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T he pt·oje<'l has now crossed the threshold of a mnjor rt ight t Psi 
JH'O#!t 'nlll of short - and lon~- ran#!e bnlli. tic fli#!ht s, lcncling lit·st to 
unnutnned, nn<llntPt' on to manned OJ·bitnl fli#!ht s laiC' in 1!)(;1 if all 
f.!Oes well. 

Pro jed .\ft>n•u t·,r is being pursued wil h the gn•att'st sl'nst' of lll'§.!t'n<·,r. 
Th is urg('m·y st!'ms from thE' fa C't that thE' proje<"t ll'ill supply ansll't't's 
Jo mnn_y C'JII t'Rt ions 1 hat must he ansll'et·l'd bt>fore om• t·Hn prot·t•l'd ll'it II 
thP ncxt stt>p in th t> mannNl space fiight program. Bt>for<' fu tur(l pro­
gnun. t·nn §.!O l'<' t',\' far downstt·enm, much tnllsl be lenl'llt>d nhout man's 
t·npnhilil it>s in spa<·e ancl about the f.!enemlte<·hnolngy of mHntwd spa<.'t' 
night. · 

.\ s menti01wd pre1•iously, )fet·t·ut·y carrit>s a national DX prioril,r 
m t ing-. But n I>X pri01·it,r rating alone does not ns.,.ut'P that a pt·o.ic<· t 
willntm·e- forward ll'ith g reat speed. The implement at ion of a projl't' l 
such as .\fct·cu•·.r <lemancls, on 11 continuing- bas is, hmrndl(lss t'llt'l'g)', 
enthusiasm, nnd dctt'l'minlll ion. W ork on Projet'l ~f<•tTIIry, hot h at 
l hE' coni nwtor's fn <' ilit ies at Rt. Louis, )[o., und the ~Tet·c·ury f:H·ilit i<•s 
at Cape Canaveral, is proceedin:r on a tlu·e<'-sltift, 7-cln,r-n· ll'('l'k bas is . 
. \ 11 memhPt'S of the- i\f!'t·c·m·y lE'nm, be they in ~.\S.\ , 1>01>. o•· in 
J>l'i vn l c i 11 dust r,r, are n 1 a king e n •t·.v e tl'ort to lllN'I t hP goals t•sl a hI is lwd 
fo r them. 

It m11s l lx• rec·ognizl'd , howc1·er , that Proied .\l t• •·c·tfl',\' is a t'PS<'nn·h 
and cJe,·elopmC'nl progmm, and therefore, cloPs not l<•tHl itsl'l fro tht' 
firm type of S<' ht>duling that typifies a produdion p•·ogt·anl. l nsl<•nd, 
it is only possi hl<' to establish target clatcs ll'ith tht> full I'Ptognit ion 
th11t "m·h target datE's must he C'han;.red ns 11<'11' knoll'l <'d!!<' is gnitll'd o1· 
I he c·o111plt>xit,r of tIt!' problems C'onfi'Ontinu t lw dE'n•lopllll't tl l)(•<·onle 
more- <" l<'lt l'l,r dt>fined and schedul!'s t'l'ori!'ntNl 10 Ol"l't't·onw the111 . 
• \ ftl't' all, if 1 here wer<' no pt·ohlem to Ol'!'n'ome. t IH•t·e would he no 
need fot· n re <'ll l't'h and de,·elopment pi'Ognun. 

I n P rojN·t .\fet·c·ut·y, tnn!et dale. lt~n·e bet>n (•c.,tnhlished fol' l'l'l't'Y 
fact't of t ht> oprl'llt ion. T hese inl'lude tanret datt•s for dclii'C'I',\' o f 
c·ompon<'nts. snbsystems and <·omplete <·aps lllE'. . .\ lso in<"ludNl an• 
tat'#!Pt dnt<'s for c·npsule p repnmtion SE'qlletH'e"' 111Hl h1111H'h pHiocJ ... 
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INFLA'rABLE STRUCTURES IN SPA CE 

FRIDAY, MAY 19, 1961 

ITom<t: cw Rr.Pnr.sr.J~<TATJVEs, 
C'o:ullrr1~rr.F. ox Scn:xn: .\ xo .\ snwN.\ cncs, 

Wn!ihington. D.r'. 
The committee met at 10 u.m., TTon. Overton Brooks (C'hairmnn) 

presiding. 
The CHAlRliCAN. The committee will rome to order. 
l\11-. K rx(;. l\fr. Chairman, could I mention that we have with us the 

distinguished Congressman from l\Iinncsota, l\Ir. Albert QuiC', who is 
here by Yi1·tue of the fnC'I that Echo I was fabricatccl in NorthfiC'ld, 
:\!inn., which is in the district of the gentleman from :\lin11esotn. 

I think the record should show that he is here as n Yi sitor. 
)fr. 1-h:c m,lm. I would like to join in wt'lcoming my C'olleague, )fr. 

Quie, to the committee. · 
T he CHATR)L\N. "\Ye are happy to ha,·e you this morning, ~II'. Quie. 
T his morning we open n 1-dny hearing on the mat f£>r oft he potential 

useS,j)roblems and funding, and rt>search and development on ''Inflat­
able Structul'es it1 pace:' 

"\Ye huve a good many witness£>s thi s morning. I think it is entirely 
proper that we follow the henri ng-s t hn I we h:we ha<l by I his Olle on 
"I nflatable Structures in Spnce:' 

\Ve ha,·e1 of course, ou t· d1stiuguished collengu€:'. "\Ye want lo hear 
from him 111 just n moment. 

" 'e Jun-e Mr. L. K . L oftin, .Tr., T echnica l .\ ssistant to I he Dirt'do•· 
of the Langley Research ('('nter of N.\ SA; :\fr. "\~illiam .J. 0\ nlliYnn, 
• pnce Yehicle Group, Lnntrley Rest'arch Center, X.\ S.\ : :Mr. Robert 
\Y. Richardson, vice president, Gooclyenr .Aircraft C'orp.: Dr. Robert 
S. Ross; Goodyear .\ ircmft Corp., and Mr. Robert T. Madden, Good­
year .\ 11·craft Corp., also. 

,,.e are g:lnd to hn,·e lhest> g-entlemen hHe with us this mominp:. 
~[r. Quie, I know of your interest, because I just talked to you. 
It is customary for the commi t tee to hra r the :\[embers of C'ongress 

first. If you haYe n statement you would like to gin us on this, we 
would be glad to hn,·e it at this time. 

Following that, we will be glad to hn,,e yon come up and sit with 
the committee and stay \\-ith us ns long as you like. 

)fr. QrJE. Thank you, ~fr. Brooks. 

STATEMENT OF HON. ALBERT H. QUIE, A REPRESENTATIVE IN 
CONGRESS FROM THE FIRST DISTRICT OF THE STATE OF 
MINNESOTA 

Mr. Q uiE. My name is Albert H. Quie, Congressman f rom the First 
District of Minnesotn. 

I appreciate the opportunity to nppen•· hefo1·e the committee. 
1 



2 TINFLATABLE STRUCTURES rN SPACE 

I wi_ll have _to de~line from accel?ting your in vitation .to stay with 
you th1s mornmg, smce our Educat10n and La,bot· C'omm1ttee is meet­
ing and we have some problems confronting us there, as you so well 
know. 

In Minnesota a.nd in my congressional distri ct we a re indeed proud 
of the work t.ha.t is being done by one company in Northfield. So 
often out in the Midwest-and I come from n little farming- commu­
nity next to Northfield, Minn.- we tend to think of space exploration 
that is being done some distance away, a long w~tys away, and people 
have wondered if t'hey would see anything like that accomplished in 
thei r little commw1ity. ·we were indeed proud when the Schjeldahl 
Co. in Northfield, Minn. , played such an important part in. the con­
struction of E cho I and now E cho II. The community is really 
enthused about what is being done. They feel the old pioneer spirit 
and t.heit· esprit de corps in these spn,ce endeavors would sur·ely ignite 
one's faith m America; these people, no matter what their job 1s in 
the part of fabrication, are so enthusiastic that when called on they 
have been wi11ing to practically work around the clock. 

As we read of this person, Commander Shepard- people had kind 
of lost faith with the Americans, and he renewed their faith in 
themselves. 

I think if you could come out t"here and see that company, too, you 
wouJd have a renewed faith in the American people. 

I feel inadequate, speaking here upon such a technical subj ect, be­
cause I haYe no techmcnl experience, myself. For that reason I was 
glad I was able to speak first, because I would surely feel ina.dequate 
after hear]ng some of these other men l ike Mr. O'SuJli,·nn, whom I 
have heard so much nbout, not on ly read about , since 1\Ir. Schjeldahl 
speaks of him in glowing terms. 

We in Minnesota and that area are indeed proud of the work being 
done. 

At this t ime, I ''"ould like to include in the testimony n statement by 
Mr. G. T. Schjeldnhl- the head of the G. T. Schjeldahl Co.: 

ERF£TABLE AND I NFLATAIILE ST'ltUCTURI':S I N SPACE 

By G. T. Schje!dahl Co., Northfield . Minn., May 2<!, 1961 

Having already ventured briefly into space, man is de,·eJoping a host of 
vehic!PS and capsules to propel him nnd pt·otect him as he soars into the lut~>r· 
planetary void. Highly complex rocket systems and compact and efficient space 
capsules will of cou rse plny the major r ole In helping man lea,·e this Eart~ for 
parts unknown. 

Yet man, as he pinus for his most epic voyage, Is turning h1s attention to the 
Sllme specta cular devi~ that enabled his predecessors to leuve the ground some 
two centuries a~o--the balloon and its modern counterpart, the Inflatable sa te!· 
lite, or "Mtelloon." 

TfiE INFLATAnl.E STRUCTUllE I S ALREADY IN ORBIT 

On August 12, 1960, the ~atlonal Aeronautics nod Space Administration ~'>hot 
Into the heavens the largest volume satellite ever thrust Into orbit- Echo I. 
This 100-foot diameter plastic sphere, designed and manufactured by the G. T. 
Schjeldahl Co. of ~orthfield, Minn., is still in orbit- a visible ~ymbol of Amel"ican 
creativity for all the world to see. 

The Schjeldahl Co. is already at work on other space infiatables. These 
include the forthcoming Echo II on which S1H'OOSSful inflation t PSt-; have been 
concluded by NASA. Longley Research Center, and Project Rebound in whicb 
severn! infintable satellites ~ill be launched in orbi t from a single rocket can·ier . 
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AU these inflatable satelloons have a conunon ancestor-the balloon. But 
whlle the balloon Is designed to go up nnd come down again within n ,·ery 
~hot·t period of time, the sa telloon hs so constructed tbnt it will remain ln orbit 
for extremely long r>t>rlod:-;-perhaps many years. 

The inflatable satellite, 11ucb as Jl]c:ho I noel Echo II and other satellites de,·el­
oped by the Schjelclabl Co .. must be precisely engineered and sealed by mean11 
of a super adhesive thnt will withstand the hostile envlromnent of space-. The­
Schjelclahl Co. has de,·eloped such an adhesh•e-ealled "Schjel-Bond 301," which 
has held Echo I together for· nearly a year despi te the rovages of extreme te-rn· 
peratures, radiation and low \'Ucuum. 

AN En' I OIENT AND ECONOMICA L OE\'IOE 

The inflatable space satellite Is an efllcient and economical de\'ice that can be 
packed- uninflated- ln a. smnJI canister, shot by rocket into space and then 
inflated to become a massive satellite, perhaps 100,000 times Its unlnftated 
volume. lt can be prefabricated in an unlimited variety of shapes and sizes to 
perform specific functi ons, s uch as reflecting electronic signals, gathering solar 
energy, providing safe shelte1· for man in space and for storing gases and fuels 
In space. 

Up to the present time, Inflatable space structures ha,•e been used mainly to 
reflect electronic signals. .Man's first space balloon, tbe Robin ( Rocket Balloon 
I nstr ument), Is a one-meter diameter :Mylar sphere with a buill-in corner re­
flector for ground radar tracking. Robin was designed, de,·eloped and bu11t 
by the Schjeldahl Co. for meteorological purposes. .More than 200 of these 
unique devices ha,·e been shot by the U.S. Air F orc·e to altitudes of about !'iO 
miles, Inflated and allowed to drift btu·k to J<jar th. The radar plot.<; of their 
<'Orner reflectors yield Ruch meteorological Information as wind direction, wind 
speed, air density and ai r temperature. 

PASSIVE S t\TEI.LI TES 

Robin Is an example of n "passiYe'' (·ommunicatlon satellite. "Active" com· 
municatlon satellites carry into space a radio receiver and transmitter so that 
they can receive signals from one point and relay them to another polnt. The 
active satellite must carry its own power or pos~ss the means of deriving power 
f rom external sources. It hns cer tain inherent disadYnnt.ages: ( 1 ) it cannot 
be repai red lu space lf something goes w rong and (2) its signal can be jammed. 

The passh·e communication,. satellite 110 in etrect one or a series of electronic 
''mirrors" in space which rE'fleC't signals beamed to it from the grotuld. Such 
signals, s ince they a re beamed. <·annot be januued. 

This Earth's only orbiting passive communication satellite Is F.cho I , launched 
by the )lntional Aeronautics and Space Administration .:lugust 12, 1960, from 
Cape Cann,·eral and still <"irclinJt the globe 1,000 miles out in space. Echo I 
was mannfa<·tured by the .'d1jelduhl Co. 

EC'ho l 's c·hief disnd,·antage as a pnssl\·e communication device is the low 
ratio of power of the refl~ted si~nal to lbat of the projected si~'llal. This low 
•·e;;ponse II-; due to the fn<·t that it is R]lht>rital. Althou~:h F.rho I is 100 feet in 
diameter, the effe<:ti,·e re tle<:tl\·e ''disc'' Is only n foot or Min diameter, becum;e 
the !'iurfn('e of the AAtelloon is extre-mely shiny. 

Echo II, 13!5 feet in diameter. whieh only rece-ntly was subjected to successful 
~round Inflation tests at \\'eeksville, X.C .. has a dullt'r surface than Echo I and 
will present a much lar ger reflective su rface and beore will provide a grE'nter 
ratio of response to input signal. 

ECfiO II !'iO TB1ES STRONvEit THA:'\ ECHO I 

Thh; material in Erho H is !'iO times more rirdd than the material used in 
J•:C'ho r. It is a laminate consisti ng- of two layers of aluminum foil only 1 
hnndrt'd·thott>'a ndths of an inr h thlc·k hnnded to it centE'r shE'et or )(~·Jar 31> hml­
dre<l-thousandths of un inch thic·k. 'l'he rigidized sphere-t< will weigh about GOO 
JIOtmds eac·h. 

When E('bo 11 Is inflatE'(] in spare. the fold:-; and wrinkles it re<·eives ns n 
result of packing will disappea r. When the spher e is punctured by meteorites, 
I'E'leasing its inflation agent. it will not defnrm. for it will not •·remember" the 
folds and wrinkles it incurred in it!: "fetal" J)O:<ition within tl1e rocket's 
<·nnister. 
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At the present time, the Schjeldnhl Co. Is workln~r wit b the Goddard Space 
Flight Center of N t\ S A In developing u 200-foot diameter lnflntnble plastic 
sphere for rebotUJcllng s lgnuls from one satellite to another. Oonl of tbe proj­
ect--<'nlle<l Rebound-Is to produce u new light weight material thnt compares 
In strength to the •uatt>rin l of Echo 11. This will he orrompli;;bed by chemicall)' 
" rnllllug" out n. pattern of d rc-ulnr ··window>l'' from the tl huninum, leaving tbe 
Mylar membrane intact. The networl\ of u luminum nrc he:;; rpmalnlng will 
preserve the rigidity with an uccompunying- and desirable-reduction ot weight 
nruountlng to about 30 percent. 

RE\"F.RAI. RATE I.I.OONS I N ONE ROCKET \"EUICLE 

Project Rebound wlll concentrat e nn placing three Inflatable satellites In a 
c·i rcnlar orbit from one rocket vehlc·IP. These will be spaced at predetermined 
Intervals In order to test their effectiveness in bouncing radio signals from one 
sntelll te to nnnt11er, thereby ex tending the range of rncllo wn ve propagu tlon fur 
heyoncl that of n s ingle l'lntelll te. such us Echo I and Ec·ho II. 

Lnunchlng of the first three Rebound satelli tes Is scheclnled dming the firs t 
qnurter of 1963. A launching of s ix Rebound satellites from u s ingle rocket to 
form u "stri nl!' of bends" nronnd the FJn rt h wi 11 ort·m· !lOmc>ti me In 1004. 

In n moYe to increase the s ignal response nnd clirectlonulize It, the Schjelclnhl 
Co. is proposin.~r throuA"h t he Wl'ight Air Development Divis ion to create a new 
and different series of inflatnble passive satellites. This new inflatable wlll be 
rompuruble to n chandelier in :=.pure, containing a mnltltnde of small retlecti,•e 
units which will \'UStly increase the strength of the reflected :;; ignal. Moreover, 
by maintaining a SJ>ecific attitude with respect to the En r th 's surfnre as It or ­
bits, the satellite will project a "cone" with sl~mnl strengt h maximum at the 
perimeter. Thu!;, a pus~;h·e sateJlite In f.lynchronons orbit- with itr-; orbital speed 
the same us the Earth's dally rotation-would J>r ojeet Its strongest siA"f!al to the 
horizon. Since ssnchronou:;; orbitH re(Juire high n!Utucle:<- apvroximnlely 22,!i00 
miles- the " horizon'' would be perhUp!i 6.000 mller; nwn~·. Surh a device would 
become a tucticn I nonja mmable communicationr; device. 

1NFLATABLE8 TO All) ACTIVE SATELLITES 

The role of inflntables is by no means confined to pu:o;s i\'e satellites. They 
promise to be important to a cti"e satellites a!'; well. lluge lnOatnble antennae. 
precisely constructed on the ~round, will burgeon out in !;pace to enable maximum 
propagation of the urth·e satellite's s ignnl. 

The inflatable concept also will be fl llf)lied in buildinl! 1111 types of spnce struc· 
tures. Present thinking nt Lnngle~· Research Laboratories favors a "marriage'' 
or lnfi ntubles and erectubles sot hnt combinatiom"~ of rigid members can be folcl('(l 
into compact forms and "married" to an Infla table object in space. Stwh a method 
shows great promise in the rroblem of creathtl!' space stations in which men can 
RUnlve the Rpnee ell\'ironment. Similarly. inflatable components or various 
structural cle\'iCes will be r ocket('(! into spat-e nnd inflnte<l and rlgldlzed. The 
economy 11 nd e tHci('ncy of such a method of erecting devices In space a re ohvlous. 

:'\EW MATERIALS BEI NG OEVEI.OPED 

At the present time, the S<'bjeldnhl Co. is conducting resea rch In de,·eloping 
new materials to withs tand tile s paee environment for prolonged periods. These 
include combinations \vltJl mineral fibe r!'! that promise to be us s trong as the 
s trongest steek Othet· luvestigationr-; planned nre for the de,·eJoprnent ot plastic 
materials that will not burn-even in the searing blast of a plasma torrh. 

We belie,·e that inflatubles will asf-lume u con;; tnntly increu r-; in~r role In the 
nnfoldin;! drama of the :=.pace age. Their economy nncl their rAtio of collapsed 
:;;ize to inflated s ize command their continu('(l application. 

TJMITLESS N O ~IBER OF JoilSBIONS 

Leonard Jaffe, chief of :'\'ASA'H commnnkations ~<Utell ite program, empbaslzeR 
t hat inflatable:< CHit be designed ancl ronst rm·ted to perform an almo!lt limitless 
number of miHsinns. 

