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J
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-- _
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Kr.}uLvr._ _ I COS 0 L LOGIC DETECTOR d UP-DOWN
16X SHAFT _
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--- +
R READ COUNTER U

'°ilS 180° 90° 45o 22.5°11.25° 5.6° 2.8° 1.4° .35° 17° .08° .044° .022° 40" 20" P
• " O _

15 14 13 12 11 10 9 8 7 6 5 4 3 2 I O N

OPTICSERROR COUNTERENABLE (12-2) ±,',OPULSES _ TO CMC
ZERO OPTICS
CDU'S(12-I) TVC ENABLE (12-8) 40_S'E'ClPULSE(SHAFT)

10_IPULSE (TRUNNION)

E ERRORCOUNTER U / ± DRIVEPULSESFROMCMC
11.25o5.6o 2.8° 1.4° .7o .35o 17° .08o .044o P. ]60S"_/PULSE(SHAFT)

• D J 40"_'C/PULSE(TRUNNION)
[8 7 6 54 3 2 1 ON 85_"EC/PULSE(SPS GIMBALS)

tOPTICSERROR COUNTER I L .TVCENABLE
ENABLE(12-2) (12-8)

800CPSLADDER AC TO DC SPSGIMBALDRIVESIG.
NETWORK CONVTR

D, OPTICSDRIVESIGNAL

DISENGAGEOPTICS DAC (12-11)' _"_'_.

_.c-i_(+)I
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CDU COARSE MODULE BLOCK DIAGRAM
IMu J

I "1 ",..CAGE

ixRES":)l -COS67.SI(.)8))

s3_ :' !AMrt,/ . ERRORpc3 -2_214_13+2_2_z_

Iq 3 , SIGNAL 2.[-S.2i-4..213 2152142T,_.
I +cos67._(.:_31_ pc4 - +

, DC6 - 2]''_ [21'-4"213+ 2142])"]

I cos _ _s_ _ oct . 21_1214213+2_2_](.3831

I - _ De8-21512_213+2142_1
I +SIN67.5 924) OC9 - 2"I)""vV_.--,

j $8 NV_ DC10-211e,/c +SI (.38.?,) DC II " 210

28V -SIN 11.25 (.199) DC12 " 29

J 800 ,',.., *_VV---,-SIN 5.62 (.078)

I I_, '_ -.,vv- * 2N.,,.,,REFERSTO8ITINTHE
i -SIN 2.8 (.049) READCOUNTER- =,_VN.

j S12 *OC "X" CLOSESSWITCH"X"
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e=67.5

215 214213212211210 29 20
READCOUNTER.

22.5° 1 --67.5°
4p° J

DRIVECONTROLSIGNALS
_DC 4&6

FROM|

'.M.U.I (_, . .. =(_;-S-LN-67.;,5;-_ AMP

RES J2sv_ I sv[cose]:l.91vII
" COS 67.5 = .383(+)

G.c-.sC )
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e=O°
21.5214213212211210 29 20

READCOUN'[ER..!01 Of 0 I0 I01 0[0 l.,_.Jl-'_ll_
J

6o
DRIVECONTROLSIGNALS._. DC3, 5&9

All"NEIWORK
(+) COS 22.5° 0V

  V  v  ,l v Slc,NO ;ov
[SIN

I-i

I.M.U.[COSRES
(+) AllNE'[WORK
(+) SIN22.5°

_- +)I.91.5
28V 5V 800,-v EO .383EIN
8oo_°311 ; *SIN 0°" 0
REFjll_: coso° -I

(-)

ONC- 49C )
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e=42.2 °
21.5214213212211210 29 20

REAl)COU_IE.-_R_ ,:_]'I_ I
DRIVECONTROL.- DC3,5,10, 11& 12 ATTNE1WORK \ \ \ W

SIGNALS +) .., 'C-"S.,: ECOS.22_5E,.,COS22.5° _ 'x_"WS._ _ .,,.,,,:o2.8°

22.5° J
FROM (-) ATTNETWORK
I.M.U. SIN 22..5° -1.4V

RES EO --.383EIN5V [COS#]= 3.
28V

+3.08V ERROR
(+) All"NE'IWORK AMP

SIN 11.25° -.995V

EO : .199 EIN

ATT NETWORK
(-) SIN 5.62°

28V o-_ 5V-800"-, EO : .078 EIN -.39V "SIN 42.2° -- .67
800""REFo.._ COS 42.2° = .74

(+) ATT NETWORK
SIN2.8°

EO =.049ElN -.2V ._",GNC-150A{_)
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OPTICAL SCHEMATIC
SEXTANT SCANNING TELESCOPE
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OPTICAL SUBSYSTEM

Z_As
OSS CDU

Z_AT

AT AS

SXT SCT

CMC TRUNNION )N
CONTROLLO0P CONTROLLO0P

INDICATOR SHAFT SHAFT
CONTROL CONTROLLOOP CONTROLLOOP
PANEL



INDICATOR CONTROL PANEL

I

f CONTROLLER *t _
MOOE J SPEED COUPLING/ VI_R LIST " NQUN LIST CONDITION

CMC HI DIRECT (.%1/.,_'(j i( 1, 7/tt)(.l(ll'rl I(. IrAP.¢L(

"-"
MANUAL MID ctrlqt_i,i ILc. lIDILCSrLt_n _,¢lr.)u'l ON

ZERO LO RESOLV Jc kc llC;''_LC. JCZtR c)a _eA PI6LLS
t? m_rt 0 rLC _.,LF4s r'OU _1A. IJRL(rt.(.) TEST

STAR TELESCOPE I_

ACCQUIR_) TRACKER TRUNNION

TRACK TOSXT

OPTIC_ ACCEPT

OFFSET_..._/OFF _/ 25" BLOCK

oo oo0 MAJORMODES 0
_polr7

RETICLE _ lictor. %L, LI<-_X *_,_ Oew
BRIGHTNESS _v r L u c. L.,% _._,/r_ %%v o,I I_1

k_.l I(,K/'t' _, 1_1 4_A1 TI_ I_ 0 Nle111. CiT

A4_'r_,G m 4 I I.t.G_I 4_4_ I kCIT

I

0 0 0 0
I

GNC-26A ._
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OPTICSMODES
r"..... %.-1
I I

'OPTICS ERROR READ

I.._CONmOLLEU._- 1 COUNTER COUNTER J
.ODe js_mD COU_-LNGI J J/,'_'_c_c_-'_., f'_'_D._CT _V

ZERO LO RESOLVE[ DIA NO

STAR TELESCOPE J cONVERTER CONVERTER J

AC_IRED TRACKER TRUNNION
TRACK SXT

OPTICS ACQU" 0o
OOO_R OFFSET

F 25* SEXTANT0 s'c_ ----

I
AT
LOS

S J TRUNDRIVE R
J sE

WL J 28V800CPS11_ .

C T _._ AS J .,-._ .._ p..

I LOS IIFTJ'_ _ ASH O SHAFTDRIVE S LOS

JL--. Jr- ----.
CMC N 'As

28V
800_ /

- "-I- I D,A ND I
I CONVER'_R I
I I

ERROR READ JCOUNTER COUNTER

I
I c0°j
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OPTICS MECHANIZATION

I'lce 314ov

co 3Igor

_":° [r......' k,--IA¢
TPUV _ AAI

_U,.
/, •I -" "d'_°_,.,,.,_,_,.,,,...,.,_,,_,,,_. CG3OIIV"TRUNNIONCDU FINERROR

"'_ ""_ CG3II0V" SCT TRUNNIONTACHOMETEROUTPUTCelTIIV

CG_021V- SHAFT CDU FIN ERROR

CG,160V - ,CT SHAFT TACHOMETER OUTPUT



IN RTIAL SUBSYSTEMINTERFACE

,,_
POWER I SUBSYSTEM POWER J

I _TFCT'_ I PULSE I SUPPLIIES I ?DIGITAL COMMANDS

_ MAIN OitC PANEL_____ AND DATA FLOW ACCELEROMETER ' CHANGE:SIN

TO & FROM OUTPUT .J ACCELEROMETER "-_VELOCITY TO

3_'o_- CMC .[_ LOOP C.CCATIONI T

AND-- T (_ TO TO PULSE

CONTROL STATUS SIVB/I:'OA! RATES

A

S t--- --.-D LOWER D&C PANEL TORQUING J FINE ALIGNINDI-

CATION : COMMANDS ELECTRONICS
AND
CONTROL STATUSi COUPLING GYRO

I_ -- DATA ENA 8 LE

r_ o_,, ,.u (_ ¥CAGE

COARSE

I ALIGN ERROR _1 STABILIZATION !

GIMBAL GYROOUTPUT .-1 LOOP

CONTROLINDICATOR TO ANGLES _L -I

PANEL FOAl _ :t__ _'i.__ GIMBAL TORQUE DRIVE

(_ FINE ALIGN SIGNALACCELEROMETER TORQUING SIGNAL

CONTROL
CIRCUIT I 1 MANUALCONTROL

I NAVIGATION BASE I ORDISPLAY ....
SIGNAL FLOW
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BLOCK II STABILIZATION LOOPS
TORQUE
MOTOR

DEMODREF

TORQUE 3200CPS
r- .... -.--0 I

iiYIRIGASSEMBLY--'11 MOTOR Ii I J 800CPSIII

I I I SERVO

II I II I >'°lCOARSE
L- -- -- -- - ..I

ALIGN I

.... -I I I INPUT

_Z IRIG ASSEMBLY J j j I ICG211/V I
I

I I Ii i _
L ..J RESOLVER I COARSE1.... ALlGN

I I I INPUT Ir .... --i I I cG2147v I
I X IRIGASSEMBLYI I I I -

' 111GiMBAL )--'4) I
I I AXIS MI DLE / COARSEI,,

.... AXIS I

IMU _____ v ICG21177v . ,
CG2117V- IGA SERVOERRORIN PHASE /

CG2147V- MGASERVOERRORIN PHASE PSA
CG2177V- OGASERVOERRORIN PHASE

I _ GNC__,c(,,_)OUTERGIMBALAXIS
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FINE ALIGN ELECTRONICS
J PULSE TORQUE

POWER SUPPLY 1

SYSTEM 28VDgI I2OVOC

CGC/ !

LGC COMMAND
+Aex us
-AeX _; GYRO PUE X IRIS

+.AeZ _ I-TORQUE-A.Z , -TORQUE YIRIG

GYRO TORQUE iI- TORQUE
EN,(BLE -- --fl ENABLE _ -

/ RELAY-- +TORQUE Z IRIS
TORQUE SET i__ .-J [ ASSEMBLYTORQUE RESETS] ; F_-TORQUE

SET-'II It i: ,

iI I ouM.YLOAD/ TORQOECURRENT

111TO,=U,
BINARY CURRENT r v Dc DIFF AMP
SWITCH ANDPVR

t
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ACCELEROMETER LOOP
BLOCK II

IMU J PEA AN{) PSA (C/M)

I CG2OOIV SWITCH PULSE '"1

, CG2021V I INTERROGATE PULSE j_ FROM CMC

; CG2041V DATA PULSE

B,NARY CURRENT P PULSES - _SWITCH N PULSES TOCMC

NUMBERS REFERENCE

I SCHEMATIC OIAGRAMS I:)n [ PULSE TORQUE

+TORQUE ' _ POWER SUPPLYI I L_,o.ou_I TORQUE -

CURRENT ,, J

lsl ! ,joco,,,.,.,,PIP ASS'Y TR_-/- CALIBRATION _ AND PRECISION ÷28VDC

D O T- MODULE t I VOLTAGE REF.

I i
TORQUE CURRENT

I FEEl)BACK
CG20OIV- X PIPA SG OUTPUTIN PHASE
CG2021V- Y PIPA SG OUTPUTIN PHASE

t--,o.%
CG2041V- Z PIPA SG OUTPUT IN PHASE t .,_..)GNC-60B_ ,,
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TEMPERATURE CONTROL SYSTEM

INNERGIMBAL IOU_t.NC_kQALi CASE I

I I IC(_D _ 2303 X
I -IBLO_ _n. | I IPOWER BLOWER

,mR. ,_ _F, _.,¢oo..0 CURREN.I
TOGYROWHEELS _ I I

: GYROWHEEL
I POWER

e,As I I
HEATEm S I I

l I _ 2302XI r T T _,i_.of. ' ,!_.w ,.uHEATER
I

STABLETEMP. IRIG I l CURRENT

---_. __ ,00."_"_--I L 'l_ (¢)F- Ir_"T .... ii _IAATERS Ill
l I

--ANTICIPATOR HEATER I
I sis COND

PIP TEMPERATURE
3 PIPSENSORS I

T

6 IRlll SENSORS I .._ 230,TIRISTE_.E"ATUREI TEMP
I _LIMIT
I - WARNING

TOCOllPtffER

GNC-81B( + )
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ISS MODES
I c,mAtITO'_E
I 3_0 CPS SERVO I MOTOR

FROM _1 TIO_ I "/ IRIG FOAl

?"%TER c RELAY r -" --/_-_-4;;;;_'r 17' PVRI IC"DU"
TOROUE.RLE .r"i - -
FROMCOMPUTER SIN D SWITCHINGLOGIC LJ ERRORDETECTL !

