/B aidinbings

8 APRIL 1968

APOLLO TRAINING

TELECOMMUNICATION
SUBSYSTEM
BLOCK Il

FOR TRAINING PURPOSES ONLY

o
v

0
.J
o
%

A

o\®Tic,

Y
B
¥
<
Z
0










QUESTIONS RELATIVE TO THE CONTENTS OF THIS
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BLOCK II
TELECOMMUNICATION SYSTEM FUNCTIONS

VOICE COMMUNICATIONS

A. ASTRO ASTRO
B. CSM ~———— MSFN

C. EVA <———— CSM =~— MSFN

D. LM =—— CSM =——— MSFN

E. ASTRO ———— DSE MSFN (PLAYBACK)

F. EVA ——+ DSE ————— MSFN (PLAYBACK)

G. M DSE ——— MSFN (PLAYBACK)

DOWN DATA

A. CSM STATUS MSFN

B. ASTRO STATUS ——— MSFN

C. EVASTATUS ———= CSM MSFN

D. LM STATUS — CSM MSFN (PLAYBACK)

E. REALTIMETV ——+ MSFN (INTERFACE ONLY-TV CAMERA DELETED)
UP DATA

A. REAL TIME COMMANDS (RTC) RELAY CLOSURES

B. COMMAND MODULE COMPUTER (CMC) UPDATING

C. CENTRAL TIMING EQUIPMENT (CTE) UPDATING

TRACKING

A. TRANS LUNAR (DOUBLE DOPLER AND PSEUDO RANDOM NOISE RANGING)
B. CSM/LM RENDEZVOUS

RECOVERY

A. CM VOICE
B. VHF BEACON

RECOVERY FORCES
RECOVERY FORCES




TELECOMMUNICATIONS
EQUIPMENT

AUDIO

PERSONNEL COMMUNICATIONS ASSEMBLY
AUDIO CONTROL PANELS
AUDIO CENTER

DATA

CENTRAL TIMING EQUIPMENT (CTE)

SIGNAL CONDITIONING EQUIPMENT (SCE)
PULSE CODE MODULATION TELEMETRY (PCM)
DATA STORAGE EQUIPMENT (DSE)

FLIGHT QUALIFICATION TAPE RECORDER (FQTR)
UP DATA LINK (UDL)

RF
PREMODULATION PROCESSOR (PMP)
UNIFIED S BAND EQUIPMENT (USBE)
VHF/AM TRANSCEIVERS
VHF RECOVERY BEACON
RENDEZVOUS RADAR TRANSPONDER (RRT)

ANTENNA (PRESENTED WITH ASSOCIATED RF EQUIPMENT)

S BAND FLUSH MOUNTED

S BAND HIGH GAIN

VHF SCIMITARS

VHF RECOVERY

RENDEZVOUS RADAR TRANSPONDER (RRT) BEAM SPLITTER



TELECOMMUNICATIONS EQUIPMENT

LOWER EQUIPMENT BAY BLOCK Il

PULSE CODE MODULATION TELEMETRY

UNIFIED S-BAND

SIGNAL CONDITIONER

TRIPLEXER
VHF/ AM

VHF BEACON
RF SWITCH

\ PREMOD PROCESSOR

/ AUDIO CENTER

CENTRAL TIMING (BEHIND)
UP DATA LINK
DATA STORAGE
S-BAND POWER AMP

CD-2006 A 285,
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APOLLO CM INTERIOR CONFIGURATION

LEB, RHEB, RHFEB, & RIGHT AB




ANTENNA

TWO SCIMITAR VHF
OMNI ANTENNAS FOUR "S" BAND OMNI
ON SM (180 DEG APART) ANTENNAS-FLUSH
ALL BL 11 SC
By
-Z
D /— W
& U? E
SM CM ‘f(i,, |.~‘\‘
- - )= - JX 7+Y e Py
-
\a o ® 50, 4° (2] | B®/ VHE
7 A o 54 RECOV
+Y +Z g
RRT ANTENNA |~ 31.75

\TWO VHF BLADE

STEERABLE "S" BAND 2KMC
) RECOVERY ANTENNAS
HI-GAIN ANTENNA : IN OR CLOSE TO LONGERONS

PARABOLIC DISH ARRAY

VARIABLE BEAM WIDTH 27

DB MAX GAIN RF TRACKER

WITH MANUAL OVERRIDE =

CD-2003F af2,ﬂl
s I ')
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AUDIO INTERFACES

BLOCK i

HI GAIN

S-BAND OMNI

e G

P
¥ o) Ny
Wl

PLAY REWIND

@ SWITCH
— TRIPLEXER | _l \" | |@ @TJ
@ ‘ C MIGH GAIN
296.8 MC 1 z8.7MC ey
l VHFIAM | | VHFIAM =
SW'MMERS A B \iaurlcnk PESEE lc'vhiulu:v ,::s; ,7‘:“ AM:I‘:'T
& |umsiica - T ;
leof BOX ASSY | M +1@® | @®|® |0 ®e
COMMANDER P VOICE 1o R Al
o G —p- PAD EVA PCM
> comm  VOICE o A
) B e T w " v 2287.5 MC
oot I | AUDIQ |1 VOICE TO DSE VoIcE IO, 1 AT -
T 1 ace || center | s-sano own voice VOICE BU TRI-
»| PRE PROC »| XPONDER PRI
S T _ S-BAND UP VOICE g b et NO. 2 (SEQ)] |S S S PLEXER
! i\ = = =
paisiig=" 2% > S-BAND i GE0 ET o
2 pMPp ! CM IC, (LM VOICE G i i
edotatahs J EVA VOICE) gailaod
d b— M e ‘
v PILOT wiworos | DATA STORAGE Zl
ACP I+ e@e |  EQUIPMENT G et T e, e AR
RELAY e | e @ @ @ A

cu-zoau-zciﬂ_é.ﬁ



PERSONAL COMMUNICATIONS

ASSEMBLY
(SOFT HAT)

CD-1018B -




LIGHT WEIGHT HEADSET

?




ELECTRICAL UMBILICAL (COMM CABLE)

BLOCK II

| LEFT HAND
CONSTANT PERSONAL COMMUNICATIONS 'T)l FORWARD
WEAR GARMENT ASSEMBLY e EQUIPMENT BAY

T-ADAPTER CABLE

BIOMED PREAMPS

‘ﬁ TO BIOMED PREAMPS

HEADSET
et ELECTRICAL

UMBILICAL ASSY
(COBRA CABLE)

»
0 *

co-20650 {2
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SPACESUIT ASSEMBLY

(BLOCK Il INTRAVEHICULAR)

PASSIVE __COMM SOFT HAT ‘,
DOSIMETER /;o‘\‘\ COMM CABLE (REF) OXYGEN
POCKETS 5 : HOSE ASSY
- ‘ ; (REF)
\‘)_\
| CWG ADAPTER 7
(REF)
/’7
PASSIVE JACKET ‘
DOSIMETER
POCKETS 5
\\‘ i
Qb
759
BIOMED St
HARNESS e
o (REF)

BIOMEDICAL SENSORS (REF) &

ENSIN L it FLIGHT COVERALLS PRESSURE GARMENT ASSEMBLY

S S i e gl (SHIRTSLEEVE ENVIRONMENT)  (VENTED OR PRESSURIZED) ...
(REF) NOT PART OF SPACESUIT ASSEMBLY @)
A cs-1001 8¢ @)
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APOLLO CM INTERIOR CONFIGURATION

LHEB, LHFEB, UEB, & LEFT AB

|
|
|
|
|
|
OCT 67

N

-~ Eeci e >
Siev el e | S i
‘X A "
\

i
g | B
b | e

Sk
‘Ir./)h' -

o /'f/')_f : foos @
;‘ff\-/

\_ LY

VIEW-LOOKING DOWN & OUTB'D




Yc
F-+ PLICH

PITCH PIVOT
(PALM CENTERED)

ROTATION CONTROL

PUSH TO TALK SWITCH PARAMETERS ) { hie

< Xc =2 SROILL
TRAVEL PRIOR TO SWITCH ACTUATION  8.0° N\IN A .
TRAVEL TO HARDSTOP 25.0° MA Bt
MAXIMUM TORQUE 1.0 POUND INCHES

Zc

ROTATION CONTROL PARAMETERS

DISPLACEMENT

HARD STOP 1L 5+0. 50

DIRECT SWITCH ACTUATION =11 0°

SOFT STOP 10+1°

BREAKOUT SWITCH ACTUATION 1.5+ 0,5
CONTROLLER LOCK TO ARM 50, 0° oy

$CS-2002B & #)
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CREW COUCH STRUCTURE
i ’

% ]

VIEW-LOOKING UP AT CENTER CREW COUC

: Sty
VIEW-LOOKING DOWN & INBOARD ;
CS-20048

Onpae®”

OCT 67
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MODE

INTERCOM
/PTT VOX SENS

@ MASTER POWER
VOLUME AUDIO/TONE

AUDIO
INTERCOM 2|
VOlUME /R

) H F
d ) . "
||» .
H H
s (H 1 B
= H'H
H , H
et S PAND ey [ E ;
H 1 Hi
= E EI' RCV
d \ | | ]
i
L l.
H . Hil
e H|

vOX
== PAD COMM——

VOLUME

,—— VHF AM ———
VOLUME T/R

'

AUDIO CONTROL SUIT
NORM POWER @

BACK UP OFF

®

‘ﬂa""c. %

g ',

: :

PN-6-3 % ;
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AUDIO CENTER BLOCK DIAGRAM

| ROTATION |
|_CONTROLLER | j

INTERCOM/PTT

BLOCK I i
VOLUME
o e i o e et e e e i e s e e T e TR T T TR T T TR = .
| s
BY PASS —_———— = — 1 :
RCV CONT :
— = = =1 VOL CONT = ‘ : INTERC
— N
INTERCOMM '5°L27'0” P-P DRIVER $—¢ P-P OUTPUT ¢~ . 5 e
[" DIODE SW | '
—— INTERCOM
ReY. CONT 1oL ConT N T o e s i o L1 soaTion INTERCOMM gy
TSOLATION| | # 5
S-BAND &
T"Losope sw —AAA
— S S BAND
RCY.COMT o LVoL CONT i soLation > S BAND
TSOLATION| | - iy
veeam | & e
Lotoe sw] |~ o
L e e R e e i VHF/AM .
RCV CONT
;AD—CQB VoL CONOL 1 1 i soLaTION - VHF/AM l
ISOLATION AUDIO
o & l o VHF/AM KEY
DIODE SW | >_‘ | TIR
PAD COM —
MIKE P-p OUTPUT $—4—1t ISOLATION = PAD COMM o—o—4
INPUT +20 | SW AUDIO s
DBMI
PAD 1 e e
b ks TR e e ] | H—1 |lcom com |
v
4 | ]| L‘J i ST N
- % " B
l 1 MODE

N O i, i s, L

SR,

CD-2017H ;1?:}
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DATA IN.ERFACES

RECOVERY VHF OMNI HI GAIN ‘S?D %17 K7
SWITCH SWITCH
RCY ONLY 'y ——— S-BAND ANTENNA ——
@J] TRIPLEXER : ||
i TRIPLEXER B
3 3
VHF/AM VHF/AM
A B 2106.4 SWITCH
LM
VOICE il e M
1024 KC = .z | —
— (elelel T[] [
GIN CTE PCM ‘ = PRI SEC @
EVA g T
3 VOICE/BIO
TIME CODE | ¢ ps 512 KC C SwitcH
3 3
L v 1 A A '.‘
START STOP SYNC PCM (RI)
PRECOND ANALOG PCM RIT DATA UP-DATA XPONDERS |2287-3
DIGITAL BIT RATE (2)
ANALOG % PRE MODULATION
SCE e PROCESSOR
VALIDITY | |oate e DSE, SCI, TV S-BAND 2272.5 MC
A v PCM (P/B NORM) | FM XMTR
e @ 13 3 SC |——> (RIT AUX)
ﬂ@l ®e@® | DATA [*~(p DATA
= AUR = :’:; I\::‘ = LlNK l k ‘ vOICE M::E\E RANGING '-_'Y_A:;S!AND ‘““'*"—' DATA
T et 1= RS
5o | @ee e @@
PCM EVA It:l-:f 5::-’ ;3; oN '/::‘CE LY .‘\%’!\ : ur w:‘:i
= ‘ g YOICEY e

BIT RATE CLOCK
(FROM PCM)
) ) e )

DATA STORAGE EQUIPMENT

Tapt MOTION

e 3 e

CD-2041-2D 7_@_(
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TV CAMERA LOCATIONS

0O Tic,
o 3
5 4
Z
co-2012¢ fZ%;
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TE

BLOCK 1l :L?] 512 KC

) QUTPUT
2048 KC scamir | | . & >
TRIGGER 7 ke EH 6.4 KC
INPUT OUTPUT
Sk it e [ pouster - Tco —L 64 KC
INPUT
g MIXER SCHMITT L 1~ =4 COMP =8 ComMP =10 comp |
T schmimr | [ et
INPU
ampL  [| POUBLER 1 TRiGoeR l
SCHMITT : i it
WIGGER [T T4 e dit
—— =8 +8 =11
G ol D
; 8 KC 3 : PS PULSE EN- SAl.C.
+— =8 COMP +8 CoMP =10 comMP F— o i Fe
J‘ J
L} 2k +8 +10
| units
CLOCK SCAN
MATRIX
| 1 » 7 OUTPUTS
cTLEchK > 7 OUTPUTS
1 3o +10 » 6 QUTPUTS
10 $—— 5 OUTPUTS
PPS IPPS
— =10 COMP +10 comp 1 =10 =10 o sec - min | Howrs < Dpavs
et < iy I =10 I 1 PPS 1 PULSE
[ ouTPUTS PER L % 1 QUTPUT
10 MIN
5 10 PPS
DC MAIN MCD-225 OUTPUT J
woas CENTRAL TIMING SYST
e RESET —— s
B——o o— +28V— p.s. 41 * 9V (10 050) SEC ADV——»
5A MN A MIN ADY— VIME 10
i ey gess ACCUMULATOR  f—— .5
A Gy . CONTROLS
o— +28V—» P.S. #2 o ;
5A MN B —————— 9V (10 05C) ' 3
co~zmoci.‘zm|" :

26



BLK Il CTE 25 BIT PARALLEL TIME CODE

SECONDS MINUTES HOURS DAYS

A

12?81?2{)401%481020!%0} 24?1|0201 %lll 81|0

|
BIT NO. ———+——————————+—+———+———————— 1
5 10 15 20 25 30

EXAMPLE: 16 DAYS 19 HOURS 42 MINUTES 35 SECONDS

CD-2083A L ¥
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CTE SERIAL OUTPUT

