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RECORD OF PUBLICATION

This issue of the Apollo Operations Handbook, Block II,
Volume 1, dated 15 April 1969, constitutes a basic issue of the
handbook - Volume 1. Subsequent changes may be issued to
maintain information current with the spacecraft configuration
through completion of its mission, This record will reflect the
publication date of any released changes.

Basic Date Change Date
15 April 1969 16 July 1969
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FOREWORD

Volume 1 of the Apollo Operations Handbook constitutes
the description of all cormmand service module systemns.
Volume 2 is separately bound, and contains performance data
and crew operational procedures.

This document has been derived from the most current
available Apollo Block II information, and its contents are
restricted to the specific requirements of Block II vehicles
SC 106 and subs unless otherwise noted.

Effectivity Designations (Volume 1),

Information pertaining to all Block Il spacecraft has no
designation.

Information pertaining to a specific spacecraft is desig-
nated by SC number.

NASA comments or suggested changes to this handbook
should he addressed to the Spacecraft Systems Branch, CFSD,
Office Code CF22, Telephone HU3-4371.

Mission

Basic Date L5 April 1969 Change Date Page

iii/iv




SM2A-03-BLOCK II-(1)
APOLLO OPERATIONS HANDBOOK

TABLE OF CONTENTS

Section Title Page
1 SPACECRAFT . ’ . - . . . . . - . . 1-1
1.1 INTRODUCTION . . . . ; - . . . 1-1
1.2 LAUNCH VEHICLE AND BOOSTER CONFIGURATION . 1-2
1.2.1 Saturp V Launch Vehicle . 1-2
1.3 APOLLO SPACECRAFT CONFIGURATION . . 1-4
1.3.1 Launch Escape Assembly . - . . . . . 1-4
1.3.2 Command Module . . . . . . 8 . ] 1-4
1,3.3 Service Module . 1-49
1.3.4 Spacecraft LM Adapter 1-50
2 SYSTEMS DATA . . . . . . . . . . . 2-1
2,1 GUIDANCE AND CONTROL . . . . . . 2.1-1
2. 1.1 Guidance and Control Systems Interface . . . 2.1-1
2,1,2 Attitude Reference . . . . . . . . . 2, 1-1
2.1.3 Attitude Control . . . . . . . 2.1-3
2.1. 4 Thrust and Thrust Vector Control 2,1-5
2.2 GUIDANCE AND NAVIGATION SYSTEM (G&N), . . 2.2-1
2.2.1 Introduction. . . . . . . . . . . 2.2-1
2.2.2 Functional Description . . 2, 2-2
2.2.3 Major Component/Subsystem Descnptxon . . . . 2.2-6
2.2.4 Cperational Modes . . . . ] . . . 2.2-28
2.2.5 Power Distribution 2.2-38
2.3 STABILIZATION AND CONTROL SYSTEM (SCS) . . 2,3-1
2,3.1 Introduction - . y . . . . . . . 2.3-1
2,3,2 Controls, Sensors, and Displays . . . . . ] z,.3-2
2.3.3 Attitude Reference Subsystem . - . 2.3-14
2.3.4 Attitude Control Subsystern (ACS) . . . . 2,3-20
2,3.5 Thrust Vector Control (TVC) . . . . . . 2.3-39
2.3.6 Power Distribution . . . . 2,3-48
2.3.7 Entry Monitor System . . . . . 2.3-52
2.4 SERVICE PROPULSION SYSTEM (SPFS) . . . . 2.4-1
2.4.1 Functional Description . . . . . . . 2, 4-1
2.4.2 Major Component/Subsyscern Descnptmn 2.4-7
2.4.13 Performance and Design Data . . . . . 2. 4-41
2.4, 4 Operational Limitations and Restrlctlons . . . 2.4-44

Mission Basic Date 15 April 1969 Change Date L5 Oct 1969 page




SM2A-03-BLOCK II-(1)
APOLLO OPERATIONS HANDBOOK

Section Title Page
2.5 REACTION CONTROL SYSTEM (RCS) 2.5-1
2.5.1 SM RCS Functional Description 2.5-1
2.5.2 S8M RCS Major Component/Subsystem Descnptxon 2.5-11
2.5.3 SM RCS Performance and Design Data 2.5-22
2.5.4 SM RCS Operational Limitations and Restrictions . 2.5-25
2.5.5 CM RCS FFunctional Description . . . 2.5-25
2.5.6 CM RCS Major Component/Subsystem Desenptlon 2.5-3)
2.5.7 CM RCS Performance and Design Data 2.5-45
2.5.8 CM RCS Operation Limitations and Restnctlons 2.5-48
2,6 ELECTRICAL POWER SYSTEM . . . . . . 2.6-1
2.6.1 Introduction . . . . . 2.6-1
2.6.2 Fanctional Descnphon . 2.6-2
2.6.3 Major Component/Subsystem Descnptlon 2.6-6
2.6.4 Performance and Design Data . . 2. 6-45
2,6.5 Operational Limitations and Restrictions 2. 6-46
2.6.6 Systems Test Meter . . 2.6-49
2.6.7 Command Module Interior nghtmg . 2,6-51
2,7 ENVIRONMENTAL CONTROL SYSTEM (ECS) . . . 2,7-1
2.7.1 Introduction . . . . . . . . . . 2.7-1
2.7.2 Functional Description . . . 2,7-2
2,7.3 Oxygen Subsystem . 2.7-6
2.7.4 Pressure Suit Circuit . . . 2, 7-11
2.7.5 Water Subsystem . . , 2.7-14
2.7. 6 Water-Glycol Coolant Subsystem . 2,7-16
2.7.7 Electrical Power Distribution . . . . . 2.7-24
2.7.8 ECS Perforrmnance and Design Data . . . ] 2,7-24
2,8 TELECOMMUNICATION SYSTEM 2.8-1
2.8,1 Introduction . . } . ; . . . . 2.8-1
2.8.2 Functional Description 2.8-2
2,8.3 Major Component/Subsystem Desc rlptlon 2.8-6
2.8.4 Opcrational Limitations and Restrictions . . . . 2.8-58
2.9 SEQUENTIAL SYSTEMS ., . . . . . - 2.9-1
2.9.1 Introduction . . . . . . . . . . 2.9-1
2,9,2 General Description . . . . 2.9-5
2,.9.3 Functional Description 2.9-16
2.9. 4 Operational Description . . . 2.9-20
2.9.5 Performance and Design Data . . . . . 2.9-54
2.9.6 Operational Limitations and Restnctxons 2.9-69
2.10 CAUTION AND WARNING SYSTEM . . . . 2.106-1
2.10.1 Introduction . . . 2.10-1
2.10.2 Functional Description . . . 2.10-1
2,10.3 Major Component/Subsystem Descnptmn 2,10-1
2,104 Operational Limitations and Restrictions . . . . 2.10-3

Mission Basic Date 15 April 1969 Change Date Page




SM2A-03-BLOCK I1-(1)
APOLLO OPERATIONS HANDBOOK

Section Title Page
2. 11 MISCELILANEOUS SYSTEMS DATA ., . . . 2.
2, 11,1 Introduction . . . . ' . . . 2.11-1
2.11,2 Timers . . . . . . 2,11~
2.11.3 Accelerometer (G Meter) . . . . 2. 11-
2.11. 4 Command Module Uprighting System . . . } 2,11~
2.12 CREW PERSONAL EQUIPMENT . . 2,12-1
2.12.1 Introduction . . . . . ] . 2.12-1
2.12.2 Spacesuits . . . . . . 2.12-10
2.12.3 Crewman Restraints . . 2.12-24
2,12, 4 Sighting and Illumination Alds 2,12-37
2.12.5 Mission Operational Aids . . ] . 2.12-54
2.12.6 Crew Life Support . B . . . . . . 2.12-77
2,12.7 Medical Supplies and Equlpment . . 2,12-94
2.12.8 Radiation Monitoring and Measuring Equxpment . . 2,12-98
2.12.9 Postlanding Recovery Aids . . 2.12-100
2.12.10 Equipment Stowage . . . . 2.12-108
2.13 DOCKING AND TRANSFER . . . . 2.13-1
2.13.1 Introduction . . . . . . 2.13-1
2,13.2 Functional Descrxptxon . . . . 2.13-8
2.13.3 Component Description . . . . . 2.13-11
2.13. 4 Performance and Design Data . . . . 2.13-39
2.13.5 Operational Limitations and Restnctxons . . . 2.13-41

3 CONTROLS AND DISPLAYS . . . . - . 3-1

3.1 INTRODUCTION . 3~1
3.2 CONTROLS/DISP1.AYS LOCATOR INDEX ., 3-2

Appendix

A ABBREVIATIONS AND SYMBOLS . . . R A-1

AL PHABETICAL INDEX . . . . . . . . . . I-1

Mission__ Basic Date_15 April 1969 Change Date_I5 Oct 1969 page vii/viii
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SPACECRAFT

SECTION 1

SPACECRAFT

INTRODUGCTION.

The Apollo Operations Handbook consists of two volumes, 1 and 2.
Volume 1 is the Spacecraft Description and Volume 2 is the Operational
Procedures. Volume | has three sections: section | describes Apollo
spacecraft general structure and mechanical systerns; section 2 describes
the Apollo spacecraft systemns; and section 3, the Apollo spacecraft con-
trols and displays. Volume 2 continues with two procedural sections:
gsection 4 lists the steps of normal and backup procedures of all mission
phages; and section 5 contains the contingency procedures for aborts,
malfunctions, and emergencies.

Section 1 first describes the launch vehicle boosters that propel the
Apollo spacecraft and lunar module (LM) into earth orbit and translunar
injection. This description is followed by a fore to aft description of the
Apollo spacecraft, which includes the launch escape assembly, command
module with mechanical systems, service module, and the spacecraft
lunar module adapter.

The spacecraft launch vehicle and booster combination have var-
ious designations. The following chart summarizes the mission letter
designator, Apollo number, launch vehicle designator, and CSM number
for the manned flights. A mission is defined and then given a letter
designator; thus, the Mission Letter Designator. The Apolio Number
designates the numerical order of launching, manned or unmanned,
and is used primarily as a news media reference. The Launch Vehicle
Designator indicates the booster configuration of the launch vehicle.
The 200 series designates the Saturn 1B and the 500 series designates
the Saturn V, The command service module (CSM) agsigned to the
migsion hag a2 CSM number designator of three digits.

Mission Letter Apollo Launch Vehicle CSM
Designator Number Designator Number

Mission C Apollo 7 Saturn IB (205) 101
Mission D Apollo 8 Saturn V (503) 103
Mission E Apollo 9 Saturn V (504) 104
Misgsion F Apollo 10 Saturn V (505) 106
Mission G Apollo 11 Saturn V (5086) 107
Misgsion H-1 Apollo 12 Saturn V (507) 108
Misggion H-2 Apollo 13 Saturn V (508) 109
Mission H-3 Apollo 14 Saturn V (509) 110

Missgion
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1.2.1.3

When improvements to the spacecraft systems are made, the sys-
tern is modified. Modifications take effect on different spacecraft so the
term “effectivity' is used. The effectivity of the Apollo spacecraft
systems in this handbook is for CSM 106 and subsequent (subs) unless
otherwise stated.

LAUNCH VEHICLE AND BOGCSTER CONFIGURATION.

The launch vehicle used in the Apollo program is illustrated in
figure 1-1. The Saturn V is programmed for earth orbital missions
and/or lunar missions. The general configuration of the launch vehicle
boosters is surnmarized in the following paragraphs.

SATURN V LAUNCH VEHICLE.

The Saturn V is a three-stage vehicle consisting of an S-IC first
stage, S-1I second stage, and an S-IVB third stage.

First Stage S-1IC Booster.

The S-IC is manufactured by the Boeing Company and uses five
Rocketdyne F-1 engines. Each F-1 engine, burning RP-1 and liquid oxy-
gen, produces 1,500,000 pounds of thrust for an overall first stage boost
of 7,500,000 pounds of thrust. One engine will be rigidly attached at the
stage centerline, while the otherg will gimbal for vehicle control.

Second Stage S-1I Booster.

The S-1I, or second-stage, is manufactured by the Space Division of
North American Rockwell Corporation. The second-stage employs five
Rocketdyne J-2 engines. Each J-2 engine burns liquid hydrogen and liquid
oxygen, and produces 200,000 pounds of thrust for an overall second-stage
boost of 1,000,000 pounds. The gimbaled engines will be mounted in a
square pattern, with the fifth engine rigidly mounted in the center.

Third Stage S-1VB Booster.

The S-1VB third-stage is manufactured by McDonnell Douglas Corpo-
ration. The 5-1VB employs a single Rocketdyne J-2 engine, burning liquid
hydrogen and liquid oxygen to produce 200,000 pounds of thrust.
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1.3

1.3.1

1.3.2

1.3.2.1]

APOLLO SPACECRAFT CONFIGURATION.,

The Block II spacecraft consists of a Jaunch escape assembly (LEA),
command rmodule (CM), service module (SM), the spacecraf{t lunar module
adapter (SLA), and the lunar module (LM). The reference system and
stations are shown in figure 1-2,

LAUNCH ESCAPE ASSEMBLY.

The LEA (figure 1-3} provides the means for separating the CM
from the launch vehicle during pad or suborbital aborts. This azsembly
consists of a Q-ball instrumentation assembly (nose cone), ballast com-
partment, canargd 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 launch escape rocket motors, is secured to
the forward portion of the tower. The BPC (figure 1-4) is attached to
the aft end of the tower to protect the CM from heat during boost, and
from exhaust damage by the launch escape and tower jettison motors.
Explosive nuts, one in each tower leg well, secure the tower to the CM
structure. (For additional information, refer to the sequential systems
in section 2, subsection 2.9).

COMMAND MODULE.

The CM (figure 1-5), the spacecrafl conlrol cenler, contains neces~
sary automalic and manual eguipment Lo control and monitor the space-
craft systems,; it also contains the required equipment for safety and
comfort of the flight 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 truncatead,
conic structure. The CM consists of a forward compartment, a crew
compartment, and an aft compartment for equipment and a crew. (See

figure 1-6.)

The command module is conical shaped, 11 feet 1.5 inches long, and
12 feet 6.5 inches in diameter without the ablative material. The ablative
material is non-symmetrical and adds approximately 4 inches to the height
and 5 inches to the diameter.

Forward Compartment.

The forward compartment (figure 1-6) is the area outside the for-
ward access tunnel, forward of the crew compartment forwargd bulkhead
angd 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 (ELS) components.
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Figure 1-4. Boost Protective Cover

The forward heal shield is rmade of brazed slainless steel honey-
comb covered with ablative material. [t contains four recessed fittings
which permit the launch escape tower to be attached to the CM inner
structure. Jettison thrusters separate the forward heat shield from the
CM after entry or after the LEA is separated during an abort.

1.3.2.2 Aft Compartment.

The aft compartment (figure 1-6) 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 ten reaction
control engines, impact attenuation structure, instrumentation, and
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Figure 1-6. CM External Compartments

storage tanks for water, fuel oxidizer, and gaseous helium. Four crush-
able ribs, along the spacecraft +Z axis, are provided as part of the impact
attenuation structure to absorb energy during impact.

The aft heat shield, which encloses the large end of the CM, is a
shallow, spherically contoured assembly. It is made of the sarne type of
materials as the forward heat shield. 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 CM to the SM.
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1.3.2.3

1.3.2.3.1

1.3.2.3.2

Crew Compartment.

The crew compartment or inner structure (figure 1-7) 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, crew
couches and restraint harness assemblies, hatch covers, window shades,
etc., and is provided with crew equipment, [ood and waler, was(e manage -
ment provisions, and survival equipment. Access hatches, observation
windows, and equipment bays are attached as part of the compartment
structure. The interior volume is 366 cubic feet. However, the lower,
right, and left equipment bays, lockers, couches, and crewman occupy
156 cubic feet, leaving a usable volume of 210 cubic feet.

The crew compartment heat shield {figure 1-5), like the forward
heat shield, is made of brazed stainless-steel honeycomb and covered
with ablative material. This heat shield, or ocuter structure, contains the
SC umbilical connector outlet, ablative plugs, a copper heat sink for the
optical sighting ports in the lower equipment bay, two side observation
windows, two forward viewing windows, and the side access hatch.

Crew Compartment and Equipment Bays.

Each crew member has personal and accessory equipment provided
for his use in the crew compartment. Major items of personal egquipment
consist of a spacesuit assembly with attaching hose and umbilical, a
communications assembly, biornedical 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 equip-
ment, refer to section 2.12. General ttems contained in the CM equipment
and stowage bays are listed in figures 1-26 and 1-27,

Protection Panels,

The protection panels prevent loose equipment (tools, etc.) and
debris from getting into the various nooks and crevices in the crew com-
partment. They also suppress fire by closing out the equipment bays with
covers around the aft bulkhead, and protect the ECS tubing from the zero g
activities of the crew and the prelaunch activities of ground personnel.

The location and configuration of the protection panels are illustrated in
figure 1-8,

The protection panels (also referred to as close-out panels) are a
series of aluminum panels and covers that fair the irregular structure to
the equipment bays and wire troughs and covers. The panels vary in
thickness and are attached to secondary structures by captivated fas-
teners. Access panels and penetrations are located at or over equipment
and connectors needed for the mission,
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Figure 1-7. Apollo Crew Compartment
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1.3.2.3.3

Loose Equipment Stowage.

The stowage of numerous iterns of personal and systerns loose equip-
ment is in compartments and lockers (figure 1-9). Compartments are parl
of the crew compartment structure. Equipment is placed in '"cushions"
and inserted into the compartments. The aluminum lockers are packed
with equipment in an assembly building and are quickly attached to the aft
bulkhead and equipment bays a short time before launch. This allows aft
bulkhead access during spacecraft ground processing. The compartment
and locker doors have squeeze-type latches and can be opened and closed
with one hand.

SC Controls and Displays.

The controls and displays (panels, switches, gages, valve handles,
etc.) for operation of the spacecraft and its systems are located through-
out the crew compartment. The location, nomenclature, function, and
power source of the controls and displays are provided in section 3 of this
handbook. The panel numbers indicate the equipment bay and area of loca~-
tion. The panel numbering system is shown in figure 1-10. For instance,
the 100 to 199 series will be located in the lower equipment bay (LEB).
The LEB is divided into panel areas such as 100-119 in the upper left,
120-139 in the upper center, etc. The advantage of this system is (given
a panel number and knowing the numbered areas) to enable the crew to
pinpoint the area and locate the panel very quickly.

-2

Cs-201C

Figure 1-9. Stowage Compartments and Lockers
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Crew Couches.
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The primary function of the couches is to support the crew during
accelerations/decelerations up to 30 g forward and aft (£X), 18 g up and
down (*Z), and 15 g laterally (£Y). DBecause the critical z-load is during
landing, an attenuation system is used to reduce the deceleration load on
the crew. There are two attenuation subsystems, external and internal.
Secondary functiop of the crew couches is to position crew at duty stations
and provide support for the translation and rotation hand controls, lights,
and other equipment.

The couches are designated (structurally) as left, center, and right;
by crew position they are (left to right) Command (CDR), CSM Pilot
(CMP), and LM Pilot (LMP).

1.3.2.5.1 CM I[mpact Attenuation System.

During a water impact, the CM deceleration force will vary from
12 to 40 g, depending on wave shape and horizontal velocity at impact.
The impact attenuation systern reduces the impact forces on the crew to a
value within their tolerance level. A major portion of the eneray (75 to
90 percent) is absorbed by the impact surface (water) and the deforma-
tion of the CM structure. The impact system is divided into two subsys-
tems: external and internal, which are described in the following
paragraphs.

External Attenuation. The external attenuation subsystem consists
of four crushable ribs installed in the aft compartment (figure 1-11). The
ribs, located between the inner and outer structure in the vicinity of the
+Z axis, are constructed of bonded laminations of ¢corrugated aluminum.
The CM is suspended, during atmospheric descent, at a 27.5-degree
angle (hang angle) by the parachute subsystem. Because of the hang angle,
the first point of contact at impact is in the area of the crushable ribs.

Internal Attenuation. Eight attenuation struts are provided for con-
necting the crew couches to the CM inner structure. Each strut is
capable of absorbing energy at a predetermined rate through ''cyclic
struts." The cyclic strut utilizes cyclic material deformation concept of
energy ahsorption by rolling ductile metal torus elermnents (bracelets) in
friction between a concentric rod and cylinder. The force applied to the
struts causes the bracelets to roll, absorbing energy (figure 1-12).

Two Y-Y axis struts are located at the outer exlremities of the
couch assembly at the hip beam. The cylinder end of each strut is firmly
attached to the unitized couch while the piston end, containing a flat circu-
lar foot, reacts against a flat bearing plate (attenuation panel) attached to
the structure.

BLOCK II SPACECRAFT CONFIGURATION

Mission Bisic Date 15 April 1969 Change Date Page L- 1




SM2A-03-BLOCK II-(1)
APOLLO OPERATIONS HANDBOOK

SPACECRAFT

106-119 120-139 140-15%

\\

———
UPPIR COUVPMENT BAY

475-a%% £50-474

cs-mis
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FUNCTIONS IN COMPRESSION AND TENSION

I TNDERS \\\ ST-638

Figure 1-12. Internal Attenuation System

Two Z-Z axis struts are attached to the side stabilizer beams and
the aft bulkhead of the structure, just below the side access hatch.

Four X~X axis struts are attached to the forward CM structure and
the beamn extrernities of the couch. These struts, except for the addition
of a lockout mechanism, are basically the same as the Z-Z axis struts.
A lockout mechanism is provided on each X-X strut to prevent any strut
attenuation prior to landing (during normal mission flight loads). After
deployment of the main parachute, the '"lockouts' are manually unlocked.

After deployment of the main chutes and prior to landing, the
‘"lockouts'" are manually unlocked.

1.3.2.5.2 Foldable Couch Structure (Figure 1-13).
The foldable couches are supported similarly to the unitized couch
structure, but the individual couches diffexr. The back pan angle to the
Y-Z plane (horizontal} has been increased to 4 degrees 30 minutes.
BLOCK II SPACECRAFT CONFIGURATION
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Description. The couch structure utilizes two strong side stabilizer
beams for attachment of the foot XX and ZZ attenuator struts and a cross-
member head beam for attachment of the head XX attenuator struts. The
left, center, and right couches are attached to the head beam by a hinge/
pip pin and are attached to the side stabilizer beam by a large Marmon-
type clamp (figure 1-13).

Each couch consists of a headrest, body support with backpan, seat-
pan, legpan, and footpan. The left couch has two controller supports/
armrests, inboard and outboard. The right couch has only the inboard,
or left, armrest. Support for the body is accomplished by a web or Arm-
alon (multiple layers of {iberglass beta cloth, impregnated and covered
with Teflon) over the support frame from the headrest to the footpan
(figure 1-14).

The headrest is sheet steel with Teflon pad. To adjust it for crew-
man torso length, the headrest has 6-1/2 inches of longitudinal adjust-
ment headward or footward in 1/4-inch increments. Adjustment is
accomplished by the gearshift-type handle alongside of the headrest.

The body support, or backpan, consists of a steel rectangular-tube
frame with a shoulder beam and a hip Y-Y beam. The hip beams of the
outboard couches house the Y-Y attenuator struts on the outboard side.

The Marmon clamps that attach to the side stabilizer are part of the
hip Y-Y beam. The body support frame will rotate around its attach
point on the head beam and can fold at the shoulder beam. The shoulder
straps of the restraint harness and one-half of the lap belts are solidly
attached to the shoulder beam.

Controller supports/armrests rotate and are attached to the body
support tubes in the area of the crewman's elbow and have various posi-
tions. The left couch outboard armrest has 65-, 90-, 120-. and
180-degree positions, measured from the backpan, and supports the
translation control (figure 1-15). The other two armrests have 65-, 90-,
125-, and 180-degree positions. The armrests are held in position by a
spring-loaded wedge into a slotted cam. The wedge is attached to a
sleeve around the armrest. To rotate the armrest, the sleeve is lifted,
the wedge pulled out of the cam, and the armrest rotated to the desired
position, To extend the armrest, rotate the extension, The rotational
and translation controls are locked on a dovetail by extending a pin; how-
ever, the controlling button extends into the center couch area. There is
a danger of the center crewman bumping the control lock button and
retracting the pin; therefore, a lock is on the shaft to prevent the button
from being actuated accidentally.

The control support (with dovetail) pitches up and down, and is
locked and unlocked at its pivot by a cam lever. The control support
pivots to allow the correct positioning of the translation or rotation con-
trol during docking and the normal mission phases.
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The seatpan (seat) angles are 9, 85, 170, and 270 degrees. The
9-degree position is held by a detent, the 85- and 170-degree positions
are lockable, and the seat travel is stopped at 270 degrees. The seatpan
controls are located on the body supports at each side of the hips. The
seat locked position is with the lever footward; the unlocked position is
with the lever headward. One-half of the lap belt is attached to the seat-
pan frame.

The seatpan is connected to the legpan frame at the knee beam in a
78-degree angle. The knee control on each side of the couch locks and
unlocks the seatpan to legpan angle. Unlocked, the seatpan-to-legpan
angle will go to 15 degrees (folded), and to 180 degrees (flat).

The footpan has two positions, 95 degrees and folded {0 degrees).
There are mechanical stops at each position. The footpan has two cleats
and clamps which restrain the boots when properly engaged.

Seatpan, Legpan, Armrest, and Footpan Mission Positions. During
the mission phases, there is a need to place the couch components into
various positions. The following chart indicates the positions of the couch
components during launch, boost, entry, and landing; egress-ingress to
center couch to LEB and tunnel activities; EVA ingress or egress; and

docking.
Egress,
Sleeping
Migsion Phases Launch, Boost, and
or Tasks Entry and Tunnel EVA Ingress or
(Figure 1-15) Landing Activities Egress Docking
Seatpan angle 85° 170° 85°, 11° (entr couch)|85°
Legpan angle 78° 78° 78°, 15° (cntr couch)|78°
Footpan angle 95° 95° 95°, 0° (entr couch) |95°
Armrest angle outboard 120° 120° 120° 65°
left couch
Armrest angle inboard 90° 125° to 180° 125° 65°
left couch
Armrest angle inboard 90° 125° to 180° 125° 65°
right couch
Control support pitch 0° 0° 0° ~-25°
angle
Foot X-X strats Connected Connected Disconnected Connected
EVA stabilizer strut Stowed Stowed Connected Stowed

BLOCK II SPACECRAFT CONFIGURATION
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Foldable Couch Adjustments.

can be performed during the mission.

by step procedure for making the adjustments, beginning with the head-

rest and progressing to the footrest.

training during 1 g, the 1-g procedures are given also,

The couch has many adjustments that
The following chart gives a step

Because the couches are actuated in

Task

Procedure

Results/Remarks

A. Headrest adjustment,
headward - footwarqd
movement of 6.5 in.
(figure 1-16)

B. Armrest adjustments
Bl. Armrest rotation or
pitehing
(Armrests lock in
65°,90°, 120° (L)
and 125° (R)
positions)
(figure 1-17)

B2. Armrest extension
(0-3.75 in.)
(figure 1-17)

NOTE

e Directions are for
person lying on couch.

s Inboard/outboard
movements - relative
to couch.

. Lift control knob (gearshift)

toward head.

. Hold gearshift knob in

unlocked position and slide
headrest to desired
position.

. Release gearshift knob.

. Lift armrest handle.

. Rotate (pitch) armrest to

desired position. (Wedge
will engage at next slot
unless handle is lifted
continually.)

. Rotate armrest extension

lock ring away from couch.

. Extend control to desired

position.

. Lock into position by

rotating lock ring towards
couch.

Disengages lock.

. Lock is spring-loaded to

locked position.

. Engages lock.

. Disengages wedge from

slotted cam.

. Wedge is spring-loaded

to locked position.

NOTE

When rotating the out-

board armrest of the
left couch, caution
should be exercised to
prevent the rotational
control cable from hit-
ting the stowed O, hose
as damage may result
to either object.

. Full throw of about 160°

will unlock sleeve.

. Pulls sleeve out of

barrel.

. Cam will lock barrel to

sleeve.
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Task Procedure Results/Remarks

B3. Control support 1. Move end of control sup- 1. Unlocks control
pitching port cam lever. support.

{Translation control | 2. Holding control or handle,

pitch = 0°-55°) pitch it to desired angle.

(Rotational control 3. Move end of cam lever 3. Locks control support.
pitch = 0°-25°) down and outboard.

(figure 1-17)

B4. Control attachment l. Press control lock button 1. Unlocks button so shaft
and locking, down and swing lock hook can slide.
unlocking away.

(figure 1-17) 2. Press control lock button 2. Retracts control lock
inboard. pin.

3. Slide control onto support 3. Attaches control to
dovetail. support.

4. Press control lock button 4, Extends control lock
outboard. pin, locking control

onto support.