TOCOMPU.R",SS°.ERON_RNON,E.YREOUESTI_'_ COAR,E.,x,,o'I t R_Dc°°NTERFINEI1'"_ ,_,O,,IHII II
TOOU _ t I_ oT ' '""IJill ZER

DSKY COMPUTER "" I I " I I i4 CAGE CDU I _CMC

t _O°E;:2:1 ,__u_oI_ I_RE_,Y cA ""9WARNING MODULES
R_ I'" ERRORCOUNTERCONTROLI ._- I I I_

,N.,,,TPULSE.1 R_Y=- ,, I I,oRouEP.s.- GNP_ER,WI _,. I I Am_OEERROR
+Z8VDC _ j3 H _ 1TUeNONIIMU OPERAIE: _ : _'l CONTROl I

RELAY f-.. RELAY _ _e ___e . • ERRORTOJ%_IVER _ i COARSEALIGN SIVO IU

FROMCOMPUTER

uI IDELAYCOMPLETE j
+_8 VDC o_'_"9"=CMC

TOCOMPUTERq I_U CAGEI- FROM I SIVD /

COMPUTER[TAKEOVERe --COARSEALIGN ENABLE

/ "FROMCOMPUTER CDU ZERO p

ERROR CNTR ENABLE I

GNC-IGEA _;_
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REFERENCECOORDINATE SYSTEMS

Zl _oje

GREENWICH _ _--_"'_
MERIDIAN , _ "_

( If

_' IATOR

GEOCENTRICCARTESIAN GEODETICPOLAR
ROTATING

•. INERTIALFIXED I L - LONGITUDE
I
I _.- LATITUDE
I r - EARTHRADIUSVECTOR
I

f

I" 8

Ir

LJATOR

- RIGHTASCENSIONANGLE
(_- DECLINATIONANGLE GEOCENTRICPOLAR

r - POSITIONVECTOR INERTIALFIXED (,_)GNC-185 44



IMU ALIGNMENT MEASUREMENT
Xsm

STABLE
MEMBER
COORDINATES

Zsm AXIS.

Ysm ;1[,
Xs Ys Zs
STAR
COORDINATES

SEXTANT
FIELD OF VIEW _'_"_'_
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G&C ATTITUDE CONTROL

Is-_*i
TRANSLATION E_ENTS J : DIRECTULLAGE
comtoL CONTROL

SUBSYSTEM

I_'_ CCWSW (MANABORT)

J CWSW

RA11[ OR

oYto _ ATTI11JDE

OYRO _ ROTATION

ASSEMBLY ONLY II
NO. 2

REACTION

,I ELECTRONIC JET ENGINE
CONTROL ON-OFF
ASSEMBLY CONTROL

MANUALPROP.CONT ASSEMBLY

8REAKOUTSWITCHES

DIRECTRCSCOMMANOS
MANUAL SWITCHING INPUTS
FOR CONFIGURATION LOGIC

ROTATIONCONTROL _ _ ANDENABLINGFUNCTIONS

MIN IMP CMI)S - " _ RCS0N-0FF

_L__ 9iN
IMPULSE

CONTROL DATA UNITS

' TOTAL
ATTI_DE

INERTIAL DISPLAY K|YIOARD
MEASUREMENT
UNIT

SCS"_EC_) 4'



ATTITUDE CONTROL FUNCTIONAL BLOCK DIAGRAM

CM__VDC _

'/OC CMC
MOO( AUTO

APCOUT
• HOLO HOLD

FR[_

SWITCHING & L _ ATTITLID[

ATTITUDE

I HoisP_,l ] Cou°,,_,,
K_YBOARD KEYCODE

os.I -I _:.
[-1 k

I_,1

I _ I LCOe
I e_Bt

I I
! I
L-J

II_ANSCONT 1 I--

MNk&8 J ;y TRANSLAIION

IROTCONTROTCONT] -- .p+_ VDC I _"

]
MAINA&Be--l_" __l 'R L _

-R IECH _ _ CMU ---e CHANNEL_'_

ATIITUO(IMPULSE/I _ YAW ) _ CHANNELDISABLE
CON' _/. ; MINIMUM 2 SCuTSo--RE IO' UMISM

j -Y IMPULSe _ I_
*R 6 I AjC[T I

*R I_ Z ACCELC,MU-- ORIVEl _ _ SWITCH
6 I [HABLINC

LEg ROLE 6 5 MANkTTtaOUFSW
DSIY -'- KEYCODE 6 6

6 T SPSEHOIUMl--"_
6 I DIRECTROI---_



RCS DAP
SIMPLIFIED BLOCK DIAGRAM

I ESTIMATE

a _ TORQUE
TO

JMANEUVERJel-_R_ RATE I INERTIA

FAIL18,NUMBER
X f _ _ OFJETSFORM LOGIC RATEt D.B.*

EULER t JET 1.

TO TRANSLATION SELECT

I _BODY COMMAN DS-.._ LOGIC

DESIRED ATTITUDEERRORS

IATTITUDE ATTITUDE & TORQ_
ERROR

OUTPUT

*DSKY LOAD IN R03 CHANNEL

RCS
DRIVER
AMPS



DAP DATA LOAD PROCEDURE
(R03)

1. V48E

2. DAP DATA 1 (Specify A/P configuration)

FLV04 N46 (Request data load)
Load data

oo oo

Vehicle Config. Quad A/C for X Quad B/D for X Err Deadband Rate Select

O -- CM O - No A/C O - No B/D O -- 4- 0.5 ° O -- O.O5°/secR1
1 = CSM 1 = A/C 1 = B/D 1 = +--5.0 ° 1 = O.2°/sec

2 = CSM & LM 2 = O.5°/sec

3 = CSM & SIVB 3 = 4.O°/sec
Ullli

Roll Quad Select Quad A Fail Quad B Fail Quad C Fail Quad D Fair

R2 0 = A/C O -- Fail O = Fail 0 = Fail O - Fail

1= B/D 1= No Fail 1= NoFail 1=No Fail 1 =No Fail

Accept V33E
Reject V24E (Reload data)

3. DAP DATA 2(Mass parameters)

FLV06 N47 _'X, I/2 (IY+IZ), W_
NOTE: AcceptV33E

EXTENDEDVERB48 PROGRAMS

ANDCALLSDAP DATAl, 2, & 3 IN Reject V25E (Reload data)
SEQUENTIALORDER. DAP DATA1 OR2
OR 3 MAY ALSOBECALLEDAND/0R 4. DAP DATA 3 (Mass/propulsion parameters)
LOADEDINDIVIDUALLY BY USING
THERESPECTIVEVERB,NOUN FLV06 N48 (P trim, Y trim, TLX)
COMBINATIONS. I.E. V04 N46, Accept V33E
V06 N47 OR VO6 N48.

Reject V25E (Reload data)

5. V46E _stablish G/C control(DAP active)-] SM-_-I_A
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RCSDAP MODEL
lATE LIMIT LOGIC

,1¢ "O --,;_'_<'-- ' 0.n'

_4A5£ M_NE L_IC

FILTER

CDU
SO

C_C#

-C+SO
T.f-GISEC

- COUX-7.25°

EULERTOgOOY _i

M MS_ triG| SFC

0tf_[ LEMS
St

COC_ AETI11JTEERRORS

•r - 0.1 _C -C0C¢'

0.. COUX-1.2_
EUL£R TO 800Y

A -|

KALMANFLLI_ GAINS C +1

TIMEFROM K| K2VEHICLECONFIG. _JADNC FORX QUAO"0 FORI ERRD[ADBANO RATES[L[CT INITIALIZATIOR

0. CM 0 • NOk/C 0 - NOBiD 0 - _ _° 0 - O.05°ISEC O.I 8¢13 9._

• CSM I " AIC l " BID | - :tS.0_ l • 0. _°ISEC 0.2 48.IT & lSl

R| 2 • CSM &LM 2 • 0. 5°/SEC 0.3 _.55 6._3

• CSM & S IVB 3 • 4.O°iSEC 0.4 |9.E5 5.910
0.$ 14._ 5.22)

FIOLLQUADSELECT QLIADA FAIL QUA0B FAIL QUADC FAIL QUAD0 FAIL 0.6 10.69 4.4534 13
0.7 8.32 4.161 C 16 "1

0.$ 6.66 ).F74 B II +l

R2 0 " NC 0 " FAIL O . FAIL 0 " FAIL 0 * FAIL 0.9 S.45 3.4_ B 10 -I
| • BID I " NOFAIL I • NOFAIL I " NOFAIL I • NO FAIL LO 0._4 1. lJO O 9 +1

LI 0.16 0.640 D 12 -!
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PROGRAM LOGIC FLOW RCS DAP

FRESHDAP

PICK UP KALMAN
FILIIRGAINS FOR

INITIALIZATION
OF RAE FILTER

AUTO
HOLD

GO TO
"A"
ABOVE

GOTO

ABOVE

ATIITODE ERRORS HOLDFLAG
"]- SAMPLECDU A'S & STORE

"1"0 iN ATTITODECONTROLABOUT
ESTABLISHEB RE];

-- ENABLEAUTO SI_RING

H_D FLAGSETTO _H STATEBY

TURN ON GAP (V_6)
3. GAP IN STDBY

] 4. OAPINFREE

i 151_0C. JETSLECT I 5. SWITCHTO HOLD FROMALITO6. IMP_OPER IMU MODIHO



RCS ENGINE FUNCTIONS
+PITCH +Y
ROTATIO_TRANSLATION

TRXANsLAT,ON4_ ___+Y_ A_I__SM RCS ENG,NES(4 SETS,"'-+x_._ W_ ,i
+ROLL__'_.._""-,__ /w +Y "

ROTATION,o_ _L-"_"_'-? " ,3-_ //PITCH

" I
\ ([

•Z ROTATION_-4__.,_ _,_/

+Z TRANSLATION GIMBALING
DEFLECTION

RCSENGI CHANNELSWITCH RCSENG CHANNELSWITCH

NO. COMMANDS QUAD CHANNEL A pOSITiON B NO. COMMANDS QUADCHANNEL A POSITION B
10 +Z -4, D ROLL A B

1 +X +it C PITCH A CB'S B BD ROLL2 CB'S

2 +X -It A PITCH A CB'S B 11 -Z +4, D ROLL A B
BD ROLL2 CB'S

3 -X +0 A PITCH B CB'S A 12 -Z -4, B ROLL A B

4 -X -It C PITCH B CB'S A BD ROLL1CB'S
13 +Y +4, A ROLL A B

5"_ +X +¢1 D YAW B CB'S A AC ROLL1 CB'S
B

6 +X -V_ B YAW B CB'S A 14 +Y -4, C ROLL AAcROLL2CB'S
7.x- -X +4 B YAW A CB'S B 15 -Y +4, C ROLL A B

ACROLL2 CB'S
8 -X -4 D YAW A CB'S B '16 -Y -4, A ROLL A B
9 +Z +4, B ROLL A BD ROLLICB'S B AC ROLL'1CB'S

•'X-SM ONLY ,,"_/"%'-
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+ YAW_'+ PITCH

ROTATIONCONTROL
T/#_k PITCHPIVOT

PUSHTOTALKSWITCHPARAMETERS 4"0"1/ _'(_PALM

CENTERED)

_'-llo°'x"_"+ROLLTRAVELPRIORTO SWITCHACTUATION 8.0° MIN Xc ,
TRAVELTOHAROSTOP ?.5.0° MAX ROLLPIVOT/_ _J
MAXIMUMTORQUE 1.0 POUNDINCHES YAW PIVOT_

ZC

ROTATIONCONTROLPARAMETERS
DISPLACENIEN;

HARDSTOP 11.5±0.50
DIRECTSWITCHACTUATION _11.0°
SOFTSTOP lO.-J:1o
BREAKOUTSWITCH ACTUATION 1.5+ 0.5°
CONTROLLERLOCK TO ARM 50.O° _"°'_

sc_-_oo_(_)



ROTATION CONTROL INTERFACES
]. 5°

1 "O I1 I I
12° \ 14"_ ! /

', '_/ /
\\ \ r ', /I /
\_ il /
\x i| /
\,_x '_ill I /
"' _,;/I /

_ ECA(LOGICCIRCUITS)
(B.O. SW-TWO PERAXIS)!

