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3. 11 2,11 Computer Characteristics 

1., Memory 

Page 2 

a . Erasable: 2048 words of ferrite coincident current 

b , Rope: 36 ., 000 words of wired transformer type tap 

wound cores 

2, Word Length: 16 bits (15 bits data & parity) 

3, Instruction Codes 

a " Single precision 

b ,. Double precision 

C o In/ Out servicing 

18 

3 

7 

d o Branching and interrupt control 7 

4 Clock Rate: 

Oscillator: 2. 048 MC 

Memory Cyd e Time: lt 7 usec 

5 , XnputR output (see Section 3. 1. l. 2 , 3) 

6., Weight - Status weight per MIT Report E -1142~ Feb . 1 65 

Computer: 58 0 pour:.ds 

1 DSKYs: 17 • 5 pounds each 

7, Packaging: Sealed 

8 . Power - Status per MIT Report E-1142 ~ Feb . 1 65 

fts drawn from +28 V de busses 

Standby operator: 10 watts 

Operate operation: 110 watts 
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EMU Characteristics 

! Genera1 ·' The XlVJU 1s a thiree~degree~of-freedom ghnbaHed 

systiem carrymg inner member selI"vo stabtHzed non-

2 

3 

rotating by using error slignals from three single- degree-of• 

freedorn gyros Three sfogle-degree-off- freedom acceleirometei·s 

are carried by the innell" stabiHzed member. 

Gimbal arrangement~ compatible wHh Ma~n Panel Flight 

Dir-ector 1 s Attitude Indicators 
c3 ~d I 11 $ .J rl ;,: d I r r r 1 , ..., '< J ;,. 

a , Outer a.x1s ., fixed to vehicle and parallel to,.. vehicle X axis 

(roH ax.ts) . ano ,n '!,.Onlc d11°rs1r,.,,,os 

b Middie axis; parallel tof'lvehide Z axis (yaw axis) when 
fi. rmba l 1 , out("r ~ angie is zaro 

/\ ;;.rid ll"l.5"/11C 01r~t';..,,.,~, 8-S. 
c Inner a.xis,. parallel to,, vehicle Y ax$,s (pitch axis) 

~tnlb,i...l 
when outer and middle ~HN!! angles are zero . 

I\ 
Components 

a, On Inner Gimbal (Stabilized Membeir) (Be:rylLJum) 
-deA~~of-fr~<' do..,,, 

b 

U) Three size 25 Single ~ ,.Inertial Reference lntegraUng Gyiroe 
-cl<'!)"r-e.<z..'-' ot' - { i-~edD-WI 

(2\ Three size 16 Single ~Pulsed Integrating Pendulums 

(3) Gimbal mounted electronics to service suspensions and 

(+) ~utput signals of gyros a
1
nd penduk'lllS acceleromei!'ers 

0 
1-e r>-1 ~ f'"Ail +iv, e. ee;,nt """ l !'It 'fl t<::1-1i, ~ rl.:i !o,,. I' .s O Y-'/,\. 

n llnner . x s 

0) 
(2) 

(3) 

(4) 

Two assemblies of sHp rings. 40 rings each. 

Two duplex pair bea!dngs; one fixed, one floating 

One combination oneflspeed sixteen-speed resolveir -tran3mitter . 

One single-speed gyro error signal resolver . 

(5) One d-c servo torque generator . 3. 8 11 diameter air gap 

(6) No gimbal s tops. um.limited motion 

c On Middle Gimbal (hydrofortned aluminum hemispheres) 

0) No components 

d . On Middle Axis 

(l) Two assemblies of s'dp rings , 40 rings each 

(2) Two Duplex pair bearings; one fixed~ one floating ,. 

(3) One combination one-speed sixteen-speed resolver 

transmitter 

(4) One d-c servo torque generator, 3 8 11 diameter air gap. 

,s) No gimbal stops. ,.mlimited motion 
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3,.1, l. 2. L 2 XMU Characteristics (Cont ) 

e . On Outer Gimbal (hydrofor med aluminum hemispheres) 

(l) Blower motor a nd fan for heat transport from stabl e 

member to case, 

f . On Outer Axis 

(1) Two assemblies of slip rings . 50 r ings each., 

(2) Two Duplex pairs bearings; one fixed ~ one floating 

(3) One combinaUon one- speed sixteen- speed resolver 

transmiUer, . 3, 1 ZS" 
(4) One d-c ser vo torque generator, ~ diameter a ir gap 

(5) No gimbal stops 0 unlimited motion, 

g" IMU Case (hydroformed a lum inum hem isphere) 

{l) Roll bonded coolant passage and quick disconnects . 

(2) Electrical sixteen-speed zero adjustment module .. 

(3) Mounting pads for mounting to Navigation Base ,. 

