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After touchdown, the HF recovery antenna must be deployed by
setting the POSTLANDING —~ ANTENNA switches (MDBC~-25) to DEPLCGY , B
A and B while the MASTER EVENT SEQ CONT switches (MDC-24) are
at PYRO ARM 1 and 2. HF beacon transmission at a preassigned frequency
of 10,006 mc is accomplished by placing the RECOVERY — HF switch
{(MDC-20) to ON and the RECOVERY — H¥-SSB/BCN/AM switch to BCN.

it

The GFAR survival transceiver (part of the crew's personal equip-
ment) can also be operated in a beacon mode. If used inside the S/C, one
of the VHF recovery antennas (No. 1 ¢r No. 2} can be used by manually
connecting it to the applicable ceax connector on MDC-9.

The VHF antennas and communications equiprnent condition, as
determined by the crew during the postlanding pré-recovery period, will
decide the utilization of the coaxial cable connectors located on MDC-9.

The connectors are identical ard the recovery eauipment coaxial cables tE“

may be interchanged to provide the most beneficial tracking configuration. £

2.8,2.4 Unijied S-Band Operations. e
. £
2.8.2.4.1 General. &
The USRBS is primarily designed to be used as a deep-space communi- F

cations link between the S/C and the MSFN, Nevertheless, on mission 205 &

some of its capabilities will be tested and it may be called upon for use as
backup equipment for voice comruvnications, PCM date transmission,
up-data reception, or S/C tracking and ranging when the S/C is within
range of a MSFN station equipped for S-band operations. In addition, only
the USBS is capable of transrmitting TV,

Lt

&

The USBS consists of the S-band transmiiter and receiver combined é

in a single electronic package called the unified S-band equipment (USRE) :

and the S-band power amplifier {PA). The function of the S-band FA ic to .

provide additional power amplification of the USBL transmilter output. ;

Two levels of amplification (high and low) are possible. A bypass mode is L
also possible whercin the S-band PA is turned off and the output of the

USBE transmitter is sent to the S-band antenna equipment "as is.'" The i

2-kme portions of the upper and lower SCIN antennas are used for trans- i

mission and reception of S-band signals. Antenna selection is made by
placing the S-BAND ANTENNA switch (MDC-20) to UPPER, LOWER, ox
AUTO. Inthe AUTO position, the antenna will be automatically switched
if the signal falls below a minimum threshold.

The PMP is controlled in conjunction with the USBE by the S-BAND
switches to provide the proper voice and data inputs te the USBIL in accoxd-
ance with the S-band mode selected.

When operating in a ranging mode, the MSFN can transmit a2 "coded"
pseudo-~random noise {PRN) pulse to the S/C via the S-band carrier. The
S/C USBE will respond by transmitting an identical pulse to the MSFN. By
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measuring the time lapse between transmission of the signal and reccption
of the response signal the MSIN can accurately determine the S/C range.
Once established, this value can then be continnally updated by measuring
the doppler shift in the S-band carrier. A ranging meode can be selected
again at later times, to verify or up-date the doppler data. !

2.8.3 ) MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

To facilitate this presentation, the equipment comprising the T/C
system (figure 2.8-4) has been divided into four groups desigrated as
instrumentation equipment, voice and data equipment, RF electronics
equipment, and antenna equipment, Specifically, these equipment groups
contain the following: i

Instrumentation equipment group

e Operational instrumentation
o Flight qualification instrumentation

Voice and data equipment group

Audio center (A/C) equipment

Signal conditioning équipment (SCE)

Pulse-code modulation-telemetry (PCM TLM) equipment
Television (TV) equipment

Prernodulation processox (PMP) equipment

Data storage eqguipment (DSE)

¥light qualitication recorder (FQR)} equipment

Up-data link (UDL) equipment

Central timing equipment (CTE)

Voice recorder

@ % © @

-]

® 9 e 8 9

R¥ electronics equipment group

VHE/AM transmitter-receiver equipment
HF transceiver equipment

VHF/FM transmitter equipment

Unified S-band equipment (USBE)

S-band power amplifier equipment
C-band transponder equipment

VHF recovery beacon equipment

2 2 ®© 0 @ 9 ©

Antenna equipment group

e VHF/2-KMC omni-antenna equipment
e HIY antenna equipment

o VHI recovery antenna equipment

e C-band beacon antenna equipment

TELECOMMUNICATION SYSTEM
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2.8.3.1

2.8.3.1.2

Instrumentation Equipment Groun.

The S/C instrumentation equipment consists of various types of
sensors and transducers for providing environmental, cperational status,
andbperformance rneasurements of the S/C structure, operational systems,
and experimental equipment. The cutputs from these sensors and trans-~
ducers are conditioned to signals suitable for utilization by the S/C displays,
vresentation to the PCM TLM equipment, or both. In addition, various
digital signals are presented to the PCM TLM equipment, including event
information, guidance and navigation data, and a time signal from the CTE.

Many of the signals emanating from the instrumentation sensors are
of forms or levels which are unsuitable for use by the $/C displays oxr PCM
TLM equipment. Signal conditioners are used to convert these signals to
forms and levels which can be utilized, Some signals are conditioned at
or near the sensor by individual conditioners lecated throughont the 5/C.
Other zignals are fed to the signal conditioning equipment (SCE), a single
elecironics package located in the lower equiprnent bay. (Refer to signal
conditioning equipment in the Voice and Data Equipment Group. ) In addition
to conditioning many of the signals, the SCE also supplies 5-vdc excitation
power to some sensors. The SCE can be turned on or off with the PCWER-
SCE switch on MDC-20. This is the only control that the crew can exercise
over instrumentation equipment for operational and flight qualification
measurements. These two instrumentation groups are discussed in the
following two paragraphs. Information on scientific and special instrumenta-
tion can be found in section 4 of this manual, Experiments and Scientific
Equipment.

Cperational Instrumentation.

Operational measurements are those which are normally required for
a routine mission and include three catcgeries: in-flight maragement of
the S/C, mission evaluation and system performance, and preflight check~
out of the S/C. The operational instrumentation sensors and transducers
are capable of making the following types of measurements; pressure,
temperature, flow attitude, rate, quantity, angular position, current,
voltage, frequency, RF power, and "on-off' type events.

Flight Qualificaticn Instrumentation.

Flight qualification mcasurements are those which will vary on
different 8/C, depending on mission objectives and state of hardware devel-
opment, Most of them will be pulse-code modulated along with the opera-
tional measurements and transmitted to the MSFN. Other flight qualification
measurements will be stored in the FQR for postilight analysis only.

Mission,
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2.8.3.2

2.8.3.2.1

Voice and Data Equipment Group.

Audio Center (A/C) Equipment.

The A/C equipfnent (figure 2. 8-5) consists of three separate identical
modules located in a single electronics package in the lower equipment bay.
Fach module is controlled independently by its own control panel and
supplied with 28-vdc power through separate circuit breakers. The three
control panels, MDC-26, -13, and ~23, arc located in stations 1, 2, and 3,
respectively. Kach of the astronaut's headsets, containing two microphones .
and two raicrophone amplifiers, and two independently operating earphones,
is connected to one of the A/C modules by a cobra cable. Thus each
astronaut has a separate headset, audio center module, and audio control
pancl to provide him with individual control of voice transmission and
reception. '

Fach A/C module contains a microphone amplifier, VOX circuitry,
an earphone amplifier, and various signal attenuation, switching, and
isolation circuits. The earphone and microphone amplifiers amplify the
voice signals to and from the headset. The VOX circuitry is a voice-
operated keying circuit that supplies a ground return path necessary for
activating the microphone amplifier and the transmitter keying relays in
the HF transceiver, intercommunicatijon system, and the power control
relay in the operating voice recorder.

Audio signals are provided to and from the HI trankceiver eguip-
ment, VHE/AM transmitter-receiver equipment, USBE (via the PMP),
and the intercom bus. The intercom bus is common to all three modules
and provides for the hardline communications belween crewmen and with
the LLCC and recovery forces. ' S
Inputs and cutputs are controlled by the RCDR/HF, VHF/AM, S~-BAND, E
and INTERCOM switches on the audio control panels. FEach of these o
switches has three positions: T/R, OFF, and REC. Setting any of the
switches to T/R {except S-BAND) permits transmission and reception of
voice signals over its respective equipment. REC permits reception
only, and OFF disables the input and the output. The operation of the
microphone amplifier in each module is controlled by the VOX keying
circuit or the PTT pushbution on the cobra cable or the translation controller,
The VOX circuit is energized by the position of the POWER — PTT/OFIF/VOX
switch on each audio control panel. The PTT position permits monitoring
and activation of the microphone amplifier, voice recorder HF, VHF/AM
and S-band voice transmission circuits by the PTT key. The VOX position
permits all the functions of the PTT position plus VOX activation of the
microphone amplifier, voice recorder and HF transmitter.

Three potentiometer controls are also provided on each audio control
panel: VOX SENS, INTERCOM BALANCE, and VOLUME. The VOX SENS
control is used to adjust the sensitivity of the VOX circuitry, determining
the amplitude of the voice signal necegsary to trigger the VOX l:cyljng

Mission

TELECOMMUNICATION SYSTEM

Basic Date__12 Nov 1966 Change Date Page 2.86-17




L L Sadde T A

SM2A-03-5C012
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

To: RECY INTERCOM SWIMMER CONNECTOR @mrmmsmmmrmrer—y

To: LCC VIA USM 4

r;»m- D WSS GITOND  CISWT EORORO [ $raasmh
A4 X

—-OLII-SOU\T!ON l

2
Y4t Tor MODULE NO. 2

e2ax | wemn o | oo

Vo]

