunnion may be operated in three alternate modes, with
respect to the SXT trunnion, as desired. The SLAVE TELESCOPE switch
enables crew selection of STAR LOS, LANDMARK LOS 0°, or OFFSET
25°. The STAR LOS position is normally used. In this position, the SCT
trunnion is slaved to the SXT trunnion. The LANDMARK LOS 0° position,
applies a fixed voltage to the SCT trunnion position loop causing it to null
at zero. This holds center of the SCT 60° field of view parallel to the
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SXT landmark line of sight, The OFFSET 25° position applies a fixed
voltage to the SCT trunnion position loop, causing it to null at 25 degrees
off-center. This holds the SCT field of view so that the SXT landmark line
of sight remains visible while sweeping the SCT shaft through 360 degreés
of rotation, providing an approximate 110-degree total field of view.

2.2.3.3 Computer Subsystem.

The computer subsystem {CSS) consists of the Apollo guidance com-
puter (AGC) and two display and keyboard panels (DSKYs). The AGC and
one DSKY are located at the lower equipment bay. The other DSKY is
located on the main display console. The AGC mounts one switch on the
front panel which applies partial or full power to the computer to enable
standby or full operation of the CSS. All other AGC controls and displays
are located on the DSKYs. The keyboards on the DSKYs are smiliar;
however, the displays on the DSKY in the lower equipment bay are more
extensive,

2.2.3.3.1 Apollo Guidance Computer.

The Apollo guidance computer (AGC) is a digital computer using a
two-part rope core memory. (See figure 2.2-3.) The AGC processes
various data to provide control and computation functions. Input data is
received from the crew, ISS, OSS, MSFN, and other spacecraft systems.
This data is processed by various programs to provide outputs to the
crew, ISS, OSS, MSFN, and other spacecraft systems in the form of
commands and displays. The control functions performed by the AGC
consist of the following:

. Alig'n the IMU stable platform.

e Position the optics for navigation sightings.

e Command reaction control system engine firings to maintain
specific attitude.

e Request initiation and command termination of service
propulsion engine firings.

e Provide synchronization pulses to the central timing equipment.
e Command telemetry transmission to MSEN.
e Command ISS moding.
e Command OSS moding.
The reference data used to generate controls may be acquired externally or

generated within the AGC. Initiation of the controls may be accomplished by
the crew using the DSKYs, by MSFN via telemetry, or by an AGC program.
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Figure 2.2-3. AGC Functional Block Diagram

Computations are performed to generate the proper control commands,
maintain navigation parameters, and complete various other operations
under program control. AGC programs are stored in memory. The
memory contains two sections, erasable and non-erasable. Theerasable
section provides storage for transient data. Readout is destructive; thus,
if the data is to be retained, it must be written back into memory.
Otherwise, the location is cleared for further use as desired. Non-erasable
memory contains programs, routines, constants, star and landmark coor-
dinates, and other pertinent data. Readout is non-destructive; thus, the
data contained in this section is not lost and cannot be altered. AGC pro-
grams are performed by controlling the flow of data within the six basic
sections listed as follows: ’

e Power supply
e Input
e Output
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e Central processor
e Memory
e Timing

Power Supply. The power supply consists of two parts. Input to the power
supply is +28 vdc from the spacecraft main d-c bus. The two sections pro-
vide +13 vdc and +3 vdc. The +13-vdc output provides power to the DSKYs
and, in conjunction with the +3-vdc power, to the logic circuits. The
+3-vdc supply provides power to the timing section as well as to the logic
circuits. During standby mode of operation, the +3-vdc section only is
operated; thus, power consumption is reduced by approximately 100 watts.

Input. The input section consists of four registers which enable inter-
communication between the AGC and the other G&N subsystems, the
stabilization and control system, the mission sequencer, the S-IVE guid-
ance, and MSFN. The utilization of the registers is such that each bit
position in each register is assigned a specific task. For example, bit
positions 1, 2, 3, 4, and 5 of input register 0 are assigned to receiving the
five bit code generated when a DSKY key is pressed. Data received from
the various sourcesare conditioned by the input registers such that, when

it is transferred into the logic circuits, the signal levels and timing are
correct. The data received by the four input registers are as follows:

Input O Register Receives 5-bit code from the DSKYs,
block uplink signal from the UPTEL switch,
control signals from the SCS mode control
panel, and mark commands from the MARK
pushbutton. Also monitors the signal from
the telemetry bit rate detecting circuits.

Input 1 Register This register is formed by the Scaler A
register of the timing section which main-
tains real time during standby operation,
and provides update information to the real
time counters when full operation is
resumed.

Input 2 Register Receives 200, 400, 800, and 1600 pps
signals from the Scaler A section of the
timing section forming an extension of the
real time counters for use by other space-
craft systems which require timing of this
order. Also receives discrete event signals
from the S-IVB instrument unit, CM/SM
separation signals from the master events
sequence controller, failure signals from
the ISS, mode signals from the SCS, and
parity fail signals.
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Input 3 Register Receives 1SS mode signals from the ISS
mode relays and mode signals from the OSS,
monitors the position of the TRANSFER
switch, and provides a logic OR gate for
33 DSKY relays.

Output. The output section consists of four registers which enable the
AGC to communicate with the flight crew, 1SS, OS8S, and other spacecraft
systems. The utilization of the registers is similar to that used for the
input section {(i.e., each bit position, or group of bit positions is assigned
a specific task). The tasks assigned to the various registers and bit
positions are as follows:

Output 0 Register Provides the transmission link from the
AGC to the DSKYs by control of 14 banks of
relays which provide display of data and
routing of control signals to the ISS, 0SS,
and SCS.

Qutput 1 Register Receives internal AGC alarm signals and
causes alarm indicators on the DSKYs to
illuminate. Receives KEY RLSE request
from an AGC program and causes the KEY
RLSE indicator to illuminate and flash until
the DSKY is released. Receives AGC signal
indicating improper DSKY operation and
causes the CHECK FAIL indicator to illu-
minate. Receives SPS engine firing signal
from an AGC program, causing the DSKY

. to flash a request for crew initiation of
engine firing. Receives SPS engine off
command from an AGC program, removing
the engine on signal. Also provides signal
to reset the error interrupt trap circuits,
identifies the type of word being transmitted
by downlink telemetry, and inhibits further
loading of telemetry words when the telem-
etry word rate exceeds 50 words per second.

Output 2 Register Controls application of 3200 pps control
pulses to the ISS and OSS.

Qutput 3 Register Serves as a spare register for the central
processor when needed.

Output 4 Register Contains the next word to be transmitted by
downlink telemetry.
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Central Processor. The central processor contains the logic circuits

and registers which perform the programs. Programs are executed by
performing instructions in a sequence controlled by the sequence genera-
tor. There are two basic types of instructions. The first is the machine
instruction which consists of regular, involuntary, and miscellaneous
instructions. Regular instructions are contained within the program and
are part of the data words being processed. Involuntary instructions are
performed as interrupts to the program and are generated externally to the
AGC. Miscellaneous instructions are used in the computer test only. . The
second basic type of instruction is the interpretive instructions and are a
programmer convenience which are converted under program control to
machine instructions. The execution of the instructions is a function of
the sequence generator. The sequence generator combines basic timing
pulses with the instruction portion of a data word and performs the program
in the necessary sequence. Regular machine instructions are processed
by the sequence generator initiation of the instruction. The instruction
will perform one or more subinstruction, the last of which will be a sub-
instruction to proceed to the next instruction. Involuntary instructions are
initiated by an interrupt from an external source, after which the instruc-
tion is performed in the same manner as a regular instruction. After
completion of the involuntary instruction, a ""resume' command is executed
and the sequence generator returns to the program which was interrupted.
The central processor performs the data manipulation by adding, sub-
tracting, shifting, etc., within a group of central registers, adder, and
parity block. The functions of the registers are as follows:

A Register Accumulator. Stores the results of arithmetic
processing.
LP Register Stores the least significant portions of the

product of a multiply instruction.

B Register Used to complement (by reading the reset side
of the register), as temporary storage, and as
a buffer.

Z Register Program counter. Contains address of next

instruction. Incremented by one as each instruc-
tion is performed. (Instructions are usually
stored in memory sequentially.)

Q Register If transfer control occurs the contents of Z are
read into and stored in Q until interrupt is com-
pleted. Enables interrupted program to restart
at the proper instruction. Also used in division.
Stores remainder in complemented form.

Input 0, 1, 2, 3 Refer to Input section description.

Output 0, 1, 2, 3 Refer to Output section description.
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G Register Provides access to and from memory. Shifting,
under program control, takes place in this
register. Parity bit is removed and restored
in this register.

S Register Contains address of word to be called from
memory. If word is in fixed memory, this
selects word in conjunction with BANK
register.

BANK Register Selects bank in fixed memory. Operates in
conjunction with S register.

SQ Register Stores 4 bit order code of instruction word.

X, Y, U Registers These registers form the adder. Two numbers
to be added are placed in X and Y. The result
is stored in U.

Parity Circuit The parity circuit checks the parity of words
coming from memory to be odd. If parity is
not correct, this circuit generates a parity
alarm. Words being returned to memory are
given the proper parity bit by this circuit.

Data flow within the central processor is initiated by an instruction.
A data word is brought from memory to the G register. The G register
provides temporary storage of the word until it is needed. If the word
came from erasable memory, it will usually be written back into the same
locatior during the same memory cycle time it is transferred to the G
register. (This is not necessary for words from fixed memory, as
readout is not destructive.) The word is then routed to the parity circuits
for a parity check and to have the parity bit removed. The sequence
generator next controls the transfer of the data word to the other registers
for processing. If the result of the processing is to be written back into
memory, the word is transferred back into the G register, the parity bit
is added, and the word transferred back to memory. If the processing
consists of arithmetic functions, it is performed in the adder (X, Y, and
U registers). The AGC has the capability to add only; therefore, sub-
traction, multiplication, and division are performed by complementing
and/or shifting, then adding.

Memory. The AGC memory consists of two sections. The largest section
is the fixed memory. This is a rope core type having a capability of
24,576 sixteen bit words. Readout is non-destructive and the data con-
tained cannot be changed. All permanent, pre-determined data, such as
programs, tables, constants, star and landmark angles, etc., are
contained in this section. Addressing the data contained in the fixed
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section is accomplished by the S and BANK registers. A smaller erasable
section provides temporary storage for transient data. Erasable memory
is a coincident-current core array with a capacity of 1024 sixteen bit words.
Readout is destructive, so if data is to be retained, it is necessary to write
the data back into the location when it is read out. Addressing the data
contained in erasable memory is done by the S register.

Timing. The timing section generates the synchronization pulses for AGC
operations and timing pulses for other spacecraft systems. The timing
section is divided into the following functional groups:

Clock Divider This group contains the basic clock
oscillator which has a 2. 048 mc frequency
divided to time various AGC logic functions
and certain outputs, clock the time pulse
generator, and drive Scaler A.

Scalers A and B Scaler A contains 17 binary dividers pro-
ducing signals of various frequencies used
within the AGC logic, as reference to the
PSA, and to drive Scaler B. Scaler B
contains 16 binary dividers producing
timing signals to the Input 1 register for
maintaining real time when the AGC is in
standby.

Scalers A and B are used in conjunction
with the Input 0 register, TIME 1, and
TIME 2 counters to provide real time.
Time Pulse Produces 12 basic timing pulses which
Generator define action times. These pulses are
used to control internal sequencing of
data processing.

Memory Pulse This group provides timing pulses to fixed
Generator and erasable memory to synchronize read
and write operations.

Start-Stop Logic The start-stop logic generates three
commands. A monitor stop command
inhibits the time pulse generator and stops
AGC data word flow. A monitor start
command generates the third signal which
is a clear command to the sequence
generator.
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2.2.3.3.2 Display and Keyboard. G&N

The DSKYs facilitate intercommunication between the flight crew and
the AGC. (See figure 2.2-4).) The DSKYs operate in parallel, with the main
display console DSKY providing AGC display and control while the crew are
in their couches. The two condition lights provided at the main display con-
sole DSKY are COMPUTER FAIL, which is a gross AGC failure indicator,
and KEY RLSE, which is a request to the crew to release the DSKY circuits
to internal AGC program use. The main display console DSKY also has an
UPTEL switch which enables the AGC to accept or block telemetered data
from MSFN. The DSKY at the lower equipment bay contains the remainder
of the condition lights: PROG ALM, RUPT LOCK, PARITY FAIL, TC
TRAP, TM FAlIL, COUNTER FAIL, SCALER FAIL, CHECK FAIL and KEY
RLSE. All the condition lights excépt KEY RLSE are failure indicators.
{KEY RLSE is a request for the crew to release the DSKY circuits to
internal AGC program use.) This DSKY also has a TEST ALARM push-
button which is wired to the alarm relays to provide a check of the warning
lights. The electroluminescent displays are identical on each DSKY and
always display identical data. The intensity of these displays is controlled
by the BRIGHTNESS thumbwheels.

The exchange of data between the flight crew and the AGC is usually
initiated by crew action; however, it can also be initiated by internal
computer programs. The exchanged information is processed by the
DSKY program. This program allows the following four different modes
of operation:

e Display of Internal Data—DBoth a one-shot display and a periodi-
cally updating display (called monitor) are provided.

e Loading External Data—As each numerical character is entered,
it is displayed in the appropriate display panel location.

e Program Calling and Control—The DSKY is used to initiate a
class of routines which are concerned with neither loading nor
display. Certain routines required instructions from the operator
to determine whether to stop or continue at a given point,

¢ Changing Major Mode —The initiation of large scale mission phases
can be commanded by the operator.

The data involved in both loading and display can be presented in
either octal or decimal form as the operator indicates. If decimal form
is chosen, the appropriate scale factors are supplied by the program.
Decimal entries are indicated by entering a sign (+, -).

Keyboard Operation. The basic language of communication between the
operator and the AGC is a pair of words known as verb and noun. Verb
and noun codes are defined in figures 2.2-5 and 2.2-6, respectively. Each
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of these is represented by a two-character octal number. The verb code
indicates what action is to be taken (operation); the noun code indicates to
what action is applied (operand). Typicalverbsare those for displaying and
loading. Nouns usually refer to a group of erasable registers within the
computer memory. The PROGRAM, VERB, and NOUN displays provide
two digit numbers which are coded octal numbers describing the action
being performed. The REGISTER 1, 2, and 3 displays provide display of
the contents of registers or memory locations. These displays are
numbers which are read as decimal numbers if a sign (+, =) is prese‘nt and
octal numbers if no sign is used. The REGISTER displays operate under
program control unless the contents of a specific register or memory
location is desired. The crew may request display of the contents of a
specific register or memory location by commanding the display from the
keyboard. The only other displays are the ACTIVITY lights which indicate
whether the computer is computing or accepting telemetry from MSFN,

The keyboard provides 18 keys which, when pressed, generate a
five bit signal representative of the key pressed. The +, -, and 0-9 kevs
are used for numerical entries, while the CLEAR, ENTER, VERB, NOUN,
KEY RELEASE, and ERROR RESET keys provide instructions. The TEST
ALARM key is wired to the alarm relays and provides a check of the
warning indicator lights with the exception of SCALER FAIL. The main
display console DSKY UPTEL switch enables or inhibits the acceptance
of telemetry from MSFN. The function of each of the keys is as follows:

0-9 Enter numerical data, addresses, and
action codes.

VERB Commands AGC to accept the next two
numbers as verb code data. Verb display
is blankeduntil numbers are entered.

NOUN Commands AGC to accept the next two
numbers as noun code data. Noun display
is blanked until numbers are entered.

ENTER Instructs AGC to accept keyed-in data as
completed and initiate operation specified
by data word.

CLEAR Enters all zeros in data register being
loaded. Each successive pressing of this

key clears the next higher register.

KEY RLSE Release the DSKY circuits and displays for
use by the AGC program being executed.

ERROR RESET Momentarily resets AGC failure lights.

Mission
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(+) and (-~)

TEST ALARM

UPTEL

BRIGHTNESS

Denotes sign of data to follow. Denotes
that following data is decimal.

Sets relays to illuminate LEB DSKY con-
dition lights (except SCALER FAIL) to
ensure proper operation. (LEB DSKY
only.)

Sets AGC input registers to accept or
inhibit telemetered data from MSFN. (MDC
DSKY only.)

Provides control of intensity of electro-
luminescent displays.

The lower equipment bay DSKY provides nine condition lights of which
eight are failure indicators and the remaining light a request for action.
The function of each is as follows:

PROG ALM

COUNTER FAIL

RUPT LLCK

.

TC TRAP

SCALER FAIL

PARITY FAIL

™M FAIL

CHECK FAIL

KEY RLSE

The AGC program being executed has
detected an error.

Detected failure in input timing pulses.
Either interrupt or circuitry failed. Inter-
rupt failure is denoted by RUPT LOCK
failure indicator illumination.

Interrupt failed to occur or was not com-
pleted within specified time.

Transfer control instruction has not occurred,
or has occurred but was not completed within
a specified time.

Failure detected in AGC timing section.

Parity failure detected in data read from
memory.

Telemetry word rate to MSFN either too
high or too low. Telemetry word rate from
MSFN too high or incorrect transmission
of data.

Attempted illegal DSKY operation. Normally
operator error.

Flashes to indicate AGC program in opera-
tion requires DSKY circuitry to continue.
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The standard procedure for the execution of keyboard operations
consists of a sequence of seven key depressions:

VERB Vo Vi NOUN N2 N ENTER

Pressing the VERB key blanks the two verb lights on the DSKY and clears
the verb code register in the AGC. The next two numerical inputs are
interpreted as the verb ccde, in octal form. Each of these characters

is displayed by the verb lights as it is inserted. The NOUN key operates
similarly with the DSKY noun lights and AGC noun code register. Pressing
the ENTER Kkey initiates the program indicated by the verb-noun com-
bination displayed on the DSKY. Thus, it is not necessary to follow a
standard procedure in keying verb-noun codes into the DSKY. It can be
done in reverse order, if desired, or a previously inserted verb or noun

. can be used without rekeying it. No action is taken by the AGC in initiating

the verb-noun-defined program until the ENTER key is actuated. If an
error is noticed in either the verb code or noun code prior to actuation of
the ENTER key, it can be corrected simply by pressing the corresponding
VERB or NOUN key and inserting the proper code. The ENTER key should
not be actuated until it has been verified that the correct verb and noun
codes are displayed.

If the selected verb-noun combination requires data to be loaded by
the operator, the VERB and NOUN lights start flashing on and off (about
once per second) after the ENTER key is pressed. Data is loaded in five-
character words and, as it is keyed in, it is displayed character-by-
character in one of the five-position data display registers, REGISTER 1,
REGISTER 2, or REGISTER 3. Numerical data is assumed to be octal
unless the five-character data word is preceded by a plus or minus sign,
in which case it is considered to be decimal. Decimal data must be loaded
in full five~-numeral character words (no zeros may be left out}); octal data
may be loaded with high order zeros left out. If decimal is used for any
component of a multicomponent load verb, it must be used for all com-
ponents of that verb. In other words, no mixing of octal and decimal data
is permitted for different components of the same load verb. The ENTER
key must be pressed after each data word. This tells the program that the
numerical word being keyed in is complete. The on-off flashing of the
VERB-NOUN lights terminates after the last ENTER key actuation of a
loading sequence.

The CLEAR key is used to remove errors in loading data as it is
displayed in REGISTER 1, REGISTER 2, or REGISTER 3. It does nothing
to the PROGRAM, NOUN, or VERB lights. (The NOUN lights are blanked
by the NOUN key, the VERB lights by the VERB key.) For single-
component load verbs or '"'machine address to be specified'' nouns, the
CLEAR key depression performs the clearing function on the particular
register being loaded, provided that the CLEAR key is depressed before
the ENTER key. Once the ENTER key is depressed, the CLEAR key does
nothing. The only way to correct an error after the data is entered for
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a single-component load verb is to begin the load verb again. For two-
or three-component load verbs, there is a CLEAR backing-up feature.
The first depression of the CLEAR key clears whichever register is being
loaded. (The CLEAR key may be pressed after any character, but before
its entry.) Consecutive CLEAR key actuations clear the data display
register above the current one until REGISTER 1 is cleared. Any attempt
to back up (clear) beyond REGISTER 1 is simply ignored. The CLEAR
backing. up function operates only on data pertinent to the load verb which
initiated the loading sequence. For example, if the initiating load verb
were a ''write second component into" type only, no backing up action
would be possible.

The numerical keys, the CLEAR key, and the sign keys are rejected
if depressed after completion (final entry) of a data display or data load
verb. At such time, only the VERB, NOUN, ENTER, ERROR RESET, or
KEY RELEASE inputs are accepted. Thus, the data keys are accepted
only after the control keys have instructed the program to accept them.
Similarly, the + and - keys are accepted only before the first numerical
character of REGISTER 1, REGISTER 2, or REGISTER 3 is keyed in and
at no other time. The 8 or 9 key is accepted only while loading a data
word which is preceded by a + or - sign.

The DSKY can also be used by internal computer programs for
subroutines. However, any operator keyboard action (except ERROR
RESET) inhibits DSKY use by internal routines. The operator retains
control of the DSKY until he wishes to release it. Thus, he is assured
that the data he wishes to observe will not be replaced by internally
initiated data displays. In general, it is recommended that the operator
release the DSKY for internal use when he has temporarily finished with
it. This is dbne by pressing the KEY RELEASE key.

Verb-Noun Formats. The verb-noun codes are defined in figures 2.2-5 and
2.2-6. A noun code may refer to a device, a group of computer registers,
or a group of counter registers, or it may simply serve to convey informa-
tion without referring to any particular computer register. The noun is
made up of 1, 2, or 3 components, each component being entered sep-
arately as requested by the verbcode. Aseach component is keyed, it is
displayed on the display panel with component 1 displayed in REGISTER 1,
component 2 in REGISTER 2, and component 3 in REGISTER 3. There are
two classes of nouns: normal and mixed. Normal nouns (codes 01 through
54) are those whose component members refer to computer registers which

‘have consecutive addresses and use the same scale factor when converted

to decimal. Mixed nouns (codes 55 through 77) are those whose component
members refer to nonconsecutive addresses or whose component members
require different scale factors when converted to decimal, or both,

A verb code indicates what action is to be taken. It also determines
which component member of the noun group is to be acted upon. For
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example, there are five different load verbs. Verb 21 is required for
loading the first component of the selected noun; verb 22 loads the second
component; verb 23 loads the third component; verb 24 loads the first and
second component; and verb 25 loads all three components. A similar
component format is used in the display and monitor verbs. There are two
general classes of verbs: standard and extended. The standard verbs
{codes 01 through 37) deal mainly with loading, displaying, and monitoring
data. The extended verbs (codes 40 through 77) are principally concerned
with calling up internal programs whose function is system testing and
operation.

Whenever data is to be loaded by the operator, the VERB and NOUN
lights flash, the appropriate data display register is blanked, and the
internal computer storage register is cleared in anticipation of data load-
ing. As each numerical character is keyed in, it is displayed in the proper
display register. Each data display register can handle only five numerical
characters at a time (not including sign). If an attempt is made to key in
more than five numerical characters at a time, the sixth and subsequent
characters are simply rejected but they do appear in the display register.

The + and - keys are accepted prior to inserting the first numerical
character of REGISTER 1, REGISTER 2, or REGISTER 3; if keyed in at
any other time, the signs are rejected. If the 8 or 9 key is actuated at
any time other than while loading a data word preceded by a ~ or - sign,
it is rejected and the CHECK FAIL light goes on.

The normal use of the flash is with a load verb. However, there are
two special cases when the flash is used with verbs other than load verbs.

e ' Machine Address to be Specified—There is a class of nouns
available to allow any machine address to be used; these are
called "machine address to be specified'" nouns. When the
"ENTER', which causes the verb-noun combination to be
executed, senses a noun of this type the flash is immediately
turned on. The verb code is left unchanged. The operator
should load the complete machine address of interest (five-
character octal). This is displayed in REGISTER 3 as it is
keyed in. If an error is made in loading the address, the
CLEAR key may be used to remove it. Pressing the ENTER
key causes execution of the verb to continue.

e Change Major Mode—To change major mode, the sequence is
VERB 37 ENTER. This causes the noun display register to be
blanked and the verb code to be flashed. The two-character
octal major mode code should then be loaded. For verification
purposes, it is displayed as it is loaded in the noun display
register. The entry causes the flash to be turned off, a request
for the new major mode to be entered, and a new major mode
code to be displayed in the PROGR AM display register.
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Verb
Code Description Remarks
NOTE
Verb codes Ol through 37 denote
standard verbs.

01 Display 1st component of Performs octal display of data on REGISTER 1.

02 Display 2nd component of Performs octal display of data on REGISTER 1.

03 Display 3rd component of Performs octal display of data on REGISTER 1.

04 Display lst and 2nd Performs octal display of data on REGISTER | and REGISTER 2.
components of

05 Display 1st, 2nd, and 3rd Performs octal display of data on REGISTER 1, REGISTER 2, AND REGISTER 3. .
component of

06 Display all component(s) of | Performs decimal display of data on appropriate registers. The scale factors, types
of scale factor routines, and component information are stared within the machine
for each noun which it is required to display in decimal.

07 DP decimal display Performs a double precision decimal display of data on REGISTER 1 and REGISTER 2.
It does no scale factoring. It merely performs a 10-character, fractional decimal
conversion of two consecutive, erasable registers, using REGISTER | and REGIS-
TER 2. The sign is placed in the REGISTER | sign position with the REGISTER 2
sign position remaining blank. It cannot be used with mixed nouns. Its intended use
is primarily with "machine address to be specified'' nouns.

10 Enter request to waitlist Enters request to '"'waitlist routine' for any machine address with delay involved.
(Used only during ground This verb assumes that the desired number of 10-millisecond units of delay has
checkout.) been loaded into the low order bits of the prio/delay register (noun 26). This verb

is used with the "machine address to be specified'' noun. The complete address of
the desired location is then keyed in. (Refer to "Machine address to be specified”
in paragraph on Verb/Noun Formats.)

1 Monitor lst component Performs octal display of updated data every 1/2 second on REGISTER 1.

12 Monitor 2nd component of JPerforms octal display of updated data every 1/2 second on REGISTER 1.

13 Monitor 3rd component of Performs octal display of updated data every 1/2 second on REGISTER 1.

14 Monitor Ist and 2nd Performs octal display of updated data every 1/2 second on REGISTER 1 and
component of REGISTER 2.

