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. ADDRESS BY
" DR, FLOYB L, momse}.\l
nmEcmR oF LAN%E‘C REsms‘ﬂ CENTER

. *@ATIONAL AERONAI}TICS AND SPACE ABMINISTRATION

AFROSPACE - A CHALLENGE TO RESFARCH AND EDUCATION

‘The staff_of Langley Research Cwnter @f NASA is pleaqe& to have,been

able to‘assist‘the Vlrglnla.Polytechnic Instxtute i the deVelcgment of

this serieg of summer aanferenves ont nace acf1vxt‘es held here at Blaeks»v

bﬁrg under the speasorsbmp and flnancial support of the Natienal Science
Founﬁation; | |

This year's program has given ?eu-é glimpse of the vast amount. f
scientific daté on the sﬁace envirénmént that'ﬁavé been accumulateé*iy
satellites and probes durlng the first 5 years of Lhe gpace program. .
These data and their suhsequent rnflnemwat and exten31en form the basmq
ort WhICh unmanned and man&ed space missions ard vehlclea will be des;gned
to cope wmth the space environment; They also pravide the 1n£orma§&an on

which grcund-haaed research facllztxea have been planned in order to p:o~'

vide the tools with whlch to salve the vehlcle design problams that arise

out of the hastile aspacts of the SQace.anvironment.

This evgnlng, 1 shmulu like to discuss in the light of my own experlw

k&'

enge at the Langley Rﬁﬁéﬁrch Center a problem that-arises as we accelerate
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technical Progress. My experleﬁce was orlglnallv asamﬁlated prlnaipagly

with research in suppart-ofvﬁhe dpvelopmant of alrcxaff, and now, moTe

recently, has been concerned with research‘in supnort of tha development

‘cf.spacecraft, The problem.that 1s becoming 1ncrea«xngly mare presblng

g that of develoylng,“hf-meanv far' cceleratipg thé.ﬁffectlve dxstrl-

bution and assimilaticn’of‘the{newly acguired reaearch 1nformatlono I

though that this sub3e¢t wuuid be of special interest,to such a group as
this camposed larcely of eﬂucaxors, | ‘ o B

in 1026 when 1 joined the Langléy Laborétqry of tkg}NAﬁAd ai:craft
had been flylng since 1903, the NACA was 12 yéars cldﬁ andzacfual résearéh:
acr1v1uy at the Langley Labcratary was only 7- years eld The e ter of
NAQA pravxdeémth&t ir shall study “;he praﬁlema of £1ight Vlth a view to
thezr practlcal sc;utlonb 't Under rime schedule essemtlallv geared to
the development of mllltarv aireraft of xncr3351ng per‘crmance which de-

Velopment procaeﬂ¢d fram generatlon to generatlon in appiﬁximate1v ?vyear

cycles, a lahoratary was built up whlch prov1ded the aviation industry wmtb

- the defxnxtlva,answers required to build their aireraft, Langley became a

prlmz natlcnul center for the wind 1 unnels that provided the detazl Qhapes'

'and-tonfiguratxons and the air }oads for structural desxgu,

 As Wctlé Wér‘IIvaﬁ?rﬂaphed, the Government recognized that internsa~
tional competitibn for 1eader$hip in‘aerohéuticsvréquiréd an expansion of
aércnautical réée&fﬁh.féeilities} In>19°Q groundrﬁas brokeﬁ fdr a new lab-

orabary at'Moffetﬁ Field, California, now called the Ames Rgsnarch fenter.,

Ia the follow1ng year a flight propulsion iaboratory was started at Cleveland

QOhio; and now called the mewxs Research Center. As each new center was started
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a nucleus of key people left Langley to staff the new ceuiexsu iaﬁgléyg
t0S~ was expsnded to meet the threat of war whlch cgme in Dccember 1Q41-7

Durzng World War II, a peak p%¢) the LRC staff was reached as the b~‘

o,

nique faC111ties there were used around the clock to keep pace with war? 
time developmentsﬂ Dnring this pefiod, although wmnd»tuﬁnal agtxvxtlesn
dcmlnated the Langley scene, adequate pLograms of rdsearch in alraraft
structures, flmght 1oads, and aircraft operations and hydradynamles were
pursued that malntalned a broad base of knowledge in the entire fi,1& cf
air‘craft design, |

The stream by whmch the resedrmh effart of these labaraﬁorles was
Abrought into tha éngineaxlng community was by means of convanflanal tech«
nical notew and reports, uupp1£ment@d by en annual inspection of facilities
by axrccaft executives and engineers. AFter World War 1I the pace af re-
zsearch ‘activities and appllcatwan had increased so that 4 ma;or pro
exlsted of gettlﬂg research results to the putent;al users, 'The t1mg.de~
lays 1nherent in preparvng reports for public ations and the a531m11atlcn
and organ14atiCn of the matetial by 2 feW‘people,insidé each,major aircraft
Lompany for use by the practlc1ng enwln,er became unacceptable, “As a solu~
tion to this problem there were held at frequenﬁ intervals Spe01al éonferemces
which organized and preuented to the 1ndusrr/ the latest findings in broad
areas oﬁvéerodynamics, of scruc;ural desxgn, of alrcraﬁt Loads, of flutte
and othér areas of spaclallzatlon° The written conference reports became

guldebooks by means o£ which the mnra detagled reports, that stili cgnt nued

‘to flow, could be fitted intc a more comprehensible whole.
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During this sase period there was not sufficient time for adequate
textbooks to belwritten for use in the schoola, To deal with this pro-

j‘S‘Aem uiversity conferences were organized for the special purpcse of

" meking new rsfearah Jnformation available to the nwademic community,

'There clways was a small group of universxty pru$assars for Wi m.these

confex ances wer - not- ﬂecessary herause of their afflllatxon with research
progﬁmms ip? Tuely réspeauive schnols or other coniacts and 8CT1V1t1CS,
Fowevez. fer most of the engxneerxng teaching pra;es51on access to the
new knowledge creat»d by the ;arge research }ab atorle was through the

; v
mormaT channels of technical noces and reports supplemented by the un:versxty
aonferen¢e$§

The. conference seeme d to havevSUPplléd the qolution mﬁ qulck‘y informing
the praCtialng eng1neer and the university professar of the research results
at the lé rel of activity estaaliqheﬂ in the post World War II perlod This
level of aectivity did not long ramalﬂ static for on Cctober 4, 195?, the
Russians lauﬁchedvthe first’axtiﬁicial;satelllte,.

Sputnlk I suddenly araused this cmuntry to the need for a i;eatly ex;
panded space uragram¢ On October 1, 1958, the Unmted States CGovernment
wh:ch recognlzed that 1f the exploratlan and exploitation of space for peace-
'ful purposes was o be vigoxﬁﬁsly'pursued, it could no longer be done independ-
ently by several branchesraf.thevGQVernmen;, created the NatiQmal Aeronautics
an&~Spa¢e Admimiﬁtration, The NASA, althoughva new agancy; was composed of
alre&dy existing and fmnctlongng oaganizatlwns of the Goverﬁment, among which

the NACA.W&B the largest, Since. erld War 11 two new fl*ght stations had been

,adﬁLd,nene for pllmt;ess alrcraft research at Wallope Island, Vlrglnla, the
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other for high-speed mannéd éiraréf£~at Edwards Aix Force Basa,‘ﬂaljfornia¢ 
The total complement of NACA'was about 7,500, o

The Spaae Act of 1958 Qan801ldated, greatly expanded, and quickanﬁﬁ the :
pace of this natzcn 5 program of space exptoratxon, Tba IGY &ﬁd other pra»‘
grams were ﬂlleady nn&er Way and were. 1ay1ng thn foundation far thls ﬁxampn?y:f'
dous expansion of aetivity, For 5 years the NACA had been yartmalpat1ng*an
the flight webearcﬁ project that resulte& 1n.£he successfuL danxopmenﬁ af
the rocket—propelled X~15 manned amrcrafta~ The LR” was deeply vaolved in 3
_developing tne oncept for this research vehicle and in. lose supnort of the 1'
entire program ﬂf desxgn, canstructlon, and illght *estiné, vThls yrojeat is

an example of an@ ?hat served as a ;maal point for an intensive res@arcﬁ |

effort. During ti @ year prmr to the enactmﬁﬁnt of the s:pac*.e Act: L’za ZLRC
had-fofmulateﬁfin\ccnsiderabla detall the concept ior the nqueat that 1atpr_'
became knawn as t%e,mercury project, We formed graup that b&uame the nuciaus
for the. group that TOW formg the Manned $pacecra£t Center at Hous Ol Texasj‘:
We continued to utggize our research facilities to support the Mercury prggect k
throughout its Iifa;;. ‘\ o

These anmples af focal points that 1end abjeﬁthlry to our efforts are
illustrative of the manner'invwhich WE»COHthLB to operata a8 a majmr R€SQEXCﬂ
Center of the NASAni Ve are supporting thegGemini and Apollo programs:in:many
ways and are~deep1y~inVOIVed in concﬁptual studies of a Manned Orbital LaD~‘
oratory that may later hecome an‘appravea flxght project. We have grven a
}fgreat amount of'attentién\to‘the ptbbl&ﬁs of 1lifting reentyy bodkes for
apglication'togthe,Dyﬁa?Soar XQQO‘prcjea' or passible syape ferry vehzcles»‘

o' response to thn regearch needs areatea by thes e new s”aca,fli ht,syatgma,
P . W sp - BYS
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and of spacé vehiclés not yet defined as part‘of NASA's Official program,
the face of Langley Reaearch Center has changed A hard core of wind tunnels

;sLiLl remains to pursue the aeronautical developmenﬁ program thaﬁ is ex-

‘empllfied by the ﬁupersonlc Transpert which will fly in ccmmaraial service

at speeds of 2,000~mph, but to them there haa been added a camplex of new
laboratories.
High~temperature wind'tunnels exist for structural tests with stagﬁa~  -

tion teﬁ’é?atﬁres as high as 3, SOOQF' also arc heating jets which are capable
p

of produC1ng temperatures as high as 15, OﬁO F to test matarxals to be ysed to

pratect reentry VehlaLes, and a host of vacuum ¢hambers ranging in slze from
a few wubic, £eet to & few tens of thousands of cubic feet in Wthh vacuums
approaching‘t“at of sPace can be praducedn These chambers parmlt the various
kinds of reseaxch tests to be acccwp]mshed for whlch the atmawphera at sea~?
level pressure would Lnterfexe' dynamlc teﬁfa such as the ;nfractxon of the

thin-walled spheres of the Echo berles, saparatlon of rocket stages,vhv 50

wave absorption in rocket exhausts; evapaxation'of surrace fllms.

LRC has wiﬁd tunnels andA;pecial deviﬁes‘for creating f}ows with air}
ot ﬁpeaial gages over a w»nd ”aﬁg& of speeds.aﬁd‘pressures‘ At the upper
range of sPe\;uc temperatures are genérated tha* are suffic xently high ﬁo
excite the gas mmlecules so that they radiate eaergy in the vmslble and in-
frared frequency ranges.