"The fensibilit~· of using u pnssh·e satellite as a communications reflector has 
been establis hed," he says. "The fn tt tha t E<·ho I did not c·ompletely cnllap.<•c 
upon lOili': nf i t.'l In tern a! prt>ssu riza Uon materia I hnR I nd ic·ntefi thu t the thin \\'a 11 
s tructure il4 nlmol'lt !'trnrturnll,\' ~;nun c! ennu~:h to \\'itbstund tbe Hpncc t>m·iron-
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ment, and lbnt only n nominal int.:reuse in rigidity will provide l ong-life strur· 
turoo." 

APl'ENUlX A 

The nttuc-hNl ph<>i ogmptu; pktoriully illnRlrut.c a NASA/ Langley R esearch 
Cente1· couceptuul design of an erPC·tahle s!)nte xtatiou. l'l 'he pitturcs iu ques· 
tion were not of r eJII'otlnciblc ounlity and 1111 \' l' heen plu<·l'd on file.] Note the 
incort)()rution of an optimum <·ombinat ion of puenmnt ic·nll~· n1Hl merhnni<"nll.v 
e1·ectnule scgnwnts. 'l'his <·uml>ination inc·orporntei'< thl' bl'st. ndv:tntuges of each 
type componen t. The t;gill ><eel iunx <·ouul in all on-hoa rtl u ppu mtus. 'l'bc 
)llleUWtliiCa lly Cl'e<:tahiC SC<:tiuns IUHclC )liJHSihl t• ih<' <lE'JIIUYIIIl'IIL and int~l'l'OII · 
n!"ction of Uw l'igicl sec lions in u reudy-to-nsl' c·ondit ion in n matter of minutes 
with no r <'((uirPment to bolt together the parts. 

AH with project l iJ<·ho. the G. '1'. Sch j eiduhl Co. is following carefully the 
C\'OI nHueu t of I he resea rc·h done in the Ln ngle~· La born tor~·. De\·elopment of 
mnteriuls with whit-h to ntcomvlish this tusk Is an n1·ea wber<' GT~Co will mnke 
a rontrihution. l l'ohric·ation t ed111iques to trunslute till' concept into un actual 
te::;t ,·chirle ar<' nndet· study by the c·nmpany. 

Thi~ is on t'x<·<' llent exnn1ple of the tlose lNIIII\\'Ork between industry nnd 
tJ1e gf)verttment·-l"pnnsored inborulorles, which !<huultl lend us forward in man's 
COn(JUCl:lt Of Hll:tC'e. 

The 0HA1R~IAN . T hat was a. g reat achie,·emenl. I think the peo­
ple of Korthfield should f eel justified pride in their contribu tion to 
this majorac<·om plishment in space. 

"\Ye 1tre happy to ha,·e you here this morning, and we will give your 
sl!ttement out· cu t·eful cons ideration. 

Mr. Quu·:. Thank you. 
The CHATR~[AN. The next witness we h~tve this morning is Ur. L. K. 

Loftin, Jr., Technical A s.<Jistant to the Director of Langley R esearch 
C'entet·, NASA. 

~1r . Loft in, do you haven. prepared sta.tement ? 
Mr. LornN. No, s ir. 
The CHAIR~I.\N. You came up to testi f y on this subject. o I am 

sure you n.re fumil iar with it. "\Ve will be glad to hu ,.e whatever state­
ment you Cfll'e to gi ,.e the committee on this subject. 

Mr. I -<l FTI K. I only leamed yestei'Clay morn in,g that I would be 
expected to discuss inflatable stt·uctures today, so I hn\'1~ no prepared 
statement, and I must apologize fot· not h:win,g any lar,ge c·hn r ts which 
you cn.n see. I do ha"e some proofs which I m ight pass around. 
[Non :.- T he eommittee placed its reCJuest "'ith N A ~\. six dnys before 
the scheduled day oft he hen ring.] 

STATEMENT OF L. K. LOFTIN, JR., TECHNICAL ASSISTANT TO THE 
DIRECTOR OF LANGLEY RESEARCH CENTER, NATIONAL AERO­
NAUTICS AND SPACE ADMINISTRATION 

Mr. L o FTIN. I n speaking of inflatable st l'Uctures, I think it. mi,ght 
Le appt·oprinte first to point out why it is we shou ld be interested in 
these things, anyway. 

Basically, there at·e two rea ons: 
F irst of all, it takes many, many pounds of propellant to put one 

pound of pay load in ot·bit. "\\'e all know this. ~o that anything we 
cn.n do to make the pa,vload li,ght is all to the good. T his is one reason 
thn.t we lll'e intoreste<l in inflatables. 

Anot.her renson, which is perhaps not quite so well understood, is 
this: There are mnn." nppli<·ations in space for which we would like 
to have tl- c· raft. in orbit which is large in volume, such as n s pace sta-

i0~6 0 - 61--2 
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lion, or large in area., such as a passive communications satellite. 
However, when one looks at. the launch problem, it becomes obYious 
that, a. very reu.l difficulty exists in t t-yin~ to mount a very la.r&"e pay­
load on the end of a rocket. This difficulty is associated with t11e fact 
I hat the rocket. must ITO th rough the atmosphere before it re.1ehes orbit, 
and with this very ~arge a.rea. on the f ront, we encounte r· an aero­
dynamic i11st-ability which is qui te large, dependin~ on., the s ize of the 
thing we put, 011. You can, of course, lick this by putting 011 fins or 
something of this sort, but this is henvy . Even more importantly, 
even if you put the fins on, you are encountering ,·et·y large bending 
moments in the missile, itself, so it has to be redes igned. 

So that, in a nut shell, what we wnnt to do for these large payloads 
is to squeeze them clown into a small packn~e on top of the boost 
vehicle, get it into orbit, and then in some fashion uJiow it to blossom 
into its desired sh11pe. 

There have been many 11pplications p roposed for inflnt11ble vehicJes. 
Perhaps I should really say erect11ble for one can have such vehicles 
either by inflation or by some means of mechnnicnl erection or some 
combination thereof. This is really what we are talking about. 

Things such as commnnicntion satel1i tes, solar collectors. corner re­
flectors of one sod or another, reentry vehicles, space stations, have 
been proposed to employ inflatable-type structures or erectn.ble struc­
tures. Rather than go through t·he many n.pplications that one might 
conceive of, in which 1111 erectable structure would he applicable, I 
thought you might. find it of some interest i'f we would discuss with you 
some of the specific work which the N AS~\ has done on inf111t11ble, 
erectable structures . 

First, I would like to describe to you briefly some of the explor11t.ory 
resea rch which we ha,·e done at L angley Rese11rch Center , aimed at an 
a.ttem pt to find and clarify some oft he problems "·hich one would h11ve 
to ov·ercome in ttpplying the erectable concept to a manned Yehicle. 
vVe have not been developing :t m11nned vehicle. As I say, we haYe 
been studying what we would consider to be s11lient or pertinE>nt pt·ob­
lems which would have to be solved. 

Secondly, Mr. O'Sullintn, who is s itting on my right. here, will dis­
cuss with you some of the work which we have done and some of the 
exper ience which we have h11d in actually n.pplying the erect:1ble tech­
nique to unmanned space ,-ehiclessuch as Echo. 

To t11lk now about the mnnnerl s pace stntion, went L angley started 
t hinking about the use of inflatnbles for snrh a vehicle about 2 years 
a.~o. In order to t1·y to fix \\·hat the problem areas were that we should 
be looking 11t, it w11s necessary to 11rri,·e at some sort of 11 concept of 
what, the vehicle might look like. 

I hn.ve some photographs here of an early version. These pictures 
were this model was desi~ned 11nd construct ed not 11s n proposal for 
a. space vehicle, ns I say, but rnther to permit us to flx on what kind 
of problems you would run into with something like this and what 
studies we should make. 

If I could pass these a round. They are in sequence. They sta r t by 
sho,·dng what the vehicle would look like on top of the rocket. Then 
us you p11ss down the group of pictures you will see this crnft s]o,vly 
bJossomin~ out. The toroidal shape, which is in the form of sausage 
links in this case, would be the living quartersofthecrew. 
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The apparatus which looks like nn umbrella. is a. sol:u· collector , 
which would supply powel' to the power plant. 

The v:u·ious ot he I' pieces of n pparnt us on there a r·e snn seekers, star 
seekers, ym·ious g-Hidanc·c nnd stabilization systems. 

I n looking nt this tlwre \\'el'e se,·era l pl'oblems thnt were apparent 
tons that "·e should study. One of the most obvious ones was that of 
the mnter·ial, itsE> lf, that WE' can <·onstrnd thi s toroid out of. Jt has 
t o "'ithstnnd the spate t>nvi ronment . T his m<'ans that it will be sub­
jected to Yarions type of radiation. I t will be subjecterl to high 
vacnnm. It will be subj ec·ted to ternper:~ ture C'ycl ing-, and we don 't 
know the eft'ects of these phenomena on the mnterial;~s to its hrittlt>­
ness; does it berome brittle with time? Does it tencl to evaporate or· 
boi l awny? \Ye don 't know what the micrometeor·ite problem is here. 
'Ve don't wnnt t o pnnC'Inr·e this thing-. Finally, we did not want n 
material which \\'Ottld outgns in such n "'~'~Y as to provide poisonous 
or· noxious odors ins ide. 

' V'e undertook a study of material properities. The Goodyear Air­
craft Co. undertook a set cf studies. They proYidecl us with some 
samples, 1tnd we more or lt>ss \\'Orked in cooperation on this. At the 
present ti me \\'C h:we subjected many samples of materials to a 
vacuum erwironmellt which is about 10-11 of mercu ry. ' Ve hnve sub­
jected it to radiation, and to temperatu res up to abont 300 degrees, 
Fahrenheit. 

T he t.hin~s we hu.ve found out are these : "~e haw found materials 
that. do deteriora.te, which one \\'Ottld not use for such application. 
On the other hand ther·e nre other matel'inl s one can use. Wbat it 
boils down to is the mater ial problem is not a cr iti ca l one in the sense 
that it does not req11ire any fundamental technological breakthl'ou~h. 
I t hink we can find the material. 'Ye may lul\'e to search some. But 
it looks like something "·e can do. · 

W ith reg-ard to the micrometeorite problem, we haven't done too 
much on thi s. 'Ve are making some expel'iments now. I n that con­
nection I would like to show you anothl'l' g-roup of pictures here of a. 
somewhat different concept of an orbi tal s pace station \\'hich inYoh' es 
some inflatable elements nncl some mechanicu]]y erectnble elements . 

As you look at this SeCJuencE', T think yo11 wi·ll see that what thi s 
rea lly is is 1t series of cams thaL are actnnllv rigid. T hese unfold 
and are connected by inAntnble components. T t1is system has n numbe1· 
of ad vantages. One of these is that l nr~e portions of this erectable 
s tructu re are in fact rigid and can be protected from micrometeorites. 
It. is not an unusual problem. So you could pnt air-lock-type doors 
at the ends of these compartments and close them np. .\ nd then when 
you wanted to go around this toroid Y<'ll conld open them and ~o 
through the inAn ted portions. T his is nnothe•· concept of the '~ny 
one might do it. 

I have n couple of samples of the kinds of materials that we hM·e 
studied. They act.uully look pret.ty much like pieces of rubber. These 
I believe wel'e p•·o,·idecl by ('TOoclyen r. T hey nre th ree-ply with nylon 
cords, rwd they ha,·e a butyl elastonrer- thi s is the rubber -like mate­
ial that sticks it together. It weighs about six-tenths of a potmd per 
square foot. 

T alking about. these mnler·inl s, another area \\'hich we have looked 
into and are looking into is that of ho'~ best should you make the in ­
Antable portion of the ,·ehirle. One way of doing it is to make plies 
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of material very much like this, three-P.lY material. Another way of 
doin~ it is to make a sort of network-like cage and inflate the rubber 
port1on within it .. But there are other ways, too. ' V"e at present ha.ve 
some studies underway under a. contract of !\ technique or a concept 
which is referred to by the name of I sotensoid. I don't know who 
really cooked this name up. I t is a dift'er·ent way of putting the cords 
in and reputedly this system would allow you to develo,p a, strength, 
the required strength for ll much lower weight. ·whether 1t will in fact 
Lur·n out this WilY we don't really lmow. " 'e ha,ve a model which has 
been built and which we a.re goino- to do studies on to determine 
whether the1·e is really anything in tTtis method of construction. 

Another· area we have looked at is thu.t of dyna,mics. If one rotates 
one of these space stations to provide artificial gravity, which ma.y or 
may not be required, then there is nn interesting dynamics problem. 
We h~ave clone ~nalyt.ical studies .nsin~ a.nalog computers .and things 
of thts nature, m wh1ch we put m effect masses representmg men m 
different parts of the vehicle, and although they have no weight in 
orbit, they do luwe mass. 'Vhen a man walks from one part of the Yehi ­
cle to another·, he changes the mass distr·ibution. The analog computer 
study shows that one can then experience some "·obbling motion var­
ious types of perturbntions of the vehicle. 'Ve have clone some work 
on whut is ca,llecl a wobble damper, . a possible scheme for getting 
a.round this pt·oblem. P erhaps more importantly, we are lookin~ to see 
whether there is renlly a problem. "iVe hnve buil t tt 10-foot dtnmeter 
elastically scnled model of this cmft. F or such a model the mnss dis­
tribution is correct. It has the co rrect stress cha m cteristics, and you 
would put the correct pressure in it. \\'e intend to rotate it on a free 
mou11t. with diffeent. distributions of mass within the vehicle to deter­
mine wha.t the motions are and to detet·mine the coupling between the 
overall body motions of the vehicle and nny vibration modes which 
mny develop in the inflatable structure, itself. This mode] has just 
been completed. " re should get underway with this fairly soon. 

Another model •;Yhi r h is under design deals with the thermnl balance 
of the ,·ehirle. Yon have the vehicle in orbit with the Sun on one 
!"ide, the reflect ion from the E:wt h on the other side; you have power 
plants nncl things of that nature in it. T here is n question of '"hat is 
the temperature distribution in this vehicle and how do we have to 
paint it. Do we make it black so it absorbs radiation or do we make 
it silvet· to reflect nnd in ,,.hnt proportions and this sort of thin~, to 
0btain an environment within the vehicle which is suitable not only 
fo r the occupants but also for the equipment which we nre required 
to opemte. 

This is a model which is under desi~n. It is not n terribly easy 
model to desig·n becnuse of the scnlin~ lnws, but ''e nre wot·kmg on 
this. 

One furthet· type of model , nnd this is a fairly large one- it is 2.J. 
feet in diameter-i~ beinj! <"Onstrurted for us b,v Goodyear. This is a 
mutual nnnngement. I belie,·e we are fundin~ about half of it nnd 
Goodyear about half of it. This again is a resea•·ch model. \Vhnt we 
hope to do there is to learn something nbout how you packagt> one of 
these thing-s. You talk about squeezinj! it into a smnll bundle, but you 
don't just pick up and squeer.e it. It hns to be done inn fairly exart 
\\';1 v . 

• 
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for nll fli~hl lt·~t~ .. \ s i!-. always lhl' CHM' in a c·ot11ph•' n• 
SE'Ilr<'h and dc•\'t•lopntt•nt pro~t·am. :-.onw of IIH'H' IHI'!!t>l du1c•s ha\t' ht•t•tt 
lllE'I alwad of :-.c·lwduh•. olht•t-., 011 :·wht•clttlc• and :-.<>1111' ht-hind :-wl t~•dul<'. 
S<'lhlwl<s intlw fli~ht tt•:-.1 qualifil'aliott pm~rant han• i>!'<'OIIH' apput·t•nt 
and should c·cmtt• as 110 !-.llrpri-:l' :-.inc·c• 1 his i-. the• lltO;,I c'l'it ic·al po1111 
in any dt•\'t'lopnu•nt pro~t·ant. .\II of I ht• lltajor llttsstlc• and att·c·ru f1 
pro~rallt;, han• t•xpHic•tH'l'd tltt'lll. Th i..; I!-. a natural rP:-olt lt of 1!11• 
hrin~ing to;...tt•l ht•t· into un illlt>~ratetl ... ystc•n t all of 1 ht> ntnll,\ Ill'" 
dt>.\'(>lopntents whic·lt !!O into tlw 111<1krup of tlw pt·oj<'c't. T lw proof of 
th(> cl<·~i~n i!-. itt t hr fli~ht ~t• st pt·o~ram. a11cl tat'!!E'I datc·~ nn• not prPdi ­
catcd 11 pon fa i lut·c•, but 11 pon ;,II('('<'Ss. 

P('rhnps tht• tn0!-.1 iutportnnt laq!E'I clat<• itt I It!' O\'l' t·all .\ll' l'l'llr,\' 
s<"hE'clulr is that for a<"hit'\'t'ntt'nt of lliHllnPcl orbital lli~ht. I>t·. l>ry 
den. J>c'pttly .\ dntinistrltlor of ); .\S .\ , in c·oll~t·c•ssionultt•stiuwny in 
(!Ji)H, itllpliPd th:tl this 111ission c·ottld he :II'I'OIII(llish Pd !-.01l lt'linH• ill 
l!l(il. If 110 st•th:wks at·e enc·ounterE'd during the• fl i~ltt qwtlific·n1ion 
progt'HI11, it is possihlc• that I his tat·~ct date t1llt\' IJt' lltt'l. Il owP\'t•r. 
as sta lt•d t>nl'lit•r in thi s n•port, tht> <Ti t ic·rtl pc•rlod in tl11• fl ight ll'sl 
pt·o~l'l\111 is just no\\' IIJ>On us. nncl Dr. l >rydpn':-; stalt•nwnt tlltht IH• 
c·on:·iidP!'l'd as a proj<•c·t lnr~t·l gonllo br stri\'Pd for unci not n ltat·cl 
st ult'IIW!I! of fu c·t. 

{Jp;ml'fnu·nl o/ lh /1 JIM .~IIPJmrl of l 11o)u·f ,1/f·l'f' lll'.'/ 

'l'ht• l><•p:tt'l !IH'lll of I >l'fl'IISl' pro,·idt>s a 't•n· ll!·oad t'lllll!<' of ... ll)l(I01'1 
to Pmjl'<'l ~h·t·c·ll t'."· T lw .\ ir Fon·t• Ballistic· .\( j..; ... ilt• .... I >n tsto!l slip 
pliE's alld latltH·hps .\tins H•hidE's. T ht' .\ ir Forl'l' al ... o )11'0\ idc•s 1111' 

l'E'S<'IIE' ~~·n·i<·r ain·ntft for c·np .... IIIE' :-f'ar<"h and n•<'0\'<'1',\ opc•t·atioll,.,, 
mapnutki11~ sl'tTi<·t•s of tIll' .\ l'ronaut ical ('hat·l I n fttl'lll:tl io11 ( 'pnfc't". 
the I 01111 0 f IIi n·t·n f I f 01' Ill' I work :-I II I ion d ll:'<'k 011 I .. a II d nst I'Oil a Ill lltl!'ll Hll 
flight and iwro-g tntining .. \tlatllit· ) [ i .... ,..i)r H all~<· lntttwh fac·il iti t• ...... 
t'otttml <·<•nlrt· fa c·ilit it•s, nt<•dit·nl sttppot·t :tl Cap<' Cun:l\t'ral n11cl 
t'E'IllotE' :-tat io11..,, and I ht• liSt> of t>xist inu net work fnc·il it it•s a11d litH II · 

powet· at "<'\ l'rnl ;\l!'t't'll 1'." IH't work stat ion,.,. T hE' .\ rt'O!-.)lllt'l' .\lt•dt<·al 
('entet· of tlw .\ ir Fon·e has Hlso ~in•n as:-.istllll<'l' in astt·onnllt trn ini11g 
a11d ltas !-.ll)lplird Hllimnl I<'"'' pa<·l.:aue.., fm· 11!-.P dttrill!! Ill<' :\ l l't't·nr,\ 
tl i;.!ht tE'st pmgt':tlll. 

