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PREFACE

Revision A to the CSM 101 Systems Handbook, prepared by the Flight
Control Division, NASA - Manned Spacecraft Center, Houston, Texas, with
technical support by North American Rockwell Corporation (NAR), reflects
spacecraft systems with major emphasis on material for use by Flight
Crew and Flight Controllers during mission operations. Caution should
be exercised in using these systems drawings for other purposes.

Comments concerning the contents of this document should be directed
to FC§6/Hubert V. Gregan, NAR, Flight Operations Support, HU3-5805.
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of the Chief, Flight Control Division, NASA - Manned Spacecraft Center,
Houston, Texas.
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FOREWORD

Revision A of the Command/Service Module Systems Handbook
(CSM 101), published by sections, was completed with the
issuance of Section 8 notes and Section 11 drawings on
June 11, 1968.

No further major revision to the handbook is contemplated.
Small revisions to individual drawings, tables, and notes,
of which this is the first, will be published as page

change notices (PCN's) as required.

The publication control and effective page sheet immediately
following this foreword wili continue to be updated and pub-
lished with each PCN to show the latest effectivity of each
drawing. Additionally, each drawing or figure\changed.by a
PCN will_be prominently labeled in large type on its outside

margin so that it can be readily identified.
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SECTION 1
STANDARDS

GENERAL DRAWING INFORMATION
Cross-indexing

General drawing configuration

The X coordinate zones are marked alphabetically from the
right-hand edge of the sheet (including the 1/2 inch margin).
The Y coordinate zones are marked numerically from the
bottom right-hand and left-hand corners of the sheet.

+———— X Coordinate ———

Y Coordinate

X XXX

/I =1 Title Block

P4
Drawing Locator Abbreviation

(Short Title) and Number

Component location code

The component location code is used to reference controls
{on the control-display figure) and components {on the
overview drawing) into the detail system drawings.

0 3 - Drawing Locator Number for the

given detail subsystem drawing
hﬂ K - X Coordinate
4 - Y Coordinate

Technical Zone References
Zone reference

X Coordinate ——\\\ ‘/r—— Y Coordinate
| ~a7h

XX.X
‘\\\—— When this number appears it
refers to another drawing.
When there is ndé number the
zone refers to another area
on the same drawing. )



1.2 LINE LEGEND
l1.2.1 RF Cable
1.2.2 Electrical Line,
Power and control
-
1.2.2.1 Electrical connected
l.2.2.2 Electrical crossover
1.2.3 Directional Flow
Arrows
— e

7 l.2.5

1.2.4 Component Enclosures

Title
(Directory

Type)

Main enclosure

1.2.4.1

1/16-inch solid
black line
[

l1.2.4.2 Sub enclosure
1/32-inch solid

black line

1.2.4.3 Component enclosure
with crew (manual
control)
1/16-inch dashed
black line

|k N § N N K §F N ]

1.2.4h.4 Module interface and
systems assembly
1/8~inch dashed

CMa ESM
g N

Mechanical Linkage

1.2.6 Timing Pulses

Source

v >— - — -

3<



To Power
Load - 7 ) x ZX Tdentification

/ From Power
X X 5
Identification ource

1.2.1.3 Power inter-drawings
(Drawing to drawing)

Identification
" To Pover g— 7 XZX
Load

X . X+— Ref drawing no.

Jdentification
X/X @' From Power
- Source
X

Ref drawing no. —X,

1-3
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1
1.1

1.3.1.2

1.3.2.2

PIPE LEGENL
General
Plumbing connected

i
LB

Plumbing crossover

Line Designation

Water

o o
Oxygen

O O

1.3.

1.3.

1-b4

S e e

.10

11

A2

.13

Hitrogen
N N

Primary Coclant

77 7

Secondary Coolant

X X

Suit Loop

Sense Lines

Oxidizer
Others
(Identification)

5<



TELEMETRY SYMBOLS : l
Measurements Telemetered

o
==
',...J

Measurement Number: Should include
the letter associating it with the
transducer type. Alternate system

measurement numbers and PCM codes

may appear near the TM bubble.

// Measurement Name

Measurement Range

\\<:::::jfz;7‘————Channel Code

"™ Signal Conditioner: To be located
XXXX | on the input line next to TM bubble,
positioned at 0°, 90°, 180° and 270°
around bubble.

1.h.2 Onboard Meters

Meters should be placed
close to their associated
TM bubble wherever possible.

From
Drive Source

Actual
Art Work

XXXX =—Meter Number
PNL X~ Panel Number

1.4.3 Sensors
1.4.3.1 Single source
(Power)>—| l— Output Example: Letter indicates
X the type:
P - Pressure
T - Temperature
1.4.3.2 Double source Q - Quantity
W - Wetness
R - Rate
| Outputs
(Power) >—E utp . e
x| x|
1.4.0 Ground Commands (Contents Optlonal by Vehicle)
1.4, 4.1 RTC's ;

S For Set b

R For Reset
—®<— Command Number

s 0 B<



1.5.1.1

ELECTRICAL SYMBOLS

Switches

All switches will be shown in the deenergized position
(if possible). When a switch has more th.n one sct of
contacts, only one set needs to have switch contact
nomenclature.

Switch nomenclature .

Major Title: The title given to a group of switches on
the panel.

Minor Title: The title given to a sub-group of switches

NOTE: If more than one switch has identical major and
minor titles, they may be stacked without repeating
these titles.

XXXXXXXX - Major Title
/ XXXXXXXX N\ Minor Title

Switch Name — ——f———s XXXXXXXX 1

(As shown on
control-display)

o—
43—,—:0

I
XXX

1
I
i
3
_
i
1

Switch DPosition
XXX I ) Nomencl iture
i (As shown on
control-display)

-----—_-

1
XXX ! /

Panel Number ——g~~ MDC X XXSXXI-— Switcr, Number
]

= L R N (As Appropriate)

Switch Name XXXXXXXX

(As shown on
control-display)

3

| @— —

XX -
|
|

Switceh Position
l Nomenclature

XXX‘——[‘ (As shown on

i control-display)

N N TS N N BN B S SE EE .

Panel Number———|—> MDC X XXX == XXS XX T Switch Number
¥ N N S R N N S S N S e . (As Appropriate)

<

T
o



1.5.1.2 Switch controlled flag
If a flag is directly controlled by a switch, it may be shown in
the following manner:

XXXXX Major Title
/ XXXXX N\ Minor Title

l------------l.

Flag Name

I XXXXXX ~———B— (&5 shown on
l - control-display)
1 i
XXXXX <—I— Note to explain
: XXX XX all states of flag
1 X XXX <——r— Switch Name
(As shown on
—+ N 4 : control-display)
—t A I
i XXXX —h—
1 i
i | Switch Position
I X XX 4_l_ Nomenclature
] I (As shown on
I I control-display)
1 |
| XXXX 1
Panel Number ——l* PNL X XXS XX ‘J—
Ay A
1.5.1.3 Two-position
or—
1.5.1.L Three-position

/_—— Momentary
Contact
S

R



Pushbutton
1 Latching

1.5.1.5.2 Momentary

_1

1.5.1.7.2

5.1.8
1.5.1.8.1

1.5.1.8.2

1-8

Pressure

Closed decreased
pressure

Closed increased
pressure

- v

¢ |

P

Mot or
Break before make

Made before break

Close XXX psi or altitude
Oopen XXX psi or altitude



1.5.2 Circuit Breakers
The circuit breaker should be placed near the associated bus
whenever possible. For the difference between major and minor
titles see remark under switches (1.5.1.1)..