-_ CMC
1.5°

HANDCONTROL o LOCKED
POWERSW _ -.J'f ¢
MNA 28V DIRECT ARMED

RCS OFF II°

SW _e _-_ -_,RJ/EC (ACCELERATIONCOMMAND)MN A 28V
ON (DIR SW-TWOPERAXIS)

26V ACt400CPS _ _ ECA(MINIMUMIMPULSECOMMAND)
FROMECA

H AXIS = DIRECTRCSSOLENOIDS
r & RJ/EC(AUTORCSLOGIC)

ECA(PROPRATEORMTVC)
ROTATIONCONTROLNO.1



TRANSLATION CONTROL
0

1T'

CCW CW

CW & CCW CONTROLMOTION LIMITS

HARDSTOP,DETENT& SWITCHCLOSURE 17°+2̀,
FORCEINTODETENT 15:1:5.0 LB INCHES

OUTOFDETENT 6 LB INCHESMIN

TRANSLATIONCONTROLMOTIONLIMITS (+ OR- COMMANDS)
MECHANICALSTOP- 0.5 ±0.075 ARC INCHES
SWITCHCLOSURE- 0.375+0.025ARCINCHES ..

-0.075 -Z
FORCE - - L 5 + 0.33 POUNDS ...f



TRANSLATION CONTROL INTERFACES
-Z

\

+X -X

"CCW" CW_-_lT_ i+17_ "SCS ENABLE"
I I

MANABORT_ I iI
k I I

CM _ t
° +X SIO I I

MNA +28VOC A_

CMISMTRANSFER(+X) +X SIG B _ TORJIEC

MN B+28VDC B_ - - - B _ TORJ/EC
(TYPOF6 SW) +XSIG

SCSLOGICBUS SCSENABLE - RJIEC
+28V0C B _ B _ TO- TVSA ¢"--fl J

CMC " - ECA "-%__._j28 VDCPGNCS._-I_
SCS_ _ B _ TOPGNCSCW

SC CONTSWITCH

ENTRYBATTERYB B _ B
I
v TOSECSn

ENTRYBATTERYA A _ A
CCW

,p_f T'eOA

_cs-_,,o_(_)
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PITCHBMAG LOGICAND OUTPUTS

=-- G_

T H S II-]

_ G_

MANUAL ATTITUDE
ROTATION PITCH

,_._._.-__ _o,_o_
(:I:P.B.0.2)'-'_ J ' SPSIGN2 ._j LOGIC

(ATT].IRA'IE,2l SIGNAL

6O



SCS GYRO ASSEMBLY NO.1
SMRD TM

J 800 CPS

NOTCH

SMRD
COIL

A

800 CPS
"1 NOTCH

_ | FILTER

SMRD

COIL _ CH3623X+28 VDC

I 800CPS
'1 NOTCH

I FILTER

SMRD CH3623X- GYRO1 COMBSPIN MOTORSRUNDET

COIL F F CH3624X-GYRO2COMBSPINMOTORS RUNDET

_ +28 VOC I GYRO j

I ASSY NO. 2 iI_II
I(IDENTICALCKT)I CH3624X

scs-_6o_((,_1 sl



SCS ATTITUDE CONTROL
FUNCTIONAL OPERATION

MTVC ENABLE
(PITCH& YAW)

ROTATION MTVC ENABLE
CONTROL COMMANDSROLLONLY

NO. 1

CONTROL (PITCH'I_YAWl ¢
NO.2 BREAKOUT

_11 SWITCHES

ROLL__ LIMIT

RATE .05g CYCLE_ --
ENABLE"

BACKUP
RAI£

--'_- _ i , TOTvc
HIGHRA_'_'I_
ENABLE v

SCS CHANNEL
• SWITCHES

CAGE TOTVC /
28VJ I _1AUTO

GYRO RATECMD o OLENOIDS

NO.I ° i _--.,_ I--'_'-1 I _ I RCS I

j IMP --

ROTATION ,o
CONTROLS J TRANSI CMCI

BREAKOUT T ACCEL_" CMD J -- t ._ j

SWITCHES jcMo :
3 ,I,_,_ I 28VDC

MANUALA'I'rlTUDE TRANSCMDTOCMC• I ';,_;;:r" I DIRECT e'- = _ DIRECT

L.._CM C SWITCHES I .... I RCSSW ROTATIONCONTROL _ RCSSOLENOIDS

DIRECTSWITCHES
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SCS ATTITUDE CONTROL
PITCH CHANNEL

ACI _31
MTVC RATEENABLE

400 CPS
3KI =RATEI t IGN2 •[(SOS•AUTO• CW)+

(SCS • RATECMD) + (CMC • RATECMD • CW)]
ROTATION

3K2=(RATE2+ATTI/RATE2) •ION2 • |(RCS •AUTO• CW)+
CONTROLNO. (CMC• RATECMO* ON)]

MTVC
AC2 ANDS
400CPS

ROTATION )QS30

IGN2 e{(SCS+ON), _QS_ P-B.O. I
400 CPS (RATE CMO +ACCEL C/v_DI

ACl + (SCS • AUTO * CW)J + P-B.O. 2
3K! 3K?

m
T

.= 3K2i DEMODISWITCH (+)SD
GYRO 3QS29DIS(NO)

ASSEMBLY IMPULSE
2 DEMODISWITCH GEN

RATE 2 _QS_8DIS(NO)
+ RATE 2

[HIGHRATE "r'-
_QS28 _NABLE + IGN 2] AC2 "=" IMP

(RATEI) _$25 400 CPS

GYRo _ 3QS44LIMIT
CYCLE

ASSEMBLY OFF
1 3QS2]

I' (ATT I/RATE 2 • OSg)•

[IGN 2 + RATECMD• 400 CPS TVC 2K1 =r
(_) •(e-B.-'_--.-.-.-.-.-._)] ACl HIGH ,_

RATE

ENABLE _rTVC I"
I NO.I (-)INTEGRATOR I

I ROTATIONNO.2(-)CONTROL
I BREAKOUTNO.! (*)II',,,_

I 9NITCHES NO.2"--I-_I_(+)Il+J

L rv
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SCS ATTITUDE CONTROL
ROLL CHANNEL

I ROTMIONcONTROLNo., HAWo'VEl--

CONTROL HALFWAVE
NO.2 DEMOD iQS_ R-B.O.I

400CPS +R-B.O.2
ACl

RATE

ENABLE [+)SD
DEMOD/SWITCH

ATTITUDE IQS29DIS(NO)
GYRO IMPULSE

ASSEMBLE IQS29 DEMODISWITCH
NO.2 1QS28DIS(NO)

TOYAW AXIS (-)SD
HiGH RATE

ENABLE "_ I

_. IQS25 400CPS .,eIMPAC2 1QS44"I" ENABLEATTITUDE
I LIMIT

GYRO CYCLE
ASSEMBLE OFF
NO.I 1QS21

"m' (ATT I/RATE 2 • O-59),

[IGN 2 + (RATECMD) • 400 CPS 6KI --

(R-B.O. I) • (_] ACt HIGH ._
RATE

ENABLE,_

NO._(-._.__1@ROTATIONNO.2 1-)
CONTROL I vL

BREAKOUTNO.I_2((___A/ITCHESNO" (,,"_)__ .--t SCS-2414B

6,4
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AUTO RCS LOGIC
TYPICAL CHANNEL (PITCH)

+e SWAMP J

_'iI w-- I
-e.SWAMP_

ENABLD

CH3N6X CM RCS

RCS r_l+PiTC H (+_l

CH3547X I +PITCH

, ;J
II c!- mCH3548X I "PITCH

_ I__ +PITCH(-R)

[ ! --CH3549X I +PIICH_z I I'_'l _p iTCH(__)1 ZI _ o

I _ ]1 - • []
#2(+)I _} _ SCCONTSW(SCS)(18-2) /Ii 1 -I -PITCHI ROTATION 7,:l-h hi J I • I"_'_ENABLESIGJ T "_l T

[ CONTROL z -_ I ! TC CW _ ] _l _, - i _--

I°'_ECT_ _ / "-1 M-",,I ENONO.TLM.DSW i CH3546X- RCS SOLENOIDACTIVATE+ PITCHI+X
I #2(-)!J _ _ IPITCHCHANNELDISABLED_J,,_,,__ IENABLE 2 CH394/X- RCS SOLENOIDACTIVATE- PITCH/+X

' "_-'_DI_-T_LC_GYU ] ACCELENABLE(8-3) T_}_ SIGNAL 3 CH3548X-RCSSOLENOIDACTIVATE+PITCH/-X
4 CH3549X- RCS SOLENOIDACTIVATE- PITCHI-X

ENABLESIGNAL__. S CH3550X- RCS SOLENOIDACTIVATE+ YAW/+X
SC CON[SW (CMC) t _ I _ Izl 6 CH355].X- RCS SOLENOIDACTIVATE- YAWI+X

118-11 ENABLESIGNAL -w. 8 CH3553X- RCS SOLENOIDACTIVATE- YAWI-X

-- -- _ )--1 9 CH3P54X- RCSSOLENOIDACTIVATE+ ROLL/+ZI'_ + 10 CH3555X" RCSSOLENOIDACTIVATE- ROLLI+Z
ROTATION_ _ T ILl 11 CH3556X- RCSSOLENOIDACTIVATE+ ROLU-Z

I CONTROL _- -- J 12 CH3557X- RCS SOLENOIDACTIVATE-ROLL/IT

'"EANOOT0,(.I,L.--., , L C,  ,B×RCSSOLENO,DACT,VATE+ROL'Vj SW ].4 CH3559X- RCS SOLENOIDACTIVATE- ROLL/_Y
(PITCH) _ l ) 15 CH3560X- RCS SOLENOIDACTIVATE+ROLU-Y

L ,,(-,_.J_ _oCH_,0_×-RCSSOLENO,DACT,VATE-ROL_/-Y
ZI ) SCSI2700_ ( + j

6$



ENABLING POWER- AUTO RCS
I, A&C RCLLENA8LE_

CONTROLS & -- BAD ROLLENABLE,, SOLENOIDPRWER ENA3LE
CKT DISPLAYS PANEL ENABLE

BUS BUS BREAKER f" ° "_H'A'N_E_ _'_A__'_L_ - -" ENABLE
A 3 PANEL SEQA DEADFACE

IS14 A_,_CROLL DEADFACE

FI :" "o:_l CONN,C,O,,"i_'l ' .....II ,,'1, r'A -l CONNECTOR SM JETS +ROLLI+YI _

I]111 " -I. I ! | ' i
I . S. J I -ROLL(-Y)
I _ A/C ROLLI i _ ="

joj I o I ! o A_(;:ROLL1:"% ,
0 - I I-I_11 I ,---AJCROLL2, _ _ +ROLLI-Y, __ :

Ioi I I I A/C ROLL2o'_j ,
JJ,°l _ °; _ F-_l -ROLL.+Y,

_ CM/SM TRANSFER CM JETS I+ROLL I+ZI
u i,_---,

I i _ A(+R) I
-ROLL l-Z) II

or_oBID ROLL! I 12 I A(-R) Ii rI°i I_l ' _I_ +ROLL I-Z) ,o I_'--I
-- : I II I 3(+RI i r

I_1 I-I ; o"-',o31DROLL2 l II -RCLL(*ZI '

I___. , ,.._ r_ .'--_
l] li ! : '+'+ I TO

0 I _ SOLENOID
' _ I I I +PITCH (+X)

t'=" _ AI+PI _ DRIVERI -PITCH (+X) I

, I I 2 I II __- -T-I , __ PITCH I _ I B.II T _ Ai.p) ; • :

_O'l i I I PITCHo , I -o-_-=/I I° i T i ° i " F'T'I B(+P)

-! i._-_,t ,..._ F-_ -R,TCH(-X)
I : P--'''"ISEQB L---J I I I 4 I I_-P) I " ;

LOGIC PWR2 _ i I I_ ll I _ I t

/1/I °'1 ' ._ a, , ' _r-A'-IS17 YAW i 'o_ _ *YAW (-X)

"

[, ,_ '- ..... J _,__]--- ,' ," I 5 I A(+Y)
I

i i I B_I ] I _ _ "YAW (-X)I_ _ i _ YAW I I- I: _ A_-Y) _ _"
IC>l I I _ I YAN^ T - I on I : I +YAW (+X),,o,_, =, ,, ,,_ i,

O I I L .......... ,.I / i ' I _ I,,o ; _ _ B(+YI tI_"--JLL,J / ' | i% :'1 I , I _ _ "YAW (+X) o
[ L---J ! ! o- _ B(-YI T ;
L ......... _o...& I.----.J

o *,
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RCS LATCHING RELAY LOGIC
ADAPTER

