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CSM GUIDANCE COMPUTER MISSION PROGRAMS

Prelaunch & Service
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FOl
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Boost
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P20
P21
P22
P23
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Prelaunch Initialization
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Rendezvous Navigation
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SPS
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Entry
P61
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P64
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IMU Realign
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Post .05 G

Entry Final Phase

8.
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Abort
P74,
P75

LM Transfer Phase Initiation (TPI)
LM Transfer Phase Initiation Midcourse

Astronaut Service Routines

ROO
RO2
RO3
R21
R22
R30
R31
R32

Final Automatic Request Termination
IMU Status Check
DAP Data lLoad —-- VLEE

Rendezvous Tracking Data Processing -—— V57E

Rendezvous Tracking Sighting Mark
Orbit Parameter Display ---- V82E
Rendezvous Parameter Display ——- VB3E
Target Delta V —— VBAE

R34 Rendezvous Parameter Display ---— V85E

R50
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R52
R53
RS54
R55
R56
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Coarse Align

Fine Alignment
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Rendezvous Final Attitude VB89E
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CDU FUNCTIONAL INTERFACES
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AgpruLSes @ T T T T T T
CHANNEL #2
1 s' FLIGHT DIRECTOR
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CMC d
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TIMING PULSES
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"l'-'-hq'*.
GNC-193 {{#)

18



ANALOG
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SINGLE CHANNEL SIMPLIFIED

A/D CONVERTER I

< INPUT

ANALOG

(REPEATING SECTION) l

CDU
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D/A CONVERTER
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DRIVE
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(COMMANDING SECTION)

R
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RESOLVER

CDU
SINGLE CHANNEL
Chu

Z—BrNo COS W - COS 8 SINyY|SIN (8-

AC
DRIVE SIGNALS e

| MECHANI ZATION

124

I 16 STAGE COUNTER -

ANALOG TO DIGITAL CONVERTER

9 STAGE COUNTER

DC
DRIVE SIGNALS e«

{ 8300 CPS LADDER NETWORK

DEMODULATOR

DIGITAL TO ANALOG CONVERTER

COUNTER
INPUT
SECTION

PROGRAM
CONTROL
OUTPUT
SECTION
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ICDU FUNCTIONAL BLOCK DIAGRAM
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cos #q 1 & 16 SPEED
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CO0S 16 Ag UP-DOWN
LOGIC #
+
| 1
g READ COUNTER g «
E 180° | 90° | 45° |22.5°[1L25°] 5.6° | 287 | 147 70 |30 0] L 08° |.044°].022°] 40" | 20" [
Tl e |uflw]s s 76|55 |[a4a]3]2]1]0ln
a
ZERO IMU COU COARSE ALINE ENABLE g PULSEs WSS 0 CMe
(12-5) (12-4)
b ERROR COUNTER U <_<— -
: P ~
Az sec |28 [nac] .70 .30 Lre ] o8 [.oa® - ) + DRIVE PULSES
% 3 7 p 5 2 3 > ] o | n FROM CMC 160 SEC/PULSE

[—P

IMU ERROR CNTR ENABLE (12-6) l

800 CPS
LADDER NETWORK

DEMGCD

SIVB TAKEQVER

ENABLE (12-9) —>

B

I

j—' SIVB INTERFACE

» FDAI ATTITUDE ERROR SIG.

)

COARSE ALINE ENABLE ————— ™
(12-4)

—

# {MU GIMBAL MOTOR DRIVE SIG.

D'Pa"‘c."o
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OCDU FUNCTIONAL BLOCK DIAGRAM

l— 51. 2 KC FROM COMP.

\ PULSE
ZERO OPTICS CDU'S —¥]
(12-1) INHIBIT GENERATOR
——— 128KC{ | 800CPS
| SExTANT _i | RATE
SIN @ RESOLVER ERR SELECTOR
| SWITCHING o & OCR
R LOGIC FTECTOR UP-DOWN
16 X SHAFT P Dow
64 X TRUNNION | L 2
R ¢ +
'E READ COUNTER g »
E 180° | 90° | 45° | 22.5° hn.25°] 5.6°] 2.8° | 1.a°| .70 | .3° | .17°| .08°|.0aa°|.022°[ 40" | 20" 0
il ]l elulw] o] 8|76 5] aj3] 2|1 o N[
- - 4
T—zmo OPTICS OPTICS ERROR COUNTER ENABLE  (12-2) A6 PULSES 10 CMC
COU's (12-1) TVC ENABLE (12-8) .y 40 SECIPULSE (SHAFT!
L J 10 SEC/PULSE (TRUNNION)
3 ERROR COUNTER g | > + DRIVE PULSES FROM CMC
Bzl 567 28] nac| 7o [ 30| .1°] o8 .0a° - 160 SEC/PULSE (SHAFD
L8 [ 1 6] 5|41 3] 2] 1] 0]n] 40 SEC/PULSE (TRUNNION)
85 SEC/PULSE (SPS GIMBALS)
OPTICS ERROR COUNTER _TVC ENABLE
ENABLE (12-2) o CPs LADDER TACTO 0C (12-8) SPS GIMBAL DRIVE S1G.
NETWORK CONVTR
Y OPTICS DRIVE SIGNAL
DISENGAGE OPTICS DAC  (12-1D) o J/
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READ COUNTER RELATIONSHIP
TO COARSE FINE SWITCHING

ANGLE
READ

COUNTER 2" | 2% LEPLE P 2® | 2° 2% 27 2¢|2° 24 2? 2t 2!

MECHANICAL 100*| 900 | 48° |225°|1128*] 38| 28°| 14° | 07| B8] .17* | 08°| .04 ) .02° ao"}zo'

COARSE ™
S dpbive 180°| 90°| a0 | 228 u.zrl sse| 20
{IX RESOLVER MECHANICAL ANGLES) l '

SR S Y Y |
FINE SWITCHES soe | 900 | a* | 229°| 12se| 50| 28] 14 | Q7o) 30 .rri.or

(16X RESOLVER MECHANICAL ANGLES)

J’”,',rh'q_
GNC-109 {@}
23



CDU COARSE MODULE BLOCK DIAGRAM

IMU

IX RES
SINE

3

RESOLVER

IX RES
CosS

28V

3

T T cace

- -COS 22.5 (.924)

-C0S 67.5((.383)

+C0S 22.51(.924)

+C0S 67.5](.383)

-SIN 22,5 |(. 383

-SIN 67.5 {(.924
+SIN 22.5](. 383}
O AN Nr—

+SING67.5|(.924

S8
o +SINZ25 | (38
g © A

? 59

~ =
L

i

S12

-SIN 1L 25|(. 199

-SIN 5,62 |(.078)

-SIN2.8 | (.049
o——AM—

pcy =22

pC 10 = 211
pc 11 = 210

DC12 = 29

COARSE SWITCH LOGIC EQUATIONS
pC1 - 25214513 4 o5 1,1
DCo - 21514513 , 5l5 1,13
DC3 = 21514513 4 oI5 514,13
pC4 - 215 218213 4 p15 1413
pcs - 215 [21413 + 2 03]
pC6 = 255 21213 4 214 713]
pc7 = 215 [214213 + 214 ,T3]
pcg - 215 [214213 + p14 213

* SN . nNv REFERS TO BIT IN THE

READ COUNTER

*)C "X" CLOSES SWITCH "X"

o
GNC-1108 {@}
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0=67.

215 2lﬁl 213 212 211 10 .9

5

A0 2
READ COUNTER JoTot]1]0] o]0 {£T<
\ 22.5° o
- 67.
DRIVE CONTROL SIGNALS & ] "
+DC 4 &6
ATT NETWORK
(+) cos 67.5° | ALV
a8y 5v [SING] = 4. 62v Eqy = 38 Ep
[SING] || +, 01V
FROM (-) ERROR
ATT NETWORK
1.M. U. ) n o | -L76V AMP
RES SIN 67.5
-~ sv [COS6] = .91V Ey =-924 )\
L[0056'53” *SIN 67.5° = .924
(+) C0S 67.5" = .383
f"‘%
onc-148 (@)
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0=0°

15 P14 )13 512 o1 510 .9 0
READ COUNTER 0T oo oo o]0 2‘ X le—
60
DRIVE CONTROL SIGNALS | DC3 589
ATI' NETWORK ]
CoS 22.5°
28V sv[sme] oV E0 =924 E
[SIN6] “
ATT NETWORK
SIN 22.5°
FROM | oo\, 5v[coso] 5V 0=.383 N
1.M. U.- "
RES [COS 9]
:3 ATT NETWORK
SIN 22.5°
@ E. =383 E
0 IN

28V E_5V—. 800 ~v
|
| REF

oV

(-) L.915

(+) 1.915

*SIN0° =0
CoS0° =1

s,
one-149 (@)
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0=42.2°

N

5 514,13 )12 11,10 9
READ COUNTER s riEREuEE
DRIVE CONTROL _
(+) COS 22.5°
E -.92
5V [S|No] 3,35V 0 -y
(28v [5ING] |
FROM | o ATT NETWORK
i SIN 22.5°
5V [coso] 3 ) Eo =3By
28V [cosd] ||
ATT NETWORK
_,. o sIN1L2°
Ey =199 Ep
ATT NETWORK
=) % SIN 5.62°
28V V-850 By = . 078 £y
800~REF :
ATT NETWORK
L_,@_. SIN 2.8°
£, =009 [ -2V

2.8

*SIN 42.2° = , 67
C0S42.2°=.74

o,
GNC-150A{ )} .



DIGITAL TO ANALOG CONVERTER

MODULE BLOCK DIAGRAM
TYPICAL ICDU CHANNEL

28V 800N oA

+Ppa——=| # POLARITY
SWITCH

=Ppa—"

ERROR
COUNTER —

SWITCH
ORIVERS
00 TO D8

1! LADDER

L

28v 800CPS

LADDER SCALING
I :g";':";’ NETWORK [ ampP
(COARSE) IX RESIN
FINE) 16X RESIN IMU
(FINE) GIMBAL
S MOTOR
- DRIVE SI6
Q ) 1_
C -
p]|Te * | arvituoe
4 : ERROR
L .
‘: - TO FDA!
3
3
1’ S
-E_ < DEMOOULATOR -» +oC

g
GNC-104A {4}
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COUPLING DATA UNIT

_ SIMPLIFIED BLOCK DIII\GRAM

E...u mY————————— o) | COUPLING DATA UNIT

L | (SIMPLIFIED BLOCK DIAGRAM)
Y ) cos ® SIN 180 cosee
® SN 180
an
Al MA| £RROR
coanse Seceer *C08 189 SouMing [
[V MODULE TROL AMPLIFIER
SWITCH CONTROL
Fi,Fg RATE SELECT INPUTS
COARSE ERROR i ®
COARSE ALIGN
DAC INWIBIT o " ERfoR
e R
POLARITY CONTROL &
@ SWITCH CONTROL u
2 20, FROM CNC
- AOR COUNTER 220422
tang ToOM: = R ST : |
$00 CP3 REFERENCE ®
| UP-DOWN & DMVE PuL3€S T
03,04,9;, READ COUNTER
TURN ON ENABLE MODULE g,
®lw
AHHG . :
[ ]
elc\gls| | |2 5 =
-4 3 "
i | a
LAl ol
AHEE E{00
BB | ;E g J
8
@ |s1.2 xers crLOCK SYHC @ NODES @
INTEAROGAT
. ITAL
T Fowen INTERROGATE [29.¢ KPPS_SYNC MoDE cLocK SYNC © puLses | MODING MODULE
UpeLY 00 CPS REFERENCE MODULE
Tosme, | l COU FAIL
SLLsers I Lm %8007 CONTROL To cMe

0 e R
GNC-70A 1.4 ]
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OPTICAL SCHEMATIC

SCANNING TELESC/OPE

SEXTANT

I -
LINE OF SIGHT 1 LINEQF SIGHT 2

TRUNNION DRIVE i /
(o 1~
AT )

FIELD 1.8- EACH
MAGNIFICATION 28X

P

SHAFT

FIELD
MAGNIFICATION

| LINE OF SIGHT

60
1X

DEG

P
oN-176 AL@®) 4



OPTICAL SUBSYSTEM

AAg r
] 0SS CDU
l .
AAT , T T
ATl |AS
Y - |
SXT SCT
CMC \ ¢ TRUNNION 1 TRUNNION
CONTROL LOOP CONTROL LOOP
INDICATOR SHAFT 1 JJSHAFT
CONTROL ———1—>{ CONTROL LOOP CONTROL LOOP
PANEL

one-190 (@)
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INDICATOR CONTROL PANEL

