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PREFACE 

THIS STUDY GUIDE HAS BEEN PREPARED TO AUGMENT THE ORAL PRESENTATION 
OF THE STABILIZATION AND CONTROL SYSTEM COURSES. THE SCS CONFIGURATION FOR 

THIS DOCUMENT REFLECTS THE FIRST MANNED S/C (AFRM 012) AS OF THE PUBLICATION 

DATE. 

ARRANGEMENT OF THE GUIDE CORRESPONDS TO THE INSTRUCTOR'S PRESENTATION 

AND AFFORDS THE USER THE ADVANTAGE OF REVIEW OF THE MATERIAL ACCOMPANIED BY 

A PRINTED DESCRIPTION, IN THE ORGINALLY PRESENTED SEQUENCE. 

THE FORMAT CONTRIBUTES DIRECTLY TO RECALL MEMORY, MINIMIZES THE NEC- 

ESSITY OF MAKING NOTES AND THE POSSIBILITY OF MISINTERPRETATION. 

THE ACCOUNTS AND DESCRIPTIONS CONTAINED HEREIN ARE INTENDED TO APPLY 

ONLY TO MANNED APOLLO SPACECRAFT. UNMANNED AIRFRAME AND BOILERPLATE ARTICLES 

WILL, IN MOST CASES, HAVE CONSIDERABLY LESS SOPHISTICATED SYSTEM CONFIGURATIONS. 

THE CONTENTS OF THIS DOCUMENT ARE ACCURATE AS OF THE PUBLICATION DATE. 

THIS DOCUMENT IS INTENDED FOR TRAINING PURPOSES ONLY AND |S NOT SUBJECT TO 

PERIODIC REVISION.
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SECTION | 

INTRODUCT | ON 

ol GENERAL 

THE STABILIZATION AND CONTROL System (SCS) Is 
THE FIRST OF FOUR INTEGRATED SYSTEMS FOR SPACECRAFT 
CONTROL. THE SCS RECEIVES MANUAL INPUTS FROM THE CREW 
AND ELECTRICAL INPUTS FROM THE INERTIAL SENSORS TO GEN- 
ERATE COMMANDS THAT RESULT IN ROTATION AND TRANSLATION 
MANEUVERS. SECOND, THE PROPULSION SYSTEMS PROVIDE ALL 
THE EXTERNAL FORCES AND MECHANICAL COUPLES WHICH CAUSE 
THE SPACECRAFT TO MANEUVER UNDER DIRECT CONTROL OF THE 
SCS. THIRD, MAN IS INCLUDED BECAUSE OF THE FLEXIBILITY 
AND RELIABILITY THAT HE CONTRIBUTES. THE CREW WILL OB- 
TAIN INFORMATION FROM THE ON-BOARD APOLLO GUIDANCE 
Computer (AGC), MANNED SPACE FLIGHT NETWORK (MSFN), OR 
DISPLAYS THAT WILL INDICATE THE NECESSITY TO INITIATE 
ONE OR MORE OF THE SIX BASIC MOTIONS. FOURTH, A COM- 
BINATION OF THE GUIDANCE AND NAVIGATION SysTeM (G&N) AND 
SCS HAVE THE CAPABILITY OF COMPLETE CONTROL OVER C/M AT~ 
TITUDE AFTER THE REQUIRED ELECTRONICS HAVE BEEN PROPERLY 
CONFIGURED BY THE ASTRONAUTS. 

1.2 PHYSICAL DESCRIPTION 

THE SCS CONSISTS OF CONTROLS AND DISPLAYS, 
LOCATED ON THE MAIN DISPLAY PANEL, THE INERTIAL SENSORS, 
AND THE ELECTRONIC CONTROL ASSEMBLIES, LOCATED IN THE 
LOWER EQUIPMENT BAY. THE SCS COMPONENT LOCATION IN THE 
LOWER EQUIPMENT BAY 1S SHOWN IN FIGURES I~! AND I-2. 

scs 

RATE GYRO 
PACKAGE 

AGAP 

DISPLAY 
AGAP ECA 

YAW ECA 

AUX ECA 

PITCH ECA 

FIGURE 1-1 

THE RATE GyRo PACKAGE (RGP) CONTAINING THE 
THREE RATE GYROS. 

THE ATTITUDE GYRO AND ACCELEROMETER PACKAGE 
(AGAP) CONTAINING THE PENDULOUS ACCELEROMETER 
AND THREE Bopy MOUNTED ATTITUDE GyRos (BMAG). 

THE ELECTRONIC CONTROL AssemBLy (ECA) FoR 
PITCH (ECA-P), AND YAW ECA (ECA-Y), AND ROLL 
ECA (ECA-R). 

THE AUXILIARY ECA (ECA-X) CONTAINING THE 
ATTITUDE GYRO COUPLING UNIT (AGCU) AND THE 
SPS THRUST ON/OFF LOGIC. 

THE DISPLAY AND AGAP ECA (DAGAPECA) CONTAINING 
THE DISPLAY AND AGAP ELECTRONICS. 

FOR DISCUSSION PURPOSES THE SCS MAY BE DIVI~ 
DED INTO THE FOLLOWING FIVE CATEGORIES: 

INERTIAL SENSORS (3 TYPES) 
ELECTRONIC CONTROL ASSEMBLIES (5) 
SCS CONTROL PANEL 
MANUAL CONTROLS (2 TYPES) 
SCS DISPLAYS (3) 

LOWER EQUIPMENT BAY 
FUNCTIONS 

   

  

   

      

   

  

MIN IMP CONTROLLER 
STATION 

on, 

F204B (+) 

1-2
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AV DISPLAY 

— 

TRANSLATION CONTROL 

AS/GPD 
DISPLAY/AGAP ECA 

scs 
AUXILIARY ECA 

CONTROL 
ROLL CHANNEL ECA 

PANEL 

RATE GYRO: 

PS YAW CHANNEL ECA 

PITCH CHANNEL ECA 
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FIGURE 1-2 1-3 

cas? 

PROPULSION 
SUBSYSTEMS 
(RCS & SPS)     

      

  

    

MISSION EVENTS 
> SEQUENTAL CONTROL 

‘SUBSYSTEM 

  

   

  

   

        

ENVIRONMENTAL 
CONTROL 

SUBSYSTEM, 

  

           [|] sutoance AND 
} NAVIGATION 
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POWER 
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CONTAINED WITHIN THESE PACKAGES OR CATEGORIES 
ARE THE FOLLOWING UNITS COMPRISING THE STABILIZATION AND 
CONTROL SYSTEM (FIGURE 1-3). 

A, RATE GYRO PACKAGE 
8. ATTITUDE GYRO ACCELEROMETER PACKAGE 
c. PITCH ELECTRONIC CONTROL ASSEMBLY 
D. YAw ELECTRONIC CONTROL ASSEMBLY 
£. ROLL ELECTRONIC CONTROL ASSEMBLY 
F. AUXILIARY ELECTRONIC CONTROL ASSEMBLY 
G. DISPLAY AND AGAP ELECTRONIC CONTROL 

ASSEMBLY 
H. THREE Axes ROTATION CONTROLS (Two) 
1. TRANSLATION CONTROLS (Two) 
J. FLIGHT DIRECTOR ATTITUDE INDICATOR (FDA!) 
K. ATTITUDE SeT/ GIMBAL PosITION DISPLAY 

(AS/GPD) 
tL. DELTA V DISPLAY 
m. SCS CONTROL PANEL 

125 FUNCTIONAL DESCRIPTION 

THE SCS 1S THE MEDIUM BY WHICH THE ASTRONAUTS, 
THE SERVICE PROPULSION SYSTEM, THE REACTION CONTROL Sys- 
TEM, AND THE GkN SYSTEM ARE INTEGRATED INTO A CLOSED 
LOOP SPACECRAFT CONTROL SYSTEM. 

5 THE TWO CLOSED LOOPS OF THE SCS ARE DEPICTED 
IN FIGURE 1-4. THE INNER LOOP INDICATES THE CAPABILITIES 
OF THE SCS To PROVIDE S/C AUTOMATIC ATTITUDE HOLD, RATE 
STABILIZATION, AND THRUST VECTOR CONTROL WITH THE CAPA~ 
BILITY OF CREW ACTION. THE OUTER LOOP REPRESENTS THE 
CAPABILITY OF THE GKN SYSTEM TO PROVIDE S/C ATTITUDE 

CONTROL OR THRUST VECTOR CONTROL THROUGH THE SCS INTER~ 
FACE. RATE STABILIZATION, ORGINATING IN THE RATE GYROS 
OF THE SCS FOR ALL OPERATING MODES, AIDS IN CONTROL OF 
S/C ATTITUDE. A THIRD LOOP, IMPLIED IN THE DIAGRAM, 1S 
CREW OPERATION OF THE MANUAL DIRECT CONTROL TO PERFORM 
S/C MANEUVERS. THE SCS DISPLAYS PROVIDE THE CREW WITH 
INDICATION OF S/C RATES, ATTITUDE, AND ATTITUDE ERROR. 

THE SCS PROVIDES THE FOLLOWING CAPABILITIES: 

A. RATE STABILIZATION DURING HIGH ALTITUDE 
ABORT AFTER S/C SEPARATION FROM THE BOOSTER, 
STABILIZATION OF THE C/M AFTER TOWER 
JETTISON, AND RATE DAMPING DURING ENTRY. 

8. ATTITUDE CONTROL AND RATE STABILIZATION 
ABOUT THREE AXES IN RESPONSE TO EITHER 
MANUAL OR AUTOMATIC ROTATION COMMANDS. 

¢. TRANSLATION CONTROL ALONG THREE AXES IN 
RESPONSE TO MANUAL COMMANDS FOR ULLAGE 
MANEUVERS, TRANSPOSITION DOCKING, AND AS 
A BACKUP MODE TO THE LUNAR EXCURSION 
MODULE CONTROLLED RENDEZVOUS AND DOCKING. 

D. SERVICE PROPULSION SYSTEM THRUST VECTOR 
CONTROL. 

&. MANUAL SPS ENGINE THRUST ON-OFF FUNCTIONS 
WITH AN AUTOMATIC THRUST OFF FROM WITHIN 
THE DELTA V DISPLAY. 

F. DISPLAYS FOR VISUAL INDICATION oF S/C 
RATE, ATTITUDE, AND ATTITUDE ERROR. 

THE SYSTEM HAS BEEN DIVIDED INTO THE FIVE 
CATEGORIES LISTED UNDER THE PHYSICAL DESCRIPTION. THE 
FUNCTION OF EACH OF THE CATEGORIES WILL BE DISCUSSED 

1-4 
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CONTROL = 

INDIVIDUALLY. 

1.4 INERTIAL SENSORS 

THE INERTIAL SENSORS ARE DISCUSSED ACCORDING 
JO THEIR OPERATING CHARACTERISTICS AND THE COMPONENTS 
USED TO PERFORM ALL REQUIRED FUNCTIONS INTERNAL TO THE 
SENSORS. 

1.4.1 RATE GYRO PACKAGE 

FIGURE 1-5 SHOWS THE RATE GYRO ASSEMBLY AND 
ITS MOUNTING BASE. IT CONSISTS OF THREE MINIATURE RATE 
GYROS, ORTHOGONALLY MOUNTED, TO SENSE ANGULAR RATES 
ABOUT THE THREE SPACECRAFT BODY AXES, AND THE ASSOCIATED 
ELECTRONICS REQUIRED FOR THE GYROS. 

THE RATE GYRO PACKAGE ELECTRONICS IS A RE- 
PLACEABLE ASSEMBLY DESIGNATED AS PLUG-IN ELECTRONICS 
(PIE). THIS ASSEMBLY CONSISTS OF A WELDED MODULE, POWER 
TRANSFORMER, AND THREE SMRD ISOLATION TRANSFORMERS, 
WHICH CONVERTS THE THREE PHASE, 400 CPS POWER TO 26V, 
400 CPS, SINGLE PHASE SIGNAL GENERATOR EXCITATION, AND 
ISOLATES THE GYRO SMRD MAGNETS FROM TRANSIENT VOLTAGES. 

THE RATE GYRO PACKAGE 1S DESIGNED TO BE 
MOUNTED IN THE SPACECRAFT WITH THE MOUNTING PLATE REF~ 
ERENCE AXES ORIENTED TO SPACECRAFT BODY AXES WITHIN #1°. 
Use OF THE STANDARD TOOL ALLOWS REMOVAL OF THE GYRO 
ASSEMBLY FROM THE MOUNTING PLATE OR REPLACEMENT OF AN 
INDIVIDUAL GYRO IN THE GYRO ASSEMBLY. COOLING OF THE 
PACKAGE 1S &Y CONDUCTION TO THE MOUNTING PLATE WHICH IN 
TURN 1S COOLED BY CONTACT WITH LIQUID COOLED COLD PLATE. 

BODY OR NAV AXES ATT ERRORS. 

ROTATION CONTROL 

RCS AUTO ON-OFF    
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FIGURE 1-4 1-6 

THE DISASSEMBLED MOUNTING BASE, GYROS, AND 
ELECTRONICS ARE SHOWN IN FIGURE 1-6. THE GYROS ARE 
SHOWN IN THEIR MOUNTED POSITIONS. THE ALIGNMENT PINS 
SHOWN IN THE MOUNTING BASE AID IN REPLACEMENT OF THE 
GYROS. THERE ARE SLOTS IN THE RING ABOUT THE GYROS 
THAT PERMITS OMITTING ANY ALIGNMENT PROCEDURE AFTER THE 
GYRO 1S INSTALLED. THE CONNECTORS WILL NOT MATE UNTIL 
AFTER THE GYRO 1S CORRECTLY ALIGNED WITH RESPECT TO THE 
ALIGNMENT PIN DURING THE INSTALLATION. THE GYROS ARE 
INTERCHANGEABLE BETWEEN THE THREE MOUNTING SLOTS FOR 
GYROS. 

THE APOLLO RATE GYRO IS A HIGH RELIABILITY, 
MINIATURE COMPONENT WITH RELIABILITY AND RUGGEDNESS IN 
ITS MAJOR DESIGN GOALS. THE DESIGN OF THIS GYRO UNTIL~ 
IZES EXPERIENCE GAINED IN THE DESIGN OF SIMILAR COM~ 
PONENTS USED IN OTHER SPACE PROGRAMS, AND FEATURES A 
RUGGED SPRING RESTRAINT AND SELF-TEST TORQUING CIRCUITS 
CONSISTING OF A SELF-TEST TORQUING COIL AND A SMRD coM- 
PLETELY ISOLATED FROM THE BASIC GYRO CIRCUITS AND FROM 
EACH OTHER, SO THAT FAILURE OF THE SELF-TEST CIRCUITS 
WILL NOT JEOPARDIZE PERFORMANCE OF THE GYRO. 

