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rEEFACE

Thie szupplement report to the Apol:o 10 mizglon pepert an the zgEounices-
tions system perforsence has been prepared for “he Telef/Communlcmt ions
Systems Ivision [TCSD) of AASA"s Mamned Spececraft Center under Comtract
HAE 9-52.91. The information io this document is primarily o diacuszion
of date not mvellebls when the Apolle 10 miseiom report wese pubklished.
The deorument nles ccontieine results of epecial inweetlgatione not provi-—

ous Ly reporied.
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L.0 INTROLAOCTION

“his document @ipplements the nfamatien containsd -n the Apollz 10
rinnlan report. The information cantrRired i this repart was chbtained
and anzlyzed after the Apollo 17 prelimscary rTepstt [A=ferance 1) wae
izzued. Tlie ewalusilan sophasiges the Topar medule comwmniceicns per—
former.ce Jurirg lurer aperations. The cvaluaition wan cotdicied in aceorde
ance with the Crmuricrtians Eyciem Flight Fraluaticn Peogram Flan for
Apolle 10 (Refercnce 23, The discussion sequenco iz basod wpuen Dission
opcurente as Found it tho \pollo 10 Fligkt Plan (Reference %) with
mishian up—date=a. A1l 4timea ir thiz >report are refereticed teo reEnge zuro,
the Integral second before lift-off.  FRange zero fur this mission vas
138:26:L9:00 Gmt. This rerort has been prepared a8 Supplement 11 Lo

the Apollo 10 Mission Feport (K3C=30150]).



ol BUMMARY

terfoimance af whe sommudnioalicns ayatema, {peluding The colmand modale,
Laner medulz, mnd the Mamned Sprrr Flight Netwerk, wis generelly as
cxoented,  The S-bend commnieaticns syatem provided good guslity voloe
bheoeghoat =ess of the mizsicos and 4he versr bigh frequemsy [(VHF) 1lax
poovided gocd valee wishin izs normal mige cepabilitizs.  The perliyr-
mavce of Lhe coomand moduls ang lunar mucule 3=beni updete licks WEE
Aaminel, The perfasmicice: af the resltime wnd playbeck telemetoy
chennels weaz gxcallenl, Exeallest caslity <olar television plosancs
warae raceivad ducizys cvach of the eoxleon tvanomiosaons from dhe cooreand
msdul=. The cocesoved upelnk and Lownalnk S-hang siemar lewels correa-
pondad to predickicns fur epacecruft vperat.isns on the ombidirectional
ad direczional actennas. Covounicaticns Srabang MRoagemsas ipelading

antemne ewitcking we2 genera.ly good.

Twoa=way pheze lock witn *ne compend modale S=band eguiprent was estaklizned
by the Manned Zpace Flight Networx pricr to launch. The staticnz atl
Mavribt Tazan?, Grand Banama “slend, Bermuda Island, Aand JSIE Vansauard
garc28efully mRintAines prnase lock througn orbdital iwesvtion =xceps

Tor sewe:nl momspitary losses dariag ssAzick—-<o-s5tAation nanfizvsva, Shaticn
handsvers webe azremplished with & minimam loss of Jdate.  Prom 20:01:175

toe O2:01:358, the stntizsn ot Merritt Talaad wans trangiog on & growsd
antena s=de loop. Theve wewe a0 drta lozses o woloe lomsze iy cch-
Janzsticr wizh thig s2ig laoe tracking. VHE wolss ospefficne [oom Shis
statlch wore geopmalcy TRysmble oxsopt for ang perind [eco 0201:03% to
COrQR:s0E.  Prem Tiftarf toroagn one mincte, =he YHE pece-wver uzed Tor

thke coomarnd and geemvics module downlite mad a highere sius_ch threzhald
tharn kthe V=F recsiwver ueed efter one minate at the Merritt Zzaland stetlon.
Trisz Lgunch conFigarstion waz 2zed 0 prevent interlference from tae

23,5 Mdz C-I¥5 Lirk e3 in previvas miessizas. Whan the low sguelcsh
throshinld Twoeicer w3 wasl afier one zinute, the rerpiver perfZrmeanss

waz vegradrd Dy inlerference Irom thne 3=LVE link. The etation at Grerd
Iehema lslaezd heo wans VEF communicatizne ewsept fop ore periad froo
Uz dd ae 00 LA00,  Subsecnent ti thess crabklema, Heymuds Taisnd
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BEsguierticn and covermgs was chareztericed By onpld varlations of the
aplink and dowylipk corrier powar lewvelz ernd 8t leent obne perisd of date
dripeut. The rapld varietlon of 4he uplink end downlink sarrier power
levela and the data dropout were ceuaed by <he failure of the crew 4o
awiivh frem cenil antenna B oto omgd entenne D prior fo OC0:30:12, as
recognded in the pre-mlessior pleaning. The reaslbder of the leunck:

rhaea and carth ocblts 1 end ? wese cheventerieed oy pominel nomuticeticns
preformanea.

Tre TUaN3 Mercury, UGEHE madztone, s&nd oewsii tresking stetiona pruvided
cowergge Af the translurar injaetion phee=.  Prizr fs traneluner
injection, tke B=kAnd uplink was nAni=d over ag early as passiole Lrom
Carniaryon to the Mercuzy becauee the Cearma™von commAnd Somputer WBS Los
operaticvnac. The inztmumentatizsc anit uplink was handed zver from zke
Mercury ta the Hedstone a3z eBriy a3 pocesibis. Ear:y headover of Lke
iaetrumantation amit uplink ecparently caassd an operator error on thke
O5HZ Mevcury. The operator ervror requ_ted in the coreand module cplics
»ezmining on peAat the echadeled time, interfering with the acguliaition
Ir the Feaet.ne. The commend modeoie up.ink wae not acpaired by whe
faaislone until the Mercury turmed off upllink ccfalatisn at 635050,
Iring the Zedstone twa—way lock poriod r uudden loss o bhe asamatd
codule dewrlank sigonl occurred.  This discrvepansy samict be resolved
from e Avalleble data. The vpliak eed dcWwnlink wers: repscails=se lor

B bxiel prricd ard then Lot again.  After the audder “ose of signel

by the Redztone, ike Hewei? staticn nade £ naminsr acquizibicn Frlliowed
by nazmal tracking.