( 4) Two 61 pin electrical connectors 
(Fi) 'B)<.:>LA>" Y-- C0\11. t-rol r-e,{8 "( ~--~) r~_s..,l;.t,·o" +o (!.,,, ~ ,-ol 

4 . Size : On case diameter 12 . 5 inches cu-...rlt-11'1.<l t11> r'l 0 /' (l ot> l r' r> f-

Along Olllter axis 14 inches te>e>lt1r1t- P~~-.w, .. ~ 
Volume app~ox, 1100 cubic inches 

5 Neight: (Sta tus per E -1142 ~ Feb, 1 65) 42 .1 pounds 



3. L 1. 2.1 3 Optics Characteri s tics 
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The optical subsystem is the primary on-board navigation data measure­

ment equipment. The optical subsystem in conjunction with the rest of the 

equipment provides 

l. Means for making star di rection measurements for initial alignment 

of the !MU 

a c visually by the aatrornaut 

b ., automatically 

2 , Means for making the navigation angle measui--ement between navigation 

stars and landmark features of the earth or moon 

t\ .. visually by the astronaut 

3 Means for making the navigation angle measurement between navigation 

stairs and sunlit horizons of the earth or moon 

a , visually by the astronaut 

b automatically 

4 Means for making the navigation direction measL"l"emernt to landmark 

features while in low orbit around the earth or mt·on 

a visually by the astronaut 

5, Means for making star occultation by the moon nav gation measurements 

a, visually by the astronaut 

b . automatically 

6 Means for making spacecraft backup attitude measurt1nents with respect 

to selected stars for backup alignment of inertia l attitl,de sensors ,. 

1 . A pair of articulating telescopes for general viewing b~ the astronaut; 

one high power and one low power, 

3, 1 l, 2 .1 3 l ScaMing Telescope (SCT) 

T e scannil!lg telescope 1.s a single Une of s ight'unity powerv w·de field,. 

articulatmg telescope used for ~ 

l Landmark tracking for low orbi t na'tigation in conjunction wit.1 IMU 

attitude reference 

2 .Acqui s ition instrument for the SXT. 

Spacecraft atti tude measurement for backup alignment of inertia. 

attitude sensors . 

4, Low power wide field g ner l viewing mstrument 



3 LL ~ 1. 3 Optics Characteristics (Cont ) Page 6 

3a l. t 2. L 3 .. l. l SCT Mech Rnical Characteristics 

l. Articulation of line of s ig .t with respect to spacecraft" 
+500 a . Trunnion motion _ 50 of line of sight from shaft axis about 

trunnion axis which is perpendicular to shaft axis r 

b Shaft motion" con~inuous rotation carrying trunnion axis about 

shaft axi s located parallel to SXT shaft axis and approximately 

33 degrees from the spacecraft Z axis towards spacecraft X 

axis in the XZ plane. 

2. Trum1ion axis components 

a , Servo motor- tachometer at 5952 speed with respect to trunnion 

prism, 

b . Resolver tr nsmitter at o e speed with respect to trunnion prism, 

c, !Uum inated mechanical counter readout 000, 0 degrees to 

359. 9 de3rees of line of sight. 

d . Universal tool manual drive at 696 . 8 speed wi th respect to 

trunnion prism , 

e Trunnion prism a t one-half speed with respect to U.ne of sight. 

3 . Shaft Axis Componm ts 

a , Servo motor-tachometer at 2976 speed with respect to the shaft 

axis -line of sight plane. 

b .. Resolver receiver at one speed with respect to the shaft axis ­

line of s ight plane. 

c , Illuminated mechanical counter readout 000 . 0 degrees to 
359 , 9 degrees 

d . Universal tool manual drive at 348 . 9 speed with respect to the 

shaft ax1s -Une of e ight plane< 

3" LL 2 l , 3 t 2 SCT Optical Characteristics 

1. Magnificat.bn: unity 

2, Field of view : 60 degrees diameter 

3 Unobscured field coverage by use of articulah.on: approxo 50 degrees 

from shaft axis 

4., Illuminated reticule 

5, Eye relief~ 2~ O 
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3. L L 2" L 3 Optics Characteristics (Cont, ) 

3 . 1. l.. 2. l 3, 2 Sextant (SXT) 

The sextant is a two line of sight . 28 power P. telescope having one 

line of sight identified as the l andmark line fixed parallel to the shaft axis 

a.nd the other line of s ight identified as the star line articulated as described 

below. The sextant is used for: 

l ~tar to landmark or horizon angle navigation measurement 9 manual 

or automatic. 

2., Star direction measurement for !MU alignment 9 manual or automatic . 

3 . High power articulating telescope for general viewing" 

3" l. L 2 .. L 3 2 , l SXT Mechanica Characteristics 

1.. rticulating of star line with respect to spacecraft. 

a . Trunnion motion 0 to +90 degrees of line of sight from shaft axis 

about trunnion axis which is perpendicular to shaft axis , 

b . Shaft motion 0 ! 270 degrees carrying trunnion axis about shaft 

axis located parallel to SCT shaft axis and approximately 33 degrees 

from the spacecraft Z axis towards spacecraft X axis in the XZ plane . 

