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WORD FORMATS IN MEMORY
AND CENTRAL PROCESSOR

1514131211 10 9 8 7 6 5 4 3 2 1

ooﬁ.\D
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sl BN

AEERE

1615 14 13121110 9 8
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16 15 14 13
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R
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PGNCS - BLOCK Ii

SENSORSﬁ

MANUAL <
CONTROL

TO SCS

FUNCTIONAL

(BMAGS & GDC)
BODY MOUNTED.
ATTITUDE GYROS
AND COUPLER

ANGLE INCREMENTS (FOR IMU BACKUP)

TO ATTITUDE BALL DISPLAY

(IMU) INERTIAL
MEASUMENT UNIT

THREE cpu | IMU GIMBAL ANGLES
A/D

ACCELEROMETER SIGNALS

FINE ALIGN GYRO TORQ SIGNALS

P 1t

IMU
I o COARSE ALIGN _ roov iU cDU’S

(scm)

SCANNING

TELESCOPE
TWOCDU | OPTICS ANGLES
A/D

(sXT) ]

SEXTANT '_/'O.——FROM TWO D/A COU'S

OPTICS | OPTICS RATE

HAND CONTROLLER| COMMANDS

OPTICS
MARK BUTTONS

MARK 8 REJECT MARK

SPACECRAFT

IMPULSE PITCH, YAW, ROLL RATE COMMANDS
CONTROLLER

ROTATIONAL PITCH, YAW, ROLL RATE COMMANDS
HAND CONTROLLER[™ (5INGLE LEVEL)

TRANSLATIONAL X, ¥, Z,TRANSLATION COMMANDS
HAND CONTROLLER]  (SINGLE LEVEL)

UPLINK 8 DOWNLINK

COMMAND
MODULE
GUIDANCE
COMPUTER

TO SXT COMMAND ERROR

TIMING 8
MASTER CLOCK SYNCH TELEMETRY
ENGINE ON/OFF (SSEPRS\')‘ICE
ENGINE ANGLE PROPULSION
TWO CDU COMMANDS SYSTEM
D/A
SXT POINTING ? SIXTEEN

REACTION JETS
ON SM

REACTION JET ON/OFF SIGNALS

|

TWELVE
REACTION JETS
ONCM

S-IVB SEPARATE /ABORT, & SM SEPARATE

SC CONTROL CMC

SERVICE PROPULSION READY
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1

DSKY KEYBOARD INPUTS
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TWO COMPUTER
DISPLAY 8 KEYBOARD
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INTERFACE

L TELEMETRY

J

SPACECRAFT
THRUST
8 TORQUE

S MISCELLANEOUS

DISCRETES
BLOCK UPLINK MANUAL
SC CONTROL CMC , AUTO, HOLD, & FREE SWITCH
CLOSURE
STWB GUIDANCE
-~
e | FM ATTACHED
GUID RELEASE, LIFTOFF, 8 ULLAGE
INJECTION START AND S-IVB CUTOFF SATURM SATURN
TO IMU FOR STEERING ERROR | INSTRUMENT BOOSTE
COARSE ALIGN 6 {BACKUP) UNIT
THREE 3
CDU D/A ATTITUDE ATTITUDE
ERROR
ERROR NEEDLES
 GIMBAL ANGLES ATTITUDE
BALL > DISPLAYS
CAUTION
WARNIN
PGNCS CAUTION,CMC WARN, B 1SS WARN of &
SYSTEM STATUS B CAUTION LIGHTS ON DSKY'S —
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DISPLAY AND KEYBOARD ( DSKY )
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50 WORD DWNTLM LIST
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WORD  ORDER CHAN 34
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2 W77 DATA MSB DATA LSB 0
| |

13 N DATA DATA Vv
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COUPLING DATA UNIT BLOCK DIAGRAM

| SPEED
GIMBAL

RESOLVER

SIN 1609

SWITCHING
LOGIC AND
COARSE-FINE
MIXING

Mm

-SELECTION

.

ERROR DETECT
& RATE SELECT

READ COUNTER (GIMBAL ANGLE-8y) |

16 BIT COUNTER

ERROR COUNTER (€g-9€c¢)
9 BIT COUNTER

-

L—e+A0;To CMC

L MODING DISCRETES
FROM CMC

|

)

A6, FROM CMC

800 CPS LADDER gg TO
NETWORK

CONVTR

s o
OC STEERING SIGNALS

e AT TITUDE ERROR 8 COARSE ALIGN SIGNAL

R
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COUPLING DATA UNIT

SIMPLIFIED BLOCK DIAGRAM

SIN® cos @

R3BUCE

% s8¢ FROM CMCABC

ta8g TOCMC/LEC =
800 CPS REFERENCE

25.6KPPS
T0 POWERe+—o|

SUPPLY

INTE

RAOGATE
OO e TE [25.6 kPPS SYNC

81.2 KPPS CLOCK SYNC
11800 PPS INTERROGATE

28V 1% BOOCPS
@ — COUPLING DATA UNIT
(SIMPLIFIED BLOCK DIAGRAM)
SIN 160 cos 160
tginise
QUADRANT BK MAIN FINE ERROR
SELECT *C08 188 SUMMING.
MODULE W CONTROL
1 SWITCH CONTROL
Fi.F RATE SELECT INPUTS
COARSE ERROR
COARSE ALIGN
DAC INMIBIT [— ERROR
/A
CONVERTER  [—>50 Fba Tt
POLARITY CONTROL & | MODULE
SWITCH CONTROL B
ERROR COUNTER 425,422
LOGIC MODWLE |
UP-DOWN 8 DRIVE PULSES
93,04, 02, READ COUNTER
TURN ON ENABLE MODULE S
£
&
w8 z
'G Hlz|® - (v}
wl21xla w - @
1wl I Z
wilwl3|< w & 2
ok « = "
» g -
£ g E E & -]
HHEHHBE 8 sl z
HBAHEERE Sly &>
z a2 vl &
515 8¢ 9
MODES
DIGITAL
MODE MODING MODULE
Moot CLOCK SYNC @ PULSES

800 CPS REFERENCE

:mgg,,‘“éf&,—l L 28v 1% 8007

TOSIES
CONTROL

CDU FAIL
TO CMC/LGC

MODE COMMANDS
FROM CMC/LGC
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CDU FUNCTIONAL BLOCK DIAGRAM

‘—SI.ZlC FROM COMP.

SIN 9% PULSE
| SPEED GENERATOR [ & COU ZERC (INMIBNT)
GIMBAL | & 16 SPEED
RESOLVER,
RESOLVER lz.axcl laoocps
SWITCHING
SIN 16 LOGIC AND RATE
k. COARSE-FINE —*1 SELECTOR
MIXING ERROR 1
DETECTOR
UP-DOWN
o
COU ZERO ii ¥-SELECTION LOGIC ¥2
8 READ COUNTER (GIMBAL ANGLE-9g) g.] -
s 18] od] 45" s&| 28] 4] 7| 38| 17| o8loedloe?] o0 iy
Tis(w|aliz[ulio|[el8|7|6|s5|al3]2]1]o]|nN"
el A +A€9
_ae9 _ To come
ERROR COUNTER lu = COARSE ALIGN
hi2od se] 28| 1ev .r.aa-.rr'.or.o«].g. " COARSE ALIGN
el lsls]elsler]o]n —CF Armge enmon
l ¢ "': d FROM COMP
=A%y
DISPLAY DATA —————f

800 CPS LADDER |ACTO

DISPLAY DATAE D_.

G@& N TAKE OVER.___|
COARSE ALIGN o TO GEIBAL
L/ TORQUE
_o 7O FDAX
DISPLAY DATA ERROR METER
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READ COUNTER RELATIONSHIP
TO COARSE FINE SWITCHING

MECHANICAL
ANGLE

READ
COUNTER

COARSE
SWITCHES

(IX RESOLVER MECHANICAL ANGLES)

FINE SWITCHES

(16X RESOLVER MECHANICAL ANGLES)

100°| 90° | 43 |229°|11.25°| 58°| 20°| Le* | a7°| 38°] .17* | 0@ | O 40" | 20"
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CDU COARSE MODULE BLOCK DIAGRAM

IMU CASGE

)
IX RES '3
L

.

{X RES
cos

L.

28v @
800"\

p
-
-
"
- -

L e e e e s e aSe

83

sS4

87

TSt
_oﬂ/o -SIN 11.28

-C0S 22.5
(.924)

~-C0S8 67.5

(.383)
+Cos 225
(.924)
+C08 675

(.383)
-SIN 223

(.383)
-SIN 67.5

(.924)

+SIN 225

(.383)
+8ING7.S

(924)
+8IN223

bt

(.199)
-SIN 3.62

(.078)
-SIN 2.8
O ANt

(.049)

EMITTER

FOLLWERJ

el SOHMITT
TRIGGER

| —

CI 70
EC & L MODULE

EMITTER
FOLLOWER

AMBIGUITY
DETECT SCHMITT

AMBIGUITY

" 0ETECT (AD)
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COARSE SWITCH LOGIC EQUATIONS

15,14 .13 .15 .14 .13

DC1 - 3_2 2_ +2 2_2

1c g - g5 B , 5 3

pC 3 - 215 14 B3 4 g1 14,13

0C 4 - 250 21 g3 4 o5 g4,

oc 5 =22 (214213 4 214 5B)

oc 6 - 22(214 213 4 14 ,B)

oc 7 - 20( 2408 . 2M4,8)

oc 8 - 245 (21483 4 M4 ,B)

DC o -2V

oC 10 = 211 | + N - N REFERS TO BIT IN
THE READ COUNTER

DC 112" *DC "X" CLOSES SWITCH "X"

DC 12 -2
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0=67.5

15 14,13 .12.11.10 .9 0

READ COUNTER
>

272727 2°2727 2
¢E1x]e

ojoj1(1/af0f0O

N

DRIVE R
CONTROL SIGNALS ., g
ATT NETWORK
S cos 67.5° L7V
[ 28v 5v [SING] - 4. 62v £y - .38 Epy
[smai}“
(-)
TR’aN\U 1 ATT NETWORK
ES L) SIN 67.5°
RES _
28V 5v [C0Se] - 1.91v Ey = 924 E |
L[COSOE” SIN 67.5° = .924
(+) COS 67.5° = .38
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o153 514 513 H12 Ll

0=0°

13 ,12 .11 ,10 29 20

READ COUNTER 5T oTolo] 0] 0

}Xq

| -

ov

() L.915

(+) 1,915

e
DRIVE CONTROL SIGNALS | 1 5 5 ¢ 4
ATT NETWORK
COS 22.5°
28V 5V [S|N9] ov EO =.924 ElN
[SINGBH
ATT NETWORK
.@_. SIN 22.5°
TRﬁN\U 28V ” v[coso]=5v Eq =38 E
RES [COS 6]
(+) ATT NETWORK
(+) SIN 22.5°
28V 5\ - 800 ~ Eq =.38 EiN
800~3“
REF
(-)

*SIN 0°

0
1

" 11

0
COS 0°
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0=42.2°

15,14 13 )12 11 .10 9

22 27222

READ COUNTER JoToTe }3 v
DRIVE CONTROL
SIGNALS »DC 3, 5 10, 11&12 ATT NETWORK
(+) @,_, COS 22.5° 2 g
E.=.924 E
5V [SIN6] = 3.35V 0 IN
28V [SINOE"E_'[ ]- :
v -) ATT NETWORK
.M. SIN 22.5°
RES E =.38E
5v [c0Sé] - 3. 7v 0 - IN
28V [cosé] || _
ATT NETWORK
SIN 11, 25°
Ey = 199 €
o ATT NETWORK
- f—'@—' SIN 5.62°
- oV-800~ E0 = 0.78
800~REF
(+) ATT NETWORK
_,@_, SIN2.8
Eq - 049 E |

= 42, 15°
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COARSE SWITCHING DIAGRAM

38
‘ ~C22.8
—8228
nnnnnnn
2415 2Ry
LADDER ~Ce7.8 -Ce7.8
+S67.5 -3875



QUADRANT SELECT MODULE BLOCK DIAGRAM

*-SIN 8 COS 11.23* (SISING)

A2
—-SIN @ COS 33.75° (S2SING) | TO MAIN
SUMMING
$6 /S8 +SIN § COS 56.25° (S3SING) | AmMP
SINE 8 —SIN § COS 78.75° ($4 SIN §)
AAA a1 ro
A LADDER
$9-iL28° AMP
Al $9/ 810
SiN  SIN 11.25° s
si/s2/s3/s4 / AN AP
SIN @ SIN 33.75° AS s
f SIN @ SIN 56.25°
’_
SIN @ SIN TB.75°
16X AV &
C0s 9 COS 78.75°
COS § COS 56.25° Si4
cos
COS 9 COS 33.75° AP

COS & COS 1.2

= COS § SIN1L25° (SIC088)
- CO3 § SIN33.78° (S2C0848) | TOMAIN
-5 COS § SIN 56.25° (S3C0S @) | AMP

o COS 0 SIN 78.73° (3408 #)
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MAIN SUMMING AMPLIFIER QUADRATURE
REJECT MODULE BLOCK DIAGRAM

SI0 AK
$9-11.28° AT
$12-11.25° LADDER
4 AMP
SiI3-A
| BIAS
.25 81T
11.25 BIT
BIAS
SI SIN®  SIN®COS 11.25°
S2 SIN® SIN® COS 3578°
$3 SIN®  SINg COS 56.25°
$4 SIN@ SIN® COS 70.75°
SI COS® COS# SIN 1.75°
S2 COS@ COS# SIN 33.73°
S3 COS® COS# SIN 36.25°
S4 COS® COS# SIN 28.75°

MAIN SUMMING
JUCTION

COS{o-y)

A7
.08°
044"
.022°*
40"
20"

e [2ps

90°PHASE .
SFT O —CO(8-¢)AT /9

FINE
QUADRATURE ERROR |-»F)
REVECT SCHMITT

-

HIGH
LEVEL [—»F2
SCHMITT

FINE

*ERROR

o= T .
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LADDER DECODER-SIMPLIFIED

800 CPS
INPUT HI

INPUT
LOwW

OUTPUT MI

O OUTPUT

LOw

0/‘\
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LADDER CIRCUIT WITH S2 CLOSED