~conTroLLEn. ]
L
SPE COUPLING ( VERB LIST " NQUN LIST ) CONDITION
|O IRIETAN manroe s LAMPS O
DIRECT [T IS WITAN PO T L NARSLL
4 EIYARNY 4 St ki P inL-ki g E m
MANUAL CYrIGIA L e | IsILErrLsci |2Cicou’s
IVACNICE €T |17 M2eR ¢oL | P2 ae IE] OFF
“" ZERO RESOLVED) tenenedste. | e pipe cou e ':26 l“"l
fov i
g anemy o P ey oms cow :‘ A‘IALl(Q.L) TEST
STAR TELESCOPE
ACCQUIRED TRACKER TRUNNION ':?.SATRElﬂ TLu
P
SLAVE uPTL
oPTICS TRACK TO SXT ACCEPT
DOOR hcau-
O oFFSET sLook
\ J
o} (o]
INCREASE
O —————MAJOR MODES ————— o
RETICLE srow
€3 ey LYY W T EIN AN, T oPT
BRIGHTNESS M P Lucll n:l‘ 9k byl k04 T
ML ILOT C Ti|a,a TR/ RO [N QT
$A OccC FLLLCID
(44, TAC aatLLeN Ay 1e T @
C My 1D LILE | a2t on |matnt 1w MARK j
MARK REJECT
O t / O
L 9 o

2,
GNC-26 Al®)
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G&N LOWER EQUIPMENT BAY

BLOCK i

"
&)

L

GN-2288 (@)
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OPTICS MODES

1 coU |
|
— oPTICS L R Lo READ |
coumouea : COUNTER COUNTER
SPEED coun.mc | - l -
DIIECT | l 800 cPS
:;';m aesowzo l D/A AD 1% —l
TELESCOPE l CONVERTER CONVERTER I
AC IRED TRACKER TRUNNION VETO Y _I SCT
OPTICS TRACK 2',‘3 L —— — — — —— | MODING
DOOR IRE @ OFFSET ) U E —_
o OFF i'sgrﬂﬁ T T 7T T 7 71 TScanniNG TEESCOPE r” |
scT |
L. a ] - R L AT
i - " > s = } ‘W , Los |
> E’ TRUN DRIVE TRUN DRIVE |
Wl | zvaocesis | |l '
E _
A b ! e N
vord B o D wevevey: £ .
e £ L TP ! teoootm—p £ |
cMe 0 'Y 2 SHAFT DRIVE | SHAFT DRIV
N 5 T
8 L | I ————Fr———__
800 ~
1%
| DIA ND |
| CONVERTER CONVERTER |
b
| ) |
ERROR | READ |
™ counter COUNTER |
l
e o

GNC-186 (@}

34



OPTICS MECHANIZATION

l? cesraey

FROM CC  TOCMC

00 casolv L.t %‘aggn" ﬁ"
" = e 3rov
= oy ok 'ﬁ-.
e i )
‘j‘l@ — - 8@ @H{'_ F
— !‘7 H c? sisov @—m
a L@ Py Fg‘v \_ { |
conTaoL // “ scT o~ :
: # < t
‘_ ® \ r__.._..Ji I
® |
[l 31 J
T ™. e’ 4G @
e F" pE Ll
a " )
ToT |  Meoseov iﬁ \__
= ha ca sisov
SXT WAFY ::I::un o .'Ev""

i Y|

* pga RELATS OPIRATED
oY cut

cesTzlV

CG3011V - TRUNNION CDU FIN ERROR

CG3170V - SCT TRUNNION TACHOMETER OUTPUT

CG3021V - SHAFT CDU FIN ERROR

CG3160V - SCT SHAFT TACHOMETER OUTPUT

CG3722V - TRUNNION CDU DAC OUTPUT

CG3150V - SXT TRUNNION TACHOMETER OUTPUT

CG3140V - SXT SHAFT TACHOMETER OUTPUT 2

CG3721V ~ SHAFT CDU DAC OUTPUT GNC-129C @}
3



~“CPZO0TV-nDp

INERTIAL SUBSYSTEM INTERFACE

1000

i

pRIME
POw INERTIAL
ereerion N puLsE |  POWER SUBSYSTEM POWER
RATES SUPPLIES
(PART OF CMC RATES
PROGRAMING) (?
! DIGITAL COMMANDS
MAIN DBC PANEL| .0 1o AND DATA FLOW ACCELEROMETER _.sgfggg_i %
TO & FROM ouTP of ACCELEROMETER [+ W
iNDi- ] cMc LOOP
cml;lon
AN : 10 |10 PULSE
CONTROL STATUS Sive | FDAL RATES
Iy FROM CMC
- — — -4 LOWER D& C PANEL TORQUING
INDI- ——ol FINE ALIGN
CATION I COMMANDS ELECTRONICS
AND r'
CONTROL STATUS GYRO TORQUE
- ata ENABLE
UNIT cnse@—‘ (?
COARSE
ALIGN ERROR
#  STABILIZATION
GIMBAL GYRO DUTPUT LoopP
INDICATOR To ANGLES —*
CONTROL
PANEL FOAl
GIMBAL TORQUE ORIVE
FINE_ALIGN SIGNAL
"|_ACCELEROMETER TORQUING SIGNAL |
TEMPERATURE
g%rém?l. MANUAL CONTROL
NAVIGATION BASE OR DISPLAY — == —
SIGNAL FLOW
™
GNC-8 {“4)
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SPACECRAFT &
GUIDANCE SYSTEM
AXES oL

STABILITY
AX1S '

+  OPTICS SHAFT AXIS

OPTICS
TRUNNION
AXIS

NAVIGATION

\\ BASE
MGA

Z (YAW)
IGA STABILITY
o o AXIS

Y

SC (PITCH)

onc-a (@) 4,



FDAI/IMU GIMBAL RELATIONSHIP

EULER
ERROR

0GA
téhe 5,) RESOLVER & MOTOR
Te

ROLL

IGA
RESOLVER
- & MOTOR

BEARING
ICOU Zg ¥ EULER ©
(IX &
16X) CG2142 mTD(éQ * YA - ERROR
CG2143 MGA
, RESOLVER
GYRO ERROR 0GA - & MOTOR
RSVR (IX)
! RESOLVER

IG TORQUE
MOTOR

(IX & 16X)

IGA
RESOLVER
?((J;RQUEG < o Coelre
MOTOR CG2173 CG2112V - 1G IX RESOLVER OUTPUT SIN

GUIDANCE CG3113v - 1G IX RESOLVER OUTPUT COS

AND CG2142V - MG 1X RESOLVER OUTPUT SIN

NAVIGATION 1cou CG2143V - MG IX RESOLVER OUTPUT COS
+¥ GIMBALED (IX & 16X) CG2172V - OG IX RESOLVER OUTPUT SIN e
PLATFORM 2112 CG2173V - OG IX RESOLVER OUTPUT COS g.f;\';
MG TORQUE CG2113 ‘ SCS-2203C % V4

MOTOR

38



BLOCK I STABILlZ/ATION LOOPS

TORQUE
MOTOR
—_0 DEMOD REF
| Y IRIG ASSEMBLY -‘l MOTOR | | 800 CPS ° !
Iy SL oS ! l . : -
| | ric_Jo | | | % o] SERVO
' | ] amp
| | | >0 |
| COARSE I
| | ALIGN
————— | | INPUT |
rz IRIG ASSEMBLY | | | ' CoRIV |
| S ' | SERVO
: | AM
| IRIG |6 | | 0 P
COARSE |
I_ -_——— —'"I l I ALIGN |
| NPTy
| X IRIG ASSEMBLY : X cozury l -
_ | | | 1'“% ol SERVO
o . b LTNME§AL ' | —0 | AMP
IRIG
IL 6 | AX1S MIDDLE | COARSE
L ] GIMBAL ALION
—_——— AXIS | INPUT
MU rﬁ‘
TORQUE CG211TIV =
CG2117V - 1GA SERVO ERROR IN PHASE MOTOR
CG2147V - MGA SERVO ERROR IN PHASE |\ psA
CG2177V - OGA SERVO ERROR IN PHASE ] ~ N
OUTER GIMBAL AXIS onc-grch
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cecC/LcC

FINE ALIGN ELECTRONICS

PULSE TORQUE
POWER SUPPLY

SYSTEM 28VDC
c6C/ 120VDC
LGC COMMAND
+A8X N | HTORQUE
-A8X o GYRO | | |~ TORQUE X IRIG
+A8Y CALIBRATION | | .Y 2.+ TORQU ASSEMBLY
—»| MODULE
-A8Y . | | COMMON
+A82 > | | |+ TORQUE ‘
-A02 . I | ;-TOROUE Y IRIG
ASSEMBLY
—__t >
GYRO TORQUE r TORQUE |
ENABLE . -' ENABLE 28 VDC 1
RELAY | .
TORQUE SET | ' _, +TORQUE Z IRIG
- T = | “ ASSEMBLY
TORQUE RESET | 1 , _-Tonous
SET '
RESET
TORQUE
DUMMY LOAD CORRENT
GYRO TORQUE FEEDBACK
{ !4
_&'ovoe
BINARY CURRENT DC DIFF AMP
SWITCH " AND PVR

TORQUE CURRENT

N i)
GNC-62 @}
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ACCELEROMETER LOOP

CG2001y - X PIPA SG OUTPUT IN PHASE
CG2021V - Y PIPA SG OUTPUT IN PHASE
Z PIPA SG OUTPUT IN PHASE

CG2041V -

TORQUE CURRENT

FEEDBACK

i &5
onc-60 & ¥ J

MU
PEA AND PSA (C/M)
I CG200IV, SWITCH PULSE
LY INTERROGATE PULSE _ | room cMC
0 l DATA PULSE
TM+SET P PULSES
PREAMP —  AC DIFF.AMPAND . *J BINARY CURRENT ﬂ}ro CMC
.| INTERROGATOR | TM-SET _I swiTch NPULSES
JR—
7
NUMBERS REFERENCE
SCHEMATIC DIAGRAMS
+TORQUE 120_| PULSE TORQUE
_TORQUE DG | POWER SUPPLY
TORQUE —
l CURRENT {
- T++ DCDIFF. AMP  f&—  REGULATED
PIP ASS'Y | TRE | (CALIBRATION | ___ | AND PRECISION +28VDC
L1 1 MODULE I VOLTAGE REF.

o Tic,
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TEMPERATURE CONTROL SYSTEM

INNER GIMBAL

BLOWER
CONTROL
MOD.

TO GYRO WHEELS

(HEATERS ARE IN PARALLEL)|AFETY

THERMO-
STABLE STAT
IRIG
MEMBER
JSAeRS EATER 3 AT

i 3 PIP SENSORS

g 6 IRIG SENSORS

L

TEMP
CONTROL
TEMP. MOD.
|conTROL —1—
THERMO-| L
STAT =
ANTICIPATOR HEATER
TEMP. TEMP
ALARM | ol AL ARM
THERMO-
“‘T m-

I reme

IRIG

' 316
l conp HLJ] 2303x
| | aLOWER IMU
| | POWER gb_gi\:ea
800/ ENT
| (™)
|
| GYRO WHEEL
| _POWER
| v, 800
zo
[
|
|
SIG
3 conp 11| 2302%
l 28vDC HEATER
CURRENT
|
|
|
|
|
i SIG COND
] PIP ] | 23007
| TEMP PIP TEMPERATURE
}
|

TEMP

O 230IT
IRIG TEMPERATURE

| LIMIT

e e e e e e . e — e e e e o - e e e - - — -

i " WARNING
TO COMPUTER

ey
3

GNC-81B & ¥ J
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T
GYRO b >
CALIBRA- T TR
E':)(y)uh;u'[m SELECT TION 5 —] IRIG
MODULE >
sar . qu.\nmv 1
FROM 2oL BINARY DIFF. AP
COMPUTER RESET CURRENT > & P\;R
. |5t switcH
TORQUE ENABLE
FROM COMPUTER
10 COMPUTER < TURN ON DELAY REQUEST
<
— 3
I
ISS POWER ON
T0 COMPUTER AN, Jl:
(]
)
1
T 3
DSKY COMPUTER 4 A <
S| §
r
INHIBIT PULSE RELAY
ToRQUE P.S. ¢ *
GN POWER SW __':r} 155
+28 VOC Rye1 1uRN ON
IMU OPERATE®™ — ' CONTROL
RELAY F~a o RELAY
RIVER =
al =

D
FROM COMPUTER —~—u>
TURN ON 0
CAGE

DELAY COMPLETE

10 COMPUTER -

ISS MODES

DEMOD

1
: @GE LOOP
|

+78 vDC
1 COARSE ALIGN RELAY

SIN 8

FDAI FDAI

FROM COMPUTER

g

1 CAGE

bt | i i‘
* X 3

COARSE ALIGN

CAGE

RELAY

€os ¢
SiNe® -
E— e w G SR TN EEN S S
sl le s| Ik ICDU
L 4
e | Jowrom
coarst & RATE SELECT

t

READ COUNTER

L',

CA 'Y
ZERQ
cu
MOOE CA >
MODULES E

ERROR COUNTER

}

DAC

@

-

L

|
I
I
I
I 1a8g
I CMC

l ATTITUDE ERROR

F——;—————-—-——-——— — —y

COU ZERD

ERROR CNTR ENABLE _

COARSE ALIGN

SIv8
COMPUTER] TAKEOVER

ENABLE

I 8, &, #. ERROR TO

l [ '/}" t— v B
]
i

S,

GNC-168A {. @}
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REFERENCE COORDINATE SYSTEMS

GREENWICH
MERIDIAN

GEOCENTRIC CARTESIAN GEODETIC POLAR

INERTIAL FIXED ROTATING
L = LONGITUDE
A = LATITUDE
r = EARTH RADIUS VECTOR
v EQUATOR

Q& = RIGHT ASCENSION ANGLE

& = DECLINATION ANGLE GEOCENTRIC POLAR

r = POSITION VECTOR INERTIAL FIXED

GNC-185 (@) “



IMU ALIGNMENT MEASUREMENT

Xsm
'
STABLE
MEMBER
co

» Ao
sm ;‘l'\
XeYs Zg
A STAR
s COORDINATES

SEXTANT
FIELD OF VIEW

”i‘%'h._
GN-91008 {(#)] 5



PRELAUNCH ALIGNMENT

EARTH RATE

«l)

LOCAL
VERTICAL

I

+X
BODY AXIS

4

(2

BODY-AXIS

SM Xsm

;

+7 —
BODY AXIS

-=éi—9%
<A

72 L AUNCH
~ AZIMUTH
~ N
DOWN RANGE
EA —*= N\
\\

AN
108°

ey
GN-369 { #)J
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A

@®

MOBE
EXTOARETR .