1.5.2.1 Pushbutton

: XXXXX , Major Title
/ XXXKX o N— Minor Title
| R * ¥ R N R B J|
X Name

XX I
‘l ‘_‘*_"—i-——'(As shown on
| ’;]:\ 1 control-display)

' . XA — i Amperage
—bpNLX XXX l— Circuit Breaker
E 1 I 1 0 7 B | Number

l.5.2.2 Automatic

Q :C>*

XA Amperage

1.5.3 Fuses
1.5.3.1 General

—_A
1.5.3.2 Fusistor

Q

1.5.4 Battery

1/16-inch black tape .
Size varies with number of cells and drawing arrangement.

Name
Amp Hours




1.5.5 Lights
1.5.5.1 - Telelights
—{ coLoR
NAME
——JLrNAME )
ID \
COLOR y
1.5.5.2 Switching
COLOR .
LO NAME
COLOR
A
1.5.5.3 Caution and warning
4
Name —4— XXXXX
Warning or—4—— XXXXX
Color - .
Operating —XXXXX
limits XXX XX
PNL Location/
(Optional)
1.5.5.4 Component
XXXXX*— Color

XXXXX™— Name

PNL Location .~ JXXXX
(Optional)

1.5.6 Annunciator Flag
Flag symbol will not
reflect switch position

of the associated switch.
XXXX=—TFlag Name

XXXXX
XXXXX
XXXXX
Flag Number — XXXXX

Panel Number — XXXXX Zi;iair?

all states
of flag.

Relays
.1 Momentary contact

A

Latching contacts
~——
Non-latching relay

o

| &0

e
T\

1.5.7.2

1.5.7.3

| &
* g Nomenclature

1i<



1.5.7.4 Latching relay 1.5.9.2 Designation
See bus designation list.

= O | Vi xx

I 1.5.10 Grounds
1.5.10.1 System

Nomen- I
clature —
1.5.10 Frame
1.5.8 Relay or Solenoid
Driver
1.5.10.3 Floating or Controlled
PWR >——

Signal >__ EXXX

‘\Name

1.5.10.4 Signal

1.5.11 Diodes
1.5.11.1 General
1.5.9 Buses
1.5.9.1 Symbol N

Length can vary depend-
ing on the bus function

. X 1.5.11.2 zZener
on a given drgwing. —_—

Pf

“ ‘_ m 1.5.11.3  Tunnel |

Bus Feed Bus Output Neg Bus




1.5.11.4

1.5.12

1.5.13

1.5.1bL

1.5.15

1.5.16

Polarity dots
indicate out

phase

Polarity dots
indicate in

phase

Control rectifier

(SCR)

S

Potentiometer

Rating

XXX (Optional)

Fixed Resistor

Rating
XXX (Optional)

VW

Heater

Value (Watts)

Thermostat
Range
Transformers
Core
o

.3 g.

1.5.17

Input

Inverted
Input

1.5.18

1.5.19

1.5.20

1.5.21
1.5.21.1

1.5.21.2

1-12

Amplifier
Pwr Input
= Output
Capacitor -
I
I

Digital Inverter

Wire Resolver

><= Sine Winding
@® = Minus Sine

= Cosine Winding

Gates
And

®
Nand

o

13<



1.5.21 3 Or

i
P

1.5.21.4 Nor

l
%

1.5.21.6 Exclusive Or

|
¥

Open circle means it is an
invertor and may appear on
any of the lines on the gate.

1.5.22 Time Delay
TD
MS
1.5.23 Electrical Filter

 FILTER ——

1.5.24 Modulator

1.5.25

1.5.26

1.5.27

1.5.28

1.5.27.

1.5.27.

1

2

Demodulator

RF Circulator

Transistor
NPN
PNP
T-
J
Antenna
Name

(Type or Function)
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1.6.2

1.6.3

PYROTECHNIC SYMBOLS
Pyro Guillotine

Module // Component
Location \ Number
R BV VAV
- /A\ WIRE
Pyro Valve with Single Initiator
Electrical Circuit Interrupter
X § X Component
Module —————— Number

Location
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1.7.2

1.7.3

1.7.4

1.7.5

o
- =

MECHANICAL SYMBOLS
Mechanical Filter

Burst Diaphragm

(

\\Low side

Venturi

I éﬁ

Thrust Neutralized

Vent
//

s

Disconnects
Self-sealing

:

4
-

1-15

1.7.6.2 Quick

—

1.7.7 Quick Disconnect Fill

and Drain

1.7.8 Fill and Drain

]

Ball Valve Actuator

1.7.9

May be shown
in depressed
or partially

depressed
position

i
1.7.10 Valves

N Open

© o 46<



Mofor control

1.7.10.1
M
1.7.10.2 Manual control
1.7.10.3 Check wvalve
] e
1.7.10.4 Orifice

—
—— -

(Flow Rate)

1.7.10.5 Pressure regulator
psi Re@uced
psi
1.7.10.6 Relief valve
Full Flow
Cracking
Reseat

—_— Pressure

1.7.10.7 Pneumatic controlled
valve with line bleed
(Normal
Position)
Relief Port
1.7.10.8 Solenoid valve
|
Name (Normal Position)
1.7.10.9 Three-way valve
1.7.10.9.1 Manual
————— I
A _
. )
1.7.10.9.2 Solenoid

OR

'

1.7.10.9.3 Motor OR
controlled |

1.7.10.10 Ball valve
o\
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1.8.2.2

]

jes@ o)
[AOREAV]

.8.4

MISCELLANEOUS SYMBOLS
Drawing Note Reference

[>

Overview Drawing Instrumentation Legend

Automatic control only

CM only

A

’CM and/or onboard display

Two-unit Interfuace

<<

>>-

N

<<

7

<<

Two-unit Cable Connect

ion

>>-
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CSM 101
REV A

SPECTAL REVISION INSTRUCTIONS

Please insert this page into your handbook immediately in fromt of

EPS Drawing 3.2.

CB26
EPS GROUP 1 MNA

MDC- 229 POWER DISTRIBUTION

NOTE:  THESE CIRCUIT BREAKERS WERE INSTALLED TO
PROTECT LONG WIRE LEADS

cB2?
EPS GROUP 1 MNB

ca28
EPS GROUP 2 MNA
P

RCS SM HEATERS D MNA —
c8ao
@ RCS PRPLNT ISOL MVA

cBal

$———— 5CS LOGIC PWR 2/4 MNA
CB23

&= 5CS PITCH MNA
CBL9

€829
EPS GROUP 2 MNB
&~

RCS SM HEATERS C MNB

€838

§———— = RCS PRPLNT ISOL MNB
cBa2

§————® 5CS LOGIC PWR 2/3 MNB.
c824

@ SCS PITCH MNB.
c820

Lo QROEAL MNB
cB64

>—
304

<830
EPS GROUP 3 MYA
—~

SCS SYSTEM MNA &
CB11 308

#————8= SCS A/C ROLL 1 MNA
€815

b 5c5 A/C ROLL 2 MNA
c859

ca3l
EPS GROUP 3 MKB

SCS SYSTEM MNS
cB12

§————a= SCS A/C ROLL 1 MNB
cBss

8= $C$ A/C ROLL 2 MNB
cele

=
O SCS YAW MNA <
304 ce21 308

Vi

CB32
EPS GROUP 4 MNA

@t SCS LOGIC PWR 1/3 MNA
€863

 —— L
<852

$————= RCS SM HEATERS B MNA
839 Vs

et SPS He VALVE MNA
€829

c833
EPS GROUP 4 MNB

SCS YAW MNS

<822

@————# 5CS LOGIC PWR 1/4 MHB
ces2

§———= EMS MNB
€853

= RCS SM HEATERS A MNA
cB37

== SPS He VALVE N
€830

S o SCS B/D ROLL 1 MNA %
304 ca1? 30A

€834
EPS GROUP 5 MNA

§———— 5CS B/0 ROLL 2 MNA
cgol

= 5PS HTRS/GAUGING MNA
€825

b TIMERS MNA
cBa7

ca3s
EPS GROUP 5 MNB.

