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After  touctldow~;, :he HF r e c o v e r y  antclirza must  be deployed by  
set t ing the POSTLAT\TDING -- ANTENM.4  switches (MDC-25)  t o  D E P L G Y  
A and  B while the MASTER EVENT SEQ CONT switchcs (MDC-24)  a r e  
a t  P Y R O  A R M  1 zild 2 .  H F  beacon f r ansn l i s s ion  at a preassigned frequency 
of 10. 006  mc is accomplished by  placing the R E C O V E R Y  -- I-IF switch 
(MDC-20) ro OI\J and the RECO'VEIIY - 1 3 ~ - S S B / B C N / A M  switch to BCN. 

The GFAE surv iva l  transceiver (par t  of the: c r ew ' s  personal.  equip- 
ment) can  a l s o  be operated in  a beacon mode.  If used inside the S / C ,  one 

of the V H F  recovery  antennas (No. 1 u r  No. 2 )  can be used by rna,nually 
connecting i t  to  the applicable coax c ~ n n e c  t o r '  011 MDC- 9. 

The  V H F  antennas and ccmmun~c.zt ions equiprner2L condition, as 
deLcrimincd by the  crew during the postlanding prc-reco7;cry pe~ - iod ,  will 
decide tile utilization of tile coaxia l  cable connec tosc  located on XvIDC-9. 
The connectors a.rc , ideni ical  ar,d the r ecove ry  eaujp-nent coaxjz:! cables 
may be in! e r r  h a n g e d  to y ~ o v i d e  the mos t  benef ic ia l  t razlcing cor,fi gurst ion.  

3 

, 2 .  8. 2.  4 Unii icd  S -  Eand Operalions . --- - ----- 3 
I 

2. 8. 2. 4. 1 Genei-al.. 
P 

The USBS is p r i m a r i l y  designed to  be used as a deep-space c o n ~ r r ~ u n l -  
cat ions link between the S !C  a i d  the' MSF-N. Neverthelc-s s ,  (;n rnis s ion 205 
some of its capabil i t ies  wil l  be I e s t c d  and i t  m a y  be calked I l pan  fo r  u s e  as 
backup equiyime:,t for voice  cornun~~nicczt-i-oi;.~j, PC;S\/I data. t r an~ ; rn j s s ion ,  
up-data  recep t ion ,  o r  S / C  t racking 2,ncZ r d n g i n g  when the b i C ,  i s  within 
range of a IMSFIV ~ t a t r o l - ,  eqclippc3 for S -  band ope~;t ions.  In additjon, oniy 
the US135 1s capable  of t r a n s m i t t i n g  'FV. 

The US3S c o n ~ i s t s  of the S-.band t r ansmi t t e r  and r ece ive r  conzl~ined 
in a s ingle e iec t ronic  package cal led the anified S-band equipn~crrt (USE?:) 
a d  the S-band. power anipl i f ier  (PA). The f u i c l i o n .  of the S- band FA i f  t o  
?rosride ad.ditiona1 y ower anlplificatiorz oC the USBE t~ansmi t t e r  out2ut. 
Two levels of arnpl.iflca+ion (high ar,d low) a r e  poss l l l e .  R byp2ss mode i s  
also p o s s i b l e  wilerein the S-band. PA is t u r n e d  off and  the output of t h e  
USRE transl-nitter i s  sen t  t a  the S-band a n t e n n . ~  equi7ment " a s  is." Tile 
2-krr1c port ions of t.he i ~ p p e r  a n d  lower  SCIN antenn2.s a r e  used. f o r  t r ans -  
mi s s ion  and recept ion of S-band signals. Antenna selection is  rnacle t\)- 
plzciilg the S - BAND ANTENNA switch (h4DC;..ZO LO UPPEII, L,O?VE:2,',, Q~ 

AUTO. IYL the AUTO positj.on, the a.ntenna vjlll be auto?natical?y switched 
if the s i g n a l  falls h z l o v ~  a nzini~nu.m t k ~ ~ e s h o l d .  

The P M P  is cont-rol.led in con,jui~ction wit11 the USBE by t.he S-BAND 
switches to p r ~ v i d e  the proper voicc and data inputs to the USBC i n  a c c 2 s . d  
ance with  the  S-band iriode selected.  

W h ~ n  operat ing ir! a ranging mods ,  th.e I\JISFN ca.n t ransm.i t  a "coded" 
pseudo-randorn noise (PgN) pulse to tllz S / C  via ?:he S-band carsir-r. The 
S/C; USBE w i l l  resporld b y  t r ansmi t t ing  an identical pulse  to the hfSFN. By 

$ 
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measuring the time lapse betv,,een transmission of the signal and reception

of the response signal the MSIrN can accurately determine the S/C range.

Once established, this value can then be continually updated by measuring

the doppler shift in the S-band carrier. A ranging mode can be selected

again at later times, to verify or up-date the doppler data.

MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

To facilitate this presentation, the equipment comprising the T/C

systenn (figure Z.8-4) has been divided into four groups designated as

instrumentation equip_nent, voice and data equipment, RE electronics

equipment, and ante:ms equipment. Specifically, these equipment groups

contain the following:

Instrm_entation equipn_ent group

Operational instrumentation

]Flight qualification instrumentation

Voice and data equip_nent group

e Audio center (A/C) eqMpment

e Signal conditioning equipment (SCE)

e Pulse-code modulation-telemetry (PCM TLM.) equipment

e Television (TV) equipment

e Prernodulation processor (PMP) equipment

e Data storage equipment (DSE)

]£1ight quali_!ication recorder (FQR} equipment

e Up-data link (UDL) equipment

e Central timing equipment (CTE)

e Voice recorder

RF electronics equipment group

• VttF/AM transmitter-receiver equipment

e HF transceiver equipment

e VHF/FM transmitter equipment

e Unified S-band equipment (USBE)

e S-band power amplifier equipment

e C-band transponder equipment

e VHF recovery beacon equipment

Ante_.n_na eguipment group

• VHtr/Z-KMC omni-antenna equipment

¢_ HF antenna equipment

e VHF recovery antenna equipment

C-band beacon antenna equipment

TELECOMMUNICATION SYSTEM
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instru17nentation Equip_ent Group.

The S/C instrumentation equipment consists of various types of

sensors and transducers for providing environmental, operational status,

and performance measurements of the S/C structure, operational systems,

and experimental equipment. The outputs from these sensors and trans-

ducers are conditioned to signals suitable for utilization by the S/C displays,

_resentation to the PGM TLM equiprnent, or both. Im 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 ernanating from the instrumentation sensors are

of forms or levels which are unsuitable for use by the S/C displays or PCN4

TLM equipn'_ento Signal conditioners are used to convert these signals ta

forms and levels which can be utilized. Sonne signals are conditioned at

or near the ser.,sor by individual conditioners located throughout the S/C.

Other signals are fed to the signal conditioning equipment (SCE), a single

electronics package located in the lower equipment bay. (Refer to signal

conditioning equipment in the Voice and Data l<quipn_ent Group. ) jm addition

to conditioning raany of the signals, the SCE also supplies 5-vdc excitation

power to some sensors. The SCE can be turned on or off with the JPOWER-

SCE switch on MDC-Z0. 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 rpecial instrumenta-

tion can be found in section 4 of this manua.l, Experin_ents and Scientific

Equipment.

Ope rationai Ins trurncntation.

Operational measurements are those which are normally required for
a routine mission and include three categories: in-flight management of

the S/C, mission evaluation and system performance, and preflight che'ck-

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, R1v power, and "on-off" type events.

Flight Qualification Instrumentation.

Flight qualification measurements are those which will vary on

different S/C, depending on mission objectives and state of hardveare devel-

opment. Most of them will be pulse-code modulated along with the opera-

tional rneasuren_ents and transmitted to the MSlrN. Other flight qualification

measurements will be stored in the IVQR for postl]ight analysis only.
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Voice and Data Equipment Group.

Audio Center (A/C) Equipment.

The AIC equipment (figure Z. 81-5) consists of three separate idel}tical

modules located in a single electronics package in the lower equipment bay.

Each module is controlled independently by its own control panel and

supplied with ZS-vdc power through separate Circuit breake:s. The three

control pan.els, MDC-Z6, -13, and -Z3, are located in stations 1, Z, and 3,

respectively. Each of the astronautls headsets, containing two microphones

and two microphone amplifiers, and two independently operating earphones,

is connected to one of the A/C modules by a cobra cab].e. Tb. us each

astronaut has a separate iaeadset, audio center module, and audio control

panel to provide him with individual control of voice transmis.sion and

reception.

Each A/C module contains a naicrophone ar_plifier, 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 oircuit that: supplies a ground return path necessary for

activating the microphone amplifier and the transmitter keying relays in

the HE transceiver, intercommunication system, and the power control

relay in the operating voice recorder.

Audio signals are provided to and from the HE transceiver equip-

ment, VHF/AM tra_smJtter-receiver equipm.ent, US]B} _] (via the PMP),

and the intercom bus. The intercom bus is common to all three modules

and provides for the hardline commvnications between crewmen and with

the LCC and recovery forces.

Inputs and outputs are controlled by the RCDll/RIF, VIlE/AM, S-BAND, I ;

and INTERCOM switches on the audio control panels. Each of these l_;:,t,_.=

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 OFE disables the input and the output. The operation of the

microphone amplifier in each rnodu]e is controlled by the VOX keying

circuit or the PTT pushbutton on the cobra cable or the translation controller.

The VOX circuit is energized by the position of the POWER-- PTT/OFF/VOX

switch on each audio control panel. The PTT position permits monitoring

and activation of the microphone amplifier, voice recorder }IF, VHF/AM

and S-band voice transmission circuits by the PTT key. The VOX position

permits all the functions of the PTT positim{ plus VOX activation of the

microphone amplifier, voice recorder and tie transmitter.

Three potentiometer controls are also t_rovided 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 necessary to trigger the VOX keying

Mission

TELECOMMUNICAI'ION SYSTEM

Basic Date !2 Nov l':)66_Change Date ........ Page 2. 8-17
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1
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's°_"T!°'_H-_5_H ,_OLAT,O.I '

DIODE DIODE

SWITCH & SWITCH &

ISOLATION ISOLATION

D',ODE

SWITCH &

ISOI_,TION

DIODE

SWITCH & SIDETONE

ISOLATION

•DIODE

SWITCH & !__, ISOLATION

DIODE

SWITCH &

._SOLATION

MIKE

AMPL

r_q Fvo:%--q

GROUP-4 I _' To:

ELECT.