15 Monitor 1st, 2nd, and Performs octal display of updated data every 1/2 second on REGISTER 1,
3rd component of REGISTER 2, and REGISTER 3.

16 Monitor all components{s) Performs decimal display of updated data every 1/2 second on appropriate registers.
of

17 Monitor DP decimal Performs double precision display of decimal data on REGISTER | and REGISTER 2.
No scale factoring is performed. Frovides 10-character, fractional decimal con-
version of two consecutive erasable registers. The sign is placed in the sign-bit
position of REGISTER 1. REGISTER 2 sign bit 1s blank.

20 Enter request to executive Enters request to executive routine for any machine address with priority involved.
(Used only during ground This verb assumes that the desired priority has been loaded 1nto bits 10-14 of the
checkout.) prio/delay register (noun 26). This verb 1s used with the noun, 'machine address

to be specified”. The complete address of the desired iocation ig then keved in.
(Refer to '"Machine address to be specified” in paragraph on Verb/Noun Formats. |
21 Write 1st component into Performs data loading. Octal quantities are unsigned. Decimal quantities are
preceded by - or - sign. Data is displayed on REGISTER 1.
Figure 2.2-5. Verb List (Sheet 1 of 3)
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Verb
Code Description Remarks

22 Write 2nd component into Performs data loading. Octal quantities are unsigned. Decimal quantities are
preceded by + or - sign. Data is displayed on REGISTER 2.

23 Write 3rd component into Performs data loading. Octal quantities are unsigned. Decimal quantities are
preceded by + or - sign. Data is displayed on REGISTER 3,

24 Write st and 2nd Performs data loading. Octal quantities are unsigned. Decimal quantities are

component into preceded by + or - sign. Data is displayed on REGISTER | and REGISTER 2.
25 Write 1st, 2nd, and 3rd Performs data loading. Octal quantities are unsigned. Decimal quantities are
component into preceded by + or - sign. Data is displayed on REGISTER 1, REGISTER 2, and
REGISTER 3.

26 (Spare)

27 (Spare)

30 (Spare)

31 Bank Display This verb is included to permit displaying the contents of fixed memory in any bank.
Its intended use is for checking program ropes and the BANK position of program
ropes.

32 (Spare)

33 Proceed without data Informs routine requesting data to be lcaded that the operator chooses not to load
fresh data, but wishes the routine to contine as best it can with old data. Final
decision for what action should be taken is left to requesting routine.

34 Terminate Informs routine requesting data to be loaded that the operator chooses not to load
fresh data and wishes the routine o terminate. Final decision for what action should
be taken is left to requesting routine. If monitor is on, it is turned off.

35 (Spare)

3o Fresh start Initializes the program control software and the keyboard and display system program.

37 Change major mode to Change to new major mode. (Refer to ""Change major mode™ in paragraph on Verb-

' Noun Formats.)
NOTE
Verb codes 40 through 77 denote
extended verbs.

40 Zero Must be used with noun 20 (ICDU) or noun 55 (OCDU) only. Sets the CDU registers to
zero.

41 Coarse align IMU Must be used with noun 20 {ICDU) or noun 55 (OCDU) only.

42 Fine align IMU Calls up programs that perform the indicated G&N system procedures.

43 Lock IMU Calls up programs that perform the indicated G&N system procedures.

44 Set INMU 1o ATTITUDE Calls up programs that perform the indicated G&kN. system procedures.

CONTROL
45 Set INMU ENTRY Calls up programs that perform the indicated G&N system procedures.
40 Return INU to coarse Calls up programs that perform the indicated G&N system procedures.
align
Figure 2.2-5. Verb List (Sheet 2 of 3)
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Code Description Remarks

47 (Spare)

50 Please perform This verb is used only by internal rountines that wish the operator to perform a
certain task. It should never be keyed in by the operator. It is usually used with
noun 25, "checklist." The coded number for the checklist item to be performed is
displayed in REGISTER 1 by the requesting routine.

.

51 Please mark This verb is used only by internal routines that request the operator to "mark'. It
should never be keyed in by the operator. [t is usually used with noun 30, ''star
numbers''. The numbers of the stars to be marked are displayed in REGISTER 1,
REGISTER 2, and REGISTER 3 by the requesting routine. The operator should indi-
cate completion of each valid mark by pressing the MARK button. He should never
press ENTER with verb 51,

52 Mark reject Rejects "mark’ and returns to verb 51. Must be entered within 20 seconds of
pressing MARK button. '

53 Free Calls up programs that perform the indicated G&N system procedures. Used only
with noun 20 {ICDU) or noun 55 (OCDU}.

54 Pulse torque gyros Calls up programs that perform the indicated G&N system procedures.

55 Align time

56 Perform BANK sum

57 System test (Used only

during ground checkout.)

60 Prepare for standby

61 Recover from standby

62 {Spare)

63 {Spare)

b4 Calculate orbital

parameters

65 Calculate time of arrival '

at longitude

6b Calculate latitude and

longitude at specified time

67 Calculate maximum

declination and time of
arrival

70 (Spare)

71 {(Spare)

72 (Spare)

73 Return to Earth aim

point update
74 Orbit change aim point
update
75 Manual lift-off for flights
To R.V.T. update {state R.V.T. denotes position, velocity, and time.
vector)
77 (Spare}
Figure 2.2-5. Verb List (Sheet 3 of 3)
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Noun Noun
Code Description Scale/Units Code Description Scale/Units
NOTE NOTE 22 | New angles I:
X-REGISTER 1 XXX. XX degrees
Noun codes 0l through In Scale/Units Y-REGISTER 2 XXX.XX degrees
54 denote normal nouns. column: Z-REGISTER 3 XXX. XX degrees
X = significant 23 | Delta angles It
digit X-REGISTER 1 XXX XX degrees
0 = zero Y-REGISTER 2 XXX. XX degrees
(always) Z-REGISTER 3 XXX. XX degrees
B = blank.
24 | Delta time for AGC clock:
01 | Specify machine address XXXXX REGISTER | 00XXX. hours
REGISTER 2 000XX. minutes
02 | Specify machine address XXXXX. REGISTER 3 0XX. XX. seconds
03 (Spare) 25 [Checklist (Used only with XXXXX
verb 50, "Please perform".)
04 (Spare}
. Checklist code numbers (Appear
05 | Angular error XXX.XX degrees in REGISTER 1.)
06 | Pitch angle XXX. XX degrees 00001 SCS mode to G&N
attitude control
Heads up-down +00001
00002 SCS mode to G&N
07 | Change of program or major Delta V
.mode {Used only with verb 50,
"Please perform''.) 00003 SCS mode to G&N entry
10 | {Spare) 00004 SCS mode to monitor
11 | Engine on enable (Used only with 00007 Manual attitude
verb 50, "'Please perform'.) maneuver
12 | Delta V allowable XXXXX. ft/sec 00011 Automatic optics
. positioning
Delta V tailoff XXXXX. ft/sec
00012 Target data entry
13 | Delta V measured {Vector XXXXX. ft/sec
magnitude. ) 00013 Switch OSS to computer
control
14 | Delta V counter setting. XXXXX. ft/sec
00014 Fine align check
15 Increment address {Used only Octal only
during ground checkout. ) 00015 Perform star
acquisition
16 | AGC clock time:
REGISTER 1 00XXX. hours 00031 Engine on
REGISTER 2 000XX. minutes
REGISTER 3 0XX.XX seconds 00035 Prepare AGC for
thrusting
17 (Spare)
00036 Thrust terminate
20 | ICDUs: .
X-REGISTER 1 XXX.XX degrees 00041 C/M-S/M separation
Y-REGISTER 2 XXX.XX degrees
Z-REGISTER 3 XXX.XX degrees 26 |Prio/delay (Used only during XXXXX.
ground checkout.)
21 PIPA counters:
X-REGISTER 1 XXXXX. pulses 27 | Self test ON-OFF switch XXXXX.
Y-REGISTER 2 XXXXX. pulses
Z-REGISTER 3 XXXXX. pulses 30 |Star number XXXXX.
Figure 2.2-6. Noun List (Sheet 1 of 3)
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Noun Noun
Code Description Scale/Units Code Description Scale/Units
31 Failure register code 43 |Perigee altitude
" REGISTER 1 XXXX.X nautical
miles
£
:-'_x“rro:acc;ieshazrez dze 1.3ne3d Octal only Apogee altitude
paragraph £.c.2.2.0. REGISTER 2 XXXX.X nautical
Self-test diagnosis miles
ER 2 1
REGISTER Octal only Free-fall time XXBXX. minutes,
E
Self-test diagnosis REGISTER 3 seconds
REGISTER 3 Octal only 44 |Latitude
REGISTER 1 XXX. XX
32 Decision time (Used only during degrees
ground checkout. } Longitude
o ) REGISTER 2 XXX.XX degrees
33 Ephemeris time (Used only during
ground checkout. ) Altitude {Above mean equatorial
. radius.)

34 | Event time: REGISTER 3 XXXX. X nautical
REGISTER 1 00XXX. hours miles
REGISTER 2 000XX. minutes
REGISTER 3 OXX. XX seconds 45 |Perigee altitude XXXX. X degrees

REGISTER 1

35 Delta event time:

REGISTER 1 00XXX. hours Apogee altitude

REGISTER 2 000XX. minutes REGISTER 2 XXXX.X degrees

REGISTER 3 0XX.XX seconds

. . . Delta velocity required
36 | Delta event time {Display only.) XXBXX. minutes, REGISTER 3 XXXXX. ft/sec
seconds
46 |Time to event

37 | (Spare) REGISTER 1 XXBXX. minutes,

seconds

40 | Gamma (Inertial flight path

angle.) Velocity to be gained

REGISTER 1 XXX, XX degrees REGISTER 2 XRXXX. ft/sec
Inertial velocity Perigee altitude

REGISTER 2 XXXXX. ft/sec REGISTER 3 XXXX. X nautical

miles

Altitude above launch pad

REGISTER 3 XXXX. X nautical 47 |Flight path angle

miles REGISTER 1 XXX. XX degrees
41 Maximum acceleration Miss distance
REGISTER | XXXX.X g's REGISTER 2 XXXX. X nautical
miles
Perigee altitude
REGISTER 2 XXXX. X nautical 50 |Time to event
miles REGISTER 1 XXBXX. minutes,
seconds
Free-fall time
REGISTER 3 XXBXX. minutes, Delta time of burn
seconds REGISTER 2 XXBXX. minutes,
seconds

42 Miss distance

REGISTER 1 XXXX. X nautical 51 Time to event
miles REGISTER XXBXX. minutes,
seconds
Perigee altitude Velocity to be gatned
R 2 XXXX. X nautical elocity to ne
REGISTE : na REGISTER 2 XXXXX. ft/sec
miles
. Measured velocity change along
Free-fall time ) spacecraft X-axis
REGISTER 3 XXBXX. minutes, REGISTER 3 XKXKKX. {t/sec
seconds
Figure 2.2-6. Noun List (Sheet 2 of 3)
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Noun Noun
Code Description Scale/Units Code Description Scale/Units
52 |{Time to event 63 Latitude
REGISTER !} XXBXX. minutes, REGISTER 1 XX. XXX degrees
seconds
Longitude /2
Velocity to be gained REGISTER 2 XX. XXX degrees
REGISTER 2 XXXXX. ft/sec
‘ Altitude
Free-fall time . REGISTER 3 XXX. XX nautical
REGISTER 3 XXBXX. minutes, miles
seconds
64 S
53 [Maximum acceleration (Spare)
REGISTER 1 XXXX. X g's 65 Sampled time (Fetched in
Free-fall time interrupt.
REGISTER 2 XXBXX. minutes REGISTER 1 00XXX. hours
seconds REGISTER 2 000XX. minutes
REGISTER 3 0XX. XX seconds
54 |Commanded roll angle
REGISTER | XXX.XX degrees 66 |System test results (Used only
during ground checkout.)
Present acceleration
REGISTER 2 XXXX. X g's 67 |Delta gyro angles: (Used only
NOTE during ground checkout.)
Noun codes 55 through X-IRIG
77 denote mixed nouns. REGISTER 1 XX. XXX degrees
55 JOCDUs: Y -IRIG
X (Shaft angles) REGISTER 2 XX. XXX degrees
REGISTER 1 XXX.XX degrees
Y (Trunnion angles) Z-IRIG
REGISTER 2 XX. XXX degrees REGISTER 3 XX. XXX degrees
56 |Uncalled mark data: 70 |Pitch trim
X {Shaft angles) REGISTER 1 XXX. XX degrees
REGISTER 1 XXX.XX degrees
Yaw trim
Y {Trunnion angles) \ REGISTER 2 XXX. XX degrees
REGISTER 2 XX, XXX degrees
5 ‘e Delta velocity tailoff
57 |New angles-OCDUs: REGISTER 3 XXXXX. ftisec
X {Shaft angles)
REGISTER 1 XXX.XX degrees 71 (Spare)
Y (Trunmon)angles) 72 |Delta position (Used only during
REGISTER 2 XX. XXX degrees ground checkout. )
60 |IMU mode status (Used only Octal only 73 |Delta velocity (Used only during
during ground checkout.) ground checkout.)
6l |Target: (Used only during 74 |(Spare)
ground checkout.)
75 |Delta position magnitude
Azimuth REGISTER 1 XXXX.X nautical
REGISTER 1 XXX.XX degrees
miles
T sctron X
.~ ~TER 2 XX. XXX degrees Delta velocity magnitude
REGISTER 2 XXXXX. ft/sec
o2 {Delta veloc.ty insertion
REGISTER ) XXXXX. ft/sec Measurement angle deviation
REGISTER 3 XXX.XX degrees
Miss dista-ce
REG.. R 2 XXXX. X nautical 76 IR-position (Used only during
miles ground checkout.)
Free-fall time 77 | V-velocity (Used only during
REGISTER 3 XXBXX. minutes, ground checkout. )
seconds
— Figure 2.2-6. Noun List (Sheet 3 of 3)
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2.2.3.3.3

00101
00102
00103
00104
00105
00106
00107
00110

00120

00201
00202
00203
00204

00401

00402
00403
00404
00405

The flash is turned off by any of the following events:

e Final entry of a load sequence
e Entry of verb '"proceed without data' (33)
e Entry of verb 'terminate’ (34).

It is important to conclude every load verb by one of the aforementioned
three, especially if the load was initiated by program action within the
computer. If an internally initiated load is not concluded validly, the pro-
gram that initiated it may never be recalled. The "proceed without data"
verb is used to indicate that the operator is unable to, or does not wish to,
supply the data requested, but wants the initiating program to continue as
best it can with old data. The ''terminate' verb is used to indicate that the
operator chooses not to load the requested data and also wants to terminate
the requesting routine.

Error Codes.
Error code numbers appear in REGISTER 1 with noun 31,
OSS Errors

Optics mode control switched from ZERO OPTICS before end of 30 seconds.

AGC unable to achieve desired optics mode.

Function not valid for SC 012,

No vacant area available for marks.

Internal mark request while mark system is busy.

Function not valid for SC 012,

Mark reject while mark system is not in use.

Mark reject with all requested marks accepted or no marks since initiating
last mark reject.

Too many marks.

ISS Errors

Zero encode ended before end of 30 second wait.

AGC unable to achieve desired ISS mode.

No ISS mode indicated to AGC.

ISS mode changed while TRANSFER switch is in COMPUTER position, but
AGC did not command mode change.

Procedural Difficulties

Desired gimbal angles will produce gimbal lock. (Middle gimbal angle
greater than 60°.)

Star out of field of view.

Same as 00402.

IMU orientation unknown.

SCS mode monitor failure.
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00406 Navigation program busy.
00407 Navigation program needed internally.
00410 AGC update not allowed.

AGC Hardware Malfunctions

01101 Unused interrupt (RUPT 2) occurred

01102 AGC self-test error.

01103 Unused count, compare, and skip (CCS) branch executed.
01104 C-relay failed during C-relay test.

01105 Star search failure,

01106 IMU orientation no good for entry.

List Overflows

01201 Executive overflow-no vacant areas, *

01202 Executive overflow-no core sets.

01203 Waitlist overflow-too many tasks. *

01204 Same as 01203, *

01205 Master control overflow-too many jobs waiting. *
01206 DSKY waiting line overflow, ¥

01207 No vacant area for marks, =

01210 Something already waiting in IMU stall. *

Interpreter Errors

01301 Arccos-arcsin input angle too large. *
01302 Square root called for with a negative argument, *

Display Alarms

01401 VG increasing-loss of control.
01402 Delta V too low-engine not on.

DSKY Program Errors
01501 Check fail alarm during internal use. %

**These alarms are "aborts' and define alarms which initiate a restart of the AGC
program which was in progress when the alarm appeared.

GUIDANCE AND NAVIGATION SYSTEM
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2.2.3.3.4

AGC Programs.

The following list of AGC programs defines the programs and routines

applicable to SC-012,
system operation.

The AGC programs provide the major modes of G&N
The routines consist of a specific sequence of operations

which are performed by more than one program and/or other routine.

Program Contains
Number Title Routines

00 AGC Idling

01 Prelaunch Initialization

02 Gyro Compassing

03 Optical Azimuth Verification

04 Inertial Reference

05 G&N Startup

06 G&N Power Down

07 Systems Test (Limited in-flight use.)

11 Pre-LET Jettison

12 ,Post-LET Jettison R 24, R 34

17 LET Abort

22 Landmark Tracking R 27, R 28

23 Star/Landmark Navigation Measurement

24 Ground Track Determination

27 AGC Update

31 Orbit Change (Prethrust) R1, R21, R 35

32 Return to Earth (Prethrust) R 1, R21, R 36

33 SPS Minimum Impulse (Prethrust) R 1, R21, R 31,

R 33
41 Orbit Change R 2, R 22, R 24,

31, R 34, R 37

Mission

Basic Date_12 Nov 1966 Change Date

GUIDANCE AND NAVIGATION SYSTEM

—— .. Page

2,2-38



SM2zA-03-5C012
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

Program Contains
Number Title Routines
42 Return to Earth R 2, R22, R 24,
R 31, R 34, R 37
43 SPS Minimum Impulse R 2, R 31, R 34,
R 37
51 IMU Orientation Determination R 27, R 29
52 S-IVB/IMU Align R 4, R 25, R 27,
R 28, R 29, R 30
53 CSM/IMU Align R1, R4, R 21,
R 25, R 27, R 28,
R 29, R 30
54 IMU Realignment R 27, R29, R 30
61 Maneuver To CM/SM Separation Attitude | R 1, R 21
62 CM/SM Separation And Pre-Entry R 3, R21
Maneuver
63 Initialization
o4 Post 0.05G
67 Final Phase
71 First Abort Burn R 24
Routine Contains
Number Title Routines
1 Attitude Control Mode Check R 22
2 Thrust Control Mode Check R 1, R21, R22
3 Entry Control Mode Check R 22
4 Fine Alignment R 25, R 27, R 28,
R 29, R 30
21 Attitude Maneuver
22 SCS Discrete Monitor
24 Delta V Monitor R 38
GUIDANCE AND NAVIGATION SYSTEM
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2.2.5.1

Routine Contains
Number Title Routines

25 Coarse Alignment

27 Sighting Mark

28 Auto Optics Positioning
29 Star Data Test

30 Gyro Torquing

31 Backup Delta V Counter

33 Prethrust SPS Minimum Impulse Data
Load

34 Orbit Parameter Display

35 Prethrust Orbit Change Data Load
36 Prethrust Return to Earth Data Load
37 SPS Engine Ignition R 38

38 SPS Engine Thrust Fail

PERFORMANCE AND DESIGN DATA.

*

(TBD)
OPERATIONAL LIMITATIONS AND RESTRICTIONS.
S/C Attitude.

The S/C should not be maneuvered to an attitude which will align the
inner circle of either red area on the FDAI ball under the navigation axis
marker., Failure to avoid this condition can result in IMU gimbal lock.

Specifically, the following maneuvers should be avoided:

® Yaw maneuver greater than £75 degrees when roll angle is
0 degree or 180 degrees.

e Pitch maneuver greater than +42 degrees or -108 degrees when
roll angle is £90 degrees.
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2.2.5.3

IMU Operation.

¢ The AGC must be ON before the IMU is placed in operation by
engaging the IMU circuit breakers.

e The AGC must be ON or in STANDBY before the IMU is placed
in standby mode.

e Allow 15 seconds for the stabilization loops to completely
stabilize the platform after applying operating power, i.e., after
engaging the IMU circuit breakers.

® The IMU must be in full operation for at least 1 hour before valid
operation of the inertial components can be assumed.

e The inertial components will suffer a loss of calibration if the
temperature falls below 120°F or exceeds 140°F. Damage will

occur if the temperature falls below 40°F or exceeds 160°F.

e Do not operate the IMU such that the middle gimbal angle reaches
or exceeds 70 degrees.

Optics Operation.

® Do not slew the SXT or SCT into the mechanical stops.

¢ Do not drive the 2X TRUNNION CDU in excess of 180 degrees as
read on the CDU display dials. Insure that this display dial
indicates less than 180 degrees before engaging the ZERO
OPTICS mode of operation.

TELEMETRY MEASUREMENTS.

The following is a complete list of all G&N system telemetry data that
is monitored by flight controllers and ground support personnel. The last
column contains the name and type of S/C crew display. The display utilizes
the same pickoff or signal source as telemetry, unless a separate measure-
ment number is included in the display column.

An asterisk (*) by the measurement number denotes information which
is not available for recording or telemetry transmission during PCM low
bit rate operation.

Nominal

Measurement Sensor Operating

Number Description Range Range Crew Display

CG 0001 V | Computer digital data { +4/+132 vdc None

40 bits
CG 1101 v | -28 VDC supply -30/0 vdc -28 vdc None
GUIDANCE AND NAVIGATION SYSTEM
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Nominal
Measurement Sensor Operating
Number Description Range Range Crew Display
CG 1110 Vv 2.5 VDC TM bias TBD -28 vdc None
CG 1503 X IMU +28 vdc operate Event None
CG 1513 X IMU +28 vdc standby Event None
CG 1523 X AGC +28 vdc Event None
CG 1533 X Optics +28 vde Event None
CGz2llo Vv IGA torque motor TBD None
input
*CG 2112 V IGA 1X res output TBD None
sine in phase
*CG 2113 V 1IGA 1X res output cos | TBD None
in phase
*CG 2117 VvV IGA servo error in 0/0.5 vrms None
phase
CG 2140 V MGA torque motor TBD None
input
*CG 2142 V MGA 1X res output TBD None
sine in phase
CG 2143 V MGA 1X res output TBD None
cos in phase
*CG 2147 V MGA servo error in 0/0.5 vrms None
phase
CG 2170 V | OGA torque motor TBD None
input ‘
*CG 2172 V OGA 1X res output TBD None
sine in phase
*CG 2173 V OGA 1X res output TBD None
cos in phase
*CG 2177 V | OGA servo error in 0/0.5 vrms None
phase
GUIDANCE AND NAVIGATION SYSTEM
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Nominal
Measurement Sensor Operating
Number Description Range Range Crew Display
#*CG 2206 V | IGA CDU 1X res 0/0.2 vrms None
error in phase
#CG 2236 V MGA CDU 1X res 0/0.2 vrms None
error in phase
*CG 2266 V. | OGA CDU 1X res 0/0.2 vrms None
error in phase
CG 2300 T PIPA temp TBD +126.0°F/ | None
+134.0°F
CG 2301 T IRIG temnp TBD +129.5°F/ | None
+137.5°F
CG 2302 C IMU heater current 0/+5 amps 0/+2 amps | None
CG 2303 C | IMU blower current 0/+5 amps 0/+1 amp | None
*CG 3102 V SXT trun motor TBD None
drive in phase
*CG 3112 V SXT shaft motor TBD None
drive in phase
*CG 3133 V SCT trun motor TBD None
drive
*CG 3141 V Trun CDU 16X res TBD None
error in phase
#*CG 3200V Trun CDU motor TBD None
drive in phase
*CG 3220 V CDU motor drive TBD None
RMS
*CG 4300 T AGC temp monitor TBD None
CG 5000 X PIPA fail Event ACCEL FAIL, G&N
ACCEL FAIL C&W
lights (2).
CG 5001 X IMU fail Event IMU FAIL C&W lights
(2).
GUIDANCE AND NAVIGATION SYSTEM
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Nominal
Measurement Sensor Operating
Number Description Range Range Crew Display
CG 5002 X CDU f{ail Event CDU FAIL C&W lights
(2)
CG 5003 X Gimbal lock warning Event GIMBAL LOCK, GMBL
LOCK C&W lights (2).
CG 5005 X Error detect Event PGNS, G&N ERROR
C& W lights (2).
CG 5006 X IMU temp light Event . IMU TEMP C&W lights
2).
CG 5007 X Zero encode light Event ZERO ENCODER,
ZERO ENC. C&W
lights (2).
CG 5008 X IMU delay light Event IMU DELAY. C&W
light.
CG 5020 X AGC alarm 1 Event PROG ALM, COMP
(Program) FAIL (DSKY lights).
CB 5021 X AGC alarm 2 Event COMP DSKY lights (2).
(AGC activity)
CG 5022 X AGC alarm.3 (TM) Event TM FAIL, COMP
FAIL. (DSKY lights).
CG 5023 X AGC alarm 4 (prog Event CHECK FAIL, COMP
ck fail) FAIL. (DSKY lights).
CG 5024 X AGC alarm 5 Event SCALER FAIL, COMP
(scaler fail) FAIL. (DSKY lights).
CG 5025 X AGC alarm 6 Event PARITY FAIL, COMP
(parity fail) FAIL. (DSKY lights).
CG 5026 X AGC alarm 7 Event COUNTER FAIL,
(counter fail) COMP FAIL. (DSKY
lights).
CG 5027 X AGC alarm 8 (key Event KEY RLSE (DSKY
release) lights) (2).
CG 5028 X AGC alarm 9 (rupt Event RUPT LOCK, COMP
lock) FAIL. (DSKY lights).
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Nominal
Measurement Sensor Operating
Number Description Range Range Crew Display
CG 5029 X AGC alarm 10 (TC Event TC TRAP, COMP
trap) FAIL. (DSKY lights).
CG 5030 X Computer power fail Event AGC PWR FAIL
light (DSKY lights) (2).
*CG 6000 P | IMU pressure TBD None
*CG 6020 T PSA temp 1 tray 3 TBD None
#*CG 6021 T PSA temp 2 tray 2 TBD None
*CG 6022 T PSA temp 3 tray 4 TBD None
2.2.7 G&N POWER CONSUMPTION.,
The optics are only powered up when a star or landmark sighting is
required. The subsystems power levels are as follows:
Description Control Power Reqmt's
IMU—operate CB 59 and58 325.0 watts (dc)
standby CB 61 and 60 61-7 watts (dc)
o
AGC —operate CB 57 and 56 115.0 watts {(dc)
. standby AGC Mode Switch 15.0 watts (dc)
Optics—operate CB 55 and 54 124, 4 watts (dc)
14.4 watts {dc)
Controls and displays CB 93 and 62
and Switch No. 7
AGC only 10. 0 watts (dc)
AGC and IMU 10-7 watts (dc)
Full G&N operation 18-7 watts (dc)
7-0 watts (dc)
Minimum power consumption is 76.7 watts (dc) when AGC and IMU are 1n
the standby mode.
GUIDANCE AND NAVIGATION SYSTEM
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2.2.8 INTERFACE SIGNALS.