@

@

©

—_—
© T
@\
=77
I ]
: 1
________________________________________ -
)
® @ |
= Lo
NV
AC ST AC BUS 2 @
T ous &
LANREAYOLT ||

®

@

| el —_————

@ @ @)

DOCKING PROBE ———
EXTD/REL I'_RETMCT

RETRACT

1 SEC

— LIGHTS ——— I.M PWI DOCKING

!X'I‘EIIOI TUNNMEL

RESET

TARGET

MISSION TIMER —@—
HO!

| e r— aunou/w.umuc——. MSN TIMER
oW

NORMAL

ER ) LAMP TEST START
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CAUTION & WARNING

0!
o 110
woC 05KY o
o o o e i e — A —
%l l'_u RUPT ROUTINE 1 na] ¥H ™ s
G
oue o o | 1 B
1ns REQISTER >70 T 1 - En'_ f—e M A.
et It 1 19 () N
wiea ean | 1301 |icack on Tumm 1 - oA .
PIPA COUNTS peatn T > | e m
1
CoMSLEMOm [ | 1 ! w ™
SIN 18- #0 As— ™ y : o
4. (1]
FAdL »y 1 L A () |
e r31) } a_” |
s ie-91 | M 1 I TR o
> »w 1 J N\ - TRACKER
e e : 055 COU FALL |m|s||——LJ | I ——-/.’ { g Y |
(READ COUNTON 0 un e
use e e —— —— — —— . ——— (] o
<z crsi p @
——— | YTAs STANDEY- [
s e e Bve —— oo AL _ e} e
“ HEVDE 32—y STAT | wannw; | ol
14 VDC 24 VOC i CRGUT R e { mueano | {__@_
TIMING SIGNALS ——tt g e
(FIBA & FOSH) - I Vet Il L.} @
1G SEVO prigr ——F i FAIL A iRt sy
L — | scaion veur o pesy —l PR | SELEY > &)
06 SERYO FRROR 4 TIMING SIGHALS ~—-of "y ipy I}Q - | 8y i
300 CPS LOKS — — POMER SUPRLILS — A cuit | 18 1) o
WAL SUPRLY 1055 ———] == H 1 Ky o
———— s ————
o TR 23 1 J o ] ScaLom ke st 19—+ LR i | —
126 08 14 TOAP AR TiMING $IChALS ALARM _————— no .@
Powen sUPMILS —a]  CeRCLT ) Promry g ove oem
[ conTROL » A
| 1 | H
5% T eie ) aam - i =]
_hagT Mybeg mary n —f  L0GC | A | segmns LE ) w ac 3 x —
v . R AL o T STANONY
x|t A R ] |
FATCHMAM —
SHAPY e w - $ OF OSCHLAION b —— D DSRY rs
READ COUNIER r=——" ::Sm. (U
oS- | o aEILATOR 1 LAYS Y T
[ a2 0sCHLATON —f 0 L r_'ML_ -7 " i -
FOMEN SUPPLIES —)  Cipculr wy
b —ad SAME A3 MO DSV
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G&C ATTITUDE CONTROL

SEQUENTIAL
EVENTS & DIRECT ULLAGE
s co
SUBSYSTEM
L CCW SW (MAN ABORT}
TRANSLATION COMMANDS
CW SW
/ RATE OR
====-=-=9
GYRO
T ASSEMBLY s I
NO. t i
' |
|
1
l
RCS ON-OFF  __ cge, .
aYrRO ROTATION = 'I Ay % VDC_:
ASSEMBLY | b e st
" /{_. Nasadili 8
REACTION 1

ROTATION CONTROL

TRANSLATION CMDS & CMC ENABLING

MANUAL PROP, CONT

ELECTRONIC
CONTROL
ASSEMBLY

BREAKOUT SWITCHES

ASSEMBLY

DIRECT RCS COMMANDS

MIN IMP CMDS

IMPULSE
CONTROL

ATTITUDE

INERTIAL
MEASUREMENT

INERTIAL COUPLING
DATA UNITS

COMMAND

MODULE
COMPUTER

RCS ON-OFF

+Jrfofofm

~fafs]eY=
af i Yol

DISPLAY KEYBOARD

MANUAL SWITCHING INPUTS
FOR CONFIGURATION LOGIC
AND ENABLING FUNCTIONS
TO ALL ASSEMBLIES

Wik
SCS-3006E i@) 49



aviL
1MU OPERATE

+28vDC
MN MG

+28 VDC
MAIN ALB

ATTITUDE CONTROL FUNCTIONAL BLOCK DIAGRAM

T TRANS CONT
- 5t
I 1y 365 W SWITCH
5
TG
Vot CWC
MODE
s AP CONT
el 4 3] 0w T
FREE T TOTAL
SWITCHING & ATHTUDE
COARSE - FINE
SI1VB TAKEOVER ENABLE |12 § JAODLRE ATTITU0E
1 ERRORS FoAl
READ
COUNTER
ZERO MU COU[TZ 3]
ENABLE IMU ERR CNTR ERROR
.1 [0 COUNTER
sty (157 cou ORIVE ¥ [ ] al
KEYBOARD [15 3] kev cone X
DSKY (5]
DAC ——-4.{-
1
4
r- i
|1
| 1
1s1 1hu m 1XE 16X
1E1 PLN PULSES GIMBAL
181 COUNTER g XYZ ACCEL accil | | ANGLES
|5 I PRIORITY 100p
3 GMBL @
H s
1
1
L-J
7] X
TRANS CONT 58] x
L% Y mmawsuarion
ROT CONT 12— f:
(3] 3]+ —
k4] Ty Roranon 5
D131
R PITCH TRANS
t
ATTITUDE 1MPULSE > ‘: YAW CHANNEL DISABU
CONT | X c] -l
4 j: 'mlmg;" ALTO REACTION
i ohiven
-R
ACCEL cMp —a] DRIVER,
M aow CONTROL SC S LoGIC
b 2
3 — MAN AT MODE SW
4 SPS ENG IGN 1
5 DIRECT ROT

A
CHANNEL r

CM/sm

#vDC
XFER L—R_EI
SWITCH

o)
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RCS DAP
SIMPLIFIED BLOCK DIAGRAM

A ESTIMATE
Aw TORQUE
) 0 [9]
MANEUVER [ RATE JRam INERTIA
RATE RATE LIMIT ¥
PHASE
mu | U p—e—> RATE U1 criteR PLANE |FIRING TIME
LOGIC *QUAD | POLARITY
X T FAIL |& NUMBER
OF JETS
FORM LoGIC RATEI U l |

EULER
19 TRANSLATION SEJLEE](-ZT

BODY
DESIRED _,®_, ATTITUDE ERRORS N COMMANDS=*1  1061C
ATTITUDE & TORQUE

ATTITUDE
ERROR l

OUTPUT
*DSKY LOAD IN RO3 CHANNEL

'

RCS
DRIVER
AMPS

GNC-158A (@}
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DAP DATA LOAD PROCEDURE
(RO3)

1. VA48E

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

FLVO4 N46 (Request data load)
Load data

Quad A/C for X | Quad B/D for X | Er Deadband

M 0=No A/C 0 =No B/D 0=2105° |o=005°sec
1=CSM 1=A/C 1=8B/D 1= X 50° |1=0.2°/sec
2 = CSM & LM 2 = 0.5°/sec
3 = 40°/sec

Vehicle Config. Rate Select

Quad A Fail Quad B Fail Quad C Fail Quad D Faitl

0 = Fail
1 = No Fail

0 = Fail
1 = NoFail

0 = Fail
1 = No Fail

0 = Fail
1 = No Fail

Accept V33E
Reject V24E (Reload data)

3. DAP DATA 2 (Mass parameters)
FLVO6 N47 [1X, 1/2 (1IY+iZ), W]

NOET)E:TENDED VERB 48 PROGRAMS Accept V33E
AND CALLS DAP DATA 1, 2, &3 IN Reject V25E (Reload data)
SEQUENTIAL ORDER. DAP DATA 1 OR 2 .
OR 3 MAY ALSO BE CALLED AND/OR 4. DAP DATA 3 (Mass/propulsion parameters)
LOADED INDIVIDUALLY BY USING ] .
THE RESPECTIVE VERB, NOUN FLVO6 N48 (P trim, Y trim, TLX)
COMBINATIONS. |.E. V04 NdS, Accept V3I3E

V06 Na7 OR V0§ Nag. Reject V25E (Reload data)

5. VA6E Estublish G/C control (DAP activen SM-2A-1305A



RCS DAP MODEL

FPOLARITY & NUMBER OF JETS

| |
| | ad
l : RATE LIMIT LOGIC
| !
|
| ! 1Oy
| 1
MANEUVER | |
RATE | 1 -
i i
' i
1 : PHASE PLANE LOGIC
e N ofgg | ! 1 (YT
. | FILTER 1
TriSE | Hao : I 0L 45ISEC ESTIMATED
oy ! s 0 ] | 0.8, Tn'!ONUE
wr i =
ad, 4y, a0 1 + INERTIA
o * 0 CcwCeé Sé | sAx, aay, | 3% T 1. | s 1 RATIO
e .t T~ '_H oxIN 7.0l SEC 4AZ Ky -0 00| |1 - 2 2 s
- 0 -CoSe Ve 2 | DELAY
' T-Ted1$6C |
# - CDUX -1.25° 1 | 1
EULER TO BODY ] [Z1] L
ZERO ! —J I RHC —
N S | !
ORDER
T-1SEC | HOD ) ! }
!
I se 0 | )
| !
DESIRED p ~ 0 CoCé 54 1 ATTITUDE ERRORS 1 I—m proy
ATTYTUDE —-’é—' }
$p.vp b 7o RIS 0 -C#Ce C4 1 ! NORMAL JET SELECT LOGIC SINGLE T OPERATION undizR
,vp " i l
commanped | quap
o COUX 1.2 l 1 ToRQUE | raiLumes | TS | TORME
EULER 7O 8ODY | : po— N N 1 1 . Eﬂ:‘r
: | R A ] -1 LOGILC
AND
| KALMAN FILTER GAINS | * ¢ 3 " TORQUE
TIME FROM. . ¢ i ! TASLE
VEHICLE CONFIG. | QUAD A/C FOR ¥ | QuAD B0 FOR X | ERR DEADBAND RATE SELECT INITIAL 24T I ON Kl K2 o : . s "
j > o - B -1
0-CM 0+ NO AIC 0~ NO BID 0 0.5 0 - 0.05°1SEC a1 8 | e i ; : a E
1-CSM 1« MC 1- 8/ 1-15.0° 1 = 0. 2°ISEC 02 ar | sl ' ’ : N
Bl cmem 2 « 0,5°15EC 2: i::: ;x::; - ~ 1
. vi 3 - LO°ISEC . . RO . «
3eCMESIVE s 'F] 5.20 . A 1 -1
ws we | asM . ¢ 13 +1
D SELECT|  QUAD A FAIL QUAD B FAIL QUAD € FAIL QUAD D FAIL
ROLL QUA 07 R | sm - ¢ 1% -1
.8 666 | am . ] ] 1
w 0« AIC 0 FAIL 0-FAIL 0« FAIL b - FAIL (1] sas | am . . . 0 a
1+ 8D 1+ NO FAIL 1 - NO FAIL 1. N0 FAIL 1 = NO FAIL L0 454 1100 R 0 ¢ “
L1 als | 06w B} 0 2 1

oo D)
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PROGRAM LOGIC FLOW RCS DAP