Taring cpew Teat perioda ground comomands were wsoed ta awitoh Detwern

B aqd 71 amni antennas. FPriar tz eash of tht erew toat pericds sxcent
tne First, thne command module S=band = gnsl caghinaticn was changed

by switching off the Z-band seige subcarriveoe  Ab poediclad, tois
signal combination change snakied @ecepticn of high Biv rate Lelemetzy
BFproximately 75 peresnt of eack pREsive Lhorme. sontreal revalasion

rt 2lan! ropges up to 206,000 mautlos] miles.
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T camraend medule kRige galin Bnbonoe wRn utalsen) exnomsively durice
Lo Tunias orbot Aactivitiea.  Aluwey Ee high gein antenne slbarsat i

v cuLaition mode wns wkllined durirg the crew wezst periods in lupar
arhit. Thz cerformunce in tnis mode wes excellewt. Telecelroy wnd
vaine detn recorded while the spacesvalt was in lurmar crcul4ation

wieres played hack thrously the high grin BRienhr Juoing esch sevalnticn.
Golid frane synckremavaticn by the telemetry decownuiation systom was
reparha? o sack of The plopoacks of comoard modoele dets.  Gaod ity
voiow wap chtained duviog date atovage equlipecss playbackz at the
reczrded spocds Good woice wez als@c obteired during pleybacks el 37 times
ine vnzowvded sperd Rt A1l 8%-fort aleticns excent Madr-d. A stetiom
configivatlon ckang: (relecation of the (4 kH=z ncRT-dRTROT N oo

filter:l at Madri@ during +the iraneesarth rogst phaAase carrected the 1T

The lwwar mardule 20MOURY CELSGHE &quipmetT Wad poWersd yp Tor =he Tirst
time guring lunar orbdl U, Then & specizl seTies of communicaticona
fhecky wWwere perflormed. Iraricg these checka, good capifdtyr wolce ana
high %it rete telemetry verse receivved while the spacecrafs was opersting
in Lkre prease and freguency madwletion modes: and trensmit-ivg theough

the sieerabls antenna. OGood gualizy low bolw *ate telepes=y, backygp
woloe, and norDal voise weve @aspived throygh the 085—toom antenpa at
Zoldatons whillae the Juner Toduls was ecpereling on an cenidirectionnl
antetita. Jood gualiey high Wiz reve telemetry wes received and recorlad
D gh the Galdstoae 2)0-foct site during the ocomidirectional actenme
cperations. Thne normme S5-pand woice was receiwved at the S%-Foot site
Aduring comid recticnel emtenne utilizaticn because the apacesraft o
Fo_dslupe line-cf-sight waa witkin thre positive gaic region <f the

mbennn.,  Ginece the gein distributicnm of the lanar module oenidirectional




nnzenna is auch theat poaitive grin L2 wvailable only cwer 8 =mall rogion
o” ~he mrtenra oattern., rcecpticn of noreal Toice shoough oo B5=Iaon
gite wnen <he uspececrelt i% in lunar orbit can be expersed anly avaer

B very smell range of spacecoaft-to—ground ataticn lcok angles. Twring
~he ¢heck of the S5-band baclip upvaice mode in cenjuneticm with “he
bartop du.mvalce mode, the Capayle Comminicator received hiz own trems-
misusiote delayad by the two-way trancmit time betweet the Mizcion
Central Conter and tha spacacratt. Thiz retranemizgicrh will oecur when

Erckup dpvoice is uweed and the luper module trersmitier is koyed,

h time hiatnry 2f the ne=ips_ received uplink and dowt:link cazzisr powerT
levele, the utilization of the opnidircasional ahnd Acesranlsa TsaARs,

il The Nartal and Dacup dowrdalce for trecking siastian caverngs of
lunax Exdule rovelutions 4 and 1¥ through LS wre pregopted in Piguve L.

A5 snown I this figure, approxiastely A 4B wziatioos of recelysd up-
link and downlick cdrziers poWar were noted durzing &TeerAn] e antenna
operatisn 9n revelation 12 Getween 35:4L21d and 98133136, Feag-to-perk
vuriationg 9f 2 db were notod batwesn 99:02:00 and 99107158, ot wuich

timz tho algmal was loet whon the antenna rosched L[4 @imbal limits

as the sparceraft was Being pRAMIvercd t0 a4 platlfarmm aligament attitud=,
The & 4R pask-ta-podd vazia%ion in the recelved chrrieT power levels

a~e rct commensi-ete with prover eutotTack.  Betwesn 98:41:14 and 98:%55:00,
the lire=mcf-eignt was withith 3 regicn where rmualtipath off the lunaw module
ard Junar module blockage of the enienna field =f wew caused the varie-
tizrs B3 ehown in Figuoe L0. At 9934197, <he lunar mefals pilst switched
frem the ateerstle sntenna to &n ornidirecticnel forenhi. Thie awitening
memettarily interrupted uplink phass lock.  The tmpsientas withir the
luvar module irercsceiver which resulted fmom the sudden lees-cf-lock
cauzed the tivansceiver 4o reacquite lock on an uplink auncarrier in place
al the carvler. The Madrid station perssmanel wecognizol the false lock