Real~t1mg dynamic sxmulators exist or are being built which will permit
research to be carried out om the contrcl problems of‘mannéd spate vehicles,
Such simuxators permiﬁ research engineers to study~the sygtems required and

permit pilmts to fly on earth those missions for which no apportunity for
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practice exléts in agace, ﬁhe-rendezvdué ofbﬁheJGﬁmini and. Agena vehicles;
the dascent and ascent of the astronauts from the lunar surfaééa
To study the effects ox the nuclear part*cles 1n spase, LRG is now
buliding the Space Radlation Effects Laboratory, Wthh wmll be operated by
the newly formed Vlrginka Assocxated Research Center (VARC) Enerthic
protons and electrans W111 be produced which can s1mu1are ‘the energy range_
of th&%e found in space. This 1aborat@ry will proV1de the capaclty to. ex-
plore the interaction of these damaglng parttnles W1th spacecraft mater;&ls
“and systems., ﬂicromgteor;te;accelexators are avallable to study the xmpa“t
of‘&xcroscoplc size particles Qﬁ space vehiCIe surfacesg
The staff of the LEC which now numbers 4 200 peopie is,accepting‘the
ehallange to. explolt theae new facﬂlitzes in order to provmde AASA and
Amgrican aerospaag :ndustxy with.the newvﬁxw%Iedga to plan amd ta bhll&
réliable space systemg, But how shall all this n&w knowledga be introduced
into the 1ndustry that requires it for successful operatlon? And, especxally
wow shall it be introduced into the educatlonal institutions whicn are both
the reposltcry for it and-means by which it is 1ntroducad o the nQW’generaw
tions of students who are emerging? The prcblem is more staggerlng when
oné reglizes that to our output must be added that of other ﬁenters and
sources, As far as our asSoﬂxatlnu with industry is aoncerned, we- are stlll
makmng uge of the specma;xzed conferenca, but at an anreasxng rate.f Already
in 1963 we at LRC have crgaaned major conferences on shell @rmhlems of space j 
structures, manned conttsl bf space vehxcies, and the design of & manned
 orbiting laboratory, and a sexieé of smallér conferences inﬁmgra detailed.

‘areas such as microelectronics. We are now planning for next month a 2-day
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classified canfarenmé"aﬁ the curfent‘ataté’cf knowleﬂge_bn a11-aspects of

LU

the design of e superacnic_praﬁaporﬂ

As 1t has aiwaya bﬂen, a good deal of this xnformatian is detalled and

\of transxtary 1nterest but if the fraatlan of lt that is s;gnmflcant today

a& 1t was in the past, must we not try to &1smover new mechanlsms for the

‘-vtransfer of thls informatmon into the snmentzflc and teﬁhnxcal communlty? o

:'0£ spenlal concern is the 1ntroductlon of this inﬁormatlon 1nto the educa~-

t;onal sysremg not 6n1y for the creatlon of new members of the praEEGSLOnal
peap;e but also xnr those Whose knowledge must contmnually be updated

’ It has been suggested that one solutlon of th1$ problem can be¢ pcovideu

by a ussoaiatxng eiucatlonal uommunztles ¢lose to major research centers now

bltuated 1n,many par*a cf the country,_ Great cradlt is due the educatlonal

luaders of the Gommanweabth of Vlrglnla, mhc in recognition of the prohIEm

of malntamnlng a conflnuing assmcmatmon of the noneducatlenal researdh
"ommunmty wzth education lnstltutlons have or are in process of ﬁstablishfng
a new graduate center near the LRC. This center, authorlzed under enabling

legislation passed in the 1962 neeting of the General Assembly, w111 pernlt

the three major 1nst1tuticns of higher, 1earn1ng in V:rgmnla, who are now

engaged in graduate education and research, tQAoperate a major 1aborat0ry
of i‘he Langley Researah Center, and also to establlsh a4 cooperative prcgram
of graduate‘e&uaation‘in science and engineering., We believe that suth a
center can do muéhvta improve the flow of new kﬁowledge into the usual stream
of educational asctivity. | | L .

Man? other things afe being done and iﬁfthe‘futufe‘many new methods and

procedures probably will be developed to actelerate an effective distribution
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and ass1m11at10n of the rapld flow f new research 1nfarmat10n,‘\§his is
. a matter that is recemvmng a great deal of atﬁention by the NASA, but I
would 1lke to suggest that the adV1ce and inventiveness of educators such
asg these here tﬁnlght wnuld be of great beneflt, We believe that thls meet -
ing here at Blacksburg serves as a very 1mpartant mEChanlsm i dealing,WLth
this problem. Certainly it must serve to shortan the cﬁannel that connects e
vérious gources of sxgnlfxcant new research 1nfarmatlcn Wlth th° teachlng
staff of colleges and universities over a wmde area, This is an important
~ reason for our ﬁesxre to assmst in the develapment of the se:ies of summer
conferences on space actLV1txes here at Blacksburg, |

In claslng, 1 shaul& llke to quote from the words of a man not an Pnglneer
or sclentist but a. keen observer af the modern Amerlcan scene, the Presxdent
.of«ﬁarvar&, Nathan Pusey - "we live in a time of such rapid changes and growth
in knawledge that be WhO je in a fundamental sense a scholar - that. is a per-
- son who contlnues to learn and inqulre - can hcpe to play the role of guide,
Indeed, it ie not toe much to believe that we mmy now be ching into an Age
of Scholars, for we have created for ourselves a wanner of living 1n America

in which a little learning can no longer serve our needs,"
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_ vcrease in ccﬁmbnlcatlcns f30111tles is the satellita cqmmunxcatlons system.

| PROJECT RELAY

i by :’

© John Xiesling o

Imaommmm

xhe Capdhllltles of ex1st1ng lﬁng»range communicatlonﬁ facmlxtmes, already
'ﬁfﬁoSEd by prasent damands Wlll be 1nadequate tc arcémmodate antlaxpated traffic

w*thln the ngxt decadaa Gne of the possmb;l*ties fcr prov;dlng the needed 1n»"

The communmcat:ons satpllmte has the potentlal ablilty toapravide 10ng~dlstance S }f; L e

a

,'commun:catlon at mlcrowave frequenames, Wlth bandwidths avaxlable permittlng the
E ﬁrausmlsskon of telev1sion of many Simuitaneaus volca messages. This can be a. '
new and relxabie 11nk 19 1ong~distanae, transoceanlc te;ephone and talegraph "§§ :'
communxcatians, as. well as new means for ini arcontinental xad1o and eIEV131on  'Jﬂ

S

transmis sion,

Relay

Relay is a communLaatlons matelilte bullt by RCA fgr the Natkanél7Aérbﬁautigs

’:\;;.

~and Space Aamlnistranlan. ‘The satelllte was: lauuchad from the Atlaanf;Missile-

kangé s vecember’ié '13 Z by a‘ThDr—De&ta rocxet and @?ovlnea exgerlﬁencaL, j'
commu nicdtion 11nks betwcen North and- Qouth Amemca3 and batwean the. Amerxgas‘and
Europé. Tnis satg}lxte contlnues to perﬁorm satmsfaatormly after eight mcnths

iﬁ Qrbit'l 4 second Eelay S&tellitP wil ba annchﬁd in late 1963*¥ Prajﬁﬁh Ra*ay
has-the'fcllowing-ob}ecﬁives* (L) to 1nvest1gate wsdebaqd commuﬁicat;on¢ betw&en

d;stant graund statmﬂns by moans of a lew altltude orbiting qaﬁelllte* (2) Loy

measure the affects of *he %pace envmronment on suﬂh a qatelllte, and (3) Lo -

o ,7.

develop operatlanal ﬁxper:eﬂce 1n the use of a sate*lite cammunmcatlmns syscem.v
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The'sateliiﬁe containsjén active repeaterto feéeiﬁ&'ané ra»ﬁransmit,tom-
munications slgnals between sratlnns 1n the United Statas and. Europe, and the

Hnlted States and OLtn Amerlca. ﬁommunxcatxons sxgnala gvaluated are an assort-

- ment of texev1310ﬁ sxgnals, multichanpel telephany, ‘and other cemmunmcatlons.

A maJQr part of this pmﬁect a grounu staticn network consistlng Qf six

f»Qelay ground stat;cnﬁ locafed in the Unlted Qtateb, South Amerlca and Eurbpe,

has been develaped to serve as the termlmus of the aommanlcaLlon 11nks. Thls

ground.stafion network was developed thrcugh the cooperatlan of a varxety of

_governments, agencles and prxvate companies.

Projecﬁ Relay 1§ also usad to- pertorm experlmen&a Whlch will ?rov1de the
follawzng 1nformation.‘ (1) a méasuremant a» radiatlan damage to urltical ccm—

pcnents,such as solar cells and SlllﬁOﬁ ulndas, and (2) the monluorlng of

ra&xatzan eacountered st the orbxtal altxtmées‘ The resuxts of these experi-

mernts are’ he:ng correlared wich ma%%nhemcnts of integrated flux, and energy
1evgls of protons and elecurons to obtain exper1menta1 estlnates mf ﬂcmpanentb
1ifetime. |

Communlcatlans repeater satellxtas preqent SPeCi?i prcbiem% to the 0651gner

and uaers of the%e equlpments. The Sat&lllte gavironment (including ﬁhe launch

'environment), spacecraft acqulslalon by the ground station, tha inaccessibliity

for repairs and voutine malntenaace, and thermal and power supply problems 1mpose
spen1a1 COﬁStTalntﬁ on the design, Most af thcse probiems are relatlvely new
andvsolﬁtions are ‘either not readily avallable or not proven by expermence. Thésé
are the prineipal prablam¢ that require 1nVestxgatlon, and tha experiments of‘

Project Relay can provide information aecessary to arrive at posslble solutions.

T I W I eear)



The comnunmcatlans satellxte must perform a varlety of critlcal unctionsvin
order to remainfoperatianal; These functlons, as they apply ta-ﬂ@lay, afe sum-
marized as faliowsﬁ

1. Cowmunlcatlons; Mlcrowave repeater h, have been aperatxanal for

. many vears i overland rautes, HaweVer, wher—these technlques are ex-
v tended fox use in sa*elxmtes, llmitatlons in 51ze, Welght, power con~
sumption and thermal d3551patxnn qulckly become apparent¢ “These problems
praVLde ﬁhe challenge for Lhe equmpment desx&ner.‘ *nacce551b111ty for
repalr places critxcal importance on the rellabmllty of the c:rauits Pnd _  f:
components, aﬂd the hortlle enviranment (vauuum, radlatlo ) requires ex- .
tensive cgvn,s.dz_ratiom
2. 'Command*k A series Qf ccmmand funuclans (and =z command COmmunicatlcns 11nk3 o
must be prav1ded Eor 1nstance, hﬁe nammunicatlons sybt;m ﬁust be turned
of£ when not needed in order to conserve battary power, and other funetxona
- musr be executed on command at che prgpe; tlmes.'
3. Traakggg: Beacon 315nals at 136 MG are p§QV1ded to‘aésist %racking stations

in Est&bllshlnﬂ the orbit, and prOVldmng trackmng 1nf0rm$*ion ro the ground

station. A mxcrawave beaﬂmn is also . prGV1ded to assmst the 1arge ground
‘station antenna (w1th small beam w1ﬂths) in 1ock1ng onto Lhe satelllte.
by Teiemetgzz, Telemeiry is regaired in order to assess the state of the

vavLous satelllte sub,ystems, and as a d:agnmstlc &ld shauid trauble develop.

s

. Power bupply The p@wer supply must provlde 41l the ptlmary power for the
satellitﬁ.A On Relay, the solar cells are not capable_gfisuppiylng the,
: | C peak loads requirﬁd to operate thA communlcatlons équigmant5 hence

battaries are necessary, and, henye the communications uquzgmeﬁL must

fizi
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gpéréte Bt a low duty factor. This, prablem muaf be overcome in an
opexatlonal system by elthbr prcviding a 1&r9er smlar array or u31ng

other forms of primary powey generataL s suéh as nuclear powar SHPPIIES,

Yot radi@ isotape power suppllesu

Stahili;g;isn: The saLelllte iz stabllized in space by spianing it around

its (%pin) axis. 1If thls spin axis is al&gned corraptly in SPaCu, a

'torjdai antenna pattern will prcvmde sufficient "look angle” coverage*

Relay is spun at abaqt 160 rpm and its mement of inertia about the spin

axis is ten percent higher than it is abnut other axes 50 the spin is made

vsbable.