REDORCS

JET SLECT] T5 = 60 MS

[

T6 = 14 MS
I

DECODE TRANSLATION COMMANDS
GENERATE CHANNEL COMMANDS
COMPUTE JET-ON TIMES

JEY
TIMING

PHASE -0
T5- 1 SEC S
o NO 1 phask -+ TLOC = RCSATT
HOLDFLAG = +
< =
FRESH DAP +< I —
DECODE
- +0
DAP DAT R
DAP DAT R2 vis| LeLn SET PHASE
In 15 = 80 MS +0
ly+lz 0 T
|z PICK UP KALMAN SET
NO RATE FLAG
FILTER GAINS FOR SEE
SET MAXTMUM
INITIALIZATION
SEADBAND OF RATE FILTER
HOLD FLAG =+

INITIALIZE

AUTOPILOT

VARIABLES
SET _PHASE+0

FINE
ALIGN

SET
NO RATE

L=0

YES

Lell
N=0
CALL FOR

MATRIX
UPDATE

COMPUTE COMPUTE
MANUAL
ROTATION
RATE CONTROL
ACCELERATION
ROTATION COMMARDS
COMMANDS

COMPUTE

MINIMUM

IMPULSE
COMMANDS

TSLOC = JETSLECT

DERIVE
RATE
UPDATE
couxo | —
€oU YD
DU 20
40
UPDATE
- ATTTTUOE
FLAG ERROR
DISPLAYS
RESET ATTITUDE +0
HOLD REFERENCE @
HOLDFLAG = 40
ADD IN
—
COMPLTE
ATTITUDE ERRORS _HOLD FLAG
T 4 SAMPLE COU A'S & STORE
BEFORE RESUMING ATTITUDE
SWITCHING CONTROL
LOGIC 40 IN ATTITUDE CONTROL ABOUT
CGMPUTE ESTABLISHED REF
AUTOMATIC —  ENABLE AUTO STEERING
ROTATION
COMMANDS T
L RHC COWMAND
2 TURN ON DAP (V86)
3 DAP IN STDBY
L DAP IN RREE
5, SWITCH TO HOLD FROM AUTO
& IMPROPER IMU MODING




RCS ENGINE FUNCTIONS

+PITCH  ¥Y

+X

PITCH
GIMBALING
DEFLECTION

vz ROTATION

+Z TRANSLATION GIMBALING
DEFLECTION

RCS ENG CHANNEL SWITCH
NO, COMMANDS CHANNEL A POSITION B

RCS ENG CHANNEL SWITCH
N CHANNEL | A posiTION B

CB'S
CB'S
CB'S
CB'S
CB'S
CB'S
CB'S
CB'S B
BD ROLL 1 CB'S B

A B
BD ROLL 2 CB'S
A B
BD ROLL 2 CB'S
A B
BD ROLL1CB'S
A B
AC ROLL 1 CB'S
A B
AC ROLL 2 CB'S
A B
AC ROLL 2 CB'S
A B
AC ROLL 1 CB'S

% SM ONLY f‘"’""»,,i
SCS-20178 i ]

1
2
3
4
5
6
7
8
9

BlrxI>»lo|lm)jwo]l0] >»] >




Yc
/ + PITCH

PITCH PIVOT
(PALM CENTERED)

ROTATION CONTROL .,

PUSH TO TALK SWITCH PARAMETERS v { ;
i X¢ 2. +ROLL
TRAVEL PRIOR TO SWITCH ACTUATION  8.0° MIN O
TRAVEL TO HARDSTOP %.0° MAX '\‘,%VL mg;
MAXIMUM TORQUE 1.0 POUND INCHES y
ROTATION CONTROL PARAMETERS B
DIS PLACEMENT
HARD STOP 1L 5:0. 50
DIRECT SWITCH ACTUATION ~11 0°
SOFT STOP 10£1°
BREAKOUT SWITCH ACTUATION 15+ 0.5° i
CONTROLLER LOCK TO ARM 50, 0° Y/
scs-20028 1 @)



ROTATION CONTROL INTERFACES

(B.0. SW-TWO PER AXIS)

— ECA (LOGIC CIRCUITS)

+—» CMC

HAND CONTROL oLOCKED -7
PONER SW r—— o
MN A 28V DIRECT ARMED 1o
RCS OFF
N A 28y — W S N
ON | (DIR SW-TWO PER AXIS)
26V AC1 400 CPS RLVDT
FROM ECA
(EACH AXIS)

¢+—>RJ/EC (ACCELERATION COMMAND)

—ECA (MINIMUM IMPULSE COMMAND)

» DIRECT RCS SOLENOIDS
& RJEC (AUTO RCS LOGIC)

ROTATION CONTROL NO. 1

—» ECA (PROP RATE OR MTVC)

P

SCS-2400F i@} 57



TRANSLATION CONTROL

v Y

CCwW W

CW & CCW CONTROL MOTION LIMITS

HARD STOP, DETENT & SWITCH CLOSURE 17°+2°
FORCE INTO -DETENT 15+5.0 LB INCHES
OUT OF DETENT 6 LB INCHES MIN

TRANSLATION CONTROL MOTION LIMITS (+ OR - COMMANDS)
MECHANICAL STOP - 0.5 +0.075 ARC INCHES

- +0, 025 "
SWITCH CLOSURE - 0.375 ~6.075 ARC INCHES 3

FORCE - = 15+ 0.33 POUNDS

o,
5C5-2003A (@)



TRANSLATION CONTROL INTERFACES

-Z

\

cW
/
+177 Y "SCS ENABLE"

X X
—p
88+2-0"
A
IICCWII
\
+Z
B — 9 & . § .. v -17
Y
MAN ABORT \‘
CM
o +
MN A +28 VDC A —v;r‘r——o*i’ XS16 » TO CMC
AAA- -
CMISM TRANSFER | (+X) | T TO RJEC
l ‘A'A
MN B 428 VDC B —T—of—""o4—w B » TO RJ/EC
SCS LOGIC BUS (TYP OF & SW) HXIe
SCS ENABLE - RJEC
+28 VDC B oS B > 70 - TVSA ¢
28 VDC PONCS—a i " ECA 1
SCS T oqr B —— TO PGNCS L
SC CONT SWITCH
ENTRY BATTERY B B { B b
| TO SECS
ENTRY BATIERY A A s A >
CCW

2
SCS-2401E {@)



PITCH BMAG LOGIC AND OUTPUTS

BMAG 2 "
. -
Tlals PRE :
>
= DEA
l I K2
K2
Tp D jed—
o GDC
$
{; BMAG 1
TlHlsS PRE : CEA
‘ == DEA
L K1 v
P_l = GDC

o A A
vy

‘5 MANUAL ATTITUDE
ROTATION PITCH
CONTROL (RATE CMD

(£P.B.0.1) e UNCAGE
(+P.B.0.2) SPS IGN, 5 ) ;(:ghi 1
(ATTI’RAE, 2 | Kl
BMAG MODE

28VDC =
SCS-2404D (@)



ROLL
SMRD
COIL

PITCH
SMRD
CoiL

YAW
SMRD
coIL

SCS GYRO ASSEMBLY NO.I

800 CPS
NOTCH
FILTER

+28 VDC

800 CPS
NOTCH
FILTER

AC
AMP

+28 VDC

800 CPS
NOTCH
FILTER

AC
AMP

+28 VDC

SMRD TM
RECT |
| RECT [ [ 1 O
CH3623X
-
RECT | i CH3623X - GYRO 1 COMB SPIN MOTORS RUN DET
CH3624X - GYRO 2 COMB SPIN MOTORS RUN DET
GYRO

ASSY NO, 2 l:ll
(IDENTICAL CKT) T

2z,
SCS-2601A {@)
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SCS ATTITUDE CONTROL

FUNCTIONAL OPERATION
MTVC ENABLE
(PITCH & YAW) HIGH RATE
ROTATION
CONTROL »{ DEMOD Py ’(':Aomiimus ENABLE
N0 1 I ' ROLL ONLY
L}
m a ¢ 4.'1'-' ""‘ p—
ROTATION %
MTVC RATE
CS(':T;‘OL DEMOD (PITCH % YAW)
BREAKOUT
SWITCHES
GYRO ROL % o TAN LIMIT e
ASSEMBLY RATE (5 2 - e
S - RATE
BACKUP
RATE
| AC DEMOD ——&
[-]
HIGH Rﬂ
ENABLE MAX
DB
, AC | DEMOD r SCS CHANNEL
LJ m SWITCHES
BMAG TONe DB
CAGE ° 4
v )™ i AUTO
GYRO RATE CMD]  © i e S S
ASSEMBLY oo | R SOLENOIDS
NO,1 N _ AUTO — s
ONE l 2 RCS
MIN 2 SHOT y
mp T
ROTATION —
CONTROLS . TRANS | cmc
BREAKOUT ACCEL__ | CMD
SWITCHES -
M0 TRaNS | 28 VOC .
MANUAL ATTITUDE TRANS CMD T0 CMe «—] TP | DIRECT - 3 DIRECT
| ocuc  SWITCHES RCS SW  ROTATION CONTROL IRes

DIRECT SWITCHES r SOLENOIDS
S
$SCS-2410C @)
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SCS ATTITUDE CONTROL
PITCH CHANNEL

AC1 3531
400 CPS — MTVC RATE ENABLE
= 3KI =RATE | » IGN 2 ® {(5CS & AUTO » CW) +
(SCS » RATE CMD} + (CMC « RATE CMD » CW)]
ROTATION
»{ DEMOD 3K2 = (RATE 2 + ATT 1L /RATE 2) ¢ IGN 2 » [(SCS * AUTO » CW) +
CONTROL NO. 1 (CMC * RATE CMD » CW)] I
,——’I.—AI
| MTVC
:(S)ZCPS ! COMMANDS
l (o L
ROTATION | DEMOD - 0%
CONTROL NO. 2 o IGN2 o }{SC5 + CW) e 30S32 pP-p.0.1
400 CPS {RATE CMD + ACCEL CMD) * PB.O. 2
ACL + (5C5 ® AUTO » CW) o
1k > 3K1 3K2
"E 3| MIve
= RATE .
> ——— (+) SD
? K2 DEMOD/SW ITCH )
ASEMBLY IMPULSE
2 DEMODISH ITCH GEN
30528 DIS (NO) 1
» (-} SD
HIGH RATE PE,E#E ° ]f 30543
RATE 1) NABLE +1GN 2] AC2 = w:‘
] b i 30525 4OOCPS MAX }: AAA é I!SM ENABLE
GYRO D MIN = Yol
ASSEMBLY M —A—— | DEMOD [ 2K2 | oo OFF
] i 1521 — ENABLE
= (ATT 1/RATE 2 » OBg)e pp [IF
[1GN 2+ RATE CMDe 400 CPS ve 2
{P-5,0. 1)+(F-8.0. 3)] AC1 HIGH
RATE
ENABLE F————— —
ve NO. 1)
INTEGRATOR | ———-+ .
roTATION NO. 2()
CONTROL
| Breakout wo. 1l
l SWITCHES NO. 2 (+) +

I > i)
L———— SCS-2412B @}
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SCS ATTITUDE CONTROL

ROLL CHANNEL

400 CPS
ACl

AAA
v Al

1Q532 r-8.0.1

DEMOD/SWITCH
10529 DIS (NO)

ROTATION HALF WAVE
CONTROL NO. 1 DEMOD
ROTATION HALF WAVE
CONTROL DEMOD
NO. 2
ATTITUDE
GYRO A'AvAv . A'A'Av
ASSEMBLE 10529 ¢ (RATE 1)
NO. 2
L ] 10528
= (RATE 1)
ATTITUDE
GYRO AAA oA
ASSEMBLE vy
NO. 1 1Q521

A
DEMOD/SWITCH
1Q528 DIS (N}
HIGH RATE
ENABLE
i 1055 400 CPS
AC2
 DEMOD

= (ATT 1/RATE 2 « O3g)s

[IGN 2 + (RATE CMD) »
(B0

400 CPS
T« @5.05.2) ACL

,._“1 +R-8.0.2
P g

[ — e

Hos

| BREAKOUT yo, 1 il
|

NO, 2 (+)|
—

ROTATION

CONTROL
SWITCHES

+—} » (+) SD
% MIN
| MPULSE
% GEN
A 4
+—} l - {-) SD
= 1q%43
MIN
T Imp

ENABLE

D_:S-MMB {@.)