YIN

800 CPS o/P Vv OUT
(A) CIRCUIT WHEN S2 ONLY CLOSED
R
v IN A vV ouT

{B) EQUIVALENT CIRCUIT
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LADDER OUTPUT VOLTAGE

80 Si 82 | vOUT
) o 0 Q

| 0 0 |VIN/S
O | 0 | VIN/4
| [ o |3/8VIN
] 0 | VIN/2
| 0 1 |5/8VIN
0 | | |374VIN
1 | | |7/8VIN

Table 4-4, Ladder Decoder Truth Table

VIN
VIN/2 4=
ov. ——— — — - —
SO-SI-S2 | $0-81-S2 180-51- 82 |SO-S1-82 | SO-S1- 52} SO-51-S2 [SO-S1-82]80-8I- 82

SWITCH CONFIGURATION s

7

-3
?
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OPTICAL SUBSYSTEM EQUIPMENT
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FER v E
7 gl
LU S

GNC-21




OPTICAL SUBSYSTEM

HCcpZODBAME

DRIVE RATE

INTERFACE

CMC MOBE
SWITCHING LOWER D AND C PANEL INPUTS AT AND 2%
ENABLE [{+11]
SPACECHAFT
MINFMUM (MPULSE
RESOLVED.
COMMONGS T Al al ORIVE RATE AT
cMe
INDICATOR DRIVE RATES MODE SWITCHING N DRIVE RATE RESOLUTION
NEL :
Ay i 13
MaNUAL 4
CONTROL MODE SWITCHING
SHAF T DRIVE RATE A3 Ax
GMC MODE
SWITCHING
it 2t
SHAFT COSECANT
NORMALIZATION
MODE RESOLVED
SWITCHING DRIVE RATE As
DIRECT DRIVE RATES As AND At
MANUAL TELESCOPE TRUNNION DR(VE RATE &1
LOWER O AND C PANEL :
v
1
- - - - e g A IELESCORE - ——— — ——— —_ANDMARK OR STAR
MANUAL QPTICAL CONTROL PANEL ? LINE-OF =SIGHT
CONTROL cl) 1_ 1
N
TELESCOPE DRIVE
MQOE
SWITCHING O AND 2%
TRUNNION SIGNAL (COARSE)
SHAF T
SIGNAL
(COARSE SEXTANT DRIVE
T TRUNNION SIGNAL (FINE}
1 SHAF T _SIGNAL (FINE)
[ ]
I - - - - - - - S - — LAMOMARK LINE ~OF -SIGHT
SEXTANT
2
—_—— PR NN S S U S, - — - -
3 N 7\\
TN TR LINE-OF SIGHT

OPTICAL
_PULSE RATES J POWER SUPPLIES | SYSTEW
FROM POWER
COMPUTER
CMC POSITION
COMMANDS. AAY
cou
TRUNNION * Al TO CMC
SHAFT AsTO CMC
CMC POSITION
COMMANDS Afs
S
oY
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OPTICAL SCHEMATIC

SEXTANT ¥k .. SCANNING TELES(:/OPE{};TQ_‘%}&
LINE OF SIGHT(L, LINE OF SIGHTZ LINE OF SIGHT

( ‘\\\
) AW
| R
| 1
T f /e
A SHAFT SHAFT
K ORIV DRIVE

j o S
\____/
FIELD 1.8- EACH FIELD 60 DEG"
MAGNIFICATION 28X MAGNIFICATION { 1X

ST
e .

3 97 4 N
o g"t,\!;
- A s L]



INDICATOR CONTROL PANEL

- OPTICS ~
CONTROLLER- - ~ E:I
er coun.mc VERB LIST NOQUN LIST CONDITION
|O SR TIRYAN Dap e L LAMPS O
D'RECT CalLIT LN AP TN EYA(] 1C NAESLE
[ IS IY AN Yol niin 12 taL-bkL g E m
MANUAL crrn e [asieesriisin j2eicou’s
IVRENICTE CT. |17 MR (oL | piaae
-/ ZERO RESOLVED|  [1chcne?ane. |, pupcesy  [P2MY7M681 [LTLI @ oFF
s e eonla 24 G TEST
STAR TELESCOPE
ACCQUIRED TRACKER TRUNNION P:AL&;T;:
SLAVE UPTLM
TRACK TO SXT
OPTICS ACCEPT
DOOR ACCIU-
O OFFSET
BLOCK
L \. J
[ O @) ]
INCREASE
o O O (————MAJOR MODES*
RETICLE soomT
() NLC/y AR LIC-NY MM, T OPIT
BRIGHTNESS MW P Luch n:l, <1 /Lvk MR OA T
MG IGeT ¢ Ti s T/ #o M) AT
$A OCC (AR <R
44, Ve A4 L L6y A L ECT @
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ROTATION CONTROL INTERFACES
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TRANSLATION CONTROL
-17° r -17°

CCW

CW & CCW CONTROL MOTION LIMITS

HARD STOP, DETENT & SWITCH CLOSURE 17°+2"
FORCE INTO DETENT 155, 0 LB INCHES

OUT OF DETENT 6 LB INCHES MIN

TRANSLATION CONTROL MOTION LIMITS

MAXIMUM £0.5 INCHES
SWITCH +0.025
CLOSURE *0.375 075

FORCE 2. 1£0.3 POUNDS
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ACS CONTROL CAPABILITIES

MANUAL

AUTOMATIC

DIRECT

ACCELERATION
CMD

TRANSLATION

MINIMUM
IMPULSE

PROPORTIONAL
RATE (4)

RATE
DAMPING

ATTITUDE
HOLD

ROLL

ACCEL CMD

v’

RATE_CMD

o

v

MIN IMP

v

PITCH

ACCEL CMD

v’

RATE CMD

v

MIN IMP

MANUAL ATTITUDE

YAW

ACCEL CMD

RATE CMD

MIN IMP

NS

ROLL

RATE 2

ATT V/RATE 2

RATE 1

PITCH

RATE 2

ATT 1/RATE 2

RATE 1

BMAG MODE

YAW

RATE 2

ATT 1/RATE 2

RATE 1

KK KKK RET K

SC CONT

Cmc

<

v

<

SCS

<

TRANS
CONTROL

cw

v

< K

NEUTRAL

DIRECT RCS

uP

(3)

{3)

(3)

3)

(3}

OFF

RQOT CONTROL

B.0. SW

CLOSE(2)

CLOSE{2)

CLOSE

OPEN

DIRECT SW

CLOSE

LIMIT (1)
CYCLE

up

OFF

ENTRY

. 056

OFF

{1} NOT REQUIRED TO ENABLE A PARTICULAR FUNCTION.

INDICATES DESIRED POSITION FOR RCS PROPELLANT CONSERVATION.

2} IF B.O. SW 1S OPEN THE S/C WILL BE IN FREE DRIFT.
{3} IF "ON", DIRECT SW IN ROTATION CONTROL MUST BE "OPEN",
{4) MAXIMUM RATE ATTAINABLE 1S FUNCT!ON OF RATE-HIGH/LOW SWITCH

GENERAL COMMENTS:
A. THE CAPABILITIES, IN GENERAL, ARE LISTED IN ORDER OF THEIR PRIQRITY.
B. WHEN MORE THAN ONE SWITCH FOSITION 1S CHECKED ) THE CAPABILITY WILL BE ENABLED IN EITHER POSITION.
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o PHASE PLANE LOGIC To le—
z INERTIA
Ky T T | 8| nms 0. IsEC RATID
——— G peLy [
W -1 271y hi-z |
T-T01SEC |
|

ATTITUDE ERRORS

SLOPE Q.6
DESIRED

KALMAN FILTER GAINS

[
— ORDER
T-1SEC | HOD l
s I ose o0
our 29,49 49
N 4o + 0 cvce sé| | aax, aay,
1w 00 YT e '_r' 2 1N T 1SEC 4A7
0 c¥Se cé
4 - CDUX 1.2
EULER 10 BODY
7ER0
- ORDER
T+015€C | How 3
[ ]
DESIRED .
ATTITUDE N 0 CwCé S#
HOLD 4’®_'
70,1 EC 0 -C¥CH C¥
¢, ¥p fp v
# = COUX -1.25°
TULER 10 BODY
NOUN R A 8 c D
ATTITUDE
DEAD BAND QUADA  GQUADB  QUADC  QUAD D
AND
RATE IN THE QUAD LOCATIONS {4, B, C, OR Di
OCTAL MANELVER ATTITUDE DEG
0IGIT (R) RATE (SEC) DEADBAND GCTAL DIGIT PURPOSE
0 0.0 0.5 [} NO FAIL
1 0.05 50 PSEUDO FAIL
2 0.2 05 2 HARD FAIL
3 0.2 50 3 JLLEGAL
I} 05 05 ‘ COMMANDS B & D ROLL
5 a5 5.0 5 ILLEGAL
s .0 s 6 JLEGAL
7 40 5.0 7 HLLEGAL

INITIALIZATION “ Kz
o1 e | a3
0z wr | s
03 05 | e
0.8 18 | s
0s uz | sm
08 0 | asu
07 ar | 21a
08 666 | am
09 sa5 | 30w
L0 asa | 3w
L1 a6 | o6

RATE

NORMAL D.R, = +5" OR +0.5°

4 MSS S QL SEC

POLARITY & NUMBER OF JETS

tMINS S U mS

NORMAL JET SELECT LOGIC SINGLE JET OPERATION

COWMANDED | ouaD
ToRQUE | ralires | TS TORQUE
PITCH B A 1 it
; A 4 -1
. ¢ 3 "
; c 2 -1
AW . B 5 s
. B ¢ 't ouT
M b 7 ' CHANNELS
- 0 6 -1
ROLL s A 5 "
S R R e
. ¢ B N
c 16 -1
. B 1 +
- B 10 1
+ by 9 .
- b 1 -1

L
Guc-mm@)



PROGRAM LOGIC FLOW RCS DAP

o Ae oot sl

/l/ M

T5 = 1 SEC

PHASE = +

( RESUME '

PHASE 0 + -0 PHASE 1

T5 = 20M5S 15 = 20 MS

0
PHASE 2

INTHIALIZE
AUTO PILOT
VARIABLES

W :

L=L-1 I

YES

YES

Le—]
S

CALL FOR
MATRIX UPDATE

—

PHASE = +0 !

PICK UP KALMAN YES
FILTER GAINS FOR
INITIALIZATION OF

RATE ESTIMATES

|

MANUAL NO

ROTATIONS

DERIVE RATE
UFDATE
ENABLE DISPLAY OF ATTITUDFE EI\Q(ROR
ATTITUDE ERRORS AUTO |ADD 1% MANEUVER DISPLA
y
- PHASE = +0
PHASE - -0 HOLD COMPUTE
> |LATT/TUDE ERRORS
RESUME 3 RESUME
COMPUTE 4 SWITCHING LOGIC
1 .

ADD IN o _
TRANSLATIONS 1 ( 6 RUPT )
PHASE = -0

RESUME

JET TIMING

RESUME

22T

®

>
Bppe®

GNC-160

>
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FUEL PRESSURE/GIMBAL POSITION INDICATOR

f"\_—_\* Nag. il N . ff_fm - ~ .
(oi\:,?t"j-uif' ,-. M_’L
\vu"‘l 4 . "
;- Cs ljh ui"? 70\;_,1 * &
Jh AR
port [0
SPS PITCH
GIMBAL ANGLE SPS YAW
GIMBAL
ANGLE
NEEDLE
INDICATOR
S-11 FUEL PS| S-1VB FUEL PSI
| J'-ré") )
A
SPS PITCH
GIMBAL ,
SET KNOB ' \\;‘“’\ v )
3

SPS YAW GIMBAL SET KNOB scs 21045 (@)

17



THRUST VECTOR CONTROL-SIGNAL FLOW

MTVC INT.
EXAMPLE
o—

CMC
CMDS

ROTATION
CONTROL
NO. 1
. 53 8 R
MTVC -
) (PROP, + I)NT. ENABLE )
ROTATION AMPUFIER
CONTROL 5CS AUTO
NO. 2 ENABLE
OFF s] /°
58 MIVE
RATE 2
OFF
59~ MIVC
RATE |
GYRO s - o] Lemon
ASSEZMBLY S5 HIon > SHAPING 1
RATE Js
LEM/CSM
\\b——————-
CSMe LVCG SW.
! (1554}
GYRO
. . . LEM OFF
ASSEMBLY *] LIMITER "1 SHAPING
1
F 3
o—d
ST TVC INT.
ENABLE

ACTUATOR NO. 1

MAGNCTIC
CLUTCH

RATE

XBUCER

POSITION
XDUCER

GP|

-1 INDICATIONS

510
1
1
:
A

O 52
< |
SCS TRIM | |
ENABLE

TRIM
POTS

ACTUATOR NO. 2
POSITION

XDUCER

RATE
XDUCER

MAGNETIC
CLUTCH

W

SCS 2314 i(@ oz



SPS ENGINE ON-OFF LOGIC

THRUST
ON
1
I
A 28V0C
TRRUS
$PS COILS SYSTEM
No. 1 G SPS A,
]" s.D. il READY —ﬂﬁ.,_on o— 28 VDC
1 h 2 E
= .
5PS ° )
1
o pCMISM v ; H- ——————— —7‘
— % RESET/OVERRIDE ? NORMAL
TRANSFER COUNTER @ s
L OFF
DIRECT :
ULLAGE ! K3 ACCELEROMETER
oA | av THRUST | K1° FCSM LIRS B
28VDC ¢ " _:D—-j:} —‘—ﬂ DIRECT RELAYS (3)
e K32 ' NORMAL
'.,'\;' @| [N Il Ay THRUST - B
_[ OFF
L 1 OFF RESET/OVERRIDE '
| L A [
. sps colLs_Sh P
) ! NO. 2 EA $PS I A
' 5.0, Il READY —o 1 —328 VDX
SIC CONT SYSTEM
-
® SPS READY
g T CErt
28 VOC i CMC jD— N
IMU POWER : ooy T3
DELAY
/[ - =
k2 f
‘ 1S
bigect W oA
2800 —d A 1.5 SEC
' + DIRECT SW DeLAY
DIRECT  PITCH'YAW IGN 2
RCS P
@ il CJ— |
AUTO RCS IGN 1
o DISABLE .

