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SPACE DIVISION 
NORTH AMERICAN ROCKWELL CORPORATION 

MANPOWER DEVELOPMENT 

APOLLO GUIDANCE AND NAVIGATION 
SYSTEM FAMILIARIZATION 

PART I 
(INERTIAL AND OPTICS) 

COURSE NUMBER 

COURSE DATA 

DESCRIPTION OF DESIGN AUDIENCE 

This course has been specifically designed for Test Personnel in 
Bldg. 290 (Downey) whose work involves the proper test. and checkout 
of 'the installed Primary Guidance Navigation and Control System. 
Course contents is also directly applicable to, and appropriate for 
the training of mm inspection personnel. 

PREREQUISITES: 73W Apollo Program Orientation 
73m Checkout Station Orientation 

GENERAL METHQDS 0F PRESENTATIQN 

This course is conducted by the discussion method with the 
instructor acting as discussion leader. Student participation 
is a [planned activity in the course. Instructional mthods 
include discussion of schematics, test procedures and training 
handout materials, and display and description of wall charts and 
transparencies. The course includes a written examination. 

DESCRIEION OF EQUIPMENT & SPECIAL MATERIALS USED IN PRESEQIAELQN’ - 

An overhead projector and chalkboard are required to conduct this 
course. Transparencies, wall chats, arid handout materials are 
prepared and provided by the responsible instructor. 

ma 2977-0 Révisod 11467 
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Tho Inertial and Optics section of this course will normally be 
conducted in two (6 )  hour sessions. Training sessions should be 
on successive wbrking days. Presentation frequency.is as required 
to mmet Space Division requirements for training Test Engineers, 
Test Technicians, and Q&RA personnel on the.Apollo Guidance and 
Navigation Systam. Scheduling is by reqnast rather than by any 
calendar based interval. 

COURSE PRESENTATION 

COURSE SCOPE 

The Inertial and Optics section of this training course is 
comprised of four major parts: System.1ntroduction, Innrtial 
Subsystem, Optical Subaystdm, and an Introduction to related 
Ground Support Equipment and test procedures. 

System.principlea of operation and basic mochanization are taught 
fram.§1mp11fied training graphics. A discussion of Ground Support 
Equipment emphasizes the qystqm.functions of GSE items and and 
input - output interfaces with the spacecraft. Instructions in 
thd operation of major itams of GSE are the subject of anothdr 
series of training courses. 

The course includes a written examination, the purpose of which 
is to nmasure student achievunent with respect to course objectives. 



SPACE DIVISION 
NORTH AMERICAN ROCKWELL CORPORATION 

MANPOWER DEVELOPMENT 

APOLLO GUIDANCE AND NAVIGATION 
fiSTEH FAMILIARIZATION 

PART I 
(INERTIAL AND OPTICS) 

COURSE NUMBER 733-65 

COURSE OBJECTIVES 

At. course completion the trainee will have that knowledge of the GhN 
System, associated Ground Support. Equipment, and technical reference 
documentation required to: 

1. Successful]: identify, isolate, and report system malfunctions 
while the system is undergoing test. 

2. Initiate system gperational modes discussed during course of 
instruction. 

3 . Recognize; and understand the purpose of, related Ground Support 
Equimont . 

1.. hrticipate in the Primary Guidance Navigation and Control 
System Operational Checkout Procedure number MAO705-650h (06? 6501+). 
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SPACE DIVISION 
NORTH AMERICAN ROCKWELL CORPORATION 

NMABHNDNVERIDEVTHIDPAAEF$T 

APOLLO GUIDANCE AND NAVIGATION 
SYSTEM FAMILIARIZATION 

PART I 
(INERTIAL AND OPTICS) 

COURSE NUMBER 733-63 

COURSE OUTLINE 

SECTION I:  Introduction To The PGNCS 
1 HOUR 

System Requirements 

Interfacing Subsystems 

PGNCS Subsystems 

SECTION 2: Inertial Subsystem. 
5 HOURS 

ZEWIZ977-G Revised 11-67 
' 7  

158 Equipmant 

ISS Functions And Interface 

Axns Relationships 

Stabilization Loop 

Fine Align Electronics 

Accelerometer Loop 

Coupling Data Unit 

133 Hades Of Operation 

IMU Temperature Control Systum 



SECTION 3:  Optical Subsystem 
h. HOURS _ 

038 Equipment 

088 Functional Blocks 

Optical Uni-t Assembly 

Associated Optical Equipment 

Optical Loop Mechanization 

SECTION A: PGNCS Test, Servicing, and GSE 
1 HOUR 

en na. on 
1 HOUR 
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SECTION 2 

SUBSECTION 2 .  2 

GUIDANCE AND NAVIGATION SYSTEM (G&N) 
(CSM 101-106) I 

INTRODUCTION. 

The primary guidance navigation and control (PGNCS) system 
measures  spacecraf t  attitude and velocity, determines  t r a jec to ry ,  controls 
spacecraf t  attitude, controls the th rus t  vector  of the se rv ice  prOpuls ion 
engipe, and provides abort  information and display data. Pr imary  de te r -  
mination of the spacecraft  velocity and posit ion, and computation of the 
t rajectory parameters  i s  accomplished by the manned space f l ight  network 
(MSFN). 

The PGNCS system consists of th ree  subsystems a s  fol lows:  

0 Inertial subsystem (158) 
0 Computer subsystem (CSS) 
0 Optics subsystem (085). 

The inertial subsystem i s  composed of an  inert ial  measurement  unit 
(IMU), part  of the power and servo assembly  (PSA),  par t  of the Controls 
and displays,  and three inertial coupling data units (CDUs). The IMU 

“provides an inertial  r e fe rence  with a gimbaled, three-degr 'ee-of- f reedom,  
gyro -: stabilized stable platfo rm. 

The computer subsystem is  composed of the command module (CMC) 
and two display and keyboard panels (DSKYs) ,  which a r e  par t  of  the controls 
and displays.  The CMC is  a digital  computer which p roces se s  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 te lescope (SCT), a. 
sextant (SXT), drive motdrs  f o r  posi t ioning the SCT and SXT,  pa r t s  of the 
PSA, part of the controls and displays,  and two Optics CDUs. The SCT 
and SXT a r e  used to determine the spacecraf t  position and attitude with 
relation to s tars  and/Or landmarks. 

The three G & N  subsystems a r e  configured such that the‘CSS and 058 
may be operated independently. This allows continued use  of the CSS 
and/or  055 in the event of a malfunction in one of these subsystems,  o r  the 
158. System power requirements and reference signals a r e  provided by the 

GUIDANCE AND NAVIGATION SYSTEM 
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power and servo  assembly (PSA). Major  components of the sys tem a r e  
located in the command module lower equipment bay ( f igure  9 ) .  
System ci rcui t  b r e a k e r s ,  caution and warning  indica tors ,  and one of the 
DSKYs a r e  located o n  the main display console.  

FUNCTIONAL DESCRIPTION. 

The primary guidance navigation and control system provides 
capabilities f o r  the following: 

o Inertial velocity and position (state vector) computation 

0 Optical and inert ial  navigation measurements  

0 Spacecraft  attitude measurement  and control 

0 Generation of guidance commands dur ing CSM-powered fl ight  and CM 
atmospheric entry. 

The PGNCS system i s  initially activated and al igned dur ing the 
prelaunch phase. During the ascent phase ,  the sys tem m e a s u r e s  velocity 
and attitude, computes position, compares  the actual  spacec ra f t  t ra jec tory  
with a predetermined t ra jec tory ,  and displays pertinent data. The f l ight  
c rew uses the displayed information a s  an  a i d - f o r  dec i s ion  to abort o r  
continue the mission. 

During periods when onboard velocity and /o r  attitude change sensing 
i s  not required,  the IMU is placed in standby operation to conserve  e l e c -  
trical power. The CMC is  u s e d  m o r e  extensively than the IMU;  however ,  
it will a lso  be placed in standby operation to conserve  electrical power .  
When the guidance and navigation function i s  to b e . r e s t o r e d ,  the IMU and 
CMC a r e  reactivated, with the CMC using the l a s t  computed velocity a s  
the basis f o r  fu r the r  veloéity computations. New positional data must  be 
acquired f rom optical sightings o r  MSFN through te lemetry o r  voice 
communications . 

Initial posit ion and attitude information a s  well  a s  pe r iod ic  updating 
of this information i s  made through u s e  of the Optics. This i s  accomplished 
by the navigator making two o r  more  landmark and /o r  s t a r  s ight ings.  The' 
sightings a r e  made by acquiring the s tar- landmark with the SCT and/or  SXT. 
When the viewed object  i s  cen te red ,  a m a r k  command i s  initiated. The 
CMC reads the optics angles ,  IMU ang les ,  and t ime, in conjunction with 
internal programs to determine the spacecra f t  position. This position 
information and the spac'ecraft velocity a r e  used  to compute an  est imated 
trajectory. The actual t ra jec tory  i s  compared with previous t r a jec to ry  
data to generate the t rajectory e r r o r ,  if any, f o r  fu r the r  r e fe rence .  Optical 
measurements a r e  also used  in aligning the IMU to a speci f ic  re fe rence  
orientation. 

GUIDANCE AND NAVIGATION SYSTEM 
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The IMU (f igure  8 ) contains t h r e e  iner t ia l  rate integrating gyros 
(IRIGS), and three  pulsed-  integrat ing pendulous acce le rometers  (PIPAS). 
The IRIGs and PIPAs a r e  mounted on  the s table p la t rm which i s  gimbaled 
to provide three  d e g r e e s  of f reedom.  The stable platform inertial  re fe rence  
is  maintained by the IRIGs in  conjunction with e lect ronic  stabil ization loops. 
Any displacement of the platform is  s ensed  by the IRIGs, which produce 
output signals representat ive of the magpitude and direction of d isplace-  
ment. The IRIG signals a re  applied to servoamplif iers ,  which condition 
the signals to dr ive gimbal torque motors.  The gimbal torque motors then 
restore the initial platform orientation by driving the gimbals until the IRIG 
s igna l sva re  nulled. 

The PIPAs a r e  orthogonally mounted and sense  changes in spacecraf t  
velocity. A n  acceleration o r  decelerat ion resul ts  in output signals which 
a r e  representative of the magnitude and direction of the velocity change. 
The output signals a r e  applied to the CMC which u s e s  the information to 
update spacecraf t  velocity data. Continual updating of velocity information, 
with respect  to the initial spacecraf t  position and t ra jectory,  enables the 
CMC to provide cur ren t  velocity, position, and t ra jec tory  information. 

The IMU a lso  provides a space-stabi l ized re fe rence  f o r  Spacecraf t  
attitude sensing and control.  Attitude change sensing is  accomplished by 
monitoring the spacecraf t  attitude with r e fe rence  to the stable platform. 
Resolvers  a r e  mounted a t  the gimbal axes  to provide signals representative 
of the- gimbal angles.  Inerfiai CDUs repeat  the platform attitude. Attitude 
monitoring is  afforded by comparing the inert ial  CDU angles  with the CMC 
de'sired angles .  .If the angles d i f fe r ,  e r r o r  s ignals  a r e  generated.  If the 
attitude e r r o r  i s  l a r g e r  than the se lec ted  deadband l imits,  the CMC f i r e s  
the appropriate RCS engines.  The spacecra f t  i s  rotated back to the initial 
r e fe rence  attitude and the e r r o r  signals a r e  nulled (within deadband l imi ts ) .  