AUTO RCS LOGIC SIG FLOW

ENABLE/DISABLE

SCS
LOGIC "N
IMpP _.m__d
ENABLED }
ROLL P
CMC  CMDS CMC CMDS CMC CMDS CMC CMDS
e m o T
AUTO AUTO AUTO [~ AGTO
RCS RCS ReS RCS RCS RCS
LOGIC LOGIC HO LOGIC N LOGIC
ECA +o ROT -b- ECA +¥ ROT—e—P .b- 1n Ly .D. B Ly
— - t ¢ B.0.—

-D- —» -D— ECA +¢ ROT—&———» -D- L
-b | —»| ‘D ECA -# ROT.—g———® -@- - # -
Da

ECA -¢ ROT——o—p RCS[ RCS
+¢ B, 0.—P D ENG ENG

ECA -& ROT
+9 B.0.———P

l
AAAY
¥

- ——3| PITCH . ol YAw NO. ROLL B&D NO. ROLL A&C
¢80 MODULE v 8.0 1_MoODULE 10 MODULE_} 16 MO:ULE
| 5CS :
B
IMP _
X ENABLED“D—_’
-X ROLL
17
X
g

scs-zasc {.#)



]

| rotation
| CoNTROL
DIRECT

ISW
L

AUTO RCS LOGIC
TYPICAL CHANNEL (PITCH)

.....

r_cmc_ A
+8 SW AMP | )..__.‘
t | ‘\._r_.ﬂ:
1 1% 1
[ }
-5 SW AMP. | e | D—
e : + 2 FROM PITCH
| | {————— CHANNEL SW
; [ } {ENABLE)
-X : % ‘°"—|_3
|
' | CH3S4EX o oM
» [ RCS
> ||| LB ‘-
— L i o 1 J+PITCH (+3)
> N -
o\ 1 )Y J > 0] +PITCH
]  / — o) -PITCH (+X)
—~ Tk
o/ ™ j ] +PITCH -
} - / ~ @ .
Lo -PITCH (-¥)
' SC CONT SW (SCSH{18-2) N 0 . }
A, ) X ENABLE SIG > »
TC CW SW ! )- o/
e | ENG NO.  TLM ID
- 1 CH3546X - RCS SOLENOED ACTIVATE + PITCHI+X
ﬁ(——l]—n- IgN 1 PITCH CHANNEL DISABLED o ENABLE s CH3547X - RCS SOLENOID ACTIVATE - PITCHI +X
— — DIRECT ULLAGE ACCELENABLE (83} | SIGNAL 3 CH3IS4X - RCS SOLENOID ACTIVATE + PITCHI-X
4 CH3549K - RCS SOLENOID ACTEVATE - PITCH-X
[TJENABLE SIGNAL 5 CH3550X - RCS SOLENOID ACTIVATE + YAW/+X
SC CONT SW (CMC) ’ LJ > )_ §  CH35IX - RCS SOLENOID ACTIVATE - YAWI+X
ESY] ’ 7 CH3%2X - RCS SOLENOID ACTIVATE +YAWI-X
ENABLE SIGNAL 8 CH3553X - RCS SOLENOID ACTIVATE - YAW/-X
= 9 CHI554X - RCS SOLENOID ACTIVATE + ROLLI+Z
L[] ) - _)— 10 CH3555X - RCS SOLENOID ACTIVATE - ROLL/+Z
ROTATION |/ 11 CH3556X - RCS SOLENOID ACTIVATE + ROLU-Z
CONTROL 12 CH3557X - RCS SOLENOID ACTIVATE - ROLL-Z
| BREAKOUT b 13 CH3558X - RCS SOLENOID ACTIVATE + ROLL/+Y
W e | \ »-+D—— 14 CH3559% - RCS SOLENOID ACTIVATE - ROLLI Y
PITCH ——— Y P 15 CH350X - RCS SOLENCID ACTIVATE +ROLLI-Y
LN 16 CH35IX - RCS SOLENOID ACTIVATE - ROLLI-Y
—




ENABLING POWER - AUTO RCS

———-— A&C RCLL ENABLE

CONTROLS & (————= B40 ROLL ENABLE
s s BRSA(I‘(ER . D'snugs\,ﬁf?;aa . ‘ LH ENABLE SOLENOID DRIVER ENABLE
=~ CARNNEC - = YAW ENABLE
A3 Lo PANEL FSRAL b S aeral DEADFACE DEADFACE
] ¥ L0GIC PWR 1 o~ ) ' s Ca 1 ' CONNECTOR  SMJETS . . CONNECTOR
i : AR —m——{ 5 e
1 L) bnacwend
o Vo~ ACROLL 1 q Bl ! | . -ROLL (-Y) |l
1. ACROLI o~ ¥ 1 o !
© g ! +ROLL {-Y)
i ~AaCROLZ 4 ' o : ' 5 T
Y AC ROLL 2.7 0 ! ! - Y)
T e CT e S I e —s
i ' H ' CM/SM TRANSFER !
\ 1 ' ' Pe== AROLL (421 CM JETS :
' : ' ' v 3} —— By T
; ' . ‘
] : : : -ROLL (-2) ,}_,_}_’
[] ] 1 —— -
o + -~ B/D ROLL 1 ) —| ' +ROLL (-2) 12 F Al-R} :
' DRI b . -
° 1 SCR)
} ~3DROL2 i — O Tuj—’
v SDROL g~ o 1 _RCLL (+ .
] — : ' o ML -Tj—b
t
1 [} ' H | 10
! ! ! +PITCH (+X) - SOLENOID
' 1 H i T _AGRl T DRIVER
| S
‘ i : : i -PITCH G+X) __'m_*_’
' i ) AP J
e 1o~ PITCH ‘ [ | ' ! P —z )4k '
1 PITCH o 4 1 1 i -
o i ' | ] i j ot o L ":"'"i»——-
! ' [ i ! ! Loy -PITCH -X)
H ' : T ) Y e T} 1"}
' : ,.-S.EQ_B...' ! --= ' ' : ~ 1.4 F :
[ H ] v .
« LOGIC PWR Z ~—~ 1 ' q 1 '] H ) ' SYAW (=X) t
0 v AHE— 1S17_YAW ! ‘ o e — T} 1 __AGY)
! H [E——— Fr | e 0 — > I JTS—P
: : : OFF1 ™ ' ' [ 5 -YAW (- %
e o~ YAW ' 1 I ' ——"J": o : ] o W1 :
' YAN ¢ 1 ) o i +YAW (+X}
[o; —t0 i 1 1 |
L1 R T 1 e - "
' a T T S ——
: Coood Y3 Loy o AT il S
[ TP — [T | 7

oricy
»

N
scs-amszf )}
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RCS LATCHING RELAY LOGIC

ADAPTER
SEP

285 “Ta
vDC |§ =

3 SEC
DELAY

MANUAL ABORT

LES OFF 5——] )—l—d DIR ULLAGE

1.8
SEC
LATCH

TRANS CCW
AUTO ABORT

LES ON § |—.
14.0
SEC

ELS DELAY
2 LOGIC
VDC ¢ —""0

BARO
SWITCH

AUTO

0.8
»{ SEC
DELAY
1.0
SEC b—dq
DELAY 28 o
OX. DUMP IRCS oo | VBC L scs
AUTO AUTO ! JET
,_j RCS CMD | DRIVERS
ON | ARM
P

719
| <
OFF i I’
| RCS LATCHING

RELAY

ELS LOCK-IN

g

7~
Scs-27041 *)



DIRECT CONTROL LOOP

START FROM
SMICM SEP
» SwW
M
1
»
— o
» a )= oo
ROT. CONT 1
" . (o
B i ] I
+8 [ u l o c™ 3 |4 o—
©—— ROL CONTZ ! Bika s ISTEN o
: . f sty
LES GONE — ‘-—90—_’ o i "‘Tn ot M4
TRANS CNIL CCW—» — " : 1 : cM 2
E ] Gz}
‘ :
o H i o~
SEP == . D e {Swe M
=i ! :
ULLAGE . | i e L JETTISON
sees [ ~— B E—— ; " W8 CONTROLLER
i I
» ; [ o]
r L | T -O-_IL__
MNB Ty ! _.'_1 i : SM 5 |—<
N MO i o ’. v
' e :' i Ay
RCS : P
TRANSFER » . » : ! o Chh 10
] T ' ey e BNl
-1 - ] !
MNA  DIRECT ‘I F “ — il : T 17 -
ULLAGE ; | .
pirect W DIRECT : ; " N
RCS RCS SW " : 5 {cm o | " {sm 1614
A Ci o ] " ) : +— SM 9
MNA ; bl 7
i (
A _Cs14 . o [ Ct 11 |
" A caie : 5 —n—cri
WIN3 : j T { sm13
“ANA Fa | : /—' 14
: ; i H— S 15
CETAIL TRANSFER ; : - L
| H ;
! o———o—
x ) i CM PROP CMISM
B hennais s JETT DUMP TRANSFER BVC
DY N CONTROL CONTROL b
RCS RCS \ | 2sec] 5.5 SEC |
CONTROL  CONTRGL 0
30X 30K #2 scs-aa1p &

I



ACS CONTROL CAPABILITIES

MANUAL AUTOMATIC
ACCELERATION MINIMUM PROPORTIONAL RATE ATTITUDE
DIRECT CMD TRANSLATION |MPULSE RATE (4) DAMPING HOLD
ACCEL CMD v
w| ROLL [RATE CMD v V4 V4 V4
=) MIN IMP N 4
= ACCEL CMD v’
<| PpiTcH [ RATE CMD v v v/ v
= MIN IMP v’ v
g ACCEL CMD Vg
=| YAW RATE CMD v v v v
MIN TMP v <
RATE 2 g
ROLL | ATT L/RATE 2 v
w RATE 1 V
§ RATE 2 v
=| picn [CATT URATE 2 v
= RATE 1 N
= RATE 2 v
YAW [ TATT URATE 2 4
RATE 1 7
sc CONT |-SMC v v v v V4
5CS v v v v v
TRANS CW v v v v v
CONTROL | NEUTRAL
DIRECT RCS g?r v 3) , 13} (3) (3) @ (3)
B.0. SW CLOSE (2} CLOSE(?) CLOSE OPEN OPEN
ROT CONTROL I e er o CLOSE
LIMIT ()] uP v
CYCLE OFF v v
ENTRY 056
OFF V4

(1) NOT REQUIRED TO ENABLE A PARTICULAR FUNCTION.
INDICATES DESIRED POSITION FOR RCS PROPELLANT CONSERVATION,
(2) IF B.O. SW IS OPEN THE S/C WILL BE IN FREE DRIFT.
(3) IF "ON", DIRECT SW IN ROTATION CONTROL MUST BE "OPEN".
(4) MAXIMUM RATE ATTAINABLE IS FUNCTION OF RATE-HIGH/LOW SWITCH

GENERAL COMMENTS:
A. THE CAPABILITIES, IN GENERAL, ARE LISTED IN ORDER OF THEIR PRIORITY.
B. WHEN MORE THAN ONE SWITCH POSITION 1S CHECKED &) THE CAPABILITY WILL BE ENABLED IN EITHER POSITION.

SCS-2803C (@)
10



ACCE

CMd
A

CHD

=| @666 6|0|®

MNP

:

o~

OFf
—_—
M —TENS—SEC

€6/

scc CYO! O
' 1©96])!
rett &

sIysom

6 000 o |e8eese

A0
)

RATE
[ -]

JacctL
[£2]

,_‘ ENTRY ———— [ IV/5PS IND ey
(L
05 G -

ROLL

1@

:
853
i@
m”m @
mm.mﬁ@
M@ @ @
°
0]
# @
@

e

@

AU CAGE

.