CIRCUIIS

VOICE

I ON-BOARDVOICE

TAPE

I RECORDER

To: USBE

VIA PMP

|
_ VOICE To:

;_-----'_ VHF/AM

XMTr,-RCVR

[
VOICE_1_ To:H_

XCVR

NOTES:

1. AI! controls end switches ore

on MDC-26 unles_ otherwise

indicated.

2. Only Module No. I and its

controls are indicated.

3. Modules No.2 and No. 3 are

identical except Iha! controls

and _witches ore locoled on

MDC-13 ,_n-d -23,heudsets ore

for S_:N!OF{ PILOT end PILOT,

and T/C circuit breokels ale

GROUP- 5 and -3, respecti',ely.

4, &dditio_l PIT pushbulton_

(not i]lustrc_led) ore located. on irons!aliGn controls.

5. The VOX swDch p_ovides a

ground return path Ihrc, jgh lhe

POWER switch when enabled by

th_ VOX circuHr.,,

SM-2A-740F

Figure Z.8-5. Audio Center Equipment
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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 amplifier.

Signal-Conditioning Equipment (SCE).

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

electronics package located in the LEB. (See figure 2. 8-6. ) Its functions_
are to convert various kinds of unconditioned signals from the instrumenta-

tion equipment into 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 d c differential amplifier, to

amplify small signals; the dc differential bridge amplifier, to detect
resistance changes; the bi-phase demodulator, to convert S,IC position

resolver outputs; the frequency demodulator, to detect frequency changes

in an a-c signal; and the power supply, to provide +ZO volts and -ZO volts to

the SGE circuitry, I0 volts as b.ridge 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 equipment, S/C

displays, and GSE connections.

The only e'xternal control for the SCE is the two-position POWER--

SGE toggle switch on-MDC-Z0. Placing this switch to ON applies 28 volts

dc to the latch winding of the latching relay, which closes contacts applying

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.

Pulse-Code Modulation Telemetry (PCM TLM) Equipment.

The function of the PCM TLM equipment (figure Z.g-7) is to convert

TLM data inputs fro1_ various sources into one serial digital output signal.

This single output signal is routed to the PMP for transmission to the MSEN

or to the DSF,, for storage. The PCM TLM equipment is contained in two

separate units located in the lower eqL1ipment bay: PCM unit l and PCk'I
unit Z.

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.Z kilobits per second (KBS) and the low- (reduced) bit-rate mode of
I. 6 KBS. Operational mode is selected by placing the TLM INPUTS--PCM

switch on MDC-20 to HIGH or LOW, as applicable. When the switch is in

the LOW position, the high PCM bit-rate can be commanded by the MSFN

via the UDL equipment.
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SIGNAL CONDITION!NG EQUIPMENT

FREQ FREQUENCY

DEMC, DUo -
|15 V 3 9_400 CPS 4C_0:k20 CPS LATORS

AC BUS 2 ¢' A

!' ._E ' I --"
J RESOLVER OUT- --- _---=_ _ DEMODI - I

,PUT:PITCH, REF FP_Q _j IATORS j.___ yAW, ROLL

EPS GO to250 _V or DC DIFFER-

POS'I LAN DING, AMPLIFIERS

BATTERY, DMIERY i

:HARGER, FUEL CE! L_

l
2 CHANNELS ! SPS !

6 CHANNELS

7 CHANNELS

!
I

" EFSTEMP SENSORS

SPSTEMP SENSORS

Ir }
I'I DC DIFFER-

0 to 50 MV or 10 CHANNELS i 5FS [

.-_ ENTIAI BRIDGE _'_'

° -_ noi3_V A_,_,PUF,ERS I

I i
I I
I

I
i

|0 SPS J

'!i
In S;_S i

1_'

DATA

i

To: PCM

1ELEME-
"" TRY .

EQ UI P,

DISTR

PANEL

L_,tsyC

I FI_,ys

r _ , o,o+sov_:I [ Ac,,'_ I _C:'ANN_L_,0_P_I.
I .....CREW SAFEI"Y I ........... i_"_l_b....ATTENUATOR _|........ "---_I ,_"_'_ _ _ _"_%..'_

• /- cYooLsK_%
............ 'D_ I E'_CTI_'_ I n CItANNELS 0 SPS I. .[--'fTk--LT_:'.'_---'_

r Z#_b;T.....i i r -_..... =l " 1 ;¢_1%=7

|An _US2 LJ ! J 1 " r-- _

+20 -20

[_,!_:] rt/c_ (MDC-Z) , I LATCH eOW_r I • _ T _ I _ VOLTc #
FLIGHT& [::_ (MDC-22) _ --T-1-----I_ SUPPLY_....... I I I I \'---==-±-_i
Post- [ :_ 2_ A 6 _'" I / _ I f | / / I t n_..!IA95/

_.._,NG,u_ i:_:i'_-_-----;:,..s_----'Y i l _ kl [_,?_l-_'q_k- -- -_:_
[_:'i_t .GF,OUP-S Iorr I I I ':_'-I I I ,l t _J

/ $ 1 I_STF:
/ I I '---'F I hk_,_-_s-I t I ISeNSO,S&RFLAy

TELECOM- IISVAC A I I I v I I" "-J J i'_--_ItiVDC_ J, ....
ESS .¢,.___________ ¢ ....... _. b. .... ----

400 CPS 3,g 2A REGL_ tsw.cH I "- t .-.--£
-S-.,.OPA 1 I/ _I I IL_J:,___- . . cT_.v:__

REFEREAE',_':_li P I I + i l f SFN_OR-_

I SENSOR!
\_ vo.sj
 v,:0yF7

_ SM-2A-723D

Figure 2. 8-6. S;gna! Conditioning Equipment
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E}L_

LI

L0 LEVEL
ANALOG
INPUTS
S0 CHANNELS -

HI BIT RATE, O-CHANNELS

LO BIT RAIE

} sPS.__LO LEVE_ j

I ANALOGI_
I MUI.TI- |

I _LEXERI

PCM UNIT NO.

],, L_.02 sPs._

HI LEVEL J _

ANALOG I _ 50 SPS

M U L T I - J_"-'-_-_

HI LEVEL
ANALOG
INPUTS

NO. OF CHANNELS

-.o 4

J HI BIT RATE

-_ 16 _ ONLY
/

-o 2.5)PULSES t:AM PULSE SIGNALS (5)

|i " I " LO- I_ -.o .50 - LO BIT RATEJ _o.,_LI 100- HI BIT RAT_
LO tt : *.,_p--.-_ -.o 50 LO BIT RATE

I F]PL. I i

, J , _ .

u_r:,:;?r-TZo7-
! cooeR/ I IC2L_B_SRII _X'_m,VERS

_0,,,_J' L_--d__L--_--------
_,G,TA_'_A_LJ II _ .......

D1GITAL _ __ __' ]_=-_ +_-_"-_"_ .............. -i,NPUTSi ; !1 _ L£---_:t---_--t
i .--_._--- ', .... -_ r_---1-_ _TA_TPU'SEI

_'.+m'EEts,o-l_2-+>l....... I t- |CONT,OL_D,',T:_STOPPL,LSE_-,o:O&N
tOBIT RATE- iLO-+ SP3 j k -- l -_TL_-P.!SlER H-C>'BITSYr C |

26 CHANNELS, I ! ItqOS. 1-1a t DRIVER J _ _ "II"AL

_B,TSPER_ORDI I L_--_ +_bEE_?_°%'-'_
........... HI-i0_ | EEOGRAMME_ _ J -o 512 KC i

;_B'_'T'_"p_.OR°_tO--T] SPS"I J_ -.ol CPSSYNC]F..... CTE

MDC-20

I [I -ILM INPUTS PCMI ]

HI ONI.Y ] DIGITAL -_-----_ HIG H /

I CHANNEL, ,'3- 2_'P_ MULTI-- I" :_',L'[LO£LOW l
16 BITS PER WORD PLEXER _.,_] L ...... ._L--

-T / L_
J--_ RTT----1
l RE_v_ox j, CHANNEL,O-_ ¢ --'k .7

,0_,TSP_RWORDSOSPS _ _1 I-- _" To:
51.2 OR 1.6;<. BS N,_. _ PMP+ I FORMAT I I -- S-_ALPCMDAT,¢ DSEi I¢-----i,D-_EtEC-I I

,CHANNEL,,.__O___+ l LJORJ j O+T,p+ygRP----DATA_TET,M,NG"+:.I_ DSE

.............. | I

24 BITS PER WORD I PARALLEL BIT PCM WORDS (_) 1 _ 512 KC SU_CARRIER To:-_ '_ PMP
PCM | I

r _ UNITS | I--_ RZ SERIAL . _.
-_PCM DATA J

_._ow_R_j-,-_._T ;---q--_ '__ . +_:_,,BPSOATA_To:L_C_+q...... _TE_+,_NG.',A+C
CARRIER REF |LICAL

TELECOMMUNICA'JlONS _1 PPS SUB- /

FRAME RATE /PCM TLM I 40 BIT SERIAL-

]

WORD FROM LEGEND
G&N

115 VAC 3# _ ...... CONTROL & COMtvVM'4D CI_.CUITS

From:O--_ .... ++'+ o --_ SIGNAL AND PO",VER
NON ESS 2A

l/C SW MDC-22 _- Refer Io DSE illustraHon fo_
additional swHch chcuilry

Figure 2.8-7. Pulse Code Modulation Telemetry

@
l 15 PERCENT I
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Tele,Asion (TV) Equipn_ent.

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 module. Its function is to acquire real-time video information

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 behind the head of the center seat, and will permit

viewing of crew activities ii_ the middle of the command module. The

seco:!d position is also provided with a five-foot stretch cable to permit

hand-held use of the camera for coverage of any desirab]e target inside or

outside the S/C. The _hird position 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

do c_<in_4wi ndo w.the right-hand ' " _-

The TV cgmera is connected directly to the PWR cable at the first

mounting position. If the TV camera is to be used in the mounting 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 tha% position (J191), by the stretch cable, tf the

TV camera is to be mounted by the right-hand eq_-ipment bay, the PWR
caMe must be connected to the connector marked "TV Cam to RHEB, " and

the TV camera connected to the connector at that location (J195) by the

stretch cable.

The TV camera is constructed with a pistol-grip type of handle on the

bottom, which can be extended Lo facilitate portable use. The TV cane_era

is fitted ,_.th a fixed-focus wide-angle lens for picture taking _vithin the

command module. For taking p_ctures of the earth or moon through the
C/M _r_ndow, _" _tercbangea]_Je zoo.m lens ._: prov}dod, The zoom ]enn t<_s

a look angle of fron- 9 degrees through 30 degrees. It is fitted with a

through.-the-lens type viewer that will enabie the operator to see the change
in field of view an.d reiative size of the scene while the lens is adjusted.