*CMC THRUST ON - ©
i
SCS-2701E @:‘



TVC FUNCTION ENABLING LOGIC

PANEL SWITCHING AND LOGIC FOR ENABLING FUNCTIONAL SWITCH POSITION

SC CONT (1518)

BMAG MODE (1521 OR 1522)

SPSTVC (1538 OR 1539 TVC GMBL DR (1527 OR 1528)

XLATION  FAIL SENSE
CONTROL OR Y}

SYSTEM
CONFIGU- | FUNCT SW. /POSITION AT I RATE | ACCEL | _ -
RATION | SWITCH  POS. SCS | CMC | RATE 2| RATE 2 | RATEL | AUTO | CMD | CMD AUTO 2 CWlcw | TS [ FS | 16N 2
51 SCS AUTO X 2) X X X
5CS ENABLE X X X X
AUTO SZ  SCS TRIM X
Ve ENABLE X X
0 54 (3) HIGH RATE X3
ST TVCINT. X X
ENABLE X X X
COMMON MvC X X OR X
53 X X [ X
FUNCTION ENABLE
X X OR X X
M 56 EANTXELIENT SWITCH POSITIONS ARE SAME AS FOR 3 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
OR X X_OR X X X X
CMD MTVC
59 ) SWITCH POSITIONS ARE SAME AS FOR S8 EXCEPT BMAG MODE SWITCH MUST BE IN RATE 1 POSITION
ACCELCMD | S8 AND S9 OFF X
SERVONO, 1 | s10 1
X X X
X
SERVONO. 2 | S10 2 X X
X X
(1. FUNCTIONAL SWITCH -S11- REPRESENTS AVCG SW. (1S54). SELECTS LEM ON OR LEM OFF SHAPING CIRCUITS,
(2. FOR SCS AUTO BMAG MODE SWITCH MUST BE IN ATT 1/RATE 2 POSITION, HOWEVER, ENABLING LOGIC DOES NOT REQUIRE THIS.
(3. SWITCH S4 POSITION IS ALSO CONTROLLED BY RATE SWITCH (1512). IF (1512)
IS IN "LOW" POSITION, THEN, PRIOR TO IGN 2 RATE SIGNALS ARE SHAPED THROUGH
HIGH GAIN CIRCUITRY, (THIS IS NOT SHOWN IN SCS 2314 DWG BECAUSE THE e

SIGNALS ARE NOT SWITCHED (FCT SW S1} INTO SERVO AMP UNTIL IGN 2).

(@)}
SCS-2802A % é



N
“* T““THRUST VECTOR CONTROL

—(is)

ACCEL
LOOP

A

()

ACCELEROMETER
LOOP

1SS Cou

&S

STABILIZATION
LooP
ELECTRONICS

STAB
Loop
IMU

ELECTRONICS A/D CONVERTER @ D/A CONVERTER FDAI
. o
RN
[ \ b
\‘“
®
18 Gr) () READ ERROR
hy COUNTER COUNTER
VELOCITY
[ 1 STEERING
- LOOP
{19}
N/
\ 2 | .
o oo W™
| Qv«:ﬁw“”“ SERVICE
cme C) ggg:’;sn _(:)_' D/A CONVERTER @ o # PROPULSION
| SYSTEM
05S CDU

J <§> @
DISPLAY
AND CONTROL GOL gg:g;;&r J
PANEL ~ SYSTEM

—@

"
voo C.l‘
§ >
3 3
3 ¢ H
GNC"18 % i



THRUST VECTOR CONTROL

-~ = T s00es . ~ ~— ~— T T T

| 800 CPs:TC

25 IRIG DEMOD

+28V
COARSE ALIGN RELAY

L] L —
- “
28VRMS

ERROR COUNTER & LOGIC
(COU- 0SS CHANNELS)
TOTAL
¥ ATTITUDE {
1 TO FOAI
{ .
t COARSE QUADRANT MAIN
| DIGITAL TO ANALOG +pc [ PITCH OR vaw MODULE SELECT | | SUMMING
! {CDU~08S CHANNELS) T0 SPS
¥ 1 1 1
READ COUNTER
o
28VDC Eo | oigitac LB : 1
ol TVCRELAY [—* ERROR COUNTER & LOGIC
TVC SWITCH $ MODE Ej | WMOOE o4 {CDU 1SS CHANNELS)
9MODULE [ *] MODULE 'y
™ve Teo [E I |
€o [E ad; i
cMe Ag i }DIGITAL TO ANALOG CONVERTER
_l"_i'—'“ — — — —3(CDU-ISS CHANNELS)

ATTITUDE ERROR
AV FROM PIPA LOOPS —J

=———"TO FDAI

2
GNC-124 %)}



Stomdis e Procy e
‘a?f e TVC DAP !
\,b Lot SIMPLIFIED BLOCK DIAGRAM
(I \e . ] |
\’m vk 24k se ko, @‘ d NO 5%“3 CH.AS ‘*'-""‘:H‘ &‘F‘l"b{‘ 4 e, o-& A’uﬂm

v Iﬂuw\—\. ' IE’.S‘;, \“L\M 4 sec — o ﬂ'%«’
‘ /Vo .}7‘(&)’ 4 o /e:?l" 45«, Satating L«prf bcsu_/
'
AN /’vﬂda’c?lfd cafolt 1&»-&
o Tl dded o Epus e 795 of B el

a6

GIMBAL (lest & yecsy
ANGLES Jlas.
| X FORM SERVO
MU P icou cimaL 0+  FiLTER |  ocdu ACTUATOR
SIC AXES & VEHICLE
460
STABLE
MEMBER
g o,
STEER _LXFORM STABLE 7 Sheer |owr pess @.q-b-«-:) < e
AW 10 GIMBAL | GA%2 < Sf
GINBAL V55 mai mcwvsbe dhu CER) o bt shol

-nq"“\ 29 Scc.
< st \J“‘-\BK b FYARAN 3

I .
(71 N U“E;)‘%{,aw Ao a «;\Vw\,ua(;.‘ lawms L“"/"& Wiy ;H) _— ‘)‘,5 bu-kw& -~ TEJ&;

w_—_—_m(.a:\\' b\ ‘H.;, VW Nt Ly oo ( L\ ~ .
e el () vl P oo (®)

"



CMC\POWERED FLIGHT STEERING
BLOCK DIAGRAM

" beer . | @c TO CSM
Lar by Forn Lest f*a" FLIGHT CONTROL
& SYSTEM

K
v vg +Am
> Vg Am
v
To., Vo r n Am
T +
Yrp - 1 c
PIPA AVERAGE
AV [ -
l ROUTINE
s

”“:@[

!n ]. J’a"'e'.\
GNC-164 (@}




S/C CONTROL OF SATURN MODE

STABILIZATION
LOOP
ELECTRONICS

A/D CONVERTER

D/A CONVERTER

CMC

READ COUNTER

¢

ACCELEROMETER
LOOPS
[
-
I
I
I
I
15 14 I
® @
I
| — O
' |
I
|

ERROR COUNTER

e — s —— e— epnem CEmmn e el e— e—

DISPLAY AND
*1 CONTROL PANEL
n Q

et

]
|
|
|
|
/\ sSive
\fj 1 GUIDANCE
| ELECTRONICS
|
|
|
I
l
CDU
GNC-17 L%



SIV B TAKEOVER

—_——,e—e— e — — — — — — — —

3200 CPS
| 800 CPS _
|
25 IRIG DEMOD
+28vV R N
. 28VRMS |
COARSE ALIGN RELAY ° ﬂ
TO FDAI { )|
S C [
P,Y,OR R. COARSE QUADRANT MAIN
STEERING _* DC MODULE SELECT =™ SUMMING
SIGNALS ' L] AMP
TOSIVBIU
o> t 1
e READ COUNTER
;& SreeenwroL o
SWITCH o £ " )| ¥
o] DIGITAL | — )
28vDC $SIVB | onE MODE 04 ERROR COUNTER & LOGIC
9 RELAYS | onii £ MODULE — ]
SIVB TE l l
Abe | l
cMC agg B DIGITAL TO ANALOG CONVERTER
ﬁ- - - A

AV FROM PIPA LOOPS ———l

P

GNC-123 L))



Sulthasy G & C FUNCTIONAL FLOW]

T~
SAFE SI¥E U
aavee L JC T st u TIL IRUECT
W m L3 INHIBIT
A, 0 $/C CONT
oMe SATURN
SIVB INECT
K,
i SIVE ®_¢
INJECT
SEQ SV ENG
SIve cur?cr STy ST
CONTROL
LMAINGSKY | COMPUTER
cMe TRANS CONT —
BVEC "SCS -—1 ECOU, 8¢5 r———
1MU OPERATE 1y W SwiTCH oot SyABAL POSITION
e IRROR TRIM m TACH |
TG B SR P 4 COUNTER _1 | A ZvDC
P34 "cAGE Vel A0 A5 . y scs * T MNA
RELAY Aumg SUMMING & s
L.~ N, MAGNETIC
v R!
Lo i Chrnod FL AT ; — SHTCHING HAGNETIC | SERVO | SERVO N0, 1
28 Ve TMC J?; e 1 zsuvgc
MODE AUTO ¥ L] o 555 cuBL
* 1o -g-}—lu A O A —— POSITION |
% L REE 193 DISPLAY | |
J\W 1 LM oy P D . RSVR 07AL
G g (¥ 32 11| LEM ATTACHED Vil W SWITCHING & ATTITUDE LSERVBL_]
- : — iae — I'4 COARSE - FINE FRIARY -
v LSk [ 7 ERROR CNTR ENABLE [17_ 2 p—1 MODULE 5 SERVO
-— GN CONTROL SIVD TAKEOVER ENABLE {12 3 LooP
UPTLY  gnek PANEL LE8 L4 ATTITUDE
BLOCK ERRORS DAl
¥ {)f) 1 oot e 3710} BLOCK LPLINK TVC ENABLE [T 1] READ
Pcml" " T ORIVE €Du's [12 } COUNTER
@ voe 7 A G CoMTEaL B Emfjnguh i;
[
MN ALB ANELLES * 23] spsREADY ENABLE IMiJ ERR CNTR [12
wor [T7T L
DISPLAY & . : l L. 2 0 DRIVE ¥ !
KEYBOARD 7 153 Key cooE |
DSKY l ] e
5 s
MESC @
BYIE
r"(mz X1 sive scmsonrl '
RCS CONT BOX : I
=1 1My
X8 6%
K13 VoL 5] st sEpasATe | g 1 P&N PULSES X GIMBAL
1 CMISM SEP p—— 181 COUNTER XYZ ACCEL acer | | | [ anous
E I PRIORITY LooP . ¢
3 fa
] g | oML (i . \
SIVB 10 LIFT | & RSVRS U"ﬂ')
OFF |
30 5| LIFTOFF 1 1
GRR GOC
— 30 6|GRR 1
b b1l o 1| wace mRusT bed [
ULLAGE PRESENT o g (B2 .
NG ON IE 1 THRUST 5PS PRE-VALVES
OMOFF CONTROL SOLENOIDS &
TRANS CONT NG OFF I 1061C RELAY COILS
;3 vic SLATION
MNALE TRAN: T I OF oFF
DSKY A
S-1V B (N - it NORMAL
starTsed [12 13 " [
A RELAYS TRUST
ROT CONT S-1V8 CUTOFF |12 4 SW ALE
+ZBVDC b R 1
MAIN ALE 31 -y ROTATION s LA N MANUAL
N et T8 52 OVERR| DE
T')\'\‘ \ " VB pirew | (23 RANS
& cMD
ATTITUDE TMPULSE o 0 w2 ; CHANNEL DI SABLE —»4
CONT 32 3| +¥ MINIMUM s ifuso R
, EACTION
[ 4] =Y IMPULSE 5 8 e
SR 16 1] DRIVER
% 6] R [ ACCEL GMD —4
(] ENABLING
I - conTRoL s¢ sw —=|  10Gic
8 \ i RULLIMe 5 AN ATT MOBE W —]
DSKY 8 & i £ooe —g—’f- SPS ENG IGN 1 —»f
65 [ ] DIRECT RQOT —d
\ Lc n ‘.)u-b Y

sicC Y\‘J\-{'UM c\oes W\MM a* v LH’U“ “‘O“"‘l (LN &xﬂw&, L(__, wmrwfm

L V A,LJ\J&-H“\ ("\'HA Vi, \,1 \_, \.G) Lf h\




D ‘ ’P(U'quu—w\- 62 SCS hee "‘:G"’Q“M‘f‘-
mUAP v M No eft. lf—u[d
ENTRY DAP ety
ki, Ror umv‘é)
G, N hoe W L
GMBL ANGLES BODY RATES
IMU- =1 1cDu " x Form "| puase | JET ouT JET
EULER TO PLANE |——»{ SELECTION |—»1 .~ |—] DRIVER
BODY |BODY ATTITUDE} L0G|C LOGIC AMP
ERRORS
X FORM
DESIRED ¥ _1DAP REF TO |
ATTITUDE GMBL GMBL ANGLES
ANGLES
PHASE PLANE (EXTRA ATMOSPHERE) PHASE PLANE (ATMOSPHERE)
JET STATE
v +JET ON \ r(YAW)  r=pTAN (@)
Ll Lid/, t/
W% o vy
// ///// 7 ;7 Vz v "Jfflvo Lrs {
/ // NO JETS N7 W
R P (ROLL)
am: ! e >
Vz = 2°ISEC

1

_VZ

w0

ATTITUDE CONTROL

PITCH RATE DAMPER

0/

/7

ROLL DEAD ZONE

v
ZVI SLOPE K
Xs
7% X
Xg = Xo + V)
Vz Xg = 2°
X7 = &
Vg7 = 27/SEC

AN

YAW RATE AUTO PILOT

2
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e s of CAY
T éc.__s_fé =

EMS BLOCK DIAGRAM
W o % i,

et
ACCELEROMETER |— > SERVO
G
TR
ENTRY T v
SELF-TEST , VIF | 1> MOTOR
CIRCUITS CONVERTER 24V CONTROLLER - 2K
G>.2 RARGEAS, 3570 e
' JUEiieie e
/ 'i/”_—"”i—."".i.-!fo!.-.’
L] compaRrATORS G<.2 —
Ay JVY

—»1 INTEGRATOR |—> COUNTER




P berd 4V EMS HOUSING

Ij("’ l 5')4/, ,‘//,

vol o, felnt FRONT PANEL

v o

C) sy, ) Jﬂﬁ
'/ o | f . :

Y - H

‘f'(p'b ) ..
3 l To & o (.-‘,) ’_}é
) - _
"V — ml i
Vg o — -

| £, 0, @@T A S

o W\@@@a © 0
(>

"',s(;f p—%/% %
L7 \'\ % |3 L fo |

< L___‘l::f‘t'ﬁ—mf—‘*‘j‘:?" -
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EMS SCROLL & SCRIBE