The CMC provides automatic execution of computer programs,  
automatic control of ISS and 058 modes ,  and,  in conjunction with the 
DSKYs,  manual control of ISS and 055 modes ,  and computer displays. 
The CMC contains a two-par t  memory which consists of a large nonerasable 
section and a smaller  e rasab le  section. Nonerasable memory contains 
mission and system progragxs,  and other predetermined data which a r e  
wired in during assembly.  Data readout f rom this section is  nondestructive 
and cannot be changed during" operation.  The erasable section of memory 
provides f o r  data s torage ,  re t r ieval ,  and Operations upon measured data 
and telemetered information. Data readout  f rom this section is destructive. 
permitting changes in s to red  data to be made as  des i red.  Information 
Within the memory 'may be called up f o r  display on the two DSKYs. The 
DSKYs enable the fl ight c rew to enter  data o r  instructions into the CMC 
request  display of data f r o m  CMC memory,  and Offe r  an interrupt control 
of CMC operation. The CMC timing section provides timing signals of 
various frequencies f o r  internal u se  and to other onboard systems which 
require accurate o r  synchronized timing. Data within the CMC i s  

GUIDANCE 'AND NAVIGATION SYSTEM_ 
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_ transmitted to MSFN through a. "downlink" telemetry function. Telem- 
etered. data is transmitted a s  a function of a CMC program o r  by  request 
from MSFN. Data within the CMC may be updated through "uplink" 
telemetry from th'e.MSFN. The CMC performsguidance functions by 
executing internal programs us ing predetermined t ra jectory parameters;  
attitude angles f rom the inertial CDUs,  velocity changes f r o m  the PIPAs, 
and commands f r o m  the DSKYs (c rew)  to generate control commands.’ 
The navigation function i s  performed°by using stored star-landmark data, 
optics angles f rom the optics CDUs, and velocity changes f rom the PIPAs 
in ‘the execution of navigation programs.  

The optics provide accurate s tar  and landmark angular measure-  
ments. Sightings a r e  accomplished by the navigator using the SXT and 
SCT. The optics a r e  positioned by drive motors commanded by the Optics 
hand controller. o r  by the CMC. The shaft axes a r e  parallel.  Trunnion 7 
axes may be operated in parallel o r  offset ,  a s  desi red.  The SCT is a 
unity power instrument providing an approximate 60-degree  f ield of view. 
It is used to make landmark sightings and to acquire and center stars o r  
landmarks pr ior  to SXT use .  The SXT provides 28-power magnification 
with a 1. 88-degree field of View. The SXT has two l ines-of  sight, enabling 
it to measure  the included angle between two objects.  This requires  two 
lines of sight which enable the two viewed objects to be superimposed. 
For a star-landmark. sighting, the landmark line of sight i s  centered along 
the SXT shaft  axis.  The s ta r  image is  moved toward the landmark by 
rotating the shaft  and trunnion axes until the two viewed objects a r e  
superimposed. The shaf t  and trunnion anglesare  repeated by the Optic 
CDUs. When the navigatoi' is  satisfied with image positions, he issues 
a mark command to the CMC. The CMC reads the optics CDU angles, 
IMU 'CDU angles ,  and t ime, and computes the position of the spacecraft .  
The CMC bases the computation on  s tored star and landmark data which 
may also be used  by the CMC to request  specific s t a r s  o r  landmarks f o r  
navigational sightings.  Two o r  more  sightings, on two o r  more different 
s ta rs ,  must be taken to_ per form a complete position determination. 

GUIDANCE AND NA VIGA TION SYSTEM 
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MAJOR COMPONENT/SUBSYSTEM DESCRIPTION. 

Inertial Subsystem. 

The function of the inertial subsystem i s  to  provide a space-stabilized 
inertial reference f r o m  which velocity changes _and attitude changes can be 
se_nséd. _ It i s  composed of the inert ial  rneasufement  umt (IMU), the navigation base (NB),  par ts  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 s t ruc ture  which -mounts the IMU and optical instruments. The NB is manufactured and installed to close tolerances to provide accurate alignment of the equip- ment mounted on it. It a lso provides shock mounting f o r  the IMU and optics. 

Inertial Measurement Unit. 

The.inertia1 measurement  unit (IMU) i s  the main unit of the iner t ia l  subsystem. It is a th ree -degree -o f—freedom stabilized platform assembly, containing three inertial r e fe rénce  integrating gyros  (IRIGs), and three pulsed-integrating pendulous acce le rometers  (PIPAs). The stable member itself is machined f rom a solid block of beryllium with holes bored f o r  mounting the PIPAs and IRIGS. Figure  /6 i l lus t ra tes  how the IRIGs _and the PIPAs a re  mounted relative to each other on the stable member (or  inner gimbal). The three gimbal axes, about which each of the gimbals rotate, a r e  also shown. 

The stable platform attitude i s  maintained by the IRIGs, stabilization loop electronics, and gimbal torque motors.  Any displacement of the 
stable platform o r  gimbal angles is  sensed by the IRIGs which generate  
erro'r signals. IRIG e r r o r  s ignals  a r e  resolved and amplif ied at the IMU, and applied to stabilization loop electronics .  The resultant  signal i s  con- 
ditioned and applied to the gimbal torque motors ,  which r e s to re  the des i red  attitude. 

The stable platform provides a space- re fe renced  mount f o r  three PIPAs, which sense velocity changes. The PIPAs a r e  mounted orthogonally 
to sense the velocity changes along all three axes .  Any t ranslat ional  f o r c e  experienced by the spacecraft  causes  a n  accelera t ion o r  deCelera t ion which is sensed by one o r  more PIPAs. Each PIPA genera tes  an ou\t\put signal 
proportional to the magnitude and direct ion 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 information, and also generate signals to torque each PIPA ducosyn back to null. 

. The temperature control  sys tem is  a thermostatic system that main- tains the IRIG and PIPA temperatures  Within their required limits during both IMU standby and Operate modes . -  Heat i s  applied by end-mount '  
heaters on the inertial components, stable member heaters ,  and a temppra- ture control anticipatory heater.  Heat is removed by convection, 
conduction, and radiation. The natural convection used during IMU standby 

' )1 A ' 
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modes is changed toblower-cont ro l led ,  f o r c e d  convection dur ing  IMU 
operating modes; IMU internal  p r e s s u r e  is  normally between 3. 5 and 
15 psia enabling the r equ i r ed  f o r c e d  convection. .To aid in removing heat ,  
a water-glycol  solution p a s s e s  through coolant passages  in the IMU support 
gimbal. The re fo re ,  heat  f low is f r o m  the stable member to the case  and 
coolant. The temperature control  sys tem consis ts  of the t empera ture  
.control ,circuit ,  the blower control  circuit ,  and the t empera ture  a l a rm 
circuit. A separa te  external temperature  control system is  a l so  provided 
f o r  test  configurations but wil l  not be discussed in thismanual .  

Coupling Data Unit. 

The CDU, an a l l  e lectronic  device,  is used  a s  an  in terface element 
between the ISS and CSS, the 055 and CSS, and the CSS and va r ious  con t ro l s  
and displays.  It functions primarily a s  an analog-to-digital  (A/D) o r  
digital-to-analog (D/A) conver te r .  There  a r e  f ive ,  a lmost  identical ,  -.100ps; 
one each f o r  the inner, middle,  and outer  IMU gimbals ,  and one each f o r  
the shaft  and trunnion Optical axes .  The 155 portion of the C D U  pe r fo rms  
the following functions: 

a. Converts IMU gimbal angles f r o m  analog-to-digital  f o rm ,  and 
supplies the CMC with this information. 

b. Comierts digital signals f r o m  the CMC to either 800 cps o r  d i rec t  
current  s ignals .  

c. Controls the moding of the 158 through logical  manipulation of 
computer d iéc re tes .  

Power and Servo A s s e m b l y .  

The purpose of the power and s e r v o  assembly (PSA) is  to provide a 
central mounting point f o r  the major i ty  of the G & N  system power supplies,  
amplif iers ,  and other  modular  e lec t ron ic  components.  

The PSA is  located on the lower  D & C  panel r ack  d i rec t ly  below the 
IMU. It consis ts  of 42 modules mounted to a header  assembly.  ,Connec tors  
and harnessing a r e  in tegra l  to  the cons t ruc t ion  of the header  assembly,  
and G & N  harness  branches  a r e  brought  out  f r o m  the PSA header .  A thin 
cover plate is Inounted o n  the PSA, providing a hermet ic  sea l  f o r  the 
interior. Durihg fl ight this permits pressur izat ion of the PSA to remain 
at  15 psi .  Connectors a r e  available a t  the PSA f o r  measur ing signals  a t .  
various system t es t  points.  
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Figure 
2-9 
Callout 

Module Name 

PEA Modules 

Module Function 

Number 

1 

2 

10 

11 

12 

13 

14 

15 

16 

Relay Module 
Gyro Calibration 
Module 
DC Differential Ampli- 
fier and PVR Module 
Binary Current Switch 
Module 

Pulse Torque Power 
Supply Module 

Glmbal Servo Ampli- 
fier. Module- 
(x. Y and Z) 
800 cpl 5% Amplifier 
Module 

800 cps 5% Amplifier 
Module 
-28 vdc Power Supply 

. Module 

3, 200 cps AAC Filter 
and Multivibrator 
Module 

[MU Load Compensa- 
tion Module 
3200 cps 1% Amplifier 
Module 

800 cps 1% Amplifier 
Module 
800 cps 5% Amplifier 
Module 

Ptovidu relay switching for mu control. 
Apollo: plan or mlnun torque pulul to 1310'. u 
directed by CMC. 
Supplies proclaim reference voltage for 1316 pulse 
tanning current control. 
Switches current pulses to one of the IRIG torque 
generators to control gimbal position. 
Supplies + 120 vdc to PIPA loops and to fine align 
electronics. Also supplies +28 vdc. + 20 vdc. and 
-20 vdc to PIPA loops. 
Ampllflea outer (X), middle (2). and inner (Y) gimbal 
error and supplies correction signals to the” gimbal 
torque motors. 
amines 28 volts 800 cps for [MU blowers and PIP 
heaters. Also supplies 28 volts 800 cps ¢ B  [RIG 
wheel power. 
Supplies 28 volts 800 cps for [MU blowers and PIP 
heaters and 28 volts 800 cps ¢ A  [RIG wheel power. 
Supplies power to the three glmbal servo amplifiers 
in the stabilization loop and the pulse torque power 
supply to generate -20 vdc for the accelerometer loop. 
Regulates operation of the 3200 cps 1% amplifier. 

Provides power factor correction for the 800 cps 1% 
and 5% power supplies. 
applies 3200 cps ducoayn excitation and magnetic 
suspension voltage. Also used as a reference for 
gimbal servo amplifier demodulator in all modes of 
operation except the coarse align mode. 
Provides IMU resolver excitation and a reference 
to the FDA! and the 800 cps 5% amplifier. 
mppliea excitation for trunnion and shaft drive motors 
in the SX'I‘. and 801‘. 
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Figure 
2-9 
Callout 

Module Name 

PSA Modules 

Module Function 

Number . 

17 

18 

19 

20 

21 

22 
23 
24 

25 

26 

27 

28 

29 

3O 

31 

32 

800 cps AAC Filer and 
Multivibrator Module 
800 cps AAC Filter and 
Multivibrator Module 
Optics Load Compensa- 
tion Module 
800 cps 1% Amplifier 
Module 

G&N Subsystem Supply 
Filter 

Relay Modq (-3) 

Two awed Switch 
Module 

IMU Auxiliary Module 

Anti-creep Electronic- 
Module 

Motor Drive Ampli- 
fier Module 
Cosecant Generator 
Module 

Motor Drive 
Amplifier Module 
Motor Drive 
Amplifier Module 
Optics Automatic 
Operate Relay Module 

Supplies and regulates 800 cps voltage to the I“ 
1% power amplifier. 
alppuoa and regulates 800 cps voltage to the 088 
1% power amplifier. ' 
Provides power factor correction for 800 cps 1% 
and 5% power supplies. 
Provides resolver and tnchometor excitation and 
a reference for the 800 cps 5% amplifier in the OSS.' 
Filter: the 0, 27.5.  and 28 vdc power supplies for 
188 standby power. 
Provides 088 relay switching control. 