1.4.1.1 PERFORMANCE CHARACTERISTICS 

SOME MECHANICAL AND ELECTRICAL PERFORMANCE 
CHARACTERISTICS OF THE GYRO ARE: 

FULL SCALE RANGE +30°/sEC 
Max. RATE WITHOUT DAMAGE 600°/sEC 

*RESIDUAL NULL 0.1°/sEC (#77°F) 
*THRESHOLD .02°/sEC 
*RESOLUTION 0.06°/SEC
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*ACCELERATION (GYROS AXES) 20G'S 

*PARAMETERS DE-RATED TO PROVIDE HIGHEST 
RELIABILITY CONSISTENT WITH SYSTEM RE~ 
QUIREMENT OF IOK HouRS (MTBF) AND 1400 
HOURS SERVICE LIFE. 

1.4.1.2 SPIN MoTOR 

THE SPIN MOTOR USED IN THIS RATE GYRO 1S A 
SYNCHRONOUS, THREE-PHASE HYSTERESIS MOTOR MOUNTED WITHIN 
THE GIMBAL SO THAT TEMPERATURE AND VIBRATIONS WILL NOT 
EFFECT PERFORMANCE. THE POWER ASSOCIATED WITH THE Y TO 
DELTA STEPDOWN TRANSFORMER FOR SPIN MOTOR EXCITATION IS 
26 VOLTS, 400 CPS, THREE-PHASE. THE MAXIMUM ACCELERATION 
TIME FOR THE MOTOR TO REACH OPERATING SPEED 1S 17 SEC- 
OnDs. 

1.4.1.3 GIMBAL ASSEMBLY 

THIS ASSEMBLY INCLUDES THE SPIN MOTOR ASSEMBLY, 
PICKOFF ROTOR, TORQUER ROTOR, SMRD ASSEMBLY AND QUADRI~ 
LEVEL SPRING (FOUR LEAF SPRING MOUNT). THIS HERMETICALLY 
SEALED ASSEMBLY 1S SUPPORTED AT ONE END BY A LOW FRIC- 
TION, SHOCK RESISTANT BEARING AND AT THE OTHER END BY 
THE QUADRILEVER SPRING. 

1.4.1.4 SIGNAL GENERATOR (PICKOFF) 

THE PICKOFF 1S A VARIABLE RELUCTANCE DEVICE 
USED TO CONVERT GIMBAL DISPLACEMENT TO A PROPORTIONAL 
ELECTRICAL OUTPUT. THE STATOR 1S MOUNTED TO THE GIMBAL. 
THE ROTOR EXCITATION 1S OBTAINED FROM THE SECONDARY OF 

DURING BENCH MAINTENANCE OR CALIBRATION, 

1.4.1.7  QUADRILEVER SPRING 

THIS TYPE OF SPRING MOUNT PROVIDES TORSION 
RESTRAINT WITH RADIAL SUPPORT FOR THE GIMBAL. THE FOUR 
LEAVES OF THE SPRING PROVIDE HIGH TRANSVERSE STIFFNESS, 
ELIMINATING BEARING SUPPORT AROUND THE TORSION SPRING. 
THUS, GYRO THRESHOLD AND RESOLUTION ARE IMPROVED BY RE- 
DUCING OVERALL BEARING FRICTION. 

ATTITUDE GYRO ACCELESOMETER PACKAGE 

FIGURE 1-7 SHOWS THE ATTITUDE GYRO ACCELER- 
OMETER PACKAGE AND ITS MOUNTING BASE, IT CONSISTS OF 
THREE "SINGLE DEGREE OF FREEDOM" INTEGRATING GYROS, 

MOUNTED ORTHOGONALLY TO SENSE ANGULAR RATES ABOUT THE 
THREE SPACECRAFT BODY AXES, AND A PENDULOUS ACCELERO~ 
METER, MOUNTED ON THE SPACECRAFT BODY X AXIS, TO SENSE 
POSITIVE ACCELERATIONS IMPARTED TO THE SPACECRAFT. 

1.4.2 

THE ATTITUDE GYRO ACCELEROMETER PACKAGE 1S 
DESIGNED TO BE MOUNTED IN THE SPACECRAFT WITH THE MOUNT 

ING PLATE REFERENCE AXES OR/ENTED TO SPACECRAFT BODY 

AXES WITHIN + 10 ARC MINUTES. THE GYRO INPUT AXES WILL 

BE ALIGNED WITHIN + 10 ARC MINUTES OF THE REFERENCE AXES 

ON THE MOUNTING PLATE, AND THE ACCELEROMETER SENSITIVE 

AXES WITHIN + 10 ARC MINUTES OF THE X AXIS OF THE PLATE. 

UsE OF THE STANDARD TOOL ALLOWS REMOVAL OF THE ATTITUDE 
GYRO ACCELEROMETER ASSEMBLY FROM THE MOUNTING PLATE OR 

REPLACEMENT OF AN INDIVIDUAL GYRO OR THE ACCELEROMETER. 
COOLING OF THE PACKAGE |S BY CONDUCTION TO THE MOUNTING 
PLATE WHICH IN TURN 1S COOLED BY CONTACT WITH A LIQUID 

THE STEPDOWN TRANSFORMER IN THE POWER SUPPLY ASSEMBLY. 
THE SIGNAL GENERATOR OUTPUT VOLTAGE 1S APPLIED AS A 
RATE INPUT TO THE PITCH, YAW, AND ROLL ECA's AND TO THE 
DAGAPECA FOR THE FDAI RATE NEEDLE FUNCTION. 

1.4.1.5 SPIN MoTOR ROTATION DECTOR 

THE SMRD 1S MADE UP OF FOUR SOFT IRON DISCS, 
SILVER BRAZED INTO THE EDGE OF THE SPIN MOTOR AT 90° 
INTERVALS AND A PULSE GENERATOR (SMRD WINDINGS) MOUNTED 
BELOW THE TORSION SPRING. AS THE IRON DISCS PASS THE 
SMRD WINDINGS, THE RELUCTANCE OF THE AIR GAP 1S CHANGED 
CAUSING A VOLTAGE TO BE INDUCED IN THE WINDINGS. THUS, 
A TYPICAL SMRD OUTPUT 1S A SERIES OF PULSES. 

THE OUTPUT OF THE SMRD 1S FED BACK TO THE 
POWER SUPPLY ASSEMBLY WHERE IT 1S ISOLATED ACROSS A 
TRANSFORMER, THIS SIGNAL IS SENT TO THE ROLL ECA WHERE 
IT 1S PROCESSED FOR GROUND CHECKOUT USE. 

1.4.1.6 GIMBAL TORQUER 

THE GIMBAL TORQUER |S MOUNTED ALONG THE OUT 
PUT AXIS. THE STATOR 1S WOUND TO PRODUCE A TORQUE ON 
THE ROTOR LOCATED WITHIN THE STATOR ON THE GIMBAL OUT- 
PUT AXIS. THE STATOR WINDING |S MADE UP OF PATTERN AND 
CONTROL FIELD COILS. THUS, A DC OR AC EXCITATION AP- 
PLIED TO BOTH WINDINGS WILL CAUSE ALTERNATE POLARIZA~ 
TION. REVERSAL OF CONTROL FIELD EXCITATION WILL REVERSE 
THE DIRECTION OF RESULTING TORQUE. IN ORDER TO OBTAIN 
LINEAR TORQUING, THE PATTERN WINDING CURRENT IS KEPT 
CONSTANT WHILE THE CONTROL FIELD CURRENT |S VARIED. 
THEREFORE, +28 VOLTS DC 1S USED FOR PATTERN EXCITATION 
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COOLED COLDPLATE. 

1.4.2.1 PERFORMANCE CHARACTERISTICS 

SOME MECHANICAL AND ELECTRICAL PERFORMANCE 
CHARACTERISTICS ARE: 

  

GYRO 

InpuT Axis FREEDOM + 20° MINIMUM 
COMMAND RATE * 25°/sec 
GIMBAL FREEDOM + 4,64° 

THRESHOLD *o0,1° 
ACCELERATION (GYRO AXES) 20 G's 

ACCELEROMETER 

PENDULUM TRAVEL 
THRESHOLD 
Rance 0.16 TO +26 
NuLt Torque 1.0 x 10-46 
NULL UNCERTAINTY 2.0 x 10-46 

1.4.3 Bopy MounTep ATTITUDE GYRO 

THE FOLLOWING DISCUSSION DESCRIBES THE ATTI~ 
TupE GYRO (BMAG COMPONENTS SHOWN IN FIGURE 1-8). 

INPUT TURNING RATES ABOUT THE INPUT AXIS PRO- 

DUCE A GYROSCOPIC PRECESSIONAL TORQUE ABOUT THE OUTPUT 

(GIMBAL) AXIS WHICH 1S PROPORTIONAL TO THE PRODUCT OF 

THE INPUT TURNING RATE AND THE GYROSCOPIC ELEMENTS 

ANGULAR MOMENTUM. DUE TO LAMINAR SHEAR OF THE VISCOUS
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FLOTATION FLUID BETWEEN THE GIMBAL AND ITS CONCENTRIC 
CASE, VISCOUS RESTRAINT TORQUES ARE PRODUCED WHICH ARE 
PROPORTIONAL TO THE GIMBAL ANGULAR VELOCITY. THE GIM- 
BAL ACCELERATES TO AN ANGULAR RATE AT WHICH THE ViSCOUS 
RESTRAINT TORQUE BALANCES OUT THE PRECESSIONAL TORQUE. 
THE GIMBAL 1S THUS TURNING AT A RATE PROPORTIONAL TO THE 
APPLIED INPUT, AND THE GIMBAL DISPLACEMENT IS A TIME IN~ 
TEGRAL FUNCTION OF THE APPLIED TORQUE. THE SIGNAL GEN~ 
ERATOR PRODUCES AN OUTPUT VOLTAGE WHICH 1S A DIRECT 
FUNCTION OF THE ANGULAR DISPLACEMENT OF THE GIMBAL. 
COMMAND INPUTS TO THE GYRO TORQUE GENERATOR DEVELOP TOR- 
QUE AT THE GIMBAL, AND COMMAND GIMBAL RESPONSE SIMILAR 
TO THAT DESCRIBED FOR GYRO INPUTS. 

1.4.3.1 SPIN MoTOR 

THE SPIN MOTOH 1S A SYNCHRONOUS, THREE PHASE, 
400 CPS HYSTERESIS MOTOR POWERED BY 13,6 VOLTS, 400 cps 
FROM A SUPPLY IN THE DAGAPECA. THE SPIN MOTOR WILL OB- 
TAIN A SYNCHRONOUS SPEED OF 24,000 RPM IN APPROXIMATELY 
25 SECONDS. 

1.4.3.2 GIMBAL ASSEMBLY 

THE GIMBAL ASSEMBLY CONSISTS OF THE SIGNAL 
GENERATOR, TORQUE GENERATOR, AND EUTECTIC BALANCE PAN. 

THE SIGNAL GENERATOR CONSISTS OF A SKEIN WOUND, 
16 POLE, LAMINATED STATOR, AND AN EIGHT POLE LAMINATED 
ROTOR WHICH GATES THE FLUX LINKING THE STATOR POLES. 
THE STATOR HAS FOUR WINDINGS, THY ARE: SIGNAL GEN~ 
ERATOR PRIMARY, SIGNAL GENERATOR SECONDARY, G INSENSI~ 
TIVE DRIFT RATE PRIMARY AND G INSENSITIVE DRIFT RATE 

  

AXIS ROTATION. 

1.4.3.5 TEMPERATURE CONTROL CIRCUIT 

THE GYRO TEMPERATURE IS CONTROLLED BY A 
TEMPERATURE SENSING ELEMENT AND BUILT IN HEATER, WHICH 
WHEN CONNECTED AS ONE ARM OF A WHEATSTONE BRIDGE AND 
AMPLIFIER CONTROLLING A RELAY, THE TEMPERATURE OF THE 
GYRO 1S HELD TO 170° + 2°F, THE CASE HEATER CONSISTS 
OF TWO SECTIONS, ONE FOR WARMUP AND THE OTHER FOR NOM~ 
(NAL CONTROL. WHEN THE GYRO REACHES OPERATING TEMPER- 
ATURE, A RELAY KEYED TO THE TEMPERATURE CONTROL BRIDGE 
WILL SWITCH AUTOMATICALLY TO THE NORMAL HEATER CIRCUIT. 

1.4.3.6 SPIN MoTOR ROTATION DECTOR 

THE SMRD CONSISTS OF A PAIR OF SOFT IRON 
DISCS, SILVER BRAZED INTO THE EDGE OF THE SPIN MOTCR, 
AND A PAIR OF PICKUP COILS WOUND AROUND THE OUTSIDE OF 
THE GYRO CASE. AS THE IRON DISCS PASS THE PICKUP COILS, 
THE RELUCTANCE OF THE AIR GAP 1S CHANGED CAUSING A 
VOLTAGE TO SE INDUCED. 

1.4.4 ACCELEROMETER 

INPUT ACCELERATIONS TO THE ACCELEROMETER 
CAUSE DISPLACEMENT OF THE PENDULOUS MASS RELATIVE TO. 
THE CASE, INDUCING A SIGNAL IN THE MOVING COIL OF A 
DIFFERENTIAL TRANSFORMER PICKOFF. THIS SIGNAL IS FED 
INTO A SERVO AMPLIFIER WHERE IT 1S AMPLIFIED, DEMODU~ 
LATED, AND FED BACK AS DC TORQUER CURRENT. TORQUE 
BALANCE |S ESTABLISHED IN THE PRESENCE OF STEADY INPUT 
ACCELERATIONS SO THAT THE FEEDBACK CURRENT PROVIDES A 

SECONDARY. THE SIGNAL GENERATOR INDICATES ANGULAR 
POSITION OF THE GIMBAL WITH RESPECT TO THE CASE AND IS 
CAPABLE OF DETECTING DISPLACEMENTS OF LESS THAN 2 SEC~ 
ONDS OF ARC. THE G INSENSITIVE DRIFT RATE APPLIES A 
FIXED TORQUE TO NULL OUT G INSENSITIVE DRIFT RATE TO A 
NET VALUE LESS THAN 2°/HOUR DURING AN EARTH ORBIT 
MISSION AFTER AN INITIAL TRIM TO A DRIFT RATE OF 0.1°/ 
HOUR. 

THE TORQUER GENERATOR CONSISTS OF A HIGHLY 

STABLE ALNICOL DELTA V PERMANENT MAGNET ASSEMBLY MOUNTED 

TO THE GYRO CASE, AND AN ENCAPSULATED MOVING COIL MOUNTED 

ON THE GIMBAL ASSEMBLY ALONG THE GYRO OUTPUT AXIS. Di- 

RECT OR PULSED CURRENTS PASSED THROUGH FLEX LEADS TO THE 

COIL WILL DEVELOP A TORQUE ABOUT THE OUTPUT AXIS, ENA- 

BLING THE TORQUE GENERATOR TO HOLD THE GIMBAL AT SIGNAL 

GENERATOR NULL FOR ANY INPUT IN THE RANGE OF ZERO TO 

+ 25°/SECOND. 