T ht> .\ t'nty hn ... lontwd t me· kill;.! equipme111 to ;\ .\S .\. has tlladl' 
,,.hi te Sands :\l issill' Hnngl' ~t'oti!HI fa <·ilitil:'s a\·ail:thl(' for llt't\\ot·l, 
use, and will pro\'idt• a suhstnntial slta rr of ()()I> lltl'di<·nl su pport to 
J>rojN·t ' Jpn·ut·y: has su pplied c·om ntllllil'ation:-< t•quiplltl'lll and IIIII · 
phi hi ous \'l'hi<· lt•s for liSE' in possible laum·h silt' rP<·m·c•t',\ ntwt·n t ions. 
The .\ nny HPdstotw l;ttttll'lt \"E'hi<·l~> wi ll lw \lsl'd for llllllt:llllll'd nnd 
tnnnnPcllmllist i<· lli~ht s. 

T hl' ~11\',\' ltns i>N•n gin•n und ac·c·~ ptPd t hl' n•spn11!-.il1ilit.\ fell' til!' 
, r (' l'('\11',\' s()ll! 'l'l'l'Hft 1'('('()\' ('1'\' OpE'r:ttions. Tit~> );;1\' ,\' l'l'C'()\(' 1',\ 1'0111 

ntatHit>r will lui\'<' l'll'ntt'l\1!-. oft he .\tlant ic· Fl l't'l and .\ it· HPst'lll' St•n 
it·e at his c·ommurul for t•fl'l'l'tin~ mpid tw·o,·en· of tIt<' t'll)Ntll'. I >l'­
~1 royE'r:-;, Iandin!! ship~, <icx·k. misc·ellan<>ous st•n·ic·e \'('..;;,t•)s . .\ Ia rim• 
helic·opll't'S, patrol airnnft. ancl <'al'ly \Y;u·nin~ air,·t·aft "ill all Ill' 
ur i I i :t.t><l fo t· st'a n· h nn cl t·t-'c·o ,. <' t·y opE' nil ion!-.. 

Tlw );u,·y is al!-.o providin:r a:-;. ist atH·c in the <·on ... t nwt ion of t lw 
Canton Js lnncl nt-1\\'ork statio11. ha!-> Jo.med t·omma tHit-r tt·nn .... lllilll'l' 
t>quipment to ); .\S.\ , and has ~i,·en 11 numhE't' of tnwkin~ nldat· .... 
to X.\S.\ . 
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T o give yon an idea of what I nm talkin~ about, I a~ain have some 
photogmphs. 

T his is n small model that we made, whi ch shows it fully in flat ed, 
and then the vnriom; sequence:; t httt you mus t put the thing through i11 
finally folding it up into a small package. 

' Vhen we get thi s rathe r large model, this is the kin d of work which 
we will be doing with it. 

There are also some other questions of internal nnnngement, and 
so on. 

T o summar ize ou r feeling on this, I t hink we cn n say something like 
this : 

S o f a t· ns we kn ow, so far as we have gone at the present time, we 
don't see that there is required nny fundamental scientific break­
t.hroughs thnt nre reqnired in order to design one of t hese things. 
Tfowevet·, we ha ve not tmcle rtak en at the Langley Resent·ch Center 
a detailed Pngineering resenn·h design study. If s uch a study wero 
undet'taken, you might nm into some problems thnt we haven't been 
smart. enottl!h to think ahout thnt nre fundamen tal. I don 't, know if 
you would, b ut you C'ould. 

I n suC'h a carefu l enginee t·ing design, this is a long-te rm proposi­
tion. " 'e nre not really s ure when you got nll clone wlwt her you would 
have something you really want or not. This is something that. can 
on ly be found by a careful de,·elopmentn l design. 

I thin k this is about the sta tus of ou r f eel ing on it at this timt-. 
T his concludes what I have to say nbout space statious . 
l\fr. o·sullivan can talk to you some about the actual experien<'e 

we have hncl in de,·eloping actua l inflatable sate]lites, two of which 
are now in orbit. 

The C t t AtR~r.\x . T o s1He time , we will henr from you at this time, 
Mr. o·sullivnn . 

. \ fte t· that we would 1 ike to ask both of you q nest ions. 

STATEMENT OF WILUAM J. O'SULLIVAN, SPACE VEHICLE GROUP, 
LANGLEY RESEARCH CENTER, NATIONAL AERONAUTICS A.ND 
SPACE ADMINISTRATION 

M r. (fSn.t. t\'AX. I , too, must npoloJ,rize for not having time to what 
I conside r adequately prepn re f or this he a r ing. been use yesterday I 
"·ns nt " reeks vi lle, K.C'., pa rticipat ing inn Rtrurtural test upon what 
we hope will in t.ime become the E cho II satellite, which would be n 
protot ype of an opel'ationa l version, rigidized operational ,·ersion 
of a long-range communi('a tions satellite of the passt\'e type. 

I came by the laboratory nnd I picked up some sam ples yesterday 
of the material s thn t ·we nre em ploy ing in connect ion with this rigid­
ized version of the con11nunicntions snte11ite. because they ill ustrate 
some o:f the problems that we are fn <'ed \Yith in trying to build erect­
able st 1'\t(· ttu·es I hat cn n s urv iYe the et1\' ironment of s pace. These 
Rnmples I belie ,'e will illustra te '"nrs in which we h:we f ound solu-
ti om; to these pt·oblems. · 

T have here some photographs , which unfortunately are not large 
hecan:e I hey wet·e taken yesterdny with a P ola t·oid camern, and I 
hro11ght tht-m "· ith mE' in m~· pocket, showing the te t of the E cho II 
satellite. 

I will pass these nround. 
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This satellite is 1:~5 f eet in diameter·. The test that we were per­
for·ming wns .for· the pur:r>ose of prov.ing- that structurn.lly it is st~·ong 
enough to w1ths tund betng pneumatically erected after being trans­
ported into space, and we were quite fortunate in pr·oving that. 

We hn.ve designed it such th1tt tt will encounter, due to the internal 
p ressu re used to i_nflate it, a st ress within its skin o f approxinuttely 
4,000 pounds per· square inclt. W e inflated the satellite to a pressure 
such ns to produce this stress within the skin, and we held it there 
yesterday for 41h hours without even the faintest sign of failure. 

To detennine tlw factor of safety that we have 111 the desi~n, we 
then inc.reased the pressure inside of the satel lite until we t·eached 
the point of rupture of the satellite. '''e found that it ruptured yes­
terday at 1t skin stress of 18,000 pounds pet· square inch. This means 
th:>.t we haven facto 1· of sn.fety of four and one-half. The satellite is 
capable of withstanding n pressure four and one-half times that which 
will be the maximum 1·equired for inftnting it in orbit. 

I have here some material of which this sntell it e is const r ucted. 
It has been made of a laminate t.hat consists of n plasti c film whose 
t hickness is .35 mil, that is, .35 thousandths of an inch thick. 

Into each side of this has been bonded nn aluminum foil of two­
tenths of a mil thick. This gives l\. three-ply laminate. 

This concept of n materad which could be compactly folded f or 
t ransport into Ol'bit n.nd there pneumaJicn.lly erected to slmpe is one of 
our ideas that we developed in the NASA of how we cnn build thi s 
erectable st ructure. 

I would like to pass some samples of this material around. 
This i11ust.rates one of the ways of solving the space envi ronment 

problems. 
Let's consider first the p1·oblem of compactly f olding and transport­

ing into orbit. 
We can folu thi s sa tellite, which is 135 f eet in diameter: into an Rp­

proximately spherical containet· which is only nbout -:1-0 inches in di­
ameter, t ransport it up through the Earth's atmosphere and there 
erect it after 1t has gotten into space. This avoids the first problem 
t hat Mr. Loftin mentioned, namely, the problem of the stability of our 
launching vehicles. If we hn ve n. great big object, "'e can not place it 
on the front end of the Jnunclting vehicle because it causes aero­
dynamic inst.abi lit.y. The concept of having an erectable structure 
overcomes this difficulty. 

The next problem tha.t. we have to face in space, a fter it has been 
pneumatically erected, is the problem of r igidizution , in the case of the 
communications satellite. 

Here in the case of a space station '"'e a re faced with some such 
pr·oblem as that, too. The problem comes about because of the cosmic 
dust which will undoubtedly cause puncturing of ou r space stat ion or 
our satellite. 

In the case of this Echo II sateJ1jte, the sk in hns been made su ffi ­
ciently stiff and rigid so that once it has been drawn out nnd set into 
sphencal shape, we no longer require the internal pressure to hold it 
spherical. It can be punctured by micrometeorites nnd it will not 
change its shape; it will not collnpse. 1-Ve know this is so ft·om ou r 
tests. 

In the case of the E cho I satellite, which is now in orbit nround the 
Earth, we designed it. not as a ril!id structure but merely as one which 

• 
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was to last a short time, retainin~ its s pherical shape by mea ns of an 
internal pressure. " 'e belie"e tll:lt it lost it s int ernal pr·c.ssUJ·e ap­
proximately t wo to three weeks after it. \\'as placed ill orbit. Yet it 
has not. gr·ea.t.ly changed its slmpe. It. is st,ill essent iaUy spherical. 
This is because the forces that tend to deform it are quit e small and 
because even the skin of the E cho I satellite is almost suffici ently st itl' 
to rel,u.in itssphE>rical shape. 

'Vith the skin that "·e are em ploy ing on this la rO'e r· E cho II satellitE' 
we are quite confident it will retain the desired ~Hlpe so it is a good 
high qua lity communiC'nt ions sntellite. 

vVe th ink the same concept of 1t material that can be f olded fort mns­
porting into o1·bit u.ud then st retched out pneumatically, set into shape, 
can be employed with r·eg-n rd to space stations. The problem of pro­
tectin~ the material against a harsh etl\'i ronment of s pn.ce is al so nc­
compltshnble in this manner with such material as this. 

We kno"', as Mr. Loftin hns mentioned, many materials in the very 
hard vacuum of space will eYaporute. I n the case of the samples 
that. we IHIYe passed out we have aluminum f oil on each side of the 
plastic film. This fo r·ms an excellent vapor barrier so that the plastic 
can not evaporate. 

w·e can also by choice of the plastic mntet·ial select those which have 
large molecules and by the trentment of polymerization , mnke the 
large sections of the vehicle into what. the polymer chemists would call 
one very large molecule. The importance of that is thi s : 

The material evapomtes in spnce only by virtue of its vapor pres­
sure, that. is, the pressure of the gas thnt i t generales as it evaporates. 
The lttrger the molecule we employ, the ]ower the Yapor pressure a t 
any gi\·en temperntmE'. By this process of poly merization we can 
prod uce molecules not of the ordinary size that we encountet· in 
chemistt:y but of sizes tens and hundreds of thousands of t.imes big-ger. 
Their vapor pressure becomes so fan tasticly low that we do not have 
instruments en pable of measuring it. 

This prevents al so evapomtion in space. 
To protect against ultra\·iolet radiation we haYe run tests which 

tell us that by employing a ,·ery thin metal covering over our mnte­
t·ial s, we can shut out the ultraviolet radiation. ~Te have subjected 
polymet·s to a rndiation under ultrHiolet lamps for long periods of 
time. 1Ve find that without such protection as this they do deg-ener­
ate in time and become somewhat embrittled. By the s imple process 
of using a thin metal f oil we can prevent this. 

With regard to the problem of thermal balance, we hn,·e in our 
resettrch discovered that we can put laye rs, coatings, on this matE'rinl 
which ure so thin that they have the thickness of only a few molecules. 
Yet we cnn by this proce~s adj ust the ratio of the absorhtivity of the 
surface such t)ult we can bring the tempE> rnture balance of ou r· sa tellites 
or space stations to that which will not. be too hot nor too cold, and 
the inaterinls will sun ·i\•e in space. \' ir·tually indefinitely. 

There are n number of othE'r problems that we have found solutions 
to in this mnnner. I would like to point ont the fac ilities of theN ASA 
~tre as vet too few and meager in number to be ablE' to carry out all 
the basic idens of how to build space stations or satellites that' we have 
been nble to discover. "\Ve ha\·e been compelled to call on industry 
to follow out the exploration of these ideas, and recentl~r we placed a 
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contract with the H ughes Aircrn.ft Co. to investigate app roximately a 
dozen concepts of producing r igidized materials m space thn.t could be 
compactly folded, transported into orbit and there caused, af ter erec­
t ion , to shape, to become rigid. 

T his exploratory work has resulted in some very promising, al­
thou~h not yet reRdy for use mitteria1s, and this gives us g reat hope in 
this held . 

In this field further work is required. 
I think that Mr . Loftin is quite correct in stating that we have not 

ns yet encountered any fundamentnl bnr-riet· to the ability to p roduce 
long lifetime sn.tellites or spa.ce stRtions; that, however, there is a 
considemble a.mount of engineering work required in order to t rans­
late this exploratory r·esearch that has been clone in the laboratories 
into actual usable hard ware ot· materials, fabrication of mater ials 
that would be suitable for employment in space stations. 

I thank you gentlemen. 
If I cou!d answet· any questions that may have come to your mind, 

I would be delighted to do so. 
The CrrAIRMAN. T hn.nk you ver'Y much. 
I think we all ha,~e a good many quest ions. I would like to ask 

you this, for instance: 
A man in one of those stations goes up in the ca psule, doesn 't he ~ 

H ow do you get hi m from the capsule to that circular station ? 
Mt·. L oFriN. T here has to be a. passagewn.y, a t-eally infhttn.ble pas­

sageway that would lend f rom the capsule into the toroidal portion 
of the space station. 

I d id n't mltke this clear. T he toroidal space station does not re­
enter the atmosphere. "'\-Vhen the crew gets ready to come home, they 
go back th rough the passageway into the cnpsule1 close up to the cap­
sule, d isengage fr·om the toroid nncl leave that m orbit and reenter 
the capsule. T he toroid itself is not suibtble for a reentry-type 
vehicle. 

T he C n Aml\IAN. Y ou are just going to allow that to float around 
in space~ 

Mr. LoFTIN. This is one possibi lity. 
Another t h ing you might do, depending on what size of operation 

you are talking about, is to develop the capability of rendezvousing 
what you. might cn11 a space ferry, a reentry-type "''ehicle, with the 
space veh1cles, so that as one capsul e left to take one crew home, an­
other one could come up, perfor m a rendevous maneu,er and trans­
f er n. new c rew in. T his is a much more sophisticnted-type operation. 
IDtimn.tely something like this could per·hnps be worked out. 

The GH.<\ffiMAN. You state the body up there in s pace will not have 
weight; that they will have mass. " That effect will the mass have on 
the matet·ials wluch you use for the station? 

M r. Lorn N. I think the thing we have to wor1'Y about with regard 
to mass, as I pointed out, is the dynam ics of the s ituation, thnt is, 
when this thing rotates and you mo,~e m1tSS f rom this part to this part, 
you are changmg the centet· of g ravity-this is a bad word to use be­
cause we don't talk about gravity up there you are changing the 
center of mass of the stat ion so it wi ll tend perhaps to rotate a round 
a. new center or oscillate in some way. I tlnnk th is is the context in 
wh ich we need to talk about mass. 
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It doesn't r eally affect the materials except perhaps in this way: 
I£ the man in some way propels himself from one side of the station 
to the other , propels himself hard enough, we want this material lo 
be strong enough so he doesn't brea k through nnd go out, on the other 
side. 

The CnAIR11!AN. H e still hns momentum ? 
Mr. L OFTIN. Yes sir. 
The CHAIRMAN. l:ro offset the momentum, you hn.ve to htwe n mll­

terial sturdy enough to resist it? 
Mr. L OFTIN. That is corr ect. 
The CHAIRMAN. You will substitute for t he gravity the use of 

centrifugal force? 
Mr. L oFTIN. This is a possibility. ..\Ve don't really know whether 

this is necessary. If in future man11ed space opernt ions it is fountl 
desirable to h tlve some simulation of gravity, a lthough perhaps not 
the full one g, perhaps a quarter of n g, it would be possible to rota! e 
this thing such that the centrifugal force would simulate, as far 
as the man knows, the effect of gravity. You would haYe to be n 
little careful about, this. There are some eft'ects-as I unde rstand it, 
and I am not too familiar with this subject-on the inner eat· t hnt 
come into play if the radius of the space station is too small and it 
rotates at too high an rpm, the1·e are some secondn ry efl'ects that are 
supposed to occur which can result in nnusen- 0 1· something of this 
natur e. 

The CHAIRJ\!AN. Like sensir.kness? 
Mr. LoFTIN. Yes. 
I am certainly not. a. medical expert, so I don 't think I can speak 

with much authority on this. 
T he G11A~RMAN. Any questions 1 
Mr. IL\RTu. " ' hat would the primary function of this so-called 

space station be? 
:Mt·. L OFTIN. It could have many functions. 'Ve are not 1·eally 

proposing a space station. " ·hat we are doing here is saying if you 
want one, we would like to look into the problems of how you 
might mnke it. If you ask the question , though , ,,.hat. could you do 
with it , there are a few ideas that come to mind. 

For example, if ultimately we want to send a man on a long spa(·e 
journey that takes weeks at a ti111e, such us joumeys of snch a nn.ture 
that once he is committed to this, once the rocket is finally bumed 
out, he is going to make that joumey and he can't come back ulltil 
he has gone around to where he is going to go and then he is ~oing 
to come bac k, bef ore we do this, one might say it would be des1rable 
to have n space station in orbit when : we could put men , materials. 
eli ffet·ent kinds of mechan i. ms , we could put them up the re for weeks 
at a time a.nd see if the t·e are any undes irn.ble eli'octs tha t we ha , .. e 
not :foreseen. If these etfects crop up, then yon bring the man back. 
)..'"ou ~ould get him bac k from thel'e. This is one possibility, one way 
m whiCh you rould use this. 

Mr. K .\HTH. You are tnlki11g about long distance space fl ights then , 
much longe r tha.n from here t.o the ~loon? 

Mr. L oFTl N. Yes. You might even C' itll it a space lnbomtory . 
uppose you wanted to know the e f1ect of long-term space exposure 

on certain kinds of material~. We can simulate it only to u certain 

7046 0 - 61 3 
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extent on Earth. It would be nice to go up in the environment you 
are going to have to be in to do your expe•·iments. 

Mr. KARTH. Are we proceeding with the acttml construction of a. 
vehicle of this type ~. 

Mr. LoFTIN. No, s1r. 
M r. K ARTH. Do you have any plans~ 
Mr. LoFTIN. vVe at Langley have been studying this particular con­

cept as a research problem to t •-y to see ·what the problems ltre. If a 
space station is a thing that is desir-ed, then I think this concept as 
well as other concepts should be subjected to the most careful engi­
Heering evaluation to deter·mine which way in fact do you really want 
to do this job. This is one way of doing it. 

M r . KARTH. Could it have any communications capability? 
Mr. LoFTIN. Yes, I suppose scientific obser vations of some sor t. 

Perhaps a telescope or something of this nature. There nre various 
missions that one can t hink of that would make desirRble a station in 
orbit around the Earth. The question of how you build this station, 
whether you use an inflatable or erectable tec.hnique or use some other 
technique, depends on what you want the station to do, how big it is 
going to be, and a detailed engineering study of the thing. You 
can't just, on the basis of some r-esearch explorations of particular 
problems, say this is rea lly the thing you want. It has to be subjected 
to a very detailed engineering evahmtion of vMious concepts. 

M r . K ARTH. We nre talking nboHt something that is in its very 
infancy of research? 