The electroz_ic circuitry in the camera is equipped with an automatic _gain

control to allow for differences in target illumination.

The TV camera is activated by a slide switch in [he pistol-grip handle,

which applies 28 volts dc to ti_e camera power supply when set to on. Th_s

energizes the entire camera and results in s video output signal that is,fed

to the PMP_ In the PMP, the video signal is frequency multiplexed with the

telemetry data and voice, which is transmitted to earth via the USBE. The

USBE must be operating in a TV mode to permit this transmission. A.n

AUTO LIGHT CONTROL switch has been added to the camera, permitting it

to compensate for either peak or average scene illuminations from 0. 1 to
30 foot candies.

Premodulation Processor (PMP) Equipment.

The PMP equipment (figure 2.8-9) functions as a data processing and

distribution center providing necessary interface, where required, between

the voice, data, and RF equipment. The PMP consists of ten modules

mounted in a single electronics package located in the lower equipment bay.

These modules contain filters, oscillators, mod<_lators, demodulators,

detectors, switching circuits, discriminators, mixing and keying networks,

and a power supply.

"]?ELECOMMUNICATION oYS _ _M
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I TV CAMERA

[ TARGET I

t<__L,,_._/
TV CAMERA

!

ALC

t<'¢v'---_ switch

---'I LJ .,o.-LJF--G--PE--ZLA
VIDEO AM >LIFIER

.... 1

DEFLECTION YOKE J

i q V!DICON _ ! f CU_E_B%_NT

l / TUB__'----V--1 _!OUL--oRi
L

lm,,oN-,,qr--'CCRT,CI V,o_CON
I DEFLECTION/ I DEFLECTION / aA_ri_o I

L___7.._..,]IAMPLIFIER / _1 AMPLIFIER - : "'__.__/ " I

--S------_)_EPSANO_EA---------_CURR----_NTOENE_ATO--_--..... _j ....

SLIDE SWITCH t

ON TV CAMERA

HANDLE

500 KC

1 FILTER

I
q,

I

., | |A_'L'F'ERJ

m- :Tt
I!lo

II sY,: t

.l

--m- I

POWER .----t_- I

SUPPLY ....._[

T6: VIDICON

ELECTRODES

& CIRCUIT

BOARDS

1fiLECOMMUNICAT Ol-lS !ij_
¢28VDC _'] FL!GW]

° '> " ;_7,_ND_OST-
,._A i!!iGROUP 5 I At ![)R i._

MDC-22 _._ Bt _5

1___ VIDEO

CABLE

DRIVER

Figure Z. 8-g. Tele_dsion ]i]quipment
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The PMP can operate in many possible >zoo.es. All of the external

controls for the PMP are switches located on NIDC-Z0. The switches which

affect the PMP consist of the POWER-- PMP switch, the S-BAND-- VOICE

group of switches, 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 .cobra 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 tl_ia

conhgura_on. The.paragraph. PMP outputs are dependent upon switch " *" "

PMP OUTPUTS table, also at the end of this paragraph, shows the various

cm_posite output signal possibilities along with their destinatic.ns and the

switch positions required for any mode of operation. It should be noted that
tthe c,c.. ,_'A_'_D._ and TAPE RECORDER. swil:ches al_,o af,ec .. the operational

mode o.f the USBE and DSE.

One functior_ of the PMPis to process the PCM TLM signal, obtained

from the PCM TLM equip_nent or DSE and route it to the VH_'/]FM trans-

mitter equipment for transmission to the MSEN. This output will be

provided whenever a PCM i_.put is available, regardless of rhode and

simultaneously with other PMP outputs.

All remaining PMP functio_)..'-_involve interface with the USBE. Inputs

to the PMP from the USBE are the 70-kc up-data and 30-kc up-voice sub-

carriers. These are fed _nto the ,_p.-data and up-voice discri_ninator

circuits. These two circuits (as well as circuitry needed for ernerge_.cy

S-band modes) do not require the PWR-PIvIP .switch to be on. They are

supplied with power independently whenever the USBE is in operation.

Outputs from. the up-data and up-voice ctiscriminators are fed to the UDL

and 7"</',bequip'.nent, respectively.

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-- EMEPG switch. The USBE inputs are designated PM, FM--i,

and FNi-Z. During normalS-band modes, the PiviP supplies either a _g_M or

FM-I output to the USBE. The PM output supplies real-tim_e PC!vl 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 PCRi TL}\4

portion of the output is elhninated,, leaving only voice signals in the PM-I

output. When recorded data or TV data is to be transmitted along with PCM

TLM and voice data, the Je'M-i output is supplied to the USBE. This mode

permits the greater bandwidth which is required for transmission of this

data.

There are two e_ergency modes; en-_ergency voice and emergency

key, selected by the S--BAND-- Eh4ERG switch and used to permit emergency
transmission of voice or code over the USBE with the PMP shutdown. Witl_

the S-BT_ND-- EMERG switch in the center (OF]F) 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-.e power is

removed from tize PM!< I.n the KEY position, a separate Z8-voit d..c
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IV _ To: LCC VIA
USM PREMODUL.,',TIO N PROCESSOR

J r---_ .... r---_j FILTER [ |

-J / u---s l-_ 1

!;.""_".F_°I['L2ZTJt .r>egJL;J;_..JLr.'_°'-_°'mi

:%m I
• o

I
I

i

LjWECH_j
xIIROL

MODE CONTROL .(___

(i)

_ECONTROL

h41XING --'_

_'_ NETWORK

' _ L G 1 ----_

PC_4 TLtA _ To: VHF-J:M
XMTR

VOICE & PCM OR VOICE ONLY (PM)

OR EMERG KEY CW
,_ To: USBE

- I
I

_FOL I [ VOICE & PCM PLUS TV, ANALOG,

MITTER i_ OR BIOMED (FM-I)

_i _-To: USBE

I
l
l

-'-I
•I

! EI,AERG VOICE (FM-2)

From: USBE

4_" To: USBE

.F ]j_V-W,,_L_,,,_-_..... _,.,°o0,,,,,,°..,,o.,o.-
VCO & FILTER X2 FILTER _l ...... additional switch functions,_J-__L.._J.:2LJ ,__ZJ s,.+.--"v.,,o,_o-_,.:_,_,.,,.',_'

by PMP power supply.

' .k_ _1'_"_ _ _ 3. TheSe.S/C012.drcults a .... . t used on
I-_'0_ r_;:_,s-E_ 1 I 4. Thiscontrol li ......... s p.....from

Sl2KC I TUNED ! _t .... J£:___J _/ _/
.... {t AMPL i--'--_i---::,_--Z:_,,,?_:,:_---I--+_--" "---" ....
/ i AMPL I "! INTERRUPTER t pUTPUT S_J I the PCMp .... slng circuits, data ,irr.iter,bi-phase modulator, and PCId ¢,mpllfiels.

L_ the up-data end up-valor: dlscrlmlr_'Jtors,

.... [ /- _DI.I _ j-_, _ speech elippe d tuned alnpJlfier....

• UP-VOICE ch'cults. The 28 VDC P/,AP power supply

CRIY_A |DISCRIMINATOR _ supplies power to all remaining clrcui_
except the PM output EMITrER FOLLOWER
whlch obtains i_ power directly fio,-,_ the
GROUP-5 circuit breaker.

" J _ _ "_ _,,_'_A VOICE otherwise indicated.

"f_--J ..]E'---'4_' _,------_ -o,_. -o.._f (SEE AUDIO CEIqTER EQUIP. To'. UDL To: AUDIO
"-" "_-'---_ ILLUSTRATION. ) EQUIP. CENTER EQUIP. St,_,- 2A-737; _

Figure Z.8-9. PreznodulatLon Px'ocessor Equipment
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source is used to enable the emergency key network only, which permits

a 51Z-kc signal from the CTE to be keyed by the PTT key i.n the cobra

cable. This signal is applied to the PM input of the USBE. In the VOICE

position, voice 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 _w_chmg cmxfigurations of the

S-band system in several operational modes.

Ph4P 7mpu.t s

Signal Type Source Application

PCM TLM equipn_entReal-time Y°CM

T LM

Video

Voice

Recorded PCM TLM

5!Z--kc square wave

TV equip.r.nen!-

Audio center

e quip_ne nt

51Z-kc square wave

DSE

CTE

PCM TLM

equiprnent

T ransrr_,is sion to MSIrN. via

US]BE or VH_'/I:'?i transmitter

Transvnission to A,iSIPN via

USBE

Transmission to MS]FN via

USBE

Tr&nszY_ission to MSFN via

USBE or ¥i-IF/ig]x,4 transmitter

C!V trenernizsien to h!SFi',!

du_ing en_ergency key nzod.e

Subcarrier for transmi_esiox_ of

PGM TLM to ]vfS_'iq via (JSB_2

70-kc up-data

subcarrier

30-kc up--voice

subcarrier

USBE

USBE

Detection of up_-data received

fronn MISF].,,_ via USB]<

Detection of up-voice receive.d

from hiSFN via US]_]F,

_.i.;,

<:_ .,_ -,"v
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Output

Types of Data

l<eal-- tilne voice

I

InterruptedSiZ-kc

, carrier (keyed by

PTT switch)

I Real-time PCM

TLM

Recorded PCM

TLM

Real-time PC_A

TLM and voice

Real-tinae voice

Recorded PCM

and rcal-tilne

I voice

Destination

USBE

(EM-Z)

USBE

(PM)

VH._ / FM

Transmitter

USBE

(PM)

USBE

(FM- 1)

I
PVTR I

PM P

$

ON

.. _*"h does not affect this output mode.<:This sw_,

PMP Outputs

Switch Positions (MDC-Z0)

S-BAND" VOICE Group I S-BAND

RNG-

Off-

RNG

ONLY

RLNG c r

Off

(centez) [

RNG

ONLY

_;._ TAPE

Ofl I "

(center) 5

' TAPE

I

{center )

Off

Off

(center)

EMERG

V O!C E

KEY

I

L

TAPE RECORDER

PLAY

I RECORD-

Off- "
PLAY

Off

{center)

PCM or PLAY

NORM

{

NORM

RECORD

or OFF

(center)

PLA Y

>

>

>

0

0

0

0

0

CO

>
!