THE EUTECTIC BALANCE PAN CONSISTS OF A SMALL 
DISK WOUND WITH A HEATER AND FILLED WITH AN EUTECTIC 
ALLOY. THE BALANCE PAN 1S MOUNTED ON THE OUTPUT AXIS 
ALLOWING DYNAMIC BALANCING OF THE GYRO AFTER ASSEMBLY. 

1.4.3.4 ORIFICE DAMPER 

ORIFICE DAMPING IS A TECHNIQUE FOR PROVIDING 
WIDE INPUT ANGULAR FREEDOMS USING RELATIVELY LOW VIS- 
COSITY FLUOROLUBE AND PRACTICAL DAMPING GAP THICKNESS. 
THE ORIFICE DAMPER (PADDLE DAMPER) IS A COMBINATION OF 
TWO PAIRS OF PADDLES, ONE PAIR EXTENDING FROM THE CASE 
WALL AND THE OTHER FROM THE GIMBAL DIAMETER, RESULTING 
IN A GIMBAL ROTATION WHICH 1S SMALLER THAN THE INPUT 
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LINEAR MEASURE OF ACCELERATION. THE FOLLOWING 
DISCUSSION DESCRIBES THE ACCELEROMETER COMPONENTS SHOWN 
IN FIGURE 1-9, 

1.4.4.1 PENDULOUS ELEMENT 

THE PENDULOUS ELEMENT 1S ISOLATED FROM THE 
INSTRUMENT CASE BY MEANS OF A PAIR OF FIXTURES, OR 
HINGED PIVOTS. THE PIVOTS, FREE TO DEFLECT IN ONLY ONE 
PLANE, OFFER EXTREME RIGIDITY TO DEFLECTION IN EACH OF 
THE OTHER TWO ORTHOGONAL PLANES. 

1.4.4.2 SIGNAL GENERATOR 

THE SIGNAL GENERATOR MOUNTED AT THE APEX OF 
THE PENDULUM FRAME, PROVIDING MAXIMUM ANGULAR SENSITI~ 
VITY, 1S EXCITED BY A 28,8 KC EXCITATION VOLTAGE. THE 
SECONDARY 1S A MOVING COIL PICKOFF WITH A FERRITE COIL 
FOR FLUX CONCENTRATION WHICH PROVIDES THE PHASE SENSI~ 
TIVE OUTPUT SIGNALS. 

1.4.4.3  TORQUER 

RESTORING TORQUES REQUIRED TO MAINTAIN A TOR~ 
QUE BALANCED CONDITION RESULT FROM DC CURRENT FLOW 
‘THROUGH THE TORQUER COILS. THE TORQUER DESIGN UTILIZES 
THE PRINCIPLE EMPLOYED IN ELECTRO DYNAMIC LOUD SPEAKERS, 
{N WHICH THE MOVING COIL 1S LOCATED WITHIN A RADIAL FLUX 
GAP. THE TORQUER UTILIZES A PAIR OF COILS, COAXIALLY 
POSITIONED ON THE PENDULUM FRAME. 
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SIGNAL 
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SIGNAL 
GENERATOR 
SECONDARY. 

1.4.4.4 TEMPERATURE CONTROL 

To PROVIDE THE REQUIRED VISCOUS DAMPING, THE 
ENTIRE INSTRUMENT HOUSING 1S FILLED WITH A SILICONE 
TYPE OIL. 

THE ACCELEROMETER CAN OPERATE OVER A 20°F 
TEMPERATURE VARIATION AND MAINTAIN A RELATIVELY CONSTANT 
SCALE FACTOR BY MEANS OF A SIMPLE COMPENSATOR. BECAUSE 
OF THE ACCURACY REQUIRED, A HEATER AND TEMPERATURE SEN~ 
SOR IS USED TO MAINTAIN THE TEMPERATURE AT 170° + 2°F. 

15) ELECTRONIC CONTROL ASSEMBLIES 

THE ECA'S ARE INDIVIDUAL CHASSIS WITH CARD 
MODULES THAT ARE REPLACEABLE AT THE FACTORY ONLY BE= 
CAUSE OF THE HUMIDITY PROOF CARD CONNECTORS. THEY 
ARE MOUNTED ON THE S/C COLD PLATE TO CONDUCT THE ELEC~ 
TRONICALLY GENERATED HEAT AWAY FROM THE PACKAGES. TEL= 
EMETRY CONDITIONING EQUIPMENT 1S PROVIDED IN EACH UNIT 
AS ARE FRONT PANEL CONNECTORS FOR PRELAUNCH CHECKOUT. 

Le Set Pitch, ROLL, AND Yaw ELECTRONIC CONTROL 
ASSEMBLIES 
  

THE PITCH, ROLL, AND YAW ECA'S ARE SIMILAR 
WITH THE EXCEPTION THAT THE ECA-R DOES NOT CONTAIN 
THRUST VECTOR CONTROL CIRCUITRY. EACH ECA PERFORMS THE 
FOLLOWING FUNCTIONS: 

A. PROVIDE A MEANS TO SELECT THE MODES AND 
CONFIGURATION OF THE CONTROL SYSTEM OP- 
ERATION FROM EXTERNALLY SUPPLIED SWITCHING 

FIGURE 1-9 

    

   

  

    

  

   

   FLEX LEAD, 
TERMINAL |     

PENDULUM 

  

SIGNALS. 

B. ACCEPT INPUT CONTROL SIGNALS AND TRANS~ 
FORM THEM INTO SUITABLE OUTPUT COMMANDS 
FOR THE REACTION CONTROL SYSTEM ENGINES 
OR TO THE SERVICE MODULE PROPULSION 
SYSTEM ENGINE GIMBALS. 

C. PROVIDE INDIVIDUAL VOLTAGE SOURCES NOT 
AVAILABLE FROM THE SPACECRAFT POWER SYS- 
TEM. 

THE ROLL, PITCH, AND YAW ECA's ACCEPT CONTROL 
SIGNAL COMMANDS FROM THE G&N SYSTEM, THE RATE GYRO 
PACKAGE, THE ROTATION AND TRANSLATION CONTROLS, AND THE 
BMAG'S, THE CONTROL OUTPUTS ARE SIGNALS TO THE SERVICE 
AND COMMAND MODULE REACTION CONTROL SYSTEM ENGINES AND 
THE SERVICE PROPULSION SYSTEM ENGINE (GIMBAL ACTUATOR 
MAGNETIC CLUTCHES). THE MAIN SWITCHING INTERFACES ARE 
WITH THE SCS CONTROL PANEL, SPACECRAFT SEPARATION SYS~ 
TEMS, AND POWER SWITCHES. 

AUXILIARY ELECTRONIC CONTROL ASSEMBLY 

THE AUXILIARY ELECTRONIC CONTROL ASSEMBLY 
CONTAINS CIRCUITRY TO MECHANIZE THE ATTITUDE GYRO 
COUPLING UNIT AND THE SERVICE PROPULSION SYSTEM ENGINE 
THRUST ON/OFF CONTROL FUNCTION. 

1.5.2 

THE FUNCTION OF THE AGCU Loop 1S TO CONVERT 
BMAG ATTITUDE OUTPUTS TO SUITABLE SCS ATTITUDE DISPLAYS. 
THIS LOOP CAN BE INITIALLY ALIGNED TO THE G&N system 

INERTIAL COORDINATES (IMU GIMBAL ANGLES). IT ALSO 
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MUST TRANSFORM ATTITUDE SET DIAL INFORMATION INTO BODY 
AXES INFORMATION. THE DISPLAY ON THE FDA! ATTITUDE 
ERROR NEEDLES WILL SE REFERENCED TO S/C BODY AXES. THE 
DISPLAY ON THE FDA! ATTITUDE RATE NEEDLES WILL SE REF- 
ERENCED TO BODY AXES. IN THE SCS LOCAL VERTICAL MODE, 
THE AGCU PROVIDES AN ORBITAL RATE TORQUING SIGNAL TO 
THE BMAG'S To MAINTAIN S/C ATTITUDE WITH RESPECT TO A 
LOCAL VERTICAL. 

THE SPS ENGINE ON/OFF CONTROL FUNCTION PRO- 

VIDES CIRCUITRY TO ACCEPT AND CONDITION ON/OFF COMMANDS 
FROM THE SCS OR THE G&N SYSTEM AND OFF COMMANDS FROM 
THE DELTA V DISPLAY ELECTRONICS. THE OUTPUT FROM THIS 
CIRCUITRY WILL INITIATE OR TERMINATE SPS ENGINE THRUST~ 
ING. 

12.5.3 DISPLAY AND ATTITUDE GYRO ACCELEROMETER 
Packace ELECTRONIC CONTROL ASSEMBLY 
DAGAPECA). 

THE DAGAPECA PROVIDES THE ELECTRONICS ASSOCI- 
ATED WITH THE SCS DISPLAYS, THE BMAG'S, AND THE ACCEL- 
EROMETER. 

THE DISPLAY ELECTRONICS PORTION OF THE DAGAP- 
ECA PROVIDES CIRCUITRY TO: 

A. ACCEPT AND CONDITION TOTAL ATTITUDE 
SIGNALS FROM THE G&N SYSTEM AND THE AGCU 
FOR USE IN POSITIONING THE FDA] ATTITUDE 
BALL. 

8. ACCEPT THE CONDITION ATTITUDE ERROR 
SIGNALS FROM THE G&N SYSTEM AND THE SCS 

1.6 SCS CONTROL PANEL 

THE SCS CONTROL PANEL PROVIDES CONTROL OVER 
THE FOLLOWING SCS FUNCTIONS: 

A. CONTROL MODE SELECTION SwiTCHES (4) 
B. ATT DEADBAND SELECT SWITCH 
c. 0.056 ENTRY swiTCH 
D. BACKUP RATE SELECTION SWITCHES (3) 
—. CHANNEL ENABLE SWITCHES (4) 
F. DIRECT MODE SELECTION 
6. LIMIT CYCLE SELECTION 

THE MODE CONTROL SWITCHES ALLOW SELECTION OF 
ONE OF THE FOLLOWING MODES: 

A. SCS ATTITUDE CONTROL 
B. SCS LocAL VERTICAL 
c. GN ATTITUDE CONTROL 
D. MONITOR 
—. G&N DELTA V 
F. SCS DELTA V 
G. G&N ENTRY 
H. SCS ENTRY 

THe ATT DEADBAND SWITCH PROVIDES TWO LEVELS 
g ATTITUDE DEADBANDS IN ALL THREE ROTATION AXES OF THE 
s/c. 

THE BACKUP RATE SELECTION SWITCHES PROVIDE 
INDIVIDUAL SELECTION OF A REDUNDANT RATE SIGNAL SOURCE. 

FOR DISPLACING THE FDAI ATTITUDE ERROR 
INDICATORS. 

c. ACCEPT AND CONDITION ANGUALR VELOCITY 
SIGNALS FROM THE RATE GYRO PACKAGE FOR 
DISPLACING THE FDAI ANGULAR VELOCITY 
INDICATORS. 

D, ACCEPT AND CONDITION ENGINE GIMBAL POS|~ 
TION SIGNALS FROM THE SPS ENGINE ACTUATOR 
POSITION TRANSDUCERS FOR POSITIONING THE 
GIMBAL POSITION INDICATORS ON THE AS/GPD. 

E. ACCEPT THE CONDITION ACCELERATION SIGNALS 
FROM AGAP ELECTRONICS PORTION OF THE 
DAGAPECA FOR THE DELTA V DISPLAY. 

THE AGAP ELECTRONICS PORTION OF THE DAGAPECA 

PROVIDES THE CIRCUITRY TO: 

A. ACCEPT AND CONDITION BMAG INPUTS FOR THE 
AGCU. 

B. ACCEPT AND CONDITION AGCU TORQUING COM 
MANDS TO THE BMAG'S. 

c. CONTROL BMAG AND ACCELEROMETER TEMPERA~ 
TURES. 

D. CONTROL AND CONDITION THE ACCELEROMETER 
REBALANCE LOOP AND INPUTS TO THE INTE 
GRATOR DURING ENTRY. 

E. SUPPLY EXCITATION VOLTAGES TO THE BMAG'S 
AND THE ACCELEROMETER. 

F. CONDITION THE BMAG AND ACCELEROMETER 
OUTPUTS FOR THE TELEMETRY SYSTEMS. 
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THE CHANNEL ENABLE SWITCHES PROVIDE AN ELEC- 
TRICAL ENABLE OF S/M oR C/M RCS BY CHANNELS (E.c., 
PITCH, YAW, AND ROLL JETS). DIRECT MANUAL CONTROL OF 
THE RCS 1S NOT AFFECTED BY THE ENABLE FUNCTION. 

1.7 MANUAL CONTROL 

THE MANUAL CONTROLS PERMIT SIX DEGREES OF 
COMMANDABLE VELOCITIES AND FOR ACCELERATION TO PERFORM 
ALL MANEUVERS ON THE APOLLO MISSION. 

THREE Axes ROTATION CONTROL 

THE THREE AXES ROTATION CONTROL 1S A HAND 
OPERATED STICK TYPE ASSEMBLY CONTAINING TRANSDUCERS AND 
SWITCHES FOR A SIMULTANEOUS CONTROL OF ANGULAR RATES 
ABOUT THE SPACECRAFT PITCH, ROLL, AND YAW AXES. THE 
CONTROL 1S DETACHABLE FROM THE CREW SEATS FOR USE AT 
OTHER LOCATIONS WITHIN THE COMMAND MODULE. SREAKOUT 
SWITCHES ENERGIZE SYNCHRONIZING CIRCUITS WITHIN THE SCS 
WHEN THE S/C 1S TO BE MANUALLY MANEUVERED. THE S/C aN- 

GULAR RATES CAN BE COMMANDED WITH THE CONTROL. DIRECT 
SWITCHES ARE PROVIDED IN EACH AXIS TO CONTROL THE RCS 

SOLENOIDS BY BYPASSING THE SCS ELECTRONICS AND ROUTING 
THE COMMAND DIRECTLY TO THE RCS. TwO ROTATION CONTROLS 
ARE PROVIDED AND BOTH MAY BE USED SIMULTANEOUSLY IF 
NECESSARY. A MECHANICAL LOCKING DEVICE 1S PROVIDED TO 
PREVENT INADVERTANT MOVEMENT OF THE CONTROL. 