3

VOICE

E ! To:
' e To: MODULE NC. 3 EARPHONIES IN
i 1 i COMMAND
A PILOT'S
P |aooueno.l ! §; HEADSET
‘ .} EARPHONE !
INTERCOM ! AMPL '
/R [ E
‘ i 3 4
-0 OFF 4 oo
1 2 st DIODE bt 2 DIODE ¢ VOLICE
= e . .}y 4
REC g SWITCH & be SWITCH & romsmbimer sty To1
ISOLATION SIDE- 1.d 150LATION R ON-BOARD
T TONE VOICE
INTERCOM 2 TAPE
/LM 4 RECORDER
BALANCE i BALANCE %
AN 4 ADJUST s
; BRIDGE ]
5-BAND Y
Lo |
- ¢
I———o—&mOFF i i Y
° DIODE —— <> DIODE EVO!CE To: USBE
From: L F REC SWITCH & SIDE- SWITCH & ® A PP
P Up- i a 2} ISOLATION fa- TIO’i"- -t ISOLATION | ‘
VOICE DISCR VHF-AM E TORE
XMTR KEVING o T/R_, g
RELAY RETURN
[ Gpoomas e crarmersmrelipms o0 O F &
: e REC 5 B 5
From: I Al Rttt { DIODE gVOICE To:
v 3 SWITCH & A VHF/ AV
VHE/AM % G in0 i A 4 1oL i TR-RC
' TION CMTR-R
XMIR-RCVE 4 LR DIODE  b—a W"L,@i&:igm,. ] ! YMIR-RCVR
5 e
Y OUCE b B M L ]
L RCDR/HF E e TONE
HF KEYING RELAY AND ON-BOARD T/R . - N
VOICE TAPE RECORDER POWER = o} I i IYOICE 1o, ur
COMNTROL e ke OFF g '!éiOLATION i XCVR
RELAY | oreC | T
From: [ $ - . E
J 1 ] & o crae, emow el
Xeve R E BIODE g
= e 4 SV;“‘CH' & - E 1. All controls and switches ore
VOICE g SV . SIDETONE on MOC-20 unless otherwise
¢ L -+ -] ISOLATION fe i idicated
rom: ndicated
MIKE AMPL  VOICE E 7. Only Module No. t and its
IN CMDR'S =% - s MIKE E controls are irdicated.
HEADSET ) R AMPL 3. Modules No.2 and No. 3 arz
To: PMP C;/-V'-l l 1 E identical except that controls
reare ) § 4 ¢ arxl switches ore located on
PTT P E 3 § TADC-13 and =23, headsets are
. for SENIOR PILOT ¢nd PILOT,
(COBRA CABLE) VOX vOX g and 7,/C circuit breakers are
POWER - E—P1 swiTCH GROUP- 5§ ond -3, respectively.
-PTT E 4, Additional PTT pushbuttons
° g p 1 g {not illustrated) are located
T 2O OFF Boma erme o www | man csnmo mral i vy | G on transletion controls,
e ) | e - } 5. The VOX switch provides o
FLIGHT ".Tl/,c'—-‘ | VOx L . ground return path through the
GROUP-4 3 . R .
& POST- [ c !¢ e e AR A (0- - POWER switch when enabled by
LANDING [3-2Y08 5™ Lo yOX = (‘ZI‘-:CCGI-TS fhe VOX circuitsy
8US 104 IRCUL SM-2A-740F
(MDC-22) 2

Figure 2.8-5. Audio Center Equipmeﬁt

Mission

Basic Date 12 Nov 1966

TELECOMMUNICATION SYSTEM

Change Date,

T ]

TR

g




SM2A-03-SC012
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

circuit., The INTERCOM BALANCE control adjusts the level of voice
signal inputs from the RF equipment relative to the level of voice signal
inputs from the intercom bus. The VOLUME control adjusts the output of
the earphone arnplifier. :

2.8.3.2.2  Signal-Conditioning Equipment (SCE). !

The signal-conditioning equipment {SCE) is contained in a single

. electronics package located in the LLEB. (See figure 2.8-6.) Its functions-
are to convert various kinds of unconditioned signals from the instrumenta-
tion equipment info compatible, 0- to 5.volt d-c analog signals, and to pro-
vide excitation voltages to some of the instrumentation sensors and
transducers.

The SCE uses the following module types: The active attenuator, to
attenuate high-signal voltages; the ac-{am)to-dc converter, to detect the
amplitude variations of an a-c signal; the dc differential amplifier, to
amplify small signals; the dc differential bridge amplifier, to detect
resistance changes; the bi-phase dernodulator, to convert £/ C position
resolver outputs; the {requency demodulator, to detect frequency changes
in an a-c signal; and the power supply, to provide +20 volts and -20 volts to
the SCE circuitry, 10 volis as bridge excitation, and 5 volts to excite other
S/ C sensors.

The conditioned output signals from the SCE are routed to the data
distribution panel {(DDP). The DDP provides parallel outputs, where
necessary, and routes the signals to the PCM telemetry cquipment, sS/C
displays, and GSE connections. '

The only external control for the SCE is the two-position POWER—
SCE toggle switch on MDC-20. Placing this switch to ON applies 28 volts
dc to the latch winding of the latching relay, which closes contacts appiying
3-phase a-c power to the power supply module. In the OFF position, the
relay is unlatched, removing a-c power from the power supply.

2.8.3.2.3 Pulse-Code Modulation Telemetry (PCM TLM) Equipment.

L
18
i

The function of the PCM TLM equipment (figure 2. 8-7) is to convert
TLM data inputs from various sources into one serial digital output signal.
This single output signal is routed to the PMP for transmission to the MSFN
or to the DSE for storage. The PCM TLM equipment is contained in two
separate units located in the lower equipment bay: PCM unit 1 and PCM
unit 2.

Input signals to the PCM TLM equipment are of four general types:
low-level analog, high-level analog, parallel digital, and serial digital.
Some of the low-level analog inputs are supplied directly from the instru-
mentation sensors; other data inputs are routed through the data distribution
panel (DDP).

Two modes of operation are possible: the high- (normal) bit-rate mode
of 51, 2 kilobits per second (KBS) and the low- {reduced) bit-rate mode of |
1.6 KBS. Operational mode is selected by placing the TLM INPUTS—PCM
switch on MDC-20 to HIGH or LOW, as applicable. When the switchis in
the LLOW position, the high PCM bit-rate can be commanded by the MSFN
via the UDL equipment. ~

il e
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SIGNAL CONDITIONING EQUIPMENT
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Figure 2.8-6. Signal Conditioning Equipment

Mission

TE LLCC?\/MU NI (,

Basic Date, 12 Nov 1566 Change Date

TION' SYSTEM

2.8.20

Page

2
4
i
&

e vy

v et

£
H
i
i




SM2A-03-5C01z2
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

PCM HI LEVEL
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Figure 2.8-7, Pulse Code Modulation Telemetry
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Television (TV) Equipment.

The TV equipment consists of a small, portable, TV camera (figure
2.8-8) that can be hand-held or mounted in one of four locations in the
command rmodule. Its function is to acquire real-time video 1nformat10n
for transmission to the MSFN during S-band testing.

The first camera mounting position is located below the main display
console, and will permit a front view of the crew lying in their couches. The
second position is located bechind the head of the center seat, and will permit
viewing of crew activities in the middle of the command module. The
S(,\.Ond position is also provided with a five-foot stretch cable to permit
hand-held use of the camera for coverage of any desirable target inside or
outside the S/C. . The ildird poqition is located in the right-hand equipment
bay, and permits viewing of astronauts at work in that area. The final
position utilizes a special bracket which allows the TV camera to look out
the right-hand docking window.

The TV cdmeva is connected directly to the PWR cable at the first
mounting position. If the TV camera is to be used in the rmounting position
behind the center couch, the PWR cable must be connected to the connector
marked "TV Cam to Hatch J107," and the camera, in turn, should be con-
nected to the connector at that position (J191), by the stretch cable. If the
TV camere is to be mounted by the right-hand equipment bay, the PWR
cable must be connected to the connector marked "TV Cam to RHEB," and
the TV camera connected to the connector at that location (J135) by the
stretch cable.

The TV camera is ccnstructed with a pistol-grip type of handle on the
bottorn, which can be extended to facilitate portable use. The TV camera
is fitted with a fixed-focus wide-angle lene for picture taking within the
command module. For taking pictures ¢f the earth or moon through the
C/M window, 2n interchangeahle =moom lens is provided, The zoom lens bas
a look angle of from 9 degrees through 30 degrecs. It is {itted with a
through-the-lens type viewer that will enable the operator to see the change
in field of view and relative size of the scene while the lens is adjusted.

The electronic circuitry in the camera is equipped with an automatic gain
control to allow for differences in target illuminatiorn, ‘

The TV camera is activated by a slide switch in the pistol-grip handle,
which applies 28 volts de to the camera power supply when set to on. This
energizes the entire camera and results in a video output signal that isfed
to the PMP. In the PMP, the video signal is frequency multiplexed with the
telemetry data and voice, which is transmitted to sarth via the USBE. The
USBE must be operating in a2 TV mode to permit this transmission. An
AUTO LIGHT CONTROL switch has been added to the camera, permiiting it
to compensate for either peak or average scene illuminations from 0.1 to
30 foot candles.

Premodulation Processor {PMP) Equipment.

The PMP equipment {figure 2. 8-9) functicns as & data processing and
distribution center providing necessary interface, where rzquired, between
the voice, data, and RFE equipment. The PMP consists of ten modules
mounted in a single electreonics package located in the lower equipment bay,
These modules contain filters, oscillators, rmodulators, demodulators,
detectors, switching circuits, discriminators, mixing and keying networks,
and a power supply.
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Figure 2.8-8. Television Equipment
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The PMP can operate in many possible modes. A1l of the external
controls for the PMP are switches located on MDC-20. The switches which
affect the PMP consist of the POWER — PMP switch, the S-BAND — VOICE
group of switckes, the S-BAND - EMERG switch, and the TAPE
RECORDER — PLAY and — RECORD/PLAY switches. Also, during emer-
gency key operation, the PTT keys on the ccbra cables and translation
controls, control the PMP emergency key network. All of the signal inputs
available to the PMP are listed in the PMP INPUTS table at the end of this
paragraph. PMP outputs are dependent upon switch configuration. The
PMP OUTPUTS table, also at the end of this paragraph, shows the various
composite output signal possibilities along with their destinaticns and the
switch pbsitions required for any mode of operation. It should be noted that
the S-BAND and TAPE RECORDER switches also affect the operational
mode of the USBE and DSE. .

One function of the PMP is to process the PCM TLM signal obtained
from the PCM TLM equipraent or DSE and route it te the VHF/FM trans-
mitter equipment for transmission to the MSFN. This output will be
provided whenever a PCM input iz available, regardless of mode and
simultancously with other PMP outputs.

All remaining PMP functions involve interface with the USBE. Inputs
to the PMDP from the USBE are the 70-kc up-data and 30-kc up-voice sub-
carriers. These are fed intc the up-data and up~-voice discriminator
circuits. These two circuits (as well as circuitry needed for eraergency
S-band modes) do not require the PWR~-PMP cwitch to be on. They are
supplied with power independently whenever the USBE is in operation.
Outputs from the up-data and up-voice discriminators are fed to the UDL
and A/C cquiprnent, respeciively.

The PMP supplies an output to one of the three USBE inputs, depending
on S-band mode as selected by the S-BAND -~ VOICE group of switches and
the S~BAND — EMERG switch. The USBE inputs are designated PM, ¥FM-1,
and FM-2. During normal S-band modes, the PMP supplies either a PM or
FM-1 output to the USBE. The PM output supplies real-time PCM TLM and
voice to the USBE when the USBE is operating in a normal voice or a -
ranging mode. If the USBE ranging only mode is selected, the PCM TLM
portion of the output is eliminated, leaving only voice signals in the PM-1
output. When recorded data or TV data is to be transmitted along with PCM
TLM and voice data, the FM-1 output is supplied to the USBE. This mode

 permits the greater bandwidth which is required for transmission of this

data.

There are two emergency modes; emergency voice and emergency
key, selected by the S~-BAND — EMERG swiich and used to permit emergency
transmission of voice or code over the USBE with the PMP shutdown. With
the S~BAND — EMERG switch in the center {OFF) position, the PWR - PMP
switch controls the application of power to the PMP. However, with the
S-BAND — EMERG switch set to either VOICE or KEY, a-~c power is
removed from the FMP, In the KEY posiiion, a separate 28-volt d.c
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Figure 2.8-9. Premodulation Processor Eguipment
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source is used to enable the emergency key network oaly, which permits

a 512-kc signal from the CTE to be keyed by the PTT key in the cobra
cable. This signal is applied to the FM input of the USBE. In the VOICE
position, veice signals from the audio center equipment are routed directly
through the PMP and supplied to the FM-2 {emergency voice) input of the

USBE.