Attltude Gontroi. Althcugh the spxn axis is flxéé in spage Lhere are sma&i

T to changé. These forces are motor torques due to the interaction bet "epn

torques'éppliad to the«satell Lte Whlbh would cause the bplﬂ arxs{orlemtatlon

the earth’s magnetlc fx°1d.and the m¢gnet1c dipala (resxdual magnatlsm); v

of the satellite and ‘the currents flowing through the electrxcal circults

of the satellite. Avother sdurce of torque is ihe gravity gradient. The

!

" aodal regression of the orblt due to tha nanrsgherlﬁa] shape of rhe Earth

caubeq the plane of the orbit to rotate whigh, in twimn, causes an apparent

‘ehift in the Sﬁlﬁ axis crlentatlcn. On Relay, the dominant torque is due

to the E&rth 8§ magnetle fleld A torque c011 .onsisting of many turns of

wirg is wound araund the ”equater of the sabel?lte-. When the sateilxte
.is in the coxreut pOS“ClOﬂ, a current can be made rs flov throvgh this

‘ vell {on ground cammand? to appiy a orque Lo correct the aatellzte

attitude‘ Otherametho&s of torgueing may bhe used (E.8a, gas jats, :ockets,

plawma engines).



QESCRIPTION

The communlcatxon sYStQm used 1n the. Re;ay$spacecraft Ls cowposed ox threp
major subsystems: (1) wideband communmcatlon ' (2) *alemetfy, and (3) command
control. Each active component of t@e cummunxcatlon subsystems is redundan& Wltb
the exception of thettélemetry enco&é%‘ Welght 11m1tatianu pzecluaea redunddncy
for this umite - | | |

The purpose of the w1deh&nd cammunlvations subsystem i to perform expérfments
“ on the foliowmng types of transmmssion. television, m ultﬂahanu_ 'eiephony, high

' bltwrate dléltml data, fac51m11e, telephoﬁa“multlchdnnel teleprlntﬁr transmlssmona,

ptc. Specificallv the suhsystem‘w1ll prov;de ‘the followzng (1 telev181on trans-
mlSSlUn in eirner dlxectlon, between Unlted Statesg: and Eurmpean statmcnq 1r¢1nd1ng

4

the Lransmmsolon o% test sxgnal» and patterns, unﬁ a. t1e~1n‘w1rh talev131an nﬂtwonk
‘in the Lnlted States, England France and West werﬁany ag - ﬁét%‘preuram saurwes aﬁd |
fcr rhe distribution a§ Relavafograms; (2) mult1channe1 twowway te 1e050ne scrvmcc
of 12 chaqnels cach between Lha Un;ted States and Europe, and,between the Uni;ed’
States. and Brale and (5) multlchaqnal record communxcatmuns service andfhiQh-g
paed data transm1351on between the Unlted Stdtea ¢nd European Statlona, dﬂd be~

tween the Paited States and Brazil,

y  of televisimn, telaphcﬁy

in addxtlon to communlcatlmns over the 11nk, A vari

and other communicatians techniques can bg studied at 2 pahtlcular ground station hy

senéing and receiving at that station. This: will alsc ailow a studv to be made of the'

detailed link performance.
The telemetry system will provmde'remote monitoring of the sritical electrical
o - A
parameters of all subsystems carrled on bsard the spacecraﬁt;‘ In addition, wither

telemetry transmxtter can be opevated w1thout modulat:cn to provide a 136umaga¢y¢13

carrier for Spacecfaft tracklna Gperatlons by the NASA Mlnltrack aygtem.




Tba command ébnérél syétem»Willv?ermi;jfaﬁiO“remOtebgontrcl of ail switchéd
-'functlons fn the spacecraft. | | | :

The ground staﬁlon transmxtter‘for the teleVisioﬁ andxﬁﬂOAAEQnﬂél-ieiephoﬁy:
is a frequency«modulated 10-kw klystron thh a spectrum bandwidth of 10 o 14 megaé
”CVCLES (Mc) pex second. An 85~foot pavdbollc antenna or ‘a 68~£oot horn.w111 be
iused dppendlng on the partlcular ground station. The transmxtted power to the |
'éatelllte is Suffxc1ent s0 that the ‘system noise threshold w111 be due almost én-

A

'tirely to the sate111te to ground llnk.' For the 12 chanpel twosway tel?phone
';ircult a 10 kw klystron with a 1~Mc-per-second pandw1dth wmll betused Wlth a 40-
foot or 30~ foot parabqllc antenna. Ehe ground Lransmitter freﬁuency is 1725 Me.

The 0round receivers W111 use a varmety Qf front ends’ cons1st1ng of either
‘maser oT ﬁarametrlc amplelers." SR 'fk o - “» .

The satelllte repeater performance is characterized by hard iimitihg and
modu}atlon index tripling. The trlpllng is requzred because of the limit ed'band-
7w1dth of the éround trahSmlt;er. The output power for each of the two—way tale--
phonyvchannelsvls four watts. AOBO-Mﬁ, ?60~mw beacon 51gnal is also provided as
2| tracklng aid, - | |

Whlle the obgeut of che experimencé*is;té étudy ﬁhe‘feasibility of satellite~
btyye‘communlcatlons lxnﬂs, and c0n¢1défabie care hés,been exergiséd,in the design
Oi the llﬂks in crdarbua dchleve tbi° bbjentéve, the link is nbt an opéraﬁional

vyatem and the ability of various countries anﬂ organlzatlons to participate in the

program has been dl;tated by the avaxlablllty of equmeent and funds.
. 2
The rransm1531oﬂ medlum characteristics are being examined, these ‘are
attenuation, attenuatlon stablllty, phase characteristics,Ainterference, noise, time

etay and other characterﬂs“*cs that may be of lnterest. No special anomalies have

| been observed to date except for som& refracticn at the horizon.
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- The ;atelixte receﬁver slgnal strengtn; telemetry data,band aﬁtitudéare beigg
aorxelatad with ground statlons pexformance (antenna elevation, pointing errer, B
weather ccndltions and doppler shlft),_7'; He
E}@Ehm:mm 'RESULTS . | s

-&16? was launched on December 13 1962 from the Atl&ntlu M1s511e Range. In%
rnrmatlon for the launch and from the flrst orb;t conflrmed that the satellite,hadb
achleved the desired. orblt& At the presenf tlme, Relay has accumulaﬁed almost 2000
orbits and successfully “melayed" televxblon, ﬁelephony and other data traﬂsmxsq1ons
lbetween North Amerina ﬂﬂﬁ Europe and . twawway telephony between North and South |
America.' The: prosraﬁmlng thus fa* has 1ncluded ++he Mona Lisa dedlcatlon cermgnles
wlth President hennedy relayed to. Western Europe amd Italy, a Lelephon ‘message to
%Enrcpe by the astronaut, John Glenn, a message by the Secretary of State, Dean Rusk,
rélayed to South America via the Rio ground station, a portaon of the Dlsney Show,
in color and several news stories of sxgnlficant interesti' Many méreyprograms are
planned.. The ground stations in Narth America and Burope have repofted éxceilent
performanve and quallty, thus demonstratln? the W1deband capabiiity of the ﬁ%lay
Satellite. Programmlnv to and from South America has been adequate but not as
‘spectacular because of the small station there (30~ -foot antenna and 400°K receiver-
noise temperature),

geveral difficulties have been encountered with the Relay Satelliﬁe equipment.‘
The most troublesome has been aﬁ intermi tent fallur@ @f a series power trangistor
in the power supply voltage re&ulator which provxdes regulated voltage to one of the
wideband transponders, This regulator»txan31stor also acts as a switch 'to dis-

connect the W1deband transponder when not in use. The germanmum tran51st@r de~

' veloped~sufficiently high (leakage current), so that this transponder tuvned on

.

(o
S
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) after launcn and could not be Luxnad aff The batteries diéchafged under the

' c0nstant high currant drann and the satellxte was Dot ua&ablé. The leakage

V4

vwas bnlleved to be assocmated thh the dewpoint of Lhe gas lnsiue the trans-

lstor Cdp whlcﬁ was not suffiumently 1ow to prevent ;Lce--,x;mun*vr ln the
transistar ‘at 1ow,cemperature.» After about  two weeks che tnOUble cleared

énd'the‘satellite beﬁame'opetational.,vThthrouhlé,reappearad in March 1963

when the satelllte was 1n\part1a1 eclvpse'but cleared again aﬁt&x'several days.,

| Experrments are rontmnulng to determine the prrwxse faxlure mechamism, although'

' equlpment $omet1mes turna un or gfﬁ withaut gr&und gaﬂmand xt xs;

AN kS

it is belleved at this time. that thn difficul by is“not asuociated thh the

k'space envzronment dlrectly, .One of the thrze batteriem became inoperatlve
durlng'Ma*ch because of a dafectxve charge regulatnr¢ Qu& to the redundant

o circultfy used the satallite is: btlll nompletalv useabl& oxgegt for a lower

duty factor.