28 _--r-_m"_ O.8
SEC

VDC "l DELAY

i I3 SEe
DELAY

1.0

LESOFF DIRULLAGE SEC

MANUALABORT DELAY 28VDC TO

TRANSCCW OX. DUMF _ RCSCMD , ,' -_ SCSAUTO AUTO " "

AUTO ABORT J' "_" RCS CMD ,, "' JET_ , DR-IVERS
1" 'F ON ARM I

/ I 1.8 I ,, 28_ _ z19
LESON, _ SEC I :_ VDC OFF | J=-

l ILATCHI; z8 'SAFE_RCSLATCHING

LOGIC MANo
28,

VDC '

ELSLOCK- IN ,,"_,_,
SCS-2704 ( ÷;J
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DIRECT CONTROL LOOP
START FROM
SMICM SEP

SW14
14 _

14
14 1 t, 0---_o_

ROT. CONT i |

i i:: _ r_-h_ ,

LESGONE--_',_._1

TRANS CN11.CCW'-_I"_"/_IISEP I I -_I ULLAGEi

RCS I

TRANSFER

o o
MNA DIRECT

ULLAGE
SW

DIRECT

RCS

_o C_13 ',
i

MNA ::'_o C._14
MNB

,_lN3 o,";k,,o C31(:

,'ANA o,'_o C311

['ETAIL TRANSFER I "-
I-........... i I

_ i _ JETTDUMP TRANSFER Ii \ i, i J CONTROL CONTROL
-_ ...... I ZSECi s.s SEC IRCS RCS

COMTROL CONTP_GL t 0
_ox,, _ox,,z scs-z4.cL_ :i
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ACS CONTROL CAPABILITIES
MANUAL AUTOMATIC

ACCELERATIONTRANSLATION MINIMUM PROPORTIONAL RATE AI"rlTUDE
DIRECT CMD IMPULSE RATE(4) DAMPINO HOLD

I ACCELCMD
_' ROLL RATECMD _/ _/ _,/ _/'

MIN IMP _
ACCELCMD

PITCHRATECMD _ _ _

i MIN IMP ,v/ x/
ACCELCMD

YAW RATECMD _ _ _/
MIN IMP _' _/
RATE2

ROLL ATTI/RATE2
RATE1

RATE2PITCH ATr]/RATE2
< RATE1=Em RATE2

YAW All" ]/RATE2
RATEI
CMC

SC CONT SCS _ _ _/ _
TRANS CW _/ _/ _/ _/

CONTROL NEUTRAL
UP _ (3) (3) (3) (3) (3) (3)

DIRECTRCS OFF

ROTCONTROL B.O.SW CLOSE(2) CLOSE(2) CLOSE OPEN OPEN
DIRECTSW CLOSE

LIMIT (1) UP _/
CYCLE OFF _

05G
ENTRY OFF

(1) NOTREQUIREDTOENABLEA PARTICULARFUNCTION.
INDICATESDESIREDPOSITIONFORRCS PROPELLANTCONSERVATION.

(2) IF B.O. SWIS OPENTHESICWILLBE IN FREEDRIFT.
(3) IF "ON", DIRECTSW IN ROTATIONCONTROLMUSTBE"OPEN".
(4) MAXIMUMRATEATTAINABLEIS FUNCTIONOFRATE-HIGH/LOWSWITCH

GENERALCOMMENTS:

A. THECAPAB,LIT,ES. INGENERAL.ARE LISTEDINORDER OFTHEIRPRIORITY. {'*_'_.._._)B. WHEN MORE THAN ONE SWITCH POSITIONIS CHECKED(_)THE CAPABILITYWILL BEENABLEDINEITHERPOSITION. SCS-2803C
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SCS CONTROL PANEL SWITCHING TM

DEADBANDSW CEA

I'_IcH3588X -ATTITUDEDEAD- BMAGMODE C13-1A106

o MAX 1_L BANDMINIMUM SWITCHES SIGNAL28 VDC _ _ - - TO SWITCHINGCONTROL CONDITIONER
MINIMUM ROLL

AVCGSW I_1 CH3600X-LM ATTACHED o RATE2 _. CH3635X
LM/CSM _ SELECTED 28VDCo :-: ATTI/RATE2 "=!1CH3636X

28 VDC _ -_ _ TOSWITCHINGCONTROL o RATE1 I
o CSM PITCH II-_-']CH3590X-SCS HIGHROT- o RATE2 _ CH3638X

RATESW _ RATESELECTED 28 VDC_ ATTI/RATE2 .=. CH3639X

HIGH I
28VDC _ -_; TO SWITCHINGCONTROL o RATEio LOW

- -_ YAW RATE2o _ CH3041X

FDAI DEA 28VDCo ATTI/RATE2 ;!
SCALESELECT --: I CH3042X
SW ERRRATE I-_'lcH3592X - FDAI SCALE o RATEI

L._ ERROR5 RATE5

_. 5 1 i _ TOSWITCHINGCONTROL CH3635X- BMAGMODESW ROLLATTI/RATE2
28 VDC o __ 5 5 -_ ;- TOSWITCHINGCONTROL CH3636X- BMAGMODESW - ROLLRATE2

-'50115 50110 CH3638X- BMAGMODESW- PITCHATrI/RATE2
• _-= TO SWITCHINGCONTROL CH3639X- BMAGMODESW- PITCHRATE2

....... FDAI SCALE CH3641X- BMAGMODESW - YAWATTl/RATE2t,n_wx - ERR50115 CH3642X- BMAGMODESW- YAWRATE2

RATE50/10 SCS-2600A(_._)
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G & C ATTITUDE REFERENCE
INERTIAL _

COUu:L,NO
MEASUREMENT/_ -_ _, COMPUTER DISPLAY

UNIT _ )_]_1 ATTITUDE KEYBOARD
ATTITUDE _ _ol

_ _ IMU ERROR

TOTAL ANGULARVELOCITY

ATTITUDEERROR

__ IMU TOTALAITll_IDE TOTALALTITUDE FLIGHTDIRECTOR

ATTITUDE INDICATOR

NO, 2

ELECTRONIC

DI_YI_Oy , _ G DC-TOTA/ATrITUDE DISPLAY

COUPLER _--_, _l_'_l - I ASSEMBLY

_-_-___ __ATTI TUDEERROR TOTALATTITUDE
._ _/..--r ,p

ROLL.... ANGULAR VELOCITY

SIC ANGULAR J ATTITUDE_!_,-._:J_Jl _-'] HT OmECTOR

RAIIZS I_-L- _ _j _ ATTITUDE INDICATORNO.I

Le_e_ ,_J CONFIGURATIONoY,o -- m-' LOOlCTOASSEMBLIES
ASSEMBLY m ENTRYI MONITOR SUBSYSTEM

..J_-_ II I / DISPLAYANGULAR

DISPLAY
CONSOLE

GYRO IBACKUPRATE
ASSEMBLY _ m

NO. 1 _ _,._"'_1 l BMAG A'FrlTUDE

ERRORS

im_teo

scs-3oo_c{_Y "



ATTITUDEREFERENCESUBSYSTEM
FUNCTIONAL OPERATION

CMC

GDCOFF NON-EULERALIGN GDC ATTSET Al'I"SET IMU
PITCH a

GDC I
o EULER IMUo I RC .

0._o_....._,o_ _I,_ _ I
EMS I _ : ALIGNI EULER ___ J

,o0vTo,o,E
AL,._N i I_-_ ALIGN--T-_,--J_ _

YAW
BUR GDC

!_'--.'_,_,J -"" ' _ cdA I-_ERROR

ALIGN -J' I I NEEDLESOFF

cMc _ _ .......:
0.05G ._

OFF ALlGN

• o

O.05G v

CMC

I
GDC

OFF ALIGN & I- ....

ALIGN SCS-2"313B{_) 74
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FLIGHT DIRECTOR ATTITUDE INDICATOR
ROLL

+ANGULAR VELOCITY-
+AI-rlTUDEERROR-

PITCH & YAW INDEX

p

I
ATTITUDET ANGULAR
ERROR C VELOCITY
+ H +

EULERATI'ITUDEON BALL
PITCH- e = 014°
YAW _ = 034°
ROLL ,/, = 330°

ROLLTOTAL

NOTE: ATTITUDESCALE

ALL POLARITIESINDICATE

VEHICLEDYNAMICS YAW
+ATTITUDEERROR-

+ANGULAR VELOCITY-
SCS-2100D(_) 76



FDAI RATE SELECTLOGIC
FDAI FDAI

SCALE SELECT FDAI 1
BMAG MODE

PITCH _lRATE2 I

° I ±I_-/SEC 1 I PITCHATI 1 RATE2I : :t:5°/SEC RATE

RATE11 :t:lO°/SEC 2°B_AGMODE NC_T"II FDA,Z
BMAG MODE

RATE2oYAW ROLL ENTRY I

RATEio IATTIRAI'E+21 .05go

o _,__oI I _
°--: I I I'_ _°'sEc "-'- I YAWRATE

_ I_ °=1 _o°,_c I
oU I o1- I "
I I I FOAl2
I '-- Io c_I

° I I

° I I _OA,,

C_ 3 =_ -- :, o I

° ° I ROLLs J :I:I°/SEC RATE

i c_ J - :IS°ISEC •

. _50°ISEC
o

FDAI2

SCS--2204 _l ( +.i_ 77



FDAI ATTITUDE SELECT LOGIC
FDA I

Bi T
IMU:' CMC: t

GDC°:l : ATTSET-- : FDAI 2

ENTRY". 05(; ' GDC

I IMU

2

_GDC - OFF
I rDAI

' SCALEFDAI1
"--'--" Io

°°c
ALIGN I 1/

-I : 2_l_JMU

o i
Goc _ 1

'_ IMU :-- :
i I

ATTSET I
I

FDAI2

"......... ATI'I_OE SET 1" I_]._e!

_ UNCAGED- ENTRY• CAGED OFF-e"O_j 1/2

7!



FDAI/GDC SHAFTRELATIONSHIP
EULER_._,f,'_ _

CPS ERROR

VG +¢'e
OGA

TOTAL RESOLVER&MOTOR

XB ATTITUDE ROLL

INDEX IGAYB -'& MOTOR

ZB "_
EULER_""

"MGA" + YAW .. ERROR
RESOLVER INDEX

0 .. MGA" RESOLVER

"OGA" / / & MOTOR

J_ s_

I EULER
, ERROR

ATTITUDE-""
REFERENCE

SYSI£M
STRAP DOWN

PLATFORM "IGA" DISPLAYEDATTITUDE
RESOLVER #e"0°

,e.O °
#e.O _
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GYRO DISPLAY COUPLER

0_°• EULER".05cJ•
GDCALIGN GDCALIGN GDCALIGN

K84 K87 K83 JE

_ T
EULER ALIGN
K89

ENTRY
EMS
ROLLON"

I

O_
I

'/'¢ ALIGN

0 E
K87

Kgl;



FDAI SIGNAL FLOW
ATTSETSW AI"rlTUDE
TOGDC "1 ERROR

,o. o,=, _ -I,-.q )

-IololoM
FDAI NO. 1
FDAI NO. 2 i _,._ !

,I,
TO
ALIGN

ololoH_'_'°_
,ATT SET SW



ENTRY DISPLAYS
IO

i i

®
LV (UP)

I o,Oi
®

0 LV,,OR .)UDI__

;LV (DOWN)
STABAXIS

(FLIGHTPATH)NORTH

QI
oolo_lee A

SCS-2207B_£'_!_
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ARS SWITCHING
ARS TOTAL ERRORDISP DISP

CONFIGURATIONS A'ITITUDEDISPSOURCES SOURCES(4) SOURCES

RATE 2

PITCH ATI"1/ _
B RATE2

M RATEi I.,/

A RATE2 I'I

G YAW All ]J V L.,f
RATE 2

M RATEI I,,I

_O RATE2 1.11

A'n"U

IE ROLL RATE2
RATE! 111

(]5G I-_ I,'/(2)
iE .(]5G
IN OFF I/ _ 1.1" I,,'/ _ _)
!T EMS

EMS ROLL L""I (2)R
l ROLL

iY OFF

(l)1/2 _/ "_-I " v" " ,I"
FDAI 2 !_,,,__ _ ¢/ k_ 1.11 I,,/

SELECT i
: L

CMC _

FDAI ATTSET i_.t J _ L,'/
SOURCE

GDC _

AT[ IMU _ I,,t

sET GDC _ f
w

IMU _ _ u/
CMC

ATT GDC I1t

PRESS I,,I"
GOC

ALIGN OfF V I,,/

AT[II1JDESET 3 THUMB- I.,,I" _ L,j
CONTPANEL WHFFLS

(1) ATI'tTUDEANDALTITUDEERRORTOFDAI #1FROMG&NANDTOFDAI #2
FROM THE SCS

(2)DURINGENTRY,STABILITYROLLONLY IS SUPPLIEDTO THEFDAISELECTED
AND TOTHE ROLLSTABILITYINDICATORON THE ENTRYMONITORSYSTENL

(3)BMAG UNCAGELOGICMUST ALSO BE SATISFIEDINADDITIONTO SWITCHES

141NECESSARYFOR CORRECTYAW DISPLAYDURINGNON ENTRYMISSIONPHASES.