1.7el 
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Tesfee TRANSLATION CONTROL 

THE TRANSLATION CONTROL 1S HAND OPERATED T 
HANDLE ASSEMBLY CONTAINING SWITCHES FOR CONTROL OF 
TRANSLATIONAL VELOCITIES ALONG THE SPACECRAFT BODY 
AXES, CREW INITIATED ABORTS, AND TO OPEN THE ATTITUDE 
HOLD CONTROL LOOPS AND SELECT MANUAL THRUST VECTOR 
CONTROL. TRANSLATION MANEUVERS ARE INTRODUCED BY THE 
ASTRONAUTS'S APPLICATION OF FORCE TO THE T HANDLE IN 
THE DESIRED DIRECTION OF MOTION. ABORT COMMANDS AND 
MANUAL COMMAND MODES ARE INITIATED BY ROTARY MOTION OF 
THE T HANDLE. THE CONTROL INITIATES TRANSLATION COM 
MANDS THROUGH ON/OFF SWITCHES RATHER THAN PROPORT|CNAL 
TRANSDUCERS. THE TRANSLATION CONTROL CONTAINS A LOCK- 
ING MECHANISM TO PREVENT INADVERTENT STICK MOTION. 
TWO CONTROLS ARE PRESENTLY PROVIDED FOR THE LEFT ARM 
REST OF THE COMMANDER'S AND SYSTEMS ENGINEER'S SEATS. 

   

1.8 SCS DISPLAYS 

THE SCS DISPLAYS PROVIDE INFORMATION TO THE 
CREW FOR MANUAL INPUTS. 

FLIGHT DIRECTOR ATTITUDE INDICATOR 

THE ATTITUDE DISPLAY PORTION OF THE FDAI 1s 
A SERVO DRIVEN GIMBALLED BALL WITH FULL AND CONTINUOUS 
BI-DIRECTIONAL ROTATION CAPABILITIES IN PITCH, YAW, AND 
ROLL. AN INDICATION OF ATTITUDE 1S PROVIDED BY OBSER- 
VATION OF THE BALL MARKINGS IN RELATION TO TWO INDICES, 
‘A BODY AXES INDEX AND NAVIGATION AXES INDEX. 
THE SALL UTILIZES A FIXED VEHICLE-MOVING HORIZON CON~ 
CEPT. SIGNALS TO DRIVE THE BALL ARE PROCESSED IN THE 

1.8.1 

DERIVED FROM THE BMAG'S. THE RANGE OF THE RATE DISPLAY 
ALSO CHANGES WITH THE SELECTED MODE. 

Arti tupe SetT/GimBaL Position DisPLaY 

THE ATTITUDE SET/GIMBAL POSITION DISPLAY PRO~ 
VIDES AN INDICATION OF SPS ENGINE GIMBAL YAW AND PITCH 
POSITION. THUMBWHEELS ARE PROVIDED TO MANUALLY POS|~ 
TION THE ENGINE GIMBALS PRIOR TO INITIATING A DELTA V 
MANEUVER. THIS FUNCTION IS REQUIRED TO APPROXIMATELY 
ALIGN THE SPS ENGINE'S THRUST VECTOR THROUGH THE SPACE~ 
CRAFT'S CENTER OF GRAVITY. GIMBAL POSITION INDICATOR 
SIGNALS ARE DERIVED FROM THE SPS ENGINE GIMBAL POSITION 
TRANSDUCERS. COMMANDS TO THESE GIMBALS ARE PROCESSED 
BY THE SCS ELECTRONIC CONTROL ASSEMBLIES. 

1.8.2 

IN ADDITION TO THE ENGINE GIMBAL DISPLAYS AND 
CONTROLS, THE AS/GPD CONTAINS TWO SWITCHES. THE ATT 
SET SWITCH, IN CONJUNCTION WITH THE DIALS AND THUMB~ 
WHEELS, CAN BE USED TO INSERT NEW COMMANDED ATTITUDE 
ORIENTATIONS THAT WILL APPEAR AS ATTITUDE ERROR INDI- 
CATIONS ON THE FOAL. THE FDAI ALIGN SwiTCH PROVIDES 
ALIGNMENT OF THE AGCU AND THUS THE FDA! BALL TO A NEW 
REFERENCE DETERMINED BY THE READING ON THE PITCH, YAW, 
AND ROLL THUMBWHEELS. 

DELTA V DISPLAY 

THE DELTA V DISPLAY PROVIDES INDICATIONS OF 
VELOCITY CHANGES AFTER ASCENT, AND AUTOMATIC BACKUP 
AND MANUAL CONTROL OF VELOCITY CHANGES. THE DELTA V 
SET SWITCH PROVIDES SLEWING CONTROL OF THE DELTA V 

1.8.3 

DAGAPECA ACCORDING TO DATA RECEIVED FROM THE AGCU IN 
THE AUXILIARY ECA FOR SCS CONTROL MODES, AND FROM THE 
IMU GIMBAL RESOLVERS DURING GkN CONTROL MODES. AN 
INDICATION OF IMU GIMBAL ANGLE LIMITATIONS IS PROVIDED 
ON THE SALL TO AVOID MANEUVERING THE SPACECRAFT THROUGH 
ANGLES WHICH WOULD CAUSE AN IMU GIMBAL LOCK, PITCH IS 
INDICATED BY GREAT CIRCLE LINES ON THE BALL, YAW BY 
MINOR CIRCLES LINES, AND ROLL BY A SEPARATE ROLL "Buc" 
ABOUT THE PERIPHERY OF THE BALL. THE BALL MAY SE 
ALIGNED TO A NEW REFERENCE THROUGH THE AGCU Loop USING 
THE FDA! ALIGN swiTCH ON THE AS/GPD. 

THE ATTITUDE ERROR PORTION OF THE FDAI CoN 
SISTS OF THREE "FLY-TO" NEEDLE INDICATORS THAT DIS~ 
PLAY ATTITUDE ERROR IN BODY AXES OR, DURING G&N ENTRY, 
NAVIGATION AXES. THE ATTITUDE ERROR SIGNALS MAY ORIG- 
INATE IN THE G&N SYSTEM OR THE SCS DEPENDING ON THE 
OPERATIONAL MODE. THE ATTITUDE NEEDLES CAN DISPLAY THE 
ERRORS BETWEEN S/C AND THE COMMAND ATTITUDES DIALED 
INTO THE ATTITUDE SET DIALS ON THE AS/GPD. WHEN HOLD- 
ING AN INERTIAL ATTITUDE, THE ATTITUDE ERRORS DISPLAYED 
REPRESENTS THE S/C DRIFT FROM THE COMMANDED ATTITUDE 
WITHIN THE DEADBAND LIMITS. THE RANGE OF DISPLAYED 
ATTITUDE ERRORS 1S CHANGED ACCORDING TO THE SELECTED 
MODES. 

THE ANGULAR VELOCITY INDICATORS ARE THREE 
“ELY-TO" NEEDLE TYPE DISPLAYS MOUNTED ABOUT THE PER|PH- 
ERY OF THE FDAI TO INDICATE ANGULAR ROTATION RATES 
apouT S/C Bopy AXES. THE NORMAL SIGNAL INPUT TO THE 
ANGULAR VELOCITY INDICATORS ARE BODY RATES DERIVED FROM 
THE SCS RATE GYROS. HOWEVER, WHEN A BACKUP RATE SOURCE 
IS SELECTED, THESE INDICATORS DISPLAY BODY RATES DE- 
RIVED FROM THE 
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REMAINING DIGITAL DISPLAY TO PRESET THE DESIRED VELOC- 
ITY IN FT./SEC. AS THE SPACECRAFT ACCELERATES IN THE 
+X DIRECTION, THE DELTA V REMAINING DISPLAY DECREASES 
AS A FUNCTION OF THE INTEGRATED SCS ACCELEROMETER 
SIGNAL. 

THE DIRECT ULLAGE swiTCH 1S USED TO Pe> «RM 
A BACKUP #K ACCELERATION USING THE DIRECT SOLENOIUS 
IN THE RCS PRIOR TO IGNITION OF THE SPS ENGINE. 

THE THRUST CONTROL SWITCH PROVIDES ARMING 
POWER TO THE SPS ENGINE PROPELLANT VALVES FOR NORMAL 
IGNITION OF THE SPS ENGINE. IT ALSO PROVIDES A BACK 
UP THRUST OFF COMMAND TO THE G&N OR SCS AUTOMATIC 
THRUST OFF COMMAND. THE SWITCH ALSO PROVIDES A DIRECT 
ON command To THE SPS ENGINE. 

THE THRUST ON swiTCH 1S |LLUMINATED AT ALL 
TIMES WHEN THE SCS OR G&N HAS A THRUST ON COMMAND. IT 
ALSO PERMITS THE ASTRONAUT TO PERFORM THE MANUAL INPUT 
TO COMMAND THRUST ON IN THE SCS DELTA V WODE. THE 
AUTOMATIC THRUST OFF COMMAND IN THE SCS DELTA V MODE 
1S COMMANDED WHEN THE DELTA V REMAINING DISPLAY READING 
IS ZERO OR LESS.



  

  

SECTION [1 

CONTROLS AND DISPLAYS 

2.1 INTRODUCTION 

THE SCS CONTROLS AND DISPLAYS ARE DESIGNED TO 

ALLOW UTILIZATION OF MAN IN THE CONTROL Loop. HE IS 

PROVIDED WITH THE CAPABILITY TO MONITOR AND EVALUATE 

GROSS MALFUNCTIONS FOR AUTOMATIC ATTITUDE CONTROL 

MANEUVERS. AT HIS PEROGATIVE, HE CAN MANUALLY FLY THE 
SPACECRAFT. 

2.2 SCS CONTROL PANEL 

THE CONTROL PANEL SHOWN IN FIGURE 2-1 CON- 

TAINS THE TOGGLE SWITCHES REQUIRED FOR CONFIGURATION 

OF THE SCS INTO ITS EIGHT OPERATING MODES, CONTROL 

ENABLING FUNCTIONS, REDUNDANT RATE GYRO SELECTION, 

DIRECT MODE ENABLING, AND ATTITUDE PERFORMANCE (DEAD- 

BAND, LIMIT CYCLE, AND ETC.) SELECTION. THE SCS cON- 
TROL SWITCHES ARE LOCATED ON THE MAIN DISPLAY CONSOLE 

JUST FORWARD AND ABOVE THE TRANSLATION CONTROL ON THE 

COMMANDER'S LEFT ARM REST. THIS LOCATION PERMITS LEFT 

HAND SWITCHING FOR SCS FUNCTIONS IN A FULLY PRESSURIZED 
SPACE SUIT. 

2.2.1 MODE SELECTION 

THE MODE SELECTION IS CONTROLLED BY FOUR 

SWITCHES. THE FIRST ORDER SELECTION 1S PERFORMED BY 

THE G&N-SCS swiTCH. IT SELECTS THE SOURCE OF CONTROL 

AND DISPLAY INFORMATION FOR TOTAL ATTITUDE DISPLAY, 

ATTITUDE ERROR DISPLAY, AND CONTROL INPUTS. THE THREE 

POSITION SWITCH LABELED ATTITUDE-MONITOR-ENTRY CONTROLS 

THE BASIC SELECTION OF DISPLAY SCALE FACTORS, MANEUVER 

RATE CAPABILITY, LEVEL OF RATE DAMPING, AND ENABLES SE- 

LECTION OF ADDITIONAL MODES IN THE ATTITUDE AND ENTRY 

POSITIONS. THE DELTA V SWITCH WILL BE USED TO MODIFY 

THE ATTITUDE PosITION (G&N oR SCS) AND SELECT THE DE- 
SIRED DELTA V mope (GEN oR SCS). THE LCL VERT swiTcH 

WILL MODIFY THE SCS AND ATTITUDE POSITION OF THE FIRST 
TWO SWITCHES TO GENERATE THE CORRECT CONFIGURATION FOR 

MAINTAINING A LOCAL VERTICAL ATTITUDE WHILE IN A EARTH 

ORBIT. THE ENTRY POSITION OF THE THREE POSITION SWITCH 

WILL PERMIT OPERATION OF THE .05G SWITCH TO SELECT THE 
REQUIRED CHANGES IN THE SCS CONFIGURATION TO ACHIEVE 

THE CORRECT ATTITUDE CONTROL FOR THE AERODYNAMIC PHASE 

OF EARTH ENTRY. THERE ARE EIGHT SELECTABLE MODES AS 

SHOWN IN TABLE 2-1. IT LISTS THE MODE SELECTED VERSUS 

THE SWITCH POSITION. FIGURE 2-2 GIVES THE SWITCH OPER- 

ATION THAT 1S REQUIRED TO PROVIDE THE MODE SELECTION. 

TABLE 2-1. OPERATING MODE VS SELECTION 
SwITCH POSITIONS 

MODE Swi Sd #2  SN#3 SW #4 

MONITOR GEN MONITOR OFF OFF 

2=1



  

SCS CONTROL PANEL     
DIRECT = LIMIT ATT 
MODE CYCLE _DEADBAND 

elelol, 
05 ENTRY LCL VERT A&C ROLL 88D ROLL PITCH 

ENTRY le] [e [e|[e[ [2] 

— Soe 

   

BMAG 

  

ArtiTube 

  

~
O
4
-
Z
O
E
 

    
  

   

FIGURE 2-1 2-2 

SCS CONTROL PANEL SWITCHING 

    

   
      

  

  

  

    
  

ROT. MNA NO. 1 No, 2 NO. 4 
css CONT o—>+— GaN ATTITUDE LCL VERT 

rT 6 6 © © et ROT. MN 8 
~ CONT o—?}—F-* CSS SCS ENTRY OFF OFF 

#2 4 I ' 

t i | | t ANG 
| | ie : 

TRANS. MN A | +} rn v 
CONT e—>+—4 i ' 

cw) #1 i | —<<—$_ Fear 

SW) TRANS MN B i is _—— scsaVv 
om | ' | LCL VERT 

| I —_—_<——_ essa. 