2. Trunnion axis components 

a , Servo motor-tachometer at 11 9 780 speed with respect to trunnion 

m irror. 

b " Resolver for optics hand controller cosecaint attenuator at two speed 

with respect to the trurnnion mirror. 

c= Resolver transmitter one speed with respect to trunnion mirror 

d . Resolver transmitter 64 electrical speed one mechanical speed with 

respect to trunnion mirror. 

e . Trunnion mirror a~ one - half speed wi th respect to star line of s ight 

3 , Shaft axis components 

a, Servo motor-tachometer at 3010 speed with respect to the shaft axis -

star line of sight plane . 

b . Resolver for hand controller resolution at one speed with respect 

to the shaft axis -star line of sight plane 

c Resolver transmitter one speed with respect io the shaft axisy 

star line of sight plane 

d , Resolver transmitter 16 electrical speed one mechanilcal speed 

with respect to the shaft axis -star Une of sight plane , 

e Resolver transmitter one-half speed w1th respect to the sha t ax;s. 

star line of s ight plane , 



3. L l 2.1. 3 , 2. 1 SXT Mechanical Characteristics (Cont, ) 

4 , Star tracker 

a, Carried by h ad of sextant and rotates with shaft motion., 

b Uses portion of trunnion mirror for trunnion motion,, 

c . Star tracker field one-half by one-half degree 

d Provides follow ing s ignals 

(l) trunnion error 

( 2) shaft error 

(3) star present discrete 

5 . Horizon Photometer 

a, Carri ed by head of sextPnt and rotater with shaft, 

b . ine of sight is parallel to shaft axis , 
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c , Px-ovldes auto - mar k s ignal to computer when horizon brightness 

reaches measure ent state. 

3, L 1.. 2 , l 3 . 2 2 SXT Optical Characteristics 

l Magnification~ 28 pow er 

2 Field of view : L 8 degr ees diameter 

3. Unobscured field coverage of star line field by use of articulation: 

approximately 50 degree~ from shaft axis " 

4 Relative brightness ratio adjustment landmark line field to star line field : 

5 Ulum inated reticule 

6 Eye relief: 2, O 
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3 L l 2 i, 4 PSA Characterlstks 

L General ~ The PSA (Power Servo Assembly) ls a collectior_ of electronics in a 

common package wh:.ch suppo;:-t the operation of the IMU ard optics subsystem. 

2. Construc tion~ 'Modular packaging of assoc:a.ted electronic circuitry which 

plug ill'lto a s 'ngle level ht:=ader which makes up neceseairy intermodu.lar 

interconnection and cor..nections to the rest of the system through a wiring 

harness The PSA 1s protected by a sealed car.tamer. Weight., status per 

E-1142 . March !965· 41. 5 pounds . 

3, Module :i.dentification for PSA 

~uantity 

1 
l 
l 
1 
l 
l 
l 
2 
3 
2 
1 
3 
l 

3 
4 
1 
l 
1 
1 
l 
l 
l 
l 
l 
l 
l 

4 

1 
l 
l 

, ( '.., r, 

Name 

DC Differential Amplifier & PVR 
B~nary Current Switch 
Pulse Torque Gyro Calibra tion 
Pulse Torque Power Supply 
-28 VDC Pow er Supply 
3200 cps 1% Amplifier 
3200 cps Phase & Amplitude Conirol 
800 cps 1% AmpEfier 
800 cps 5o/o Amplifier 
800 cps AAC F ilter 
Signal Condi t!oning Pow er Supply 
G&N Subsystem Supply F ilter 
Failure Indicator & Warning ( 11Gimb, Serv 

& Gimb Lockout Warning ind icator") 
Girnba t Servo .ArnpHfier 
Motor- Drive .Amplifier 
Opt 1cs Compensation 
Two-Speed Switch 
Cosecant Generator 
Anti -Creep Electronics 
Modulator & Loop Comperisation 
Tracker "X" Channel Electronics 
Tracker "Y" Channel Electronics 
Photometer Electronics 
Light Dimmer 
Power Transformer. Indtcator Lights 
!MU Load Compensation 

1, G \mbal Servo Relay (l'lodv I c. 

~-1 Optics ' oding l<e I "1 "'oo, '• • 
4,, ~ 
Optics A tomatic Operate Relay 
SCT Moding 
Buffer Ass' y 

· ·4•4 Modules 'Total 

. ' 

· Out of LS:m 1. ts 
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3.L l.2 . 1,4, l PIPA Electronics Assembly Characteri s tfLcs 

lo General: The PIPA (Pulse integra ting Pendulous Accelerometer) 

e lectronics listed here are packaged separate from the res t of the electronics 

in the PSA . The assembly includes serialized circuitry associated with 

particular serialized accelerom e te r s in the !MU. 

20 Construc tion : odula r plu. ging into a s ingle level inter connection header 

in sealed covers. 

Weight0 status per E -1142 0 March 1965: 7 0 9 pounds 

3. Module Iden tifka tion 

Quantity Name 

3 

3 

3 

3 

DC Diff e r eintial Amplifier & PVR 

Bina y Cur rent Switch 

AC Differ entia l Amplifier & futer rogator 

PIPA Calibration 

12 Modules To tal 



? 
0 
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CDU Characteri e .cs 

L General: The CDUs 0 CoupUng Data Units 0 are the interface units amor1g 

the digital complllter and v dables of the rest of the G&.N. Each CDU has 

iwo sections: 

.a, An analog to digital ection (a/d) accepting two-speed resolver data 

transmission nd fe ding angle incx-emental pulses to the appropriate 

compu teir counter .. 

b " A digital t.o analog section (di a) accepting incremental pulses of the 

var iable of conce rn. nn gener ating an 800 cps suppressed carrier 

voltage proportional tc the count of the input pulses. Each D to A 

output has associ9.te m eynchronou.s demodulatoir to gener~te ala a 

ground isolated pro rtional DC voltage ,, 

2" Construction: AU soHd s 2 te e lectronics 0 no moving ~ris. ~-Modulair 

packaging plug into v,ir e wrapped header in sealed containen·. 