anl reacquiped wvalid two-way leck at 9937056,
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The only significent czoonications difficulty invelvicg the :uomanl

and grrvizt mtduie ecenrrod curing wnar revelution 17, Downlink

woice fronm the commeand moduio pllct wee not received at the Mizaion
Lentevol Cebbor until appruximately 143 miruzes after acquismition

of eignal by Goldstone. This problea hes been 1dentificd o5 Lowoupers
configureaiion et the aite and at Goddard Space Flighi Cenwrs.  doldeion:
selacted the wrong signel dets demsdulaeting system for zemeting,

caasiog the luser module viize to %e received From notk Jcldstone and
Med=id. HRoceipy of lurar pedule voice from Two =cusces ceEuasd =x:hcs

te bue generrted, and Goddard Speces Flight Center woice control removed
the Srldatone tranemit cepability. Madwid was zecqueszed ts rarcte

bzth 2vmmand Daduls woice and lunar modale yajice in order tc rezestablizh
two way woeize oooomndications. To eliminata similar delays in esteblizkicy
voice commanicaticna In the fature, reparting procedarss for backoup

staticta were rewvised,

Betvenn aogkisiticn of signel from ths lunar modale du-icg cewslution

13 a% 10076120 and initiation of tho phasing mancurer, stcerablw
AYTErmG AUtotyRck was et ralatsined, and Lhe Zunar madule pilor hed

to aelect the bheat capldirvectiona antenna, S2l2ztion of Zke ocmna-
directional enenria regated receipt 2f the high bit rate Selemetry

and dzgraded the downlink voize guality. A9 shown in Figure 2, <he
receivad downlink carrier power st edquisition-af=ocignal wes sonoicient
witn correct pointieg of the lumar edule atearable anteren.  Zowever,
rpartly slfter acouisitiom, & slow dccky in rooelvod GAcricr powcs SeeEeds
Thia decay contimued wntil the reccivers at Geldstone anc Mad-zid last
thase lack at 200:£2:4D. As shusm in Figures 2 apd 3, the flight Jaia
cerreapard with gast-missicr predictions .with thr actonna venzimng in

g fixed positico relatiwve to the lunur madele inziead of antatracs_ng
ke uplitk =ignel. The rroblem was probghly gsused by ar imzespser
awiteh configureticn ar & mechanizfl prokiez,. Do steerabla arnternry wWng
reacquired prior tc the fRzzing meneuver arnd the steerable pntatro ;Erfﬂrm-

gn-p WAE noxinal th—oughout the remaindes af the lukar madale activitieoes.
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The ctieralle watewma mecmeal mods was zelecied onl] —he anienns polntad
tc the cartk for the ascent propu.uion system bom to fuel degletion.
Except Ioy a momeniary loss ol iwad=way lock s> command &87d aarvi::

wodule and lunaTr madule aeparation, thia teckiique enablod contirmonls

rvacking of the ascent stargs tT0 wepPoiximately 177 hours.




.0 TEDATLEN AMALYSTS

.2 leukeh

Twgaway Phase Lock wita the coooend mocdule S-band cguipmens was esbailished
oy =ne Manned Space Flignt Betwork prlar to laurck. The stasioce a-
Mer:itt [elamd, Granmd Bahame Ielend, S<oude Ielard, end CEREE vargueced
sugeersfully maintsined phase logk thraugh orbital inserticr excent

foy geversal momeniary lcgaers.  Btakion handsvere were Anooeplighed

vith o minimui lose of data, Stageering of the fnstramentetion unii and
carcend MeAle handever Limen: instead of hacdieg vver Doth rchdcluos

il lhe o Lime heipad ioprowe the continudty of the Recdoewers.  Iin
adiitivn o bricl dete lostws during kandovers, deta losses cecurred
during iracking coverage from the urified S5-pand =tations et Mezritt
leland end Grand Beheme Islanid.

Figuire 4 iz & plet of the uplink end dewnlins meceived currier powers
Suring tho sovuraes at the Merritt lsiand ateticn. &3 shewn in FPigare 4,
the goound artomnd slewsd from ke anlenne ==’ lube tresck znto the
artepne fizew side loke toack el mppouximately DO01z195, end receinsi
o the xide Tobe Unkil GOUCYIZE,  The wnified 4Y-"Brd received carrisc
Tower level associated with thls =zide leks tracking doopped 20 45 t:
-390 dBm. A loss of phase madulation dewrlink wcourped ol ke 3-10/5-I1
ategr sepAvaTlon, Neaeiulstflan wes doofoctud nmed addibicowl Zisass
cecuyeed during she interstaee and laupchk escnpe —ower JoStosine Subi-
Eeion® ©o that, the ztetlm rcesctuived Jdowtliok leck and comlinaes 1o
trock with cxeellend telezctry on ke phase noduletion dowalink umsit
appraximaiely G:0AE10,

For launck, B fregquersy muodulation receiver was conlisired ts raceive
the normal copmatd module phase modnletiorn dowsliaok amd tz demniuZate
she puloe code modulnzed dats. This test was periommed o detuimios
if mlse code podulatizt data Zosses duc Lo legs of B-bpavd phaee _ocox
dvring the launsh pnese conld be mInimized, Alss snows in Figure -
ame telemetry oepfarcerce comparlscns ol aulse csde Zoduletion data

11
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»om ke phgu ednipticvn rageiver axd pular ende ocdnlatlon dute feom
ke Ceeguenny sedulabien mesolver. Apprcrimately GO rercent ore

detn were oztrined Iuring the Fariod ketweer Q0200500 ard 033330
Srom o Trequeney mcdulrficn mceiver thar from the phass —zdulaticn
recediver ddzing Lhe denyasul periad. g5 skewn on Figure 4, thoreo was

a higher oit error rate frow the fmouency madalation reseiver data

thar: from the phase oeduletisn wecejver dazg Jurite thiz periad.