5. Swing lock hook to button 5. Prevents control lock
and hook on shaft (inboard button from sliding to
armrests only). unlocked position.

C. Seatpan adjustment l. Place both seatpan handles | 1. Disengages seatpan

Cl. Zero g seatpan in unlocked position latches. Seatpan free
adjustment, mid- (headward). to move.
mission application 2. Move seatpan to desired
(Seatpan locks in postition,
11°,85°,170°/stops | 3. Place one handle in locked | 3. One lock is sufficient in
at 270°.) position (footward). zero g.

(figure 1-16)

C2. One g or grealer l. Support seatpan (with hands| 1. Damage may result to
seatpan adjustment, or feet) and place both mechanisms if seatpan
training, preflight, seatpan handles in unlocked is allowed to drop to
test, launch and position (headward). next position.
entry application. 2. Move seatpan to desired 2. Same as |.

(During one g, stand position, maintain support.
at LEB to adjust 3. Place both seatpan handles | 3. In one g or greater,
seatpan. } in locked position both latches may be
(figure 1-16) (footward). locked to reduce strain
on mechanisms.
BLOCK Il SPACECRAFT CONFIGURATION
Mission Basic Date 15 April 1969 Changc Date Page 1-23




SM2A-03-BLOCK II-(1)
APOLLO OPERATIONS HANDBOOK

SPACECRAFT

Task

Procedure

Results/Remarks

D. Legpan to seatpan
adjustment (15°, 78°)
(During zero g, use
one control. During
one g or greater, use
both controls and
support legpan during
movement.)

(figure 1-18)

E. Footpan adjustment
(06°-95°)
(figure 1-18)

El. Engaging-disengaging
foot restraints
(figure 1-18)

. Pull knee control out and

up to unlocked position.

. Posttion legpan to desired

position,

. Pull knee control out and

down to locked position.

. Swing footpan to desired

position.

. Place both spacesuit boots

or entry boots on footpan
with heels together.

. Move boots outboard while

heels slide on footpan.

. To disengage, move boots

inboard while heels slide
on footpan.

. Retract knee control

pin from slotted cam.

. Extends knee control

pin, and locks.

. Mechanical stops at 0°

95°.

. Pre positioning boots.

. Footpan cleats will

engage boot heels.

. Cleats will disengage

from boot heel.

Foldable Couch Mission Operations.

tasks into which the couches are integrated.

During the mission, there are
The following table indicates

some of those tasks and gives a step by step procedure. Figures are

also referenced.

Task A, Preparing Couches for EVA, describes the folding of the
L-shaped PGA stowage bag and the removing and stowing of the center

couch in preparation for EVA.

The removal and stowage of the center

couch can algso be performed when the center aisle needs to be cleared for

intravehicular maneuvering purposes.

In addition to clearing the center

aisle for EVA, the whole couch structure (couches plus side beams and
head beam) have to be stabilized when the foot X-X struts are discon-

nected. This operation is described in task B.
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Task

Procedure

Results/Remarks

A. Preparing couches
for EVA

Stow L PGA bag on
aft bulkhead

Al.

A2. Remove center couch
to aft bulkhead
(Crewman standing in

LEB) (figure 1-~19)

NOTE

If the center couch is
to be removed during
one g conditions, the
outboarad (left and right)
couches should not be
occupied. Otherwise,
extreme difficulty will
be experienced during
the removal.

ba.

6b.

Remove PGA helmet
shield and stow in helmet
bag.

Unstrap bag hip straps and
detach couch clips.,

Fold lower haif of bag
flat, tucking sides.
Fold top half of bag flat,
tucking sides.

Attach bag top straps to
aft bulkhead fittings.

Fold footpan to 0°, lock
legpan to 15°, and lock
geatpan to 11°.

(figure 1-20)

Pull center couch hip
clamp knobs down 2 in.
(toward att bulkhead).
Usging knob, unscrew shaft
(CCW) until it is flush
with trunnion.

Swing knob towards LEB
opening clamp.

Retract one Y-Y strut.
(figure 1-21)

During zero g, force
center couch toward aft
bulkhead and disengage
couch from clamp plates.
During one g, place
clamps in intermediate
position as a caution. Hold
center couch backpan
firmly while forecing couch
toward aft bullkhead until
couch disengages. Fully
open clamps and lower hip
end of couch to aft
bulkhead.

ba.

6b.

Empties PGA bag.

Detaches forward
top of bag from
couch.

Bag now flat on aft
bulkhead.

Bag now lashed to aft
bulkhead.

Preparing couch.

Knob engages shaft.

Trunnion will be free
to rotate.

Relieves pressure on
clamp plate.

Frees footward end of
couch from clamps.
(Couch structure may
have to be shaken.)
Clamps in intermediate
position will support
couch if it slips. Out-
board couches may
have to be lifted to take
pressure off center
couch clamp plates.
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Task

Procedure

Results/Remarks

A3, Stow center couch
under left couch

B. Preparing couch
structure for EVA..
(figure 1-22)

Bl. Connect EVA stabi-
lizer strut to couch.

Move headrest footward.
{figure 1-16)

Pull head beam pip pins
(2}. {figure 1-16)

Lower couch to aft bulk-
head on top of PGA bag.

Obtain lower (3.5 ft x

2 in.) and upper (4 ft x

2 in.} restrainer straps
from stowage locker.
Thread lower strap hooks
{2) through center couch
hip holes from inside.
Wrap upper strap around
center couch headrest
support bars and attach
snap o ring.

Verify left couch headrest
fully headward.

Pogition center couch
under left couch, firmly
pressing against tunnel
hatch bag.

Attach LOWER strap
hooks to left couch
D-rings.

Unsnap UPPER strap
hook, resnap after wrap-
ping around left couch
headrest support bars.

Unstow EVA stabilizer
strut by squeezing latch
and pulling toward couch.
Connect EVA stabilizer
strut to couch structure
at aft end of right head
strut. Engage stabilizer
strut and press toward
aft bulkhead.

Prep for strapping
under left couch.
Disconnects headward
end of couch from
head beam

Couch is now ready to
stow.

Preparing center
couch to strap to left
couch.

Head-to~head, hip-to-
hip, and piggy back.

Hip ends of couches
now secured.

Head ends of couches
now secured.

With EVA stabilizer
strut engaged, couch
structure will be sta-
bilized when foot
struts are
disconnected.
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Task

Procedure

Results /Remarks

B2. Disconnect foot
attenuator struts and
attach to forward
equipment bays.

Grasp the quick-
disconnect hook assembly,
pull lock pin actuator
toward lower equipment
bay.

Pull lower end of foot
attenuator strut (quick-
disconnect hook assembly)
firmly toward LEB until
it disengages.

Repeat for other foot X-X
attenuator strut.

Swing attenuator struts
along side of forward
equipment bay, and strap.

Holding lock pin actuator
in disengages lock pin.

Holds attenuator struts out
of the way for increased
mobility in LEB.
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1.3.2.6 CM Mechanical Controls.

Mechanical controls are provided in the crew compartment for
manual operation of the side access hatch covers, forward access hatch
covers, and manual override levers for the ECS cabin pressure relief
valve. Tools for emergency opening or securing the hatches and oper-

ating ECS manual backup valves are in the toolset pouch in a locker on
the aft bulkhead.

1.3.2.6.1 Side Accegs Hatch.

Side access to the crew compartment is through an outward-opening
single-integrated hatch assembly and adapter frame (figure 1-23). The
hatch provides for primary structure pressure loads and supports the
hatch thermal protection system. [t includes a primary flexible thermal
seal, hinges, and a latch and linkage mechanism. Provisions for a
scientific airlock, window, or closeout adapter, a pressure dump valve,
and a GSE cabin purge port are also incorporated. A secondary thermal
seal is attached to the heat shield ablator around the hatch opening and
bears against the inner structure. The adapter frame, which closes out
the area between the inner and outer structure, provides the structural
continuity for transmitting primary structure loads around the hatch
opening without transmitting the tension or compression loads to the
hatch. The inner structure adapter frame contains a gingle primary
pressure seal.

Hatch opening is accompligshed by a manually driven mechanism
which operates the latch and linkage mechanism. The latch and linkage
mechanism provides a hatch lock for pressure loads and for pressure
gealing of the crew compartment. (It does not provide shell continuity
for hook tension or compreasion loads.) The door deployment mechanism |
is driven by a single handle with a ratchet mechanism. The internal
lever operation is normal to the hatch with the inboard stroke driving the
latches closed while the outboard stroke drives the latches open. The
hatch will open 100 degrees minimum to provide clearance for the crew-
man past the scientific airlock when mounted on the hatch. A counter-
balance system is provided to assist in opening the hatch in both normal
and emergency conditions and attenuate the opening and closing velocity
of the hatch (figure 1-24).

The hatch is normally latched and unlatched manually from the
inside by an actuating handle permanently attached to the gear box
(figure 1-23). Prior to handle actuation, the two control levers are
positioned to the LATCH or UNLATCH positions as shown in view E
and G. Both selectors are placed in identical positions when
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operating the latches. Next, the shear pin release lever is placed in
the UNLOCK position. This will extend the orange-yellow shear pin
permitting free rotation of the gear box. When the latches are (ully
engaged, or the release lever is placed in the LOCKED position, the
orange-yellow pin will retract, locking the gear box., The shear pin
may be sheared during an emergency opening of the hatch., A
sheared condition is indicated by the protruding red pin, within the
orange-~yellow pin, as indicated in view E.

After the preceding steps have been performed, the handle js
ungtowed, This 15 accomplished by grippin¢ the handle (which
depresses the trip bar) and pumping approximately five 60-degree
strokes. This will fully engage or disengage the latches.

External operations are accomptished by using GSE or the in-
NNight tool through the penetfration on the outside of the hatch. (See
figure 1-24A.)

The crew hatch should not be closed from the ocutside of the CM
with the handle control knob in the LATCH position (view G). Always
set the pawl control knob in the NEUTRAL or UNLATCH position.
Located around the outer periphery are (5 mechanically actuated
tatches that engage the inner structure adapter. In the event of a
linkage jam or if the hatch will not hold in the closed position, auxil-
iary devices are utilized to provide thermal protection and structural
continuity during entry, and render the CM in a water -tight condition
for limited flotation capability.

A manually operated vent valve is located in the hatch. The
valve is capable of venting the cabin from 5 to 0.1 psig in one minute.
The valve may be operated from the inside or outside by a suited
crewman. A tool interface on the hatch exterior is provided for pre-
flight, space flight, and postflight operation.

The hatch bas provisions for installation of a window assembly
or scientific airlock. Depending on the mission, or spacecraft, the
window or airlock may be attached using the appropriate adapter.

The hatch mechanism operates the boost protective cover (BPC)
mechanism for normal and emergency modes, and is sequenced to
ensure release of the BPC hatch prior to unlocking the CM hatch.
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1.3.2.6.2

The BPC is hinged and retained with a tethering device when the
combined unified and BPC hatch are opened. A permanent release
handle (D-ring) is utilized on the outside of the BPC to manually
unlatch the drive mechaniem (figure 1-244).

The counterbalance assembly is a stored energy device capable
of opening the unlatched CM and BPC hatches in 2 one g environ-
ment. It is mounted adjacent to the CM hatch and connected to the
hatch deployment mechanism. Figure 1-24 illustrates schematically
the mechanization of the counterbalance assembly. To pressurize
the system for normal pad operation, the number one bottle dia-
phragm is punctured utilizing a blade screwdriver. The charging
and discharging handle is actuated and the gas bleeds into the
cylinder, The high-pressure gas provides an opening force that will
open the hatch when the latches are released. The cylinder must be
vented after launch to adjust the system for zero g operation.

The counterbalance maintains an outward force on the hatch
to balance the weight, overcome seal drag, and assist in opening
the hatch when the latches are actuated. The ground crew can
easily close the hatch by pushing it closed and recompressing the
gas {nitrogen). In this manner the nitrogen is not vented. Addi-
tional nitrogen is introduced only if the cylinder pressure has
decayed. A pressure indicator permits monitoring the system
pressure.

The number two bottle may be punctured after landing by
ratcheting the ratchet handle until the diaphragm is pierced. This
bottle should not be punctured until ready to open the hatch.

Forward Access Hatch (Figure 1-25).

The spacecraft utilizes a combined tunnel (forwaxd) hatch.
This single hatch serves as a pressure and thermal hatch. The
hatch latching mechanism consists of six separate jointed latches
whose linkage i3 driven by a pump handle from within the crew
compartment. The latch operation from the inside is a 60-degree
compression stroke selected by rotating the handle to the latch or
unlatch position. A sealed drive is provided through the hatch,
making the mechanism operable from the outside. A pressure
equalization valve is provided to equalize pressure in the tunnel
and LM prior to hatch removal.

Mission

BLOCK II SPACECRAFT CONFIGURATION

Basic Date 13 April 1969 Change Date 16 July 1969 Page

1-38B




SM2A-03-BLOCK II-{1)
APOLLO OPERATIONS HANDBOOK

SPACECRAFT

FORWARD HATCH (REF)

SEAL

GEAR 8OX LOCK
(CHROME TAB)

LATCH
ASSEMBLY

PRESSURE
EQUALIZATION VALVE

ACTUATOR

N
GEAR BOX ?:LECDYL(E)R
DISCONNECT
SOCKET (8-100L)
dETAIL @
SM-2A - 1906C

Figure 1-25. CM Forward Access Hatch
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1.3.2.6.3

1.3.2.7

1.3.2.7.1

1.3.2.7.2

Windows and Shades.

Five windows are provided through the inner structure and heat
shield of the CM: two forward viewing and two side observation windows
and a hatch window, (See figure 1-5.) During orbital flight, photographs
of external objects will be taken through the viewing and observation
windows. The inner windows are made of tempered silica glass with
0.25-inch-thick double panes, geparated by 0.l inch of space, and have a
softening temperature point of 2000°F. The outer windows are made of
amorphous-fused silicon with a single 0.7-inch-thick pane. Each pane
contains an anti-reflecting coating on the external surface, and has a
blue-red reflective coating on the inner surface for filtering out most
infrared and all ultraviolet rays. The glass has a softening temperature
point of 2800°F, and a melting point of 3110 °F.

Shades are provided for controlling external light entering the CM.
These shades, individually designed for each window configuration, are
made of aluminum sheet. The shades are opaque for zero-light trans-
mittal, bave a nonreflective inner surface, and are held in place by
‘'wing'' levers.

Crew Stations.

The place of crew activity, the objects of crew activities, and crew
activity requirements are referred to as "crew stations.'" Generally,
the term ''crew stations'' includes anything that supports the flight crew
and is synonymous with crew systems and equipment; thus, the terms are
generally interchangeable. A major distinction is that crew stations
include controls and displays reguirements, certain aspects of the
environmental control system, and crew couches, whereas in crew sys-
tems and equipment they are not usually included.

This section does not describe crew activities but briefly relates
the scope of crew systems and equipment by grouping. For a comprehen-
sive description, refer to section 2,12.

Spacesuit.

The spacesuit acts as a flexible environmental chamber in which the
crewman is supplied a flow of pressurized oxygen. It includes undergar-
ments, ventilation ducts, and the communication system. There are
many accessories such as the oxygen hose, cormmunication cables,
couplings, screen caps, connector plugs, and maintenance kits.

Restraints.

Crew restraints range from the restraint harness to restrain the
crew in the couches to the zero g restraints, such as the sleep station

Mission

BLOCK II SPACECRAFT CONFIGURATION

Basic Date !5 April 1969 change Date Page___1-40




SM2A-03-BLOCK 1I-(})
APOLLO OPERATIONS HANDBEOOK

SPACECRAFT

b.3.2.7.

1.3.2.7.

1.3.2.7.

1.3.2.7.

1.3.2.7.

1.3.2.7.

regtraints, hand-holds, and EVA guards. Equipment restraints include
a number of snaps and Velcro patches on the crew compartment structure
and utility straps which clasp to the snaps.

Internal Sighting Aids.

Internal sighting aids are objects that assist the crew in controlling
light or sighting. These include shades, mirrors, crewman optical align-
ment sight, lunar module active docking target, and window markings.

Externat lllumination Aids.

The external illumination aids are lights or objects on the exterior
of the Apollo spacecraft. They include the docking spotlight, running
lights, radio-luminegcent discs, the EVA floodlight, and rendezvous
beacon.

Mission Operational Aids.

Objects or devices that assist the crew in the mission and the oper-
ation of the spacecraft are operational aids. The aids are the flight-data
file, tool set, cameras, and miscellaneous accessories.

Crew Life Support.

Items included are drinking and food reconstitution water devices,
food, waste management, and personal hygiene. Waste management con-
sists of equipment for collecting, disinfecting, and storing the feces, and
expelling urine overboard.

Medical Equipment.

The medical requirements are filled by the biocinstrumentation
harness that transmits the respiration and pulse of the crew to the com-
munications system, and a medical kit that contains medication for
contemplated contingencies.

Radiation Monitoring Equipment.

The crew wears pagsive and active dosimeters for recording
dosages. For measuring the radiation present in the crew compartment,
a radiation survey meter and a Van Allen Belt dosimeter are stowed.

Postlanding Recovery Aids.

Upon landing, the crew will deploy the dye marker for daytime
signaling, or turn on the recovery beacon for night signaling, connect
cloth ducts for air, deploy a grappling hook to snag a sea anchor line,
and, if needed, use a seawater pump to acquire sea water for desaliniza-
tion. In the event the crew would be forced to abandon the cormmand
module, the survival kit would be used for flotation and signaling.
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Figure 1-26, CM Internal Configuration (Sheet 1 of 2)
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Figure 1-26. CM Internal Configuration (Sheet 2 of 2)

BLOCK 11 SPACECRAFT CONFIGURATION

Migsion Basic Date 15 April 1969 Change Date Page__ 1-45/1-46




|

[ -
f.‘ H e

g

7 | LOWER EQUIPMENT

K‘ w__J\_;'BM'

4 _
7 !
i
\ 1

VIEW-LOOKING AFT & QUTE'D
FOLDABLE CREW COUCHES

PEEEEEROEOEOEOEEO

LEB FLOODLIGHT

X=X FOOT ATTENUATOR STRUT
HaMD 5TRAP

TRAMSLATION COMNTROL
ROTATION CONTROL
INTERNAL VIEWING MIZRCH
Y-¥ ASTEMNUATOR STRUT
COMMANDERS COUCH (LEFT)
O PILOTS COUCH [CENTER)
W FILOTS COUCH |RIGHT)
X=X HEAD ATTENUATOR STRUT
FLOODLIGHT

EVA SYABRILIZER STRUT

Z-Z ATTEMUATOR STRUY

L SHAPED PGA BAGS

SM2A-03-BLOCK II-(1)
APQLLO OPERATIONS HANDBOOK

SPACECRAFT

WD PRESIURE HATCH (COMBINED}
TUNMNEL

F1 TEMPORARY STOWAGE COMPARTMENT
F2 TEMPORARY STOWAGE COMPARTMENT
T ChmEra i CEPTACLE

TV CAMERA MOUNT

ALDIO CONTROL PANEL 10

TUN LM PRESSLRIZATION PANEL |2
WATER METERING DEVICE

ORINKING WATER SUPPLY PASNEL 34

ECS RECIRCULATION FAN INTAKE

L2 STOWAGE COMPARTMENT

MATN DISFLAY CONSOLE D

MAIN DISAAY CONSOLE 2

MAIN DISPLAY CONSOLE )

INTERNAL YIEWING MIRROR

LEFT FORWARD VHEWING WINDOW

©01610/06/6/0:610010/0/0100I00]

LEFT SIDE VIEWING WINDOW

VIEW-LOOKING FORWARD & QUTB'D
COMBINED FWD PRESSURE HATCH, MOC CLOSEOUT &
LB Fwh EQUIPMENT 2AY

St~ 2A- 2033
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Stowage and Internal Configuration.

In the crew compartment, numerous items of equipment are stowed in

lockers or compartments designed to withstand the landing impact.

interior configuration of the crew compartment is shown in figures 1-26 and
1-27. The illustrations also show the equipment bays and spacecraft axes.

1.3.3 SERVICE MODULE (Figure 1-28)

The service module is a cylindrical structure formed by 1-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. Equipment contained within the service
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Figure 1-28. Service Module
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module is accesgsible through maintenance doors located around the
exterior surface of the module. Specific items, such as propulsion sys-
tems (SPS and RCS) fuel cells, and most of the SC onboard consumables
(and storage tanks) contained in the SM compartments, are listed in
figuore 1-28. The service module iz 12 feet 1) inches iong (high) and

12 feet 10 inches in diameter.

Radial beam trusses on the forward portion of the SM structure
provide a means for securing the CM to the SM. Alternate beams, one,
three, and five, have compression pads for supporting the CM. Beams
two, four, and six, have shear-compression pads and tension ties. A flat
center section in each temnsion tie incorporates redundant explosive charges
for SM-CM separation. These beams and separation devices are enclosed

within a fairing (26 inches high and 13 feet in diameter) between the CM and
SM.

1.3.4 SPACECRAFT LM ADAPTER.

The spacecraft LM adapter (SLA) (figure 1-29) is a large truncated
cone which connects the CSM and S-1VB on the launch vehicle. It houses
the lunar module (ILM), the nozzle of the service propulsgion system, and
the high-gain antenna in the stowed position. The adapter, constructed of
eight 2-inch-thick aluminum panels is 154 inches in diameter at the for-
ward end (CM interface) and 260 inches at the aft end. Separation of the
CSM from the SLA is accomplished by means of explosive charges which
disengage the four SLA forward panels from the aft portion. The individ-
ual panels are resgtrained to the aft SLA by hinges and accelerated in
rotation by pyrotechnic-actuated thrusters. When reaching an angle of
45 degrees measured from the vehicles X-axis, spring thrusters (two per
panel) jettison the panels. The panel jettison velocity and direction of
travel is such as to minimize the possibility of recontact with the space-
craft or launch vehicle.
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PANEL SEPARATION BY
EXPLOSIVE CHARGES

Figure 1-29. Spacecraft LM Adapter
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SECTION 2
SUBSECTION 2.1
GUIDANCE AND CONTROL

GUIDANCE AND CONTROL SYSTEMS INTERFACE.

The Apollo guidance and control functions are performed by the pri-
mary guidance, navigation, and control system (PGNCS}, and stabilization
and control system (SCS). The PGNCS and SCS systerms contain rotational
and translational attitude and rate sensors which provide discrete input
information to control electronics which, in turn, integrate and condition
the information into control commands to the spacecraft propulsion sys-
temms. Spacecraft attitude control is provided by commands to the reaction
control system (RCS). Major velocity changes are provided by cormmmands
to the service propulsion system (SPS). Guidance and control provides the
following basic functions:

® Attitude reference
e Attitude control
e Thrust and thrust vector control.

The basic guidance and control functions may be performed automat-
ically, with primary control furnished by the command module computer
(CMC) or manually, with primary control furnished by the flight crew. The
subsequent paragraphs provide a general description of the basic functions,

ATTITUDE REFERENCE.

The attitude reference function {figure 2.1-1) provides digplay of the
spacecraft attitude with reference to an established inertial reference.
The display is provided by two flight director attitude indicators (FDAI)
located on the main display console, panels 1 and 2. The displayed infor-~
mation consists of total attitude, attitude errors, and angular rates. The
total attitude is displayed by the FDAI ball. Attitude errors are displayed
by three needles across scales on the top, right, and bottom of the appar-
ent periphery of the ball. Angular rates are displayed by needles across
the top right, and bottom of the FDAI face.

Total attitude information is derived from the IMU stable platform or
the gyro display coupler (GDC). The IMU provides total attitude by main-
taining a gimbaled, gyro-stabilized platform to an inertial reference
orientation. The GDC provides total attitude by updating attitude informa-
tion with angular rate inputs from gyro assembly 1 or 2, Both the IMU and
the GDC furnish total attitude data to the cornmand module computer (CMC)
ag well as to the ¥FDAIs.
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Attitude error information is derived from three sources. The first
gsource is from the IMU through the coupling data unit (CDU) which com-
pares IMU gimbal angies with CMC commanded angles set into the CDU,
Any angular difference between the IMU gimbals and the CDU angles is sent
to the FDAI for display on the attitude error needles. The second source
is from gyro assembly 1 which contains three (one for each of the X, Y,
and Z axes) single-degree-of-freedom attitude gyros. Any spacecraft rota-
tion about an axis will offset the case of a gyro from the float. This rotation
is sensed as a displacement off null, and a signal is picked off which is
representative of the magnitude and direction of rotation. This signal is
sent to the FDAI for display on the attitude error needles. The third source
is from the GDC which develops attitude errors by comparing angular rate
inputs from gyro assembly 1 or 2 with an internally stored orientation.

This data is sent to the FDAI for display on the attitude error needles.

Angular rates are derived from either gyro assembly 1 or 2. Nor-
mally, the No. 2 assembly is used; however, gyro assembly 1 may be
switched to a backup rate mode if desired. For developing rate informa-
tion, the gyros are torqued to null when displaced; thus, they will produce
an output only when the spacecraft is being rotated. The output signals are
sent to the FDAI for display on the rate needles and to the GDC to enable
updating of the spacecraft attitude.

2.1.3 ATTITUDE CONTROL.

The attitude control function is illustrated in figure 2.1-2. The con-
trol may be to maintain a specific orientation, or to command small
rotations or translations. To maintain a specific orientation, the attitude
error signals, described in the preceding paragraph, are also routed to the
control reaction jet on-off assembly. These signals are conditioned and
applied to the proper reaction jet which fires in the direction necessary to
return the spacecraft to the desired attitude. The attitude is maintained
within specified deadband limits. The deadband is limited within both a
rate and attitude limit to hold the spacecraft excursions from exceeding
either an attitude limit or angular rate limit. To maneuver the spacecraft,
the reaction jets are fired automatically under command of the CMC or
manually by flight crew use of the rotation control. In either case, the
attitude control function is inhibited until the maneuver is completed.
Translations of small magnitude are performed along the +X axis
for fuel settling of SPS propellants prior to burns, or for a backup
deorbit by manual commands of the translation control. An additional
control is afforded by enabling the minimum impulse control at the |
lower equipment bay. The minimum impulse control produces one
directional pulse of small magnitude each time it is moved from
detent., These small pulses are used to position the spacecraft for
navigational sightings.

GUIDANCE AND CONTROL
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2.1.4 THRUST AND THRUST VECTOR CONTROL.

The guidance and control system provides control of two thrust
functions (figure 2.1-3). The first is control of the SPS engine on-off time
to control the total magnitude of thrust applied to the spacecraft. Primary
control of thrust is through the CMC. The thrust-on time, magnitude of
thrust desired, and thrust-off signal are preset by the flight crew, and
performed in conjunction with the CMC. The value of velocity change
attained from the thrust is derived by monitoring accelerometer outputs
from the IMU. When the desired velocity change has been achieved, the
CMC removes the thrust-on signal. Secondary thrust control is afforded
by the velocity counter portion of the entry monitor subsystermm. The counter
is set to the value of desired thrust prior to the engine on signal. Velocity
change is sensed by a +X axis accelerometer which produces output signals
representative of the velocity change. These signals drive the velocity
counter to zero which terminates the engine on signal. In either case, the
actual initiation of thrust is performed by the flight crew. There is a
switch for manual override of the engine on and off signals.

Thrust vector control is required because of center-of-gravity shifts
caused by depletion of propellants in the SPS tanks. Thrust vector control
is accomplished by electromechanical actuators to position the gimbal-
mounted SPS engine. Automatic thrust vector control (TVC) commands may
originate in the PGNCS or SCS systems. In either case, the pitch and yaw
attitude error signals are removed from the RCS system and applied to the
SPS engine gimbals. Manual TVC is provided to enable takeover of the
TVC function if necessary. The MTVC is enabled by twisting the transla-
tion control to inhibit the automatic system, and enables the rotation control
which provides command signals for pitch and yaw axes to be applied to the
gimbals. The initial gimbal setting is accomplished prior to the burn by
positioning thumbwheels on the fuel pressure and gimbal position display.

GUIDANCE AND CONTROL
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SECTION 2

SUBSECTION 2.2

GUIDANCE AND NAVIGATION SYSTEM (G&N)

INTRODUCTION.

The primary guidance navigation and control (PGNCS) system
measures spacecraft attitude and velocity, determines trajectory, con-
trols 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 PGNCS 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 data 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 the command module
computer (CMC) and two display and keyboard panels (DSKYs), which
are part of the controls and displays. The CMC is a digital computer
which processes and controls information to and from the IMU, the
optics, DSKYs, 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 to enable the CSS
and OSS to 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 in the ISS. System power requirements and reference signals are
provided by the power and servo assembly (PSA). Major components
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2.2.2

of the systern 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 primary guidance navigation and control system provides
capabilities for the following:

e Incrtial velocity and position (state vector) computation
e Optical and inertial navigation measurements
e Spacecraft attitude measurement and control

e GCeneration of guidance commands during CSM-powered flight
and CM atmospheric entry.