Provides signal selection for switching null seeking 
servo loops from coarse to fine resolver error 
detection in the 088. 
Inmates out of tolerance conditions on 28 vrms, 
3200 cps, 28 vrma, BOO-cps, the resolved [RIG pro- 
amplifier outputs and IMU temperature. Also pro- 
vides the [MU turn-on moding discrete. 
Removes 3+ from 088 motor drive amplifiers when 
the optics hand controller output drops below certain 
limits and than prevents the optics from drifting. 
Drives the SXT shaft motor. 

Maintains constant optics shaft image drive rate re- 
gardless of the trunnion angle in the manual resolved 
088 mode. 
Drive: the SCT shaft motor. 

Drives the SXT trunnion motor. 

Provides relays for computer control of optics. 
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Figure 
2-9 
Callout 

Module Name 

PEA Modules 

Module Function 

Number 

33 

34 

35 

36 

37 

mm Subsystem Supply 
Filter Module 

GhN Subsystem Supply 
Filter Module 

Motor Drive Amplifier 
Module 

SCT Modlng Module 

Ratlcle Light Dimmer 
Module 

Filters 0, 27.5, and 28 vdc power for 188 operate 
power. 

Filters 0, 27. 5 and 28 wk: power for 088 operate 
power. 

Drives 331‘ trunnion motor. 

Provides SCT trunnion control. 
Provides circuitry for controlling the brightness of 
the EXT and SCT roticlo lumps. 
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ISS - SYSTEM MODES OF OPERATION 

INTRODUCTION 

This section of the Study guide is primarily concerned with the modes of operation which in- 
volve the IMU. This covers both the 188 modes and the PGNCS system modes. These modes 
interface with the CSS and may be entered by D and C panel switch, by DSKY input and/or by 
program input. Table 4-1 contains a list of these modes of operation, a list of appropriate 
CMC input-output channels and a matrix showing the discrete and mode relations. 

4. 1 188 TURN-ON MODE 

The purpose of the ISS turn-on mode is to initialize the 188. This is accomplished under 
nmgram control of the CMC. The following is a list of functions which are initiated by the 
CMC's T4 rupt routine: 

:1. zero the [MU gimbal angles. 

h. allows the gyro wheels to run up to speed. 

c .  inhibits the pulse torque power supply for 90 sec. 

d. zeros and inhibits the 188 read and error counters in the CDU. 

e.  zeros the CDU counters in E memory. 

'j'he CMC controls the ISS turn-on mode by accepting, issuing, timing and inhibiting selected 
discretes. The timed sequence for handling these discretes is as follows: The CMC recog- 
nizes the ISS operate (CH 30-09) and the ISS turn-on delay request (CH 30-14) discretes as 
requests for pragram control of the turn-on sequence. This causes the CMC to remove the 
ISS enable error counter (EEC) (CH 12-06) and the ISS turn-on delay complete (CH 12-15) 
discretes If they exist. Then the ISS coarse align (CA) (CH 12-04) and 188 CDU zero (Z) 
(CH 12-05) discretes are issued and the "NO ATTITUDE" lights on the DSKY's are turned 
on. This is followed by the inhibiting of the PIPA fail (CH 33-13), 188 CDU FAIL (ICDU) 
(CI-I 30-12) and the IMU fail (CH 30-13) discretes. After a 90 second delay, the 90 sec delay 
complete (CH 12-15) discrete is issued, the "NO ATTITUDE" lamps are turned off, the CDU 
counters in E memory are set to zero, and the CA and Z discretes are removed. Four sec- 
onds later, the PIPA, the ICDU, and the IMU fail inhibits and the 90 sec delay complete dis- 
cretes are removed. 

qtandby power is applied to the PGNCS by way of circuit breakers C358 and/or 0359. To 
initiate the ISS turn-on mode, 188 operate power must be applied to PGNCS by way of CB56 
and/or CS7 and the IMU G& N power switch (82) on the lower equipment bay (LEE). Refer- 
ence figure 4-1. 188 operate power is applied directly to CH 30-09 (188 operate) discrete 
and through the deenergized contacts of the auto cage relay to CH 30-14 (188 turn-on delay 
request) and to the cage relays. 

4-8 
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4. 1 ISS TURN ON MODE 

4. 1. 1 PURPOSE. To initialize the ISS by 

a. Driving the IMU gimbals to zero 

b. Driving the CDU read counters to zero £7? r45 5%“; 
u - M  M 

c. Set the CMC E memory counters to zero. 

4. 1. 2 METHODS OF ENTRY. By placing the IMU operation circuit breaker (4‘-€B-1—24»,~».,. 

M 1 )  to the on position. (with CMC 1n OPERATE) 

4. 1. 3 DISCRETES. Computer inputs. 

a. IMU operate discrete CH 30-09 

h. ISS turn on delay requests CH 30-14 

Computer outputs. 

a. IMU CDU zero CH 12-05 

- b. Coarse align enable CH 12-04 

c.  ISS turn on delay request 
complete CF. 12-15 

4. 1. 4 COMPUTER ROUTINES. T4RUPT (Sampled for turn on every 480 msec) 

E 4. 1. 5 DISPLAY AND CONTROL INDICATION. "No Attitude" light on DSKY turned on 
for 90 seconds. 

Inhibit PIPA fail, ISS CDU fail and IMU fail. 

4. 1. 5 OPERATION. The CMC controls the ISS turn-on mode by accepting, issuing, 
timing and inhibiting selected discretes. The timed sequence for handling these discretes 
i s  as follows: The CMC recognizes the ISS operate (CH 30-09) and the ISS turn-on delay 
request (CH 30-14) discretes as requests for program control of the turn-on sequence. 
This causes the CMC to remove the ISS enable error counter (EEC) (CH 12-06) and the 
ISS turn-on delay complete (CH 12-15) discretes if they exist. Then the ISS coarse align 
(CA) (CH 12-04) and ISS CDU zero (7 )  (CH 12-05) discretes are issued and "N0 
ATTITUDE" lights on the DSKY's are turned on. This is followed by the inhibiting of the 
PIPA fail (CH 33-13), ISS CDU FAIL (ICDU) (CH 30-12) and the IMU fail (CH 30-13) 
discretes. After a 90 second delay, the 90 sec delay complete (CH 12-15) discrete is 
issued, the "NO ATTITUDE" lamps are turned off, the CDU counters in E memory are 
set to zero, and the CA and Z discretes are removed. Four seconds later, the PIPA, 
the ICDU, and the IMU fail inhibits and the 90 sec delay complete discretes are removed. 
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Closure of the switch (82) applies 28 vdc to the cage relays through the deenerglzed 
contacts of the auto cage relay, and applies 28 vdc to CH 30-14 of the CMC. The cage 
relays energize and, in turn. cause the coarse align relays to be energized. The cage 
relays route the 1X gimbal resolver sine winding outputs through the contacts of the 
coarse align relays to the reapectlve gimbal servo amplifiers. The gimbal servo amp- 
lifiers drive the gimbals until the resolver signals are nulled. The Operation of the 
caglng leaps is discussed further in the IMU cage mode description. 

Upon receipt of the 138 turn on delay request discrete, the CMC sends the ISS CDU zero 
discrete and the coarse align enable discrete to the CDU for a minimum period of 90 
seconds. The CDU zero discrete clears the read counters and inhibits the incrementing 
pulses to the read counters. The coarse align enable discrete provides a redundant means 
of energizing the coarse align relays. 

A second set of deenergized contacts on the 188 turn on control relay routes a ground to the 
time delay circuit of the pulse torque power supply which inhibits the operation of the 
power supply and thus prevents accelerometer pulse torquing during the 90 second turn on 
period. This allows time for the accelerometer floats to be centered and the gyro wheels 
to run up prior to torquing. ' 

After the 90 second delay has oeen completed, the CMC sends the 188 turn on delay com- 
plete discrete. This discrete acts through a relay driver to energize and latch in the 188 
turn on control and the auto cage relays. Refer to figure 4-1. 

Energizing the 188 turn on control relay deenergizes the cage relay, removes the 188 
turn on delay request discrete, and removes the inhibit from the pulse torque power 
supply. The computer program can then place the 188 in the inertial reference mode by 
removing both the CDU zero and the coarse align enable discretes, or it can Initiate the 
coarse align mode by removing only the CDU zero discrete and sending the ISS enable 
error counter discrete. The IMU turn on circuit will be reset whenever 28 vdc IMU 
operate power is turned off. 
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4. 2, 188 COARSE ALIGN 

4. 2. 1 PURPOSE. To allow the CMC to rapidly align the IMU to a desired position with 
a limited degree of accuracy. 

4. 2. 2 METHODS OF ENTRY. 

a. Computer routine 

b. DSKY entry V41 N20E 

4. 2. 3 DISCRETES. Computer Inputs: IMU operate 

Computer Outputs: Coarse Align Enable 
IMU Error Counter Enable 

4. 2. 4 COMPUTER ROUTINES. IMU COARS Routine. 

4. 2. 5 DISPLAY AND CONTROL INDICATIONS. No attitude lamp on during routine. 

4. 2. 6 OPERATION. The CMC knowing the actual gimbal angle registered in the read 
counters, will calculate the desired amount of change of gimbal angles required to repo- 
sition the gimbals to the desired angles and loads this information in the appropriate. 
CMC X ,  Y, or Z command registers. The CMC converts this change into a number of 
i A O C  pulses and sends these pulses to the error counters. The #33 C pulses are sent 
to the error counters at a rate of 3,  200 pps in  bursts of 192 pulses. Bursts are sent 
every 600 niillisec. Each ABC pulse is equal to a change in  gimbal angle of 160 are 
seconds. The error counter, having been enabled, accepts the pulses and counts up 
or down as necessary until all. the pulses have been registered. 

The ladder decoder in  the D/ A converter module supplies an 800 cps, amplitude modulated 
analog error signal equivalent to the digital information in the error counter. Refer to 
figure 4—2. The ladder decoder signal is summed with a feedback signal and applied through 
a mixing amplifier, also located in the D/ A converter module, to the gimbal servo ampli- 
fiers to drive the gimbals to the desired angles. The coarse align error signal output of 
the mixing amplifier is applied to the gimbal servo amplifiers through the contacts of the 
coarse aflign relays located in the PSA. The coarse align relays, which are energized by 
the coarse align enable discrete acting through the mode logic, switch the input of the 
gimbal servo amplifiers from the gyro preamplifiers to the coarse align error signal 
output of the'ISS D/ A converters. The demodulator reference relay is  also energized 1 
by the coarse align enable discrete and switches the reference frequency of the demodu- g 
lator in  the gimbal servo amplif iers  from 3, 200 cps to 800 cps. The coarse align enable ' 
discrete also energizes a relay in the gimba’l servo amplifiers which switches additional 
capacitance into the amplif ier 's  compensation networks to tune them for 800 cps operation. 

As the gimbals are driven, :tAZz pulses, representing the change in actual gimbal angle, 
are generated by the read counter and'a‘pplied to the error counter. The iA22 pulses are 
also equal to 160 are seconds and decrease the iAGC pulses registered in the error coun- 
ter. The error counter output to the ladder decoder, therefore, represents the difference 
between the desired amount of change in gimbal angle and the amount of change actually 
accomplished. The error counter reaches a null or reads zero, and the gimbals stop 
moving, when the actual gimbal angle has changed by an amount equal to the total value 
of the :kAGC pulses sent by the computer to the error counter. The CMC checks the con- 
tents of the read counter 2. 1 seconds after the CMC has sent the last coarse align tor— 
quing pulse to the error counter. If the gimbal angles are not within two degrees of the 
desired angle, the computer issues an alarm. 
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The rate at which the gimbals are driven is limited to prevent damage to the gyros and to 
assure that the read counter can track the gimbal angle accurately. The rate of gimbal 
movement is limited by feeding back the CDU fine error signal sin 16(6 - \II) to the input 
of the mixing amplifier located in the D/ A converter module. The fine error signal is out 
of phase With the output of the ladder decoder and has an amplitude proportional to the 
difference between the actual gimbal angle (9) and the angle registered in the read 
counter 01’). The fine error signal is applied through a voltage limiting circuit to the sum- 
ming junction of the mixing amplifier where it is summed with the 800 cps ladder decoder 
output signal. The D/ A converter ladder decoder output is applied to the mixing ampli- 
fier through a scaling amplifier and a voltage limiting diode network. The scaling ampli- 
fier controls the signal gain to produce a scale factor of 0. 3 volt rms per degree. The 
output of the mixing amplifier will be at a null when the D/ A converter ladder decoder out- 
put, after limiting, is equal to the fine error feedback signal. The fine error signal will 
be a constant value only when the gimbal and the CDU are going at the same rate and with 
the gimbal angle leading the CDU angle. Since the CDU is constrained to counting at one 
of two speeds, the gimbals will be constrained to a rate equal to one these two speeds. 
During the coarse align mode, the CDU is constrained to a high counting speed of 6. 4 
kpps and a low counting speed of 800 cps. At all other times, the high counting speed is 
12. 8 kpps. 