TIME FRAME 1 SECOND

v

4

|
0 .10 .20 .30 .40 50
L e e A e e e e R e R P 1 5 1 O T Pl 10 A L o e s e T T ) el o S B 0 1555 S
T 1 1 | ' 1 U | -
INDEX COUNT (0.01 SECONDS)
e————REF TIME
REF MARKER
SECONDS MINUTES HOURS DAY
L & 5 B o 3, r = N\ P N ———
1248 102040 -1 24-8 102040 P28 21020 15248 10
P1 IMS P2 P3 01 SEC P4 P5
— =—8MS BINARY '0' 5MS (BINARY)
IDENTIFIER (TYPICAL) 13 DAYS 21 HOURS 18 MINUTES
(TYPICAL) 5 SELONDR

£0'8Ticy
o

CD-2106A ¢

>

Snrnv®
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SENSOR
EXCITATION
0 TS

SENSOR
EXCITATION
5 VOLTS

SENSOR SIGNAL CONDITIONER UTILIZATION
02;8 %07’“\,"0%0 DC DIFF AMPLIFIER 070 5 VDC .
14 CKTS -01 & 02
0 70 150 VAC AC (AM) TO DC CONVERTER 0 70 5 VDC
2 CKTS gy -10 g
: PCM
0 TO 50 VDC DC ACTIVE ATTENUATOR 070 5 VDC
17 CKTS : -40 >
TE’;’,‘SPTSE'S“EO%? ¢ DIFF BRIDGE AMPLIFIERS 0 705 VDC
Gl . e O TR
g 070 5 VDC
POWER SUPPLY —»{ DISPLAY
REDUNDANT POWER SUPPLY
=
s NORM
SIG COND SIG COND
POS SUPPLY NEG SUPPLY
+20V =20V
= NGB

P aling
(@ }
CD-2045B 2\ ¢

e
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DC DIFFERENTIAL AMPLIFIER

DIFF

SEje

INPUT

DIFF

CONSTANT
CURRENT

b b

Q6

-1 L 8

Q7 o

Q8

1 OUTPUT

CR3
l 19

1. DIFFERENTIAL INPUTS
A. 0 TO 20 MV THRU 203 MV
CONNECT 8 +9, 10 + 11
B. 0 TO 203 MV THRU 250 MV
CONNECT 7 + 8, 10 + 11
2. SINGLE ENDED INPUTS
A. 0 TO 250 MV THRU 320 MV
CONNECT 1 +2, 4 +5, 7+ 8
B. 0 TO 320 MV THRU 403 MV
CONNECT 1 + 2, 4 +5
C. 0 TO 403 MV THRU 4. 42V
CONNECT 2 + 3, 5+6, 8 +9
D. 0 TO 4.42V THRU 7.0V
CONNECT 2 +3, 5+ 6, 7+ 8

™
aaaaaaa






S.C.E. ACTO DC CONVERTER

BLOCK Il
I l l I I
I RL\F;E?FE&T};AL | % ﬁ%F;ER | ACTIVE RECTIFIER | ACTIVE FILTER |
+
| | T | | |
I I GAIN I I I
- e B > e BB
OUTPUT
£y 0-5V
A AN la
CONSTANT T
lSTCPQII\J\I\L ggﬁ:g’g’ ; —o0 )
L §
4

lo—i
INPUT RANGES
LOW RANGE  1-15.5V RMS

MED RANGE  15.5-48.3V RMS .
HIGH RANGE 48.3-150V RMS

cD-2105A% ¥ ]
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DC ACTIVE ATTENUATOR MODULE

R4

"L CR2 OUTPUT

: NOTE:
- INPUT RANGE
0 TO 7 THRU 18.7 VDC: CONNECT E4 TO E1 (E2 & E5 FLOAT)
0 TO 18.7 THRU 50 VDC: CONNECT E4 TO E2 (E1 FLOATS)
E5 TO E6
ATTEN ATTEN ATTEN ATTEN ATTEN ATTEN ATTEN
Al l"Az I"AB ,"M‘![’As‘lrm I”A?
Le20 378 &1 183 173 365 64 176 326 358 &7 168 879 348 ]
= = = = = = = = = = = -
= == e - 3~ s - 3 e,
co-13ct # )
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DC DIFFERENTIAL BRIDGE AMPLIFIER

AA— Pl
.[ -JV—
SENSOR . @ 1 Ios\A~ I} o7 il s .
3
3
o4 3 3 CR3 %1
i 1 ] 19
R 17 :b ﬂ 4 WA—§— W - -0
3
§ ZERO I I s
CONSTANT B
! CURRENT -V
s 1 SENSOR VAL VES
A 270-525 @
+10V . B. 315-369 2
RTN BAL C. 455-650 2
v D. 2.8-5.7K2
SENSOR I@ IQ3\B @__» |

e,
< ot

cD-1780%. )} 33






PCM BLOCK DIAGRAM

SYNC SELECT
4 DIG PAR
50 SPS NORMAL
1 SPS REDUCED

e ) (s ) o |oses|ises | REDUCED
11A48 11A49
NP N 2@ 1@ |Be NORMAL
e gl 200 SPS |50 SPS |10 SPS
H. LT;s% H. L. T15% fetal [“‘
: -+ POWER
3 PHASE (—*{ SUPPLY PARALLEL
CALIBRATOR INPUT [—- DIGITAL
NO. 2 R INPUTS
|
REDUCED: NORMAL —
(et BIT 8 BIT 8
| BIT7 B
4@ > L7
| 200 SPS BIT6 BIT6
Hi o PEUHIGH: | pan BITS .| pigiTaL | BITS
| : » SPEED »| coper | BiT4 | mut: | BIT 4
| GATES giIT3 | PLEXER | gIT3
| 6@ < BIT2 BIT 2
: 100 SPS
e HIGH
(sl LEVAL
| ANALOG
| D@ | mun-
' PLEXER
| ——iy
HE >
00 | 180
15PS | 10 SPS
gt
|
N@ | 150@ ANALOG
15PS | 15PS MULTI-
! & bt . PROGRAMMER
: pRIVERS [«
| L A 4 3
PCM
% @ FORMAT SELECT e
RATE CHANGE IPPS EXT-INT
512KC

Low

AR

OUTPUT
REGISTER

40 BIT DIG SER @
[—>50 SPS NORMAL
10 SPS REDUCED

DATA
TRANS
BUFFERS

|—— DATA RATE INDICATOR NO. 1 ]BSE,

—— SERIAL START

—— SERIAL BIT SYNC]CMC
" SERIAL STOP

|——= NRZ DATA NO. 1-+PMP

—— NRZ DATA NO. 2-»DSE
—— DATA RATE TIMING NO. 2-+DSE
—— SUBCARRIER REFERENCE NO. Z-»PMP

— DATA RATE INDICATOR NO. 2) ppp

— RZ DATA

— DATA RATE TIMING NO. 1
—— SUBCARRIER REFERENCE NO. 1
— SUBFRAME RATE:

TO
ACE

[— +11 VDC FROM GSE

488 Tic,

™
£}
b

CD-2046C & £
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PCM FORMAT

- 1 SEC »|
e ONE_—_SUB_—. ﬂ e FRAE v )
| 11

8|9 10 13(14(15 | 16 7]_2_112/{47 48] 49/ 50

- =~
// \\
- \-..._\
o —

S
N
w
S
w
o
~

-

o 1 SUB FRAME EQUAL radoe s

e 50 PRIME FRAMES e
7 ONE~~ PRINE— " TRAME S
l_l 2|3 4\5] 6|.7 8 10/ 11]12/13 14 151 z ,&126127128
be— // \\ 20 MILLI SEC >

5 \
< \
// 1 PRIME FRAME
// EQUAL 128 WORDS \\

ONE——] _~WORD—_ DATA WORD FORMAT:
123 14 6| 7]8 51,200 BITS/SEC; 6,400 WORDS/SEC
50 PRIME FRAMES/SEC
<—156 25u S il 1 SUBFRAME/SEC

/

- 1 WORD - 8 BITS
L1 BIT - 19531251 SEC

ACE-037{ 4 }
35



PCM PRIME FRAME SYNCHRONIZATION

~_WORD 1 WORD - WORD N WORD
1 | 2 3 4
s oo Gontoalol i rio i g e L 0D U0

B T e L e e AR

|
! CORE <

: | FRAME |
= 15 BITS : :““NUMBER :
| | | |

SYNCHRONIZATION | DENTIFICATION
- 26 BITS -6 BITs—

A

32 BITS

PRIME FRAME NUMBER IN BINARY FORM
EXAMPLE: 1 00000 1 =PRIME FRAME 1 EXAMPLE:2 11001 0= PRIME FRAME 50

)
L p . 1

5t i
A 16

2 -32
e

CD-218C" #

A
LY
g
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PCM NORMAL FORMAT PRIME FRAME NO. 1

BLOCK li
e oy Ton Iale U T R T PR ger M e LAl L
/W % %m oA T 22A [ 22A [ T1A ] 11A | 11A| 11A | 12A | 12A | 12A | 12A | SIGNIFICANT  NO. OF
X vibasbs @b L2338 bl e it i DIGIT ZEROS

oM DA ETE AP N Wl A A LT

TIA] 22D [ 22D | 100 | 12A | 12A | 12A [ 12A [ LIAJ TIA TIA| LIA [ 51A | 51A | 51A|51DS

sbv Tl il st s bl sl e sl a g |54 22 A

33 34 35 36 37 38 39 40 41 42 4 44 45 46 41 48

SIDS|51DS[51DS[510S] 22A | 22A | 22A[ 22A [ LIA[ 11A| 11A| 11A [ 12A | 12A | 12A ] 12A ]

s ta el sttty il bl 12 e LAl

49 50 51 52 5 54 5% 56 57 58 59 .60 6 6 6 &

TIA| 22D | 220 | 10A| 12A[ 12A | 12A| 12A | LIA| LIA] 1IA] 1IA| 51A| 51A| 51A| 51A]  CHANNEL
wtrlel s llbuiaiels bt ed-acy o101 7

SR R ST S YRR U N S T e
TIDT 11D [ 11D | 11D | 22A [ 22A | 22A| 22A| LIA[ 11A] 11A| L1IA[ 12A [12A |12A [12A | oo 5161 TAL PARALLEL
rlestipd s bi-t2 b a0t ) g e g jd

TR e a e R B

TIAT22D | 22D [ 10A | 12A | 12A | 12A [ 1A [TIATTIA 11A| LIA [ 51A [51A | 51A | 51A

At Ll et P be Lt @ el 8 )il

97 98 99 100 101 102 103 104 105 106 107 108 109 110 11 112

TID [ 110 | 11D [ 51D ] 22A | 22A | 22A [22A [ 11A[ 11A | 11A | 11A [ 12A [ 12A | 12A | 12A

yd a4 sl a2l s bd it a0] g9 000 s

113 114 115 116 117 118 119 120 120 122 128 124 1% 126 1277 128

TIA | 22D [ 22D | 10A | 12A [12A | 12A] 12AT 1IA| 11A| 1IA| LIAf 51A | 51A | 51A} 51A

ii 23l isiwiaialn|cli2ip i8]

37



BLOCK Il PCM

NORMAL FORMAT
WORD CHANNEL ['WORD) CHANNEL WORD) CHANNEL woro| CHANNEL
1 tve st ik % e e s [[1/10 DFT/10 DRI/ 10 DFYTT/I0 DFIT/10 OFf 7 Hm:nrlm'gnnuggnnw;gonw;gw
7 SR o 1 nnsont s [11/10 DFI11/10 DF111/10 DAT1/10 DF[11/10 DF( gg [11/10 DFI1/10 DP[11/10 D/11/10 P| 11 DP
) RS P A & [1V/J0DPII/10 DPI1/10 DFIT/10 DF 11710 0P 11/10 DF(11/10 DRI11/10 DF11/10 0F| 11 DF
4 | SYNC & FRAME ID 11710 pe{11/10 DP[11/10 DP|11/10 DP[11/10 DP)
(51/10 DPID) i ot g 9 16 5 | ML aivees
T ¥ | BAl R o1 | AT
EETY % | 2 70 | 22A2 02 | ZA2
7 | mA3 EREDS 7 | 223 CRES
s | 2as 0 | 284 72 | 224 104 | 224
s |1moa] 1A [1ea[nmea] 1A | o [Toanimea [ e [wsealnmea| [ A [nmeanea] 1A [n/ea| o [ WA [ WA [ ma [ na [ 1A
) k7 73 | 109 | 4 0 | % 2 | ne | 154 w | ss N | w | & 8 | e | w0 | 13 | m
o | 10A| TIA [ 11/10A [ 1/10A| 1A | 45 | 11/10A [11/10A| 1A | 11/10A [ 11/10A| 5, | WA | 11/10A| 11/10A| WA |[1/10A| y0o | 1A | A | 1A | 1A | TIA
2 8 | 74 | 10 | 14 n s 8 | e | 1ss 20 | 56 | o | 128 | 14 % | wm | @ |
[ meaTnea] e 1nea T nmea | o [ 117108 [11710a [ 117104 [ T1720A [ 117108 | 5 [11710a | 11720a [ 11730A [ T0A (11108 1 [ 1A | mA [ MA | ma [ ma
3 78| o ey 12 @ B | 120 | 156 7 57 9 1 | 165 2 | e | 102 | 138 | w7
12 | 17710a [11710a [ 11710a [ 11710a [ 11710A | [ 1710 [ 117108 [ 117%0A | 11/10a [ 117104 | 5o [11710a [ 117104 [ 11710 [ 11/10a [11/10a | e | ma [ A [ ma | na | ma
4 © 76 | n2 | 148 13 ® 8 | 2 | s o) 58 o | 130 | 16 3 & | w3 | | s
13 | 12A1 % | 12a9 77 | 12A1 109 | 129
4 | 12A2 %6 | 12A10 78 | 12A2 Ti0 | 12A10
5 [ 12A3 @ [12an 79 | 12A3 T [ 12AT0
6 | 124 @ [12A12 8 | 1274 12 | 12A12
y | A [ [ na oA ma g malmavalmaloal gl ma[malnalna[na ,amalmalna]na] na
5 P 77 | ns | e 14 50 8 | 138 | 12 B | s | wm | e 2 | 6 | 104 | 10 | 17
8 | 220P1 50 | zom 82 | zom Tia | 220P1
19 | 22072 51 | 22082 7072 115 | 22072
g0 | 100040 SRC ] 7 SRE s2 |1 16 | 100
il Fikor S B OAT, T0A4, ... ... 10A146 8 | 10A2, 1085, . ... .. 10149 6 | 1011043, 10/108, . ... .. 10/10A150
7 | 2As 53 | 12A13 & | 1248 7 | 12A13
7 | 1286 sa | 12A15 % | 1286 118 | 12A14
2 | 12a7 55 | 12814 @ | 12a7 19 [12A15
24 | 128 s | 12a1 @ | 1248 120 | 12416
s | Ml maTmaTnalna g malnmal na[na [ na || na[na ]| na| na | va | o na | na [ na | na [ na
6 2 78 | nae | 1s0 T & | 123 | 1 4 | & % | 132 | 168 B | & | ws | w |
% | VA | MA [ A [ MA [ DA [T NA | NA | NA | TIA | A | g | A | A | WA | A | WA | 1a| A | BA | 1A | 1A | 1A
7 43 79 | ns | s 16 52 88 | 124 | 160 25 & o7 | 13 | e 4 | 70 | w6 | w2 |
gl M malmalmalmal gl malma nal na| ma g | na| na| 1A | 1A | 1A | 155] "A | TA | 1A | 1A | 1A
8 “ | 80 | me | 132 7 53 ® | 125 | & % | 6 % | 134 | wo s | n w | 4z |
w | VA | VA [ VA [TNA [ VA [ o[ MA | NA [ MA | A | A | a | WA | 1A | TIA | A | UA | 12e| A | 1A | 1A | TIA | WA
9 45 ® | w7 | 1: 18 4 | %0 | 12 | &2 7 | & w | 1 | % | n 08 | w4 |
® | siA1 a1 | 5iAe % | 5iA8 125 | 51A12
0 | 51A2 52 | 51A5 % | 51A9 126 | 51A13
31 | 51A3 & | 56 %5 | 51A10 127 | 51A14
32 | 51/11 DSIA o | S5I1A7 % | 51AN 128 | 51A15 e
comsl *)
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PCM REDUCE FORMAT