Spurious cgmnands have baen obseraed ,reamently in: the spacacr&ftg that 1sé

tablished whether thls pxablﬁm lS due to a fault in: the satellmﬁe Qr ta

'syurlous commanda causeé by radiaalens frﬂm grﬁunﬁ tranbmltr 5 sudh as A1r~

~]:port Rdﬁio yoﬂtzol atc._ So far it haa nat been passxble to duplicate these'

syurlqus cammandﬁ thh graund expﬁrxmenns./. o
ﬁadxahlcn has takan its toll of Mhm spaceeraft solar cell qystem."The

solar cell array 1n1t1311y had 130% of needed capac;ty pased on 100 minutes

'wf eperatxcn ! day anﬁ the array capability decreased to about 50% of this

51

lcapanlty afse* 8 m@ntha in orhmtg Thls degradatman only means Lhdt the

operating duty factur of the satellite wvll have to he decreased as times

passes. Tt is believed that the de grddatxon is less than expacﬁed because




v

~the Van Allen radxatlaﬁiis same@hat 1&58 than axpeé%eém;-mhevsecdﬁ& Relay“
‘satelllte,hau been fitted w;th N»man salar cells which aye much more raal«*.fr
  tént to radiation. This seﬁcnd sakalllte will be launchad during tha Lattar
.part 0571963;’ . vv e u \ | H
| FUTURE nmmmﬂms
Beﬁoxe & cemmerCLal ccmwunléatlans vamm1831on ugxng satellltes (eltﬁer
at non~syn¢hronaus or aynuhronous altitudes; can ba con51dered as state»ofmthe~ 
"art,‘additlcnal ewper"ments musu be perfarmgd and certain teaﬁniquas advanced,
These 1mp*0vemeﬁﬁs are in the general areas of satelllte and 1auncb reliabllity,
One . oﬁ the fundameutal costs of a satelllte system wmll be satellite replace«
ment cost lncludlng 1auncb ccst. Substantlal‘mmprgvement nf the mean time
_ betwaen famlurﬁs (MTBF) of the aatelllte equipment can be achieveé by re~5
ducing the u0m91€X1tY oﬁ the equlpment, ecpe¢ially the satelli\n pewar supply,.
and bv JudlCL ous applicatian of knowledge of the space envnrcnmﬁnt to the de-
sign of components and éircults. Exparleuce thh satellxtes 1”ke Relay pravide
dnls knowledge.
ultiple 1aun¢h is anothﬁr way in whach cperating costs can be reduced
This has notl been attemgteﬁ.with any communicaLlnns satelllte as yet, nrlmarlly
because the boosters used in these yrograms dc_noﬁ have the ‘capability, This
situation wmll 1mprove when more advanged rockets become available.  ,- -
- ‘
" New types of power supplies are certainly. required for an operatlnnai
system. 1f sufficient average»power were avaxlable to the satellite squipment, -
the equipment could be left on 1ndefinite1y, thefebyAimproving the basic
reliability of the eqnlpment itself, as well as eliminating a.cémplicated

commandrsystem, and elrmiﬁating a battery-type power snpply, with all its
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ccmplex1ty,'tc handle che peak loaﬁ 'Solar cells'are éapabla of the éveragej"

,power, but rhe sc]ar arrays bevome large and heavy, and of c¢ourse, the satu‘

elllte 13 not useabiegéu,xng eclipse, Vurlear p over supplles now under

Wy

,devalapmcnt mav pr6V1d& Lbe answer.

ngher ofhlt w:th sueerable anteannas and atatlﬁn keepmng (e, g,, the sat-

itea are leéﬂ 1n paqition w1th reSpnct ﬁo ‘one another) prmvlde more coverage
‘ijth 1e$g saumlil?es and Iess average power per satelllte, and as much promlse

7&0 bn a fruxtful arta for experlmentatlon and gruwth.

One can. VLSuailze a satellite communlﬂatlans system 1n1L3a11y emplojlng a

smazl number of medxum altltude, randomly syaced 5p PR tablli4ed satelllteb

~11Le Rclay to prOV1de limited communlcdtlans abllxty fcr@ say, the North

Atlantlc Community. As. technology advances, new satallitns thh greater so~"

- phistlcatlon in the areas named above sould be launrhed extending the coverage -

to other points of thﬁ gIOVa and reducxng outage time. The system cculd grow
tovthe‘stationary sate111te system {qyncﬁvgnous) when the technolagy pe*mlts, 
While'providing:a subétantlai cammhnlcatlons Capablillv in Lhe 1nter1m‘ This
procedure would defer a fizm- cemmxtment to ﬁhe more. b&phlstuaata& bvstems until
these systemﬁ*were staLe—of~Lhe»art. | | |

" 0f course,. the exact form and t;mxng of these exparmments éepends upon

" many factors. Government partlﬂlpatlon in expﬁrimenﬁ&q the effectlvéness and

needs of the hewly formed Cowmunlcatlons Sarellxte 6wzparatlan the needs af

‘foreign "mvernments and agencxes, the funds available, and polxtlcal con51der~

, atiohs, all combine to compllcaﬁe a Sltﬂ&tl@ﬂ whlch is already camplﬁcated in

thg'technolaaiéal sense, 1t is prmbably safe to state that the. axperxments w111
be perﬁormed that a satellite communlcationg system will eventually evolve,

and to leadve the time scale and the participants an open question,
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SATELLITE DATA RECOVERY AND TRACKING SYSTEM
by
 Gerald M. Truszynski

. National Aeronautics and Space Administration

Gentlemen, my purpose iﬁ being here today is te describe fcn; you some of
?hé NASA a.cccmp!ishments and plans in the area of .Trci{;kingﬁ and Data Acqu:%s'}?vﬁaﬁ A
for munned satellites. 1 would like to begin Wth a v‘eéy brief des#ripﬁwh of the

Manned Space Flight Ne’rwork as it was configured for the Mercury program,

follewed by @ 'c!iscussian of the changes that were made in ‘l‘hﬁ’é Network for the
fonger dumhon Orbttaf flights of Schirrc and Cz:»oper last October and May
respectively. Next l will describe how ﬁae Network gaerformed in- ferms of its -
‘ ébﬁity to provide mission Gperahcmal control r‘nd in terms of ifs accurdcy and
its rehabxlﬁ‘y. ‘{‘molly, ] w;ﬂ drscsss she augmentations planned for the support
of the upcommg GEM| i‘~$l progrﬂm, |

The geographi cczi Jocations of the stations in ﬂze original Manned Space
Flight Nefwcrk wre shown on the first shde, (Slide There is a to%u? of 16
stations which mcludes two ships: one sth in S‘he Atlantic and one ship in the
fndian Ozeadn. Thzssar stations h»cweheen publicized on TV and in the news media
and | am sufeﬂvev/‘one is genem!fy'fumiiiqr wi‘fh‘ fheir general distribution. The
basic mhmale used in setting up the Network however, is not generally known.

In p%anmng ‘*%‘aese smhm kacc?mns and their equspmenf, the approach

varied considerably fmm that use‘c‘i' for scientific fsgfelhtes and that used for
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| Vunmanﬂed lunar und planetary m;ssnons bacuuse af the dxfferem‘:\“ in mission

requ-i‘réemaﬁts._ These differences mc!uded i'he reqmremen? For dam flow and.

” mnﬁpxﬁmﬁam Ehf‘ﬁéﬁr regi ‘i*i_ma- ;:s-*weii os the need for mission ﬁ:gh? con?mi
| c\apcsb:hi'y and, m‘ cau:se, a prrmary cens&"i&rﬁi'iﬁn of us?rronau% sdfeiy. Gn

',tha Memury pmgram,« 1mmedmi'e ?ra«:!m‘xg dum was needed fo de&emme

mn’mf!y and then keep currem the caysuia r:reesent amd predmi*ed posﬂian

- for use in non?m!img mdmﬂl evénfs as waﬂ as for prec‘zchm* ptxmfmg chrecw ;
tions for cm?enncxs at a%i he Network sit %u:;x@su Atsa, reca}««hme mwm’m’eam
| %mnsmii‘ieci from ﬂze spmcec;rcx& ﬁarough the feiemei‘ry 5y=*sm wes mrﬁr‘aé to

mahii'for ?Ee'physiﬁlug‘icdl candt%wn eF the ﬁsh@naui and the op\emt micf the

i:

~ onbogsd sysfems i in i*he t:txpsuse, In order to transmit the i{ma'k‘ing infcmaﬁm

to the computing center af Gaddard %pm::e thh? Center, ’Eﬁ;’th{ully, in as pear

real hme as pc:ss;bie, a ground commumcc: Sons ne&*wori«: w:ﬂw exi‘reme" reha-

bshfy wes o prrmary reqmremeﬂi' From the launch and recwery smndpomis,
- the -qunch mreu wds, gf caurse, fixed czi Cﬁpe Cc:smwer«::ﬁa , An orb;m‘i fre

clmﬁfmn Wi Qeswnd whmh would piace the arb:tcﬂ legh'r path over genemﬂy

more mhablfe:i areas wnr\ ch weuld lac:zte‘:'i"he recovery p:::i’nf ;xf’rer three orbifs

inu hsqhiy msfmmen&eé arsa available to deployment gf'sea-bmne recovery

ﬂ)l’(i&w These ccims:derqi‘mns resulfed inon mclmahcn of some 32 5 degrees

which pl ane& the :eeniry {M[Eufary over the heavy msfmmunfuf;on in the
carhnemal Umkr\d States and ’t’hew recovery dred in ﬂ\e down-range areg of -

Canaveral . chvmg decided upon an mchnahon and ::erespcndmg launch
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" azimuth, %:raé of our m;hcﬂ gaais wiis §o fcc:am gmumf s‘m’ﬁt@ﬁs. amanci‘fhe"ﬁar?h‘.:
so. that we cm:ld vzﬁw G“%d \::Grﬂ'ﬁc? the cﬁ;&suia five m.st ﬂf every ’:'zﬁfaev’x mmui‘;s
.cmrmg irhe i rsi' i'hrea orbits, To review how *he stations fuih%ied 5;::9:::?&; heﬁds, '
let us mmsder fhe Pm;eci* Memmy flight pa?h in m‘icﬁ“wn to the ﬁ&%Wwi: stations
as shown on the next shd& \Si ide 2) Afi'er launch fmm «uape ﬁmm&zemi ih&

first pass ocours over Bam’m&m : sfu%*mn af Eermuda wés: reqmred as an exfnmmm
c:»f Clape Caw:iw?a! to obmm i‘rﬁckmg dam durmg fize ::fmccﬂ :aunch pe 'i wh
the suskiner engma» is cut off, s.aﬁ,; when mseri‘mn m?o Earth mbﬂ' occws, ;;g
mrde. to assure dai'ci requ:red to mﬂke z?l"s eritical go no=go demsmn. In cddxfmn;.
it cou?é fransmit cmmmands requi md shwid mission e:bc:ﬂ m’as:f ear?y reentry be -
c.m%e;mmeé nacescmm |

A ship was reqm ired in the Aﬂdm: s Qcean to mé:feivev tslemé%ryivaﬁd for

,g%@unéwﬁirwgl@imd communications fm_m. the ‘space}r;:m?% and o mi?xy "i’nfﬁnﬁ&’ien

mff% control center. ‘ |

A ?mckmg station was gﬂﬁced on the Grand Canury is?aaﬂ to iacﬁuzé
the ;cma?;ﬁawn point by radar abservation in event of abort urﬁa@i Pc::fi eentry
shouid insertion nﬁi‘ be effected, The s%cxi'wns at Kon 10, thenc ard ot Zan;:ibar
and the 'ship.ia the indian Qcean were required for mmmmni‘cﬂsi‘mns ond telemstry,
These soudd cover at least twa of the Hst mbﬁés. | |

A ’nﬁcifmg and commend mqumfy was needed in W@:s% Aﬁsimha tc: mak&
antipodal ahset‘«:cxﬁan for refinement of the spacecraft orbit ond to remotely

coset the on~board fimer, if necessury, for initiating ratvo-racket firing.

@
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The smﬂens ot Waomera, Ausifrahq and m Canfon Mand were needeé for

miemeiry and cammumcahcns, In addmcn, fhe Woamav@a swi'mn cnu!d promde

*mdrmg on fhe wr!y passes.