CHART I SCS-ZS04B



RATEAND ATTITUDEERRORTELEMETRYPICKOFF
CR1FDAI1 (TYPICAL)

IF-- I_-;_o_-E_o_,"l,I FEEDBACK I

-15 POT I
II __ I CIRCUITRY IN EDA

Ii +15l : I

:
_ j oR,_ _

...... ELECTRONICSFDAISELECT

FDAI2 SWITCHTO SIGCOND
POSITION-2

T
I FEEDBACK I TM ID SIC PARAMETER

PO T,,,!Ai; II _ CH3501VATTITUDEERRORYAW

CH3502V ATTITUDE ERROR ROLL

II CH3503RscsBODYRATEPITCH
+15 CH3504RSCS BODY RATE YAW

I TORQUER FEE CK CH3505RSCS BODY RATE ROLL
LINKAGE ITO TORQUER

L ...... .I DRIVEELECTRONICS

SCS-2212A_,_,_
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ORDEAL PANEL

I 1 FDAI 2 i EARTH

ILl l.._I INRTL _.,J J) L,,.J 100 . 200

MODE SLEW _2507 LIGHTING'_ BRT O PR/SLOWjT1 UP 50

DIM HOLD/FAST_U q DOWN

v,_°_ _t

SCS-4000A{'_)
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ORDEAL INTERFACE

MocI ] IP,TcHIOROEA IFOA,FDAI _ DEA _ FDA! " 1 & 2
SWITCHING ONLY SWITCHING

117



ORDEAL FUNCTIONAL BLOCK DIAGRAM
150

too ALTSET

BASICTIMING ALTITUDE
400PPS -'- VARIATION

1

I LOGICFOR

MAINTIMER .._ EARTH& LUNAR
]1BITCOUNTER FIXEDORBITAL

RAE

LOGICFOR %

I _/ STEPPER

EARTHo_B,T_LUNAR -: MOTOR.RIVE/
SLEWRATES / / "_,,.,. _,......_

FO ,11 .eSELECTION _-_. /
SWITCHING

I- /
SCS4002

•_ .b 88



ORDEAL SIGNAL FLOW DIAGRAM
ALTSET

ISD

EARTHRATE _"r _T ,o_==

SW P0S _ .'® =

_ _ FINE_,
[_ 20 (8 BIT COUN_R) COUNT

............. 27

ENABLE
LUNAR RATE

"11" STAGECOUNTER LUNARRATE F |_
SWITCHPOS

ZXL
EARTHRATE ORBITAL
SWPOS RATE

2XE z,,FDAI#1

DEA
OUTPUT

in I I II I I m i I _ t

LUNAR&EARTH DEA

SLEW RATES

/ 2XF _,,_. FOAl ,2]
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LONGITUDE-LATITUDE DETERMINATION

ZI

GREENWI CH

MERIDIAN,,

I
I
I LAT& LONG
I
I
I
I
I
I
j .CSM AT TI

CSM AT TO

AZ -- AZO+ (o (t + t ephem)

GNC'I/O{C_)) SO



EARTH ORBIT NAVIGATION

30° 46° X

LOCAL VERTI

_--TANGENT J30°P01NT
Y

EARTH ORBIT GEOMETRY FIGURE I VIEW ON SURFACE FIGURE 3

I _ > _ DIRECTIONOFMOTION

/ _-,x_6°
/_-3e---/__ \ _LANDNIARKRECOGNmONUNLIT

/LOCAL'-""" SHAFT/ _

_.--_,.,sEc_ • _.__EC---_._EC_
MARK AREA-4)SEC "i

165Nil

COVERAGE ON SURFACE FIGURE 2
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ORBITAL LANDMARK TRACKING

VEL

A, B FUNCTIONOF

ORBITALALTITUDECM

',ROUNDTRACK

g2



SIMPLIFIED ORBITAL NAVIGATION
FUNCTIONAL DIAGRAM

CSM ORBIT ESTIMATION

x 1 ,_ - 16rev_c_ Z +... -

[ ORBITAL !

I NTEGRATION
ROUTI NE

LANDMARK MEASUREMENTb

POSITION,r, _ GEOMETRYvEcTOR- i "_I COVPE_ORION

LANDMARK
MEASUREMENT

 7,oL-, ol L6r_J "_ CHECKANDPROCEED

TRACKIBGMEASUREMENT

I INCORPORATIONROUTINE JSCTLANDMARK "'" _ _ ""



MIDCOURSEPOSITION DETERMINATION--.___.-STAR

#

PREVIOUSESTIMATED / LANDMARK
POSITION /

A /
F--_ /
L__; /
L_J 2# /

/

/I IMPROVEDESTIMATEOF POSITION

tt "MEASUREDANGLE

GN-giOIA(_÷1)
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NAVIGATIONAL MEASUREMENT

l LANDM__
As LANDMARKLOS

STAR ,',f

A At _

MOON

SEXTANT TELESCOPE
FIELD OF VIEW FIELD OF VIEW f'"°'_,

GN-9103B(__)
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SIMPLIFIED CMC RENDEZOUS NAVIGATIONAL

FUNCTIONAL DIAGRAM

I ORBITAL X- - ÷ _ ORBITAL X - - +

r-...... ±..... _ " I
I MEASUREMENT . I _ I [
I GEOMETRYI_ L------d WEIGmINGI i I

I v_o,- l____J<v_O_,o_li I
I _STt_TEOF, ! / _ i I

, I _ ¢ .,. Ibcl I , I ,
4 I .I,72"!"< b,,Ji Js,,,,_wc,o.I

I RENDEZVOUS I .......... I /
I TRACKING I ASTRONAUTI
I SENSOR I ACTIONREQDI
JMEASUREMENT | I

0NC-163('_) '6



G & C THRUST VECTOR CONTROL
REACTIONJETENGINEON-OFF
CONTROLASSEMBLY

INmTIAL COMMAND
MEASUREMENT MODULE " "
UNIT COMPUTER

,.,...o.,o.,u,m.VELOCITYINCREMENTS THRUSTON-OFF

ROLLATTITUDECONTROl.

__o THRUST

ON-OFF

INERTIAL D_GI TALIVC

I .MUTOTALAI._I._jDE COUPLINODATA___UNITS. COMMANDS "_ P'IrlCALCOU'LINO.jATA UNITS

GN&C TVC ACTUATORVELOCITY

OYRO _i_ COMMANDSASSEMBLY

NO.I RATEOR

ATTITUDEERROR M'NC COMMANDS CLUTCHCURRENT

MANUAL GIMBAL TRIM

_4 ACTUATORPOSITION

SCS AUTOIVC COMMANDS

ELECTItONIC SPS
CONTROL GIMRAL
ASSEMBLY POSITION

ASSEMBLY MANUALGIMBALTRIM
NO. 2

@ RAN

IIVC MANUAL SVdTCHINGINPUTS
COMMANDS FORCONFIGURATIONLOGIC

ELECTRONICDISPLAYASSEMBLY ANDENABLINGFUNCTIONSTO
ALLASSEMBLIES

OIMBALPOSITION/FUEL

TllANELATION P|ESSUREINDICATOR
CONTROL SWITCHING

NTROL

scs..o{_)
I17



ENTRY BOUNDARIES
ENTRY
PO

-- NOMINALTRAJECTORY

PERIGEEOF

OVERSHOOT PERIGEEOF
TRAJECTORY, UNDERSHOOT

TRAJECTORY

X, -- LANDING
\ \ SITE
\ \

\ --ATMOSPHERE
\

\ INTERFACE

, -,,.\ _" VACUUMTRAJECTORY\-=

GN-2OSA_)
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STEERING FOR ORBITAL MANUEVERS

THRUSTOH

,o'__ _ . _._-'_.............................. ..........................................................

*%

-... __,_,, _
Vg "" _ AT T9o< 4 SECSTEERING

_.,_ AT RESULTANT,TRAJECTORy
_1 /" Vn_"_. FROMIMPULSIVE_.V • _-%._ _ _mlmfm_ / ......................

"'--_2'.._/.;---_;II--7_,,,_:_ ......................
IF C" o . _T X _g" o REQUIREDTHRUSTACCEL -.. "*. "'. _// _g" V3 b-3/_*--

Vg " _Vr- _V _. V9 X Ib- AT}" 0 _ -_ . AT3_[ TM r'-'l

_:TbVr_r V 9 Yr 9AT "_g THRUSTACCELMEASUREDAS _V -.-v_ _r3 A_-T3 T _=_
"- " IFC 1 V XVa THEN _ -- _ ..__'J# 4J _ [ ._

THEN * - . _g _. -o .......

THRUSTACCELERATION i_ _./ _(g -O
_--f_- _ IF THEREIS ADIRECTIONALERROR (DIAGRAMASSUMESCOMPENSATIONOF THRUSTOFF

A_TX Vg • cb XVg Vg THENVg X Ib_. T -_,V) • ,', 8c WHERE_,#c IS THE STEERINGCOMMAND. cg SHIFT INCLUDEDIN DRIVING Vg TOO}
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CMC POWERED FLIGHT STEERING
BLOCK DIAGRAM

_c TOCSM
FLIGHT CONTROL

SYSTEM

v Vg vg-_m
= Vg Am

÷

" -Vrn Vr-- Am

_ro:,_Vo,. +
Vrn 1

PIPA AVERAGE -_ _>

i

Av G - -

o._-_.(_)
!O0



THRUST VECTOR CONTROL
STABILIZATION

LOOP
ELECTRONICS

STAB?

t cc,,i _ _L I LOOPI --1

,ssc°u I F ';;,,,7-;D,-T--] I. _-|CONVERTERI

I _jo,,
,.g,,c_o._Yo,cMc- -IC°"V_"E" I

N i i
._l__jOSS CDU I

I SERVO SERVICED/A
AMP PROPULSION--

I-Ic°.w._, I ASSY SYSTEM
I REACTIONJET/ENGINE

i1_ ON-OFF

CONTROL REACTION
ASSY CONTROL

SYSTEM

I _c_------J (_ ,o,GNC-ZSA



TVC FUNCTIONAL BLOCK DIAGRAM

c.c2gVOC : __
IMUOP_A_ SCS _ $¢S $CS _ -- -- -I

GIMBALPOSITION _ I r_'l lJ

An I? : WC

HOLO POSITION: - I

_g., cs, TOT^L IAmTUDE ,I ,'_ I _._Y L__LJ

I L[_CS_ ERRORCNIR[_BLE -- SERVO

ERRORSATTITUDE q _ J LOOP

NC (t_gL( --
DRIVECDUS

av THRUST DRIVECDUT
VDC A&B _ ZEROIMU

MNA&B ENABLEIMU(HRCNTR

DISPLAy& CD_DRIVEY
KEYBOARD

DSKY

r-'l
I I
I I

I_l _ _x

J P&NPLJLS[S MBAL
xYz ACCEL IDLES

I _ I tooP
I_i O.L

I I
L..J

E_DN I11
• DRVR _" ._f CONTROL$OL[NO_OS&

RELAYCOILS
4_

_y TRANSLATION FCSM DE EyE 2JVOC

AV NORMAL
114RUST

, swA&6
+Y MANUAL.y ROTATION

J OVERRIDE

P.,c. ,.__. _ , _. []-- & CMD _ / CHANteL ' 'YAW CHANk(LDISAD__ SWITCH

L 1
AUTO_ REACTION CMISMIMPULSE

XFER ,
ACCELCMO- DRIVER SWITCH

ENABLING
CONTROtSC SW"--4 LOGIC

ROLL MANA_ _ SW-_m
SPS(t_ IGN1---_

OIRECTROT_
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TVC DAP
SIMPLIFIED BLOCK DIAGRAM

[ c_c o_coo 1 i _c_c--;,_,I

e" _ ERROR m DIA

I -_ _ _o^_oI_1_.,c.I_ I
-_ EULER_1 .......I--'IcOMPENSAT'01COUNTERCONVER_ER I

I • • • • • • TO _ ; u =

I I / ERROR
e* e* MATRIX e* _

GUIDANCE + i m Y Y YAW YI ERROR D/A _ I

I COMPUTAT'ONI_ /I / I ICOMPENSAT'ONIII co'"'_"llC°"v_"'_"i__ I

J r_V ' E 'm';/ : ; ;It ".,I iII "-'-' 1 I 1 T,o,,,-I-I '_°'_*''II I1 RCSI
I I I I

I ,sscoo .,,,.,,,cos,, I I

":"'"mo, REAoHA,o'.SO'mCOS,I MO'I c°,.,,,-,-,:,,c°,',v':,,,_,,I _'n'oOS'o I
I i _1

LEGEND:

ei em eo IMU GIMBALANGLES:INNER,MIDDLEANDOUTER. ep eye R SPACECRAFTATTITUDEERRORS:PITCH,YAWANDROLL.