!
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SCS CONTROL PANEL SWITCHING ™™

DEADBAND SW CEA
[]|cH3588X —ATTITUDE DEAD-
° MAX . BAND MINIMUM
BV TO SWITCHING CONTROL
MINIMUM
AVCG SW []]cH3600% — LM ATTACHED
L+ 10 sWITCHING conTROL
28 VDC—o—
o CSM
[]fcH3590% — SCS HIGH ROT-
RATE SW HIGH RATE SELECTED
28 VDC ~ TO SWITCHING CONTROL
FDAI
SCALE SELECT DEA
SW ERR RATE | [[CJ|cH3592x - FDAI SCALE
5 1 ERROR 5 RATE 5
—— + TO SWITCHING CONTROL
28 VDC +— TO SWITCHING CONTROL

02015 50/10

T TO SWITCHING CONTROL

[

CH3503X - FDAl SCALE

ERR 50/15

RATE 50/10

BMAG MODE C13-1A106
SWITCHES SIGNAL
CONDITI ONER

ROLL

o—RATEZ I CH3635%
28 VDC o—soATURATE 2] oLi3gasx

o RATE 1
PITCH

RATE 2

o —»{ cH3638X
8 VnCo—so ATURATE 2] (ol

o RATE 1
YAW RATE 2

CTATTIRATE 2 S04
28 VDG o—so- | CH3642X

o RATE 1

CH3635X - BMAG MODE SW ROLL ATTI/RATE 2
CH3636X - BMAG MODE SW - ROLL RATE 2

CH3638X - BMAG MODE SW
CH3639X - BMAG MODE SW
CH3641X - BMAG MODE SW
CH3642X - BMAG MODE SW

PITCH ATTI/RATE 2
PITCH RATE 2
YAW ATT 1/RATE 2

YAW RATE 2 2T,
(®)

SCS-2600A
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FLIGHT DIRECTOR ATTITUDE INDICATOR
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FDAI SIGNAL FLOW
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ATT SET SW * SEL NEEDLES \

™
————— R) #* RC {— PITCH
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ALIGN
4
IMU DEMOD
R YAW
v |
_® SEL
. LoGic >
i
10 S YAW
I > ALIGN
DEMOD
¢ ATT SET SW
NCe *GDC
ROLL
IMU \
roll [

\ K83
I
¢ SEL
L SN RX\ A —@ ':4 p LOGICH
Vi

SCS-2405A @) 81



LLLLLL



ARS SWITCHING

o
o

TOTAL

/ conncumulons

ERROR DISP
SOURCES (4)

DISP
SOURCES

ATIITUDE DISP/
\

CHART 1

SCS-28048

<
PN > \\ <( <\ A
CE S ¢ NS SIRE DS & S
¥ < W W& N X
¥ S & S8 S SETET TS
RATE 2 L
PITCH ATT I
B RATE 2 ol v
M RATE 1 L
A RATE 2
6 ATT 1
YAW RATE 2 (g (gl
M RATE 1 L
0 RATE 2 s
D
ATT U
g Rou RATE 2 v -
RATE 1 L
£ 5 056 v 1+ (2)
N ' OFF v - v Yol Y
T EMS
R REMS ROLL L2
OLL
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1 ve v » v ]
£DAI v v
2
SELECT vl vl | v
! wlot vl vl v VT e
CMC v v
FDAI L
SOURCE ATT SEY ol v v
GDC v | )
ATT MU v l/
l./
cMe MU - e
6e PRESS v
ATTITUDE SET |3 THUMB-
cont PaneL | wherts | Y7 v
(1) ATTITUDE AND ATTITUDE ERROR TO FDAI #1 FROM G&N AND TO FDA! #2
FROM THE 5CS
{2) DURING ENTRY, STABILITY ROLL ONLY 1S SUPPLIED TO THE FDAI SELECTED
AND TO THE ROLL STABILITY INDICATOR ON THE ENTRY MONITOR SYSTEM.
(3) BMAG UNCAGE LOGIC MUST ALSO BE SATISFIED IN ADDITION TO SWITCHES
SHOWN. g
(4) NECESSARY FOR CORRECT YAW DISPLAY DURING NON ENTRY MISSION PHASES. {
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RATE AND ATTITUDE ERROR TELEMETRY PICKOFF

CIRCUITRY IN EDA
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0
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—————— -
r (RATE OR ERROR) |
| FEEDBACK
I 15| por |
| 33 ll —AM-
R
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FDAI 2 SWITCH TO
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| ] |

1
| 5| |
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LINKAGE | TO TORQUER

| _y DRIVE ELECTRONICS
S ————————

™ ID S/C PARAMETER

CH3500v ATTITUDE ERROR PITCH
CH3501v ATTITUDE ERROR YAW
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CH3503R SCS BODY RATE PITCH
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ORDEAL PANEL
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ORDEAL INTERFACE

MDC
FDAI
SWITCHING

DEA
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P
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SWITCHING
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ORDEAL FUNCTIONAL BLOCK DIAGRAM

BASIC TIMING
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l
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ORDEAL SIGNAL FLOW DIAGRAM
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LONGITUDE-LATITUDE DETERMINATION
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LAT & LONG
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M
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EARTH ORBIT NAVIGATION

300
30° 1 4°
Y
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30°
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Y
EARTH ORBIT GEOMETRY FIGURE 1 VIEW ON SURFACE FIGURE 3

DIRECTION OF MOTION
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4

VERTICAL | ax1s ¢
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SIMPLIFIED ORBITAL NAVIGATION
FUNCTIONAL DIAGRAM
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NAVIGATIONAL MEASUREMENT
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SIMPLIFIED CMC RENDEZOUS NAVIGATIONAL
FUNCTIONAL DIAGRAM
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G & C THRUST VECTOR CONTROL
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STEERING FOR ORBITAL MANUEVERS
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THRUST VECTOR CONTROL
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TVC FUNCTIONAL BLOCK DIAGRAM
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TVC DAP

SIMPLIFIED BLOCK DIAGRAM
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FUEL PRESSURE/GIMBAL POSITION INDICATOR

SPS PITCH

GIMBAL ANGLE SPS YAW
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THRUST VECTOR CONTROL-SIGNAL FLOW

CMC CMD'S ARE

s ?IJXEL}!NT DISABLED IN CMC IF
ROTATION o ENABI CMC | TC IS CW OR SC CONT
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TVC FUNCTION ENABLING LOGIC

PANEL SWITCHING AND LOGIC FOR ENABLING FUNCTIONAL SWITCH POSITION
SC CONT (1S18) BMAG MODE (1521 OR 15220  SPSTVC {1538 OR 1539) TVC GMBL DR (1527 OR 1528)  XLATION FAIL SENSE
cysTm CONTROL | (P OR Y)
CONFIGU- | FUNCT SW./POSITION ATT 1/ RATE | ACCEL _ —
RATION | SWITCH  POS. scs | cmc | RATE2|RATE 2 | RATEL | AuTo | CMD | CMD | 1 AUTO 2 cwicw | TS| Fs | 1on2
S1  SCSAUTO | X @) X X X
scs ENABLE X X X X
AUTO S2_ SCS TRIM X
Ve ENABLE X X
O S4 (3) HIGH RATE X3
S7_ TVCINT. X X
ENABLE X X X
COMMON 3 MIVC X X OR X
FUNCTION ENABLE X X | X
X X OR X X
M S6 EMJXEEL'ENT SWITCH POSITIONS ARE SAME AS FOR S3 BUT LOGIC REQUIRES 'IGN 2' SIGNAL
T
v G MIVC X X _OR X X X
C RATE RATE 2 X X OR X X X X
D OR X X_OR X X X X
59 z‘;}’fl SWITCH POSITIONS ARE SAME AS FOR S8 EXCEPT BMAG MODE SWITCH MUST BE IN RATE 1 POSITION
ACCEL CMD_| S8 AND S9 OFF X
SERVONO. 1 | S10 1 X
X X X
X
SERVONO. 2 | sl0 2 X X
X X

(1),
(.
(3).

IF (1512)

HIGH GAIN CIRCUITRY, (THIS IS NOT SHOWN IN SCS 2314 DWG BECAUSE THE
SIGNALS ARE NOT SWITCHED (FCT SW S1) INTO SERVO AMP UNTIL IGN 2).

FUNCTIONAL SWITCH -511- REPRESENTS AVCG SW. (1S54). SELECTS LEM ON OR LEM OFF SHAPING CIRCUITS.,
FOR SCS AUTO BMAG MODE SWITCH MUST BE IN ATT 1/RATE 2 POSITION, HOWEVER, ENABLING LOGIC DOES NOT REQUIRE THIS,

SWITCH S4 POSITION IS ALSO CONTROLLED BY RATE SWITCH (1512).
IS IN "LOW" POSITION, THEN, PRIOR TO IGN 2 RATE SIGNALS ARE SHAPED THROUGH

e
SCS-2802A {@}
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SCS TVC ELECTRONICS (PITCH)

ROT CONT 1 D y
. = Qs ACS
ROT CONT 2 D I B * (PROP ROT)
4k D
K30
i b —|nc> — M
K3l ;
__-——iT D I
K31 K30
Q5%
K11
GMBL POS A~ T ™% ﬁ.} FILT
+TRIM st SCS
D AUTO
CMD
0 -.& > oC>» FiLr
Q512
_l '—
-15
vDC 4
GYRO
ASSEMBLY AA—pA—fAC D —- ACS
NO, 1 (AT ERROR)
Q521 '
A'A' A' A'A'A QSZB D’S
sz % ACD)
GYRO 0/s
ASSEMBLY A=A AC >———- ACS (RATE)
NO. 2 o I s
Q529 Q55
ACL)
Q529 IS

SC5-2409D {@)
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CMC
CMD
MTVC
CMD
Qs

SCs
AUTO
CMD

Qs2

-

#*THE SIGNAL 1S MODIFIED IN SIG
COND CIRCUIT. THE YAW TM
NUMBER IS CH3518H.

CH3517H GIMBAL POSITION PITCH 1 ON 2
CH3518H GIMBAL POSITION YAW 1 OR 2

CMC
CMD

A
VYV

< Qs3

-AVAV" -

K}
‘_.
=K1

SPS SERVO ELECTRONICS (PITCH)

SAA, GIMBAL
TRIM POTS,
GPI, POS, RAIE
TRANSBUCERS
TVC-1 PWR
(758)
ACIIMNA

e—TVC ACl
CB55 {®A)
OOFF
o——o’x‘o—Acz

| TACUMNB cB10 ()

o— MN A

A
s
_c/l’?o_ SCS

cell
SYS

o o—MNB
CB12

| GACUMNALN,

| CBY (@Al
O OFF

o—ELAITVC-AC?
ACZIMN B CB54 (@A)

r————" A
' I
D | } TACH |
' |
| oo
i |
b | |
K1
SERVO coIL | l
bC AMP DISCHARGE | : *—
|
Q3 7 | I
b
| RERACT |
| |
o ]
|
3 | |
Kl K #K GPI : !
K62 s |
O EDE(':’TLAY H-”-D-H-ﬂ | CiMeAL |
CH3517H 1 | ACTUATOR |
K1 Kl ==Kl l :
l |
| |
| cimea
b LS I
|
| EXTEND |
1
]l |
|
colL : ‘ Kll
1
DISCHARGE | I 1
| |
3 | l
: —rrrend I
| RERACT
| |
D +—  TACH |
| [
L —_ J

SAA, GIMBAL
TRIM POTTS,
GPI, POS, RATE
TRANSDUCERS -

scs-2a0re b ¥
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MAMNUAL ATTITUDE

ACCEL
Cmb

RATE
CMD

MIN IMP

OFF

'
ENG
ON

PITCH

@

ENTRY ——m—
.05y

®

51

1 SEC--'-: -

7=

1
ENG
OFF

RATE
HIGH

@®

Low
12

AV CG
LEM/CSM

@®

C5m

TC

SC CONT
CcMmC

TVC LOGIC

(SCS TVC ELECTRONICS)

®

5CS
18

LV/SPS IND ———

BMAG MODE r—-—SPS ™ve
PITCH PITCH
RATE 2 AUTO
ATT 1 RATE 4 h
RATE 2 CMD
ACCEL )
RATE | CMD
21 38

[ TCV GMBL DRIVE =———

S=11/5-1v8 PITCH 1 YAW
@ ‘- . AUTO
GPl 2
53 7 28
30528 - RATE L
30529 - (RATE 2 + (ATT L/RATE 2)
3055 = (HIGH RATE) + IGN 2
30511 - LEM OFF
30512 = LEMON
3053 - [IGNy [(SCS + CW) + (RATE CMD + ACCEL) + SCS » AUTO = W) |’
KL - (IGN 2 {SCS +CW)
121A5K1 - (ATT VIRATE 2) (0.05)" [IGN 2 + (RATE CMD MAN, ATD) (+ BO PY' ]
30821 - 121A5K1
30530 - IGNz [(SCS + CW) » (RATECMD + ACCEL) + SCS » AUTO » CW|
330 - | (RATE 2) + (ATT VRATE 21| (RATE DAMPED MTVC)
331 - (RATE 1) (RATE DAMPED MTVC)
3051 = SCS  (SCS AUTON + CW » (SCS AUTON + CW - SCS
352 - (SCS AUTO) {1GN 2) [ SCS « CW + CMC » CW]
3053 - SCS +CW
KI = GIM DR 2+ GIM DR AUTO {F.S. + CW) .
K2 - GPI scs-2801AL ¥ J
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SPS ENGINE ON-OFF LOGIC

ay |
COUNTER

THRUST]
ON
T
|
)
A
&)
]
o fb CMISM
TRANSFER
DIRECT
HAND CONT ULLAGE
POWER SW 1
28 VDC — -
SEPARATION:
ULLAGE CHI607X
° i
W
SPS READY
28 VDC | CMC
1
1ML POWER t—o._;— ocw
DIREC w
RCS 3
28 VDC g—o’x‘g_ur A
| + DIRECT SW
DIRECT  PITCHIYAW
RCS
ﬂ ] q
oFF