In lebormtiry teating. the Trejquenry madalatior renciver scacked thees-
held et B Zewzl {4 B co & AR depucding sm tke signal coubination)
kizke» tkar the phese modielezion ceceiver. This differenve in bbkreskold
.

ieve> ran Be cbeevved in Plgive 4 durinog the time ericd betwesc D007
and 003G 00,

Fremissiun predicted recrived carrier prwer lewels foom Gomnaniceiions
aysiems Perfovmatce and Dovemsgs AwRZvs:s [ac hpulla 10 {rvivrtnce 4]
aad actasl rveceived rrvriep powsr levels dorinm Yeie Morrits Talucd
COVErEgs SompAre muck more fAvsrably on the Apalls 1S missiosn thn aoy

2T the previgae Saturn ¥V Zeunchee. This ie due to the look angleas; e ng
mape favopable duriog *hin laanch treap in svevicuz leaasches | Spacecralt
Opevat.enal Tesfeotory for Migrisn G, zeference G, Too effests of Zlow
attervanwicr and boosnter akadewive on ccmminicrticorns performance sopeered

te 2a less Aaring thia mizzien thor trevicuz mizZEicns.

A% o0 provlows DisSilomg. trackisng deza daring che IZirst one mirute of
laansh wope dograded cecmise the a2levaticn engisse 323 mat excesd <he
agabklae & depses elevation fer the firat 20 22zonds, or 270 degress duricy

thi Tacst omae nimate.

With thye nxoeptionzs of uplink or <ownlink loosey al oesly wenLioned, Toe
E-bkpad werow was of good sueizly &g good wnfellagthility throaghet
the “auneck cowerage.  VHF wolee aperiions at Mecritt IsTand wore
gererally Crvorebla with Zhe pucepticn of one pericd Froz 003000 to

D097 108 wher VEF valce commiications recelved abt Tke stnbilizn were nalay.
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U Al 000 ME H=IWR duwnlick caased cotsrfaereonne « . Lh the 20700
B 1M dewnlink at oloes vange Lsireng oipral loveln) boonenvicus idc-
ey e diflerent 79907 Min weceivers weres wned abk ke Merrdiit lolund
slativg daring the laansh phaze. [uring <he fivat migude of the liurch
prewaey A high aquelch theesnald receiver wos used to receive “he 25,7
Mo OOM dswrl ink, climinnling the interfercrce probles. A QGG 00
leecsoage ol wondmenine signal levels due 2o the iperensice rﬂtgP]. Fl
Tiwe o soneleh =hrealisld wgaviwes wis uged. The perlorgnpce o A Low
:'.l.'l_l.'.:'-'|-:‘.';'| threshield recelver was rj:;gr_':'llieﬂ i!'!-:-.' the F=03E dowrlrk ontit

anperaimntely 202050040,

Thke etet:on at Grard Behase Z;lapd mainiained VHP rromarkicationz during
the lavnaeis pnoas sxcept between 000200 and CorDh i, Maksonaent 1o
Lki: prealem, Bermude segualzition and coweregn wag churacberlized hy
rapid werislicoe oF *he apling and dewnlick currier power Lewols ool ad
Teast one pecied of dsts dropoal,. The pupid earciatlorn and the data
Aropoat wome calasl By The failure of ke ceew e switeh fromooond 2 fa
wmid D opslar ta OMTETR. The swikoning woso aohelplel gep CO0G:TT.
The veor.ndayr of ke lmarch nhrre mad savth erbice ! ard 7 worse cherno-

tervized oy vominel commard mednle commanicaticws performance.

.7 Trmmelun:sT lnjectios

TEm o MeTouTy, VRN Bedudcre, wand Sawaii claticns provided cosoroure
of fhw ‘menalsnar iniecticn pkase.  dTior Lo tmanslimar injectico, wp—
1ink wnu hapsad wwor enrly Snop Carpazvon o Lo Mersnzy heddtse the
Capvrary:: cozmitol comslter was el operntioral.  The Loutmopoetatop
welit o uel onx wne Randed cwvar [Froc the Mereiley o the Jedotepe early o
gy commend modile vl diracracentation waid colial bandover. The
voesard zoadale cplink war toc Do hendied owver at DF:3A: 0. Tacly kacsdever
ko Coatraaeniaticn wrlit Jpling cnised 2o operator ervoe oy che
Jevourve station peracrrel.  The Merolry command medule crlins vemaidsisd
~h gant e soheduled Randsver time, interfericg wits the acquisitinr

B the Bodztoee of che vorrand moduale upnlink,  The commend moedale an’ ick
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waz ot aocairad by thee Redstone unkil the Murcury biirnec off wolicsk

mocu-atlon at O S5 s,

Dniring the Redetone wo-way lock Fn‘;-ﬂ]_-.;ﬂ., a suudden lags ~f the command
Codule dowmlick o lennl occaryed st Q2:37:36. After the initial gudden
lces of tke sigoel, inlermittert two-wey lock oocarred for the duralion
af the Aedatopr paas. This diserepedey 1s covesolved. Howewer, since
A phefe modulated downliog sigmel was prosont in the interoediate Zue-
quency stage of the phase modiletion receliver, a churge in voerfigurndion
wr mtalicn operatoT sTTor are suspRcted ne the cmaee of k.2 wbmiph dats
droapsat.  Alma, the passibflity af a receiver fRilure hne rod been zuled

[ATEN A
The Heweii =tetion succesifully accaired the ccomerd module wt appooxi-
metaly 2Z:34:00, oo cand D, C.mwmunicaticnz prrforoacce durieg the fawaii

cavarage wias gooil.