V

0

{,o
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PMP Outputs

Output

Types of Data
Destination

PW R

PMP

Switch Positions

S-BAND- VOICE Group

RNG-

Off-

t<IqG

ONLY

TV-

Off

MDC-Z0)

S - BAN D

I EMERG

Off

(center)

TAPE RECORDER

PLAY

RECORD-

Off-

PLAY

Recorded PCM

TLM and real-time

voice

Real-time PCM

TLM and voice

USBE

(FM- 1)

R_a.-tln_ PCM

TLM, voice, and

TV

Real-time PCM

TLM and voice

Up-data commands

Up-voice

UDL

Audio

Center

Equiprnent

i

ON

_::This switch does affect this output mode.

TAPE

Off

(center)

Off

(center)

TV

i

PCM Play

i

I

L

N

>
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Data Storage Equipment (DSI£).

The DSE {figure Z. 8-10)is a three-speed, 14-track magnetic tape

recorder and reproducer located in the LEB. It is used to store data during

phases of the mission which inhibit: or prevent the successful transmission,

of this data to the MSF'N. Data can be recorded in parallel on five digital

channels, and played back during a later phase of the mission for transmis-

sion to the MS_'N. Igach reel contains 2fi50 feet of one-inch-wide, magnetic,

Mylar tape.

The PCM TLM data is obtained frown the PGM TLM equipn-mnt as a

single serial pulse train at a high bit-rate of 51. 2,KBPS or a low bit-rate

of i. 6 KBPS, depending on the In}GM TJ_,N'.'._.ode. In the DSE, a serial-to-

parallel converter circuit convert8 this signal into four parallel digital

channels., each of which as a resulting pu!._e repetition rate (PP, R} of only

!ft.8 KBPS or 0.4 KBPS (one-fourth of the original PRI¢). The PCM TZM-

equipment also lurnishes a 51. g-kc or ].6-kc square wave timing signal to

the DSE, which is also divided by four. These five signals, the four

channels of PGM TLM and the clock signal, are amplified by the five digi-

tal record acnDlifiers and fed to the digital record heads. Only one ana]og

channel, the Z5-kc reference and timing signal from the ITQR, is scheduled

for use onSC0!Z.

During playback, the piayback heads pick .up the recorded data and

present it to the digital playback a_splifiers. 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 ±_ve digital playback

amplifiers. The amplified signals are ,.hahn_,-outed R, the F,a_'_.i]e]-.to-serial

converter and the reproduce rr_odu]e. The. iour digital signals are converted

back to a single serial pu]se train which is fed to th.e I.>NIY_ equipn2ent. The

bit-rate of this output will always be 51. fiFiBPS, even if the recorded _lata

was originally i. 6 KBPS. This i8 due to different spe.eds used iff recording

and reproducing. The 51.Z KBPS high bit-rate PGM signal is recorded at

15 inches per second (ips) and p]ayed back at the same speed. The low bit-

rate signal of i. 6 KBPS is recorded at 3.75 ips, hoveever, -and played back

at IZ0 ips, an increase of 3Z times. This increases the 1.6 KB!°S PRI< to

51. Z KBPS.

The DSE is a bidirectional rnachine wit:h a tape transport mechanism

capable of forward or reverse operation at any of three speeds: 3. 75 ips

(low speed), 15 ips (normal speed), and iZ0 ips (high speed). The low

speed of 3.75 ips is used only to record low bit-rate PCM TLM data. The

DSG playback electronics is automatically disabJed whenever this speed is

selected. The normal speed of 15 ips is used to record and.play back high

bit-rate DCM TLM data. The high speed of !Z0 ips is _:sed for fast dump

of the low bit--rate PGM 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 record or play back the entire Z250 feet of tape, are as

follows: Z hours at the io\v speed of 3.75 ips, 30 n_iqutes at the normal

speed of 15 ips, and 3.75 minutes at the high speed of 1Z0 ips.

g
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PCM e'-----_ 1

R....I' Z-I-'I:E_ _-------_,EI ,____------
PCM Sl 2 KC

EQUIP

HAL-TO- , PCM
SE_ pc'a,

RRALLF k -

* CO PCM __

A_ t G -'_-----_

_A°/_ --_ RANEL_
INPUTS _---_' INPUT

PATCH -----_

Q i .... ___

25 KC _(
REF &

Fro_: TIMING

FOR _-------

R..... vo,cE[-_--1

rTLM INPUFS'I

PCM ,io.I SPEEDASSUR.._,I'----"--"
---_",_'_'o- LOWI SP_ED ASSUR,

@ I
f------ TAPE I i

Re C OkOE k i

RECORD (

--_r_<, OFF J

I

(SP_'YI
l SYSTEM

F_ID CONTROL

I

NORMI
LOW l

I--"T/C--I

(MDC- 2_;

E_G., P_ oRO_R-sI

GROUR-I

F _ 115 VAC ...t..
o

TELECOM- "_'-- 400 CFS 3_ _A
NON ESS

SWITCH

DAIASTORAGEEQUIPMENT

D,G,_AL CON'v'_RTER _'CM DATA

LLtLJ L__"L___J

AMP'S i R ' P -- 'i--:-.- l i F::I I-:[.....-J
F o !_l--'i

IE _,_ _ e - ,'_A'O_ -0 _ ___
ANALO _. A ---i_, " A _A K OUtPUt O

J R_C S PATCh ,_j _i

A',,PLS|--__ I SI--_ AM.P_SI----_OP^,EL_ "----

I F-- i L_-:I I-_ _----

F---I HE [IfWO REV [
O S C_IILALSA- ERASE ERASE AUDIO _OICF

X |1ERASE

DISA_sLE

I

SPEED CHANGE COMMANDS YO CLLqCH SOLENOIDS

END (.1_

EAPE

SENSORS

CAPSTAN

• DRIVE

" " MOIOR

I pC)wF_ I DRIVF

ON/OFF I,---_--I_ J MOTOR .

I

Figure g. 8- I0.

3 _AC F,VR

3¢_ AC PWR

"_ POWER SUPPLY i B_
& _* POWER --_ pWR

CONTROL RE LAYS

NOTES:

located on MDC-20.

2. For oddilional s_i,cF,

(ircuhl/, _ee PMP

Qn.J PCM 1LM eq,_ip-

menl illus_ro_ior._

3. Not =thuds•led for

_,s." on SC-012.

Data Storage Equipment

EAPE

DRIVE

MECHAN!SM

CAPSTAhJ

DMVE

MOTOR

REEL

,I_ DRIVE

MOTOR

• " T0 PMP

:1
: i _,jTR_"s
.-jQ

•',_ INT ERCO_.'

BUS

J _.,
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Tape speed and direction are controlled by the TAPE RECORDER-

:::4

_a

!!?ii

':_i!ii:I

i::i

!i

:i:i

:!i

SPEED and-- YWD/OteF/RE -V switches on MDC-Z0. Other TAPE

RECORDER switches are the RECORD/PLAY switch which selects the

record or playback mode, and the PLAY switch which selects the type of

data to be reproduced. The PLAY switch has two positions: PCtvl 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 eff, ective.

The TLM INPUTS-- PCM switch also affects tape recorder operation when

recording. The interlock circuit in the DSE system control logic, which

prevents selection of conflicting operational modes, locks the tape speed at:

15 ips {normal) when the TLM INPUTS-- PCM switch is set: to _:!IGH. When

set to LOW, 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 DS7£ automatically ren:oves

power from the tape drive mechanism and electronic circuits when the end

of the tape is reached,

Swi_ h Posit mu:,

S-BAND- II'M

VOICE TAPE R ECO}_DEi4 IN!'U I_

TAPE- _ WD I_(N_

DSE Off- ()If- IIR;ll-

Functmlls ANALOG REV [.OW

[(e_ord h_gh bit rate OFF It:(_11

Rc<ord low bit rate

Playback re{ orded

high bit rate

PK, yha_ k re< ordeal

PI,,_. b,,¢ k recorded::::::

:,l_x_,d mt rule

R_ po%l_tol, tape to

,-nd of r_'el (rewi,_d)

OFF

TAPE

TAPE

*I-APE

PLAY

PCM-

NORM-

A NA 1,O(3

Any

Any

PCM

or

N( ) R M

PCM

or

NORM

P(:M

or

NOR_A

SPEFI)

! I IGH - ll E(:OI{ D -

NORM - Olf-

t.O W P LA Y

N'O[: M 1: i:(;OI_ I)

LOW RECO}: l)

NOI/M PI,AY

IIIGI! PI,AY

NORM I>I,AY

OFF Any IIIGH PI.AY

::_'_J_ld_'r p_,:sct,t m_ssion proL ,,d:lr_s, thl_ n_,,d(, should not be n_'ct'_,ary.

l .o w

E

I

F

k

i:
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2.8.3.2.7 Flight Qualification Recorder (FQR).

The FQR is a 14-track magnetic tape recorder which is used to record

certain flight qua]ification 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. It 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 tl.ae_-QR.) Two recording tracks (one record head

in each of two record-head stacks) are used for reference and time code

recording. To accmnplish this, an elapsed time code generator is used to

modulate a narrow-band VCO. The output of the VCO is then rni_xed with the

output of a 50 kc reference oscillator. This composite signal is presented

to each of the two record heads through two dii'-ect record amplifiers.

The FQR operates at a record speed of 15ips and a rev.,il_.dspeed of

]20 ips_ .The 15 ips record speed allows a total of 30 minutes recording

time per reel of tape. Because there are no provisions for crewn-mmbers

to change tape reels during the mission, the FQR 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-]9. In the STOP position., all a-c and d-.c

power is removed. Placing the switch to RECORD activates all electronic

circuitry and the tape transport mechanisnl, which moves the tape forward

at 15 ips. The R}EWIND position activates the tempe transport mechanism to K_,c

move the tape backward at 120 ips..

The measurement numbers and nan-_es of the paran_e{ers Stored in

the FQR are presented in the following list. This does not include the two

FQR channels utilized for storage of reference and timing code storage.

Measurement Identity

Number

CG 2010 V

CG 2030 V

CG 2050 V

C]< 0004 A

CK 0005 A

X PIPA output, in phase

Y PIPA output, in phase

-Z PIPA output, in phase

Linear acceleration structure X axis A

Linear acceleration structure Y axis A

Mission

TELECOMMUNICATION SYSTEM

Basic Date !2 Nov 1966 Change Date Page
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• a
:2:_

:i?i¢_

e_

i i!!i

:,.4

I

To: DSE _l.

25 KC REF

& TIMING

i
LOW-FREQ I
ANALOG

i_ INPUTS(3) i

Fro,r,:

FLIGItT

QUAL ANALOG

INSTR -b- INPUTS (9) t"
f

t
FLIGHT i

QUAL RCDR 1(mmc-i_.)