The PGNCS 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 predetermined trajectory, and displays pertinent data.
The flight crew uses the displayed information as an aid for decision to
abort or continue the mission.

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

Initial position and attitude information as well as periodic up-
dating of this information is made through use of the optics. This is
accomplished by the navigator making two or more landmarks, star-
landmark, star-horizon, and/or star sightings. The sightings are
made by acquiring the star-landmark or star-horizon with the SCT
and/or SXT. When the viewed object is centered, a mark command is
initiated, The CMC reads the optics angles, IMU angles, and time, in
conjunction with internal programs to determine the gspacecraft position.
This position information and the spacecraft velocity are used to com-
pute 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.
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The IMU (figure 2. 2-3) contains three inertial rate integrating
gyros (IRIGs) and three pulsed-integrating pendulous accelerometers
(PIPAs). The IR1Gs and PIPAs are mounted on the stable platform
which is gimbaled to provide three degrees of {freedom. The stable
platform inertial reference is maintained by the IRIGs in conjunction
with electronic stabilization loops. Any displacement of the platform
is sensed by the IRIGs, which produce output signals representative of
the magnitude and direction of displacement. The IRIG 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
nulted.

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 CMC 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 CMC to provide current velocity, position,
and trajectory information.

The IMU also provides a space-stabilized reference for space-
craft 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
repeat the platform attitude. Attitude monitoring is afforded by com-
paring the inertial CDU angles with the CMC desired angles. If the
angles differ, error signals are generated. If the attitude error is
larger than the selected deadband limits, the CMC 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 CMC provides automatic execution of computer programs,
automatic control of ISS and OSS modes, and in conjunction with the
DSKYs, manual control of IS5 and OSS modes and computer displays,
The CMC contains a two-part memory which consists of a large non-
erasable section and a smaller erasable section. Nonerasable mernory
contains mission and system programs, and other predetermined data
which are wired in during assembly. Data readout from this section is
nondestructive and cannot be changed during operation. The erasable
section of memory provides 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
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for display on the two DSKYs, The DSKYs enable the flight crew to
enter data or instructions into the CMC, request display of data from
CMC memory, and offer an interrupt control of CMC operation. The
CMC timing section provides timing signals of various frequencies for
internal use and to other on-board systems which require accurate or
synchronized timing. Data within the CMC is transmitted to MSFN
through a ''downlink" telemetry function. Telemetered data is trans-
mitted as a function of a CMC program or by request from MSFN.

Data within the CMC may be updated through "uplink” telemetry from
the MSEN, The CMC performs guidance functions by executing internal
programs using predetermined trajectory parameters, attitude angles
from the inertial CDUs, velocity changes from the PIPAs, and com-
mands from the DSKYs (crew) to generate control commands. The
navigation function is performed by using stored star-landmark or star-
horizon data, optics angles from the optics CDUs, and velocity changes
from the PIPAs in the execution of navigation programs.

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 moters cammanded by the
optics hand controller or by the CMC. 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 approximate 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 or star-
horizon sighting, the landmark line of sight is centered along the SXT
shaft axis. The star image is moved toward the landmark or horizon
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 marked command to the CMC. The CMC reads the optics CDU angles,
IMU CDU angles, and time and computes the position of the spacecraft.
The CMC bases the computation on stored star and navigator-supplied
landmark data which may also be used by the CMC to request specific
stars for navigational sightings, Two or more sightings, on two or
more different stars, must be taken to perform a complete position
determination,
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2.2.3

2.2.3.1

2.2.35.1.1

2.2.3.1.2

MAJOR COMPONENT /SUBSYSTEM DESCRIPTION.

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 navigation base (NB), the
inertial measurement unit (IMU), parts of the power and servo assembly
(PSA), parts of the control and display panels, and three coupling data
units (CDUs),

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.

Inertial Measurement Unit.

The inertial measurement unit (IMU) is the main unit of the
inertial subsystem. It is a three-degree-of-freedom stabilized platform
assembly, containing three inertial rate integrating gyros (IR1Gs), and
three pulsed-integrating pendulous accelerometers (PIPAs). The stable
member itself is machined from a solid block of beryllium with holes
bored for mounting the PIPAs and IRIGs.

The stable platform attitude is maintained by the IRIGs, stabili-
zation loop electronics, and gimbal torque motors. Any displacement
of the stable platform or gimbal angles is sensed by the IRIGs which
generate error signals, IRIG error signals are resolved, amplified,
and applied to stabilization loop electronics. The regultant 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 orthog-
onally to sense the velocity changes along all three axes. Any trans-
lational 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 CMC. The CMC will use the signal to update the velocity informa-
tion, and will also generate signals to enable the torquing of each PIPA
ducosyn back to null.
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2.2.3.1.3

The temperature control system is a thermostatic system that
maintains the IRIG and PIPA temperatures within their required limits
during both IMU standby and operate modes. Heat is applied by end~-
mount heaters on the inertial components, stable member heaters, and
a temperature control anticipatory heater. Heat is removed by con-
vection, conduction, and radiation. The natural convection used during
IMU standby modes is changed to blower-controlled, forced convection
during IMU operating modes, IMU internal pressure is normally
between 3,5 and 15 psia enabling the required forced convection. To
aid in removing heat, a water-glycol solution passes through coolant
passages in the IMU support gimbal, Therefore, heat flow is from the
stable member to the case and coolant. The temperature control sys-
tem consists of the temperature control circuit, the blower control
circuit, and the temperature alarm circuit. A separate external
temperature control system is algso provided for test configurations but
will not be discussed in this manual.

Coupling Data Unit.

The CDU, an all electronic device, is used as an interface
element between the ISS and CSS, the OSS anad CSS, and the CSS and
various controls and displays. It functions primarily as an analog-to-
digital (A/D) or digital-to-analog (D/A) converter. There are five,
almost identical, loops, one each for the inner, middle, and outer
IMU gimbals, and one each for the shaft and trurnion optical axes,
The ISS portion of the CDU performs the following functions:

a, Converts IMU gimbal angles from analog-to-digital form, and
gupplies the CMC withthis information.

b. Converts digital signals from the CMC to either 800-cps or
direct-current signals.

c. Controls the moding of the ISS through logical manipulation of
computer discretes.

The analog signal from the 1X and 16X resolvers, located on the
IMU gimbals, is transmitted to the CDU. This angular information,
proportional to the sine and cosine of the gimbal angle, is converted to
digital form with one pulse to the CMC equivalent to 40 arc-seconds of
gimbal movement.

During coarse align, attitude error display, and Saturn takeover
modes, the ISS channels of the CDU provide the digital to analog con-
version of the CMC output to generate an a-c or d-c output. The a-c
output is applied to the servo amplifiers of the PSA to drive the gimbals
to the desired angle, and is also applied to the FDAI for deflection of
the attitude error needles. The d-c signal is applied to the Saturn
Flight Control Computer which will gimbal the Saturn engine or pro-
vide commands to the Saturn attitude control system.
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2.2.3.1.4

2,2.3.2

2.2.3.2.1

Power and Servo Assembly.

The purpose of the power and servo assembly (PSA) is to provide
a central mounting point for the majority of the G&N system power
supplies, amplifiers, and other modular electronic components.

The PSA is located on the lower D&C panel rack directly below
the IMU. It consists of 42 modules mounted to a header assembly.
Connectors and harnessing are integral to the construction of the
header assembly, and G&N harness branches are broughl out from the
PSA header. A thin cover plate is mounted on the PSA, providing a
hermetic seal for the interior. During flight, this permits pressuriza-
tion of the PSA to remain at 15 psi. Connectors are available at the
PSA for measuring signals at various system test poinis.

Computer Subsystem.

The computer subsystem {CSS) consists of the command module
computer (CMC), and two display and keyboard panels (DSKYs). The
CMC and one DSKY are located in the lower equipment bay. The other
DSKY is located on the main display console.

Command Module Computer.

The CMC is a core memory, digital computer with two types of
memory, fixed and erasable. The fixed memory permanently stores
navigation tables, trajectory parameters, programs, and constants.
The erasable memory stores intermediate information.

The CMC processes data and issues discrete control signals,
both for the PGNCS and the other spacecraft systems. It is a control
computer with many of the features of a general purpose computer., As
a control computer, the CMC aligns the stable platform of the inertial
measurement unit {IMU) in the inertial subsystem, positions the optical
unit in the optical subsystem, and issues control commands to the
spacecraft, As a general purpose computer, the CMC solves guidance
problems required for the spacecraft mission. In addition, the CMC
monitors the operation of the PGNCS and other spacecraft systems.

The CMC stores data pertinent to the flight profile that the
spacecraft must assume in order to complete its mission. This gdata,
consisting of position, velocity, and trajectory information, is used by
the CMC to solve the various flight equations. The results of various
equations can be used to determine the required magnitude and direction
of thrust required. Corrections to be made are established by the CMC.
The spacecraft engines are turned on at the correct time, and steering
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signals are controlled by the CMC to reorient the spacecraft to a new
trajectory, if required. The inertial subsystem senses acceleration
and supplies velocity changes to the CMC for calculating the total
velocity. Drive signals are supplied from the CMC to coupling data
unit (CDU) and stabilization gyros in the inertial subsystem to align the
gimbal angles in the IMU. Error signals are also supplied to the CDU
to provide steering capabilities for the spacecraft. CDU position
signals are fed to the CMC to indicate changes in gimbal angles, which
are used by the CMC to keep cognizant of the gimbal positions. The
CMC receives mode indications and angular information from the optical
subsystem during optical sightings. This information is used by the
CMC to calculate present position and orientation, and is used to refine
trajectory information. Optical subsystem components can also be
positioned by drive signals supplied from the CMC.

CMC Organization. The CMC is functionally divided into seven
blocks: (See figure 2.2-3),

1. Timer 5. Priority control
2. Sequence generator 6. Input-output

3. Central processor 7. Power.

4. Memory

Timer. The timer generates all the necessary synchronization
pulses to ensure a logical data flow from one area to another within the
CMC. It also generates timing waveforms which are used by (1) the
CMC's alarm circuitry, and (2) other areas of the spacecraft for control
and synchronization purposes.

The master clock frequency is generated by an oscillator and is
applied to the clock divider logic. The divider logic divides the master
clock input into gating and timing pulses at the basic clock rate of the
computer. Several outputs are available from the pulses at the basic
clock rate of the computer. Several outputs are available from the
scaler, which further divides the divider logic output into output pulses
and signals used for gating, to generate rate signal outputs and for the
accumulation of time. Outputs from the divider logic also drive the time
pulse generator which produces a recurring set of time pulses., This
set of time pulses defines a specific interval (memory cycle time) in
which access to memory and word flow take place within the computer.

The start-stop logic senses the status of the power supplies and
specific alarm conditions in the computer, and generates a stop signal
which is applied to the time pulse generator to inhibit word flow.
Simultaneously, a fresh-start signal is generated which is applied to
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all functional areas in the computer. The start-stop logic, and sub-
sequently word flow in the computer, can also be controlled by inputs
from the computer test set (CTS) during pre-installation systems and
subsystemn tests.

Sequence Generator. The sequence generator directs the
execution of machine instructions. It does this by generating control
pulses which logically sequence data throughout the CMC. The control
pulses are formed by combining the order code of an instruction word
with synchronization pulses from the timer.

The sequence generator contains the order code processor,
command generator, and control pulse generator. The sequence
generator executes the instructions stored in memory by producing con-
trol pulses which regulate the data flow of the computer. The manner
in which the data flow 18 regulated among the various functional areas
of the computer and between the elements of the central processorx
causes the data to be processed according to the specifications of each
machine instruction.

The order code processor receives signals from the central
processor, priority control, and peripheral equipment (test equipment).
The order code signals are stored in the order code processor and con-
verted to coded signals for the command generator. The command
generator decodes these signals and produces instruction commands,
The instruction commands are sent to the control pulse generator to
produce a particular sequence of control pulses, depending on the in-
struction being executed. At the completion of each instruction, new
order code signals are sent to the order code processor to continue the
execution of the program.

Central Processor. The central processor performs all arith-
metic operations required of the CMC, buffers all information coming
from and going to memory, checks for correct parity on all words
coming from memory, and generates a parity bit for all words written
into memory.

The central processor consists of the flip-flop registers, the
write, clear, and read control logic, write amplifiers, memory buffer
register, memory address register and decoder, and the parity logic.
All data and arithmetic manipulations within the CMC take place in the
central processor.

Primarily, the central processor performs operations indicated
by the basic instructions of the program stored in memory. Communi-
cation within the central processor is accomplished through the write
amplifiers. Data flows from memory to the flip-flop registers or vice
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versa, between individual flip-flop registers, or into the central
processor from external sources. In all instances, data is placed on
the write lines and routed to specific register, or to another functional
area under control of the write, clear, and read logic. This logic
section accepts control pulses from the sequence generator and
generates signals to read the content of a register onto the write lines,
and write this content into another register of the central processor or
to another functional area of the CMC. The particular memory location
ig specified by the content of the memory address register. The
address is fed from the write lines into this register, the output of
which is decoded by the address decoder logic. Data is subsequently
transferred from memory to the memory buffer register. The decoded
address outputs are also used as gating functions within the CMC.

The memory buffer register buffers all information read out or
written into memory. During read out, parity is checked by the
parity logic and an alarm is generated in case of incorrect parity.
During write-in, the parity logic generates a parity bit for information
being written into memory. The flip-flop registers are used to accom-
plish the data manipulations and arithmetic operations. Each register
is 16 bits or one computer word in length, Data flows into and out of
each register as dictated by control pulses agsociated with each register.
The control pulses are generated by the write, clear, and read control
logic.

External inputs through the write amplifiers include the content
of both the erasable and fixed memory bank registers, all interrupt
addresses from priority control, control pulses which are associated
with specific arithmetic operations, and the start address for an initial
start condition. Information from the input and output channels is
placed on the write lines and routed to specific destinations either
within or external to the central processor. The CTS inputs allow a
word to be placed on the write lines during system and subsystem tests.

Registers. Registers A, L, Q, Z, and B consist of 16 bit
positions each. These are numbered 16 through 1 reading from left to
right. Register E BANK consists of three bit positions numbered 11
through 9. Register S consista of 12 bit positions numbered 12 through
l. Register SQ consists of seven bit pogitions, SQ, EXT, 16 and 14
through 10. Registers X and Y comprise the adder and each register
consists of 16 bit positions. The 16 output gates of the adder are called
register U; note, however, that U is not a register in the sense of the
flip-flop registers comprising the central processor. Register U and
the write amplifiers each consists of 16 bit positions numbered 16
through 1. All registers mentioned so far may contain addresses, a
code, etc. They do not, however, contain a parity bit., Whenever a
number is contained in these registers, the lowest order bit is stored
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in bit position ) and the highest order bit is stored in bit position 14,
The sign bit is stored in bit position 16. A zero in this bit position
signifies a positive number and a one signifies a negative number, Bit
position 15 is used for storing either the overflow or underflow bit.

Register G serves as a buffer between the central processor and
memory., It consists of 16 bit positions numbered 16 through 1. Any
parity bit received from memory is transferred to the parity block but
not to the central processor register. The 16 inputs to the parity block
are numbered 16 and 14 through 0. No provision is made for entering
an overflow bit into the parity block,

Register A is called the "accumulator.' It contains the results
of arithmetic operations.

Register L is called the ''lower order accumulator.' It contains
the least significant bits of the product or quotient after a multiplication
or division process.

Register B is called the ''buffer register." It also provides a
means of complementing since its reset side can also be interrogated.
The reset side is sometimes called '‘register C."

The Z register is the program counter. It contains the address
of the next instruction word in the program. As each instruction is
executed, this register is incremented by one because the instruction
words usually are stored sequentially in memory.

The Q register ig named the ‘“return address register,'! When
the CMC transfers control to another program or routine, the contents
of the Z register are stored in register Q. When the CMC returns to
the original program, register Q contains the address of the appropriate
instruction.

The write amplifiers provide the current driving capabilities for
the registers. These amplifiers in no way store information; they
simply route information.

Register S contains the address of the word to be called out from
memory., Register E BANK is algso used when erasable memory is
addressed, Register F BANK is used when fixed memory is addressed.

Memory. Memory provides the storage for the CMC and is
divided into two sections: erasable memory and fixed memory.
Erasable memory can be written into or read from; its readout is
destructive. Fixed memory cannot be written into and its readout is
nondestructive,
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The CMC has erasable and fixed memories., The erasable
memory can be written into and read out of; fixed memory can only be
read out of. Erasable memory stores intermediate results of com-
putations, auxiliary program inforrnation, and variable data supplied
by external inputs from the PGNCS and other systems of the spacecraft,
Fixed memory stores programs, constants, and tables. There is a
total of 38,912, sixteen bit word storage locations in fixed and erasable
memories. It should be noted that the majority of the memory capacity
is in fixed memory (36, 864 word locations). Both memories are
magnetic core storage devices; however, the cores are used differently
in each type of memory. It is assumed that the reader is familiar with
the basic magnetic properties of a ferrite core as described by a square
hysteresis curve. A core is a static storage device having two stable
states. It can be magnetized in one or two directions by passing a
sufficient current, I, through a wire which pierces the core. The
direction of current determines the direction of magnetization. The
core will retain its magnetization indefinitely until an opposing current
switches the core in the opposite direction. Wires carrying current
through the same core are algebraically additive. Sense wires which
pierce a switched core will carry an induced pulse.

Priority Control. Priority control establishes a processing
priority of operations which must be performed by the CMC, These
operations are a result of conditions which occur both internally and
externally to the CMC. Priority control consists of counter priority
control and interrupt priority control. Counter priority control initiates
actions which update counters in erasable memory. Interrupt priority
control transfers control of the CMC to one of several interrupt sub-
routines stored in fixed memory.

The start instruction control restarts the computer following a
hardware or program failure. The counter instruction control updates
the various counters in erasable memory upon reception of certain
incremental pulses. The counter ingstruction control is also used during
test functions to implement the display and load requests provided by
the computer test set. The interrupt instruction control forces the
execution of the interrupt instruction (RUPTOR) to interrupt the current
operation of the computer in favor of a programmed operation of a
higher priority.

Input-Output. The input-output section routes and conditions
signals between the CMC and other areas of the spacecraft. In addition
to the counter interrupt and the program interrupts previously described,
the CMC has a number of other inputs derived from its interfacing
hardware. These inputs are a result of the functioning of the hardware,
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or an action by the operator of the spacecraft. The counter interrupts,
in most cases, enable the CMC to process inputs representative of data
parameters such aa changes in velocity. The program interrupt inputs
to the CMC are used to initiate processing of functiona which must be
processed a relatively short time after a particular function is present.
The other inputs to the CMC, in general, enable the CMC to be cognizant
of "conditions' which exist in its environment. These inputs are routed
to CMC and are available to the CMCs programs through the input
channels.

The outputs of the CMC fall in one of the following categories:
data, control, or condition indications. Some of these outputs are con-
trollable through the CMC program while others are present as a
function of the CMC circuitry. All of the outputs which are controlled
by the CMC programs are developed through the CMC output channels.

Channel 0l is the L register.
Channel 02 is the Q register.
Channel 03 the high-order scaler channel,
Channel 04 the low-order scaler channel.

Output Channel 05 has eight bit positions and is associated with
the reaction control system jets.

Output Channel 06 has eight bit positions and is also associated
with the reaction control system jets. A logic one in any of the bit
positions will cause the appropriate reaction control jets to be fired.
The outputs of this channel control the jets used for Z and Y transla-
tions, and the roll rotation. The logic is the same as for output
channel 05, Assume that it was desired to perform a pure roll
maneuver. One of the ways this could be implemented would be to have
logic ones in bit positions 1 and 3 while all other bit positions contained
a logic zero. There are other methods, of course, but these will not
be detailed.

Channel 07 is the FF EXT register. It is associated with the
selection of word locations in fixed memory. This channel has three
bit positions.

Output Channel 10 routes information contained in this channel to
the DSKYs. The different configurations light various displays on the
DSKYs.

Output Channel 11 routes information contained in bits 1 through 7
of this channel to the DSKY=s. Bit 13 is routed to the SCS system.
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Output Channel 12 consists of 15 bit positions, 14 of which are
presently used. The outbits are d-c signals sent to the spacecraft and
PGNCS.

Output Channel 13 associates the first four bits of this channel
with the VHF ranging. Bit positions 12 through 14 have been covered
under program interrupt priority control.

Output Channel 14 associates bit positions 11 through 15 with the
CDU drive control. This control generates the following pulse trains
which are sent to the CDUs: CDUXDP (X CDU positive drive pulse},
CDUXDM (X CDU negative drive pulse), CDUYDP, CDUYDM, CDUZDP,
CDUzZDM, TRNDP, TRNDM, SHAFTDP (shaft CDU positive drive
pulse), and SHAFTDM. The CDU drive control also enters the following
d-c signals into the counter~priority control to request the execution of
a DINC instruction;: X IMU, CDU, Y IMU, CDU, Z IMU CDU, § OP
CDU and T OP CDU.

Signal X IMU CDU is generated when bit position 15 contains a
logic one. Signal Y IMU CDU is generated when bit position 14 con-
tains a logic one, signal Z IMU CDU when bit position 13 contains a
logic one, signal T OP CDU when bit position 12 contains a logic one,
and signal S OP CDU when bit position 11 contains a logic one. More
than one of these signals can be generated simultaneously.

Once a desired quantity, e.g., -432, has been entered into a CDU
counter, e.g., erasable memory address 0050, and output channel 14
has been properly set (logic 1 in bit position 15), the CDU drive control
generates signal X IMU CDU which sets a flip~flop in counter priority
control and commands the sequence generator to execute a DINC
instruction. As the instruction is executed, the counter control is
diminished by one to -431. The CDU drive control then generates a
CDUXDM pulse and routes it to the X CDU. Since the priority flip-flop
is still set, another DINC instruction is requested. This is repeated
until the counter content has diminished to zero. Once the counter con-
tains zero and a DINC instruction is executed, a signal is generated
which clears bit position 15 of output channel 14, resets the priority
cell, and stops the transmission of pulses.

The gyro drive control selects a gyro to be torqued positively or
negatively, and then applies a 3200-cps pulse train to the appropriate
gyro to accomplish this function. There are six signals associated
with selection of the gyro and the direction in which it will be torqued:
GYXP (drive gyro x positive), GYXM (drive gyro x negative}, GYYP,
GYYM, GYZP, and GYZM, The appropriate signal is determined by
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the bit configuration of bits 7 through 9 of output channel 14. I bit
positions 6 and 10 are a logic one, 2 3200-cps pulse train is routed to
the gyro clectronics specified by bit positions 7 through 9, and 2 d-c
signal is entered into the counter priority control which commands the
sequence generator to perform a DING instruction.

Assume that it is desired to torque-the X -gyro in the negative
direction by 123 pulses. The GYROS counter in counter priority con-
trol would be set to 123. Bit positions 7 through 9 would be 101
respectively, and bit positions 6 and 10 would be logic one. Each time
a pulse is gent to the gyro, the GYROS counter is DINCed. The d-c¢
signal to counter priority will remain until the GYROS counter goes to
zero which will terminate the torquing.

Input Channel 15. This channel consists of five bit positions.
When a key on the main panel DSKY is pressed, a unique five-bit code
is entered into this channel. The RUPT 5 interrupt routine is also
developed whenever a key on the main panel DSKY is pressed.

Input Channel 16. This channel consists of seven bit positions,
If the MARK pushbutton has been pressed, a logic one is entered into
bit position 6. This would cause a KEYRUPT 2 (RUPT 6) interrupt
routine.

If the MARK REJECT pushbutton has been pressed, a logic one
is entered into bit position 7 of this channel. This will also cause a
KEYRUPT 2 interrupt routine to be performed. When a key on the
navigation panel DSKY is pressed, a unique five-bit code 18 entered into
bit positions 1 through 5. The insertion of this code into input channel
16 initiates a KEYRUPT 2 interrupt routine.

Input Channels 17 through 27 are spares.

Input Channel 30 consists of 15 bit positions. The inputs to these
positions are inverted and utilized as follows:

a. Bit Position 1 {ULLAGE THRUST PRESENT). This input is
generated by the S-IVB instrumentation unit. If this input is a logic
zero, it signifies that the action has occurred or has been commanded
to occur.

b. Bit Position 2 (SM SEPARATE). This input originates in the
mission sequencer and is a logic 0 when the service module is separated
from the command module.

c. Bit Position 3 (SPS READY). A logic zero in this bit position
indicates that the pilot has completed the SPS engine start checklist.

d. Bit Position 4 and 5 (5-1VB SEPARATE - ABORT, LIFT OFF).
These inputs are generated in the S-IVB instrumentation unit. They
indicate that the appropriate actions have occurred vr have been
commanded to occur.
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e. Bit Position 7 (OCDU FAIL). This input is generated in the
0SS and is a logic zero when a failure has occurred in one of the optical
CDUs,

f. Bit Position 9 (IMU OPERATE). A binary zero in this bit
position indicates that the IMU 1is turned on and is operating with no
malfunctions.

g. Bit Position 10 (SC CONTROL OF SATURN). A logic zero in
this bit position indicates that the SC has control over the SATURN
stage.

h. Bit Position 11 (IMU CAGE). A logic zero in this bit position
indicates that the IMU gimbals are at their null position.

i. Bit Position 12 (IMU CDU FAIL). A logic zero in this bit
position indicates that a failure has occurred in one of the inertial CDUs.
j. Bit Position 13 (IMU FAIL). A logic zero in this bit position

indicates that a malfunction has occurred in the IMU stab loops.

k. Bit Position 14 (I8S TURN ON REQUEST). A logic zero is
inserted into this bit posgition when the ISS has been turned on, or
commanded to be turned on.

1. Bit Position 15 (TEMP IN LIMITS). A logic one is inserted into
this bit position if the stable member temperature has not exceeded its
design limits. If the limit has been exceeded, a logic zero will be
stored,

Input Channel 31, channel consists of 15 bit positions. Bit
positions 1 through é receive their inputs from the rotational hand con-
troller. A logic zero in any one of these bit positions is associated
with roll, pitch, or yaw commands. Bit positions 7 through 12 receive
their inputs from the translational hand controller. A logic zero in
any one of these bit positions is associated with the X, Y, or Z trans-
lation commands,

A logic zero in bit position 13 indicates that the present SC
attitude is being held and the hand controller is not being used. A logic
zero in bit position 14 indicates that the SC is drifting freely, and that
the CMC is not receiving inputs from the hand controller or minimum
impulse controller. A logic zero in bit position 15 indicates that the
GMC is controlling the present SC attitude and the hand controller is not
commanding an attitude change. All inputs to this channel are inverted.

Input Channel 32, the first six bit positions of this channel receive
their inputs from the minimum impulse controller. A logic zero in any
of these bit positions is asaociated with the pitch, yaw, or roll motion
commanded by the minimum impulse controller. Bit position 11 con-
tains a logic zero while the LM is attached to the CSM. All inputs to
this channel are inverted.
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Input Channel 33, inputs to this channel are generated in the
CMC and optics. A logic zero in bit position 2 indicates that the VHF
Digital Ranging information is good. Bit positions 4 and 5 receive d-c
signalg from the optica control panel. The 4-c signals are generated
by switch and relay closures. A logic zero appears in bit position 10
if the BLOCK UPLINK switch is thrown to the BLOCK position. Bit
positions 1] or 12 contain a logic zero if the uplink or downlink telemetry
rates are too high, Bit position 13 contains a logic zero if a failure
occurs in the accelerometer loops. All inputs to this channel are
inverted,

Output Channels 34 and 35 provide 16 bit worda including a parity
bit for downlink telemetry transmission.

Power. This section provides voltage levels necessary for the
proper operation of the CMC,

CMC power is furnished by two switching-regulator power
supplies: a +4-volt and a t14-volt power supply which are energized
by fuel cells in the electrical power system.

Input voltage from the electrical power system is chopped at a
variable duty cycle and then filtered to produce the required voltages.
Chopping is accomplished by varying the pulse width of a signal having
a fixed repetition rate and known amplitude.

Source voltage, +28 vdc, is supplied from the electrical power
systemn through the power switch to the control module. The control
module, essentially a pulse generator, detects the difference between
the primary feedback output of the power supply and a reference voltage.
(A secondary feedback path is connected to the CTS for marginal-voltage
test operations.) A differential amplifier detects any change in the out-~
put voltage from the desgired level. The output of the differential
amplifier and a 51, 2~kilocycle sync pulse from the timer drive a one-
shot multivibrator in the control module. The differential amplifier
output determines the multivibrator pulse width. The resultant +14-volt
pulse is supplied to the power awitch.