Weight0 status per E-U42 0 F'eb. 1965: 33 poundsu 

3. Configuration: There are ffv CDUs for computer interface used as follows: 

-""7' 

(l~) (a f d ) 0 Read_ IMU inne,r gimbal angles from l & 16 speed resolvers to AGC , 

(lb) {d / a ;'j) Send pitch err r from AGC to FDA! p:i.tch attitude error needle aoo 

to Saturn instrument uait' for spacecraft control of Saturn., DI.I" ing 

coar.-se align mode of G&Ns send inner gimbal err·or signal to IMU sell"vo. 

(2a) 

(2b) 

(3a) 

(3b). 

l4a) 

(4b) 

(a / d) 0 Read !MU middls gimbal angle from l & 16 speed resolvers to AGC , 

(d / a L Send ya\V error0 !rom AGC to FDAI yaw ati iitude error needle and 

to Sa urn instrum ent unit for spacecraft control of Saturn. During 

coa1·se align mode of G&N~ send middle gimt,al ~r'iror signal to IMU se+vo, 

(a / ), Read lMU oute , gimbal angle from. l & 16 speed resolvers to AGC . 

(d/ a) . Send roU erro,'.J, from .AGC to FDAI roll attitude error needle and 

to Saturn instrument unit tor spacecraft control ell Saturn. During 

coarse align mode of G&N» send out.er gimbal error signal to IMU servo" 

(a / d ,. Read SXT trunnion angle from 64 speed resolver to AGC. 
) 

(d/a)t Send pitch aervi e module engine command from AGC to engine 

servo. During optics :rive opex-ationa send trunnion error signal tco 

SXT servon 

(5a) (a/d), Read SXT shaft angle from 1 & 16 speed resolvers to AGC. 

(5b) (d / a). Send yaw servi e module engine command from AGC to engine servo. 

During optics drive o eration 0 • send shaft error s ignal to SXT servo" 



3~ l., la 2.1. 5 CDU Characteristics (Cont.) 

4. Modu\e identification for five CDUs: 

Quantity 

5 

4 

5 

5 

5 

5 

l 

l 

l 

l 

Name 

Quadrant Selector -

Coarse System , 

D/ A Converter 

MSA & Quadrature Rejection· 

Error .Angle Counter & Logic 

Read Counter 

Mode Module 

Interrogate 

Digital Mode 

Power Supply 

33 Modules Total 

Page 12 



Page 13 

Interface Lis ts 

The following lists tabulate all electr·ical and function 

· interfaces betwetm the G&N and the remainder of the spa.cecraft9 

booster 9 or c&->ewo In each list the following code :is used: 

t . F'i rst number - numerically assigned for use of these lists only✓ 

2. Three digit number; when present0 is the appropriate computer 

interface control code . 

3 . Interface type : 

DE: d- c input to comouter "in bit" 

SD: Switcn closure of de >-
DC : DC proporUonal analog voltage 

800 cps: Analog 800 cps suppressed car r ier or 800 cps power 

400 cps: Analog 400 cps suppressed carrier 

CB: Computer de output under program conlrol 

XC : Computer transformer output continuous signal 

X - : Computer transformer output special signal 

Y- : Compw ter transformer input special s ignal 

YG: Computer transformer input into counter 

XA : Computer transformer output under counter rontrol 

28 VDc: 28 Vnc power 

DSKY: Associated wi th either or both of the Display and Ke;rboa~ds 

~: Associated with computer data d isplay through 
E, 1-;· 

STATUS: 

CAUTION: 

electroluminescent panel 

Assoc ll.ated with whHe status lights . . 

Associated with yellow caution lights 

LEB Annunciator: Lights of the Lower Equpment Bay condition 

annunciator 

NA V Panel Light: Status light on navigation control panel 

w~ -w~ 
Counter: Degrees and decimal degrees counter 
Eyepiece: Eyepiece 

40 · Interface name: The name assigned to the function is underlined , 

5,, Number in par entheses is that used in minutes_ of the Integrated 

Guidance and Control ImplementatiOn Meetings at MSC" 

6" · Description of Interface 
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Mode Control 

L 004 DE ~ge Thrust Present (106)~ Signal from Saturn 

indicates SIVb engine is burning to cause G&N 

thruat acceleration integration. 

2. 007 DE ~ift Off (l08)D Signal from Saturn indicates first 

motion of boostero 

3o 068 DE Guidance Reference Release (109) 0 Signal from Saturn 

indicates to G&N that the Saturn booster guidance has 

ceased gyro torquing to local launch vertical 

trajectory plane framework. 

4. - R SIVb Discrete Power (112) ~ Computer 28 V DC through 

r esistor to power discretes 0u.llage thrus t '\ "Lift off" 

and "guidance rele~se"., 

5Q 066 DE SJ(Vb Separate/ Abort (42L Signal from m ission sequencer 

indicates that S!Vb is staged and is interpreted as an 

abort if occurs early. 