If the gimbals are moving at a faster rate than the rate at which the CDU is counting, the 
fine error signal will increase causing a retarding torque to be developed by the gimbal 
servo amplifier. If the gimbals are moving at a rate slower than the rate at which the 
CDU is counting, the fine error signal will decrease causing the gimbal servo amplifier 
to apply an accelerating torque to the gimbals. By adjusting the gain of the fine error 
signal into the mixing amplifier, the gimbal rate is  limited to either 35. 5 degrees per 
second (6. 4 kpps CDU counting rate) or 4. 5 degrees per second (800 cps CDU counting 
rate). 
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4. 3 ‘ ISS FINE ALIGN MODE 

4. 3. 1 PURPOSE. To reposition the stable member to a fine alignment by torquing the 
gyros. 

4. 3. 2 METHODS OF ENTRY. 

a. Computer Routine 

b. DSKY Entry - V42E (Fine 'Align IMU) 

4. 3. 3 DISCRETES. 

Computer Input - IMU Operate 

Computer Output - Gyro Torque Enable 

4. 3. 4 COMPUTER ROUTINES. 

IMU Fine Routine 

IMU Pulse Routine 

4‘. 3. 5 DISPLAY AND CONTROL INDICATIONS. None if entered via computer routine. 

4. 3. 6 OPERATION. The torquing current to the gyros is provided by the fine align 
electronics located in the PSA. The fine align electronics are enabled and controlled 
by LGC pulses sent directly to the fine align electronics. Refer to figure 4—3. The LGC 
routine will place the desired number of pulses in the gyro D counter and then decrement 
the counter at the rates of 3200 pulses per second. These pulses are routed to the IRIG's. 
Each pulse is worth 0. 617981 arc seconds of glmbal rotation. 

The 188 is in the inertial reference mode prior to the enabling of the fine align electron-L 
ice and returns to that mode when the fine align electronics are disabled. The fine 
align electronics torques the gyros on a time shared basis. The CMC sends four types of 
pulse trains to the fine align electronics. The first pulse train to be sent is the torque 
enable command which enables the fine align electronics. The second pulse train is a 
gyro select command which selects a particular gyro and the direction it is  to be torqued 
by means of a switching network which closes the current path through the proper torque 
ducosyn coil. The third and fourth types of pulse trains are the torque set and torque 
reset commands which control a binary current switch to start and stop the current flow 
through the selected torque ducosyn coil. The amount of current flow through the torque 
ducosyn coils is  precisely controlled at a fixed value. The amount of gyro torquing to be 
accomplished is  determined by the amount of time torque current is applied, that is ,  
the time duration between the receipt of the torque set and the torque reset commands. 
The factor is calculated by the CMC based on optical alignment measurements. The 
torque ducosyn displaces the gyro float causing the ducosyn signal generator to apply an 
error signal to the stabilition loop. The stabilization loops drive the gimbals to reposition 
the stable member. Upon completion of the torquing, the torque enable command is removed 
after which the ISS remains in inertial reference mode until further change is commanded. 
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During the fine align mode, the 188 error counters remain cleared and inhibited. 
The read counters continue to repeat the gimbal angles and send angular data (:tAOG) to 
the CMC. 
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4. 4 188 INERTIAL MODE 
4. 4. 1 PURPOSE. To provide a coordinate reference system on which attitude and 
velocity measurements and calculations may be based. 

4. 4. 2 METHODS OF ENTRY. 

a. Computer Routine - via IMU' fine routine 

4. 4.- 3 DISCRETES. None 

4. 4. 4 COMPUTER ROUTINE. None 

4. 4. 5 DISPLAY AND CONTROL INDICATIONS. None 

4. 4. 6 OPERATION. During the inertial reference mode, the stable member is held 
fixed with respect to inertial space by the stabilization loops. Refer to figure 4-4. The 
188 CDU read counters provide the LGC with changes in gimbal angles with respect to the 
stable member. The 188 is in the inertial reference mode during any operating period 
in which there is an absence of moding commands. During the inertial reference mode, 
the 'fine align electronics is inhibited and the 188 error counters are cleared and inhibited. 
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4. 5 188 CDU ZERO MODE 

4. 5. 1 PURPOSE. To insure synchronization between the IMU gimbal angles, the CDU 
read counters and the LGC E memory registers. 

4. 5. 2 METHODS OF ENTRY. 

a. Computer Routine 

b. DSKY - V40 N20 

4. 5. 3 DISCRETES. 

Computer Inputs - IMU OPERATE 

Computer Outputs — IMU CDU ZERO 

4. 5. 4 ‘  COMPUTER ROUTINE. IMU Zero Routine 

4. 5. 5 DISPLAY AND CONTROL INDICATIONS. , None 

4. 5. 6 OPERATION. When the computer enters this routine, it will inhibit the ICDU 
FAIL (CH 30-12) and IMU FAIL (CH 30-13) discretes, issue the ISS CDU zero (CH 12-05) 
discrete and then execute a 320 millisec delay. During this 320 millisec the ICDU read 
counters are zeroed and inhibited. Refer to figure 4-5. When the delay has been com- 
pleted, the computer will set the X,  Y, and Z CDU counters in E memory to zero and 
then remove the ICDU zero discrete. The removal of the zero discrete will allow the 
read counters to increment up to the gimbal angles and the X,  Y, and Z CDU counters 
in E memory will follow along. After another mode is complete. 
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4. 6 IMU CAGE MODE 

4. 6. 1 PURPOSE. To drive the IMU gimbals to their zero position. 

4. 6. 2 METHODS OF ENTRY. 

a. Inherent part of ISS turn on sequence 

b._ IMU cage switch (1849) 

4. 6. 3 DISCRETES. Computer Inputs IMU Operate 

IMU Cage 

4. 6. 4 COMPUTER ROUTINE. None 

4'. 6. 5 DISPLAY AND CONTROL INDICATIONS. No attitude lamp on DSKY 

4. 6. 6 OPERATION. When IMU cage mode is initiated by the astronaut pressing the 
IMU CAGE switch the switch is held until the gimbals settle at the zero position 
(five seconds maximum). The gimbal position may be observed on the FDA]. The 
IMU CAGE switch routes a 28 vdc discrete signal to the CMC and to the cage relays 
located in the PSA. The cage discrete energizes the cage relays which in turn cause 
the coarse align relays, the demodulator reference relay, and a relay in the gimbal servo 
amplifiers to be energized. The relay in the gimbal servo amplifiers switches additional 
capacitance into the R C  compensation networks to tune them for 800 cps operation. The 
demodulator reference relay changes the gimbal servo amplifier demodulator reference 
signal from 3,  200 cps to 800 cps. The cage relays switch the 1X gimbal resolver sine winding outputs through the energized contacts of the coarse align relays into the corres- ponding gimbal servo amplifier inputs. The gimbal servo amplifiers drive the gimbals 
until the resolver signals are nulled which occurs at zero gimbal angle. 

Upon receipt of the IMU cage discrete (CH 30-11). the computer will terminate gyro and 
ICDU driving, remove ICDU enable error counter and ISS turn-on delay complete dis- cretes, and issue the ISS coarse align and ISS CDU zero discretes. Then the computer will turn on the NO ATTITUDE lamp (DSKY), inhibit PIPA, ICDU and IMU fail discretes, and set the X,  Y, and Z CDU and gyro command output counters to zero. 

After the IMU cage switch is  released, the CMC will allow the read counters to settle, then will place the PGNCS in an inertial mode. During the time the IMU cage discrete is present and while the read counters are settling, the N0 ATTITUDE lamp on the DSKY is lighted. 

The IMU cage mode will also be entered automatically whenever the IMU is turn on. During the normal turn on sequence, the closure of the ISS OPERATE circuit breaker will route 28 vdc through the deenergized contacts of the ISS turn on control relay to the cage relays. The cage relays energize and cage the gimbals. After the 90 second turn on time delay has been completed the CMC will (if it is  on) send the ISS turn on delay complete discrete which will energize the ISS turn on control relay which, in turn, deenergizes the cage relays. If, however, the CMC is off or in standby when the IMU is turned on, the ISS turn on control relay will remain deenergized and the ISS will remain in the IMU cage mode. See figure 4-6. 
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If the IMU cage mode is entered as a result of an IMU turn on with the CMC off or in 
standby, the 188 may be placed in the inertial reference mode by allowing 90 seconds 
for gyro runup, then pressing the IMU CAGE switch. The IMU CAGE switch will energize 
and latch the auto cage relay control which removes the 18$ 28 vdc which had been ener- 
gizing the cage relays. With the auto cage relay control latched, the cage relay will 
deenergize when the IMU CAGE switch is released. Deenerg'lzing the cage relays causes 
the coarse align relays to be deenerg'lzed which connects the gyro error signals to the 
respective gimbal servo amplifiers. The stabilization loops will maintain the stable 
member inertially reference to the orientation established by the caging loops. 

During the ISS turn-on mode, the cage function is safe because the gyro wheels are not 
turning. However, when used to recover a tumbling platform, the combination of the 
gimbal drive rates and the precessional torques are sufficient to cause the gyros to be 
driven into their rotational and radial stops. This action may cause both temporary and 
permanent bias shifts on the order of several MERU's. 
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4.- 7 ATTITUDE ERROR DISPLAY MODE 

‘ 4. 7. 1 PURPOSE. To supply attitude error signals to the FDA! 

4. 7 .  2 METHODS OF ENTRY. 

a. Computer Routine 

b. DSKY Entry. 

4. 7 .  3 ' DISCRETES. 

Computer Inputs - IMU Operate 

Computer Outputs - Error Counter Enable 

4. 7. 4 COMPUTER ROUTINE. None 

4. 7 .  5 ' DISPLAY AND CONTROL INDICATIONS. Needles on FDAI's indicate attitude error. 

4. 7. 6 OPERATION. In this mode of Operation the computer is informed of the gimbal angles. 

The computer is aware of the present attitude of the spacecraft. The digital autopilot routine provides a desired S/C attitude associated with the present time and position. Any difference between the desired and actual S/C attitude 18 an attitude error. The attitude error is converted to A Go pulses, each pulse being equivalent to 160 are sec- onds of error, which are sent to the error counter at a rate of 3200 pps. The error counter is incremented to contain the number of. pulses commanded by CMC. The con- tents 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 1n the EC&L module. 

The 800 cps with a maximum amplitude of 5 vrms zero or p1 phase is displayed on the attitude error needles of the FDA! as an attitude error. The digital feedback from one read counter to the error counter is disabled during this mode of Operation allowing - only the CMC generated A 0  commands to increment or decrement the error counter. 
Total spacecraft-attlmde can also be displayed on the FDAI. This information is taken from the 1X gimbal angle resolver sine and cosine windings. Pitch, yaw and roll can be displayed from the inner, outer and middle gimbals respectively. 