The power switch filters the control module output to produce the
desired d-~c voltage. Additional filtering action protects the electrical
power system from the wide-load variations caused by the chopping
action of the power supply, The power switch also containg a tempera~
ture sensing circuit. Because of load requirements, the +4-volt power
supply requires two power switches.
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The power supply outputs are monitored by a failure detector
consisting of four differential amplifiers. There are two amplifiers
for each power supply, one for overvoltage and one for undervoltage
detection. If an overvoltage condition exists, a relay closure signal
indicating a power failure is supplied to the spacecraft.

2.2.3.2.2 Display and Keyboard.

The DSKYs facilitate intercommunication between the flight crew

and the CMC. The DSKYs operate in parallel, with the main display

console DSKY providing CMC display and control while the crew are in

their couches. (See figure 2,2-2.)
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Figure 2, 2-2, Display and Keyboard
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The exchange of data between the flight crew and the CMC 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 five different
modes of operation: *

e Display of Internal Data. Both a one-shot display and a
periodically 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 require instructions from the operator
to determine whether to stop or continue at a given point.

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

& Display of PGNCS Caution and Status. The DSKY is used to
display the status of the ISS, OSS, and CMC and to provide an
indication of hardware and software cautions.

Displays. The diasplays consist of eleven status and caution
indicators, three decimal displays and three decimal or octal registers.

The function of the indicators and displays is as follows;

Indicator /Display Function

UPLINK ACTY light On when the CMC has received a com-
plete 16 bit digital uplink message or
during the rendezvous navigation pro-
gram the gimbal angle changes are
greater than 10 degrees to align the
CSM to the desired tracking attitude and
the astronaut has disabled the automatic

tracking.

NO ATT light ~ighted when the ISS is in a coarse
align mode.

STBY light On when the CMC is in the standby
mode.
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Indicator/Display

KEY REL light

OPR ERR light

TEMP light

GIMBAY. LOCK light

PROG light

RESTART light

TRACKER light

COMP ACTY light

PROG display

VERB display

Function

Lighted when an internal display desires
the use of the DSKY and the astronaut is
using the DSKY or the astronaut presses
a key (exceptions: PRO, RSET and
ENTR) when an internal flashing dis-
play is currently on the DSKY or the
astronaut presses a key {exceptions):
PRO, RSET and ENTR) on top of his
Monitor Verb display.

On when the operator performs an
improper sequence of key depressions.

Lighted when the CMC receives a signal
from the IMU temperature control that
the stable member is outside of the
temperature range of 126.3 to 134.3°F.

On when the middle gimbal angle
exceeds *70° from its zero position.

Lighted when the internal program
detects computational difficulty.

On when the CMC detects a temporary
hardware or software failure.

Lighted when the CMC receives a
signal from the OCDU indicating a
failure or the rendezvous navigation
program reads VHF range information
but the Data Good discrete is missing.

On when the CMC is occupied with an
internal gsequence.

Provides a decimal display of the
current mission program in seguence.

Provides a decimal display of the verb
(action) being performed.
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Indicator/Display Function

NOUN display Provides a decimal display of the noun
(location or register) where the action
(verb} is being performed.

REGISTER 1, 2 and 3 Provides a display of the contents of
registers or memory locations,

The keyboard consists of ten numerical keys (pushbuttons) labeled
0 through 9, two gign keys (+ or -) and seven instruction keys: VERB,
NOUN CLR {clear), PRO (proceed), KEY REL (key release), ENTR
(enter), and RSET (reset).

Whenever a key is pressed, +14 vdc is applied to a diode encoder
which generates a unique five-bit code associated with that key. There
is, however, no five-bit code associated with the PRO key, If a key
on the main panel DSKY is pressed, the five-bit code agsociated with
that key is entered into bit positions 1 through 5 of input channel 15 of
the CMC. Note that this input will cause a request for the KEYRUPT 1!
program interrupt. If a key on the navigation panel DSKY is preesed,
the five-bit code associated with that key is entered into bit position 1
through 5 of input channel 16 of the CMC. Note that this input will
cause a request for the KEYRUPT 2 program interrupt, The function
of the keys is as follows:

Pushbutton Function

0 through 9 pushbuttons Enters numerical data, noun codes, and
verb codes into the CMC.

+ and - pusghbuttons Informs the CMC that the following
numerical data ig decimal and indicates
the sign of the data.

NOUN pushbutton Conditions the CMC to interpret the
next two numerical characters as a
noun code and causes the noun diaplay
to be blanked.

CLR pushbutton Clears data contained in the data displays.
Pressing this key clears the data display
currently being used. Successive
depressione clear the other two data
displays.
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Pushbutton Function

PRO pushbutton Commands the CMC to the standby mode
if power down program has been run.
An additional depression commands the
CMC to resume regular operation. If
power down program has not been run,
a depression commands CMC to
proceed without data.

KEY REL pushbutton Releases the DSKY displays initiated
by keyboard action so that information
supplied by the CMC program may be
displayed.

ENTR pushbutton Informs the CMC that the assembled
data is complete and the requested
function is to be executed.

RSET pushbutton Extinguishes the DSKY caution indica-
tors. (OPR ERR, PROG, RESTART,
STBY and UPLINK ACTY).

VERB pushbutton Conditions the CMC to interpret the
next two numerical characters as a
verb code and causes the verb display
to be blanked.

Verb-Noun Formats. A noun may refer to a device, a group of
computer registers or a group of counter registers, or it may simply
serve to convey information without referring to any particular computer
register., The noun is made up of 1, 2, or 3 components, each compo-
nent being entered separately as requested by the verb code. As each
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 39) 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 40 through 99} are those whose component members
refer to nonconsecutive addresses or whose component members
require different scale factors when converted to decimal, or both,
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A verdb code indicates what action is to be taken. It also determines
which component member of the noun group is to be acted upon. For
example, there are five different loagd verbs. Verb 2} 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 ahd monitor verbs. There are
two general classes of verbs: regular and extended. The regular verbs
(codes Ol tbrough 39) deal mainly with loading, displaying, and monitoring
data. The extended verbs (codes 40 through 99) 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 butthey 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 OPR ERR 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
"ENTR, " 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 CLR key may be used to
remove it. Pressing the ENTR key causes execution of the
verb to continue.
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e Change Major Mode. To change major mode, the sequence is
VERB 37 ENTR. 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 new major mode code
to be displayed in the PROG display register,

The flash is turned off by any of the following events:
e Final entry of a load sequence,

Entry of verb ''proceed without data' (33) or depression of PRO pb.
e Entry of verb ''terminate’ (34).

It is important to conclude every load verb by one of the aforemen-
tioned three, especially if the load was initiated by program action within
the computer. If an internally initiated load is not concluded validly, the
program that initiated it may never be recalled. The "proceed without
data’ verb is used to indicaie that the operator is unable to, or does not
wigh 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.

Keyboard Operation

The standard procedure for the execution of keyboard operations
consists of a sequence of seven key depressions:

VERB VZ V1 NOUN N2 N1 ENTR
Pressing the VERB key blanks the two verb lights on the DSKY and clears
the verb code register in the CMC. The next two numerical inputs are
interpreted as the verb code. 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 CMC noun code register. Pressing the ENTR
key initiates the program indicated by the verb-noun combination 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 previocusly inserted verb or noun can be used without re-
keying it. No action is taken by the CMC ip initiating the verb-noun-
defined program until the ENTR key is actuated. If an error is noticed
in either the verb code or noun code, prior to actuation of the ENTR key,
it can be corrected simply by pressing the corresponding VERB or NOUN
key and inserting the proper code. The ENTR key should not be actuated
until it has been verified that the correct verb and noun codes are displayed.
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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 ENTR 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 disgplay 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 a 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 ENTR
key must be pressed after each data word. This tells the program that
the numerical word being keyed in is complete. The on-off flaghing of
the VERB-NOUN lights terminates after the last ENTR key actuator of a
loading sequence.

The CLR 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 PROG, 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 CLR key depression performs the clearing function on the particular
register being loaded, provided that the CLR key is depressed before the
ENTR key. Once the ENTR key is depressed, the CLR key does nothing.
The only way to correct an error after the data is entered for 2 single-
component load verb is to begin the load verb again. For two- or three-
component load verbs, there is a CLR backing-up feature. The first
depression of the CLR key clears whichever register is being loaded.
{The CLR key may be pressed after any character, but before its entry.)
Consecutive CLR key actuations clear the data display register above the
current one until REGISTER 1 ie cleared. Any attempt to back up (clear)
beyond REGISTER 1 is simply ignored. The CLR 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 CLR 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, ENTR, RSET, or KEY
REL 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, and 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.
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2.2.3.3.1

2.2.3.3.2

The DSKY can also be used by internal computed programs for sub-
routines. However, any operator keyboard action (except RSET) 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 ie recommended that the operator release the DSKY for
internal use when he has temporarily finished with it: this is done by
pressing the KEY REL key.

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 space-
craft. 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 pro-
truding 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 ray be parallel or the
SCT axis may be offset, depending upon the mode of operation.

The sextant is a highly accurate optical instrument capable of
measuring 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 szextant lens provides 1. 8-degree true
field-of-view with 28X magnification. The movable mirror is capable of
sighting a target to 50 degrees LOS from the shaft axis. The mechanical
accuracy of the trunnion axis is twice that of the LOS requirement because
of mirror reflection which doubles any angular digsplacement in trunnion
axig.

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 1X wmagnification. The telescope allowable LOS errors are one
minute of arc-rms in elevation with maximum repeatability of 15 arc-
seconds and approximately 40 arc-seconds in shaft axis,

Coupling Data Unit.

The identical coupling data unit (CDU) used in the ISS is also used
as part of the OSS. Two channels of the CDU are used, one for the SXT
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shaft axis and one for the SXT trunnion axis, These CDU channels repeat
the SXT shaft and trunnion angles and transmit angular change information
to the CMC in digital form. The angular data transmission in the trunnion
channel is mechanized to generate one pulse to the CMC for 5 arc-seconds
of movement of the SXT trunnion which is equivalent to 10 arc-seconds of
SLOS movement. The shaft CDU channel issues one pulse for each 40
arc-seconds of shaft moverment. The location of the SXT shaft and
trunnion axes are transmitted to the CDUs through 16X and 64X resolvers,
located on the SXT shaft and trunnion axes, respectively. This angular
information is transmitted to the CDUs in the form of electrical signals
proportional to the sine and cosine of 16X shaft angle and 64X trunnion
angle, During the computer mode of operation, the CDU provides digital-
to-analog conversion of the CMC output to generate an a-c input to the
SXT shaft and trunnion servos. This analog input to the SXT axes will
drive the SLOS to some desired position. In addition, the OSS channels

of the CDU perform a second function on a time-sharing basis. During a
thrust vector control function, these channels provide digital-to-analog
conversion between the CMC and the service propulsion system (SPS)
gimbals,

2.2.4 OPERATIONAL MODES.

The PGNCS has two systems, six inertial subsystem (ISS), and
three optical subsystem (OSS) modes. The system modes are listed as
follows:

e Saturn takeover
o Thrust vector control.

The ISS modes are listed as follows:

IMU turn-on

IMU cage

Coarse align

Fine align
Attitude error
Inertial reference.

The OSS modes are listed as follows:

Zero optics
Manual control
e Computer control.

The moding of the system and ISS is controlled by the CDU with the
exception of one mode, a cage switch on the main display and control
panel. All other modes must be commanded by the CMC through the
isguance of discrete moding commands to the CDU.
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The modes of operation for the OSS are selected by the astronaut
using controls located on the indicator control panel.

2.2.4.1 S-1VB Takeover,

The S-IVB takeover capability provides steering signals to the
Saturn instrument unit autopilot. There are two modes of operation, auto-
matic and manual. The automatic mode provides the backup capability of
issuing steering commands to the IU during the boost phase. This mode
is initiated by positioning the LAUNCH VEHICLE GUIDANCE switch on
the main display and control panel to CMC and during the boost monitor
program only. This switch arms the S-IVB takeover relay with 28 vdc
and issues a discrete to the CMC., The CMC, on recognition of this input
discrete, switches to a control routine which generates an S-IVB takeover
discrete. The S-IVB takeover discrete allows the relay in the mode
module to energize, closing the interface between the DAC and the S-IVB
instrument unit.

Normally the boost monitor program monitors the CDUs, computes
the difference between the desired attitude {(determined by a stored poly-
nominal) and the actual attitude, and displays the error on the FDAIL.
During the takeover mode the commands are computed by taking the error
(difference between polynominal and actual attitude)} at takeover and storing
ag a bias. This value is subtracted from the actual error computed on
succeeding cycles and is used to issue steering commands that attempt to
maintain a constant error equal to that existing at takeover.

The manual mode provides the capability of issuing rotation control
commands, through the CMC, to the instrument unit. The manual mode
is initiated by placing the LAUNCH VEHICLE GUIDANCE switch to the
CMC position and enabling the RCS digital autopilot with an extended verb.
The switch arms the S-IVB takeover relay with 28 vdc and issues a dis-
crete to the computer. The CMC, on recognition of this discrete and the
RCS digital autopilot enabled, generates the S-IVB takeover discrete.

If either rotation control is placed to a pitch, yaw, or roll breakout
position, the CMC issues an error-counter-enable discrete to the CDU.
The error-counter-enable discrete is buffered in the mmoding module,
modified by the digital mode module finally allowing the error counters to
be enabled. The CMC then generates a :tec pulse train to the appropriate
error counter where it is accumulated and converted to a *d-c output
signal by the DAC., The *d-¢ signal is applied to the S-IVB IU as a
0.5°/sec * pitch or * yaw rate command.
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When the rotation control is returned to the null position, the CMC
inhibits the error-counter-enable discrete to the CDU which causes the
error counter to reset. This results in a 0-vdc output signal from the
DAC which is applied to the S~IVB IU as a 0°/sec roll, pitch, or yaw
rate command.

Thrust Vector Gontrol.

This system mode is initiated by CMC program control.

The CMC commands a TVC discrete which energizes the TVC relay
closing the interface between the CDU DAC and the SPS gimbal servo
amplifiers.

The computer also issues an OSS error-counter enable and an ISS
error-counter enable. The computer, when all operating requirements
are met, issues an SPS engine-on command.

The ISS read counters are repeating the gimbal angle changes indi-
cating to the CMC the present spacecraft attitude. The accelerometers
provide the program with AV inputs. These data are used to compute
an attitude error and a SPS steering signal.

The attitude error is converted to a pulse train which is used to
increment the CDU ISS error counters. The contents of these counters
are converted to analog and displayed as they were in the attitude error
display mode, The read counter input to the error counter is inhibited,
allowing the error counter to be incremented or decremented only by
CMC commands.

The OSS error counters are incremented by a A8 command propor -
tional to the steering signals required to steer the spacecraft on the proper
trajectory. The error counter can operate completely independent of the
read counter circuitry so the condition of the OSS is immaterial to this
operation. The error counter contents are converted to analog 800 cps
and then to a £d-c voltage in the CDU OSS DAC. The pitch or yaw
steering signal is routed through the TVC relay in the mode module to the
SPS gimbal servo amplifiers., The TVC mode is complete when the space-
craft reaches the required velocity and the engine-off discrete is issued
by the CMC. Each AOC pulse from the CMC changes the SPS gimbals by
85 arc-seconds.

IMU Turn-On Mode.

The purpose of the IMU turn-on mode is to initialize the ISS by
driving the IMU gimbals to zero, and clearing and inhibiting the CDU
read counters and error counters. The IMU turn-on mode is initiated
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by applying IMU operate power to the subsystem, The computer issues
two CDU discretes required for this made, CDU zero and coarse align.
The computer also igsues the turn-on delay complete discrete to the ISS
after 90 seconds.

When IMU operate power is applied to the subsystem, the computer
receives an ISS power-on discrete and a turn-on delay request. The
computer reaponds to the turn-on delay request by igguing the CDU =zero
and coarse align discretes to the CDU. To prevent PIPA torguing for
90 seconds during the IMU turn-on mode, an inhibit is applied to the
pulse torque power supply. This same inhibit is present when a com-
puter warning has been issued. The CDU zero discrete clears and
inhibits the read counters and error counters. The ISS operate power
{(+28 vdc) is routed through the de-energized contacts of the auto cage
control relay to energize the cage relay, A O-vdc signal, through the
energized contacts of the cage relay, energizes the coarse-align relay.
The energized contacts of the coarse-align relay switch the gimbal servo
amplifier demodulator reference from 3200 cps to 800 cps, and close the
IMU cage loop through the energized contacts of the cage relay. The
coarse-align relay is held energized by the CDU coarse~align discretes
and the energized contacts of the cage relay. The IMU gimbals will
drive to the zero reference position using the sine output of the 1X gimbal
resolvers {(sin 6).

After 90 seconds, the computer issues the ISS turn-on delay com-
plete discrete which energizes the ISS turn-on control relay. The auto
cage control relay is energized by the ISS turn-on control relay. The
ISS turn-on control relay then locks up through the energized contacts of
the auto cage control relay. Energizing the auto cage control relay also
removes the turn-on delay request and de-energizes the cage relay. This
removes the sin 6 signal and applies the coarse-align output to the gimbal
servo amplifier. Energizing the ISS turn-on control relay removes the
pulse torque power supply inhibit. The 90-second delay enables the gyro
wheels time to reach their operating speed prior to closing the stabiliza-
tion loops. The pulse torque power supply inhibit prevents accelerometer
torquing during the 90 seconds.

IMU Cage Mode.

The IMU cage mode is an emergency mode which (1) allows the
astronaut to recover a tumbling IMU by setting the gimbals to zero, and
{2) to establish an inertial reference. The IMU cage mode can also be
used to establish an inertial reference when the CSS i3 not activated.

The IMU cage mode is manually initiated by closing the spring-
loaded cage switch on the main display and control panel for sufficient
time to allow the IMU girmbals to settle at the zero position (5 seconds
maximum). The IMU gimbal zeroing can be observed on the FDAI.
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If the mode is commanded to recover a tumbling IMU after the
IMU turn-on mode ig completed, closing the IMU cage switch will cause
the IMU gimbals to drive to zero. When the switch is released, the ISS
will enter the inertial reference mode.

If the IMU cage mode is commanded to establish an inertial refer-
ence with the CSS in standby or off, the closing of the IMU cage switch
will cause the IMU gimbals to drive to zero, When the switch is released,
the inertial reference mode will be established.

Closing the IMU cage switch energizes the cage and coarse-align
relays, which apply the sin 8 signals to the gimbal servo amplifier, and
sends an IMU cage discrete to the computer, Releasing the switch causes
the cage angd coarse-align relays to de-energize. When the coarse-align
relay ig de-energized, the stabilization loops are closed. The computer,
upon receiving the IMU cage signal, discontinues sending all of the
following discretes and control signals:

Error-counter enable (OSS)

Error-counter enable (ISS)

Coarse-~align enable

TVC enable

SPS engine on (CSM only)

Gyro-command enable (torquing)

*X and/or *Y optics CDU - D/A

X (outer), =Y (inner), *Z {(middle) IMU CDU - D/A
X, Y, 27 gyra select

Gyro set pulses.

® 6 &6 &6 2 60 0 0 O

The IMU cage mode should not be used indiscriminately. It is
intended only as an emergency recovery function for a tumbling IMU.
During the IMU cage mode, IMU gimbal rates are sufficient to cause the
gyros to be driven into their rotational and radial stops because of no
CDU rate limiting. This action causes both temporary and permanent
(if gyro torquing was in process during cage) bias shifts on the order of
several MERU,

2,2.4.5 IMU Coarase Align,

The coarse-align mode of operation is mechanized to allow the com-
puter to rapidly align the IMU to a desired position with a limited degree
of accuracy. The computer igssues two discretes to the CDU in thia mode,
coarse-align and error-counter enable,

The coarse-align discrete is routed through the moding module
where it is buffered. One buffered output provides a ground path to the
coarse-align relay energizing the relay. The energized relay opens the
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gyro preamp output, replaces the normal 3200-cps demodulator reference
with an 800-cps reference, and routes the 800-cps coarse-align output
from the DAC into the gimbal servo amplifier demodulator, thereby
allowing any 800-cps signal generated within the DAC to drive the gimbal
until the DAC output is zero vrms,

The buffered coarse-align discrete and error-counter-enable dis-
crete are routed from the moding module to the digital mode module for
logical! manipulations. The discretes at 0-vdc level are accepted by the
error counter and logic module as moding commands enabling the error
counter, and allowing the transfer of 49 angles from the read counter to
the error counter. g

After the logic circuitry has been set up to accept commands from
the computer, the CMC will begin transmitting *A8, pulse trains at
3200 pps. These pulses, each equivalent to a change in gimbal angle of
160 arc-seconds, are accumulated in the error counter. The nine stages
of the error counter are used solely to control ladder switches in the
digital-to-analog converter module.

The A8, pulse train is routed through a buffer stage in the DAC.
The first Ag_ pulse arriving at the EC &L logic will determine the direction
the counter is to count, and will also provide a DAC -polarity control to
the DAC. The polarity control provides an in-phase or an out-of-phase
reference to the resistive ladder network through switches selected by
the nine-bit error counter. An 800-cps analog signal will be generated
at the ladder, the amplitude of which is dependent on the error counter
content and the phase on the polarity of the input command ABC.

The ladder output is mixed with the coarse- and fine-resolver
erroreg, after nulling, from the coarse module and the main summing
amplifier module, respectively, These errors are out of phase with the
ladder ocutput and will act as a degenerative feedback providing rate
limiting to the coarse-align loop drive rates,

The 800-cps mixing amplifier output of the DAC is routed through
the coarse-align relay into the gimbal servo amplifier, causing the gimbal
to drive in the direction commanded by the CMC.

The changing gimbal angles are recognized by the error-detection
circuits in the coarse module and the main summing amplifier. These
detected errors, recognized by the error counter logic circuitry, allow
the ¢4 pulse train at 6400 pps to increment the read counter, The incre-
menting read counter will close attenuation switches in the coarse,
quadrant select, the main summing amplifier modules nulling the sine
and cosine voltage inputs from 1X and 16X resolver into the error-detect
circuits.
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As the read counter is being incremented, the output of the first
stage is routed through logic in the EC&L module, through a buffer in the
DAC, and out to the CMC as an increase in gimbal angle of 40 arc-
seconds. The output of the third stage of the counter, at 160 arc-seconds
per pulse, is recognized in the EC&L logic as an incremental value to be
entered into the error counter in the opposite direction to the commanded
aB. If A8 is positive, the error counter is counted up and the A8, from
the read counter decrements the counter. For each read counter pulse
into the error counter, the total content will decrease the DAC output
and the rate of drive, When the number of digital feedback pulses equal
the commanded pulse number, the error counter will be empty and the
DAC output should be zero.

The limited read counter incrementing rate, and the fact that the
fine error input to the DAC increases in proportion to 6 - ¢ as the drive
rate exceeds the range controlled by the fine system, limits the gimbals
rate of drive to a maximum of 35 degrees per second.

2,2.4.6 IMU Fine Align.

The fine-align mode of operation allows the computer to accurately
align the IMU to a predetermined gimbal angle within seconds of arc.
The computer does not command any CDU discretes during this mode of
operation; therefore, the read counter circuitry will repeat the changing
gimbal angles exactly as was done in the coarse-align mode. The com-~
puter will keep track of the gimbal angle to within 40 arc -seconds.

The commanding signals for the fine-align mode are generated in
the time-shared, fine-align electronics. The computer first issues a
torque-enable discrete which applies 28 vdc and 120 vdc to the binary
current switch and the differential amplifier precision voltage reference
cirecuit, allowing the circuit to become operative. The circuit switch is
resef to allow a dumrny current, which is equal to the torquing current,
to flow. This allows the current to settle to a constant value prior to
its being used for gyro torquing. A gyro is then selected for either plus
or minus torquing. After the preceding discretes have been issued, the
computer then sends set commands or fine-align commands to the set
side of the current switch. The pulse turns on the selected plus or minus
torque current to the gyro, causing the float to move. The resulting
signal generator output causes the platform to be driven through an angle
equal to the commanded angle. The CMC will receive inputs from the
CDU read counter indicating the change in gimbal angle.

The number of torquing pulses sent from the CMC to the torquing
electronics is computed, based on the angle of the gimbal at an instant
of time and a desired alignment angle. The difference is converted into
the number of pulses necessary to drive the gimbal through the difference
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angle. Each pulse sent iz equivalent to 0. 615 arc-second of gimbal dis-
placement. The required number of fine~align pulses is computed only
once and i8 not recomputed based on the gimbal angle after the desired
number of pulses have been sent. The fine-align loop operation is open-
loop as far as the computer is concernved.

The fine-align pulses generated by the CMC are issued in bursts
at a bit rate of 3200 pulses per second. The fine-align electronics will
allow the torquing current to be on in the direction chosen by computer
logic for the duration of the pulse burst.

Attitude Error Display Mode,

The attitude error display mode of the inertial subsystem allows the
computer to display to the operator, in analog fashion, an attitude error.
In this mode of operation, only the CDU error-counter-enable discrete
is generated by the computer., In this mode of operation, the computer
is again informed of the gimbal angle and any changes to it through the
read counter and the analog-to-digital conversion associated with it. The
read counter 2-degree output is routed through logic in the EC&L module
through the DAC buffer to the CMC.

The computer is then aware of the present attitude of the spacecraft,
The digital autopilot program has a computed desired attitude associated
with the present time and position of the spacecraft. Any difference
between the desired and actual is an attitude error. The attitude error is
converted to 06, pulses, each pulse being equivalent to 160 arc-seconds
of error, which are sent to the error counter at a rate of 3200 pps. The
error counter is incremented to contain the nurnber of pulses commanded.
The contents of the error counter are converted to an 800-cps error signal
by the DAC. The phase of the DAC output is determined by logic in the
EC&L module, based on whether the input command was a plus or minus
AB. The 800 cps with 2 maximum amplitude of 5 vrms zero or biphase is
displayed on the attitude error ncedles of the FDAI as an atlilude error,
The digital feedback from the read counter to the error counter is disabled
during this mode of operation allowing only the CMC -generated A6 com-
mands to increment or decrement the error counter.

The spacecraft attitude can also be displayed on the FDAI. This
information i3 taken from the 1X gimbal angle resolver sine and cosine
windings. Pitch, yaw, and roll can be displayed from the inner, middle,
and outer gimbals, respectively.

Inertial Reference Mode.

The inertial reference mode of operation is a mode of operation in
which no computer discretes are being issued by the computer to any part
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of the ISS. This mode is used as a means of obtaining an inertial refer-
ence only. This reference is taken from the 1X gimbal angle resolver
sine and cosine windings. The reference can be displayed on the FDAI
or used as an input to the attitude set relays of the SCS,

In this mode of operation, the 25 IRIGs hold the stable platiorm
inertially referenced. The CDU read counter will continuously monitor
the changing gimbal angles because of spacecraft motion and indicate to
the CMC the changing angles. The error counter and the DAC are not
used in this mode of operation.

2,2.4.9 Zero Optics Mode.

During the zero optics mode, the shaft and trunnion axes of the SXT
are driven to their zero positions by taking the outputs of the transmitting
resolvers (1X and 64X in trunnion and 1/2X and 16X in shaft) and feeding
them through the two-speed (2X) switches to the motor drive amplifier
(MDA). The MDA in turn drives loops to null positions as indicated by
zero output from the resolvers. The SCT shaft and trunnion axes follow
to a zero position. After 15 seconds, the computer will issue a CDU
zero discrete, and will initialize the shaft and trunnion counters in prepa-
ration for receiving new data from the CDU.

The zero optics mode is selected by the flight crew. Placing the
ZERO switch to ZERO position will energize a relay in the PSA via a
relay driver, which, in turn, will energize the two-speed switch., The
computer is notified of the zero optics mode by a signal from the zero
switch when the change from off to zero position occurs.

2.2.4.10 Manual Mode Operation.

The manual mode can be selected to operate under either direct
hand control ot resolved hand control. Independent control of the SCT
trunnion is possible in both of these mode variations.

2.2,4.10.1 Manual Direct Operation.

When in this mode, the hand controller outputs are applied directly
to the SXT shaft and trunnion motor drive amplifiers. Forward and back
motion of the hand controller commands increasing and decreasing trun-
nion angles, and right and left motion of the hand controller commands
increasing and decreasing shaft angles, respectively, The target image
motion is in the R-M coordinate system, the position of which is depend-
ent upon the position of the SXT shaft.

The apparent gpeed of the image motion can be regulated by the
flight crew by selecting either low, medium, or high controller speed on
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2.2.4.10.3

the indicator control panel. This regulates the voltage applied to the
motor drive amplifier, Aj and Ai:; therefore, the shaft and trunnion drive
rates. The maximum rates are approximately 20 degrees per second for
the shaft and 10 degrees per second for the trunnion.

