
“pexpnbex

SOTETTFOVSAOTIBYEppusZupynduoosug.stweysisxeTdmooYsouoy,IEF

fq,pweqreq.zodurpqsomouysduyteg‘uoTyZounsToryWODqUPTTAZo4ywIOZ1ed0%

pat~NberBEEPPUBSOTATTTOUSOu}TepepSuosUTJepTsUoOSSN4STAON

*LOQUSHTOTZUOHoyyOFISUTEM

TET

TUTS

@UTWIOspreyodpzyspueeynupuutpeteTdstpstwREpoy}PUYSOTFTATHON

fqpeqttosepAjTepenbepeares.opyuoMeseyyJOSeTgNpPsuy,*.1ORTUOWsuEys{gG

sTusdeyBPUYLOZ;UOHTSoTPEMALeyPIEAeTTOrWUODeTNEdey©seyOATSYoRT

"SORTS943JOYowe4uquemipibepetrezep43uodnquepuedepsuepopuyoe

pueszseupiueof03ogAteqempxorddeAqpazsoddnsey7syousyesz8T

“TOTGUODWITTESOY}OAVOLOU,“SPTTS7xouOy}UTUMCYSSTWootsuOTZErodo

aysa7ouerBJoamgoTdy‘sseoiduotsstmuopeqepdnqneuorseuydosy

0%puseTnsdeosy}puyNEUOTZSEO4yJOSNAeISOYyUOTeQMeDTOTQUODoy}0%

UOFAUMIOSNTSpTAoud0%seospeTSepATTTUNTITOxOASOqTSoROUDTou

“TPSZSpSLOWUTPOSSNOSTP04TTTASOTIFTFOWToseuy,‘s920q0TA

BupAVPOOSssJOryOIJOSOUTYUTSZteDpure4TqI0oyJOSUOTETPUODOMYBut

~uyureqapJowoToUgdnyowqou}wros.ted03MYSse0eUOMYJOssnEoEG~pNMIog

9BpepTacszdoreSeTATTTOesBuyyndmooTeucTyTPPEUTETTeD“pesnSEATOrWOD

QUBTTsQupmrozrzedwyAqdosottudofseqcumsO47geuyAes0%47eoTZNS4nq

exeypequeserd84TITASTTeeptempsom*.1eqUSDTOxQUODON}yeesON}

0%JBTTUTSaressTosuODsy}puEgnofeTomyQENyUsesoqWROD4x‘EpHMTEg

48wooysuoTaeredooyJOABTATTBIBAOUESAOUSSPTTSIo"ot,“uoTsTosp

q.t0qeweBUTACTTOSTOxyUoOPUEMMDDSeYONSseoue_SUTUTEZTI0UT104NED

TorguoyAmozoyomy04drawBoq0}PeLePTSUOSSBAATZENGUTTersAeuEDye
pesnssoy}sesydeouclsuesSyYRTApeuPTsspseaupnmtegyeatssu,