6. 060 DE L EM Attached _(44)» Indicates LEM is attached to CSM 

7. 067 DE SM Separate (43) 0 Signal from mission sequences 

indicates the SM is staged. 

8., 065 DE Free function (59) 0 Indicates astronaut has selected the 
. . . 

"free" mode of G&N attitude control vh erein the G&N 

responds only to hand controller acceleration ~ommands. 

9. 040 DE Hol . function (58) 9 Indicates astr onaut has sel ected the 
"hold" mode of the G&N a ttitude control wherein the G&N 

holds present spacecraft attitude except when responding 

to hand controller velocity commands . 

Auto function ( - )D (Indicated by not free or not Hold) , 

Indicates that the astronaut has selected the "AUTO'' 

mode of the G&N attitude control wherei n the G&N 

commands spacecraft position accord.ing to computer 

program or hand controller velociity commands .-

11. 082 DE SPS Ready (41) 0_ Indicates that the astronaut has 

completed the engine start checklist and the G&N can 

proceed with engine RCS ullage-SPS firing cycle . 

12. 158 DE SC Control of Saturn ·(105)p Indicates that the pilot has 

chosen to have the Apollo G&N guide Saturn,, 
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Mode Control (Cont~) 

13,, 159 DE G&N Autopilot Control (26) 0 Indicates the pilot has 

chosen primary G&N control of RCS a.nd SPS engines 

for attitude and thrust vector control. 

140 - SD IMU Ca~ 0 Contact closure on main panel to cause 

IMU gimbal to be coarse aligned to zero. 

15" 083 DE Block Uplink0 Signals the astronaut has selected by a 

main panel switch to prevent ground up-telemetry 

from entering computerq 



lo DC 

2" DC 

3,. 800 cps 

4,, 800 cps 

50 800 cps 

60 800 cps 

70 Ii II 

Bo Vi Ii 

9o Ii II 

Wo II 'Ii 

11. II II 

120 DC 
130 DC 
14,, DC 

/ 

Pitch SPS Gimbal {l) drive signal from G&N 

Yaw SPS Gimbal (2) drive signalfrom G&N 
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Pitch Error (6) f G&N error signals to attitude error needles of 

Yaw Error (8) FDAis for error display - also used in early 

Ron Error (7) Block ll flights to SCS as "Technological Backup" 

Sine Inner (3) 

Cosine Inner (3) 

Si.n Middle ( 5) 

Cos Midlle (5) 

Sin Outer (4) 

Cos 01!.li ter ( 4) 

)[MU gimbal signals to FDA1s for indication of 

vehicle total attitude. 

_Pitch Error (10))1 G&N error signals from Apollo ~M to Satur n 

Yaw Error (103) instrument unit for spacecraft steering of 

Roll Error {102) Saturno 



3.1. L 2" 3. 3 E ngine & Jet Control 

l. 801 CB +X" + pitch jet (9) 

2., 806 CB ~x" - pitch jet 00) 

3. 805 CB - X" + pitch jet (11) 

4., 802 CB +X" - pitch jet (12) 

5. 803 CB +X" + yaw jet (13) 

6 ., 808 CB - X 0 - yaw jet (14) 

7 o 807 CB ~x" + yaw jet (15) 

Ba 80~ CB +X0 - yaw jet (16) 

9o 813 CB +Z 0 + roll jet (17) 

10., 816 CB -z" - roll jet (18) 

lL 815 CB - Z 0 + roll jet (19) 

1.2. 814 CB +Z 0 - roll jet (20) · 

13. 809 CB +Y" + roU jet (21) 

14. 812 CB - Y O - roll jet (22) 

l5o 811 CB - Y O + roU jet (23) 

16 . 810 CB +Y" - roll jet (24) 

Page 17 

l - 16 are the 16 jets of the SM reaction 

con tr ol system or the 12 jets of the CM 

r eaction contr ol system. Switched by ihe 

SCS to SM or CM jets depending upon 

s eparation status. Jets are turned on by 

G&N for length of time signal is present. 

17. OU CB SPS engine on/off (25)" output signal when present indicates SPS 

firing command: when disappears. indicates SPS shutdown. 

18 . 4:07 SD Injection Sequence Start (104) 9 output s ignal from G&N indicatin~ 

command which starts SlVb engine firing sequence. 

19. 409 D S!Vb cutoff command 0 output s ignal from G&N indicating command 

to shutdown sr Vb engine 

D SC control of Saturn. Saturn 28 Vnc switched during SC control of 

Saturn at main panel to power discretes "Injection Sequence Start" 

and "S!Vb cutoff command"" 
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3. 1. L 2 ., 3 . 4 Maneuver Command Sign ls 

l . 093 DE + e itch manual rotation (27) Disciretes from the hand rotation 

2., 094 DE - eitch manual rotation (28) controlle ir inciicat ing controller is out 

3a 095 DE + xaw manual rotation (29) of detent and is comm anding a fixed 
' 

4. 096 DE - raw manual rotation (30) angular rEite and direction about the 

5. 097 DE + roU manual rotation (31) indicated ads. (During "free" motion 

60 098 DE - roll manual rotatiol} (32) is acceleraHon and not rate .,) 

7" 018 DE +X translation command (34) Discretes from the hand translation 

8., 019 DE ~X translation command (35) controlle r i dies.ting controller i s 

9. 020 DE ·+y transla tion command (36) out of detent and is commanding an 

10. 021 DE - Y translation command (37) acceleration in the dfrection 

lL 022 DE +z tr~ns la tion command (38) indicated.,. 