The following list provides the signal, source, and description of the
interface signals.

Signal Name

Source

Description

Stabilization and Control System (SCS) and G&N System Interface

Engine on-off

Discrete signal
carrier

G&N system attitude
control (or SCS
attitude control)
Minimum impulse

enable

Minimum impulse +
and - pitch, yaw, and
roll

Minimum impulse
pitch, yaw, and roll

Pitch error body offset
and body axis

Yaw error body offset
axis

Yaw error body axis
Roll error body offset
axis

Roll error body axis

AGC
(Apolle
guidance
computer)

AGC

SCs’

G&N
system

SCS

G&N
system

G&N
system

G&N
system

G&N
system

G&N
system

G&N
system

Provides pulse train that lasts as long as the engine
is required to fire. The time at which the signal
terminates takes into account electronic delays
within the SCS and tail-off characteristics of the
engines.

Provides continuous pulse train to the SCS to be
switched back to the AGC.

Provides power to an attitude control switch on the
G&N system.

Disables all three attitude channels simultaneously
and supplies voltages to an attitude control switch
on the G&N system.

Provides six signals to the G&N system for hand
controller operation.

Provides the capability to initiate spacecraft attitude
changes in the G&N system attitude control mode or
the SCS attitude control mode. These changes will
be initiated by discrete minimum impulses.

Provides pitch attitude error signal to the SCS.
Provides yaw attitude error signal to the SCS during
G&N system entry mode.

Provides yaw attitude error signal to the SCS during
normal G&N system operating modes.

Provides roll attitude error signal to the SCS during
G&N system entry mode.

Provides roll attitude error signal to the SCS during
normal G&N system operating modes.
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Signal Name Source Description
IMU 28V 800 cps G&N Provides an 800 cps, synchronous, in-phase voltage
(demodulator reference)| system from the G&N system.
IMU sin Ayq 1X, G&N Provides total attitude signals to the SCS.
IMU cos Alg 1X, system
IMU sin AMG IX,
IMU cos Ay 1X,

IMU
IMU

sin Agg 1X, and
cos Apg 1X

Electrical Power System (EPS) and G&N System Interface

+28 vdc AGC bus A and | EPS Provides power to the AGC.

bus B

+28 vdc optics bus A EPS Provides power to the optics subsystem.

and bus B

+28 vdc IMU bus A EPS Provides power to the IMU.

and bus B

+28 vdc standby bus A EPS Provides IMU temperature control power.

and bus B

115v 400 cps EPS Provides power for all G&N system 6-volt lamps

Communication and Instrumentation System and G&N System Interface

DLNK sync ’ AGC Synchronizes data transferred from the AGC to the
communications and instrumentation system.

DLNK end AGC Permits two AGC words to be transferred from the
AGC to the communications and instrumentation
system. Stops the AGC and the transmission of
data from the AGC to the communications and
instrumentation system.

DLNK start AGC Provides pulse signal that occurs at the beginning
of every data transmission to the communications
and instrumentation system. Sets flip-flop in AGC
that enables 5-stage downlink counter.

DLNK data AGC Initiates by DLNK start, stopped by DLNK end, and
consists of a 40 bit telemetry word (two AGC words
and an 8 bit telemetry word order code).

ULNK ! AGC . Transmitted to the uplink counter in the AGC,

Adds one to uplink counter and shifts the counter
one increment.
GUIDANCE AND NAVIGATION SYSTEM
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Signal Name Source Description

ULNK 0

AGC Transmitted to the uplink counter in the AGC.
Shifts uplink counter one increment.
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SECTION 2
SUBSECTION 2.3
STABILIZATION AND CONTROL SYSTEM (SCS)

INTRODUCTION.

The stabilization and control system {(SCS) provides a capability for
controlling rotation, translation, and thrust vector forces with additional
capability of rate stabilization,

The SCS is divided into three basic subsystems: attitude reference,
attitude control, and thrust vector control. These subsystems contain the
elements which provide for manual attitude control, automatic attitude
control, and thrust vector control, plus manual backup provisions for all
automatic functions. '

The subsystém/control capability allows the free selection of several
modes of operation which fall within the boundaries of three entirely
different flight control profiles. These include coasting flight (earth orbital
environment), powered flight (atmospheric - ascent, and earth orbital
environment), and atmospheric flight (entry - unpowered).

Spacecraft displays provide a capability for monitoring S/C attitude,
S/C rates, attitude errors, cautions, and warnings. Controls provide
switch arrangements for commanding modes, commanding inputs to change
operating status and to permit manual override to all automatic functions.

The SCS interfaces with the following S/C systems (See figure 2.3-1).

o Telecommunications System (T/C)

Provides clock reference frequency for measurement of changes in
S/C velocity

_Receives all down-link telemetry from SCS

Provides up-data position information via AGC or voice
e Electrical Power System (EPS)

Provides primary power for SCS operation
e Environmental Control System (ECS)

Transfers heat from SCS electronics

Mission
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Figure 2.3-1. SCS Functional Interface
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2.3.2.1

2.3.2.1.1

e Sequential Events Control System (SECS)
Provides abort switching function

By switch control in SCS, initiates abort and enables control functions
in SCS

e Guidance and Navigation System {(G&N)
Provides roll, pitch, and yaw total attitude inputs to SCS
Provides attitude error signals
Provides thrust on/off command for SPS engine
Provides steering commands to TVC during G&N AV

e Propulsion Systems (SPS, RCS).

The service propulsion system generates internal forces for large
velocity changes

The reaction control system generates the internal forces required
for rotation, and translation.

A detailed description and function of the SCS controls and displays
referred to is provided in section 3.

FUNCTIONAL DESCRIPTION.

The functional description of the SCS covers the major areas of
control capabilities, Apollo reference axes, and subsystem description.

Control Capabilities.

Control capability exists for the manual attitude control, automatic
attitude control, and thrust vector control functions. The following
paragraphs provide a brief discussion of each control function.

Manual Attitude Control,

Manually commanded inputs converted to electrical signals, directly
or indirectly, cause the propulsion systems to maneuver the spacecraft to
a desired attitude and/or change the flight path (trajectory) of the space-
craft., Manual controls include two independent rotation controllers
(figure 2.3-8), two translation controllers (figure 2.3-8), and an arrange-
ment of panel-mounted controls and displays.

Mission
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2.3.2.3

2.3.2.3.1

Subsystems.

The attitude reference, attitude control, and thrust vector control
subsystems are described in the following paragraphs. The description
covers the purpose and functions of each subsystem, and the integrated
association with other systems. Figures 2.3-3 and 2.3-4, provide simpli-
fied block, and flow diagrams of the three subsystems and figure 2.3-5
shows the 'switching logic and functions which affect the three subsystems.

Attitude Reference Subsystem.

The purpose of the attitude reference subsystem (figures 2.3-4 and
2.3-5) is to relate the S/C attitude in terms of its geometric X, Y, and Z
coordinate system to an arbitrarily chosen coordinate system with a fixed
reference frame. The relation between the two coordinate systems repre-
sents inertial attitude and is presented to the astronauts by visual display,

Visual observation of inertial attitude is necessary to perform manual
maneuvers or for monitoring automatic operations. The flight director
attitude indicator (FDAI), located on the S/C main display console, displays
the information required for the manual and automatic operations. The
information displayed includes S/C total attitude, attitude error in three
axes, and rotational rates in three axes. The information displayed by the
FDAI is obtained from either the G&N system or the SCS.

There are two attitude references associated with the attitude
reference subsystem: primary and backup. The primary reference is
obtained through the mechanization of subsystems within the G&N system.
The backup reference is mechanized within the SCS. Each of the attitude
reference loops contain three basic elements: a computer, an inertial
reference device, and a visual display.

Attitude Reference/G&N. To obtain an inertial reference using the
G&N system, the astronauts, the G&N optics subsystem, the inertial and
computer subsystems, and the MSFN are integrated to form a closed loop
system.,

The G&N system is used to determine inertial attitude and position
and initiates alignment of the stable element of the IMU to the desired
inertial reference initially established by optical sightings.

After IMU alignment, the IMU in conjunction with the AGC can
provide inertial-referenced attitude hold and, if required, inertial-
referenced velocity changes. Translational velocities are sensed by
accelerometers mounted on the IMU stable element. The AGC processes
the accelerometer signals to update velocity and change information for
TVC functions.

In addition to the optical alignment of the IMU, the astronauts can use
the computer subsystem to establish IMU alignment.
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Inertial reference data may also be received by the astronauts via the
MSFN voice link for AGC updating and/or for IMU alignment, With the com-
puter subsystem in the G&N loop, automatic maneuvers and/or G&N-
controlled velocity changes are possible,

The FDAI receives total attitude and attitude error information from
the G&N system. The FDAI indicates S/C total attitude (S/C reference
attitude) and attitude error. Total attitude represents the gimbal angles of
the IMU; and attitude error is the difference between the IMU gimbal angles
and the desired attitude. The desired attitude is obtained by maneuvering
the S/C either manually or automatically in the directions that null out the
indicated errors. This establishes S/C attitude to the desired inertial
reference. The FDAI also displays rotational rates obtained from the SCS
rate gyros. The SCS rate gyros supply rate information for all G&N and
SCS control and display functions.

In G&N modes, the FDAI ball is continuously controlled by signals
from the IMU gimbal angle resolvers, In SCS modes, the ball is controlled
by the AGCU total angle resolvers. AGCU signals are applied to the ball
only during manually initiated attitude changes (assuming none of the BMAGs
are rate caged) and in the SCS entry mode after 0.05 G switching, Atallother
times, the ball remains stationary. The ball is always driven with reference
to the IMU axes with the AGCU providing the conversion for the BMAGS from
body axes to IMU axes.

Attitude Reference/SCS. If the IMU cannot be used for attitude refer-
ence, a backup or strapdown attitude reference comprised of assemblies
contained within the SCS will provide inertial attitude reference. The
strapdown reference is mechanized within the following:

e Attitude Gyro Accelerometer Assembly (AGAA)

Contains the body-mounted attitude gyros (BMAGS), X-axis acceler-
ometer, and self-contained electronics. Provides attitude error signals
for the attitude control subsystem, AGCU, and FDAI. The BMAGS are also
a source for backup rate signals, if required.

e Rate Gyro Assembly {RGA)

Provides angular rate signals to the attitude control (ACS) subsystems
and to the FDAI,

e Attitude Set/Gimbal Position Indicator (AS/GPI)

The AS section provides a capability to set in desired reference
attitudes and align the ARS to those attitudes. The GPI section allows the
astronauts to manually position the SPS engine gimbals to a trim position
prior to a delta V maneuver.
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e Display/Attitude Gyro Accelerometer Assembly Electronic Control
Assembly (D/AGAAECA) .

AGAA section: Contains electronics required to operate the BMAGS
and to interface with the AGCU SCS

DECA section: Provides the interface electronics between all sensors
and corresponding displays

o Auxiliary Electronic Control Assembly (AECA)

AGCU section: Performs the mathematical computations and contains
the transformation matrices required to display
attitude and attitude errors of the S/C. The AGCU is
the primary control device for the SCS ARS.

The remainder of the AECA contains circuitry for the
SPS engine thrust ON/OFF control function.

e Flight Director Attitude Indicator (FDAI)

The FDAI (figure 2.3-12) provides the visual displays for S/C attitude;
included is total attitude readout (FDAI ball) gimbaled in three axes:
roll, pitch, and yaw.

Pitch and yaw total attitude is read from either the body axes index
{v) or the navigation axes index {®). The indices are fixed to the
instrument faceplate, Roll is indicated by a roll bug (indicator needle
driven by the roll gimbal through a gear mechanism). Roll attitude is
read by comparing the roll bug position with reference to a scaled
bezel ring about the instrument periphery.

Attitude errors are indicated by three fly-to needles.
Angular rates are indicated by three fly-to needles.

A + roll rate or + roll error will cause those needles to deflect left.
A - roll rate or - roll error will cause the needles to deflect right.

A + pitch rate or + pitch error will cause those needles to deflect
down, A - pitch rate or - pitch error will cause the needles to
deflect up.

The yaw rate and error needles deflect in the same directions as the
roll needles.

To correct the error, the S/C is automatically or manually rotated
in the direction of needle deflection.

STABILIZATION AND CONTROL SYSTEM
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The SCS attitude reference subsystemn is mechanized such that it is
used primarily for monitoring S/C attitude. Consequently, automatic
maneuvering is not possible when SCS modes of operation are selected.
However, by using the FDAI as a monitor and by proper selection of con-
trols, precision manual maneuvers can be performed.

The subsystem, acting as a strapdown reference, will supply all of
the attitude data normally available from the IMU, These data are subse-
quently applied to the FDAI for presentation of S/C attitude. The IMU is a
three-gimbal platform and therefore will achieve a gimbal lock condition,
The middle and outer gimbals become parallel and the output is not pre-
dictable. The AGCU has a similar function which creates an effective gim-
bal lock. This occurs in both systems for a 90-degree yaw displacement
with respect to the navigation base. The FDAI and yaw attitude set control
provides markings that will serve as a warning prior to achieving a gimbal-
lock condition.

Basically, the body-mounted attitude gyros (BMAGS), attitude gyro
coupling unit (AGCU), and the FDAI are the primary inertial sensing, com-
puting, and display elements of the strapdown system. Attitude errors in
roll, pitch, and yaw body axes are sensed by the body-mounted attitude
gyros. The error signals are conditioned and subsequently directed to the
FDAI for display of total attitude and attitude error. Yhe major part of the
conditioning takes place in the AGCU which provides signal inputs to the
FDAI comparable to that of the IMU,

The AGCU section of the auxiliary electronic control assembly is the
primary control or computing device for the SCS attitude reference subsys-
tem. It performs most of the inertial reference computations and performs
the mathematical conversions and transformations required to display total
attitude and attitude error. The attitude gyro torquing loop, that the AGCU
electromechanical elements are a part of, perform the following:

e Generate a pulse train that is equivalent to the total change in S/C
attitude

e Provide two-directional control of resolver shaft angles
e Provide torquing current for the attitude gyros

e Provide forward and reverse conversion of gyro and attitude set
error signals to appropriate axes representation for FDAI display,
and for gyro torquing.

The SCS rate gyros sense vehicle angular velocity, and supply angular
rate signals to the system for rate stabilization and to the FDAI rate indica-
tors. The proper selection of switches will place the BMAGS in a backup-
rate condition, and provide rate signals to the FDAI rate indicators. When-
ever manual thrust vector control is selected, the BMAGS will automatically
be placed in the backup-rate condition.

Attitude Reference Control. After a maneuver or a series of maneu-
vers, the S/C attitude (body axes) is, each time, different with respect to
the inertial reference frame. Therefore, the requirement exists for a
method of resolving the rotations about the different body axes, and
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establish a relationship between the body axes and the axes of the fixed
reference frame. This relationship is established through an Euler angle
transformation process obtained from either the IMU (stable element) or
the strapdown attitude reference subsystem. The Euler angle, then, is the
resolved difference between the S/C body axes coordinates and the coordi-
nates of the fixed inertial reference. The Euler angle attitude of the S/C,
as displayed on the FDAI, is with respect to the coordinates of the fixed
reference frame.

The conversion from body axes to Euler angle readout on the FDAI,
basically, consists of a forward transformation and a reverse transforma-
tion. (See figure 2.3-3,) The forward transformation is essentially body-
to-navigation axes conversion, then navigation axes-to-Euler angle trans-
formation by resolvers in the AGCU. The resolvers and gimbal servos in
the FDAI position the total attitude displays, resulting from the Euler
errors. The reverse transformation is essentially Euler angle-to-naviga-
tion axes transformation by resolvers in the AGCU, then navigation-to-body
axes conversion for signal application to the attitude gyro torquing ampli-
fiers. After amplification, the signals are demodulated and applied to the
gyro torquing coils which torque the gyros to null the original error.

After initial alignment to the IMU reference, the BMAG/AGCU loop
is opened by relay action and further positioning of the FDAI ball is pre-
vented, However, if the rotation control, for example, is displaced, the
loop will be closed and the FDAI ball will follow S/C motion until the con-
trol is neutralized. The BMAG/AGCU loop will open and the ball will again
be stationary. If in G&N mode, the FDAI ball is always coupled to repre-
sent and follow IMU gimbal angles. )

Attitude Errors. The FDAI attitude error indicators represent the
difference between actual S/C attitude and the inertial reference. The
error is referenced to the S/C body axes in all modes of operation, except
for G&N entry mode.

Signals that position the attitude error indicator of the FDAI come
from three possible sources. (See figures 2.3-3 and 2.3-4.) In SCS modes,
either the BMAGS or the AGCU provide body axes error signals to the error
indicator meter movements. AGCU signals are applied when ATT SET is
selected on the attitude set section of the AS/GPI. This applies the body
axes equivalent of the difference between the attitude set resolver shaft and
the AGCU resolver shaft.

When ATT SET is not selected, the outputs of the three BMAGS are
applied to the attitude error meter movements of the FDAI. Whether
from the BMAGS or the AGCU, the error signals are directed to the meter
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movements through scaling, range adjust, demodulator, and amplifier
circuits. The following chart provides mode versus full-scale error indi-
cations as read on the FDAIL

Mode Roll Pitch Yaw
Monitor +25° +15° +15°
SCS and G&N Entry +25° +5° +5°
All other modes +£5° +5° +5°

When G&N modes are selected, the error signals are directed to the
FDAI via the inertial coupling display units (CDUs) and the attitude refer-
ence conversion circuitry. The roll and yaw channel signals are referenced
to either the navigation base axes or the S/C body axes. Conversion in the
pitch channel is not required. The capability to reference the roll and yaw
channel signals to either the navigation base of S/C body axes.is required
to facilitate roll and yaw channel cross-coupling control. This is required
when G&N entry maneuvers are performed; in which case, reference is
to the navigation base axes,

Rates. The following chart provides mode versus full-scale rate
indications as read on the FDAI.

Modes Roll Pitch Yaw
Monitor
SCS Entry +25° /sec | £5°/sec +5° /sec
G&N Entry

SCS LCL Vert or
SCS ATT Cont or +1°/sec +]1°/sec +1°/sec
G&N ATT Cont

SCS and G&N V +5° /sec +5° /sec +5° /sec

SCS Attitude Reference Alignment. Alignment of the attitude refer-
ence subsystem is performed by comparing the outputs of the total attitude
set resolvers in the AGCU with the attitude set resolvers of the AS/GPI.
The attitude set resolver shaft can be positioned by using the attitude set
dials (thumbwheels) on the front of the AS/GPI. The dials indicate Euler
angle of the attitude set resolver shaft, and the output of the resolver is
the Euler angle difference between the attitude set resolvers and the total
attitude resolvers in the AGCU.
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When the FDAI ALIGN switch on the AS/GPI panel is pressed, the
AGCU resolvers will align to the attitude set resolvers. Euler-to-
navigation axes transformation, and navigation axes-to-body axes
conversion takes place for the FDAI attitude error display functions. In
SCS control modes, the attitudes indicated on the attitude set dials will be SCS
indicated on the FDAI with respect to the navigation axes symbol and the
roll index.

2.3.2.3.2 Attitude Control Subsystem.

The attitude control subsystem (ACS) (figures 2. 3-4 and 2. 3-5),
essentially, provides the means for controlling spacecraft motion. Control
is either manual or automatic when using controlled inputs from the G&N
system. Spacecraft motion, other than drift, is initiated through the use of
the S/M RCS jets prior to C/M-S/M separation. After separation (entry),
the C/M RCS jets are used. An attitude control logic chart is presented in
figure 2. 3-6.

There are four types of controls that the ACS contends with which to
satisfy mission requirements. (See figures 2.3-4 and 2. 3-7.) These are
rotation, translation, attitude hold, and rate damping only. Rotational
motion is required to establish navigational sightings with the G& N optics
subsystem telescope and sextant for S/C alignment prior to a velocity
change for TVC functions, for antenna orientation, for T/C transmission
and reception, and for lift vector control (roll control plus pitch and yaw
rate stabilization) during entry.

£
Translation control for the AS204A mission is required for the
ullage function prior to SPS engine ignition.

Holding attitude (attitude hold) to a fixed reference (established by
the ARS) is necessary for navigational sightings, preparing for a velocity
change and ullage maneuvers. After establishing attitude hold, the S/C
motion involved is the amount of drift that the S/C is allowed to rotate
about its axes. The drift is limited to a selectable minimum or maximum
deadband about all three axes.

Rate damping only provides rate stabilization during entry or in the
event of an 2bort prior to launch escape system (LES) jettison. The
motions involved here are the finite firings of the RCS jets when rotational
rates exceed certain limits. The RCS jet firings will decrease the rates
to within predetermined limits. The rates are limited to 0.2 degree/sec
for all modes, except SCS and G&N entry modes when the rates are
increased to 2 degrees/second.

The ACS includes the roll, pitch, and yaw electronic control assem-
blies (ECAs), the delta V indicator, attitude impulse section of the G&N
optics control panel and, in addition, utilizes all of the physical elements
and functions of the attitude reference subsystem.
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Figure 2. 3-6. SCS Attitude Control Logic Chart
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Figure 2.3-7. Jet Selection Logic Functional Flow Diagram
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The attitude control subsystem electronics is contained within the
roll, pitch, and yaw ECAs. The ECAs accept the manual and automatic
inputs, conditions them, and directs on-off electrical command signals
through jet selection logic to appropriate automatic (normal) coils of the
RCS jets. The output of the jet selection logic will be either a time-
modulated signal or a steady-state +20-vdc signal.

There are basically two types of inputs to the attitude control sub-

system: manual and inertial sensor (AGAA, RGA, IMU). Manual inputs are

provided by the rotation and translation controls, switches on the SCS
control panel, attitude impulse switch on the attitude impulse section of
the G& N optics control panel, and the direct ullage switch on the delta V
display panel. These controls can be used for manual ullage maneuvers or

as a backup during automatic delta V functions. The attitude impulse switch

commands inputs to the ACS and subsequently to the RCS jets for small
angular accelerations.

The inertial sensor inputs are provided by the AGAA, RGA, and the
IMU via the G&N system. The AGAA (BMAG) and rate gyros (RGA) inputs
are used for attitude hold, rate stabilization, and manual rotation control.
The IMU inputs provide G& N attitude hold and command rate signals for
manual or automatic rotational maneuvers.

Rotation Maneuvers. Rotation maneuvers can be performed by using
four different types of manual controls or automatically by using the G&N
computer subsystem. Manual rotation maneuvers are accomplished by
using the rotation control, commonly called control stick steering (CSS),
direct or emergency control which is a function of the rotation control,
attitude,impulse control, and positioning of the inertial CDUs. Automatic
maneuvers result from astronaut inputs to the AGC via the DSKY. The
AGC, according to computer program, automatically positions the CDUs
and will command S/C motion to the programmed attitude.

Normal CSS is a proportional manual function and is available at any
time in all operational modes. The maximum CSS proportional rates that
can be commanded are as follows:

e 19 degrees per second (roll axis) entry mode
e 5 degrees per second (pitch and yaw axes) entry mode
e 0.79 degree per second (all axes) all other modes.

Even though CSS commands greater rates, the SCS electronics will
limit the rates to those values given. Proportional control is obtained by
using the rate gyro output to cancel the output of a transducer within the
rotation control. CSS proportional commands are always directed to the
automatic solenoid coils of the RCS engines.
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When the rotation control (stick) is displaced, a transducer within
the stick will command a rotation proportional to the amount of stick
displacement. The rotational rates are limited to predetermined values,
depending on the operational mode.

When in SCS attitude control mode and as the stick is displaced
approximately 2. 5 degrees from neutral, breakout switches within the
stick close causing the BMAG and the AGCU to become closed loop. It
also inhibits BMAG error signals to the SCS electronics. As the S/C
rotates, the AGCU applies torquing current to the BMAG torquer coils.
The gyros, then, are torqued at a rate proportional to the magnitude of
BMAG error, keeping attitude error at approximately zero. Thus, the
AGCU will follow S/C motion and establish a new attitude reference when

the stick is returned to neutral.

When in G&N attitude control mode, a G&N SYNC switch must be
energized to enable the attitude hold function when the control stick is
returned to neutral. The G&N sync function provides IMU/CDU closed
loop operation which keeps attitude errors at approximately zero during
the maneuver. Consequently, the S/C will hold the new attitude when the
stick is returned to neutral. If G&N sync is not enabled, the S/C will
return to the attitude established before stick displacement.

NOTE For the AS204A mission the G&N SYNC switch will remain
OFF for the entire mission.

The computer program will control the actual maneuver rate, but
the SCS will limit the maximum. The maximum non-entry maneuver rate
is 10°/second. and entry maneuver rate is 17°/second in all axes.

Direct rotation control is a nonproportional function whereby initiated
commands are applied directly to the RCS direct coils. To accomplish
direct rotation, the DIRECT RCS/OFF switch (MDC-8) is set to DIRECT
RCS; the SCS-CHANNEL switches (MDC-8) are set to OFF; if high rates
are to be maintained, and the control stick is rotated about the desired axis
or axes to hardstops. Just prior to engaging the hardstops, a switch closes
and applies a direct command to the RCS direct coils. Rate feedback is not
used to cancel stick movement. The breakout switches, however, close
the BMAG/AGCU loop, and attitude error output to the SCS electronics is
inhibited. With proper control and switch configuration, direct control is
available at any time.