Slave Telescope Modes.

The slave telescope modes provide for alternate operation of the
telescope trunnion while the SXT is being operated manually. The alter-
nate modes are selected by the TELTRUN switch on the mode control
panel. There are three possible selections, SLAVE to SXT, 0°, and
25°. With this switch in the SLAVE to SXT position, the SCT trunnion
axis is slaved to the SXT trunnion; this is the normal operating position
for the SCT. With the switch in the 0° position, the SCT trunnion is
locked in a zero position by the application of a fixed voltage to the SCT
trunnion 1X receiving resolver. This will cause this position loop to null
in a zero orientation, Therefore, the centerline of the SCT 60-degree
field-of-view is held parallel to the LLOS of the SXT.

With the switch in the 25° position, an external voltage is applied
to the same }X receiving resolver which will cause the SCT trunnion
position loop to null out so that the centerline of the 60-degree field-of-
view ig offset 25 degrees (At of SCT at 12.5 degrees) from the LLOS of
the SXT. This position of the SCT trunnion will allow the landmark to
remain in the 60-degree field-of-view while still providing a total pos-
sible field-of-view of 110 degrees if the SCT shaft is swept through 360
degrees.

Manual Resolved Operation.

When in this mode, the hand controller outputs are put through a
matrix transformation prior to being directed to the shaft and trunnion
motor drive amplifiers. The matrix transformation makes the image
motion correspond directly to the hand controller motion. This is up,
down, right, and left motions of the hand controller command; the target
image moves up, down, right, and left respectively, in the field of view.
In other words, the image motion is in the X-Y gpacecraft coordinate
system., The matrix transformation takes place in two steps. The out-
puts of the hand controller are routed to the 1X resolver on the SXT shaft.
Here the drive signals, Aj and At, are transformed by the sine and
coaine functions of the shaft angle (Agz). One of the two outputs of the 1X
regolver is sent to the SXT trunnion motor drive amplifier, The second
output is then resolved through the SLOS angle (ALOS) so that the target
imnage motion will be independent of SLOS angle. This is accomplished
by the cosecant computing amplifier (CSC) and the 2X computing resolver
located on the SXT trunnion axis. The net result is that the shaft drive
rate, A-s. is inversely proportional to the sine of the SLOS angle. The
speed controller is also operational in this mode.
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2.2.4.10.4

2.2.4.10.5

Optics-Computer Mark Logic.

The MARK and MARK REJECT buttons on the indicator control
panel are utilized to instruct the computer that a navigational fix has taken
place, and that SXT shaft and trunnion position and the time should either
be recorded or rejected. The mark command is generated manually by
the flight crew which energizes the mark relay. The mark relay trans-
mits a mark command to the computer. If an erroneous mark is made,
the mark reject button is depressed; this will generate a '"mark reject"
command toc the computer.

Computer Mode Operation.

The computer ~controlled operation is selected by placing the moding
switch in computer position. The mechanization of this loop is chosen by
the computer program that has been selected by the flight crew. The
operation of the SXT under computer control is accomplished by com-
pleting the circuit from the CDU digital-to-analog converters (DAC) to
the shaft and trunnion motor drive amplifier. The computer can then
provide inputs to these amplifiers via a digital input to the CDU, which
are converted in the DAC to an B00-cycle signal that can be used by the
MDA. This mode is used when it is desired to look at a specific star for
which the computer has the corresponding star coordinates. The computer
will also know the attitude of the spacecraft from the position of the IMU
gimbals and will, therefore, be able to calculate the position of the SXT
axes required to acquire the star. The computer can then drive the shaft
and trunnion of the SXT to the desired position via the DAC.

POWER DISTRIBUTION.

The guidance and navigation circuit breakers (panel 5) supply a-c
and d-c power to switches on panels 5 and 100 and directly to the PSA
and CMC. The panel 5 switch (G/N PWR) supplies ACI or AC2 power
to the PSA (figure 2. 2-4) where it is routed to the dimmer power supply.
The output of the dimmer power supply is provided to the following:

Caution and warning lamp on LEB panel 122
Star acquired lamp on LEB panel 122

TPAC readout on LEB panel 122

Optics (SCT and SXT) reticles

The panel 100 switches (G/N POWER - IMU and OPTICS) supply the
d-c power to the PSA for power to the 1SS, OPTICS and CDU power
supplies. The IMU HTR and COMPUTER circuit breakers supply
power to the ISS temperature control circuits and the CMC power
supplies.
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Figure 2.2-3. PGNCS Functional Diagram (Sheet 1 of 2)
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Circuit breakers on panel 226 supply a-c power to dimmer controls
on panels 8 and 100 for lighting on the DSKYs and LEB panel 122, The
circuit breakers (LMDC-ACI and LEB ACZ) supply the a-c power to
variable transformers in panels 8 and 100 and to isolation transformers
(figure 2. 2-5) for control of intensity of the status and key integral
lamps on the DSKYs and integral lamps on LEB panel 122, The intensity
of the displays on the DSKYs are controlled by rheostats on panels 8

and 100,
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Figure 2. 2-5. PGNCS Lighting
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3.

1

SECTION 2
SUBSECTION 2.3

STABILIZATION AND CONTROL SYSTEM (SCS)
(SC 106 AND SUBS UNLESS OTHERWISE NOTED)

INTRODUCTION.

The stabilization and control subsystem (SCS) provides a capability
for controlling rotation, translation, SPS thrust vector, and displays
necessary for man in the loop control functions.

The SCS is divided into three basic subsystems: attitude reference,
attitude control, and thrust vector control, These subsystems contain the
elements which provide selectable functions for display, automatic and
manual attitude control, and thrust vector control. All control functions
are a backup to the primary guidance navigation and control subsystem
(PGNCS). The SCS provides two assemblies for interface with the propul-
sion subsystem; these are common to 8CS and PGNCS for all control
functions. The main display and controls panel contains the switches used
in selecting the desired display and control configurations.

The SCS interfaces with the following spacecraft subsystems:

e Telecommunications Subsystem—Receives all down-link telemeter-
ing from SCS.

¢ Electrical Power Subsystem—Provides primary power for SCS
operation.

e Environmental Control Subsystem —Transfers heat from 8CS
electronics,

e Sequential Events Control Subsystem—Provides abort switching and
separation enabling of SCS reaction control drivers and receives

manual abort switch closure from the SCS,

e Orbital Rate Drive Electronics for Apollo and LM—Interfaces with the
pitch axis of the FDAI ball to give a local vertical referenced display.

e Guidance Navigation and Control Subsystem:

Provides roll], pitch, and yaw total attitude and attitude error
inputs for display,

Provides RCS on-off commands to the SCS interface assembly for
attitude control,
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2.3.2

2.3,2.1

Provides TVC servo commands to the SCS interface assembly for
automatic thrust vector control

Provides automatic SPS on-off cormmand to SCS interface
assembly for AV control

Receives switch closure signals from the SCS translation and
rotation controls.

o Entry monitor subsystem: the EMS provides SPS enabling/disabling
discretes to the SCS thrust on-off logic for the SPS.

¢ Propulsion subsystem:

The service propulsion subsystem receives thrust vector direc-
tion commands and thrust on-off commands from the SCS that
can originate in the PGNCS or the SCS.

The reaction control subsystem receives thrust on-off commands
from the SCS that can originate in the PGNCS or the SCS.

Detailed descriptions of the SCS hardware, attitude reference sub-
system, attitude control subsystem, and thrust vector control subsystem
are contained in the following paragraphs.

CONTROLS, SENSORS, AND DISPLAYS.

As an introduction to the stabilization and control system (SCS) a
brief description is given of the hardware comprising one complete system.
A more detailed discussion follows for the hand controls, displays, and
gyro assemblies. The configurations within the SCS resulting frompanel }
switch positions are also presented.

SCS Hardware.

The function of the SCS hardware shown in figure 2.3-1 is as follows:

o Electronic Control Assembly (ECA) - Contains the circuit elements
required for summing, shaping, and switching of the rate and atti-
tude error signals and manual input signals necessary for stabiliza~
tion and control of the thrust vector and the spacecraft attitude.

e Reaction Jet and Engine ON-OFF Control (RJ/EC) - Contains the
solenoid drivers and logic circuits necessary to control both the RCS
automatic solenoid coils and SPS solenoid control valves.

¢ Electronic Display Assembly (EDA) - Provides the interface between
the signal sources to be displayed and the FDAIs and GPI. The EDA
also provides signal conditioning for telemetry of display signals.
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Attitude Set Control Panel (ASCP) - Interfaces with either of the
total attitude sources to enable manual alignment of the SCS total
attitude. Provides an attitude error for display.

Thrust Vector Servoamplifier (TVSA) - Provides the electrical inter-
face between the command electronics and the gimbal actuator for
positioning the SPS engine.

Gyro Display Coupler (GDC) - Provides the interface between the
body rate sensors and displays to give an accurate recadout of space-
craft attitude relative to 2 given reference coordinate system.

Gimbal Position and Fuel Pressure Indicator (GP/FPI) - Provides a
redundant display of the SPS pitch and yaw gimbal anglesand a means
of manually trimming the SPS before thrusting. The indicator has
the alternate capability of providing a display of launch vehicle

(S-II and S-IVB) propellant tank ullage preassures.

Rotation Controls (RC) (2) - Provides a means of exercising manual
control of spacecraft rotation in either direction about each axis.
Also the RC may be used for manual thrust vector control. It pro-
vides the capability to control spacecraft communications with a
push-to-talk trigger switch.

Flight Director Attitude Indicator (FDAI) (2 Only) - Provides to the
crew a display of spacecraft attitude, attitude error, and angular
rate information from the PGNCS or SCS,

Translation Control (TC) - Provides a means of exercising manual
control over rectilinear motion of the spacecraft in both directions
along the three spacecraft axes. It also provides the capability for
manual abort initiation during launch by ccw rotation. Transfer of
5C control from PGNCS to SCS is accomplished by cw rotation.

Gyro Assemblies (GA) (2) - Each gyro assembly contains three body-
mounted attitude gyros (BMAG) together with the electronics neces-
sary to provide output sighals proportional to either angular rate or
to angular displacement.

Controls and Displays.

The SCS controls and displays consist of the following assemblies:

Rotation control (RC) - 2 units

Translation control (TC)

Attitude set control panel (ASCP)

Gimbal position and fuel pressure indicator (GP/FPI)
Flight director attitude indicator (FDAI) - 2 assemblies
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2.3.2.2.1 Rotation Control.

Two identical rotation controls (RCs) are provided. The controls
are connected in parallel so that they operate in a2 redundant faghion with-
out switching. Pitch commands are commanded about a palm-centered
axis, yaw commands about the grip longitudinal axis, while roll commands
result from a left~right motion (figure 2. 3-2). Within the RC there are
three command sources per axis:

a. Breakout Switches (¥BO) - A switch closure occurs whenever the
RC is moved 1.5 degrees from its null position. Separate switches are
provided in each axis and for each direction of rotation. These six break-
out switches are used to provide: command signals to the command
module computer (CMC), SCS minimum impulses, acceleration commands,
BMAG cage signals, and proportional rate command enabling.

b. Transducers - Transducers produce a-c signals proportional to
the rotation control displacement from the null position, These signals
are used to command spacecraft rotation rates during SCS proportional
rate control and to command SPS engine gimbal position during manual
thrust vector control (MTVC). One, two, or all three transducers can be
used simultaneously, generating corresponding command signals,

c. Direct Switches - Redundant direct switches will close whenever
the control ia moved a nominal 11 degrees from its null position (hard-
stops limit control movement to £11.5 degrees from null in all axes).
Separate switches are provided in each axis and for each direction of rota-
tion. Direct switch closure will produce acceleration commands through
the RCS direct solenoids.

The rotation control is provided with a tapered female dovetail on
each end of the housing. This dovetail mates with mounting brackets on
the couch armrests. When attached to the armrests, the input axes are l
approximately parallel with spacecraft body axes. Figure 2,3-12 illus-
trates contrel motions about its axis and the resulting commands to the
RCS, PGNCS, or SCS. A trigger-type push-to-talk switch is also
located in the control grip. Redundant locking devices are provided on
each control.

2.3.2.2.2 Translation Control.

The translation control provides a means of accelerating along one
or more of the spacecraft axes. The control is mounted with ites axes
approximately parallel to those of the spacecraft, The spacecraft will
accelerate along the X~axis with a push~pull motion, along the Y-axis by
a left-right motion, and along the Z-axis by an up-down command
(figure 2.3-3). Redundant switches close for each direction of control
displacement. These awitches supply diserete commands to the CMC and
the RJ/EC. A mechanical lock is provided to inhibit these commands. In
addition the T-handle may be rotated about the longitudinal axis:

a. The redundant clockwise (CW) switches will transfer spacecraft
control from CMC to SCS. It may also transfer control between certain
submodes within the SCS.
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2.3.2.2.3

2.3.2.2.4

b. The redundant counterclockwise (CCW) switches provide for a
manual abort initiation during the launch phase. A discrete signal from
switch closure is fed to the master events sequence controller (MESC)
which initiates other abort functions,

Neither the CW or CCW functions are inhibited by the locking switch
on the front of the controller. The T-handle will remain in the CW or
CCW detent position without being held, once it is rotated past approxi-
mately plus or minus 12 degrees.

Attitude Set Control Panel (ASCP).

The ASCP (figure 2.3-4) provides, through thumbwheels, a means of
positioning differential resolvers for each of the threeaxes. The resolvers
are mechanically linked with indicators to provide a readout of the dialed
angles. The input signals to these attitude set resolvers are from either
the IMU or the GDC., The inertial (Euler) attitude error output signals are
sine functions of the difference angles between the desired attitude, set by
the thumbwheels, and the input attitude from the GDC or IMU. The GDC
Euler output can be used to either align the GDC or to provide fly-to
indications on the FDAI attitude error needles.

Characteristics of the counters are:

a. Indicates resolver angles in degrees from electrical zero, and
allows continuous rotation from 000 through 359 to 000 without reversing
the direction of rotation.

b. Graduation marks every 0. 2 degree on the units digit.

¢, Pitch and roll are marked continuously between 0 and 359, 8
degrees. Yaw is marked continuously from 0 to 90 degrees and from
270 to 359. 8 degrees.

d. Readings increase for an upward rotation of the thumbwheels. One
revolution of the thumbwheel produces a 20-degree change in the resolver
angle and a corresponding 20-degree change in the counter reading.

The counter readouts are floodlighted and the nomenclature (ROLL,
PITCH, and YAW) is backlighted by electroluminescent lighting.

Gimbal Position and Fuel Pressure Indicatar (GP/FPI).

The GP/FPI (figure 2. 3-5) contains redundant indicators for both the
pitch and yaw channels. During the boost phases, the indicators display
S-1I and S-IVB propellant tank ullage pressures, S-II fuel pressure (or
S-1VB oxidizer pressure depending on the launch vehicle configuration) is
on the redundant pitch indicators while S-IVB fuel pressure is on the two
yaw indicators. The gimbal position indicator consists of two dual servo-
metric meter movements, mounted within a common hermetically sealed
case. Scale illumination uses electroluminescent lighting panels.

Missgion
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2,3,2.2.5

For an SCS delta V mode, manual SPS engine gimbal trim capability
is provided. Desired gimbal trim angles are set in with the pitch and yaw
trim thumbwheels. The indicator displays SPS engine position relative to
actuator null and not body axes. The range of the engine pitch and yaw
gimbal displays are *4.5 degrees. This range is graduated with marks at
each 0.5 degree and reference numeral at each 2-degree division. The
range of the fuel pressure scale is 0 to 50 psi with graduations at each
5-psi division, and reference numerals at each 10-psi division. A func~
tional description of the GPI display circuitry which shows the redundancy
is in paragraph 2.3.5. 3.

Flight Director Attitude Indicator (FDAI).

The FDAIs provide displays to the crew of angular velocity (rate),
attitude error, and total attitude (figure 2.3-6). The body rate (roll, yaw,
or pitch) displayed on either or both FDAIs is derived from the BMAGs in
either gyro assembly 1 or 2. Positive angular rates are indicated by a
downward displacement of the pitch rate needle and by leftward displace-
ment of the yaw and roll rate needles. The angular rate displacements
are ''fly-to’ indications as related to rotation control direction of motion
required to reduce the indicated rates to zero. The angular rate scales
are marked with graduations at null and %full range, and at *1/5, +2/5,
£3/5, and +4/5 of full range, Full-scale deflection ranges are obtained
with the FDAI SCALE switch and are:

e Pitch rate: =+l deg per sec, *5 deg per sec, *10 deg per sec
e Yaw rate: =1 deg per sec, *5 deg per sec, *10 deg per sec
e Roll rate: *l deg per sec, =5 deg per sec, *50 deg per sec

Servometric meter moverments are used for the three rate indicator
needles.

The FDATI attitude error needles indicate the difference between the
actual and desired spacecraft attitude. The attitude error signal can be
derived from several sources: The uncaged BMAGs from GA -1, the CDUs
(PGNCS), or the ASCP-GDC/IMU (figure 2.3-10)., Positive attitude error
is indicated by a downward displacement of the pitch error needle, and by
a leftward displacement of the yaw and roll error needles. The attitude
error needle displacements are ''fly-to" indications as related to rotation
control direction of motion, required to reduce the error to zero, The
ranges of the error needles are =5 degrees or *50 degrees for full-scale
roll error, and #5 degrees or *15 degrees for pitch and yaw error. The
error scale factors are selected by the FDAI SCALE switch that also
establishes the rate scales. The pitch and yaw attitude error scales con-
tain graduation marks at null and #full scale, and at £1/3 and £2/3 of full
scale. The roll attitude scale contains marks at null, *1/2, and %full
scale, The attitude error indicators utilize servometric meter movements.

Mission
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2.3.2.3

Spacecraft orientation, with respect to 2 selected inertial reference
frame, is also displayed on the FDAI ball., This display contains three
servo control loops that are used to rotate the ball about three independent
axes, These axes correspond to inertial pitch, yaw, and roll. The control
loops can accept inputs from either the IMU gimbal resolvers or the GDC
resolvers. Selecting the source is covered in paragraph 2.3.2.3,

The control loops are proportional servos; therefore, the angles of
rotation of the ball must correspond to the resolver angles of the source.
The FDAI, illustrated in figure 2, 3-6, has the following markings:

a, Pitch attitude is represented on the ball by great semicircles. The
semicircle (as interpolated), displayed under the FDAI inverted wing
symbol, is the inertial pitch at the time of readout. The two semicircles
that make up a great circle correspond to pitch attitudes of 8 and 6+180
degrees,

b. Yaw attitude is represented by minor circles, The display readout
is similar to the pitch readout. Yaw attitude circles are restricted to the
intervals - 270 to 360 degrees {0°) and 0 (360°) to 90 degrees.

¢. Roll attitude is the angle between the wing symbol and the pitch
attitude circle. The roll attitude is more accurately displayed on a scale
attached to the FDAI mounting, under a pointer attached to the roll (ball)
axis.

d. The last digits of the circle markings are omitted. Thus, for
example, 3 corresponds to 30, and 33 corresponds to 330.

e, The ball is symmetrically marked (increment wise) about the
0-degree yaw and 0/180-degree pitch circles, The following comments
provide clarification for areas of the ball not shown in figure 2, 3-6.

1. Marks at }-degree increments are provided along the entire
yaw O-degree circle,

2. The pitch 180-degree semicircles has the same marking incre-
ments as the O~degree semicircle.

3. Numerals along the 300- and 60-degree yaw circles are spaced
60-pitch degrees apart. Note that numerals along the 30-degree yaw
circle are spaced 30-pitch degrees apart.

f. The red areas of the ball, indicating gimbal lock, are defined by
270 < yaw < 285 degrees and 75 < yaw < 90 degrees,

Functional Switching Concept.

The Block II SCS utilizes functional switching concepts as opposed to
““mode select" switching mechanized in the Block [ system.

Functional switching requires manual switching of numerous inde-
pendent panel switches in order to configure the SCS for various mission
functions (e.g., midcourse, AVag, entry, etc.). Mode switching would, for
example, employ one switch labeled '""midcourse' to automatically accom-
plish all the necessary system gain changes, etc., for that mission phase,
Thus mode selection simplifies the crew tasks involved, but limits system
flexibility between various mode configurations.

Mission
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Function select switching, on the other hand, requires more crew
tasks, but offers flexibility to select various gains, display scale factors,
etc., as independent systemn capabilities., Function select switching also
allows flexibility to “switch out' part of a failed signal path without
affecting the total signal source (e.g., SCS in control of the vehicle with
GN displays still presented to the crew).

2.3.2.3.1 Display Switching Interfaces.

‘The FDAI switches determine the source of display data, the FDAI
selected, and the full~scale deflections of the attitude error and rate
needles. The source of rate information for display will always be from
BMAG 2 unless BMAG 1 is put into a backup rate configuration. Other
switches also modify the data displayed and these will be pointed out as
they are discussed. Both FDAIs are alsoc assumed to be properly ener-
gized from the power switching panel.

2.3.2.3.2 Spacecraft Control Switching Interfaces.

There are two sources of vehicle controls selectable from the SC
main display console: SCS or CMC. CMC is the primary method of con-
trol and the SCS provides backup control. The vehicle attitude control is
obtained from the reaction control engines and the thrust vector control
from the service propulgion engine.

2,3.3 ATTITUDE REFERENCE SUBSYSTEM. (Figure 2.3-7)

2.3.3.1 Gyro Display Coupler (GDC).

The purpose of the GDC is to provide a backup attitude reference
system for accurately displaying the spacecraft position relative to a given
set of reference axes. Spacecraft attitude errors can be displayed on an
FDAI using the ASCP-GDC difference. This error signal provides a means
of aligning the attitude reference system to a fixed reference while moni-
toring the alignment process on the error needles; or it could be used in
conjunction with manual maneuvering of the spacecraft with the error
needles representing fly-~-to~commands.

The GDC can be configured for the following configurations:

o GDC align - Provides a means of aligning the GDC to a given
reference,

e Euler - Computes total inertial attitude from body rate signal inputs.

e Non-Euler - Converts analog body rate signals to digital body rate
pulses.

e Entry (.05 G) - Provides redundant ocutputs of attitude changes with
respect to the roll stability axis.
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2.3.3.2 GDC Configurations.

Panel switch positions necessary to obtain each particular GDC
function are discussed below.

2. The GDC align mode is used when aligning the GDC Euler angles
(shafts) to the desired inertial reference selected by the ASCP thumb-
wheels (resolvers). This is done by interfacing the GDC resolvers with
the ASCP resolvers (per axis) to generate error signals which are pro-
portional to the sine of the difference between the resolver angles. (See
figure 2, 3-8.) When the GDC ALIGN switch is pressed, these error
signals are fed back to the GDC input to drive the GDC/ASCP resolver
angular difference to zero. During the align operation all other inputs and
functions for the GDC are inhibited. When the EMS ROLL switch is up and

l the GDC ALIGN switch is pressed, the RSI pointer rotates (open loop) in
response to yaw ASCP thumbwheel rotations.
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Figure 2.3-8, FDAI Attitude Select Logic
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2.3,3.3

2,3.3.3.1

b. In the Euler configuration, the GDC accepts pitch, yaw, and roll
d-c body rate signals from either gyro assembly and transforms them to
Euler angles to be displayed on either FDAI ball, The GDC Euler angles
also interface with the attitude set control panel (ASCP) to provide Euler
angular errors, which are transformed to body angular errors for display
on either FDAI attitude error ihdicators.

c. With the CMC ATT switch in the GDC position, pitch, yaw, and roli
d-c¢ body rate signals from either gyro assembly are converted to digital
body rate signals and sent to the G&N command module computer, Power
is not only removed from both ¥DAI ball-drive circuits when this configu-
ration is selected, but ASCP-generated errors are also removed,

d. In the entry mode {=.05 G), the GDC accepts yaw angd roll d-c rate
signals from:

1. Either gyro assembly, and computes roll attitude with respect

to the stability axis to drive the RSI on the entry monitor system. |
2. Gyro assembly |, and computes roll attitude with respect to

the stability axis to drive either FDAI 1 or FDAI 2 in roil only.

FDAI Disgplay Sources,

The two FDAIs display total attitude and attitude errors that may
originate within the SC5 or PGNCS. They also display angular rate from
the SCS. The flight crew establishes the FDAI sources by panel switch
selection. (See figures 2, 3-9 and 2, 3-10,)

Total Attitude and Error Display Sources,

The total attitude and attitude error display selections result from
combinations of panel switch positions (figure 2.3-8). When both FDAIJs
are selected, the platform gimbal angles will always be displayed on
FDAI 1 while GDC Euler angles will be displayed on FDAI 2. In order to
select the source of attitude display to a particular FDAIJ, that FDAI and
source (G&N or SCS) must be selected (figure 2.3-10). The other FDAI
will be inactive, It should be noted that any time total attitude is to be
displayed on either FDAI, the CMC ATT switch must be in the IMU
position.

The FDAI attitude display may be modified by a NASA -supplied
Orbital Rate Display-Earth and Lunar (ORDEAL) unit. The ORDEAL unit
is inserted electrically in the pitch channel between the electronic display
assembly and FDAI to provide a local vertical display in the pitch axis of
either (or both) FDAIs. Controls on the unit permit selection of earth or
lunar orbits and orbital altitude adjustment.

The FDAI attitude error display source can be either the SCS or the
G&N, with two sources per system. The attitude error sources are as
follows:
a. The BMAG 1 error display is an indication of gimbal precession
about its null point, assuming the gyro is uncaged, and may only be

Misgsion
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Figure 2.3-9. FDAI Rate Select Logic

displayed when the SOURCE switch is in the GDC position or when the
FDAI SELECT switch is in the 1/2 position,

b, Euler angles from the GDC interface with the ASCP to provide an
Euler angle error (GDC -attitude set difference signal) which ig then trans-
formed to body angle errors for display on either FDAI. This display
source facilitates manual maneuvering of the spacecraft to a new inertial
attitude that was dialed in on the attitude set thumbwheels,

c. Inertial gimbal angles from the IMU interface with the ASCP to
generate inertial error (IMU-attitude set difference signal) which may be
displayed on either FDAI. Thus, if the error needles were nulled using
the thumbwheels on the ASCP, the ASCP indicators would then indicate the
gsamae inertial reference as the platform.

d. The CMC generates attitude errors that are a function of the pro-
gram. These will be displayed when the SOURCE switch ig in the CMC
position, or when the FDAI SELECT switch is in the 1/2 position.
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2.3.4.2

2.3.4.2.1

The rate display sources (figures 2, 3-% and 2. 3-10) will always be
from either of the two gyro assemblies on a per-axis basis. The normal
source for rate display will be the BMAG 2 gyros, and is selected by having
the BMAG MODE switches in the ATT 1 /RATE 2 or the RATE 2 position.
The backup source is selected when the BMAG MODE switch is in the
RATE 1 position, This will rate cage the BMAG | gyros and switch their
outputs to the FDAI rate needies. When the ENTRY -. 05 G switch is placed
up, the roll rate gyro output is modified by the tangent 21 degrees and
summed with the yaw rate. This summation results in a cancellation of the
yaw rate sensed due to the CM rolling abouf the stability axis. Since this is
a summation of a-c rate signals and since the gyro assemblies are supplied
from separate a-c buses, selecting backup rate (BMAG 1) in yaw will auto-
matically select the backup rate gyro (BMAG 1) in roll and vice versa,

This prevents any phase difference from the two buses from affecting the
summation of the two rate signals.

ATTITUDE CONTROL SUBSYSTEM (ACS).
Introduction.

The SCS hardware used in controlling the spacecraft attitude and
translation maneuvers include the gyro assemblies, rotation and transla-
tion controls, and two electronic assemblies. The electronic control
assembly (ECA) provides commands as a function of both gyro and manual
controt (RC and TC) inputs to fire the RCS via the reaction jet/engine
control assembly (RJEC). Alternate spacecraft attitude control configura-
tions provide several means of both manually and automatically controlling
angular rates and displacements about spacecraft axes. Accelerations
along spacecraft axes are provided via the TC. The crew uses this control
for both docking and delta V maneuvers,

Hardware Function (ACS).

While a description of each SCS component was given in para-
graph 2.3. 2.1, this description considers those functions and interfaces
used in the ACS.

Gyro Assembly - 1 (GA.-1).

GA -1 contains three BMAGs that can provide pitch, yaw, and roll
attitude error signals. These error signals are used when SCS automatic
attitude hold is desired. The signals interface with the electronics control
assembly (ECA). The BMAGs can be rate caged independently by control
panel switching to provide backup rate information, or held in standby,
The GA -1 BMAGs can be uncaged independently (by axis) during SCS atti-
tude hold if the MANUAL ATTITUDE switch is in RATE CMD, the BEMmAG
MODE switch in ATT 1 RATE 2, the ENTRY . 05 G switch is OFF and no
RC breakout switch is closed (figure 2.3-11).
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Figure 2.3-11. BMAG Logic and Outputs
Gyro Assembly - 2 (GA-2).