1 SECOND

:

96

195

196

197

198

199

=l

\ 1 FRAM = 200 WORDS

\
\
\

4
,7 1 WORD = 8 BITS \

\

1

2

ﬁ,
va'y

2

6

718

/
/£

Lo

A
i

/

/

~—5 MILLISECONDS =

1 BIT = 625 MICROSECONDS

1 PRIME FRAME =

200 WORDS
1600 BITS

STy
9 2
5 4
) o
- . Z
. o
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BLOCK Il PCM

REDUCED FORMAT

W CHANNEL WORD CHANNEL 'WORD CHANNEL WORD! CHANNEL WORD CHANNEL
1 | SYNC 51/10 DMA 41 111/10 DP4 81 |11/10 DP26 121 |11/10 DP2A 161 |11/10 DP18
2 | SYNC 51/10 DPIB 42 |11/10 DP5 82 |11/10 DP10 122 [11/10 DP28 162 | 11/10 DP19
3 |SYNC 51/10 DPIC 43 |11/10 DP24 8 |11/10 DP11 123 [11/10 DP2C 163 | 11/10 DP30
4 |SYNC & FRAME ID 51/10DPID | 44 |11/10 DP25 84 |11/10 DP12 124 |11/10 DP2D 164 | 11/10 DP31
5 [n/oAl 45 |11/10 A109 85 |11/10 A46 125 [11/10 A154 165 | 11/10 A9
6 [11/10 A2 46 |11/10 A110 86 |11/10 A47 126 |11/10 A155 166 |11/10 A92
7 [11/10 A3 47 {11710 AN & |11/10 A48 127 |11/10 A156 167 |11/10 A93
8 |11/70 A4 48 |11/10 A2 88 |11/10 A49 128 [11/10 A157 168 |11/10 A%4
9 |51/11 DSIA 49 |51/11DSIA 8 |51/11 DSIA 129 [51/11 DSIA 169 |51/11 DSIA
10 |51/11 DSIB 50 |51/11 DsiB 90 |51/11 DSIB 130 [51/11 DSIB 170 |51/11 DSIB
11 |51/11 DSIC 51 _|51/11 DSIC 91 [51/11 DSIC 131 |51/11 DSIC 171 |51/11 DSIC
12 |51/11 DSID 52 |51/11 DSID 92 |51/11 DSID 132 |51/11 DSID 172 |51/11 DSID
13 |51/11 DSIE 53 |51/11 DSIE 93 |51/11 DSIE 133 | 51/11 DSIE 173 | 51/11 DSIE
14 |51/11 DP2 54 |51/11 DP2 94 |51/11 DP2 134 | 51/11 DP2 174 |51/11 DP2
15 |10/10 A123 55 |10/10 A126 95 [10/10 A129 135 |10/10 A132 175 110/10 A135
16 ]10/10 A138 56 110/10 A141 96 |10/10 Al44 136 |10/10 A147 176 [10/10 A150
17 |10/10 A3 57 _110/10 Aé 97 |10/10 A9 137 | 10/10 A12 177 |10/10 A15
18 |10/10 A18 58 |10/10 A2 98 |10/10 A24 138 | 10/10 AZ7 178 |10/10 A30
19 |10/10 A3 59 [10/10 A36 99 |10/10 A9 139 [10/10 A42 179 |10/10 A45
20 |10/10 A48 60 |10/10 AS) 100 |10/10 A54 140 |10/10 AS7 180 |10/10 As0
21 [10/10 DP! (FORMAT ID) 61 |11/10 DPé 101 |11/10 DP27 141 |11/10 DP15 181 |11/10 DP20
2 |SRC “0" 62 |11/10 DP7 102 |11/10 DP28 142 |11/10 DP16 182 |11/10 DP21
23 | 11/10 A9 63 |11/10 Av47 103 |11/10 AB4 143 |11/10 A1 183 | 11/10 A129
24 |11/10 A0 64 ]11/10 Al48 104 |11/10 ABS 144 |11/10 A22 184 |11/10 A130
25 |11/10 A73 65 |11/10 A0 105 |11/10 AN18 145 |11/10 A55 185 [11/10 A163
2% |11/10 A74 66 |11/10 AlN 106 [11/10 A119 146 |11/10 AS6 186 [11/10 A164
27 [11/10 A75 &7 |11/10 A12 107 |11/10 A120 147 |11/10 AS57 187 |11/10 A165
28 [11/10 A76 68 |11/10 A13 108 |11/10 A121 148 |11/10 A58 188 | 11/10 A166
29 |51/11 DSIA 69 |51/11 DSIA 109 |51/11 DSIA 149 |51/11 DSIA 189 | 51/11 DSIA
30 |51/11 DSIB 70 |51/11 DsIB 110 |51/11 DSIB 150 |51/11 DSIB 190 | 51/11 DSIB
31 |51/11 bSIC 71 |51/11 DSIC 111 |51/11 DSIC 151 |51/11 DSIC 191 | 51/11 DSIC
32 |51/11 DSID 72 |51/11 DSID 112 |51/11 DSID 152 |51/11 DSID 192 | 51/11 DSID
33 |51/11 DSIE 73 |51/11 DSIE 113 |51/11 DSIE 153 | 51/11 DSIE 193 | 51/11 DSIE
M4 |51/11 DP2 74 |51/11 DP2 114 |51/11 DP2 154 |51/11 DP2 194 |51/11 DP2
35 [11/10 DP3 75 |11/10 DP8 115 |11/10 DP13 155 [11/10 DP29 195 |11/10 DP22
36 |SRC ‘1" 76 |11/10 DP9 116 |11/10 DP14 156 [11/10 DP17 196 |11/10 DP23
37 |10/10 AS3 77 [10/10 Ass 117 ]10/10 A&9 157 {10/10 A72 197 |10/10 A75
38 |10/10 A78 78 |10/10 A81 118 |10/10 A84 158 |10/10 A87 198 |10/10 AS0
39 |10/10 A93 79 |10/10 A%96 119 |10/10 A99 159 {10/10 A102 199 |10/10 A105
40 |10/10 A108 80 |10/10 A1 120 [{10/10 Al114 160 {10/10 A1N7 200 [10/10 A120

.ﬂ"""-,‘
co-206 L # )
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BLOCK Il PCM PROGRAMMER

SIMPLIFIED BLOCK DIAGRAM

(NOT USED)
HiGH OUTPUT DATA LOW LEVEL
STROBES COMMANDS COMMANDS COMMANDS GATE COMMANDS COMMANDS COMMANDS
COMMANDS
M _ T 1 5 ﬂ
PCM BIT
RATE CHANGE i Tk
W FORMAT FRAME 1D
0 < BITS 27-32
PCM HIGHILOW ol ‘s i
SELECT 1D 1D
SWITCH cageag & PN COUNTER COUNTER
CONTROL A B
[ [ [ Y
FAILURE DETECTOR
&
POWER SW
»| FAILURE DETECTOR @
COUNTER A & »| COUNTER B
@ POWER SW PCM TIMING
SOURCE
b t 512 KC _ 512 KC T ! INT-EXT
1cps | {1 EpS
OSCILLATOR
= -
512KC 1CPS

Onypare®”

4

protlo

CD-2029

o
—




PCM PRIMARY MULTIPLEXER GATES

o +7,2V
coL 1 CoL 2 coL 3 coL 4 CoL 5
CR1
54l 3 3 5 Rl 3y
3@ @ e ™ 1 i
@ | v g .
ANALOG ANALOG ANALOG ANALOG ANALOG
1 2 3 4
|3 4' TO HIGH
2 SPEED
W1
B 1 GATES

NOTE:

PROGRAMMER SELECTS
ROW AND COLUMN.

SEQUENCER

cp-2128 L ¥

»
o o
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HIGH SPEED
GATE COMMAND
FROM
PROGRAMMER

PCM HIGH SPEED GATES

+7. N —WN—

R1 CR1

R3

BLOCK i

PAM INPUT Q2

’Rd

R9

Q3

>

%RS

AT ©) e

R10

= 7

PAM SIGNAL
#T0 ANALOG-TO-

&
ik
©

2
Q5
,
R7
RIZ% }
SR

-3V

Q6

DIGITAL CONVERTER

' *Tice

co-2004 %, #)]
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PCM CODER BLOCK DIAGRAM

#—-»128 BIT

¢—» 64 BIT

—» 32 BIT

—» 16 BIT
8 BIT

4 BIT

2 BIT

SAMPLE - S Eten
COMMAND
ANALOG TO DIGITAL
PAM INPUT +— CONVERTER
FULL SCALE i 1
COMMAND cooeR | |
JERO SCALE TEST GATE 3y pc |11 vDe
COMMAND
FULL SCALE TEST
';ESL?(REA.. »| ERROR DETECTOR |e—
AND ZERO SCALE TEST
ACE INPUT | POWER SWITCH |e=
1—3 VDC l—n VDG
—» BLOCK "'B"
ANALOG TO DIGITAL
SAMPLE e CONVERTER
COMMAND

R

1 BIT

44



EXAMPLE CODING OF 3.5 VOLT ANALOG SIGNAL

_ +3.5 VOLTS SAMPLE & e sl — O = -REF VOLT
PRECISION HOLD GATE GATES V = S1G GROUND
RESISTOR
‘112 SCALE ~1/4 SCALE : 1/8 SCALE _CURRENT SUN\N\_ING BUS 1!64_ SCALE 1I128_ SCALE 1/256 SCALE
-2.5216V -1. 2708 6200V | 116 SCALE  [132 SCALE . 0788V -. 0394V - 0197V
PRECISION 3 P.R P.R ’F;3Rl52V P 11276" P.R. P.R. P.R.
RESIS 19990 39990 79995 160K 320K 640K 1.28
9990 MEG.
+3.500 -2.5216 -2.5216 -2.5216 -2.5216 -2.5216 -2.5216 -2.5216
-2.5216 -1. 2708 - . 6294 - .6294 - . 6294 - 6294 - . 629 - .6294
e 5 : - .3152 - .3152 - 3152 - .3152 - .3152
£ a i — - L1576 - .0788 - 3% - 097
-3.7924 +3.5000 o -3,6238 -3.5450 -3.5056 -3,4859
+3.5 -3,1510 :
e i 2240 3,638 -3,5450 -3,5056 +3.5000
: : + .0338 +3.5000 +3.5000 +3.5000 -3, 4859
BINARY EQUIVALENT - 128 - . 0450 - 0056 +.0141
1 0 1 1 0 0 0 1



PCM COUER LOGIC

128 BIT m{sn
? CURRENT | SUMMING BU
=4 BUFFER >———AM— o >
ERROR
DIFF
L - E —L =2 E o L ~ E o E ¢
HOLDING oEe * e e i B
CAPACITOR|  voiTAGE T
e i = W
5 ¢ S c 0 i
==
SIGNAL 6‘? ﬁ@
E GROUND . d.-c AND
== 1
53 s & b
4
< o o g AND —T
P
SAMPLE SAMPLE
fou GATE  }—4—= MVB MVB MVB
COMMAND CONTROL

o

o~

co-166A% * |

o,




DIGITAL MULTIPLEXER GATES

FB?—D’ -~
. S[s[s[s[s]uls[e
JOUUUUUY




OUTPUT REGISTER

SIMPLIFIED BLOCK DIAGRAM

2 4 8 16 32 64 ls
S s S s S A s 51 g 51 5 S 4 535 3 | =
T dt 47 o~ At 17 = et ~i1
‘— 0 6F g e Pl cC 0 cC 0 E - c o e,
40 BIT SERIAL tNPur—-—-——-‘_\
WORD CMD —-D— Sy

——D—» NRZ OUTPUT

RZ OUTPUT
BIT RATE

co-2005 8 ¥ J
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OUTPUT REGISTER BLOCK DIAGRAM
BLOCK Il

DATA RATE TIMING — —» BUFFER >— — -
SHIFT EEGISTF.R

SERIAL DATA 40 EPRPAOLRD ‘6 vbC
SERIAL GATE —-‘
COMMANDS e | INPUT GATE 7'y Y
(" 128 BIT —
NRZ
DATA TRANSFER BUFFER
it OUTEUT B> (¢S RIAL NRZ OUTPUTS)
2 BIT
FROM THE
BIGITAL & - MGBIY
MULTIPLEXER
8 BIT
RZ 5 RZ OUTPUTTO D.T.B.
4BIT outeur
: L — —» DATA RATE TIMING NO. 1
BIT
*
l G T e A |
\ ¥ v |
|
S I lllll
HIFT REGISTER 4
DATA RATE TIMING — —y— —|  BUFFER >~ — » ' FAILURE PROGRAMMER
5 A ! g DETECTOR [V COMFIANDS
|
| | |
| |
| I |
T e % i g Sy e FEEme e |
|
|
|
6 VDC |
POWER e il et 3
ACE CONTROL INPUTS s SWITCH

CD-2092A ZZ@ST
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3 PHASE
400 CYCLE <«
INPUT POWER

PCM POWER SUPPLY

BLOCK Il

COMBINE "OR" CIRCUITS

3 PHASE
400 CYCLE <
INPUT POWER

\

DIGITAL
> VOLTAGE
SUPPLIES

ANALOG
AND

¢ DIGITAL
VOLTAGE
SUPPLIES

ANALOG
} VOLTAGE
SUPPLIES

RFI [ LC. QUAD | .. .3
FILTER | ﬂl FILTER *6.3v
g
: t:l +12. 5V
POWER ™h
RFI SUPPLY "A" :
FILTER TRANSFORMER [ ] T
AND RECTIFI .C. Hak,
D RECTIFIERS) —Ih : e 6.8 |
e i
]
._..k..._._
RF| i3 d il
FILTER Tl t i
)
Joe] +20,0]
=
) -1.0v)
Lo
RFI =
FILTER |" |
gy -20, 0V
=i
+—
POWER —l—l¢|
RFI supeey e |1 R
FILTER (TRANSFORMER [ | '] FILTER '
AND RECTIFIERS) [——>
B
>t +1L0V
| re bl !
FILTER l i
pe———






ERASE

DSE HEAD LAYOUT

DIGITAL

RECORD

REPRO

e )| G NO.

wmmm |G NO.

wmmme CLOCK

s |G NO.

mmmmm )| G NO.