The attitude impulse control (G& N optics control panel) provides the
capability for commanding low-rotational rates about all three axes.
Attitude impulse control is available only in SCS or G&N attitude control
modes and is used primarily for precise attitude maneuvers during naviga-
tional or star sighting periods. After the control is enabled and displaced,
a switch closure in the control and an RC network combination generate one
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pulse, which is applied to the RCS jet selection logic. One pulse is
generated for each attitude impulse switch closure (control displacement).
It is not a proportional control and attitude hold is not available when the

control is returned to neutral. When the control is enabled, relay action
removes all rate, attitude error, and rotation control inputs to the SCS $CS
electronics.

Automatic positioning of the CDUs is accomplished by using the
DSKY. This method of control is primarily used during G&N entry.

Translation Maneuvers. There are three methods of initiating trans-
lation maneuvers: normal translations, using the translation control;
direct ullage, using the direct ullage button on the delta V control panel;
and separation ullage, using the translation control.

Translation commands are not proportional; operation is through
switch closure only and is available during all modes of operation prior to
C/M-S/M separation. During normal translation, switch closures within
the translation control provide commands to the jet selection logic which
fire the appropriate jets for the desired direction of translation. The
commands are directed to the automatic RCS engine coils. A primary
function of normal translation is the ullage maneuver, which is necessary
in preparation for a velocity change. Ullage maneuvers require translation
along the +X-axis.

Direct ullage is accomplished by using the DIRECT ULLAGE push-
button on the delta V control panel. When pressed, switch closures
command the appropriate direct RCS coils to initiate translation along the
+X-axis. Direct ullage is available at any time prior to C/M-S/M
separation. Upon C/M-S/M separation, the direct ullage function to the
C/M pitch and yaw direct coils is inhibited by deadfacing. It is primarily
a backup operation in the event of normal translation failure. Ullage will
continue as long as the DIRECT ULLAGE pushbutton is pressed.

The separation ullage function requires a CCW rotation of the trans-
lation control into a detent position. Ullage commands are directed to the
direct RCS coils. The separation ullage maneuver is performed when
SPS aborts are necessary or when S-IVB separation is required. If the
LES has been jettisoned, the signal from the translation control in CCW
detent will command the sequential events control system {SECS) to
sequence the separation ullage and consequent separation from the S-IVB.
If the LES is attached to the S/C, the same command will initiate a LES
abort.

In G&N and SCS modes, a clockwise rotation of the translation control
into a detent generates a CSS logic signal that inhibits attitude gyro signals
from the SCS electronics, and provides BMAG/AGCU closed loop operation.
It also initiates manual thrust vector control (MTVC).
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The CW rotation enables capability for manual roll control by the
rotation controller during G&N entry. This is normally an automatic
function of the G&N system and entry program.

Attitude Hold. Attitude hold is a capability of the ACS to hold §/C
attitude within selected deadband limits of a fixed reference attitude. The
deadband (amount S/C is allowed to drift either side of reference attitude)
is selected by setting the ATT DEADBAND switch on MDCS8 to either MAX
or MIN. In the G&N or SCS entry modes, however, the deadband will be
maximum regardless of deadband switch position.

The ACS accomplishes attitude hold by inputting summed attitude
error and rate gyro signals to the jet selection logic, which will turn on
appropriate jets to keep the S/C within the selected deadband. The attitude
error signal is conditioned by a deadband circuit and rate limiter before it
is summed at the input of a summing amplifier with the rate gyro signal.
When the summed input to the amplifier is greater than its threshold, the
amplifier will cause a switching amplifier to pulse the jet selection logic.
The lower the angular rates, the closer the §/C is allowed to drift to the
deadband limits. As angular rates increase, the summed error/rate
signal increases in magnitude proportionate to time. Therefore, the sooner
the threshold of the summing amplifier is reached, the sooner the jets will
fire, damping the oscillation.

A limit cycle switch on MDC8 can be used to.provide time modulated
pulses to the jet selection logic. Limit cycle is primarily used for fuel
conservation purposes. The limit cycle switch enables a psuedo rate feed-
back circuit at the output of the switching amplifier previously discussed.
The psuedo rate, and consequently the time-modulated pulses, is a function
of signal magnitude at the switching amplifier input. For large signal
inputs, the output pulses will cause the RCS jets to pulse at a higher
frequency and for longer periods. As the error decreases, the pulse
widths and frequency decrease proportionately until the error is nulled.

The psuedo rate loop is normally used at all times (limit cycle on)
when an inertial attitude is being maintained.

Attitude hold is available at all times in three axes, except during
monitor mode and SCS entry mode after the 0. 05 G switching. During
G&N entry after 0. 05 G switching, roll attitude hold is still enabled.
Yaw and pitch attitude hold is inhibited.

Rate Damping Only. In addition to attitude control and maneuvering
capabilities, the ACS provides a rate damping only capability. Although
rate damping is a normal function during attitude control modes, rate
damping can be used to limit S/C rotational rates (rate stabilization) when
attitude hold is not being used. Normally, when S/C rotational rates
exceed 0.2 degree per second in any axis, the rate gyros or the BMAG in
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backup rate sense the angular accelerations. The signals, conditioned

via the roll, pitch, and yaw ECAs and through jet selection logic, are

applied to applicable RCS engines to keep the S/C rates within the
0.2-degree-per-second rate deadband. If in SCS or G&N entry mode,

the rate deadband is increased to 2 degrees per second. Rate stabilization, SCS
in addition to the attitude control functions, is available when any of the

following conditions exist:

Selection of monitor mode after S-IVB separation

Selection of monitor mode for LES aborts

Clockwise rotation of translation control after S-IVB separation
SCS entry mode after 0.05 G switching

G&N entry mode after 0.05 G switching (pitch and yaw axes only).

2.3.2.3.3 Thrust Vector Control Subsystem.

The purpose of the thrust vector control (TVC) subsystem (figures
2.3-4 and 2. 3-5) is to align or position the gimbaled SPS engine to a trim
position prior to SPS thrusting and maintain this trim during the accelera-
tion period. The S/C experiences a changing center of gravity (c.g.)
caused by the consumption of fuel and oxidizer during acceleration. The
TVC subsystem maintains the SPS engine thrust vector through the c. g.
and holds S/C attitude so that the thrust vector will remain in the
desired direction. This compensates for undesirable forces that affect
S/C stability because of the shifting c. g. Thrust vector control, in addi-
tion to the TVC subsystem, utilizes the functions of the G&N system, the
propulsion systems, and the SCS attitude reference and attitude control
subsystems. '

The TVC subsystem essentially controls the SPS engine gimbals, and
consequently the thrust vector, by energizing the gimbal actuators; one for
pitch and one for yaw.

The normal method for controlling thrust is through the G&N delta V
mode. This provides the most accurate control. The accelerometers on the
IMU stable element and the AGC provide steering commands to the SPS
engine gimbals and continuous trajectory corrections to compensate for
undesired accelerations. The AGC also compensates for the near-body
orbital and gravity affects on the S/C. So, the actual versus required
velocity change will result in a curved trajectory.

Normally, both G&N delta V and SCS delta V modes operate by driving
No. 1 and No. 2 servo electronics. If a failure occurs in No. 1, an auto-
matic switchover to drive No. 2 servo electronics and No. 2 gimbal motor
will occur. Or, No. 2 will drive if No. 1 is switched off or if manual thrust
vector control is initiated.
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A manual method of thrust vector control is provided to control the
position of the SPS engine gimbal. When operating manually, inputs from
the rotation control, translation control, and the BMAGs are directed to
redundant servo electronics No. 2 and the No. 2 gimbal actuator motor.
The nominal authority from either rotation controller is 16 degrees of SPS
gimbal engine deflection.

The gimbal position display section of the AS/GPI panel, the delta V
display, SCS control panel, rotation control, translation control, and the
SPS switches on MDC-3 are the principle controls and displays associated
with TVC. They provide the capability for control and monitoring of
system performance.

Thrust Vector Control. When G&N delta V mode is selected, auto-
matic thrust on-off, attitude, and steering commands initiate in the G&N
system. However, before the ullage maneuver and thrust-on, the gimbal
position trim control thumbwheels on the AS/GPI are used to position the
engine gimbals. The engine position is verified on the AS/GPI visual dis-
play. The gimbals are aligned such that, at the moment of thrust-on, the
thrust vector will be through the S/C c.g. This is necessary before any
delta V to prevent undesirable rotational movements about the c. g. when
thrusting begins.

In addition to initial positioning of the gimbals, the amount of accel-
eration required for the velocity change less tailoff is set into the delta V
remaining counter on the delta V display. This allows the crew a method of
monitoring delta V remaining and, when in SCS AV mode, provides auto-
matic thrust-off capability. A coincidence switch in the delta V display
will, by inhibiting the thrust on logic, automatically terminate thrust when
the AV remaining counter indicates zero. The accelerometer in the AGAA
senses +X acceleration, and supplies acceleration signals to timing and out-
put logic which subsequently drives the delta V remaining potentiometer
to zero. The accelerometer thrushold is 1 X 10-4 g, but the AV counter will
only step once for each 0.25 +t/sec velocity change.

NOTE It is possible, but not recommended, to have SPS engine
ignition without ullaging when in SCS AV mode.

Prior to SPS ignition, the G& N system inputs attitude error informa-
tion to the ACS to hold the S/C at a constant attitude in all three axes.
Attitude errors from the G&N system and rate information from the SCS
rate gyros are also applied to the SPS gimbal servo loops. Upon engine
ignition, the combined attitude error and rate gyro inputs, conditioned by
the servo electronics, reposition the gimbals as necessary to rotate the
S/C to compensate for c. g. shift. The gimbal position is also modified by
steering commands from the AGC so that the thrust vector will point in
the right direction for the curved trajectory.
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The BMAG/AGCU loop remains open and follows IMU changes so that
the SCS will have the same inertial reference in the event a switchover to
SCS delta V mode is necessary.

Normally, G&N delta V mode utilizes the primary gimbal servo and
actuator motor No. l. If the gimbal motor switches on MDC-3 are acti-
vated, a TVC monitor signal generator (over-undercurrent sensor) in the
actuator will sense a failure of motor No. 1. If motor No. 1 fails, the
sensor will automatically cause a switchover to motor No. 2 in the
actuator.. Since the No. 2 servo electronics are driven simultaneously
with No. 1, an interruption during the velocity change will not occur. Motor
No. 2 also contains a TVC monitor signal generator, but is not used. In
the event of motor No. 2 failure, causing an excessive current drain on
the d-c¢ bus, a 70-ampere circuit breaker in the line will disconnect the
motor from the d-c supply bus. Motor No. 2 has no switchover or warning
light capability.

In SCS delta V mode, the gimbal servo loops function the same as in
G& N delta V mode. Attitude error information, however, is derived from
the BMAGS. The rate loop is identical, unless in backup rate condition.
SCS delta V will not function if the BMAGS are required for backup rate
because of the loss of attitude error information.

SCS delta V keeps the thrust vector through the ¢. g. by first com-
paring the trim position commands set by the gimbal position thumb-
wheels and the position transducer feedback signals. The difference,
combined,with attitude error information from the BMAGs, conditions the
servo electronics to energize the actuator clutches.

Except for mode selection and thrust-on requirements, the same
prerequisites for thrust-on, and the control and display functions are the
same as for G&N delta V. The SCS system does not provide automatic
thrust-on. A thrust-on switch on the delta V display provides the thrust-on
command for SCS delta V mode. Thrust-off, however, is automatic by
closing of the coincidence switch. A NORMAL-OFF-DIRECT-ON switch
on the delta V display is also provided for manual thrust-on and serves as
2 manual backup for all automatic thrust-off commands.

If the translation controller cannot be used for the ullage maneuver
prior to thrust-on, a DIRECT ULLAGE switch on the delta V display pro-
vides a manual backup to initiate u.lage.

A manual delta V can be performed, providing a delta V mode has
been selected and the translation control is rotated CW into detent. This
removes all normal inputs into the TVC servo loops, allows commanded
inputs from the rotation control, and rate data from the BMAGs in backup-
rate condition, into the redundant No. 2 servo electronics and motor No. 2
of the gimbal actpators. This provides rate-stabilized manual control of the
thrust vector. Thrust-on is initiated by the momentary thrust-on switch
located on the delta V display.
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The rotation control must be held to a given displacement to control
the gimbals about the initial trim position established by the settings of the
AS/GPI. The GPI provides the only indication of the position of the gimbal
angles with respect to the S/C body axes.

2.3.3 FLIGHT CONTROL PROFILES,

There are three basic flight control profiles associated with mission
AS204A. These include powered flight, coasting flight, and entry. Within
these profiles, various modes of operation are established either within the
atmosphere or in earth orbital environment. Because of the division of
powered flight, i.e., ascent and earth orbital environment, the description
is divided as follows:

e Ascent (including aborts)

e Coasting flight (earth orbital)

e Powered flight (earth orbital)

e Entry (nonpowered atmospheric flight).

As the various operational modes are discussed, reference will be
made to figures 2.3-4, 2.3-5, and 2.3-6. A typical control channel yaw
is shown in figure 2.3-4, sheet 2; therefore, differences not typical to the
yaw channel will be clarified.

It should be noted that relays in figures 2.3-4, 2.3-5, and 2.3-7 are
not relays of the actual system by number. However, the relay nomencla-
ture is system oriented and may be cross-referenced by using the following
chart.

Fig. 2.3-4, 2.3-5, SCS System
2.3-7 Relays Function Relay
K1 ORBIT RATE 24A14K3
K2 FDAI ALIGN 24A14K1
24A14K2
K3 G&N ROLL, PITCH, YAW 22A16A3K4
ATT SIN AND COS 22A16A3K6
22A17TA3K4
22A17A3K6
22A18A3K4
22A18A3K6
K4 AGCU CAGED 22A8K1
22A8K2
22A8K4
22A8K5
K5 AGCU ALIGN 22A8K6
22A8K7
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Fig. 2.3-4, 2.3-5, SCS System
2.3-7 Relays Function Relay
Ké AGCU P/Y ERROR 21A3K2
K7 R G&N ERR/AGCU INH 22A3K3
G&N P ERR 20A3K3
Y ERR G&N BODY 21A3K3
K8 G&NP, Y, ERRS.F. 22A20A3K1
22A21A3K1
K9 ROLL, PITCH, YAW ERR 22A20A3K4
AGAA 22A21A3K4
MONITOR + G&N AV + G&N 22A23A3K2
ATT CONTR + G&N ENTRY
+.05G MANUAL + +
YAW B/U RATE
K10 ROLL, PITCH, YAW, B/U 22A9K1
RATE 22A9K2
22A13K1
22A13K2
22A11K1
22A11K2
K11 MTVCRT OUT 22A9K3
22A11K3
) 22A12K3
K12 ROLL, PITCH, YAW 22A23A3
RATE 22A20A3
. 22A21A3K
K13 Y/P RT SF 22A22A73
Kl4 R-Y RT CPLG 23A11K2
K15 RT IN TRANS 23A19K 1
23A19K1
19A26K1
K16 ENT GAIN 23A15K1
23A15K?2
23A17K?2
K17 G&N ATT IN 23A19K2
K18 AGAA ATT IN 23A19K3
K19 D-B CHG 23A15K3
K20 RIC ATT SW 23A11K1
K21 G&N MIN IMP ENABLE 23A13K
K22 PSUEDO RT CO 23A13K
K23 RCS LATCHING RELAY MESC Z19
ARMED
(JET DVRS ENABLED)
SAFE
(JET DVRS DISABLED)
K24 1.8 SEC LATCH MESC Z8
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Fig. 2.3-4, 2.3-5, ‘ SCS System
2.3-7 Relays Function Relay
K25 MAIN DEPLOY MESC Z12
K26 AUTO CONT INTER 23A11K3
K27 ENG IGN 23A21K2
K28 SYS GRD CK 23A21K3
K29 SCS AV MODE 23A21K1
K30 ENG IGN 23A27K1
K31 MTVC ENGAGE 23A18K2
K32 TVC ELEC TRANS 23A25K1
K33 SERVO NO. | DISENGAGE 23A14K1
K34 SERVO NO. 2 ENGAGE 23A18K1
K35 ENTRY 2ZABKS8
K36 AV INH 22A21A3K6
K38 THRUST ON LAMP 22A20A3K6
2.3.3.1 Ascent,

During the ascent phase, capability exists for monitoring boost
vehicle stability. The SCS is in a monitor mode with all subsystems active, -
but supplies no active commands for control purposes for the first 61 sec-
onds of flight. After 61 seconds, if aborts are required, the SCS will be
used to supply signals for S/C stabilization and control.

2.3.3.1.1 Monitor Mode.

The monitor mode provides the capability of monitoring deviations
from programmed launch vehicle attitude prior to S-IB separation and
CSM attitude after S-IVB separation, The $S-IVB utilizes a different guid-
ance technique and monitoring C/M instruments relative to S-IVB operation
provides no useful purpose. Monitor mode also provides rate stabilization,
when required, any time during the mission.

Normal Ascent. At time of launch, RCS latching relays in the SECS system
will be open to inhibit commands to the RCS jets. Relays K4 and K5 will be
closed, providing BMAG/AGCU closed loop. The FDAI will be following
IMU gimbal angle changes. The motor-driven switch 5 {figure 2.3-7) is
set to the S/M position when the REACTON CONTROL SYS—TRANS
C/M-S/M switch on MDC - 16 is set to S/M.

Total attitude and attitude error signals from the IMU and inertial

CDU (figure 2. 3-4, sheet 1) are applied to the FDAI through relays K3,
K7, and K8, respectively. Attitude error signals represent deviations
from the trajectory for the first stage booster only. The SCS rate gyros
apply attitude rates to the SCS electronics directly and to the FDAI via
relay Kl2.
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2.3.3.2

2.3.3.2.1

The X-axis accelerometer will be active, but its output will be used
only if an abort delta V is required. The TVC subsystem is activated to
hold the SPS engine thrust vector through the c. g. in the event of an SPS
abort, and to keep the nozzle centered and stationary within the adapter.
The SPS engine gimbals are aligned to null offset (pitch +0.4 degrees and
yaw +3. 6 degrees) prior to launch. Quiecsent current on the gimbal
motor clutches maintains these angles during ascent.

LES Abort. If an LES abort is initiated (61 seconds or more after lift-off)
requiring SCS operation, the SCS is enabled one second after LES ignition.
The SCS is enabled by the arming of the RCS latching relays in the SECS,
and the S/M-C/M transfer switch will be driven to the C/M position. The
RCS latching relay will open by the operation of a barometric switch at
approximately 24, 000 feet during descent and will disable active commands
to the C/M RCS. Besides rate stabilization, specific command inputs to
the SCS above 24, 000 feet will depend on altitude and other factors.

SPS Abort. An SPS abort would be initiated after the LES jettison. The
translation control is rotated CCW into detent and the switch closure will
cause the MESC to command a +X translation (separation ullage) via the
direct coils of the S/M RCS. The direct coils are activated through the
RCS transfer switch.

Before separation from the S-IVB, a delta V mode must be selected.
For an SPS abort, alignment of the SPS engine gimbals is not required
since they were preset prior to launch and no propellant has been consumed.
At separation, an abort can be made into earth orbit or to a downrange
landing site.

.

Coasting Flight (Earth Orbital).

The coasting flight profile ranges from a free-drift configuration
{(no control) to monitor mode (passive) to attitude hold (active control).
The following paragraphs describe the various modes relative to the earth
orbital environment.

G& N Attitude Control.

G&N attitude control will provide inertially stabilized attitude by
utilizing the attitude reference and attitude control subsystems. Attitude
data is obtained from the inertially referenced IMU. Relays K4 and K5
provide BMAG/AGCU closed loop so that if SCS attitude control is selected,
the AGCU will have the same reference as the IMU for control and display
purposes.

Attitude errors from the inertial CDU through relays K7 and K8 are
applied to the FDAIJ and SCS electronics for attitude error display, and to
provide attitude corrections. The errors from the CDU are the difference
between the IMU gimbal angles and the commanded output of the AGC.
Total attitude from the IMU is applied to the FDAI via relay K3. The
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2.3.3.2.2

attitude rates from the SCS rate gyro and relay K12 will drive the FDAI rate
indicator at a scale range of +1 degree/second.

The maximum deadband limit is normally set for G&N attitude control.
If navigation sightings are required, the minimum deadband may be
selected. The G&N system and SCS attitude control subsystem will main-
tain attitude within the selected deadband limits.

Maneuvering. Automatic maneuvers may be executed by inserting
commands into the AGC via the DSKY. The S/C will automatically maneuvei
to the computer-commanded attitude. The SCS will follow the attitude error
signal inputs from the CDU in response to AGC inputs for maneuvering to
the commanded attitude. Manual maneuvers can be commanded with or
without attitude hold.

In G&N mode, relay K18 (figure 2. 3-7) is open. Relay K17 is closed.
Relay K18 inhibits BMAG inputs and allows G&N attitude error signals into
the jet selection logic for the attitude hold function. When the rotation con-
trol is displaced, the breakout switches open K17, inhibiting G&N signals
and allowing proportional command (rotation control plus rate gyro)
signals into the jet selection logic. When the control is returned to neutral,
relay K17 closes and the G& N attitude hold function is restored, provided
G&N sync is active.

Translation in all axes can be commanded by the translation control.
As shown in figure 2. 3-5, switch closures within the control apply com-
mand signals directly to the jet selection logic and, subsequently, to the
auto RCS coils. Attitude hold is a normal function when translations are
initiated, using the translation control.

The direct ullage switch on the delta V display is a backup for +X
translations. When this switch is activated, the signal is applied directly
to the RCS direct coils. Attitude hold is not a function of direct ullage.

Attitude impulse control (panel 105, LEB) is a manual control
capability for G&N and SCS attitude control modes only. Each displacement
of the attitude impulse control (figure 2. 13-4, sheet 3) provides an output
attitude impulse command to two RCS engines for a duration of 18+4 ms.
The pulses command body angular rates of approximately 3 arc min/sec.

G&N Local Vertical.

The G&N local vertical mode is an extension of G&N attitude control.
The purpose of this mode of operation is to accurately maintain the S/C
X-axis at a fixed angle with respect to the local vertical (relative to the
earth surface) while maintaining the S/C Y-axis normal to the orbital plane.
The G&N local vertical mode is an AGC-commanded function. A computer
program (not available for AS204A mission) is called by the astronaut by
DSKY entry. After IMU alignment, with the S/C X-axis in the direction of
the desired orbital path, the computer program provides an orbit rate
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source to command torquing of the IMU at a rate that will maintain the local
vertical attitude. This mode may be used to make navigational sightings of
earth landmarks by keeping the G& N optics within the area of the earth
surface.

SCS Attitude Control.

SCS attitude control mode will hold the S/C at an inertial-referenced
attitude and will limit S/C drift to the selected deadband limits, normally,
+5 degrees in earth orbit. If SCS attitude control is selected after a G&N
attitude control function, the attitude reference subsystem is aligned to the
IMU (BMAG/AGCU closed loop). If not, an FDAI/AGCU align function is
required. '

When SCS attitude control is selected, G&N inputs are removed from
the FDAI and SCS electronics. The following relay contacts (figure 2. 3-4,
sheet 2) are activated to supply SCS-generated commands for display and
control purposes.

e Relay K4 open— FDAI ball stationary

e Relay K12—Applies body rates to FDA]

e Relay K3 closed to AGCU—Applies attitude errors to FDAI
e Relay K11B—Applies attitude errors to SCS electronics

FDAI/AGCU Align. If the AGCU has not been aligned to the IMU or if a
new attitude reference is desired while in SCS attitude control mode, the
astronaut will determine S/C attitude from star sightings or from the
MSFN. Inertial angles are dialed into the AS/GPI with the ATTITUDE SET
dials ard the FDAI ALIGN pushbutton is pressed. Relay K2 closes and the
AGCU and FDAI ball will drive to the selected attitude.

Manual Maneuvers. After AGCU reference has been established, the S/C
can be maneuvered to the desired attitude reference by flying out the
errors, using CSS. The ATT SET/OFF switch is activated, relay K23 is
activated, the RCS latching relays are closed to the S/M RCS, relays Ké
and K9 close, and K20 will open. Attitude error, equal to the difference
between ATTITUDE SET dial position and AGCU resolver shaft position,

is then applied to the FDAI from the AGCU through Ké. Attitude error
from the BMAG is removed from the FDAI when K9 activates. When the
rotation control is moved out of detent, CSS commands are applied through
the ACS to the jet selection logic and auto coils of the RCS engines. At
the same time, relays K4 and K5 close providing BMAG/AGCU closed loop.
The BMAGs follow S/C rotation and repositions the FDAI ball. When the
rotation control is returned to neutral, the BMAG/AGCU loop is opened,
relays K4 and K5 open, and the new attitude will hold within the selected
deadband.
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2.3.3.3

2.3.3.3.1

When the ATT SET/OFF switchis OFF, relays K6 and K9 de-energize
and attitude error signals from the BMAGs are now applied to the FDAI and
ACS. If further attitude changes are desired, they can be accomplished by
using CSS. The BMAG/AGCU loop will be closed, and opened when the rota-
tion control is returned to neutral. The attitude error needles will indicate
the difference between the AGCU and the S/C attitude. The error needles
are fly-to needles and will be at full scale if the error is greater than

- 5 degrees. To fly out the error, the astronaut must fly-to the needles or

use the FDAI ball markings until the needles come off full scale, and then
fly-to the needle to null the remaining error.

Free Drift. Free drift is normally used during extended periods of time

when power and RCS propellant conservation is desired. Free drift can be
established in either attitude control mode by placing the SCS CHANNEL

'switches to OFF, inhibiting all command signals to the RCS auto coils.

With an SCS attitude mode selected and an SCS CHANNEL switch to OFF
(PITCH or YAW or A&C ROLL and B&D ROLL), relay action closes the
BMAG/AGCU loop and updates the ARS while drifting. However, if one

BMAG is placed in backup rate and a channel switch is off, relay action

rate cages the remaining BMAGs and opens the BMAG/AGCU loop, thus,
preventing the ARS from being updated.