Mr. LoF'J'IN. It has only been in the pas t two yenrs that we have 
worked on this concept. I believe the kind of lhing thn,t Mr. O'Sulli­
van talks about, the communications satellite, and so on, I believe that 
goes back maybe five years, something like this, is t.hat right? 

Mr. O'SULLIVAN. Yes. 
Mr. lCARTII. Let's talk about this big inflatable balloon that you 

passed the picture around on. 
This would be a passive communi cntions sa tellite, is that correct? 
Mr. O'SULLIVAN. That is correct. It would be a prototype of an 

operational version, in that it is desi~ned to be c1tpable of withstand­
ing the space envirorunent for a perioo of 5 to 10 years. 

I might suggest, since you asked the question, could a manned spnce 
station be of value with respect to, say, communications, I think it 
definitely could. 

One of the studies that we have made at our research center has been 
n compar ison between passive and active communications satellites. 
It is quite readily shown if you can postulate that the tubes and all 
the components of a receiver and of a re-transmitter could continue 
to operate for a period of 5 or 10 yea.rs without attendance, then it 
would be very desirable to have an active type of communi cations 
satellite. 

I would like to recall that I belie,·e 15 to 20 yea rs of research was 
required before it was possible to haYe amplifiers of sufficient reliabil­
ity that it was practica 1 to put them in trans-Atlantic cables where 
they couldn 't be readily hauled up and servi ced. This is somewhat 
the s ituation that we are in at the present moment with respect to 
communications satellites. I think that you can show that definitely 
there would be grent advantages to an act ive ty pe of satell ite, that is, 
the kind thnt r eceives the s igna 1 and re-tra.nsmits it. 
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l\ft·. K ARTH. How much work hns-s--
Mr. 0'. ULLIVAN. The problem is that "·e do not yet, know how to 

bui ld sufficiently reliable components, and we cannot be C('rtain thnt 
tho om•ironment to which we subj('(:t them here on thl' g round is the 
snme thnt they will encounter in space. 

A space stat ion might be employed in p~trt ns n t'<'senrch tool for 
the development of active c·onJmunic·n tions satellit <'S. 

Mr. KAHTll. From what you say, I assume NAHA hns mncle, shall 
we sny, baby steps in the direction of ncti,•e comunicat ions satellites 
systems? 

~fro. 0' eLLI\'A X. Yes. "\Ve are pursuing that. 
Mr. KARTII. You are very mll('h in the state of infancy? The rea­

son I ask is bccau e some of the groups of the comuni C'n t tons industry 
who have been befOt·e the ('Ommi ttee have indicatNI that they haYe 
the cn,pubi lity to go nhend and const ruct an active t·ommuniC'ations 
satel lite and ha,·e it in orbit on nn exper imental basis within a year . 

"VVould you care to comment on that.? 
Ml'. O 'SuLr,rvAN. I think we c·Hn put up an nctivc communications 

sn tellitl' in n period of n yetu· ot· two tha.t would be qui te serviceable 
with respec·t to research on how to build one that would have the capa­
bility of lasting for n. pet·iocl o f 5 to 10 yea t·s. J think if we go into 
the economics oft he mntt er, it is tH'<·essa ry to have sn tell it es that do not 
hnve to be sen ·iced o,·er· a period of, say, 5 years. 

Mr. K AR1'H . Wnen you say "we" could do this in a yent· or two, do 
you lll('nn -.\ , . \ or industry ot· a <·ombi nnt ion? 

~r,._ O'f-kLLI\'AN. _\ ~ood combination of X .\SA n1HI the industry. 
I think we have many good idt'as that could be con i ributecl to the 

mn,ttet· that would be of grent assist nnce, uncl I think industry does, 
too. 

M t·. K AnTJI. If NASA worked on an nctive communirn t ions sa tel· 
lite system with the iden that they were going to themselv1·s do the 
job, how long would it takeN.\, '.\ to, shall we say, develop nn ac­
tive communications satellite system? 

Mr. 0 ' t'Lt,n·Ax. I think that is n very diflirult quest ion to nnswer, 
because we do not know what nre the l?roblems that we nre going to 
face in tt·ying to make one that is suflictent1y relinble t hnt it is '"orth 
being placed in orbit on ncommet·cia1 basis. 

That is the rea. on why we lul\·e pursued first the passive satellite, 
hecause w(' could see our way c· lcnr to making somethmg th11 t had the 
cn.pnhilit y of lusting 5 to 10 yen rs in 01·bit without service. 

You know, it is n bit diflicuH to get up there nnd put in a new tube 
when one burns out. But in t inH! this '"ill be accomplished. 

OnC> of the t·easons that it is qu ite impNtant to do so is be<'nuse, for 
exam pi<', if we wish to h1t ve tele,· ision communicn1 ions, then we must 
haven quite wide band width, as we C'a ll it techni<-.lll,v. in order to he 
ahl(' tot mnsmit our· picture.c;. This meanss--

~ft·. K AHTtt This cnn not. be done h.r a pns i,·e satellite . ystem, can 
it? 

:\[r. o·, n.LI\'.\ X. Jt COuld he done with a pa. Si \'6 Satellite system 
w·here it is large enough in clinmetet· nnd where the tt·ansmitt('r on the 
~ronnel is sufliciently powerfulnnd thC> receiver nt the othcl' end of the 
link is sufficient lv sensitive. 

l\f1·. lCmm. Is this n cn pahility that you see in E cho II, for 
('xumple? 



16 INFLATABLE STRUCTURES IN SPACE 

Mr. O'SuLLIVAN. I think in Echo II, on t he basis of our tests of 
Echo I , we will be able to perform what I would class as initial steps 
in television communicat ions by means of the Echo II satellite be­
cause of its larger size and the lower altitude n.t which we will fil-e it. 

Mr. K ARTH. 'Vhut. wou ld tlmt altitude be? 
Mr. O'SuLLfVAN. " Te have tentatively in mind an nltit ude of np­

proximntely 700 miles. 
Mr. K AR'l'H. We have capable boosters, we have boosters capable of 

nchievin~ this t·ight now ? 
Mr. O';:,uLLIVAN. Yes. 
Mr. K ARTH. What booster would be used? 
Mr. O"SuLJJrvAN. W e tentatively hn.\'e scheduled for the orbital 

launching the Thot·-Agena B vehicle. 
Mr. K ARTJJ. Thank you. 
The Cn ,\1 R:;\1AN. Further questions? 
Mr. VAN P ELT. 'Vith reference to Echo I and whnt you luwe said 

about the debris that is in out~er Sf)ace thnt might puncture a vehicle, 
how long will E cho I withstnnd t wt? I s there n possibi lity of com­
plete dismtegrntion ? 

Mr. 0 ' ULLIYAN. No. E cho I wi ll not d is·integrat'e in orbit. It 
was designed fo r resea rch on communic1ttions to confirm 01· dispmye 
that we could do wha t we thought was t·heoretically possible, nntf\e~y, 
send rt signaJ from the sudnce of the Earth up through the.;Enrth 's 
ionosphere to n satelli te in spnce, refiect it o rr this sate llite, back 
through the Earth's ionosphere and recei ,·e it and have a signal 
which did not fade out, did not undergo polarization o1· have othe r 
things happen to it which would destroy its ll!"efulness. This was 
proven with Echo I. Since that was its purpose, it was designed on ly 
to lnst in orbi t n. su fficient length of tirne to nccomplish this 1·esearch 
objective. .As such, it wns not designed ns a permanent satellite but 
one that was held spherical and n good refiector of radio signals 
merely by retention of its internal pressure. liVe calculate it was 
punctm·ed at the mtc of about 1.-± square inches of hole area in it 
each day due to the micrometeorites that impinge Hpotl it. This 
caused the loss of its internal gas that inftnted it nnd held it drawn 
out into n. nice, smooth sphet·e. Our measurements of the radar 
~ross-section of it. indicate it retained its sphericn l shape nicely for 
n. period of about 2 weeks. 

Our secoml step no''" with Echo II is the build ing and verify­
ing that we can I)Uild n satellite which is not dependen t on the 
retention of its intet'llnl pressure for maintainin::r itself as a good 
reftecto1· of radio signals. " 'e think that Echo II, on the basis of 
ou r present knowledge, should lu\\·e the capability of la!"ting in spnce 
for a period of between 5 and 10 yea1·s. However, the orbit that 
we plan to put it in will not cause it to remain in Ol'bit that long­
because of the minute amount of aerodynamic resistance that it 
encounters. This wi ll l>r ing it down much sooner than any 5 to 
10 yea rs. 

The reason for not using a hi~her orbit is because we would have 
to employ n much laq:rer sntelltte tha:l l ~ii feet in diametet· if we 
were to conduct telev.ision exploratory television communication 
tests ovet" n. distance, sny, as great as across the Atlantic Ocenn. 
If we were to put the Echo II into an 01·bit, say, as high as 2 to 
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3,000 miles, then it would def-initely last, l am quite sure, 5 to 10 
years ns :t good reflect o1· of mdio signals. 

~Irs. ·w1-~rs . Didn't r•~cho 1 stay up longer tlutn yo11 anticipated it 
\\'Ottld, Mr. O'Sullintn ? 

Mr. O'SvLLIVA:N'. It will stay in orbit, I think, n.pproximntely an­
other year, but it is not the hig-IHJtwlity reflecto1· of mdio s ignals 
that it was when we first put it up. 

Mrs. WElS. I s it useful at all ·~ 
Mr. O 'Sl..' LLtV.\N. Yes, it is still quite useful. " "e are ,·ery happy 

about thnt. It has proven much better than we really anticipated. 
' .Ve thou~hl by now it would have <le~enerat t•d quite badly. but it seems 
to be withstanding the space environment muc·h better than we had 
anticipated. 

Mrs. " "Els. That was my impression, that it had fund ioned better. 
I s there any instrumentation on this or is it s imply the globe? 

I s thi s purely a reflecting operation? 
.Mr. O 'SuLr,lVML It is pu rely a reflecting opernt ion, just like n 

mirror. One of I he great advantages of tha t over, sny, au uct ive com­
municntions satellite is that the minor does not cu re how mnny si~nal s 
bounce off it, what their frequencies nre, what lnngua~e is employed, 
ot· what the bnnd width is. It reflects them all just ns well. There 
is no maintenance. 

l\lrs. 'Yr-:rs. It has no instrumental ion or other thin~s? 
:Mr. o· l.' l,l~l\',\N. That is right. The only instrumentation that is 

aboard the E cho I satellite were two radio tracking beacons. ThesP 
had nothing to do with the communications. They did not receive 
any s ignals and t·etrnnsmit them. They were merel.v markers, bea­
cons, so that \Ye could track the satellite by means of the 1\finilntck 
system, so we would know where it is. 

Mrs. '~rETS . • \re those outside ~ 
Mr. O"St' LLTVAN. They are mounted on the skin of the sa tell it e. 
~hs. w ·Eis. I was intei·ested in this model on display. 
The CtJAlH;\f,\ N. Th1't is the Goodyear. That is what I am going to 

get. to. 
-;\[rs. "'EI~. I think the question would go for any of it. If you have 

your instrumentation in any of these things, the mnn and instruments 
hns to stny in the nose cone, there is nothing but pressure in what is 
being inflated 1 

l\lr. L oFTIN. The men stay in the reentry capsul e 01· the command 
module, whatever you want to c:tll it, until it is mfluted, and then they 
enter. It is possible that certain instrumentntion could be carried in 
the inflated pot'tion as it is folded up. It is a detni l of engineering. 

1\frs. " 'E1.· . You could put some:--
~Ir. L oFTI);. Yon could. This is n matter of detailed design of 

ho\Y in fact you put it together. 
T he C'rrAnnrAx. Refore I recognize the next member for question· 

in~, I '"ould like to ask the Goodyear people about how lon~ would 
your presentation require? " 'e h:we three witnesses from Goodyear. 

l\Ir. RICHARD!'ON. I think our present at ion we would like to give 
you would take somewhere nround 50 minutes. 

The CHATR;\IAN. I will recog-nize Mr. K ing, nnd then if there is no 
objection--

.Mr. KINO. I yield to )(r. Hechler on the ground of seniority. 
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Mr. IlECHLJo:R. A number of ndvnntnges have been cited for inftal ­
!tl>le vehicles. It, ra.t her makes me shudder to think of the total 
amount we hnve to spend on the entire spa.ce program. I think it is 
our ohlign,l ion, of course, to 111nke sure we expand the economy t hnt 
can support lheexpenditurt-sthal we feel nreneccssa,ry. 

T think one advantage of inAntnble slnH'llll'es is their smaller cosl. 
l wondered if you could present uny comparable ligures that will ser\'e 
to clt·i ' 'e t hn t. poin t home . 

.Mr. O'~GLLlVAN. I nm sony 1·ha.t. I am ill -p repared to quote any 
compara.ble cost figures. I know it has been otn· experience in con­
st •·ucting the E cho I and the Echo II satellites and also the Explorer 
IX satellite, which we now hn.ve in orbit, all three of which are erect­
able structures, that. the cost. has been surprisingly low. I think this 
has been in large measure clue to the working out and the solution of 
ma.ny of I he problems in the lnborn.toL'Y so that "·e hnd a cleru· idea of 
how to proceed. T his is one wav thnt costs cnn be cut down. 

Mr. HECH LER. If I mn.y inter'rupt a second, I am surpri sed that you 
n.re surprised. I would assume the cost of the in flatable st ructu re 
wou ld be conside•·ably less than that of 11 different type. 

Mr. LoF'nN. I would like to make a comment on that. I can't 
answet· yonr quest ion with regard to the number·s. 

One thing that. I want you tokeep in mind on-­
T heC'HAIRlfAN. Could you talk a litt le louder·? 
~fr. L oFTIN. Yes, s ir. 

• 

I can't. answer you•· ques t ion as to the compllrnti,·e costs. I \\'Otll d 
make this comment, that in the development of any new system, 
whether it be an inflatable spnce station or reentry ,·ehicle or what 
lllt ,·e you, a. ''e r·y large part of the cost is in the R . & D. that hns to p:o 
into the thing. 

_ \ lt hough, again, I en n ' t give you llttmbers, I would guess this is rela­
tively Ia rge ns com pn •·ed to the cost of the nctua I meta 1 or· fab•·ic or 
what hn ,.e you that is cut to make the thing out of. 

Mr. HF.CHI, F.R. I would suggest maybe that Goodyea r might want to 
,·olunteer to help you out on the R. & D. cost. 

T he C'ru ml rAN. ~fr . K ing, ! recognized you. 
~fr. K rxr.. I will pass. I don't want to cut i11to Good,ren•·'s presen ­

tatiOn. 
The C'JJ AIRlL\N. Pnless there i. an urgent quest ion, let's nsk thesP 

two witnesses to stand nside for awhil e while we/ Goodyear an 
opportunity to put on its case. 

Goodyea r hns n motion pictm·e. 
M1·. K Ann r. For a matter of compari on, from the witnesses in the 

communicat ions industT.V who were here, they estimatetl all the \\'R:V 

f rom $400 to ."600 mil lion for n 25 o•· 30 nctin~ satellite communication 
system. 

C'onld you estimate the cost for approxinwtely that many pa ssin~ 
sntellites nt the 2.000- or 3,000-m ile levE:>l so thei •· duration " ·onld he 
from !'l to 10 years ; could yon ~ive mE:> a fi~ure on thnt or· could you not 
nt this time? 

. ~fr. o·sur.Ll\' .\X. I am sorry that I am not in H posit ion to try to 
gl\·e you a figurE:' on that. 

.~Ir. K .\RTn . W ould yon t ry to prepare one and p:iYe it to the com­
m 1 ttee for the record ? 

2\[r. O'Sn,LT\'.\X. I think we could do thnt. 



6 P ROJIDCT M ERCURY 

T he Xavu l .\ ir .\l ater iel Center. Nnvnl .\ ir J>e,·e lopn1e111 Cente r , 
~aval pnrn<·hut <~ fn <" ilit y and ~antln 1 ed i ca l un i t s nil hn\'E' ~i ,•e n sub­
sta nt ial support to ~ .\SA. l n addition, the J>neili<- .\f issil e Ha11g-l:'. 
nncl cr ;\ a ,·y manag-en1ent , is ai cl ing in th lo' operat ion o f the Cant on 
Island, I lnwn ii. a nd so ut h(;' l'll ( 'a lifol'll in traddng- sl at io ns. 

Support s by uni ts of the l >rpnrlm<•nt (lf I >efense has, in g enera l. 
been formalized th m ugh a se1·ips of ugTel.'nlen ls bet ween X .\ S .\ and 
the part ic·u la r mi litary s('n ·ic·e. <'OIH'PI'llC< l. .\ s n ru le, t hese <lg'l'eemPills 
<·a ll for rl'i mbursemenl hy N.\ S.\ ·fo1· un,r support or sl' I'Vi<·es n•n­
dered O\ 'el' nncl nbcJ\'e normal mili tary operations. Es1 in1nl lo'd t·osts 
of ))()l) support a1·e c·ont nined in t nhll.' l Y. 

'l' .\111 .~; I\'. /~.~li lll ll l r·t/ ('11.~ / .v ,, /)()/} ·VII JJ/)(JJ'/ or PI'O}N' / 1/ (' J'('I/1'/1 { lli l'llllflli 
1/ f( - 7 111111 ill . I - N ) 

l'l'hou~nnds or dol lnrs) 

Estltnn11•cl Pore ion rt"· Uuhlll('(' nh· 
lotnl co~•~ lmhur~t·cl MJrlw!l hy 

hy :-. """ 1)01>' 
noD unlt/comnuuul 

---
~. 18!1 u.oo ' 1,11&> 

• ..... 3110 I ~l. IJ(j(J 4511 
I:Jfl ll li'~ 

A Fi\1'1'(' 
A fo' ll~1 JJ • ................................................................................. 
AI>OC ............................................................... . 
t\ C IC' ....................................................................... . 11!5 • IHb 
\\tS~I R .... • ...................... . ... .. • ...... . llllO [>(i(l IIKl 
J>"'Jit - ................................................ - ..... . I, .'1.~2 I. 192 I :JI~l 
Alr lli•SCUl' Scn•lre ..... · -··- - --·-·-·--···· -·-· _ ··- ••• I, :lll~ I I , 3!H 
:\ovy rf'COV('r)' (OrC.~.!S ........................................................ .. 
Ulouslronnu tics: 

II!. :J3:j :.. 136 6 l:l. IUN 

flOO I!Kl ~~~~ 
I, 42.~ IIIIi 0211 

OtK'rntlonol .. . 
lt. & I) .. .... . ............ .. .......................................... . 

114 :H nil 
lliG lfKi 

U.S. Army, !,All(' Supply . . ............................. . 
OF.E IA 
'I ASA spncc l6Sk ~rOUt) .................... ........................ .. 2\J() :lllll ... .. ....... 

'rotnl .. . .... .. .................... ~--·-················ .. . 82, 347 1>4. 711~ 17.~:.1 

''I'IWSI' l'Stlmutl'd co.-ts ur(• not SUJlJ>Ortl'd hy or obtuhwd from any ut·rounJinJ( syst~m. They un• "'' 
semhleu by ~sUruutlng the cost or t• ITectlvt• mun·tln~·~ t•ffort which Is nppllt•d to l'rolN'I .\h•rcury h~ DOll 
personnel who would hove h<>NI crnploy~d by DOD whether or not Pro]<'Ct i\ ler<·ury "'<'rl' supporwd. 

' Includes $3~5.000 to ''On~truct !I hullrllng 10 re11lace Telr•mrrry-~ Bulhlln!l. whlrh Is twin~ u<t•d o~ .\lt•t · 
cury oonl rol ~-enter. lnclurtes estlmoted CO!It or runge SUJIJ>Ort o r !lh•rcury. 