DRIVE SPROCKET—"! | l 5‘—GUIDE SPROCKET

\OooO0O0O0oOof

Ll
ot 3
\I
R \% 0&\)3'\0"3”9(11@“” Ll HE NNy
& %
0o —_— o0
=|| | @?71((&(&&
== | — 3}731035 -- zl4 114
L L._— USABLE LENGTH 120" a_I
ot 154"
__— PATTERN
ESTAR

EDGE VIEW OF FIlN e
MILKY WHITE SCRIBE COATING

P
SCS-2014 j@



ACCELERATION LOAD FACTOR, G

OFF-SET FLIGHT LIMITS

VARVAR VAR WA AN A N AR S
3% 37 3% 3% 34 33 32 31 30 2 B A 26 B A

VELOCITY, V~ 1000 FPS

SCS-2309 :((@:5



ACCELERATION LOAD FACTOR, G

ON-SET FLIGHT LIMITS

I l

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

26 25 24

i
$CS-2312 i@
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® " THRUST ON/OFF RELAY K2 & K3 CONTACTS
[svs re viver sw Hon DIRECT 1O Ha 1SGL VLYV NO, 7 (BYPASSES K2 & K3 ]"ISP’ He ISOLATLION VALVE NO. 2
lSPS He ISOLATION YLV NO, 2 POS SWITCH CONTACTSH SPS He TB NQO. 7]

I oot w1y |THRUST ON/OFF RELAY K1 & K4 CONTACTS . ‘
[P e VLV-1 5 ]""{on DIRECT TO Hg 150L VLY MO, | (BY PASSES K) & r<4)l = SPS He HOLATION VALYE MO 1

[He 1SOLATION VLY NG, 1 POS SWITCH CONTACTS s e to e, 1

@ ’ PS GAUGING Sw
{

PANEL 4)

SPS CONTROL BOX (K3, K2, K3, & Ki CON'ACTS)H;UR?EL}ED:‘I:;! ';’KOTR:""L

SPS CONTROL BOX (K1 8 K CONTACTS]
SPS LINE HTRS SW (PANEL 3)] ]—»[Pucs SYSTEM ]
SPS CONTROL BOX (K2 & K3 CONTACTS ]

SPS LINE HTRS SW (PANEL 3)1

® [ co res-rerERS-MtaaD | ] ssa RS HEATERS D Sw (PanEL 2 |

ICB RCS=HEATERS=MNA~B

SM RCS HEATERS B Sw (PANEL 2) ]

CM RCS HTR CKTRY A RELAY K15 & K17 CONTACTY h

L——[ CM RCS ENG DIRECT F & OX COILS

SYS A4PHNO, !
SYS A-PNO, 2
SYS A=Y NG, 8
SYS A+Y NO, 5
SYS A -RNO, 17
SYS A 4R NO, 9

[cs RCS-HEATERS-MNEB-C Hsm RCS HEATERS C SW (PANEL 7)]
[ s Rcs-HEATERS-MrBoA

M RCS HEATERS A SW (PANFL ;)l
CM RCS HTR CKTRY B RELAY K16 & K17 COMTACTS ]j

L’{CM RCS ENG DIRECT F 8 OX (:O|LSI“b SYS B P NO, 3

S¥Y5B-PNO, 4

SYSB-Y MO, 6
SYSBAYNQ, 7
SYS B =R WU, 104
SY5 B4R NO, 11

[co secs-Latie a-bat 4] secs LGIC1 3w ]
[c® secs-Loic -saT 8 fe-{ secs LOGIC- |

secs [y serre mane np] SGAES AT
BATA A é'éA'L'TON [Rcs CMD SW (PANEL 2) Hsecs A LB (DIRECT ARM
con OF RCS LATCH RELAY 219)
s [secs PYRO aa-a & 8 5w paneLs) |
BAT S A (ABORT) Jicm wes pmess sw wanes 7))
T [icm 5w 5EP S tPANEL 91

[ EMS PANEL (55 THRUST LT) fam| £MS INTERNAL PWR supL s

MNA (CBI3)

.
lDIRECI RCS (ISIJ)I AND e ROT CONT NO. | DIRECT Sw! Sl

ROT COMT NO. 2 DIRECT SW'S

[LOGIC PWR 1 MNA (ca‘ﬁ HAND CONT PWR (752)
SECS A (RCS LATCHING N
RELAY CONTACTS) || CHAMMEL ENABLE 5 .}-—lRCS SOL DYR ENABLE
llOG\C PWR 1 MNB (CB 24) ]_..[ HAND CONT PWR (752)]

CMC ATT (152)
t LOGIC PWR 2 MNA {CB 63)]—- FGD;('; ‘g;j?)s‘”
GDC ALIGN {1537) THIS PWR 15 DIODE COUPLED
FROM CB'S DIRECTLY TO
CMC ATT [152) SWITCHES
[ Locic pwr 2 e tca 62 fmf FOALSEL 053)
GDC AUGN (1337}
(RCS
: LATCHING .
secse O '[ CHANNEL ENABLE SW'S ]—-| RCS 5OL DVR ENABLE‘
CONTACTS)
@ —
TVC SERVO) POWER - BMAG FWE NO, ) (730]) ] - BMAG PWi NO, 7 (75T}
1(158) & 2 759) - HAMD COMTROL MWR (752) : = HAND CONTROL PWR (752}
& SC3 ELECT - 5CS ELECT Pwk (755) 1 - 5C5 ELECT PWR (735)
PWR SW 755 - SC5 IND PWR {753} 1 - SC3IND PWR (753)
- TVC SVO PWR 2 (759) & - TVC SV PWR T (758)
'
'
Ad| ON AS S
MM SEP S ON SAME TUNCTIC CM RCS PRESS SW (PANEL 2) PLUS

INITIATES SEPARATION SEQUEMNCE

SCS HARDWARE COMPLIMENT

ELECTRONIC CONTROL ASSY {ECA)

SOLENOID DRIVER ASSY (SDA)

ELECTRONIC DISPLAY ASSY (EDA)

GYRG DISPLAY COUPLER (GDC)

THRUST VECTOR POSITION SERVQ AMPLIFIER (TVSA}
GYRO ASSY'S (2) (BMAG-1 & BMAG-2

FLIGHT DIRECTOR ATTITUDE INDICATOR (2) (FDAI)
ATTITUDE SET CONTROL PANEL (ASCP}

GIMBAL POSITION AND FUEL PRESSURE INDICATOR (GFFPI)
ROTATION CONTROL (2) (ROT CONT)
TRAMSLATION CONTROL (1} THC

PANEL B
CB'S

ACH{CB )
MNA (CB 11)

AC 7 (CB 10}
MIMEB (CB 12} 10

AC 1 (B9
AC 2 (CB 10}
rANA (CB 1)
MMNB (CB 12}

PANEL &
CB'5

aC oC

e - ¢ e | strves amp pime ve 8 1 |
UP - (CBSS) A (CB 1)
BN - (CE 10) & (CB12)

[ SERVO AMP PRIM TVF & TVY

h

NG, 1 CLUTCH

759 - | sErve mmp sECH VP 8 ™|
U -{cB % & (CB11) [ stevo e (sEC) TvP 8 TV

QUIESCENT cumm]

QUIESCE N'l CURKENT

26
s T
27
 ACY
" MNE
AC1/
T MNA
NOTE:  KEEP BMAG PWR SW'S
AT WARM UP UNTIL
BMAG TEMP LTS (PANEL 20
- AC 2 (CB10) ARE OUT = (NO [NTERLOCK
fON MNB (CB 12} TO KEEP MOTORS FROM
GYRO ASEY NO. 2 SPININING UP AND DAMAGING
SYSTEM- GYRO'S
waARM UP FAME (CB 12) C/W CB MNA &/OR MNB -
4 ON PANELS 5 ARE CLOSED )
PANEL &
s
-+
AC11{C8 9) 2
o MNA €8 1Y)
GYRO ASSY MO, 1
< S STEM-
WARM UP MANA (CBIT)
TUBCTH
ECA/TYE AC 2 (CB 543 ECA »]  ROT CONT XDUCIR NO. 2
o ACT (CB ) 400 ~ ROT CONT XDUCER NO. 1
ECA SYSTEM MNA (CB 11) !
SYSTEM MNG (CB 12} ] 28 YDC
AC 1 (CB 9)
AC 2(CB 10)
ECA/TVC AC 2 (CB 54) ECA ROT CONT XDUCER NO, 2
AC1(CBY) 400 ~ ROT CONT XDUCER NO, 2
T GDC/ECA
-GD—QBV
SYSTEM MMNA (CB 1) T
PANEL B
SYSTEM MNB (CB 12) s
EC A 28Y

L

- (CB54) & (CB12) NO, 2 CLUICH
AC1 EDA (51G COND)
PANEL 8 €8 9) RJ ENG (ON/OFF)
cB's TWO -4V BIAS
AC 2 RJ ENG (ON/OIT)
(o) TWO -4V BIAS
SYSTEM MNA_[ROT CONT NO. 1 B.O, S%'S
3] CM/SM TRANS SW'S {MTR DRIVEN)
AC1(CB9)
SYSTEM MNA (CB 11)
LOGIC PWR | MNA 10 xLanon conT|
(<8 25) 1,3, 5
LOGIC PWR 1 MR SYSTEM MNB_[ROT CONT MC, 25,0, 5w'S
(€8 74) tCe 12) CM/SM TRANS $4'S (MTR DRIVEN)
AC 2CB10)
SYSTEM MINB (CB 12) XLATION CDNI]
LOGIC PWR 1 MNA o I
(€8 25) 748 CMC ATT (1523
LOGIC PWR 1 MNB o FDAI SEL (154}
(CB 24) L05G (1551)
DIRECT ULLAGE (1524}
AC 1(CB9) FDAI SCALE (153)
:CSZE(CB 10) am FDJ:ISSOURCE) (155)
FSTER MMA (CB 11 ATY SET {156
SYSTEM MMNB (CB 17) 11,2, ROLL (157)
LOGIC Pwh 1 MNA 1,4, 5 MANUAL | pirch (156)
6 25 . ATHIUDE | oo sss
LOGIC PWR | MNNE
(cB 24} LIMIT CYCLE (1510}
ATT DEADBAND (1511}
LOGIC PR ) RATE (151%)
MNA (C 25) | $/C CONT (1518)
@ LOGIC PWR T |
MNB (CB 24)

ROLL (1520)
BMAG
MODE ’PHCH (\S?I)]

YAW (1522)
THRUST ON PB {1525)

TvC GMBL [PITCH (1577)
BRIVE YAW (1578)

PTCH (1538)
SFTVE Inw (1539)

ENTRY EMS RCLL {1550}

4V CG (1554}

GUIDANCE AND CONTROL FUNCTIONAL SWITCHING DIAGRAM (SHEET 1 OF 4)
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@ GIMBAL MOTOR CONTROL|

PITe

CH 1428 YAW = OFF GIMBAL MOTORS DEACTIVATED

AUTO NORMAL AUTO TVC

ATT DEADBAND (511}

CONTROLS ATTITUDE DEADBAND EXCURSION

RATE (512)

AFFECTS ATT DEADBANDS AND SETS AUTO RATE
LIMITS. CONTROLS MAX PROPORTIONAL RATES AVAILABLE
FROM ROT CONT WITH $/C UNDER SC$ CONTROL

SC CONT (518)

DETERMINES WHETHER CMC OR SCS 15 IN CONTROL OF 5/C

CMC (THC-CW)® (57, $8, 59 - ACCEL CMD)
(57, $8, 59 - 'ACCEL CMmD)

@

CMC MODE (519)

SELECTS MODE OF OPERATION FOR THE CMC, FOR THIS
SWITCH TO FUNCTION, (518) MUST BE AT.CMC.
CMC MODE = {S19)@(518 - CMC)® [(THC - TW)®(57, 58, 59 - ACCEL CMD)]

PROVIDES CONTROL BY COMPUTER PROGRAM PLUS DSKY.
ENTRY FOR MANELIVER RATES, TVC PROGRAMS, OR OTHER
CAPABILITIES PROGRAMMED IN THE COMPUTER

CONFIGURES CMC IN ATT HOLD CONFIGURATION. MAINTAINS
ERROR & RATE DEADBANDS WITH €SS COMMAND CAPABILITY,
£55 COMMANDS ARE INPUTTED TO COMPUTER, COMPUTER

THEN COMMANDS ATTITUDE CHANGES,

PREVENTS COMPUTER FROM GENERATING COMMANDS.
ALLOWS NO ATT HOLD BUT ALLOWS CONTROL OF A DRIFT RATE.
ENABLES (MIN IMP CONT) ® (XLATION CONT) #(ROT CONT)

TO COMMAND DISCRETES TO CMC FOR RCS ACCEL CMDS,

J

CANCYACANCY ACANCYACANC

!