28 voc

NON J
ESSEN-

TIALBLJS ,--I NS TRUMENTS-nPAMXMTR {
NON ESS

T/C --,
GROUP 1 |

From: (MDC-22)

TELCOM-

t'4014 ESS "_ ..... -_o o
2A 115 VAC_

S',VlTCH 3 gr

1

FLIGHT QUALIFICATION RECORDER

25KcREFERENCE MIXER
OSCI LLATOR

TIME ______ [

CODE

GENEP&TOR

t 50 KC
REFERENCE -

OSCILLATOR

CONTROL
LOGIC

I

I

,o IDIRECi ..I.---- 81AS
RECORD OSCILLATOR

AMPL'S

ERhSE

AMPL

DIRECT

RECORD

AMPL

DIREC1

RECORD

AMPL

WIDE-

BA ND

VCO'S

TRANSPORT POWER

i [ ERASE
..... _ HEAD

i CHAN------J-_E--L_

CHANNEL RECORD

H_ADS

9 CHANNELS

__.___ VOLTAGE
REGULATOR

[ POW ER

SUPPLYl

]-----_ ] To:

ELECTRONIC
---4- CIRCUITS

_J

i
I
I:

I

i,
i
1
t

I

i
I

I ,_ I ITRANSPORT
j MECHANISm !

i
i
1

__,
SM- 2A- 854 B

Figure 2.8-11. Flight Qualification Recorder Equipment
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2.8.3. Z. 8

Measurement

Number Identity

CK 00O6 A

CR 0514 P

CR 0520 P

CR 0623 P

CR 0624 P

CR 0625 P

CR 0626 P

Linear acceleration structure Z axis A

CCW roll engine pressure, system A _

CCW roll engine pressure, system B

Fuel line pressure, system A

Fuel !ine pressure, system B

Oxidizer line pressure, systemA

Oxidizer line pressure, system B

Up-Data Link (UDL) Equipment.

The functi'on 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 or change the status of operational sys-

tems. The UDL (figure 2.8-12) consists of a UHF-FM receiver, a transistor

mode switch, detecting and decoding circuitry, a buffer storage 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: Ut-IF and S-band. The _node

normally used is Ut!E. In this mode, the incoming 450.:mc up-data carrier

is received by the VHF ornni-antenna equipm.ent and fed to the UHF receiver

in the UDL. The intelligence is detected from the carri'er and rou_ed

Ihrough the mode switch to the sulk-bit detector, which converts it to a

serial digital signal. The digital autput from the sub-b._t detector 5s fed te

the remaining UDL circuitry, which stores arm checks the digital data,

deterrnines the proper destination of the data, and processes it to the

appropri&te S/C system or equipment.

Real-time commands from the real-time command (RTC) drivers

are supplied to the UDL RTC relay box'_,hich eontair,._ four, t_'rc,
Z-position, latching relays. Thus eight real-time comn,ands are po_Sible:

four "set" commands and four "reset" commands. The chart on the

f011owing 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 !_MP. Up-data infor_a.-

tion can be transmitted to the S/C within the 2-kn_c S-band signal. When

this signal is received by the USBE receiver; the 70-kc subcarrier con-

raining the up-data information is extracted and sent to,he up-data

discriminator in the PM1 _. The resulting composite audio frequency 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, U_-DATA switch on MDC-20. When set to the

TE LECONdMUNICA.TION SYSTEM
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::4

:,:?t

:i!

i+iii
: .:2N

:]iii[_t
'?

, ,R1

:!;ii

•] Command00

01

0L

O3

04

0 5

0._

UDL Rvai-Time Command_;

Action

Deactivates system A

abort request light

Activates system A

abort request light

Effect on C-band

,7quipmer.t ope ratioh

determined by position

of C-band switch on

MDC=Z0

Turns C-ba,_d equip-

men| on in 2-pulse

mode

Effect on VIIF-NM

transmission of PCM

data determined by

position of VHF-I'M-

ON/OFF and TLM

INPU'I'S-HIGil/I+OW

switches on MDC-Z0

Turns VItF-FM

transmitter on and

changes bit rate from

low to h gb

Deactivates system b

abort request light

Acti,,ates sya, tet'n 13

abort request light

UDL

Relay

KI (RESET)

Kl (SET)

K3 (RESET)

K_ (SET)

K4 (RESET}'

K4 (SE] }

MDC-.20

SW Position

C - BAN I)

1 PU I.SE

OFF

2: pU L.S E

C-BAND

1 pU L¢3 E

OI-'F

Z PULSE

VIIF-FM

ON

OFF

I'I,M iNPUTS

PCM I{IGIt

LOW

V}tI,'- FM

ON

OFV

TLM INPUTS

PCM HIGH

LOW

Resu|ts

MI)C-

MDC-3 turns on abort light.

C-band equipment continues to

opvrate in l=pMse mode.

C-band ,.quiprn('nt rcm,lins )ff.

C-band equipment continues It)

operate in 2-puls(- mode.

C-band equipment continues to

operate but switches to Z-pulse

mode.

En(.rg, iz.'s C-band equipnwnl

whit'h oper,,tua in g-pulse

mode.

No effect on C-band op,,ration.

I':o effect on VItF-FM

t ra nsnlit te r.

No eff(,(t or_ VtIF-FM

transmitter.

PCM ]'I,M ren_ains in :,1. 2 t<F-.Si.

PCM TIJ'.I output is l.(, t<bS.

No effect on VHIc'-FM

trans;rJi!tor.

Vm- rgi?es \_}iF- FM

ira r.sndtte :'.

_<o effect on bit rate.

Switches from 1.6 KI_5; to

51; 2 KI',5.

NOTE If data i_ being ret,)rd.'d,

I)5;E will autumaticaHy >lop if

rAPE RECORI)-SPFEI) _t, tt¢ h

is not positiom'd to Ill(ill.

M DC-

MDC;-$ lurn_ on abolt [i£ht.

[

l

[

i

'!
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i̧i_

ii

i_i:!I

;A

:.7<D
!iisSI

7

H

B

CUNT.

From: VHF From: USBE

_" UP-DATA Ll K

_M_iUHF/FM

"_'_#(L]"

DETECTOR j

[

i

t,41!

Ri

To: RCVR To: DET & DECODER

6V RET 8V 6V -6V RET

.... i L_
I
i

UP-DATA j

_o7_!N° I
....'_<]......................

I

FLIGH1 &

POSILANDI NO

BUS

I!::.IoRo0P-_
iiii!;7:_vDc .z,

_! •
-----4_ +28 VDC

NOTES: UP TLM

1. All RTC latchlng relays CMD

or__ :hown in reset p_hion. (MDC-19)
2. AN s_ilc},e_, ore on

MDC-20 unle_ otherahe "_

indicated. I
i RESET

_OFF

VALIDITY SIGNA_i_.I PCM ILM ]
EQUIPMENT J _t

,,_---'_Ti,_lno PULSET_,NS _ reset "

i_-_..... '.......-- ¢ CTBI
E,_. 6 VDC EXCITATIOb4 ]- t--- .....----- -L _ .
/ t ,,oc0A_A ,,,_'*_"2TGB'ANC4

I-1-............. lZ CO_,,TER1
_R • _U"TTL"T_--------
\REI . (MDC-14)

........... _ ACCEPT

i ......... --'----_"_" BLOCK

.... t cM_ _.L_.i-:_cE.i_'__ _. .

_ts /7 i F ....... 7 / NO. I NO, 3

[0,1 _ /', I t
_i - , I| i_ !--. [ I SY_T_,.,.,! .

1001_1 _ -r--- i /

I ! ...<.- ]. _'_S,E,_B|

i©-F --4-
Loi-,...,< ,q [..... -1
_ {}6-I-RESE,J j I _BAN,_J F--.... I

I _ t i ' i"uLS I I'CSAN_ I.__
I r--- t_ I OFEo.--,--.L.... ! X_N_P['7

l
• i rK,_'F[t -_--_-;;,_-_,z 1---'

" I --T- _o×

I-'CJ. i_ L_..+,<voc,,_v_.

i--'-l_ l To: Allrese_

windlngi

_] _K,-K_,
1

j 3_400 CPE

-] / VEIF-FM [--_1

--I.----_ _--- | VHF-FM |

I ON XMTR?! o<1 L_Lt
I L---t __ o ,28,'a"
I _ r- fLM INPUTS_ I '
I PCM |" " --i

' HIGH

-- PCM TLM

i LOW EQUIP _iLOW i ......

I
I
I
I

Figure 2. 8-12. Up-Data Link Equipment
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2.8.3.2.9

UHF position, the UH._F up-data_- mode is selected and Z8-vo!t d-c power is

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

Z8-volt d-c power, but selects the S-band up-data mode and deactivates the

UHF./_'M receiver. Another control, located on MDC-19, is the two-

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

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

commands chart are commanded. This nullifies alt "set" commands

which have been received from the MSFlX!, .An UP TLM--ACCEPT/BLOCK

switch (MDC-14) is also provided which enables the crew to perrnit or pre-.

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

Central Timing Equipment (CTE),

The CTE provides precision square wave timing pulses of several

frequencies to time--corre}ate all S/C time-.sensitive functions. It also

generates and stores the real-time day, hour, n_inute, and second time-

frmrl-,launch (T]FL) in binary-coded decimal (BCD) format for disp]ay and

transmission to the MSFN, (See figure Z. 8--13. }

In the primary or normal mode of operation, the Apollo guidance

cornputer (AGC) provides a 10g4-kc sync pulse to the CTE. This auto-

matically synchronizes the GTE with the AGC and provides a stabilityof
±g x I0 -6 parts Jn 14 days. In the event of sync pu,se failure, the CT_,

automatically switches to the se'condary mode of operation with no time

lapse and operates using its own crystal oscillator at a stability reduced

to ±Z° Z x 10 ..6 parts in 5 days.

klZe W _ "' C(I ta'_3zS {,k, VU' %)OW'._'i," S ...... _"- " .u,o.__ __ . v;_u**uo-,,._, y. onc is

supplied fronq a different power source and through separate circuit
breakers. These circuit breakers, CENTRAL TiMI1NG $35S- MiN A and

-- MN B on MDC-2Z, provide the only external means of control for the

CTE. The two power supplies provide parallel 6-volt d-c outputs, dither

one'. of which is sufficient to power the CTE.

The timing signals generated by the CTE, and their applications, are

listed in the CTE Outputs chart.