Hawc:i was a!sc reqmred to frunk and Mve a capcabih’ry mf «:ommandmg
fhe mt'rohmer o back up fhe Wesl* Ausimha commcncl func%mm

Bn avent wf retrof;mer {failure amd immmanf {’miure of ﬁwe as‘l mnmuf to

Cini huw re’rmfs re manuuliy , @ si‘ah on w:’rh d commcmd cupé’:bl[ﬁy was requ: ired
. cxt Point Arguel lo on the ?a:;sf” e Maas:ie chge s0. ?hcﬁ* this cnhcal event cculci

. be covered on the compfeﬁon of the semné or ti'nrd mbits, A ssm:Iar stm‘:on

wwmgu?re& ai* Guaymas, Me.mca fc;r poss:ble fermmatmn of the ﬂsghfr on the
first arbs?;

And fi nul%y stotions af Whﬁ'e Sands, Corpus Cnr:sh, and Eg'!m A:r Force

Base in Fiondc were utilized to ma:m‘cm frc:ckmg conhnm’ry affer refrof' re in

order to iocahze the touchdow:r point during fhe planned r’emrv mfo fhe pnmary
recovery area in the Atlantic Gcean. | kS
- While an artempt wm made ‘o meet the busic fwewoui'-'of»’nﬁeen mmute

con’mci' time, fhe ears-h‘s r@%ahm\ of 45 degmes on zts axis durmg i“hree mbnml

y,

\ | \fi pafhs reqmred Pe*tmt* t:ompmmtses tca be mﬂde in the ?o’m! number and !ocahon

" of the stations. These resulted in gap& such as one of approxrmately 30 mmutes

on the third orbif.
‘Another of our goals was $o use equipment of prove reliability for the

Network stations wherever feasible. The wisdom of this choice, we feel, wss

demonstrated by the excellent successes of the tracking network in the Mercury

program. The next slide (Slide 3) illustrates the equipments installed at each
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eampped for i'eleme?ry rxacephor: on i'he standard UHF fr@quewf

- cies. General sys‘tems of* *hts type ha* b@en used &x;en tveiy in fhe pasf und

'i"he techmques cmd équ;pment were well knowm o

Al stations were equmped wn‘h fmckm;j radc:ns Wx%h the @xcegzham cf

tbe two sh:ps, the two. Afm:an sic.tqns am’ the Canfm I icmd si:zhom. Tw«: R

fypes QF rac!cus were employed in fhe netwark for premsxen fmckmg, a wag

range {r) oparahcm at fhe S-—Banfé and fhe FPS— 6 type Qp&m*ma at CmBaﬁda o

Three ey fmckmg sfcmons wera eqmpped w:fh bofh %ypes to gh;um g.,remmf

relaabshty bf havmg < redundan? wdar ?mckmg capab:hi‘y. Af the hmv QF

or’xgmal netvork planning, aniy the S-Banc{ fype beqcuns hmd had an extensive

| ﬁxghf h;smry. Consequenhy ﬂ' was feii‘ exi*remely tmpcﬁmm ta mcluda this

system in addition fo the C-chd i'ransponder raqwred i comunchor with i'he -

FPS=16 rc‘zdc_:rs. Thus %'f‘ one trcmsponder faﬂed the dliemafa radar trcckmg

c@mplex could-provide the c:ompu»iem whhsufﬁcienf data fo defermme the

. copsule orbit.

The next slide (51 ide 4) pictures a fyp:cﬁl FPS ~l6 radar msto!!ahon.

1t has a 12-‘?60& diameter parabolic reflecter antennc witha 4~hom mcnapu!sn

feed sys’rem, The characteristics are hsfed on ‘the next slide (Siide- 5). 1

| operafes in the frequency range of 5400 to 5900 megacych*s per second with

a peak power oufput of | mengaf% This radar prowdes runge data w:%h an

ﬁccuracy of the order of 7 yards at @ distance up | to 500 nauncal miles with a
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mpsme beumrz p“@k pc&war 0? qpp*qxammdy 400 wcxﬁsa Thaﬁwﬁéﬁd radar hess

a m«—fm dmmeter dish »:md apers:ii‘es neair 300@ mmﬁcycms,
'%he nexf st slide (Sh{ie 6} z!hxﬁmim an anema :mwﬂm‘mn i*ypmcsl of
' those wzeci fsr ssqmi m:quissi'mn as we!f s %&Eame%ry mc:ephm aﬁd «zépéu!a :
mmmumca%mna af acu:? of ?h@ sites, it coﬂs*ai*: of an r.srr“" of 4 i" Hea i .
eiemem‘s ‘mvmg a gam of I8 db in the xaiemﬁi‘t}f §requency mnga Q? 225 $o
| 2@&0 megacyc!es. Two of ﬂtese quudmhehx s:;rrays are armngeci in hmgh% aﬂd
space diversity fhmuuh mmpiars which feed d set of greamphfsam fo prawde
; i"he i:aes’r ﬁg‘rsﬁh Tba antennas, czaupler, and premmp;s are mciuded in the
R c:mersm p@destal shown here. |

"Ehe Ccpe Canavem‘i te!emei‘ry site has in md;ﬁcn ot 6§)wfmi- d‘imméfer |

pnrﬁ&mim antenny whu:h prowdes 26-6&:; gain and is csisa usec! s a VHF c:ammﬂw

ni jcations antennt.
Four siamdand FM teieme’fry receivers dre required ot euch s;%e, twé for
~ciwerss’ty and wo fcar duphcuﬁon of these for reliability. lRSG s*dndc:rﬁ sub=
carrier channels 5, 4, 7 anci 2 are used with an effective receiver noise
bandwidth of 50 k xiasycles. For demodulation, 1 i*ere are either 6 or 8 diserim=
B inators msmii»d ot euch site w:th sither ¢ 90 or 15 chimnel decommutator.
in oddition, all sites are pmmded with equipment for p@:’tnde?ec;hm recerdm
ing of all of the teiema?ered data, and reaiwﬁme presenmhon of s&i_ex:%ee:i

critical channels of telemetry information.
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The gmund station and ship msfnumanfaﬁaﬁ for the commcsn& function also

utilized anfenn:;s samdmr to ﬂmf shown on this shde, n gmerﬁ am.h station

'hus ?‘zme s:mliar ani'ennas, two for mmmefry und vo:m ref"ep‘i'mm ona of whmh

is used as an q;:qm&xhcn cmi, and a fh;m anfennd fm* cammand coni‘m? and voice

tmnsm;ssmns in fhe 500-;3%:. ﬂeqwency rangea Far the cammtmd func:han, %wo

"FRW*B ?ransm:ﬁers are mstc:!!ﬂ:i ?m redzmdancy, each hmrmg a pawer oufpu‘i‘

kS

of ubcauf 500 wcms. The srgnq’ls are fcna-—modz.xime:d wuh up tob tenes, M:*mfer

rﬂ-cawers c:nd demders tre C!Lz() msmﬂed for mmicmg a pemcznenf recmdmg of

. command Signu!mg .

One of the most créhcul fumchcu ’rhe uvorlx:% wide ‘nefwark mg}stpeﬁm’m is

that of obmmmg data x‘md me:kmg hlgh*ﬁpeﬂd nem-real wtime vomputations.

Eurmg a ﬂigh?, ?he trm“kmg dai’a from i*he anned Space thhf Nei'wcrk

stations are sent Via gmam{ rommamwahcns fo the &:oddcxrd Space Flight Center
in Greenbelt, Marylanci, for pmcessmg. Inu m@mem i re%am to i'he sub;ec!:
of ground communications. The deveiapment' of an extensive mmpui'e; pmgram

was required to hmn’dle the tmckmg dcxfcr and to moke critical mmoumhom fcr

the so=called "go or nbngo“ and retrofire ond reem decmmn w;tkm mxihw
y

secends of fruckmg measuremenfsk At the Goddard Compuﬁﬁg Center fwo iBM
7094 campnteas are mstaﬂedm These operate in parallel fo accept position data
in digital form divectly from the stations and perform computations for each of
the separate flight phases: f‘né launch phose, the orbital phose, and the re-

covery phase.

= i
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The Computmg Ceni'er at Goddard also hou:»es various d;splays and plot -

. baaﬁ presama jons fo: v;suul mdicahon of cc:psu!e iocahon, vefomfy, and
'si‘&fus of’ cermm cnhcal capsule sysiems. In the w:aei(s precedmg o ﬁxghr, =

thie Cmmpuhng Cenier was emp!oyed to conduct many mock fhgh‘rs usmg pre=

pared fape dufu to simulate the Dpemhon of *he "JP*wark A gracst Fam:hurrry

w:th the use of the Nm‘wmk for mission control wos achreved through prc.‘chce
in ‘hand!mg s:mu!ai'e& prob!ems. | m:g!*" add that data from the astmmuf cmd

' fmm his reachons were mt merely simulated but he was acfuu”y placnd in fhe

information loop for training. : g

The job of providing world-wide .ground communications fo lin‘k the network

stations requxred an ynusual amount oficareful engmce;mg and ctmnhc«n to assure
‘obtaining moximum rei:abd:fy. The commumcahan cwcmfs 'For Fransmitting daia |
von Project Mercury are indicated picfcrlcd y on the next shde (Slide 7).

-chdard Space thhf Center acts as the main communication terminal for all

of the ground smhons in the Manned Space Flight Nas O . Throug‘z this
Cenier the stations dre linked to. the Computing Center at Goddard and the

‘vﬂercury Canfrci Center at Cape Canaveiaf. vand commumcczhons, con=

“sisting mainly of leased commercial GIFCU!‘l’S, mclud& 3\‘30 000 miles of teletype

circuits, 35,000 miles of telephone lines, and 5,00(3 miles of hrgh-Speed date
circuits. Several of the links were duplicated via different routes for relia= -
bility. Except for launch phuse data, the volume of data from the network

stations required the use of 60=word-per-minute feletype circuits around the

e i P T N
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'becc:use the network haci demcnstratad mai‘ an orbit could be detemined w:’r‘:
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world This !ow :qfe wds pmssx’::ic *rhrough use cf a fechmque whmh I will

| da%craba la‘ker i‘hm‘ invoives sendmc summczry messagas from fhe remcfe .,fahons. :

~ Voice communi cahons wstb cd! %he nefwark smimm wem ;,ontro!;ed me i'he

'\Aercury Control (Zenter ami the Gnddﬁm‘ Spac:e thhf Cenmr. |

Next we will consider in ratmspaur fhe «::%mnoes madez m the Manneu Space

Flight N@‘rworic for qround support of the fmorbi % mission c:f Sch:rra and fhe :

- 22~orbit mission of Ccmpera The: reqmremenfs and suppor!' for fhese m:ss:ons

were ﬁndyzrd but ﬂ'us 'hme with the exgserg ence gcmed on prior opemuoﬁ of
the newfork We had seamed that we cau!d relax the requr ment i‘br an
average contact of fsve minutes msf of every fi freen mmutes cf thhf to as
lvﬁ‘he s one contact per ¢ orb;f for some orbits for ﬁ)e Foﬂcwmg reasons: i rst, Y%
good ac urdcy w:’th dqfa from the first arblt, and second, the flight experaeﬂce
of the ustmnau?s mspeﬂed apprehenswenes about physical condition and re-
sponsiveness when subjected to lcunch acce!erahon, Wenghﬂessnesa and other
condmons of spaze flight ﬂaai cle%et from the nc:rma! environment of marn .