7 e—

1 mceramers

14
13
12
11

10

ANALOG
RECORD REPRO

DUMMY

10
s ANA NO. 3 s

| i
s ANA NO, 2 s—

i I

i |
—CSNI\ LM VIOICE—
e ANA NO. 4 s——
mmmm ANA NO, 5 s

wmmm ANA NO, 6 sem—




PCM/ANLG

PCM
HIGH

]

FORWARD

REWIND

DSE SIMPLIFIED SWITCHING CIRCUITS

SPACECRAFT CONTROL PANEL

DSE LOGIC CIRCUITS
P/B ALL CHANNELS BUT LM PCM

PCM ANALOG! -SPEED INTERNALLY SELECTED
i
oM PCM P/B LM PCM ONLY AT 120 IPS
| I RECORD RECORD & ERASE CIRCUIT ENABLE
-o—»oOFF

REPRODUCE CIRCUIT ENABLE

15 IPS RECORDING SPEED

3.75 IPS RECORDING SPEED

D_LFORWARD

FWD TRANSPORT (120 IPS IF PLAY
OR RECORD NOT SELECTED)

OFFREWl ND

REVERSE TRANSPORT AT 120 IPS

+28 VDC

s
o
=
— e . o s s s o e S S S S e A S e S S S S e s TS S S S S —

e
CD-2109A L ®)
53



DSE/UDL INTERFACE

I LM PCM

2/ FWD
ubL = DSE
28Tvg(l3j | | REwinD |
FLT BUS | : :
Seprewar e o—0 OFF
DATA STORAGE! R erag |
EQUIP | K328 ! i REWIND | L
FLT BUS LR o) s |
woc 225 | b apeng -} |
: | RECORD |
' ' =l
| 1 =48
KN pemesprwg | vy
I s : : :
I R K30 EL S I I {
| ot s50 SRECORD |
| o—eo OFF |
| PLAY
' :
I | PCM/ANLG
| I I
' ' e
| I |
| | mrem |
I K27 vy l I i =
| £ B e S-49 IPCMIANLG I
: ; |
|
| ! |
| | |

cD-209 (@)



D.S.E. TAPE SPEED

—-ﬂ——-» sy
RECORD PLAYBACK
TAPE
PCM PCM
DETERMINED | BIT-RATE | BIT-RATE gf‘gﬁK 3’:‘5& gf‘géK ;LAJEBACK
BY SWITCH SWITCH 0
TRACK TRACK TRACK | SWITCH
(S55) (S55)
(549)
a0 2T | 12,800 S
MISSING SEC
STATUS HIGH LOW OR OR LM PCM
(FAILURE)
o7 BIT | gsq BU
N N
TAPE 15 IPS 3751Ps | 1201PS 120 IPS 15 | PS 120 IPS
SPEED :

e e R A T

CD 2076 {®)]
55



D.S.E. AUTO SPEED SELECT

CLOCK TRACK
=g 7y
PCMIANLG—ED—DDO PCM CLOCK
REPRODUCE |
MODE BET
POWER
800 CPS 120 IPS
LATCHING +
CLOCK TRACK FREQS + RELAY ’{\v
2 T____’
P/B [ 120 1P5= 512 KC 519 KC 15 | PS
HBR| 151PS = 6.4 KC | A
P/B [ 1201ps= 64 KC
LBR L 151PS =800 CPS

CD-2074A L %}
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D.S.E. DIGITAL RECORD CONVERTER

sg g tmel sEee

DATA FROM
PCM TLM

REG REG REG REG
_)_’ # "l # o SO e 0
RZ CLOCK‘r !
FROM PCM I I T
Gl

=4
: NETWORK

cp-20m3a L %)



— — —— T— — — — - —— —— \n — c— —— — — ] — — — —
- g

Ill-‘ — — e I e s s e  — | j—— — —_— e ——————]
——

— — — —— — — — —— — — — ey w— — ] — — — ——— — — — —— — — — — — — _— = ——

— — —— — — — e — — — — — — — — — ——— —— — — — — — —_— —— —

pr s o i

D.S.E. WAVE FORMS

DATA VALUE

a
::
B
]
|Ji_l
i
i

[ PR |
o = =
o w ke -~ T
< - = 1= e B = R
itsia —_ s = _”R SO —
o e Wi o g v o = O e A sl (3
o = o> L = : >
oz el (&) TR = U L [ N
= o= O= a e L = = — v N <<
e w O w e g =3 O o (S H T Lt Ll i
o [« il 45 ) Eo 0D U v & ol B !

— i = HEAD

/

o Tig,
7

cp-2071C {®)

|0|1|0|1|1I1

1o o




D.S.E. DATA REPRODUCE CIRCUITRY

CLOCK DATA
CHANNEL CHANNELS 13 # #
DIFF DIFF DI FF DIFF DIFF
| | | |
SCHMITT SCHMITT SCHMITT SCHMITT SCHMITT
TRIGGER TRIGGER TRIGGER TRIGGER TRIGGER
RESET
DELAY
S ) § R S
SET- SET- SET- SET-
RESET RESET RESET RESET
Fif F-F fop F-F
| 1
i [oeLay]  DeLay | [ oELay | I DELAY |
j & 1§ I |
QUARTER ' ‘ '
CLOCK SHIFT REG REG 2k Res | rec
X4 #1 #2 Eie #3 o8
NETWORK
‘ NRZ
RESET  }—»
£ OUTPUT
— R
co-20r2c & *J
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DATA STORAGE EQUIPMENT BLOCK DIAGRAM

BLOCK I

5L2 KB OR L6 KB
NRZ SERIAL DATA

POWER .r_|1
P e FRON POl Recomo o REGISTER & SWITCHING TR NRZ STRIAC
5L2 KC OR L6 KC —.l CONVERTER |—-:| CONVERTER ATA TG PMP

. DATA RATE CLOCK DATA TG

@| 4 FROM PCM
| M
i el DIGITAL DIGITAL
RECORD REPRODUCE
AMPS AMP
@ €5 4P K¢ COsDI+
]

b T U o

4 SCIENTIFIC NC. 3

s @ SCIENTIFIC NO. B
e SPARE ___,E
—
6]

JFORV:;!RB

o

INPUTS s B M PO
m i \1 PCM/ANALOG \
) % T 15185
Saa 7
@H‘l @ “ @ L eem 10 > 1 o I O SPEED 10 LM PCM
1 CHANGE
|1 N : CLUTCH /
SIMPLEX A
CSM LM 120 1FS CSM LM
VOICE 1t : T3 o VoI
(PLYBK) | Mo "
\\ L~ (YR it CLUTCH \
SCIENTIFIC NO. 1 2 / HIGH 3,75 IPS WHEN 2 SCIENTIFIC NO. 1
e N v -+ BOTH JEACTIVATED /
: 5§55
SAND AU ey SCIENTIFIC NO. 2 B Low B SCIENTIFIC NO. 2
™ \ / x

+
F;') sTor Y
REWIND

E

l_{’ E SPARE
‘ ol { }—um
fy—e g
ND’?:"T’ ¢ i ! '_v‘ Ers (:)c,wsm G * SPARE
iﬂ“ :t; ___..} L_:\_I MOTOR

SPARE

X

-]

8 SPARE

b et
AU ly—o
| = v RECORD
4 = M
4 i PLBK
: ELECTRONI
T TAPE RECO! 7 +28 ViC P . v—= RECORD LECTRONICS
RECORD wo § K
: ] Recoro = : {2
" v OFF RIEE THh \
- i
[ @ e @ fo 0 Eg—puveacx /G
'
PLAY REWIND + .
>
Al
CONTROL

Logic [ TRANSPORT

cn-gusuniﬁ:






FLIGHT QUALIFICATION TAPE RECORDER

'— -_— - - - - - = L e L} - -— - L] — Eal - - - cmm—
I
1 : . .
[ ———— CAS4D———» wB
VO 1
1 < BIAS | | ERASE
3 > 0sC AMPL I
CAZ543D WB I
CM VIBRATION  J ! VCO ¥
PARAMETERS 1 3 :
————— CA2546D) ——g— W8 Iing RECORD ERASE 1 #ir ache
% CAZSIOD - ' VCO HEADS HEADS 1 RECORD
I e !
el »| DIRECT 0
G I REC AMP TAPE
" TRANS PORT I
T GFE 5
8 CM 1 “SIaNAL —> ws 4 i
FORCE 1 CONDITIONER VCO i - SR
PARAMETERS | — | paw 1 o
6 1 CONTROL 1 o®
) 1 A 10
=0 ' p) g e ELECTRONICS| LOGIC T P
CM POSITION CA6429H ; —» nuzecr i T r e : WL o B
] kiR POWER : 2% ANON ESS NON
1 SUPPLY & T 86 0822 ESSENTIAL
3 ! REGULATOR i MDC-5) ol
1 »| DIRECT
: REC AMP 1 GROUP 1
50 KC I o 3¢ 400N
I O 1115 VAC
0sC . CB 24
& I " MDC-11
cAodzsH——»] ws | f*\‘ giin Da ekt B |
VCOo
1
CM POSITIONS 4 : = ' MIXERNe z3skc| !
CA6424H WB vCo 1
L 1 VCo !
- 1 1 b wskc) !
sasp—y— ws | 14,5 KC Lo T veo [ >
ybd veo ¢~ CODE ] CM
SM VIBRATIONS 4 1 - GEN I :L’;ECTURM
3 S
5A28320 —N. WB ] zsctéc I s
. ¢ veo 145 ke [ H
1 13 = vco 1
CM POSITION CAGZTH——p—»|  WB 40 KC
- | 3> CTE SERIAL
: ) @ DSE VCo L i
: DIRECT 5 I
‘ 0S¢ L1 30 ke
1 REC AMP veo Fr v
e Sl S SRR S e s e R e S e R o e co-2u8 L L¥XS

62



ML T ™ T b Chaet S e - R L e A o i R

C28A25 k.
PANEL 276

C28A29 |_
PANEL 277
CB5 CB6 CB7 (CB1) (CB2)

G ®

INSTRUMENTATION INSTRUMENTATION
POWER CONTROL POWER CONTROL

CB? CB10 (CB3) (CB4)

60

FLIGHT QUALIFICATION OPERATIONAL

V8 Tic
L ]
»

FAM-6401 {V(@ ]

=

L




44

SM RCS T S RCS
SECOMDARY PROPELLANT

ZRZECD,

. c -

— = e RCS INDICATORS
e
ISR SN

HELIUM 1

— i (ol oldlold ol 9

UP TLM FLT RCDR
ACCEPT RECORD A B C D

BLOCK REWIND —OFF =
HELIUM

_.__@ ool J @

& D
AUTO AUTO B

.......

— OFF -
— CM RCS PiPlNT — PROPELLANT
@

@ °ld°l ‘@L@@[]

CMD TlNFl
ON

1At
FAM-6322A% ¥}






FLT BUS

i

ubL
FLT BUS

Ty

%

S-BAND
TRANSPONDER

PMP

710 KC

DISC

<

v

AUDIO
CENTER

Ur-vAlA LINN

DATA

@

UP VOICE BU

CMD (BLOCK 1)
RESET
O
CMD
NORMAL o
o]
OFF NORM
b REAL TIME
POWER | » +¢ COMMAND RTC
SUPPLY DECODER [~ RELAY
A ;
}*cmc DATA
==
UP TLM
ACCEPT | ACCEPT
+6V—o"1  oBLOCK
|
o/l"o
b
| BLOCK
LOGIC ,
BITS |
24 STAGE REGISTER I
SUB-BITS L l
Lo s peenn |
SUB-BIT SYSTEM ¥ | |
DETECTOR ADDRESS |
SYNC | SUB-BIT CEELE
DECODER & PROGRAMMER 4 :
e — - sysTEm }
CTE
—
o OLIER mm—> (RESET & TIME ACCUM-SE)
|
|
i
VERIFICATION | —
o PCM
S * (VALIDITY SIGNALS)

00 Ticy

Y

CD-2049C ; ZWX;
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UP-DATA LINK MODULATION

Illll IIOII Illli

INFORMATION /\

TONE-PHASE 2 KC
SHIFT KEYED : ,

REFERENCE |

OR "SYNC" 1 KC
TONE

COMPOSITE
AUDIO

T
aaaa



UP-DATA LINK MESSAGE FORMAT

. SYSTEMS CODE -
ke T CTE OlIE)S(ZLF TEST )

E
Agngs e 24 BITS g2

i G/N DATA i
7 16 BITS
*VA*—*SA*-‘_ﬁ BITS—-—-J

1{of1f1{ofo]1]|1]2]{o]o0]of1]ojo]1]o]ofo]of1]|1|1]0j1][L1]0f1]1]O

mpfi|1jo]1]1

oo [o]o]1]o]o] [o]1]o]1]0

9'7"* A
CD-1624 (@)}
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SUB-BIT DETECTOR

. P‘a ;ng INTEGRATE MATCHED iip L SUB-BIT
S-BAND RCVR TRANSFORMER | AND | FILTER ki
DETECTOR DUMP AMPLIFIER —» su-BIT NOT
CHOPPER
A A
y A
304 SEC 104 SEC
PREMODULATION MONOSTABLE MONOSTABLE
PROCESSOR MULTIVBRATOR MULTIVIBRATOR
o » T
SUB-BIT SYNC NOT
DATA GATING —
+
o— AUDIO CENTER (1KC +2KC
VOICE BU T
2 KC 1 KC
DATA
v 2 KC
1 KC VOLTAGE
PHASE LOOP FLIP FLIP
>
@ TRANGTORAER WY ok tr i Tl B Bl iy e SR FLOP
CHOPPER
VOICE BU
5-38
PHASE LOCK LOOP
1 KC
CD-101D % >
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(V4

WAVEFORMS OF SUB-BIT DETECTOR

To

T

=)