OJc emc Ooc IMU GIMBAL-ANGLECOMMANDS:INNER,MIDDLEANDOUTER. 6p 6y PITCH-ANDYAW-CHANNELSPSGIMBAL-ANGLECOMMANDS.

ei em eo GIMBAL-ANGLEERRORS:INNER,MIDDLEANDOUTER. 6R ROLL-CHANNELSM RCSENGINE"ON-OFP'COMMANDS.
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FUEL PRESSURE/GIMBAL POSITION INDICATOR

SPS PITCH
GIMBALANGLE SPS YAW

GIMBAL
ANGLE

" NEEDLE
INDICATOR

S-II FUEUS-IVB
OXIDIZER S-IVB FUELPSI

SPS PITCH
G IMBAL
SET KNOB

_'.
SPS YAW GIMBALSET KNOB SCS-2104C{_)
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THRUST VECTOR CONTROL-SIGNAL FLOW
CMC CMD'S ARE

MTVCINT DISABLEDINCMCIF

S6_'a ENABLE I CMCI TC IS CW ORSC CONT

I ROTATIONICONTROL CMDS SWITCHIN SCS POSITION
NO. ] 1 ACTUATORNO. ]

it -
- MAGNETIC

MTVC _ CLUTCHP.+ INTEGRAL ENABLE ._-

I I AMPLIFIER)

ROTATION RATE

CONTROL SSAUTO XDUCER

NO.2 ENABLEA_ POSITION/
OFF $I" XDUCER

$8 (_,,'/ MTVC
RATE2 SI0

OFF GPI

$9 o..,,f'o MTVC
RATE INDICATIONS

LOWRATE SCSTRIM I .'1

; -_ SHAPINGI I ' LI POTS

" _l(. ) -

11S54)

J GYRO I _ _I LEM OFF __la ACTUATOR NO"

ASSEMBLY '-_ : - - SHAPING I I POSITIONI I XDUCER

RATEXDUCER

MAGNETIC
2 CLUTCH

S1 TVC INT.

ENABLE _C C q CMCCMD'SARE

DISABLEDINCMC IF ,.,_"'_o,.,
TC IS CW ORSC CONT ._lfi_.l"- •

. SWITCHINSCS POSITIONSCS 2314B_._}J
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TVC FUNCTION ENABLING LOGIC

PANELSWITCHINGANDLOGICFORENABLINGFUNCTIONALSWITCHPOSITION

SC CONT(1S18) BMAGMODE(1S21OR1S22) SPSTVC{1S38OR1S39)TVCGMBLDR(lS27OR1S28) XLATIONFAILSENSE

SYSTEM FUNCTSW./POSITION
CONFIGU- ATT11 RATE ACCEL
RATION SWITCH POS. SCS CMC RATE2 RATEI AUTO CMD .CMD I AUTO 2 CW -FS FS IGN2

$I SCSAUTO X (2) X X X

SCS ENABLE X X X X

AUTO $2 SCSTRIM X
TVC ENABLE X X

(1) $4 (3)HIGHRATE X(3)
$7 TVCINT. X X

ENABLE X X X

COMMON $3 MTVC X X OR X
FUNCTION ENABLE X X J X

X XORX X

M $6 MTVCINT. SWITCHPOSITIONSARESAMEASFOR$3 BUTLOGICREQUIRES'IGN2' ;IGNAL
T ENABLE

V $8 MTVC X X OR. X X X
I C RATE RATE2 X X OR X X X X

OR X XORX X X X

CMD MTVC SWITCHPOSITIONSARESAMEASFOR$8EXCEPTBMAGMODESWITCHMUSTBEIN RATE1POSITION
$9 RATE!

ACCELCMD $8AND$9OFF X

SERVONO.I SIO I X
X X X

X

SERVONO.2 SI02 X X
X X

I1). FUNCTIONALSWITCH-Sll- REPRESENTS_,VCGSW. (1S54).SELECTSLEMONORLEMOFFSHAPINGCIRCUITS.
(2). FORSCSAUTOBMAGMODESWITCHMUSTBEINATT1IRATE2 POSITION,HOWEVER,ENABLINGLOGICDOESNOTREQUIRETHIS.
(3). SWITCH$4 POSITIONIS ALSOCONTROLLEDBYRATESWITCH(1S12). IF (1S12)

iS IN "LOW"POSITION,THEN,PRIORTOIGN2 RATESIGNALSARESHAPEDTHROUGH
HIGHGAINCIRCU,TRY.(THIS IS NOTSHOWNIN SCS2314DWGBECAUSETHE _e"_.,.

SIGNALSARENOTSWITCHED(FCTSW$1)INTO SERVOAMP UNTILIGN2). (_('_--_'_SCS-2802A,.
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SCS TVC ELECTRONICS (PITCH)

; QS12

v_Sc K.

I GYRO

ASSEMBLY ACS
NO.I (AT[ERROR)

QS28DIS
(AC2)

GYRO
ASSEMBLY ACS(RATE)

NO.2

qS29| QS25-'
ACI)
QS_ DIS
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SPS SERVO ELECTRONICS (PITCH)
"1

-ii:CMD I TACH

EXIEND

_IL r- SAA, GIMBAL

.Tvc co,L L . /GP,PosRATE
QSI I ITVC-IPWR

T l (Tss) ,..t,
| _ACIIMNA_ o----TVC ACI

RETRACT u,J/'U 0OFF CB55 (CA)

ACZIMN_ CBIO (¢'A)

+lSV I
;' i...o____o_o.._ MN A' ._,.z_IscscB.

- o.Lp..y,Lo_o_=,
-15V KK_62 GPI
TRIM, _ J_J'J_ I SPSGIMBAL CB12
NO.1 : __ -- _ ELECT I-m,I IIIII JlHI m ACTUATOR
TRIM ',l

o

+1_VNO. 2 _K1 "--°_o ° l

E I

L _= _ J O ACI/M"A o"z_e.--ACl
I CB9 (CA)

_jK,j DOFF
EXTEND J__o---ELA/TV C-AC2

1_ _ _ (...AIIIi,,ii B54 (eA)

TRIM POleS,
GPI, POS, RATE

"* _ TRANSDUCERS
.T RETRACT

*THE SIGNALIS MODIFIEDIN SIG CMC _

CONDCIRCUIT. THEYAWTM CMD J D _ i INUMBERIS CH3518H.

CH3517HGIMBAL POSITIONPITCHI ON 2 /_"'",
CH3518HGIMBAL POSITIONyAW I OR 2 SCS-2407E;_._ o)
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TVC LOGIC
(SCS TVC ELECTRONICS)

MANUAL ATTITUDE RATE SC CONT BMAG MODE J SPS TVC

ACCEL PITCH HIGH CMC PITCH PITCH

MIN IMP RATE I CMD _ _
LOW SCS

8 12 18 21 38

ENTRY I _V CG LV/SPS IND I I TCV GMBL DRIVE

,05g LEM/CSM S-II/S-IVB PITCH I YAW

OFF CSM GPI 2
51 54 53 27 28

3QS28 RATE I

3QS29 (RATE2)+ (ATTI/RATE2)

3QS25 (HIGH RATE)+ IGN 2

3QS11 LEM OFF

._ 3QS12 LEM ON

3QS31 I_IGN2 J(SCS+ CW).(RATE CMD + ACCEL)+ SCS. AUTO .cwJ]'.,It
ISEC

'_ I ' 3Kll (IGN2)(SCS +CW)
D I

i i

121ASK1 (ATTI/RATE2)(0.05g)'[IGN2 + (RATECMD MAN.ATT)(+ BOP)']w/// .... , /////_ f

, , --_.-" 3QS21 121ASKI
ENG ENG ,P
ON OFF 30S30 IGN2 J(SCS + CW) • (RATECMD + ACCEL)+ SCS •AUTO •CW]

3K3D [.(RATE2)+ (AftI/RATE2)] (RATEDAMPED MTVC)

3K31 (RATEI)(RATEDAMPED MTVC)

TC 3QSI SCS • (SCS AUTO)'+ CW •(SCS AUTO)'+ CW" SCS

3QS2 (SCS AUTO)(IGN 2) [SCS "_ + CMC •CW]

3QS3 SCS + CW

KI GIM DR 2 + GIM DR AUTO(F.S. + CW) f"'_._

',)Kb2 GPI SCS-2801AL
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SPS ENGINE ON-OFF LOGIC

I

25V0C

SPS _ 28VDC_,

•  SPSENAB E-AiNO' B,ABYSRSP'LOT
SPS,CO' S, ,  '-' ' VALVEMNA, _ _ '_ :l CHYoO4X - -

, CMISM A
TRANSFER CBUNIER RESET/OVERRIDE NORMAL

_V THRUST-A
OFF

_ _ _ ' _ i _ _ _ 'V 'HRUS' K' _ E _ _C_'_S '_'

gPSCOILS SRPS ................

CMC ^_'_ SPSENABLE"B I "_SPS VALVESMN R

SPS READY

SPS ENABLEA OR

28 VDC _ __

IMU POWER! _ aCW _ --

DIRECl _

RCS
a

2BVDC_o o OlF__ ± D(RECTSW - _ I r_ ospSoSPSENABEEENABEEA OR B
DIRECT PI_RIYAW i_ _ _ION 2

RCS I _ _ CH3604X- SPS SOLENOIDDRIVERNO. 1

_e I CH3_SX " SPS SOLENOIDDRIVERNO. 2
I

mAUTOBCS IGNI CH360/X- SPACECRAFTSOURCESWITCHDISABLE A OR R

OFF *CMC THRUSTON" O (PITCH& YAW) _"_'%

SCS-2,0'K ( * )
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SC CONTROL OF SATURN
STABILIZATION

LOOP
ELECTRONICS

_,,_ STAB
LOOP

IMU

, ._"__t I "
l LOOP II

, I
I

[ , IISS CDU SCS FDAI FDAI

A/D I \
CONVERTERI , I

L ....

D/A
CONVERTER

)I SPLAY AND
INTROLPANEL S-IVB

IN

GNC-191C_) 112



S-IVB CONTROL
CSM lUSTAGE S-IVBSTAGE

GNCIZ3Bt._'_
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EDS FINAL SEP l 2
AUTO

@
PRPLNTDUMP 2 ENGOUT LVRATES 1-TWRJETT-2 I

AUTO AUTO AUTO "--_ j

\ I]el[le[![le[l
[,cs o,,e O,F e

i LAUNCHVEHICLE !
S-II/'S-IVB XLUNAR

GUIDANCE LV STAGE
I U INJECT

@ @
) CMC OFF SAFE

MAIN RELEASE

2
@

@



PREPARATION FOR ENTRY
SEPARATION SEPARATiON TRIM

ATTITUDE X_ AI"I'ITUDE
XscDEORBITAV

__ P6I --/ v /_Zsm LOCAL

Xsn_ /LOCAL Zsc "_ Zsm _'HvORIZ _HORIZ

'r

Xsc
N.MI.

®
FLY TO
SEPARATION

ZSM

(9
ALIGN

FOR.05G
STABLEMEMBER
REFERENCE

®
DEORBIT-'-V



ENTRY DAP

n i i '° H I,Mo ,cou _ XEORM "PHASE_ JETI I JET
EULERTO PLANE" _ SELECTIONH OUT DRIVERCHAN

BoDYIBODYATmTUDLOG,CI I LO_,CI I AMPI ERR°RSI

I I I×F°RMI,<'_
DESIREDi__b,IDAP REFTO_..( ", t
ATTITUDEI "1 GMBL I " _,,." GMBLANGLES

I I ANGLES /"

PHASE PLANE(EXTRAATMOSPHERE) PHASE PLANE (ATMOSPHERE)
JET STATE

r (YAW) r =-pTAN (_)

VZ :2°ISEC -JETON OLL)x

NOJET -"_ _÷_ v

__ ____,____r___ YAW RATEAUTOPILOTVM ....

CONTROLLINE / VD,j._ I /_...-MAXIMUM VELOCITYTRAJECTORY

XZ=3I_ SLOPEK_ /--'--_/C \L.IIFS
ATTITUDECONTROL a, aI ACCELERATION

180o_ XTERMINAL XS aq XD I VM / aI >a

TR_I I '(_/__I? I_''''_

.... SHORTESTPATHCONTOUR

o
y •

DUAL GAIN ROLLATTITUDEPHASE PLANEWITH CONTROL LINE GNC-I,12A_,_I_)]
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EMS BLOCK DIAGRAM

IACCEtEiOMERIl SERVOl
i I.! I NTRYii vSELF-TEST VIF - -_ MOTOR f

CIRCUITS CONVERTER o-- "_V CONTROLLER
i

G>.2 "-'__ GE--,

' _V J

G<.