Also, there was no qu‘eaﬁcr: that the astronaut could piay an rmportant role i

in controlling and increasing the re!iabiﬁry of the spacecraff system. Thus

There was a decrease in the rafe af which confacts were required to af leu:t B

one confact per orbsft "a,nd it was datermined that the ex:shng sixteen nei'work -
stations could meet the requiremenis of the longer duration missions provided
the fwo ships were judiciously relocated and a command capability was added

to the second ship.
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For %he b=orbit mission s .xhawsz an H‘se next %iéda {'S‘iide 3}, ﬂ'ﬁﬁ Enéﬁm
R Q}c@cm ship was mmtae:i wa.&ward icz a immcmon nedrer $mzi*b Mmm sh?p
'wcs no }mge.r iﬁg“ﬂxtad in th@- A"immm @cem but ons was amm:m—zé m %@/
%‘*’mmﬁc nedr the %xﬁzppme %slf.snda o sb/epwm Thss ship was mif»"« fz'efgmmd o
“haive the mprshghiy of ?Wﬁsmsttmg commands t@/m%mie ﬂza retrofire sequence
if meéaﬁéafga For Sa coper 's. 22~0rbz? /fwﬁau: mmswn, a siup wos not {\lac;ed"
near Soufh lfafrm:z,, ’immq& a ship was amhoned in i-he: Sou#h Pacific o shawm
{ater | wi%! shmw msuhmg i‘memeify ve;)m‘act time obtained with this Yc;h'er ‘
N‘e'i‘wmk configuration. S e e N

| As e result of the Memury program's continued need for BQ’sh a:dﬂy!ight |
2 launch and a d&yhghi’ raswery, the éwcrbf% «:mé 22r~orbzi' mzss,am had to hmf& |
p(cmmd recavexy aren in the Pacific near Msdway l.»ﬁamh %%e:swever, %hese

missions could hove been m:mmut&é on crb;i*s 1, 2, 3, orl6 arzd shﬁ bave a

dc:yhgm recovery because the Aﬂamw area wos also mc%mimmsﬁi, Aﬁ menmmad

previcusly, It is necessary that o stafion hn in sight of the capsule in the eritical

area where refrofive is pksmmci to roke place, The station can thus ccmmuni mm
“ with the sastmmu% and mmﬁi‘s fast minute ground czc:m*nands l? necessary. The
ship located mﬁheasi’ of the ﬁhxhppm% met these reqmrﬂmemﬁ,
With this brief review of the characteristics and physical urmx’zgemeni'
of the M«:zmm Space Flight Network, ! wauid higez to_dis.guss its actual‘ use ‘;
in performing mmscm commi As indicated epriier, a mission wos generaﬂy

divided, in terms of the specific emphasis to which the enfire a;féam output of
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tha m:%wm? wias d;m@%ed, tnto three phm.zm, name (1} ﬂ\a Eaumh pncase ,

including the ﬁcimi c;emmmggx decision ab inseriien into C!I‘F’bxi}

phase, «;md {3} the resntry and rewvmy phf::sm

(2} the one orbit

During the lounch gnhc«se, there are o number af factors of pczmmwm

mwd&mhm ¥ar mission controls The Qpemﬁ@n of ﬂm booster

imum% %wg@a‘mry, the cu%woﬁ velocity pree:imtmm cxm’r ﬂm. pm

mhm%e, %‘M

sb?er rﬁquxr -

ment for eorly mission Qbﬁi’i‘ and submwen& ust wmu? mmver}f. {lach of ’fhese

faciors has special needs whrrh had to be mm&mhm by the nei*wmrif pmgmm :m‘

?r@c&:mg end conmputing. Adgourtte qﬁé pmttwez fmr,:kmg of the vehi cﬁe damﬁg

the enftire §uurtc;n to insestion frajeckory is mcmdcxmr;tg ,}zﬁrmg

the iauﬁch p?ws;s,,-

dota is c:bmmed from three tracking facilities in ir‘hes- Coape ared. Thesa are *:ha ,

FPS#% radar, the Azs.sscz i'ra»:!'mg system, fm& the launch vehicle mdm gmdamzei

tracking aysmm, Bata from these three ?rﬁc:kmg *y"féms are mmeried at the

source fmrn @ﬁaim to d;g:ia! form at a rafe of approxzmmal 10 mes:mmmmﬁs

per s ﬁemrzﬁ of A:amu&h elevaiion and range. These data are irransmsimd in

real Hime fo Goddard Space Fii ghf Canter ané fad into two 1BM 7050 mrxpumrs

that operate in pﬁxmifei o perform mmpx;%afiom for the critica

Simultonsously, thess compyters continuously predict the impa

i'gwsm:swga decision.

ot pamh of %hﬁ

capsule had there. been o o requirement fﬁr mbert of the mission at any Hime durmg

the launch phase. Computer outpuls drive various plofting hoard presentations,

mgii;émg a specific prasentation for the go~ne-go decision and ¥ar,th¢ gare;d‘ic;%ﬁd

tmpoct locations. Thmw‘éwui the enmé xmss;on these computens gam;ﬁi& ;:smmmq

e
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inf&maﬁan for atl the ground fracking sfcsfroﬁs to allow rapid acquisition of

the copsule ¢ ransmrss.ons as it ;:xppeczw over the locr'i horizon.,- Since the orbital

;rserhon of fhe Meraury capsule hos to fcke place af a relatively low elevation

angic from the Cape i'n:ackmg equ:pmentﬁ, ond since frackmg from the Eemuda

station is exrreme!y impormnh radandusd' radars were ms’raiiec! at thzs station.

In addition fo the #racking mfonmi'mn i'mnsmlﬁeci to the Goddard Space Flight

Cenfe. cnn"pui‘em for the muin comp"mh on, @ 709 fypa compui'er on Bermuda
?ed ‘rhe vital go~ne~go decision fo be maae by fh:s station should drfﬁmh‘»-

ies with communications fo the Cape hcwe been ens \oum#red at this crmcai fime.
The next slide (Slide 9) shows i‘he computed parame;ars reqmred for

' defe*rmmmg the go-nwgo uecasas,.; ?hgiﬂi noth angle, aes;gnafed as ,.,;qm.na,

is plotted vemcvc:!}y ipamma is ’rhe czngie béi'ween the norma? m the Tocal

vertical i:md fhe Spacecrqﬁ'veiﬁcﬁy vecior, of stated cmfher‘wcxy, ge:smrﬁm

i very ﬁeaﬂy fhe angle befween i"he current éirecﬁqnof ﬂigid’ under i‘hmsi' s

a:md ’rh Z rec%‘mn of ﬁlghf were , the smcecr ft in c;rcu!ar grbxtg On fha

| horizonigl swie velocity mim Y aver Vr is plotied, where V is the ve?acmf

‘mw‘:zsured by the f"ackmg network o nél‘y‘r ociiy k'aamred f§ achiey

circuiar orbi?ui **ondl’fmm af o given alf d"ude.u The trace; of course, is

actuatiy continuous, however, it is plotted in three segmenis, each of which
- uses different scale units both in the vertical amd horizontal to emphasize

e

’3“

certam critical pmhons of me zauncﬁ’s 'rra;acmry, 51 acgo unks for the

seem?ng Siscontinuity. The: pc!r”me‘fers of ﬂ v peath anqie and velnm%y

B e TP O
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ratio mken mtc cze.:cow'ﬁ‘ by ﬂns charf are di recﬂy md icative 0F whether the
conditions for satisfactory mserhcm are bemg met durmg the !aunch phczse.
The shaded ared represents the Timits of variation of these parﬁcuiar pair=

ameters within which o sahsfacmry orbital insertion can be achieved.

the trace ends inside the shmded dred sahsfactory mseman is indicared.

if xi' terminates to the left of the area the spacecmﬁ would ot have achaevcd

enough velocity to completeone grbit. To the right, a probiem could be.
expeci‘ed with hetﬁmg during reemry. |

?!otb@ards were vsed fo prese:ﬁf this cmmaj dma af Goddanﬁ f.,mmpufmg
Center and af the Mercury C{zmml Cenfer at fhe que. The Mission I.} chor

at the Cape required §nfc>rmaﬁan as early dspcms%ble in advance of :mpenciing

flight d:ffimihes» This type of plotbourd presenmtcon in o manner of speaking

tells what the compui‘exfs "know" as fhey continue to recommend o “go“ decision -

for fhe !ﬁzunch phasea. This shde (Siide m) shows the four plor—vbcards,f?nsmﬁed

af Geddard During the !aunch phase the gownawgc pkﬂ is nomcxﬂy presenfed

in dupimﬁre on i"he two center beurds while the remaining bacrrds are used for ’
other selected plots. What zspresenfed ot the charts may be selacted (Slide 11)

at the console shown here in the foregwund 50 G5 fo basi' match ’rhe needs for

- mission ccmi:roi during each phuse of the flight. The Mercury s_oni‘ml Center

af Cape Canoveral shown on the next slide (Slide 12) also made use of the

- (}odda‘ﬁd Compuﬁng 'Ceni’er da?a o feed the similar plot=boards shown here

'

to the ‘ﬁg}i‘i“ the screeit. adé Ho n, during the launch phase telemetry
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| mecarmu‘fton on the mnm%wn &;ﬁ ﬁ:e Qafrt)ﬁ'lﬁl}i‘ ard x,apmle ﬁy:«,%emv was %mmm |

N

T ;mii*m:i 1o ﬂwe Ccm%wi Cenfw fw amﬁwahm by the fhs;;hi' mmmﬁars Gt tha SRR

‘.mnsoim shawn in ﬁaa cemﬁ‘v&g @“F th e caai‘ml mﬁm. -
%e Ne‘“’mfk i*s'a cki ﬁQ suppart‘ for the !munck ph@sc’wcss not carmdem&
- mmpieﬁ*e until i‘ha ﬁpaaacmﬂ veiamiy veﬁm e dewmmﬁed at msamon fms:%
i ?he msirmi Of&wml elemen’fs were sc:iauiez%ed ard %mnsm:ﬁed to ﬁwe M;s:%mn R
< mi‘mi Cemgr. C}nme The mcp u!e waa» sahsfucﬁorﬂy mseﬁed in mbﬁ‘, the pr;mcsry
= 'mg@, c.f the Nefwmk &secame ?{*tcs? Q% arqwrmg ?eieme%ry and voice dafa e:md
' ‘i'ransm?ﬁmg it to the Misswn D;rec**‘ar so mczf he ncuid mcami'br aemmadmai

mfannahm cm the astrcnaui' and si*ams dum ony the mp; } “sysmns. The

C§$!'f'f"ndu§‘ s b}md prassure; bmiy i’&mpwqmre, cmd elec?mcardmgﬂ:tph da?a

| wem emmpies mf’ c.zs?,f:,al fzemmedma! data. Information abam ﬂ'xe mpsuf

~“‘_,,aysi*em$ w&mh hﬁd to b& kraawa ms?ud readmcxs cn the amcmm* of hycimgen

= pemx;cie futa remammg, m:ygen pmssuw, vcsnous campanent femperafuras
cmd cﬁ‘haf similar pa:mme%ersu To fulfill ﬁzesez needs for each Merwry flight

5:& Nefwmk had to acquire and rec:mrcl on magnetic taps, a total of approxe=

smﬂﬁe!y ?ﬁ ghmnﬁe‘s of feiemeity data sach time the spacecrafi passed within

o -s‘agnt ef G Nefwark station,

The Netwmk olso pmwéed commumcﬁfmns ol rcm%s, cs smwn in an £y
| aﬁrher slide, to transmit fo the Mission Dire:c‘mr the infermation he requwed
to dxreci' succeﬁsﬁfuﬂy a mcnne& M@rcury spaceflight. To achieve reha)ble
w@;‘!d_-?wiée communication cireuits, the Network wos fimited o the use -'of