67  



’ 5  [— '_‘ r -  cub-Tim’s— —'i '- 

2“ ,‘L I ' '55 mm: 
f 3  :35” I I  I :  I - Inna-r: rfi—f 

‘3 A | v I 
8 ~ 

can I ]  52 . 
“\ -  GIN Punnuu J ~\. | ,L_ . t—___ -: 4 v— u I 

F can ' I: J 
. -  

_ — -  . I 

a L 
' E é  cuss mucnc: £— $ mo ‘ 1; 
‘ ' I I I I -  | can: 
1 ~ I IIELM ._. 

. \ _  
" a  2295 I I  gztzou I I . mum; 
E ‘ “ L  5 —J ‘~ L I ’ ' u " ” ' L  

1 

ussamms ’ u. 
(case-om 

m m  
want s o m e .  

:0 SEC on" W \ is: nuns 
tent-Is; I move  a m 

m :  air-wt?" q; . . = ' -I 
mu can: i. (O! ao-m ' 

MOI A I 

mass" m )123 ,———1 . 1.. mm. v mine? :0» on: me: an -7 ; 

m m :  H m  : 

I «mm | 
«we» 

r ' (mum) » 
'VOIOW| I I I 

Annual I I 
"3‘" " m L ["5" r I ° «an-mu | 

I l 1 cm:  '"  I l 

c m  ! I I 
I m u m  m :’ . 

D 

l 1 JLI I 
l I . a m '  r .  " l 

I I I (—6"— ans-on 
| ‘—u vane: 

I | titan-ct | 

E l awe-l | I 

sworn-0x1 1 1 
£5.05!  I 
'C" I"“ l  I I 

l L I |
 l |
 
|
 |
 |
 

|
 lg
 

m g .. I 
F I <? I 

“7* ---- {3—H 
as c0306 

1 
62 (CG!!! V C  I I !  

‘ZGZIQV CGZM)V 
\62" VC 62W“ 

F.— 

{“0887 "EC—#21:“; 

on em '7».l I'— 7 2 2 % i  
m I 

.3 vac — —  mun: | ML. PM" ‘—"- 
AND * 

J YA. ‘CTUAm — 

f—— —_——‘———'—= ————+———‘“L 
< 1- m L m l M v LOGIC r 

w roan : ' E's-:14; m i 

| - swo- m 
r— _ _ _ _ _ _  J 0-237 I 
- [2‘00 

% EL 4‘ a: ' 
I l .fififil, | 

I r Etc Lasso: i 

| ’ 144441 1-- ‘ M. 1 («on county: 2 fi ' I ms 96' z¥i 7' 35' n' 00' ‘ _ l 
I -13.}? 2 "z , 2 '2 P“ *5“ i 

I ca 2 I 

| I | 
I __goutst no nut gal-on no __ *__ lifting? ' 

LAM, ' . . I = 
' l 

1 “32.3122: «um-w 53:: —‘ we I l teats; m, '—" outflo- '__“"" ”5:?" 000m GENERATOR I v ‘ I  V Y 
_ _ n  

L r .. ..... um I J L_-V——l 
V . nus: nuts ' -HHHI ILLLH 11‘1‘ W“ I I 2 I lino commun . 2  u 

' Q  l | 7 I Pl . ?;"~’»l,’~t’-’zf,”4’%l;f'ifi+, {:12}; rm » ' t l 1 - CA - _ +006 I i ' Ir [ Ej  b i  mun-tum 1 a m  I 

; ll E ucu mL&:mr:;mdfo.:tc j z :3“ % 
. _. 9515 w _____ 

Display Attitude Error Mode 

v SIC WHLDT mam ICH 3l- 45! 

NC m u  (CH iZ-OOI 

:ls “" uCONMOF SAT (CHSO- I0! 

SW8 TAKEOVER 
EMILE (CH IZ-O‘JI 

SP5 IEAONCH 30-03) 

cons: AUG” 
(ME (emcmz-oal 

ISS EMS canon 
COIHTEI (EECHCNIZ-OSD 

mac A 
ISO SEC/PULSE 
3200 PPS 

ADC 

CLOCK 8.2 “PPS 

(£000 "5 
I“ RATE} 

I 
| 
I 
l 
I 

J 
I 

| 
| 
I 
l 
I 

J. 
| 
I 
| 
| 
I I 
l 
] COO-ZERO “NONI-05! 

LCMP _ 
. 7605 

68 



4.8  GIMBAL LOCK MODE 

4. 8. 1 PURPOSE. The purpose of the gimbal lock mode is to provide the astronaut 
with a discrete indication of a large middle gimbal angle and to disable the stab loop 
when gimbal lock actually occurs. 

4. 8.2. METHOD OF ENTRY. Computer Routine 

4. 8. 3 DISCRETES. 

Computer Inputs - IMU OPR 

Computer Output - Coarse Align Enable 

4 .8 .4  COMPUTER ROUTINE. T4RUPT Routine 

4 . 8 .  5 DISPLAY AND CONTROL INDICATIONS. Gimbal lock lamp on DSKY 
No ATTITUDE lamp on DSKY 

4 . 8 . 6  OPERATION. This mode is a function of the T4RUPT routine. Every 480 millisec, the T4RUPT routine checks the Z CDU counter in E memory (middle gimbal angle). When the magnitude in this counter is greater than 70. 0°, the computer will turn on the GIMBAL LOCK lamp on the DSKY. This light will be turned off as soon as the T4RUP'I‘ routine finds the magnitude in this counter below 70. 0°. However, if the middle gimbal angle in the Z CDU counter increases to greater than 85° degrees, the computer will light the NO ATTITUDE lamp on the DSKY, issue the ISS coarse align discrete, and inhibit the IMU fail. Issuing the ISS coarse align discretes will open the stab loops, which will reference the platform to the spacecraft. Refer to figure 4-9. The combination of the coarse align (CA) and not the enable error counter (EEC) will prevent the read counters from being incremented. The coarse and fine error signals to the D/ A converter will be the only signal inputs to the stab amps. These signals, if any, will cause the gimbals to. drive to the angle in the read counter. The astronaut can leave this mode by requesting the coarse alignment mode via DSKY input. 
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4. 9 SIVB TAKE-OVER MODE 

4.9. 1 PURPOSE. To use the command module guidance system as a backup system for the Saturn guidance system if the Saturn guidance system falls during earth ascent, 
earth orbit, or translunar injection. 

4.9 .2  METHODS OF ENTRY. Switching the vehicle guidance switch (869) from the 
IU Position to the CMC Postllon. 

4 .9 .3  DISCRETES. 

Computer Inputs IMU Operate 

S/C control of Saturn 
Computer Outputs SN B Takeover 

‘ [SS Error Counter Enable 

OPERATION: During the 8-43 take-over mode, the CMC controls spacecraft steering by sending attitude error signals to the Saturn guidance system through the ISS CDU. This mode is a backup for the Saturn guidance system if the Saturn guidance system IMU falls during earth ascent, translunar injection, or earth orbit. The S-4B take-over mode is Initiated by the astronaut by placing 869 on the main D and C panel to the CMC position. Closure of this switch routes +28 vdc to one side of the SIVB takeover relays. The +28 vdc discrete is also routed to the CMC. Receipt of this discrete by the CMC signals the CMC to issue the 8-43 take-over discrete. The 8-43 take-over discrete energizes the control relays which connect the D/ A converters dc outputs to the Saturn guidance system. The CMC issues the enable error counter discrete 40 milliseconds after the 8-43 take-over discrete. With the error counters enabled and the D/A con- _ verters dc outputs connected to the Saturn guidance system, the CMC can send steering signals to the Saturn guidance system. The CMC calculates the amount of yaw, pitch, and/or roll required for prOper spacecraft attitude and determines .the amount of :hAOC pulses to be sent to the error counters. The error counters receive the *AOC pulses and count up or down as required until all pulses have been received. The error counters send this digital Information to the D/ A converters where it is converted to a dc signal and sent to the Saturn guidance system for attitude control. The CMC monitors the spacecraft response to the attitude signals through the read counters and the PGNCS PIP's. During this mode, the digital feedback signals from the read counters to the error counters are inhibited. 

Prior to the CMC issuing the 8-43 take-over discrete, the CMC checks to see If the error counters are in use. If the error counters are In use, the CMC removes the enable error counter discrete which inhibits and clears the error counters. The 8-43 take-over discrete will then be issued after a 1/ 2—second delay. 
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4. 10 THRUST VECTOR CONTROL MODE 

4. 10. 1 PURPOSE. To allow the computer to control the thrusting of the SPS engine. 

4. 10.2 METHODS OF ENTRY. By placing the A V  thrusting switch ($23) in the 
Direct Position, and the 8/0 control switch ($18) in the CMC Position. 

4. 10. 3 DISCRETES. 

Computer Inputs IMU OPERATE CH 30-09 

8/0 Auto Pilot Control CH 31- 15 

SP8 Ready CH 30-03 

Computer Outputs 'rvc ENABLE CH 12-08 

Optics Enable 
Error Counter CH 12-02 

OPERATION: The astronaut places the SC control switch (818) into the CMC position 
and the V thrust switch (823) into the direct position. The computer Issues the TVC 
enable discrete which passes through mode logic which in turn provides a ground path 
for the TVC relay. The energized TVC relay connects the Optics CDU D/A converter 
dc outputs to the SPS engine gimbal amplifier. The CMC issues the optics D/A enable 
discrete 40 milliseconds after the thrust vector control discrete. With the Optics 
error counters enabled and the optics CDU D/A converter dc output connected to the 
SPS engine glmbal amplifier, the CMC can send steering control signals to position 
the SPS engine gimbals. The CMC calculates the amount of pitch or yaw required 
for pmper trajectory and then determines the amount of *AOC pulses to be sent to the 
error counters. The error counters receive the *AOC pulses and count up or down 
as required until all pulses have been received. The error counters send this digital 
information to the D/ A converters where it is converted to a dc signal and routed to 
the SPS engine gimbal amplifiers. The CMC monitors spacecraft response to the 
engine glmbal steering signals through the ISS CDU read counters and the PGNCS PIP'B. 
During this mode, the digital feedback signals from the read counters to the error 
counters are inhibited. 

Prior to the CMC issuing the thrust ' vector control discrete. the CMC checks to see if 
the Optics CDU error counters are in use. If the error counters are bglng used, the 
CMC removes the optics D/A enable discrete which inhibits and clears the error counters. 
The CMC will then Issue the thrust vector control discrete. 
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4. 1'1 ATTITUDE CONTROL MODE 

4. 11. 1 PURPOSE. Allows the PGNCS to maintain spacecraft attitude. 

4. 11. 2 DISCRETES. 

Computer Inputs IMU Operate CI! 30-09 

Auto or Hold Function CH 31-13 

Computer Outputs 188 Error Counter Enable on 12-06 

ROS Jet Selection CH 05 & 06 

4.11. 3 COMPUTER ROUTINE. Digital Auto Pilot Routine. 

The attlmde control mode, a PGNCS mode, utilizes the digital auwpllot to maintain 
spacecraft attitude. The 188 stabilization 100p: maintain an inertial reference from 
which spacecraft attitude can be determined. The spacecraft attitude 13 compared to 
a desired attitude by the digital autopilot. If any error exists, the R68 jets are used 
to change the spacecraft attitude . Attitude errors are diaphyed on the FDAI. 