T, Te

4

T8

1KC SYNC

2KC DATA

L~

COMPOSITE

CHOPPED
COMPOS ITE

LOOP

e
IN 1IKC #DET l

(-]

VCO FREQ LOW

VCO FREQ = 1KC

(=]

FILTER *

Z

 NCOFREQ mva’ /' WIN® LAG WISYNC

OUTPUT

V.4

10 VCO

— |

1KC ¢

9%0°
veo,  [LAG

3

e (89

2

SuB BIT
SYNC NOT

A

(IKC + 2KC)

CHOPPED
COMPOS ITE
IN 2KC ¢ DET

(=]

INTEGRATED

—

—— () —

(= 4

SIGNAL

30 uSEC M.V. 1

MATCHED

L NOT
DEF INED

A—

—

OUTPUT

]
FILTER e

1

J

10 uSEC M.V,

p - - - r——-

(NOT DF.IF INED)

SUB BIT

(NOT DEFINED)

SUB BIT NOT

0

n

7

g

CD-10128 {@}
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UDL DECODER

24 STAGE SHIFT REGISTER

DATA BITS
: BIT SYNC 1{2(3|al5l6|7]8]9]|10f11]12{13]|14|15]16]17|18]19]20|21|22|23|24
il REG SHIFT >—¥
INHIBIT ENABLE
¥ 3 v
VEHICLE ADD SYS ADD AND
SUB-BIT INFO SUB-BIT .
DECODER DECODER BLOCK
i . A ol - RIC ACCEPTI
~ DECODER
" MATRIX COMMAND
MODULE
COMPUTER
V. A.[ VERICLE ADD 3
5 STAGE V.A. & SYS ADD 32 RELAYS
REGISTER FF DECODER
BIT
ERROR
DETECTION
ENABLE
REG SHIFT RESET *SA-3 COUNTS \
= b RTC-6 COUNTS
= 200 HZ-DATA INPUT SHIFT*{ PROGRAM CNIE-16 COUNTS PRggsg\erV‘EARBLE CTE & ™
| Z] 1 KHZ-TM & CMC SHIFT«—| CONTROL  [*CTE4 COUNTS COMMANDS
= - -
& | | 10 KHZ- CTE SHIFT +——— o124 COUNTS 8
w| nvn
CTE RESET -
CTE TIME
CTE 10 KHZ UPDATE 1 \ - isain ATOR
SUB-BIT
VALIDITY SIGNAL
DETECTOR EMR VERIFICATION PCM
INPUT D>—» ! LOBIC BIT RATE A
(FROM PMP) P
UDL RESET ¢ @
CD-2077C ¥ \'9"}
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UDL RTC MESSAGE FORMAT

MESSAGE BITS

NOT TRANSMITTED

V.A. $.K DATA WORD
B|B|B|B|B|B slelelelslslsls]le|sle|B|s|ela|e|s|B|B|B|B|B|B
112131als|el7]slolw|uliz|13]a]15]16]17]18]19]|20]21]22| 23| 24| 25| 26]27{28|29]30
1{ofof1]1]0]22]21]20[22]21]20 (REAL TIME COMMANDS-INTERNAL RELAYS)
1jojoj1]ofifo[1f1f0]0]O (SALVO RESET RTC'S 00, 04, 10, 14, 20)
i teodilada bl r kool (séLv@ RE:SET:RTCES 40 44 50 54 60 64, 70, 74)
thototatela ot ikl yle (séwo: RElgET RTC'S 02, 06, 1?, 16 22 26 32 36)
1jofofr]ofrf1]1]1fo]1]o (SALVO RESET RTC'S 42, 46, 52, 56, 62, 66, 72, 6)

RTC BITS B7 THRU B10 GROUNDS ONE OF 16 SELECT LINES WHILE BITS B1l AND BI2

PROVIDES A 28 VDC PULSE FOR 30 MILLISECONDS ON ONE OF THE SET OR RESET LINES

RTC DATA WORD BIT CONEIGURATION CAN BE DETERMINED BY TRANSFORMING THE RTC

OCTAL NUMBER TO A 6 BIT BINARY NUMBER

TOTAL TIME FROM MESSAGE ENTRY TO VERIFICATION IS 90 MILLISECONDS

o214 & ¥
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UDL CMC MESSAGE FORMAT

MESSAGE BITS

NOT TRANSMITTED

V.A S.A. DATA WORD
B B(e|B|B|B|B|B|B|B|(B(B|B|B|B|B|B|B|B|B|B|B|[B|B|[B|B|B|B|B
1 314(5]|6|(7|8[9]10|11|12|13|14(15(16|17|18|19|20|21|22|23|24| 25|26 |27 (28|29 (30
LT B LA DR R EX A X TR T X L PR L XX XX
CMC 5 BIT CMC WORD CMC 5 BIT
WORD ONES WORD
COMPLEMENT
L INFO BIT B7 IS ALWAYS A "1"
2. TOTAL TIME FROM MESSAGE ENTRY TO VERIFICATION IS 126 MILLISECONDS

CD-2116

S Tie
o .,

0 3

3 »
2 # 1
& H
s
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UDL CTE MESSAGE FORMAT

MESSAGE BITS

ATA WORDS
V.A. S. A .

B|B|B|B|B|B|B|B|B|B|(B|B|(B|B|B|B|B|B|B|(B|B|B|B|B
123456789 |10(11{12(13|14{15|16 |17 (18 |19|20|2]1|22]|23|24

22

B|B|B|B|B
26 | 27 (28 | 29 30

1{0]of1[0]0]2%2122]23|24]2%]2021[22]23|24[25]20|21|22|2%]2%| 2

21122|23 |2

4

RESET ADVANCE ADVANCE ADVANCE
SECONDS MINUTES HOURS

SYSTEM ADDRESS (S.A.) GENERATES 24 PULSES (ONLY ONE PULSE REQUIRED)
TO RESET CTE, PULSE WIDTH IS 50 MICROSECONDS AND PULSE RATE IS 200 HZ

CTE COUNTUP PULSES ARE GENERATED TO SECONDS LINE FIRST, MINUTES LINE
NEXT, HOURS LINE NEXT, AND DAYS LINE LAST AT 10 KHZ RATE

3. NUMBER OF COUNTUP PULSES IS THE DECIMAL EQUIVALENT OF A SIX-BIT
BINARY NUMBER

4. MAXIMUM TIME INPUT IS 19 DAYS, 23 HOURS, 59 MINUTES AND 59 SECONDS
5. TOTAL TIME FROM MESSAGE ENTRY TO VERIFICATION IS 169 MILLISECONDS MAXIMUM

ADVANCE
DAYS

CD-2113



UDL TEST MESSAGE FORMATS

E

MESSAGE BITS

Vol 1o Bl i TR ;
B|B|{B|B|[B]|B B(e|B|B(B|B|B|(B|B|B|B|B|B|B|B|B|B|B|B[B|B
e o 58 57 B T 89 [10]11(12|13|14(15|16 |17 |18|19|20|21|22| 23|24 (2526|2728 |29 |30
olofojofofoj1|1|0|1|0f{O0f0jO|jOfO|OfO|O|OfO|O|O|OfOfO(O(f1]0O
VR M R e SRR SRR RN C B SRS R e B

TEST MESSAGES A & B EXERCISE ALL PROCESS, TRANSFER AND PROGRAM
CONTROL LOGIC AND IF NO ERRORS OCCUR, MAIN REGISTER POSITION 24
WILL CONTAIN THE CORRECT BIT INFORMATION FOR A TEST A OR TEST B
VERIFICATION SIGNAL

TOTAL TIME FROM MESSAGE ENTRY TO VERIFICATION 1S 172 MILLISECONDS MAXIMUM

T
-t st 8

i

pPOlLg
Bnyypaiv?

CD-21123




UDL VERIFICATION LOGIC

CMC SYS ADD >_D°
BLOCK >——f s g -0
TEST MESS
SYS ADD )o—— HEL P *;S{X‘

—
gl P et

NOTE: PCM ADDS

11T

hTH 4 "ONES" T0
COMPLETE 8 BIT WORD
( ] e STAND | SYSTEM | TEST TEST
F AL npiti
inﬁgs%GE RESET 2T ! B0 a1 . :
0 1 0 0 g
55MS Q 0 0 1 1 0 Y
"| mono @
0 1 0 1 0
250 ms Q@
MONO. @ 0 0 ] 0 1

PCM HIGH BIT RATE INDICATOR

g

CD-2115A & ¥
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PMP BLOCK DIAGRAM

BLOCK I
- = NORM I8 70 18V REG
WER ——— : 7 oOFF 2
PME CBll i l FHIS YOG S-BAND NORMAL
+28 VDC ki CAUN 2870 18V REG : s
il [ VOICE
CB12 i :
4
= 533
MIC NO. 2 >o > MIC AMP NO. 2
S-BAND 30KC [up-voicE Disc} SEi § RELAY _ vOICE + SIDETONE ===
RCVR  + TR TS 1533 TO A.C. RELAY
T0KC UP-DATA DISC Ll b AP »DATA TO UDL
UP TLM
J ———
KEY 1 »| 400 CPs 0SC | ehs
CTE
sy KEY GATE
VOICE o
EVA VOICE/BIO——"1 MODULATOR + T0 USBE PM
— S=BAND AUX MIXER UP VOICE BU
DOWN |
TAPE LM VOICE voice su [ BACKUP |
CM VOICE st o——— s VOICE » T0 USBE PM
ek 336 CLIPPER
536 TEM/IC & LMITE 10 DsE
IC VOICE—] \vee LM/IC TO DS
s B1-¢ MOD NO. 1 .
DN VOICE BU RIT PCM w : $54
PCM 512 KC 4 AUX
[ AUX M
S-BAND AUX — PIB PCM TLM poe—o—>p] Bl-® MOD NO. 2 | MIXER ————» TO USBE FM
PIB LM/IC N e |
VOICE
PIB LM PCM
3-P/B SCI A > 2(:565;
seep e
3-RIT SCI o —» 10 DSE
e —]
RITLM PCM » 10 DSE
v » 10 USBE FM
IS6  |——> UMBILICAL T
co-207F [ ZX

7o



PMP POWER SUPPLY

BLOCK Il

PMP POWER vt +18 VDC TO Bl-¢
18 VDC REG >— » VIODULATOR NO. 1
AND NO, 2
EWVDC 1L QNSE,_M
e i ol\(IJOFzEM Ai " PMP CIRCUITS
: +18 VDC TO Bl-¢
28 VDC TO 4 » MODULATOR NO. 2
18 VDC REG ' SWITCHING

CD-2028B d@:
76



PMP UP-LINK DETECTORS

BLOCK Il ‘

_ UP-DATA
TO UDL
UP-LINK  o—e—70 KC |

SIG FROM B-P :
USBE-RCVR ¥ FIL
T X
= BU
) DATA UP-VOICE
W b
VOICE BU
NORM
s — UP-VOICE
B-P -I-»H—L“ b -
7 M. V.
0+18v.L i
400 CPS % , UP-VOICE
S|DETONE © T0 AC
o MIC NO. 2
Sniac fTAPE AMP TO AC
MIC NO., 2 o OFF ce—o0 OF?: o +18V
RELAY o VOICE BU oy

O

CD-2030A & ¥



PMP VOICE MODULATOR

BLOCK I

C/M VOICE —r— @ o ' —l— BACK-UP
4 I OPEN IN DOWN VOICE
$—arr— 418V ) LOW RATE T0 USBE
e

PHASE MOD
-
DATA RATE
DRI o ~ INDICATOR 1o
Bl-¢ MOD #2
+18V MJOFF *
]
ol A>T > o voice
f . sy | REAY MO
r Y |
4
§ VOICE CLIPPER MODULE
T —— e — vae—— ee——m— vrm———y W ecr—— e m——— | — i o | — S — e ey o T e —— dr——ans o tamr——
(A)  SIMPLEX VOICE RELAY MODULE
2N CM VOICE

DUPLEX

P\‘
TS VOICE b b b
~. L]
+18Vo—\.‘—-uOFF I I
o——o w
RELAY % b

LM VOICE
DRIBUA - A | Q9 Q1o Qi Q12

VOICE/PLSS

LM/IC
IC VOICE v Q7 Q8 VOICE TO

RECORDER
VOICE RELAY MODULE

VOICE MODULATOR MODULE

113 KC DOUBLER
veo 625 KC L. 5 MC VOICE S.C.
. VOICE B.P. FIL B.P. FIL T0 USBE P. M.
+18V o——er—wo OFF
o——pp——4 03 | AGC
RELAY Q4
512 KC Q .,
7N 78

i T~y
coanac L))



PMP PM MIXER

R BLOCK i
: TSR e PO
: " 418V O3>0 OFF
| “KEY ,J\ T
| 512 KC
| o Q8 Q7
L em 2l
|
i /oo
400 CPS 400 CPS
u KRR e osc 1l S IDETONE
| e PCM TO AC
| 8 ""‘. lAOFF >
| +]18V o i 3 :}
| ° T
| L25mc .
| e Q6 A\ ’TO USBE PM
| VOICE S.C. L7~
| .
| i
| .
|
e o>—>
+18V
1. 024 MC o A

PCM AUX 10
V INPUT o ,: I°2>_ °>—1  UMBILICAL RS

LY~

CD-2033A i@ -’i



PMP BI-PHASE MODULATORS

BLOCK Il

DATA °—<»———|Q1> I[} 1 -ug.q P b b b

1
A ; 1024KC
512 KC : S y os———AA—44012>—0 PCM TO
PCM CLOCK ® it ' q 5 PM MIXER
= -[= ' l o= le "
™
AGC @J l
NORM PCM AR I
g » +18V "B" SUPPLY TO ENTIRE MODULE £ =
MODULE NO. 1 (NORMAL)
e P A e S S s MODULE NO. 2 (AUXILIARY)
-'[= l l - La $
™
sH | !
< B
l ; 1024 KC
FX2 ‘X 4 ot AAA——1Q12>—0 PCM TO
: PM MIXER
Th— p °
P/B PCM S X T
DATA © T¢ " H— . 1.024 MC b p b !
> 8.P. FIL
‘ a .P. : 1024 KC
b b 3 o PCM TO
¢ o ¢ FM MIXER
AUX PCM g
MODE CONT +18V "B" SUPPLY TO PM MIXER OUTPUT o,

3

cD-231 § ¥}



DATA MODULATION LEVELS

BI-PHASE MODULATOR:

1 16 1024KC
. v ;'52:/, Q12 PCM TO
:2— VW 320V PM MIXER
3
PANEL 3:
S-BAND NORMAL ]

-
VOICE

OFF S33

RELAY

1. (LOW BIT RATE W/CM VOICE)
S33 = VOICE, S36 = OFF/TAPE, S55 = LOW

2. (LOW BIT RATE W/BU VOICE, OR HIGH BIT

RATE W/CM OR RELAY VOICE)