SCS Local Vertical.

SCS local vertical mode is an extension of SCS attitude control. Its
purpose is to maintain S/C attitude with respect to the local vertical. When
the LCL VERTPOFF switch on MDC-8 is set to LCL VERT, relay Kl ener-
gizes and an orbit rate source with a preset level is applied to the BMAG/
AGCU servo loop. At present, the preset level established for the orbit
rate source is most accurate for a 100-n mi circular orbit and will maintain
the attitude reference system at the local vertical with torque rates of
246 degrees/hour, or 4.1 degrees/minute. It will maintain an approximate
attitude when the AGCU is aligned to represent S/C attitude when the S/C
XZ plane is parallel to the orbital plane at the time LLCL VERT is selected.
All three RCS channels must be enabled for the local vertical mode.
Modifications of the local vertical attitude can be made using CS5. The
translation control is also active and available during this mode of operation

Powered Flight (Earth Orbital).

Powered flight includes those modes that provide the capability for
velocity changes using the SPS engine. Included in the following discussion
are the G& N delta V, SCS delta V, and the manual delta V modes.

G&N Delta V.

G&N delta V mode is the normal method.for velocity changes. Prior
to engine ignition, however, G&N attitude control mode must be established.
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System relays apply the following (G&N/SCS switch on MDC-8 set to G&N
and ATTITUDE/MONITOR/ENTRY switch set to ATTITUDE (figure 2. 3-5,
sheet 1) ):

Relay K7 and K8~ Attitude error from CDUs to FDAI
Relay K9— Attitude error from CDUs to SCS electronics
Relay K3— Total attitude from IMU to FDAI ball

Body rates to FDAI and SCS electronics

RCS latching relay in MESC closed to RCS system

The FCSM-SCS-RESET/OVERRIDE and G&N-RESET/OVERRIDE
switches on MDC-2 may be set to SCS and G&N positions. These switches
provide an automatic monitoring of SPS engine combustion performance.

If rough combustion occurs, the SPS ROUGH ECO warning light on MDC-10
will light and engine thrust will terminate. A restart can be made by
resetting the FCSM switches and then setting thern back to SCS and G&N.
Or, the monitor can be bypassed by setting the FCSM switches to
RESET/OVERRIDE.

Attitude information from the IMU is displayed on the FDAI ball.
Attitude errors from the CDUs are also applied to the FDAI (x5-degree
scale) and are used by the SCS to control attitude in response to AGC com-
mands. Rotational rates are displayed by the FDAI rate indicators with a
scale range of +5 degrees/second. The computer-controlled velocity
change will be monitored on the delta V display. The required velocity
less tailoff will be set into the delta V display by the AV SET switch, using
velocity information obtained from the G&N system or MSFN. Minimum
deadband is set on MDC-8, the gimbal motor switches, and the inject
pre-valve switches on MDC-3 are activated. The SPS gimbal trim angles
are determined, set into the AS/GPI by the gimbal position thumbwheels,
and gimbal position verified on the GPI. The NORMAL/OFF/DIRECT
switch on the delta V display is set to normal.

Approximately 15 seconds prior to ignition, after the digital event
timer (MDC-5 and 8) has been set for countdown, the astronaut will com-
mand a +X ullage using the translation control. At T = 0, the AGC will
command a signal through the thrust on-off logic and enable the solenoid
drivers of the TVC subsystem. The solenoid drivers will then activate the
SPS engine ignition coils and SPS thrusting will occur. The lamp portion of
the THRUST ON switch on the delta V display will light, verifying the
automatic computer command.

System delay.(AUTO CONT INTER) logic will terminate the RCS
ullage approximately one second after SPS ignition. The computer will
command pitch and yaw attitude of the SPS gimbals via the TVC to control
the thrust vector. Roll commands will be applied to the roll RCS during
the maneuver,
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When the delta V remaining counter indicates zero, thrusting will
terminate and the THRUST ON light will go out. The NORMAL/OFF/
DIRECT ON switch will be set to OFF and the SPS motor switches, inject
pre-valves, and the TV C electronics will be de-activated. Approximately
one second after thrust terminates, pitch and yaw control is transferred
back to the SCS for the attitude control function.

If a malfunction occurs during the maneuver, a switchover to SCS
delta V will allow continuation of the velocity change. If thereisno response
from the translation control at ullage initiation, the DIRECT ULLAGE
pushbutton on the delta V display may be used for the ullage maneuver prior
to ignition of the SPS engine. Also, if automatic thrust-on does notoccur at
T = 0, the THRUST ON pushbutton on the delta V display will provide engine
ignition,.

SCS Delta V.

SCS delta V mode is a primary backup for the G&N delta V. Pre-
liminary to engine ignition, SCS attitude control is established by setting
the G&N/SCS switch on MDC-8 to SCS. After SPS engine ignition, the SCS
uses S/M RCS roll jets to maintain roll attitude and applies commands to
the SPS engine gimbals to control the thrust vector, Relays in figure 2.3-4
apply the following (RCS latching relay in the SECS is closed to the S/M RCS
throughout the maneuver):

.Relays K9 and K10— Attitude errors from BMAGs to FDAI
Relay K11B— Attitude errors from BMAGs to SCS electronics
Relays K4 and K5 open— FDA] ball stationary
Body rates to FDAI and SCS electronics (RGA).

The control and display activation process that was performed for the
G&N delta V will be performed for SCS delta V. The major differences are
as follows:

® Control of attitude and the thrust vector is through the SCS.

e At T = 0, ignition is initiated manually by pressing the THRUST ON
pushbutton on the delta V display.

® Thrust is terminated automatically when the AV remaining counter
(delta V pot.) indicates zero.

As in the G&N delta V mode, if the required command responses to
not occur, the same backup controls can be used to perform the delta V.
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In SCS delta V mode, if engine ignition does not occur when the THRUST ON
switch is pressed, the NORMAL/OFF/DIRECT ON switch can be set to

DIRECT ON. This applies a command signal directly to the SPS engine

ignition coils and will initiate thrusting. The NORMAL/OFF/DIRECT ON

switch must be set to OFF to terminate engine thrust. SCS

2.3.3.3.3 Manual Delta V (MTVC).

A manual delta V will be performed only as a backup to a G&N or SCS
delta V. Manual thrust vector control is initiated by a CW rotation of the
translation control into detent. At this time, relays K4 and K5 will close,
providing rate caging of all three BMAGs; and relays K10 and K11B will
open removing rate gyro outputs from the FDAI and SCS electronics. The
rate-caged BMAGs through relay and K12 will switch BMAG backup-rate
signals into the SCS electronics.

In the G&N and SCS delta V modes, TVC servo electronics No. 1 and
SPS gimbal drive motor No. 1 was used. When MTVC is initiated, relays
K32, K33, and K34 activate. This closes the servo loop for commanding
SPS gimbal drive motor No. 2.

Gimbal trim commands are applied through relay K31. When the
rotation control is moved out of detent, pitch and yaw commands are
applied to motor No. 2 through relay K31 and gimbal position feedback is
through relay K32.

The summation of backup rate and proportianal CSS commands into
the TVC provides a rate-damped manual control of the engine gimbals.
The astronaut must keep the rotation control at a given displacement to
keep the thrust vector through the c.g. and to fly the correct trajectory.

If CW switches of the translation control are engaged while in G&N
delta V, G&N attitude control, or G&N entry mode, attitude errors are not
removed from the FDAI. This allows the astronaut to monitor and, if
necessary, fly a G&N programmed maneuver using CSS.

2.3.3.4 Entry.

The entry profile consists of the various methods of controlling the
S/C for the entry phase of the mission. The entry mode is normally
selected after S/M-C/M separation. At separation, the motor-driven RCS
transfer switches are closed to the C/M RCS.

2.3.3.4.1 G&N Entry.
G&N manual mode is the primary method of control for entry into the

atmosphere for the AS204A mission. Automatic entry may be used in lieu
of G& N manual mode.
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2.3.3.4.2

G&N Manual. This is normally a backup for the G&N entry automatic
mode. The translation control is rotated CW into detent. This removes
inertial CDU attitude errors from the SCS electronics. Normally, the
astronauts will call up the entry program via the DSKY shortly after
S/M-C/M separation.

The entry angle, required pullout angle, and other required entry
data is presented on the computer displays. The astronaut can manually
perform a controlled g-level entry by using CSS to fly out the commanded
attitude errors displayed on the FDAI. The BMAG/AGCU has been closed
loop for backup reference in case switchover is necessary.

After .05 g, aerodynamic forces build up sufficiently to stabilize the
S/C in the pitch and yaw axes. At this time, CSS will be effective in the
roll channel only. The SCS will rate-damp the pitch and yaw channels, and
the astronauts will have steering capability by using roll CSS to control the
lift vector.

Automatic Entry. The FDAI ratedisplay scale range changesto £+25degrees/
second in roll, and +5 degrees/second in pitch and yaw. Deadband is
maximum. The rate deadband is +2 degrees/sec.

Prior to . 05 G switching, attitude error from the inertial CDUs is
applied to the FDAI error indicator through relays K7 and K8, and to the
SCS electronics through relay K9. The RGA applies rate gyro body rates
to the FDAI and SCS electronics. Relay K3 applies total attitude to the
FDAI ball.

At .05 g, the .05 G ENTRY/OFF switch on MDC-8 is set to .05 G
ENTRY. The SCS pitch and yaw channels perform rate stabilization only.
The roll channel is still subject to computer-controlled roll commands.
The AGC will fly the S/C according to a pre-established entry program.

SCS Entry.

The SCS entry mode is a primary backup to G&N entry mode. When
selected, total attitude information to the FDAI is supplied throughout the
entry. Prior to .05 g, the BMAGs apply attitude errors to the FDAI and
SCS electronics through relays K3 and K9. After .05 g, relays K3 and K9
remove attitude errors from the FDAI and SCS electronics. Relays K4 and
K5 close, providing BMAG/AGCU closed loop. For the remainder of entry,
attitude errors are not displayed. There is no attitude hold capability.

The rate gyros, however, provide rate signals for rate stabilization. The
SCS electronics increase rates to a 2-degree/second rate deadband. The
FDALI displays total attitude. The astronauts will initiate the necessary
commands using CSS to fly a controlled g-level entry. After aerodynamics
stability in pitch and yaw, steering capability will be in the roll channel
only.
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If, after .05 g, it is necessary to place a BMAG in backup rate, only
the BMAG selected by the rate gyro select switch will have its inputs in the
SCS for rate stabilization. When backup rate is selected, relays K9, K10,
K12, and K15 activate, providing backup rate to the FDAI and SCS elec-
tronics. Loss of FDAI ball reference will occur. Relay K12 removes rate 5CS
gyro output from the FDAI and SCS electronics. The astronauts will control
the lift vector with the CSS roll channel. If they wish to decrease the g
level, they will roll the S/C to keep the lift vector up. If they wish to
increase the g level, they will roll the S/C so that the lift vector is down.

2.3.4 MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

The SCS consists of the following major components:

e Rate gyro assembly (RGA)

e Attitude gyro accelerometer assembly {AGAA)

e Pitch electronic control assembly (pitch ECA)

e Roll electronic control assembly {roll ECA)

e Yaw electronic control assembly (yaw ECA)

e Auxiliary electronic control assembly (aux ECA)

e Display and attitude gyro accelerometer assembly electronic
control assembly (DISPLAY-AGAA ECA)

e Rotation control

e Translation control

e Flight director attitude indicator (FDAI)

e Attitude set/gimbal position indicator (AS/GPI)

e Velocity change indicator (AV display).

2.3.4.1 Rate Gyro Assembly.

The rate gyro assembly contains three identical rate gyros, mounted
orthogonally along the spacecraft body axes, and associated gyro elec-
tronics. No provision is made for heaters or temperature control of the
gyros. Each gyro is a single-axis unit, with the input axis determined by
the gyro mounting fixture. Self-test capabilities are provided by torquing
coils which enable the gyro to be displaced at a known rate and by spin
motor rotation detection circuits which allow monitoring of the gyro spin
motor speed. All self-test circuits are completely isolated from opera-
tional circuits to prevent a failure in the former from affecting gyro
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2.3.4.2

2.3.4.2.1

operation. The gyro outputs are used by the SCS as primary damping or
stabilization signals and, in addition, as negative feedback to null rotational
control commands and provide a proportional maneuver rate capability.
The rate gyros also provide an indication on the FDAI of the rate-of-
attitude change in pitch, roll, and yaw axes. An attitude change about any
of the axes results in an output signal which is representative of the rate

of displacement.

Each miniature rate gyro assembly consists of a spin motor, damping
systermn, gimbal assembly, quadrilever spring, and self-check circuitry.
The gyro spin motor is a 400-cps 3-phase synchronous hysteresis motor
powered by 26 volts ac. The maximum time allowed for the gyro to come
up to operating speed is 17 seconds. Damping is accomplished by positive
displacement of the damping fluid through temperature-controlled orifices.
The quadrilever spring provides the torsional restraint required by the
gyro, together with radial support for the gimbal assembly, Some
important rate gyro characteristics are as follows:

Full-scale range 30°/sec
Input range (to limit stop) 30°/sec

Maximum rate without damage 600°/sec

Attitude Gyro Accelerometer Assembly. _

The attitude gyro accelerometer assembly contains three body-
mounted attitude gyros (BMAGs) and an accelerometer. Electronic control
circuits for the gyros and accelerometer are contained in the display and
attitude gyro accelerometer assembly electronic control assembly.

Body-Mounted Attitude Gyros.

The three BMAGs are identical units, mounted orthogonally along the
spacecraft body axes, to sense attitude displacement along the pitch, roll,
and yaw axes. Each gyro is a single-axis unit, with the input axis deter-
mined by the physical mounting in the S/C. A spin motor detection circuit
is included in each gyro to allow monitoring of gyro spin motor speed.

This will be telemetered data only.

The BMAGs provide information denoting the angular displacement
of the spacecraft from a preset attitude. They are initially set to a specific
space-stabilized orientation; thereafter, any displacement from this initial
setting results in cutput signals which are representative of the amount of
angular displacement. The output signals are used to produce attitude
error signals for an attitude-hold mode or for display on the flight director
attitude indicator. The outputs may also be applied to the attitude gyro
coupler unit (AGCU) for attitude change storage and for conversion to
inertial measurement unit (IMU) axes. IMU axes differ from the spacecraft
body axes. The AGCU and BMAGs are used as a substitute or backup
inertial reference unit for the IMU during the periods when the IMU is
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turned off or has malfunctioned. The BMAGs can also be used to produce
attitude rate-of-change information, as backup for the rate gyros.

The BMAGs are single-degree-of-freedom, miniature integrating ‘
gyros contained in electrically heated individual packages. The heater will SCS
maintain individual BMAG temperature at 170+2°F. Degraded gyro opera-
tion will result if this temperature is not maintained. The gyro spin motors
are 3-phase 24, 000-rpm synchronous devices, powered by 13.6volts 400 cps
from a supply in the attitude gyro accelerometer package electronic control
assembly. With C/M temperature at 80°F and the mounting plate tempera-
ture at 55°F, the maximum time allowed for the BMAG to reach operating
limits is 40 minutes. A few gyro characteristics are listed as follows.

Acceleration sensitive drift 4 deg/hr

Maximum self-torquing rate 25 deg/sec

Maximum attitude range 120 deg

AGCU coupled torquing limits 20° sec roll, 5° sec pitch and yaw

2.3.4.2.2 Accelerometer.

The accelerometer is mounted along the spacecraft X-axis to sense
velocity changes along this axis. It is a pendulous-type accelerometer with
electronic null and balance. The temperature is maintained at 1704+2°F
under normal operating conditions. A signal output is generated by a
velocity change along the X-axis. This velocity change causes the pendulous

. mass to move, resulting in a change of coupling between the primary and
secondary windings of a signal generator. This results in an output signal
which is demodulated and amplified to provide acceleration information in
the form of digital signals to a counter in the delta V display (paragraph
2.3.4.10). The pendulous mass is returned to null by the balancing action
of the electronic caging signal when the velocity change ceases.

2.3.4.3 Pitch, Roll, and Yaw Electronic Control Assemblies.

The pitch, yaw, and roll electronic control assemblies (ECAs) are
nearly identical, with slight differences due to different requirements for
each axis. The ECAs provide the circuitry for input control signal process-
ing and SCS mode control and configuration. Input control signals consist
of attitude error signals from the SCS BMAGs and from the G&N system,
minimum impulse commands, rate gyro angular signals, translation and
rotation control commands, service propulsion engine gimbal position
commands, and SPS engine gimbal rate and position feedback signals. Mode
control inputs are received from switches on panel 8 of the main display
console (MDC). These input signals are applied to logic-controlled relays
which enable circuit configurations corresponding to the desired mode.

ECA output signals consist of reaction jet firing commands and SPS gimbal
position commands. The reaction jet commands are generated in the jet
selection logic portions of the ECAs. Preignition SPS engine gimbal
position commands are generated manually at the AS/GPI by thumbwheels
which provide input signals to the gimbal control circuits. Post-ignition
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gimbal control is provided by automatic thrust vector control(TVC) circuitry
in the pitch and yaw ECAs.

2.3.4.4 Auxiliary Electronic Control Assembly.

The auxiliary electronic control assembly contains the attitude gyro
coupling unit and service propulsion system thrust on-off command circuitry.
The AGCU portion of the auxiliary ECA receives BMAG signals from the
DISPLAY-AGAA ECA and processes the data for display on the FDAI, It
also transforms attitude set dial signals to body axes. The SPS engine
on-off control circuitry in the AUX ECA receives engine on-off commands
from the G& N system or the SCS.’ These commands are conditioned and
applied to the SPS engine solenoid valves.

2.3.4.5 Display and Attitude Gyro Accelerometer Assembly Electronic Control
Assembly.

The display and attitude gyro accelerometer assembly electronic
control assembly provides the electronic circuitry required to control and
power the displays, BMAGs, and accelerometer. The DISPLAY ECA
portion consists of the circuitry necessary to receive and condition the
following:

e Attitude error signals from the G&N system or the BMAGs to the
FDALI attitude error indicators

e Attitude rate-of-change signals from the rate gyros or BMAGs to
the FDAI attitude rate indicators

® Feedback signals from the SPS engine gimbals to the gimbal position
indicators

® Accelerometer signals from the AGAA to the delta V display
integrator.

The AGAA ECA portion consists of circuitry necessary to accomplish
the following:

® Accept and condition BMAG inputs for the AGCU
® Accept and condition AGCU torquing commands to the BMAGs
o Control BMAG and accelerometer temperature controls

e Control and condition the accelerometer rebalance loop and inputs
to the integrator

® Supply reference voltages to the BMAGs and accelerometer

e Condition the BMAG and accelerometer outputs to telemetry.
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2.3.4.6 Rotation Controls.

Two identical rotation controls are provided to enable manual
command ofthe spacecraft attitude (figure 2. 3-8). Each control is a control
stick containing breakout switches and transducers (figure 2. 3-9) which SCS
apply control signals to the reaction jet selection logic circuitry in the
pitch, yaw, and roll ECAs. When the stick is moved, the breakout
switches close the loop between the BMAGs and AGCU, and control
signals from the pitch, yaw, and roll transducers are applied to the "
appropriate control ECAs. Proportional response to the control stick
movement is provided by rate gyro feedback to the ECA electronics
(figure 2. 3-10). The reaction jet solenoids can also be controlled via the
direct application of control voltages from switches in the controller.

The latter method, requiring use of the DIRECT MODE switch on MDC-8,

does not provide proportional response. With the direct mode enabled and
the stick commanding a rotation about one axis, the rate damping circuits

in the other axes are active,

Provision is made to mount the controls at four different locations in
the C/M: the right armrest of the left crew couch, both armrests of the
right crew couch, and at the navigation station in the lower equipment bay.
Normally, one control is attached to the left crew couch mount and the
other is used at any of the other three locations. Simultaneous operation
of both controls is possible but not advised; however, each control has a
locking device to prevent inadvertent operation.

2.3.4.7 Translation Controls.

Two identical translation controls are provided to enable manual com-
mand of‘spacecraft translational maneuvers. (See figure 2.3-8.) Each
control is a T-handle type control stick containing switches, which apply
control signals to the reaction jet selection logic circuitry in the pitch, yaw,
and roll ECSs (figure 2. 3-11). The reaction jets are activated in groups
of two or four, depending upon the direction of desired translation. Left-
right and up-down translations are accomplished by firing two reaction
control jets with the same direction of thrust. Forward and reverse trans-
lations are accomplished by firing the four forward thrusting or four rear-
ward thrusting reaction control jets. The translation maneuver commanded
is in direct response to the direction in which the T-handle is moved.

The primary control has switches which initiate a spacecraft abort if
the T-handle is rotated counterclockwise. Both controls have switches
which enable manual thrust vector control and disable automatic attitude
control if the T-handle is rotated clockwise. Each control has a locking
device to prevent inadvertent operation of the translation control.

Both controls are mounted in the C/M on the left armrest of the crew
couch. The primary control is identified with yellow stripes and is the
only one provided with abort switching capability.

STABILIZATION AND CONTROL SYSTEM

Mission Basic Date 12 Nov 1966 Change Date Page _2.3-57




SMZA-03-5C012
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

PUSH TO TALK SWITCH

ABORT
INITIATE
(18°)
MTVC ENABLE AND/OR
AUTO ATT CONTROL DISABLE

(18°%)

PITCH
TRANSLATION CONTROL

FORWARD %

ROTATION CONTROL SM-2A-674A

Figure 2. 3-8. Rotation and Translation Controls
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ROTATION CONTROLLER SCS
< 26 VAC 400 CPS FROM PITCH ECA OR YAW ECA
I +PITCH
PITCH | PROPORTIONAL RATE COMMANDS TO PITCH ECA
TRANSD UCER -PITCH
I +ROLL
> ROLL PROPORTIONAL RATE COMMANDS TO ROLL ECA
TRANSDUCER -ROLL
~ YAW
YAW - PROPORTIONAL RATE COMMANDS TO YAW ECA
TRANSDUCER -YAW
DIRECT RCS
(MDC 8) 28 VDC FROM
v DC MAIN BUS A
| OR DC MAIN BUS B
OFF (SEE NOTES)
DIRECT SWITCHES
A ‘e 1
PITCH
A .
/A o
—> [ DIRECT COMMANDS TO
ROLL [ RCS ENGINES DIRECT COILS
s ‘>
| a ty
YAW
| —a > J
BREAKOUT SWITCHES 28 VDC FROM
{ DC MAIN BUS A OR
A DC MAIN BUS B
A s BREAKOUT SIGNAL TO
PITCH, ROLL AND YAW ECA
/P
T #® CASE GROUND
NOTES: 1. DC main bus A supplies power to direct

switches in rotation control No. 1.
. DC main bus B supplies power to direct
switches in rotation control No. 2.

3]

SM-2A-7118

Figure 2. 3-9. Rotation Control Schematic
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MECHANICAL
LimIT
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DIRECT SWITCH
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BREAKOUT SWITCH
(10 IN,-LB, 3.2 DEGREES)
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! 2 3 4 5 [ 7 8 9 10 n 12 13
DISPLACEMENT - DEGREES

ROTATION CONTROL - STICK DISPLACEMENTS VS FORCES SM-24-675
Figure 2.3-10. Rotation Control Charts
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2.3.4.8

TRANSLATION CONTROLLER : , 28 VDC FROM

J\ DC MAIN BUS A OR
\ DC MAIN BUS B

ABORT INITIATE

SWITCHES (CCW) _ ABORT INITIATION SIGNAL

[ 7 TO MISSION SEQUENCER A
—\

]
! o ABORT INITIATION SIGNAL
: l TO MISSION SEQUENCER B

—

MOTOR DRIVEN SWITCH
(LOCATED IN 5/M, CLOSED
AFTER S/M SEPARATION FROM SIV8)

O — 28 VDC FROM
DC MAIN BUS A OR
o A +X DC MAIN BUS B
A X,
A +Y
TRANSLATION COMMANDS
A -Y _ { TO S/MRCS ENGINES
./A +Z o
A -z, )
MANUAL TVC ENABLE
SWITCH (CW) 28 VDC FROM
< DC MAIN BUS A OR
DC MAIN BUS B
s » TO PITCH, YAW & ROLL
ECA
V4
[ PUSH TO TALK < 28VDC
A COMMUNICATIONS
i | SM-2A-7108

Figure 2.3-11. Translation Control Schematic

Flight Director Attitude Indicator.

The flight director attitude indicator, located on MDC-4, provides
attitude, attitude error, and attitude rate-of-change display information.
(See figure 2.3-12.) The FDAI indicates attitude rate of change and attitude
error on indicators and spacecraft attitude on a 3 degree-of-freedom,
inertially referenced ball and roll indicator. The roll rate display is
located across the top of the FDAI. The pitch rate display is located along
the right side of the FDAI. The yaw rate display is located across the
bottom of the FDAI. The attitude error displays are pointers which move
across the face of the ball. The rate and error displays are fly-to displays.
The roll attitude pointer is located at the top and points down towards the
center of the ball. The pitch attitude pointer is located at the right and
points left toward the center of the ball. The yaw pointer is located at the
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ROLL RATE
DISPLAY

ROLL POINTER

INDICATOR

ATTITUDE BALL

YAW ATTITUDE
ERROR DISPLAY

®

~—

AXIS
DISPLAY Pitch (8) Yaw (%) Rol! ()
Attitude Ball +55° +21°
Roll “Bug" +21°
Attitude Error Indicaton 0° 0° -2.5°
Angular Rate indicators -.1°/Sec =.2%/Sec +.3%/Sec

NOTE: On this illustration, the attitude ball
display is read with reference to the
navigation axis marker.

Figure 2.3-12. Flight Director Attitude Indicator

bottom and points up toward the center of the ball.

the center of the display.

yaw and is referenced to the IMU axes.