During the attitude control mode, the error counter 13 enabled. The computer sends 
the desired change in gimbal angle orientation to the error counters. The output of the 
error counters la deve10ped into an analog error signal (attitude error signal) by the. 
800 cps ladder network and the output is fed to the FDAI. The computer develops dis- 
crates that control the firing of ROS jets and, therefore , change the orientation of the 
spacecraft. The change in spacecraft orientation ls sensed by the IMU stabilization 
leaps and results In changing IMU glmbal angles. The gtmbal resolver output is sent 
to the FDAI to display total attitude and to the summing logic and coarse fine mixing 
circuit. Resulting digital information is sent to the read counter. The read counter 
supplies the changing gimbal angle pulses to the CMC. The CMC uses the information 
in determining when to stop firing the RC8 Jets. The FDAI error counter is pulsed to 
zero, nulllng the attitude error signal on the FDAI. 
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IMU TEMPERATURE CONTROL SYSTEM 

INTRODUCTION 

The purpose of the IMU Temperature Control System is to maintain the temperature of the 
IRIG's and PIP's within their required temperature limits. This system is designed to 
supply and remove heat as required to maintain heat, with minimum power consumption. 
This system is divided into two functional sections. The first section is used for adding 
heat to the inertial components, and the second section is used for removing excess heat. 
Heat i s  added to the inertial components via resistance wire heaters which are controlled 
by several different circuits. Excess heat is removed from the stable member by thermo- 
statically controlled fans. Refer to figure 5-1. The IMU is  pressurized with dry nitrogen 
to one atmosphere. This allows the fans to cause a forced convection mode of operation 
which circulates the dry nitrogen between the middle gimbal and the IMU case. The IMU 
case contains the ECS's water-glycol heat exchanger. The water—glycol input temperature is approximately 45° F. = 

The temperature control system is divided into four circuits. A l l  four circuits are shown 
on figure 5-2.  The name and function of each circuit is  as follows: 

a. The temperature control circuit - adds heat during 188 standby and operate modes. 
b. The blower control circuit - removes heat during ISS operate. 

c.  The temperature alarm circuit - monitors platform temperature during system 
operation, 188 standby and CSS standby. 

d. External temperature circuit - separate heaters and sensors used for platform 
temperature control below standby. 

5. 1 TEMPERATURE CONTROL CIRCUIT 

The temperature control circuit maintains the gyro and accelerometer temperature. The 
temperature control circuit consists of a temperature control thermostat and heater 
assembly, a temperature control module, three IRIG end mount heaters, three IRIG tapered 
mount heaters, two stable member heaters, three accelerometer heaters, and four antici- 
patory heaters. The thermostat and heater assembly is located on the stable member and 
contains a mercury—thallium thermostat, a bias heater, and an anticipatory heater. Except 
for the bias and GSE heater, all heaters (a total of 15) are connected in parallel, and are 
energized by 28 volts dc through the switching action of transistor 02, which completes the 
dc return path. The thermostat which senses the temperature of the stable member controls 
switching transistors Q1 and Q2. Refer to figure 5-2. 

When the temperature falls below 130 (1:0. 2) degrees Fahrenheit. the thermostat opens. transistors Q1 and Q2 conduct, and current flows through the fifteen heaters. Because of the large mass of the stable member, its temperature will increase at a relatively slow rate as compared to the gyros which have a heater in each end mount. The anticipatory heater improves the response of the thermostat to insure that the magnitude of the tempera- ture cycling of the gyros and the accelerometers i s  as small as possible. When the tempera- ture rises above 130 (to. 2) degrees Fahrenheit, the thermostat closes and the base of transistor Q1 is  shorted to ground, cutting off transistors Q1 and Q2 and deenergizing the heaters. The thermostat has a 0.  5 degree deadband which i s  the difference between contact closing with rising temperature and contact opening with falling temperature. The temperature 
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control circuit will maintain the average of the gyro temperatures at 135 (i=1) degrees 
Fahrenheit under normal ambient conditions. The temperature difference between the 
gyros and the accelerometers i s  adjusted by properly proportioning the amount of power 
in each heater. The balance i s  obtained by decreasing the current through each acceler- 
ometer heater by the proper selection of resistor R1. 

During IMU operation, power is applied to the fixed accelerometer heaters to compensate 
for the additional heat supplied to the gyros by the gyro wheel motor heat dissipation. 
Power is  also applied to a bias heater on the control thermostat. The bias heater supplies 
a fixed amount of heat to the control thermostat to maintain the proper absolute temperature 
level of the gyros and accelerometers. The amount of bias heat is  determined by the value 
of R5. The power for the fixed accelerometer heaters and the thermostat bias heater i s  the 
-90 degree output from the 28 vac power supply which is  also used for gyro wheel power. 

The 28 vdc heater power is  applied to the heaters through the contacts of a safety thermostat 
which provides protection against an extreme overheat condition in case a malfunction occurs 
in the temperature control circuit. The safety thermostat contacts open at 139. 5 (i=3. 0) 
degrees Fahrenheit and close at 137 (i=3) degrees Fahrenheit. Refer to figure 5-3. 

5.  2 BLOWER CONTROL CIRCUIT 

The blower control circuit maintains IMU heat balance by removing heat. The blower 
control circuit consists of a blower control thermostat and heater assembly. a blower 
control module assembly, two axial blowers, and a relay. The contacts of the thermostat 
contained in the blower control thermostat and heater assembly close at 139 (:0. 2) degrees 
Fahrenheit and remain closed at higher temperatures. Resistor R6 is  provided to limit the current through the bias heater in the blower control thermostat and heater assembly. 
The amount of heat supplied by the bias heater i s  a constant. If the duty cycle of the temper- 
ature control circuit exceeds 50 percent, enough additional heat will  be provided by the 
anticipatory heater to increase the temperature of the blower control thermostat and heater 
assembly to 139 degrees Fahrenheit. When the thermostat contacts close, transistor Q 1  conducts and relay K1 is energized to remove the power from the blowers. The normal duty cycle of the temperature control circuit, with the IMU in a 75 degree Fahrenheit ambient temperature, is approximately 15 to 20 percent. Under this condition the blowers will operate continuously. Only a very low ambient temperature will cause a blower off condition. Refer to figure 5-4. 

Power to the blowers i s  supplied from the -90 degree output of the 28 volt. 800 cps, 5 percent power supply which also provides gyro wheel motor power. Fused phase shift networks are associated with each blower so that excitation and control current can be supplied from the same source. 

5 . 3  TEMPERATURE ALARM CIRCUIT 

The temperature alarm circuit which monitors the temperature control system, consists of a temperature alarm high limit thermostat and heater assembly, a temperature alarm low limit thermostat and heater assembly. and a temperature alarm module assembly. If a high or low temperature is sensed by the thermostats located on the stably member a discrete is sent to the computer. When the temperature is within the normal range, the low limit ther— mostat contacts are open. Transistor Q1 is then properly biased for conduction through a grounding system in the computer. Refer to figure 5-5. 
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At temperatures below 126. 0 (i=0. 2) degrees Fahrenheit both the low limit thermostat 
contacts and the high limit thermostat contacts are open. At temperatures above 134. 0 
(*0. 2) degrees Fahrenheit. both the low limit thermostat contacts and the high limit 
thermostat contacts are closed. In either case, transistor Q1 is  not able to conduct. 
Non-conduction of transistor Q1 signals the CSS of an alarm condition. There is no 
differentiation between a high or low temperature alarm. When the CSS senses a 
temperature alarm, it causes the TEMP and PGNCS lamps to light. When the IMU 
auxiliary module receives a temperature alarm. it sends the information to telemetry. 

5 . 4  EXTERNAL TEMPERATURE CONTROL CIRCUIT 

External temperature control of the IMU is provided by ground support equipment (GSE) 
control heater circuits in the IMU. The circuits are controlled externally to the airborne 
equipment by the portable temperature controller or the temperature monitor control panel 
of the optics inertial analyzer (01A). The GSE control heater circuitry consists of a safety 
thermostat, six gyro heaters, two stable member heaters, three accelerometer heaters, 
temperature indicating sensors, and an IMU standby power sensor which disables the GSE 
when airborne power i s  on. The temperature indicating sensors act as  the control sensing 
element of the external control and indicating circuitry. The heaters are connected in 
parallel. The six gyro temperature indicating sensors (two in each gyro) are connected 
in series to sense the average temperature of the gyros. The three accelerometer 
temperature indicating sensors (one in each accelerometer) are connected in series to 
sense the average temperature of the accelerometers. Al l  of the GSE control heater 
circuitry is  not available as a backup system in  flight. The GSE temperature indicating 
sensors are used as the telemetry sensors during flight. Refer to figure 5-6. 
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2 .  2 .  3. 2 Optical Subsystem. 

The Optical subsystem i s  used  f o r  taking prec i se  Optical sightings 
on celestial  bodies and f o r  taking f ixes  on landmarks.  These  sightings a r e  
used f o r  aligning the IMU arid f o r  determining the position of the spacecraft .  
The sys tem includes the navigational b a S e ,  two of the five C D U s ,  pa r t s  of 
the power and s e rvo  assembly ,  con t ro l s  and d i sp lays ,  and the Opt ics ,  
which include the seaming te lescope (SCI) and the sextant (SXT). 

2.2 .3 .2 . ;  Optics. 

The optics consist of the SCT and the SXT mounted in two protruding 
tubular sections of the Optical base a s  sembly.- The SCT and SXT shaft axes 
are  aligned parallel to each other and afford a common line-of-sight (LOS) 
to se lected t a rge t s .  The trunnion axes may be paral lel  o r  the SCT axis, may 
be offset,  depending updn the mode of Operation. 

The sextant i s  a highly accurate Optical instrument capable of 
measuring the included angle between two targets .  Angular  sightings of 
two targets  a re  -made through a fixed beam splitter and a movable mirror 
located in the sextant head. The sextant lens provides 1. 8 -deg ree  true 
f ie ld-of—view with 28X magnification. The movable mirror i s  capable of 
sighting a t a rge t  to 50 degrees  LOS f rom the shaft axis. The mechanical l 
accuracy of the trunnion axis is  twice that of the LOS requirement due to 
mirror ref lect ion which doubles any angular displacement in trunnion axis. 

The scanning teles_c0pe is similar to a theodolite in its ability to 
accurately measure  elevation and azimuth angles of a single target  using 
an established r e fe rence .  The lenses provide 60-degree  t rue  field-of-view 
at  1X magnification. The telescope allowable LOS errors  a r e  1 minute of 
a r c - r m s  in elevatioh with maximum repeatability of 15 arc-seconds and 
approximately 40 a r c - seconds  in shaft axis. 

2 .  2 .  3. 2 .  2 Coupling Data Unit. (0“,, 
.4 

The identical coupling data unit (CDU) used in the 185 is also used 
a s  a par t  of the 035. Two channels of the CDU a r e  used ,  one fo r .  the SXT 
shaft axis and one f o r  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 t ransmission in the trunnion 
channel is  mechanized to generate 1 pulse to the CMC fo r  5 arc -seconds  
of movement of the SXT tru'nnion which is equivalent to 10 a rc - seconds  of 
SLOS movement. The shaft  CDU channel i s s u e s  1 pulse fo r  each 40 are— 
seconds o f . sha f t  movement. The location of the SXT shaft  and trunnion 
axes a re  transmitted to the CDUs through 16X and 64X resolvers ,  located -' 
on the SXT shaft  and trunnion axes ,  respectively. This angular informa- 
tion is  transmitted to thé CDUs in the fo rm of e lectr ical  signals propor- 
tional 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 d e s i r e d  position. In addition, the 055 channels of the CDU 
perform a second function on a t ime-shar ing bas is .  During a thrust vector 
control function, .these channels provide digital-to-analog conversion 
between the CMC and the se rv ice  propulsion system (SPS) gimbals. 

o» 
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2;. 2. 3. 2. 3 Operational Modes. 

The modes of operation f o r  the Optical subsystem a r e  selected by 
the astronaut using the controls located on the indicator control  panel. 
There a re  three major modes of Operation f o r  the 058: 

0 Zero Optics 
0 Manual control 
0 Computer control. 

Within each of these modes there a r e  variations which will be descr ibed ,  a s  
a part of that mode description. 

Zero  Optics Mode. During the z e r o  Optics mode, the shaft and 
trunnion axes of the SXT a r e  driven to their ze ro  positions by taking the 
outputs of.  the transmitting resolvers ( I X  and 64X in  trunnion, and 1/2X and 
16X in shaft)‘a.nd 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 f r o m  the resolvers.  The SCT shaft  
and trunnion axes follow to a ze ro  position. After  15 seconds, the computer 
will issue a CDU z e r o  discrete ,  and will initialize the shaft and trunnion 
counters in preparation for  receiving new data f rom the CDU. 