The following matrix shows the switching configurations of the
S-band system in several operational modes.

PMP Inputs

Signal Type Source Application
Real-timme PCM PCM TLM equipment | Transmission to MSIN.via
TLM USBE or VHYF/FM transmitter
Video TV equipment Transwnission to MSEN via

USBE |
Voice Audio center Transmission to MSEN via
equipment USBE
Recorded PCM TLM|DSE Transmission to MSFN via

: USBE or VHF/¥FM fransmilter

512-kc sguare wave CTE CW transmicsion to MSFN
during emergency key meode

512-kec square wave | PCM TLM Subcarrier for transmission of

equipment PCM TLM to MS¥N via USBE
70-kc up-data USBE Detection of up~data received
gubcarrier from MSFN via USBE
30-kc up~voice USBE Detection of up-voice received
subcarrier frormn MSFN via USBE

i
Mission ... Basic Date_12 NOV 1966 Change Date . mmmomee PAEC wil
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PMP Cutputs

Cutput Switch Positions {MDC-20)
PWR S-BAND — VOICE Group S-BAND TAPE RECORDER
i I
RNG- !
Off- H RECORD-
RNG TAPE- TV- - Off-
Types of Data Destination PMP ONLY Oif Ofif EMERG PLAY LAY
Real-time voice USBE VOICE *
(FM-2)
Interrupted 512-ke USBE XEY
carrier (keyed by (PM)
PTT switch)
Real-time PCM VHF/FM ON % Off * (0334
TLM Transmiiter {center) {center)
Recorded PCM TAPE PCM or PLAY
TLM NORM
Real-time PCM USBE RING cx Off Off 3 RECORD!
TILM and voice (PM) Off {center) {center) or OFF
7 {center) {center)
Real-~time voice RNG
ONLY
Recorded PCM USBE TAPE NORM PLAY
and rcal-time (FM-1) ’
voice l
#This switch does not affect this outpus mode.
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PMP Outputs

Cutput Switch Positions (MDC-20)
PWR S-BAND — VOICE Group S-BAND TAPE RECORDER
RNG- .
Off- ) RECCRD-
RNG TAPE- TV- Off-
Types of Data Destination PMP ONLY Off Off EMERG PLAY PLAY

Recorded PCM ON TAPE Off Off PCM Play

TLM and real-time {center} {center)

veice

Real-time PCM USBE *

TLM and voice {(FM-1)

Real-time PCM Off TV % %

TLM, voice, and {center)

TV

Real-time PCM

TLM and voice

Up-data commands UDL *

Up-vonice Audio

Center
Equipment -

%This switch does affect this output mode.
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2.8.3.2.6

Data Storage Lquipment (DSE).

The DSE (figure 2.8-10)is a three-speed, i4-track magnetic tape
recorder and reproducer located in the LB, It is used to store data during
phases of the mission which inhibit or prevent the successful transmissions
of this data to the MSFN. Data can be recerded in parallel on five digital
channels, and played back during a later phasc of the mission for transmis-
sion to the MSFN. FEach reecl contains 2250 feet of one~inch-wide, magnetic,

Mylar tape.

The PCM TLM data is obtained frorm the PCM TLM equipment as a
single serial pulsc train at a high bit-rate of 51.2 KBPS or a low bit-rate
of 1.6 KBPS, depending on the PCM TLM mode. In the DSE, a serial-to-

Eagory

B

parallel converter circuit converts this signal into four parallel digital
channels, ecach of which as a resulting pulse repetition rate (PRR) of only
12.8 KBPS or 0.4 KBPS (one-fourth of the original PRR). The PCM TLM-
equipment also furnishes a 51.2-kc or 1. 6-kc square wave timing signal to
the DSE, which is also divided by four. These five signals, the four
channels of PCM TLM and the clock signal, are amplified by the five digi-
tal record araplifiers and fed to the digital rccord heads. Only one analog
channel, the 25-kc reference and timing signal from the FOR, is scheduled
for use on SCO012.

During playback, the piayback heads pick.up the recorded data and
present it to the digital playback amplifiers. The four parallel channels of
recorded digital data and the clock signal divided by four are picked up by
the five digital playback heads and presented to the hive digital playback
amplificrs. The amplified signals are then rouled tu the pavalicl-to~scrial
converter and the reproduce module. The four digital siguals are converted
back to a single serial pulse train which is fed to the PMP cguipment. The
bit-rate of this outpul will alweys be 51.2 KBPS, even if the recorded data
was originally 1.6 KBPS. This is due to different speeds used in recording
and reproducing. The 51.2 KBPS high bit-rate PCM signal is recorded at
15 inches per second (ips) and played back at the same speed. The low bit-
rate signal of 1.6 KBPS is recorded at 3.75 ips, however, and played back
at 120 ips, an increase of 32 times. This increases the 1.6 KBPS PRR to
51.2 KBPS.

The DSE is a bidirectional machine with a tape transport mechanism
capable of forward or reverse operation at any of threce speeds: 3.75 ips
(low speed), 15 ips (normal speed), and 120 ips (high speed). The low
speed of 3.75 ips is used only to record low bit-rate PCM TLM data. The
DSE playback electronics is automarically disabled whenever this speed is
selected. The normal speed of 15 ips is used to record and play back high
bit-rate PCM TLM data. The high speed of 120 ips is used for fast dump
of the low bit~ratc PCM TLM data which was recorded at 3.75 ips. The
high speed is also used for fast forward or reverse rewinding. Maximum
operating times, to rccord or play back the entire 2250 feel of tape, arc as
follows: 2 hours at the low speed of 3.75 ips, 30 minutes at the normal
speed of 15 ips, and 3.75 minutes at the high speed of 120 ips,
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FUGHT GROUP-5 located on MDC-20.
8 POST- A 2. Ffor additional switch
LANDING 2 sh . circuity, sec PP
BUS and PCM TLM equip=
B GROUP-1 ment illusirotions
:'EOL'E o 115 VAC -~ 3. Not :cheduled for
com- -
400 % 5o on $C-012.
NO 55 chsap A use on
SWITCH M- 7A- 7590
]

Figure 2,8-10. Data Storage Equipraent
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4 Tape speed and direction are controlled by the TAPE RECORDER ~
SPERIL — FWD/OFF/REV switches on MDC-20, Other TAPE ,
SPEED and
RECORDER switches are the RECORD/PLAY switch which selects the :
5 record or playback mode, and the PLAY switch which selects the type of s
data to be reproduced. The PLAY switch has two positions: PCM and
NORM. In either position, only PCM TLM data is reproduced and routed
to the PMP equipment. The S-BAND -~ VOICE — TAPE switch must be set : .
to TAPE before the TAPE RECORDER — PLAY switch becomes effective.
The TLM INPUTS — PCM switch also affects tape recorder operation when -
recording. The interlock circuit in the DSE system control legic, which
prevents selection of conflicting operational moedes, locks the tape speed at ) d
15 ips (norrnal) when the TLM INPUTS — PCM switch is set to HIGH. - When
set to LLOW, the tape speed is locked at 3.75 ips. The proper control switch
configuration for all DSE modes is shown in the table at the end of this
paragraph.
An end-of-tape sensing circuit in the DSE automatically removes
power from the tape drive mechanism and electronic circuits when the end
of the tape is reached.
.
Switch Positions
S-BAND— r.m
VOICE TAVE RECORDER INVUTS 3
PLAY SPEED . 3
TAPE- PCM- HIGH- RECORD- FWD BOM ;
DSE Off- NORM- NORM - OlIf- Of - HIGH-
Functians ANALOG ANALOG LOW PLAY REV LOW .
- Record high it rvate OFF Any NORM liil(l()RI')' FWIHe HiGH
REV
: Revord low bit rate OFF Auny LOW RECORD Wi [LOW
£ 32
REV
: . L
Playback recorded TAPE PCM NORM PLAY FWD Ar ’
high bit rate or or
NORM REV 3
Playback recorded TAPE PCM HIGH PLAY FWi Any g‘
i low Lit rate or o
NORM REV
3 Plasbhack recovded® TAPE POM NORM PLAY W Sy
3 ouxed it rate or or
NORM REV
Reposition tape o OFF Any HIGH PLAY FW Any
B end of reel {rewind) or
N ROV
“Since e DSE is a bidirectional machine, 1t can record, play back, or rewind an cither direction,
srgnder prescnt mussion procedares, this mode should not be necessary.
Ilewad Modes:
1, Hieh Dot orate must be recorded at normal specd or tape motion waitl stop.
i 2. Laew 5wt rate must be recorded at low specd or tape motion will stop,
S0 8 tape iy played back at low speed, the tape wall move, bat there will be o pley e helaticavazlbanbe to the trasmontters., ‘
11t tape on plaver back at high speed and contered Bigh bit cate date, the play bas & data wall he parbbod {
a FWD or REV command only s atven Lo anetiede o reseed, there wadl e v tane seotun, A sl R DT P
seler et dpreferabiy ©LAYY before Lol ose, f
i
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2.8.3,2.7 Flight Qua.liﬁcation Recorder {FQRJ}.

The FOR is a l4-track magnetic tape recorder which is used to record
certain flight qualification measurements during critical phases of the mis-
sion. (See figure 2.8-11.) This data will be used for postflight analysis
only; the FQR has no in-flight playback or transmission capability. td will
be activated in a record mode during the ascent and entry phases of the
mission and during SPS burns.

Flight qualification data is recorded in analog form. (Digital data
cannot be recorded on the FQR.) Two recording tracks (one record head
in each of two record-head stacks) are used for reference and time code
recording. To accomplish this, an elapsed time code generator is used to
modulate a narrow-band VCO. The output of the VCO is then mixed with the
output of a 50 kc reference oscillator. This composite signal is presented
to each of the two record heads through two direct record amplifiers.

The FQR operates at a record speed of 15ips and a rewind speed of
120 ips. .The 15 ips record speed allows a total of 30 minutes recording
time per reel of tape. Because there are no provisions for crewmembers
to change tape reels during the mission, the QR must be used conserv-~
atively., Normally, the rewind function will not be used unless it is required
to back the tape up to the beginning during prelaunch activities. End-of-tape
sensing is provided, which will automatically halt the tape motion and remove
power from the electronic circuits when the end of the tape is reached in
either direction.