-t-

LavuadHonoxw



03wagsksuoTsstusiersdfgeTe,oTyeMOYNeweYnomypeTTddnssts.xepexr

omworsATQOOTTPtoteqndmooSTwaywepom“MOTITPPEUT“zo4ndmo

60).WALweYBnompyshetdsypAxoqoofexxzeTTsapraoslsaeper7.00729,

PESOT-SdsOYTOGMOLTVAwPBpHMTETOM,“DONOm)UOTEteqnidimoD91309

PSepTAc.cdsxeYyOUNBTsy}BuyMpanod0YOTYAsIUEASSTOTABAoy}UOUOTZwMOIUT

‘poqousy‘peenoqosTeuessueqetsecon}morsequwet“HOTITDYEUT

*ceqndmooPrSpPODoy}03UY94228zeq¢ndmooO60),HAT9mYnomysueqets

TOpPStOT-SddLOVENZY9MworZseuTTvyWppoods-yFTYyousasoUOPSpTA

~onlSyeqep‘anodeqaogeUe2OTrexwegetseyepSTUHRPIMOYS‘DOWOm}09

ApQ@ezzppertddnsoe‘spremmoosouepyn?uTezse>pure‘seoueysTpePuezunop

‘0803omy,‘opngTzTeseyoussfepistpAsoqoefer,ey}Joowspoeseyndmoo

Preppopsy}0%seuTTwaeppeeds-yiryJosuveuAqpoqyTUsITEr,oewepa7ezr

STS99pSty?premeqgeksurqndinoopueSuryour,syPmorme”--g+pom3fq

PSTTOANOSSTSTTSSTUSeTRYSy],“ANDOYYATTZpeqsogewepreysuoTZOepuE

UOTSToepJoypusLouepunpe.c107pepTaocadereeqepJoseomossTdTyTueseyd

STY}JOSanquuTeoT}TAoomyJoosnwoeg*potseduoTZLesuTTeRTQTOpue

YUNeTSy}ISATZLeprsuossnyeypureoseydqusTToy}uodnquepusdepsn

STsteqndmooesoyy0%peTTédnssteyePYOTUAUTpomVeUou,“AUPTTSom

JoseseulTresoxAmessoosusuoyjeyndmoooy}JoTremzoyzedszsqndmooesoys,

"OD"q“wmo_SuTysenwytequeDWwTTEesedgpreppopoy}qepepTAoadsxeszeqnd

“m0?0601WEIOM],*petyrberereSpTTsStywoUKCYSseBIEJossOmMOSany

‘uoysoTpeadqoudurypu‘expzomjetJoseuryy‘oswmdTeRTQTOayy‘youNETupp

Azoqoefer}uouoTyemoguyeppaoad0%sopsour-Axqueetpure47q20‘youneT

SuypmeBoetSuUOTSTOOPsnoTTeAayyseu04petyrberoreyotynsuegshsFuTynduoo

puesyepDuper,Jossornossnot.teAoysquesendopTTsqxouony,

“Ze



ARTOOTOAOMYUSyAJERYONSsoTeOSqeLeZITonwTTe0TIIOsoTmUhG

WATTAom09poqueserdstOTEoUT“OPMTATePOXTSEPom3B4TQIOaos

porpnbex£4700TAAem07AVTOOTAAquesoadopJoOTIETom‘STgum‘oTAEA

AeyooTeAsnszeaoTPueyyedyyPTTJoyordomysypesnqxeyOqreztodmy

{somsyy,‘souEMAOjzedSTTSsymJowoTPeOTpUTweaAT?osTesoTyTQUenboseyy,

*JJOWMD0}OB-o}-ourP}JOuoTIOUNvseSTISSTUoyBuTPA?stzoyndmoooy}

WTAOFSPMATITYOM‘STQI‘OPNATITSUOTIASSUTSIpHOTTSsTMom07

Teu2ystoutemekomBupyQoTd0%semOATAS‘eMTypesdeTewrey.tevtoqe

S7OTHsumsseepJOom“ANTTTTomJowoTAsodqeatzomDetampLrreyoedse
souemzoSTTSSTHoYJOUOTYOTPUTweSAT?09posnowesoTITyMEMbssous

‘suapesdeyeJouoTIOMyeseUOTyeTETIODepuMAZTOOTOAzeyOUEPoE

SoOURISTPePremMAOPJOMOTIONSBseUOTABTASPsuexssoNDpUEOpNITITE

sqress2dSOTAOm}Joot‘SPTTSqxouom,UTpeTesenlstoseydyouNeT

om}Suppspreyosemese,wopeseTdstpwywpout‘esendq7q20pue

UOTPAOSUTYOUNEToTOFPrVetYRTAUoTIEMLOZUTAmoqQ0eferyQueserdesa

sooom{uoTZOTpeqowdmyquesesd07posnst45STtexomuOprecazoTd

ous*AeTisypsoypesnoresprmcqieTdzmozoypreeTOSUCDB,.c90TIID

sot{ETTspueozTJoMerom.JoemgoTdwSTUOTMASPTTSqxeusy

UTWAYSoePoeasespreomioTsmog-wiosAeTESTDTeaTSTDwrepreoqOTH
YIOGUTTOryWOSsrTJorjeypuesectsoymeukgywETTAoy}07xcoqUED