CTF_ Outputs

Signal Destination Purpose

Synchronization of internal clock51g-kc

square wave

6.4-kc

square wave

PCM TLM

equipment

PMP

equipment

E PS

inverters

(tl_ree)

Modulating signal far S-band emergency key

transmission

Synchronization of 400-cycle a-c power

/-

E

L

E
_ T1EIHECOMMUN!CATION SYST Je;M
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Signal

4-kc

square wave

lO-cps

square \VEVO

1 cps

DC

Binary

coded

decimal

time code

l pulse per

10 minutes

SYSTEMS DATA

Destination

SCS

Displays

PCM TLM

equipm.ent

PCM TLM

equipment

PCM TLIvi

e q uipno ent

l_'urpo s e

Synchronization of X-axis accelerometer

integrator

Digital event timer

Synchronization of subframe of PCM data.,

Displays, and T-Tinaer

Y_htlse-.fail detection and indication.

(Sampling -_a[e equals i0 Samples/see,

¢itl'± o, vl Olx, )51- se," pulse _ ....."

Provides time code data. to TL!vI in BCD

format: (TI,E4 measurement i'qo. CT014Zt:,

ECS

C T-GM5 3Z bit).

Supplies pulse every 10 minutes to ECS

circuitry which opens a solenoid• for 10

seconds in every !0 minutes to remove

water fron_ space suits.

i ,Voice Recoraezs

Two voice recorders have been provided to enable the crewmembcrs

to keep a voice log of mission activites. Both units are mounted in the

right-hand equipment bay, one in an operatir, g condition and the other

stowed. Changeover to the inoperative recorder is made by changing the

electrical power connector.

Each tape recorder provides 450 feet of I/4-inch tape which operates

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

head switching, and four individual recording heads provide ten hours of

usable recording tipne per t&pe recorder° The inforn_.ation contained on

the tape cannot be dumped during flight but must be played back utilizing

suitable GSE.

To ready the connected voice recorder for operakion, the fol]o\vJng

switch positions must be selected: the RCD]I/H]F switch to T,,'R (MDC-!3,

-23, -g6), the in':ercom switch to T/R, the ]IF power switch to OFE

(MDC-Z0), and the mocte se]ector to SSB ar AM. (See figure g. 8-14. )

Ac(tual activation of the voice recorder is possible three ways: two correct;

one wrong. 7he first correct activation path has the wOW ER switch at

P'I'T (MDC-13, -Z3, -Z6) and the PTT pushbutton on the cobra cable

depressed. The o':her correct nqethod of activation requires the POWER

switch to be at VOX and the VOX circuit enaMcd or the PTT pushbutton

':t
F_
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depressed.

by positioning the HF mode switch to BCN (MDC-Z0). This would continu-

ously run the connected voice [ape recorder until it used up its tape. A
VOICE ItECOI{D D.ag indicator (MDC-19) will display the striped area when

recording is in progress. Tl_e indicator grey area will be displayed when
voice recording is not in progress or the tape supply i_as been exhausted

during recording.

The stowed voice recorder may be placed in operating condition by

moving the RCDR/HF switch to OFF (MDC-13, -Z3, and -Z6), removing
the electrical connector from the exhausted recorde_, and installing it to

the connector on the stowed recorder. Operation is resumed by moving the

RCDR/HE switch to T/R (MDC-13, -23: or -26).

The connected voice tape recorder can be inadvertently activated

NOTE To include the timing reference w_hile recording

on the voice tape recorder, the MDAS 1,/i7_?,IPOWEP_ switch

must be ON (]_,ET3compartment C) and the TIMER switch

must be at "NOF_MAL."

RF Electronics Equipment Group.

The IKE electronics equipment group includes all T/C equipment which

functions as FiE transmitters or xeceivers. 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 ante_2na equipment.

VHE/AM Transmitter-l_eceive£ Equipment.

The VHF/AM transrnitter-rece.;ver equipment (figure Z.8-15) pro_ddes

the primary means for in-flight voice communications with the MSFN. It is
contained in the same electronics package as the VHF recovery beacon

equip_nent, in the LEB.

Two modes of operation are possible: ,_Amplex and duplex. The

simplex mode -will normally be utilized. The duplex mode will be used on
future missions for EVA and LEM communications. Du._ing recovery, the

transmitter can be utilized as a backup VHF recovery beacon by holding

down the PTT key.

The transmitter operates at 296.8 mc iu both operational modes. The
receiver contains two "front ends. " The receive 1 front end operates at

Z96.8 mc and is used for simplex operations. For duplex operations, the

receive Z front end, which operates at 259. 7 mc, is selected.

The V HF/AM transmitter-receiver is controlled by the VHF-AM con-
trois on MDC-ZO. The T/K/OFF/REC sw_tch activates the transmitter and

receiver when in the T/I% position; the R_EC position activates the receiver

alone; the OFF position removes power from both. Simplex or duplex

operation is selected by placing l:he IKCVR switch to i or Z, respectively.

The remaining, thumbwheel-type SQUELCH hontrol can be rotated up or

down to increase or decrease the sensitivity of the squelch gate.

Audio to and from the VI-IE-AM is controlled by the VHE-.AM-T/I_t/

OFF/KEC switch on MDC-13, -Z3, -Z6. Voice transmission is possible

when this s_4tcll _s at T/iL the POWER swi1_ch is a_ PTT, the cobra cable

PTT/CW switch is at PTT and the PTT key is pressed.

NOTE The POWER switch can also be at VOX, but actual

keying of the VHE/AM must be via the PTT circuit.

[
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The VHF portion of the upper or lower SCIN antenna is used during

flight. VHF recover}" antenna No. Z is used during recovery. Antenna

selection is made with the VHF ANTENNA switch on MDC--Z0.

HF Transceiver Equipment.

The HF transceiver equ]pn_ent (figure Z. 8-16) is the prin_ary n-_eans to

aid recovery operations during the postlanding phase of d_e mission by pro-

viding long-range, sin_plex, 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 RECOVFRY-iIF

switches on MDC-Z0. The ON/OFF switch, when placed to ON, connects

d-c power to the transceiver. The.SSB/BCN/AIvi switch is used to se.lect

the operational mode. Three modes of operation are availabl.e; 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 SS]3 and AM modes are used for long-range, simplex, voice

communications. The operating frequency is I0.006 mc for the transn-.itter

and receiver in all modes.

The audio center equipment supplies the audio input to the modtN.ator in

the translator n_odu]e and accepts the detected audio signal fro_T_ the receiver

module of the transceiver. The HF transmitter is keyed by VOX or PTT.

The lie recovery antenna is used for transmission and reception and

will be deployed a.fter touchdown as part of the postlanding sequence of

operations. The transceiver must not be operate;d prior to antenna deploy-

rnent or damage may occur.

\rHmlFM Transmitter ]_o_,_*

The sole function of tlte VMF/FM transmitter equipment (figuze Z. 3-17)F.

is to transmit PCM TLM data to the MSFN. These data are supplied to the {

VHF/FM transmitter by the PMP in the form of a 3-volt p-p pulsating,, d--c,
i

modulating signal at a rate-of 51; Z00 bits per second (bps) or 1600 bps. The _:_

bit rate depends on the PCIv[ rate selected.

The nominal (center) frequency of the emitted RF carrier is 237.8 inc.

Because the transmitter is frequency modulated, the 3-volt p-p rnodu!ati_,g

signal causes a frequency deviation of ±125 ]<c. The resulting !0-watt RF

output is fed to the VHF portion of the VHF/Z-KMC SCIN an.tennas.

The only external control for the VHF/FM transmitter equipment is

the VHF-FM --- ON/OFF switch on MDC-Z0 which energizes a relay in the

transmitter, applying a-c power to the equipment. If the switch ]s set to

OFF, the VHF/Fk4 kansmitter can be activated from the hlSFN by a _ea!--

time command via the UDL equipmen%

:_! TELECOMMUNICATION SYSTEM
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Unified S-Band Equipment (USBE).
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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 priir_arily designed for deep-space communications,
the USBE will be tested on this mission and used as backup for in-flight

Voice con-_munications, tracking and ranging, transmission of PCM data,

and reception c_fup-data. The USB'E also provides the sole means for

tran.smission of TV

The USBE tracking method employed is the two-vcay or double-doppler

method. In this technique, a stable carrier of known frequency is trans-

mitted to the S/C where it is received by the pn_se-_o_ked receiver, multi-

plied by a known ratio, and then retransmitted to the MSF'N for comparison.
Because of this capability, the US]BE is also referred to as the S-band

transponder. From the double-doppler tracking method: S/G velocity,

acceleration, and range can be determined.

_'or detem-nining S/C range, tbe MSFN phase-r_:_odulates the trans--

m_tted carrier with a pseudo-random noise (PRN) binary ranging code.

This code is detected by the S/C US]BE receiver and use'd to phase-modulate

the carrier transmitted to the MSFN. The MS_N receives the carrier and

measures the amount of time dealy between 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 n-_easurernents discussed earlier. The MSFN can also

transmit up-data com_nands and voice s_gnals to the S/C USBTt. by means

of two subcarriers: 70 kc for up-data and 30 kc for up-voice.

The US28E receiver is a phase-tracking receiver that accepts a

2106.4-mc, phase-modulated _I v 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 separate detectors: the lo0p

phase detector and the ranging phase detector. In the ranging phase

detector, the 9. 531-mc IF is detected; and the ?0-kc up--data and 30-kc

up-voice subcarriers are extracted, amplified, and routed to the up-data

and up-voice discrilr, inators in the PMP equipment. Also, when operating

in a ranging mode, the PRN ranging signal is derived, filtered, and routed

to the USBE transmitter as a modulating signal input to the phase modula-

tor. In the loop phase detector, the 9. 531-mc IF signal is detected by

comparing it with the loop reference frequency. The resulting d-c output

is used to control the !requency of the 19.06Z5-mc voltage-control]ed

oscillator (VCO). The output of the VCO is used as the _'eference frequency

for receive_ circuits as wall as for the transrnitter. The receiver is also

provided with automatic gain. control (AGC) and antenna selector circuitry

which automatically selects the proper SCIN antenna when the S-BAND

ANTENNA switch is in the AUTO position. The AGC circuitry also supplies

a signal to the S-BAND ANT S-meter located on MDC-19. By observing

this meter an'd rotating the S/C, the optimum S/C attitude for S-band

communications can be attained.

TELECOMMUNICATION SYSTEM
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The USBE transmitter is capable of transmitting a ZZ87.5-mc signal,

either phase-modulated or frequency-modulated, in the Plvi triode, the

initial transmitter frequency is obtained frown 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

initial frequency is not multiplied and used directly, but is used to control

the frequency of a third oscillator; the !mk4 VCO. The FM VCO is the source

for the frequency-modulated ZZ87.5-mc signal.