SC5 B/D ROLL 1 MNB

€860

§——— 5CS B/D ROLL 2 MNB
cals

&————= 5PS HTRS/GAUGING MNB
caze

b TIMERS MNB
cBas

CB36
UTILITY R STA
S

SPS PILOT VLVS A MNA
cB68 304

$————& RCS LOGIC MNA
€843

@———— RCS CM HEATERS 1 MNA
€867

" DIRECT RCS MNA
€813

ca37?
UTILITY LEB
UTILITY POWER (103} &

SPS PILOT VLVS B MNB
€869
4~ RCS LOGIC MNB

€Bad4

@~ RCS CM HEATERS 2 MNB
CBbb

= DIRECT RCS MNB.
€814

2

ces
EPS BAT BUS A
T

2

€839
EPS BAT BUS B
P

UTILITY POWER (103)

SECS ARM A BAT A
€81 Ves 20a
#——— SECS LOGIC ABAT A
€B3
¢~ FLOAT BAG 1 BAT A
CB6
§———== 5PS GIMBAL MOTOR CONTROL

PITCH 1 BAT AC831

§———— 5PS GIMBAL MOTOR CONTROL
YAW 1 BAT A CB33

&= ELSBAT 4
cBas

b EDS 1 BATA
cBay

SECS ARM B BAT 8

caz

- SECS LOGIC BBAT B
CB4

@ FLOAT BAG 2BATB
c87

§———— SPS GIMBAL MOTOR CONTROL
PITCH 2 BAT B CB32

§————& 5PS GIMBAL MOTOR CONTROL
VAW 2 BAT B CB34

&= ELSBATH
CBas

€05 3BAT 8
€850
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CSM 101
REV A

BUS SUMMARY TABLE

The following teble is a listing of spacecraft buses sub-
divided into the circuit breakers each bus feeds. In turn
each circuit breaker is subdivided to list all the components
it feeds. A miscellaneous list includes circuit breakers fed
by other circuit breakers and circuit breakers installed to
protect long wire leads.

A. Main Bus A

B. Main Bus B

C. Battery Bus A

D, Battery Bus B

E. Battery Relay Bus

F. Flight Bus

G. Flight and Postlanding Bus

H. Battery C

I. CB22 (Battery C Pwr, Postlanding and Entry)"

J. Non-essential Bus 1

K. Non-essential Bus 2

L. Pyro Bus A

M. Pyro Bus B

N. AC Bus 1

0. AC Bus 2

P. Miscellaneous Circuit Breakers.,

30<
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CSM 101

REV A, PCN 2

TABLE 6+I.- UNIFIED S-BAND TRANSPONDER AND FM TRANSMITTER

ITEM

""" FUNCTION and/or PARAMETERS

Weight
Cooling

Electrical Power
a. DC Voltage
b. AC Voltage

¢. Power

(1)

PM Transponder
(2) FM Transmitter
Activation Time

PM Receiver (Prim/Sec)

a. Type

b. Frequency (Center)

¢. Phase Lock Tracking Loop
(1) In-Lock Range

(2Y In-Lock Rate

(3) Acquisition Probability

(k)

Predetection Noise.
Bandwidth

(5) Loop Noise Bandwidth
(Optimizing Point)

Threshold

(7) Phase Error

d. Dynamic Range

32 pounds

ECS Primary and/or Secondary Glycol
Loops

28 + 4 Vvdc (For control only)
115 Vac, 400 Hz, 3 Phase

16.5 Watts AC (Prim or Sec)

1.46 Watt DC (During ON/OFF Switching)
6+7 Watts AC

1l minute maximum - PM Receiver, PM
Transmitter, and FM Transmitter

Double Conversion Superheterodyne,
Phase Lock Loop

2106.40625 MHz

190 kHz for RF INPUT greater than -11k
dbm and STATIC PHASE ERROR less than
15 degrees peak.

Linear rate of 35 kHz/second or less
to 90 kHz for RF INPUT greater than
=114 dbm.

90 percent probability of acquisition
on first sweep at above range and rates

116 kHz

800 HZ (0 db S/N @ -134.5 dbm)

-125 dbm, defined as level of unmodu-
lated CW signal below which lock cannot
be maintained for period of at least
one minute with 90 percent probability.

24 degrees maximum (Offset + Rate
Errors) -

-51 dbm to -124 dbm (Normal)
-37 dbm to ~51 dbm (Must maintain lock

FEC/TSG - 162 C(SEPT. 1967)

6-8

1.05 Watts DC (During ON/OFF Switching),

and must not demage RCVR,) .

88<
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CSM 101
REV A, PCN 2

TABLE 6-I.- UNIFIED S-BAND TRANSPONDER AND FM TRANSMITTER - Continued

] ITEM FUNCTION and/cr PARAMETERS
e. Automatic Gain Control (AGC)
(1) Attack Time TBD
(2) Decay TBD
f. Ranging Channel
(1) Modulation PM on Carrier
(2) Bandwidth 10 kHz to 1.5 MHz (3 db)
(3) PRN Bit Rate 992.83L4 kbs
(4) PRN Clock 992.834 kbs (L96.417 kHZ Squarewave)
(5) PRN Code Length 5,456,682 bits (Lunar Code)
g. High-Gain Antenna
Track Channel
(1) Pointing Error Signal 50 Hz amplitude modulated signal
derived from the coherent AGC
. detector.
(2) Earth Presence Signal DC signal superimpose on pointing
' error signal when RCVR is locked
Fo incoming RF signal.
h. Outputs (See Table 6-IV Modes)
6. PM Transmitter
(Prim/Sec)
a. Type PM, S-Band
b. Frequency 2287.5 MHz (Aux 0SC Mode) or
240/221 times RCVR frequency
when RCVR is phase locked to
uplink RF signal. (See Auto 0SC
Control)
c¢. RF Output Power 301 to 374 milliwatts (Test Data)
d. Autec 0SC Control XMTR frequency is derived from XMTR
Aux 0SC prior to acquisition and
RCVR VCO after acquisition.
Switching is controlled using RCVR
"AGC signal.
(1) Aux 0SC to RCVR VCO
Switching Time Less than 0.25 seconds
(2) RCVR VCO to Aux 0SC :
Switching Time Less than 6 seconds (3 seconds
nominal at -51 dbm)
FEC/TSG - 162 (SEPT., 1967) 6-9
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* " : CSM 101
) REV A, PCN 2

TABLE 6-I.- UNIFIED S-BAND TRANSPONDER AND FM TRANSMITTER - Concluded

ITEM - ‘ "~ FUNCTION and/or PARAMETERS
(3) Switching Threshold |-127 abm '
e. Inputs '(See Table 6-III Modes)
7. FM Transmitter .
Type FM, S-Band
Frequency 22T72.5 MHz
c¢. RF Output 111 to 138 milliwatts (Test Data)
d. Inputs " { (See Table 6-III Modes)
8. Special Operating Instructions When switching between primary and

secondary transponders, momentarily
stop at the OFF (Center) position to
allow control relays to operate.