GA -2 contains three BMAGs that are always rate caged. These
BMAGs normally provide pitch, yaw, and roll rate damping for SCS auto-
matic control configuration and proportional rate maneuvering. The rate
gignals interface with the ECA, When backup rate by axis is selected
(RATE 1), the GA-2 signal(g) 1s not used.

Rotational Controllers (RC-1 and RC-~2).

The RCs provides the capability of controlling the spacecraft attitude
simultaneously in three axes. Either controller provides the functions
listed below for each axis (pitch, yaw, roll) and for each direction of
rotation (plus or minus).
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Within the RC are six breakout switches, three transducers, and
twelve direct switches, (See figure 2.3-12,)

Breakout Switches, A breakout switch, closed at a nominal 1,5~
degree RC deflection, routes a 28-vde logic signal to both the PGNCS and
the SCS for attitude control inputs as follows:

a. Rotation Command to CMC. If the spacecraft is under CMC con-
trol, the signal commands rotations through the CMC input to the RJ/EC.

b. Acceleration Command. The signal is sent to the RJ/EC and
commands rotational aceeleration whether in CMC or SCS control.

c. Minimum Impulse Command. If the spacecraft is under SCS con-
trol, the logic signal goes to the ECA which provides a single minimum
impulse command to the RJ/EC each time that a breakout switch is closed.

d. Proportional Rate Enable., The logic signal is used in the ECA to
enable the manual proportional rate capability and to rate cage the BMAGs
in GA-1.

Transducer. The transducer is used for proportional rate maneu-
vers. It provides a signal to the ECA that is proportional to the stick
deflection. The signal is summed in the ECA with the rate BMAG signal
in such a way that the final spacecraft rate is proportional to the stick
(RC) deflection.

Direct Switches. At 11 degrees of controller deflection a direct
switch closes. If direct power is enabled, the direct switches route 28 vde
to the direct coils on the appropriate RCS engines and disable the auto coil
solenoid drivers in that axis (or axes).

2.3.4.2.4 Translation Controller.

The translation controller provides the capability of manually com-
manding simultaneous accelerations along the spacecraft X-, Y-, and
Z-axes. (See figure 2.3-13.) Itis also used to initiate several transfer
commands. These functions are described below.

Translation Commands.

a. CMC Control. If the spacecraft is under CMC control, a transla-
tion command results in a logic signal (28 vde¢) being sent to the CMC,
The CMC would provide a translation command to the RJ/EC,

b. SCS Control. If the spacecraft is under SCS control, the transla~
tion command is sent to the RJ/EC.

Clockwise Switches (CW). A clockwise rotation of the T-handle will
disable CMC inputs to the RI/EC. A logic signal {CW) is sent to the CMC
when the T-handle is at null,
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Figure 2.3-13. Translation Control Interfaces

Counterclockwise Switch (CCW). A counterclockwise rotation of the
T-handle, during launch, will close switches which route 28 vdc (battery)
power) to the MESC. The MESC, in turn, may enable the RCS auto coil
solenoid drivers in the RJ/EC,

Electronics Control Assembly (ECA),

The ECA contains the electronics used for SCS automatic attitude
hold, proportional rate, and minimum impulse capabilities. It also con-
tains the attitude BMAG(s) uncage logic. It receives control inputs {rom
the pyro assemblies and the rotational controller-transducers and breakout
switches (MIN IMP). The ECA provides rotational control commands to
the RCS logic in the RJ/EC.

Reaction Jet Engine Control (RJI/EC).

The RJ/EC contains the auto RCS logic and the scolenoid drivers (16)
that provide commands to the RCS automatic coils. The auto RCS logic
receives control signals from the CMC, ECA, RC, and TC. The RCS
solenoid drivers receive enabling logic power from the AUTO RCS SELECT
switches on MDC-~8. The MESC supplies the 28 vdc to the AUTO RCS
SELECT switches (figure 2.3-15).

Migsion

STABILIZATION AND CONTROL SYSTEM

Basic Date 15 April 1969 Change Date L5 Oct 1969 page 2.3-24




SM2A-03-BLOCK II-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

2.3.4.3

2.3.4.3.1

2.3.4.3.2

Reaction Control Subsystem Interface.

General.

The RCS provides the rotation control torques and translation thrusts
for all ACS functions. Prior to CM/SM separation, the SM RCS engines
are used for attitude control. The CM RCS is used after separation for
control during entry {figures 2.3-14 and 2.3-15). The CM has only 12 RCS
engines and does not have rranslational capability via the TC. After
CM/SM separation, the A/C ROLL AUTO RCS SELECT switches have no
function, as the 12 CM engines need only 12 AUTO RCS SELECT switches
(figure 2.3-15).

An RCS engine is fired by applying excitation to 3 pair (fuel and
oxidizer) of solenoid coils; the pair will be referred to in the singular as
a solenoid coil. Each engine has two solenoid coils. One coil is referred
to as the automatic coil, the other as the direct coil. Only the automatic
coils receive commands from the RJ/EC. The directcommands are routed
directly from the RC direct switches {or other switches). The automatic
and direct commands are discussed in the following paragraphs.

Automatic Coil Commands.

Power. The automatic (auto) coils are supplied 28-vdc power via
one set of contacts of the AUTO RCS SELECT switches (figure 2.3-15).
The solenoid is operated by switching a ground to the coil through the
appropriate solenoid driver in the RJ/EC. The auto coil power is obtained
from the STABILIZATION/CONTROL SYSTEM A/C ROLIL, B/D ROLL,
PITCH and YAW circuit breakers on panel 8, The 28 vdc lines to the auto
coils on SM engines (jets) except Ay, A, C|, and C are switched at
CM/SM transfer to CM coils. The wires from the A/C ROLL AUTO RCS
SELECT switches to SM engines A, Aj, C|, and C, are open-ended after
transfer. These switches have no function for the CM configuration.
Enabling power for the RCS golenoid drivers is supplied to the second set
of contacts of the AUTO RCS SELECT switches through the MESC (A and
B) from the SCS CONTR/AUTO MNA and MNB circuit breakers (MDC -8).

The CM jets are supplied from two separate propellant systems,
1 and 2. The jets are designated by the propellant system. Each propel-
lant gaystem supplies half the CM jets, distributed such that one jet for
each direction (plus and minus) and for each axis (pitch, yaw, and roll) is
supplied from the 1 system and the other from the 2 system. When the
RCS TRNFR switch is placed from SM to CM, motor switch contacts trans-
fer auto coil power from SM engines to CM engines. Each motor switch
contact transfers six engines,

Auto RCS Logic. Comrmands to the RCS enginesg are initiated by
switching a ground, through the solenoig driver, to the low voltage side of
the auto coils. The solenoid drivers receive commands from the auto RCS
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logic circuitry contained in the RJ/EC. The auto RCS logic performs two
functions:

a. Enables the command source selected based on logic signals
received from the control panel or manual controls.

b. Commands those solenoid drivers necessary to perform the desired
maneuver.

The logic receives RCS commands from the following sources:
e CMC (provides rotational and translational commands).

e ECA (provides rotational commands for either automatic attitude hold, '
proportional rate, or minirmmum impulse control),

e RC-1 and/or RC -2 (breakout switches [BO] provide continuous
rotational acceleration),

¢ TC (provides translational acceleration commands}).

The auto RCS logic (figure 2,.3-16) is represented by four modules:
one module each for pitch and yaw and two for roll (B/D and A/C}). The
solenoid drivers (four) associated with each module (shown as numbered
triangles) correspond to the RCS engine solenoid drivers. The command
sources {listed above) are shown as separate inputs to the modules, while
enable/disable logic is represented as a single line to each module.

A detailed functional drawing of the pitch auto RCS logic shows how
the command priorities are mechanized in the RJ/EC, (See figure 2,3-17.)

The ACS provides the following commands, listed in order of
descending priority:

Direct Coil Commands. At the initiation of direct coil commands,
all command input channels to the auto RCS logic module(s) in that axis
(axes) are inhibited. Pitch and yaw auto commands are inhibited during
SPS thrusting (IGN 1). This prevents auto coil commands from firing the
RCS during SPS thrusting.

ACCEL CMD Selection. If a MANUAL ATTITUDE switch(es) is
placed in the ACCEL CMD position, the CMC and ECA inputs to the auto
RCS logic module(s) in that axis (axes) are inhibited. Commands to fire
auto coils are enabled from the RC breakout switches. (See bottom "'and"
gates in figure 2, 3-17.)}

MIN IMP Selection. The ECA inputs to the auto RCS logic modules
(figure 2.3-14) provide both the minimum impulse commands, as well as
automatic attitude hold, automatic rate damping, and proportional rate
command. When MIN IMP is selected on a MANUAL ATTITUDE switch,
the ECA is configured to accept RC breakout commands and suppiy output
pulses. All other outputs of the ECA are inhibited in the ECA.
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2.3.4.3.3 Direct Coil Commands.

The RCS engines can be operated by applying 28 vde to the direct
coils, as the other side of the direct coils is hard wired to ground. The
coils receive commands from the sources described in the following para-
graphs (shown in figure 2, 3-18),

Direct Rotational Control., The direct switches in the rotation con-
trollers {RC38) are enabled when the ROT CONTR PWR-DIRECT 1 & 2
switches on MDC -1 are up or down. The RCS commands are initiated
when the RC is deflected a2 nominal 11 degrees about one or more of its
axes, At this displacement a switch (direct) closure occurs, routing
28 vdc to the appropriate direct coils and to the auto RCS logic (para-
graph 2,3.4.3.2), The signal to the auto RCS logic disables the solenoid
drivers in the channel{s) undex direct control.

Direct Ullage. An ullage is performed prior to an SPS thrust
maneuver, Direct ullage is 2 backup to TC +X translation. Pressing the
DIRECT ULLAGE pushbutton routes 28 vdc to the SM direct coils on the
pitch and yaw RCS engines used for +X translations. (See table on fig-
ure 2,3-14,) A signal (28 vdc) is sent to the auto RCS logic that disables
| the pitch and yaw solenoid drivers. The ullage signal is also sent to the
SPS ignition logic in the RJ/EC. (Refer to paragraph 2.3.5.5.)

Separation Ullage. The SECS (MESC) can command an ullage to
enable separation of the CSM spacecraft from the S-IVB adapter. The
ullage uses the same RCS engines as the direct ullage command and dis-
ables the pitch and yaw solenoid drivers. The enabling logic for this
function is shown in figure 2,3-18.

SM/CM Separation. The SM JETTISON CONTROLLER sends com-
mands to SM direct coils for =X translation and +roll rotation.

CM PROPELLANT JETT-DUMP Control. This function is used
after the RCS capability is no longer required. Actuation of the CM
PROPELLANT DUMP switches will provide commands to the direct coils
on all CM engines, except 13 and 23,

At CM-SM separation the lines from the RC direct switches are
transferred from SM direct coils to CM direct coils. This is similar to
the automatic coil transfer described in paragraph 2.3.4.3.2, except that
either of the two transfer motors transfers power to all CM direct coils.
The lines for direct or separation ullage (steps b and ¢), are open ended
at CM-SM separation.
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2.3.4.4

2.3,4.4.1

2.3.4.4.2

Attitude Configurations.

General.

The SCS hardware can be placed in various configurations for atti-
tude control. These configurations, described briefly in the preceding
paragraphs, are categorized as automatic and manual configurations. The
automatic control capabilities are described in paragraph 2.3.4.4.2 and
the manual capabilities in paragraph 2.3.4.4.3.

Automatic Control.

The automatic capabilities of the ACS are rate damping and attitude
hold. The rate damping configuration provides the capability of reducing
large spacecraft rates to within small limits (rate deadband) and holding
the rate within these limits. The attitude hold configuration provides the
capability of keeping angular deviations about the body axes to within cer-
tain limits {attitude deadband). If attitude hold is selected in pitch, yaw,
and roll, the control can be defined as maintaining a fixed inertial refer-
ence. The rate damping function is used together with the attitude hold
configuration; therefore, the description of the rate control loop is
included in the following attitude hold discussion.

Attitude hold uses the control signals provided by the rate and atti-
tude BMAGs which are summed in the ECA. (See figure 2.3-19.) The
control loops are summed at the input to a switching amplifier which pro-
vides the on-off engine commands to the auto RCS logic. Each of the three
switching amplifiers (pitch, yaw, and roll) has two outputs that provide
clockwise and counterclockwise rotation commands. The polarity of the
d-c input voltages to ths switching amplifiers determines the commanded
direction of rotation.

If the switching amplifier input signal is smaller than a specific
value, neither output is obtained. This input threshold required to obtain
an output is the switching amplifier deadband. Manually-selectable gain
authority provides flexibility in the selection of the attitude hold deadband
width, the rate damping sensitivity and proportional rate cornmand
authority. The RATE switch controls both the rate damping threshold
and the proportional rate command authority, which is discussed in para-
graphs to follow. Since the attitude hold configuration utilizes the attitude
and rate loops, the switching amplifiers will switch on when the summa-
tion of attitude error and rate signals equals the voltage deadband. Atti-
tude error signals are scaled (20:1) as a function of the RATE switch,

In addition, a deadband limiter circuit may be switched into the attitude
error loops. This is accomplished by having the ATT DEADBAND switch
in MAX, which, in effect, blocks the first four degrees of attitude error.
The rate and attitude error deadbands are summarized in the following
table.
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Figure 2, 3-19. SCS Attitude and Thrust Vector Control System

STABILIZATION AND CONTROL SYSTEM

Misgsion Basic Date 15 April 1969 Change Date 15 Oct 1969 Page 2. 3-35/2. 3-36




SM2A-03-BLOCK 1I-(1)
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

The cormmands listed are initiated by manual inputs to either rotation con-
troller. With the exception of direct, the RC commands rotations through
the RCS auto coils.

The manual rotation control capabilities are discussed further in the
following paragraphs,

Proportional Rate. Proportional rate provides the capability to
command spacecraft rates that are proportional to the RC deflection. The
RC transducer output is summed {by axis) through the breakout switch
logic path (figure 2.3-19) with the rate signal from the BMAG. Initially,
the RC output (commanded rate) will be larger than the BMAG output
{actual rate) so that the summed signals will be greater than the switching
amplifier threshold. The RCS engines will fire until the summation of the
rate and commanded rates are within the switching amplifier deadband.
When the RCS engines stop firing, the spacecraft will continue to rotate
at a constant rate until a new rate is commanded.

Since the MANUAL ATTITUDE switch must be in RATE CMD for
proportional rate, the spacecraft will be under automatic control when the
RC is released.

The rate commanded by a constant stick deflection is a function of
the ratio of the control loop gains. The ratio has two possible values
which are selected by the RATE switch. The nominal rate commanded at
maximum stick deflection {soft stop), for both rate switch positions, are
shown in the following list.

Maximum Prop., Rate CMD
(By Axis)
RATE Switch
Position Pitch & Yaw Roll
LOW 0.7 deg/sec 0.7 deg/sec
HIGH 7 deg/sec 20 deg/sec

The switching chart shows the LIMIT CYCLE switch in the OFF
position. Performing a proportional rate maneuver with pseudo-ratc
enabled (switch-on), required more RCS fuel than the same maneuver
without pseudo-rate feedback.

Minimum Impulse, Minimum impulse provideg the capability of
making small changes in the spacecraft rate. When minimum impulse is
enabled, the switching amplifier output is inhibited. Thus, the spacecraft
{attitude) is in free drift in the axis where minimum impulse is enabled,
if direct control is not being used.
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Minimum impulse control is commanded by the RC breakout switch.
This switch provides a 28-vdc logic signal to the one-shot circuit in the
ECA. The one shot (paragraph 2.3.4,4.2) provides a command to the auto
RCS logic for a nominal 15 ms, Additional minimum impulse commands
are obtained each time a breakout switch is closed (by repeated opening
angd closing of the breakout switch).

Acceleration Command. When acceleration command is enabled and
a breakout switch is closed, continuous commands are sent to the appro-
priate RCS auto coils. The SC CONT switch has no function in enabling the
acceleration command capability, which is second in priority only to direct
coil operations. {Refer to paragraph 2.3.4.3.2.)

Direct. Direct control is similar to acceleration command except
that the direct RCS coils are used, Also, instead of a breakout switch
providing the firing command, the RC direct switch is used to provide
28 vdc straight to the direct coils (figure 2.3-19). Power to the RC direct
switches is controlled by the two ROT CONTR PWR DIRECT switches on
MDC -1, one switch controlling the 28 vdc for each RC. (See figure 2,3-26.)
During direct control in an axis, all auto coil commands in that axis are
inhibited in the auto RCS logic (figure 2.3-17).

2.3.4.5 Translation Control.

When power is supplied to the translation control (TC), a manual
translational command fires auto coils to give acceleration(s) along an
axis {or axes). The TRANS CONTR PWR switch on MDC-1 supplies 28 vdc
to the TC translational switches (figure 2.3-26).

TC inputs are routed as logic inputs to the auto RCS logic when the
spacecraft is under SCS control. However, during CMC contro}, TC
commands arrive at the auto RCS logic via the CMC. (Seefigure 2.3-17.)
Since the TC uses only SM RCS engines, after CM/SM separation the TC
has no translation function.

Other translational control is possible from inputs other than the TC.
These are direct ullage, CSM/LV separation ullage, and CM/SM minus —X
translation (SM JETT CONT). These translation commands utilize direct
coils. (See figure 2.3-18.)

Certain panel switch combinations are necessary for each ACS capa-
bility that has been discussed. For a summary, see figure 2.3-20.

2.3.5 THRUST VECTOR CONTROL {(TVC).
2.3.5.1 Introduction.

The spacecraft attitude is controlled during a delta V by positioning
the engine gimbals (TVC) for pitch and yaw control while maintaining roll
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2.3.5.2

attitude with the attitude conlrol subsystem. The SCS electronics can be
configured to accept attitude sensor inputs for automatic control (SCS auto
TVC) or rotational controller (RC) inputs for manual thrust vector control
(MTVC). Manual TVC can be selected to utilize vehicle rate feedback
gignals summed with the manual inputs; this comprises the MTVC/RATE
CMD configuration. Selecting MTVC without rate feedback describes the
MTVC/ACCEL CMD configuration. A different configuration can be
selected for each axis; for example, one axis can be controlled manually
while the other is controlled automatically.

The following paragraphs present the characteristics of the SCS/TVC
configurations., A switching table, specifying the panel switching and logic
signals required for enabling each configuration, is included. The opera-
tion of the engine ignition/thrust on-off logic is also described.

TVC Panel Configurations.

On the simplified TVC signal flow diagram shown in figure 2,3-21
functional enabling switches are used for reference. The TVC switching
table (figure 2.3-22) relates the functional switching and panel switching to
the TVC configuration desired. Both figures are applicable to either the
pitch or yaw TVC channel.

In general, it is possible to enable a functional switch through several
(alternate) panel configurations., The alternate configurations usually
require the CW logic signal which is obtained from a clockwise rotation of
the translation controller (TC) T-handle. This provides a convenient
means of transferring from one TVC configuration to another during the
thrusting maneuver. The CW signal will also enable transfer from servo
No. I to servo No. 2 (figure 2.3-22) under certain conditions, Thus, it is
possible to transfer to a2 completely redundant configuration by using the
TC clockwise switch.

The gimbal servo control loop consists of a servoamp that drives two
magnetic clutch coils; one c¢oil extends the actuator; the other retracts the
actuator. Gimbal rate and position transducers provide feedback for
closed loop control. Two servo control channels are provided in each
axis, pitch and yaw. The active channel is selected through functional
switch servo 2 enable (figure 2.3-21}). Primary control utilizes servo
No. I. Servo No. 2, in an axis, can be engaged either by selecting 2 posi-
tion on the TVC GMBL DR switch or by automatic transfer. Automatic
transfexr will occur, if the TVC GMBL DR switch is in the AUTO position
and either the FS (fail sense)} or CW logic signal is present. The CW logic
will enable transfer to servo No. 2 in both axes, whereas, the I'S logic
will enable transfer only in the axis where it is present. The fail sense
signal is generated in the motor excitation circuitry of servoactuator No. 1,
occurring when an overcurrent is sensed. The transfer logic described is
included in the switching table (figure 2.3-22).
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2.3.5.3 GP1 Signal Flow.

The gimbal position display (figure 2.3-5) is used as a monitor of
SPS pitch and yaw gimbal deflections from actuator null during CMC and
SCS control of a AV, Prior to an SCS AV, the SPS engine must be posi-
tioned with the trim thumbwheels on the GPI. In this case, the GPI will
display the trim gimbal angles that are set with the thumbwheels,

Since there is only one display panel of gimbal position, there are
redundant indicators, servometric meter drivers, and power supplies
associated with both the pitch and yaw position displays, (See fig-
ure 2.3-23.) When servo channel No. 1 is controlling the SPS actuator,
the position input to both GPI indicators (pitch and yaw) is supplied from
the No. 1 position transducer. If actuator control is transferred to the
No. 2 servo, then the No. 2 position transducer drives both indicators in
that axis. If the FDA1/GPl1 POWER switch is in BOTH position then all
four indicators are powered, With the switch in position 1, the first and
third indicators are enabled, The second and fourth indicators are
energized with the switch in position 2.

2.3.5.4 8CS Auto TVC.,

In order to configure the SCS electronics for an SCS auto TVC,
certain panel switches must be positioned. In addition, other manual or
automatic logic switching will affect the control signals and servo loops.

Since SCS auto TVC requires attitude error signals from GA-1, the
gyro uncage logic must be satisfied (figure 2.3-11). This requires that the
BMAG MODE switches be in ATT 1 RATE 2, the ENTRY-, 05 G switch be
OFF, and that the SPS ignition signal (IGN 2) be present. For attitude
hold (paragraph 2.3.4,2.1), the IGN 2 logic was not needed as GA-! can
be uncaged by placing the MANUAL ATTITUDE switches to RATE CMD
while having no breakout switch input,

The attitude error signal (in pitch and yaw) is summed with the SPS
gimbal position and GPI trim at the input to an integrator (figure 2.3-22),
The integrator output iz summed with attitude error and rate, filtered for
body-bending, and then applied as an input to the servo amplifiers (pri-
mary and secondary). During a delta V the integrator output insures that
the thrust vector stays inertially fixed even though the cg shifts as the
propellants are consumed. The signal path requires that the delta V is
under SCS control with the SCS TVC switch in AUTO,

Though the control signal is applied to both servo amplifiers, only
one will be positioning the SPS gimbal actuators. Selection logic control-
ling which servo amplifier is energized is represented by the SERVO 2
ENABLE functional switch. The TVC GIMBAL DRIVE switches on MDC -1
have AUTO positions which provide an automatic transfer from servo 1 to
servo 2 if either a TC-CW switch is closed or an over-current logic I
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gignal is sent from the SPS. Positioning the TVC GIMBAL DRIVE switches
to 1 or 2 selects the desired servo loop, but overrides the TC—CW or
over~-current transfer,

Pre-thrust gimbal trim is accomplished by tnanually turning the trim
wheels on the gimbal position indicator (GPI) to obtain the desired indicator
readout. The trim wheel in each axis is mechanically connected to two
potentiometers. As shown in figure 2.3-21, one potentiometer is asso-
ciated with servo No. 1 and the second with servo No. 2. It is desirable
to pretrim before an SCS delta V, to minimize the transient duration |
and the accompanying quadrature accelerations. It is also desirable to
set the trim wheels properly before a CMC delta V if the 5CS AUTO con-
figuration is to serve as a backup. This will enable the SCS to relocate the
desired thrust direction if a transfer is required after engine ignition.

Manual Thrust Vector Control.

Manual control of the thrust vector utilizes crew commands via the
RC to position the gimbaled SPS. There are two types of MTVC: MTVC
with rate damping {rate command) and MTVC without rate damping
(acceleration command). Either mode of MTVC ig selectable by panel
switching. In addition, TC-CW logic provides either an automatic trans- |
fer from a PGNCS-controlled delta V or from an SCS auto delta V. (See
figure 2.3-22.)

In order to provide ease of manual control, a proportional plus
integral amplifier is incorporated in the MTVG signal flow path. The
operation of this circuit can be described by considering the response to a
step input; the output will initially assume a value determined by the pro-
portional gain and the input amplitude. It will then increase, from this
value, as a straight-line function of time. The slope of the line is a func-
tion of the input amplitude and the integrator constant. When the input is
removed, the output will then drop by the initial value. With no additional
inputs the output will theoretically remain constant (in practice, it will
slowly decay). The circuit (integrator) provides the following capabilities:

a, Maintain a gimbal deflection after returning the RC to rest.

b. Make corrections with the RC about its rest posifion, rather than
holding a large displacement.

c. With no manual inputs, SC rate is damped out in the RATE CMD
configuration.

The selection between the RATE CMD and ACCEL CMD configura-
tions is made by enabling rate signals in the RATE CMD mode with the
IGN 2 logic signal present (thrust on). This enables rate BMAG signals to
be summed with RC inputs, The position of the BMAG MODE switch deter-
mines which rate source (BMAG 1 or 2) is summed, through its associated
functional switch. Placing the SCS TVC switch in the ACCEL CMD position
disables the rate command mode.
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The RATE CMD configuration is analogous to the proportional rate
capability described in the ACS {paragreph 2.3.4) except there is no dead-
band. With no manual input, the thrust vector is under rate BMAG control.
If there is an initial gimbal cg misalignment, an angular acceleration will
develop. The rate BMAG, through the proportional gain, will drive the
gimbal in the direction necessary to cancel this acceleration. With no
integrator, a steady-state rate would be required to hold the necessary
gimbal deflection (through c¢g). However, due to the integrator, the rate
ts driven to zero. When an RC input {(manual) is present, a steady-state
vehicle rate will be establisheqd so that the integrator input goes to zero
when the output value is sufficient to place the thrust vector through the cpg.
When the manual input is removed the rate is driven to zero.

When rate feedback is inhibited by selecting ACCEL CMD, the RC
input must be properly trimmed to position the thrust vector through the
cg. However, positioning the thrust vector through the cg only drives the
rotational acceleration to zero. Additional adjustments (RC trimming) are
necessary to cancel residual rates and obtain the desired attitude and
positioning vector.

2.3.5.6 Engine Ignition, Thrust On-Off Logic.

This section describes the configurations available for ignition on-~off
control. Panel switch positions and/or logic signals necessary for a parti-
cular configuration are considered. The functions of output (logic) signals
are given,

Redundant d-¢ power is supplied to redundant SPS coils and solenoid
drivers (as shown in figure 2.3-24) via the AV THRUST (A and B) switches.

With the switch positions shown in figure 2. 3-24, engine ignition is
commanded by placing a ground on the low side of SPS coil No. 1. Thrust-
off is cotmmanded when the ground is removed. The ground switching can
be accomplished in two basic ways. One method is to position the SPS
THRUST switch from the NORMAL to the DIRECT ON position for engine
turn-on, and later placing the AV THRUST A and B from NORMAL to OFF
to terminate thrust, The second method is to switch the ground through
the solenoid driver as commanded by the thrust on-off logic.

Engine ignition will be commanded by the thrust on-off logic when
any one of the thrust-on logic equations shown in figure 2. 3-24 is satis-
fied. The CMC commands thrust-on (equation 1) by supplying a logic 0 to
the thrust on-off logic when the SC CONT switch is in the CMC position and
the translation controller (TC) is not clockwise (CW). When the CMC
changes the logic signal from a 0 to a 1, thrust-off is commanded.

For the SCS control configuration the SC CONT sw maust in the SCS
position or the TC handle clockwise {ICW). A thrust-on enabling signal is
obtained from the EMS/AV display. Thrust-on is then commanded by
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commanding a +X -axis acceleration and pressing the THRUST ON push-
button. When the ground to the SPS coil has been sensed by the ignition
sense logic, the THRUST ON and +X-axis commands can be removed and
engine ignition will be maintained by the SPS latch up signal. When the
AV counter on the entry monitor system (EMS) display reads zero, the
EMS enabling signal is removed and thrust-off is commanded.

If TVC control is transferred from the CMC to the SCS (by SC CONT
switch to SCS or TC to CW) after engine ignition, thrusting will be main-
tained by the presence of the SCS latch up signal, Thrust-off will be
carmmanded as in a normal SCS control configuration. A backup thrust-off
command, for any control configuration, is obtained by placing the AV
THRUST (A and B) switches to the OFF position.