Output mode and frequency source are controlled by the S-BAND group

of switches on MDC-Z0. The VOICE and EMERG svzztches, contained in

this group, also have an effect on PMP operation, thus ensuring comp_.ti-

bi]i_y between USBE a:_d PMPmodes. All data to be transmitted by the

USBE is supplied by the PMI °. Normally, the initial transmitter frequency

is obtained from the receiver VCO. ]incase of failure of the VCO or

S-band PA equipment, the au×i]iary oscillator can be selected. This is

done by moving the OSC switch from PRIA4 to SEC (with the RIqG/RNG

ONLY switch at the normal, center position) or by plading the EMERG

switch to VOICE. If the latter is done, the PMPwill provide a voice

naodu]ating sig_al directly tc,the a_xiliary oscillator.

With all three S-BAN1�--VOICE switches and the S-BAND- EMEI{G

switch set at their center positions, the USBE transmits a phase-rnodulated

signal containing PCM TLM and voice data from the PMP. Setting the llIqG/

RNG ONLY switch to RNG, enables the PIIN ranging code to be.transrn'_tted

also. Setting this switch to RNG ONLY, adds the .]?RN ranging code but:

elin)inates the PCM TLM pbrtion of the I°M input from the PMP. This

mode is used to increase the strength of the PRN ranging code received by

_he N{Si_"N. The other two S-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 mode to FM for increased band--width and selects the FM-_I output

of the PMP. Thus, tblese four switches (the three VOICE switches and the

EMERG switch) are used to establish the operational n)ode. 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 description 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 I:_VR AMI_L

energizes a relay that applies 1!5 volts ac to the US]BE power supply, which

provides +15 volts dc and -15 volts dc outputs to the USBE trans_Ktter and

receiver. The RF output of the USBE transmitter is fed to the S-b_md

power amplifier equipn_ent. Here, the signal is either bypassed directly

to the S-BAND ANTENNA switch or amplified and then fed to the S-BAND

AN[[ ENNA switch.

R

E

F

[

[

E

[

,_. 8.3.3.5
S- Band I_o\ver Amplifier Equipment.

The S-band power amplifier (PA) equipment (figure 2,8-].9) is used to

amplify the P,F output from the USBE transmi_te'_- when additional signal
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MSFN. It consists of a diplexer, a traveling--vcave tube for amplification,

power supplies, and the necessary switching relays and control circuitry.

The S-band PA is contained in a single electronics package located in the

lower equipmem- bay.

All received and transmitted S-band signals pass through the S-band

PA diplexer. The ?.106.4-mc S-band carrier received by the S/C enters

the S-band PA diplexer from 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 lit'st 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 ,__mplifier. Setting the XPONDER/XPONDER PWR AMPL

vwitch to tke XPONDER PWR AMPL position energize.s the USBE power

supply and applies 3-phase 115-volt a-c power to the S-band PA through

relay K] in the circuit utilization box. TMs 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 RE signal from the

USBE transmitter is switched from the bypass circuit to the amplifier

circuit and 3-phase ll5-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 _he re_naining eiernents of the traveling-wave

tube. Selection of thc low power (LOW) or high l:,owez (iilGiI) _node is

controJled hy the S-BAND -- !:_._P, A)APL -- HIGH/LOW sv, dteh.

C-Band Transponder Equipment

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 S/C C-band transponder equip-.

ment (figure 2, 8-Z0) 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 to

the earth after a 3-microsecond delay at 5765 inc.

The C-band t.ransponder 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 antennas and

routed ti_rougb circulators to the associated receivers. If the pulses are

properly coded the comparator determines which antenna received the

strongest signal and activates the switch driver, which drives the RF
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:-_1 "%{ _, _> _'_i 0 _

..... __. ....... Basic Date 12 Nov i966 Cbang e Date ...................... Page Z. 8-5Z I

;i!iii .... .,

[:



Switch

Name

Function

S-bandPMmoderealtime
xoiceanddata

S-bandFMmoderealtime
voice,dataandTV

.S-band FM mode real time

voice, play back data

S-band emergency voice

S-band e.mergency key

S-band reception of

up-data

_..

Notes: I.

' 1S-Band Pwr I

Pox_e r Ampt OSC Ranging

l RNO-

HIGH PRIM Off-

LOW SEC RNG ONLY

LOW PRIM RNG

XPONDER LOW PRIM

PWR AMPL or

SEC

XPONDER LOW PRIM

PWR AMPL or or "

I'IG i
PWR AMPL

XPONDER LOW PRIM

PVCR 7_MPL | or I or

HIGH [ SEC

X PONDER I LOW PRIM

PWR AMPL _;GH or

SEC

XPONDER I LOW PRIM
!

or _ or or

XPONDER-

OFF-

XPONDER

PWR AMPL

XPONDER

PW R AMPL

TAPE-

Off

Off

Off Off

Off Off

t
Off TAPE

Off Off

Off Off

RNG Off

Off

TV-

Off

Off

Off

TV

I

I
i

Off

i

Off

Emergency UP Data

S-Band Ant

I

Voice- 1

Off-

Key

o_ I

Off

Off

VOICE I

KEY

I Off

S-Band-

Off -

UHF

As reqd

As reqd

As reqd

As reqd

As reqd

". As reqd

S-band

XPONDERpwRAMPL ! tlIGH SEC RNG ON1,Y !

TAPE and TV sv,'itcht, s ,ire i-position switches with the do,an position no longer pcrforr_ing a valid function.

switc%es should not be _elected.

AUTO- I

UPPER-

LOW E R

UPPER i

or

LOWER

as reqd

UPPER

or

! LOWER

as reqd

UPPER

or

LOWER

' as reqd

loTPER
I LOWER

UPPER

or

LOW E R

UPPER

or

LOWER

UPPER

or

L O W E R

R e ma rk s

TV camera power switch ,'xmst

be on.

DSE switches must be

properly configured for

play back•

Cobra cable mode switch at CW

and PTT button used as key.

I'he down position of these

If •: <:::k
.... j
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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 lie switch time to operate. It also enables

MSFN personnel to simultaneousl_ 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

being used at a particular area in the orbital path. During the launch and

ascent phases of the mission, the Z-pulse mode will be used.

The only external control for the C-band transponder equipment is the

C-BAND three-position toggle switch on MDC-Z0. The OFF_ position

removes a-c power from the equipment; the 1 ]PULSE and Z ]PULSE positions

apply a-c power to the equipment and -select the mode of o,)eration. Activa-
tion and mode selection can also be commanded from the MSFN by a real-

time command via the UDL equipment.

VHF Recovery Beacon Equipment.

The VHF recovery beacon equipment (figure Z. 8-21) provides a line-

of-sight direction finding capabilities to aid in locating the S/C duriug the

recovery phase'of the mission. It is located in the same electronics pack-

age as the VI-IF/AM transmitter-receiver equipment in the LEB. The

beacon signal emitted is an interrupted Z43-n-_c carrier, modulated by a

1000-cps square wave. The signal is transmitted for Z seconds, then

interrupted for 3 seconds.

Manual control of the equipment is provided by the RECOVIERY ---

VHF-BCN_ two-position ON/OFF switch on MDC-20.

The output of the VH]_" recover?- beacon equipment is fed to VHF

recovery antenna. No. i, which is deployed automatically when the main

chutes are deployed.

GF]£ V HE Survival ]3eacon/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,

t-a,::a_?

Figure Z. 8-ZZ shows the three major parts of the unit, the trans.-

mitrer-receiver assembly, the battery pack assembly, and the quarter wave
antenna.

The receiver-transmitter assembly and b_tttery pack assembly mate to .

form a water-tight unit measuring 8 by 4-1/2 by 3 inches. The antenna is
an _l-.!/2-ipch-long tapered fle_ble steel tape, terminated in a coaxial RF

connector, and is normally stored in a retaining spool and clip on top of i:he
radio 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 damage

while operating due to accidental shorting of the antenna or subme_;gence of

the unit in salt water. "In the beacon mode, the transmitter operates

unattended, for periods up to 24 hours, to transmit an interrupted i000-cps
tone, amplitude modulated g5 percent on the 243-me RF carrier. In the
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Figure Z.8-22. Survival Beacon/Transceiver >_adio

voice mode, the radio provides two-way AM voice communication through

use of an integral speaker-microphone and PUSII-TO-TALI( switch.

Antenna Equipment Oro_]p. ['7!':

i

The antenna equiprnen_ group contains all of tl_e S/C antennas and ',

ancillary equipment used in the T/G system. (See figures 2.8-Z3 and L>._

z, 8-24. )

VHF/Z- KMC Omni- _._ntenna Equipn_erlt.

The VHF/Z-t<me omni-antennas artd corresponding anc_l].ary equipment

consists of two VHF/Z--krnc SCIN antennag, a VHF multiplexer, a V}-IF

antenna switch, a Z-l<mc antenna switch, and the necessary signal and con--

tro! circuits. The function of this equipment is to provide capabilities for

radiation and pickup of IiF signals in the V}IF and S.-band_spectrums. The

VHF portiod_ of this equipment is used in conjunction with the up-data link

(UDL) receiver, the VI-IF/FM transmitter, and the V}IF/AM tran_mitier-

receiver on two frequencies. The Z-kmc portion of this eqmpment is used

with the USI_E.

The VHF mul.tiplexer is a passive, six-channel, filtering device which

enables six items of VlffF transmitting or receiving equipP_)ent to uti].ize one

VHF antenna simultaneously, The six channel fi]ters are composed of two

or three-tuned cavities, each of which function as bandpass filters_ No

power is required by the device and there are no external contro]s.

Mission
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The VHF/Z-kmc SGIN antennas are dual-purpose antennas with approxi-

mately hemispherical radiation patterns. Figures Z.8-Z5 and Z.8-26 show

the propagation patterns of ti_e VHF-UHF 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 independc-.ntly and is used for S-band frequencies.

There are two VHF/g-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 sC!N antenr:a; the other is ]oca_ed near the -Z axis and is called the

-Z or upper SCIN antenna. Because of their approximate hemispherical

radiation patterns, fully omnidirectional capabilities can be obtained only by
switching, from one anter-na to the other. This is accon__plished with the VIIF

ANTEN_,_}k remote control switch on MDC--20 for VHF communications, pr

with the S--t3AND AN'£_ENNA. remcte control switch, also on ]vI.DC-20, for

S- band co_-nm.unications.