FEC/TSG - 162 (SEPT., 1967) - 6-10



CSM 101
REV A, PCN 2

TABLE 6-II.- S-BAND POWER AMPLIFIER

ITEM

""" FUNCTION and/or PARAMETERS

1. Weight

2. Cooling

3. Electrical Power
a. Input Voltage

b.  Input Power
(1) Control Power

(2). AC Power

-~

5. RF Output

&. PM Output - Prim or Sec Power
Amplifier -

b. FM Output - Prim or Sec Power

Amplifier
6. RF Input
a. PM
b. M

L. Power Amplification Activation Time

32 pounds maximum

ECS Primary and/or Secondary Glycol
Loop

28 t L4 Vde control
115 Vac, 400 Hz, 3¢

5 Watts maximum steady state and
350 Watts during switching for 0.5
seconds maximum.

High Pwr Ampl Mode 81 Watts
LowePwr Ampl Mode 32 Watts
Off/Bypass 0 Watts

Sum ac power values to obtain simul-

and Sec power amplifiers.

No RF amplification until 90 second
nominal filament warm-up period
complete.

RF transfer (PM or FM) from one power
amplifier to the other, with a 60
millisecond RF amplification dropout,
is possible without an additional 90
second delay (filament warm-up) if the
desired power amplifier is.operating
at the time of transfer.

11.2 Watts min
2.8 Watts min
Less than 2.5 db

below input

11.2 Watts min

High Pwr Mode:
Low Puwr Mode:
Bypass Mode:

High Pwr Mode:

275 to 400 milliwatts

100 to 145 milliwatts
(For rated output)

taneous power level operation of Prim

FEC/TSG - 162 CSEPT., 1967)

6-11
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CsM 101
REV A

TABLE 6-II.- S-BAND POWER AMPLIFIER - Concluded

ITEM

"FUNCTION and/or PARAMETERS

7. Under Voltage Protection

8. Special Operating Instructions

Under voltage protection circuit will
remove ac pwr from power amplifier TWT
if any phase of the &8c input voltage
falls below 95 Vac for 15 milliseconds
or more. If thig condition exists for
1l second or more a 90 second filament
warm=-up delay will occur when ac volt-
age is restored.

DC power should be applied before ac
power and removed after ac power re-
moval to prevent possible damage.

FEC/TSG - 162 (SEPT., 1967)
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TABLE 6-IV.- S~BAND UPLINK MODES AND MODULATION PROCESS

CsM 101
REV A, PCN 2

MODE
NUMBER 1 3 4 5 6 7 8 9 0
PM . : X ; : . . X X
Carrier |Carrier |Carrier |Carrier |Carrier | Carrier |Carrier |Carrier |Carrier -—
UPLINK PRN - - PRN PRN PRN - - _— —
Channels - Voice -— Voice - Voice Voice | Backup - -
MODES Included Voice
AVAILABLE -— - Updata - Updata | Updata |Updata - - -
Modulation| PRN PM directly on carrier
Schemes; . . . . +
Subcarrien Voice FM/PM; 30-kHz subcarrier deviated *7.5 kHz (peak)
™ Character-} Updata PSK/FM/PM; TO-kHz subcarrier deviated #5.0 kHz (peak)
istics Backup Volce: FM/PM; TO-kHz subcarrier deviated 5.0 kHz (peak)
UPLINK
MODULATION
MODE
PROCESS NUMBER 1 2 3 b > 6 1 8 9 0
Carrier PRN 1.34 - — 0.38 }0.38 | o.bk - _—
Fhase  lyoice — 18| - 120 ] = [1.00f21.20 | -- NA NA
Deviation
(Radians- | Updata - - 1.85 -— 1.20 | 1.00 { 1.10 -
Peak) Backup Voice| ~- —-— - — - - — 1.85
6-14
$er
L. 94<



TABLE 6~V.- PREMODULATION PROCESSCR

CSM 101
REV A, PCN 2

ITEM

FURCTION and/or PARAMETERS

1. Weight
2. Cooling

3. Electrical Power
a. Input Voltage
b. Input Power
4, CM Down Voice Channel (Normal)

a. Subecarrier
b. Response

5. CM Down Voice Channel (Backup)

a. Response

6. IM/EVA Voice and LM Biomed
" Relay Channel

a. Subcarrier
b. Subecarrier Deviation

c. Response -

d. IM Input
e. EVA Input

T. Tape Recorder Output -
LM & CSM Voice :

a. Response

k.5 pounds

Loops.

28 t L4 vdc
8.5 Watts

1.25 MHz derived
from CTE 512 kHz.

300 to 3000 Hz flat
within 6 db.

300 to 2300 Hz flat
within 6 db.

1.25 MHz derived from
CTE 512 kHz.

IM Voice - 8 kHz

300 to 13,000 Hz flat
within 2 db.

Voice

Voice and/or T Biomed
Subcarriers

oM I
A
kLY
3]
[¢]

300 to 2300 Hz flat
within 2 db.

ECS Primary and/or Secondary Glycol

EVA Voice and Biomed - 9 kHz

LM and CSM intercom voice are mixed
and output to DSE for recording.

(P-2

FEC/TSG - 162 (SEPT., 1967)
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CSM 101
REV A

' TABLE 6-V.- PREMODULATION PROCESSOR - Confinued

ITEM

""" FUNCTION and/or PARAMETERS

8. LM PCM Output Channel IM PCM (1.6 kbs) is limited and
output to DSE for recording.
a. Response 600 to 2800 Hz flat
within 1 db.
9. CM PCM Data Channel (Real-Time
and Playback) ,
a. Input 51.2 kbs or 1.6 kbs NRZ
PCM data.
b. Subcarrier 1.024 MHz derived from
i PCM 512 kHz ref signal.
¢. Modulation Bi-phase
10. Scientific Data Channel (Real-Time)
A. Response ‘ Flat within 2 db
Channel
. 1 0 to 2850 Hz
2 0 to 3750 Hz
3 0 to 4950 Hz
b. Frequency and Deviation Channed
1 95 kHz +T7.5% fo
2 125 kHz +7.5% f5 -
3 165 kHz +755% f,
11. Sciepntific Data Channel (Playback)
a. Reéponse Flat within 2 db
Channel 32:1 Playback 1:1 Playback
1 12.5 to 89 Hz 50 to 2850 Hz
2 12.5 to 117 Hz 50 to 3750 Hz
3 12.5 to 154 Hz 50 to 4950 Hz
(Recorded data bandwidths)
12. Tape Recorder Input - LM PCM
Channel :
a. Response 15 to 90 kHz flat
within 1 db.
13. Uplink Subcarrier Detectors
a. Up Vbice 30 kHz (Normal)
70 kHz (Backup)
b. Updata T0 kHz
c. Response 300 to 4,000 kHz flat
within 3 db.
FEC/TSG - 162 (SEPT., 1967) 6-16 ++-
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CSM 101
REV A

TABLE 6-V.~- .‘REMODULATION PROCESSOR - Conclude

ITEM

""" FUNCTION and’/cr PARAMETERS

14. Emergency Key Control

15. Television Channel
a. Direct Output

b. Response

Isolated Output

d. Response

15. Data Rate Indicator Control

512 kHz sign:1l derived from CTE

512 kHz timing signal baseband modu-

lates S-Band PM carrier when key is
depressed. A 400 Hz didetone output
to the audio center is provided when
key is depressed.