The ze ro  Optics mode can be selected either manually by the flight 
crew or  by the computer af ter  the computer control mode of Operation has 
been manually sélected.  The computer selects z e r o  Optics by energizing 
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 mode control switch when it is in the zero  position. 

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

Manual Direct Operation. When in this mode the hand controller  
outputs a r e  applied direct ly  to the SXT shaft and trunnion motor drive 
amplifiers.  Forward and back motion of the hand controller connnands 
increasing and decreas ing trunnion angles ,  and right 'and lef t  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 dependent upon the position of the SXT shaft. 

The apparent speed of the image motion can be regulated by the 
flight crew by selecting either low, m_edium', o r  high controller speed on 
the indicator control panel. This regulates the voltage applied to the motor 
drive amplifier, Ag, and A13, and therefore the shaft and trunnion drive rates 
The maximum rates are  apprdximately 18 degrees per second f o r  the 
shaft and 9 degrees per  second for  the trunnion. 
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Slave Telesc0pe Modes.  The slave telescope modes provide for  
alternate operation of the telescope trunnion while the SXT is  being 
operated manually. The alternate modes a r e  selected by the telescope 
trunnion switch 6n the mode control panel. There a r e  three possible 
selections, SLAVE to SXT, 0°, and 25°. With this switch in the SLAVE | 
to SXT position, the SCT trunnion axis i s  slaved to the SXT trunnion; 

this i s  the normal Operating position for  the SCT.  With the‘switch in 
the 0°- position, the SCT trunnion'is locked in a z e r o  position by the 
application of a fixed voltage to the SCT trunnion 1X receiving resolver.  
This will cause this position 100p to null in a ze ro  orientation. There- 

fo r e ,  the centerline of the -SCT 60-degree field-of-view is held parallel 
to the LLOS of the SXT; 

With the switch in the 2 5 °  position, an external voltage is applied I 
to the same 1X receiving resolver which will cause the SCT trunnion 

position loop to null out s o  that the centerline of the 60-degree  field-of- 

view i s  o f f s e t  2 5  d e g r e e s  (A1; of SCT a t  12.5 d e g r e e s )  f rom 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 
possible f ield—of-view of 110 degrees  if the SCT shaft i s  swept through 
360 degrees .  

Manual Resolved Operationr When in this mode, the hand controller 
outputs a r e  put through a matrix transformation pr ior  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 i s ,  up ,  down, right,  and lef t  motions of the hand controller commands 

the t a rge t  image to move up,  down, right, and left ,  respectively, in the 
f ie ld  of view. In other words ,  the image motion is in the X - Y  spacecraft  
coordinate system. The matrix transformation takes place in two steps.  
The outputs of the hand controller a r e  routed to the IX resolver on the SXT 
shaft. H e r e  the dr ive  signals,  AS and A1}, a r e  transformed by the sine 
and cosine functions of the shaft :ngle (As  ). One of the two outputs of the 
1X reso lver  is  sent  to the SXT trunnion motor drive amplifier. The second 
output is  then resolved through the SLOS angle (ALOS) that the target  
image motion will be independent of SLOS angle. This is accomplished by 
the cosécant  computing amplifier (CSC) and the 2X computing resolver 
located on the SXT trunnion axis.  The net result i s  that the shaft drive 
ra te ,  A g ,  i s inverse ly  preportional to the sine of the SLOS angle. The 
speed control ler  i s  also operational in this mode. 

Optics-  Computer Mark Logi_. The MARK and MARK REJECT 
buttons on the indicator control panel a r e  utilized to instruct the computer 
that a navigation f ix  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 c rew which energizes  the 

GUIDANCE AND NAVIGATION SYSTEM 

E Minion Baffle Date .1 March 1967 Change Date' 27 Sept 1968 Page_- 33 



Mission 

SMZA-O3-BLOCK II 

APOLLO OPERATIONS HANDBOOK 

SYSTEMS DA TA 

mark  relay.  The mark  relay transmits a mark. command to the computer.  
If an er roneous  mark  is made, the mark  r e j e c t  button i s  d e p r e s s e d ;  this 
will generate a "mark reject"  command to the computer . -  

Computer Mode Operation. The computer-control led Operation i s  
selected by'placing the moding switch in computer position. The mechani- 
zation of this loop is chosen by the corriputer program that has been 
selected by the fl ight crew. The operation of the SXT under  computer . 
control i s  accomplished by completing the ci rcui t  f r om the CDU digi ta l - to-  
analog converters (DAC) to the shaft and trunnion motor dr ive amplifier .  
The computer. can then provide inputs to these  amplif iers  via a digital 
input to the CDU, which a re  converted in the DAC to an.800—cyc1e signal 
that can be u sed  by the MDA. This mode i s  u sed  when it i s  des i red  to 
look a t  a specif ic  s ta r  f o r  which the computer has  the corresponding s tar  
coordinates.  The computer will also know the attitude of the spacecraf t  
f rom the position of the IMU gimbals and will, therefore ,  be able to cal— 
culate 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 des i red  
position via the DA C. 

In the computer mode, the Optics can be zeroed via control relays 
located in the PSA. The relays a r e  selected by a CMC input into a relay 
driver in the PSA. These relays generally perform the same function a s  
the indicator control panel switches. It should be noted that when the 
computer selects  z e r o  Optics, it will also disconnect the DAC f r o m  the 
circuit .  
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GUIDANCE AND NKVIGATION SYSTEHIFUNCTIONAL'VERIFIGAIION 

SCOPE FOR OCP-PB650h 

Descripgign 

wer is supplied to the guidance and navigation (6&N) aystam. 
Stimli from the appropriate ACE station and the command module is injected 
into various control loops. System responses are monitored and recorded 
in the command module and at the ACE checkout consoles. These recorded 
reactions are reduced for analysis. 

Objgctyes 

1. To demonstrate the pfdper mnctional operation of the M 
system within the spacecraft. 

2. To verify the operational compatibility of the G&N system with _ 
the EPS, ECS, caution warning system, and pulse ccde modulator (POM). 

Pier 51 as 

Applicable sections of the following OCP's will have been completed: 

OCP-P-1013 Prepower Application Test 

OCP-P-10060 Test Configuration Checklist, Crew 
Compartment Controls 

OCP-P-lOOBO Test Configuration Checklist , Vehicle 
and GSE Protest Cables and Hardlino 
Configuration 

OCP-P-10058 Test Configuration Checklist, GEE 
Protest 

Se c 

01. Activation of Support. Subsystem and Support 68!: (EPS, C.I . ,  E08) 

02. G&N activation: The G&N is placed into the standby mode of 
operation. The ccunand module computer (CHC) is initialized and 
voltages are verified. Inertial measurement unit (1140) standby 
power supplies are verified. - ' 

IZZ 



7. 

10. 

11.‘ 

G&N panel brigheness controls, lamps, and minimum- impulae and 
mark reject tests: All G&N displays, such as warning lamps 
(including caution/warning master alarm), condition lamps, and 
CHO alarm lamps are tested. 

- The illumination of the optics reticles and telescope panel angle 
counters are tested for required lighting and minimum impulse. 
The hand controller is verified for proper operation. 

CMC operational test: The basic mnc'bional capabilities of the 
computer are verified using test routines initiated by the comand 
nodule display and keyboard (DSKY) entries. DSKI lamps, alarms 
(including caution/warning system interfaces), and interrupt 
responses are observed in the command module and ACE control 

' station. The CMC clock frequency is verified. 

Voltage margin test: The voltage margin test. checks the voltage 
fail circuitry. By stressing the micro logic, information is 
obtained which assures reliability of the CHC. 

Power-on operational test: Operating power is applied to the IHU, 
and optics discretea and voltages are monitored. Outputs of all 
power supplies are recorded and verified. 

G&N operational test: The G&N operational test routine is entered. 
The gravity vector and the horizontal component of earth rate are 
calculated. This is a cross check of G&N system operations. 

Gimbal friction test: The three gimbal axes are separately 
torqued, in both a positive and negative direction, to check for 
an indication of excessive friction in the gimbal system. 

Semi-automatic mode control test: This test verifies the ability 
of the CEO to comand various platform angles. The gimbal lock 
indication is verified, and the optical and inertial coupling 
disp unit (CDU) drive rates are checked. 

Zero optics test: The zero optics test demonstrates the optics 
time to zero and CDU zeroing accuracy. 

Optics slew rate'test: This test. demonstrates the slewing per- 
formance of the optics servo loop at high, medium, and low speeds. 
The optics are driven for a time interval and than the angle is 
divided by the time interval to determine the slew rate parameter. 

I 2 3  



15. 

16. 

17. 

18. 

19. 

21. 

optics coordinate transformation control test: The mnctional ‘ 
operation of the optics resolved mode is demonstrated, including 
the control stick resolution and : 3 l  performance. 

Optics positional accuracy test: The image resolution of the 
sextant and scanning telescope are verified, and the trunnion 
(SIT) positional accuracy is checked. Parallelism of the sextant 
line of sight and the scanning telescope line of sight are verified 
and the ability to drive the optics to a known angle by CMC control 
is checked. Manual drive of the optics with the universal tool will 
be demonstrated. 

Stabilization loop step response test: A step input is separately 
applied to each of the IHU stabilization loops. Stabilization loop 
response time and number of overshoots are verified. 

IRIG scale factor test: The IRIG scale factor test routine is 
selected. Each IRIG is torqued in a. positive and negative 
direction. The average torquing scale factor is then calculated. 

IMU performance test: The PIPA bias and scale factors are 
determined. The drift. coefficients are calculated for egch IRIG. 

Fine alignment test. . The aligmnent between the SIT-navigation 
base and IMU is verified. 

Gyrocompassing test: The ability of the stable manbors to 
maintain a. local vertical attitude and an azimth reference is 
verified. 

G/N deactivation proper system power down 

Déactivation of support subsyqtems and support 631?. (EPS, 6.1;, ECS) 

‘ '5 . 
Short G/N activation: System reactivation after sequences 2, 6, and 
7 if necessary. 
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zest Sum” rt Ewemonta 

1. Documents 

OCP-P-1115 

OCP-P-1237 

OCP-P—10060 

OCP-P-10030 

comp-10053 
Emacs-0107 

310610-018 

SID 65-l6lp2 

“0201-5528 

m0201-5036 

mom-5117 
P52015000 

V36-976018 

v36-9L5043' 

V36-h21300 

Wit-900101 

was-721.001 

Electrical Power Emotional Checkout 

EPS, 0&1, ECS Cooling Turn-on Procedure 

Test Configuration Checklist, Crew 
Compartment Controls 

Test. Configuration Checklist, Vehicle 
and GSE Cables and Hardline Configuration 

GSE Pretest Test. Configuration 

Mechanical Installation Specification for 
Apollo Guidance Equipment 

Contmnination Control, Apollo Comand 
Module and Service Module 

Apollo Comand Module/Service Module 
Measurements, Requirements for Block II 

Post-Installation Checkout Process 
Specification for the Apollo Guidance 
and Navigation System, Block II (SC 101 
and Subsequent) 

Installation and Aliment of Optical 
Target GSE 
SC 101, Block II Acceptance Data. Package 

ACE Programing Requirements , SC 101 

Master End Item Specification, Part II, 
Product Configuration and Acceptance 
Test Requirements, G&N Spacecraft Equip— 
ment, Comand Module, Block II Installation 

Design Layout, Main Controls and Displays 

Guidance and Navigation Sybtem Schematic 
Diagram 

Wire List, Cable Assembly CM Harness 

Functional Integrated System Schematics 

Equipnent Installation, Block II Guidance 
and Navigation, Lower Equipment Bay 

:25 



2. Equipment 

123-111; 

A23-097 
A23-196 

1123-301» 

A23-200 

Ally-135 

CIA-1.62 

elk-#18 

CM-hl8-101 

CIA-21¢O-301 

GSA-391 

CM—hBlt-B'Ol 

Clip-2&1 

CIA-232 

CIA-207 

Olly-208 

elk-467 

014-391 

Alb-298 

CIA-A73 

Sin-053 

ASL-2&3 

su-019 
014-262 
CIA-651 

or 310312 

Portable temperature controller 

G&N installation and qualification fixture 

Portable light assembly (to backlight 
optics) 

Power servo assembly adapter medule 

Retreeflecting prism 

Optics support fixture 

Cable set, portable GM! system 

50 around power supply 

Ground power console 

ACE-SC service equipnent adapter 

Carry-on cable set (ACE) 

ACE external signal conditioner 

External digital test. comand unit 

ACE data interleaving system 

Digital test command system (carry-off) 

Digital test monitoring system 
(carry-off) 

Breakout box test. CM-SM adapter 

Electrical cable set (carry-off) 

Inverter substitute 

Electrical cable set 

ECS water-glycol trim unit. system 

Umbilical disconnect 

Water-glycol service set 

ACE power supply, dc 

Power distribution unit, Myers 11678 

|2.6 



sup-082 (Sm—01h) 
su-121 

can-561 

A23-166 

1123-207 

3. p. 52151. 