ERROR AND RATE DEADBAND CONTROL

(511, 512, 518)

50
MAX-LOW RATE (15 scq)a(sit - max) @ (512 - LOW)
MIN-LOW RATE  £0-5°

MAX-HIGH RATE

x4
MIN-HIGH RATE ¢}

ER"OR DB (AUTC CONTROL}

{518 - SCS) @{S1) ~ MIN) @{512 -LOW}

80

(518-5C5) @ {S11-MAX} ® {512-HIGH)
o

8- 5C5) @ (S1] - MIN) #(512 - HIGH)

RATE DB (AUTO CONTROY
R, P, Y =42 0%/5EC
R, P, Y m £0,2°/5EC

ROT CONT MAX PROPORTIONAL COMMANDED RATES
(518 - SCS) @ (57 + S8+ $9 + ALL = RATE CMD)

THEN
R 20°/SEC
P& Ym7e/SEC

R, P& Ym=D0,65/5EC

Ay pt———

MANUAL
ATTITUDE
ROLL (57}
PITCH (58)
YAW (59)

ACCEL CMD FREE DRIFT WITH ACCEL CMD CAPABILITY

THROUGH ROT CONT B,O, SW'S,

RATE DAMPING, PROPORTIONAL RATE
AND ATTITUDE HOLD

FREE DRIFT WITH MIN IMP CAPABILITY
THROUGH ROT CONT 8,0, SW's

LIMIT CYCLE (510)

SWITCHES IN PSEUDO RATE FEEDBACK IN ACS, {5CS MODES ONLY)

[P v
S

S APPLIES 28 VOC TO DIRECT SWS IN 30T, CONT,
SETS FDAI ERROR AND RATE FULL
FDAL SCALE (s3) SCALE DEFLECTION
e | oAt FULL SCALE DEFLECTION
ERROR 5*
5 L —fm [ ] eem
ERROR 5°
5 5 - [ms 5-/szc] LA
ERROR S0° ®
eReRis| (M

50115 | 50110 —i—e—

RATE 50°/5EC] ()
RATE 10°/56C] (7, V)

BALL ERROR RATE
SWITCH B | stona (SIGNAL (SIGNAL
SOURCE} SOURCE) S QURCE}
FDAI SELECT (54) " ! MU CMC (Cou) BMAG - 2 (NORM)
DETERMINES WHETHER
FOANOL T, NG 2 OR 2 Gbe BMAG - BMAG - 1 (BUR)
BOTH WILL DISPLAY MU + SELECTED { CMC + BMAG -2 (NORM)
SELECTED INPUTS, 2 2 ATT SET + ] BY [AYT SET + .
NOTE  WHEN THIS SWITCH (ONLY) GDC s5, 56 BMAG -1 BMAG - 1 (8UR}
{549 15 AT 1/2 POSITION,
(55 & (5¢) WILL NOT ) MU + SELECTED [ CMC + BMAG - 2 (NORM)
FUNCTION FOR DIspLay | 1 (N ATE SET+ ]av ATT SET + N
SWITCHING FUNCTIONS GDC S5 36 BMAG -1 | BMAG - | (BUR)
BMAG -2 (NORM}
FOAI SOURCE (53 CMC 142 MU (CMC (PROGRAM) +
SELECTS FDAI DISPLAY BMAG - 1 (8UR)
INPUT SIGNAL SOURCE.
HAS NO ACTIVE DISPLAY ) MU/ATT SET - DIFF
FUNCTION WHEN (54) IS 56 - MU | » 6 MU] @
AT 1/2 POSITION, ATT S4-1 +2 S4-1+2) BMAG = 2 (NORM)
1+2 + + +
NOTE :gisilr;'éLCMC SET GDC [GOC/ATT SET - DIFE| BMAG -1 (8UR)
BOTH ERRCR & 56 -GDC| @ 56 -GDC) @
TOTAL ATTITUDE 42102 s4-112)
INFO 15 DERIVED
BMAG - 2 ( NORM
FROM GaN 60C 142 Goc BMAG -1 2(nom
SYSTEM. BMAG -1 {BUR)
'ATT SET (56) . DIFFERENCE
USED TO ALIGN FDAI'S TO
EITHER IMU REF OR GDC | 1MU 1+2 My AOnET [ ikaar | BAC - 2 tom
REF IN CONJUNCTION G -1
WITH ATT SET DIALS. RSLVR_f _ANGLES | BMAG - 1 (8UR)
NOTE FUNCTIONS FOR DIFFERENCE
ERROR NEEDLE 6DC
pissay wwen | GDC 152 = ég,,f,”/ TotaL | BMAG - Z(NORM
S5 - A . ANGLE
54-142) RSLVR [ Doive BMAG = 1 {BUR)
e
CMC ATT (52} MU POSITION FOR NORMAL G&N OPERATION AND CONROL FUNCTIONS
e oS, ENABLES BODY RATE PULSES FROM GDC TO CMC FOR ATTITUDE
FAILS EXCEPT 6oC INFO NORMALLY OBTAINED FROM IMU. $CS CONTROLS S/C.
DURING ENTRY) ALSO LOSE FDAL ATTITUDE DISPLAY. ERRORS AND RATES ONLY
DISPLAYED.
NOTE POLARITIES INDICATE
VEHICLE DYNAMICS
ROLL INDEX rouL (NULL)
{ROLL BUG) (1/2 SCALE)
(FULL SCALE)
(PITCH & YAW
(FULL SCALE)
{2/3 SCALE)
(173 SCALE)
TYPICAL P&Y
(TYPICAL)

90* ROLL'

ROLL TOTAL
ATTITUDE
YaW
+ ERROR - SCALE
RATE

I}

FUNCTION SWITCH

OFF

ALL EMS POWER OFF EXCEPT
@ 28VDC O SPS THRUST LAMP CIRCUITRY ACTIVE AT ALL TIMES,
@ 400 CPS EL LINE TO NOMENCLATURE DISPLAY REMAIN ON

AT ALL TIMES

EMS TEST 1 TESTS LOWER TRIP POINT OF L05GT THRESHOLD COMPARATOR

EMS TEST 2 TESTS HIGH TRIP POINT OF .05GT THRESHOLD COMPARATOR

EMS TEST 3 TEST TRIP POINT OF LOWER G<.2 LAMP

EMS TEST 4 TEST VELOCITY INTEGRATION CRCUITRY, G SERVO

CIRCUITRY, G-V PLOTTER AND RANGE (RANGE 70 GO)

EMS TEST 5 TESTS TRIP POINT OF UPPER G>,2 LAMP

RNG SET  CONFIGLRES CIRCUITRY FOR SLEWING RANGE COUNTER

VO SET " CORAGTRES CRCUITRY FOR SIEWING G-V PLOTIER

ENTRY

FOR_ENTRY MODE

SCROLL FRIOR TO ENTRY MODE | __ . _______ S——

T~ OPERATIONAL MODE FOR MONITORING $7C EARTH
ENTRY. MO_D_E

aV TEST

‘OPERATIONAL MODE FOR SELF-TEST OF AV CIRCUITRY
CONFIGURES CIRCUITRY FOR SLEWING 27 EOONTERFOR ™™
OFERATIONAL MODES AND SELF_TEST

OPERATIONAL MODE FOR MONITORING 4Y MANEUVERS

s

MODE SWITCH

EMS AUTO  €MS ELECTRONICS ON, INTEGRATORS INHIBITED

UNTIL .056T

STBY
1 VIEMS MAN EC5 ELECTRONICS ON, COMPARATORS

EMS ELECTRONICS ON, COMPARATORS, INTEGRATORS,
AND G SERVO INHIBITED

DEACTIVATED, INTEGRATORS AND G SERVO ON

AV/EMS SET SWITCH

SLEWS FLIGHT MONITOR SCROLL AND AV/RANGE COUNTER

5P THRUST LT

re— r—
LIGHTS WHEN GROUND IS ON LOW 5IDE OF 5PS SOLENQIDS &
AV THRUST SW "A* OR “B" IN NORMAL POSITION

AV RANGE/COUNTER

DURING 4V, DISPLAYS AV REMAINING DURING ENTRY,
DISPLAYS (RANGE TO GO} 0 - 3500 NM

THRESHOLD INDICATOR

L05G LT

PROVIDES FIRST VISUAL INDICATION OF DECELERATION SENSED
(300K FT.) LIGHTS WHEN ,05G SENSED FOR ONE SECOND PERIOD

CORRIDOR VERIFICATIO!

LGHTS G>.2
<,

ANGLE BETWEEN S/C VELOCITY VECTOR AND LOCAL HORIZONTAL
DETERMINED BY SENSING G FORCE BUILD UP OVER GIVEN TIME INTERVAL

G >.,2  INDICATES LIFT VECTOR SHOULD BE UP AT THIS POINT ON
ENTRY AND A CONTROLLED ENTRY CAM BE PERFORMED.
LIGHTS 10 SEC AFTER .05G IF G FORCE AT END OF 10 SEC
PERIOD IS 0.2G OR GREATER, STAYS ON UNTIL 26

(G272 ™™ INDICATES SHALLOW ENTRY ANGLE Tt

INDICATES SHALLOW ENTRY ANGLE AND LIFT
CTOR SHOULD BE DOWN FOR CONTROLLED ENTRY. LIGHTS IF
g FORCE < 2g (IMPENDING SKIPOUT).

ROLL STABILITY
INDICATOR

MONITORS ROLL ATTITUDE ABOUT STABILITY AXIS WITH
RESPECT TO LINE PERPENDICULAR TO EARTHS HORIZON AT ENTRY

up = MAX + (UPWARD} LIFY

DOWN = MAX - (DOWNWARD) LIFT

& ENABLED BY EMS ROLL $W (1550)., DRIVEN BY INFUTS GENERATED |
IN GDC

© VALID ROLL = (1550 - EMS ROLL) @ (GDC - ENTRY CONFIG)®
L0356 - 1551)

ENTRY MONITOR SYSTEM (EMS)

EMS CONTAINS

—* FLIGHT MONITOR

RECTILINEAR DISFLAY OF G VERSUS V FOR MONITORING
AUTOMATIC (CMC) CONTROLLED ENTRY OR FOR PERFORMING SAFE
MANUAL ENTRY

VELOCITY MOVING MYLAR SCROLL (RIGHT TO LEFT) CALIBRATED FOR

SCALE 37,000 FT/SEC MAX VELOCITY TO SUBCIRCULAR VELOCITY
OF 4,000 FT/SEC

G LEVEL  VERTICAL SCALE CALIRRATED FROM 0 - 10G
SCALE TOP TO BOTIOM

® FAMILY OF CURVES FOR MONITORING ENTRY PROFILE, SLOPES
INDICATE MAXIMUM RATES AT WHICH G FORCES CAN INCREASE
WITH RESPECT TO VELOCITY WITHOUT EXCEEDING MAXIMUM
NOMINAL LOAD FACTOR OF w8G DURING DECELERATION
70 4,000 FT/SEC

1825w (1540) (1541) SPS TVC
U542 (1343 START  MOMENTARY POSITION - APPLIES POWER TO MOTOR DRIVEN SWATCH s RATE CMD  MAN TVC WITH RATE DAMPING.
NOTE - MOTORS ARE WHICH DRIVES CONTACTS CLOSED ANO IN TURN CONNECTS POWER :”" ; 39)
STARTED BY SETTING THROUGH CONTACTS FROM MNA &  TO MOTORS. SETS UP OVERCURRENT AW (53%)
SWITCHES TO START SENSING CIRCUITS ACCEL CMD  MAN TVC WITH NO RATE DAMPING
(MOMENTARILY), AND
THENTO ON AT %1 56 | ON NORMAL POSITION (MOTORS RUNNING). ALLOWS MOTORS TO CONTINUE
INTERVALS RUNNING AND MONITOR FO OVERCURRENT
ENTRY 05 G (551) I (CONFIGURES SCS FOR ENTRY)
1. ALL BMAGS CAGED (RATE INFO ONLY)
® CAUSE CM RCS He SQUIB ISOLATION VALVES TO FIRE 2 RTO Y COUPLING (Y CHAN)
3 RTO Y COUPLING ENGAGE IN DEA (Y CHAN)
M RCS PRESS SW ON ENERGIZES RELAYS IN SECS WHICH DIRECT POWER THROUGH 4. ATT HOLD DISABLED
1TS RELAY CONTACTS FROM SECS PYRO BUS A & B TO THE H, © RATE DAMPING.
5QUIBS. PYRO BUS A WILL FIRE ONE SYSTEM A AND ONE SYSTEM ® MANUALCONTROL J ONLY
BSQUIB, PYRO BUS B WILL ALSO FIRE ONE SYSTEM A AND ONE 5 INGDC
SYSTEM 8 SQUIB © PITCH CHAN DISABLED
® STABILITY ROLL ATT CHANGES COMPUTED
INR &Y CHAN'S
@ gﬁlIWDP NORMALLY SET AT THIS POSITION TILL AFTER LAUNCH © YAWCHAN SURPLIES STABILITY
ABORT SYSTEM— T+4256C, ALLOWS AUTO OX DUMP IF MISSION ABORT ROLL ATT TO kSt ON EMS
e oo rosres |LAUTO © ROLL CHAN SUPPLIES STABILITY
D W RES ROLL ATF INEQ TO FDAI SELECTED (ROLL ONLY)
SET AT T + 42 SEC, ALLOWS AUTO ENABLING
CMD
OF RCS LATCHING RELAY 219 {SECS)
(AUTO)
@ ENABLES ROLL STABILITY (SETS CAGE]RELAY IN POWER SERVO
INDICATOR ON EMS PANEL ASSY (Psa)]
ICM /CS HE DUMP PR PRESSED BACKS-UP AND INITIATES HE PURGE SEQUENCE see ELECTRONICALLY CAGES (TORQUES
14U GIMBALS TO NULL),
@ INJECT  FIRES $-1VB FOR SECOND IGNITION AFTER
EARTH ORBIT INSERTION
LV - XLUNAR SW
SAFE  INHIBITS SECOND IGNITION OF $-IVB STAGE.
N SET TO SAFE 7 MINUTES RICR TO D€ ALGN (53) USED WITH S4,55,56 AND ATT SET DIALS TO ALIGN TO A
IMU, OR OTHER DESIRED REFERENCE
LV-SH1/5-ivB S ON SHUTS DOWN 5-Ii STAGE AND FIRES S-IVB STAGE @
- OURING ASCENT USED WITH $4, S5, 56 & 537 TO ALIGN GDC ORTO DISPLAY
ATT SET PANEL FLY-TQ CMDS ON AT ERR NEEDLES
1 NORMAL LAUNCH POSITION. LAUNCH @ @
N
T UIcE CONTROL THROUGH PROVIDES 575 IGNITION WHEN IN POWERS RCS DIRECT COILS
LV - GUIDANCE sw SCS. THRUST ON LT. ON EMS PANEL FOR ULLAGE
CMC  ALLOW MANUAL GUIDANCE OVERRIDE
OF LAUNCH VEHICLE THROUGH INSTRUMENT
UNIT @
gl‘;ggf‘s'ﬂ THRUST = (523 - DIRECT) #(526 8 /+ 50 - NORMAL)
® lcm PROP JETT PURGE SW l ON INITIATES PROPELLANT PURGE SEQUENCE —,
@ PERMIT ALTERNATE SELECTION OF RATE AND/OR ATTITUDE SENSORS
| CM PROP JETT DUMP SW | ON INATIATES PROPELLANT DUMP & BURN SEQUENCE l
RATE 2 BMAG 2 USED AS SOURCE OF RATE FOR DISPLAY
& 5/C CONTROL. BMAG 1 IS CAGED BUT IS NOT USED,
{RATE DAMPING ONLY OR PROP RATE CMD) IF MAN ATT SW'S
ON ® CM PROP IETT DUMP SW IN RATE CMD,
PONERS §  vcs Heater BMAG MODE
CM PROP JETT LOGIC SW RCS HEATERS SW ATT 1 NORMAL OPERATING POSITION. RATE FROM BMAG -2
(N S ROM -1
® CIRCUITRY FOR RCS TRANSFER SWITCH RowL (sz) RATE 2 (A&m&'glsﬂﬁ:sa AND ATT ERRORFROM BuAG
MOTORS FOR ABORTS & SEP SEQUENCES PITCH (521}
YAW (522)
RATE ] BMAG -1 CAGED FOR B/U RATE IN DESIRED
ENASLES OR OVERRIDES FCSM FOR MO o ROUS on CHANNEL. NO ATT HOLD FOR SELECTED CHANNEL(S).
FCSM = $PS A VERRID! MONITORING ROUGH SPS COMBUSTION,
581 “ss:sa assw IE 8Y THRUST = A SWITCH IS SET ON, THEN FCSM = 5PS A SWITCH IS USED PROVIDES
AND FCSM = 5PS B SWITCH 15 LEFT AT RESET/OVERRIDE AND VISE VERSA
® RATE DAMPING
@ ® PROP RATE CMDS.
TVC {LEM ON OR GFF} ® RATES FOR DISPLAY
&Co w550 CSM  NORMAL CSMTVC ® INPUT TO GDC TO COMPUTE TOTAL ATT
LEM/CSM  ENGAGES BODY BENDING FILTERS IN TVC SIGNAL
FLOW PA]
PATH VTHRUST A &£ 8 SW ® SUBPLIES (SPS READY) DISCRETE TO CMC FOR TVC
(1526) (1859
® POWER TO FCSM SWITCHES & ELECTRONICS (IF SELECTED)
@ 1 SELECTS GMBL SERVO DRIVE NO. 1 8UT ALLOWS NO AUTO NOTE - EITHER A OR B ® ENABLES THRUST ON/OFF LOGIC (NORMA!
SWITCH FUNCTION SWITCH IS SET TO ON FOR /. ¢ Y
THRUSTING, NOT BOTH. X
Tve oL AUTo i‘u‘,‘f,';ﬁ?‘c‘: :::,Y,? é):‘x[pil,sim %NK,:ST :%ML ) f,:,?, :&gw; THRUSTING. OT SOTH ® USED WITH DIRECT THRUST-SWITCH 1523 FOR DIRECT SPS IGNITION
PITCH (5 . .2, FOR PRIM AND SEC THRUST .
AW (s(zez)n VF OVER CURRENT SENSING,NO. | OFF, OR THC-CW ON-OFF LOGIC © ENFRGIZES INJECTOR PREVALVES
2 SELECTS GMBL SERVO DRIVE ELECTRONICS ® SUPPLIES POWER TO TWO ENGINE SOLENOID CONTROL VALVES
NO, 2 BUT ALLOWS NO AUTO SWITCH FUNCTION
@ Lv/ses SII/SIVB SELECTS SiI/5-1vR FUEL TANK PRESS IND'S 5C5 CHANNEL ENABLES RCS JETS (AUTO COILS), ALL ARE
IND (553} 514,515,516,517 COMMON TO 8OTH CMC OR $CS CONTROL
GPI ENABLES GPI DISPLAY OF GIMBAL ACTUATOR POSITION
NCRMALLY SW FROM a TO PC AT
LAUNCH TWR JETT