DC signal from PCM to control
modulation levels to PM & FM modulator
modules.

HBR
LBR

5.3 Vde
0 Vdc

To S-Band FM transmitter

DC to 500 kHz flat
within 0.5 db.

To GSE hardline

10 to 500,000 Hz flat
within 3 db.

FEC/TSG - 162 (SEPT., 1967)

.
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CsM 101

*
. REV A, PCN 2
TABLE 6-VI.- VHF AM TRANSCEIVER EQUIPMENT
: ITEM . FUNCTION and/or PARAMETERS
1. Weight 13 pounds Maximum
2. Cooling ECS Primary and/or Secondary Glycol

3. Electrical Power
a. Input Voltage
b. Input Power

4. Transmitter (A or B)

a. Activation Time

b. RFOutput
¢. XMTR Frequency

d. Modulation

5. Receiver (A or B)

a., Activation Time

Loop

28 * 4 Vde

Duplex A (Key OFF) 4.2 Watts
Duplex A (Key ON) 28.87 Watts
Simplex A (Key OFF) L.1 Watts
Simplex A (Key ON) 28.87 Watts
Duplex B (Key OFF) 3.8 Watts
Duplex B {Key ON) 27.61 Watts
Simplex B (Key OFF) 3.97 Watts
Simplex B (Key ON) 27.61 Watts
RCV A Only 1.2 Watts
RCV B Only 1.2 Watts
PTT A EKey ON; 1.23 Watts
PTT B (Key ON 1.29 Watts

250 milliseconds maximum to reach
standby condition.

20 milliseconds maximum to reach full
transmit power from PTT (Key ON)

5 DBW (average) minimum

XMIR A 296.8 MHz * 8.90 kHz
XMTR B 259.7 MHz * 7.79 kHz

Modulated by clipped speech between
300 and 2000 Hz combined with a 30

kHz signal such that the ON-OFF duty
cycle of the RF carrier (50 f 5
perceqt) is speech signal dependent
and the ON-OFF period is 30 kHz. When
XMIR is keyed ON with no speech input
the average RF Output. is 5 DBW minimum.

500 milliseconds maximum to reach full
receive operation from turn-on.

100 milliseconds maximum to reach full
receive operation from PTT release
(Key OFF).

FEC/TSG - 162 (SEPT., 1967)
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CSM 101
REV A

TABLE 6-VI.- VHF AM TRANSCEIVER EQUIPMENT - Conciuded

ITEM

"~ FUNCTION and/or PARAMETERS

b. RCVR RF Input
c. A&B Output Response

(1) Output to Audio Center
(Voice)

(2) Output to PMP
(Vdice and Biomed Data)

d. RCVR B LM PCM Output
e. RCVR Squelch

2 to 625,000 Microvolts

300 to 3000 Hz, + zdb - 3 db maximum
variation, down 12 db minimum at
5000 Hz.

300 to 13,000 (2 db).

300 to 13,000 Hz (2 db).

Adjustable by MDC2 contrSls for
between O and 10 to 25 microvolts.
9 on squelch control is maximum
squelch (10 to 25 microvolt level)

FEC/TSG - 162 (SEPT., 1967)
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. TABLE 6-VII.- AUDIO CENTER EQUIPMENT

ITEM

‘'FUNCTION and/or PARAMETERS

Weight
Cooling

Electrical Power
a. Input Voltage
b. Input Power

Stations

Microphone Amplifier
(1 Each Station)

a. Input

b. Response

o. Automatic Volume Control

(1) Range

(2) Attack Time
(3) Release Time
(L) Threshold

d. Output

e. Isolation

Earphone Amplifier
(1 Each Station)

a. Input
b. Output

c. Response

d. Isolation

Voice Operated Relay (VOX)
a. VOX Sensitivity

b. VOX Attack
¢. VOX Release

7.9 pounds

ECS Primary and/or Secondary Glycol
Loop

28 * L vde

14.2 Watts (3 Stations ON)

Left Couch Station
Right Couch Station
Center Couch Station

0 dbm sound pressure level (nominal)

300 to 3000 Hz flat
within 2 db

Less Than 4 db change
for 20 db input change

50 milliseconds

1 to 6 seconds

13 * 3 db (referred to input)
0 dbm * 3 db at threshold

30 db or greater between: modulation
output channels

Variable over 35 db:range
of given input signal

With 13 db on input attenuator
the output is 20 dbm * 3 dbm

300 to 3000 Hz flat within 2 db

Adjustable for input from -10 dbm
to +10 dbm

Less than 50 milliseconds

2 *¥ 0.7 seconds

40 db or greater between input channels

FEC/TSG - 162 (SEPT., 1967)

6-20

- 100<



b " , ' CsSM 101
‘ REV A

TABLE 6~VII.- AUDIO CENTER EQUIPMENT - Concluded

ITEM . i __~'FUNCTION and/or PARAMETERS

8. Intercom Bus

' a. GSE Outpﬁt Prelaunch voice via hardline
b. Swimmer.Output ' For recovery voice to recovery swimmers
c. Tape Recorder Output for voice recording on DSE

9. Spacecraft/GSE Facility Hardline The HF €ontrol 8witch and Volume Con-
Voice Interface trol are used to operate each audio
stations input/output voice links with

the checkout and launch facilities.

NOTE

The above capabilities
not implemented on SC 101.

FEC/TSG - 162 (SEPT., 1967) 6-21
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TABLE 6-VIII.- UPDATA LINK EQUIPMENT

ITEM FUKRCTION and/or PARAMETERS
1. Weight 21 pounds maximum
Cooling ECS Primary and/or Secondary Glycol
Loops
3. Electrical Power
a. Input Voltage 28 + 2, -4 vdc
b. Input Power 8.9 Watts maximum | p-2
4, Information Signal

a. Modulation Phase shift key FM modulation of
70 kHz S-Band uplink subcarrier.
Modulation deviation is * 5 kHz.

b. Sub-bit "ONE" Sub-bit "one" begins when the
positive transition of the 1 kHz
information signal cross each other
in-phase.

c. Sub-bit "Zero" Sub-bit "zero" begins when the positive

N transition of the 1 kHz sync signal
crosses the 2 kHz information signal
180 degrees out-of-phase.

d. BSub-bit Period One millisecond.

e. OSub-bit Rate 1,000 bits per second.

5. Message Structure

a. Sub-bit Code

b. Message Code

(1) Vehicle Address

(2) System Address

(3) Data Word

5 sub-bits per information bit.

Vehicle address sub-bit code is dif-
ferent than system address and data
word. Sub-bit coding (See Drawing 6.5)

Each message containsi.up to 30
information bits which consists of a
vehicle address, system address, and
data word. (See Drawing 6.5)

Eight ,possible codes selectable by
hard wire on an external connector.

1. Command Module Computer

2. Real-Time Command (Internal relays)

3. Real-Time Command (External relays)
(not used)

L. Central Timing Equipment

5. Salvo RTC reset

6. Test message A & B

7.. Auxiliary decoder (not used)

(

See Drawing 6.5)

FEC/TSG - 162 (SEPT., 1967)
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TABLE 6-VIII.- UPDATA LINK EQUIPMENT ~ Continued

ITEM

_~__FUNCTION and/or PARAMETERS

6. Sub-bit Detector

a. Sub-bit Sync

b. Sub-bit Data

T. Decoder Operation

8. Verifieation 8ignal

The 1 kHz and £ kHz PSK signals are
separated to provide ‘synchronization
and sub-bit data.