/

+Y

-Z SURVIVING ANTENNA

I \
I \

"/ I

I

+Z

_Z NONSURVIVING ANIENNA

-Z

SURVIVING

ANTENNA

-Z ANIEidNA USED WHEN VEHICLE/

MSFN LINE OF 5iGHYIS IN-Z

HEMISPHERE, +Z ANTENNA USED

WHEN VEHICLE/MSFN lINE OF SIGHI'

tS IN +Z 14EIv'_ISPHERE; D(CEPT

_Aq4EN'LiNE OF SIGHT iS _ITHIN

45 DEGREES OF +X AXIS; [HEN USE
CI'-"OPPO..,,K ANTENNA. o-......

CD-272 i _ '_

Figurc 2.,.8-Z5. Antenna Switching Kegior, s, V:[-Ii:_--UHF
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J

•iX

:J

:I

i

]

U

U

D

w

' Z

SURVIVING

.IANTENN A

"),..8.3..i.g

+Z

NONSURVIV!NG /

AN_NNAI_//_

Antenna Switching Regions, S-Band

::D.o27].i+ i

+X

Figure g. 8--Z6.

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..

flip Recovery Antenna Equipment

The _ recovery antenna is provided solely for use with the }.IF tr.a.ns-

ceiver to provide for voice communication with recovery forces after touch-

down. It is stowed inside a canister, located in the forward comparh_ent of

the S/C, until deployed by manual, activaM.on of a pyrotechnic device. The

pyrotechnic device is activated by setting the POST LANDING--.ANTENI'$A

DEPLOY switches to their upper positions (A and }3), while the MA.STER.

EVENT SEQ CONT switches (Z) are at PYRO ARM (MDC-Z4) position.

2.8.3.4.3 VHF Recovery Antenna Equipment.

There are two VHF recovery antennas, No. 1 and No. Z, stowed i'h the

forward compartment of the S/C. Each antenna consists of a quarterwave

TELECObIMUi_HCAT!ON SYSTEM
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Z. 8.3.4.4

2.8.3.5

2.8.4

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, MDG-9° VHF

recovery antenna No. 2 is to be used with the VHF/AM transmitter-receiver

equipment, thus it is connected to the VHF antennaswitch, 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 disconnected at the coaxial bracket and reconnected to the

survival trans ceive r.

C-Band Beacon Antenna Equipment.

Thei'e are four, flush-mounted, C-band beacon antennas located

around the perimeter of the S/C near the four S/C axes: +Z, -Z, +Y, and

•-Y. All four antennas are connected, at all times to the C-band transponder

equipment with reception by all four antennas. Circuitry in the C-band

transponde-, - equipment determines which antenna received the strongest

signal and automatically selects that antenn.a fox" transmission of response

pulses.

Electrical Power Distribution.

Electrical power distribution for the voice and data_ and the RF

equipment groups is -shown on sheet I of figure ,?,.8-Z7. instrulnentation

equipment power distrJ.bution is shown on sheet g. Electrical power to

most of the equipment on sheet i is controlled by the T/C switches on

!vIDC--Z0. 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.

PERFORMANCE AND DESIGN ]DATA.

The following chart contains the a-c and d-c power consumption values

for the T/C voice, data, and RF equipment.

E
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!

AUDIO CENTER

EQUI PMENT

PILOT 1

MODULE
...... ,dl._

XM'fR KEYING
CIRCUITS

COMMAND
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I
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BUS A TIMt NG SYS

,:-._,. M N A
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5M-2A-648F

Figure 2.8-27. Telecommunications Power Distribution (Sheet ]. of 2)
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Equipment

T

_._ A-C equipment

SCE

i_i_ PCM T LM equi pment

TV canoe ra

D

DSE

FQR

CTK

_ \'H F / AM transmitter-

receiver

t!i: transceiver

_'ttt"/ l'kl transmitter

.7_25
>'_i M i s s t o n

-----r

.3ua ntity I

t
3

T/C Equipment Power Consumption

Control

PWR switch to VOX,

MDC (13, 23, 26)

SCE PWR switch ON,

MDC 20

PGM control button ON,

MDC 22

PWR switch ON, TV

carnera tland [e

PMP PWR switch ON,

MDC Z0

+ TAPI_2 SW[TCIt ON,

MDC Z0

EMER VOICE sxvitcn

ON, MDC 20

.KM_R KKY ON, MDC 20

RI£ COtEt)/P LAYBACi<

ss_dtch other than OF]:',

MDC Z0

RECORD switch to

RECORD MDC 19

UDL switch to VHF,

MDC ZO

2-CTE control buttons

ON, MDC 2Z

VttF/AM switch to REC,

MI)G 20

VttF/AM switch to T/R,

MDC 20

VHF/AM switch to T/R,

PTT butto_ ON, cobra

cable MODIL' switchto PTTI
I

HF POWER switch ON, I

IMI)C 20

tIF PWR switch ON,

MODK switch to BCN or ]

IAM, MDG 20, cobra cable

PT'F butt.on ON

llF PWK switch ON,

MODE switch to SSB,

PT'I' button on cobra

cable ON

VII}' t:M switch ON,

MI)C 2O

D-_.X_atts I

6.0

go6

Z. 6

3. Z

3.6

0.5

34.0

9.6

El.0

1.5

15.5

61.5

0.6

29.0

,t0.0

1.5

A-C Watts

45. 0

10.5

4.0

6.4

32. 5

15.0

50. 0

Total

D-C WattstA-C Watts--7-7-, ,

45.0

10,5

6,0

.2.6 6.4

2,6 6,4

3,2

3,6

0.5 32.5

34,0 15,0

9,6

21,0

, 1,5

15,5 M

61.5

0.6

29,0

40. 0

1. 5 50.0

"l'I!i L, EGOMM UNJCA FION S v S'FICM
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Equipment

USBE

S-band PA

C- band transpo nde r

VtqF recovery beacon

2-KMC antenna switch

Voice recorder

Quantity

1

e
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S-BAND XPONDf'R

switch to XPONDER

MDG 20

S-BAND XPONDER

switch to XPONDER PWR

AMP, PWR AMP switch

LOW, MDC 20

S-BAND XPONDE R

sv,dtch to XPONDER

PWR AMP, DWR AMP

switch HIGtt

G-BAND PWR switch

1 pulse or 2 pulse,

MDG 20

VHF BCN switch O1'%,

MDC 20

S-BAND XPOND/LR

switch ON S-BAND

svAtch changed,

MDG 20

HF switch and INTER_

GOM switch to TR,

MDG 20; PTT button

ON on cobra cable

3.0

_.0'

3.0

O, 025

__L

A-C Watt_

i3.5

27.4

Fota[

80.0

D-C Watts .\-C Watts

3.0

3.0

75.0 3.0

6.0

15.0

I. 99 .025

13.5

27.4

80.0

75.0

1.99

TELEGOMMUNKGX'FION SSSTEM
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2.8.5 OPERATIONAL LIMITATIONS AND RESTRICTIONS.

:!:_ 2. 8. 5. I 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 tra1_s-.

_j mission and reception, the SCilJ antenna indicated in figure Z.8-Z5 shouldbe 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

; _ii operations, tllis can be accol_]p].ished either KI]anually 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
and aft of the C/M. Pointing either of these null points at the MSg-N station

may cause comFnunications to be interrupted.

FJ The lower (+Z) SCIN antenna will. be burned off during entry. Thus

after entry, the upper (-Z) SCIN antenna or V_HF recovery antenna No. Z

must be utilized for cmr_munications via the VIIF/AM transmitter--receiver.

Z. 8. 5. Z Data Storage Eqvdpment.

i_ li:%i] a. Maximum DSE running tiznes for the. entire reel of tape at the three
.... _ _ ....... 3.v = _-o (LOW-- 170 ._m._:_[tes, 15 ips

operating spee_:s are as _oL,,wo ..... :..... _

ii _ (NORM)- 30 minutes, IZ0 ips (HIGH, for rewind and L]BR PCM dump

i b. Stored HBR and LBR PCIvi data, if intermixedon the.tape, cannot be I':::i:"

dumped within one station pass, due to the different .playback speeds [::

ii] _I_ requ.ired. LBR PCM must be recorded at 3.75 ips and: may be played back :
_:!! at ].5 ips or IZ0 ips; I-IBR PCM must be recorded at 15 ips and played bac_" '-_"..........

at 15 ips.

ili:}_ c. Stored PCM TLM need not be played back in the same direction in

"'_ which it was recorded. Playback in the direction of recording requires

i ii!i rewinding of the tape between recording and dumping.

_::i!! d. "]:']:ere 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.:" if!
:_

g. If tape i.s played back at low speed, the tape will move but there will

_] be no playback data available to the transmitters.

i]::_ TELECOMMUNICATION SYSTEM

:i _ Mission Basic Date ]Z "_.Nov 1966_._Change Date Page 2.8-%7
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2.8.5.3

2.8.5.4

h. If high-bit rate data is played back at high speed, the transmitter

data will be garbled.

i. If on!y a FWD or REV comrnand is given to initiate a rewind, there

will be no tape motion. A mode (preferably PI_AY), must also be selected

before tape will move.

j. Refer to paragraph 2. 8.3. Z. 6 for proper DSE operating functions.

Unified S-Band System.

a. S-band operations will be limited due to the limited number of

!vISFN 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 :_oved from the OFF position, the I_M selection of the

S-band transmitter wi!l be selected, reducing the circuit margins and

disabling the S-band tracking.

c. TV can only be transmitted via the USBE.

d. The secondary Oscillator can only be selected in nor_,al operation

with the RNG-RNG only switcli in the off position and the OSC switch is

SEC.

e. The TAPF, and TV switches are 3-position s'_'ftches with the de-_,n

r-,-_-:_tien no longer performing valid fu,_ct_or_s. The down position of these
switches should not be selected.

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

s imultaneous ly.

g. Refer to paragraph Z. 8.3.2.5 for valid unified S-band equi_4_ent

operational modes and their attendant switching configuration.

Gene ra!.

a. The maximum slant range for reliable VHF-FM TL, h._ communica-

tions should not exceed 1500 nautica._], miles. A!so, the n_axirnu:_n elevation

angle from the earth to the S/C should not be less than 5 degrees.

b. Real-time and recorded PCM TLM cannot be transmitted simulta-

neously. One or the other, however, can be transmitted via the VHF/FM

transmitter and the -c c the samelJoB_, at time, and real-time P(;M ct:;ta n-_ay

be recorded while it is being transmitted.

c. The FQR has a maximum recording time of approximate!y

30 minutes. To maintain sufficient time for all scheduled recordings of

flight qualification analog data, the FQR must be used conservatively.

Lb,
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