PROVIDES DISPLAY OF LOAD FACTOR (G) VERSUS VELOCITY (V)

DIGITAL DISPLAY OF 4V ANY RANGE TO GO

ENABLES CREW TO MONITOR ENTRY PERFORMANCE, MIDCOURSE 4V MANEUVERS
WHILE UNDER AUTOMATIC CONTROL {CMC), AND FURNISHES INFORMATION
REQUIRED FOR MANUAL CONTROL IF G/N FAILS,

PROVIDES ENTRY THRESHOLD INDICATOR, CORRIDOR INDICATORS, AND ROLL
STABILITY INDICATOR (LIFT VECTOR ORIENTATION IND) FOR EVALUATION

OF SAFE ENTRY.

CONTAINS SELF TEST PROVISIONS

® MANUAL CONTROLS
® INDICATORS

@ SCROLL ASSY

® ACCELEROMETER

® ELECTRONICS

@ GROUND TEST FUNCTION

ACCELEROMETER

GENERATES HIGH AND LOW LEVEL ANALOG AND DIGITAL
OQUTPUTS TO DRIVE SCROLL, SCRIBE AND AV/RANGE COUNTER

LowW (RANGE £.4G) LGHTS .05G LT AND

LEVEL ACTIVATES 10 SEC TIMER, ENABLES 0.2G CIRCUITRY
WHEN 10 SEC TD TIMES CUT AND LIGHTS ONE OF THE

ANALOG o 26 LTs.

HIGH {RANGE 0 - 17G) DRIVES SCRIBE ON
LEVEL G-V DISPLAY, AS SCRIBE DRIVES PAST 2G MARK, SIGNAL
ANALOG !N SCROLL ASSY DISABLES 0.2G LTS,

DIGITAL  PULSES AT RATE OF 321,74 PULSES/SEC/G

OUTPUT  AND SCALED. INAV MODE, SCALED OUTPUT IS APPLIED TO
COUNTER FOR AV AND CUTCFF AT ZERO. IN ENTRY
MODE, SCALED QUTPUY DRIVES SCROLL STEP SERVO
AT =33 FT/SEC/PULSE

GUIDANCE AND CONTROL FUNCTIONAL SWITCHING DIAGRAM {SHEET 2 OF 4)

T
22T,

SCS-3008-1 %

Onppav®”



OPTICS CONTROLS

cme

COMPUTER CONTROLS AND DRIVES SCT AND SXT SHAFTS AND TRUNNIONS

OPTICS-MODE SW

MANUAL

SCT AND SXT SHAFTS AND TRUNNIONS ARE DRIVEN MANUALLY

ZERO

SCT AND SXT SHAFTS AND TRUNNIONS ARE DRIVEN TOCHEIR ZERO POSITIONS,

OPTICS CONTROLLER-
SPEED SW

ZERO MODE CAN BE SELECTED MANUALLY, OR BY THE CMC
— —— —
PROVIDES DRIVE SPEED OPTION FOR SCT AND SXT

OPTICS CONTROLLER-
COUPLING SW

DIRECT

PROVIDES MANUAL DIRECT DRIVE OF SCT AND

SXT. FORWARD AND BACK MOTION DRIVES TRUNNIONS,
AND RIGHT AND LEFT MOTION DRIVES SHAFTS.

TARGET IMAGE MOTION IS IN R-M COORDINATE

SYSTEM AND IMAGE POSITION DEPENDS ON

POSITION OF SXT SHAFT

RESOLVED IN RESOLVED MODE, IMAGE MOTION IS IN

X~Y §/C COORDINATE SYSTEM, MOTION CORRESPONDS
DIRECTLY TO HAND CONTROLLER MOTION

SLAVE TO SXT SLAVES SCT TRUNNION TO THE SXT

TELESCOPE
TRUNNION SwW

0°

ZEROS SCT TRUNNION TO ITS ZERO POSITION

OFFSET 25°  INCREASES SCT FIELD OF VIEW

MARK PB

WHEN PRESSED, ISSUES DISCRETE MARK COMMAND TO CMC IN CHANNEL
16 BIT POSITION 6, TO DEFINE TIME OF MEASUREMENT AND TO

RECORD OPTICAL SHAFT AND TRUNNION ANGLES AT TIME OF THE

MARK DISCRETE

MARK REJECT PB

ISSUES MARK REJECT DISCRETE TO CMC IN CHANNEL 16 BIT
POSITION 7, TO REJECT TIME AND ANGLE INFORMATION WHICH
WAS RECORDED AS A RESULT OF A MARK COMMAND

MIN IMPULSE
CONTROLLER

WHEN ENABLED BY MDC SWITCHING, GENERATES MIN IMPULSE
COMMANDS TO RCS VIA THE CMC TO ALIGN OPTICS FOR FINER OPTICAL
MEASUREMENTS

@ LRETICLE BIRGHTNESS

ADJUSTS SCT AND SXT
RETICLE BRIGHTNESS

®

OPTICS HAND CONTROL

USED TO MANUALLY DRIVE THE 5CT AND
SXT SHAFTS AND TRUNNIONS

-~

i . LEB PANEL 122
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DISPLAY AND KEYBOARD (DSKY) MDC PANEL 2 & LEB PANEL 140

KEYBOARD

KEYBOARD CONSISTS OF A NUMBER OF KEYS (PB'S), WHEN A KEY IS
PRESSED A UNIQUE 5-BIT CODE IS GENERATED AND DIRECTED TO THE
CMC INPUT CHANNELS, THIS IS TRUE FOR ALL KEYS EXCEPT THE

STBY KEY WHERE NO 5-BIT CODE IS ASSOCIATED (DISCRETE). FOR THE
MAIN PANEL DSKY, THE KEY CODES ARE DIRECTED TO CMC INPUT
CHANNEL 15, BITS | THROUGH 5. FOR THE LEB DSKY, KEY

CODES ARE DIRECTED TO INPUT CHANNEL 16, BITS 1 THROUGH 5.

DISPLAY IND

THERE ARE 24 DISPLAY INDICATORS ON THE DSKY; 21 DIGIT DISPLAYS
AND 3 SIGN DISPLAY INDICATORS

CONDITION IND

THERE ARE TEN CONDITION INDICATIONS DISPLAYED ON THE DSKY'S

DISPLAY IND FUNCTION
PROGRAM IND'S INDICATE PROGRAM BEING PROCESSED
cMe
VERB IND'S INDICATE VERS CODE ENTERED AT KEY-
BOARD OR COMMANDED BY CMC
NOUN IND'S INDICATE NOUN CODE ENTERED AT KEY~

8OARD OR COMMANDED BY CMC

DATA DISPLAY IND'S
REGISTER 1 (R1)
REGISTER 2 (R2)
REGISTER 3 (R3)

INDICATE NUMERICAL DATA ENTERED
AT KEYBOARD OR COMMANDED BY CMC
AND SIGN ASSOCIATED WITH THIS
NUMERICAL DATA IF [T IS IN

DECIMAL

——
CONDITION
INDICATOR

FUNCTION

UPLINK ACTY

INDICATES INFO IS BEING RECEIVED VIA UPLINK. LIGHTS IF
BIT 3 OF OUT CHAN CONTAINS LOGIC 1,

TEMP

INDICATES STABLE MEMBER TEMP IS BEYOND DESIGN TEMP BY
+5°F. LIGHTS IF BIT 15 IN CHAN 30 IS LOGIC 1.

GIMBAL LOCK

INDICATES MG ANGLE >470° FROM ZERQ, LIGHTS IS BIT 6
OF QUT CHAN 10 IS LOGIC 1 AND BITS 15-12 OF SAME CHAN
ARE 1100 RESPECTIVELY

PROG

INDICATES THAT PROGRAM CHECK HAS FAILED, LIGHTS IF
BIT 9 OF OUT CHAN 10 IS LOGIC 1ond BITS 15-12 OF
SAME CHAN ARE 1100 RESPECTIVELY

APPLIES POWER TO CONDITION LAMPS
AND PROVIDES LAMP TEST
CAPABILITY
IN SERIES WITH UPTLM SWITCH ON
PANEL 2. EITHER INHIBITS OR
ALLOWS CMC TO ACCEPT UPLINK
TELEMETRY. BOTH SWITCHES MUST
BE IN ACCEPT POSITION IN ORDER
FOR CMC TO ACCEPT DATA
FAILURE DETECTION
PGNS ERROR SIGNAL CAUT/WARN INDICATION
SuB MDC & LEB DSKY
SYSTEM ERROR LAMPS LAMPS
155 CDU FAIL DUE TO POWER 1SS (WARNING) NONE
LOSS, HIGH ERROR, LOSS
OF READ COUNTER DATA
Iss GIMBAL SERVO ERROR PGNS (CAUTION) NONE
155 LOSS OF 3200 CPS POWER PGNS NONE
155 LOSS OF 800 CPS POWER PGNS NONE
155 IMU TEMP OUT OF SPEC PGNS IMU TEMP
BY MORE THAN £5°F
158 GIMBAL LOCK, MGA >470° PGS GIMBAL LOCK
(13 PIPA FAIL DUE TO NEITHER PGNS NONE
OR BOTH P&N PULSES
DURING A CLOCK PERIOD-
NO THRUSTING
Iss PIPA FAIL - NEITHER 1SS (WARNING) NONE
OR BOTH P&N PULSES
DURING A CLOCK PERIOD
- THRUSTING
oss CDU FAIL (S IN ISS) PGNS NONE
CMC POWER LOSS +4 +14 c™me NONE
eme CMC CIRCUIT ALARM cme NONE
cme PROGRAM ALARM PGNS PROG
eme RESTART OF CMC PGNS RESTART
eme STANDBY POWER CONDITION NONE stay
cme 1SS NOT IN USABLE NONE NO ATT
MODE
CMC CMC DESIRES DSKY NONE KEY RLSE
DISPLAY BUT KEYBOARD
1S IN USE
cMe OPERATOR HAS USED NONE opP ERR
ILLEGAL KEY BOARD
CODE
MDC PANEL 2 7. LEB PANEL 122
SPS WALL
SR £l FC2 FC3 1 1]
SPS PU NV 1 NV 2 B =
SNSR FAIL TEMP HI TEMP HI TEMP HI
It ACBUS | 'AC BUS 2 (I
55 PRESS M Act ac:
PGNS FC 8US ACBUS 1 AC BUS 2
DISCONNECT |  OVERLOAD OVERLOAD
oMo MN BUS A MN BUS B o
UNDERVOLT UNDERVOLT ®
1SS cw 02 s
\ FLOW HI

RESTART

INDICATES: GOJAM SIGNAL GENERATED

® WORD INCORRECTLY TRANSFERRED FROM MEMORY PARITY
FAIL
TOO MANY CONSECUTIVE TC OR TCF INSTRUCTIONS HAVE
OCCURRED, OR HAVE OCCURRED TOO INFREQUENTLY
INTERRUPTS ARE TOO LONG OR TOO INFREQUENT, (RUPT LOCK)
CMC HAS NOT ACCOMPLISHED NEW JOB WITHIN PERIOD
WHOSE DURATION 15 PROGRAM DEPENDENT AND VARIES
FROM .64 TO 1.92 SECONDS (NIGHT WATCHMAN)
TEST ALARM GENERATED BY PROGRAM CONTROL

NO ATT

INDICATES 1SS NOT SUITABLE AS ATTITUDE REFERENCE,
LIGHTS IF 81T 4 OF OUT CHAN 10 IS LOGIC 1 AND BITS
15-12 OF SAME CHAN ARE 1100 RESPECTIVELY

STBY

INDICATES CMC IS IN STANDBY CONDITION. WILL ALSO
LIGHT IF LIGHT TEST IS PERFORMED,

KEY REL

INDICATES CMC PROGRAM ATTEMPTED TO USE DSKY AND
FOUND IT BUSY, PRESSING KEY RLSE PB WILL RELEASE
DSKY TO CMC, LIGHTS IF BIT 5 OF OUT CHAN 11 1S
LOGIC 1. {INDICATOR MODULATED BY FLASH SIGNAL)

OPP ERR

{NDICATES ILLEGAL KEYBOARD OPERATION HAS BEEN
PERFORMED. LIGHTS IF BIT 7 OF OUT CHAN 11 IS LOGIC
1. (INDICATOR MODULATED BY FLASH SIGNAL)

COMP ACTY

INDICATES CMC IS IN PROGRAM OTHER THAN DUMMY JOB
AND CMC IS NOT IN STANDBY MODE. LIGHTS IF BIT
2 OF OUT CHAN 1115 LOGIC 1.