7.3 Toslugar Coast

Curmand medalye S-bard comimunicetizns wers genersally gond dueing travs-
Tanpy caszt. The oolor teleyinice trRcemizsicrs from the 2pacecralt

Paping traneligar ocast wepe of excellent gqualitr.
& q dh

A high mein antemn acte re-agguicition test wes cenductod from 2Hr MIrRD
o 23Ty, The Madzid atation soiively 4racked during Laiz test, The
parpuse af the Lesl waer to poevide flight data concezning tne nign meivn

anlenns cperetion duzing t=wmzlursr e0d transearth ocoazt zleep perliads.

For thiz test, the spacecralt attitude was pesitioned oo fhnt the aigh gin
anterns would treank imto the scen limitz., 0fier o lags of zignsly DT Lue
anterne dwives ints the scen 1imis, the antenm will wo Lo preset anglos
and will antecatizally eeasqairs and tveslk the splink signsl when Lee
soeaee eIt dcgairzes sienel lowels above thresnold walazs.  Ioringg Lhiz test,

1he upling transriltod pawes frae Pedeid wes zediced foom 1D iluwatts

LR



L0 il wasrsn f-14 AR).  Thv untmues aperated as cxprozed throughout
e aeata wreperuizsizicn skeck. When praperly used, omol switehiog
pravides mare caotiowcus ceveraggty Thepefore, caniousn whs deomad atre
Fonribkle for tne zlsep cyeles, Umnl cpereticn was perfuztwed for the

srarntipar apd teeisearth coasl 21eed shrose comrrieationz.

Sunmwiicesians duricg passive tkemml coplzal pertiods were gererally
good s bowsver, In sevezal irstandes coMmbmicAdlion deze wexe loss
heconzse of Zate cormends heing Sransfitted.  As an ermEmgple, fTom
ATy Lo 26:02:40, all date from Joldstone weoe Loal when groasd
cant:ol failed o ewiteh omni aktermRa Before reaching oplink command
thresaz1d (abous -110 4Zc deperding apon communicetions combicmzic) -

Az B reaul-, Goldetona lost upnlick mand downlinkg S-band lock.

Iaring ths Ruto re-scyuieitior —eat when epacecralt o =arcik lice of
gight wae blocked, detr w=ra recorded or the dats storvage eguipment a=nd
then piay=d oeck. Etaticn analysia of the darp telemetry crte identilied
T Mit arrzre. At approxicstely 14%:00:4¥), ths eracecrafi dumped

Rl Zata gTurdge eqwipe=nt data o stafticns 8t Madrid and Goldstlore.
Stnt o poalyeiz of Lhe dounp telemotroy data again identified zyme bas
vrracs, Pumiher acelys.s af the it ercoros indicated thes the eoros

a5 betng lodoedueed witbin the spaccorafl dala sborage escipment.

Ihiving passivr “herrmal contral, Zhe eoocenrAln rolled at pbooy 205
vpuCc_ationg Ter tour with noeinal swiztobing between cpoosnte anod
anterrar ceoavring every 12 e XY minctes. 4t abort 00050, thre Ziwn-
lick reEcoival pewvier power wvaried fwom shout -127 dBm {maxicani Lo

-1%% dF (efnirsn) wkile the aplink varied From apprexizately —94 o
Caaxitam; Lo oabanl <105 (R imini—am) at thke omni antenta switehing
prints. Thene waluern correloted ta poedicled waloes withic 7 A5 [or

Zigral cozhamrstzons £.00 and CL15

-
.




.4 Lanay Cperatinms

£, 4.1 Iuner Orchil £

Lussar modiale communicationa checks were perfommed diaring Lamer arbli £,
Th= lunar module checks perfrrmsed Lnzloded nn omni O-band voice and
telametry check, a steemable antennn vaice ood telemewzy check, and

R baclmp waice check, These were mll suscessil, Dariag thesze shecks,
gnnd quelity voice and high 2it rete telezetsy were received while the
apacecraft wea arerpting ip the phane and [requency modulation modaz
apd tranamitting through the sleecable antomna.  Good qualliy low bit
ute telewetry, Bockur wolss, anc cermel woico werc recalyed thraugh
e A5-foot anternne at Goldstone while the lunsr module wes aperating
opn on o omnidieecticeel actennsas  Good quelibty hleh bil ot Saoelemstmy
was recalyed and recrcded at the Goldstene Tl0-T201 site duzing the
amnidirectional anterna opecat Lons,

The nermel S-taad weice way poscived ot the 3%-Tnnt gite during amal-
firentlonal abtetnn utilization hecause the eproscralt to Goldstons
_ine-cf-pight waa witkir, the pomitive gain region of the antenna.

Since the gmin dizsiritczisr of the lunar medule somidireotional antemons
ia suck that poeitive geirn is evailsable oply veer s ousnll cegenn af Tne
ecterme pattern, rscepticn of memal voloo therwgh mn 85-fazt sife when
~re ppacecraft Za in luner crbit can be expected only cvsr m vary zzall

remg= of zpEcecraft to ground gtatizn tock angles.

Jaring the ckeck cof the S=berd Tacku) upvilce mode In conjunckion with
the backurp downwolicos mode, the Sanaalo Qarmmibhicaior recolwrad kg ~an
trensnizeicone decsyes By Lhe twe-wny tracomizsion Zime Batwzer the
Mizszion Cantrcl Center and ke spacecraft. This vetracsmizzisc will
accur when backup uwpveise Ls cned maed ths Tonar smodule macsmities s

“ayed.
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Tl Zumsr weringle voice resay check. the comgard -eedels voice celay chesi.
sz Lhiee Maoomed Spocas Flisht Hetw vics ra T, at gdempb
Lhae Maguted 3 Flighr Hetwcrk veles relay vlwes weTe 110l sliang

.