ToxquEDSy}UypeyteserderesSTATTTOeseseworypeuTEZgoSyepoN,

‘eoeydwere,seyceanswemAxjueer943somo‘osTy‘DoHou)yeSfeTdsTp

SnOFTBAoyeyepdnofsegndmoootwTpesssooad{euOgNepuepazeppon

0%adkysTo?fqperaTmsue.roresoyTssjOuBt94}32UMCYSsuaystscepet

SNOTOtyMOLEBIE“FTqTOUTSTSTHEdESyySOmN*.teRUSDPIEYPODoy

-¢-



*sededcexeT&ut

vosdmony,*otAqTreRepOtomUTPEssNOSTPO¢TTTSTU],“S97Youso7perTddne

STsevereAxascsexAousfuyqOSceTMOTZYITApoywTooSseJOTyeIJo

SOUT?OFPXBIStYITAUOTYEMAOFUTUPERtAD-ceyndmosomymorsedMyeTeyAq

8997SS7oOmeroy09peTTddnssyuoTZTSTNbeesoyLxessaveuuoTywIOsTT‘osTY

JoSourT]ayy‘S94TSS7OUWSToy}WOTPAATESaTSTBIEPsy*JJOINOyespe

UOTSTOSPoy}wodnBuTpuadepyTqA0AxjneerSuTpreBersxeqouTedJoyoUTEqAteD

pusatnsdesey}JoUOTETSOd|YyUOBIwPATFOFOTMTQUODsprBOquOTdSUI,

*pokeTastp24TTTAFTqtOYoweJOpusoy}FeSUPAom}DUEUOTESTM4TO10-90277

TeONBFOPHSSYRFeSzTJONEtJoomyyom‘peyseerStuOTSTOeppoo?weJT

pre‘pateTdstp94TITAworeLxoncoarseTnoTyced©utpueT04pactnberexty

~Ox,01JOSUT}84}‘OPENSTUOTSTOEPODOlBOyAogEueIT‘STENR‘peATHOE

SUOFITPUODJJOINDOY}UTAPOPBTOOSSSSTTJOrJatJOSouyysnopseasy}squoesoud

soqndmoooy}‘ouT}suus9)4V“OUTyOURSON}qeYEPUSUMONETOD-—ON-OD

uysoxem‘preoqqoTdsumsSTyyUOSAUPTTJOsumeYom‘ceyndmoooy

pirepeasTyoew9eqsxwystoqommredTeAT¢10zedoadomyeURouTUIDAEDtreoOY
qoTdStuyworg‘oTSueyedquPtTsJoyoTdpeTFTUSeusy}wosoyEruEOODoy

‘M@TTEJOspuosesCTySeTomySuTImq*AresssoeusmoDeqsuoTZOUNFsuNySss

@TNsdeo1oYreuOT|ASeFOZqlOGeUePTMOYS4tOqeJOSUPAou}.sU~UIOAQeP07wIEP

asomtsean‘uoTITPPEUT‘pue‘ATTsORONISTIESSupmIOsedSTSTTSSTUOMT

4YOMSuTMIDZED0%syMEYOssey}SosAOTIIOSOTABUPTTAOM‘AMPTTI
9}SupIMq*JJOINS2948009JOSUT,Su}YeSpe9qOFNOTSTOSP0D-0iI-OD

queqtodryoy}ACTTS02peTJyuPemLTIwea?stTwosom‘6°09soyDeerOTZEx
oq



~5-

As can be seen from this discussion of information and date require-
“ments, a highly complex commmnications system is required. This systen

mst provide means for transmitting radar date and acquisition information

to end from sites around the world and certain pertinent information on

the status of the astronaut and capsule systems. ‘The entire communications

network to accomplish this task is @ subject of its ow and cannot be

discussed in detail. However, certain aspects of the system are necessary
to the understanding of flight control. ‘Teletype to all sitesis provided
and, in all cases, redundant pads are used because of the desire for high

relisbility nna the high density treffic during certain phases. Voice

communications ere provided to all of the command sites, that is, Bermuda,

Muchee, Australia, Haveli, Cuaymas, New Mexico, and the California site
ani,in addition, Wooers, Australia, and oll other sites in the contin-

ental U.S. Experience today has shown that fairly relisble commnica-

“tions can be maintainedalthough there is a time for serious propagation
problems. Teletypes, of course, has an inherent lag and,on the average,

requires six to ten minutes to transmit a message to any given site and

receive a reply. Voice commmications to all sites would be helpful and

previte fer slaghty qqurekieuh preveteees woh i6 net exnettwel a necees~

ity.