ROLL ATTITUDE

| ERROR DISPLAY
NAVIGATION
L AXIS MARKER

| PITCH RATE

DISPLAY

\mcn ATTITUDE

ERROR DISPLAY

\ BODY AXIS

MARKER

YAW RATE
DISPLAY

SM-2A-726C

The FDAI is located in

The ball face is marked in degrees of pitch and

Two reference markers are located

on the face of the display to indicate attitude in reference to either space-

craft body axes or IMU (navigation) axes

The body axes marker is on the

lower face of the display. The IMU or navigation axes marker is located on
the upper face of the display. Roll attitude is the IMU reference and is
indicated by the roll indicator {bug) which travels around the circumference
of the ball. Roll attitude zero reference is located at the top of the ball,

FDAI display operation will vary, depending upon mode. The rate
Each rate indicator has a calibrated dis-
play scale, with the range of the scale dependent upon the mode selected.
Maximum full-scale deflection will be as indicated inthe following tabulation.

display is operative at all times.
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Full-Scale Deflection
Mode Pitch Roll Yaw
Delta V modes +5°/sec +5°/sec +5°/sec
Entry modes and monitor mode +5°/sec +25°/sec +5°/sec
All other modes +1°/sec +1°/sec +1°/sec

The attitude error display function depends upon mode. During atti-
tude hold modes, the attitude error pointers display attitude changes within
the selected deadband. The maximum deadband will allow approximately
+5 degrees of spacecraft movement in any axis, which is equivalent to full-
scale deflection for the attitude error pointers. This results in easily
discernible pointer movement. The minimum deadband allows approxi-
mately 0. 5 degrees of spacecraft movement in any axis, which results in
very little pointer movement. In SCS control modes, the attitude error
signals are derived from the BMAGs or AGCU. The AGCU alone provides
the driving signals only when used in conjunction with the ATT SET switch
for a dialed attitude change. In G& N modes, the attitude error signals are
derived from the G&N coupling display units (CDUs). Full-scale deflection
varies depending upon the mode selected, as indicated by the following
tabulation.

Full-Scale Deflection

Mode Pitch Roll Yaw
Entry modes +5° +25° +5°
Monitor mode +£15° £25° +15°
All other modes +5° +5° +5°

The gimbaled attitude ball is colored half gray and half black, with
the line of separation at the O-degree to 180-degree pitch angle. This
two-color scheme permits rapid recognition of the specific pitch
hemisphere being displayed. There are two concentric circles located at
90-degree yaw/0O-degree pitch and 270-degree yaw/0-degree pitch. The
inner circles are solid red 30-degree circles which represent the base of
a cone with the apex at the center of the ball. This area denotes possible
IMU gimbal lock. The outer circles enclose a red 40-degree circle which
also represents the base of a cone with the apex at the center of the ball.
This area denotes attitudes which result in AGCU inaccuracy. The ball is
read against one of two reference marks, depending upon the mode of
operation. The IMU axes reference mark is the upper marker (@) which
indicates spacecraft attitude in pitch and yaw axes with reference to the
IMU gimbals or stability axes. The body axes marker is the lower marker
{(—~_—) which indicates spacecraft attitude with reference to the body axes.
The included angle between the markers is 32 degrees. The roll indicator
is referenced to the zero mark on the periphery of the ball display face in
all operational modes. In SCS modes, the ball is driven only during
manual maneuvers, during FDAI alignment, and after 0.05 g is sensed
during entry. During these functions, the ball is driven by signals
received from the AGCU. In G&N modes, the ball displays IMU gimbal
angles. Figure 2.3-13 provides a tabular listing of the various FDAI
display configurations.
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2.3.4.9 Attitude Set/Gimbal Position Indicator.

The attitude set/gimbal position indicator (AS-GPI) provides two
separate functions. The attitude set portion enables FDAI-AGCU align-
ment and provides a reference for acquiring new attitudes. The gimbal
position display portion provides positioning control of the SPS engine
gimbal angles and displays gimbal position. The attitude set portion pro-
vides a comparison of the angle between the attitude displayed on the
ATTITUDE SET indicators and the position of the AGCU resolver shaft. It
also provides control of the inputs to the FDAI attitude error pointers and
aligns the FDAI to the attitude indicated on the ATTITUDE SET indicators.
The attitude set function is controlled by manual operation of the thumb-
wheels. The desired position is dialed by a thumbwheel, with the display
providing visual indication of the position selected by the thumbwheel. The
attitude display may be used to align the FDAI-AGCU or to indicate a new
attitude for the spacecraft. To accomplish FDAI-AGCU alignment, the
desired position is set on the attitude set display. The FDAI ALIGN push-
button is then pressed. This provides a signal which drives the AGCU
stepper motor and control logic to position the AGCU resolver shaft. The
stepper motor drives the shaft to the commanded position, resulting in an
output from an angle generator to the FDAI ball, driving the ball to the
commanded position. To manually maneuver the spacecraft to a pre-
determined attitude, the display is set to the desired attitude and the ATT
SET switch is placed to ATT SET. The output signal is applied to the
attitude error display pointers on the FDAI, providing a manual maneuver
indicatign to the space crew. The display configuration is a fly-to type,
with the crew manually maneuvering the spacecraft toward the pointers.
(The pointers will peg if the new attitude is in excess of 5 degrees from
the original attitude. )

SCS

The SPS engine gimbal position display allows positioning of the
gimbals and provides indication of gimbal position. Two thumbwheels
enable the pitch and yaw engine gimbals to be positioned prior to SPS
engine firing. The gimbals position the engine to an attitude which ensures
that the SPS engine thrust vector is through the spacecraft center of gravity.
Movement of the thumbwheels results in the generation of control signals
which engage the SPS gimbal ring torque motor magnetic clutches. Clutch
engagement connects the gimbal torque motor and gear train to move the
gimbal ring. Position transducers send a signal to the gimbal position
displays to indicate the angle of the gimbal. The yaw gimbal position scale
is graduated in increments of one-half degree from -5 degrees to +13
degrees. Center is located at the +4-degree position due to an inherent
offset in the yaw center of gravity. The pitch gimbal position scale is
graduated in increments of one-half degree from -9 degrees to +9 degrees,
with the center position at 0 degrees.
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2.3.4.10

Velocity Change Indicator.

The delta V display provides control and display of spacecraft
velocity changes. The display portion of the panel consists of the AV
REMAINING indicator, which is a five-digit display. The digital display
is set by the variable speed AV SET switch, Three panel switches control
the SPS and RCS engine firing commands. The DIRECT ULLAGE switch
is a pushbutton, momentary-contact switch which, when depressed ’
energizes the direct coils of the +X reaction jet solenoids. It serves as a
backup for the translation control, which is used under normal conditions
for +X translations for SPS fuel settling (ullage). The THRUST ON switch
is an illuminated pushbutton, momentary-contact switch which is used to
fire the SPS engine in the SCS delta V mode. The switch is enabled when
the SPS THRUST switch is in the NORMAL position. The pitch and yaw
RCS control and firing circuits are inhibited during SPS engine firing.
After ignition, the SPS engine continues to fire until the AV REMAINING
display counts down to zero. The THRUST ON switch is also used to back
up the Apollo guidance computer firing commands in the G&N delta V mode
in the event of an AGC failure. The SPS THRUST switch provides overall
control of SPS engine firing. The NORMAL position enables normal engine
firing sequences. The OFF position provides a positive off command as
backup in case of a malfunction. The DIRECT ON position provides a
positive firing command to the SPS engine.

The AV SET switch sets up the AV REMAINING display and logic
circuits prior to delta V maneuvers. Pressing the upper section of the
AV switch sets up logic circuitry which causes a slew motor to drive the
AV REMAINING display in the positive direction (increasing velocity).
Pressing the lower section of the switch drives the display in the negative
direction (decreasing velocity). The switch has two sets of contacts in
both the upper and lower positions. Pressing the switch lightly engages
the first set of contacts, which results in a signal that will drive the
display at a rate of two feet per second. Pressing the switch harder
(past an easily felt hard/soft point) engages the second set of contacts,
which results in the display being driven at a rate of 64 feet per second.
As the display is driven to the desired velocity, the integrator and logic
circuit is set to a logical value equal to the desired change. The trans-
lation command signal energizes a relay which applies the output of the
AGAA accelerometer to the integrator and logic circuit, which compares
the desired velocity increment with the actual velocity change received
from the accelerometer. When the actual velocity change equals the value
set, the AV REMAINING counter sends a signal to a coincidence detector
logic circuit which, in turn, transmits a stop firing command to the thrust
control logic. Although this causes the SPS engine to stop firing, some
thrusting continues as a result of the tail-off inherent to the engine. The
AV REMAINING display continues to count past zero (i.e., 99999, 99998,
99997, etc.) until no further acceleration is felt, Tail-off effects will be
calculated prior to ﬂight‘and compensated for by the crew when the display
is being set up for delta V maneuvers.
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2.3.4.11

2.3.6.1

Electrical Power Distribution.

See figures 2.3-14 and 2. 3-15.
PERFORMANCE AND DESIGN DATA.

Figure 2. 3-16 contains the latest available power consumption data for

the Block I SCS. The translation controls were not included in the SCS

component breakdown because they do not dissipate a significant amount of

power within themselves.

The X-axis accelerometer is a servo-rebalanced pendulous

accelerometer. Some of the accelerometer design characteristics are as

follows.

Operating range

Threshold

Null torque

Signal generator sensitivity
Signal generator null

The body-mounted attitude gyros are single-degree-of-freedom gyros.

0.00lgto2g

1 x 10-4 g (max)

1 x 104 g (max)

50 millivolts/millirad
1 mr {max)

Some of the gyro design characteristics are as follows.

Acceleration sensitive drift
Random drift

Maximum torquing rate
Maximum input attitude
Gyro threshold

Gyro transfer function
Signal generator null
Excitation frequency

4 deg/hr/g

0. 05 deg/hr

25 deg/sec

+20 deg

0.02 deg/hr

1. 15 millivolts/millirad
3. 5 millivolts

40040. 01% cps

The rate gyros are single-axis miniature gyros. Some of the gyro

design characteristics are as follows.

Full-scale range

Input range (to limit stop)
Maximum rate without damage
Excitation frequency
Threshold

30°%/sec
30°/sec
600°/sec
400+0.01% cps
0.02°%/ sec

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

S/C Attitude Change.

It is recommended that vehicle attitude change be held to maximum
rates of less than 20 degrees per second roll and 5 degrees per second in
pitch and yaw to prevent possible loss of attitude reference. Because of
the AGCU digital logic, the stepping motor can be stepped at a maximum
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Figure 2. 3-14.

SCS Power Distribution
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REQUIRED SCS POWER SWITCHES
SYSTEM CAPABILITIES PARTIAL | RATE Bmag | ROTATION | 1y Ve 2
SEs GYRO | power | CONTROL | pouer | power
POWER POWER POWER
BACKUP RATE ° .
CHANNEL ENABLE
DIRECT ROTATION CONTROL
JPROPORTIONAL ROTATION CONTROL ® ° ® @ °
ATTITUDE IMPULSE
GA&N SYNC
TRANSLATION ™
AV SET
$PS ENGINE IGNITION ° @
MANUAL SPS GIMBAL TRIM ° .@
DIRECT ULLAGE
THRUST VECTOR CONTROL ° ° o@ . @
MANUAL THRUST VECTOR CONTROL ™ ] °
ATTITUDE HOLD ® @ ° @
RATE DAMPING ° ° @
FDAI ALIGN ™
RATE |NDi CATORS VALID ° ° NO)
BALL & ROLL BUG DRIVEN' °
ATTITUDE ERROR INDICATORS VALID ° @ ° @
NOTES: 1. If backup rate has been selected in any axis. |f backup rate hos been
selected in all 3 axes, RATE GYRO POWER need not be on.
2. PARTIAL SCS POWER must be on if AV switch is at NORMAL. However,
SPS engine can be tumed on when all power switches are off, by placing
AV switch to DIRECT ON.
3. TVC 2 POWER switch must be on if manual TVC is engaged.
4. SCS AV mode only. However, in G&N AV mode, BMAG POWER must
be on if backup rate has been selacted in any axis. If backup rate has
been seiected in all three axes, RATE GYRO POWER switch is set to OFF.
5. SCS modes only; also G&N modes if backup rate has been selected in any axis.
6. SCS modes only, if backup rate has not been selected.
7. RATE GYRO POWER switch may be set to OFF for extended periods of
attitude hoid.
8. FDAI ALIGN and G&N modes only.
SM-2A-900A

Figure 2. 3-15,.

SCS Power vs System Capability
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SYSTEM STEADY-STATE POWER CONSUMPTION-WATTS (5Q-1)
MODE MONITOR G&N ATTITUDE SCS ATTITUDE GA&N ENTRY
115 VAC 400 CPS 115 VAC 400 CPS 115 VAC 400 CPS 115 VAC 400 CPS
Switeu #a [ #8 [ oc [ Dc | #a [ 98 [oC | DC | #a | #8 | #C [ OC | #a | #8 | #c | oc
PARTIAL SCS PWR (1) 25.2 [ 24.) | 17.6 [ 16.7 [ 26.0 | 24.2 | 18.3 9.0 127.6 | 24.3 {1B.5111.8(25.1 {24.5 {18.0 |19.8
POWER FACTOR 0.94| 0.89{ 0.91 0.95| 0.89| 0.88 0.94| 0.89( 0.88 0.94] 0.89| 0.88
FDAI 3.4 3.4 *3.4 3.4
POWER FACTOR 1.0 1.0 1.0 1.0
RGA POWER 52} 3.4 118 5.2 | 3.4 |N.8 *5.2 | *3.4 |*11.8 5.2 3.4 1.8
POWER FACTOR 0.98] 0.85{ 0.99 0.98| 0.85] 0.99 *0.98| *0.85{ *0.99 0.98] 0.85} 0.99
ROT. CONT POWER 5.6 5.6 *5.6 5.6
POWER FACTOR 0.92 0.92 *0.92 0.92
TVC SW NO. I 16.4 8.7 8.7 | 16.3 [16.4 8.7 8.7 | 16.3 | 16.4 8.7 8.7 | 16.3 | 16.4 8.7 8.7 116.3
POWER FACTOR 0.96] 0.86| 0.86 0.96| 0.88| 0,86 0.96] 0.86{ 0.86 0.96( 0.84| 0.86
TVC SW NO, 2 1.5 4.3 4.2 1.5 4.3 4.2 11.5 4.3 4.2 1.5 4.3 4.2
POWER FACTOR 0.75( 0.57] 0.63 0.75] 0.57| 0.63 0.75| 0.57] 0.63 0.75 0.571 0.63
BMAG POWER 6.1 3.4 7.0 ) 62.3 6.1 3.4 7.0 1 62.3 | *6.1 ] *3.4 | *7.0 PM62.3 | 6.1 3.4 7.0 | 62.3
POWER FACTOR 0.99| 0.78f 0.80 0.99| 0.78{ 0.80 *0.99| *0.78( *0.80 0.99! 0.78( 0.80
CONT PANEL INPUT (1) 11.82 5.13 4,22 28.13
SYSTEM STEADY-STATE POWER CONSUMPTION-WATTS (5Q-1) (CONTINUED}
MODE SCS ENTRY G&N 4v SCS av LOCAL VERTICAL
115 VAC 400 CPS 115 VAC 400 CPS 115 VAC 400 CPS 115 VAC 400 CPS
SWITCH pa]es [ ec | oc|ea] o8 [#c| oc|ea|[es | #c | oc | #a | #8 | oC | oC
PARTIAL SCS PWR (1) 27.5 | 24.5118.3 1229 |25.7 | 24.0 {18.6 | 59.4 | 28.3 | 23.3 | 19.0 | 61.3 | 26.1 | 22.6 | 17.6 [12.4
POWER FACTOR 0.94| 0.8%| 0.88 0.94; 0.88| 0.9 0.93| 0.88] 0.91 0.94] 0.88| 0.9
FDAI 3.4 . 3.4 3.4 3.4
POWER FACTOR 1.0 1.0 1.0 1.0
RGA POWER 5.2 3.4 | 11.8 5.2 3.4 §11.8 5,2 3.4 111.8 5.2 3.4 | 11.8
POWER FACTOR 0.98] 0.85| 0.99 0.98;f 0.85} 0.99 0.98y 0.85{ 0.99 0.98( 0.85] 0.99
ROT.CONT POWER 5.6 5.6 5.6 5.6
POWER FACTOR 0.92 0.92 0.92 0.92
TVC sW NO, | 16.4 8.7 8.7 |16.3 |16.4 ] 8.7 8.7 | 16.3 j*16.4 | *8.7 | *8.7 [*16.3 ] 16.4 a.7 8.7 [16.3
POWER FACTOR 0.961 0.84] 0.86 0.96] 0.86y 0.86 *0,96 *0.86; *0.84 0.96| 0.86] 0.86
TVC SW NO, 2 11.5 4.3 4.2 *11.5 | *4.3 | *4.2 11.5 4.3 4.2 1.5 4.3 4.2
POWER FACTOR 0.75| 0.57] 0.63 *0.75( *0.57| *0.63 0.75¢ 0.57{ 0.63 0.75] 0.57} 0.63
BMAG POWER 6.1 J.4 7.0 |62.3 6.1 3.4 7.0 | 62.3 6.1 3.4 7.0 | 62.3 6.1 3.4 7.0 | 62.3
POWER FACTOR 0.99] 0.78( 0.80 0.99] 0.78{ 0.80 0.99| 0.78] 0.80 0.99| 0.78| 0.80
CONT PANEL INPUT (1) 23.07 13.33 6.95 5.65
NOTES:
1. Power measurements made in each mode. 4. Line losses ond inverter efficiencies not con-
*2. Power consumption assumed same in each mode. sidered.
Asterisk indicates mode in which megsurement 5. All values indicoted are in wotts,
was made . 6. Figure does not include energizing RCS engines
3.  Measurements made with SPS engine off. (Two for maneuvers,
solencids and 2 relays.)
SM-2A-754D

Figure 2.3-16. SCS Steady-State Power Consumption Data
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rate of 100 steps per second in roll and 25 steps per second in pitch and
yaw. This is equivalent to gyro torquing rates of 20 degrees per second in
roll and 5 degrees per second in pitch and yaw. Therefore, if vehicle rates
exceed the gyro torquing rates, the stepping motor will lag behind the
vehicle rates. Under this condition, the BMAG-AGCU loop may not be able
to maintain the SCS attitude reference.

TELEMETRY MEASUREMENTS.

2.3.7

The following is a complete listing of all SCS telemetry data that is
monitored by flight controllers and ground support personnel. The last
column contains the name and type of S/C crew display. The display
utilizes the same pickup or 'signal source as telemetry, unless a separate
measurement number is included in the display column.

An asterisk (*) by the measurement number denotes information
which is not available for recording or telemetry transmission during PCM
low-bit rate operation.

Figure 2. 3-4, sheet 2, identifies telemetry measurements for the SCS
yaw channel. Identical measurements in the following list, relative to the
roll and pitch channels, are taken from the same circuit junctions as for
the yaw channel.

Measurement
Number Description Sensor Range Crew Display
* CH 0024 V Pitch rate FDAI
* CH 0025 Vv Pitch rate manual rotation control Zero/+5 VRMS FDAI
* CHO0034 V Pitch pos feedback in -6/+6 vdc None
* CH 0047 V PTYV diff clutch volts comb TBD None
CH 0050 V Pitch rate error amp out -6.2 to +6 2 vdc FDAI
CH 0067 V Pitch integrator/att error summing TBD None
* CH 0074 V MTVC pitch rate TBD None
CH 0075 V Pitch SCS att error Zero/+10 VRMS FDAI
* CH 0087 X + Pitch/+X solenoid driver out Off/on event None
* CH 0088 X - Pitch/+X solenoid driver out Off/on event None
* CH 0089 X + Pitch/-X solenoid driver out Off/on event None
* CH 0090 X - Pitch/-X solenoid driver out Off/on event None
CH 0100 X G-N DV mode control Event None
CH 0101 X G-N DV att mode control Off/on event None
CH 0102 X G-N entry mode control Off/on event None
CH 0103 X Monitor mode control Off/on event None
* CH 1024 V Yaw rate -30 to +30°/sec FDAI
* CH 1025 V Yaw manual rotation control Zero/+5 VRMS FDAI
* CH 1034 H Yaw pos feedback in -8.5/+8.5 vdc None
* CH 1047 v YTV diff clutch volts comb -85 to +85 MADC None
CH 1050 v Yaw rate error amp out -6.2 to +6. 2 vdc FDAI
CH 1067 v Y integrator/att error summing -2.5 to +2.5 vdc None
* CH 1074 Vv MTVC yaw rate TBD None
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Measurement
Number Description Sensor Range Crew Display
CH 1075 V V yaw SCS att error Zero/+10 VRMS FDAI
* CH 1087 X + Yaw/+X solenoid driver out Off/on event None
* CH 1088 X - Yaw/+X solenoid driver out Off/on event None
* CH 1089 X + Yaw/-X solenoid driver out Oif/on event None
* CH 1090 X - Yaw/-X solenoid driver out Off/on event None
CH 1100 X SCS DV mode control Event None
CH 1101 X SCS att mode control Event None
CH 1102 X SCS entry mode control Event None
CH 1103 X SCS local vertical mode control Event None
CH 1104 X MTVC mode control Event None
* CH 2015 V Combined AG SMRD 0 to 5 vdc None
* CH 2024 Vv Roll rate TBD FDAI
* CH 2025 V Roll man rotation control out Zero/+5 VRMS FDAI
% CH 2026 V Combined RG SMRD -0 to +5 vdc None
* CH2030 T Combined attitude gyro temp 0 to +5 vdc AGAP
TEMP
LIGHT
CH 2050 V Roll rate error amp out -6.2 to +6. 2 vdc FDAI
* CH 2070 V Roll attitude error amp out -25/+25 vdc None
CH 2075 V Roll SCS att error Zero/10 VRMS FDAI
* CH 2087 X + Roll/+Z solenoid driver out Event None
* Ch 2088 X - Roll/-Z solencid driver out Event None
* Ch 2089 X + Roll/-Z solenoid driver out Event None
* CH 2090 X - Roll/-Z selenoid driver out Event None
* CH 2091 X + Roll/+Y solenoid driver out Event None
* CH 2092 X - Roll/+Y,solenoid driver out Event None
* CH 2093 X + Roll/-Y solenoid driver out Event None
* CH 2094 X - Roll/-Y solenoid driver out Event None
CH 3185 X . 05 g Manual switch Event None
* CH 3186 V DYV remaining pot out -3 to +13 KFPS AV
Counter
CH 4100 H Resolver sin out pitch att -12 to +12 VRMS None
CH 4101 H Resolver cos out pitch att -12 to +12 VRMS None
CH 4102 H Resolver sin out yaw att -12 to +12 VRMS None
CH4103 H Resolver cos out yaw att -12 to +12 VRMS None
CH4104 H Resolver sin out roll att -12 to +12 VRMS None
CH 4105 H Resolver cos out roll att -12 to +12 VRMS None
* CH 4320 X SPS solenoid driver out 1 Event None
¥ CH4321 X SPS solenoid driver out 2 Event None
CG o001l v Computer digital data 40 bits Event Delta V
Display
STABILIZATION AND CONTROL SYSTEM
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SECTION 2
SUBSECTION 2. 4

SERVICE PROPULSION SYSTEM (SPS)

FUNCTIONAL DESCRIPTION.

The service propulsion subsystem provides the major impulse for all
major velocity changes (AV's) throughout a mission, plus the S/M abort
after the launch escape tower is jettisoned, To perform this function, the
susbystem incorporates a helium pressurization system, a propellant feed
system, a propellant gauging and utilization system, and a rocket engine.
The oxidizer is nitrogen tetroxide, and the fuel is a blended hydrazine
{approximately 50% unsymmetrical dimethyl hydrazine and 50% anhydrous
hydrazine). The pressurizing gas is helium, The subsystem incorporates
displays and sensing devices to permit ground-based stations and the crew
to monitor its operation.

A functional flow diagram is contained in figure 2.4-1.

The helium pressure is directed to the helium pressurizing valves
which isolate the helium during nonthrusting periods, or allows the helium
to pressurize the fuel and oxidizer tanks during thrusting periods. The
helium pressure is reduced at the pressure regulators to a desired working
pressure. The regulated helium pressure is directed through check valves
that permit helium flow in the downstream direction when the pressurizing
valves are open, and prevent a reverse flow of propellants during non-
thrusting periods. The heat exchangers transfer heat from the propellants
to the helium gas to reduce any pressure excursions that may result from a
temperature differential between the helium gas and propellants in the tanks.
The relief valves maintain the structural integrity of the propellant tank
systems if an excessive pressure rise occurs,

The total propellant supply is contained within four similar tanks:
an oxidizer storage tank, oxidizer sump tank, fuel storage tank, and fuel
sump tanks, The storage and sump tanks for each propellant system are
connected in series by a single transfer line. The regulated helium enters
into the fuel and oxidizer storage tank, pressurizing the storage tank
propellants, and forces the propellant to an outlet in the storage tank which
is directed through a transfer line into the respective sump tank standpipe,
pressurizing the propellants in the sump tank. The propellant in the sump
tank is directed to the exit end into a propellant retention reservoir,
retaining sufficient propellants at the tank outlets to permit engine restart
capability in a zero g condition, The propellants exit from the respective
sump tanks into a single line to the heat exchanger.
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A propellant utilization valve is installed in the oxidizer line, and
is powered only during SPS thrusting periods. The propellant utilization
valve aids in maintaining the center of mass in a relatively confined area in
the Y - Z plane, in addition to simultaneous propellant depletion. The
oxidizer supply and fuel supply are connected from the sump tank to the
engine interface flange.

The propellants flow from the propellant sump tank feed through their
respective plumbing to the main propellant orifices and filters to the
bipropellant valve. The bipropellant valve assembly contains the main
propellant valves that are pneumatically controlled and allows the propellant
valves to distribute the propellants to the engine injector during thrusting
periods, or isolates the propellants from the injector during nonthrusting
periods, '

The engine injector distributes the propellants through orifices in the
face of the injector where the fuel and oxidizer impinge upon each other,
atomize, and ignite due to hypergolic ignition.

The ablative combustion chamber absorbs the heat generated within
the chamber. The nozzle extension is attached to the ablative chamber and
radiates to space.

The engine assembly is mounted to the structure of the service module
and is gimbaled to permit thrust vector alignment through the center of mass,
prior to thrust initiation and thrust vector control during a thrusting period,
A flight combustion stability monitor system is employed to monitor the
engine for instability during thrusting periods.