TRACKER

LIGHTS WHEN CDU FAIL

(7

(o

UPLINK | [ ey

r Lkt o
P o [ P ey B |
I8}
OPRERR | | TRACKER S e
s LiLIL] é’sl
iy I[%]
]
)

BMAG 1 & 2 TEMP

PITCH GMBL 1& 2
YAW GMBL 1 &2

CMRCSA&B

SMRCSA, B, C, D

INDICATES BMAGS ARE NOT WITHIN TEMP LIMITS

INDICATES GIMBAL MOTORS FAILED
BECAUSE OF OVERCURRENT

INDICATES CM RCS OVERUNDER PRESS

INDICATES SM RCS He OVERUNDER PRESS

@ PS FLANGE TEMP H)

SPS PU SNSR

SPS PRESS

PGNS
cmc
1ss

SPS ROUGH ECO

LIGHTS WHEN TEMP +450°F
INDICATES MALFUNCTION OR TRUE UNBALANCE

SPS OVERUNDER PRESS 200 PSIA = OVER PRESS
160 PSIA = UNDER PRESS

INDICATES PROBLEM WITHIN PGNS
EE
INDICATES PROBLEM WITHIN CMC FAILURE

oerection (7)

LIGHTS WHEN FCSM SENSES ROUGH COMBUSTION
AND TERMINATES THRUST

INDICATES PROBLEM WITHIN 1SS

@ KEY

FUNCTION

0-9 KEYS

ENTER NUMERICAL DATA, NOUN CODES AND VERB CODES
INTO THE CMC

+AND - KEYS

INFORM THE CMC THAT FOLLOWING NUMERICAL DATA IS
DECIMAL AND INDICATE SIGN OF DATA

NOUN KEY

CONDITIONS CMC TO INTERPRET NEXT TWO NUMERICAL
CHARACTERS AS A NOUN CODE AND CAUSES NOUN DISPLAY
TO BE BLANKED

VERS KEY

CONDITIONS CMC TO INTERPRET NEXT TWO NUMERICAL
CHARACTERS AS A VERB CODE AND CAUSES VERB
DISPLAY TO BE BLANKED

CLR KEY

CLEARS DATA CONTAINED [N DATA DISPLAYS, PRESSING
KEY CLEARS DATA DISPLAY CURRENTLY BEING USED,
SUCCESSIVE DEPRESSIONS CLEAR OTHER TWO

DATA DISPLAYS

STBY KEY

COMMANDS CMC TO STANDBY MODE AFTER CMC
1S CONDITIONED BY INSERTION OF V60 {PREPARE
FOR STANDBY). AN ADDITIONAL DEPRESSION
COMMANDS THE CMC TO RESUME REGULAR
OPERATION

KEY RLSE

RELEASES DSKY DISPLAYS INITIATED BY KEYBOARD
ACTIONS SO THAT INFORMATION SUPPLIED BY
THE CMC PROGRAM MAY BE DISPLAYED

ENTR

INFORMS CMC THAT ASSEMBLED DATA IS COMPLETE
AND THAT THE REQUESTED FUNCTION 1S TO BE
EXECUTED

RSET

EXTINGUISHES LAMPS CONTROLLED BY THE CMC

CSM  ALLOWS CAUT/WARN FUNCTIONS RELATIVE TO
CAUT/WARN- CSM CONFIGURATION, PREVENTS CM RCS SYS A 8 8
CSM/CM SW CAUT/WARN LIGHTS FROM ILLUMINATING DURING
CSM MISSION PERIOD.
cm ENABLES CM CAUT/WARN FUNCTIONS FOR
CM OPERATIONS
USED IN CONJUNCTION WITH 5M RCS AND CM RCS
RCS INDICATORS TEMP, PRESS, AND PROP QTY INDICATORS.
SELECTOR SW SWITCH SELECTS DESIRED SYSTEMS TO BE
MONITORED
ON ENERGIZES AND MAGNETIC LATCHES SM RCS PRIMARY FUEL
AND OXIDIZER ISOLATION VALVES OPEN, EACH SWITCH
SM RCS PROPELLANT PRI SW SETS 2 VALVES (ONE PRIM FUEL AND ONE PRIM OXIDIZER).
A, B, C, D, (4) AND SETS TB FLAGS GRAY IF BOTH VALVES OPEN. INDICATES
T8 FLAGS POSITIVE OPEN CONDITION
OFF DELATCHES AND ALLOWS SM RCS PRIMARY FUEL AND
OXIDIZER ISOLATION VALVES TO SPRING-LOAD CLOSED.
SETS T8 FLAGS STRIPED IF | OR BOTH VALVES CLOSE
ON ENERGIZES AND MAGNETIC LATCHES CM RCS SYSTEM A & B
FUEL AND OXIDIZER SHUTOFF VALVES OPEN, EACH SWITCH SETS
CM RCSPRPLNT sW 2VALVES, SETS T8 FLAGS GRAY IF BOTH VALVES OPEN.
A, B (2) AND INDICATES POSITIVE OPEN CONDITION
TB FLAGS
OFF DELATCHES AND ALLOWS CM RCS SYSTEM A & B FUEL
AND OXIDIZER SHUTOFF VALVES TO SPRING-LOAD CLOSED.
SETS 1B FLAGS STRIPED IF 1 OR BOTH VALVES CLOSE
m APPLIES POWER DIRECTLY TO RCS TRANSFER
RCS TRNFR SW SWITCH MOTORS WHEN TRANSFERRING TO CM RCS
Sm APPLIES POWER DIRECTLY TO RCS TRANSFER
SWITCH MOTORS WHEN TRANSFERRING TO $M RCS
RCS CMD SW ON DIRECTLY ENABLES RCS LATCHING RELAY
219 (SECS)
PRI POWERS HI TEMP THERMAL SWITCHES AND
SM RCS HEATERS SW SM RCS HEATERS
A 8,C,D(4) il =
SEC POWERS LO TEMP THERMAL SWITCHES AND
SM RCS HEATERS
UP TLM SW ACCEPT ENABLES CMC TO ACCEPT UPLINK
TELEMETRY
NOTE - SWITCH ON PANEL 2|
1S IN SERIES WITH UP
TLM SWITCH ON PANEL 122 §BLOCK  INHIBITS CMC FROM ACCEPTING
(LEB). BOTH MUST BE IN UPLINK TELEMETRY
ACCEPT POSITION FOR CMC
TO ACCEPT UPLINK DATA
ON ENERGIZES AND MAGNETIC LATCHES SM RCS HELIUM
ISOLATION VALVES OPEN {8 TOTAL), ONE SWITCH PER VALVE.
SM RCS HELIUM-1 & 2 SW SETS TB FLAGS GRAY
A, B, C, D{8) AND
8 FLAGS OFF DELATCHES AND ALLOWS SM RCS HELIUM ISOLATION
VALVES TO SPRING-LOAD CLOSED, SETS T8 FLAGS
STRIPED
ON ENERGIZES AND MAGNETIC LATCHES SM RCS SECONDARY
FUEL AND OXIDIZER ISOLATION VALVES OPEN. EACH SWITCH
SETS 2 VALVES (ONE SEC FUEL AND ONE SEC OXIDIZER),
SM RCS SECONDARY PROP SETS TB FLAGS GRAY IF ONE OR BOTH VALVES OPEN.
SW A, B, C, D (4) AND
B FLAGS OFF DELATCHES AND ALLOWS SM RCS SECONDARY FUEL AND
OXIDIZER ISOLATION VALVES TO SPRING-LOAD CLOSED.
SETS T8 FLAGS STRIPED IF BOTH VALVES CLOSE,
INDICATES POSITIVE CLOSED CONDITION
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GUIDANCE AND CONTROL FUNCTIONAL SWITCHING DIAGRAM (SHEET 3 OF 4)




INCR  INCREASES VALVE AREA OF PU VALVE SELECTED
(PRIM OR SEC) THEREFORE INCREASING CXIDIZER
FLOW RATE

OXID FLOW VALVE-
FLOW Sw

NORM  NORMAL POSITION - ASSUMES NOMINAL PU VALVE
AREA FOR CORRECT OXICIZER FLOW TO MAINTAIN
BALANCE (PROPER FUEL AND OXIDIZER RATIO)

o e [P -

DECR DECREASES VALVE AREA OF PU VALVE SELECTED,
THEREBY DECREASING OXIDIZER FLOW RATE

VALVES INDICATORS

NOTE- (&) WOULD

(B) |F {A) FAILS

SPS ENGINE INJECTOR

A IF OPEN, INDICATES (&) PORTION OF 5PS
BI-PRCPELLANT VALVE IS OPEN TO PROPELLANTS

NORMALLY BE SET, THEN | B {F OPEN, INDICATES (8) PORTION OF SPS

BI-PROPELLANT VALVE 15 OPEN TO PROPELLANTS

OXID FLOW YALVE-

PRIM SELECTS PRIMARY PU VALVE FOR ADJUSTING FLOW

PRIM/SEC 5W
SEC SELECTS SECONDARY PU VALVE FOR'ADJUSTING FLOW
@ PRIM SELECTS PRIMARY PUG SYSTEM FOR MONITORING
M,
PUG MODE SW NORMAL SELECTS PRIMARY PUGS SYSTEM AND IS THE

NORMAL MOMITORING POSITION

AUX SELECTS AUXILIARY PUG SYSTEM FOR MONITORING

@[

SP5-PRESS IND SW

THIS SWITCH TIME SHARES SPS PRPLINT TANKS-PRESS INGICATOR
BETWEEN Hg PRESSURE AND N2 PRESSURE

®©f

He SELECTS He PRESS PORTION OF PRESSURE INDICATOR

Nz A OR B SELECTS N2 PRESS PORTION OF PRESSURE INDICATOR

A SELECTS AND POWERS SPS A SYSTEM HEATER ELEMENTS (17) OMNLY
SPS-LINE HTRS SW e — e ——————— o mm e m e e ———

AB SELECTS AND POWERS ALL 5P5 A & B SYSTEM HEATER ELEMENTS (24)

@

SPS Hg VLV=1 & 2 5W

—

AUTO  NORMAL POSITION FOR THRUSTING: He PRESSURIZIMG SW'S FOR
SPS He ISOLATION WVALVES. APPLIES POWER TO CONTACTS OF
SPS THRUST ON/OFF RELAYS, AT THRUST G, POWER IS DIRECTED
TO $PS He ISOLATION VALVES 1 & 2 PRESSURIZING FROP SYSTEMS
Al

ON BYPASSES AUTOMATIC FUNCTION AND ENERGIZES 5P5 Hp ISOLATION
VALVES DIRECT, THEREBY PRESSUR|ZING THE PROP SYSTEMS

OFF IMHIBITS OPERATE POWER TO Hg ISOLATION VALVES.

SPS H WLV-1 8 278

STRIPED INDICATES SPS Hy ISOLATION VALVES CLOSED; PROPELLANTS.
MNOT PRESSURIZED

GRAY  IMDICATES SPS H, ISOLATIOM VALVES OPEN (PROPELLANTS
PRESSURIZED) BY AUTOMATIC CR DIRECT THRUST ON

OXID FLOW VALVE-
MAX-MIN TB

MAX INDICATES PU VALVE AT MAK FLOW POSITION
MIN IMDICATES PU VALVE AT MIN FLOW POSITION

GRAY  INDICATES OXID FLOW VALVE-FLOW W IS AT
NOR# POSITION AND HAVE NOMINAL FLOW

OXID UNBAL IND

NOTL - THESE
INBICATIONS OCCUR
ONLY WHILE THRUSTING
OR TESTING

0 IMNDICATES BALANCED FUEL/OXID FLOW

INCR INDICATES OXIDIZER FLOW SHOULD BE INCREASED

DECR INDICATES OXIDIZER FLOW SHOUILD BE DECREASED
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[G/N PWR SW (PANEL 5) |+t [ G/N LIGHTING |
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@I [APPUES AC POWER TO SPS GAUGING SYSTEM |
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¥