' 'I' he A ~· 0 i\I D relmhu~ubll' cost~ orr ha..~d on 11 14- hooswr, 13-lnn nch .\ lcrrury projlrom. Th••s.• t•s ll· 
rnn ted cost~ wcl'l' 11rcpnr~d u•or July 31, 1900.1n eonlunctlon with thl' dl'''l'lopnwnt lllan c1owrlnJ( A rFI .\1 11 
support or ProJect :l lcrcury. A.; such, they nre suhject to current ond ru rurr nrllollatlon. n•tln1•mrnt, nn•IJor 
approval hy ~ ASA. This ls u contlnulnll procPss as the pro~roun rlr,·plot,;< nne I u< tlw requln•rcwnt rc1r 
hoosrcrs un!l/or lounche< clulllltCS. 

1 A ppro1>rlatc action to obtain relmbur~mcn l Is ln proct'.;< or nc[lotlullon. 
• l nclmle~ nonrclmhui'SI'd ro;t or :o\1\ ' 'Y C'on.<tructlon Uuttallon work nt C'untrm, un•l co<t or !(l'lll'nll pur · 

pose range •u pporl or P rojec t .\l crcury. 
'Cost or OIJCrntlons uml mulntcnoncc or :-:1wy llt•('()vcr)• Forces ar~ belng rt•hnhur~t·tl hy "J\~A In at·· 

corclnnre with tlgr1'Cillent lx>twt•cn c:-:o/;o.: ARA (STO) tlatrtl ;li ar. 23. 1000. 

Ovem ll coordi nation of Depart 111ent of Defense support for P roject 
.Mercury operations is a tTanged bet ween Mnj . Gen. fA>tg-ht on l. I>a ,·is, 
USAF, Depn rt men t of Defense rep t·e:en tnt i ''e fot· P rojeet ,\[erc·m·y 
operations, and Mr. "\rult er C'. W illiams, . \ ~soc iat e l> irN·tor of P rojec·t 
Mercmy. 
P1·o)ect M urury fun d ing .~ummary 

I ni t ia l fund in~ for Projel'l . .\(en·ury was pt·o,·idcd in lis<·al year 
1!)5!), when $-Hi,-! Hi,:1:10 was ob l t~llted fo r ~r er<' lll',\' rt>sen n ·h and de ve 1-
opment , and $~,-! ~;),000 for <'Oitslru<'l ion and equipment. 

l n fi sca l y<.>a r l !)(ill, the obl i~ati on fot· resea rch and derelopment 
tota led $8-J:,:~~s,:r;o, a nd for eonstruet ion and eq 11 i pment , $:1il,795,000. 
T he fi scal year Hl60 li~u res inc·lucle supplemeutnl f unding of $1 ~,~00. -

• 

• 
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(The infonnation requested is n.s follO\YS:) 
'l'he qnextion wa~ n~l,ed for the tompnmli\'e t o:;l of n ~:; to 30 pns.-;lve com ­

llllllliL·ulious sttlellitr xyxtem ton x~·xtew in<:ut·pomting unequal number· of ucti\'(! 
t·ommunit'l\1 ious !'ttll'llilt's. 

1\"Al'\A has <' lll.W~ed tlw Hund ( 'ot·p. uutlc>r c·untm<'l N .\ Ht·- 21, n c·opy of which 
is nttnelted. to .-tud~· (Htssin• and :2-:1 -hnur uctin: l'OIIlliiUilicatiuns satellite sys­
tem~<. '!'Itt> Hnncl Cut·p. will tlPn' lup infortuntiun whic·h will lwlp cletenninc the 
prnt'lit·nl antl N·onumk bL•twtlt s and ilt<' t·ust ('(Jttsiclcrntiun r cl atecl to 1-in tcllitc 
t·ontmunkations systt•uts. \\'ltt'n the iufor·utn·limt i!-i dc,·cl otwd we sltnll h<' huppy 
tomnl\C' it antilahl!' t u tlw l'ntnmitl(•e. 

T!JCONO~IIC ;\Nil 'l'ECflXICAt. HT UIHES ON COMliiUNICATTONS ~ATELLlTES FOn Ttl~~ 
Y~;An D ECE \I BEn 1. 1flG0-NO\'E~t !IER 30, lU(Il 

Tbe stuuies clel'<C'rihed below n•·e propo~;E>tl Ill be Initiated during the coming 
year. It i;; e:qtN·tl'tl that t ht' study of pnssive sr~ t ems ran he el'lsentlnlly com­
pleted dtuing the yenr· llltd n ~ood ~tm· t utude on the s tudy of ~4-hour acti\'e 
systems. 

\Ve expect, ho\YC\'f'r , that dur·ing the cour·se of these studies other technica l 
JH'Ohlf'ms will arise wbic·h C'nnnot be forer-;een now or· may become or special 
interE-st a;; tlw dt>\'E'IOt1lll<'llt of the <'Oinmuni<·ntion sntt' llite lel·hnology progresses. 
We propose t hn t s t ndy of suc·h pr·ohlC'ms he undertaken when deemed desi ruble 
ufter 1\(I(Jroprinte C'Ommltnlimr between NAHA nnd Unnd. 

1. Pa.~.~irc .'IJ!IIfcm.~ 

As a flrsL step, a pnrnmet rit study of t bose systC'ms coni nining spherical r eflee­
IMs as orhi tin~ e!('meuts will he made f ur the tnu·po;.;e of emluatlng their eco­
nomk J>Olentin l. The mnin ,.n,·inbles nre : 

A. Hl•flcrtor.-The Rize>, wei~ht, aud Ul-iCful li[e>time of the reflertor s are o f 
impm·tun('e. The lifet ime usn fun<"tiun of \\'eight is present!~· least understood. 
' rhe•·efor e, at firs t, it will h<• neC'essu ry tn n~<;;ign a range of r easonable lifetimes 
for n gin•n weight.. A f.l the .-t udy progr<>sses we ~<hould bE> nble to r efine this. 
t'lm;e c·cutlll<'t will l1e maintained with ~rouv:-; ;;tudyiug t he problem of stiffening 
the ref1ector>l nnd ('Onsidemtinn will a lso he gh·en to refl~tor shapes other· 
thnn spher·knl. 

B. Or/lila/ alliturlr a11r1 l'OIIfiUttralion.- Thc orhitnl c·onfigurnti on innuenc·es 
the capncit~· of the s.r~<t!' nt. the eirc·ult mrt nges ill tl'l'm~ of total frnc·t ronnl ou t­
nge time and nlxu the durati on of outn~cs. Other importnt•t factors nre the 
rnwriJer of r efiE't·tor s nnd tlw lnunth vehitl~. Trndeoffs among syRtem rapnrity 
(cl e.-ir·ed to be l!nge). outn~e t lmt>. and the numlJE'r of launches r equired t o plnc·e 
thP ;;~·st em in or!Jit Choth ciNdred to he smnll ) '"'ill he irn·estignted. These t rade­
niTs depend in pnt·t on thr grent l'irdc distnnce bet ween terminnl;; ancl on their 
!orati on.- relntin• to the poles. .\;; n C'Onsequen<·E>. it will be neces~<nr·y to make 
ns~umption,. u LJout the ii)(·H tionx of the gmund term ina If:. 

r. 01'0111111 (' lll'ii'0/1111('111.-Tt is llE'C'e:-;;;ary t o rll'\'E>lOJ) f.lolifl lnfOI'IllOtion 011 the 
present st o tP of the n rt of high pffer·t i "~~ r11d i n t etl~Jwer>l uncl the projected 
state of the tll't u f ew ,\·ea rs hence. i n !'ludin,~;r the (l t'cijJE"rtie>l of lnrge trucking 
nntennn!'<. I n the c·our~;e of the F.c·hn PxJ)eriment. c·E>rtnin trncking difficulties 
were enc·otllltl't'e<l. 'rhis nti>leR t he quP;;tion whether iu nn operntlonnl "'·'stem 
C'llC'h gronncl terminal would ('ntnlo~ the or·bi iH I paratnl'tet·s 11f eac·h inclh· idun l •·e­
flpc· tor . wh<'lher a ccn t ml ;;tlltion could perform llli !> fnnd ion. l't('. 

\ 'nrintions in the pnr nutf'ters meotlone<l nbme will be .-tucli('fl to d<'termine 
their efl'ec·t em ('O!' ts. n11cl to :il't' what gener·nl syiltE'm de.-lgn 110\\' UJipenrs most 

• • (II'OIIIISI llj!'. 

F m· the :;nnw uul~>nnn :;i~e. r e<·ei,·er temJw t·ntut·e. nncl t •·nn:;mi tt<'t' power nt 
the gl'flund in!'<tnllntion :mel ('(Jll!l i pa~·Io:Hl in or•hit the nnmht-r of c·hnnnels 
In nn ndin• ~'<rstE'lll i~< rmwb higher· th:1n inn pn >:,;h'e s.\·,;tem. when n >lingle link 
i:; C'Clll:iirl<:'recl. 1J 0\\'l'\'!'1'. in a pns-;h·l' >l~·stt>m the nnm her o f pa r·tic·i]l:l ti ng gi'Otlltd 
stntinn,; <·:tu be iil<'t'E'Ils<.>cl. ;;uhj<'<'l onl~· t n the r PRI ric-tinnx impoi"c>n h,\' t hl' nYnll ­
ahilitr nf fr{'(Juenl'il:'s. 'T'hul". n pn.-,1\·p s~·~tem tnnr he<"nrne com}tetitl\·e with 
nc·th·e sn:;t em;; when thE' nmn hPr of 1111 t·til'i pn ti 11.1! !>W tinn~ !J('C•fJillPS lltrge. pn r -

• • 
t ic-ulnrlr if the stations t;.>ncl to c·onc·Pnt r nte in !'IIOlt' geu_gra phic-nl n real". This 
pu;;::<ihllit~· will be l'Xnmine·d as part nf rhe Jl!tssh·e !'ntelli tE' stncly . 

• 
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IT. A ctive S yst ems 
A thoro ugh nnalys is of 24-hour c·ommunications satellite's will be unclc r tnken. 

While results of some as pects of this a na lys is will be ret>Orted clut·ing the coming 
,\·ear, it is c·mTent ly nnt iclpated that t his study will ex-tend beyond N'o\·ember 
:lo, 1001. 

As noted in the s pecial advisory repo t·t. by ufl ing a more ach •nnced repeater de· 
s ign a cupuc it.v increase of n factot· nbout four seems quite fea s ible ove t· what is 
now planned in the Ach ·en t 1H'ogrnru. A diffe ren t llPI)I'Oacb to the 2-l-hour Sl'Stem 
is 11. smaller ( lighte r weight) sntell ite whi<-h could be lnunched by u smalle r 
\'Chic le thnn Atlas.Uentaut· ot· Sc\·erul s rnn iiE'r sn te!Utes lnuncbed s imul lnneous ty 
bs· a ltll'gc vebl <"le. A s tudy will be made of the economic t>ote-n t ial of s uch n 
24-hour s ystem based on the following teehnlcal studies: 

A. S1111tem implications.-The s ystem im l>Licutlo ns of a few s mall 24-hour 
sa tellites ns contt·asted with a s ingle bi~ sa tellite will be inves tiga ted . 'rhe 
frec1uen cy l'e(}Uil·ements in the two cases diffe 1· dras ti tally pro\•ided the smaller 
s n t.elli te;; are sepa ra ted in excess of one beamwldth as Yle wed 'ft·om the ground. 
Also, replacement cnns iclerntions a re difl'e1·e n t a s a re a n umber of other system 
cha rat>teri~tlcfl. 

B. B oostcl' poss i./Ji/i.ti e8 / fJI' ~1,-lt O III' 01'/Jit.- Boostt'l' dat a will be needed tH; 
I.Jnc l,gmuud info n nntion in va t·~· ing l he othe t· parame te rs of 24-hom· SYi:items. 

0. Orbital a/l(f att itude co ll l l'ol li llb/Jy/Jt cms.- 'l'lle pr incipal objecti ve of this 
investigation will ht> the de te rmluat ion of the l'eln tio nshlp I.Jetween fuel require­
ments and U>;l'ful lic tlme in orbi t for a s pec ified payload or llllYloads. Possible 
byprodtlC'ts ntight be pe rf or·mam·e .-pecifications f01· the o riJital and atti tude con­
trol 11ystems and u discussion o f posRible s~·,. tem me<·huuizations . T he stud y 
will include investigation of orbitn l pet·tut·batlon!!, orbital control, unci attitude 
ron t rol. 

The orbitnl pertlll'hut ion analysis will inc lude. for example, tm·estlgution of 
the perturbations of the orlli t due to A'l'aYitutional effects of the Sun, 1\Ioon. und 
the Ear·th '~ bul~-tet to de te rmine the le ngt h of t he time pe rmissible between o rbi tal 
t·orrections . It' n ;.izn i.Jie nnteuna is im·oh·ed the effects o f dis t-urbing forces due 
to t·adin tion tn·essu1·e from the Su11 ou orbital antlnt t itude c·on t rol 1•roc·esses may 
hecome s ignillcnnt. 

T he orbitnl con t ro l iU\'e!<tl~atiou will include-. f or example, investigation of the 
accuracy with wh ieh the desired nrui t cotl l<l he estubli >;bed. s ing le and multi­
s tage orbit <'orre-c tion proee.-~eii f •·om the s tandpoint of fue l economy und accu­
racy. the e ffect of the lHlilude re fe rence pe rfonuu 11ce on the orbi t control proc­
esR, nnd prollnble (uel reftuirements to compensate f or ~-:ru ,itutional perturba· 
t ions of the inilinl orbit. 

The n tti t ude control lnn~stil!'a t io 11 wi II include-. for exn mple, cons ide-ration of 
possible a t tl tude t'Pference system met•hu 11 iza tio n!l. tler fo r ma nc·e SJieci tlca ti ons of 
the a t titncle- r e ference !<YStE'm bnsetl 0 11 antennn a nd orbital con t rol requi rements, 
nnd energy requirements for a tti tude control systE'ms . 

D. RcrJeater etrctrouicx.-A 24-hour satellite muy use a s ingle high powe r 
outpu t tube, n number of lowe-r powe r tubes or n still larger number of low 
power solid sta te de \·icefl. The satellitE' a n tenna RYRtem may cons is t of only a 
pnir of Ear th co\·emge antennas m· may include a numbe r of highly directive 
nntennns . The amount of direr tl\-ity des irable dt>pendR on s uch factors us 
ground station cli;.triuutlon. the degree of ntt itude stnbi lizntion. unci the type 
ot power output de\-ice. 'L'be s tate of the a r t in ou t put de \· lces. antennas, llllCl 
othe r satellite component:; a~ well us the inte rrelat ionships will be exam ined 
to de fine advantngeouR systemR. e.g., cho ir e of f reque ncy. output de vice, numbe r 
and type o f antenna:<. de-11ign ter bniq ues. 

Out o f tbe voluminou11 work hein~ carried ou t on a uxilia ry power systems, 
s pace environment and re llnbility. He ms of particu lar s ignitlcnnce to active com­
munica t ion:< !'a te lli t€'i'l will be s tudied. 

El. Qtw.~ i-jiJ·cll grounct antCIIIW .~ .-Only re lative ly s mall diurna l motions of 
the antenna beam directions art' needed in 24-hour sys tems, so that the neressit ;v 
for trncking a ntpnnns is eliminat('d. We- propo~e to im·es tiga te what antenna 
arran~-:ement.- might be most attractive . 
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COlli estimate, economic a'llll t ccllllical 8/udic.~ 011 communica tio111J IJatellilcll­
f.JHiimal cl1 I'OIJIIl u11d fcc for the year /J c('. I , 19GO- il'ov. dO, 19GJ 

Direct sn laries---------------- - - ------------- ----------------------
0\'erhcud, 111. • 85.U8 pen·en1 -------- ------------- ---------- - - - - ------
P\11)) [(•Jt tiOllH------------------ ---- ----· ---------------------- - - ---- -
StniT t•·nye1- ----- --------- - - --------- -------------- - ----------- - ---
Consul tu nl s, fees, lllicl trn ' 'eL---------------- -------- ----------- ___ _ 
C'OWilU ti ng IIIUCb ine ren tnl ____________ - ----- _________ --- ------------

'J'otn I e:>t i mnLed cost·----------------------------------- -------
Fixed fee- ---------------------------------------------------------

$i7. 700 
G6,600 

'1 -:tv\ *~• hvv 
n ,,-iO 
v, -· 
i , 000 

10 :wo 
' 

173, 2.)() 
10,400 

T otal estimated enst uncl tlxecl fee ________ __________ --------- - u;:i, u:;o 

ECONO~llO AND l Nn:HNA'l' JO:>IAL l'Ol, ICY Q u F:STIONS . \ SSOCft\TEO \Vl'rll .'P,\ Ct-: .\ C· 
1'1\'l'I'ES FOil TilE :l~:Ait 1>hlCEM BElt 1, 1000-:\ 0\'~:~r m: lt 30. l!)(jl 

Studles plannecl on the ('(·cmomic and int ernational policy quf'stious HSl«t<·illtPfl 
with space activilies full into lht·ee brond a•·t•ns: lhnsl' dt•aling with r·outmuni ­
cntions sutellitE>s, lhu;;e dl•nlin~ with metf'orlllogieal :-;ntellites, and c·ou,.,iderntion 
of the impact of t ht- ·•spu('e race•· 011 uthE>r c·nunlri<'S. l'rnpost•d Jll'llJ!:I'HIIIS of 
r esearch in eadt of thesE> u t·ens 111·e dt'S<:riht•d lwlnw. Tlw :-:tutlies drs<·riht-tl 
are proposed tn be initiuted tlul'iu)! the Nmting ~·eu•· and it is ext•eetNI tl1flt 
:>ubstanlia l progr ess en n be rnncll:' on n II 11f t bcm. I1 owe•er. chu·i 111! the cout·se 
of thesse studies, otbet· pmblems ma~· arise which c·n nuot be fore:;eeu uow or 
mar become of SJ>e<:ial in ter<.'st . \\'c pi'OJIOlit' thut Rtll<lJ• of such prohlcms be 
undet·ta J(en when deemed desi r·a hie after u LJIH'OJit'ia l e c·ousullalion lletweeu X AS.\. 
nnd Rand. 

1. Cowmunicalion8 Flalcllitc.~ 

'Piu·ee studies nre t)luune<l on lht- ('(·cmomic· and intN·nnlional polic-y ftll('stious 
ns.-;o<:iated with couununkatious sutellites: a study of economic· nn<l social 
benefits st ressi ng IKlSSible J!l'Owth of new kintls of dt•uuuHis for long-distance 
COlli m unicalions ; a study of e<.·OIIOUI it· pol icy issues : and 11 I'll u<l~· or the p1·os 
and cons of iuteruationnlized developmeut and O)Je l'll tion of ('OIIIIIIUni<:ations 
~;u tell i tes. 

A. Eco!lomic ami 8ocial brurfi/.~.-ThoHKh most of 11111' future wot·k in con­
nection with a uu lyzlng lhe econmn ie heneti ts of ctlllllllll n iNn ions w iII be done in 
close conuection with the Le<:hnic·al studiPs desc·ribed sepu rat£>1~·. one nspe<·t 
of these studies Is of genernl intere.st. and is proposed to ue ccmtinued more or 
leK<; inclepeuden tly of the deta lied economk a n<l tedmi<-nl a nulyi'les. This study 
will furlhet· examine the new kinds of de111nnds fur long-distance cornwuukatiom; 
lbnt way eme•·ge in the future: especinlly tielllnucls for dntn tmnsruission, fac­
simile de,·l<"es, closecl·clt·cnit TV, nncl ct>mmct·cial 1'\'. Tl1e e<·onomic prolllise 
of comwunicntion:> ~"<lltelli tes urHloubtt'(] ly will be suhstnntialiy niTE'I'·led by how 
mpidly these new t,vpes of detpa nd emerge. 