There are many aspects of the Mercury Network which should be consid-

ered, such as construction, selection of sites, instrumentation tests,

countdowns, ete., which should be discussed but cannot be, because of the

limited time. However, it should be emphasized that the network and the

operational planning required should be considered in the design of the

space vehicle. If this is not done, the ground support necessary to the
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mission will be less than desired and, in addition, its completion will

lag the space vehicle and, therefore, tend to pace the program. Another

point which can be considered is the onboard instrumentation. This instru-

accomplishing the test objectives.



In an attempt to give a better understanding of how the control of

the flight is achieved the rest of the paper will deal with the details

of how flight control is performed during the phases of the flight. of

course it mist be recognized that an orbital flight on which these proce-

dures will be exercised has not as yet been accomplished end the informe-

tion to be presented is the result of a mmber of similated flight tests

in which the astronauts and the flight controllers have participated.

However, the Redstone launchesand the Atles suborbitel flights have been

used to demonstrate these techniques end have, so far, with minor changes,

proven to be adequate. In fact, the Redstone flights were planned on the

basis of an orbitel leunch in order to exercise these techniques.

The next slide gives a pictorial presentation of the important leunch

phase and orbitel insertion. Just previous to liftoff the final calcule-

tion checks sre made with the astronaut to assure proper systems functions

end reaffirm that the communications systems are functioning properly.

The final phases of the countdown and the lift-off are transmitted to the

astronaut by the capsule monitor in the Mercury Control Center. As the

lift-off occurs the astronaut confirms that the on-board clock and timing

bering Whe saxty Wines of Hightwajectery intention fren the

renge safety plotboards/by voice to the control center to assure that the

proper trajectory is being followed. ‘The astronaut makes a range safety

commnications report every thirty seconds indicating such quantities es

acceleration, oxygen, and cabin pressure. The ground flight control

monitors ere monitoring the various systems parameters continuously
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during this period. One of the most critical points in the leunch occurs

at shout 50,000 feet or at ebout 70 seconds following at which time the

cabin pressure seals and is maintained at 5-1/2 psi. A coummmications

procedure with the astronaut is used to assure thet if the cabin pressure

and suit pressure were to fail abort action by the astronaut or the

flight director could be taken to prevent an excessive altitude being

reached by the capsule. Continued surveillance is made by the monitors

ani the astronaut is kept informed of the trajectory ani the status of

the flight from both amissile and capsule point of view. fs staging

of the Atles occurs at shout 200,000 feet this event is confirmed by

both the astronaut and the ground controllers ami 20 seconds later con-

firmetion is given by the astroneut that the tower has jettisoned

properly. In all cases the astronaut is prepared to perform manual

backup should it be required. After this period while the booster is

being propelled by the sustainer engine all of the flight control monitors

are making a close analysis of capsule systems performance and astronaut

conditions such that sbout four minutes and 30 seconds a final G0-NO-GO

decision can be made in conjunction with the astronaut. This decision

is a commitment to orbit of the astronaut and capsule systems. Certain

ground rules are formulated and agreed upon many weeks in advance of the

flight upon which this GO-NO-GO decision is made. From this point on

almost complete attention is given to missile performance in the form

of trajectory displays to ascertain that the proper orbital parameters

are achieved, that is, the proper velocity, flight~path angle, and

altitude. The conditions which are achieved are immediately transmitted
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developed for Project Mercury. Such facilities will be a mandatory

requirement for the Apollo program. ‘hese facilities should be considered

during the design phase of the actual vehicle so that ground crewand

astronaut training can begin as soon as possible.

It is realized thet only « cursory look has been given to the Mercury

network and the flight control aspects of the project. Engineers from

the divisions responsible for these aspects of the project are devoting

time to the Apollo program and the Apollo contract is urged to take

advantage of the Mercury experience through these people.