12. 023 DE - Z transla tion command (39) 
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3.1, 1. 2. 3. 5 Computer Telemetry and Timing 

L 001 XC Master Clock. s ign l to synchI."onize spaceclt"aft clock to the 

computer oscillator , 

2o 017 X- Downlink data. aerial dovmlink d • ta from compu ter to telemetryo 

3. 014 Y~ ~Pownlink s~art9 s ignal indicating to compu.ter to start sending 

serial downlink da tao 

4 , 015 Y ~ DownHnk end. signal indicating to computer to stop shifting out 

6 . 

7, 

016 Y-

024 YG 

025 YG 

data and reload do wnlink re ister 

Downlink sync •• Uming for shifting out data into telemetry. 

Upl ink zero. uplink data bit signifyi ng zero, 

Uplink one. uplink data bit s ignifying one " 
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Backup Attitude Signals 

l. 817 YG + P XTCH BNIAG Angle increment data from the gyro display 

2. 818 YG = PITCH II coupler of SCS Body Mounted Attitude Gyros 

3o 819 YG 

4. 820 YG - ROLL " so as to permit the com put er to generate 

5. 821 YG + YAW II a Litude error signals. 

6c, 822 YG ~ YAW ' ' 
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3" lot 20 30 7 Status Light Control 

lo 441 SD Computer Warnin~: to master caution and warning system 

indicating action of computer powe,r failure or circuit alarm, 

20 429 SD l[pertial System Warning: to master caution and warning system 

indicating detection ojf IMU accelerometer~ gyroD or CDU error" 

30 444 SD G&N Cau.tion: to master caution and warning :3ystem indicating 

detection of I:MU temperature out of limHsD gimbal lock 

caution"' computer restarrt 0 or program caution. 
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Unused Capability 

(Not connected to spacecraf t systems but retained by NASA direction) 

l . 338 . SD G high light l 
2. 340 SD G low light S 

To signal lights intended on the entry 

monitor to indicate high or low entry. 

3~ 029 XA 

40 030 XA 

So 078 XA 

6. 079 X.A. 

7,, 080 YG 
8. 081 YG 

Entry velocity plus } Intended for entry monitor to updown 

Entry velocity m inus counter and comparator wUh SCS 

accelerometer integration~ 

909 bit cross out 

919 bit cross out "Cross link" capability for two computers to 

909 bit cross in communicate with each other. 

919 bit cross in 
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3.1.1. 2n 3 . 9 Power 

ln 28VDC 

2. 28VDC 

3. 28VDC 

4. 28VDC 

5., 28VDC 

6,. 28VDC 

7o 28VDC 

8,, 28VDC 

.9, 400 cps 

JD .• DC or 
400 cpe 

U .. DC or 
400 cps 

AGC power buss A 

AGC power buss B 

IMU operate poweir buss A 

IM U operate power buss B 

XMU standby power buss A 

EMU standby power buss B 

Optics power buss A 

Optics power buss B 

DSKY electroluminescent keyb rd power ~ J!'rom master dimmer 

115 V nominal 

MP DSKY status light power» from master dimmer» 5 V no~inal 

DSKY caution lig!!!, power g from master dimmer O 5 V nominal 

12, resistance DSKY numeric dimmer control" from master dimmer 

Optics reticles 0 pow r from S/C for opUcs r etic.ules 13~ 00 cps 

14., 800 cps 

15~ 084 DE 

16n 28 VDC 

800 cps power 9 to SCS as 800 cps reference for FDAJ and 

autopilot reference. 

Test Lights of status indicators on main panel DSKY under 

program control., 

Power for AGC fail indication (45)" to enable lighting of AGC 

warning light in the event AGC power breaker is out or AGC power 

has failed n 
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3.1. 1. 2. 3.10 Astronaut InterfaceD Displays 

fV " 

II It 

fl fl 

5. II II 

6 , II " 

I I IV 

8. DSKY STATUS 

II " 

10., " II 

lt II II 

12. II II 

" " 