B. EC'Oil<Jmio fiO iklf iiJIJI/C'.~.-Tlte :;tnd~T oC econom ic polic·y issues will im·olve 
three considerntions: a shot·t -tl:'rm study (se,·eral monlhs) of licensiug tbe 
use of Go,"ernmeut laund1ing fn('ilities nncl two Iunger term stud ie-s (some­
thing lll\e n .rea r ), one dealing witb lhe freqncm·.'· ~tllt•<'lltion problem and the 
other with the r atemaking p l'OI.llem. 

The nnn l~"sis of the <'Conomic polic~" prohh.•u1s itl\'oh·ed iu wurldn;.: out 11 

seheme f ot· I icensing prh·n te contntdot·s to us'' ~n,·e•·nment In u nc'h i ng fad I ilit•s 
will include ('(Jllsic.Ieration nf the kinll,; of li• ensing lll'l'<lll~t'tliPnts tht> .\E{' hus 
w orked oul nnd nn examination of nlternath·f' fol'lltulas f,,,. clE>tt>rutillin;.: what 
r ates should be chargt>d for thl' u~c of grH·er·unwnt l autwh fac·ilities ns well ns for 
thE' In uudl ing ,·ell icles. 

The study of thP frequener <tlloc·uiion rwobl l'llt will bt• dit·N·IPd to timlin;.: wnyo.; 
for insuring eftit·i('n t 11 ti liza tion of the fr·eqm•nc·~· "i'N·rrnm in thE' light of in­
('l'CtlRed demands on spectrum spuce br•m;.:bt 011 by <·ommnnic·nl ions snt;(>llit t>s. 
Tbe stud~" will lnC'Iudl:'. for example. <·on;.idcration of the following it Pill>': (a) .111 
exami nation of pre,· a iIi ng pr·neticcs i 11 nllonni ng n u1l nssi~.rn i ng frequencies, nml 
bow these practi ces wi II u.fi'<'Ct the n ,.n i In bi li tr of spN·tr·um fot• spnt·e IJ\lt'poscs; 
1 b) an examination or the t-fl'e<·th·enes~ of thl' cun·ent L>l'OC(;'(ht r r:>s fw· nllocnting 
frequencie!<. How well do thl:'~· tnke into nc<·nnnt the \';tlue of the ril-{h t;. thnr are 
Hssi.tmed f or partirulnr purvoses'! U ow " 'ell do they insure rhat nclE'<!unte atten-

i0468 0 - 61 -! 
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tlon will he gh·en for nnclllll! WllYII for C'Oll!'!€'rl"lng on I ht' II!<{' of I ht' f'()('C'trum? 
How \\'£'11 do tht'y fncllllntP n!l.lnRim£>nts in SJ)('C'tl'\1111 II~<P ns te<>hnoloJ..ry n<I­
\'UIIC'!'>t?: (f') nnt>xl1minntlon of thE' prOJlO>:als thnt hfl\'l' lx•<•n mnde for impro\·lng 
lhP <•ftkiPncy of t h£' nlloc·nt h•e procpss. Amon)! thOR(' that will be !'<.'riou~;ly 
rxnminC'd from 11 prm•t 1!-nl Ylt'wpoint is tht' sng,~tt'stlon thut u market he estnh­
llshl'<l for the pu•·chnsf• nncl sulc of frl'quenc~· llRSignments. 

Tlw n nn I~·Rifl of t hi.' rn t t'll lu ldn)! prohlem wi II lneiJHIE'. for exn 111plt'. ronsid!'l'l1· 
lion of the follow ing lWb.l('(·l:-~: (u) A s~·Memntic E'Xfl lllinn tlon of how commnnkn­
t I on:-~ r11 IPs 11 re prt>st'ntl ~• (}('( <•r·ml nNl with thP Yl('w nf <IPV!'Iopl ng n n expln n11 linn 
In t('rm;;; nnrler;o;t11ncl11hl!' lo thP lnym11n: ( b) 1111 lnqulr,\' Into how lnternnlional 
rolE'>: Ill'£' dt't!'rmlnl'!l hoth In th(' C'ommunlcollom; ftC'Icl nml In lh(' nlrlirl!'s ftpfd: 
(r) nn onaly;o;ls of th<' ronR!'(}UPn('('>: prpl't{'nt J>OIIC'It'R HI'(' hnl'lng In ullot nlirtg 
resourC(>!l: (d) o cliS<'IlR!llon of thP klnd!l of change's In rutt>llll1kin.~t policit's thnt 
ll Jlpt'nr ne<·e)<."Ury if thr h<'llC'ftt:-~ of rornmunicntions l'Utt'llltt's, or oth£>r kincls of 
II('W tt'<'hnoloey. nr<' gointt to b<> fullr exploit<'d. 