} | GRN ENTRY 
MN A*—>+-—+ = SCS ENTRY 

MN B o—b}-—4 
MONITOR 

I RATE GYRO is ATT 
ROLL = PITCH «YAW 05 G ENTRY DEADBAND 

NORMAL © max 

® © Ow Own 
| OFF             1 | 

o—_—__—-> BUR | 
Bo ie |-__ MIN 

o—> BUR ‘o—» DEADBAND 

FIGURE 2-2 . 23 

 



  

TABLE 2-1. OPERATING MODE VS SELECTION 
SwiTcH PosiTIONs (ConT'p) 

MODE Sw if SW #2 Sw_#3 SN #4 

G&N ATT. CONT. G&N ATTITUDE OFF OFF 

G&N DELTA V G&N ATTITUDE DELTA V OFF 

G&N ENTRY GEN ENTRY OFF OFF 

SCS LOCAL VERT SCS ATTITUDE OFF LOC VERT 

SCS ATT. CONT. SCS ATTITUDE OFF OFF 

SCS DELTA V SCS ATTITUDE DELTA V OFF 

SCS ENTRY SCS ENTRY OFF OFF 

2.2.1.1 MONITOR Mope 

THE MONITOR MODE OF OPERATION WILL BE FOR THE 
LAUNCH PHASE OF THE NORMAL APOLLO MISSIONS. IT WILL 
PROVIDE AUTOMATIC RATE DAMPING OF THE S/C FOR THE CON~ 
TINGENCIES NORMALLY CONSIDERED IN THE LAUNCH PHASES IF 
ACTIVATED BY THE SEQUENTIAL EVENTS CONTROL SYSTEM. IT 
ALSO PROVIDES A RATE DAMPED MODE ONLY WHEN DESIRED IN 
THE MISSION. THE DISPLAYS ARE CONTROLLED BY THE G&N 
AND THE SCS RATE GYROS. TRANSLATIONS ALONG THE X, Y, 
AND Z AXES ARE ALSO PROVIDED IN THIS MODE FOR THE C/M- 
S/M CONFIGURATION. ADDITIONAL USE MAY BE INCORPORATED 

AS THE EXACT MECHANIZATION FOR ORBIT WITH THE SIVB 
ATTACHED TO THE S/C AS DEFINED. 

2.2.1.2 G&N ATTITUDE CONTROL MODE 

THE G&N ATTITUDE CONTROL MODE CAN BE USED 
DURING ORBIT PERIODS BETWEEN ORBIT INJECTION AND ENTRY. 
THE GUIDANCE SYSTEM MUST BE FUNCTIONING DURING THIS 
MODE. THE FUNCTIONS AVAILABLE INCLUDE THE CAPABILITY 
OF AUTOMATIC ATTITUDE HOLD, MANUAL AND AUTOMATIC ATTI~ 
TUDE MANEUVERS, AND TRANSLATIONS ALONG THE X, Y, OR Z 
AXES. HOWEVER, ATTITUDE HOLD WILL BE THE NORMAL FUNC- 
TION OF THIS MODE. 

2.2.1.3  G&N DELTA V MopE 

THE G&N DELTA V MODE 1S SELECTED WHEN A 
VELOCITY CHANGE, REQUIRING THE USE OF THE SERVICE PRO- 
PULSION SYSTEM, IS TO BE MADE AND THE GKN SYSTEM |S 
OPERATIONAL. IN THIS MODE, THE GkN SYSTEM WILL CONTROL 
THE ATTITUDE AND VELOCITY CHANGES NECESSARY TO CORRECT 
THE S/C TRAJECTORY AS REQUIRED. THIS 1S THE PRIMARY 
MODE OF CONTROL FOR VELOCITY CORRECTIONS WITH THE SER~ 
VICE PROPULSION SYSTEM. TRANSLATION CONTROL 1S PRO- 
VIDED IN THIS MODE EXCEPT WHEN THE SPS ENGINE IS 
THRUSTING. 

2.2.1.4 G&N ENTRY MODE 

THE G&N ENTRY MODE 1S USED TO PERFORM A PRO- 
GRAMMED AUTOMATIC ENTRY THROUGH THE EARTH'S ATMOSPHERE 
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TO A SELECTED LANDING SITE. THE PROGRAM IS INITIATED 
PRIOR TO .05G SENSING AND REQUIRES CREW ACTION TO CON- 
FIGURE THE SCS ELECTRONICS FOR ENTRY AERODYNAMIC CONDI- 
TIONS. THE AUTOMATIC PROGRAM CONTROLS SPACECRAFT RANGE 
AND AZIMUTH BY COMMANDS TO THE ROLL AXIS ELECTRONICS OF 
THE SCS, THE G&N ENTRY MODE IS THE PRIMARY OPERATING 
MODE FOR ENTRY. A CLOCKWISE ROTATION OF THE TRANSLA~ 
TION CONTROL GIVES THE CREW THE CAPABILITY TO MANUALLY 
FLY THE G&N COMMANDS. 

2.2.1.5 SCS LocAL VERTICAL MODE 

THE SCS LOCAL VERTICAL MODE 1S A SPECIAL CASE 
OF ATTITUDE HOLD USING THE SCS. IT WOULD BE USED IN 
ORBITAL PERIODS TO HOLD THE S/C AT SOME APPROXIMATELY 
FIXED ATTITUDE WITH RESPECT TO THE LOCAL VERTICAL OF 
THE EARTH. THE S/C WILL BE ORIENTED TO THE DESIRED 
ATTITUDE AND DIRECTION, WITH RESPECT TO THE ORBITAL 
PATH, BEFORE INITIATING THIS MODE OF OPERATION. TRANS~ 
LATION CONTROL 1S AVAILABLE IN THIS MODE, BUT NOT CON- 
SIDERED DESIRABLE FOR THE NORMAL FUNCTION THIS MODE 
PERFORMS. 

2.2.1.6 SCS ATTITUDE CONTROL MoDE 

THE SCS ATTITUDE CONTROL MODE OF OPERATION 
CAN BE USED DURING THE ORBITAL PHASE OF THE MISSION. 
IN THIS MODE, THE G&N SYSTEM NEED NOT BE FUNCTIONAL. 
THE CAPABILITIES OF THIS MODE ARE AUTOMATIC ATTITUDE 
HOLD, MANUAL ATTITUDE MANEUVERS, AND TRANSLATION ALONG 
THE VEHIVLE BODY AXES. ATTITUDE CONTROL WILL SE THE 
NORMAL FUNCTION OF THIS MODE. 

2.2.1.7 SCS DELTA V MopE 

THE SCS DELTA V MODE OF OPERATION PERFORMS 
INERTIALLY ORIENTED THRUSTING MANUEVERS WITH THE SERVICE 
PROPULSION SYSTEM BY CHANGING THE VEHICLE ATTITUDE TO 
KEEP THE THRUST VECTOR ORIENTATION INERTIALLY FIXED. 
IT WILL ALSO MAINTAIN CROSS AXIS VELOCITY WITHIN THE 
MANEUVER ACCURACY REQUIRED, THIS MODE OF OPERATION CAN 
PERFORM, OR COMPLETE, ALL THRUSTING MANEUVERS IN THE 
APOLLO MISSSION WHERE INERTIALLY FIXED THRUST VECTOR 
ORIENTATION WILL CONFORM TO THE MISSION TRAJECTORY RE- 
QUIREMENTS. 

THE SCS DELTA V MODE 1S A BACKUP TO THE G&N 
DELTA V MODE FOR CONTROL OF THE SERVICE PROPULSION SYSTEM 
WHEN PERFORMING DELTA V MANEUVERS. 

AN ADDITIONAL THRUST VECTOR CONTROL FUNCTION 
1S NOW INCORPORATED FOR THE MANNED SPACECRAFT. IT PRO 

» VIDES FOR MANUAL THRUST VECTOR CONTROL FROM THE ROTATION 
CONTROL WITH THE SELECTION OF EITHER G&N oR SCS DELTA V 
MODES AND A CW ROTATION OF THE TRANSLATION CONTROL. IT 
PERMITS DIRECT CONTROL FROM THE ROTATION CONTROL TO THE 
SERVO DRIVE AMPLIFIER 72 IN THE THRUST VECTOR CONTROL 
ELECTRONICS FOR GIMBALLING THE SERVICE PROPULSION ENGINE. 

2.2.1.8 SCS ENTRY 

THE SCS ENTRY MODE 1S A MANUAL BACKUP MODE 
FOR THE G&N ENTRY MODE. THE ASTRONAUT CAN USE MANUAL 
PROPORTIONAL RATE CONTROL OR THE MANUAL DIRECT SYSTEM 
To "FLY" A SAFE ENTRY. DISPLAYS WILL 8E PROVIDED TO 
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EVALUATE THE ENTRY TRAJECTORY. THE DISPLAYED INDI- 
CATIONS PROVIDE THE CUES FOR ATTITUDE CONTROL INPUTS 
REQUIRED TO PERFORM A SAFE ENTRY. NO RANGE OR AXIMUTH 
CONTROL |S REQUIRED IN THE SCS ENTRY MODE. 

RATE GYRO SELECTION 

RATE GYRO SELECTION CONSISTS OF THREE, TWO 
POSITION TOGGLE SWITCHES. THE TWO POSITIONS ARE NORMAL 
AND BMAG, IN THE NORMAL POSITION, THE SCS DISPLAYS AND 
ELECTRONICS OBTAIN RATE INPUT SIGNALS FROM THE RATE GYRO 
PACKAGE. THE BMAG POSITION WILL CONVERT THE SELECTED 
BMAG (PITCH, ROLL, OR YAW) TO A RATE GYRO AND INSERT 
ITS SIGNALS INTO THE SCS DISPLAYS AND ELECTRONICS IN 
PLACE OF THE NORMAL RATE GYRO FOR THE SELECTED AXES 
(Pitch, ROLL, oR YAW). ONE OR ALL THREE SWITCHES CAN 
BE PLACED IN THE BMAG POSITION, AS REQUIRED, SHOULD 
CONTINGENCIES ARRIVE. THE AGCU WILL NOT BE OPERATIONAL 
WITH ONE BMAG IN THE CAGED CONFIGURATION. 

CHANNEL ENASLE SWITCHES 

THE CHANNEL ENABLE FUNCTION 1S DESIRABLE IN 
SEGMENTS OF THE MISSION WHERE NO STRICT ATTITUDE CON~ 
TROL 1S REQUIRED. THE CHANNEL ENABLE SWITCH CAN BE 
PLACED TO THE OFF POSITION AND REMOVE AUTOMATIC ATTI~ 
TUDE CONTROL AND PROPORTIONAL RATE MANEUVER CAPABILI—~ 
TIES. ATTITUDE CONTROL CAN BE USED TO SET UP CONSTANT 
ANGULAR VELOCITIES ABOUT ONE OR MORE AXES; AND THEN BY 
PLACING THE CHANNEL ENABLE SWITCHES TO THE OFF POSITION, 
IT WILL PERMIT THE ANGULAR VELOCITIES TO CONTINUE WHEN 
THE ROTATION CONTROL 1S RETURNED TO NEUTRAL WITH ZERO 
COMMAND OUTPUT. THE FOUR CHANNEL ENABLE SWITCHES ARE 

2.2.2 

2.2.3 

TWO POSITION TOGGLE SWITCHES LABELED A&C ROLL, B&D ROLL 
PITCH, AND YAW. EACH CHANNEL ENABLE SWITCH WILL CONTROL 
FOUR REACTION CONTROL ENGINES. THEREFORE, TWO SWITCHES 
ARE REQUIRED FOR THE ROLL CHANNEL. A&C ROLL WILL BE IN- 
EFFECTIVE AFTER C/M-S/M SEPARATION BECAUSE OF A REDUCTION 
IN THE NUMBER OF ROLL REACTION CONTROL ENGINES AND RE- 
MOVAL OF TRANSLATION REQUIREMENTS AFTER SEPARATION OF 
THE C/M-S/M, THE CHANNEL ENABLE FUNCTIONS WILL NOT IN+ 
HIBIT THE MANUAL DIRECT MODE WHEN IN THE OFF POSITION. 

Atti Tube DEADBAND SWITCH 

THE ATTITUDE DEADBAND SELECTION ENABLES CON- 
SERVATION OF REACTION CONTROL SYSTEM FUEL AND OXIDIZER, 
AS REQUIRED ON THE MISSION, BY SELECTION OF THE AMOUNT 
OF DRIFT PERMISSABLE IN THE ATTITUDE HOLD MODES. IT 1S 
A TWO POSITION TOGGLE SWITCH FOR SELECTING A MAX posi~ 
TION WHICH PERMITS A NOMINAL MOVEMENT OF + 5° ABOUT THE 
DESIRED ATTITUDE, AND A MIN POSITION WHICH PERMITS A 
NOMINAL MOVEMENT OF + 0.5° ABOUT THE DESIRED ATTITUDE 
BEFORE SIGNALS WILL BE PROCESSED THROUGH THE SCS FOR 
REDUCING THE ATTITUDE ERROR. THE THREE POSITION SWITCH 
LABELED ATTITUDE, MONITOR, AND ENTRY MUST BE IN THE 
ATTITUDE POSITION TO SELECT THE MIN POSITIONS OF THE ATT 
DEADBAND. WHEN THE THREE POSITION SWITCH IS IN EITHER 
OF THE OTHER TWO POSITIONS, ONLY THE MAX DEADBAND |S 
PROVIDED. 

2.2.4 

  

2.2.5 2056 ENTRY SwiTcH 

THE .056 ENTRY SWITCH ENASLES THE NECESSARY 
GAIN, DISPLAY, AND CROSS COUPLING CHANGES THROUGHOUT THE 
SYSTEM REQUIRED AT .05G- IT 1S A TWO POSITION TOGGLE 
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SWITCH AND !T 1S FUNCTIONAL ONLY WHEN THE THREE POS|~ 
TION TOGGLE SWITCH LABELED ATTITUDE, MONITOR, AND ENTRY 
Is IN THE ENTRY POSITION. 

ZR Limit CYCLE SwiTcH 

THE LiMlT CYCLE swiTCH IS A TWO POSITION 
TOGGLE SWITCH TO REMOVE PSEUDO RATE IN ALL THREE AXES 
MANUALLY. PSEUDO RATE WILL BE REMOVED FOR ROTATION AND 
TRANSLATION MANEUVERS AUTOMATICALLY WITH THE MANUAL 
OVERRIDE CAPABILITY. IT ALSO PERMITS REMOVING PSEUDO 
RATE WHERE NOT DESIRED FOR OTHER SEGMENTS OF THE APOLLO 
MISSION. 

2.2:7 Direct MopE SwiTcH 

THe DIRECT MODE swiTCH 1S A TWO POSITION, 
DOUBLE POLE, TOGGLE SWITCH WHICH PROVIDES POWER TO THE 
DIRECT SWITCHES IN THE ROTATION CONTROL. ROTATION CaN- 
TROL No. | RECEIVES POWER FROM DC BUS A AND ROTATION 
ConTRoL No. 2 RECEIVES POWER FROM DC BUS B. THERE CAN 
BE NO DIRECT ROTATION COMMANDS INITIATED WHEN THE DIRECT 
MODE swiTCH IS IN THE OFF POSITION. THEREFORE, THE 
SWITCH WILL SE PLACED IN THE DIRECT MODE POSITION FOR 
CRITICAL PHASES OF THE MISSION SUCH AS ENTRY. 

2.3 FLIGHT DIRECTOR ATTITUDE INDICATOR 

THE FLIGHT DiREcToR ATTITUDE INDICATOR (FDA!) 
COMBINES THREE DISPLAY FUNCTIONS PERTAINING TO SPACE~ 
CRAFT ORIENTATION. TOTAL ATTITUDE, ATTITUDE ERRORS, 
AND BODY ANGULAR RATES ARE INDICATED FOR THE PITCH, 

FLIGHT DIRECTOR ATTITUDE INDICATOR 
ROLL ATTITUDE ERROR 

NAV-BASE INDEX. 