Recovered by phece lock techniques.
Three five sub-bit sequences must

precede a command message to synchronig~
the UDL.

Detected at a 1 kHz rate.

The vehicle address decof®ed as
"access" bits ar~ decoded
asynchronously (without sync).
Message timing in the decoder is not
established unt.l after vehicle addresd
is decoded.

Vehicle address recognition disables
access bit decodingz and enables the
decoding of the remaining message.

The system address determine::
information for receiving the correct
number of info bits and processing

a particular data word. After the
proper number of bits have been receivgc
and temporarily stored in the main
register, the program control modifies
the operation to enable processing or
transfer of the data word.

When a complete message is received,
processed or transferred without the
detection of sub-bit or bit errors
and without the occurrence of a
logic power deviation the parallel
k-bit verification code to the PCM
™ wi}l be as follows:

PCM BIT 'BL E2 B3 BM
UDL OFF C J 0] 0
*TEATTA G 1 1 0
*TEST B 1 0] 0 1
*¥SYS VAL 0 1 0 1

UDL STANDBY (ON) 1 0 1 0
*Verifieation signal is presented
to the PCM as follows:

PCil HER 55 millisecor.ds
PCM LBR 250 milliseconds

FEC/TSG - 162 CSEPT., 1967)
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* .
: REV A
.TABLE 6-VII.- UPDATA LINK EQUIPMENT - Concluded
ITEM ‘FUNCTION and/or PARAMETERS
9. Internal Relays
a. Type » 32 double-pole double-throw relays
b. Rating 2 amphere, minimum, contact rating
c. Actuation Time Opening or cleosure less than 10
milliseconds.
6-24
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‘TABLE 6-IX.- TELEVESION CAMERA, SLOW SCAN

ITEM

1. Weight

2. Cooling

3. Electrical Power
aa. Input Voltage
b. Input Power

4, Activation Time

Resolutdon

6. Scanning Rates
a. Lines
b. Frames

7. Video Bandwidth

~

8. Gray Scales

9. Illumination levels
10. Automatic Light Control Switch

a. "ALC" Position

b. '"OFF" Position

11. Opties -
a. Fixed Focal Length Lens

b. Variable Focal Length Lens
and View Finder

‘ 'FUNCTION and/or PARAMETERS
6.8 pounds maximum :

Not required

24 to 31 Vde
5.75 Watts
TBD

250 EIA Test Pattern Lines
(Electronic Industries Association)

320 Lines-per-Frame
10 Frames-per-Second

L0 to L00,000 Hz (3 db)
400 kHz to 500 kHz (43, =12 db)
20 db Roll - Off

S5 minimum (Black to white is positive
signal)

0.1 to 30 foot candles

Camera will operate in specification
over light levels in Item 8.

Camera will operate in specification
over light levels of 6.3 to 22 foot
eandles.

(20 Watt flourescent lamp &~ 4870 foot
candles)

80 degrees field of view and 25 to
90 inahes depth of view at lens
aperature of f2.

Adjustable from 20 to 80 millimeters
with £2.5 minimum aperature.

FEC/TSG - 162 (SEPT., 1967)
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TABLE 6-X. RENDEZVOUS RADAR TRANSPONDER AND ANTENNA

ITEM

‘FUNCTION and/Qr PARAMETERS

L. Weight
Cooling

3. Electrical Power
a. DC Voltage

b. Power

4., Activation Time
5. Receiver ‘

a. Type
b. Frequency

¢. Modulation

d. Dynamic Range
e. Acquisition

6. Transmitter

a. Tybe
b. Frequency
(1) Search

(2) Transpond
RF Output Power
d. Modulation

T. Mode Operation

a. Transponder

b. 8ignal Search

13.63 pounds

ECS SM Primary and/or Secondary Glycol
Loops.

25 to 31.5 Vde

70.5 Watts (Transponder)
14 Watts (Heater)

TBD Dl

Solid state coherent radar transponder

9832.8 MHz + 30 kHz Offset
by doppler + 49 kHz with maximum

3 sinusoidal tones (PM on carrier)

204.8 KHz + 0.0015%, 20 + 2 degrees
6.4 kHz + 0.0015%, 20 + 2 degrees
0.2 kHz 0.0015%, 24 + 2 degrees

-123 dbm to ~18 dbm at anténna
terminals.

.y
+

Acquires rendezvous radar in 1.3
seconds at -123 dbm or greater.

So0lid state coherent radar transponder

9792 MHz + 25 kHz and swept
+104 kHz mimimum.

240/241 times receive frequency.
Greater than 240 milliwatts

Received tones transponded with
modulation index same as received
except +L4 degree tolerance.

In operation.at all times a signal
is being received.

In operation when no 8ignal is being
received. Transmit frequency is swept
+104 kHz with a saw-tooth function

at 200 kHz rate. J

FEC/TSG - 162 (SEPT., 1967)
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TABLE 6-X.~ RENDEZVOUS RADAR TRANSPONDER AND ANTENKA & Concluded

ITEM

" 'FUNCTION a.c/or PARAMETERS

¢. Self Test

8. Display Outputs
a. AGC Monitor

b. ,Ffequenpy Lockup

c. RF Power
9. Range
a. Range Accuracy

~

b. Range Rate Accuracy

In operation whan selected by systems

-test switch S1, LEB 101. Test checks

receiver operaticn by inserting 40.8
MHz signal between mixer stage and
preamp input to first IF.

0 to 5 Vdc
0 + 0.4 Vdc (Bearch Mode) .
4.5 + 0.45 Vdc (Transponder Mode

2.5 + 0.4 Vdc
Between 50 feet and 400 n.mi.

200 Hz tone + 12,0LL4.7L feet
64 kHz tone + 425.22 feet

'204.8 kHz tone + 57.63 feet

0.25 percent or 1 foot per second
(which ever is greater) based on LM
Guidance Computer sampling period of
100 milliseconds.

FEC/TSG - 162 CSEPT., 1967)
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REV A, PCN 2

RECOVERY BEACON

ITEM

_ 'FUNCTION and/or PARAMETERS

1. Weight
Coolang

3. Electrical power
a. ZInput Voltage
b. Input Power

L. RF Output Power

5. XMT Frequency

Modulation

T. Interruption Cycle

2.7 pounds maximum

Not required

28 + L vac

6.88 Watts maximum averaged over
interruption cycle

3 Watts minimum during the ON time of
the interruption cycle

243 + 0.0126S MHz

Carrier is amplitude - modulated by
1 kHz square wave, 20 to LO percent.