S33 = X, S36 = VOICE BU, S55 = LOW, CR

TAPE

VOICE BU

—TLM INPUTS

PCM
HIGH

555

S33 = VOICE/RELAY, S36 = OFF/TAPE, S55 = HIGH

3. (NO VOICE CALLED FOR)
$33:% OFF, "S3b-= OEHIAPE, 555:= X

LOW

.,
“““““

81



PMP FM MIXER

___ LM PCM TO DSE

BLOCK i
%
LM PCM _
(VHFIAM) © | e o
Q2 >— PCM/ANLG
T ; /‘; LM PCM
lTAPE oY1V MODE ENABLE
+18 OFF »
VOICE BU ¥er »

Q5

IC/LM VOICE |
FROM DSE

PCM SCO ,

o

—— VOICE BU ENABLE

73.6 KC
158 g 7 1 &

(1024 KC)
SCI#1SE0

(95 KC)

Sibdierg, ot

(125 KC)

SCH 500 o _n—

(165 KC)

P/B LM PCM o

~ FOR STORAGE

DATA TO
Qll USBE - FM

co-2038 &L ¥/

82



Gl e T e R G A R e

PMP SCIENTIFIC SCO'S

BLOCK I
RITSCI #10 \
L 3
$37- SCl o o _D_‘ BKC L oscia scoour
o sco
§37% SC| o] iy, } _oSCI #1 TO DSE
S50 5 TADE oo __)
PIB SC1 #1 o———ee—n DIFF )
AMP #1 =1
%
$49"= PCM/ANLG o
I5KC | ____oSCI #2 SCO OUT
s e e i
AL SAME LOGIC AS SCo
PIB SCI #2 s = SCI #2 T0 DSE
165 KC

RIT SCI #3 > L &SCI#3 SCO oUT

SCI SAME LOGIC AS 5CO

SCIENTIFIC #1

PIB SC| #3 o———»

*SWITCHES:
(MDC #3)

[—— 5-8AND AUX ———

TAPE

TV

—
"
=

:
‘.
=

VOICE BU

S36

sCi
$37

— TAPE RECORDER
PCM/ANLG

@

LEM PCM
S49

—o SCI # 3 TO DSE

vp.m-r,e.
o

1

!

R
3
CD-2036B w@.
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S-BAND UP-LINK SPECTRUM

BLOCK 1l

Fc
UP-VOICE UP-DATA

SUBCARRIER /SUBCARRIER
PSEUDO-RANDOM iy~
NOISE RANGING

Lep s onry e

-70KC -30KC|+30KC +70KC

2106, 40625MC
S-BAND PM DOWN-LINK SPECTRUM
BLOCK I
VOICE SUBCARRIER
(CM VOICE, LEM
VOICE, EVA VOICE/
BIOMED) TURN-AROUND OF
TURN-AROUND PSEUDO-RANDOM
OF UP-LINK i NOISE RANGING

SUBCARRIERS
NORMAL CSM PCM

SUBCARRIER\

-\/ \/

-1.25MC -1 024MC -7T0KC -30KC|+30KC +70KC +1.024MC +1.25MC
2287.5MC

=
1@ %
CD-2039A ‘1\@7 i 84



5-BAND FM DOWN-LINK SPECTRUM

DOWN DATA SUBCARRIER ;
(P/B CSM PCM OR c
AUX RIT CSM PCM) TV VIDEO ENVELOPE
/ ( DETAIL A" ) \
2 % IS ISR
Fo-1.02aMC Fe-. SMC e Fe+. SMC Fo+L 024MC
DETAIL "A":
scl Fc| twic voice  LwiIC voice
SUBCARRIERS LM PCM LM PCM RANGE AT 1:1 RANGE AT 32:1
(RIT OR P/B SCI) PIB AT 321  PIB AT &1 PLAYBACK PLAYBACK
i | ] | 1 | ] ] | e | | ] |
-165KC 95K C -5L.2KC-12.8  -2.3KC -.3KC | +.3KC +2.3KC  12.8 +51. 2KC +95KC +165KC
-125KC -73.6KC -9, 6KC +9, 6KC +73. 6KC +125KC
DOWNLINK MODE COMBINATIONS: 2212.5 MC
it WE DO WE HAVE?
HAVEA P/B CSM PCM| RIT CSM PCM v RIT SCI PIB SCI LEM PCM fmg
PIB CSM PCM NO NO NO YES NO YES
RIT CSM PCM® NO NO MAYBE** MAYBE** NO MAYBE**
v NO NO NO NO NO NO
RIT SCI NO YES® NO NO NO NO
PIB SCI YES YES* NO NO NO YES
LEM PCM NO NO NO NO NO NO
LEMITC :
SBice YES YES NO NO YES NO

*AUXILIARY MODE (S54 = AUX) **DEPENDS UPON SETTINGS OF S36, S37, AND S49.

CD-2038A

v’yﬂflc.

%

»
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S-BAND BACK-UP SPECTRUM

BLOCK II
G
UP DATA OR
UP VOICE UP VOICE BU
=70 KC +70 KC
2106. 40625
KEY MODE
=512 KC +512 KC
NORMAL CSM
PCM SUBCARRIER
(LBR DATA ONLY)
DWN VOICE BU
=300C-3 KC +300C-3 KC
-1.024 MC +1.024 MC
2281. 5

.7
09" Tice
v A

CD-2098B{

|{||| &

*
¥
2
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PSEUDO RANDOM NOISE RANGING

b i g i, 72 L 2
Vg G S0 S=oTopop 7 | o TEQUIP]
e T

£
cD-2079 (@)



P.R.N. CODE USE

: |
B e ol Tp -
R /\V\/\/‘-\/\/\M/\N/V"\/\/M/W
LOCAL
MODEL L] | l
- Tp e
70 Ty + 1078

3 = Lo
T, - Ty =Trgr < Tp BASIC BIT TIME 221042 SEC

LPhHxPpadedec

(i TR L Tk e e B IR L

= 71.610 BITS =2 .075 SEC = 6.8K MILE
2 x 11 x 31 X 63 x 127 = 5,456,682 BITS 22 5,68 SEC = 528K MILE
CD-2080 L )
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PRN CODE GENERATION

PO 1100000 1010 L0191l 0ol 010
CL | PERIOD =2 BITS

11100111001110011100‘111001

X PERIOD =5 BITS

a8 0ol 0]l 08 00010 108 10001
CLOX PERIOD = 10 BITS

EXCLUSIVE "OR" (®) OR "ADD WITHOUT CARRY" (AWC)

A— A®B=0
A®B-1

® A®B - 1
Boe— A®B =0

CD-2019 ( #}
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DOUBLE DOPPLER RANGING
27
F=—§- X ) ) YR

Vot COS 8 *"‘l“—
Fa=F0(1i t°tc )
g {Fa -~ Fo) C
W ks €08

1
Stot =7 f‘V dt + SiniTIAL

L
v
Fr _ 210640625 _ 108 VCO + 15t IF _
Fx  2281.5 120 VCO
(108 + 2) V€O + 2Nd |F (108 + 2 + 1/2) VCO
120 VCO 29VCO0
_110.5 _ 221
120 240

;{:'—'f's
CD-2096 { ®)}
20



S-BAND BLOCK DIAGRAM

RF TRACK OUTPUT (RCVR AGC)

TRIPLEXER

UP VOICE + DATA

ON VOICE + DATA

BACK-UP DN VOICE

DN VOICE + DATA

BACK-UP DN VOICE

UP VOICE + DATA

\ FM DATA
RANGING

S-BAND  OMNI HIGH GAIN I
; TRACKING
ELECTRONICS
UNIFIED S-BAND
[i38 5525 70 5 7 R
SWITCH : I
| S-BAND
I RECEIVER
|
| e l
| contror| A6C RANGING :
S*BAND POWER AMPLIFIER : I
A
POWER | |
BY PASS CONTROL COMBINER i I
R = | TRANSMITTER '
| |
y 2287.5 MHZ l___“h_u_xtﬁnﬁz_l
- ™1 s : | l
|
3 o :
SWITCH & SWITCH T TRANSMITTER .
| i
\ | !
™I 2 |
| freq
| Conteor| ¢ RANGING |
&~ | |
|
A il | S-BAND
RECEIVER
—— 2106, 40625 MHZ g |
| |
— PWRAMP = ettt -
XPNDR
PRI HIGH PRIM
2272.5 MHZ [
ele]” [e e
SEC Low SEC — S-BAND AUX —

TAPE v

e ©e

S-BAND RCVR
1-2 STATIC
PH ERROR

DN VOICE BU  SCI

e

OFF

PREMODULATION
PROCESSOR
(PMP)




S-BAND RECEIVER

2106. 40625 + D MC 30 KC, 70 KC TO PMP <€——
9.5 MC
IND
PRESELECT IF V‘ég
AMP
.
2058.8 MC
S-BAND C.A.
ANTENNA ckT € peT [*1
=2 AND
S-BAND
ANTENNA @ SHIFT
METER 3
19 MC . B.
X2l [ X2 & X2 & yco [ DET<J
¥ PRNR TO XMTR PM <€——
AGC TO XMTR
AUX 0SC RNG CONT €———

76.25 MC TO XMTR PM P
CD-2073A ¢ ¥ ;



S-BAND PM TRANSMITTER

| S-BAND XPONDER XMITTER |
RCVR W. B. . .
VCO DETECTOR | |
|
| [RANGING |
l } SIGNAL |
| |
X4 !
C.A.D | XPNRR #2 .
MULT | XMTR OUTPUT—] POWER | 4 o 1o
| COMBINERT 1 ¢”6aND
; |
IRCVR : |  POWER
S-BAND RCVR | 1AGC i) | AMP
“““““““ BRI 2287.5 MCT ,
i : |
]
: PHASE Wl X30 '
:\\’_ > MoDULATOR mout | |
PWR :
VOICE I Ivm e AMPL i
B. U.
76 MC l__DA_Tﬂ NS Spsyareer :
AUX | PREMODULATION | |
05C | PROCESSOR =~ | |

CD-20818 {@®)}
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S-BAND FM TRANSMITTER

BLOCK 1

TV MODE

CONTROL

EM XMTR ON o . R SR 3¢
| SUPPLY |e—o
TV SIGNAL o li
| 75.75 Mc
A X2 X5 X3
EM DATA

—_— o 2272.5MC
Filter j FM OUTPUT
AR
POWER
4 gl ~ MONITOR
CD-2037A ¢
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FM XMTR
FLT
™ BUS

*4—0 O

CB13

S-BAND
1-XPNDR
FLT BUS
A

AC

*4—0 o
CB17

XPONDER

FLT BUS

TELECOM
BUS  FM XMTR
3¢ 400 GROUP 1 GROUP 1 & pins
UP-DATA LINK RELAYS 115 VAC ~ X "
(1 PHASE i :—rf o
SHOWN) ! g
l SUPPLY
KILids O—tppp | TV ENABLE FM
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AC TELECOM
BUS
GROUP NO. 1*

AC TELECOM
BUS
GROUP NO. 2¢

(*ONLY ONE PHASE SHOWN)

S-BAND POWER AMPLIFIER

S-BAND
POWER AMP
CONTROL &

POWER
SWITCHING

LOGIC
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20W ENABLE

5W ENABLE
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@ LOSS
DET
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XFMR

90 SEC
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TRIPLEXER
RCVR
2106. 40625 MC
o



S-BAND POWER AMPLIFIER
CONTROL & POWER SWITCHING

HIGH

PRIM

c32n POWER
Sk o = ~— suppLy
400 CPS o | oweed B TWT
115 VAC . | NO. 2
AC TELECOM BUS| POWER THERMAL :
Low GROUP 2 MONITCR RELAY :
5§32 S=-31 |
(ONLY 1 PHASE SHOWN) |
UP-DATA LINK RELAYS a’? O,\%SE
CONTROL
K26
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e
: 20W
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€818 : POWER
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GROUP 1 MONITOR RELAY

5-36
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CD-2058 7—%5
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TWT SCHEMATIC

ELECTRODES INPUT PERMANENT  OUTPUT
DRIFT ANTENNA MAGNETS ANTENNA

CATHODE
s ATTENUATOR

HEATER ‘ HELIX

COLLECTOR

\
I
§

N |87 S
! INPUT OUTPUT J i
12 WINDOW  WINDOW /4
i TO COLLECTOR
TO HELIX  |NPUT Lt
TO HEATER VOLTAGE b pr
CATHODE
VOLTAGE TO ELECTRODE OUTPUT
VOLTAGES
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CUP STRUCTURE

COAXIAL
CABLE

ABLATOR PLUG

ANTENNA

/" ASSEMBLY

S

ANTENNA
(RIGHT HAND
POLARIZED HELIX)

CD-20151 ]



BLOCK Il S-BAND
HI GAIN ANTENNA

SOLAR RIB
REFLECTORS
x31" DIA

FEEDHORNS
10° OFFSET

cp-2001C & ¥

>
Onesrare™®
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HIGH GAIN ANTENNA

MECHANISM SHOWN IN |
STOWED POS ITION

- ‘ “:.1\ ‘_, . ~o
MECHANISM SHOWN IN
DEPLOYED POSITION
o

st-15508% ¥ )
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NORMAL CSM/LV SEPARATION




HIGH GAIN ANTENNA
TRACK BEAM PITCH S-BAND ANT

AUTO WIDE .
r©
ﬁ
°  POSITION YAW e POSITION
L il g B 90°

MAN ( b d \ E
D
180°
POWER SERVO ELEC FLT RCDR
PRIM RECORD @

©
© 7
PN-2F-3 §

PITCH +90
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o
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= DOCKING PROSE ———y
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PRIM

—— UGHTS —— m M DOCKING
EXTERIOR TUNNEL TARGET

MISSION TIMER &

C5M™ 108

AUTION/
Csm POWER |
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AMPTEST | STARY

)

RESET
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HIGH GAIN ANTENNA 5
YAW-PITCH COORDINATE SYSTEM

SCAN LIMIT
WARNING

YAW - MEASURED IN XY PLANE,

FROM +X TOWARD +Y, 0 TO 360 DEGREES
(SIMILAR TO LONGITUDE)

PITCH - MEASURED ABOVE XY PLANE, 0 TO 90 DEGREES
OR BELOW XY PLANE 0 TO -90 DEGREES,
(SIMILAR TO LATITUDE)

NOTE: ORDER TO ROTATION MUST BE YAW FIRST, CD-2102A *@}
THEN PITCH CD-2102-1 4'¥



HIGH GAIN ANTENNA
YAW-PITCH COORDINATE SYSTEM

/ SCAN LIMIT

SCAN LIMIT
WARNING

YAW - MEASURED IN XY PLANE,

FROM +X TOWARD +Y, 0 TO 360 DEGREES
(SIMILAR TO LONGITUDE)

PITCH - MEASURED ABOVE XY PLANE, 0 TO 90 DEGREES
OR BELOW XY PLANE 0 TO -90 DEGREES,
(SIMILAR TO LATITUDE)

NOTE: ORDER OF ROTATION MUST BE YAW FIRST.