C. l n t crnafilmali::cd rf rrcle>pmcllt o1· opcration.- A (•ommunicntions sntt'lllt<' 
.... v~<t<'rn iR by definition "iutt'rnlltionnl" in thl1t It pro\'lcl('s 11 c·nmlllllllic·ntion serv­
Ice hetwE>en countl'it's un<l (lrnhubJ~· on n glob11l R<'n le. GnJUncl links woulcl h<' 
l ocntrd in \'lll' inus couutrlt>s nncl iuternntionnl ll l'l'llll l!t'rnt>n l :-~ wnuld hn,·e to bl' 
mill I£> rH•corclingly. Tht' Unit ('\1 St n tt'S mH~· cle<'ltlP I o dt"n•lnp 11 nd O]lt'l'll h.• I hr 
~~~·~;t·em r!IM!IIfia/IJI 11s 11 l l .S. entf>r•pr·ise ( puhli<- or fll'h•ntr) 1111<1 to work 0111 pn­
liti<'nl IH'rfln):!t'lllt'llls 111111 terhnl('n l deta ils on 11 hllnlt'rlll h11sls with the URI.'J'· 
part.ldpnnts. Th!' RJ1l'<'l111 Ad\'l~;or·y Report of Sl'pfE>rnb!'l' l:i, 1!)60, r ecommt'n<l!'!l 
such 1111 oppron<·h. f or r't'IIRon~; dtecl on pngt>s 73- 7:-i. 

H owever·, lnsutlkl€'nt annl ysll'l bas been gi\'ell tht' question already rni11ed by 
U.S. omcials nod huRinessmen: W hy not develop, or 11t l east ol>(.'rute the ::;~·st!'m 
under some sort of International auspices? Development, ownershiJ>. or oper·ntion 
might be n~sted inn SJ)('('irlllze<l ngell(·~· of I hi' Unitl'!l NatlonR: or in some lnter­
nntlonnl t e<>hni('l11 groutl: or I n a ('Onsortinm: in n publi c• or private cor(>Orntlon 
In which sha r es nrt' held h~· go,·ernm£>nts. prh·nt<' com•erns, or other· groups: t'tr. 

We pr opoR£> t o stud;~• thiR probl('m t o identif;~· and O!!!lt'S!! t he worth of n 1'arirtu 
of possible ''i nternntlonnlizecl" 11rrnn~t£>mt'otR: th('l r 11<h·nntl1,~teR. ri11ks. and drl1w­
hncks. nnd the lo11~er tPJ'm iiiiJili('n tions nnd cons('QU<'fl<'('R for U.S. nntlon111 
l n tereRt A. Se,·el'(ll c11sP stncliP:-~ of nnnlogonR or per·tlncnt illtl'J'118tlonal venturps 
w ould be undertnken (<'.g .. Internntlonol Atom It I<Jnt'I'J!~' Agency) in ordpr to 
IIRSI'SR the precedent~; n ncl to t>stn hlish a f11ct un I fnotl ng for- f ut m·e proje<>tlonR. 

This study will f ollow tl1rongh on preRt>nt Rnnrl \\'Ol'k for NASA. nt'nl'ing 
t·ornpletion. on ROrnt> or tltP politico! prohiPms oml OJlJlOrtnnltleR in th£> flPid of 
cool>(.'rntlon nod inte•·n11tlon11 1 regulutlon and contml or space nctl\"ities. It will 
he pursued in c!O!l<' a!l!ltl('lution with the plnnnecl proj ect on "The I mpact of th<' 
'Rpncp Race' on Other Countri £>s" ( IIE'e' de::;cr iJltlon below) . 

I f . . ll rtC'orolngiral Ra t r11ifrR 
Two st udi£>s of thp P<'Onornlc lmplicntionR of meteorologknl s11te1lltes or(' 

plannPd. The ftr11t treot!l thP \'l11 ue of lmprovf'menl:< In storm wnrnin_~t 11nd t hE' 
~<f'<'Ond considers how lnfnrmntinn derh·ecl from rnett'or·olo,:ical satellites might 
h(' nst>d to imprm·e th£> hurnC'nne warning "~·stem. 

A. F:conomic r!l lll c of improt'C'IIH'nlR in storm lrllrlliii{J.-0\'er t he nt>xt few 
months. WOI'k on the economic nnd sodnl v11lnt' o f bt't ter wpn tht'r lnforrnotlon will 
foC'ltR on the probl('m ontllnl'd in Rf'<'tion V of R:\f-2020-:'\A~A: the determlnl1 -
tlon of the \'l1lne of lmprO\'<'mt'nt!l in storm wnmlng, pnrtlrularly hurric11 nP 
wnrnln,~t. A mo<lel or th!' fi<'QttE'ntinl de<>l11ionm11klng prohlt>m lnYOI\'ed in thP 
Pffident use of 11torm ndYisor fps ill h£>ing cleYPioJ,.-d. WhC'n It Is completed. \Yhich 
Is exJW('tl'd to hi' In thc> n('nr future. an ntternpt will h<' ml1d(' to nppl~· It in !l0111P 
sltnntlon!l w her (' thP e<>onomlr ::;ignlficnn('P of brtt<'l' wo•·ning may h(' expe<'tt'cl 
to h(' ronsic1erahiP. One Jll1r1i<·nlnrlr interPsting nt>Jlortnnil~· t or a rnl"e ;;mdy hi1R 
romp to our ntt('ntinn: whpn 11 hnrrirnnP thr£>otPn~ nt f'npP f'l1nn,·ernl a de<'i!licm 
mnRt he mode ns to whethPr 111unc·hln~ \'t'hiC'I!'!l !lhould h£> t11ken down 11nd 
,~:11ntnes Re<'ured ngnlnRt the hi_~th wincl!l. ~twh nc·tinn may hp costly hoth in terms 
nt the dirP<'t cost11 or tnkln.~r prote<'tl\'e 11ction nnd the rE'Rultin~ del11ys In the 
tt>Rtin_~t progrnrn: on th(' ot hE'r hnncl. fnilurP to t11kr ~urh action when It Is nt'eded 
will r t'l'lll lt In exp£>nsl\'<' dl1mn.t:e. It Is ho(l('(l thnt thl' 11nn1~·sis will both point 
the w11~· to optimal nRP or thE' existln~ J)()Sl'llhllltiE'S f or· '''11t'nin _~t And lnclic·l1tE' 
wh11 t !'tort::; of imnroYements ml_~th t 1111 ,.e thP gre11 te>tt \'11 I U('. ~uhf'equ£>nt t o the 
nn11lysis o f t ht> Cnpe f'nnl1v('r·nl p r oblNn. we propoRe t o uncl£>rtl1ke ~ther cnl'<' 
stuclit>s of the use or hurrlr 11ne wurnin~r. hut tht> p11rtlcul11r· RltuntJOn!l to bp 
~-<tncllt>cl have not yet lx'en cll'!'ldro upon. 

• 
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11. Possible im[lr(}VC/11('11/8 to fit <' llurric·au (' lt'aruilt{J .~/111 1 ('111.-A ~>tnd~· i~< 
Jlllllllt('(l to indi<-ale R]K'<·ifi<:HIIy SOli!(' illlpl'O\'E' llll'llls ill tht> hurTicllllf' WUI11iU~t 
,;ystem which mi.(('hl b<' oblniut><l hy usin~ nrl'teorolugienl sutellilt' ob~<<'n·ations. 
I n pnrtic'nlnr, we will SCf'k to dE>IPrminP whnt imprO\'E'Illl'lllR would n 'RIIlt ;;imply 
from h11riug lhe infonnlltinn 0 11 t h<' po:<lt iou of tht' hurTi('ane whil·h th<' siiiE'llitps 
w ould mal;e nrnilnhlt\ and c·nmpat'<' lht• t'W<I s of n lllniuing po:<iliou dnln in this 
wny with lhP cost s of obtnining it hr nir<:mfl rE'<'onnaissnm·t•. BN·uus<' the long­
rnuge c·onll'ihntion of tlw weulhl'r· sniE>IIitC' prngnrm t o imprm·emen ts in f or N ·nsl ­
ing leehniqnl's llll<l to th(' :<<'ifmc·(' of mPtecH·ology <·nnuot IX' l:';; tlrnuted with prc­
l·iAion, om· c·ontlusion:-; In I hi:< are'n will hn \'(' t o h<' J'f'gnnl<'<l Ufl IH'm·hling lower· 
b()urul:s tn tit<' henetitA obtained ruther thnn t•xper tNl \'lllllf' es timates. 

fl f. fllltJ0£'1 of lir e "StJCH'C' Hace" 0 1~ 0//t ('r Countrir.~ 

Cun·l:'ntly neuring- Nlttlpil'tion i~ n stud.v of Sovit•l <·ol<l war Qhjeet iYl'A in spn ce. 
n ml tlw So,·iel eorweptlou of I'.S. objt><·l h ·e-; n nrl ~pnN• progr·n rn:<. Thl:' i rnp:H·t 
of the Rm·iel tedrni <'nl pr·ogr·am nu<l pol it kal fitrn l eg~'. und lh<' impart of l'.S. 
efTort!'; 11<'E'fl to be a:<se;;s<'d for· lheit· c>tl'N·Is un in-hrtwPt'n nations. Hu<·b 11 stnd~­
iR proposed, on n linritell i'C·nle. in orcle1· to prm·idc nn Nnpiric·al hnRis fnr pQ;; itive 
proJmsal>; nnd initinth'E's whil·h thE' l'nitrd Sta t('s mi):!ltl un<lt>rtnkp in the 
futur<>-initintin•" fOL' c·ousolidnting and building lnteruall o11nl r<upport f o r U.S. 
spnce ll<'th·ities. botllledmic·nluncl polilic·nl. 

T11 o rder to make rrnlistk nRscRsnwnts of the suppO!'t tlw l ' niterl Rfntes ean 
f'xpect f L'Ottt Mher eonntt·i••s 1111<1 tn h'11icle fut uri' l'.S. netion;;, nn nnul~'sis will 
be n1ndf' of I he ,· ipw;; n11rl positimrs already E'ntertaln<'Cl in key counlL'ii:'H ns 
expr·e~<.sed in tlu>it· ow11 spacE• program:< :ltld intl'ri:'Rifl: in theit· slnu<l nt the Unitl:'d 
X1ltion!", ('OSP.\R. l'l'l': tlwir attilncles tmnll'd spnc·e a:<pN·ts of :lt'nt:< C'IHltr·o l 
negotin tion~: etC'. iHn<'h or thE> Jll'!':<ent knowlt"clgl:' on the lmpnc·t nf the spnr·<:> t·nur­
r>etition i" bn sell on t·nstull I ltlflt'l:'s~inn or Pfli:<nclir· Jilt hl k opinion polling. ThP 
JH'oposed sl ucl~· wi II at tE'rnpt to dE.'\'f'lnp a mot'<.' ohjt•r-11\·p synth<•:-<1:< rtf !'X i:<lin~ 
som·ce mnterinls nnd migbt be followed up with field sttulies on n pilot, sc·nlt•. 

Cost estimate, econcnnic and •intcrnation(l/ policy qucslions a.,sor·irlt rrlr r illt .~7Jfl f'r 
aotivities- .Eslimatell cost s and. t ee t or the year D ec. 1, 1960-Xov . • w. t!J(j l 

Direct sulnrles------------ - --------------------------- ---------- -- $J 33, 300 
Overhead at 85.68 percenL----- ------- ------- ------------------- -- 114, 200 
Pub! ications __ ----- ----- ----------------.--------------- ----- - _____ 4, !lOO 
Stnff t r avel - - ------------- -- - -------------- - - ------------ ------- -- 1;..ooo 
Consultants; fees, and traveL---------- - ----------------------- __ __ 03, G::iO 
Contputing n\achine rental ------------ ---- --- ----------- ----------- 3,800 

T otal estimated cost----- -------- - ------------ ---------------
Fixed fi:'E'------------- ------------------------ --- - - ------------- --

33:), 750 
20,l:i0 

Total estimated cos t nnd fixed ff'e--- --------- - --------------- 3-'l:), 000 

l\Ir. O'Sn.Ll\'.\X. Tn regard (o n question I believe you asked a. 
moment ago, I hnYe some furthe1· information: namely, to the efl'ect 
that RC_\ wns selected Y£>stel'ClaY to concln<'t notions to construct nn 

< • 

experi mt>ntal nc· t ive communications satellite. That is n relay type. 
It is to test out the satellite components in the space t>JWironment. '\Ye 
are proceeding in that direction. 

T he Cn.\11DLDL $~mil lion ? 
Mr. O'Srr.TJn·,,x. I think so. 
The C H .\TR)f.\X. If there is no ohje<:tion. we will go nhcnd now nnd 

henr the witnesses from Goodyear. 
l\lr. Richard!"on, you are YJC'e president of Goodyear _\ ircrnft Corp. 
Could you tnkt> o,·er your presentation, nnd you cnn introcl11<:c the 

witnesses. Dr. Ross and :\[r. :\fndden, and you can put your motion 
pictu re on at the propel' t ime and place in the testimony. 

1\fr. RI CTr.\nosox. T hank you, ) f r. Chairman . 
• 
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STATEMENT OF ROBERT W . RICHARDSON, VICE PRESIDENT OF 
GOODYEAR AIRCRAFT CORP., AlffiON, OHIO, ACCOMPANIED BY 
DR. ROBERT S. ROSS AND ROBERT T. MADDEN, OF GOODYEAR 
AIRCRAFT CORP . 

.Mr. RICHARDSON. We are very pleased to be here today. 
vVe think the subject. of inflatable structures or, as we call them, 

expandable struct·ures, I think to put. it in context, we all mean the 
same thing. o when you hear the difference:> in words, we are all 
talldng about things that you make small on the launch pad and make 
large as you get into orbit. 

We are very delighted to be here, p rimarily to acquaint you with 
n new technology. 

I think l\{r. Loftin and Mr. 0 ' ullivan have done a good job, and 
NASA is to be commended on the E cho and the communication 
satellite programs. 

We would like to ~u·t-y the discussion into some other areas that 
haven't been covered, which I hope you will find of interest. 

I t is obvious, as pointed out by Mr. Loftin, that in an expanda­
ble structure you can fold it up on the la:unch pad. It basically has 
light weio-ht, and through that utilizes only medium size or smaller 
boosters t~1ercfore not requiring the lnrge boosters to put large struc­
tures in space. 

A t Goodye:u· Aircraft we haYe been interested in this subject and 
have done act ive research work fo r a number of years. 

The stn te of the tu·t is coming along well. W e don't know all the 
answers as yet, bu t it is a ll very feasible, and there is very defi11itely • 
a big world n,head of us in this country in the use of expandable 
sh1.1ctures for many space appli cations. 

I think in the interest of consel'\'ing- time, we should get ahead wi th 
our presentation. 

'We are going to have to ask you, l\ir. Chairmau, to bear with 
us. ' Ve have some slides and motion pictures. 'Ve have a black­
boa,rd and we are going- to try to work between them so we may 
have a little problem of turning- lights on and ofi' this morning. 

The CrrAml\rAN. ·we will help you. 'Ve have until noon. That 
will give you 40 minutes. 

Mr. RronARDSON. We will do the best we can to be finished by 
noon. 

There a1·e two gentlemen with me f rom ou r organization, Dr. R. S. 
Ross and M1·. Robert. T. Madden, ·who are going- to participate in 
our presentation thi s morning-. I hope you will find it very 
interestin rr. 

" 'e 'viD be most happy to answet· any Clttestions when we are 
through. 

'Vith yon r permiss ion, I would like to t11rn ou 1· presentation over 
to Dr. R. S. Ross. 
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STATEMENT OF DR. ROBERTS. ROSS, MANAGER, AEROMECHANICS 
RESEARCH AND DEVELOPMENT DEPARTMENT, GOODYEAR AIR­
CRAFT CORP., AKRON, OHIO 

Dr. Ross. '\\~c are goin~ to show you n few slides of some of thr 
s ubjects that wet hink we can make out of I he inflatab le ot· l'XpalHla ­
ble st ructures. I have some mo,·ies here-e- -

T he CrJATH:\t:AN . .Ju. t n moment. Some of 11s t.·nn't set.• the slides. 
Dr. R oss. Son1c. tllll them inflatable, expandable, erectable, or plin11t 

st ructures. T hey all involve the same thi ng, tlw basic function; thry 
can be folded up into a small C'ompact paclm~c nt one time and 
opened up into n vt>ry large one at another time. 

50 YEARS OF FLIGHT FABRICS 

1909 

1917 

lUI 

19~9 

, .... 
19SS 

TODAY 

F tc.t Rl . I 

... .. -

Fjgure 1 shows that what Goodyear has hecn cloing for the last 
:30 years has been tied up with this type of structure. '\Ye t 'l\ll ~o 
all t he w11y hack to the beginning- of, yon mig-ht sny, the " 'right 
lhothers, wny bnck in l!Hl!), we started working with fabri t•s that 
went on airplanes. .\ crunlly the tires that went on the airplanes. 
too, and that we 1·ide on today, arc of that type of slru<'t u r·t>, up 
throu~h the balloons and airships. 

Bnt k in 19-!-9, we found we t'oulcl see I h rou:,rh some of th is ma ­
terial with rndnr, and we mn.d(' fnhri c radomes. 

In 1955 we found we had a brE'nkthrough. '\Ye built the inflntn ­
ble plane at that time. 

Today we 1\l'E' looking- ut spa re applications that C'Ould be ~pn<·e st a­
t ions or ditt'et·ent kind. of 1-e-ent l' Y ,·ehicles. 

'Ye " ·ill try to tell you abo ut soine of these today. 
" 11y do we 1-eally look at £',\:pand,,bJe st ruct urt>~ in t he fi r:-t p l:ll. ..... . 

There are four major n chnnla~es as shown on F ig-111·e 2. 
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ADVANTAGES 

PACKAGING ABILITY 

EASE OF ERECTION 

LIGHT WEIGHT 

OVERLOAD RECOVERY 

fi GL:RE 2 

Fi1'St of ttll , ns hns been mentioned sevend times, the packaging 
ability. "'e have 11 million hinges built into it nnd we haven't had to 
pny for them. Normally, when we make a hard s tructu re, if you put 
n ltin~e in, it <·osts you ext rn weight. 'Ve don't need any kind of 
ltC't.unto•·s 01· rn ms o1· anything: I ike that. Y 011 put the gas to it and 
it c•·ccts. This is s implici ty and results in reliabili ty. ' Vhat we are 
talking about is spn<•e reliability because we n•·en ' t up there to see it 
usually. 

Light weight. This is one of the facto•·s t h11t usually su•·p•·i ses most 
people. In the nin·J'ltft field where weight is such a pt·oblem, it is 
usually ' 'e ry difliqllt to do nnythinJ! that will sa,·e .) pe t'Cent in weight. 
Tn our applica tions sometimes we talk about Stl\' in:,r no pe•·cent. T his 
is n. very large facto•· nnd an important one. 

There is nothing: magir or secret about it. We aren' t nuying any 
bas ic fundamentals. T he renson that we cnn usually g:o to these extl'lt 
lil!ht. weights is tlmt we t an make pructicnl st ru<'lures of ' 'et·y \'t't'Y 
smull climt>ns ions whi<:lt nre not possible out o f uo•·mul . heel metnls. 
If you got t ht> metals down to those dimens ions, they wou ld be foi ls 
so delicate that they would be hard to fnbric:lt('. 

The last factor. O\'e1·lon<l J'et<>,·et)', is the kind of thing tiu\t i.., 
helpful to the engint>t'r who works in thi s tit'ld. . \ ny time a mnn de­
sig-ns a structurt>, hl' hns to nntici pttte how hig the loads art> going to 
I~ that he is going to encounter. Xatur·e doe. n't always play in his 
ftl\'or~ and once in a while he encounters a ~ond that is g-reatel' 1 hnn 
whnt he nn ticiptttes. 
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l n nonnnl st r·uctur·es, if you get 1\ lond that is too laq.!e. tlw :-;tnH·­
tm·e will collapse. l n an expandnl>le stnrct ure what happens is, in 
stond of rollnpsing, you ~o-.ret whnt we call an excessiq• cleflt>rtion, it 
bl:'nds. " Then t h(' lond is htk('n off, it can stmightcn out and IX' ns 
good ns nt> w. 

Th('SC :u·e our n d \'I\ n I llfrt'S with this I y pe of st rud ure. 

AIRSHIP STORY 

rr<;t Rf l 

f 
-~ • 

... -...... 

T he reason for showing the picture (Figur(' :3) of th<> airship, whidl 
is not nrccssarily a space item hut c·onld hi:' rl:'late<l to it in that we ha.ve 
nlt'eadv examirwd this for· c·an·yinfr ,·ery lnr·g(' hooster·s and find you 
<'.lll do' this with an air·ship-type ''ellicle .• \ nothe r r·<>ason for show'ing 
this is I hnt sii'.<' is not r·l:'nlly a dillicult prohl<•m with nn ('XptuHlnhl<• 
st I'll<'( UrC. 

T he <·n.r· that you SN' undcmeath the airship is nhout the size of a 
~oocl s ir-e nirplnrw. You <'1111 sel:' how much largt't' the <>nV<•Iope, which 
ts an ex pruuil~hl£• st nrc· I ure, is. 

"\Yhen we t1tlk about spate, we ar·e talking nhout applif•tttions thnt 
usually I'N}Iti t'l'S \'('I')' large st t·uctures. .'\.ncl wlum we talk about an 
Pxpnndahle st rll<'llll'<'. a large siruct ur~ ~hows gn•at advantages. 

L<'l's :-;how I hl' lllO\ it> hen• of u typical air·:;hip in flight. This will 
he I hE' first of ~l'\'~ral br·ief mo,·ing: picture l'X:tmples of expandablE• 
st r·m·lur·es. 

( :\fo,·i<• shown of airship being moYcd from air <l<x·k and in flight.) 

.......................... _______________ ~ ____________ _. .............. 
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TAILORED EXPANDABLE STRUCTURE 

FICL'RE ~ 

Dr. Ro~s. Letwing the ui t·ship for a moment and looking at one of 
tIll' l~;tsic ('llarncl<'t'tst i<·s of <>:qmndable st niC't urrs, l•'igllrt> +. shows 
that we put the cords tllnt tlll'se ntnl<.'rials at·e mad(' of itt the tliret·­
tion we want. T his is a mnjor ad\'nntnge O\'C I' she<>t metal constntc­
tion where yon h:t\'(' thl' sa11w strt'nl!lh n11d wl'igl•t in all directions, 
whl't bet· required ot· 11ot. 1 f w<' lw ,.e a hig- load i11 mw din•c·t ion. we 
('llll put lot s or l'Ords ()t'lll'll\',\ one~ in. I f \\'('lilt\'(' a ~nlllll l oncl in this 
direction, we can put fC'w <·ords. This g-i\'(•s lh thC' adntntal!e of only 
putt in/! into the mnll•t·in l tlw matl'rinl you a<·tually twed to tal'l'y th'e 
load. Don't t:IITY an,,·thin;r you don't ll!'<'d. It g-in·~ us the oppor­
tunity of making th(•st• lig-ht \\'l'ights that \\'l' tal fwd about. 

.\lso, enrybocly knows if you make a sphl•t·l', 11 pt·c.>ssll rizcd stnte­
tun', where you ha\'<' pt·c>ss\11'!' i11 the C'C'nter and (•nrry nil the mntCI'inl 
arotiiHl t ht' outsi<ll', 1 his is Olll' oft he li:,th!('~t ~~ nwtun•h rou can pos-
sibly mnke. · 

T he airship is a. body of rcn>lution of this type. 
·we attach the c:11' to tho bottom and distribute its load into tho 

cn\'elope by cntenarie:; at t:whed to the top. .\.ctually, you will find 
that. we ha,·e pulled down on the em·elopn in tho(' a reas to take the 
high load. 

If we cnrrie<l that o\·er :1, wide span. you wou ld find we could pull 
Yet·y hnrd on the top nnd hottom and s:ret 10 thl' shape . hown in the 
lowet• part of Figure :), mHI h:He what you might consider a flat 
airshie. 

Lets consider that you mig-ht take this nncl put an infinite numbet· 
of connections in I here, nnd you obtain a prcsstll'izcd structure thnt 
has what \YB call d rop tht·eacls. This gh·es you fl nt structttres so you 
don't have to be limited to round !Structures. <',r linclers, or torus-t.ype. 
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000 f or t 'l'~l'll t 't·h and dt•\'t•lopntt•nt . and :-\li,-..tHl.IIIIIJ for c·ott--lt'tWtton and 
<'qui pnwnt. 

Eadr in li~t·:d war !!Hill. ( 'otHrn•s:- '"''nth i:-t•d that :\ .\:-- .\ lltlt'tllh•d 
• • 

to I l'lllt :-. ft•t • st.-, lllillion from l'l'Sl'lll'c·h and dt•\ t•loplltl'lll a ppropriation 
to <"OnStl'll<'t ion and l'll' li(lllll'lll for t·on,.tl'lll'lton of till' ~lt·tTtll',\ IH'I 
wor k. T lw thwn l ~·t•tll' I!Hitl ligttt'l'' n•flt><·t 1 hi._ fu ndi11g tran ... fPI'. 

For li:-ntl \'\'1\t' l!llil, 1 hi' t'l ll'l'l'lll allc)(':tl ion of fntlll" '" ::;IIO.O.d,lllltl 
f ot· n•:-.en rl'h .:lltd dt•n•lopllll'nt. nnd :-\(~,m illion fot · c·ull .... tt·twttoll a11d 
l'qtt i pntt•nt. .\ n•q lll'sl for :-;'j ~.:!-1 ~J.IHlO is l'lll'l'l'lltly t'OIIt 11 i nt•d in llw 
X.\S.\ attthorizntion t'PC(III':-1 fo1· lis<·:d .war l!lli:!. T ltt• ~t·dion on 
Projt•t·t ~ l en·t tJ',\' funding projt•t·tsa total funding n•quin•nt~•nt thtcllt !.dt 
list·a l.n•n t· I!Hi:! of ~:Wh lltillton. T he ,·alidity o f tlti,..lignn· is .... uh.i t'l'l 
to tltt• Sli<Te:-.s o f tlll' l' tint~ tlw fl ig l11 ll'"t lltrgl't dall's and l'otl ld go n ..... 
high as !;:1llll 111il l ion in tltt• <•:-.ti nwtion of tin• <'OIII tll itt N· :-tufl. 

1 r 11.11 111 n 11 i" "1ul(·t · ." 

l n the pa ~t, lltllll·s "'' it•tttili t· und l t'<"hnit·al knowlrd;.!l' " '""' limitt•d 
hy tlH' fad thnf nll of his ohst>l' \' lllions \\'l'rl' 111ndl• l'itltl·t· fm111 tl11• 
l•:nrth 's stt rf'HI'P, ot· front within tht• l•:a rth 's atntOspltt•t't'. :\o"• 111:1 11 

1'1111 H'IH I !tis ntl'lhll l'i ll;.! l'C(II i(IIIH'III Oil :-.a tPllill•s lil',\'lllld tit<• l •:art l t'~ 
nf ll wspltt•n•, n11d i11 to :-.}IH I'l' lwyond tl w ~l oon or l11nar and pl:ll ll'tary 
probes. T ltt•lwtwlit:-.to 11tan t hat hun• lJt't'tt dl•ri,·l'd front tln•,l• initia l 
,·entlll'!•s into ~pa n• nt'l' too llllllll'l'Olls to ht> n'<'OIIIItt-d IH'n•: h111 tltt• 
l'Xplorat ion of "PH<'l', in it-.. lt'lll':-t :-.t·n~e . "ill lwgi11 o11l,\ "lw11 1111111 
ltinl~l'll' l'lln plll'lit·ipntl' dirl•<·tly i11 thi:-.l'xploration. 

) I nil i:-. <ll'stitn•d to pin,\ a 'itnl and tlirl!l'l roll' in tltl• l'Xplot·at ion of 
thl' -' foo11 a11d tht• planeh. ! 11 t lti.., l'l'g"ard. it"" not t•a-..\ to ,·onn•in• 
1 ha t i11st J'll tlll.'llts l': ll t ht• dt•,·i-.l'd that 1·an etl'l•t·t j, ph· and n•liahh <111 

• • 