60 words=per-minufe tezie%ype links fo stations remote feom the U, S. The
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hmz?aﬁma of ﬂ*us wmmun f;cﬁmﬂ capﬁibdﬁ“ﬂf wqmrsed, hawwer, %hc:ﬁ* a anecxwﬂy

i‘rmz’aad team of mcsmon pers:mnei b& ic;czumd Q’E ﬁ)e Nﬁwark sm‘%wrzs %0 cawmtphaﬁ e

sevemi %asks*‘ () io faik to ‘the tssirmmuf* and h} monftor anﬁ mi*erpré.i' Mlesme%fy |

mformahon dsmcﬂy ; fb} o compcse cm:czse summc:iry meﬂ*mgas bweci cm vmce

and ’reieme?ry mmrmcmon and (c) to send the summc:ry massages ﬁ} ffm Mrﬁtmn

N

: I}srsrfcr for dem&tom A se!echcn cF nppmxxma'reiy 30 qucnfmes cﬁf ’raiemefry

- data of m\ager zmparmnca were dxsgalczyed m? cmsol'ﬁg n&aass%:ﬁf ?Kﬁ N&fwark

stations and af the cansoies at ?ha Marcury Cam?m! Qezxi‘eru i)urmg (-2 mtsswn rhe
flight controllers, as ﬂ‘ley were ca!!ed were 5 ufﬁﬁi‘ed af i'lw ronscﬂe& fo mik to
the as?rcncm? rmd to ahsewe %he fe!emefeveci mﬁnnﬁaiwn for mal Funa‘mas. A

doctor sat qt* fhe cseromedmai z:cmsofe cmcf ysud !y ancfher astronciui sat ot i'he

 capsule czomn‘mm acatmns ccnsa!e, In addm:;m, a cummummhcns i'ef*hmmﬂn was.

~alse present along wit h oi-her %echmccd experfs,

| This next shdw (Shcln 13) iHlustrates a view msrde: ﬂ*ne a%ahan ém the {:“mbd
Canariesg The ﬁ;g}ﬁ cmfml!erﬁ sif af the consoies in ﬂ*a br;fckgrcund Thes =
close~up \'riew on the next siide (Shde- 14) shcws the ~n$i*mm§§ﬁwimn cﬂ d

typical remote sﬂe for the aeromedical consele, t he aczpsuie aommumcchon
console und "fhe c‘«:psu;e‘o’bsewar mnsolex This sfuhcn may have | been f@r&-
wc:med of the immediate need for specw? data suech os surt tempemﬁ:ra 'ﬁm 4
type of data and other 1mpaﬁanf mfcnmtmnf; mci uding ‘?;ends in readings

such as inverter ?emparamre changes, were sent :mmed:u?e!y o the Mercury

Control L.eni*er vits voice or teletype. Normcﬂ)r,,, howevar, @ summc:ry repc:rf

>
= 0
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cens:sfing 0?&: cwﬁtéi’!dﬁm‘df the rep@r@s fmﬁéué:b af the Flvi‘ghf‘fi.;}:ﬁmi‘.rml‘e $

‘  wes fmnsm:ﬁed fo i‘he Capa »t:sﬁ?er ec:r*'a pass. Esmbhshad pmwdures reqmred

fhaf “he flight g:mrroﬂrrs refram fmm uli achon mdmafed necessary s.mh!

| ﬂsfmr;hcms were recmved from Merc:my Control. R&!mbsl?i‘y in Nefwork

commnmcahons fhu& reqmred exi*reme aﬁaﬂhon becmu&e the msf, romu‘?s' uf*‘ei"y

-~ coul d fwve beeﬁ fmfaﬂy dependem‘ upcm effechsfe wa!*-hme cammumcahfbns. | |
Durmg Tha Grb;mi phcsse fhe M;sscon Barecmr r;sisa had o know ﬂm

.éreczsa posmnn of the spm;acmﬂ af aii hmes 50 s io mrry on fhe nghf

pmgram and make dec;smns concemmg the t:me ancf p!nm, for reenfryf Trdcl<;-~ |

| mg was accamp!rshed by the smfwn mdcsrs operating in the bam.un mﬁda. ‘When

 the. cdpsuie wets in sight c:f a stahan, o sef of mec:suremenﬁ of czmmmh, slevation,

and range were made cmca every & seconds msi*aad of 10 sets of measur_am@nfs per
second ds required ﬁﬂjriti'g the ‘i"cxun‘ah phase. Orbital i‘m-ﬁk’ing 6&?& was ai‘so/
B trarsmited via ';fa{e%y'pe to the Goddmd Compuﬁng Cenﬁfar in Iha’ar'real fime
as the ccpsq!e pusséd each suca:assfve srdi"fo’n.‘ The Computing Center then
upeaaied its orbifdi elements, storting with the interim e(emenfs détermrnéd |
from data obtained during the ﬁzsf pass over Bermuda, The Center in tum
| ‘computed and pmvided pointing data to the Mefwbrk stations not yet reached
by the capsuiev unti! the completion of the flight.
: fn order to terminate fhe orbital phase- of the mission with a satisfactory
reentry and recovery of the capsule and rts occuptnt, the premse time for

retrofire had to be computed during the orbital phase befors the necessary

&

commands could be trarsmitted to the capsule, In addition, t-rmk";ﬁng of the

pr—
A

e gt b ety P
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| reen'rry twecfmy was requg red 50 fhu‘.‘ *ha pra:.¥se Iandmg ared aauld be :

pres*isc:md as a!cmfy as *e:xssxb!a, The Nafwoﬂ¢ mccn*mhsnad the retro ﬁmmg S

reqmramm* by cam&:emng orbital campumhms with a progmm c»f curvemx%tmg o

//’

oF prezdu.,fed rrvssmrry fraievmy cmmpa,:mhms to c«:«mpute fha hm a msrsam g
| refrof" ire. saquenca The entire retrofire sequence wes accomy!sshed mth@r
manu mliy, by verbczl conmr;f {rhwugﬁ Neﬂvork commumcahens w:?h fhe |

| 'astroncxuf, _or cautomaﬁm!!y by Netwmk groum! commqnda The fmhmunds :

| wouId preset a c!ock in the capsule whmh i“r?gqered fha sequence.

_ dating of the brb:fui eiement& affecfed hmmq campu’rcxiwm, 1313 reimwciock

4 hmmg was resef on rhe next station pass a‘fondsng tha apporrumiy Had there

been a fai lura in the retro-whmer, f" iring of refrowrockets was poss:ble by direct .

ommﬁnd from the Nafwcrk s"clhons.

‘i‘rackmg durmg menfry for r&covery in r‘aw Aﬂanhc Ocean was accom=

phshed on the fitst three orbzts wlth refatively full radar covemge provided
by the Ne&’work stations across fhe swthem pcrhon of the U. 5¢ For reentry
in the M:d\wuy ared, the Depadmen Defense provided o tract ,; shiga to
accomplish reenfry tracking in the Pacific recovery area. Dum rmm thesa
stations were transmifted in near real=time to the Computing Center qnn,we:rgﬁ
used continuously to refine the impact point predictions and drive the plot= .
boards at the Centers, With these predictiaﬁs, the Mission Director could
advise the recavery team of the ékrad§¢ted impd;.;t location to an cnm;é@cy of

saveral miles.
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Now ﬂrmf we have éescnbed hozw iﬁw Na%werk was uhhmd durmg ’khe |
,, R I ; acwd{ massswm, “the Iag:cal queshon is §ww weil d:d fhe Netwmk perform

’ ,durmg “h%s f ighi‘S?

This next shde (Slide 15) summﬂr:zes ﬁl@ dcml Péf&mﬁdma ""bm;”e’di |

,w:ﬁz ihé Manraed Spc:ce thhi‘ @mork for i'hea Mercury pmgmm, Snme of you -

e

: \ws._,«

ean recai! éevami ye&rzs tigo how undu!y ophmssha the&e f‘gures wculd have
’appeurexi for predscfed per’famuwre of fhe M«:mned Sncte:e Fi;ghi‘ Network.

conszdermg perfozmcmce as o whole, one wn sdy i’he Ne*wak perfamed Qnem
and - a=half fo fwo hmes be;ﬂfer than ongmaﬂy anhcxpuied !t shou!d be rmfed‘

that the “Ne‘#wcrk Commumcchons“ and "Computer Reliabimy" perfo:mmmes

A}
&
Y

shown on this slide were achieved partly due to the use of bac‘kup facilities

p'evmusly menhoned. Now 1 would like to discuss briefly i'he orbxi' cnmpm-

\ . o  tations dind fe!‘erakfry dcw acquxsnhon performance.

jtzl;f':e perfomame of ihe Network in terms of ]‘l‘S accuracy in éetermmmg

Orbifs was a vital messure of its usefu!mss in performing mission con?rol The
most des "ﬂdﬂdmg task which the. Network computers had was that of establishing
on infxﬁal orbit with sufficient accuracy for & go no~go decision using duta
obtained enly from trackmg equipments in tha Cape orzi and ﬂxe down~range
station ot Bermuda, The next shda Slide 16) shows, for each csb:ml flight,
how apogee and perigee, caleulated oniy on the basis of data from ifs first.

h 4 pass over Bermuddy, r;émpared w:fh the apogee dnd persgee ’rhaf was caleulated

after the spacecraft had made its initial puss over Australia, approximately one=

walf orbit Joter, In every coseld o has been less than 1.5% change. Here the
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ef%ectwe,ness Gf radar ﬁwasuremmi* for tra;etzmry mmpui‘ahmvé was'demamtrafed B

| n:md prowded ﬂw assurance we were %wkmg for in it um parhcuiarf"‘ o fhez 5

| !conger dumi'mn missions with decmase:d «cwemge, . i

i

prss ¢ dam for mmpufafmns mwf ’rhm‘ mchm%mg

,fza,,Woamam dmcs " T%ns ds ffer -

ence ww[d be equwaient to an :mpcmt predm ' mr cﬁ !2 ‘::3 38 ms%&s. E
‘lhe main fac&m ;ztemntmhng fo maqwmc}r' mi’ the f" ml resui?s m wbnta! =
| cdlcu'aﬂons hcwe been geod&i':c uncem&m‘&r% an& t e; lﬂck 0’5 a cemmvm Waﬁ i
known dc:fum for fhe trackmg raddrs.. Kmawle&ge M %Ease Uﬂceﬂmmﬁé’s hwa
:mproved smce the mmal Johin G!enn fhght ﬁnd fh& uccumwy of ’fhe Mnme«:?
Space Flight Ne?work orb;icti /cie?ermmatmns has :mproved caﬁcummﬂy h:‘a ’rhe
point 'whe‘re‘. qucecmft p;zmmn in ,pace &ain be defermme& i*c zhe ordnr ai 290
to 300 yards,v | | e
Perfarmanca Of the Nf-‘-‘i‘WOrk with regcsrd to its i‘aiemrs;?ry ’runc:i‘mn aau!d
also be: descrsbed as ﬁxceﬂrmf. In fact, during the Pnrwe Marmury gsmgmm, |
there were no telemetry mta failures. Re{uhve!y gcmd tetemetry n&wraga was 0y
provided for the first taree orbxfs,. This ;erfomance was, of course, dup!scai‘ed |
for arbits 16, 17 and 18, Usuai!y a signal wos acqui red as the apsule approached
to nppmxmofely/ one degree belnw its line of sight view from  station. Cal=

ibration of the telemetry data was acccmplsshed both before and during each

flight, and/there were nb_uhexpacfec{ difficulties in the calibration or accuracy
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| of rawrdad dmi-m |hns nexi slide (S!xée 37} shows in Bor vgrcnph farm fhe ?oi’alik;”»’
mieme\"w rec‘crdmg hme accumx/lured fcr ee:n.,h af the m*b:is in the C';acwp@r i;ghi'. .
The numbeﬁ cbove fhe bars mdncma imw mmn ; smhans recr.zrégd aurmg ﬁagh |
. m&nt. As yms can r:abﬁewe, fhe ;ies;rec% Ne?wmk cmmbtix*f s:’rf" wmﬁcﬁmq rhe
capsuie at Teast once per cz‘bﬁ W qchmved‘ - _“f' S e