Modulated carrier is present at the
output for 2 seconds and absent for
3 seconds. '

FEC/TSG - 162 (SEPT., 1967)
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'TABLE 6-~XII.- VHF SURVIVAL BEACON - TRANSCEIVER

ITEM

" 'FUNCTION and/or PARAMETERS

1. Weight 5 pounds maximum including battery
pack. _
2. Codling Not required
. Electrical
a. DC Voltage -30 Vdc and -20 Vdc from attachable
battery pack.
b. Power Battery pack life is 24 hours in
’ 100% beacon operation with 40% duty
cycle. g
4, Activation Time No appreciable warm-up period
. Receiver
a. Type Portable, VHF AM Beacon -
transceiver with integral
microphone, speaker, PTT pushbutton
battery and antenna.
v. Frequency 243 MHz
¢. Dynamic Range (Sensitivity) 7.5 microvolts at S+ N » 10 ab when
_ 30% modulated by 1 kHz.
d. Selectivity 6 db at fc * 1.5 MHz, 60 db at fo * 9
MHz
e. Audio Output 103 db SPL with 1000 microvolt input
6. Transmitter

a. Frequency

b. RF Qutput
(1) Beacon
(2) Voice

c. Modulation

(1) Beacon

(2) vVoice

243 MHz
(Short €ircuit protection)

2 Watts (0 hrs), 0.9 Watts (24 hrs)
1.4 Watts minimum (90% modulation)

1 kHz ,tone on carrier. Carrier duty-
cycle'is 2 * 0.2 seconds on and 3 %
0.3 seconds off.

0 - 90% from 300 to 3000 MHz

FEC/TSG - 162 (SEPT., 1967) 6-o
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TABLE 6-XIII.- ANTENNA SWITCH, S-BAND
ITEM "FUNCTION and/cr PARAMETERS
1. Weight 2.5 pounds
2. Cooling Not required

Electrical Power

a. Input Voltage

b. Input Power
L. Actuation Time

5. Mechanics

6. Isolation

23 to 30 Vde
12 Watts (For Omni Position)
150 milliseconds maximum

Non-latching, S5-positiops« break-
before-make.

4O db minimum between RR lines

FEC/TSG - 162 (SEPT., 1967)
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TABLE 6-XIV ANTENNA SWITCH, VHF
ITEM "~ 'FUNCTION and/or PARAMETERS
1. Weight © _0.75 pounds maximum
Cooling ‘ Not required
3. Electrical Power
a. Input Voltage None - Manual Switch
b. Input PBwer None - Manual Switch
4. Actuation Time Not applicable
5. Mechanics ‘ Manual, 3-position, make-before-
bresk :
6. Isolation : L0 db minimum between RF lines
t
FEC/TSG - 162 CSEPT., 1967) 6-31
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TABLE 6-XV.- ANTENNA, S-BAND OMNI

ITEM

" 'FUNCTION and/or PARAMETERS

Type
Frequency -

Gain

Pdlarization

Coverage

Power Rating

Helix in loaded cavity

2100 MHz to 2300 MHz

Greater than -3 db relative to
isotropic source between 8 >L5° and
8 >145° (See Coverage)

Right-hand circular

The following coverage is applicable
with sequential selection of the
four antennas:

¥GAIN SOLID ANGLE

> -3 db between 0 = 45° and 1L45°
> =20 db between 0 15° and 165°
> -2k db petween 6 10° and 170°

GAIN WILL BE LESS THAN -24 db for
cones, with solid angles of 20 degrees
at the spacecraft nose and SPS

nozzel.

¥Applicable for @ = 0° to 360°
15 Watts of CW RF

L

FEC/TSG - 162 (SEPT., 1967)
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TABLE 6-XVI.- ANTENNA, VHF SCIMIZAR
ITEM ~~ 'FUNCTION and/or PARAMETERS
1. Type Scimitar blade - one inch thick cover

2. Frequency

3. Gain

k., Polarization

5. Coverage

6. Power Rating

for thermal protection.
225 MHz to LS50 MHz

Greater than -3 db (On axis)
Relgtive to isotropic source.

Slant Linear

Each antenna covers a hemisphere,
approximateély full coverage
obtainable with antenna«Stlection.

50 Watts average

FEC/TSG - 162 (SEPT., 1967)
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TABLE 6-XVII.- ANTENNA, VHF RECOVERY

ITEM ‘ - " 'FUNCTiON and/or PARAMETERS

1. Type . ' 10 inch erzctible tape

2. Freguency . . 243 MHz tuned

3. Gain. +6 db with respect to isotropic
source, -18 db null

L, Polarization ' Vertical

5. Coverage +70 degree elevation
360 degrees azimuth

6. Power Rating ‘ 50 Watts continuous

FEC/TSG - 162 CSEPT., 1967) 6-34
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TABLE 6-XVIII.- ANTENNA, RENDEZVOUS RADAR TRALSPONDER

. ITEM ' " 'FUNCTION end/or PARAMETERS ]
Type - Open ended waveguide
Frequency - v9782 MHz to 9802 MHz (XMT)
9822 MHz to 0842 MHz (RCV)
3. Gain ‘ Greater than 0 db sbove isotropic sourd
4, Polarization Linear
5. Coverage Gain is maintained over solid angle

of 160 degrees (X-axis) by 105 degrees
(axis at right angle to X-axis)

FEC/TSG - 162 CSEPT., 1967) 635
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7.4 INSTRUMENTATION SYSTEM NOTES

T.4.1 PCM Signal Capabilities
Each analog and digital input to the PCM =quipment is assigned to a

channel and given a channel code number. A fixed program is provided
for HBR and for LBR sampling. In HBR, all inputs will be sampled at
least once during a subframe at sampling rates from 1 s/s to 200 s/s.
In LBR, only selected inputs will be sampled during a subframe at a
sample rate of 1 s/s (except channel codes 51DS1 [AGC parameters] and
51DP2 [UDL validity], which will be sampled at 10 s/s). The sampling
sequence for HBR and for LBR are shown in the HBR format and LBR format
respectively.
In the HBR mode the PCM equipment is capable of handling the
following input signals:
A. High Level Analog (0-5 Vdc) - 365 channels (4 at 200 s/s, 16 at
100 s/s, 15 at 50 s/s, 180 at 10 s/s, and 150 at 1 s/s).
B. Parallel Digital - 1 - 16 bit channel at 200 s/s
1 - 8 bit channel at 50 s/s
1 - 32 bit channel at 10 s/s

31 - 8 bit channel at 10 s/s
C. Serial Digital - 1 - 40 bit channel at 50 s/s
In the LBR mode the PCM equipment is capable of handling the
following input signals:
A. High Level Analog (0-5 Vdc) - 100 channels at 1 s/s (these
channels are not necessarily the same as the HBR 1 s/s channels).
B. Parallel Digital - 1 - 32 bit channel at 1 s/s
| 1 - 8 bit channel at 10 s/s
29 - 8 bit channel at 1 s/s
C. Serial Digital - 1 - 40 bit channel at 10 s/s
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7.4.2 PCM Telemetry Formats

The HBR format, shown on Drawing 7.2, gives .the bit stream
word and prime frame location for each channel. The 128 word blocks
meke up a prime frame. A 200 s/s channel will appear in 4 word blocks,
a 100 s/s channel will appear in 2 word blocks and a 50 s/s channel will
appear in 1 word block in each prime frame. The 10 s/s channels will
appear in every fifth prime frame. The 1 s/s channels will appear in
only one prime frame. Prime frame locations are given in the word blocks
by the following code:

A. A - All prime frames

B. B - Prime frames 1, 6, 11, 16....46

C. C - Prime frames 2, 7, 12, 17....47

D. D - Prime frames 3, 8, 13, 18....48.

E. E - Prime frames 4, 9, 14, 19....49

F. F - Prime frames 5, 10, 15, 20....50

G. 1,2, 3,....50 - Prime frames 1, 2, 3....50.

The LBR format gives the word location (1 through 200) of each

channel appearing in the LBR bit stream.