The +X logic signal which is necessary to enable thrust-on in the
SCS configuration, can be obtained from either the DIRECT ULLAGE
pushbutton or the TC +X contacts. The difference between the two
commands are:

a. Direct ullage uses the direct coils and inhibits the pitch and yaw
solenoid drivers; thus, attitude hold cannot be rmaintained in these axes.
Ullage-ignition overlap time is completely under manual control.

b. When commanding A+X with the TC, attitude hold can be main-
tained. Ullage-ignition overlap time is automatically limited to one second.

The circuitry provides several output functions. A ground is pro-
vided for the SPS THRUST lamp on the EMS display. The ground is also
sensed by the ignition sense logic, which generates signals for both
disabling the RCS pitch and yaw auto commands and also for configuring
the SCS electronics for thrust vector control.

The RCS disabling signal, IGN 1 on figure 2,3-24, is not present
until one second after engine ignition and is not removed until one second
after engine turn-off. This provides adequate time for engine thrust
buildup and decay. The IGN 2 logic signal is required in the logic for the
functional switches in the SCS-TVC signal flow paths. There are separate
IGN 2 signals generated for SCS auto TVC and for MTVC., These signals
are generated at the same time the ground is switched to the SPS coil, but
are not removed until one second after the ground is removed. The
delayed OFF enables the TVC electronics to maintain spacecraft control
during thrust decay.

POWER DISTRIBUTION.

The SCS circuit breakers (panel 8) supply electrical power to
both panels 1 and 7 power switches and also to the SCS panel 1
switches for logic signals. The panel 7 SCS switches distribute a-c
and d-c power to the SCS hardware (figure 2.3-26) and route the
SCS logic bus power to panel 1 switches., (See figure 2.3-26.)
The power switching for the two rotation hand controllers and
the translation hand controller is on panel 1, (See figure 2,3-26.)
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Figure 2,3-26. SCS D-C Power Distribution (Sheet 1 of 2)
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The SCS performance data is included in the CSM Spacecraft Opera-
tional Data Book (SNA-8-D-27}., For the SCS operational limitations and
restrictions refer to AOH, Votume 2, including the Malfunction Procedures.

2.3.7 ENTRY MONITOR SYSTEM.

The entry monitor system (EMS) provides a visuzal monitor of auto-
matic primary guidance navigation and control system (PGNCS) entries
and delta velocity maneuvers. The EMS also provides sufficient display
data to permit manual entries in the event of PGNCS malfunctions together
with a command sent to the SCS for SPS engine cutoff. The delta velocity
display can also be used as the cue to initiate manual thrust-off cormmands
if the automattc-off cormmands malfunction. During rendezvous the EMS
provides a display of VHF ranging information.

Self-test provisions are provided by a functien switch for the three
operational modes (entry, delta V, and VHF ranging) to provide maximum
system confidence prior to actual use.

The EMS performance data is included in the CSM Spacecraft Opera-
tional Data Book (SNA-8-D-27). For the EMS operational limitations and

restrictions refer to AOH, Volume 2, including the Malfunction Procedures.

2.3.7.1 Entry Functions.

The EMS provides five displays and/or indications that are used to
monitor an automatic entry or to aid in performing a manual entry.

2.3.7.1.1 Threshold Indicator (.05 G).

The threshold indicator, labeled .05 G, illuminates when the atmos-
pheric deceleration is sensed. The altitude at which this indicator is
illuminated is a function of the entry angle {velocity vector with respect to
local horizontal), the magnitude of the velocity vector, geographic location
and heading, and atmospheric conditions, Bias comparator circuits and
timers (figure 2.3-28) are used to initiate this indicator. The signal used
to illuminate the indicator is also used internal to the EMS to start the
corridor evaluation timer, scroll velocity drive, and range-to-go circuits.

2.3.7.1,2 Roll Stability Indicator.

The roll stability indicator (RSI) provides an indication of lift vector
position throughout entry. With the ATT SET switch in the GDC position,
the RSI will be aligned prior to 0. 05G by rotating the yaw thumbwheel on
the attitude set control pane! with the EMS ROLL switch in the entry position
while pressing the GDC ALIGN button. During entry, stability axis roll
attitude will be supplied to the RSI by the gyro display coupler. There are
no degree markings on the display, but the equivalent readout will be zero
when the RSI points toward the top of the control panel. During the entry
RSI rotates in the opposite direction to the spacecraft roll.
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2.3.7.1.3

2.3.7.1.4

2.3.7.1.5

Corridor Verification Indicators.

The corridor verification indicators are located above and below the
RSI. They consist of two lights which indicate the necessity for lift vector
up or down for a controlled entry. The indicators will be valid only for
vehicles which utilize lunar entry velocities (approximately 35, 000 FPS)
and entry angles. The corridor comparison test is performed approxi-
mately 10 seconds after the .05 G indicator is illuminated. The lift vector
up light (top of RSI) indicates "G" greater than approximately 0.262G. The
lift vector downlight (bottom of RSI} indicates "G'' less than approximately
0.262G. Figure 2.3-29 is a typical example of the corridor evaluation
function. An entry angle is the angular displacement of the CM velocity
vector with respect to local horizontal at 0. 05G. The magnitude of the
entry angles that determines the capture and undershoot boundaries will be
a function of CM lift-te-drag (L /D) ratio. The angles shown are for a L/D
of 0.3 to 0.4, The EMS positive lift overshoot boundary is that entry angle
that produces approximately 0. 262G at approximately 10 seconds after the
.05 G indicator is illuminated. An entry angle greater than the EMS posi-
tive lift overshoot boundary will cause the upper corridor verification light
to be illuminated. Conversely, an eniry angle less than the positive over-
shoot boundary will light the lower corridor light. Entry angles less than
the capture boundary will result in noncapture regardless of lift orientation,
Noncapture would result in an elliptical orbit which will re-enter when
perigee is again approached. The critical nature of this would depend on
CM consumables: power, control propellant, life support, etc. The
command module and crew will undergo excessive Gs (greater than 10G)
with an entry angle greater than the undershoot boundary, regardless of
lift orientation,

Delta V/Range-To-Go Indicator.

The delta V/range-to~go indicator is an electronic numeric readout
which has three functions. During entry the inertial flight path distance in
nautical miles to predicted splashdown after 0.05G is displayed. The pre-
dicted range will be obtained from the PGNCS or ground stations and
inserted into the range display during EMS range set prior to entry. For
a delta V the display will indicate the AV (ft/sec) remaining. For rendez-
vous the display will indicate the distance to the LM.

Scroll Assembly.

The scroll agsembly provides a scribed trace of G versus inertial
velocity during entry. The mylar scroll has printed guidelines which pro-
vide monitor (or control) information during aerodynamic entry., The entry
trace is generated by driving a scribe in a vertical direction as a function
of G level, while the mylar scroll is driven from right to left propoxtional
to the CM inertial velocity change. Monitor and control information for
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2.3.7.2

2.3.7.2.1

2.3,7.2.2

2.3.7.2.3

2.3.7.3

safe entry and range potential can be observed by comparing the slope of
the entry trace to the slope of the nearest guidelines (G onset, G offset
and range potential).

Delta Velocity Functions.

In addition to entry functions, the EMS provides outputs related to
delta velocity maneuvers during SPS or RCS thrusting along the CSM X -
axis. Both the "SPS THRUST" lamp and the AV numeric counter display
information during a AV, In addition, an automatic thrust-off command
signal is supplied to the SCS when the AV counter reaches zero.

SPS Thrust-On Indicator.

The SPS thrust-on indicator will be illuminated any time a ground is
present on the low side of either of the SPS bipropellant solenoid control
valves if either of the EMS circuit breakers on panel 8 are set. None of
the EMS or MDC switches will inhibit this cireuit.

Delta Velocity Indicator.

The electro-luminescent (EL) numeric readout displays the delta
velocity remaining along the CSM X-axis. The numeric display has the
capability of displaying a maximum of 14, 000. 0 fps down to a2 -1000.0 fps.
The readout is to 1/10 foot per second. The AV/EMS SET rocker switch
will be used to set in the desired delta (A} V for all SPS thrusting maneu-
vers. The AV display will count up or down with the EMS MODE switch in
the NORMAL position. The display counts down with SPS or RCS thrusting
along the CSM +X -axis or up with RCS thrusting along the CSM -X-axis.
The BACKUP/VHF RNG position of the MODE switch permits only a
decreasing readout during thrusting.

SPS Thrust-Off Command.

During SCS-controlled SPS thrusting a thrust-off commangd is supplied
by the EMS. This thrust-off logic signal is supplied to the SPS engine on-
off circuit when the AV display reads minus values of AV, Consequently,
the THRUST ON button will not turn on the SPS engine unless the AV display
reads zero or greater.

EMS Switches.,

There are four switches to activate and select the desired function in
the EMS., They are MODE switch, FUNCTION switch, AV/EMS SET switch,
and GTA switch.
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2.3.7.3.1 MODE Switch.

The MODE switch has three positions: NORMAL, STBY, and
BACKUP/VHF RNG. The STBY position applies power to the EMS cir-
cuits; it inhibits system operation but does not inhibit set functions. The
NORMAL position permits the self-tests to function. It also is the normal
position for operations when the FUNCTION switch is in the ENTRY and
AV positions. The BACKUP/VHF RNG position is used as a backup in the
entry and delta V operations and is the proper position during VHF ranging.
The BACKUP/VHF RNG position will be used as a backup to initiate the
scroll velocity drive and the range display countdown in the event of failure
of the .05 G circuits, The BACKUP/VHF RNG position energizes the ,05 G
light, but does not activate the corridor verification circuits for a display.

2.3.7.3.2 FUNCTION Switch.

The FUNCTION switch is a2 12-position switch which is used to select
the desired function in the EMS. Three positions are used for delta V
operations. Eight positions are used for entry, entry set and self-test.
The remaining pogition if OFF, One position i8 used for VHF ranging.

Switch Poasition Function

OFF Deactivates the EMS except the SPS THRUST

ON light and the roll stability indicator.

EMS test 1 Tests lower trip point of 0, 05 G - threshold

comparator and enables slewing of the scroll.

EMS test 2 Tests the high trip point of the .05 G -

threshold comparator.

EMS test 3 Teats lower trip point of the corridor verifi-

cation comparator and enables slewing of the
AV/RANGE display for EMS test 4 operations.

EMS test 4 Tests the range-~to-go integrator circuits,

G servo circuits, G-V plotter and range-to-
go circuits.

EMS test 5 Tesats high trip point of corridor verification

comparator and enables slewing of scroll.

RNG SET Establishes circuitry for slewing the AV/

RANGE display.
Vo SET Establishes circuitry for slewing the scroll
to the predicted inertial velocity at 0. 05G.
STABILIZATION AND CONTROL SYSTEM
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Switch Position Function

ENTRY Operational position for monitoring the CM
earth atmosphere entry mode,

AV TEST Operational position for self-test of delta V
circuits.

AV SET/VHF RNG Establishes circuitry for slewing the AV/
RANGE display, Enables VHF ranging
display.

AV Operational position for accelerometer to
drive the AV/RANGE display for X -axis
accelerations.

2.3.7.3.3 AV/EMS SET Switch,

The AV/EMS SET switch, a five-position rocker switch, is used to
drive either the AV/RANGE display or the EMS scroil. With the FUNC-
TION switch in the AV SET/VHF RNG, RNG SET, and EMS TEST 3,
depressing the AV/EMS SET switch from null to a soft stop-(either INCR or
DECR) will change the display readout at 0. 25 unit per second. Depressing
the AV/EMS SET switch through a soft stop to a hard stop results in a
change of 127.5 units per second. With the FUNCTION switch in the Vo
SET, EMS TEST 1, and TEST 5 position, depressing the AV/EMS SET
switch results in driving the EMS scroll. Depressing the AV/EMS SET
switch to the soft stop drives the scroll at approximately 0.0164 inch per
second (30 fps per second). Depressing through to the hard stop drives the
scroll at approximately 0. 263 inch per second (480 fps per second). The
scroll mechanism puts a constraint on the reverse slewing of the scroll
(AV/EMS SET switch INCR). The scroll may be slewed only one inch to
the right after scroll slewings to the left of at least three inches.

2.3.7.3.4 GTA Switch.

The GTA switch provides a ground test capability. With the cover-
plate removed, the GTA switch will be placed up to simulate 0G in the
vertical stack configuration of the SC. An adjustment pot is available to
calibrate 0G when the GTA switch is on and the EMS is operating. For the
coverplate to be closed, the GTA switch must be off which removes the
gimulated 0G function for ground test.

2.3.7.4 Entry Scroll.
The EMS mylar scroll, contained in the EMS scroll assembly, con-

tains four entry patterns together with entry in-flight test patterns and the
instructions for entry, delta V and VHF ranging. (See figure 2.3-30.)
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There are four sets of AV and VHF ranging instructions that are alternated
with four entry in-flight self-test patterns. (See figure 2.3-31.) Following
the fourth in-flight self-test patternsg on the scroll is the first set of entry
instructions. Entry instructions precede each of the four entry patterns.
Lunar-return non-exit entry patterns are alternated with lunar-return
3500 NM exit patterns, a non-exit pattern appearing first on the scroll.

Each entry pattern (figures 2.3-32 and 2.3-33) has velocity incre-
ments from 37,000 to 4, 000 fps together with entry guidelines, These
lines are called G on-set, G off-set, and range potential guidelines, The
G on-set and G off-set lines are solid lines and the range potential lines
are broken.

The G on-set lines slope downward, while the G off-set lines ray
upward and terminate at 24, 000 fps just to the right of the vertical line at
25,500 fps {minimum velocity for earth orbit). Below 24, 000 fps the G
on-set lines slope downward from the full-lift profile line which represents
the steady-state minimum-G entry profile, During entry the scribe trace
should not become parallel to either the nearest G on-set or G off-set line,
If the slope of the entry trace becomes more negative than the nearest G
on-set line, the TM ghould be oriented such that a positive lift vector
orientation {lift vector up) exists in order to prevent excessive G buildup.
However, if the entry trace slope becomes more positive than the nearest
G off-set line then the TM should be oriented to produce negative lift (}ift
vector down) for entry.

The G on-set and G off-set lines are desgigned to allow a 2-second
crew response time with a single system RCS/SCS 180-degree roll maneu-
ver should the entry trace become parallel to the tangent of the nearest
guideline.

The range potential lines, shown in hundreds of nautical miles, indi-
cate the ranging potential of the CM at the present G level. The crew will
compare the range displayed by the range-to-go counter with the range
potential indicated by the entry trace. The slope and position of the entry
trace relative to a desired ranging line indicates the need for lift vector up
or down.
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2.3.7.5 EMS Functional Data Flow.

The following functional discussion of the EMS relates system
mechanization to the EMS operation. (See figure 2.3-34.)

2.3.7.5.1 Accelerometer.

The accelerometer, which is aligned to within £2 degrees of the SC
X-axis, is the only sensor in the EMS. It has three outputs: low level G
to threshold and corridor circuits, high level G to the flight monitor G
axis during entry, and an output to the A/D converter which is used to
drive the AV/RANGE display and mylar scroll. The difference in the low
and bigh level G outputs is scale factor.

2.3.7.5.2 Threshold and Corridor Verification Circuits,

The threshold and corridor verification circuits use the accelerom-
eter low level G output. The .05G comparator will trigger and illuminate
the threshold light (.05 G) if a G level of 0. 05G % 0. 005G is present for
120.5 seconds. If the G tevel drops to 0. 02G x 0. 005G, the light will be
extinguished. The corridor evaluation will occur 10. 053+0. 025 seconds
after the , 05 G thresholq lamp is illuminated. The }ift vector up light will
illuminate if the G force is greater than approximately 0. 262+0, 009G. The
litt vector down light will be illuminated if the G force is less than approxi-
mately 0, 26240, 009G. There will be only one corridor verification light
turned ON for corridor evaluation. The corridor lights will be turnegd off
when the flight monitor G axis drive passes the 2G level.

2.3.7.5.3 Scroll Asgsembly G Axis Drive Circuits.

The scroll assembly G axis drive circuits receive the accelerometer
high G level output signal and position the G axis scribe in vertically.
The scribe drive is a normal closed-loop servo circuit with velocity and I
position feedback. The loop is biased from zero by the magnitude of the
accelerometer input.

2.3.7.5.4  Scroll Assembly Velocity Axis Drive Circuits,

The scroll assembly velocity axis drive circuits use the accelerom-
eter A/D converter output to drive the scroll from right to left. The A/D
converter output is about one pulse for each 0.1 {ps of velocity change. The I
motor control circuits and stepper motor cause the scroll to move from
right to left and the present inertial velocity is read on the scroll. Before
entry scroll is initialized to the inertial velocity by setting the FUNCTION I
switch to the Vo SET position and using the AV/EMS SET switch to slew
the scroll to the predicted inertial velocity value at 0. 05G.
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2.3.7.5.5

2.3.7.5.6

2.3,7.5.7

AV/RANGE Display Circuits.

The AV/RANGE electronics directly controls the numeric display
value except during VHF ranging operations. The display will be initial-
ized by a combination of the FUNCTION switch and AV/EMS SET switch
except during VHF ranging operations. During AV operations, the accel-
erometer A/D converter output pulses are used to increment or decrement
display value. When the display decreases to a value of -0.1 fps, a signal
is supplied to the SCS for an automatic SCS control SPS OFF command.
For entry, the display will read range to go, being decremented by the
range integrator. The output of the range integrator will decrease as a
function of the inertial velocity stored in it at any time. The range
integrator is decremented to that it contains the CM present inertial range-
to-go if properly initialized. The divider network sends pulses to the
flight monitor velocity axis drive in order to drive the scroll from right
to left after 0.05G is sensed. If the 0.05G function should fail, placing
the MODE switch to the BACKUP/VHF RNG position will initiate the
divider network operation to drive the range-to-pgo display and the flight
monitor scroll from right to left as a function of G level.

Roll Stability Indicator Drive.

The RSI drive function, controlled by the yaw axis of the GDC in
the SCS, requires the correct positive 6f the two ENTRY switches {.05G
and EMR ROLL) for its correct operation during entry. This function is
described as a normal GDC function in paragraph 2.3.3.2.

Thrust-Off Function.

The thrust-off function will provide a logic function for a SCS thrust-
off command any time the AV/RANGE counter goes to -0.1 fps. During a
delta V mode operation, a relay energizes and provides a ground to the
SCS. This function operates in conjunction with the 4V and AV TEST
positions of the FUNCTION switch.
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SECTION 2
SUBSECTION 2.4
SERVICE PROPULSION SYSTEM (SPS)

(CSM 106 and Subs)

2.4.1 FUNCTIONAL DESCRIPTION.

The service propulsion subsystem provides the impulse for all
X -axis velocity changes (AVs) throughout a2 mission and the SPS abort I
capability after the launch escape tower is jettisoned. The SPS consists
of 2 helium pressurization system, a propellant feed system, a propellant
gauging and utilization system, and a rocket engine, The oxidizer is
inhibited nitrogen tetroxide and the fuel is a blended hydrazine (approxi-
mately 50 percent unsymmetrical dimethyl hydrazine and 50 percent
anhydrous hydrazine). The pressurizing gas is helium. The system
incorporates displays and sensing devices to permit earth-based stations
and the crew to monitor its operation. (See figures 2.4-1 and 2. 4-2.) |

The helium pressure is directed to the helium pressurizing valves
which isolate the helium daring nonthrusting periods, or allow the heliom
to pressurize the fuel and oxidizer tanks during thrusting periods. The
helium pressure is reduced at the pressure regulators to a desired work-
ing pressure. The regulated helium pressure is directed through check
valves that permit helium flow in the downstream direction when the pres-
surizing valves are open, and prevent a reverse flow of propellants during
nonthrusting periods. The heat exchangers transfer heat from the propel-
lants to the helium gas to reduce any pressure excursions that may result
from a temperature differential between the heliurm gas and propellants in
the tanks. The relief valves maintain the structural integrity of the pro-
pellant 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 tank {figures 2. 4-1, 2.4-2, and 2. 4-3). The storage and sump tanks
for each propellant system are connected in series by a single transfer
line., The regulated helium enters 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 samp tank is directed to the exit end into a
propellant retention reservoir. Sufficient propellants are retained in the

SERVICE PROPULSION SYSTEM
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retention reservoir and at the tank outlets to permit engine restart
capability in a 0-g condition when the SPS propellant quantity remaining

is greater than 22, 300 pounds (56.4%) without conducting an SM RCS
ullage maneuver prior to an SPS engine thrusting period. An ullage
maneuver is mandatory prior to any SPS thrusting period when the SPS
propellant quantity remaining is at or less than 22, 300 pounds {56. 4%).

An ullage maneuver is also mandatory prior to any SPS thrusting period
following all docked LM DPS burns even though the SPS propellant quantity
is at or greater than 22,300 pounds {56.4%). The propellants exit from
the respective sump tanks into a single line to the heat exchanger.

A propellant utilization valve is installed in the oxidizer line. The
propellant utilizatiaon valve is powered only daring SPS thrusting periods.
The propellant utilization valve aids in achieving simultaneous propellant
depletion. The propellant supply is connected from the sump tanks to
the engine interface flange,

The propellants flow from the propellant sump tank, through their
respective plumbing, to the main propellant orifices and filters, to the
bipropeliant valve. The bipropellant valve assembly contains pneumat-
ically controlled main propellant valves that distribute the propellants to
the engine injector.

The thrust chamber consists of an engine injector, combustion
chamber, and exhaust nozzle extension. The engine injector distributes
the propellants through orifices in the injector face where the fuel and
oxidizer impinge, atornize, and ignite. The combustion chamber is
ablatively cooled. The exhaust nozzle extension is radiation cooled,

The engine assembly is mounted to the structure of the SM. It is
gimbaled to permit thrust vector alignment through the center of mass
prior to thrust initiation and thrust vector control daring a thrusting
period.

Propellant guantity is measured by two separate sensing systems:
primary and auxiliary. The sensing systems are powered only during
thrust-on periods because of the capacitance and point sensor measuring
techniques. The capacitance and point sensor linearity would not provide
accurate indications during the 0-g nonSPS thrusting periods.

The control of the subsystem is automatic with provisions for
manual backup.
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Figure 2. 4-3., Service Module Sectors
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 assernblies,
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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2.4.2.1.1

2.4,2,1,2

2.4.2.1.3

Helium Tanks,

The two helium supply spherical pressure vessels are located in the
center section of the SM.

Helium Pressurizing Valves.

The helium valves are continuous-duty solenoid-operated. The
valves are energized open and spring-loaded closed. The SPS He VLV
switches on MDC-3 permit automatic or manual control of the valves.
With the switches in the AUTO position, the valves are automatically con-
trolled by a thrust ON-OFF signal. The valves are controlled manually
by placing the switches to the ON (valve open) and OFF {valve closed)
posgitions.

Each valve contains a position switch which controls a position
(talk-back) indicator above each switch., When the valves are closed, the
position switch is open and the indicator is barber pole (diagonal lines),
the indication during nonSPS thrusting periods. When the valves are open,
the posaition switch is closed and the indicator is powered to gray (same
color as the panel) indicating the valve is open, the indication during SPS
thrusting periods.

Preassure Regulator Assemblies.

Presaure regulation is accomplished by a pressure-regulating
assembly downstream of each helium pressurizing valve. Each assembly
contains a primary and secondary regulator in series, and a pressure
gurge damper and filter ingtalled on the inlet to each regulating unit.

The primary regulator is normally the controlling regulator. The
secondary regulator is normally open during a dynamic flow condition,
The gsecondary regulator will not become the controlling regulator until
the primary regulator allows a higher preseure than normal and allows the
secondary regulator to function. AIll regulator pressures are in reference
to a bellows assembly that is vented to ambient.

Only one of the parallel regulator assemblies regulates helium pres-
sure under dynaric conditions. The downstream preasure causes the
second assembly to lock up (close). When the regulated pressure
decreases below the lockup pressure of the nonoperating assembly, that
assembly becormnes operational.

Mission
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2.4.2.1.4 Check Valve Assernblies.

Each assembly contains four independent check valves connected in
a series-parallel configuration for added redundancy. The check valves
provide a positive checking action against a reverse flow of propellant
liquid and/or vapor, and permit helium pressure to be directed to the
propellant tanks. Filters are incorporated in the inlet to each check valve
assernbly and each test port (figures 2, 4-1 and 2. 4-2).

2.4.2.1.5 Helium Pressure Relief Valves,

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

In the event excessive helium and/or propellant vapor ruptures the
burst diaphragm, the relief valve opens and vents the applicable system.
The relief valve will close 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 {rag-
ments from the {nonfragmentation type) diaphragm from entering onto the
relief valve geat.

A pressure bleed device is incorporated between the burst dia-
phragm and relief valve. The bleed valve vents the cavity between the
burst diaphragm and relief valve in the event of any leakage from the
diaphragm. The bleed device iz normally open and will close when the
pressure increases to a predetermined pressure.

A protective cover is installed over the relief valve vent port and
bleed valve cavity port to prevent moisture accumulation and foreign
matter entrance. The covers are left in place at lift-off.

2.4.2.1.6 Heat Exchangers.

Each unit is a line-mounted, counterflow heat exchanger consisting
of the helium pressurization line coiled helically within an enlarged sec-
tion of the propellant supply line. The helium gasg, flowing through the
coiled line, approaches the temperature of the propellant prior to entry
into the regpective storage tanks, thus reducing pressure excursions to a
minimum,

2,4,2.2 Propellant Subsystem,

This subsystem consists of two fuel tanks (storage and sump), two
oxidizer tanks {storage and sump}, and propellant feed lines,

SERVICE PROPULSION SYSTEM
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2.4.2.2.1 Propellant Tanks.

The propellant supply is contained in four hemispherical-domed
cylindrical tanks within the service module (figures 2.4-1, 2.4-2, and
2. 4-3). The storage tanks are pressurized by the helium supply. An out-
let 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 propellant and/or helium gas from the storage
tanks to pressurize the sump tanks. The propellants in the sump tanks
are directed into retention reservoirs, to the outlet, and to the engine.

The umbrella retention reservoir, can, and screens are installed in
the exit end of the sump tanks. The reservoir retains a quantity of pro-
pellants at the exit end of the sump tanks and the engine plumbing during
0-g condition. The reservoir permits engine ignition when the SPS
propellant quantity remaining is greater than 22, 300 pounds (56. 4%) with-
out an ullage maneuver. An ullage maneuver is also required prior to
any SPS thrusting period following all docked LM DPS burns even if the
SPS propellant quantity remaining is at or greater than 22, 300 pounds
(56.4%). When the SPS propellant quantity remaining is at 22, 300 pounds
(56.4%) or less, an ullage maneuver is performed prior to an SPS engine
thrusting period to ensure that gas is not retained aft of the screens.

2.4.2.2.2 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.

2.4.2.3 Bipropellant Valve Assembly.

The bipropellant valve assembly consists of two gaseous nitrogen
{GN2) pressure vessels, two injector prevalves, two GNjy regulators, two
GN; relief valves, four solenoid control valves, four actuators, and eight
bipropellant ball valves.

2.4.2.3.1 Gaseous Nitrogen (GN3) Pressure Vessgels,

Two GNj tanks are mounted on the bipropellant valve assembly to
supply pressure to the injector prevalves. One GN2 tank is in the primary
prneumatic control system A and the remaining GNj tank is in the second-
ary pneumatic control system B.

SERVICE PROPUISION SYSTEM
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2,4.2.3.2 Injector Prevalves.

The injector prevalves are two-positive solenoid-operated valves,
one for each pneumatic control system, and are identified as A and B. The
valve is energized open and spring-loaded closed. The injector prevalves
are controlled by the AV THRUST NORMAL switches on MDC-1. When
switch A is placed to NORMAL, injector prevalve A is energized open, If
switch B is placed to NORMAL, injector prevalve B is energized open.
The injector prevalves, when energized open, allow GNj; supply tank pres-
sure to be directed through an orifice, into a regulator, relief valve, and
to a pair of solenoid control valves. The solenoid control valves are con-
trolled by the SPS thrust ON-OFF commands. The OFF position of the
AV THRUST switches de-energizes the injector prevalves and springloads
closed.

The AV THRUST NORMAL switch A receives power from SPS HE
VALVE A circuit breaker on MDC-8 for control of the injector prevalve A.
The AV THRUST NORMAL switch B receives power from SPS HE
VALVE B circuit breaker on MDC-8 for control of the injector prevalve B
{figures 2,4-1 and 2. 4.2),

The AV THRUST NORMAL switches, A and/or B, also provide
enabling power for the thrust ON-OFF logic circuitry.

2.4.2.3.3 GN2 Filters (CSM 108 and Subs).

A filter is installed between each GN) pressure vessel and injector
prevalve (figures 2.4-1 and 2.4-2). A filter is also installed on each GN3
regulator outlet test port.

2.4,2.3.4 GN;, Presgsure Regulators.