COMPARATORS

i

 IN GRATORI ICOON R
elll'rrc.l.

o_'_

SCS-2205".__.s_
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EMS HOUSING
FRONT PANEL



EMSSCROLL& SCRIBE

DRIVESPROCKET I I_I_--GUIDESPROCKET
DDDDDDDDI:

.I I I I I I I L

....24--

I L_ USABLELENGTH120" __I_" i]
154" -,

PATI'ERN
EDGEVIEWOFFILM , _ ESTAR

MILKY WHITE SCRIBE COATING

o.

J
SCS-2014

120



R
E

S
E

R
V

E
D

F
O

RV
E

N
D

O
R

'
"

IN
-H

O
U

S
EU
S

E

1 I
G
R
O
U
N
D
-
T
E
S
T
SP
A
I
-
I
'
E
R

N
S

J

i
IN

-F
L

IG
H

T
-S

E
L

FT
E

S
TC

H
E

C
K

S(2
)

m
.'.

'-.
'-'

.
E

N
T

R
YI

N
S

T
R

U
C

T
IO

N
SI1
)

i
-.

*-
/s

iii .
;
>
;

N
O
N
-
E
X
I
TE
N
T
R
Y
P
A
I
-
I
'
E
R
N

_
,
-
/
×

v

N
O

N
-E

X
ITE

N
T

R
YP

A
T

T
E

R
N

_
v

y
/
/

A U
_,

IN
-F

L
IG

H
TS

E
L

F
-T

E
S

TC
H

E
C

K
S(2

)
mj

l,,g
_.

_.
_

E
N

T
R

YI
N

S
T

R
U

C
T

IO
N

S(1
)

:
N

O
N

-E
X

ITE
N

T
R

YP
A

T
rE

R
N

•

_L
_,

t
,_

--
,o

_s_
-,

_,_
-_

,,,
,

...
.

E
N

T
R

YI
N

S
T

R
U

C
T

IO
N

S

C
'_

_
"/

/.,

I_
,

N
...

...
,

N
O

N
-E

X
ITE

N
T

R
YP

A
T

rE
R

N
///

.

M



EMSFLIGHTSCROLL
SELFTEST& ENTRYPREPARATION

STBY STBY (DEORBIT)

"]- ! RNG SET
AI,JTQ AUTO 1586.8

SETSCROLL AV TE_;T
_2 2 SPSLTON

•OSGLT .OPGLT SPSLTOFF
_3 AT AV <0

-20.8+20.7
•05GLT .O.SGLT
DOWNLT DOWNLT

STBY

SET58.O SETP8.O AV SET
4 4 AV - AUTO

• OSGLT . OSGLT
RNG_.2 RNG_.2 (ENTRY)

5 STBY

•05GLT .05GLT RNGSET
UPLT UPLT VOSET

SET
SCROll
ENTRY
AUTO

37 36



EMS CORRIDOR EVALUATION

to tR t -_

CAPTUREBOUNDARY
ENTRYANGLE

GR _ -5.25°

LIFTVECTORDOWN

LIGHT

G EMSPOSITIVELIFT

ENTRYANGLE BOUNDARY
_-7.5' TOR UP

LIGHT

UNDERSHOOT
BOUNDARY

GR= .2G FORLUNAR
tR = 10SECAFTERto ENTRYVELOCITY
to = TIMEAT.05G ANDENTRYANGLESONLY



OFF-SET FLIGHT LIMITS
0

10
38 37 36 35 34 33 32 31 30 29 28 27 26 25 24

VELOCITY,V,-.,1000FPS {._)SCS-Z)09 124
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NON-EXIT ENTRY PATTERNFOR EM$
ORBITAL MISSION

?9? 7 o

_" 8 6 4 05_ 1

___ 34
5

Go
3, I, is l_L°i6151413,, 1°'' :

'NERTtALVELOCITY,V~1000EPS

(_ ON-SETGUIDELiNE

(_) OFF-SETGUIDELINE

(_) RANGEPOTENTIALGUIDEL_NE

(_ SATELLITICVELOCITYINDICATOR

(_ FULLLIFT PROFILE SC5-2211{"_')
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EMS FUNCTIONAL BLOCK DIAGRAM
I- 1

I SELFTESTCIRCUITS 61 O.05G I _1 IOSEC

I 0 G
±l___ I .

I I o.2G J---_-_ G>O.2G

I ._ I COMPARATORI .__ ._ G< O.2GI AiD I --
I _ CONVERTER --I ACCELEROMETER !

L "_- ....... _t_ ,, vO-_V

o,v,o H,'HI NETWORK CONTROL SERVOt

AV/RNG I I Vo

1 SET SET
SCS _ I I

+

J i i _I DECODER H DRIVER H ']

ROLLATTITUDE RANGE aVIRNG ,,,VIRNG
INDICATOR INTEGRATOR COUNTER - DISPLAY

b b 26V,400CPS

_ _ _ G

e_aTle o

"i {]_'-" SCS-2015A
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EDSPOWER

OFF

TVC SERVO POWER
I-AC1/MNA-2

,_R2 _ OrE

I 1 BMAq POWER 2 I
WARMUP WARMUP

OFF ON

@ _
pN-7-1At_._2S



SCSNONSWlTCHED POWERI I

PANEL229 I PANEL4) I

MAIN k MAINR | I pOLLAJC ROLLRID PITCHCHANNELENAI_!_.J[
| | CHANNELENABLE CHANNELENABLE YAWCHANNElENABLESM CMmea,._, .s, CRE5 r-_.... _ ---- ---

' c+ l J_+.+RO_,, ° _'--'-- r+_ R,,,R,OR..
UROUP e I B _ I I ROLLSM CRY) I OFF_ CM& SMBe [ I SOLENOIDS I ' CM/SM SOLENOI4)4)

2 C8_ I I • I I SOLENOIOS rRAI I e I I THROUGH I B i I SOLENODS I I I THROUGH
CR_ I I I THROUGH CB2_ ! RJ-5, 6 RE-6.T CM/SMSEPel I ] /',,.CBZ6A/CROLL21 I ,_/ +'_" I :: f; ! Ct+',/SM4)EP

..... _ iRE,,_,, C.,+MSE_I .g ii
CB32 I I I i j Cl_le _ I I I l

T_,'-TT._.,o_'_R_-L',] MESCAl:__.t _EOR,VER mCA .'_ ! _LLOR,+ER I ,MESCA I o II P11CHURIVER "AESCA [ o I ]

iE_ jpl_ ii -- - I ;:' : . CNAfLE I _L : I YAWDRIVER

o_ - ROLLRIDMESCB I i.- - j ENARLE-S.D.13[4 ]5 10 MESCR I • t ENABLE-S,O.9,J4),JJ,12 MCSC8 E o I S MESC_ ENANL_-4).D.5,6,TjR
GROUP _ CB61 I ENkBLE L. .J ' L ..... ,J * .D. L,2.3,4 I D4 I • - -- .... I- ..... ..J k. ..... .-I

cmsRIOROU.2I sw

!1_". ! _.._o , . / I; - : I -/PITCH J ] +CMCkiT -FOAIGEL -0.05g

I i

,++++ +F,:
R_2 l ! - MJk_LIALA_, RILL, PITCH,&YAW BATTERY4)

CR22 I " - LIMIT CYCLE- ATTDEAURANO [ _ = _ ]I iGROUPI YAW YAW - RATE- FDAISCALE- CMCATTENABLE

31 ,CB2, -SW " THRUSTON- OIRECTLg_LAGE ] [
I i - TVCGIMRALDRIVEIPITCH& YAWl

II+°_A,,, I ,.t,,.c_6_uomcPWR2 I ......

, . . ,..... ,I ,'_ CBE) I I

• DIREC)NC$ I l , OFFI " "

• 4)R()UPI N I t.T+mL,1_OmmT SWITCH,_sl I5 =I +a
I SPSPILOT P ..... "1I i.l wE+ + ,oFEI "".

,'_ C668 i t zl I

• _ I L_ + + I ,1_.- • PiTCHDIRECICOILSENGE,+B+SJ_ ._._+A_.oCB69 I I ' tzli

I_ "_'_'- _/ , m , *,WOI+C,CO,LEE=,.+ L.......
-- +l I +,+,m_+ ""',

SC$.24)_IEZ_)

130



131



U2



2
/d , --o,N,owE,,,NozI DIM XPNDR

! FIXED OPTICS IMU PWR
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CSM 101

g \

@ 226 @
f

(_ ! FUELCELL!BUS |1 ClPrOGENICI1 H2 _ 2 (_

PUMPS-AC REACS CONT PURGE RAD MNA MNB

@ ooo;
r FUEl. CELL2 1

BUS t O2 HTR 2
PUMPS-AC REACS CONT PURGE RAD MNA MNB

@ ©oo_
BUS 1 QTY AMPL2

PUMPS-AC REAC$ CONT PURGE RAD AC I AC 2

®
i TANK 1 CaYOGENICFAN MOTORS TANK 2 I I LIGHTING I
f AC I I I AC 2 I COAS/TUNNEL

_A ¢1 _C _A _m _C MNA

,,FLOO0 I I NUMERICS/ INTEGRAL I ' RUN/TRGT 'm
| MNA MN| FLT/Im_ LEI_AC2 L MDC-ACI R MDC-ACl AC I AC 2

0 0 0!0,:>0 010 0
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B

GNC POWERDISTRIBUTION

e_.5 PBA C_BX GC_3_V

BUS A : -'_o H I I _I'%p_S_. I b OUCOSYNIMU HTR
• _ SIGNAL CONDITIONING

BUS Be_o a )I _ , TEMP CONTROUfR
L,_'t _ IMU HEATERS

PANEL100 T ii OPTIC EYEPIECEHTRS

BUSA,0_o _ M
CB56 I MU P&PA PULSETORQUEELECTRONICS
IMU PWR DMBL SEEVOrl rCTRONICS

BUS B _ _,:'l"_B"° I_ ," SIGNAL CONDITIONING,r,oE_CT_O",CB
PIP & IRID PREAMPS

_ CGI_/
- = PIPA ELECIRONICS

IRJG FINE ALIGN rlECTRONICS

CG]20]V

p.. - = CDU DAC DEMO0

E'T
FOAl & DAP REF

_ SIGNAL CONOITIONING

- _ GYROWHEELSBLOI_RS
ffPIP FIXED HTRS

ECDU

BUS A ;(PTIC "'

OPTICS : POWEr : ECDU

BUSa---,._o _

CB_ __m 28v58_p.sCPS i ip MOTORIE_CIT

TACH D(CIT

OPTICS CONT
SIGNAL CONDITIONING
CDLIDAC OEMOD

• OPTICS SERVO AMPS

I. OPTICS ELECIRONICS& RELAYS

o._.oJL_ CG 1523XBUSA _ i_ _

COMPUI_I _ pCMS! l I LOGICd

BUS B__-_'_B67 "'

DN POWER

ACI _ o ACI I DI6@_R p.s. _-_ CAUTION & WARNING LAMPS

CB54 '_ I STARACOUIREBLAMPOFF = TPAC READOUT

_ AC2 RETICI.EAC2 _ o
CDP5

PANEL I00

PANEL____ZZB_.LEB

,c_ "_B3_

MDC CGISL,=X- IMU +28VDC STANDBY

-.._ea CGI331V- 3.2KC _V SUPPLYAC1
CB37 CG]04(_ - ]20 VDC PI PA SUPPLY DC LEVEL

CGIZ01V- IMU ?DV.8KC ] PCT°DEG SUP RMS
• PANEL8 CG|533X- OPTICS OPERATE+28 VOC





PGNCS A/B TLM LIST

PON

Measurement Channel

No. Measurement Description Cede .... S/S

CGOOOIV C_PUTERDIGITALDATA_0BITS 51DSI 50
CGIO&OV _120VDCPIPASUPPLYDCLEV_ iOA83 1
CGlllOV 2,5VDCTMBIAS lOA138 1
CG1201V IMU28V.8KC1 PCT0 D_GSUPRMS 1OA91 1
CG1211V OPTX28V.8KC1 PCT0 DEGRMS lOAfS6 1