Crewman control of the FQR is provided by the FLIGHT QUAL RCDR,
3-position toggle switch on MDC-19. In the STOP position; all a~c and d-c -
power is removed. Placing the switch to RECORD activates all clectronic .
circuitry and the tape transport mechanism, which moves the tape forward |
at 15 ips. The REWIND position activates the tape transport inechanism to Bl
move the tape backward at 120 ips,

The measurement numbers and names of the parameters stored in
the FQR are presented in the following list. This does not include the two

FQOR channels utilized for storage of reference and timing code storagec.
Measurement A ldentity
Number
CG2a2tlo0 v X PIPA output, in phase
CG 2030V Y PIPA output, in phase
CG 2050 Vv -Z PIPA output, in phase
CK 0004 A Linear acceleration structure X axis A
CK 0005 A Linear acceleration structure Y axis A

TELECOMMUNICATION SYSTEM
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7 FLIGHT QUALIFICATION RECORDER )
i‘ 25 KC REF s v e R s o CEEAD WBIR TR e CeR G ST MEANm SN eTEE
e -
Tor DSE 4 & TIMING ‘i l i
.
l P .
KC To: fl‘
25 KC : I o
i DIRECT BIAS i %
REFERENCE 5 MIXER - <]
OSCILLATOR RECORD OSCILLATOR i
AMPL'S .
i TIME » !
ASE f
5 CODE sl VCo I S
GENERATOR o F
; £
50 KC DIRECT . E
1 CHANNEL .
g REFEREINCE 2 MIXER RECORD .
E OSCILLATOR AMPL a
LOW-FREQ E T OIRECT g
ANALOG fheorn | LGHANNEL 1 RECORD
INPUTS (3) ¢ NARROW=- -OR ¥l HEADS i
P . AMPL
From: 4 BA,\? i
FLIGHT veo's S
QUAL ANALOG WiDE
NS INPUTS (9) WIDE- 9 CHANNELS
: ISR |, § ] BAND i
E ! veo's . E
i FLIGHT § %
. QUAL RCDR i Eﬁ
(MDC-19) ;
RECORD § .
sTop ! " i
e O 2
SREWIND N
3 ’ !
28 VDC TRANSPORT POW TAPE -
§ < TRANSPORT FOWER s TRANSPORT E
: NON s MECHANISM
5 ESSEN-
3 N INSTRUMENTS CONTROL !
% BUS FAM XMT2 Q LOGIC f
NON ESS
E {MDC-22) ; h
7,28 vDC ~ VOLTAGE
i A >
5A é REGULATOR i
E To:
—T1/C — f ELECTROMIC
GROUP 1 CIRCUITS
. From: (MDC-22) el e
: TSLCOM— . P % . power |, .
MO £S5 28 115 VAC *1 suprLy i CT0M3 X o
- $WITCH 3g — i
4 J i TAPE MAOTICN ' &
: S R (e
NE15-0a 2 _
SM-2A-8548 g
Figure 2.8-11. Flight Qualification Recorder Equiprent g
T i
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2.8.3.2.8

Measurement

Number Identity
CK 0006 A Linear acceleration structure Z axis &
CR 0514 P CCW roll engine pressure, system A*
CR 0520 P CCW roll engine pressure, system B
, CR 0623 P Fuel line pressure, system A
CR 0624 P Fuel line pressure, system B .
CR 0625 P Oxidizer line pressure, system A
CR 0626 P Oxidizer line pressure, system B

Up-Data Link (UDL)} Equipment.

The function of the UDL equipment is to receive, verify, and distribute
digital up-dating information sent to the S/C by the MSFN at various times
throughout the mission to up~date sr change the status of eperational sys-
tems. The UDL (figure 2.8-12) consists of a UHYF-FM receiver, a transistor
mode switch, detecting and decoding circuitry, a buffer sterage unit, output
relay drivers, and a power supply. The UDL provides the means for MSFN
to update the AGC, the CTE, and to select certain vehicle functions.

Two operational modes are possible: UHF and S-band. The mode
normally used is UHF, In this mode, the incoming 450-mc up-data carrier
is received by the VHE omni-antenna equipment and fed to the UHI receiver
in the UDL. The intelligence is detected from the carrier and routed
through the mede switch to the sub-hit detector, which converts it to a
serial digital signal. The digital output from the sub-hit detecter is fed to
the remaining UDL circuitry, which stores and checks the digital data,
determines the proper destination of the data, and processes it to the
appropridate $/C system or equipment,

Real-time commands from the real-time comumand (RTC} drivers
are supplied to the UDL RTC relay box which contains four, RTC,
Z-position, latching relays. Thus eight real-time commands are possible:
four "set" commands and four "reset' commands, he chart on the
following page lists the eight commands by number and function.

The S-band up-data mode can be selected when the USBE is in opera-
tion. In this mode, the UHF receiver in the UDL is deactivated and its
function is replaced by the USBE receiver and the PMP. Up-date informa-
tion can be transmitted to the S/C within the 2-kmec S-band signal. When
this signal is received by the USBE receiver; the 70-ke subcarrier comn-
taining the up-data information is extracted and sent to_the up-data
discriminator in the PMP. The resulting composite audio {requency signal
is routed to the sub-bit detector in the UDL. ‘

There are three external controls for the UDL equipment. One is the
three-position, center-off, UP-DATA switch on MDC-20, When set te the

Mission
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UDL Reat-Time Commuands
4
uDL MDC-20
Cornmand Action clay SW Position . Results

00 Deactivates system & Kl {(RESET) - MDC-3 -
abort request light

01 Activates system A K1 (SET) MDC-3 turns on abort light, s
abort request light

02 Effect on C-band K3 {RESET) C-BAND C-band equipment continues to
cquipmert operation 1 PULSE operate in l-pulse mode,
determined by position
of C~band switch on OFF C-band rquipment remains off,

MDC-20
2 PULSE C-band equipment continues to
operate in 2-pulse made.

03 Turns C-band equip~ K3 (SET) C-BAND C-band equipmf‘r;'. continues to
ment on in 2-pulse I PULSE cperate but switches to 2-pulsce
mode mode.

OFF Energizes C-band equipment ?
which operates in Z-pulse ‘%
3
mode.
2 PULSE No ¢ffect on C-band oprration,

04 Effect on VHF-FM K4 {RESET) " VHE-I'M No effect on VHF-FM
transmission of PCM ON . transmiller, i
data determined by
position of VHF-FM- OFF No effect on VHEF-FM
ON/OF¥ and TLM transmitler, £
INPUTS-HIGH/ LOW ¢
switches on MIDC-20 TLM INPUTS PCM TLM remaias in 51,2 KBb, i(

PCM HIGH '
LOwW PCM TLM output is 1.6 KBS, I
&
¥

05 Turns VHF-FM K4 (SET) VHEF-FM No effect on VHF-FM 2
traasmitter on and ON transimitter, 3
changes kit rate from . ) .
low to hiph OF ¥ R Encrgizes VHFE-FM

transnutier, %f
TLM INPUTS No effect on bit rate, i{
PCM HIGH
LOW Switches from 1.6 KBS to f
51,2 KBS, i
NOTE §{ data is being recorded, i
DSE will autumaticaily stop if
TAPE RECORD-5PEED svitch
is not positioned to HIGH. §
)

06 Deactivates system B K2 (RESET) MDC-3 |
abort reguest light
Aclivates system B K2 (SET) MBDC-3 turns on abort Light. 1
abort request light i

—
TELECOMMUNICATION SYSTEM
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CT 026} v
LOL PECEIVIR

A From: VHF From: USBE
SIGNAL ANTENNA Ve VALIDITY SIGNAL . PCM TEM
STRENGTH switch z = "1 EQUIPMENT
VIATE3 T *
CT 0262V
e PMP UDL SYSTEM
, (LP-DATA VALIOITY
MULTIPLEXER DISCR. ) \ SIGNAL
UP-DATA LINK 510
RO SN L i=col CalL 41,59 VDN S
I 1; TIMING PULSE TRAINS & RESET
MiSC. .
CrE
I GHE/FM DRIVERS i DC EXCITATION
powik |  RCVR E
‘ ‘L S b accoata _pjaporie GU[DANCE]
! cont- el I | __COMPUTER
o S | surree i UP Tim
MODE STORAGE (MOC14)
1 SWITCH D N !
! £ - ACCEPT
l, R ¥ BLOCK
I E Crap ., UDIZRIC RELAY BOX:
l SUB-BIT RTC P oo - { €05 Buses —
! DETECTOR pervers | ¥ i - 1 | NO.1 NOL3
, L = ]
| )
I | J“L@"‘[ T
l Tor RCVE Ts: DET & DECODER a | K1 b Fo SYSTEM A |
~ / o | R
6V RET 8V 6V -V RET 00 <
t 4 b 444 (e ! to
i H R ABORT
l POWER SUPPLY 18V | | SEQUEST
I . i I s i I B light
[ ] N
b b o N L L—
i SET v !
~r
- . 1
UP-DATA |- /A.\u M i
e 06
S méNu \._{_ RESET J ! C BAND
OFF |
e U i L 1 i ruLSE
UHE_, ] o SCBAND |,
| | T T I OFF agy xenor [
P ~—a I - I ' \
o~ PR S !
oty 03‘ feer Y 1 7 2 puLSEL
L ‘ \Y/ L ! } :
+ el 434 F—
FLIGHT & ] K3 l i ‘ iz
POSTLANDING = J 80X !
8US Lozl _feser 8‘[ | . : "—1
. . 115 VAC
—1/C~—1 I PVPE 3gic0 crs
GROUP-5 ‘ [t St | VHE-FM
(MDC-22) l I — V;;‘f}:"
N o5 i ’
5 +28 VDC _[ SET |
SA
7.5 . il | 226 vDC
I RS 1 — TLM INPUTS —
! ! PCM
Lﬂ.l,_ PESET ! o
- o 4 P___ HIGH
l s’ 4\ PCM TLM
NOTES: } UP TLM 4 | TGw] teur
1. Al RIC latching reloys CMD l
are -hown in reset pasition. (FADC-19) }
2. Al switches ore on . I
MDC=20 unfess otherwise ™~ | Tor All |
indicated., [ I reszt
| RESET ] windings I
l———u\u ] w-xy
4 OFF |
[ |
SM-28-735D
_ .
Figure 2.8-12. Up-Data Link Equipment
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UHF position, the UHF up-date mode is selected and 28-volt d-c power is

applied to the UDL power supply. The S-BAND position also applies

28-volt d-c power, but selects the 5-band up-data mode and deactivates the

UHF /FM receciver. Anocther control, located on MDC-19, is the two-

position spring-loaded UP TLM CMD switch. When set momentarily to 4

the RESET position, all "reset" commands listed in the UDL real time

commands chart are commanded, This nullifies all ''set' commands

which have been received from the MS¥FN. An UP TLM — ACCEPT/BLOCK .
switch (MDC-14) is also provided which enablecs the crew to permit or pre-

vent G&N up-data from affecting the guidance computer.