CD-2101A 77
THEN PITCH

cp-2101-1¢ ¥/
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-60

-90

HIGH GAIN ANTENNA SHADOW ZONE

"W o <~~~ '

x22239’

ADOW Z
427

N

\
§

ww

SCAN LIMIT WARNING

COVERAGE REGION

180 210 240 210 300 330 0 30 60 90 120 150 180
YAW

el
CD-2100 { %}



RENDEVOUS
RADAR
XPONDER

XPNDR
PRIM

— — — — — ——— —— — — — — —

ANTENNA INTERFACES

VHF RECOVERY VHF RECOVERY

A B _C__D_HIGAIN ANTNO. 2 LEFT  RIGHT ANT NO, 1
UP-DATA LINK |
RELAY
| 45°( 135°| 225°| 315° 243
127.5° MC
i | [ »
|
b |
| OMNI | ..KI..KZJ'.QJ[!“ K5+ T J | VHF
o - “hep 4 s oM ~o i |Rrecovery
=10 LEFT
SET RTC 75 l { ;I RECOVERY RIGHT i BCN
|
f | 1o I :
| K5 5
K16 $ SELECT | : K MDC-3 2
K . S
I | K2 4 = l:‘l‘:" |
| l Kﬂ = o GFE
| S-BAND &4 __| survivaL
SIEL e 1Y | < ANTENNA =t BCN
L I I SWITCH | XCVR
V- D k I
| Ho a4 ¢ ———-
GAIN > s
, Pl ¥
I TRIPLEXER TRIPLEXER
3 A [ Y
2212, 5[2106. 4|2281. 5 268  [259.7
MC [MC |MC MC MC
A 4 \ 4 y
UNIFIED S-BAND Vi
EQUI PMENT
G HI GAIN
MDC-3
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VHF/ AM BLOCK DIAGRAM
oY

VHF
ANT
SW

TRIPLEXER

P R e nt e SWITCHING F — — = — =—-
| & Pemne
KEYING
CIRCUITS

|
|
|
L

IIAII IIAII
TRANSMITTER RECEIVER
296.8 MHz 296.8 MHz

IIBII IIBII
TRANSMITTER RECEIVER
DIGITAL RANGING 259.7 MHz 259.7 MHz

GENERATOR
(106 & SUBS)

IR

I CMC 4
LM OR EVA VOICE

TRELAY LM VOICE OR EVA l" LM DATA

1

i.___.

=
)

s

CM
VOICE

lVOICE & DATA
|

&
I
|
|
SR L o Y,
I
|
|
i

DATA
AUDIO CENTER MAIN DISPLAY PREMODULATION LM STORAGE

CONSOLE PROCESSOR BATE L' Equip

R l
RELAY MSFN VOICE

VST

c0-2125¢ 7NN
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CSM-MSFN VHF/AM COMM MODE

SIMPLEX A XMIT - 296.8
(PRIM) REC - 296.8
CAPABILITIES

SIMPLEX B
DUPLEX A
DUPLEX B
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CSM-EVA VHF/AM COMM MODE

DUPLEX A
(PRIM)

DUPLEX B
(BACK-UP)

XMIT - 296.8
REC 2597

XMIT - 259,7 NOTE: NO BIOMED IN BACK-UP MODE

REC - 296.8
CD-2084A% *
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W e WL e Y

R N R I T N s L e R T N L T T ——

SN kR e e

e MRl L [ar i

EMU/PLSS FLOW & SCHEMATIC

VOICE RECEIVE VOL CONT
[ VOICE TRANSMIT o e S
L TELEMETRY b 4 SEC ON
PRI ON S
PUMP FAN TMON 19 I5 PRI ON 5 P
f 3 ? 1 TM BV CHK
L
OFF OFF
EV VISOR \ TONE = RCVR 2.7 MEGS
RECONDAR
= XMIR 296.8 MEGS
= RCVR 296.8 MEGS
e
XMTR 259.7 MEGS

=

TMG.

__—_'_:::::::::::::J___::___,'| |
XEl
5§ Ll
_________________ |
pal]
I : ]
12-20 PS| ng”jl
J I Y \\ El |
| SUBLIMATOR |e= == 1:, —= =,
| ! FILTER ! - f |
| 0 I.-.n | I_l_]
I ' .
PRIM OX REG 3.7 PS| e e ||
90 PSI [ ]
S FEEDWATER L
g ) RESERVOIR || H20 | |
HIGH FLOW |l
S | |
Jl [0 o TR U lens i Sl AN SRt R )
15
OPEN-CLSD ol g
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MSFN-CSM-EVA VHF/AM COMM MODE
S-BAND RELAY MODE

DUPLEX A XMIT - 296.8
(PRIM) RECS =200 7

DUPLEX B XMIT - 259.7
(BACK-UP) REC - 296.8

NOTE: NO BIOMED IN
OICE BACK-UP MODE

CD-2088A1 #



LEM-CSM VHF/AM DATA REC

(L) RECORDING LM PCM
THROUGH VHF/AM

@xmmmc RECORDED LM
PCM THROUGH "'S" BAND/FM

i EARTH

87
e TIcy

co-20898 « ¥
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CSM-LEM VHF/AM COMM MODE

_______

SIMPLEX A XMIT - 296.8
\vomE (PRIM) REC - 296.8

SIMPLEX B XMIT - 259.7
(BACK-UP) REC - 259.7

CD-2086A L +

114



MSFN-CSM-LEM VHF/AM COMM MODE
S-BAND RELAY MOD

SIMPLEX A XMIT - 296.8
(PRIM) REC - 296.8

CAPABILITIES

SIMPLEX B
DUPLEX A
DUPLEX B

CD-2087AL ¥ P




EVA/LM DUAL RELAY MODE

MSFN + LM VOICE 296.8

NO. 1 AND NO. 2 VOICE
(TIME SHARED) + NO. 1 DATA ¢
+ NO. 2 DATA 259.7 MC

EVA NO. 1

%
cp-2124 LN
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RECOVERY-CSM VHF/AM REC MODE

CD-20908 {2,
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VHF/AM COMM MODES

FROM-TO-FROM | VHF MODE | INFORMATION XMf$EQ”ENCY ‘MH;E’C ‘
CSM EvA|  DUP A VOICE 296.8 259.7
EVA AR T R B 296.8 2597
CSM  EVA BU)| DUP B VOICE 259.7 296.8
EVA  CSM (BU)|  DUP B VOICE 259.7 296.8
CSM MSEN|  SIM A VOICE 296.8 296.8
MSFN csM|  sIM A VOICE 296.8 296.8
CSM LEM|  SIM A VOICE 296.8 296.8
LEM csM|  sIM A VOICE 296.8 296.8
CSM  LEM BU| SIMB VOICE 259.7 259.7
LEM  cSM BW| SImB VOICE 259.7 259.7
MSFN  CSM-LEM SIM A VOICE 296.8 296.8*
MSFN  CSM-EVA|  DUP A VOICE 296.8 259, 7%
MSEN  CSM-EVA| DUPA  |VOICE& DATA|  296.8 259.7*
LEM CSM| RECB | L6KBS-PCM 259.7
RECOVERY ~ CSM|  REC A VOICE 296.8

*S-BAND RELAY MODE

T
CD-2069B @}
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TO AUDIO CENTER
VHF RCVR NO. 1 AUDIO

TC: PREMODULATION
PROCESSOR VHF AUDIO OUT

TO PREMODULATION

PROCESSOR VHF AUDIO OUT T
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|
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I
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I
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]
1
|
I
I
|
I
1

0 AUDIO CENTER

VHF AUDIO OUT

TO PREMODULATION
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1
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I 1
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: 5 L !
1 ] - |
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1 3 J i
1 » !
|} 1
] | :
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]
I 1
ge g f :
I AGC AGC ]
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- AMPL AMPL H
I ]
) ]
1 ]
|| muLTiPLIER w MULTIPLIER q& .
] : !
T, f :
T0 VHF : ;
ANTENNA SWITCH 1 0SC RF 0sC !
4 i AMPL i
1 ) A
VHF - 1
TRIPLEXER H 2%6.8 MHZ o 259.7 MHZ :
1 { |
- VOLTAGE :
1 | DETECTOR +28 VDC «—| REGULATOR DETECTOR 1
: BAND A i
1 ]
] ]
! [osc FReQ VOLTAGE pi '
1 | TRIPLER +28 VDC <—| REGULATOR ¥ !
! AMPL BAND B :
I p !
1 ]
' KEYER 0sC FREQ | |
i & AMPL TRIPLER AMPL| 1
1 f :
1
1 1
1 ]
' 0sc LIMITER LIMITER 0sC :
1 ]
1 )
1 ]
1 {

FROM AUDIO
CENTER VHF XMTR
NO. 1 AUDIO

VHF/AM TRANSMITTER-RECEI VER



" VHF AM CONTROL & POWER SWITCHING

PANEL 3
AUDIO
CENTER
o e AR e ) e e S =
VHF | |
KEYING | |
RELAY RET o :} } |
g DUPLEX : :
PANEL o;l—| ; by ' |
11 H i 1 |
l_lM | SIMPLEX _ SIMPLEX 5 I REC A RECB |
] f REC A [ S |
28 VDC TB385 eI G y 1S | scHwmitT SCHMITT |
LANDING . | TRIGGER TRIGGER I
+—}—0 o b © | |
CB8 (5A! » T |
] I
voICElEvA- | K |
oREC A » sl BIOMED AMPL : 05C 0sC :
L—o——0 DATA | |
= o LEM DATA
e ,, DVOC v ipn o5 J,
1 10 vDC 10vDC s
r r TRANS A : REC A |TRANS B REC B
OUTPUT : ]lNPur QUTPUT INPUT
TRANS | VOLTAGE 0SC FREQ | 0SC FREQ I
B | REGULATOR TRIPLER |— 1 TRIPLER |—> !
AMPL ——— TR S S
296.8 259.7
TRANS | VOLTAGE TRANS MHZ TRQNS MHZ
A
A | REGULATOR R oc
{4
CD-20¢88 % i



COMMAND q Y ;
MODULE

VHF RANGING
BLOCK DIAGRAM

SWITCH
TRIPLEXER
296.8MHzl T 259.7 MHz
VHF/AM VHF/AM
A RCVR B XTMR
S1GNAL GATING SIGNAL
MUTING
DIGITAL
RANGING
GENERATOR
CMC DIGITAL
COMPUTER DISPLAY
UNIT (EMS)

LUNAR
MODULE

.

Y

VHF/AM
B RCVR

SIGNAL

VHF/AM
A XTMR

GATING
NSO
INH

SIGNAL

RANGE TONE
TRANSFER ASSY




VHF/AM RANGING CONTROL & POWER SWITCHING

AUDIO PANEL 3 +28 VDC
CENTER DUPLEX LANDING
il w $ BUS Ao aiin Sl s e 3
L : : i
I
'SIMPLEX : REC A REC I
A 1 " E B |
: SCHMITT SCHMITT, :
VHF/AM : TRIGGER TRIGGER| |
TRANSCEIVER | |
! |
SIMPLEX : |
; 0sC 0sC :
| |
{h). o ZOFE p ; :
i I 10VDC 0VCr——--~- 4
A TRANSA |  RECA ITRANS B REC B
DUPLEX outPUT| ! [INPUT outpuT INPUT
0SC FREQ 0SC FREQ |
S Bl TRIPLER [ : TRIPLER [ 4l
-t o- AMPL 293 AMPL ey
SANEL | TRANS A MHZ TRANS B MHZ
DC
225 oFF DC
A
By 7 VAF DIGITAL
o RANGING RANGING
GENERATOR
L
+28 VDC
RETURN PANEL 9
NORM
RESET CD-212 §
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SCIMITAR ANTENNA

BLOCK Il

IMPEDANCE
MATCHING
TRANSFORMER

CD-2004A -Zﬁmk
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VHF RECOVERY ANTENNA NO. 1

GUSSETT NO. 4

GUSSETT NO. 4

cozm{‘&:}
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VHF RECOVERY ANTENNA NO. 2

e

B

co2119 a’&
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VHF ANTENNA
LEFT M
@ RECY. RIGHT
[ $PS PRPINT TANKS ———
TEMP p PRESS —
i He FUEL oxio
© ~ :
ﬂ @ ®
I SPS ENGINE INJECTOR VAI
4
= = =3
@ - CLOSE
( SPS QUANTITY
@ \ % OXid
% FUEL
Al
TEST
@ 4 o !
X ; e § 51 0
: ﬂ
[——— OXID FOW VALVE —— PUG MODE JW
INCR PRIM PRIm |
ﬁ , ,
Vi

CSM 103

T
cccccc
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VHF RECOVERY BEACON EQUIPMENT

VHF RECOVERY BEACON

VHF RECOVERY
ANTENNA NO. 1

V.