Propellant quantity is measured by two separate sensing systems:
primary and auxiliary, The sensing systems are powered only during
thrust-on periods due to the capacitance and point sensor measuring
techniques. The linearity would not provide accurate indications during the
zero g SPS nonthrusting periods.

The control of the subsystem is automatic with provisions for manual

override.
2.4,2 MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.
2.4,2,1 Pressurization Subsystem.

The pressurization subsystem consists of two helium tanks, two
helium pressurizing valves, two dual pressure regulator assemblies, two
dual check valve assemblies, two pressure relief valves, and two heat
exchangers. The critical components are redundant to increase reliability.

SERVICE PROPULSION SYSTEM
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SERVICE PROPULSION SYSTEM

Page 2.4-3/2.4-4

Change Date

SQLOOUT Frami

12 Nov 1966

Basic Date

Mission

L-}

iy






SMZ2A-03-5C012
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

2.4.2.1.14 Helium Tanks.

2.4.2.1.2

2.4.2.1.3

‘l

k)
The two helium supply spherical pressure vessels areilocated in the
center section of the service module,. ¢

Helium Pressurizing Valves.

These two continuous duty solenoid-operated valves are normally
closed to the helium supply pressure. The valves are energized open and
spring-loaded closed. When the helium switches on panel 20 are in the
AUTO position, the valves are energized and de-energized by the thrust
ON-OFF signal. The valves may be manually controlled by the crew,
utilizing the ON and OFF position of the helium switches. Each valve is
controlled individually by a separate switch on panel 20,

Each valve contains a position switch which controls a position
indicator above each switch on panel 20, When a valve is closed, the posi-
tion switch is open and the indicator is gray (same color as the panel).
When a valve is open, the position switch is closed and the indicator has
diagonal lines, indicating the valve is open.

In the event of a failure in the automatic mode of operation, the crew
manually enables the pressurizing valve or valves on panel 20. In the event
of a problem with one of the regulating units, the crew manually isolates the
required pressurizing valve. ‘

Pressure Regulator Assemblies,

Pressure regulation is accomplished by two pressure regulating units
in parallel, downstream of each helium pressurizing valve. Each regulator
unit contains a primary and secondary regulator in series, and a pressure
surge damper installed on the inlet to each regulating unit,

The primary regulator is normally the controlling regulator, while the
secondary is normally open during a dynamic flow condition. The second-
ary regulator will not become a controlling regulator until the primary,
due to a problem, allows a higher pressure than normal, and allows the
secondary regulator to function and become the controlling regulator. All
regulator pressures are in reference to a bellows assembly that is vented
to ambient,

One of the regulating units incorporated in one of the parallel paths
is considered the working regulator. The regulating unit in the remaining
parallel path is normally locked up when the system is dynamic. The
regulator that is normally locked up would not function until the normal
regulator allowed the regulated helium pressure to decrease, due to a
problem, and allow the normally locked-up regulator to become the
functioning regulator,
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2.4.2.1.4

2.4.2.1.5

2.4.2.1,6

2.4.2.2

2.4.2.2.1

Check Valve Assemblies.

Each assembly contains four independent check valves connected in a
series-parallel configuration which provides added redundancy. The check
valves will not open until there is a 4-psi pressure differential between the
check valve assembly inlet and outlet lines.

Helium Préssure Relief Valves,

The pressure relief valves consist of a relief valve, a burst diaphragm,
and a filter.

In this event, excessive helium and/or propellant vapor ruptures the
burst diaphragm and the filter (filter is to be a nonfragrmentation type) filters
any fragmentation. The relief valve opens and vents the applicable system
to space, and will closé and reseal after the excessive pressure has returned
to the operating level. The burst diaphragm provides a more positive seal
of helium than a relief valve. The filter prevents any fragments from the
diaphragm from entering the relief valve seat.

A pressure bleed device is incorporated between the burst diaphragm
and relief valve. The bleed valve vents the cavity between the burst dia-
phragm and relief valve in the event of any leakage from the diaphragm.

The bleed device is normally open and will close when the pressure increases
up to a predetermined pressure,

Heat Exchangers.

Each unit is a line-mounted, counterflow heat exchanger consisting
of a portion of the helium pressurization line, coiled helically within an
enlarged section of the propellant supply line. This arrangement causes
the helium gas, flowing through the coiled line, to approach the temperature
of the propellant,

Propellant Subsystem.

This subsystern consists of two fuel tanks (storage and sump), two
oxidizer tanks (storage and sump), propellant feed lines, and bipropellant
valve assembly.

Propellant Tanks.

The total propellant supply is contained within four hemispherical-
domed cylindrical tanks within the service module. The storage tanks are
pressurized from the helium supply, and an outlet transfers the propellant
and/or helium gas from the storage tanks through their respective transfer
lines to the sump tanks, A standpipe, in the sump tanks, allows the pro-
pellant and/or helium gas from the storage tanks to pressurize the sump
tanks, Thus, the propellants in the sump tanks are directed in the retention
reservoirs, to the outlet, and then to the engine.

Mission
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2.4,2.2.2

2,.4.2.3

2.4.2.3.1

2.4.2,3.2

2.4.2.3.3

The retention reservoirs are installed in the exit end of the sump
tanks only. The umbrella propellant retention screens retain a quantity
of propellant in the exit end of the sump tanks, in addition to retaining
propellant within the retention reservoir can and in the plumbing from the
sump tank outlet to the bipropellant valve of the SPS engine during zero g
conditions. An ullage maneuver must be performed prior to a thrust-on
signal to the SPS engine by the S/M RCS. The ullage maneuver is per-
formed to ensure that no gases are retained below or aft of the retention
screens, in addition to settling the propellants and ensuring that the
retention screens are not damaged.

Tank Propellant Feed Lines.
The propellant feed lines have flexible bellows assemblies installed
to permit alignment of the tank feed plumbing to the engine interface

plumbing.

Bipropellant Valve Assembly.

The bipropellant valve assembly consists of two gaseous nitrogen
(GN2) pressure vessels, two injector prevalves, two GNj, regulators, two
GN32 relief valves, four solenoid control valves, four actuators, and
eight propellant ball valves.

Gaseous Nitrogen (GNj) Pressure Vessels,

Two GN2 tanks are mounted on the bipropellant valve assernbly that
supply pressure to the injector prevalves. One GNj tank is in the primary
pneumatic control system A and the remaining GN2 tank is in the secondary
pneumatic control system B.

Injector Prevalves.

The injector prevalves are two-position solenoid-operated valves,
one for each pneumatic control system and identified as A and B. The
valve is energized open and spring-loaded closed. The injector prevalve
is opened upon command from the crew, panel 3, prior to an engine
thrusting period. The injector prevalves energized open allows GN;
supply tank pressure to flow to an orifice and on into the regulator. .

GN2 Pressure Regulators.
A single-stage regulator is installed in each pneumatic control

system between the injector prevalves and the solenoid control valves, The
regulator reduces the supply GNp pressure to a desired working pressure.
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2.4.2.3.4

2.4.2.3.5

2.4.2.3.6

2.4.2.3.7

GN32 Relief Valves,

A pressure relief valve is installed in each pneumatic control system,
downstream of the GN pressure regulators, to limit the pressure applied
to the solenoid control valves in the event a GN2 pressure regulator mal-
functioned open, The orifice, between the injector prevalve and regulator,
is installed to restrict the flow and allow the relief valve to relieve the
pressure in event the regulator fails to open, preventing any damage to the
solenoid control valves and/or actuators.

GN72 Solenoid Control Valves.

Four solenoid-operated, three-way, two-position control valves are
utilized for actuator control. Two solenoid control valves are located
downstream of the GN, regulators in each pneumatic control system. The
two solenoid control valves in the primary system are identified in 1 and 2,
and the two in the secondary system are identified as 3 and 4. The two
solenoid control valves in the primary system control the actuator and ball
valves 1 and 2. The two solenoid control valves in the secondary system
control the actuator and ball valves 3 and 4. The SPS thrust ON-OFF com-
mand controls the energizing or de-energizing of all four solenoid control
valves,

GNj Ball Valve Actuators.,

Four piston-type, pneumatically operated actuators are utilized to
control the eight propellant ball valves, Each actuator piston is mechan-
ically connected to a pair of propellant ball valves; one fuel and one
oxidizer. When the solenoid control valves are opened, pneumatic pres-
sure is applied to the opening side of the actuators., The spring pressure,
on the closing side, is overcome and the actuator piston moves, Utilizing
a rack and pinion gear, linear motion of the actuator connecting arm is
converted into rotary motion, which opens the propellant ball valves.
When the engine firing signal is removed from the solenoid control valves,
the solenoid control valves close removing pneumatic pressure source
from the opening side of the actuators. The actuator closing side spring
pressure now forces the actuator piston to move in the opposite direction,
causing the propellant ball valves to close., The piston movement forces
the remaining GN3, on the opening side of the actuator, back through the
solenoid control valves where they are vented overboard.

Bipropellant Valves,

The eight propellant ball valves are used to distribute fuel and
oxidizer to the engine injector assembly. Four linked pairs, each pair
consisting of one fuel and one oxidizer ball valve controlled by a single
actuator, are arranged in a series-parallel configuration, The parallel
arrangement provides redundancy to ensure engine ignition, and the
series arrangement to ensure thrust termination. When the actuators
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2.4.2.3.8

2.4.2.4

2.4.2.5

2.4.2.6

2.4.2.7

are opened, each propellant ball valve is rotated, thereby aligning the ball
to a position that allows propellants to flow to the engine injector assembly.
The mechanical arrangement is such that the oxidizer ball valves maintain
an 8-degree lead over the fuel ball valves upon opening, which results in
smoother engine étarting transients, Each pair of propellant valves

incorporates a potentiometer drive gear and housing. Each housing contains

two potentiometers that are mechanically driven: one provides an electrical
signal converted into a visual indication of valve position of panel 20, and
the remaining provides a signal to telemetry. '

Engine Propellant Lines.

Integral propellant lines are utilized, on the engine, to route each
propellant from the interface points in the gimbal plane area to the pro-
pellant engine gimbaling, orifices for adjustment of oxidizer/fuel ratio,

and screens for keeping particle contaminants from entering the engine.

Engine Injector,

‘The injector is bolted to the ablative thrust chamber attach pad.
Propellant distribution to the injector orifices, on the combustion face of
the injector, is accomplished through concentric annuli machined in the
face of the injector assembly and covered by concentric closeout rings.
Propellant distribution to the annuli is accomplished through alternate
radial manifolds welded to the backside of the injector body. The injec-
tor is regeneratively cooled and baffled to provide combustion stability.
The fuel and oxidizer orifices impinge upon each other, atomize, and
ignite due to hypergolic reaction,

Ablativé Combustion Chamber,

The ablative combustion chamber material extends from the injector
attach pad to the nozzle extension attach pad., The ablative material
consists of a liner, a layer of insulation, integral metal attach flanges for
mounting the injector and nozzle extension, and structural outer reinforce-
ment. The only restriction on a restart is dependent upon the SPS WALL
TEMP HI caution and warning light, on panel 11, monitoring the outside
wall temperature at the throat.

Nozzle Extension.

The bell-contoured, nozzle extension is bolted to the ablative thrust
chamber exit area. The nozzle extension is radiant-cooled and contains an
external stiffener to provide additional strength,.

Flight Combustion Stability Monitor (FCSM).

The FCSM ia an accelerometer package, mounted to the SPS engine
injector, to monitor the engine for vibration buildup characteristic of
combustion instability.
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The three accelerometers provide signals into an FCSM box assembly
which amplifies it and, when the vibration g-level exceeds 180 g's peak to
peak for 70420 milliseconds, a level detector triggers a power switch gating
power to the summing logic., The stability monitor will monitor only in a
frequency range where instability would occur (approximately 600 to 5000
cycles per second).

The summing logic, if there are two or more rough combustion
signals received from the normally closed contacts, will open removing
power from the G&N and SCS driver logic; and will close the normally open
contacts providing a ground to the SPS ROUGH ECO caution and warning
light, on panel 10, informing the crew the SPS engine was shut down due to
combustion instability.

The FCSM trigger circuits will provide power to the voting logic
relays continuously once unstable combustion is sensed; and power remains
applied to the voting logic relays even though the engine is shut down,
unstable combustion is no longer sensed, and the SPS ROUGH ECO remains
illuminated.

When the engine is shut down to unstable combustion and to remove
power from the voting logic relays, the crew would place any one of the
following switches to the position indicated to reset the FCSM voting logic:

a. AUTO-OVERRIDE switches to OVERRIDE,

b. AV switch to OFF,

c. ATTITUDE-MONITOR-ENTRY switch to either MONITOR or
ENTRY.

d. FCSM SCS and G&N switches to RESET/OVERRIDE.

When the FCSM is reset, the SPS ROUGH ECO light on panel 10 will
not be illuminated.

The RESET/OVERRIDE switches, on panel 2, provide a bypass
capability of the FCSM system. With the FCSM RESET/OVERRIDE
switches, on panel 2, in the RESET/OVERRIDE position, power is not
provided to the FCSM box and summing logic assemblies rendering the
FCSM inoperative as well as the SPS ROUGH ECO caution and warning
light on panel 10. If unstable combustion occurs, the engine continues to
thrust,

The FCSM box assembly and summing logic assembly receives power
from the SCS through the following switches:
a. Mode select switch to G&N or SCS mode, panel 8.
b, ATTITUDE-MONITOR-ENTRY switch to ATTITUDE, panel 8.
c. AV switch to AV position, panel 8.
d. FCSM G&N, RESET/OVERRIDE switch to G&N position, panel 2.
e. FCSM SCS, RESET/OVERRIDE switch to SCS position, panel 2,

SERVICE PROPULSION SYSTEM
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2.4.2.8 SPS Electrical Heaters,

Twenty-six electrical strip heaters are employed on the propellant
line brackets, fuel and oxidizer heat exchangers, propellant utilization
valve, bipropellant valve assembly, and the injector tubes. These elec-
tircal strip heaters are employed to control the temperature of the entire
aft bulkhead and engine areas, thus the propellants.,

The strip heaters are controlled as a normal manual function of the
crew, on panel 19 (figure 2,4-2), utilizing the SPS HEATER switch, The
crew will place the switch to position A or B when the propellant temper-
ature indicator, on panel 20, reads - 40°F (lower red line indication) which
is equivalent to a propellant temperature of +40°F, The propellant temper-
ature readout is derived from the engine fuel-feed line measurement
(figure 2,4-1)., The crew will place the SPS HEATER switch to OFF when
the propellant temperature indicator, on panel 20, reads +80°F {(upper red
line indication) which is equivalent to a propellant temperature of +120°F,

Propellant Temperature Comparison

Propellant Temperature Indicator Reading °F

-60 [—401-20 IO l+20]+40 I+60 I+80 L+100 —[+120 I+140[+l60 +180 |+ZOO

Equivalent Temperature °F

+0 |+13. 33J+26. 67 |+4o I+53. 34 | +66. 67‘ +80 I +93, 34 [ +106, 67 {+1zo l +133, 34 | +146, 67 L+160 |+173. 34J+186. 67 [+zoo

-100] -80

When the SPS HEATER switch is placed to position A, all 26 heating
elements (A) will receive 28 vdc. Whenthe SPSHEATER switchis placed to
position B, all 26 heating elements (B) will receive 28 vdc. The OFF posi-
tion of the SPS HEATER switch removes all electrical power from the SPS
heating elements.

2.4.2.9 Thrust Mount Assemblies,

The thrust mount assembly consists of a gimbal ring, engine-to-
vehicle mounting pads, and gimbal ring-to-combustion chamber assembly
supports. The thrust structure is capable of providing £8, 5 degrees
inclination about the Z-axis and £7.5 degrees about the Y-axis.

2.4.2.9.1 Gimbal Actuator.

Thrust vector control of the service propulsion engine is achieved by
dual- , servo- , electro-mechanical actuators., The gimbal actuators are
capable of providing control around the Z-Z axis (yaw) of 7 (+1/2, -0)
degrees in either direction from a +4-degree null offset, and around the
Y-Y axis (pitch) of 6(+1/2, -0) degrees in either direction from a zero-
degree null offset. The reason for the 4-degree offset to the +Y axis is
due to the offset center of mass in the spacecraft,

Each actuator assembly (figure 2,4-3) consists of four electromagnetic
particle clutches, two d-c motors, a bull gear, jackscrew and ram, ball
nut, four linear position transducers, and two velocity generators, The
actuator assembly is a sealed unit and enclose those portions protruding
from the main housing.
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Figure 2,4-3. SPS Electro-Mechanical Gimbal Actuator

One motor and a pair of clutches (extend and retract) are identified
as system No, 1, and the remaining motor and pair of clutches (extend and

retract) are identified as system No. 2 within the specific actuator,

An over and undercurrent relay is employed for each primary gimbal
motor (figure 2,4-4), and is controlled individually by a switch on panel 3.

When the primary GIMBAL MOTORS switches are placed to the START

position, power is applied to the motor-driven switch within the over and
undercurrent relay of the primaries, The motor switch then supplies power
from the main bus A to the gimbal motor. When the switch is released, it
spring-loads to the ON position which activates the over and undercurrent

sensing circuitry of the primary relay which monitors the current to the

gimbal motor.

The over and under current relay of the primaries are utilized to
monitor the current to the gimbal motor due to the variable current flow
to the gimbal motor that is dependent upon the gimbal angle change required,

SERVICE PROPULSION SYSTEM
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Using No. 1 yaw system as an example, and identifying the upper
motor and clutches in figure 2.4-3 as system No. 1, the operation of the
current monitoring system is as follows:

a. If the relay senses an over or undercurrent to gimbal motor No, 1,
the monitor circuitry within the relay will drive the motor-driven switch,
removing power from gimbal motor No. 1.

b. Simultaneously, a fail sense signal is sent from the relay, the SCS,
which opens relay K13 removing inputs from the No. 1 clutches and closes
relay K14 applying inputs to the No. 2 clutches within the same actuator;
and the top contact of K12 opens and the bottom contact of K12 closes for
TVC monitor.

¢. Simultaneously a signal is sent to illuminate a caution and warning
light on panel 11, to indicate the primary gimbal motor has failed.

The primary switches on panel 3 are then placed in the OFF position.
Normally the OFF position is used to shut down the gimbal motors upon
the completion of a thrusting period.

The No, 2 systems employ a 70-amp circuit breaker that is located
in the service module near the SPS power distribution box.

Using No. 2 yaw system as an example (figure 2.4-4), the operation
of the current monitoring system is as follows:

a, When the secondary GIMBAL MOTORS switches are placed to the
START position, power is applied to the motor-driyen switch within the
over and undercurrent relay of the secondaries. The motor switch then
supplies power from the main bus B through the 70-amp circuit breaker,
and through the motor-driven switch to the secondary gimbal motor.

b. When the secondary switch is released, it spring-loads to the ON
position which'performs no functions on the secondaries.

¢, The 70-amp circuit breaker will monitor the current to the secondary
gimbal motor; and if a current of 70 amps is sensed, the circuit breaker in
the service module will remove power from the secondary gimbal motor.

d. There is no fail sense signal sent to the stabilization and control
system,and no illumination of the caution and warning light on panel 11 from
the secondary system.

e. If the No, 2 system has failed due to an overcurrent, the circuit
breaker removes power from gimbal motor No. 2 only, and that specific
actuator is inoperative if the No. 1 system has previously failed,

The secondary switches on panel 3 are then placed to OFF position.
Normally, the OFF position is used to shut down the gimbal motors upon the
completion of a thrusting period.

The clutches are of a magnetic particle type. The gimbal motor drive
gear meshes with the gear on the clutch housing., The gears on each
clutch housing mesh and as a result, the clutch housings counterrotate,
The current input is applied to the electro-magnet mounted to the rotating
clutch housing from the stabilization control system or in the guidance and
navigation system through the stabilization control system. A quiescent
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current is applied to the electro-magnet of the extend and retract clutches
when the thrust vector POWER switches, on panel 24, are on, which
prevents the engine from moving during the boost phase of the mission with
the gimbal motors OFF. A 246 foot-pound force would be required on the
engine to overcome the quiescent current (equivalent to 1,53 g) in the
clutches. The gimbal motors will be turned on, prior to jettisoning the
launch escape tower, to support the SPS abort criteria after the launch
escape tower has been jettisoned, and will be turned OFF as soon as possible
to reduce the heat problem that occurs due to the gimbal motors driving the
clutch housings. With quiescent current applied, it creates a friction force
in the clutch housing that creates heat, which if allowed to rise to a high
temperature the electro-magnet would loose its. magnetism capability; thus
rendering that set of clutches inoperative. This problem occurs only during
boost, not during the normal SPS burns. ‘

Prior to any thrusting periods the thumbwheels on panel 6 can be used
to position the engine. The thrust-on signal may be provided by the G&N
through the SCS, or by SCS only. In either mode the current input required
(to maintain the engine thrust vector through the center of mass) to the
clutches will increase above the quiescent current which increases the
current in the electro-magnets that are rotating with the clutch housings.
The dry powder magnetic particles have the ability to become magnetized
very readily as well as becoming demagnetized as readily. The magnetic
particles increase the friction force between the rotating housing and the
flywheel, causing the flywheel to rotate, The flywheel arrangement is
attached to the clutch output shaft allowing the clutch shaft to drive the bull
gear. The bull gear drives a ball nut which drives the actuator jack-shaft
to an extend or retract position, depending upon which clutch housing
electro-magnet the current input is supplied to. The larger the excitation
current, the higher the clutch shaft rotation rate.

Meshed with the ball nut pinion gear are two rate transducers of the
tachometer type. When the ball nut is rotated, the rate transducer supplies
a feedback into the summing network of the thrust vector control logic to
control the driving rates of the jackscrew (acting as a dynamic brake to
prevent over or undercorrecting), one transducer for each system.

The jackscrew contains four position transducers, all arranged for
linear motion and all connected to a single yoke. One of the position trans-
ducers is used to provide a feedback to the summing network of transducer
feedback. The two feedbacks to the summing network reduce the output
current to the clutch, resulting in a proportional rate change to the desired
gimbal angle position and returns to a quiescent current,

One position transducer provides a signal to the visual display on
panel 6. One of the position transducers provides a feedback to the redundant
summing network of the thrust vector logic for the redundant clutches. The
remaining position transducer is not presently utilized.
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2.4.2.10

2.4,2,10.1

The spacecraft desired motion, thumbwheel positioning, engine nozzle
position, thrust vector position, gimbal position display indicator and actu-
ator ram movement is identified in figure 2, 4-5,

A snubbing device provides a hard stop for an additional 1-degree
travel beyond the normal gimbal limits.

Manual thrust vector control may be obtained by the crew placing the
translation control clockwise, This will open contacts K10 and K13 and '
close contacts K11 and K14, allowing the rotation control to provide the
crew with manual thrust vector control,

Propellant Utilization and Gauging Subsystem (PUGS).

" The subsystem consists of eight propellant quantity sensors, a pro-
pellant utilization valve, a control unit, and a display unit (figures 2,4-6
and 2.4-7).

Quantity Sensing, Computing, and Indicating System,

Propellant quantity is measured by two separate sensing systems:
primary and auxiliary. The primary quantity sensors are cylindrical
capacitance probes, mounted axially in each tank. In the oxidizer tanks,
the probes consist of a pair of concentric electrodes with oxidizer used as
the dielectric. In the fuel tanks, a pyrex glass probe, coated with silver
on the inside, is used as one conductor of the capacitor. Fuel on the out-
side of the probe is the other conductor., The pyrex glass itself forms the
dielectric, The auxiliary system utilizes point sensors mounted at intervals
along the primary probes to provide a step function impedance change
when the liquid level passes their location centerline,.

Primary propellant measurement is accomplished by the probes
capacitance being a linear function of propellant height.

Auxiliary propellant measurement is accomplished by locating the
propellant level with point sensors. Each point sensor consists of con-
centric metal rings, seven in the storage tanks and eight in the sump tanks.
The rings present a variable impedance, depending on whether they are
covered or uncovered by the propellants. When the propellants are between
point sensors, the propellants remaining are integrated by a rate flow
generator which integrates the servos at a rate proportional to the normal
flow rate of the fuel and oxidizer. A mode selector senses when the pro-
pellant crosses a sensor and changes the auxiliary servos from the flow
rate generator mode to the position mode, the system moves to the location
specified by the digital-to-analog converter for 3/4 second to correct for
any difference. The system then returns to the flow rate generator mode
until the next point sensor is reached. Figures 2.4-8 and 2.4-9 illustrate
point sensor locations that are covered by propellants., The nonsequential
pattern detector functions to detect false or faulty sensor signals. If a
sensor has failed, the information from that sensor is blocked from the
system, preventing disruption of system computation.
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When a THRUST-ON signal is provided with the SENSOR select switch
in the PRIMARY or NORMAL position, the crew display digital readouts,
and unbalance display will not change for 4,5%1,0 seconds to allow for
propellant settling, However, TLM will receive the same signal as upon
completion of the last firing after approximately one second of SPS THRUST-~
ON.

When the THRUST-ON signal is provided with the SENSOR select
switch in AUXILIARY position, the crew display digital readouts and TLM
will receive a change in information immediately which is generated from
a flow rate integrator that simulates the nominal flow rate and transmits
this as quantity information to the crew displays and TLM. The crew
digital readouts, unbalance display, and TLM will not be updated to the
propellant from a point sensor for 4,5%1.0 seconds after THRUST-ON.
When the THRUST-ON signal is provided plus 4.5+1,0 seconds, if a point
sensor is uncovered the crew digital readouts, unbalance display, and TLM
will be updated to the propellant remaining at that point sensor. The time
delay of 4,5+1.0 seconds is to the point sensor system and not to the
auxiliary fuel and oxidizer servos, and is to allow for propellant settling.

Any deviation from the nominal oxidizer to fuel ratio (2:1 by mass) is
displayed in pounds by the UNBALANCE indicator. The upper half of the
indicator is marked INC, and the lower half is marked DEC to identify the
required change in oxidizer flow rate to correct any unbalance condition.

When the SENSOR select switch is in the NORMAL position, the
outputs of both sensor systems are continually compared in the comparator
network, If a discrepancy occurs between total primary and total auxiliary
fuel of 300 pounds, or a discrepancy between total primary oxidizer and
auxiliary oxidizer of 300 pounds, the caution and warning indicator on
panel 11 is illuminated. The output of the oxidizer sump tank servo
amplifier and the primary potentiometer of the unbalance indicator are
compared in the comparator network, and if 300 pounds or 90 percent of
the critical unbalance indicated versus time remaining is reached
{figure 2.4-10), the caution and warning light on panel 11 is illuminated.