P
8
3

2.8.3.2.9 Central Timing Equipment (CTE).

The CTE provides precision square wave timing pulses of several @
frequencies to time~correjate all S/C time-sensitive functions. It also
generates and stores the real-time day, hour, minute, and second time- - ;}1
from-launch (TFL) in binary-coded decimal (BCD) format for display and i’;

transmission to the MSFN. (See figure 2.8-13.}

In the primary or normal mode of operation, the Apollc guidance E
computer (AGC) provides a 1024-kec sync pulse to the CTX. This auto-

matically synchronizes the CTE with the AGC and provides a stability of
#2 x 1076 parts in 14 days. In the event of sync pulse failure, the CTE
automatically switches to the secondary mode of operation with no time
lapse and operates using its own crystal oscillator at a stability reduced
to #2.2 x 1076 parts in 5 days.

he CTE contains iwo power supplies for redundancy. Xach oncis
supplied from a different power source and through separate circuit
breakers. These circuit breakers, CENTRAL TIMING SYS - MN A and
—~ MN B on MDC-22, provide the only external means of control for the
CTE. The two power supplies provide parallel 6-volt d-c outputs, éither

one of which is suificient to power the CTE.

The timing signals generated by the CTE, and their applications, are i
listed in the CTE Outputs chart.

CTE Outputs ‘
o Signal Destination Purpose
-
512-kec PCM TLM | Synchronization of internal clock
square wave | equipment
& PMP Modulating signal for S-band emergency key
3 equipment transmission
6. 4-ke EPS Synchronization of 460-cycle a-c power
square wave | inverters
(three)
4 TELECOMMUNICATION SYSTEM
! Mission_________Basic Date_12 Nov 1966 Change Date________. . Papge_ _2.8-38
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7 cronanx

TIMING
MAODE

MONITCR
11E27-01

,
CENTRAL TIMING EQUIPMENT :
PULSE FAIL DETECTOR
ISR o e
.~ 1 CRYSTAL . | ¢ 512 KC
1024 KC FREQ SCHMITT 512 KC
From: AGC @ B L GSCILLATOR 4 ol 4 —— b PMP
Ve DOUBLER, ~(eghey | TRIGCER _ g S
| ! | o= PCM/TLM
TSR KC - EQUIF
WP, G
"
=8
[ PORE——. &4 KC
T i 8 et
Kl S L]LAC pOWER
o) ’ ! INVERTERS
I A .
K0
D-C MAIN  MDC-22 < _6VDC 4KC PRC
BUS A X e SRR s
CENTRAL 7 OUTPUT
& TIMING 3 BUFFER
Vs - AMPLIFIERS
POWER SUPPLY i A0 ,
- — 19.CPS
e o e — : e b b EVENT
o b POWER SUFPLY 4 i TIMER
5A NO. 2 .
v BETAS .. -
+ e
1 CPs hers
+ H PCM/TLG
) START/STOP EXCITATION EGuIP
UP DATA ¥ 26 BT BCD
& RCD
o TiMING PULSE TRAINS & RESET 26-BIT TIME T YT
EQUIPMENT p§  ACCUMULATOR-
SEC, MIN, HR, DAY N
‘ b - —‘—i
£CS (ONE 10 $EC
PULSE PER 10 MINY
(,,,JM\
CY o2 F
CENTRAL
) TIMING
\ (GIAT 32 8T/
‘:-m.n,"/",
SM-28.-565F
Tigure 2.8-13. Central Timing Equipment
TELECOMMUNICATION SYSTEM
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‘ Signal Destination Purpose
4-kc SCS Synchronization of X-2xis accelerometer
sguare wave integratoxw
; 10-cps Displays Digital event timer
square wave
\ 1 cps PCM TLM Synchronizaticn of subframe of PCM data,
equipment | Displays, and T-Timer
DC PCM TLM ! Puise-fail detection and indication. 3
: equipment (Sampling rate cquals 10 samples/scc, L
5 A )
: 5. gec pulse dusration. ) :
. i
: Rinary PCM TLM Provides time code data to TL.M in BCD
N coded equipment format (TT.M measurement No, CTO142YF,
decimal C T-GMS5 32 bit). :
time code g
1 pulse per ECS Supplies pulsc every 10 minutes to ECS
10 minutes circuitry which opens a solenoid for 10 j.
seconds in every 10 minutes to remove
water {rom space suits, "

Voice Recorders

Two voice recorders have been provided to enable the crewmembers
to keep a voice log of mission activites. mounted in the
right-hand equipment bay, one in an operating condition and the othex

Both units are
stowed. Changeover to the inoperative recorder is made by changing the
electrical power connector.

Each tape recorder provides 450 feet of 1/4-inch tape which cperates

at a speed of 0. 6 inches per second. The use of tepe reversal, automatic

-
head switching, and four individual recording heads provide ten hours of
usable recording time per tape recorder. The information contained on 3
the tape cannot be dumped during {light but must be played back utilizing
suitable GSE.
To ready the connected voice recorderx for operalion, the following
switch pesitions must be selected: the RCDR/HE switch to T/R (MDC-13,
~23, -26), the intercom switch to T/R, the HI power switch to CITE
(MDC-20}, and the mode seclector to SSB nr AM. (See figure 2. 8-14.)
Aqtual activation of the voice recorder is possible three ways: two correct;
one wrong., The {irst correcl activation path has the POWER switch at [
PIT MDC-13, -23, -26) and the PTT pushbutton on the cobra cable %
depressed. The other correct method of activation requires the POWER -
swilch to be at VOX and the VOX circuit enabled or the PTT pushbution .
g,
- — E
TELECOMMUNICATION SYSTIEN
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= RECOVERY—1
r— HF ==

e > o7 sre dtarm v e e o s Sora s $2m3 on Y
558 VOICE | s It 3 ]
E ¢ BCN INSTRUMEINTS  RECORD | 4 L | H
: | N ] A . READ RECORD 4 ; {
N N . ]
8 - AL HEADS
: A " L ‘ HEADS [~ ! E
. . ‘
; PAM )\MTR (MDC-19) i TAPE TR ‘ t
1 + (MDC~20) NON ES$ MOTION ] ! i
" 1 r-... [P — (MDC--22) ! AMPL i E i
W1 AUDIOCENTER 1 | 5 b
f | i ! 1
\—o-——20 OFF ‘ i ! l
o REC VOICE TRACK TAFE
: i. sotation)  Hoor ¢ M1 owiTCHING  77%] TRanSP !
: INTERCOM o+ AND e S 1 y |
& i DIODE SW i !
L ’ A & ‘
¥ o ] & ! i
. P { ! o i
| ! { FORWARD- .
MIKE iMN B t REVFRSE f. H
| amil 1 ! b (MDC-22) ¢ i i TAPE 1 !
i i NCH ESS SENSORS i
i T i BUS NO.1 | Y i
VOICE ——ts .. i § \52 [
TN \ 1 +17 VDC i
1]
| 5 ! ‘
i vOX i | ' POWER 2 VAC ]
! it CONVERTER {
| : K2 .
i i ¢ | ;
! v i To: HF i i, J,
{ TRANSCEIVER ! -5 VBT +12 VDC ]
{ Lt vox 4 1y TRANSMIT- SIGNAL CONDITIONER i
i SWITCH KECEIVE KEVING 1 ELECTRONICS .
] ] RELAY i i
1 R A | !
! e ey i
! [\\}‘L 33 KC 1
POWER b v MIXER BIAS T
5C B
PIT © Lo o5 {
OFF gy i li 4 i ‘ g
vox, | a4 { ¢
b——o I = bob
o | i ZERVO PG
g . REF '
< 'l I OSC . \’O\CF i
vox SN b—-ps Lo ! . RECORDER
' VvCO
+ | I
i TIME CODED DATA FROM |
IADAS TIMING GENERATOR !
TELECOM- 2US 1
TELECOMMUNICATIONS MUNICATIONS Séif?’:"s $ s VAC
GROUP 4 GROUP 1 AC1 o o ¢ 400~
7 28 VDC AN A N ~
1 o % A vo Off
FLIGHT AND (M6c~-22) (MDC-22) FXe  — — w2
POSTLANDING ' (MDC-22) L 115 VAZ
BUS <
3P 400~
( NOTE: ONLY COMMAND PILOT AUDIO CENTER MOGULE AND CONTROLS APE INDICATED,
$M-2A-9557
N
Figure 2,.8-14. Voice Tape Recorder
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depressed. The connected voice tape recorder can be inadvertently activated

by positioning the HF mode switch to BCN (MDC-20). This would continu- ,
ously run the connected voice tape recorder until it used up its tape. A

VOICE RECORD flag indicator (MDC-19) will display the striped area when

recording is in progress. The indicator grey area will be displayed when

voice recording is not in progress or the tape supply has been exhausted ! E

during recording.

The stowed voice recorder may be placed in operating condition by .
moving the RCDR/HF switch to OFF (MDC-13, -23, and -26), removing
the electrical connector from the exhausted recorder, and installing it to
the connector on the stowed recorder. Operationis resumed by moving the
RCDR/HF switch to T/R (MDC-13, -23, ox -26).

NOTE To include the timing reference while recording

on the voice tape recorder, the MDAS MAIN POWER switch

must be ON (LLEB compariment C} and the TIMER switch

must be at "NORKMAL, " -

2.8.3.3 RF Electronics Equipment Group.

The RF electronics equipment group includes all T/C equipment which
functions as RF transmitiers or receivers. The antenna used by this equip-
ment are mentioned only briefly in this paragraph. More information on the
antennas can be found in the paragraph on antenna equipment,

2.8.3,3.1 VHF/AM Transmitter-Recelver Equipment.

The VHI'/ AM transritter-receiver equipment (figure 2.8-15) provides
the primary means for in-flight voice communications with the MSFN. 1Itis
- contained in the same electronics package as the VHE recovery beacon
equipment, in the LIB.

3
2
4
5

Two modes of operation are possible: simplex and duplex. The
simplex mode will normally be utilized. The duplex mode will be used on
future migsions for EVA and LEM communications. During recovery, the
transmitter can be utilized as a backup VHF recovery beacon by holding
down the PTT key. g

3 The transmitter operates at 296. 8 mc in both operational modes. The
% receiver contains two "'"front ends,' The receive 1 front end operates at

e 296. 8 mc and is used for simplex operations. For duplex operations, the
receive 2 front end, which operates at 259. 7 mc, is sclected.

The VHF/AM transmitter-receiver is controlled by the VHF-AM con-
trols on MDC-20. The T/R/QOFF/REC switch activates the transmitter and
receiver when in the T/R position; the REC position activates the receiver
alone; the OFF position removes power from both. Simplex or duplex
operation is selected by placing the RCVR switch to 1 ox 2, respectively.
The remaining, thumbwheel-type SQUELCH ¥ontrol can be rotated up or
down to increase or decrease the sensitivity of the squelch gate.

Audio to and {rom the VHF-AM is controlled by the VHF-AM-T/R/
OFF/REC switch on MDC-13, -23, -26. Voice transmission is possible |
when this switch 1s at T/R. the POWER switch is ac PTT, the cobra cable
FPTT/CW switch is at PTT and the PTT key is pressed,

NMOTE The POWER switch can also be at VOX, but actual
keying of the VHF/AM rnust be via the PTT circuit.
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2.8.3.3.2

[N

The VHF portion of the upper or lower SCIN antenna is used during
flight, VHF recovery antenna No. 2 is used during recovery., Antenna
selection is made with the VHF ANTENNA switch on MDC-20,

HF Transceiver Equipment.