CG1331V 3.2KC28VSUPPLY 1OA85 1
CG1513X IMU+28VDCSTANDBY llE15-2 lO
CG1523X +28VCMCOPERATE llE15-3 i0
CG 1533X OPTX OPERATE +28 VDC IIEI5-/_ iO
CG 20OIV X PIPA SG OUTPUT IN PHASE 51A2 50
CG 2021V Y PIPA SG OUTPUT IN PHASE 51A3 50
CG 20_lV Z PIPA SG OUTPUT IN PHASE 51AA 50
CG2112V IGIXR_OLV_ OUTPUTSIN llA5_ lO
CG 2113V IG IX RESOLVER OUTPUT COS iiA59 iO
CG 2117V IGA SERVO _ROR IN PHASE 12A2 i00
CG 21_2V MG IX RESOLVER OUTPUT SIN llA60 i0
CG 21_3V MG IX RESOLVER OUTPUT COS llA61 i0
CG 21A7V MGA SERVO ERROR IN PHASE 12AI iOO
CG2172V 0GIXRESOLVEROUTPUTSIN IIA62 I0
CG 2173V 0G IX RESOLVER OUTPUT COS IIA63 iO
CG 2177V OGA SERVO ERROR IN PHASE 12A3 IOO
CG 2219V PITCH ATT ERROR - CDU DAC OUT IIA6A I0
CG 22Agv YAW ATT ERROR - CDU DAC OUT IIA65 i0
CG 2279V ROLL ATT ERROR - CDU DAC OUT IIAI6 iO
CG 230OT PIPA T_PF_ATURE IOA96 i
CG2301T IRIGT_PF2ATURE lOA1 1
CG 2302X IMU HEATER CURRF/_T IOA5 i
CG 2303X IMU BLOWER CURR_NT IOA7 i
CG 3011V TRUNNION CDU FINE ERROR 11A171 I0
CG 3021V SHAFT CDU FINE ERROR IIAISO I0

138
GNC - 167B-I



PGNCS A/B TLM LIST

PCM

Measurement Channel

No. Measurement Description Code S/S

CG31_OV SXTSHAFTTACH_ER OUTPUT IIA172 iO
CG 3150V SXT TRUNNION TACHOMETER OUTPUT IIA173 iO
CG3160V SCTSHAFTTACHOMETEROUTPUT IOAI3 i
CG3170V SCTTRUNNIONTACHOMETEROUTPUT lOAf4 i
CG3721V SHAFTCDUDACOUTPUT 11A52 iO
CG3722V TRUNNIONCDUDACOUTPUT IIA53 iO
CG50AOX CMCWARNING llE19-1 10

GNC - 167A 139



SOS TMList

Measurement Measurement Response SensorRange Display Channel
ID Description Rate Lo__ww High Readout Code

CH35OOV Attitude Error Pitch 50 S/S -5/5/15 +5/5/15 Deg FDAI 51A5
CH35OlV Attitude Error Yaw 50 S/S -5/5/15 + 5/5/15 Deg FDAI 51A6
CH3502V Attitude Error Roll i00 S/S -5/5/50 + 5/5/50 Deg FDAI 12A_
CH3503R SCS Body Rate Pitch i00 S/S -1/5/10 + 1/5/10 Deg/sec FDAI 12A5
CH350&R SCS Body Rate Yaw i00 S/S -i/5/i0 _.i/5/10 Deg/sec FDAI 12A6
CH3505R SCS Body Rate Roll I00 S/S -1/5/50 _i/5/50 Deg/sec FDAI 12A7
CH3517H GIF_AL POSITION Pitch I or 2 i00 S/S -5 +5 Deg FP/GPI 12A8
CH3518H GIMBAL POSITION Yaw i or 2 i00 S/S -5 +5 Deg FP/GPI 12AlO
CH35&6X RCS Solenoid Activate 200 S/S Event None 22El-1

+Pitch_1-X
CH35&7X RCS Solenoid Activate 200 S/S Event None 22E2-2

-Pitch/+X
CH35&SX RCS Solenoid Activate 200 S/S Event None 22E3-3

+Pitch/-X
CH35_9X RCS Solenoid Activate 200 S/S Event None 22F_-&

-Pitch/-X
CH3550X RCS Solenoid Activate 200 S/S Event None 22E5-5

+Yaw/+X
CH3551X RCS Solenoid Activate 200 S/S L_ent None 22E6-6

-Yaw/+X
_vent None 22_V-7CH3552X RCS Solenoid Activate 200 S/S

+Yaw/-X
CH3553X RCS Solenoid Activate 200 S/S Event None 22E8-8

-Yaw/-X
CH355_X RCS Solenoid Activate 200 S/S Event None 22E9-1

+Roll/+Z
CH3555X RCS Solenoid Activate 200 S/S Event None 22E13-5

-Roll/_-Z
CH3556X RCS Solenoid Activate 200 S/S Event None 22EIA-6

+ROll/-Z
CH3557X RCS Solenoid Activate 200 S/S Event None 22E10-2

-Roll/-Z
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CH3558X RCS Solenoid Activate 200 S/S Event None 22E15-7
÷Roll/÷Y

CH3559X RCS Solenoid Activate 200 S/S Event None 22EII-3
-Roll/+Y

CH3560X RCS Solenoid Activate 200 S/S Event None 22E12-_
+RolI/-Y

CH3961X RCS Solenoid Activate 200 S/S Event None 22E16-8
-RolI/-Y

CH3588X Attitude Deadband Minimum i0 S/S Event Panel
Switch IIE8-2

CH3590X SCS High Rot_Rate Selected i0 S/S Event Panel
Switch llES-&

CH3592X FDAI Scale Error 5, Rates 5 i0 S/S Event Panel
Switch IIE8-5

CH3593X FDAI Scale ERR50/15, i0"S/S Event Panel
Rate 50/10 Switch 11E8-6

CH3600X LM ATTACHED Selected l0 S/S k_vent Panel
Switch llEg-3

CH360hX SPS Solenoid Driver No. 1 l0 S/S Event _4S llE_-_
CH3605X SPS Solenoid Driver No. 2 10 S/S Event _4S llE9-_
CH3607X Spacecraft Control Source lO S/S Event Panel

Switch Switch llE9-5
CH3623X Gyro I Comb. SPIN MOTORS I0 S/S h_ent None llES-7

Run Det

CH362hl Gyro 2 Comb. SPIN MOTORS lO S/S Event None llES-8
Run Det

CH3635X BMAG Mode SW-Roll Att 1/Rate 2 I0 S/S Event Panel
Switch llk_33-1

CH3636X B_G Mode Sw-Roll Rate 2 i0 S/S Event Panel
Switch IIE33-2

CH3638X BMAG Mode Sw-Pitch Att i/ i0 S/S Event Panel
Rate2 Switch IIE33-3
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CH3639X P_,_OMode S_!- Pitch Rate 2 I0 S/S Event Panel
Switch IIE_33-A

CH36AIX B_AG Mode Sw-Yaw Att i/ I0 S/S E_ent Panel
Rate2 Switch ii_3-5

CH36AP_X BMAG Mode Sw - Yaw Rate 2 I0 S/S Event Panel
Switch 11_33-6
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ACCEL Accelerometer/Acceleration CSM Command and Service Module
ACS Attitude Control Subsystem CSS Computer Subsystem
AC Alternating Current CTE Central Timing Equipment

A/C RCS Quads A and C CW Clockwise/Continuous Wave
A/D Analog to Digital UW- Not Clockwise
ALT Attitude C/W Caution and Warning

AMP Amplifier
ARS Attitude Reference Subsystem D/A Digital - to - Analog
ASCP Attitude Set Control Panel DAC Digital to Analog Converter
ATT Attitude/Attenuation DAP Digital Autopilot
ATT SET Attitude Set DB or
AUTO Automatic d.b. Deadband

DECR Decrease

B/D RCS Quads B and D DC Direct Current
BMAG Body Mounted Attitude Gyro D_OD Demodulator
B.O. Break Out Switch DSKY Display and Keyboar_

bps Bits Per Second
BUR Backup Rate E Elevation Angle
BURR Backup Rate Roll ECA Electronic Control Assembly
BURP Backup Rate Pitch ECO Engine Combustion/Engine Cut OFF
BURY Backup Rate Yaw _DA Electronic Display Assembly

_ECT Electronic

CB Circuit Breaker _ Earth Landing System
CCW Counterclockwise I_S Entry Monitor System
C&D Controls and Displays _C _code

CDH Constant Delta Height _G Engine
CDU Coupling Data Unit _ Error
CFP Concentric Flight p]_n
CG Center of Gravity FCSD Flight Crew Support Division (MSC)
CHAN Channel FCSM Flight Combustion Stability Monitor
CM Cc_ Module FDAI Flight Director Attitude Indicator
CMC Command Module Computer FUNCT Functional
C_ Command
COAS Crew Optical Alignment Sight GA Gyro Assembly
CONT Control G&C Guidance and Control

CPS Cycles Per Second GET Ground _apse Time
CSC Cosecant Computing Amplifier G&N Guidance and Havigation
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GNCS Ouidance Navigation and MAN Manual
Control System MAX Ma_-um

QDC Gyro Display Coupler HDC Main Display Console
(]_BL 04n,ha.l. M]_U M.!114 Earth Rate Unit

GP/FPl Gimbal Position and Fuel M_C Mission Events Sequence Control
Pressure Indicator MIN Minimum

GPI 04tubalPosition Display _K_A Middle Gimbal Angle
C_OP Guidance System Operations Plan _H Mencmethylh_ozene

MNA Main Buss A

ha Apogee Altitude _B Ma4_ Buss B
HI High/Hello _SB Most Significant Bit
h_. Perigee Altitude MTVC Manual Thrust Vector Control
HTRS Heaters

MAV Navigation
ICDU Inertial Coup1_ug Data Unit NB Navigation Base
IGA Inner G_mbal Angle NORM Normal
I_ Ignition NRZ Non-return to Zero
IND Indicator

IMP Impulse OCDU Optics Coupling Data Unit
IMU Inertial Measurement Unit OGA Outer @4tubal Angle

INCR Increase OPT Optics
IRIG Inertial Rate Integrating Gyro OSS Optics Subsystem
ISS Inertial Subsystem ORDEAL Orbit Rate Drive _ectr_nics Apollo I/4
IU Instrument Unit OXID Oxidizer

KC Kilo Cycles P Pitch Axis of Control/Program
PA Power Amplifier

LAT Latitude PB Push Button
L_ Lower Equipment Bay PCH Pulse Code Modmlation

LES Launch Escape System PGNCS Primary Guidance, Navigation and
LET Launch Escape Tower Control System
LM Lunar Module PH Phase

LMK Landmark PIPA Pulsed Integrating P_dulous Aocelerometer
LOR Lunar Orbit Rendezvous FSA Power Servo Assa_ly
L06 Line of Sight PPS Pulse Per Second
LV Launch Vehicle_ift Vector PTT Push tO Ta3k



PWR Power TIGN Time of Ignition
TLC Translunar Coast

R Roll Axis of Control/Routine TH Telemetry
or DSKY Display Register TPAC Telescope Pointing Angle Counter

RC Rotation Control TFF Time of Freefall
RCS Reaction Control System TPF Transfer Phase Final
R_L Release TPI Transfer Phase Initiation

REV Reverse TTINT Time to Intercept
RGA Rate Gyro Assembly TRNFR Transfer
RJD Reaction Jet Driver TTE Time - to Events
RJ/EC Reaction Jet and Engine ON-OFF TVC Thrust Vector Control

Control TVSA Thrust Vector Position Serve Amplifier
RLVDT Rotary Linear Variable

Differential Transformer UDL Up Data Link
RNG Range UPTLM Up-Link Telemetry
ROT Rotation

RSI Roll Stability Indicator V Velocity
RTC Real Time Commands VM Velocity Measured
RUPT InteLLupt Vc Circular Velocity

Vo Initial Velocity at .Otg
S/C Spacecraft
SCT Scanning Telescope XLATION Translation
SCS Stabilizationand ControlSystem XLUNAR Translunar
SIG Sign_1

SLOS Star Line of Sight AV Differential Velocity
SM ServiceModule

SMJC Service Module Jettison Controller _ Roll Control Axis Designation/Phase
SHED Spin Motor Rotation Detector

SPS Service Propulsion System/Samples _ Yaw Control Axis Designation
per Second

STBY Standby _ Pitch Control Axis Designation
SW Switch
SXT Sextant

SYNC Synchronize
SYS System

TC Translation Control
TEC Transearth Coast
TI_IP Temperature
TFL Time - From - Launch
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