*CMC THRUST ON = O

AVOC
$Ps
SPS ENABLE -A READY - sps PILOT TRTET
SPS OIS VALVE MN A
NO. 1
n » IE 4@ :‘w—o’ko—) 2voC
; 3
= o]
CH3604X o {
sPs }_ _______ _}
A of ¢ RESET/OVERRIDE $ NORMAL
¥ @ || »v mirusT 4
. Kee oFF
Kl
K3 ® ACCELER
v THRUST | K1 ®_o FCSM ORETERS 1
RELAYS {3)
. K° NORMAL
g @ || w RusT -
I ¥ OFF
[GEA (] OFF RESET/OVERRIDE E—'f——]
SRS |
sPs coils 5P ° Lo
Ne. 2 oA | AL
1
=25 @ La—d ez v
= - s SPS PULOT
" VALVES NIN B
$PS ENABLE -B A

‘—l_D—.‘ncNZ

AUTO RCS
DISABLE
(PITCH & YAW)

SPS ENABLE A OR B

1 5EC
DELAY
ON

1 5EC
DELAY
OFf
1.5 SEC
SPS ENABLE A OR B DELAY
ON

IGN 1 AOR B

C oo o

all

gl

CH3604X - SPS SOLENOID DRIVER NO. 1
CH3605% - SPS SOLENOID DRIVER NO. 2
CH3607X - SPACECRAFT SQURCE SWITCH

)
SCS-2701K i
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CMmC

SC CONTROL OF SATURN

STAB
O LOOP

STABILIZATION
LOOP
ELECTRONICS

|

DISPLAY AND
CONTROL PANEL

.
ACCEL
e amae— P
LOOP .
ISS DU cS
AID |,
CONVERTER i
L
DIA
»1  CONVERTER

vy

S-1VB
IN

s,
GNC-191 {@} 112



S-IVB CONTROL

CSm IV STAGE $-1VB STAGE
GMBL &'S I
STiow
| accit | puatroRn |
—
SAFL I
. | - DATA 10 LVOC fmerme
o N ' —] DATA TO LVDA I
1 on DIGITAL
ohE 1 [-—*1  ADAPTER COMPUTER
] |
s-vs__ A, | CONTROL
WIECT B ] miswrieuToR |
X
Stve CUTORF l |
|
¢ ! |
o TRANS CONT u
wyoc | —t MAIN D3KY | I
1MU OPERATE s T switcH T 1
u | commann pe] commano I
DECODE RECEIVER
e | |
PSA Cact
it) RELAY I I
CAGE
28 VOC 30 11] IMU CAGE I
WaDE SWITCH swITCH
5C5 l SELECTOR SELECTOR
Mo 31_15] AP CONT -1 INECT T 185 I
HoLD 3 1] Houe stRrsiq (2 RSVR TOTAL
P EREE s-ivp curorf [12_1e SWITCHING & ATTITUCE | | 1
31 13| FREE COARSE - FINE
MODULE | 1 STAGE
s-1vR TakroveR enaste [iz_9 T AL | rom 1 CONTROL
ERRORS |
zero oo [z s i |
ENABLE TMU LRR CNIR [ 12 6 | | ENG ONIOFF
DISPLAY b N erwm FUIGHT CONTROL COMPLTER
KEVACARD - 1 [RROR | K I
Cou o o
J3EY vl u J COUNTER
W 15 S-1vB S-IVB ENGINE
800ST
- s
s BiC . }- il
7 VT - 1 1
| "—" T 4 Js-1vB seeianort 1 : e
KL ULLAGE K2 . 3 | Q |
Vo aux
—— igl | | PRz
[RCS CONT BOX JEI
Ki3 VOC g M LIMITER
20 % 7]smseearae ) S ) COUNTER o 1% & 16 I
CHISM SEP 13 PRIGRITY | PAN PULSES GIMBAL [}
H XVZ ACCEL
1& ANGLES
(-
PE | | I
’7 SE W LU } :
Liid 305 | LIFT OFF [ I l
M ES L-J I I
205 ]
301 | ULLAGE THRUST PRESENT
30 1]
N 1]p
ROT CONT 3 z]-p I I
28 V0T 313 v
MAINALB — | I
W 4]y
R
N 51w I I
3
I E
| |
U KEY CODE
DSKY | I

ey,
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[ CSMAM ——CM/S JE—
\ EDS FINAL SEP 1 w:fpz

[

Uy Uy !

2

®

r ABORT SYSTEM ,
PRPLNT DUMP 2 ENG OUT LV RATES 1-TWR JETT-2
AUTO AUTO AUTO

o[e][6] |«

RCS CMD OFF OFF (]

(——— LAUNCH VEHICLE————
cuipance  SISIVB o Unar
U

LV STAGE INJECT

cMC

MAIN RELEASE

©
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PREPARATION FOR ENTRY

SEPARATION SEPARATION TRIM
ATTITUDE ATTITUDE
DEORBIT aV Xsc
pe3 .056

P
LOCAL LOCAL
HORIZ HORIZ
v
LOCAL
HORIZ
. 056
546.9 N.MI.
FLY TO TRIM
ALTITUDE
FOR ENTRY
FLY TO
SEPARATION
ALTITUDE
MU ALIGN
FOR .05G
STABLE MEMBER
REFERENCE
XsM
DEORBIT aV

@)

GNC-172 (
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ENTRY DAP

GMBL ANGLES BODY RATES
E————
ST B B X FORM PHASE | 1, JET ouT SET
EULER TO PLANE: |——»] SELECTION [—»f .\ [—>{ DRIVER
gopy |BoDY ATITUDE] LoGIC LOGIC AMP
ERRORS
A X FORM
DESIRE DAP REF TO
—» —
ATTITUDE GMBL MBL ANGLES
ANGLES G
PHASE PLANE (EXTRA ATMOSPHERE) PHASE PLANE (ATMOSPHERE)
JET STATE
v +JET ON r (YAW) ¢ =-p TAN la)
/,/ 1111117 ——————————— V
% ////// vz/ v v i
//—JETS //// NO JETS e L
/ .-%\\\\ X Vz = 2°/SEC -JET ON P (ROLL)
PITCH RATE DAMPER \
__ AN
-V
NO JET \~ ¥ .IETS\ Y
"5V \\ 4 YAW RATE AUTO PILOT
& \\\\\& N VM a
CONTROL LINE MAXIMUM VELOCITY TRAJECTORY
X7 =3 SLOPE K
Vz = 2°ISEC T
ATTITUDE CONTROL a, a] ACCELERATION
TERMINAL a >a
TRAJECTORY
. SHORTEST PATH CONTOUR
_VM

DUAL GAIN ROLL ATTITUDE PHASE PLANE WITH CONTROL LINE

5T,
5o
GNC-1624 & 1]
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TEST

N AUTO

b 5T8Y MODE

S 0 BN L s W R —
[ S R TR SR (NN SN S—

A\

35 4

- o) &

LR PR -
VELOCITY
55
05 G THRUST S}l [@

RANGE

g 90000

DS =

7,
(@)
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EMS BLOCK DIAGRAM

\
ACCELEROMETER o]  servo
G
] 1 I [ _g
ENTRY TV
SELF-TEST VIE | _o—s—»  MOTOR
CIRCUITS " CONVERTER Pay CONTROLLER
G>.2
| S L
L AV )
L] comparATORS 6<.2
L »| |NTEGRATOR | COUNTER
o"o/d“’e.“s
scs-2205 L )]
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EMS HOUSING
FRONT PANEL
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EMS SCROLL & SCRIBE

TAKEUP
REEL

DRIVE S PROC KET —»{2, CO)es—GUIDE SPROCKET
ooo0oocooo/

aJHEREEEEY
0g. — — —_— aag :I:
S L U e
;—:_‘ | 37% - —H— -t U
L |-——— USAlBSIA_LE LENGTH 120" T
PATTERN

/
EDGE VIEW OF FIlM =—————————————=m-——"[STAR
MILKY WHITE SCRIBE COATING

SCS-2014 @
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EMS SCROLL FORMAT

NY3LIVd AYINI 1IX3-NON

SNOLLDNYLSNE AYINI
(2) SMO3HD 1S31-4T13S IHON4-NI

NY311Yd AYINI LIX3-NON

(T) SNOLLONALSNI AYINI
(&) SMI3IHD 1S31-413S IHOI4-NI

NY3LiVd A¥INT 11X3-NON

SNOTLONYLSNI AYINI
(&) SHIIHD LSA-A3S LHIIH-NI

NY3llvd AYINI L1X3-NON

(1) SNOILINYLSNI AHIN3
(2) SMIFHD 1S3l I13S-1HIITI-NI

SNY3LLYd SI1SIL-ANAOYD

SN ISNOH-NI
YJOANIA ¥04 Q3AY3ISHH

<

‘f_h

’”

—t—

~

7T @
Nw S
\ 5
amr 3
K Bl
a1 |
m
.

£
wlrnz
\~
\ll.,

|

imvl.*l

--w_

|

_.3 34"
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EMS FLIGHT SCROLL

SELF TEST & ENTRY PREPARATION

T

...|

AUTO
SET SCROLL
2

056 LT
3

.056 LT
DOWN LT

SET 58.0
4

.05G LT
RNG 0t.2

DOWN LT
SET 58.0

(DEORBIT)
RNG_SET
1586. 8

AV TEST
SPS LT ON
SPS LT OFF
AT AV <0
-20, 8120.7

STBY

AV - AUTO

1

7 I 3‘|6

SCS-2209 (@)
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EMS CORRIDOR EVALUATION

‘CAPTURE BOUNDARY
ENTRY ANGLE

*—O

~-5.25°

LIFT VECTOR DOWN
LIGHT

EMS POSITIVE LIFT
OVERSHOOT
BOUNDARY

ENTRY ANGLE

LIFT VECTOR UP
LIGHT

UNDERSHOOT
BOUNDARY
GR =.2G FOR LUNAR
tR = 10 SEC AFTER t, ENTRY VELOCITY
to = TIME AT .05G AND ENTRY ANGLES ONLY

scs-2208 (@)
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ACCELERATION LOAD FACTOR, G

OFF-SET FLIGHT LIMITS

VELOCITY, V~ 1000 FPS

P
scs-z00 (@) 14



ON-SET FLIGHT LIMITS

ACCELERATION LOAD FACTOR, G

34 33 32 31 30 29 28
VELOCITY, V-~ 1000 FPS

2T,
SCS-2312 {@
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NON-EXIT ENTRY PATTERN FOR EMS
ORBITAL MISSION

-0
-1

-2

-3

-4

G- 5

-6

-7

4 73 P LS 10 ) -8
37363534333231’30223272625242322212019131716151a131211109s 7 6 5 4 9
In||Iu||qulnnl|l|||||uluuhullnuluulunllnlI||||Im|I|u|||||ihmllmhu|||||||||||qulu||l||||l|u|I||||I|u|quhu|h|||1nnlnul|u|lm|||mil|||1u||luuluu!||u|||qu||I||ul||||l||||h|||luuhu|h|uhm|uulm|lu||qulnuluniuullmluuluu|||||ImnlmllmnhmluilI -0

INERTIAL VELOCITY, V ~1000 FPS

ON-SET GUIDE LINE

OFF-SET GUIDE LINE

RANGE POTENTIAL GUIDE LINE

SATELLITIC VELOCITY INDICATOR

FULL LIFT PROFILE

OE®EO
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EMS FUNCTIONAL BLOCK DIAGRAM

r—————————————— = 1
sertest | i
CIRCUITS [ 0056
| 3 A——- | > }-4—+| COMPARATOR |—¢ s bav
L 1 sec oy | Ly
-L | I )o.osc
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| | £ )
I l 0, 2G 6>0.26
| "1 comparaTor | [ |
| | .|. )6 <0.26
AD 1 1
l CONVERTER | B -=[—
= ACCELEROMETER
I consroneer| -
.
ENTRY DIVIDER MOTOR STEP _(
——JT’A\T NETWORK " conTRoL " sErvo '®'
AVIRNG Vo
SET SET
5CS T
3 ‘
ROLL ATTITUDE RANGE ™ 4VIRNG | AVIRNG
INDICATOR INTEGRATOR COUNTER »| DECODER »1  DRIVER " DISPLAY
26V, 400 CPS
»| MODULATOR SERD 3 @--@-——@——r—{—o- 6
% l—. A A ﬂ——l
AAA— 1 {20 VDC
b ;i ‘Pau'ne.*‘
1 {(@)}
sCs-2015A % ;
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SCS NONSWITCHED POWER
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PANEL 229 ' PANEL 8 N
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SCS SWITCHED POWER DISTRIBUTION
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PCM

Measurement

No.