The HF transceiver equipment (figure 2.8-16) is the primary means to
aid recovery operations during the postlanding phase of the mission by pro-
viding long-range, simplex, voice communications and beyond line-of-sight
direction finding capabilities. It is contained in the same electronics pack-
age as the VHF-FM transmitter equipment in the LEB,

The HF transceiver equipment is controlled by the RECOVERY-HF
switches on MDC-20., The ON/OFF switch, when placed to ON, connects
d-c power to the transceiver. The SSB/BCN/AM switch is used to select
the operational mode. Three modes of operation are available; single side-
band {(SSB), beacon (BCN), and amplitude modulation (AM). The BCN mode
is used to transmit an unmodulated, continuous wave, direction finding
beacon. The S5B and AM modes are used for long-range, simplex, voice
communications. The operating {requency is 10,006 mc for the transmirter
and receiver in all modes.

The audio center equipment supplies the audio input to the modulator in
the translator module and accepts the detected audio signal from the receiver
module of the transceiver. The HF transmitter is keyed by VOX or PTT.

The HF recovery antenna is used for transmissicn and reception and
will be deployed after touchdown as part of the postlanding sequence of
operations. The transceiver must not be operated prior to antenna deploy-
ment or damage may occur,

VHE/FM Transmitter Equipment,

The sole function of the VHEF/FM transmitter equipment (figure 2. 8-17}
is to transmit PCM TLM data to the MSFN. These data arc supplied to the
VHE/FM transmitter by the PMP in the form of a 3-volt p-p pulsating d-c,
modulating signal at a rate-of 51; 200 bits per second (bps) or 1600 bps. The
bit rate depends on the PCM rate selected. .

The nominal {center) frequency of the emitted R¥ carrier iz 237.8 mc.
Because the transmitter is frequency modulated, the 3-volt p-p modulating
signal causes a frequency deviation of £125 kc. The resulting 10.-watt RE
output is fed to the VHF portion of the VHF/2-KMC SCIN antennas.

The only external control for the VHF/FM transmitter equipment is
the VHF-FM — ON/OFF switch on MDC-20 which energizes a relav in the
transmitier, applying a-c power to the equipment. If the switch is set to
OF¥, the VHF/FM transmitter can be activated from the MSFN by a real.
time comrand via the UDL equipment,
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2.8.3.3.4

Unified S-Band Equipment (USBE).

The USBE {(figure 2.8-18) consists of a receiver, transmitter, and
power supply contained in a single electronics package in the lower equip-
ment bay. Although primarily designed for deep-space communications,
the USBE will be tested on this mission and used as backup for in-flight
voice communications, tracking and ranging, transmission of PCM data,
and reception of up-data. The USBX also provides the sole means for
transmission of TV

The USBE tracking method employed is the two-way or double-doppler
method. In this technique, a stable carrier of known frequency is trans-
mitted to the $/C where it is received by the phase-lecked receiver, multi-
plied by a known ratic, and then retransmdiited to the MSFN for comparison.
Because of this capability, the USBY is also referred to as the S-band
transponder. From the double-doppler tracking method, S/C velocity,
acceleration, and range can be determined.

For determining S/C range, the MSFN phase-modulates the trans-
mitted carrier with a pseudo-random noise (PRN) binary ranging code.
This code is detected by the S/C USBE receiver and used to phase-modulate
the carrier transmitted to the MSFN. The MSFN receives the carrier and
measures the amount of time dealy befween transmission of the code and
reception of the same code, thereby obtaining an accurate measurement of
range. Once established, this range can be continually up~dated by the
double-doppler measurements discussed earliex. The MSIFN can also
transmit up-data commands and voice signals to the S/C USBX by means
of two subcarriers: 70 kc for up-data and 30 ke for up-voice,

The USBYX receiver is a phase-tracking receiver that accepts a
2106. 4-mc, phase-modulated RF signal containing the up-data and up-voice
subcarriers and a pseudo-random noice (PRN}) code when ranging is desired.
This signal is supplied to the receiver via the diplexer in the S-band power
amplifier equipment and presented to two scparate detectors: the loop
phase detector and the ranging phase detector. In the ranging phase
detector, the 9.531-mc IF is detected; and the 70-kc up-data and 30-kc
up-voice subcarriers are extracted, amplified, and routed to the up-data
and up-voice discriminators in the PMP equipment. Also, when operaling
in a ranging mode, the PRN ranging signal is derived, filtered, and routed
to the USBE transmitter as a modulating signal input tc the phase modula-
tor. In the loop phase detector, the 9.531-mc IF signal is detected by
cornparing it with the loop reference frequency. The resulting d-c cutput
is used to control the frequency of the 19.0625-mc voltage~controlled
oscillator (VCO). The output of the VCO is used as the reference frequency
for receiver circuits as well as for the transmitter. The receiver is also
provided with automatic gain control (AGC) and antenna selector circuitry
which automatically selects the proper SCIN antenna when the S-BANID
ANTENNA switch ig in the AUTO position. The AGC circuitry alsc supplies
a signal to the S-BAND ANT S-meter located on MDC-19. By observing
this meter and rotating the S/C, the optimum S/C attitude for S-band
communications can be attained,
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The USBL transmitter is capable of transmitting a 2287. 5-mc signal,
either phase-modulated or frequency-modulated. In the PM xnode, the
initial transmitter frequency is obtained from one of two sources: the VCO
in the phase-locked USBE receiver or the auxiliary oscillator in the trans-
mitter., When operating in the FM mode, the VCO or auxiliary oscillator
initiz] frequency is not multiplied and used directly, but is used to control
the frequency of a third cscillator, the FM VCO, The FM VCO is the source
for the frequency-modulated 2287. 5-mc signal.

Output mode and frequency source are controlled by the S-BAND group
of switches on MDC-20, The VOICE and EMERG switches, contained in
this group, also have an effect on PMP operation, thus ensuring compati-
bility between USBE and PMP modes. All data to be transmitted by the
USBE is supplied by the PMP. Normally, the initial transmitter frpqupncy
is obtained from the receiver VCO, In case of failure of the VCO ox
S-band PA equipment, the auxiliary oscillator can be selected. This is
dene by moving the OSC switch from FRIM to SEC (with the RNG/RNG
ONLY switch at the normal, center position) or by placing the EMERG
switch to VOICE. If the latter is done, the PMP will provide a voice
modulating sigral directly tc the auxiliary oscillator.

With all three S-BAND — VOICE switches and the S-BAND ~ EMERG
switch set at their center positions, the USBE transmits a phase~-rnodulated
signal containing PCM TLM and voice data from the PMP, Setting the RNG/
RNG ONLY switch to RNG, enables the PRN ranging code to be transrnitted
also. Setting this switch to RNG ONLY, adds the PRN ranging code but
eliminates the PCM TLM portion of the PM input from the PMP, This
meode is used fo increase the strength of the PRN ranging code received by
the MSFN. “The other two 5~-BAND ~ VOICE switches are the TAPE and
the TV switches. For PM operation, both of these switches must be at their
center, off position. Setting either of them to any other position changes
the USBE modc to FM for increased band-width and selects the FM-~1 output
of the PMP. Thus, these four switches {the three VCICE switches and the
EMERG switch) are used to establish the operational mode. Only one
switch at a time may be placed to any position other than center for proper
operation of the USBE and PMP., For further deocrlptmn of PMP outputs,
refer to the discussion of the PMP equipment.

The USBE is activated by the S-BAND -- XPONDER/XPONDER PWR
AMPL switch, Setting this switch to XPONDER or XPONDER PWR AMPL
encrgizes a relay that applies 115 volts ac to the USBE power supply, which
provides +15 volts dc and -15 volts dc outputs to the USBE tranemitter and
receiver. The RF output of the USBE transmitter is fed to the S-band
power amplifier equipment. Here, the signal is either bypassed directly
to the S-BAND ANTENNA switch or amplified and then fed to the S« BAND
ANTENNA switch,

5-Band Power Amplifier FEquipment,

The S-band power amplifier (PA) equipment (figure 2.8-19) is used to
amplify the RF output from the USBE transmitter when additional signal
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strength is reguired for adequate reception of the S-band signal by the
MSY¥N. It consists of a diplexer, a traveling-wave tube for amplification,
power supplies, and the necessary switching relays and control circuitry.
The S-band PA is coentained in a single electronics package located in the
lower equipment bay.

All received and transmitted S-band signals pass through the S-band
PA diplexer., The 2106, 4-mc S-band carrier received by the 5/C enters
the S-band PA diplexer {rom the S-band antenna equipment., The diplexer
passes the signal straight through to the USBE receiver. The 2287.5-mc
output signal from the USBE transmitter enters the S-band PA where it is
either bypassed directly to the diplexer and out to the S-band antenna equip-
ment, or amplified {irst and then fed to the diplexer, There are three
power amplifier modes of operation: bypass, low power, and high power,

Two of the S-BAND switches on MDC-20 are used to control the
S-band power zirnpliﬁcr. Setting the XPONDER/XPONDER PWR AMPL
switch to the XPONDER PWR AMPL position energizes the USBE power
supply and applies 3-phase 115-volt a-c power to the S-band PA through
; relay Ki in the circuit utilization box. This also activates the 90-second
time-delay relay in the S-band PA. Upon initial application of power, only
: ’ the low-voltage power supply is energized, which applies power to the
traveling wave tube heater. After 90 seconds, the RF signal from the
USBE transmitter iz switched from the bypass circuit to the ampiifier
circuit and 3-phase 115-volt a-c power is applied to either the low power
or high power section of the high-voltage power supply, which supplies the
correct operating voltages to the remaining elerments of the traveling-wave
tube. Selection of the low power (LOW) ox high power {FiGH) mode is

2.8.3,3.6 C-Band Transponder Equipmeni

w
3
k|

7t
¥

An earth-based C-band tracking and ranging system is used to provide
S/C position data to the MSFN during the launch, near-earth, and entry
phases of the mission. The function of the $/C C-band transponder equip-
ment (figure 2. 8-20) is to effectively extend the range of the system beyond
that which would be possible using skin-tracking techniques only. Upon
reception of a properly coded pulsed interrogation from the earth-based
equipment at 5690 mc, the C-band transponder transmits a response pulse o
the earth after a 3-microsecond delay at 5765 mc.