An v Lack i time.

Firleoe &oiE & plal of the Goldeacorne trecking dazing Lunar wrhit 4 and
Crwaeren ey tooe period ower which some of ke detniled romanicatlcond
shgnks were perfommed.  Although the plot ol cplirk rod dowalick zigoal

w0 orkashis wen with recpscs to the 95-[ozt prime Bazenne mite, the
to-lemessy e shown indizated Dok prime Biie {E0-Foos mnterral and Mao:
gize [(PlO-Foct antenna) telemes-y porlcrmance, A majority of the pas:
WwER Tanuctod on omiz entonnes because the hish g=in antemns Lok anglou
weTe niol Tavorable,  The caplers fzd downlick redelvad oyrrivr powe?™cd
ceppresd wistk cpedicted powers for omel osantenna giinzg befwesn =% snd 4340,
Slespnble anteran criciurl catlons ehecks wers perfacmed coring tals osbit.
Angalaition agd trackicg of thg stccrpble antomna was sillslaetory.  Duv-
ng thiz pericd, the 1,039 MH7 subfarrcier powor Lovel wus belosw Bhreshold
For sanipteining wolid polse code medelaticn desstatatar Dook. A shown
e Famare Gy ke lownlick reonived caroicr sower Wan spproripalely <132
A5G~ nt the 80=To .t anterra while opepatipg o the stzapabkle artanns.
Banira me 5 42 ppevwesent [ooors, the peecive:? cacpfteyr powor &1 fhe 210-0Dnod
artenns wauld have Seen appeskimetely =44 4300 The bit erDin ot pooe-

-

cigzad witrn thir period of cperetiopn Tor the PLO=fact antenna dats wes
approyizet=ly T.H A 13'3. This hign mid epeer wan crased by the besabes
yoice —aivizticn (hackmn desmwaics) afferzirg the high bit pete telemetr

TR T
Wl il

Tiukirn i le & taptial poat af Goldclene statinng sovesyee [or Daees 0Bt 4y
weing M-Toxon andewna pecoivwed oorviar pewers. kos plot depootn thw Junss
mcdile ooni sntzoans performanca Just prier Lo oawitohing o bhe shteapabls
antorna. Tnd oplot aloc irdicutor the telemetvy thieechold pepfoocomnnn fae
the Takare mrdla wigh M eazo <nde wiile utiliticg ke ool oaczerrna oo

thne Slo=Teat evterpna 1-ic.
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L.4,7  lumar Orbit 10

cigure 7 is & plot of tne uplink and dcwnl.ak received crRrrier powers
daring ¥adrzd lupar orbit 10 coverags, TnltiaRl acguiziticon was pers=
ey cn tho amnl antenansf.  The zkeerablu antonns ther wesz selrcfed,
“ha vand antenns was apgain sclecked privs ke lunsc moeluesicr. The
received cETrier powers agreed with premizsicn prediched powerz. Thee
-

avdden chenge in dvwnlink rzceived carrier power a: shown in Figuse 7§

was cAaaesd oy “ape recorder ircompetibility.

Tv4,:% Lunar Orbit 11

Yigure 2 is 4 plot of the perlovmencs during <he Medrid coverage of
upnr orbit T, The maoeived cprvier powers generplly agresd witn The
aepdanted oRerier powars.  The ftrue downlink veceived caywisr power is
chowry o this plet ag -164 o -135 43m, The suddien changes in downlink
ceoeived carcier nower &8 Bnow im Figuvre 8 was caused by lape recorder

iccowpetibilicy.

i.4.4 Tuawaw Ovki= 12

Figure o is a plat of the uplisk and downlink cAcrier powers duriog he
Yadrid Tupar crbit 12 coverage. As ehowr 1n the plat, duplog the ficst
portiay of *he pass, & Muctestior of aprroximately & AB v pewsr 1o Beth

‘he uplink ard dewmink acewveed,

Tke trajectory med ettitode of the lurar Zodule were such that the
stee=lile antorra tracksas theawgh ke regiaon whare thne antenna oeam was
pertially hlocked oy the spacecrels., The trackiIng angles at the time

werg sueen that multiseth sfgnels ie ootk the aplink end downlinke vresvl ted
in a Aegrrdaticn of *he uplink and downlirk reeeived cavwizy power (Lnolls
Communiantians, CEM High Gein Antennafiﬂ fteerakle fnterne Look Angie

Comrapnions, vafevance &)
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Degendrtion of the aitamatin tracging perfamance alsa acourrss, An
showts it Figare 10, <he enteme Iock angles ducay Lunoare oeblt 1
eniaved the region where multiprth and paclias blackages 0 the arborra
main beare aocurrad.

AS shewn o Figure 9, o0 abrupt loes of Bignal coourrss ab sppiuxizetzly
G5:0337),.  Thas luss wes due Lo the etesrable antzana reaching its
rueskanicn]l gimble ligits. Feiluve to melect the proper coni antonna
rezulted it & cooplete loss of dets wntil the Danar mzdules maneuavs end

=+ an attitunde which woald permit vwepcquisi<icr of the ziserebia snluorow,
Tke ztreweble antertA corrzntly suntoivacked wkile it wa=E in aEe untll
reselactian of the omni artenrnas Zazt peior to lukar ccoelusicn.  The
shapt Arar In 2ignal lewsl dae £ the sntennzs swiltching ut anoroxi-
el 333500 vreaulted in a g2pacecwaft teswnoeiver false loclkt conditicon
{Ser Figire 9). Juzt pedow to leme of signal at 99:3C:00, the Madoid
stulicn pereontel recogmized the falee Zock ani sucsezzfully reacjuized

g1:10d Hwomway S=nand Inck.