A gingle-gtage regulator is installed in each pneumatic control sys-
tem between the injector prevalves and the solenoid control valves. The
regulator reduces the supply GNj pressure to a desired working pressure.

2.4.2,.3.5 GN;, Relief Valves.

A pressure reljef valve is installed in each pneumatic control sys-
tern downstream of the GN; pressure regulators. This limits the pres-
sure applied to the solenoid control valves in the event a GN) pressure
regulator malfunctioned open.

SERVICE PROPULSION SYSTEM
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2.4.2.3.6 GNj, Orifices.

The orifice between the injector prevalve and regulator is installed
to restrict the flow of GN» and allow the relief valve to relieve the pres-
gure overboard in the event the regulator malfunctions open, preventing
damage to the solenoid control valves and/or actuators.

2.4,2.3.7 GN; 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 GN2 regulators in each pneumatic control system. The
solenoid control valves in the primary system are identified as 1 and 2
and the two in the secondary system are identified as 3 and 4. The
solenoid control valves in the primary system control actuator and ball
valves 1 and 2. The two solenoid control valves in the secondary system
contro!l actuator and ball valves 3 and 4. The SPS thrust ON-OFF com-
mand controls the energizing or de-energizing of the solenoid control
valves. Solenoid control valves | and 2 are energized by the SPS thrust
ON-OFF c¢ommand if AV THRUST NORMAL switch A is placed to A.
Solenoid control valves 3 and 4 are energized by the SPS thrust ON-OFF
command if AV THRUST NORMAL switch B is placed to B.

2.4.2.3,8 GNj3 Ball Valve Actuators.

Four piston-type, pneumatically operated actuators are utilized to
control the eight propellant ball valves, Each actuator piston is mechani-
cally connected to a pair of propellant ball valves, one fuel and one
oxidizer, When the solenoid control valves are opened, pneurnatic 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 confrol valves close, removing the 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 move-
ment forces the remaining GN2, on the opening side of the actuator, back
through the solenoid control valves where it is vented overboard,

Each actuator incorporates a pair of linear position transducers,
One supplies ball valve position information to the SPS ENGINE
INJECTOR VALVES indicators on MDC-3. The output of the second
transducer supplies ball valve position information to telemetry.

SERVICE PROPULSION SYSTEM
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2.4.2.3.9 Bipropellant Ball Valves.

The eight propellant ball valves are used to distribute fuel and
oxidizer to the engine injector assembly. Each pzair, of four linked pairs,
consgists of one fuel and one oxidizer ball valve that is controlled by a
single actuator. The four linked pairs are arranged in a series-paraliel
configuration, figures 2.4-1 and 2. 4-2. The parallel redundancy ensures
engine ignition; the series redundancy ensures thrust termination. When
GNj pressure is applied to the actuators, each propellant ball valve is
rotated, 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 starting transients.

2.4.2.3.10 Bipropellant Valve Assembly Check Valves,

Check valves are installed in the vent port outlet of each of the four
solenoid control valves, spring pressure vent port of the four actuators,
and the ambient vent port of the two GN, pressure regulator asgsembliea.
Thus, the seals of the components are protected from a hard vacuum in
space,

2,4.2.3.11 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
bipropellant valve agsembly. The plumbing consists of flexible bellows
that permit propellant line flexibility for engine gimbaling, orifices for
adjustment of oxidizer/fuel ratio, and screens to prevent particle con-
taminants from entering the engine,

2.4.2.4 Engine Injector.

The injector is bolted to the ablative thrust chamber attach pad.
Propellant distribution through the injector is accomplished through con-
centric annuli machined orifices 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 injector is baffled to provide com-
bustion stability. The fuel and oxidizer orifices tmpinge, atomize, and
ignite because of hypergolic reaction.

2.4.2.5 Ablative Combustion Chamber.

The ablative combustion chamber material extends from the injec-
tor attach pad to the nozzle extension attach pad. The ablative material
consists of a liner, a layer of insulation, and integral metal attach
flanges for mounting the injector.

SERVICE PROPULSION SYSTEM
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2.4.2.6

2.4.2.7

2.4.2.8

2.4.2.8.1

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.

SPS Electrical Heaters.

There are six electrical heaters installed on the tank feed lines
from the respective sump tank outlets to the interface flange, on the
respective engine feed lines from the interface flange to the bipropellant
valve assembly and on the bottorn side of the bipropellant valve assembly
(figures 2.4-4 and 2. 4-5). Each heater contains a redundant element.
These electrical heaters provide heat to the tank feed lines, engine feed
lines and bipropellant valve assembly, thus to the propellants. The
heaters are controlled as a normal manual function of the crew on MDC-3
(figure 2. 4-6) utilizing the SPS LINE HTRS switch. When the switch is
placed to position A/B, power is supplied to }2 elements. When the
gwitch is placed to position A, power is supplied to 6 elements. The
switch is placed to position A/B or A when the SPS PRPLNT TANKS
TEMP indicator on MDC-3 reads +45°F. Temperature is derived from
the engine fuel line temperature sensor (figure 2. 4-1). The switch is
placed to OFF when the indicator reads +75°F. The red-line markings
on the indicator are +27°F and +100°F, respectively.

The engine oxidizer feed-line temperature (figures 2.4-] and
2. 4-2) may be utilized as a back-up to the SPS PRPLNT TANKS TEMP
indicator on MDC-3. The engine oxidizer feed-line temperature may be
monitored on MDC-101 (figure 2. 4-7).

Thrust Mount Assemblies.

The thrust mount assembly consists of a gimbal ring, engine-to-
vehicle mounting pads, and gimbal ring-to-combustion chamber assembly
support struts, The thrust strocture is capable of providing +10 degrees
inclination about the Z-axis and +6 degrees about the Y-axis,

Gimbal Actuator.

Thrust vector control of the service propulsion engine is achieved
by dual, servo, electromechanical actuators. The gimbal actuators are
capable of providing control around the Z-Z axis (yaw) of +4.5 (+0. 5,
-0.0) degrees in either direction from a +1l-degree null offset during SPS
thrusting periods (0-degree null offset during non SPS thrusting periods),
and around the Y-Y axis (pitch) of 4,5 (+0, 5, -0.0) degrees in either
direction from a +2-degree null offset during SPS thrusting periods
(+1.5-degree null offset during non SPS thrusting periods).
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ALUMINIZED MYLAR INSULATION,
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STORAGE TANK : FUEL STORAGE
S31HRY X/ TANK

OXIDIZER K,
SUMP TANK P-5104A

Figure 2. 4-4. SPS Heater Installation, Tank Feed Lines

The reasgon for the +1-degree null offset to the +Y axis and
+2-degree offset to the +Z axis during SPS thrusting periods, is the offset
center of mass. The reason for the change in the null offset positions
from an SPS non-thrusting period to an SPS thrusting period is due to the
structural and engine deflections that occur when thrust-on is provided to
the SPS engine.

Each actuator assembly (figure 2. 4-8) consists of four electro-
magnetic particle clutches, two d-c motors, a bull gear, jack-screw and
ram, ball nut, two linear position transducers, and two veloclty gener-
ators. The actuator assembly is a2 sealed unit and encloses those portions
protruding from the main housing.

One motor and a pair of clatches (extend and retract) are identified
as system No. 1, the remaining rmotor and pair of clutches (extend and
retract) are identified as systern No. 2 within the specific actuator.
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S31HR13
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HEATER S31HR1S

£-5105A

Figure 2. 4-5. SPS Heater Installation, Engine Feed Lines

An overcurrent monitor circuit is employed for each primary and
secondary girmmbal motor. Each gimbal motor and overcurrent monitor
circuit is controlled by its own SPS GIMBAL MOTORS switch on MDC-1,
There are four SPS GIMBAL MOTORS switches, PITCH 1 and 2 and
YAW 1 and 2. Figure 2.4-9 illustrates the yaw actuator as an example.
When the SPS GIMBAL MOTORS YAW 1 (primary) switch is positioned to
START, power is applied from the battery bus to the motor-driven switch.
The motor-driven switch closes a contact that allows power {from the main
bus to the gimbal motors. Thus, the gimbal motor is started. When the
SPS GIMBAL MOTORS YAW 1 switch is released, it springs back to the
center position. The center position activates the overcurrent monitor
sensing circuitry. The SPS GIMBAL MOTORS YAW 2 (secondary) switch
is then positioned to START. The SPS GIMBAL MOTORS YAW 2 switch
activates yaw 2 motor-driven switch. The motor-driven switch of
YAW 2 functions as with YAW }. The SPS GIMBAL MOTORS YAW 2
switch released from START, spring loads to center. The center posi-
tion activates the overcurrent monitor circuit of yaw 2,
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Figure 2.4-6. SPS Electrical Heaters

The overcurrent monitor circuits of the primary and secondary
system are utilized to monitor the current to the gimbal motors. This is
because of the variable current flow during the initial gimbal motor start,
normal operation for the main d-c bus, and gimbal motor protection,

Using the No. 1 yaw system as an example, identify the upper motor
and clutches in figures 2. 4-8 and 2. 4-9 as systemn No. 1. When the
overcurrent monitoring senses an overcurrent on gimbal motor No. 1,
the following functions occur. The overcurrent monitor circuitry drives
the motor-driven switch. This removes power from gimbal motor No. 1,
rendering it inoperative. Simultaneously, a signal is sent to illuminate
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Figure 2.4-7. SPS Oxidizer Engine Feed-Line
Temperature Monitoring

the YAW GMBL DR 1 caution and warning light on MDC-2. This informs
the crew the YAW gimbal motor No. 1 has failed due to overcurrent.
Simultaneously, a fail sense signal is sent from a contact on the motor-
driven switch. The fail sense signal is sent through an OR and AND gate
to a solid-state switch. This switch provides a ground for relay coils
A4K4, A4K5, A4K6 and A4KB. These relays are energized if the TVC
GMBL DRIVE YAW switch on MDC-1 is in AUTO and the SCS TVC
SERVO POWER switch 2 on MDC-7 is in AC2/MNB or ACL/MNA., This
allows the apper relay contacts of A4K4 and A4KS8 to open and removes
the power input to the No, 1 clutches.
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Simulitaneously, the lower relay contacts of A4K5 and A4KS8 close.
This applies power inputs to the No. 2 clutches within the same actuator.
Simultaneously, the upper contacts of A4K4, A4K5, and A4K6 open and
the lower contacts close, allowing thrust vector control monitoring. The
SPS GIMBAL MOTORS YAW 1 switch on MDC-1 is then positioned to
OFF, Normally, the OFF position is used to shut down the gimbal motor
upon completion of a2 thrusting period.

Using No. 2 yaw system as an example, identify the lower motor
and clutches in figure 2. 4-8 and 2. 4-9 as system No, 2. When the over-
current monitoring senses ap overcurrent on gimbal motor No. 2, the
following functions occur. The overcurrent monitor circuitry will drive
the motor-driven switch. This removes power from gimbal motor No. 2,
rendering it inoperative, Simultaneously, a signal is sent to illuminate
the YAW GMBL DR 2 caution and warning light on MDC-2, This informs
the crew the YAW gimbal motor No. 2 has failed due to overcurrent.
There is no fail sense signa}l sent to control relay coils A4K4, A4KS,
A4K6, and A4K8. If the No. 2 gimbal motor has failed as well as No. 1
gimbal motor, that specific actuator is inoperative. The SPS GIMBAL
MOTORS YAW 2 switch on MDC-1 is then positioned to OFF. Normally,
the OFF position is used to shut down the gimbal motor upon completion
of a thrusting period.

The LV/SPS IND switch on MDC-1 when positioned to GPI
de-energizeg relay coils AL1IK3, AllK4, Al1KS, and A11K6 (figure 2.4-9).
This allows the relay contact points of A11K3, Al1K4, Al11l1K5, and Al11Ké
to move to the down position. The actuator position transducer is then
allowed to tranamit gimbal position information to the SPS GPI on MDC-1,

The TVC GMBL DRIVE YAW switch on MDC-1 will also control
through the OR and AND gate the solid-state switch (figure 2. 4-9). The
golid-state switch will provide the ground for relay coils A4K4, A4KS5,
A4K6, and A4K8. The power inpat to these relays is provided by posi-
tioning the TVC SERVO POWER switch 2 on MDC-7 to AC2/MNB or
AC1/MNA. When the TVC GMBL DRIVE YAW switch is in AUTO, the
primary gimbal motor overcurrent monitor circuitry controls the solid-
state-switch. If overcurrent on the primary gimbal motor is sensed, the
CMC, SCS or MTVC inputs are switched automatically from the primary
to the secondary clutches.

If the TVC GMBL DRIVE YAW switch on MDC-1 is in position 1},
the CMC, SCS, or MTVC inputs are locked into the primary clutches. If
overcurrent is sensed on gimbal motor No. 1, or if the translation con-
trol is rotated clockwise, there is no automatic switchover from the
primary to secondary clutches. The TVC GMBL DRIVE YAW switch
positioned to L could be utilized to check out gimbal motor No. 1, the
primary clutches, and the primary servo loop system.
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If the TVC GMBL DRIVE YAW switch on MDC-1 is in position 2
and the TVC SERVO POWER switch 2 on MDC-7 is in AC2/MNB or
AC1/MNA position. The CMC, SCS or MTVC inputs are locked into the
secondary clutches. This position could be utilized to check out gimbal
motor No, 2, the secondary clutches, and the secondary servo loop
system.

If the TVC GMBL DRIVE YAW switch on MDC-1 is in AUTO and
TVC SERVO POWER switch 2 on MDC-7 is in AC2/MNB or ACl/MNA
position. The SCS or MTVC inputs are removed from the primary
clotches and switched to the secondary clutches when the translation con-
trol is rotated clockwise,.

The pitch gimbal actuator operation and control function in the
same manner as yaw. The pitch gimbal actuator control circaits has its
own PITCH GIMBAL MOTOR switches on MDC-1 and its own TVC GMBL
DR PITCH switch on MDC-1. The TVC SERVO POWER switches on
MDC-7 will supply power to the pitch clutches as in the case of the yaw
clutches. The LV/SPS IND switch to GPI on MDC-1 allows pitch girbal
position to the GPI. The relay coilg, however, will have different
numbers in the pitch actuator.

It is noted that the primary yaw and pitch gimbal motor receive
power from MN BUS A, The primary pitch and yaw motor-driven switches
receive power f{rom BAT BUS A. The secondary yaw and pitch gimbal
motors receive power from MN BUS B. The secondary pitch and yaw
motor-driven switches receive power from BAT BUS A,

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 counter
rotate. The current input is applied to the electromagnet mounted to the
rotating clutch housing from the SCS, CMC, or MTVC. A quiescent cur-
rent may be applied to the electromagnet of the extend and retract
clutches when the TVC SERVO POWER switches, on MDC-7, are in
AC)1/MNA or AC2/MNB, preventing any movement of the engine during
the boost phase of the mission with the gimbal motors OFF. The gimbal
motors will be turned ON prior to jettisoning the launch escape tower to
support the SPS abort alter the launch escape tower has been jettisoned
and will be tarned OFF as soon as possible to reduce the heat that occurs
due to the gimbal motor driving the clutch housing with gquiescent cur-
rent applied to the clutch. The friction force in the clutch housing
creates heat which if allowed to increase to a high temperature, the
electromagnet would loose its magnetisim capability, thus rendering that
set of clutches inoperative,.
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Prior to any SCS AV thrusting period or in MTVC (manual thrust
vector control), the thumbwheels on MDC-1 will be used to position the
engine. The thumbwheels may be positioned prior to any CMC AV thrust-
ing period but cannot position the engine. In any thrusting mode, the cur-
rent input required for a gimbal angle change (to maintain the engine
thrust vector through the center of mass) to the clutches will increase
above the quiescent current, This increases the current into the electro-
magnets that are rotating with the clutch housings. The dry powder mag-
netic particles have the ability to become magnetized very readily, as
well as demagnetized just as readily. The magnetic particles increase
the friction force between the rotating housing and the flywheel, causing
the {lywheel to rotate. The flywheel arrangement is attached to the clutch
output shaft allowing the clutch output shaft to drive the bull gear. The
bull gear drives a ball nut which drives the actuator jackshaft to an
extend or retract position, depending upon which clutch housing electro-
magnet the current input is supplied to. The larger the excitation cur-
rent, the higher the clutch shaft rotation rate.

Meshed with the ball nut pinion gear are two rate transducers. The
transducers are a tachometer type. When the ball nut ig 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 under-correcting). There is one
rate transducer for each system,

The jackscrew containrs two position transducers, all arranged for
linear motion and all connected to a single yoke. The position trans-
ducers are used to provide a feedback to the summing network and the
visual display on MDC-1. The operating system provides feedback into
the summing network reducing the output current to the clutch resulting in
proportional rate change to the desired gimbal angle position and returns
to a quiescent current in addition to providing a signal to the visual dis-
play on MDC-1.

The remaining position transducer provides a feedback to the
redundant summing network of the thrust vector logic for the redundant
clutches in addition to the visual display on MDC-1 if the secondary sya-
tem is the operating system,

The spacecraft desired motion, thumbwheel positioning, rotation
control (MTVC), engine nozzle position, thrust vector position, gimbal
position display indicator, and actuator ram movement is identified in
figures 2. 4-10 and 2, 4-11,

A snubbing device provides a hard stop for an additional one-degree
travel beyond the normal gimbal limits.
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Figure 2.4-10. SPS Angles Pitch and Yaw
2.4.2,9 Propellant Utilization and Gauging Subsystem (PUGS).

The subsystem consists of a primary and auxiliary sensing system,
a2 propellant utilization valve, a control unit, and a display unit (fig-
ureg 2.4-12 and 2. 4-13).

2.4.2.9.1 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,
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Figure 2, 4-11, SPS Gimbaling

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 atilizes 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, seven in the storage tanks and eight in
the sump tanks. FEach point sensor consists of concentric metal rings.
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
nominal flow rate of the fuel and oxidizer. A mode selector senses when
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Figure 2.4-12. SPS Quantity, Sensing, Computing and Indicating System
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the propellant 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 0.9 seconds to
correct for any difference. The system then returns to the flow rate
generator mode until the next point sensor is reached. Figures 2.4-14
and 2. 4-15 identify the point sensor locations. The non-sequential 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.

When a THRUST-ON signal is provided with the PUG MODE switch
in the PRIMARY or NORMAL position, the crew display digital readouts
and unbalance display will not change for 4t} seconds to allow for pro-
pellant settling. However, TLM will receive the same signal as upon
completion of the last firing after approximately one second of SPS

THRUST-ON.
OXIDIZER POINT SENSOR LOCATIONS
WEIGHT POUNDS PERCENT MAX!MUM
NUMBER |TEMP 70°F 10°F INCHES
PRESS.  176.60 PSIA 176.60 PSIA
15 1, 586, 01 6.5 25.36
14 3.172. 02 13,0 41, 34
13 4,758, 03 19.5 57. 25
12 6, 344. 04 26. 0 g’u‘,{fp' ZER | 907
11 7.930, 05 32.5 AN 86 89
10 9. 516, 06 39. 0 o 10172
9 11, 102, 07 25.5 : 116, 54
8 12 688, 08 5.0 131, 60
7 14,274, 09 57.8 10, 50
6 15, 860, 10 64. 3 30,57
5 17 446 11 70.8 OXIDIZER | 49,55
2 19,032, 13 7.3 STORAGE | 68,54
3 20,618. 14 83.8 TANK 87.52
> 22204, 15 %, 3 NO. 1 106, 51
1 23,790. 16 96. 8 125, 49
P-5003

Figure 2.4-14. SPS Oxidizer Point Sensor Location
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FUEL POINT SENSOR LOCATIONS
WEIGHT POUNDS PERCENT MAXIMUM
NUMBER |TEMP 70°F 70°F INCHES
PRESS. 176.60 PSIA 176.60 PSIA
15 992. 08 6.5 ] 25. 36
14 1984, 16 13.0 41. 34
13 2076. 24 19.5 FUEL 51.25
12 3968. 32 26.0 | SUMP 72.07
11 4960. 40 32.5 TANK 86. 89
10 5952. 48 39.0 NO. 2 101.72
9 6944. 56 45.5 116.54
8 1936. 64 52.0 131. 60
7 8928, 72 51.8 10. 48
6 9920. 80 64.3 FUEL 30.55
5 10912. 88 70.8 STORAGE 49.54
4 11904. 96 71.3 - TANK 68.52
3 12897. 04 83.8 NO. 1 87.51
2 13889. 12 %0. 3 106. 49
1 14881. 20 96,8 125.48
P-5094F
Figure 2.4-15. SPS Fuel Point Sensor Location
When the THRUST-ON signal is provided with the PUG MODE switch
in AUXILIARY position, the crew display digital readouts, unbalance
display, and TLM will receive a change in information immmediately, 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 6.5%1.0 seconds after
THRUST-ON. When the THRUST-ON signal is provided plus 6.5+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 6.5+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.
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Any deviation from the nominal oxidizer to fuel ratio (1.6:1 by mass)
is displayed by the UNBALANCE indicator in pounds. 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 con-
dition. The marked or shaded area is a normal unbalance rangc area.

The crew can determine if a true unbalance of propellant remaining
exists, With the PUG mode switch in PRIM or NORM, the crew display
percentage readouts would not indicate the same percentage value and the
unbalance meter would indicate the amount of unbalance in pounds. To
verify if a true unbalance condition exists, the PUG mode switch would be
positioned to AUX. If the crew display percentage readouts and the

Iigure 2. 4-16. Deleted
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unbalance meter now read similar to the readouts when in PRIM, a true
unbalance condition exists.

The crew can determine in the case of a malfunction as to what has
malfunctioned within the quantity and indicating systems by utilization of the
TEST switch., To test the PRIM gauging system, the PUG mode switch
must be in PRIM, and to test the AUX gauging system, the PUG mode
switch must be in AUX,

By observing the response of each system in conjunction with the test
switch on MDC-3, the crew can recognize the malfunction or determine if
there is a true unbalance existing.

SPS

The crew display readouts and unbalance meter should not be con-
gidered accurate antil the SPS engine is thrusting for at least 25 seconds.
This is to allow complete propellant settling in the SPS tanks before the
gauging system is within its design accuracy.

When the THRUST-OFF signal is provided, regardless of the PUG
MODE switch position, the visual display fuel and oxidizer percentage
readouts and the unbalance meter display will lock at the readings dis-
played. TLM will not receive any propellant quantity information during
THRUST-OFF conditions.

2.4,2.9.2 Quantity Computing and Indicating System Test.

A test of the sensing systems, excluding the point sensor and
probes, can be implemented during THRUST-ON or OFF periods. With
the PUG MODE switch in PRIM and the TEST switch in TEST 1 (up)
position, the test stimuli is applied to the primary system tank servo-
amplifiers (4) after a time delay of 4+1 seconds. At this time, the test
stimuli will drive the crew display fuel and oxidizer readouts to an
increase reading at different rates. This results in an unbalance and is
80 indicated on the unbalance meter crew display as an INC (clockwise
rotation). TLM would receive an increase in propellant quantity from
the primary system tank servoamplifiers TLM potentiometers. When
the TEST switch is released from TEST 1 {(up) position, the TEST switch
spring loads to the center position. This removes the test stimuli, |
and the crew displays will lock at the readings that they had been
driven to. TLM would not receive any propellant quantity information.

With the PUG MODE switch in PRIM and positioning the TEST
switch to the TEST 2 {(down) position. The test stirmuli is applied to the
primary system tank servoamplifiers (4) after a time delay of 4+1
seconds. At this time, the test stimuli drives the crew display_fuel and
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oxidizer readouts to a decrease reading at diiferent rates. This returns
the crew displays close to the reading displayed prior to TEST 1 (up).
Simultanecusly TLM would receive the same information. The crew dis-
plays would lock at the new readings if the TEST switch is released to

| center {spring loaded). TLM would not receive any propellant quantity
information at this time. If the TEST switch is positioned again to
TEST 2 (down), followed by a time delay of 4+1 seconds, the fuel and
oxidizer crew display readouts would drive to a decrease reading at
different rates. This results in an unbalance condition and is so indi-
cated on the unbalance meter display as a DEC (counterclockwise
rotation). TLM would receive a decrease in propellant quantity at this

| time. Releasing the TEST switch to the center position removes the test
stimuli and locks the displays at the new reading. TLM would not receive
any propellant quantity information at this time. To return to the read-
ing displayed prior to the second TEST 2 (down) the TEST switch is
positioned to TEST 1 (up). After a time delay of 4+1 seconds, the crew
displays would drive to an increase reading at different rates. This
returns the crew displays close to the reading displayed prior to the
second TEST 2 (down). At this time, TLM receives the same informa-
tion,

To TEST the auxiliary system, the PUG MODE switch is positioned
to AUX and the TEST switch set to TEST 1 {(up) and TEST 2 (down)
positions. There are no time delays involved with the auxiliary system.

With the PUG MODE switch in AUX, and positioning the TEST
switch in the TEST 1 (up) position, the test stimuli is provided to the
auxiliary fuel and oxidizer servoamplifiers (2). This drives the fuel and
oxidizer displays to an increase reading at approximately the same rates.
This results in no or a very small unbalance and is so indicated on the
unbalance meter. At this time TLM would receive an increase in pro-
pellant quantity from the auxiliary system TLM potentiometers. Releas-

l ing the TEST switch to center, removes the test stimmuli. The crew dis-
plays lock at whatever readings they had been driven to. TLM would not
receive any information of propellant quantity at this time.

With the PUG MODE switch in AUX and positioning the TEST
switch in the TEST 2 {(down) position, the test stimuli is provided to the
auxiliary fuel and oxidizer integrators. This drives the fuel and oxidizer
displays to a decrease reading at the same rates. This returns the crew
displays close to the readings displayed prior to TEST 1 (up}). The result
is no or very little unbalance and is so indicated on the unbalance meter
crew display. At this time TLM would receive the same information.

i Releasing the TEST switch to center, the test stimuli is removed. This
locks the crew displays, and TLM would not receive any propellant
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quantity information. If the TEST switch is positioned again to TEST 2
{down), the fuel and oxidizer crew displays would drive to a decrease
reading at the same rates resulting in no or very little unbalance. TLM
would receive a decrease in propellant quantity at the time. Releasing

the TEST switch to center will lock the displays to the readings that they |
had been driven to. TLM would not receive any propellant quantity
information at this time. To return to the reading displayed prior to the
second TEST 2 (down), the TEST switch is positioned to TEST 1 {up).

The crew displays would drive to an increase reading at approximately

the same rates. This returns the crew displays close to the reading
displayed prior to the second TEST 2 (down). TLM would receive the

same information at this time. Releasing the TEST switch to center |
will lock the displays at the readings they had been driven to. TLM

would receive no information at this time.

2.4.2.9.3 Propellant Utilization Valve,.

If an unbalance condition exists, which is determined from the
INCR, DECR readings on the unbalance meter on MDC-3, the crew may
use the propellant utilization valve to return the remaining propellants to
a balanced condition, The propellant utilization is not powered until a
THRUST-ON comrnand is provided to the propellant utilization gauging
control unit {figures 2,4~12 and 2.4-13). The propellant utilization valve
housing contains two sliding gate valves within one housing. One of the
sliding gate valves is the primary, and the remaining valve is the sec-
ondary. Stops are provided within the valve housing for the full increase
or decrease positions. There are separate stops for the primary and
secondary sliding gate valves. The secondary propellant utilization
valve has twice the travel of the primary propellant utilization valve.
This is to compensate for the primary propellant utilization valve failure
in any position.

The propellant utilization valve controls are located on MDC-3,
The OXID FLOW PRIM, SEC switch, selects the primary or secondary
propellant utilization valve for operation. The normal position of the
OXID FLOW VALVE select switch is PRIM, The OXID FLOW VALVE
select switch will not be moved to SEC unless a problem is encountered
with the primary valve. The OXID FLOW VALVE INCR, NORM, DECR
switch is utilized to position the selected primary or secondary propel-
lant utilization valve. When the OXID FLOW VALVE switch is in
NORM and the OXID FLOW VALVE select switch ig in PRIM, the
sliding gate valves are in a nominal flow position. The upper and lower
OXID FLOW VALVE position indicators are gray. When the unbalance
meter informs the crew of INCR, the OXID FLOW VALVE switch is
positioned to INCR and the OXID FLOW VALVE select switch is in
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PRIM. The primary sliding gate valve then moves to the increase flow
position. The valve movement will take approximately 3. 5 seconds to
reach the full increase position. The upper OXID FLOW VALVE
position indicator would then indicate MAX and the lower indicator would
remain gray, The OXID FLOW VALVE would then be left in the INCR
oxidizer flow position. This will increase the oxidizer flow approxi-
mately 3 percent above the nominal oxidizer flow. When the unbalance
meter informs the crew of approximately 0 unbalance, the OXID FLOW
VALV<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>