       

  

ROLL, AND YAW AXES. THE FDAI 1s SHOWN ON FIGURE 2-3. 

2.3.1 Tota, ATritupe 

TOTAL ATTITUDE 1S DISPLAYED ON THE GIMBALLED 
ATTITUDE BALL. IT HAS 360° OF FREEDOM IN THE PITCH, 
ROLL, AND YAW AXES. THE BALL 1S MARKED IN PITCH FROM 
POLE TO POLE SIMILAR TO LONGITUDE MARKINGS ON THE GLOBE, 
AND IN YAW FROM 270° - 0 - 90° BY MARKINGS PLACED PER- 
PENDICULAR TO THE PITCH MARKINGS, SIMILAR TO THE LATI- 
TUDE MARKINGS ON A GLOBE. ROLL IS MARKED FROM O° TO 

359° IN (0° INCREMENTS IN A CCW DIRECTION ABOUT THE 
CASE SURROUNDING THE BALL. 

THE ATTITUDE BALL 1S POSITIONED FROM TWO 
SOURCES OF DATA (FIGURE 2-4). IN THE MONITOR MODE AND 
ALL G&N MODES, TOTAL ATTITUDE 15 OBTAINED FROM THE 
GUIDANCE AND NAVIGATION SysTeM IMU GIMBAL ANGLE OUT- 
PUTS. THEREFORE, THE ATTITUDE BALL 1S AN IMU GIMBAL 
ANGLE REPEATER WHEN THE GEN SYSTEM 1S PROVIDING THE 
ATTITUDE INFORMATION. THERE ARE TWO INDICES ON THE 
FACE OF THE INSTRUMENT. THE —ur SYMBOL REPRESENTS THE 
BODY AXES ORIENTATION WITH RESPECT TO THE IMU STABLE 
ELEMENT. THE €) SYMBOL REPRESENTS THE NAVIGATION AXES 
DISPLACEMENT FROM THE IMU STABLE ELEMENT. THE TWO 
SYMBOLS ARE DISPLACED BY APPROXIMATELY 33° IN THE VER- 
TICAL OR PITCH DIRECTION BECAUSE OF THE ANGULAR OFFSET 
BETWEEN THE BODY AND NAVIGATION AXES OF THE SPACECRAFT. 
THE NAVIGATION AXES SYMBOL AND RED CIRCULAR POLE MARK~ 
INGS ON THE YAW AXIS OF THE BALL SERVE AS A GIMBAL LOCK 
INDICATOR WHEN THE IMU IS OPERATING. THE CREW MUST IN- 
SURE THAT THE NAVIGATION AXES SYMBOL DOES NOT ENTER THE 

ROLL ANGULAR VELOCITY 

ROLL ATTITUDE 
MARKER 

+ POLARITY RATE - 
= ATTITUDE ERROR+ 

   

  

    

BODY AXIS INDEX PITCH ANGULAR 
VeLociTy 

“POLARITY RATE * 
ATTITUDE ERROR 

PITCH ATTITUDE 
ERROR 

+ POLARITY RATE - 
~ ATTITUDE ERROR +     YAW ANGULAR VELOCITY 

NOTES: 
1, ATTITUDE ERROR = ATTITUDE DESIRED - ACTUAL ATTITUDE. 
2 THE BALL 1S OF THE INSIDE-OUT CONVENTION. 
3. EULER ANGLE CONVENTION IS PITCH, YAW, ROLL 
4, THE BALL ATTITUDE SHOWN 1S PITCH 345°, YAW 335°, AND 

ROLL 300°, WITH RESPECT TO THE NAVIGATION BASE INDEX. 

YAW ATTITUDE 
ERROR 

FIGURE 2-3 
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AGCU SHAFT ANGLES $$ S05 ai 
ATT SET MODES 

BMAG ERRORS fue 

AGCU ERRORS re 
ATT SET 

CDU PITCH ERRORS ON ATTITUDE 
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RED CIRCULAR POLE (GIMBAL LOCK) MARKING ON THE YAW AXIS. 
THE ATTITUDE BALL THEN SERVES TWO FUNCTIONS IN THE G&N 

CONTROL MODES; AS AN IMU GIMBAL ANGLE REPEATER, AND AS 
AN INDICATOR TO JUDGE MANEUVERS AND TO AVOID GIMBAL 
LOCK CONDITION OF THE IMU PLATFORM GIMBALS. 

THE SECOND SOURCE OF DISPLAY INFORMATION IS 
OBTAINED FROM THE ATTITUDE GyRO COUPLING UNIT (AGCU). 
THE THREE SHAFT ANGLE RESOLVERS IN THE AGCU PROVIDE IN~ 

FORMATION FOR ATTITUDE BALL POSITIONING COMPARABLE TO 
THE IMU GIMBAL INFORMATION. WHERE THE IMU INFORMATION 
REPRESENTED ONLY THE ANGULAR DISPLACEMENT BETWEEN THE 
IMU STABLE ELEMENT AND THE SPACECRAFT. THE AGCU INFOR- 

MATION PROVIDES A STRAPDOWN BACKUP INERTIAL REFERENCE 
SYSTEM AND CAN BE DIRECTED TO PRESENT INFORMATION THAT 
1S IDENTICAL To IMU INFORMATION, OR REPRESENT AN ENTIRE~ 
LY DIFFERENT INERTIAL REFERENCE SYSTEM. THEREFORE, IT 
WILL BE IMPORTANT TO BE COGNIZANT OF THE INFORMATION 
SOURCE WHEN EVALUATING DISPLAYED ATTITUDE ORIENTATION, 

2.3.8: ATTITUDE ERRORS 
  

THE ATTITUDE ERRORS ARE DISPLAYED BY THE 
ATTITUDE ERROR NEEDLES OF THE FDAI, THE ROLL ERROR 

INDICATOR 1S AT THE TOP, PITCH ON THE RIGHT, AND YAW AT 
THE BOTTOM WITH THE NEEDLES MOVING OVER THE FACE OF THE 
BALL. THE FULL SCALE DEFLECTION VALUE OF THE ATTITUDE 
ERROR NEEDLES ARE LISTED 1N TABLE 2-2 FOR THE OPERATING 
MODES. 

TABLE 2-2. OPERATING MoE vS ATTITUDE ERROR 
FuLL ScaLe DEFLECTION VALUE 

MODES ROLL PITCH YAW 

MONITOR 45° F5e +15° 

SCS & GEN ENTRY 425° 5° +58 

ALL OTHER MODES 45° 45° +5? 

THE ATTITUDE ERROR INFORMATION 1S DERIVED 
FROM THE COUPLING DISPLAY UNIT (CDU) IN THE G&N MODES 

OF OPERATION AND FROM THE GMAG'S IN THE SCS MODES OF 

OPERATION (FIGURE 2-4). ATTITUDE SET AND FDAI ALIGN 

ARE TWO SPECIAL CASES, WHERE THE ATTITUDE ERROR IS 
DERIVED FROM THE AGCU FOR PERFORMING MANEUVERS, OR 

ALIGNING THE BACKUP INERTIAL REFERENCE SYSTEM TO A NEW 
OR DESIRED ATTITUDE WITH RESPECT TO A GIVEN INERTIAL 
REFERENCE. THE CREW WILL BE REQUIRED TO UNDERSTAND 
THE MODES AND REACTION OF THE ATTITUDE ERROR DISPLAYS 
FOR EACH MODE TO PROPERLY INTERPRET THE ERROR INDICATOR. 

Arritupe RaTes 

THE ATTITUDE RATES ARE DISPLAYED ASOUT THE 
FACE OF THE FDA! WITH ROLL AT THE TOP, PITCH ON THE 

RIGHT SIDE, AND YAW AT THE BOTTOM, THE MAGNITUDE OF 
THE RATE DISPLAY SCALES ARE NOT MARKED BECAUSE FULL 

2.3.3 
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SCALE DEFLECTION VALUE WILL CHANGE ACCORDING TO OPER- 
ATING MODE OF THE SCS. THE FULL SCALE DEFLECTION VALVE 
FOR EACH OPERATING MODE IS GIVEN IN TABLE 2-3. 

TABLE 2-3. MODES vS RATE DISPLAY SCALE VALUE 

MODES ROLL PITCH YAW 

MONITOR +#25°/sec = +5°/sec |= +5°/sec 

SCS LCL VERT +19/sec #1°/sec = +1°/sec 
SCS & G&N ATT 
CONT 

SCS & GEN DELTA V +5°/sEc #5°/sec —-+5°/sEC 

SCS & GEN ENTRY +25°/sec +5°/sec +5°/sec 

THE RATES DISPLAYED ARE TRUE S/C ROTATION 
RATES DISPLAYED ON A "FLY-TO" RATE NEEDLE AND WILL NOR- 
MALLY BE OBTAINED FROM SPRING RESTRAINED RATE GYROS FOR 
ALL OPERATING MODES (FIGURE 2-4). A SECOND SOURCE OF 
RATE INFORMATION 1S O8TAINED FROM THE Bopy MOUNTED 
Attitupe Gyros (BMAG) WHEN THEY ARE CAGED FOR RATE GYRO 
OPERATIONS AND THE RATE GYRO SELECTION SWITCH FOR THE 
APPROPRIATE CHANNEL (ROLL, PITCH, OR YAW) IS IN THE 
BMAG POSITION. 

IN THIS CONFIGURATION, RATE DAMPING HAS PRI- 
ORITY OVER ATTITUDE HOLD FUNCTIONS BECAUSE IT 1S 
REMOVED, AND SINCE ATTITUDE ERRORS WILL NOT BE AVAILABLE 
FROM THE BMAG'S, ATTITUDE RATES WILL SE DISPLAYED. 

2.4 ATTITUDE SET/GIMBAL POSITION DISPLAY 

THE ATTITUDE SET/GIMBAL POSITION DISPLAY 
(FIGURE 2-5) PROVIDES TWO DISTINCT SCS FUNCTIONS. 
GIMBAL POSITION SECTION PROVIDES VISUAL DISPLAY AND 
MANUAL CONTROL OF THE SPS ENGINE GIMBAL ANGLES. THE 
ATTITUDE SET SECTION 1S USED TO SET INERTIAL REFERENCE 
COMMANDS INTO THE ATTITUDE GyRO COUPLING UNIT. 

GiMBAL PosITION DISPLAY 

THe GIMBAL POSITION DISPLAY PROVIDES AN 
ACCURATE INDICATION OF THE PRESENT SPS ENGINE GIMBAL 
ANGLE SO THAT THE ENGINE THRUST VECTOR CAN BE POSI~ 
TIONED TO ACT THROUGH THE CENTER OF GRAVITY OF THE 
SPACECRAFT. THE PITCH GIMBAL INDICATOR HAS A RANGE OF 
#8° ABOUT ZERO, MEASURED IN THE X-Z PLANE FROM THE X 

AXIS. THE YAW GIMBAL INDICATOR HAS A RANGE OF +8° 
ABOUT THE +4° POINT, MEASURED IN THE X-Y PLANE. THE 
INHERENT OFFSET CENTER OF GRAVITY IN THE S/C CAUSES THE 
GIMBAL NULL OR CENTER POINT IN THE YAW AXIS TO BE +4°. 

GIMBAL PosiTION TRIM CONTROLS 

THE GIMBAL POSITION CONTROL THUMBWHEELS ARE 
USED TO POSITION THE SPS ENGINE GIMBALS PRIOR TO ALL 
THRUSTING PHASES. THE PITCH AND YAW GIMBAL TRIM 
POSITION CONTROLS GENERATE THE POSITION COMMANDS TO 
THE RESPECTIVE GIMBAL POSITIONING LOOPS. THE TRIM 
CONTROL WILL BE ADJUSTED PRIOR TO EACH SPS FIRING AND 
THE PROPER ENGINE POSITION VERIFIED FROM THE VISUAL 
DISPLAY. THE INITIAL POSITIONING ERROR SHOULD BE 
SMALL TO PREVENT A MOMENT ARM FROM 

THE 
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CAUSING UNDESIRABLE ROTATIONAL MOVEMENTS ABOUT THE S/C 
CENTER OF GRAVITY. THE ALIGNMENT ERROR SHOULD BE LESS 
THAN AN APPROXIMATE VALUE OF .5°. THE THUMBWHEELS ARE 
MARKED WITH GIMBAL ANGLE VALUES. THE ANGLE MARKED ON 
THE THUMBWHEEL REPRESENTS THE APPROXIMATE COMMAND GIM- 
BAL TRIM ANGLE. THEY REPRESENT A GROSS COMPARISON OF 
THE DISPLAY READING AND CANNOT BE USED AS A COMPARITOR 
FOR DISPLAY ACCURACY WITHOUT ADDITIONAL, MORE PRECISE 
DATA. 

2.4.3 ATTITUDE SeT CONTROLS AND INDICATORS 

THE THREE ATTITUDE SET THUMBWHEELS AND ADJA- 
CENT INDICATORS PROVIDE MANUAL UPDATING CAPABILITIES OF 
THE ARS. THe AGCU RESOLVER SHAFT ANGLE 1S COMPARED IN 
THE INDICATOR WITH THE SHAFT POSITION REFERENCE OF THE 
INDICATOR RESOLVER. THE RESULTANT DIFFERENTIAL SIGNAL 
MAY BE USED TO ALIGN THE AGCU AND FDAI, OR THE DIFFER- 
ENTIAL SIGNAL CAN BE DISPLAYED ON THE ATTITUDE ERROR 
INDICATORS FOR MANUALLY MANEUVERING ; THE S/C TO THE NEW 
DESIRED ATTITUDE. 

2.4.4 ATTITUDE SET SwiTCH 

THE TWO POSITIONS OF THE ATT SET SWITCH ARE 
ATT SET anb OFF. THE ATT SET POSITION PROVIDES AN AGCU 
SIGNAL TO THE ATTITUDE ERROR INDICATORS THAT WILL DIS- 
PLAY THE DIFFERENCE BETWEEN THE S/C ATTITUDE INDICATED 
ON THE FDA! AND THE DESIRED ATTITUDE SET ON THE THUMB- 
WHEELS OF THE AS/GPD, THIS WILL PERMIT THE CREW TO 
ALIGN, OR UPDATE, THE AGCU TO ANY REFERENCE FRAME OR 

DETERMINE S/C ATTITUDE DISPLACEMENT FROM A CHOSEN 
REFERENCE FRAME. 

2.4.5  EDAL ALIGN 

THE FDA ALIGN swiTCH 1S A PUSH TO MAKE SWITCH 
USED TO INITIATE ALIGNMENT oF THE AGCU. THE SWITCH 
MUST BE DEPRESSED UNTIL ALIGNMENT 1S ACCOMPLISHED. 