Frizr tc theeps problems the saslity aed intelligbZZity of tha 3-kaad
vuios waa gccd.  Woice gquelity did improwe wher recsive® Frem the Laspre
cedule atgsreb’s samterwa. Juet prior <o logsz of signe’, the wolisa
received et the groand z-eticn wae coly fair and resdaile.  Howaever,

the uae of the ooni antenna ard backup woice mode aezvunt For thie chacaos.

The ctly zigomilicant discrepancy iewzlving the command aod sorvice mod:iilc
duritg lunas orhi* ceoratiors was the failare of Lne Goldslone site o
pronerly remate codmaed module downraice Lo the ¥ission Cuntzol Gopters,
Av oerroneons patekieg configiration ut ihe site cmased lunss medinle waion
to he Femotoed f2om Seldetore, Zince Lhe Modeid stotion was ooty
repating lunar module voipe, the Golistlons woice remnting capabi ity was
inhitited a7 the Gaddawd Hpuce FPlight Center. Thepefnrea, at 3303800,
whian Golds=sere inttlated correct! vuzm-an! ~adile wortnn renTIT, the wnos
wen rot ceeelved in the Mizsion Tonsesl Center die Zo the iwlikbiz. A=
G370, the Madrid ziie comoled oemmuesl oodale voice o ke sizEclcon

1 Jenter becauee nu aovpinnd mcinle sreice cowld be obtained from the

SJoldatonae =ite, an

-
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3.4.F Lunsr Crkit LT

Pigure 11 is a plet of thuy uplink and deowrlink carrier puebrs

during Goldstece lunos wchbit L3 coverace. Bewween wonuileitisn of

sigonl froo the lurar Sedule at 23080 and initiation of tha chasiag
ancuwe t, sTeesable apmerra antomrack was o0l maaorad aed, oand the

Turazr modale piles ked —o select the boet coridiocesiore]l antonnn. o
fmilare 4% attolrack the uplirk Jas determined Ly comparing Lhe cuceived
carrier phower with Lne predictled cayrier pawer if the sntenna kol e
meined ir & fixed vcaltion reletive -0 the _unar mzdiule gtricture. The
ragul te showed that the entanne remoansd wn s [fxed positior. Figuse 7
18 A dezailed plot of the downlink meseived apcrior prwns eoluasive To
mitonnk pitck med wyaw anglee for Lhe Xadrid flaticn.  Faguee 3 15 n
dote1led plow of ther dowrlirk recwived carr.ers powst pelolive B0 Boennn
oltch and yew engles for the Golietcze atalicr. These plels show <he
anvernh Fatiermns for tne X and Y axds of bie steerakle acteone Thas

were tmed in caneladiag that the steerakle antznna rzzained in o Faxed
prpition relative to the zpaceoraft betweer arquisz’ilurn of =ignal at
TO0:PE 00 mnd 100e40:00. The skeersbio grlecng feliurs t: suatctrack wao
soEsibiy caused byi: (1) the alcorable acteine "Slaw=Cif—fuinn" switen
cosld nave peen left in the "glaw® Ebcttum) puaiticn, (2] tke swikck
cowld hawve been placcd in the "OFF" {middle] posttion, {5] the Antere

cqulprent cighl newe {oilcd,  llewevers the =t Tikels ocodgr i dTpzomme:s

p—

Ewiteh wonsbion f 7slam: TI, IM DeThr Auuk, relexonce V), The sterzuile
antelne was resoouipud Brioc 10 the thRsing nareuver mred che steeranle
anteing porfestencs was aominnl thooaghaus ke vemoinder of The Zumac

madale actiwvities,

2o 1005763551 o 133:47:47, nommal Aownvaloe mode with she steersblls
antanne allowed poed voiss intel LigibiTity and Jair <o good woice
anRlity,  Ar 100:41:47, while the cunl antsnna was ssleciad, the backup
dawnvoioe mode wos @elected.  This made: praviied wiize thet was wazk,

but Iptelligible. The poor guality ol Lhe conwup voizs fusing shos

o
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periodf hee heen atzviboied o n corfigucation arrov &L Lhe Quldsbong
sgratiin,  Fogl messien dete odicated thal dhe site: Tt =2otually o=
metad bolh nerral snd baceup vajee sinudbunconsly to ths Miznicn
Zertrel Tentur,  Pust missian testing at Goldstone sonfiemed Shet e
configeration of this simellansaus semosicgs wewld posdlie Rhae el s
88 rcotRined during this porciod. Wrhen the steecable snlurra woo agdje
vaed from LOO:RE:00 to 100:24:20, thizs mode smin powvwidod @mood ety

woloe,

Frgupe 17 I an exparded part of the early poriion o the Goldstone
tupar orhot 23 coverage during the tiey poriod wonk the siesrable
gl Fpilod o gumoTsrack thie Goldstape uplivke. This figere showa
S0 mrler recolyed carzies prwers and 210-Toos ansemx, welemesry

por o rmEDC e

j.8.6  Laer Ovoip TL

Figure 1% is & plot of the uplink sl desnlink received carrier power
levels daviag Roldatone coverss of Twcer kit 4. loilisl =ccii=i-
tion of +the zpacecvnit wae mede o comi pnteries,  The ocouw Sker
twitened to the zteerebls antenaa with proper <vacking antil