With the SENSOR select switch in the PRIMARY position, the output
of the oxidizer sump tank servo amplifier and the output of the primary
potentiometer in the unbalance meter are compared in the comparator
network and if 300 pounds or 90 percent of the critical unbalance indicated
versus time remaining is reached, the caution and warning light on panel 11
is illuminated.

With the SENSOR select switch in the AUXILIARY position, the output
of the auxiliary oxidizer servo amplifier and the output of the axuiliary
potentiometer are compared in the comparator network, and if 300 pounds
or 90 percent of the critical unbalance indicated versus time remaining is
reached (figure 2, 4-10), the caution and warning light on panel 11 is
illuminated.
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2.4.2.10,2

Propellant Unbalance Warning System Output Chart

Once the warning light is illuminated, the crew can determine whether
there is a malfunction within the quantity and indicating systems or if there
is a true unbalance condition existing by use of the self-test portion of the
system., By observing the response of each system in conjunction with the
TEST switch on panel 20, the crew can recognize the malfunction or
determine if there is a true unbalance existing.

Quantity Computing and Indicating System Test.

A test of the sensing systems excluding the point sensors and probes
can be implemented during THRUST-ON or -OFF periods.

With the SENSOR select switch in PRIMARY and the TEST switch in
the TEST UP position, the test stimuli is applied to the primary system
tank servo amplifiers after a 4.5+1.0 second delay. At this time, the test
stimuli will drive the fuel and oxidizer displays to an increase reading at
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different rates (oxidizer at a rate of approximately 3 digits per second and
fuel at a rate of approximately 1.5 digits per second), resulting in an
unbalance and indicated on the unbalance display as an INC (clockwise
rotation), TLM would receive an increase in propellant quantity from the
primary system simultaneously.

Placing the TEST switch in the TEST DOWN position, and after a
4,5+1.0-second delay, will provide test stimuli to the tank servo amplifiers
which will drive the fuel and oxidizer displays to a decrease reading,
returning the crew displays close to the reading displayed prior to
TEST UP, simultaneously TLM would receive a decrease in propellant
quantity. If the TEST switch was again placed to TEST DOWN, after a
4,5+1.0-second delay, the fuel and oxidizer crew display readouts would
drive to a decrease reading at different rates resulting in an unbalance
and indicated on the unbalance display as a DEC (counterclockwise rotation),
TLM would receive a decrease in propellant quantity simultaneocusly. To
return to the reading displayed prior to the second TEST DOWN, place the
TEST switch to TEST UP and after a 4, 5%+1,0-second delay, the crew dis-
plays would return close to the original displayed readings, simultaneously
TLM receives an increase in propellant quantity.

To test the auxiliary system, place the SENSOR select switch to
AUXILIARY and utilize the TEST switch up and down positions. There is no
time delay involved with the auxiliary system.

The AUTO position removes the electrical test stimuli inputs.
Propelldnt Utilization Valve.

1f an unbalance condition exists, the crew will use the propellant
utilization valve to return the propellants to a balanced condition, The
propellant utilization valve housing contains two sliding gate valves within
the housing., One of the sliding gate valves is the primary and the remain-
ing is the secondary (figure 2,4-7).

Stops are provided within the valve housing for the full increase or
decrease positions of the primary and secondary sliding gate valves.

The secondary propellant utilization valve has twice the travel of the
primary propellant utilization valve to compensate for primary propellant
utilization valve failure in any position, The secondary valve is selected
by the VALVE switch and is controlled by the OXIDIZER FLOW switch in
the same manner as the primary,

The propellant utilization valve controls are on panel 20, The VALVE
switch selects the primary or secondary propellant utiliaation valve.
Normal position of the VALVE switch is PRIMARY. The OXIDIZER FLOW
switch is utilized to position the primary or secondary propellant utilization
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sliding gate valve. When the OXIDIZER FLOW switch is in NORMAL, the
sliding gate valveis in the nominal flow position and the upper and lower
OXID flow position indicator is gray. When the OXIDIZER FLOW switch is
placed to the INCREASE position, the sliding gate valve is in the increase
flow position and the upper OXID flow position indicator is striped. When
the OXIDIZER FLOW switch is placed to DECREASE position, the sliding
gate valve is in the decrease flow position, but does not block the oxidizer
flow completely and the lower OXID flow indicator is striped.

Engine THRUST ON-OFF Control.

Figure 2.4-1 illustrates the THRUST ON-OFF logic in the guidance
and navigation delta V mode, the stabilization control system delta V mode
and the manual direct mode.

The guidance and navigation is the primary delta V mode which pro-
vides the most accurate trajectory corrections. The G&N AV mode of
operation will require G&N gate 2 to be completely enabled. Its required
inputs will be an ullage maneuver input which could be supplied by the SPS
abort logic or the direct ullage pushbutton or by translation control 1 or 2
placed to the +X, which would satisfy the OR gate 3 function and the holding
input after the G&N AND gate 2 is enabled which is processed through NAND
gates 1 and 2, with the G&N AV mode selected from the SCS control panel
and the pulse train converter output of logic one commanded from the G&N
computer by the crew. These inputs will enable AND gate 2 and provide the
logic one input to inverter 3 which disables AND gate 6. Inverter 4 will
provide a logic one signal to the solenoid drivers that provide the ground
for the two sets of SPS relays. The two sets of SPS relays provide power
to the following:

a. The four solenoid control valves, which allow gaseous nitrogen
pressure to be directed to four actuators that position eight of the ball
valves in the injector valve assembly of the engine. This is due to INJEC-
TOR PRE VALVE A and B being enabled.

b. The quantity sensing and indicating system and the propellant
utilization valve,

c. The systems A and B helium pressurizing valves.

d. When the output of the pulse converter is a logic zero, G&N AND
gate 2 is disabled, which terminates a G&N AV maneuver and removes
ground from the two sets of SPS relays. (Manual backup of the THRUST
CONTROL switch to OFF.)

The backup delta V mode, is the stabilization control system delta V
mode which has limitations and restrictions that require individual con-
sideration. The SCS AV mode of operation will require enabling SCS AND
gate 1 to initiate thrusting of the engine. SCS AND gate 1 has three enabling
inputs: the input from OR gate 1 indicating a AV mode is selected; the
output from the DECA indicating a value greater than zero on the AV
REMAINING display; and the input from the THRUST ON pushbutton light
indicator after it is processed through NAND gates 3 and 4. The one logic
output from SCS AND gate 1 is inverted by INVERTER 2 to a zero logic
which disables AND gate 6 and is inverted by INVERTER 4 to a logic one,
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and enables the solenoid drivers that provide ground to the two sets of
SPS relays. The two sets of SPS relays provide power to the same functions
as in the G&N AV mode.

a. When the output of the DECA AV REMAINING counter reaches zero
velocity, SCS AND gate 1l is disabled. The logic output from AND gate 1
goes to zero and INVERTER 2 goes to a one logic output which enables AND
gate 6 to a one logic output and the signal is inverted by INVERTER 4 to a
zero logic output, and the solenoid drivers remove ground from the two sets
of SPS relays terminating thrust. (Manual backup of the THRUST CONTROL
switch to OFF.)

The DIRECT operating mode bypasses all electronics. The DIRECT
ON position of the THRUST CONTROL switch provides power to the two
sets of SPS relays, the same as in the G&N AV mode of SCS AV mode.

Thrust would be terminated by placing the THRUST CONTROL switch
in the OFF position.

The SPS thrust control logic provides illumination of the talk-back
light in the THRUST ON switch. To illuminate the light in a G&N AV mode,
AND gate 4 must be enabled. It has two inputs which are G&N AV mode
selected and the presence of a logic one output from the pulse train con-
verter. With AND gate 4 enabled, OR gate 2 will trigger the lamp driver
and illuminate the THRUST ON light. To illuminate the light in the SCS AV
mode, AND gate 3 must be enabled, it will also satisfy OR gate 2 and
trigger the lamp driver. The SPS thrust control logic is interlocked so that
AND gates 3 and 4 will never be enabled simultaneously because of the
THRUST ON switch inhibited to the pulse train converter. Therefore, the
THRUST ON light will be illuminated at all times when the thrust is on for
normal ‘operation. If the direct function is used to initiate thrusting, it will
bypass all electronics and not illuminate the THRUST ON light.

The output from the SPS thrust control logic performs a function
other than energize the fuel and oxidizer solenoid valves. It provides the
logic switches required to reconfigure the SCS relays for proper thrust
vector control. The thrust control switch provides both inputs to OR gate 4
if both dc buses are operational. Either dc bus will enable OR gate 5 to
provide the upper input to INHIBIT AND gate 1. AND gate 5 provides the
controlling input to the INHIBIT AND gate 1. When the solenoid drivers are
not energized and the thrust control switch is in NORMAL, both inputs to
AND gate 5 are true. The true input will maintain a logic false output from
the INHIBIT AND gate 1 because of the inversion on the input of the gate.
When either SPS relay set is activated by a solenoid driver or by the ground
contacts of the DIRECT ON switch, AND gate 5 will be disabled by the
ground or false input. The input will be inverted by the INHIBIT AND gate 1
input to enable an output to the time delay. The time delay is required to ;
permit thrust buildup from the SPS engine before the ullage maneuver is ‘
terminated; however, the pitch and yaw attitude error inputs are inserted
into the TVC electronics immediately. This action assures positive g forces

Mission

SERVICE PROPULSION SYSTEM

Basic Date_12 Nov 1966 Change Date Page _2.4:29




SMZ2A-03-SC012
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

throughout thrust initiation of the SPS engine and gimbaling control of the
SPS engine for the entire thrust buildup. The time delay is also active
after INHIBIT AND gate 1 is disabled by enabling AND gate 5. AND gate 5
is enabled when both sets of SPS relays are de-energized. The time delay
is active for both outputs when the signal is removed to permit continued
SPS engine gimbal control, while the residual thrust is present and inhibits
RCS operation in pitch and yaw until residual thrust is reduced. This
reduces the tumbling induced at thrust termination. The time delay is
approximately one second for application and removal of the engine ignition
signal.

2.4.3 PERFORMANCE AND DESIGN DATA,
2.4.3.1 Design Data.
The following list contains specific data for the components in the

SPS:

HELIUM TANKS (2) 400050 psia fill pz;es sure, 4400 maximum

: operating pressure 70°t10°F, capacity
19. 4 cubic feet, inside diameter 40 in. and
a wall thickness of 0. 46 in,

REGULATOR UNITS (2) Working regulator - Primary 18644 psig, B
secondary 191+4 psig, primary lockup 200
psig, secondary lockup 205 psig. Normally
locked by working regulator; primary
1814 psig, secondary 1%91+4 psig, primary
lockup 195 psig, secondary lockup 205 psig,

PRESSURE TRANS- Fuel and oxidizer underpressure setting

DUCERS (2) {SPS PRESS light, panel 11) 160 psia.

ULLAGE PRESSURE Fuel and oxidizer overpressure setting

(REGULATED HELIUM) (SPS PRESS light, panel 11) 200 psia.

PROPELLANT UTILIZATION Increase position - 46. 65 lbs/second

VALVE CONTROL (2) Normal position - 45,27 lbs/second at
70°F and 1684 psig
Decrease position - 43. 87 lbs/second
Response time - Normal to increase or
vice-versa, or normal to decrease or
vice-versa is 3 to 4 seconds

QUANTITY SENSING +0. 35% of full tank plus £0. 35% of propellant

SYSTEM ACCURACY remaining primary system 0. 35% of full
tank plus #0. 35% of propellant remaining
plus 2. 3% of storage tank quantity remaining,
auxiliary system. -
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HELIUM RELIEF VALVE (2) Diaphragm ruptures at 22047 psig
Filter - 10 microns normal, 25 microns
absolute
Relief valve relieves at 232+8 psig

Relief valve reseats at 212 psig minimum

Flow capacity 3 lbs/second minimum at 60 F
and 250 psig

Bleed device closes at ambient to 100 psi
and is manually reset open

OXIDIZER STORAGE AND Total tank capacity 30, 600 lbs, usable
SUMP TANK 27,333 lbs. Each tank has a volume of 175
cubic ft.

Fill pressure 110 psia. Ullage after filling
2.4 cubic {t in storage and 8.0 cubic {t in
sump tank. Ullage after pressurized to 175
psia, 6.8 cubic ft in storage and 5.0 cubic
ft in sump tank. Inside diameter 51 in.,
length 165.4 in., and will elongate to 0.125
in. when pressurized to 240 psi and 120°F
for 336 hours. Wall thickness 0.060 in. in
continuous areas, 0.069 in. weld buildup
areas and 0,031 in. on domes. Fill tolerance
of 1/4 of 1% of full tank plus 1/4% of pro-
pellant remaining.

FUEL STORAGE AND Total tank capacity 15, 300 lbs, usable
SUMP TANK 13,677 lbs. Each tank has a volume of
139. 7 cubic ft. -

Fill pressure 90 psia. Ullage after filling
1.8 cubic ft in storage and 5.8 cubic ft in
sump tank., Ullage after pressurized to
175 psia, 6 cubic ft in storage and 3.0 cubic
ft in sump tank. Inside diameter 45 in. ,
length 166.8 in., and will elongate to 0,125
in. when pressurized to 240 psi and 120°F
for 336 hours. Wall thickness 0.053 in. in
continuous areas, 0.061 in. in weld buildup
areas, and 0.031 in. on domes. Fill
tolerance of 1/4 of 1% full tank plus 1/4%
of propellant remaining.
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NOMINAL PROPELLANT 175%4 psia

TANK WORKING PRESSURE

INTERFACE FLANGE 500 microns absolute

FILTER

GASEOUS NITROGEN Storage vessel pressure 2500%50 psi at 68°F,
PROPELLANT VALVE 2900 psi at 130°F. Support 36 valve
CONTROL SYSTEMS (2) actuations.

Regulator, single stage, 130+7 psi at all
flow up to 0. 035 lbs/second.

145 psi maximum lockup pressure.
Relief valve - relieves at 35010 psi,
reseats at not less than

250 psi

Ball valves 1 and 4 dry opening travel time
of 0,6 (+0.2, - 0,05) second

Ball valves 2 and 3 dry opening travel time
of 0.325+0.1 second.

Ball valves 1 and 4 ary closing travel time
of 0.375+0.05 second

Ball valves 2 and 3 dry closing travel time
of 0.575x0. 1 second

ENGINE 500 -second service lift on S/C 014
Capable of 36 restarts
Expansion ratio, 6 to 1 at ablative chamber
exit area, 62.5 to 1 at nozzle extension exit

area.

Cooling chamber, ablation and film
extension, radiation

Injector type, baffled regeneratively, cooled,
unlike impingement

Oxidizer lead, 8 deg.

Length, 152.82 inches

SERVICE PROPULSION SYSTEM
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Nozzle extension exit diameter, 94. 4 inches
Weight, approximately 650 lbs

Ablative chamber throat temperature sensor
illuminates SPS WALL TEMP HI caution and
warninglight on panel 11 at 380°F, one
sensor per harness.

SPS P transducer, P¢ displayed on panel 3
through L/V AOA, SPS P, switch to L/V"
AOA, SPS P indicator, green range on
indicator is 65 to 125%, normal P 85 to
125 psia.

GIMBAL LIMITS About Z-Z axis 7 (+1/2, -0) deg with
additional 1 deg for snubbing yaw

About Y-Y axis 6 (+1/2, - 0) deg with
additional 1 deg for snubbing pitch

GIMBAL MOTOR UNDER Undercurren.t (primaryonly) below 6 amperes
AND OVERCURRENT detected for a duration of 250+50 milliseconds
RELAYS or more shall interrupt the flow to the load

in less than 100 milliseconds.

Overcurrent dependent upon temperature
during start transient and steady state of

: gimbal motor on primary. Secondary con-
trolled by 70-amp circuit breaker.

ACTUATOR CLUTCHES Quiescent current of 60 (+10, -5) milliamps
(Motors off, a 246 ft-1b force required to
move engine equivalent to 1.53 g.)

ACTUATOR PRESSURIZED 3.5+£1.0 psi dry air at -160°F at vendor
S/C 012 and 014 SERVO 0.23 radians per second (13.09° per second)

ACTUATOR DEFLECTION
RATE

FLIGHT COMBUSTION 180 g's peak to peak for 70£20 milliseconds

STABILITY MONITOR 600 to 5000 cycles per second
SYSTEM

2.4.3,2 Performance Data.

Refer to mission modular data book, SID 66-1177.

2.4.3.3 Power Consumption Data.
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Subsystem and No. of Watts per Unit Total Watts
Component Control Units AC DC AC | DC
Service propulsion VALVE sw and OXIDIZER
Propellant utilization | FLOW sw (Ref. gauging
valve sys)
62.6| 16.8
Propellant utilization | Gauging CB(4) SPS
gauging system GAUGING AC sw SENSOR
sw
Injector prevalves He valve CB(2) INJECTOR 2 21.0 42.0
PREVALVE sw (2)
He solenoid valves He PRESSURIZING sw {2) 2 28.0 56.0
SPS relay .
Feedline heaters SPS HEATER sw 26 (See fig- 33.0
ure 2.4-2
Pilot valves (SCS) ECA drivers (2) 4 10.5 42.0
Gimbal actuator Gimbal CB (6} Channel 1
motors GIMBAL MOTOR Idle
sw {4) pitch 450%
vaw 450% 900
Boost
pitch 511 W
yaw 511 1022
Thrust ON
pitch T75%
yaw T75% 1550
Maximum :
pitch 1800
yaw 1800% || 3600
Channel 11
Idle
. pitch 33500
yaw 3355 670
Boost
pitch 33500k
yaw 3354 ] 670
Thrust ON|
pitch 335%% 670
yaw 3355k
Maximum
pitch 335%%
yaw 3355 670
*With quiescent current
*%¥Without quiescent current
Above statements assumechannel I is the operating channel and channel II is standby. Channell

operating values applicable to channel II when channel Il is commanded.

current draw values not a direct function of an applied voltage.

28-vdc supply values,
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SPS Electrical Power Distribution.

See figure 2.4-11 for electrical power distribution.
OPERATION LIMITATIONS AND RESTRICTIONS,

The operational limitations and restrictions of the SPS are as
follows:

a. Propellant quantity gauging subsystem is operational only during
engine firing. A 4.5-second firing period is required before propellant
quantity information is updated, when SENSOR switch is in the NORM or
PRI position. Delay is built-in to allow propellants to settle and stabilize
before updating the displays.

b. A one-second time delay between actuation of GIMBAL MOTOR
switches (MDC-3) is required, as simultaneous actuation may result in an
excessive power drain.

c. Engine design minimum impulse control limit is 0. 4 second;
however, mission minimum impulse may be longer.

d. Due to adversive temperature effects, engine gimbal drive motors
should not be continuously energized for periods in excess of 12 minutes.

e. Single bank mode of operation by the bipropellant valve assembly
will result in a 3 percent reduction in thrust.

TELEMETRY MEASUREMENTS.

The following subsequent list is of all SPS telemetry data monitored
by flight controllers and ground support personnel.
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SECTION 2
SUBSECTION 2.5

REACTION CONTROL SYSTEM (RCS)

2.5.1 INTRODUCTION.

The Apollo command service module consists of two separate
reaction control systems, completely independent. designated S/M RCS
and C/M RCS. The S/M RCS is utilized to control S/C rotation in all
three axes, in addition to any minor translation requirements including RCS
S-IVB separation, SPS ullage, and C/M-S5/M separation maneuvers. The
C/M RCS is utilized to control C/M rotation in all three axes after
C/M-S/M separation and during entry maneuvers. The C/M RCS does not
have translation capabilities.

Both the S/M and C/M RCS are controlled either automatically or
manually from the command module. Physical location of the RCS engines
is shown in figure 2.5-1. Engine firing sequence for specific maneuvers
and individual engine circuit breaker power control are shown in figure
2.5-2.

2.5.2 S/M RCSFUNCTIONAL DESCRIPTION.

The S/M RCS consists of four individual, functionally identical
packages, located 90 degrees apart around the forward portion (+X-axis)
of the S/M periphery and offset from the S/C Y- and Z-axes by 7 degrees
15 minutes. Each package configuration, called a quad, is such that the
reaction engines are mounted on the outer surface of the panel and the
remaining components are inside. Propellant distribution lines are routed
through the panel skin to facilitate propellant transfer to the reaction engine
combustion chambers. The engine combustion chambers are canted
approximately 10 degrees away from the panel structure to reduce the
effects of exhaust gas on the service module skin. The two roll engines on
each quad are offset-mounted to accommodate plumbing in the engine
mounting structure.

Each RCS package incorporates a pressure-fed. positive-expulsion,
pulse -modulated, bipropellant system to produce the reaction thrust
required to perform the various S/M RCS control functions. Acceptable
package operating temperature is maintained by internally mounted,
thermostatically controlled electric heaters. The S/M RCS propellants
consist of nitrogen tetroxide (N;O4), used as the oxidizer; mono-
methylhydrazine (MMH) used as the fuel, Pressurized helium gas is the
propellant transferring agent.

REACTION CONTROL SYSTEM

Mission Basic Date_l2 Nov 1966  Change Date Page




suo1jedoT auluyg W/S-W/D

'1-6 "7 2andrg

5-2

2.

Page

SM2A-03-SC012
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

{4 ) VIE00-d
e ¥IMOd 8 SN NIvw 0O
¥IMOd V SNE NIVW W

a avno $J¥ Ws =a

NOILD3143a D avNO $O¥ WS =D
IVEWIO 8 avNO SO¥ WS =8

MVA SdS v avnNd SD¥ WS =v

"NOILD31434Q
TIVEWIO
HOlld SdS

3IMOd 9 SNT NIvw O
dIMOd Vv SN NIww W
9 WILSASINS WD =8
V WILSASEINS WO =V

Zlvy MDD

REACTION CONTROL SYSTEM

Change Date

Basic Date_L2 Nov 1966

Mission



RCS

sorddng 1amog sutfug SOW W/D -W/S '2-§ 'z 2andig

2.5-3

Page

SM2A-03-5C012
SYSTEMS DATA

APOLLO OPERATIONS HANDBOOK

I3 3 8602-d
Lo}
hL N
s> [ 1 | wmo | e ZarvsLs 1" M a
SLIOAY $31 ANV
NOILYEVA3S WS WD 1V a3DVv4avia ZREVELS v 4-M2D >
v8610 ]} ¥-MDD 9 arvals ol ¥-MOD qa
< 01881 £ A+ 8 114 2139 g At a
9 28612 9 A- g 182v61s 9 A~ g | sz 1anvd 1rED9VSID
8 £ 89561D £ & 8 191vs1s £ &+ v TO8LNOD
1INV 14 18610 4 d- L] 19EV61S 14 d- J 103410 8 NW SOS| 8 Nw
HOLIMS z 119612 Z d- v £41V4LS 14 d- v
SLI08V $31 ANV POEV61S st ¥ )
s NOILVYV4IS WS WD LV Q3Dv4avia YaLV6LS £ M v
1Dwa S8610 4 MO v Z8IV6LS 6 WM 8
£8610 ! ¥-MDD v YaZV6LS z Yo%) 8
SIYORV S31 ANV
NOILV¥V4IS WS WD 1V d3dv4avia 281v61S 91 ¥-MDD v
¢ 6851 s A+ v eazvsls ¢ A+ 9 ¢ 1INVd
8 18615 8 A- v £OFVIS 8 A- a [zve9verd 108INOD
l 28612 l & v EREVSLS t d+ 3 1OWIA v NW §2s | v w
Mo St 1408V 31 40 NOILVEV43S HAEVSLS sl M 5> | sz 13NV seadovsLd
oy rl WS WD 1v gIJv4avia ZeEV6LS rl ¥-MID 5> |[1Mowoevenw sdos| 9 nw
1108 T 9861 i MO 9 Zarvels 1 YYe) a | sz 1INVd £€8I9VE LD
ave ot Ya41D ot ¥-MDD 9 Yarvsls ot ¥-M2D g |Mosave e nwsos| 8 Nw
A < 018612 ] A+ g 19rvs1s 3 A+ a | sz TaNvd 1€89YS 1D
9 2861 9 A- 4 19ZV61S 9 A- 8 MYA Z BNW $DS{ 8 Nw
oLl € 88610 t & ] 191v61s £ P v | $z 1INvV4 6e809vs 1D ]
S v | zi861d ¥ d- 9 19EV61S ¥ 4= > HOLld Z 9§ NW 25| 8 Nw
oy tl 1908V $31 40 NOILVIVAIS vLVSLS €t MO v | sz 13Nvd 9e8d9vs 1D
eV 91 WS WD Lv Q3dv4avia 281vels 9t ¥-MDD v |[1ouowvy nwosos| viw
Mod z €861 2 4-MD v Yazv61S z1 ¥-MOD 8 |z 1ANvd reedevsId
ase 6 961 6 MO v 28z v61S 6 M 8§ [1ow ave vNw sos| viw
8 18615 8 A- v £APVeIS g A- a | sz 13Nvd zead9ve1d
MYA ¢ 68612 $ A+ v £azZvs1s L A+ q MVA LV NW §3s | v Nw
oLl z 11861 z d- v £aLVaLS z d- v [sz 13Nvd ored9ovsID
2 . t 2861 { &+ v £EEV6LS ( & b ML | YNW $DS | v Nw
8 TINVA| Z+ | Z-{ A+ | A= | X+ | X- |'ON dOdd{’ON SIS |Y3IAINNVYW |WILSAS{'ON dOdd]|'ON SIS [¥IAINNYW] avnd ¥INVI4E ¥IMOd
SIHILIMS SHIAINNYW NOILVISNVAHL 112412
INIONT WO INIINI WS 1100y sng
TINNVHI [MO4 NOILYZITILN INIONI WS

REACTION CONTROL SYSTEM

Basic Date_12 Nov 1966 _Change Date

Mission



SM2A-03-8C012
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

The reaction engines may be pulse-fired, producing short-thrust
impulses or continuously fired, producing a steady-state thrust level. The
short-pulse firing permits attitude-hold modes of operation and extremely
accurate attitude alignment maneuvers during navigati