2.5 DELTA V DISPLAY 

THE DELTA V DISPLAY, AS SHOWN ON FIGURE 2-6, 
15 USED TO MONITOR THE THRUSTING VELOCITY IMPARTED TO 
THE S/C BY THE SERVICE PROPULSION SYSTEM AND #& TRANS 
LATIONS. THIS PANEL ENABLES THE CREW TO SET IN THE 
REQUIRED VELOCITY CORRECTION TO BE ATTAINED BY THRUST- 
ING, PERFORM MANUAL BACKUP TO AUTOMATIC ENGINE FIRE 
SOMMAND, MANUAL BACKUP TO THE AUTOMATIC THRUST OFF COM~ 
MANDS, AND PROVIDES A REDUNDANT DIRECT ULLAGE CAPABIL~ 
ity. 

2.5.1 DELTA V REMAINING 

THE DELTA V REMAINING INDICATOR WILL DISPLAY 
THE VELOCITY CORRECTION (IN FEET PER SECOND) TO BE AT~ 
TAINED BY THRUSTING WITH THE SERVICE PROPULSION SYSTEM 
DURING A DELTA V MANEUVER. IT IS A DIGITAL INDICATOR 
WHICH 1S STEPPED IN % FEET PER SECOND INCREMENTS. THE 
INDICATING RANGE 1S FROM -1,000 (99,000) To 12,999 
FEET PER SECOND. IN A THRUSTING SEQUENCE, AN AUTO- 
MATIC THRUST OFF COMMAND SHOULD BE GENERATED BY THE 
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SCS oR G&N, DEPENDING UPON THE OPERATING MODE. WHEN 
THE DELTA V REMAINING INDICATOR REACHES 00,000 FEET 

PER SECOND, IT GENERATES A THRUST OFF COMMAND; AND THE 
INDICATOR WILL CONTINUE TO COUNT IN A MINUS DIRECTION 
TABULATING THE VELOCITY IMPARTED TO THE S/C BY THE 
RESIDUAL THRUST FROM THE SERVICE PROPULSION SYSTEM. 

2.542 DELTA V SET 

THe DELTA V SET SWITCH 1S A SLEW COMMAND 
SWITCH TO DRIVE THe DELTA V REMAINING INDICATOR. IT 

1S THE ONLY METHOD BY WHICH THE DELTA V REMAINING 

INDICATOR CAN BE SET OR CHANGED WITHOUT ACCELERATING. 
THE DELTA V SET SWITCH HAS TWO COMMANDABLE DRIVE RATES. 

THE SOFT STOP IN EACH DIRECTION REPRESENTS A DRIVE RATE 
OF + 2 FEET PER SECOND FOR EACH SECOND THE SWITCH 1S 
DEPRESSED. THE HARD STOP, WHICH 1S BEYOND THE SOFT 
STOP, WILL COMMAND A DRIVE RATE OF +65 FEET PER SECOND 
FOR EACH SECOND THE SWITCH IS DEPRESSED. 

THrust ConTROL SWITCH 

THE THRUST CONTROL SWITCH 1S A LEVER LOCK, 
THREE POSITION TOGGLE SWITCH. THE CENTER POSITION IS 
OFF. TO SELECT EITHER OF THE OTHER TWO POSITIONS, THE 

ENLARGED END OF THE SWITCH MUST BE DISPLACED LATERALLY 
FROM THE IDSPLAY PANEL BEFORE THE SWITCH CAN BE MOVED 
UP OR DOWN. THE UP POSITION 1S NORMAL. IN THIS POSI~ 

TION, THE APOLLO GUIDANCE COMPUTER OR THE THRUST ON 

SWITCH CAN ENERGIZE THE FUEL AND OXIDIZER SOLENOIDS IN 
THE SERVICE PROPULSION SYSTEM PROVIDING ALL OTHER LOGIC 

STEPS HAVE BEEN COMPLETED. THE DOWN oR DIRECT ON 
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COMPUTER, THE ASTRONAUTS ARE ABLE TO MANUALLY COMMAND 
SPECIFIC ATTITUDES OR ATTITUDE CHANGE RATES DURING THE 
MISSION. TRANSLATION CONTROL 1S REQUIRED FOR DOCKING 
PRACTICE IN EARTH ORBIT AND BACKUP FOR DE-ORBIT WITH 
COMPLETE SPS FAILURES. A PAIR OF MANUAL ROTATION AND 
TRANSLATION CONTROL ARE PROVIDED FOR THE ASTRONAUTS USE 
WHERE REQUIRED IN THE COMMAND MODULE. 

ALL ROTATION CONTROLS CAN BE REMOVED FROM THE 
SEATS BUT HAVE A PERMANENT CABLE CONNECTING THEM TG THE 
CONTROL SYSTEM OR DIRECTLY TO THE REACTION JETS (MANUAL 
DIRECT CONTROL). 

ALL CONTROLS HAVE A MECHANICAL LOCK TO PRE- 
VENT INADVERTENT INITIATION OF COMMANDS DURING RE~ 
LOCATION OR STORAGE. A VISUAL CUE IS PROVIDED TO 
ASCERTAIN THE STATUS OF THE LOCK. 

2.6.1 ROTATION CONTROL 

THE ROTATION CONTROLS (FIGURE 2-7) ARE DE- 
SIGNED FOR RIGHT HAND USE AND CAN GENERATE INPUTS IN 
EITHER PROPORTIONAL RATE OR DIRECT COMMANDS TO THE SCS 
ATTITUDE CONTROL SYSTEM FOR THE ROLL, PITCH, AND YAW 
CHANNELS SIMULTANEOUSLY OR INDIVIDUALLY. MANUAL D1RECT 
OPERATION OF ONE AXIS WILL NOT AFFECT PROPORTIONAL RATE 
OPERATION IN THE OTHER TWO AXES. 

THE COMMAND INPUT AXES ARE SHOWN IN FIGURE 
2-7 WITH THE OFFSET COMFORT ANGLES FOR RIGHT HAND USE. 
THE DIRECT COMMAND SWITCHES ARE CLOSED APPROXIMATELY 

POSITION ENERGIZES THE SPS SOLENOIDS IN THE SERVICE 
PROPULSION SYSTEM BY PASSING ALL ELECTRONICS AND 
LOGIC CIRCUITS. THE THRUST CONTROL SWITCH TOGGLES BA 
BACK TO THE OFF POSITION WITH NO RESTRICTIONS. 

2.5.4 THRust 0 ICH 

THe THRUST ON swITCH IS A MOMENTARY CONTACT 
TYPE SWITCH FOR MANUAL THRUST ON LOGIC COMMAND TO THE 
SERVICE PROPULSION SYSTEM ENGINE IN THE SCS DeLTA V 
MODE. ILLUMINATION OF THE THRUST ON SWITCH PROVIDES 
AN INDICATION OF SERVICE PROPULSION ENGINE IGNITION 
COMMANDED BY THE THRUST CONTROL LOGIC. THE SWITCH 
WILL REMAIN ILLUMINATED AT ALL TIMES WHEN A LOGIC 
THRUST ON COMMAND EXISTS AND WILL BE EXTINGUISHED 
WHEN THE LOGIC THRUST OFF COMMAND IS DETECTED. THE 
THRUST ON COMMAND CAN ORIGINATE FROM THE APOLLO 
GUIDANCE COMPUTER OR THE MOMENTARY THRUST ON swiTCH. 

Di RecT ULLAGE 

THE DIRECT ULLAGE SwiTCH WILL PROVIDE A DIRECT 
BACKUP TO THE TRANSLATION CONTROL NORMALLY USED TO 
INITIATE AN ULLAGE MANEUVER (POSITIVE X TRANSLATION) 
PRIOR TO SPS ENGINE IGNITION. IF USED, THE VEHICLE 
WILL TRANSLATE WITH NO ATTITUDE HOLD CONTROL UNTIL 
SPS ENGINE IGNITION. 

2.6 ROTATION AND TRANSLATION CONTROLS 
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IN ADDITION TO THE CAPABILITY OF COMMANDING 
SPECIFIC ATTITUDES THROUGH THE KEYBOARD OF THE GUIDANCE 
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ONE DEGREE SHORT OF FULL TRAVEL IN EACH AXIS. THE 
ROLL AX!S OF CONTROL HAS SOFT STOPS INCORPORATED BEFORE 

THE DIRECT SWITCHES ARE CLOSED. THE SOFT STOPS PREVENT 

INADVERTENT DIRECT COMMANDS FROM INTERRUPTING MANUAL. 

PROPORTIONAL RATE COMMANDS DURING MANUAL ENTRY CONTROL. 
THERE ARE NO SOFT STOPS IN THE PITCH AND YAW AXES OF 
THE ROTATION CONTROLS. 

THE ROTATION CONTROLS ARE HELD IN THE CENTER 
OR NEUTRAL POSITION BY SPRING FORCE GRADIENTS. THE 
ANGULAR DISPLACEMENT 1S DIRECTLY RELATED TO THE DIS~ 
PLACEMENT FORCE APPLIED. BREAKOUT SWITCHES ARE PRO- 
VIDED IN EACH CONTROL AXIS TO SYNC THE SCS FOR MANUAL 
CONTROL INPUTS FROM THE ROTATION CONTROL. 

2.6.2 TRANSLATION CONTROL 

TRANSLATION CONTROL 1S PROVIDED THROUGH THE 
S/M RCS AND, THEREFORE, IS AVAILABLE PRIOR TO S/M-C/M 

SEPARATION ONLY. THE TRANSLATION CONTROL (FIGURE 2-8) 
Is A "tT" HANDLE CONFIGURATION WITH UP=DOWN, RIGHT- 

LEFT, AND IN-OUT MOTIONS PROVIDING MULTIPLE OR SINGULAR 
AXES TRANSLATIONS SIMULTANEOUSLY. TRANSLATION COMMAND 
CAN BE INITIATED SIMULTANEOUSLY THAT WILL RESULT IN A 
COMPOSITE MANEUVER. THE POSITIVE X TRANSLATION WILL 
BE CALLED AN ULLAGE MANEUVER WHEN PERFORMED PRIOR TO A 
FIRING OF THE SPS ENGINE. 

THE COUNTERCLOCKWISE AND CLOCKWISE SWITCHES 
WILL BE USED TO PROVIDE SWITCHING INPUTS TO THE SCS 
AND MASTER EVENTS SEQUENCE CONTROLLER. 
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THE COUNTERCLOCKWISE ROTATION OF THE "T" 
HANDLE WILL PERFORM A MANUALLY INITIATED ABORT FOR ALL 
BOOSTER PHASES OF THE APOLLO MISSION IF ADDITIONAL MAIN 
CONTROL PANEL SWITCHES ARE IN THE CORRECT POSITIONS. 
THE COUNTERCLOCKWISE SWITCH WILL ALSO PROVIDE A BACKUP 
TO NORMAL SEPARATION OF THE C/M-S/M FROM THE BOOSTER 
AFTER ALL STAGES ARE EXPENDED IF ADDITIONAL SWITCHES ON 
THE MAIN CONTROL PANEL ARE IN THE CORRECT POSITIONS. 

THE CLOCKWISE ROTATION OF THE "T" HANDLE WILL 
OPEN THE ATTITUDE LOOPS IN THE ATTITUDE CONTROL SUBSYS~ 
TEM FOR ALL OPERATING MODES. RATE STABILIZATION AND 
MANUAL PROPORTIONAL RATE CONTROL WILL STILL BE AVAIL~ 
ABLE. IN THE DELTA V MODES, THE CLOCKWISE SWITCH WiLL 
ACTIVATE THE MANUAL THRUST VECTOR CONTROL OPERATING 
MODE. THIS ENABLES COMMAND INPUTS FROM THE PROPORTION- 
AL RATE OUTPUT OF THE ROTATION CONTROL TO REPOSITION 
THE GIMBALLED SPS ENGINE WHILE PERFORMING A DELTA V 
MANEUVER. 

SPRING FORCE GRADIENTS WILL BE USED TO MAIN- 
TAIN THE "T" HANDLE IN THE NEUTRAL POSITION FOR ALL 
TRANSLATION COMMANDS. THE COMMANDS ARE DISCRETE AND 
GENERATE THE REQUIRED SYNCHRONIZATION OF THE SCS FOR 
TRANSLATING. FORCE GRADIENTS MUST BE OVERCOME FOR THE 
CLOCKWISE AND COUNTERCLOCKWISE ROTATION OF THE "T" 
HANDLE. A DETENT 1S PROVIDED AT THE MAX CW AND CCW 
LIMITS OF TRAVEL FOR LOCKING THE "T' HANDLE IN THE 
CLOCKWISE OR COUNTER CLOCKWISE POSITIONS. A PUSH TO 
TALK SWITCH 1S INCORPORATED ON THE "T" HANDLE FOR OPER- 
ATIONS IN THE COMMUNICATION SYSTEM. IT PROVIDES AN 
AUDIO TRANSMISSION IN SOME MODES OF THE COMMUNICATION 
SYSTEM OPERATION. 

2.6.3 ATTITUDE IMPULSE CONTROL 

THe ATTITUDE IMPULSE CONTROL (FIGURE 2-9) AT. 
THE NAVIGATOR'S STATION IS USED FOR SMALL PRECISE MANEU~ 
VERS WHEN ALIGNING THE SEXTANT FOR NAVIGATION SIGHTINGS. 
THE ATTITUDE IMPULSE CONTROL SIGNAL GENERATION IS IN~ 
TERNAL TO THE SCS BUT ACTIVATED BY EXTERNAL SWITCHES. 

THe ATTITUDE IMPULSE ENABLE swiTCH ACTIVATES 
THE REQUIRED CIRCUITS IN THE SCS TO PERMIT MINIMUM IM~ 
PULSE OPERATION. THE SCS MUST BE IN THE G&N OR SCS 
ATTITUDE CONTROL MODES BEFORE THE ATTITUDE IMPULSE EN- 
ABLE WILL BE SOLENOID HELD IN THE ON POSITION. 

2.7 ASSOCIATED CONTROL PANELS 

THE SCS REQUIRES SWITCHING INPUTS FROM ADDI- 
TIONAL CONTROL PANELS TO PREFORM ITS REQUIRED OPERATIONS. 
THE ADDITIONAL CONTROL PANELS ARE WITHIN REACH OF THE 
COMMANDER'S CONTROL STATION. THE CONTROL PANELS WILL 
CONTAIN SWITCHING FUNCTIONS OTHER THAN FOR THE SCS. 
THEREFORE, ONLY THE SCS SWITCHING FUNCTIONS WILL BE 

DISCUSSED. 