The C-band transponder contains four receivers, a transmitter, a
power supply, and associated circuitry for comparing and decoding received
signals and switching antennas, There are four C-band antennas, one for
each receiver, located around the perimeter of the command module. The
interrogation may be received by any one or more of the four anteanas and
routec through circulators to the associated receivers. If the pulses are
properly coded the comparator determines which antenna received the
strongest gignal and activates the swiich driver, which drives the RF
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Switch S-Band Pwr Emergency UP Data
) 1 i Ape v G-Band
Name Power Ampl osC Ranging Tape T S-Band Ant
XPONDER-
OFF- RNG- Voice- | S-Band- AUTO- -
XPONDER HIGH | PRIM Off - TAPLE- TV~ Off- Ofz- UPPER- '
Function PWR AMPL LOW SEC RNG ONLY Off Off Key UHE LOWER Remarks
S-band PM mode real time XPONDER LOW { PRIM RNG Off O1f Off As reqd UPPER
voice, telemetering and PWR AMPL or
ranging LOWER
as reqd
S-band PM mode real time XPONDER LOW | PRIM Off Off £f Off As regd UPPER
voice and data PWR AMPL or or
SEC LOWER
as reqd
S-band FM mode real time XPONDER LOW | PRIM Off Off TV Off As reqd UFPER | TV camera power switch must
voice, data and TV PWR AMPL | or or or be on.
HIGH | SEC LOWET
as reqd
S-band FM mode real time XPONDER LOW P‘RIA\-d Off TAPE Off j631 As reqd UPPER DSE switches must be
voice, play back data PWR AMPL or or properly configured for
: SEC LOWER | play back.
S-band emergency veice XPONDER LOW [ PRIM Off off Off VOICE | As read UPPER
PWR AMPL | or or or
HIGH | SEC LOWER
S-band emergency key XPONDER LOW | PRIM Osf Off Qif KEY As reqd UPPER | Cobra cable modeé switch at CW
PWR AMPL | or or or and PTT button used as key.
HIGH | SEC LOWER
S-band reception of XPONDER Low | PRIM RNG Ooff Off off S-band UPPER
up-data or or or Off or
~ XPONDER HIGH | SEC RNG ONLY LOWER
PWR AMPL

Notes: 1.

switches should not be selected,

-l HHS PAPE and TV switches should never be in the UP position tegether,

TAPE and TV switches are 3-position switches with the down position no longer performing a valid function,

The down position of these
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switch to the proper antenna position. Three microseconds after interroga-
tion, the transmitter sends a response pulse to the selected antenna. This
3-microsecond delay gives the RF switch time to operate. It also enables
MSFN personnel to simultaneously observe the transponder reply and the
skin track reply on the same visual display device (cathode ray tube), for
comparison,

Two modes of operation can be selected: 1 pulse or 2 pulse. Mode
selection will depend on the type of earth-based radar equipment that is g
being used at a particular area in the orbital path. During the launch and
ascent phases of the mission, the 2-pulse mode will be used.

The only external control for the C-band transponder equipment is the
C-BAND three-position toggle svitch on MDC-20. The OFF position
rernoves a-c power from the equipmment; the 1 PULSE and 2 PULSE posilions
apply a-c power to the equipment and select the mode of oneration. Activa-
tion and mode selection can also be commanded from the MSFN by a real-
time commeand via the UDL equipment.

VHE Recovery Beacon Equipment.

The VHF recovery beacon equipment (figure 2. 8-21) »rovides a line-
of-sight direction finding capabilities to aid in locating the S/C during the
recovery phase-of the mission. It is located in the same electronics pack-
age as the VHF/AM trangmitter-receiver equipment in the LEB., The
beacon signal emitted is an interrupted 243-mc carrier, modulated by a
1000 -cps square wave. The signal is transmitted for 2 seconds, then
interrupted for 3 seconds.

Manual control of the equipment is provided by the RECOVERY -~
VHF-BCN, two-position ON/OFF switch on MDC-20.

The output of the VHY recovery beacon equipment is fed to VHEF
recovery antenna No. 1, which is deployed automaiically when the main
chutes are deployed. :

GFE VHF Survival Bcacon/ Transceiver.

The VHF beacon/transceiver is a hand-held GFE item to be used in
the recovery phase of the Apollo mission. The unit, plus an extra battery,
is stored with the survival equipment,

Figure 2.8-22 shows the three major parts of the unit, the trans-
mitter-receiver assembly, the battery pack assembly, and the quarter wave
antenna.

The receiver-transmitter assembly and battery pack assembly mate to .
form a water-tight unit measuring 8 by 4-1/2 by 3 inches. The antenna is
an .1--1/2-inch—long tapered flexible steel tape, terminated in a coaxial RF
connector, and is normally stored in a retaining spool and clip on top of the
radin unit,

The radio is capable of line-of-sight operation in either of two modes
(beacon or voice) through use of either its own antenna or a suitable con-
nected remote antenna. The transmitter output is protected against darhage
while operating due to accidental shorting of the antenna or submergence of
the unit in salt water. ‘*In the beacon mode, the transmitter operates
unattended, for periods up to 24 hours, to transmit an interrupted 1000-cps
tone, amplitude modulated 25 percent on the 243-mc RF carrier. In the
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VHF RECOVERY BEACON

VHF RECOVERY
ANTENNA No. 1
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N RF . = ¥ : FILTER
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3 &
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znzammrrh
4
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TIMER
A
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Figure 2.8-21. VHF Recovery Beacon Equipment
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2.8.3. 4

2.8.3.4.1

ANTENNA

ANTENNA STORAGE

'LECTOR GUARD
sk

| 11 _-MODE SELECTOR

Cs-7025 L %!
TFigure 2.8-22. Survival Beacon/Transceiver Radio

voice mode, the radio provides two-way AM voice communication through
use of an integral speaker-microphone and PUSH-TO-TALIK switch.,

Antenna Equipment Group.

ey

The antenna equipment group contains all of the S/ C antennas and
ancillary equipment used in the T/C system. (Sce figures 2.8-23 and R
2.8-24.)

VHFEF/2-KMC Omni-Antenna Equipment,

The VHF/2-kmec omni-antennas and corresponding ancillary equipment
consists of two VIHF/2-krmc SCIN antennas, a VHF multiplexer, a VHE
antenna switch, a 2-kmc antenna switch, and the necessary signal arnd con-
trol circuits. The function of this cquipment is to provide capabilities for
radiation and pickup of RF sigrals in the VHF and S-band spectrums. The
VHF portiqn of this equipment is used in conjunction with the up-data link
(UDL) receiver, the VHF/FM transmitter, and the VHF/AM trans$mitfer-
receiver on two frequencies. The 2-kmc portion of this equipment is used
with the USBE, - '

The VHY® mu].tilble:{el' is a passive, six-channel, filtering device which
enables six items of VHI transmitting or receiving equipment to utilize one
VHFE antenna simultancously. The six channel {ilters are composed of two
or three tuncd cavities, each of which function as bandpass filters, No
power is required by the device and there arc no external controls.
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¥igure 2. 8-23. Antenna Locations
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The VHF/2-kmec SCIN antennas are dual-purpose antennas with approxi-
mately hemispherical radiation patterns. Figures 2.8-25 and 2. 8-26 show
the propagation patterns of the VHF-UHYF and S-band portions of the antenna,
respectively. The word "SCIN' is an acronym for "SCImitar' and ""Notch."
Because of its characteristic shape, that portion of the antenna used for VHF
is called a scimitar. In the broad end of the scimitar is a notch which
functions independently and is used for S-band frequencies.

There are two VHF/2-kmc SCIN antennas; they are located on opposite
sides of the S/C. One is located near the +Z axis and is called the +Z or
lower SCIN antenna; the other is located near the -2 axis and is called the
-Z or upper SCIN antenna. Because of theixr approximarte hemispherical
radiation patterns, fully omnidirectional capabilities can be obtained only by
switching frorn one antenna to the othexr, This is accomplished with the VHI
ANTENNA remote control switch on MDC-20 for VHF communications, or
with the S-BAND ANTENINA. remcte contirol switch, also on MDC-20, for
S-band communications. i

e T R

-7 SURVIVING ANTENNA
. +7
/ \ NONSURVIVING

A ANTENNA
—

R

/7

~Z

\“"_'--m-_._.{‘.ﬁ/w.;..:.‘..-.,-—wﬂ : - ]
+Y SURVIVING
AN ANTENNA

+7 NONSURVIVING ANTENNA -

\"*\M_ __—HOT: -7 ANTENNA USED WHEN VEHICLE
, MSEN LIND OF SIGHT IS IN -Z

HEMISPHERE, +7 ANTENNA USED
WHEN VEHICLEIMSEN LINE OF SIGHT
1S IN +Z HEMISPHERE; BXCEPT
WHEN LINE OF SIGHT IS WITHIN
45 DEGREES OF +X AXIS; THEN USE
OPPOS!TE ANTENNA.

cp-212 4 * ]

o
rOlLg

Figure 2.8-25. Antenna Switching Regiors, VHI-UHFE
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ANTENNA
/ P
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el

Figure 2.8-26. Antenna Switching Regions, S-Band

The lower (+Z) SCIN antenna may be burned off during entry. The
upper (-Z) SCIN antenna is located at a minimum heat point and is covered
with ablative material to provide thermal protection for entry survival.

2.8.3.4.2 HF Recovery Antenna Equipment

The HF recovery antenna is provided solely for use with the HF trans-
ceiver to provide for voice communication with recovery forces after touch-~
down. Itis stowed incide a canister, located in the forward compartment of
the S/C, until deployed by manual activation of a pyrotechnic device. The
pyrotechnic device is activated by setting the POST LANDING — ANTENNA
DEPLOY switches to their upper positions (A and B}, while the MASTER
EVENT SEQ CONT switches (2) are at PYRO ARM (MDC-24) position.

2.8.3.4.3 VHF Recovery Antenna Equipment.

There are two VHF recovery antennas, No. 1 and No. 2, stowed lh‘n the
forward compartment of the S/C, ¥Iach antenna consists of a quarterwave
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stub, 11 inches long, and a ground plane. They are automatically deployed
8 seconds after main parachute deployment during the descent phase of the
mission. '

VHF recovery antenna No. 1 is connected to the VHF recover beacon
equipment through a coaxial connector on the coaxial bracket, MDC-9. VHF .
recovery antenna No. 2 is to be used with the VHF/AM transmitter-receiver g
equipment, thus it is connected to the VHF antenna switch, also through a
connector on the coaxial bracket. The purpose of the coaxial bracket,is to
allow either of the VHF recovery antennas to be used with the GFAE survival
transceiver. This requires that the coaxial cable from one of the antennas
be manually discounected at the coaxial bracket and reconnected to the
survival transceiver,

2.8.3.4.4 C.-Rand Beacon Antenna Equipment.

There are four, flush-mounted, C-band beacon antennas located

around the perimétar of the S/C near the four S/C axes: +2, -7, +¥Y, and ~ g
-Y. All four antennas are connected at all times to the C-band transponder :"1
equipment with reception by all four antennas. Circuitry in the C-band

transponder equipment determines which antenna received the strongest .
signal and automatically selects that antenna for transmission of response i}
pulses. =

2.8.3.5 Electrical Power Distribution..

Electrical power distribution for the voice and data, and the RF
equipment groups is shown on sheet 1 of figure 2.8-27. Instrumentation

-
equipment powes distribution ie shown on shect 2. Electrical power to i
most of the equipment on sheet ! is controlied by the T/C switches on &
MDC.20. These switches and control circuits can be found on the illustra-
tions for the individual components in paragraphs 2.8.3.3 and 2.8, 3.4. P

2.8.4 PERFORMANCE AND DESIGN DATA

The following chavt contains the a-c and d-¢ power consumption values
for the T/C voice, data. and RF equipment.
~ &
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(See sheer 1 ) SM-24-2558

Figure 2.8-27. Telecommunication Power Distributicn {Sheet 2 of 2)