II II 

15 , IV CAUTION 

tmr-rR. 
~:MP ACTY 0 signifies computer activity in 

processing data 

PROGn t o digit (octal) 00 to 77 signifies major 

program mode of computer activity 

V .i:!.RBD tw dig!t (octa » 00 to 77 signifies verb 

chosen by astronaut or signaled to astronaut 

NOUN., two digit (octal) 00 to 77 signifies noun 

chosen by astronaut or signaled to astronaut 

X DAT A~ five digits (deciman and sign ! 00000 to 

± 999 9 displaying X variable data 

Y DATA 9 five digits (decimal) and sign ±00000 to 

· !99999 displaying Y va iable data 

Z DAT A!/ five digits (decimal) and sign ±00000 to 

±99999 displaying Z variable data 

~K ACTY0 u ink activHy O indic~tes the computer 

is r eceiving data from up telemetry 

AUTO;, "Auto: attitude control .mode 0 wiU execute 

existing attitude control program 

HOLD;, "Hold11 attitude control modeD program wHl 

respond to hand controller to hold spacecraft at 

present attitude 

FREE; "Free" attitude control mode 0 program wUl tuirn 

on jets for ace lerat!on response to hand controller 

. only D otherwise spacecraft in free drift 

NO ATT,; signifies that attitude data is not availabl e 
from the IMU 

S BY; indicates that the computer is in the power 

s aving sU\nd by mode 

KEY REL; keyboard release indicates that the internal 

pr ogram has attempted to display information on J:?~KY 

but found display system program busy .. 

TEMP; indicates !MU tempeirature in excess of t 5°F 
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3 .1. l. 2. 3 0 10 J\stronaut InterfaceD Displays (Cont.) 

16. DSKY CAUTION G!MBAL ~OCK; indicates an KMU middle gimbal 

angle in excess of :t 60° and 1here is consequently 

a possibility of r eachirng gimbal lock. 

17. " 
18. " 

Ii 

20. II 

" 
II 

II 

II 

-
PROO; indicates a program internal check has failed . 

RESTART; internal detection iil'I\ computer_ signifies 

e.blllormal operation. 

TRACKER; indicates star:- trac,.ter i3 in acquisition 

status but star n t acquired. 

OPP ERR; opera tor error D keyboard and display 

program has detectediimprope? use of keybal rd by 

astronaut. 

2L LEB ANNUNCIATOR _£Q£ red l ,ghi; indicates computer power supply faibnre 

22. II 

23. " 

24. " 

" 

II 

" 

or circuit a rm. 

ISS red light; indicates KMU gyiro error (tumbling IMUh 

accelerometer error O or CDU failure has been detected 

(under computer program cont ol). 

PONS yellow light~ indicates d..:•tection tlrom accelerometer 

error, IMU temperature~ gimbal lock caution0· prrogram 0 

res tart0 or optics CDUs. (Unc'leir computer program 

control.) 

MASTER WARNING red light; Ut from spacecraft 

master wal'ning detection. 



2o Bute n 

3u Button 

4o SUct< 

5" 3 pos 
swi 

60 3 po 
swit h 

7 , 2pc J 
switch 

Bo 3 poEJ 
swit h 

9. 3 po 
switch 

100 po~er ti­
ometer 

11. 3 pos 
swUc 

~2. onSX'T 

13.., on ·scT 
14. 011, S T 

15(, Univ rsal 
tool 
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Minimum impulse controller 0 navigator 9 s r \ght hand control for 

'sp cecraft minimum impulse control through AGC when in "free" 

modeo 

. Mark., si ruds computer instant of time as appropriate. 

· R..!!,iect Mark., signals computer to reject last mark. 

Optics controller 0 navigatori s left hand con~irol Jror aim of opticso 

Optics mode; "com ter"., o . Ucs undeir c_omputer program control; 

· 
1 'manual".IJ optics und.e astron. ut control; "optics zero" optics 

driven to zero s haft and trunnion. 

Controller speed; "hi"o "med"D and "lo" se,,ects gain oi! optic 

controller to line of sight motiono 

Controller coupling; "direct'\ optics' controHer aignals X ~nd Y 

drive shaft" and trun ion directly; "resolved" J optics controller 

signals X- and Y are ,resolved into X and Y motion·s in field of view, 
T_racker; "onll 

Manual Mode; " tar LOS" D seta SCT to follow SXT star line trunnion 

angle; "offset 2 ·o" s ta SCT trunnion to 25° for simultaneous star 

and landmark acquisition; "lan~mark LOS" 0 sets SCT to zero 

t_runnion to look along SXT landmark line. 

Reticle brightness., adjusts brightness of SXT and SCT reticles , 

811 LE8 
Condition lamps ; 11on'\ supplies 1>9wer to vlhHe condition lamps 

at Nav stations; "off" turns off power to w.-h!l.~ condition lamps at 

Nav station; "tes~" 1:lghts all nav station condition lamps. 

Ghea-k,,.ooGl-a.n,t}- w.aen..~ehe.d- a.-Z?-es....af--lM-l:J~ ,'81'1:.t.-qu.id...:.disooanects 

-i&--it-lu-133:-iaae d ~ 

Eyepiece focus for full f'ield0 long eye reHe~· SXT eyepiece~ 

Eyepieee fo,cus for fuU field 0 long eye relief SCT eyepieceo 

Landmark dimme...!J polaroid dimmer for landmark line. 