the sntenre eperoached gimbal 1Zmite. The steerable Antenma was swWltohas
affy npd the Cagsule Commurscetor requested that the aft orgpn antomnn

be aelermted, A lass ¢f signel coewsved, and efter approxicataly four

dJinutes withont axquislziot, it sppearod Loas soclher ocni switsh osoureed,

Seanctstion of the mtesarable srienme coecurred wien She attiTdn
imurtred for stversble waotennd cearbtivatisn.  Talep, Lhe @il snlzmma
VRt gelected jusT prior %0 losmg of sigel.  The opeelwed oyrooes
poawcta during thls pass oovlasus dithis 2 (R wi<h kenmrianag
edicted levels. In eifilion, wodre guu ity snd iecelligiblilizy wooe
Wy gEood throagnout the pasts uniii romI anlEnmss woe EREin te-
aelocles et LEFe33:00), llowewer, cven Lhoagh valee conmoicetions
navrformence on the coni auteosm was wet oas goad as op the stesratle

BE-tRA, Lhe volce was tinable,
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oo f Lowir sl 1

Plhmave U4 Le a oploat of 2rAr crbat U5 caversge ty Lhe Goldztane mrasian,
oo roczived aplick aed desmoink S&eelarp pewrrs Foo The lunur

Ciodateo st shewn ie Shes Cipace.  Inttisl necwruiloisn wes accarplished
thrcigely bra omol omntenon. Shortly theraafter, soquigilisn =f Lhe lunar
soduls atesrgols anlennn wos accompfliched successfally.  AITomeiic
tonckdryg wea Taictained antil just poacs bu luner coslusisn. At tast
sime, ke omni oerehenne mode was agmin resel_ackad. Tha Lslemetoy per-
SermAnce was vary wuui baroaskocs the gass as zan ke s2anoin Pigare 14.

sl wodve aunlibky and fotelligitilisy Lhmaghous the pass woers geoeeally

4ol e DpRiTn La

Figrere 13 i @ plet 2 the wplik mnd Sownlink recelvad carriler powels
Zuring Foldstone lusar sorvhit 14 covermaae. Desztivrticn cof the

lizzar madule i Drapriaticn for ke pacent ovepulgacn gystam oot Lo
cepletiorn was performedl Aarvinge This pRse.  nitially the laer modile
was ac.aaired an ke stesvebl- Aapcenrn. A thie BEposuble &#ntenna
EFproacasi The gircel _izitm, whe foswmrd soni RAtsima was selec zed.
L2 tke Time of the gt=zeraole erntenne sprproaching gicbal limite ms

LG E4AAT, the lock angles weve 165 degres {(theta) and -126 dagrees
Vb feeording To these Epgles, the aft carl amtenna sheuld navs
Gaan g aelag Logstea] of the frpwesd opbl anterta.  UDor Aas_ection

ol othe oaf ol oantooaea, the aigaml lavels retummed <o their res-
pIotitve pomLbRZ fENT=R.  The steerable santenma menaal mede wan
selenked and iz antennr eointel ot the emartih fur the wzoernt on-

s leaun wyEtes bumm e Zuel deplziisn, Tme recoivwed zigmel Tewwas
proved wisn prodooled lewe s durang SWals pess, and o ol eTmeTry

Aatn wesp 2 ctzd sumlity. Txoewl Incod gaceltaty Tagy ol tWo-way
oo At oeczzmand and mEavice module mad Zansre Sodule uebnpation,

i sanar oodnle ssrent zlage was trachked] antll anovogimiteiy 22 howes,

oo
M
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3.5 Tramszza=zih Co

The eommnicativns ayaben perfcmence durlhg the transsarth comet was
gatiafpctory. Six color televialon transmiasione were meceivad fruo

tnz spRcecTAlt during thise periad. All wepe of excellent quslity.

Thring this ¢oazst perlod, the etaticn pereonnel ot the Madrid toeckine
stacicn regalved A conllgumtion problac affocting recovery f resnruasd
voace frem commeyd oodule Zmts storege eguiprent dets dumpe. Zhuring
Apelle 4 and 10, Madrié recovery of 3241 dump woice playback frem the
detn zieregm equipment was degraded by ioproper inetalleticon of the
g4-klz filter. Upan relocetics of the Filter, better gquality durp

infurmation was retriaovad,

Thoew oiorend module high grin entenne zeflectivity checks wers cundusiled
fria 167:60:00 o 16H: 15400 to provide flight date conosrning the
capability of <ke entenna 12 track 2wt of the rellectivity zone and
achieve mutotrack with the Marmed Space Flight Network station uplink
tranamitted eigral. [uring the firar two checks, the anterns was
meruelly proeitioned into the reflectivity zome. ‘when the uplink signsl
waz acjuired, the antenna 4id net tmeck from thlz zoce. 0o the thord
checks the antenne did ftrack from the reflectiviiy zope loto praper
+mck. The conclusion of theas checke 1o that when the Righ gairc
antanne i3 in the @eflectiwity zcone, Lt 1ls difficul= to niedetormine
wnather the antenns will track cut cf the veflectivity sone (Effects
af Yehlele Reflectlon o CEM S=band High Gein Antenna Perfoomarce,

reforence B),

for the earwn entry phase, omri entenns © wig selécted. Peslcoaahce belcre
and efter olackcut wae 3 vxpecisd. Tha USHZ liedstone obzemvred lous

of migmal ot 191:49:12. In méditicon, the Apoliy BBnge Lnstoumented
Airoealt 5 Acquired the spacecralt alter blaskcout at 191:8%:40.  Coi-
airiichatlosa after this civersge were with the ree2vory forces in the

eElrohdcwn arer.
]



AFFSHDIN A
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