TELECOMMUNICATION SYSTIEEM

L A ) - .
Mission Basic Date_i2 Nov 1966 Change Date

et P PR IR St

s
| INSTRUMENTS fiee-04) )
- AE - e e o
DC MAIN ESS MN A T esseNTIAL i - ““1’2&%535
BUS A 18 Dy | Azsa 1) current ,
- ’ ¥ i T UMITER
15A | | IMITER STRUCTURES SIG
g i CONDS 8 SENSORS
. ‘ ! [ C/M OPERATIONAL
[ Aosa tLs. £r. & ECS SIG INSTRUMENTATION
| o cuen —#| CONDS & SENSORS
: LIMITER 1 - 5
| i a8 .
l 5 VDCT vo] I nscencc
L__{K?.SA . SENSORS
l AL S e e et reeard )
DC MAIN ’ (See !
DC M ! sheet V) ’ /M N $P5 ENGINE 1
£S5 M B { Lc"'/yf«m"m’"“-—\":—,--‘ | SENSORS
X, ‘ /I\SA N Y S/ ~
' - ' e ——— I PR —
& o o (S!’A.Rt;i s . Tl
15A ! 4 o mocrmsimommrry 5\ D J 5PS SIG
‘ e e F ol DS
=~ - ¥ 0 CENSE N
ON ESS BUS l U:“E‘f‘:; VB PGSR
MN A i i LEMITER ] T _);ﬁf\:\q .
] o CUPRENT L~i:-~ 2 STRUCT QK}‘.::\AT!O’NAL
OFf oa-y—o— ! . vod) umiteR 1 sIG CoNDS S TRUMEN-
VA ¢ s 8 SENSORS TATION
] ! NON ESSENTIAL E - T e, oo T
- 25 CURRENT RCS 5
eube 555 (sPaRE curent i'rchnEKPsh e
e i o ¢ o (GPARE) | L] LIMITER FAATTERS SENSORS
proon e SAAN ! e EPS 5IG
=0 ,, © (SPARE) conps e i
- . ! | cencors b
54
S % (SPARE) ' o L L _ » g
i ; Tor /M FUGHT GUAL
I IOA/T\ H CURRENT |2+ PINSTRUMENTATION
S e b TR
; i Kb s v 2 i i To:
l Joas b e oM FLGHT QUAL
NON ESS 9 | CURRLNT & FNSTRUME NTATION
N { 10A, 3 LIMITER )
< o~ <1 (SPARE) i
154 ! o i iy
. — e e
L AVR CONT !l—-TLIv-. INPUTS = sn;ig?’s?-m
wnm o wirnm oy wzie & BIOMED % N
(MDC-20) b 5tOMID AMPLS
o ¥
! T RAVIGATOR'S
SCEN oo 1 SPACESUNT
et o (NOT USED) P BIOMED AMPLS ¢ 1 opERATIONAL
NON 7.5A : 3 INTeTsetrr BIOMEDICAL
' NGINLER'S INSTRUMEN=
ESSENTIAL SCIEN : S[CLJS@‘I?“\ bl SPACESUIT TS TRUMEN
. 8US MO.2 EQUIP ! POSITION BOMED AMPLS
?ﬁi HATCH " _J _ASTRO g
5 SN, v o X NE7-06 2 Ca021 X
Ef = SCIEN EQUIP- ! SEL SWITCH
v SER-1 Tor > POLITION
AN 2084 SCIENTIFIC BB 2
b o [ T o 1E7- 07
5 EQUIPMENT .
SEB-2 l -
AN 204
e ‘.@
7 . FBIOMED CONMA
s MIN 8
7 oC N NOTES: 1. Al cireuit breakers ond switches cre focoted
i FAALIN on MDC-22 unless othomwise indicoted.
BUs B [ 5A . From: 1/C GROUP-5 2. Curcent limiter boxes consist mainly of tenningl
g (MDT-25) CIRCUIT BREAKER =lsmrmmrm—em—s] bourds and fuses.

{~

Pk ugs

i
&

2
3

!

s e

PR ——

PRV



SMZA- 03-5C012
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

T/C Equipment Power Consurption

ST Mol LolinaR

Total
Equipment Quantity Coatrol “ID-C Watts A-C Watts D-C WattslA-C Watts
A-C egquipment 3 PWR switch to VOX, . 4.3 12.8 4
MDC (13, 23, 26)
SCE 1 SCE PWR switch ON, 45,0 45,0
MDRC 20 .
PCM TLM equipment 1 PCM control button ON, 10.5 10,5
MDC 22
TV camera 1 PWR switch ON, TV 6.0 6.0
camera nhandle
PMP 1 PMP PWR switch ON, 2,6 1.0 2.6 6.4
MDC 0
+ TAPE SWITCH ON, 2.6 6.4 2.6 6.4
MDC 20
EMER VOICE switen 3.2 3.2
ON, MDC 20
JMER KEY ON, MDC 20 3.6 3,6
DSE 1 RECORD/PLAYBACK 0.5 32.5 0.5 32.5
switch other than OFF,
MDC 20
FQOR 1 RECORD switch to 34,0 15,0 34.0 15.0
RECORD MDC 19
UDL 1 UDL switch to VHY, 9.6 9.6
MDC 20
CTE 1 2-CTE control buttons 21.0 21.0
CiH, MDC 22
VHI/AM transritter- VHYF/AM switch to REC, 1.5 1.5 { :
receiver MDC 20 E
VHF/AM switch to T/R, 15,5 15.5 « s
MDC 20
VHF/AM switch to T/R, 61.5 . - 61.5
PTT button ON, cobra
cable MODLE switchto PTT
1IF transceiver 1 HF POWER switch ON, 0.6 0.6
AMDC 20
HF PWR switch ON, 29.0 29.0
MODF switch to BCN or
AN, MDC 290,cobra cable
PTT buttun ON
HF PWR switch ON, 40.0 40,0
MODE switch to SSB, L-
PTT button on cobra
cabie ON
VHE/ A transmitter 1 VHF FM switch ON, 1.8 50.0 1.5 56,0
MDC 20

TELECOMMUNICATION SVSTEM
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Equipment

Total
D-C Watts{A-C

Quantity Control D-C Watts A-C Watts Watts

USBE

S-band PA

C-band transponder

VHF recovery beacon

2-KMC antenna switch

Voice recorder

13.

w

1 S-BAND XPONDER i3,
switch to XPONDER
MDC 20

]
~4

1 S5-BAND XPONDER 27.
switch to XPONDER PWR 4

AMP, PWR AMP switch . .o
LOW, MDC 20 '

80. 80.

[

S-BAND XPONDER
switch to XPONDER
PWR AMPE PWR AMP
switch HIGH '

i C-BAND PWR switch
1 pulse or 2 pulse,
MDC 20

1 VHF BCN switch OM,,
MDC 20

1 S-BAND XPONDER
switch ON S-BAND
switch changed,
MDC 20

1 HF switch and INTEK-
COM switch to TR,
MDC 20; PT'T button
ON on cobra cable

. 025 1.99 L0232 1.99

Mission

TELECOMMUNICATION SYSTEM

12 Nov 14906 +
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2.8.5,1

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

Antennas.

For S-band transmission and reception; the SCIN antenna on the side
of the S/C nearest to the MSFN station must be utilized. For VHF frans-
mission and reception, the SCIN antenna indicated in figure 2.8-25 should
be utilized. This may require switching between the upper (-Z) and lower
(+Z) SCIN antennas while making a single station pass. For VHF operations
this must be done manually with the VHF ANTENNA switch., For S-band
operations, this can be accomplished either manually or automatically with
the S-BAND ANTENNA switch.

At greater slant ranges, null points may exist in the SCIN and C-band
beacon overall antenna patterns along the centerline of the S/C, forward
ard aft of the C/M. Pointing either of these null points at the MSFN station
may cause communications to be interrupted.

The lower (+Z) SCIN antenna will be burned off during entry. Thus
after entry, the upper (-Z) SCIN antenna or VHF recovery antenna No. 2

must be utilized for communications via the VHF/AM transmitter-receiver.

Data Storage Eguipment.

a. Maximum DSE running times for the cutire rgél of tape at the three
operating speeds are as follows: 3.72 ips (LOW ~ 120 minutes, 15 ips
(NORM) — 30 rminutes, 120 ips (HIGH, for rewind and LBR PCM dump
only) — 3,75 minutes. '

b. Stored HBR and LBR PCM data, if intermixed on the-tape, cannct be
dumped within one station pass, due to the different playback speeds
required.. LBR PCM must be recorded at 3.75 ips and may be played back
at 15 ips or 120 ips; HBR PCM must be recorded at 15 ips and played bacK
at 15 ips.

c. Stored PCM TLM need not be played back in the same direction in
which it was recorded. Playback in the direction of recording reguires
rewinding of the tape between recording and dumping.

d. There is no provision for recording TV data.

e. High-bit rate PCM must be recorded at normal speed or tape motion
will stop.

f. Low-bit rate PCM must be recorded at low speed or tape motion
will stop. '

g. If tape is played back at low speed, the tape will move but there will
be no playback data available to the transmitters,

Mission __
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h. If high-bit rate data is played back at high speed, the transmitter rx
data will be garbled. =

i. If only a FWD or REV command is given to initiate a rewind, there

4 will be no tape motion. A mode (preferably PLAY), must also be selected
5 before tape will move, -
, j. Refer to paragraph 2.8.3.2.6 for proper DSE operating functions. &
ke 3
e 2.8.5.3 Unified S-Band System.
a. S-band operations will be limited due to the limited number of . Ee
MSFN stations that will have operational S-band capabilities. &

b. If one of the S-band mode switches (TAPE - OFF - ANALOG or TV -
OFF -~ PLSS) is moved from the OFF position, the FM selection of the
S-band iransmitter will be selected, reducing the circuit margins and

~disabling the S-band tracking. '

c. TV can only be transmitted via the USBI. ' ‘ :

d. The secondary oscillator can only be selected in normal operation
with the RNG-RNG only switch in the off position and the OSC switch is
SEC. .

i

. e. The TAPE and TV switches arc 3-position cwritches with the dewn
- oo "

posS n
switches shoul

b

ticen

er performing valid functions. The down position of these
not be selected. ’

Q.32

f. The TAPE and TV switches should never be positioned up
simultancously.

g. Refer to paragraph 2.8.3.2.5 for valid unified S-band equipirient
operational modes and their attendant switching counfiguration.

2.8.5.4 General,

a. The maximum slant range for reliable VHF-FM TLM communica-
tions should not exceed 1500 nauticzl miles. Also, the maximum elevation
angle from the earth to the S/C should not be less than 5 degrees.

b. Real-time and recordsd PCM TLM cannot be transmitted simulta~
necusly. One or the other, however, can be‘transmitted via the VHF/FM
transmitter and the USBS at the same time, and real-time PCM dota may
be recorded while it is being transmitted.

c. The FQR has a maximum recording time of approximately
30 minutes. To maintain sufficient time for all scheduled recordings of
flight qualification analog data, the FQR must be used conservatively,

TELECOMMUNICATION SYSTEM
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