Optics Door .. for use of opening and shuting optics doorc 

~, rcdc1fe.. SC.I 
1.6 (• Univ rsal ~ shaft 0 to 1f,M~1St.fJ£1R ~ shaft directly~ 

tool .sa..T .,.o-tafe. sc..r· 
Universal ~ trunnion 0 t ~tt:1.en ~ trunnion directly" 

tool 

UP T£H.t:1"ttlR!f ~ 11 '13/oa.k.
11

" CQl'Y'Y,v+t!r- d_o<?'<:, not- aaoipl- v;, 

-ltl~TYtt1r1 d8fc),, fl cCl~PT'\ ,J_i, ,,,.l'\rv~r e:/O('t&;-1-$ ,.,,;, -k/t,w,t'-I-,, 

d~-ffl, ~lh i.,_ $(.,1,1·, Id, 
1 5 111 (J0rt.'1//., / (/,J7ft,.. .1 Sn1-1, l,o,- Sc.4J,I: '-,, 

-- - .. - J 
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30 l. lo 3. ~" l Astronaut Interface 0 Controls (Conto) 

190 DSKY BuUon ~P signifies next two di gits are veit·b codeo 
II 

IV . 

fl 

II 

II 

" 

" IV 

II " 

Noun. signifies next two d igits are noun code. - . 

_±_.» signifies ext five digits aire positiveo 

-o signifies exi five d i,gita re negative" 

0 thr 9 ~ digHs 

CLR; Cliear data in numeric display e 

STBYz Puts computer in power saving standby mode ~· 

KEY REL; Releases keyboard firom manual opera ion for display 

of program data or requests , 

ENTR; 

CAUT 
RSET; 

Enter keyboard data into program. 

Resets DSKY aaution lights under program control 
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3. L l. 2. 3 .12 Signals Available for Telemetry 

The following signals are suitably buffered and conditioned for trans ­

mission to telemetry. This is not a telemetry signal list but rather a list 

from which a signal Ust can be mad • 

1. IMU 800 cps lo/o Supply 

2. 3. 2 KC 28V 1% Supply 

3. P!PA -t-120 VDC Supply 

4. X P !PA +28 VDC PVR 

5. Y PXPA +28 VDC PVR 

6~ Z PIPA +28 VDC PVR 

7. 2. 5 VDC Telem try Bia 

8. fl GC Temperature 

9. PIPA Calibration Module Tempex-ature 

10. . PSA Temperature 

n. PAPA Temperature 

12c X PIPA SG OUT., QU.A D 

13. Y PIP SG OUT., QUAD 

14. Z P!P . SG OUT,, QUAD 

15. AGC PWR FAIL 

16. JI.MU Operate Discrete 

17. IMU Standby Discrete 

18. AGC Operate Dii,;c:rete 

19. OPTX Operate Discrete 

20. !G lX ES Out Sine 

21. lG lX R.ES Out Cosine 

220 MG lX RES Out Sine 

23. MG lX RES Out Cosine 

24. OG lX RES Out Sine 

25. OG lX RES Out Cosine 

26. SXT SH Tech. Output 

27. SXT TR Tach. Output 

28. X P lPA SG OutD In Phase 

29. Y PIPA SG Out,, Im Phase 

30. X PIPA SG Out0 In Phase 

31. IG !MU Servo Error~ !n Phase 

32 . MG XMU Serw Error 0 ln Phase 

330 0G !MU Servo Error 0 Kn Phase 

34. OPTX 800 cps lo/o 

35. PITCH CDU Attitude Error 

36. ROLL CDU Attitude Error 

37. YAW CDU Attitude Error 

38. Shaft CDU DAC Out 

39. Tru1mniorn CDU D.AC Out 

)'40. (3) Axis Nav. Base VIB: record 

41. (3) Axis_ PliP: record 

42. IMU Heater Current 

43. Tracker X Fork Drive 

44. Tracker Y Fork Drive 

45. Tracker P/ A Out 

46. Photom ter P/ A Out 

47. SCT SH Tach. Out 

48. SCT TR Tach. Out 

49. Pitch CDU Fine Error 

50. Roll CDU Fine Error 

51. Yaw CDU Fine Error 

52. SXT SH Motor Control Winding 

53. SXT TR Motor Control Winding 

54. SXT SH MDA Input 

55. SXT TR MDA Input 

56 ~ Shaft CDU Fine Error 

57. TR CDU Fine Error 

58. IG Torque Motor Current 

59. MG Torque Motor Current 

60. 0G Torque Motor Current 

61. AGC Down Tel 'lmetry 
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3. L 2. l ReUabilUy 

Guidance and Navigat1orn ubsystem failure rates shall be demonstrated 

by an analytical model of each subsystem for approval by NASA. These 

failure rates shall be r ported qu.arterly along wi an overall mission success 

probabiU y analysis using an appro erl mission operation timeline. The existing 

status of G&N subsystem failure rates (Feb uary 1965) derived from th current . 

analytical model follow. Variations in repor .ed ra1.es can be expected as 

experience with the equipment and an lytical techniques indicate. 
. 6 

L KMU: 125 failures per 10 hours 

2. liMU electronics (PSA): 116 failures per 106 hours 

3. liMU/CDU: 181 filures per 106 hours 

4. OPT!CS: 85 failures per 106 hours 

5. OPTICS electronics (PSA): 80 failureJ3 per 106 hours 

6. OPTlCS/CDU 10~ failures per 106 hours 

•1. AGC: 382-failures per 106 hours 

8. DSKY: 20 failures per 106 hours 

This list does not include failures arising from wee.rout of switches 
. I 

and butto s of the controls where failu.re models are more accurately a function 

of number of operations. 