Tadmy i have i’rzeé ’m vmpaﬂ‘ to you a Féé}mg é? wha¥ was mw:ﬁved n% !
ac;h:evmg the level of %acnmccﬁ supporf wsf descnbed. in summary, the Ma:med
Space thhf Ne%wark mvolved exfreme:!y carefu! dnd defa;!ed picnmﬁg hy a
#mgle NASA gmup fc:mtimr not only with 'rmc!{mg and data c:cqmsm:m '

famhhas but miso with the l‘k’IiBSlOﬂ c;"\c:racfenmcs and the reqmremanfs for

‘ vopemt:ma! c‘am‘mi Further it mvolved very | conservative aqmpmem‘ des;gn. | 5o

s htemﬂy mvo!vecf monf‘*.s of ﬂagh’t s:muimf:onsm it mva!ved very careful
mmmmance and cantml of cimngw pmcedures, it mvolved fhe development
of unigue operdﬁonaf techniques I mvoiwd conhnuous mom*rcrmg of the
commummhon !ﬁr‘:es between the stations to ensure rehabie uperaﬂon. And
lcsi'eiy. it involved continuous training and cmss-’:rammg of the personnel
af each of the sfatmn:—; ﬂc develop a h;gn level of z;peramr acmpetenc:e., |
With these factors in mind | would fike to conc!ude with o word abaut
ine Ne%wmk changes or, perhaps mbre descriptively, fhe Network cqugmen=
mmms planned and underway for suppoﬁ of the upcoming Gemini proqrama
As you know, Gemini will fly two men for extended pericds, up to
several weeks, and demonstrate rendezvous techiniques through use of a |

separately launched Agend spacecraft. From the experience gained on the

Ly E
‘ .
S ARG 4L
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'b mc pmvwf?

Memury program, ihe Office ef Tmc;kmg and Data Acquisi i"cn 'begah'pﬁ'aming’,
_' ecrrly fc;r the ground supporl' of Gemm: usmg the faHQng gusdelmes' (a), we | |

L wouid make max:mum pmaﬂ*acai use af amsfmg Network Fﬂc!hhes to uhhze

these pmwn wsmms amé m }awav ﬁm ccm for dweiapment and qualif‘ jcation

o‘? ﬁ'hzzﬁ ﬁgmund :m?mmenfﬁi*wm *‘mﬁ (h); Wﬁ Wﬂ*ﬁﬁ ““Qmmf ﬂ"a Nﬂw’:’ﬂ{ for '
e {T}emsm at a mmzmtsm rxumber cf smmm usmg a fauddmg %"!m‘k appmach s

thnf %ha casf of axpansmn if) m«ae? &ﬁum %‘eqmremeﬂﬁs mu*::i ;rf *z,;r fdm im

Act}rﬁgam%mi i’ypas g}’ requ:r&meﬁ%s (ﬁixde !8) ffar Gemm; whmh

i

!

for 'i;:'z:?sss? control of Ge ni. From %}mi‘ w%u ch the Netwwk wgzs azﬁ raaciy c:upczb!e
: "f%me ﬁew requ:remems are shawn here. .
o Fﬁ%ﬁi?ﬁ‘e ﬂna ucccmphshmem of *endezveu* of the T;?an i lczunched

mr;snn&é Gemini capsule with a prevmusly iaumhed unmanned Acgena tvrgaf,

- orbital. z:hungea are required both as a resuli* of a varmb]e launch azzmufh ana

mane::«vers affeci‘mg orbn%al elements, The }auﬂch azamufh may be set at ihe
time of launch dnywhere between 76% f.md 106°, depernding on campumhom
mvo!vmcx hma-ef~launch reluhonshsp with the Agena crb:fcﬂ vehscfe. The
raission requirement for a variable launch azimuth will be supported by the
addition of only éné new Netwmk station being installed in northwest Australia,
Th;s’ station will repiace the Ausiralion siations both ot Woomera and Muchea

because of its better location in relation fo the Gemini Hight path naar;the

'unﬁpo&.qi points for the first few orbits.

rcmy pwgram, ﬁ'serehy dﬁf&*a&?ﬁczfing w&ai‘ is neac;!ad |

i1k
B -?J}_L;;
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W:f}\ the Agem ﬁpac:er:fﬁﬁ‘ cmd i’hé Gemini spacecraft in orbit, simulia=
neczus i‘rackmg, dum acqmsmcn, and ccmmand will be requi red 'ﬁns next

slide {Sh&e 19) shaws how emsfmg Neirwmk facﬁmes are bmng augmemed fo

o 'supper? the Gemm; pwgmm, “All of t}w sfahons wh:ch ?zwe suppormd the

- Mercury pmgmm are iwi-eé pkﬁ the new station at Camnwem Woomera s‘md

Muchem are omnﬁed Esghf lacuhms w;ﬂ be hecﬁvsiy ms%mmen?e& to serve as

, “przmary“ stations. The addxhcncﬂ equipment now gmng info f&e pnmczry

.ci‘cshons cms:s%s of new PCM type telemetry equipment and czugmemcthcn of fhe'

ax:sfmg fone ccmmand syswm wi’fh\ a dsgsm!iy coded mmmand capabm?ya The

| secondcsry sm‘hons will compiemenf the Network by pmwdmg uddxhomai fracks

ing cmci cummumcohun coverage.

The pnmary sfcmcn locations are shown here (lide 20) in re{ahcm to the
maximum in’ciinuﬁm cxngie vp‘lc'zsnedfm Gemini o represenred by the shaded
band between *+ 34° latitude. As you may recall, the inclination for each of
the Marcury s’ﬁo?s wos f’ xed af cpprcmmqfeiy 32.59. :

The fwo ships planned here will be the some shx;}s wh§ ich were used for
Mercury |

To handle the lcarger amouni of telemetry data needed for mission control,

the eight primary stations will use PCM telemetry equ%omen? ms%ead of FM os

vsed for Mercury. PCM telemetry, ‘Qr digital telemetry s if sometimes is

called, is required for several reasons.

(o) 1t will match the spacecraft tefemetry i nstrumentation. Much of
the on~board data is of an Haither=or" noture which is most

efficiently handled in o digital format.
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(b) PCM mﬁemetry offers more ﬂemb;hiy in the um*‘;f“mc of large
v qumnhhes of data ﬁnd is more aaapfable to automatic data
pmce,ssmg which witl be necessary for Gemm:u | "

- Ground c@mmumcahcm among the smi‘mm will mnhnue tc‘s be !imifed in
some cuses to 60 ward-per-fmmute mieaypa and the teuhmque of senc’( ing summr.!ry
messages will ‘again be wequxred, However, Lm!f?w the Mercury prcc:edures, PCM
| fe!emeiry wﬁi enable the mission ccmi*m”ers at Nr—'twcrk stahcns m use @ hngh
'dagrae of automcshon in pmcassmg summary messages o ﬁee fhear hme for
‘phservation of dafa os the spacecrcsﬁ passes. overhead .  And fi nccﬁy, ﬂie need of
the pro;acf for spacecraf’r inmorbit control and c;cmmcmd will place new reomrew
‘meﬁts on the up—daw hnk and gmund communi cations.

Cenfrcﬁ ccn’fmi of Gemini op@mhcns, mcﬁudmg the Agem. srientation
énd.‘ pmpu!s:on man&uveﬁ, wifl be xmhafed from the IMCC (Integrated Massmn

Conirol Ceﬂter) at Houston, Texas by ground command.,

To perform the command function we are installing @ new digital command

system which will use exisfing FRW@Z transmitters and will receive, store and
transmit both real=time ond stcred command data to the two spoacecraft. Part

of the command function w:’l be ﬂw transmission of data for the onwbaard

- velocimeter cmd of course fo up-dafe the timing of critical or;&m‘aﬂcn c:nci

“propulsion functions. “fhe digital command system will alss serve us a back=

up bocst phase guidance link if required.
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in aummary, W while © ertain equ:pmeni augmenmhons wa! be effevted,
many of the echmques learned durmg %he Mercury p*agrcm, paﬁ:cu!nrﬁy in
tarms of pmaedures requ:reé to aswrf rx:‘ ive Ne*work suppor‘ will be
uﬁ'}'izsd in,‘Gemi.’ and in fhw wa" an everﬂnwreasmg buckgrcund of know=

hcxw w:l! be avai lcsblea for‘ exifeme!y ccmp’l ex miss'fons w_hic‘h w:!i be

o encourd‘ered in ﬂxe mamed i;mar cndmg program e-;hm*ly to be upon US.
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Slide 13. INSIDE STATION AT GRAND CANARIES
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Slide 14. CONSOLE PANELS AT GRAND CANARIES
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o *ﬂith the completmu cvf me Memury progﬁ:am, sci:em::é h&a g&in&d c,brssiﬂ*

”f@m‘me new kmwledga a‘bnuL spaw. :m more Lhan 52 heurs of mamzed flight,

the nformation bmught back has changea many idaas a’fmm spac;« Flight; . »‘ De~ -

swgﬁ: pmble.m éﬂ&ﬁpié‘ﬁﬂ the fi.a:st and major purtion ﬂf xhe Mamury p*wgram,. L

Tha heaz: sﬁ ::1&, the shapa af wze Mercury apac»cmfm :;he spa::enmfi: smtmm_

-and the recnvery dwiaes Wure developad. Fiight ogemmcnu nmcudures wam

organized emd davalmvpeé and a tmining progrm for both ground am flig’k\t S

crew fn\llawed,. ELiaﬂt’Lfiu exparmem;s were plaﬁne& with man Lin the laap.
,ﬁ.‘hma uwluﬁed photegmphy, extra spacacmft: exz:tex:iment:s, a:rxd n’ﬁaervatien |
or selfw\;;erfcmmg i:ypes of experimemsg- o |

 But t’ne real knawledgp of Mereury 1iaa in %:he change of i:he basﬁ,c p‘hi~ '

lomphy of:‘ é;?xa pragram; Am the beginning, the capa‘bxlities of man Were not o

‘known, 30\ the systezzw Tad 1:.43 be ;Iasigned to functian automatmally.r : V’Bm:

| ‘@zith tbe aﬁdi’*m&, n*" man to the 1@9;;, this philoso haﬁmi 3.80 degrees

s},me prinumy success nf x:he miasim depeﬁded on man backing up aﬁ.h

g
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N maomcnow

’

As the f:r.rst marmed space £light. progect of the U :m.ed S;:ates, iject_',
_ %<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>