Le Circuit BRI RPS 

THE LEFT HAND CIRCUIT BREAKER PANEL (FIGURE 
2-10) CONTAINS ONE SWITCH AND 18 CIRCUIT BREAKERS THAT 
OPERATE DIRECTLY INTO THE SCS SYSTEM, THE CIRCUIT BREAK- 
ER FOR YAW, PITCH, B&D ROLL, AND A&C ROLL PROVIDES DC 
POWER TO THE SOLENOIDS FOR THE REACTION CONTROL SYSTEM 
IF ADDITIONAL ENABLING HAS OCCURRED IN THE SCS. THE DC 
POWER WILL BE USED ONLY UPON A COMMAND FROM THE SCS 
ATTITUDE CONTROL SUBSYSTEM. 
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THE SCS SYSTEM POWER 1S DIVIDED INTO GROUP 
| AND 2. GROUP | WILL POWER THE CIRCUITS REQUIRED FOR 
THE G&N OPERATING MODES OF THE SCS, GROUP 2 WILL PRO~ 
VIDE ALL THE REQUIRED SCS POWER TO PERFORM THE MANUAL 
THRUST VECTOR CONTROL MODE OF OPERATION AND IN SO DOING 
PROVIDES THE ADDITIONAL POWER REQUIRED FOR THE NORMAL 
SCS OPERATING MODES OF THE SCS. 

GROUP | CIRCUIT BREAKERS MN A ano MN B, WHEN 
SET, WILL PROVIDE DC POWER TO THE SCS CONTROL PANEL 
AND MISSION SEQUENCER FOR RCS ENABLE. POWER WILL BE 
ROUTED THROUGH DIODES FROM BOTH BUSES SIMULTANEOUSLY. 
MN A CIRCUIT BREAKER WILL PROVIDE DC POWER TO TRANSLA~ 
TION CONTROL 7! AND MN B CIRCUIT BREAKER WILL PROVIDE 
POWER TO TRANSLATION CONTROL #2 FOR COMMANDING TRANS~ 
LATION MANEUVERS. ALL AC POWER IS ROUTED THROUGH GROUP 
1 POWER SWITCHES. GROUP I CIRCUIT BREAKERS AC | AND 
AC 2 AND THE REMAINING DC POWER 1S PROVIDED INTO THE 
SCS BY THE GROUP I POWER SWITCHES LOCATED ON THE SCS 
POWER SWITCHES. 

GROUP 2 CIRCUIT BREAKERS MN A AND MN B WILL 
PROVIDE THE SWITCHING POWER FOR MANUAL AND BACKUP 
FUNCTIONS IN THE SCS. MN A CIRCUIT BREAKER PROVIDES 
POWER DIRECT TO THE BREAKOUT SWITCHES IN THE ROTATION 
CONTROL i AND THE CLOCKWISE SWITCH IN THE TRANSLATION 
CONTROL #1. MN 8 CIRCUIT BREAKER PROVIDES POWER DIRECT 
TO THE BREAKOUT SWITCHES IN ROTATION CONTROL #2 AND 
CLOCKWISE SWITCH IN TRANSLATION CONTROL #2. THE INPUTS 
FROM AC 1 AND AC 2 CIRCUIT BREAKERS AND THE REMAINING 
DC POWER WILL BE SELECTASLE BY GROUP 2 OF THE SCS 
POWER SWITCHES ON THE SCS POWER SWITCHES. 
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THE DIRECT CIRCUIT BREAKER MN A AND MN B PRO~ 
VIDE ALL THE REQUIRED DC POWER TO ACTUATE THE DIRECT 
MODES OF OPERATION. DC CIRCUIT BREAKER MN A WILL PROVIDE 
28 VDC TO THE DIRECT MODE SWITCH FOR ROTATION CONTROL #1, 
DIRECT ULLAGE SWITCH FOR ULLAGE CAPABILITY FROM THE TWO 
AFT POINTING PITCH JETS (ENGINE #1 AND #72), AND THRUST 
CONTROL SWITCH TO ENERGIZE THE SERVICE PROPULSION SYSTEM 
COJL SET #1 FOR THE THRUST ON THE SERVICE PROPULSION 
ENGINE. DC CIRCUIT BREAKER MN B WILL PROVIDE 28 voc TO 
THE DIRECT MODE SWITCH FOR ROTATION CONTROL j[2, DIRECT 
ULLAGE SWITCH FOR ULLAGE CAPABILITY FOR THE TURN AFT 
POINTING YAW JETS (ENGINE #5 & #6), AND THRUST CONTROL. 
SWITCH TO ENERGIZE THE SERVICE PROPULSION SYSTEM COIL 
SET #2 FOR THE THRUST ON OF THE SERVICE PROPULSION 
ENGINE. 

THE DIRECT FUNCTIONS IN THE SCS PROVIDES POWER 
FOR CONTROL WITH NO ELECTRONICS BETWEEN THE DC BUSES AND 
THE COILS ENERGIZED. 

THE G&N SYNC swITCH IS A TWO POSITION TOGGLE 
SWITCH THAT 1S OPERATIONAL ONLY IN THE G&N ATTITUDE 
CONTROL MODE OF OPERATION. IN THE ON POSITION, AND WITH 
THE G&N OPERATIONAL, THE G&N SYNC CIRCUIT PERMITS THE 
BREAKOUT SWITCH IN THE ROTATION CONTROL TO PLACE THE 
CDU's IN A FOLLOW MODE. WHEN THE MANEUVER 1S COMPLETED, 
THE NEW ATTITUDE WILL BE ACCEPTED AS THE NEW COMMAND 
ATTITUDE, THUS PROVIDING A MANUAL MANEUVER CAPABILITY 
IN THE GEN ATTITUDE CONTROL MODE. 
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2.762 SCS_PoweR Swi TCHE: 

THE SCS POWER SWITCHES (FIGURE 2-11) ARE 
DIVIDED INTO GROUP | AND 2. THE SWITCHES WILL CONTROL 
ALL SWITCHABLE POWER REQUIRED FOR THE SCS FUNCTIONS. 
THEY CONTROL AC AND DC POWER WHERE REQUIRED. THE AC 1 
POSITION OF EACH SWITCH WILL SELECT AC Bus | AND MN Bus 
A FOR DC POWER IF REQUIRED. THE AC 2 POSITION OF EACH 

SWITCH WILL SELECT AC Bus #2 AND MN Bus B FoR DC POWER 
INPUTS IF REQUIRED. 

2.7.2.1 SCS Group | PowER SwITCHES 

THE SCS GROUP | POWER SWITCHES PROVIDE THE 
SCS POWER REQUIRED TO PERFORM ALL NECESSARY CONTROL 
FUNCTIONS IN THE G&N OPERATING MODES OF THE SCS, 

THE PARTIAL SCS POWER swITCH 1S A THREE POSI- 
TION ROTARY SWITCH. THE THREE POSITIONS ARE AC 1, OFF, 
AND AC 2 IN CLOCKWISE SEQUENCE. THE SWITCH PROVIDES 
AC & DC POWER TO THE NON-THRUST VECTOR CONTROL RATE AND 
ATTITUDE ELECTRONICS, ATTITUDE GYRO COUPLING UNIT, AND 

MISCELLANEOUS ELECTRONICS REQUIRED FOR ATTITUDE CONTROL. 

THE RATE GYRO POWER SWITCH 1S A THREE POSITION 
ROTARY SWITCH. THE THREE POSITIONS ARE AC 1, OFF, AND 
ACy IN A CLOCKWISE SEQUENCE. IT PROVIDES 3 PHASE AC 

POWER TO THE RATE GYRO PACKAGE AND REFERENCE FREQUENCY 
FOR THE RATE DISPLAY DEMODULATOR. THE Two SCS SWITCHES 
COVERED THUS FAR WILL PROVIDE SUFFICIENT SCS POWER FOR 

ATTITUDE CONTROL WITH APPROPRIATE G&N ATTITUDE ERROR IN- 
PUT SIGNALS. 
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THE TVC 1 POWER SWITCH 1S A THREE POSITION 
ROTARY SWITCH. THE THREE POSITIONS ARE AC 1, OFF, AND 
AC 2 IN A CLOCKWISE SEQUENCE. IT PROVIDES AC AND DC 
POWER TO THE THRUST VECTOR CONTROL ELECTRONICS FOR THE 
PITCH AND YAW CHANNELS, X AXIS ACCELEROMETER, DELTA V 
DISPLAY ELECTRONICS, AND THRUST ON-OFF ELECTRONICS. 

2.7.2.2 SCS GRoup 2 PowER SWITCHES 

THE SCS GROUP 2 POWER SWITCHES PROVIDE POWER 
TO THE SEGMENTS OF THE SCS SYSTEM THAT PERMIT MANUAL 
CREW INPUTS INTO THE SCS CONTROL AND ALL REQUIRED POWER 
FOR MAKUAL THRUST VECTOR CONTROL. 

THE ROTATION CONTROL POWER swiTCH 1S A THREE 
POSITION TOGGLE SWITCH. THE THREE POSITICNS ARE: AC | 
OFF, AND AC 2 FROM TOP TO BOTTOM. IN THE AC | POSITION, 
PHASE A POWER 1S SUPPLIED FROM AC Bus | TO THE ROTATION 
CONTROL TRANSDUCER TRANSFORMERS LOCATED IN THE PITCH AND 
YAW ELECTRONIC CONTROL ASSEMBLIES. THE TRANSFORMER IN 
THE PITCH ELECTRONIC CONTROL ASSEMBLY SUPPLIES EXCITA- 
TION TO THE TRANSDUCER IN ROTATION CONTROL #1, AND THE 
TRANSFORMER IN THE YAW ELECTRONICS CONTROL ASSEMBLY 1S 
FOR THE TRANSDUCER OF ROTATION CONTROL #/2. IT ALSO 
SUPPLIES REFERENCE FREQUENCY TO THE ROTATION CONTROL 
DEMODULATORS IN THE ROLL, PITCH AND YAW WLECTRONICS 
CONTROL ASSEMBLIES. THE AC 2 POSITION PROVIDES PHASE 
A POWER TO THE SAME CIRCUITS FROM AC Bus 2. 

THE BMAG POWER SWITCH IS A THREE POSITION 
ROTARY SWITCH. THE THREE POSITIONS ARE AC |, OFF, AND 
AC 2 IN A CLOCKWISE SEQUENCE. IT PROVIDES AC aND DC 
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POWER TO THE Bopy MouNTED ATTITUDE GYROS FOR TEMPERATURE 
CONTROL, SPIN MOTOR OPERATION, AND REQUIRED ELECTRONICS 
FOR NORMAL OPERATION. IT ALSO PROVIDES REFERENCE FRE- 
QUENCY FOR THE MANUAL THRUST VECTOR CONTROL RATE DEMODU~ 
LATORS. 

THe TVC 2 POWER swITCH IS A THREE POSITION 
ROTARY SWITCH. THE THREE POSITIONS ARE AC 1, OFF, AND 
AC 2 IN A CLOCKWISE SEQUENCE. IT PROVIDES AC POWER 
TO ALL ELEMENTS OF THE PITCH AND YAW ELECTRONICS CONTROL 
ASSEMBLY USED FOR THE MANUAL THRUST VECTOR CONTROL MODE 
NOT ACTIVATED BY OTHER SWITCHES IN SCS GROUP 2 POWER. 

2.73 CREW SAFETY CONTROL PANEL 

THE CREW SAFETY CONTROL PANEL (FIGURE 2-12) 
PROVIDES SWTICHES THAT CONTROL FUNCTIONS FOR THE SCS 
AND REACTION CONTROL SYSTEMS. THERE ARE FIVE SWITCHES 
THAT PROVIDE AN INPUT DIRECTLY OR INDIRECTLY FOR NORMAL 
CHECKOUT AND CONTROL FUNCTIONS. 

2.7.3.1 ABorT System Ox!pDIZER Dump AuTo SwiTCH 

THe OX DUMP AUTO SWITCH CONTROLS CIRCUITS FOR 
AUTOMATIC DUMPING OF THE OXIDIZER FROM LIFT OFF UNTIL 
APPROXIMATELY 42 SECONDS HAVE ELAPSED. AFTER THE 42 
SECONDS HAVE ELAPSED FROM LIFT OFF, IT WILL BE MANUALLY 
PLACED IN THE RCS CMD AUTO POSITION. IN THE DOWN POSI- 

TION, THERE WILL SE ONE ENABLING INPUT FOR ACTIVATION 
OF THE INPUTS TO THE REACTION CONTROL SYSTEM SOLENOIDS 
AT ABORT OR SEPARATION BY THE SEQUENTIAL EVENTS CONTROL 
System (SECS). 

2.7.3.2 REACTION CONTROL SYSTEM CMD SwiTCH 

THE REACTION CONTROL SYSTEM CMD swiTCH IS A 
THREE POSITION TOGGLE SWITCH SPRING LOADED TO THE CENTER 
POSITION. IT 1S A BACKUP CONTROL TO THE AUTOMATIC EN- 
ABLING OF THE REACTION CONTROL SYSTEM SOLENOIDS DRIVEN 
IN THE SCS EXCEPT FOR SIVB SEPARATION. THE CENTER POSI~ 
TION OF THE TOGGLE SWITCH PERMITS THE SECS TO ENABLE 
THE REACTION CONTROL SYSTEM SOLENOID DRIVERS IN THE SCS 
WHEN THE OX DUMP AUTO 1s IN THE RCS CMD AUTO POSITION, 
IN THE NORMAL SEPARATION PROCEDURE FROM THE SIVB OR AT 
OTHER TIMES IN THE MISSION AS REQUIRED, THE CMD SWITCH 
ENABLES THE REACTION CONTROL SYSTEM SOLENOID DRIVERS IN 
THE SCS WHEN MOMENTARILY PLACED IN THE ON POSITION. 
THE CMD SWITCH ALSO DISABLES THE REACTION CONTROL SYSTEM 
SOLENOID DRIVERS IN THE SCS WHEN MOMENTARILY PLACED IN 
THE OFF POSITION. 

2.7-3-3 REACTION CONTROL SYSTEM C/M PRESS SwiTCH 

THE C/M PRESS 1s A SPRING LOADED TO OFF TOG~ 
GLE SWITCH. MOMENTARY POSITIONING TO THE UP POSITION 
WILL PRESSURIZE THE C/M REACTION CONTROL SYSTEM. THE 
SWITCH WILL FIRE THE HELIUM PYROTECHNIC ISOLATION 
VALVES, THUS PRESSURIZING THE C/M PROPELLANT TANK. 

2.7.3.4 REACTION CONTROL SYSTEM TRANSFER C/M SwitcH 

THE TRANSFER C/M-S/M swiTCH FUNCTIONS AS A 
BACKUP CONTROL TO THE NORMALLY AUTOMATIC TRANSFER OF 
THE REACTION CONTROL SYSTEMS AFTER C/M-S/M SEPARATION. 

THIS SWITCH ALSO ALLOWS THE CHECKING OF BOTH REACTION 
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