T.4.3 Programer
The programer maintains primary control of all functioning units

of the PCM equipment. It uses CTE or internal clock pulses to generate

gating and control signals for sampling and processing data.

T.4.4 Analog Data
Each analog data input is connected to an analog gate. The analog

gates are grouped in matrix combinations, basically arranged such that
five channel inputs (columns) are provided per row with multiple rows
used to form the desired matrices. The five analog gates in each column
utilize a common Sequencer Gate (SG). Drawing 7.2 shows the matrix
combinations used for analog signals. A row command and a column command
must both be present for an analog gate to transfer the data signal via

the sequencer gate and high-speed gate to an analog-coder.

-6
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The selected coder uses a successive approximation technique to code
the analog 0 to 5 Vdc signal into an 8-bit binary coded word. This 8-bit
word is fed to the digital multiplexer where it is transferred to the

output shift register when the coder gate is interrogated.

T7.4.5 Parallel Digital Data

Each parallel digital (or event) signal is connected to a gate in
the digital multiplexer. When the digital multiplexer gate is interro-
gated, the output shift register will be loaded with a "1" if the input
signal is greater than 3.5 Vdc or if the input is open circuited. The
output shift register will remain a zero provided the input signal

is less than 0.5 Vde and the input impedance is less than 5K ohms.;;

7.4.6 PCM Telemetry Parameters
Tables 7-1 through 7-14 1list the PCM telemetry parameters that

will be available for real-time analysis. Analog parameters recorded
on the flight qualification recorder and the data storage equipment are
not listed. Also, onboard display and GSE parameters are not listed.
Information on parameters not listed is available in the Apollo Baseline
Master Measurements list and/or the Apollo Instrumentation Equipment
List for Spacecraft 101.

7.4.6.1 Column Definitions for Tables 7-1 through 7-1k
A. Column 1 ~ Meas ID

The Measurement ID consists of seven characters:
Two letters follow by four numbers and one letter.
1. Module Code

The first letter designates the measurement location

by module.

a. A - ADAPTER

b. B - BOOSTER

¢. C - COMMAND MODULE

d. L - LAUNCH ESCAPE TOWER
e. S - SERVICE MODULE

=7
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2. TFunctional Subsystem Code
The second letter denotes the subsystem wherein the
measurement originates.
a. A - STRUCTURES
- ELECTRICAL POWER
- MASTER EVENTS SEQUENCE CONTROLLER
- EARTH LANDING SEQUENCE CONTROLLER
- ENVIRONMENTAL CONTROL
—~ GUIDANCE & NAVIGATION
- STABILIZATION & CONTROL
CREW EQUIPMENT
- FLIGHT TECHNOLOGY
- SCIENTIFIC EQUIPMENT
- SERVICE PROPULSION
~ REACTION CONTROL
- L/V EMERGENCY DETECTION
T - COMMUNICATIONS & INSTRUMENTATION

o

a0

5om o+ 0

[,
)T >« Iy o IR o B S -V R = = S © B =3 T <3 B = B @
|

B B R &

3. Discrete Number
Characters three through six are discrete numbers listed
sequentially within each subsystem.

Column 2 - Meas Description

The measurement description is a brief, definitive title

given to each measurement. ©Standard abbreviations are

used, where applicable.

Column 3 -~ T

The telemetry column contains two characters. The first

character indicates the type of signal measured as follows:
H

High level analog
Event (one bit)

E
D - Digital word (more than one bit)
S

Serial digital word (more than one bit)

7-8
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The second character indicates the telemetry format as
follows:

1 - HBR format only

2 - HBR and LBR formats

Column 4 - Chan Code

The channel code contains information giving the high

bit rate (HBR) sample rate, the type of parameter measure-
ment (analog, digital, etc.), and the channel code number
associated with that type of measurement.

EXAMPLE :

2 2 A 1

l—CHANNEL CODE NUMBER
A-ANALOG, HIGH LEVEL (0-5 Vdc)
DP-DIGITAL, PARALLEL
DS-DIGITAL, SERIAL
E-EVENT

NUMBER OF ZEROS FOLLOWING FIRS"
DIGIT IN HBR SAMPLE RATE

FIRST DIGIT/IN HBR SAMPLE RATE

Colum 5 - Data Range

The data range column indicates the total PCM range of

the parameter. For bilevel parameters a PCM "one" state
will be listed under HIGH and a PCM "zero" state will

be listed under LOW.

Column 6 - Inst Bus

The instrumentation bus column will indicate the power
source for a parsmeter. Some measurements are sensed and,
or signal conditioned within a particular system using
that systems' power and will be indicated by EPS, LES, EDS,

. BCS, G&N, S&C, SPS, C&W, AND C&I.
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The instrumentation system distributes +28Vde power
directly to certain sensors and signal conditioners.

These instrumentation power buses are shown on Drawing T.1
and are drsignated.

Vl - CM ESS INST BUS PWR FROM RHEB PNL 276-CB1.

V2 - CM ESS INST BUS PWR FROM RHEB PNL 276-CB2

V3S - SM ESS INST BUS PWR FROM RHEB PNL 276-CB3,

VhS - SM ESS INST BUS PWR FROM RHEB PNL 276-CBk.

V5 - CM NON ESS INST BUS PWR FROM RHEB PNL 277-CBS.
V6 - CM NCON ESS INST BUS PWR FROM RHEB PNI 277-CB6.
VT - CM NON ESS INST BUS PWEK FROM RHEB PNL 277-CBT,
V8 - CM NON ESS INST BUS PWR FRCM RHEB PNL 277-CBS8
VBS - SM NON ESS INST BUS PWR FROM RHEB PNL 277-CBS8.
V., - CM NON ESS INST BUS PWR FROM RHEB PNL 27T7-CB9.

9
V.., - CM NON ESS INST BUS PWR FROM RHEB PNL 27T7-CB10O

Véz - SCE PWR REQ'D FOR SIGNAL CONDITIONING (+20, -20,
and/or +10Vdc),

VSCS ~ SCE CM +5Vdc PWR.

Column 7 - Sig Cond

The signal conditioner column uses the following code to

indicate the type of SCE module that is used to condition

the signal.

AA - dc Active Attenusator

DA - dc Differential Amplifier

DBA - dc Differential Bridge Amplifier

AC - ac to dc Converter

PD - Bi-phase Demodulator

FD -~ Frequency Demodulator

7-10
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Column 8 - Pwr Rqmts
The PWR requirement column gives dc power required for signal
conditioner and sensor unless otherwise indicated. The
power may or may not include onboard display requirements
depending on whether the display is driven directly from
the sig cond or not.
Column 9 - 0. B. Displ
The following acronyms and ¥ indicate the type of onboard
display used for parameters that appear both onboard and in
the PCM bit stream.
¥ - Displayed on C&W System
M - Displayed on Meter
SM - Displayed on Selectable Meter
L - Displayed on Lamp Indicator
TB - Displayed on Talk Back (FLAG)
STB - Displayed on Selectable Talk Back (FLAG)
SMB - Displayed on Selectable Meter and Talk Back
Colum 10 - Sig Dist
The following acronyms indicate common circuit characteristics
of the PCM parameters being displayed to the crew.
CS - Common Signal Drives Display and PCM
SS - Separate Signal Drives Display and PCM
TSC = Common Sensor but PCM is Signal Conditioned
Column 11 - DWG CSMSH
This column will reference the CSMSH drawing for system

informatiocn.

P-1
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