116 1514 | 13 |12 | 11| 10 9 8 ] 6 9 4 3 2 1
CHANNEL
(VACANT)
1 IDENTICAL 0 REGISTER f L
2 IDENTICAL 10 REGISTER # @
3 HIGH ORDER SCALER 14 BIT POS 5.12 SEC
23.3 HRS
4 Low ORDER SCALER 14 BIT pOS # 1/3200 SEC
5.12SEC & 7 8 S 2. Z 4 Jaf |
+x
’ X < =X +Y =X =Y X +Y X -P =X +P -X -P X +P s/m/Q / L
oursIts fekes ?}‘y‘]’fl’aw ;'/z.‘/:m c.’@t__";/f"__ __________ S S s S S o NS eM/Lm
'f' ¥ # / -ywex 4 18w exar | ovwoxep Z YW -X 4P -P 4z +P X =YW -psz =X =YW /M
RCS (P&Y) Yolraion ¢ éc'f - — 1T I 1T | 1T
-Y D w 0y u D v 4D 4 LEM
wr V) oy IS yr el w13 x| 2z 1% zw D S/M
oyrevs 4  }\ 1 1  tr vt 1 0 L7 4 USRS PV DR i DR — Tl
6 - - - - ~R-Y +Z HRHY -Z R-Y-Z AR Y 4Z /M
RCSROLL\/ - T 1T 71 T
(oL 1s 4 3s 2 ?F ¥ 4F 3F LEM
M . rn crs o
FMA /
7 L FIXED EXTENSION e e Y [ P
FE7 FE6 FES LEM
Rt
$ SuraITs 4 4 3 2 1 n 10 9 8 7 6 5 4 3 2 1 /M
10 RELAY ADDRESS RELAY BITS [ourslrs, “R" RELAY! } —_———
"R" RELAYS 4 4 3 2 1 n 10 9 8 7 s 5 4 3 2 1 LEM
outeITs SPs TEST OPERATOR KEY /M
CAUTION VERB-NOUN TEMP UPLINK COMPUTER LSS,
1n SPARE SPARE ENGINE OFF | ENGINE ON SPARE SPARE RESET CONNECTOR SPARE ERROR A RELEASE CAUTION ACTIVITY anir | waminie
uan OuTBIT FLASH FLASH
A" RELAYS LEM
SIV8 SIVB INJ DISENGAGE ZERO SIVB VG STAR ENABLE ZERO
— TAKE OVER S ERR
OUTBITS 155 155 CUTOFF SEQ START OPTICS DAC OPTICS \KE Ov ENABLE ENABLE 2680 coarse | TRACKERON owlcU ; Ok oprics /M
12 TURN ON TURN ON {"A" RELAY) SPARE IMU ERROR MU ALINE COUNTER s e
DELAY DELAY ’ -ROLL +ROLL -PITCH +PITCH DISPLAY COUNTER cDU'S enapte | HORIZONTAL|  EnaeLe
GNBC COMPLETE | COMPLETE | R.R. ENABLE | L.R. POS GIMBAL GIMBAL GIMBAL GIMBAL INERTIAL VELOCITY | R.R. ERROR ZERO LEM
RELAY COMMAND TRIM TRIM TRIM TRIM DATA LO-SCALE counTeR | R.R. CDU'S
BMAG
—_ COUNTER M
oursiTs ENABLE ENABLE RESET RESET RESET ENABLE OWNLINK INHIBIT RADAR RADAR RADAR </
ENABLE TEST BLOCK UPLINK, RADAR
13 T 6 TRAP TRAP TRAP WORD SELECTION | SELECTION | SELECTION |—— ————
RUsT P e et STANDBY ALARMS RHC pateale INLINK ENABLE ACTIVITY < o p
RADAR & AGC RUPT START RHC COUNTER CROSS-LINK > @
READ ENABLE =
ENTRY VEL y
DRIVE — —_— — oM
oureITs DRIVE DRIVE DRIVE DRIVE DRIVE DRIVE GYRO GYRO GYRO

14 cou cou cou cou cou cou GYRO SIGN SELECT SELECT GYRO OUILINK | e e

= - v o 7 . ACTIVITY MINUS e s ENABLE . THRUST ALTITUDE ALTITUDE | ACTiVITY

MU MONITOR i METER RATE LEM

INCR DRIVE ACTIVITY SELECT
JR S
e d ’
/M
INBITS RGW# wa —(TRAP #15 - RUPT 5} /!

15 g 3 s | | | 7 7 1 pe-
MAIN KEYBOARD W& KEY 5M KEY 4M KEY 3M KEY 2M KEY 1M LEM
joaihiainde)

MARK MARK KEY 5N KEY 4 KEY 3N KEY 2N KEY IN
INBITS / REJECT N C/M
16 VY |~——(TRAP 16B-RUPT 6} —(TRAP T6A-RUPT g} e — e —
NAV KEYBOARD MARK — — LEM
(-) DESCENT | (+) DESCENT REJECT MARK Y MARK X
17 s
201rRU27
VACANT
R
’ §/C CONTROL OPTICS GUID REF SIVB sps M ULLAGE
LIFTOFF
weits VR e TEMP 1.5.5. MU OF SATURN CDU FAIL RELEASE SE:QSAR;E' READY SEPARATE e c/m
30 IN IN TURN-ON AL cbu Aok OPtRRTE SPARE pspay | bt T
GN&C LimiTs LimiTs REQUEST FAIL co‘;’f}':o,_ R.R, CDU INERTIAL AUTO ABORT ENGINE STAGE ABORT LEM
- OF /e FAIL DATA THROTTLE STAGE ARMED VERIFY
Gac G&C FREE HOLD -ROLL +ROLL -YAW +YAW -PITCH +PITCH
INBITS 2/ A/P CONTROL | A/P CONTROL| FUNCTION FUNCTION -z +Z =Y +Y -X X MAN ROT MAN ROT MAN ROT MAN ROT MAN ROT MAN ROT c/m
3] TRANSLATION | TRANSLATION | TRANSLATION| TRANSLATION | TRANSLATION | TRANSLATION (TRAPSIA-RUPTIO—d — L N
G&N GaN
TRANS & ROT CONTROL CONTROL AUTO ATTITUDE _ \ -AZ (LPD) +AZ (LPD) _ -EL (LPD) +EL (LPD) LEM
OF $/C OFs/C  [staBiLizaTiON]  HOLD {TRAP 318 - RUPT 10) ~RMI +RMI YMI Ymr -PMI M1 Jlu
/ LEM —_— J— — — -ROLL +ROLL “YAW +YAW -PITCH +PITCH INVERTED
INBITS |, ATTACHED MIN IMPULSE | MIN IMPULSE | MIN IMPULSE | MIN IMPULSE | MIN IMPULSE | MIN IMPULSE c/m
32 {SPARE)}— |-——TRAP 32 RUPT 1O} b ———— e ] ___
! ROLL oITCH THRUSTER THRUSTER THRUSTER THRUSTER THRUSTER THRUSTER THRUSTER THRUSTER
IMPULSE 1041 9812 13815 14816 687 183 588 284 LEM
SPARE GIMBAL OFF | GIMBAL OFF FAIL FAIL FAIL FAIL FAIL FAIL FAIL FAIL
. AR o
C DOWNLINK UPLINK BLOCK — — STAR ST AGC ZER . .
INBITS | A?E'R:M A?ERM WARNING ';m 100 100 UPLINK PRESENT TRACKER CONTROL OPTICS /M
33 FAST FAST INPUT ON PARE  l—m—————
LANDING
OPTICS & AGC (FLIP-FLOPS) LR RANGE VEL DATA LR LR LR DATA RR DATA RR RANGE RR POWER LEM
{FLIP- FLOPS} LOW SCALE GOOD POS #2 pPOS M1 GOOD GOOD LOW SCALE | ON/AUTO
J
/M
34 oownunk#r 4\ oy
\FIRST OF TWO WORDS SER!ALIZED/
LEM
C/M
35 DOWNLINK #2 —————
\SECOND OF TWO WORDS SERIALIZED /
LEM
. -
RADAR SELECTION GYRO SELECT
ABC FUNCTION A 8 | evro
000 — 00 -
0 0 1| R.R. RANGE 01 X
0 1 0| R.R. RANGE RATE 1o Y
011 —_— 11 z
1 0 0] L.R. X VELOCITY
1 0 1| LR YVELOCITY
1 1 0] L.R. Z VELOCITY
1 1 1] L.R. RANGE -
-
HIGH
FE7 FEe FES| aor
0 X x| 303
1 0 [} 40-43
1 0 1 EMPTY ProCIITN
1 1 0 EMPTY o A
1 1 1 EMPTY MY N1
UPDATED  5-66 AP (\@\:‘égﬁ/,‘,} z
GNC-145 a N\ / 4
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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 20018
CG 20218
CG 20418
CG 2112V
CG 2113V
CG 2117V
CG 2142V
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

Channel
Measurement Description Code
COMPUTER DIGITAL DATA 40 BITS 51DS1
+120 VDC PIPA SUPPLY DC LEVEL 10A83
2.5 VDC ™ BIAS 10A138
MU 28V .8KC 1 PCT O DEG SUP RMS 10A91
OPTX 28V ,8KC 1 PCT O DEG RMS 104146
3.2KC 28V SUPPLY 10A85
IMU +28 VDC STANDBY 11E15=-2
+28V CMC OPERATE 11E15=3
OPTX OPERATE +28 VDC 11E15-4
X PIPA SG OUTPUT IN PHASE 51A2
Y PIPA SG OUTPUT IN PHASE 51A3
Z PIPA SG OUTPUT IN PHASE 51AL
IG IX RESOLVER OUTPUT SIN 11A54
IG IX RESOLVER OUTPUT COS 11A59
IGA SERVO ERROR IN PHASE 1242
MG IX RESOLVER OUTPUT SIN 11A60
MG IX RESOLVER OUTPUT COS 11A61
MGA SERVO ERROR IN PHASE 12A1
0G IX RESOLVER OUTPUT SIN 11A62
0G IX RESOLVER OUTPUT COS 11763
OGA SERVO ERROR IN PHASE 12A3
PITCH ATT ERROR - CDU DAC OUT 11A64
YAW ATT ERROR « CDU DAC OUT 11465
ROLL ATT ERROR - CDU DAC OUT 11A16
PIPA TIMPERATURE 10A96
IRIG TEMPERATURE 10A1
IMU HEATER CURRENT 10A5
TMU BLOWER CURRENT 10A7
TRUNNION CDU FINE ERROR 11A171
SHAFT CDU FINE ERROR 11A180

GNC - 167A '}




PCM

Measurement
No.

CG 3140V
CG 3150V
CG 3160V
CG 3170V
CG 3721V
CG 3722V
CG 504L0X

PGNCS A/B TLM LIST

Channel
Measurement Description Code
SXT SHAFT TACHOMETER OUTPUT 11A172
SXT TRUNNION TACHOMETER OUTPUT 11A173
SCT SHAFT TACHOMETER OUTFUT 10A13
SCT TRUNNION TACHOMETER OUTPUT 10Al1L
SHAFT CDU DAC OUTPUT 11A52
TRUNNION CDU DAC QUTPUT 11A53
CMC WARNING 11E19-1

S/S
10
10

10
10
10

GNC - 167A-L




5C3 TM List

Measurement Measurement Response Sensor Hange Display Channel

1D Description Rate Low High Readout Code

CH3500V Attitude Error Pitch 50 S/S -5/5/15 +5/5/15 Deg FDAT 51A5

CH3501V Attitude Error Yaw 50 s/s ~5/5/15 +5/5/15 Deg FDAI 51A6

CH3502V Attitude Error Roll -100 S/S -5/5/50 +5/5/50 Deg FDAT 12A4

CH3503R 5CS Body Rate Pitch 100 S/5 -1/5/10 +1/5/10 Deg/sec FDAI 12A5

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

CH3505R SCS Body Rate Roll 100 8/  -1/5/50 +1/5/50 Deg/sec FDAI 1287

CH3517H GIMBAL POSITION Pitch 1 or 2 100 S/S =5 ~5 Deg FP/GPI 1248

CH3518H GIMBAL POSITICN Yaw 1 or 2 100 S/S =5 +5 Deg FP/GPI 12410

CH3546X RCS Solenoid Activate 200 S/s Event None 2251-1
+Piteh/-X

CH35L7X RCS Solenoid Activate 200 S/s Event None 2252-2

: ~Pitch/+X .

CH3548X RCS Solenocid Activate 200 3/s Zvent : None 22533
+Piteh/=X

CH3549X RCS So}enoid Activate 200 S/s Event None 22 b=l
-Pitch/-X

CH3550X RCS Solenoid Activate 200 S/S Bvent None 22555
-~Yaw/--X

CH3551X 1Cs iolenoid Activate 200 S/s Event None 2256-6
=Yaw/~X

CH3552X RCS Solenoid Activate 200 8/5 Zvent lNone 22577
+~Yaw/=X

CH3553X RCS Solenoid Activate 200 S/s Event None 2278-8
~Yaw/«X

CH3554X RCS Solenoid Activate 200 S/S Event None 22591
+Roll/+Z

CH3555X RCS Solenoid iActivate 200 S/s Zvent None 22(13-5
~Roll/+Z -

CH3556X RCS Solenoid Activate 200 5/5 fvent None 2281 4-6
+Roll/-Z

CH3557X RCS Solenoid Activate 200 S/5 Zvent None 22710-2
~Roll/~Z

505 2901




Measurement
ID

CH3558X
CH3559X
CH3560X
CH3561X
CH3588X
CH3590X
CH3592X
CH3593X
CH3600X
CH3604X
60T
CH3623X
CH3624X
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

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

FDAI Scale ERR50/15,
Rate 50/10
IM ATTACHTD 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

BMAG Mode Sw-Pitch Att 1/
Rate 2

SCS TM List

Response
Rate

200

200

200

200

10

10

10
10
10

s/s
s/s
5/
s/s
s/s
s/s

S/

'8/8

8/s
s/s
s/s
s/s
s/s
s/S
s/s
S/S

s/s

Sensor Hdange
Low High

Event
Zvent
Event
fivent,
Lvent
Iyvent
Event
Event
Hvent,
Event
Zvent
Event
Zvent
Hvent
Zvent
Svent

fvent

Display
Readout

None
None
None
None

Panel
Switch
Panel
Switch
Panel
Switch
Panel
Switch
Panel
Switch
MS
MS
Panel
Switch
Nene

None

Panel
Switch
Panel
Switch
Panel
Switch

Channel
Code

2231 5-7
22:811-3
2R202-h
22F516-8

1128-2
11=8-4
11:8-5
11:28-6
11593
113544
1129-4

11:29=5
11:8-7

11=3-8

11:33-1
115332

11333-3

SCS 2902




Measurement
ID

CH3639X
CH3641X
CH3642X

Measurement
Description

RAG lode S = Pitch Rate 2

BMAG 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 {ange
Low High

Jvent

ovent

Zvent

Display Channel
Readout Code
Panel

Switch 11E33-4
Panel

Switch 11833-5
Panel

Switch 11233-6

SCS 2903




ENTRY DISPLAYS

LV (UP}
OUTSIDE

Y ;\ @
. —
STAB AXIS |C_)

(FLIGHT PATH)
LV (NORTH)
L 00O
(AN
STAB AXIS
(FLIGHT PATH)
@]
Lv oowN)
STAB AXIS

(FLIGHT PATH)
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