TRIPLER MODULATION LO-PASS
243 MC AMPL FILTER
T A
CRYSTAL +6.2 VDC RF INHIBIT
OSCILLATOR
81 MC
POWER 1 KC +20 VDC VOLTAGE
INVERTER MODULATION POWER REGULATOR
A
2 SEC-3 SEC
INTERRUPTION MULTIVIBRATOR
TIMER
MDC-225 MDC-3
CREW STATION RECOVERY
FLIGHT +28 AUDIO CMD VHF-BCN
AND POST- DC A ON
léﬁn;omc P s
e
CD-2062B {

L

127



SURVIVAL BEACON /TRANSCEIVER RADIO
l

é/ANTENNA
Beg-
@ BATTERY RETAINER SCREW

SELECTOR GUARD

ANTENNA STORAGE

/
| —MODE SELECTOR

CS-7025 & * o



SURVIVAL BEACON ACCESS

VIEW LOOKING DOWN AND OUTBD

VHF RCVRY BEACON

VHF TRIPLEXER Y 7
TO VHF ANT SW
i »
ACCESS TO THE VHF
_ TRIPLEXER
7 1 g A g B e R g 1 o BAT i I g

LOWER EQUIPMENT BAY
(LEB)

[——T0 RCVRY
ANT NO. 1

CD-21281%






RRT FUNCTIONAL BLOCK DIAGRAM

LOCK-UP

SELF TEST AGC MONITOR (C)  INTERROGATOR
XMTR PWR MONITOR (B) MONITOR (D) 7 AMPL
MONITOR (A) A
4\ - N O e O - O . . . - e B s ms o me 4 R R S BN ) EE S S . —-—-I
i RECEIVER 1! [
: I : i
1 Ine | BAL 200 HZ
' AGC MOD FILTER !
] 1 1
{CIRCULATOR R i 3
10 = BP PREAMP SRt gF [ o] 2 i o 8KC 8P
ANTENNA i i 10123 40,8 MC T 40.8 MC 6.8 MC FILTER A%%?I‘(;‘EN veo | 0
i =11 i THRESHOLD ol ‘Shie i
i Gl A RS R BT T o e ] L Hhlom st B GENERATOR '
Fr 241 k- 34 MC ! < [
G b : PHASE DIR FREQ MULT : 102 MC ' T i
: ¢ (%] [ X5 Je—t
> moo [*1 cour [*] cram
FR.QS;ZSI i l-—--------—--—J
i i 6.8 MC
1 DRIVER MICROWAVE 1 I i
— BP FILTER 1
0 S e P £
6.8 MC REF
1 o &4KC | comerent | !
PANEL 100 ¢ BP FILTER = ¥
e ; 1 L_gamp | ;
I I |
28 VDC Aues e 3 : LB KC '
__PWR | SELF-TEST U] BPFILTER fet
FLT BUS - . 0sC & 1ok TONE MODULATION
| o OFF . L | DETECTOR & SELF-
Bl i OVEN _ ) TEST OSCILLATOR
° o- | |_
CB15 I Lhske it PANEL] 101
| RNDZ
RNDZ RNDZ RNDZ
XPNDR i e ks power | *2 VoC PIRORY s TeST XPNDR
FLT BUS o suppy —" +12 vdC (o———-COMMAND TEST
o OFF ——» -12 VDC SIGNAL ,
°© HEATER OPERATE
'-——- @ CSM 106 & SUBS

! gL I

OPERATE A
co-20510 S Z§
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@ @ o ©® @

SYSTEMS TEST

CSM 103

CM RCS URINE DUMP
HTRS HIR A

[)
[]

OFF HTR B

@ (@‘ u.ﬁ"‘"‘“."
; PN-101-3 %ﬁ







RRT ANTENNA

co-zoam%l%’}
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RRT ANTENNA COVERAGE

400 N MI 400 N MI

CD-2116A 7$:
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T N N W

TELECOMM POWER DISTRIBUTION

FLIGHT & POST VHF
LANDING DC BUS | BCN
A J
c87
M PILOT VHFIAM
g MiC AMP &
CNiF MIC AMP * KEY |
e | upL
- | l o FLT BUS
88 13 P
5 . DATA
DIGITAL REG C810 LINK
GEN RNDZ XPNPR y
R (CSM 106) A RENDEZVOUS TELECOM GROUP 2
R 3] a1 RADAR SAITCH BUS +
g HIGH GAIN XPONDER HIGH GAIN ANT
mc: ooyy M DC | el i R GROUP 2
VANDING main B 2250 S AN £
v SIGN, D CB6 TELECOM
o4 of—t—o ?L&ﬁ?" STGNAL GROUP 2 Lo
LANBING MAN A TIMING — COND i Y
(275) EQUI PMENT CBl6 FQUIP O OF
2Bl oy B NO. 2 FLT BUS AC 2
MAIN DC i |7 S-BAND = GRO}{ 2
BUS 8" T t8ny gt B8 " e
FLT BUS vy 3 NO.1 FLT BUS : pCA GROUP 2
o= b e 1 AT el
A ceal a1 e NO. 1 i ez Lo,
ity pow GROUP 1A ACIUS 1+
L —r—— : iy
CAMERA M TELECOM
DATA FIIRAGE EQuiP XMIR CBIE GROUP1 _Ac 1
S-BAND FM XMIR
o ]‘ l J DATA STORAGE otf———o—e20ff
CB13 N GROUP 1 A
FLT BUS 4 it
My A PMP PWR s o Eh e Ty o
T AT et B S BUS MoC 217 cBId
L c83 Mm-nc b ) PRE-MOD NON ESS ———o::-—-_ o
6
ot A .___{K'___ PROCESSOR ’:‘.——-4. it
FLIGHT | €812 c822 bl g % A
BUS LA MDC 5) R W 2 5
e 85 AC 3US 2 4
FLIGHT L‘\"‘
| BUS * BACKUP POWER TELECOM GROUP 1
I + ONE OF 3 PHASES SHOWN SWITCH BUS *
ALL CIRZUIT BREAKERS
ON MDC 225 UNLESS é
OTHER™ISE NOTED C0-2064 '&S
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INSTRUMENTATION POWER DISTRIBUTION

SC 101
cm | sm
A
1528A10
L c28A6  |— 12 RCS 28V CURRENT
°c31°- CURRENT }—— 1 ECS LIMITER
5A LIMITER  }—— 4 STRUCT
MAIN BUS A 28V 3528A10
+8VDC  £SS (MDCS) 3 FLT TECH e BY 1 CURRENT
MNA C28A5 3 ECS LIMITER
ofkc A Lo CURRENT 1 EPS
CB19 CB2* LIMITER Ir——— 3 gggs
15A SA S28A13
5V N CURRENT }——2 EPS
REMOTE LIMITER
C13-1A106 AEHAINY 28V I
SIGNAL ?
CONDITIONING
EQUI PMENT 2528A10
MAIN BUS B | LARRENS
+28VOC  ESS (MDCS) L
MNB
S 7 PROP
e o R CURRENT 14 EPS
CB20 CB3* LIMITER 2 STRUCT 4S28A10
ok SA 1 CREW SAFETY CURRENT
I LIMITER
28V
S28A12 | T EPS g S28A7
el R gy CURRENT }—— 2 PROP
- CURRENT }——6 PROP
*PANEL 276 CB4 LIMITR  |— 4 INST LIMITIR  }—2 STRUCT
il 3
| |
CD-2120 &
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INSTRUMENTATION POWER CONTROL PANELS

J 277 =
CB5 e CB6 CB7 )
~ o L~ L ~
N = S D

INSTRUMENTATION
POWER CONTROL
CB8 CB9 CB10 D
‘O'
N o’ - ] S -
L] FLIGHT QUALIFICATION ﬁ
T - @

|

2 NG
q 276 p
(CB1) (CB2)

d : : D
INSTRUMENTATION
POWER CONTROL
(CB3) (CB4)

q D

m OPERATIONAL r‘j



O
Jel

O @)

O

—— MAINA —— MAIN B o, FLIGHT/POST LANDING — INVERTER POWER
BAT BAT BAT BAT 1 2 3 3
BUS A BAT C BAT C BUS B BUS A BUS B BATC  MAIN A MAINB  MAINA MAINB  MAIN A MAIN B
O®¥0 O O O20 O 0920 O O 090
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TELECOMMUNICATIONS SYSTEM

Abbreviations and Acronyms.

ac

a=c
ACE
ACP
AGC
AGC
AGE
ALC

AMPL
AMR
ANL
ANIG
Auto
AVC
BCD
BCN
Biomed
bps

or

CI
CCTV
CIM
CM
c/o
Coax
coMM
Compen
Cont
CPLR
CRC
CsSM
CTE

db
dbm
dbw
dec
d=-c
Deg
DET
DISCR
DRI
DRM

DSE
DSIF

-

alternating current (noun)
alternating current (adj)
Automatic Checkout Equipment
Audio Control Panel

Apollo Guidance Equipment
Automatic Gain Control
Aerospace Ground Equipment
Automatic Load Control
Amplitude Modulation
Ampere or Amplifier
Amplifier

Atlantic Missile Range

Analog

Automatic

Automatic Volume Control
Binary Coded Decimal

Beacon (Transmitter only; (no receiver)
Biomedical

bits per second

Backup

Communications Instrumentation
Closed Circuit Television

Core Logic Module

Command Module

Checkout

Coaxial

Communications

Compensator

Control or Continued

Coupler

Collins Radio Company

Command and Service Mciules
Central Timing Equipm nt
Continuocus Wave

decibel

decibels with respect to one milliwatt
decibels with respec’ to one watt
direct current (Nou:.)

direct current (Adj)

degree

Detector

Discriminator

Data Rate Indicator

Drafting Room Manual

Data Storage

- Data Storage Equipment

Deep Space Instrumentation Facility
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EKC - Emergency Key Communications.
EMER - emergency

EMI - Electromagnetic Interference
EU - electronic unit

EVA = Extra Vehicular Activity

EVC = Extra Vehicular Crewman

EVSTC - Extra Vehicle Spacecraft Telemetry & Communications
fe - center frequency

FDT = Full Duplex Teletype Circuit
M - Frequency Modulation

Fov - Field of Vision

28] - Flight Qualification

fs - full scale

FSK - Frequency Shift Keyed

FWD - Forward

gc - gigacycles

GFE - Government Furnished Equipment
GMT - Greenwich Mean Time

G&N - Guidance and Navigation Subsystem
GND - Ground

GSE - Ground Support Equipment

GSFC - Goddard Space Flight Center
HF - High Frequency

HGA - High Gain Antenna

Hi - high

HSD - High Speed Data

Hz - Hertz (cycles per second)

IC - Intercom

IF - Intermediate Frequency

IM - In-Flight Maintenance

in. - inch

IPS - Instrumentation Power System
ips -~ inches per second

IRIG - Inter-Range Instrumentation Group
IRIG - Inertial Rate Integrating Gyro
k - *»= kilo (1000)

kbs - kilobits per :ec

kHz - kiloHertz (kilocycle)

kmHz - kilomegaHertz (kilomegacycles)
LAD - Los Angeles Division

1b - pound(s)

IcC - Launch Control Center

LEB ~ Lower Equipment Bay
_LEM = Lunar Excursion Module

LF - Low Frequency

LOs - Line of Sight

LSB - Lower Side Band

LSB - Least Significant Bit

MAX. = maximum

MCC - Mission Contr-l Center

MDC - Main Display Console

i )
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MDP
MED
mHz
mike

MOD
MSFN

NAND
nb

NLT

NRZ
NSIF
OMNI
0sc
PA
PAM
PCM
PDM
PEP
pf

PLBK
PLSS
P4

POT

P-P
PPM
Pps
prf
PRIM

PSK
FYR

RC
RCDR
RCS
RCV
RCVR

REC
REG

Main Display Panel
medium

megaHertz
microphone

1/1000 of a measure (e.g. milliradian)

minimum
Modulator

Manned Spacecraft Flight Network

millivolt

milliwatt

negative AND ( oolian)
narrow band

negative

not less than
nautical miles

no more than

non return to zero

Near Space Instrumentation Facility

omnidirectional
oscillator

Power Amplifier

Pulse Amplitude Modulation
Pulse Code Modulation
Pulse Duration Modulation
Peak Envelope Power
picofarad

pulse freguency

playback

Portable Life Support System
Phase Modulation
Premodulation Processor
Pacific Missile Range
Fotentiometer

peak-to-peak

Pulse Position Modulation
pulses per second

pulse repetition frequency
Primary

Pseudo-Random Noise

Phase Shift Keyed
Push-to-Talk

Power

Range

Radio Command

Recorder

Reaction Control Subsystem
Receive

Receiver

Research and Develorment
Receive

Regulated

Radio Frequency

Rt o s - it o4 bl e e 3
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USBE

vac
vco
vde
VGP

VHF/AM
vol
)'0):4
VSWR

|t R

Radio Frequency Interference
Root Mean Square

Rendezvous

Ranging :

"eal Time Television

Return to Zero

1550 to 4000 mHz

Signal Conditioning
Spacecraft

Signal Conditioning Equipment
Scientific

Combined Scimitar and Notch Antennas
subcarrier oscillator

Stabilization and Control Subsystem; Spacesuit Com- :

Secondary munications System.
Sensitivity

Spacecraft Electronic Package

Signal

Spacecraft Instrumentation Test Equipment
Spacecraft LEM Adapter

Service Module

Spacecraft Personal Communications System
Single Pole, Double Throw
Single Pole, Triple Throw
samples per second

Single Sideband

Standby

Synchronization

Switch

Temperature

Telemetry

Telemeter

Transmit-Receive

Television

Traveling Wave Tube

Up-Data Link

Ultra Figh Freguency (300 to 3000 mHz)
Unified “-Band Equipment
microvolt

microwatt

Voice

volt

volts, alternating current
Voltage-Controlled scillator
volts, direct current

Vehicle Ground Point

Very High Frequency (30 to 300 mHz)
VHF/audio modulated

volume

voice-operated relay

Voltage 3tanding Wave Ratio
word

- Tl 7§ St e e b sl e K v 81




wpm - words per minute
X-Band - 7000 to 10,900 mHz
XCVR - Transceiver

XPMR - Transformer

XMIT - Transmit

XMTR = Transmitter
XPONDER - Transponder

XSTR = Transistor

XTAL - Crystal
Definitions

Biphase modulation

Closed Circuit
Television

Coherent Transponder

Commutator

Decommutator

Near Earth

Operational Instru-

mentation

Predetection
Recorder

B bt i s h b Kt i

An RF modulation technique where PCM
wave-form modulates a carrier or sub-
carrier by switching its phase pcsi-
tively when the wave-form is positive,
and negatively when the wave-form is
zero or negative.

A television system which does not in-
clude an RF link between the camera
and monitor.

The phase of the transmitted signal ha-
has a definite, known relationship to
the phase of the received signal.

As used herein, an electronic switch
which converts a group of parallel
signals, each on a separate parallel
channel, to a serial train of signals
on a single serial channel.

As used herein, an electronic switch
which converts a serial train of
signals on a single serial channel to
a group of parallel signals each on a
separate parallel channel.

Altitudes up to 8000 nautical miles.

Instrumentation used to obtain infor-
mation for assessment of crew status,
spacecraft performance, and environ-
mental conditions.

Magnetic tape recorder which records

the received signal at the receiver IF
output before demodulation.
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Pseudo-Random
Noise Ranging

R&D Instrumentation

Real Time TV
Transmission

Scientific
Instrumentation -

Signal Conditioner

Slant Range

Television Frame
Transceiver
Transponder

Triplexer

Video Signal

- A JPL-developed technique of deter-

mining range of the spacecraft from a
DSIF station utilizing pseudo-random
noise modulation.

Instrumentation used for the develop-

‘ment and qualification of the space-

craft and its systems.

TV information is transmitted as it is
obtained with no appreciable delay;

as opposed to tape-stored or slow scan
techniques.

Instrumentation used for scientific
observation, measurement or experimen-
tation not related to spacecraft

system operation.

Circuitry required to change the form
of the electrical signal furnished by
the sensor or data source to a form
suitable for use by the telemetry coder.
Range directly to the object.

A single complete TV picture.
Transmitter and receiver combination.
Transmitter and receiver: transmits
reply to proper received signal or
transmitter output is some function of
the received signal.

Frequency-shares a single antenna by
three or more units of equipment.

Television signal containing picture
information before coding or modulation;
may or may not contain sweep synchron-
ization information.