H.P.526A 

sum-17166 I 
31409-17167 
32409-17003 
DEM-3 023-079) 

Date 

Fluid distribution systam 

Whter glycol refrigeration unit 

External ACE J-bax 

SOT/EXT lens cover 

Lifting fixture qualification/aximnth 
reference 

Eput counter 

Plug-in 

Gable set 

Cable set 

Broakcut box 

Theodolites (2) 
Vblt ohmmeter 
Test.leads 
Calculator (Friden) 
Mbvable optics target 
SCT resolution chart 
Leeds and Northrup 8693 tamperature 
potentiometer, Universal tool 

Real-time recorded data and visual displays in the ACE control 
room are recorded in the 00?. 

Downlink playback data are utilized when required fbr special 
analysis. 
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- MEASUREMENT 

NUMBER 

ccounv 
ccumov 
ccnuwr 
ccumn/ 
ccunn/ 
ocean! 
ccunmx 
c523x 
CGI533X 
ccznzv 
ccznwv 
cczmv 
CGZ|42V 
CGZI43V 
cc 2|47V 
ccznzv 
cczmv 
cczmv 
cc22I9v 
c02249v 
cc2279v 
cezxmw 
00230” 
cc2302x 
cczxnx 

SC |0| PGNCS AIB TLM LIST 

MEASUREMENT DESCRIPTION 
Computer Digital Data 40 Bits 
+l20 VDC PIPA Supply DC Level 
2.5 VDC TM Bias 
IMU 28 V . 8  KC I PCT 0 Deg. Sup. Rms. 
0PTX 28V .8'KC I PCT 0 Deg. Rms. 
3.2 KC 28 V Supply 
+28 VDC Standby 
+28 V CMC Operate 
0PTX Operate +28 VDC 
IG IX Resolver Output Sin 
IG IX Resolver Output COS 
IGA Servo Error in Phase 
MG IX Resolver Qutput Sin 
MG IX Resolver Output COS 
MGA Servo Error in Phase 
06 IX ResoIVer Output SIN 
06 IX Resolver Output COS 
OGA Servo Error in Phase 
Pitch Att. Error - CDU DAC Out . 
Yaw Att. Error-CDU DAC Out 
Roll Att. Error - CDU DAC Out 
PIPA Temperature 
I RIG Temperature 
IMU Heater Current 
IMU Blower Current 

DATA RANGE 

+85 to +l35 VDC 
0 to +5 VDC 
0 to 3|. I VRMS 
0 to 3|. I VRMS 
0 to 3|. | VRMS 
Off or Standby 
Off or Oper. 
Off or Oper. 
0 to 360 Deg. 
0 to 360 Deg. 
-3. 0 to +3.0 VRMS 
0 to 360 Deg. 
0 to 360 Deg. 
-3. 0 to +3.0 VRMS 
0 to 360 Deg. 
0 to 360 Deg. 
-3. 0 to +3.0 VRMS 
-|6. 9 to +I6. 9 Deg. 
-I6. 9 to +I6. 9 Deg. 
-|6. 9 to HO. 9 Deg. 
+I20 to +I4O Deg. F 
+I23 to +|43 Deg. F 
On or Off 

‘ On or Off 

CHANNEL ‘ 
CODE 

5| DSI 
IOA83 

- |0Al38 
l0A9| 
IOA|46 
IOA85 
IIEI5-2 
nus-3 
mas-4 
||A54 
||A59 
I-2A2 
IIA60 
||A6| 
IZAI 
||A62 
||A63 
I2A3 
IIA64 
IIA65 
||A|6 
|0A96 
IOAI 
IOA5 
|0A7 
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MEASUREMENT 
NUMBER 

ccaonv 
CGBOZIV‘ 
ccamov 
CGBISOV 
ccaloov 
ccanwv 
coamv 
cczvzzv 
scsmox 

MEASUREMENT DESCRIPTION . 

Trunnion CDU Fine Error 
Sha’ft‘CDU Fine Error 
SXT Shaft Tachometer Output 
SXT Trunnion Tachometer Output 
SCT Shaft Tachometer OUtDUl 
SCT Trunnion Tachometer Output 
Shaft CDU DAC Output 
Trunnion CDU DAC Output 
CMC Warning 

DATA RANGE 

-|. 2 to +I. 2 VRMS 
-|. 21.0 H. 2 VRMS 
-0. 5 to +0. 5 VRMS 
-O. 5 to +0. 5 VRMS 

‘ -5. 0 to +5.0 VRMS 
'5. 0 to +5. 0 VRMS 
-|0 to +|0 V‘RMS‘ 
-|0 to +|0 VRMS 
Warn or Off 

CHANNEL 
CODE 

IIAI7I 
IIAI80 
IIAI72 
||A|73 
IOA|3 
IOA|4 
||A52 
||A53 
IIEI9-I 
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“JOE 

AT! SE! 
AUTO 

3/0 
3.0. 

f Accclcranoter/Accoleration 
Attitude Control Subsyatu 
Alternating Current 
RCS made A and C 
Analog to Digital 
Attitude 
Amplifier ‘ 
Attitude Reference Subsystem 
Attitude Set. Control Panel 
Attitude/Attenuation 
Attitude Set 
Automatic 

ROS Quads B and D 
Body Haunted Attitude Gyro 
Break Out Switch 
Bits Per Second 
Backup Rate 
Bnclcup Rate Roll 
Backup Rate Pitch 
Backup Rate Yaw 

Circuit Breaker 
Counter-clockwise 
Controls and Displays 
Constant Delta Height 
Coupling Data. Unit 
Concentric Flight Plan 
Center of Gravity 
Channel 
Con-and Module . 
Omani Module Canputor 
Cunnd 
Crew Optical Alignment Sight- 
Control 
Cycles Per Second 
Cosocant Cunning Amplifier 

GTE 
CU 

(1/w 
D/A 
DAG 

DB or 
d. b . 
DEER 
DC 
DMOD 
DSKY 

mo 
FDA 
ELECT 

DC 
HG 

FCSD 
FCSM 
FDAI 
FUNCT 

0&0. an 

Gel-land and Service Module 
Computer Subsystem ' 
Central Timing Equipont 
Clockwise/Continuous Hun 
Not Clockwise 
Caution and Warning 

Digital - to - Analog 
Digital to Analog Converter 
Digital Autopilot 

Deadband 
Decrease 
Direct Current 
Denodulator - 
Display and Keyboard 

Elevation Anglo ' 
Electronic Control As 3:.n \ 
Mine Cmbustion/hgino Cut OFF 
moctronic Display Assubly 
Electronic 
Etrth Landing System 
Entry Monitor System 
heads 
Ehgine 
Phi-or 

Flight Crew Support Division (DEC) 
Flight Cubustion Stability Monitor 
Flight Director Attitude Indicator 
Motional 

Gyro As 3311n 
Guidance and Control 
Ground Elapae Tine 
Guidance and Navigation 
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GNCS 

GDC 

GP/FPI 

GPI 
GSOP 

IICR 

Guidance Navigation and 
Control System 

' Gyro Display Coupler 
Ginbal 
Ginbal Position and Fuel 
Pressure Indicator 
Ginbal Position Display 
Guidance System Operations Plan 

Apogee Altitude 
High/Hello 
Perigge Altitude 
Heaters 

Inertial Coupling Data Unit 
Inner Ginbal Angle 
Ignition 
Indicator 
Impulse 
Inertial Measure-ant. Unit 
Increase 
Inertial Rate Integrating Gyro 
Inertial Subsystem 
Inatrunont Unit 

Kilo Cycles 

Latitudo 
Lower Equipent Bay 
Launch Escape Systu 
Launch Escape Tower 
Lunar Module 
Land-ark 
Luna Orbit Rendezvous 
Line of Sight. 

7 Launch Vehicle/Lift Vector 

HAN 
MAX 

HERU . 
HESC 
MIN 

HNA 

DEB 
HTVC 

HAY 

NORM 

OCDU 

OPT 

ORDEAL 

PA. 

PGNCS 

PIPA 
PSA 

Manual 
Haadnum 
Main Display Console 
Milli Earth Rate Unit 
Mission Events Sequence Control 
Minimum 
Middle Gilbal Angle 
Monmethylhydrozene 
Main Buss A 
Main Buss B 
Most Significant Bit 
Manual Thrust. Vector Control 

Navigation 
Navigation Base 
Nomal 
Eon-return to Zero 

Optics Coupling Data Unit 
Outer Ginbal Anglo 
Optics 
Optics Subsyst- 
Orbit Rate Drive flectronica Apollo 114 
(bddiaar 

Pitch Axis of Control/Program 
Power Amplifier 
Push Button 
Pulse Code Modulation 
Primary Guidaa , Navigation and 
Control Systun 
Phase 
Pulsed Integrating Pendulum Accelerator 
Power Sam humbly 
Pulse Per Second ' 
Push to Talk 
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BLVDT 

3/6 
86'! 
SOS 
SIG 
815 

SHJC 

3P8 

3TB! 

SING 
SIS 

TE 
TRIP 
TF1. 

Power 

R011.Axia of Control/Routine 
or DSKY'Diaplay Register 
Rotation Control 
Reaction Control Systqn 
Raleaso" 
Reverse _ 

- Rate. Gyro Assembly 
Roaction.Jet Driver . 
Reaction Jet and Engine GN-OFF 
Central 
Rotary Linear Variable 
Differential Transfonlcr 
Range 
Rotation 
Roll Stability Indicator 
Real Tins Commands 
Interrupt 

Spacecraft 
Scanning Telescope 
Stabilization and Control System 
Signal 
Star Line of Sight 
Service Module 
Service Mbdule Jettiaan Controller 
Spin Motor Rotation Detector 
Service Propulsion Systan/Sanples 
per Second 
Standby 
Switch 
Sextant 
Synchronize 
System 

Translation Control 
Transearth Coast 
Tunperaturo ' 
Tina - From - Launch 

.TIGN 

TPAC 
TFF 
TPF 
TF1 
TTINT 

TTE .‘ 
TVC 

UDL 

Ye 
V0 

EATION 
XLUNAR 

AV 

Time of Ignition 
Translunar Coast 
Telemetry 
Telescope Pointing Angle Counter 
Time of Freetall ' 
Transfer Phase Final 
‘Transfer Phase Initiatian 
Time to Intercept 
Transfer 
Tine - to Events 
Thrust Vector Control 
Thrust Vector Position Servo Amplifier 

Up‘Data'Link 
UpéLink Talenétry 

‘ Velocity. 
Velocity Measured 
Circular Velocity 
Initial Velocity at .053 

Translatian 
Translunar 

Differential Velocity 
R011 Control Axis Designation/Phaag 

Yaw Cantrol Axis Designation 

Pitch Control Axis Designation 