CG 0001V
CG 1040V
CG 1110V
CG 1201V
CG 1211V
CG 1331V
CG 1513X
CG 1523X
CG 1533X
CG 2001V
CG 2021V
CG 20,1V
CG 2112V
CG 2113V
CG 2117V
CG 21,2V
CG 2143V
CG 2147V
CG 2172V
CG 2173V
CG 2177V
CG 2219V
CG 2249V
CG 2279V
CG 2300T
CG 2301T
CG 2302X
CG 2303X
CG 3011V
CG 3021V

PGNCS A/B TLM LIST

Measurement Description

COMPUTER DIGITAL DATA 4O BITS
+120 VDC PIPA SUPPLY DC LEVEL
2.5 VDC TM BIAS

IMU 28V ,8KC 1 PCT O DEG SUP RMS

OPTX 28V .8KC 1 PCT O DBG RMS
3.2KC 28V SUPPLY

IMU +28 VDC STANDBY

+28V CMC OPERATZ

OPTX OPERATE +28 VDC

X PIPA SG OUTPUT IN PHASE

Y PIPA SG OUTPUT IN PHASE

Z PIPA SG OUTPUT IN PHASE
IG IX RESOLVER OUTPUT SIN
IG IX RESOLVER OUTPUT COS
IGA SERVO ERROR IN PHASE

MG IX RESOLVER OUTPUT SIN
MG IX RESOLVER OUTPUT COS
MGA SERVO ERROR IN PHASE

0G IX RESOLVER OUTPUT SIN
0G IX RESOLVER OUTPUT COS
OGA SERVO ERROR IN PHASE
PITCH ATT ERROR - CDU DAC OUT
YAW ATT ERROR - CDU DAC OUT
ROLL ATT ERROR - CDU DAC OUT
PIPA TEMPERATURE

IRIG TEMPFRATURE

IMU HEATER CURRENT

IMU BLOWER CURRENT

TRUNNION CDU FINE ERROR
SHAFT CDU FINE ERROR

Channel
Code s/s
51DS1 50
10A83 1
104138 1l
10A91 1l
10A146 1
10A85 1
11515-2 10
11515-3 10
11E5-4 10
51A2 50
51A3 50
51AL 50
11A54 10
11A59 10
12A2 100
11A60 . 10
11461 10
1241 100
11462 10
11463 10
12A3 100
11A64 10
11465 10
11A16 ' 10
10A96 1l
10A1 1
10A5 1
10A7 1l
11A171 10
114180 _ 10
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PGNCS A/B TIM LIST

PCM

Measurement Channel

No. Measurement Description Code s/s
CG 3140V SXT SHAFT TACHOMETER OUTPUT 114172 10
CG 3150V SXT TRUNNION TACHOMETER OUTPUT 11A173 10
CG 3160V SCT SHAFT TACHOMETER OUTPUT 10A13 ‘ 1
CG 3170V SCT TRUNNION TACHOMETER OUTPUT 10A1L 1l
CG 3721V SHAFT CDU DAC OUTPUT 11A52 10
CG 3722V TRUNNICN CDU DAC OUTPUT 11A53 10
CG 5040X CMC WARNING 11E19-1 10

GNC - 1674 13



SCS TM List

Measurement Measurement Response Sensor Range Display Channel

1D Description Rate Low High Readout Code

CH3500V Att#tude Error Pitch 50 S/S -5/5/15 +5/5/15 Deg FDAI 5145

CH3501V Attitude Error Yaw 50 s/S -5/5/15 +5/5/15 Deg FDAI 5146

CH3502V Attitude Error Roll 100 8/ -5/5/50 +5/5/50 Deg FDAI 1244,

CH3503R 5CS Body Rate Pitch 100 S/s -1/5/10 +1/5/10 Deg/sec FDAI 1245

CH3504R: SCS Body Rate Yaw 100 S/s -1/5/10 +1/5/10 Deg/sec FDAI 1246

CH3505R SCS Body Rate Roll 100 /s =1/5/50 +1/5/50 Deg/sec FDAI 1247

CH3517H GIMBAL POSITION Pitch 1 or 2 100 S/S -5 +5 Deg FP/GPI 1248

CH3518H GIMBAL POSITION Yaw 1 or 2 100 S/S -5 +5 Deg FP/GPI 12410

CH3546X _RCS Solenoid Activate 200 S/S Event None 22F1-1
+Pitch/+X

CH354L7X RCS Solenoid Activate 200 3/S Event None 2252-2
-Pitch/+X

CH3548X RCS Solenoid Activate 200 S/S Event None 22F3-3
+Pitch/=X

CH35L9X RCS Solenoid Activate 200 3/8 Event None 225L-l
~Piteh/-X

CH3550X RCS ?olenoid Activate 200 S/S Event None 22F5-5
+Yaw/-+tX

CH3551X RCS Solenoid Activate 200 S/s Event None 22E6=6
=Yaw/+X

CH3552X RCS ?olenoid Activate 200 8/s Event None 22E7=7
+Yaw/ =X

CH3553X RCS 7olenoid Activate 200 S/S Event, None 2278-8
=Yaw/-X

CH3554X RCS Solenoid Activate 200 s/s Event None 22E9=1
+Roll/+Z

CH3555X RCS Solenoid Activate 200 S/S Event None 22F13-5
~Roll/-+Z

CH3556X RCS Solenoid Activate 200 5/S Event None 21 L-6
+Rol1/~Z

CH3557X RCS Solenoid Activate 200 s/S Tvent None 22F10-2
-Roll/~Z
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Measurement
ID

CH3558X
CH3559X
CH3560X
CH3561X
CH3588X
CH3590X
CH3592X
CH3593X
CH3600X
CHa605%
CH3607X
CH3623X
CH362LX
CH3635X
CH3636X
CH3638X

Measurement
Description

RCS Solenoid Activate
+Roll/+Y

RCS Solenoid Activate
-Roll/+Y

RCS Solenoid Activate
+Roll/-Y

RCS Solenoid Activate
-Roll/-Y

Attitude Deadband Minimum

SCS High Rot-Rate Selected
FDAI Scale Error 5, Rates 5

FDAI Scale ERR50/15,
Rate 50/10
LM ATTACHED Selected

SPS Solenoid Driver No, 1

SPS Solenoid Driver No, 2
Spacecraft Control Source
Switch

Gyro 1 Comb. SPIN MOTORS

Run Det

Gyro 2 Comb, SPIN MOTORS

Run Det

BMAG Mode SW-Roll Att 1/Rate 2

BMAG Mode Sw-Roll Rate 2

EMAG Mode Sw-Pitch Att 1/
Rate 2

SC5 ™ List

Response
Rate

200 S/s
200 8/s
200 5/5
200 8/s
10 S/S
10 S/s
10 S/s
10's/s
10 5/S
10 S/S
10 8/S
10 8/s
10 /s
10 S/S
10 5/s
10 s/s

10 S/S

Sensor Range
Low High

Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event

Event

Event

Display Channel

Readout Code

None 22E15-7

None 2251 1-3

None 22K 2=l

None 22F16-8

Panel

Switch 11E8-2

Panel

Switch 1158wl

Panel

Switch 11E8-5

Panel

Switech 11E8-6

Panel

Switch 11E9-3

S 11E4-4

s 11 E9-4

Panel

Switch 11 E9-5

None 11E8=7

None 11E8-8

Panel

Switch 11E33-1

Panel

Switch 11E33-2

Panel

Switch 11233-3
141
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Measurement
D

CH3639X
CH3641X
CH3642X

Measurement
Description

RMAG Mode SY - Pitch Rate 2
EMAG Mode Sw=Yaw Att 1/

Rate 2
BMAG Mode Sw - Yaw Rate 2

SCS T™ List

Response
Rate

10 s/s
10 S/s

10 S/s

Sensor Range
Low High

Bvent
nvent

Event

Display Channel

Readout, Code

Panel

Switch 11E33=4

Panel

Switch 11:33-5

Panel

Switch 11.33-6
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ACCEL
ACS
AC
A/C
A/D
ALT

ASCP
ATT

ATT SET
. AUTO

B/D
BMAG
B.O.
bps
BUR
BURR
BURP
BURY

CB
CcCw

CDH
CDY
CFP
CG
CHAN

cMC

COAS
CONT
CPs
csC

Accelerometer/Acceleration
Attitude Control Subsystem
Alternating Current

RCS Quads A and C

Analog to Digital

Attitude

Amplifier

Attitude Reference Subsystem
Attitude Set Control Panel
Attitude/Attenuation
Attitude Set

Automatic

RCS Quads B and D

Body Mounted Attitude Gyro
Break Out Switch

Bits Per Second

Backup Rate

Backup Rate Roll

Backup Rate Pitch

Backup Rate Yaw

Circuit Breaker
Counterclockwise

Controls and Displays
Constant Delta Height
Coupling Data Unit
Concentric Flight Plan
Center of Gravity

Channel

Command Module

Conmand Module Computer
Command

Crew Optical Alignment Sight
Control

Cycles Per Second

Cosecant Computing Amplifier

CSM

CTE
Cw

C/W

D/A
DAC
DAP
DB or
d.b.
DECR
DC
DEMOD
DSKY

ECA
ECO
EDA
ELECT

ENC
NG

FCSD
FCSM
FDAI
FUNCT

GA
&
GET

Command and Service Module
Computer Subsystem
Central Timing Equipment
Clockwise/Continuous Wave

Not Clockwise
Caution and Warning

Digital - to ~ Analog
Digital to Analog Converter
Digital Autopilot

Deadband

Decrease

Direct Current
Demodulator

Display and Keyboard

Elevation Angle

Electronic Control Assembly
Engine Combustion/Engine Cut OFF
Electronie Display Assembly
Electronic

Earth Landing System

Entry Monitor System

Encode

Engine
Error

Flight Crew Support Division (MSC)

Flight Ceombustion Stability Monitor
Flight Director Attitude Indicator

Functional

Gyro Assembly

Guidance and Control
Ground Elapse Time
Guidance and Navigation

SCS=2904A
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GNCS
GDC
GMBL
GP/FFI

GPI
GSop

ha
HI

hp
HTRS
ICDU

IGN

INCR
IRIG
188
IU

KC

Guidance Navigation and
Control System

Gyro Display Coupler

Gimbal

Gimbal Position and Fuel
Pressure Indicator

Gimbal Position Display
Guidance System Operations Plan

Apogee Altitude
High/Hello
Perigee Altitude
Heaters

Inertial Coupling Data Unit
Inner Gimbal Angle
Ignition
Indicator

se
Inertial Measurement Unit
Increase
Inertial Rate Integrating Gyro
Inertial Subsystem
Instrument Unit

Kilo Cycles

Latitude

Lower Equipment Bay
Launch Escape System
Launch Escape Towsr

Lunar Module

Landmark

Lunar Orbit Rendezvous
Line of Sight

Launch Vehicle/Lift Vector

MDC
MERU
MESC
MIN
MGA

MNA

MSB
MTVC

NAV
KB
NORM
0CDU
OPT

ORDEAL

Manual

Maximum

Main Display Console

Milli Earth Rate Unit
Mission Events Sequence Control
Minimam

Middle Gimbal Angle
Moncmethylhydrozene

Main Buss A

Main Buss B

Most. Significant Bit

Manual Thrust Vector Contrel

Ravigation
Navigation Base
Normal

Non-return to Zero

Optics Coupling Data Unit

Outer Gimbal Angle

Optics

Optics Subsystem

Orbit Rate Drive Electronics Apollo IM
Oxidizer

Pitch Axis of Control/Program
Power Amplifier

Push Button

Pulse Code Modulation

Primary Guidance, Navigation and
Control System

Phase

Pulsed Integrating Pendulous Accelercmeter
Power Servo Assembly

Pulse Per Second

Push to Talk

S€3-2905A
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RC
RCS

RGA
RJD
RJ/EC

RLVDT

ENG
ROT
RSI
RTC
RUPT

s/C
SCT
SCsS
SIG
SLOS
SM
SMJC
SMRD
SPS

STBY
SW
SXT
SINC
SYS

TC
TEC
TEMP

TFL

Power

Roll Axis of Control/Routine
or DSKY Display Register
Rotation Control

Reaction Control System
Release

Heverse

Rate Gyro Assembly

Reaction Jet Driver
Reaction Jet and Engine ON~OFF
Control

Rotary Linear Variable
Differential Transformer
Range

Rotation

Roll Stability Indicator
Real Time Commands
Interrupt

Spacecraft

Scanning Telescope

Stabilization and Control System
Signal

Star Line of Sight

Service Module

Service Module Jettison Controller
Spin Motor Rotation Detector
Service Propulsion System/Samples
per Second

Standby

Switch

Sextant

Synchronize

System

Translation Control
Transearth Coast
Temperature

Time - From - Launch

TIGN
TLC

TPAC
TFF
TPF
TP
TTINT
TRENFR
TTE
TVC
TVSA

UDL
UPTLM

Ve
Vo

XLATION
XLUNAR

AV

Time of Ignition

Translunar Coast

Telemetry

Telescope Pointing Angle Counter
Time of Freefall

Transfer Phase Final

Transfer Fhase Initiation

Time to Intercept

Tranafer

Time ~ to Events

Thrust Vector Control

Thrust Vector Position Servo Amplifier

Up Data Link
Up-Link Telemetry

Velocity

Velocity Measured
Circular Velocity
Initial Velocity at .05g

Translation
Translunar

Differential Velocity
Roll Control Axis Designatien/Phase
Yaw Control Axis Designation

Pitch Control Axis Designation

S
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