plit·ntt' 111an's rolt• '""'all l':<.plot't•t·. a gt•ologi ..... t. a "''"'~'.''" '· 11 pltotogrn 
plwt·. a l'hl'llt i:-.t. 11 hiolo;.ri"t. n plty ..... i<·t-.1. ot· an.\ of a l111'( of ol ht>r 
!-.pN·iali:-.t .... "ho~t' tnll'llh \\<lllld ht• IIPl'<ll'd. I n all of tlw"P at'l':l".lll:tll·.., 
juclgllll'lll, hi:-. nhi lity to ohst't'\'l' and to n•a:-011. a11d lti ... dt•t·i ..... ion 
111n kin;.r <'li JHibilit il'.., an• l'l''tll in•d . O nly 111an 1'1111 I'O(>l' "ith 1lw 1111<' :<. 
(lt'l'll'd: lllld t ltP II III' X (l!'l'tl'd . of I'Otl l '~l' , i..., I hE> 1110:::1 i llll'l'l''l i ng. 

Tlw ~t':ll·c· lt fot· t'Xt t'Hil'l'l't':-1 r ia l lifl'. for ithtanc·l'. i,.. 11 prohlt•II J of 
fol 'tllidnl>lt• difli t·tl lt,\ for ptii'P ill"'lrtlnlt'ntat ion systl'nt:-, that i~ llttll'h 
mort> l'nsi ly within t ltt• st·o pt• o f tllatl'-: a hi lit it•s. E H•n in nton• pt'lh:t ic· 
l'llden\'OI's s111·h ns pltoto;.rrnplty. it i::: t•xt t'l'llll'l," ,.Jtnllt•n,!.!ing to dupli 
l'ntl' IIHin's nl>ility to :wlt•et pertitt<'lll ..;ubjet·l nulltt•t· nnd optilltlltll 
photogl'llplti t· lltl.•t hods. to foi'IIS n11d t·ltoo:-l' thl' ntost pmlitaldt• ill· 
slant for l'XJlOStll'l', to l'l'<·ognizl' t.ltat his ,·iew i-.. ob:-. t riJI'U•d, o1· l'\'1' 11 to 
not<.> t hn I tit<.> lt>t ls ltn s l>l't'OII Il' dirt\' . 

( ' los(•r to Earth , llllllt'ss(Wl'inl ;tbilit it-" wou ld ht'l'lltplo,\'l•d in tlt:lllltl'd 
orbit in;.r :-.pn <·t• l nlmratoril·~. ot· :-.pn l'l' sllll ion:-. )J an·~ olJ-l'I'\'Ht ional. 
a11al .rt it·ul, and fund ionalntpnhilit ics t':lll t>t·o,·idl• 1111 :H h·nnt:t;.!l' i11 I ht• 
c·otulut l of a mn;..r<.> of nwtt•ot·o lo;.rit·a l. t'OIIIIll tltli,·at ion. hrond<·:t:-.1 in;.r, 
mapping. nnd :-l'an·h ;t~ ·t i ,•iti<.>~ in orbitin;..r n·hit·ll'-.. O rhitin;.r laho t·a 
tone:-. willnlso Jll' l'll tit t ht! inn•,figation and proof lt'"ting nf \'l'hit·ula t· 
t·onlponent:-. and op('ntt in!! tt•c·ltn iqnl':- requi t·l'd fort lw dl'\' t•lopn tt• Jlt of 
otlwr ndnuH·t•d :-.pat·l' n•hiell':-. and mi:-sion .... ()f noll' in th i ... :t t'l'll :ll'l' 

tht.> l'\' llluation of nlie i'Onll' tt•or ire, a nd mdi·ttion dantagl' to .. pac·t• 11111 -
t er ia Is. the de,·elopnll'llt of ~pace propul:-.icm :-..'''ll'lll~. 1 Ill' ... nul.' of 
"'Pil<'e<' l'll ft e r~l.'tion nll(l <·on:-.1 nwt ion. tht> in ,·t.>sti;.rat ion o f rend<'%' 011:-
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EXPANDABLE STRUCTURAL FORMS 

I l!. l Rl. .) 

One of the brenkt h roug-hs we hncl was t he den•lopm<>nt of a material 
ca lled Airmat 1 which is made out of tltis flaL stt·uctut·e as shown in the 
uppor righ t s1dc of Fi~ure !), T his is a. t ypic·a I fl aL pnnel with tho 
number of thre11ids in uet ween il. " 7hen you put pr<>ssut·o in it , it. 
doesn't go to a sphere but . is flat .. 'Ve call litis A innnt. ,,~hen you 
put pressure into them, t h~ th reads pt-e,·ent the pi~ccs of cloth separat ­
Ing more than the dimens ion oft he threads. 

'Ve were able a.lso to take these and nctunlly shnpe the structure, 
that is, change tho lenbrths of the di"Op threads ~o when you inflated 
this body you would llll\'e an ai1· foil-shnr>ed dc,·ice. ee Figure 6. 

T his shows how we went from the r.atenary-typo al'l'n ngement on 
tho airship and to the drop thread. 

Fmnkly, the samples we a re showing you nrc nothing but pieces 
of <'1\,l'pet, lllade on a <·nrp<'t loom and no rmnl ly thP,V mnke these out ­
side surfaces Ye.ry cloS<'. togethor. To mako carpet they cut the drop 
threads to make 'the plush surface. I n our a.pplit'ntions, we coa t the 
surfaces to make them gas tight, seal the ed~e..c; and p ressurize inteJ·­
nn lly to make :t rigid st n wt lll'e, This is not h tng more t hn n an ! -beam, 
if you might visualize it , as s hown in Figu1-e 6. " 'ith pressure, you 
get. tens ion in the sudnces and you ha\·e un I -henm with the web of 
the ! -beam essentially weigh ing- nothing. 

It is difficult to get ma.tcrinl lighteJ· than this. This is why we look 
l~t it ns one of the world's lightes t structural mnteJ·ials. It. will remain 
stil! and hard ns long ns you maintain pressure in it. 



• 

30 IXF'LATA BLE STRuCTURES IX SPACE 

LOADING SYSTEM 

As I mentioned o.arli<' t', WE> a<'tually were nbh> to makE> an airfoil 
shn.ped body on I he~ looms. 'Ye set the looms with speeial ga.ng<> 
b locks in them and insto.ttl o f cal'pct, and wr said, "'Yo want a. speci­
fied number of yards of ~ .\.( '. \ 00 15 wing st l'ttd u l 'l' .'' 

To show that wo could do thin~~ a.nd make tht•m use ful in thi s wn.y, 
we actually, in. working with the Navy, O~H, dN·idNI "·e would mnke 
a r<>S<·ue-Lype ,·ehidc as shown in F igure 7. 

T he ide<'l. behind t his wns lhat we would tt·y to make it as small as 
pos.-.i blt'. J f a p ilot i"' down in some host ill' ll' tTitcH'y, you conld fty 
over, drop tlus package to him, nnd some darlc night ho could tum n 
n1h·e and he woulcl in flat e, start t he engine and fly back to his own 
base. 

T o make an ait·plano lilm this, we hacl to make whitt you would call 
breakthroughs in liH' stall'· of the a rt of stnrctu t'l'S. 'Yo were able to 
make wings of this nirplunt• of one-tenth of I h(• ''"ight o f n c·on,·en-
1 ionnl structure. 

'Ye ha,·e a shot·t mo,·ie now of one o f thcs<' littl<> ai r·plunes so you 
t·an ~ct some idea o f its dl·~i~n and Hight cha r·ndcristi<·s. 

\Y'o made this one-place plane for the Xa,·y. T he .\.nny asked us 
to make at wo-p lac • plano for them. 

() fo,·ie shown of l nflat oplnn<' hein::r unp;wkl•d nnd llown.) 
Dr. Ro s. The next s liclN> <'OYet· some of out· \\'OI'k on "pace stat ions . 

• ' ince this field co,·e rs e' etj' t h ing f rom tiiHI<>t·nen 1 h t h(' sea I o in L he> ai r 
and off into spate and t h~ spare fie> ld is what "r a I'(' tn I king about 
to<lay, we Jun-e dh·idcd om· expandible stntdur·t>:-. into three at'l'ns: 
Thoso that req ui re la rgo st reng-ths-li:rht. wci:rht, sudt as n. spac<' 
st n.tion, those items th1tl. cncotinle t· high temJWnl!u rcs such as some-
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t.hi ng you would use fot· l'tH'll I ry into the ntmosphH<', and fi nnlly t.hose 
items ~hat. nre ve1·y ym·y light in wei~ht, hut don't ha"e to tal{e any 
big loads. U sually, you want. the light. W<'ight st t·u<'l.ures \'et'Y n.c­
curate in shape, such as a gigant.ic sola r oolloct or . 

• \ t this time, I would likC' to int roduc·(' ~I r. ,\facldPn, "ho will _gin• 
you a little discussion on this pa rticular type o f spn('e ~tation. Then 
[ will retu rn to eon' t' tit<' otht'r two stntdures fit,ldo.; of appli<·ations. 

STATEMENT OF ROBERT T. MADDEN, MANAGER, ASTRONAUTICS 
SALES, GOODYEAR AIRCRAFT CORP., AKRON, OHIO 

:\Ir. :\J.\J>m:x. Fi~ure H shows what we might C'Onsidt'l' an aclntnred 
sptt<'C ,-ehic>le, a large to1·oidal atTangcm('nt, t ill't't' tier-type can­
st nwt ion. 
Fi~u 1·c !) shows 11 t·on figurat ion which is lllOI't' t't' [H't'S('ntat i\'e of 

the type of work that \\'1' nt'(' doing today with t Itt> Langi<',V Hes('nn·h 
Cenl<'l', whiC'h :\h. Lo ft in rc,·iPwNl t':tl'l ier. 

You t•:u t f:ec her(' w(' lut,·c ta ken n look in ou1· c·onfiguration entlun­
t ions at two possibilit i<•s o f how ('Xpnndahl<' :.tl'll<'lll l'l's might be u eel 
in :l space ,·ehitle, and in I lw uppct· left hand sidt' fol' comparison 
hnn' shown a confi~un\l ion "hi<'h mi~ht he a m<'lallit· n·lind('l', pos-
sihl y tho final s tage of a boost H. · 
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Our studies have shown that the problem of gravity sinJUlation, 
it this is an area of concern, can probably l?e best lmndled with a. 
toroidn I axrangement and thn t thi s type of structure, us ing some of 
the principles that Dr. Ross explained, c:tn be made a. minimum 
weight for the desired volume. T he resettrch work th<tt we are p res­
ently doing with the Langley Research Center is being directed ltt 
gettlnCT the optimum type of material for this type of configuration. 

On Figure 10, we sl1ow a compat·ison of some of the expandable 
space s ta.tion configumtions Lhttt we ha,·e been investign.ting. 

The first is a one-man 24-foot diameter configuration, identically 
that configuration that Mr. Loftin described and as rep resented by 
our model which I want to describe a little later. 

WEIGHT BREAKDOWN ( LB) 
·MISSION 

TORUS* STATION (DAYS) CAPSULE 

I- MAN 
(24FT) 14 3.344 3.432 
3-M AN 
(50FT) 14 3.500 3.090 
10-MAN 
( 100 FT) 35 6,596 8.018 

10-MAN 
(200FT) 35 6,596 9,128 
10-MAN 
(40 0 FT) 35 6,596 10,798 

* INCUIOES MISSION .LIFE SUPPORT, AND ELECTRONIC EQUIPMENT . 
+ INCUJDES LAUNCH AIRFRAME WEIGHT. 
t 2S KW ELECTRICAL SYSTEM. 

F 1c.LR¥. 10 

POWER+ 

~005 

1,000 

7,500 t 

6,300t 

5,100 t 

LAUNCH 
TOTAL 

7,781 

7,590 

22.114 

22,024 

22.494 

" '"e have nlso looked at n three-man, 50-foot diameter space station. 
I think an important thing to not(' here is that the total launch 

weight of these Yehi<'les is of the onler of 7,500 to ,000 ponnds, which 
is well within the anticipated capability of the Centaur booster. 

The concept in the fit'St instance would utilize the Mercury capsule 
as the re-entry Yehicle, and you can see 1t is iclent ifiecl as a one-man 
stat ion. 

Looking at later capabilities, W(' also show 100-fool diameter, 200-
foot d iamet <'I', and 400-foot diameter st n t ions. 

It. may he of intet·est thn.t for the exact s imulation of gm,-ity that 
we have here on Earth, n 400-foot diameter space station, rotat ing 
at approximately -!rpm ~ives the one g s imulation. 

Figure 11 sho,,-s a concept of a three-man station, using again the 
~a me principles of an inflated torus. 
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FH.l Rf. 1 1 

H ere a. ballist.ic-lype nose cone nnd re-entry ,·ehicle would also be 
the centet· hub and, as brought out in some of the ~'lrlier discussio11, 
the space stntion would be boosted in the pncka.gecl configuration 
within the nose cone, as an integrnl unit. After deployment of the 
space station in the spnce ell\·ironment, the crew could mo,·e out 
through the spokes into tht> wot·king structure. 

Figure 12 shows the typical deployment sequence for this type of 
,·ehicle. 

As you can see, in the lowet· left-hancl s ide, completely packaged, 
the inflatable components mate nicely with the boo ter configuration. 
After deployment, the pressurized space station assumes the toroidal 
~hape. After completion of the mission. the capsule can be separated 
and programmed for re-entry nnd reco,·el'y in this instance, much like 
t hn.t recently a.ccom pi is heel wi t.h the Mercm·y en psu le. 

Figm·e 1:3 shows the launch configumtion, which is perhaps better 
described by a mo,·ie which we can show now of thP. buildup of an 
expandable configuration. 

(Moyie shown of space station model l11unch and deployed con­
figu rut lOBS.) 

'Mr. i\L\DDEX. tatting with the ba ic Atlas booster, as shown here, 
then comes an interstn~e fair·in~, the attachment of the C'entaur stage, 
and finally on top of this the mission module, as we term it, which 
would enclose the pncka~ed inflatable space station. This is attached 
to the Mercury capsule configuration, much ns it is presently designed 
tod:w . 

• 
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I re re a. balli::;t ic-type nose cone and re-entry ,·ehi cle would also he 
t.he cen te r hub a,ncl, ns b rought out in some of the eul'lier discussio11, 
t ho space station wou ld be boosted in t he packaged configuratio11 
within t he nose cone, liS an integral uni t. .. \ f tc1· deployment of the 
s pace station in I he s pae<' em·i ronme11t, the e rew could mo,·e out 
through the spokes into t hP wot·king structtu·e. 

Figure 12 shows the typical deployment sequt>twe f01· this type of 
,·eh icle. 
A~ you can ee, in the lower l~ft-han~l side, <"omplett>ly packa~ed, 

th(' m flatable compont'nt s matE.' m cely wtth the boosl<'r configuratton . 
. \ ftet· deployment , the pt'CS: urized space stat ion assumes the tot·oidnl 
!'httpe. A fter completi on of the mission. the eapsule can be sep:uat<'d 
nnd p rogrammed fot· re-ent ry and reco,·ery in this instance, much like 
thn.t recently a ccomplishNl with I he Met·cut·y cn psul(•. 

F igtu·e 1:3 shows t he launch configuration, whit h is perhaps bettt>r 
descr ibed by a movie which we can show now of the bu ildup of an 
t>xpandable configurntion. 

( ~[o,·ie shown of space tnt ion modt>l launc·h and deployed con· 
figurations.) 

M r. ~f.\DDEX •• tart ing with the basic ~\.tlas booster, as shown here, 
then. comes nn intersta:re fnit·in~, the attachment of the Centau r slnf!e, 
nnd finnll~, on to p of t his the mission module, as we ter m it, '''htch 
would enclose the pncknged in flatable space stntion. This is attnch('d 
to the ~Ierrury capsule tonfigumtion, mu ch as it is presently designed 
t odn r . 

• 
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Our studies of this configuration hn.ve shown that the payload of 
the packaged space stntion and the re-entry vehicle are weil within 
the limits of the Centaur booster, that is, the payload CG posit ioH, 
and the total weight m·e compttti ble with the booster capabihty. 

For that reason we hn vc no redesign on the booster to put such 
1L space vehicle into ot·bit. 

Perha.ps I can describe this better by going aclually to the model. 
Can we have the lights, plense ~ 
H ere we have the model that you saw in the movie. (See fiO'ure 1-1.) 
You cn.n see that the mission module and Mercury capsuTe would 

be launched in this configuration. 

GENERAL ARRANGEMENT 

F!Gl!RE 1 1 

Then going to a slightly different scale excuse my back , please­
the Mercu1·y cn psule 'Youlcl be integrated ~-ith the center hub and 
then t his sect ion inflated. In this instance the 2-!-foot diameter unit 
wou ld come out of the space tation packaged module. 

I think it .is significant that the ty pe of const ruction tll!lt we are 
using here is a, rather recent development in that we have gone to 
the filament cage that Mr. L oftin touched on earlier, nnd it hns given 
us I he capability of going to virtunlly unlimited diameters in t he torus 
construction wilhoul any rea l c·oncern for the tooling p1·oblem. 

1!\re have here a paper model which shows this, although simple, 
in fairly vivid terms. in the type of ar rangement that we can go to with 
<L fi In ment cage. 

The filament cage would be basica 11 y designed to hold the toroidal 
structure that is required for the design pressure. 

F igure 15 is a photogra ph of the bladder internn 1 construction, 
which would be then the pre, sure-sealinfr member of the st ructu re. 
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techniques, nnd the detailed nssessment of the lon~-du rntion (•npnbil­
ities of mnu inn wei~hth'~s cn\'il'oument. 

The initia l step in J>I'O\'idiug the cnpabilit i~'!-t fol' the nHtllll<'d t'Xplol'n­
lion of spn<'e is Project ~let'l·u t·y. This projet't i designed to put a 
manned satell ite' into an Ol'hit mol'e thnn 100 miles aho,·e t hC' Ennh' · 
sudnce, lt>t it <'i l'de thE' Enl'th lht·ee timt>s. nnd lu·ing it hnt·k !-tnft>ly. 
Ft'Oilt P roje<:t )(er('ut·y we expect to learn how man will l'l'llt'l in a 
spnce ell\·it·onment , whnt his \'llpnbilities will h£>, and what must be 
pro,·id£>d in futul'e nutnnNI spncecntft lo nllow man to fundion use­
fully. Su<'h knowled~e is ' ' itnl before mnn tun pnrticipnte in othet·, 
mot·e di Oicult, space miss ions. 

Rut the ciE't('nninnt ion of nutn's <'apabili ti('s in 11 spn<·e ('fl\'i t·ontnE'nt 
is only onE' of I he benefits I hat will be clet·i,·ecl fl'otn Proj£><'l .\l el'<'lll~'· 
Of equnl imiHH'ta tH'C is the trC"hnkn l knowledge bein_g gained durin~ 
the design, <:onstru<'tion , and operation of tht• Iii's! ' 'ehit·le ~petilknlly 
enginN'I'Nl fol' mamwd flight in spnt·e. T lH' ntt·onlplishnwnt of 
Project, Mrrcu t·y wi ll mnl'k 11 tremendous stC'p fonntnl ; tnnn's ,·en­
tut·e in to space will imnleusn t·nbly extend thE' fmntiers of fl i,:rht. The 
speed of fli~ht will be in<·ren!'('d by a factor of ei~ht O\'er· presen t 
nchit>vements, and thl' altitude bv n fa<·tor o f fin': the en\'ironment 
t>ntountered in space fti~ht wi II be one that hHet of ore has not enn 
heen appt'OIH'hed. This extension of the fl i~ht enYE'Iope hn~ requirt>cl 
major tl'<'hnic·nl ndvan<·emellts in many di\'rrse fi£>1ds iutluclin~ nero­
dynamics, hiotedmolo~y, instr·umentation, t·ommunication:-;, ntt itude 
control, t?n,·i ronmentnl <'ontml ntld high-sprt•cl pnmchute de,·e lopment. 
to mention on ly n f('w. Br its \'E'I'Y ach·nnc·ecl nnturl', tht•t·efot·e. 
Project )lerctu·.)· has opt>ued 'the doot· 'for future mnnrwcl spa<'£>-f·li#!ht 
prog:m ms. 
Originof progmm 

T he g:enE'sis of the Nation's manned spn c·e- fl i~ht proc:t·anl elate~<; 
huck to r·esent·ch and study ell'orts ca rriNl out in l!lnH, 1!):)7, and 1!):) . 

• I n those yen t·s, studies were made by the National .\ cl\'isot·y Committee 
for ~\erorutut ics, prede<'e~o.;o t· of the Xationul .\ eronauti<'S nnd Spn<'e 
.\ clmini tmtion. and bv enc·h of the mili turr sen ·it-e .• \ detailed dl'-
cript ion oft he~e earlj; study pro~Zrnms c·an 'tw found in II oust' Repor·t 

)."':o. 122 , entirled ' 'Pt·oje<'l ~fercury-First l nre r im Report, n , taff 
Repott of the C'ommittee on Science and.\ ·tronaut ics." 

I n A u~ust 1 n5 , the Presi cl£>nt a signed the rl'spon ·i hi I i 1 y for the 
manned fl ight, pt·ogrn m toN .\ S.\ , whit'h by that time had been e::;tu.b­
li hed by law, thou~h it hnd not yet beeome an operuting ag-enc·y. ~\t 
tlmt time, the early wor·k on the enpsule <'Otwept, the painstaking: nnnl­
." is, de ·ig-n, cle,·elopment. und te ting of shapes. had pt·ogt·£>ssed to 
the point wher'e on _\u~ust 1, l!>:l . T>r. Hu~h L. l>t·yden. then l> irt>l'tor 
of X.\( '.\ and now Deputy Administrator of X_\ S.\. was r·e1uly to 
presen t to the Select Committees of the ('onl{r<'ss on .\ strotutut i<'s 'and 
Space Exploration, a pro~rum which he c·nlled technology of manned 
sp;tce- flight ,·ehieles. l k T>t·yden's te ·ti mony includfc>d the fo ll owin~Z 
statement: "This prognun that we nt·e talking about will lend to n 
man in spnce in somet hin~ of the order of 2 to :~ yea rs, depfc>ndin~ on 
how mtwh luck you h~tn with it." 
Althou~h the responsibility for the munned space-flight pl'Og'J'am 

was assigned, in 195 , to thE' Xn tiona l Aeronnutk. nnd Spa<'e Admin-
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rtc .l IH I i 

It is impot·tnnt to note in thisconfi~urntion many of the <'Ompon<'nts, 
such as bunks, and othE' t' t'NJU ircd eCJttipmE'nt: w01·k tables, work stands 
could al!->o he of the inflatuhle t~'P<' of construction. ~\tul these then 
lend theml-<'h·es to simila r pa<'ka~ing- and liu-ht-w<'i~ht capability in 
the lnunt h contig:ul'llt ion. 

Of course then• is t he• quE'st ion n!'kNl, what do wt- !'ee in looking 
at the early availability of 11 spac·e \'E'hide? 

F ig-ure lG summa t·i~(>s some of these. \Yc feel the upp1·onch we 
are diS<'IISSing her(' with I Jw I Ol'llS ton fig-ural ion lends its('] f c]il'C'C't]y (O 

stuclie. of a rtific·in l ~rn,·ity simttbtion. It gin•s us a workin~ labom­
tor.Y whet'e \\'(' c·n11 inn)o,tig-ate, as on n test-bNl basi~. the- pC'rfornlHtH'<' 
of life-support syslt-nts, auxi liary power, att it ttclr controls, and it 
pro,•ide>s ~~ vet·y nat urul t I.'S! -bed for such pro;.rrams ns the earth orbit­
in;.rlnhontt ory thnt is one of the eonsiderntions in tlw Apollo plnnnin g-, 
ns "·ell as tlw ~fil itnry T Psl ~pace Station whic·h lite .\ tr Fon·e is now 
considering. 

Figm·<> 17 sltO\n' a pirt ure of the center hub of a 30-foot cl inml:'t <'I' 

unit that we nrC' building- on corporate funds at Goodycat·. This unit 
will b(l asst-mbll:'d with thl:' :lll-foot torus hown in Figure 1:>. 
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ORBITAL MISSIONS 

I DETERMINE SURVIVAL REQUIREMENTS 

e GRAVITY SIMULATION 

e PSYCHOLOGICAL RESPONSE 

I EVALUATE SYSTEMS AND EQUIPMENT 

e WASTE COLLECTION 

e UFE SUPPORT 

I CONDUCT TEST PROGRAMS 

e WORK - REST CYCLE 

e PHYSIOLOGICAL RESPONSE 

e ATTITUDE CONTROL 

e ON-BOARD POWER PLANT 

e TEST BED FOR ADVANCED SYSTEMS e MATERIALS AND SYSTEMS 

e SCIENTIFIC TESTS 

fi CURE 16 

F ltot' RF I i 
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Figure 18 shows a development plan which we feel is feasible, based 
on our· current work in house at GoodyeaJ', and that wi th the Langley 
R esearch Center nnd with the ~\. ir Force. 

As Mr. L oft in and l\:fr. O'Sullivan pointed out, we too agree that 
there are no major technical breakthroughs required to wot·k tow:trd 
tU1 ope1·ationnJ sys tem of thi s ty \)e in <tppt·oximately 3years. 

This is not to say cert!Lin ly t mt ,,.e have the answers to the coating 
problems in terms of radiation, thermo-bnlanee and a number of other 
:treas, but we do feel the education we are gett ing now in the st ructuml 
design of these fu ll scale units does give us R firm bas is in this aren. 

Our plan here would be to wot·k toward \'ertical shots and then the 
fttbrietltion of three orbital full -scale prototype units, two of which 
would be unmanned, the third manned, and as pl'C\·iously mentioned. 
would utilize the Mercury capsule fo1· the re-entry of, in Lhis instance , 
u. one-man crew. 

-~~EVELOPMENT PLAN 

PROGRAM PHASE 

PRELIMINARY STUDIES,MODEL TESTING 
DESIGN , FABRICATION 
GROUND TESTS 
VERTICAL FLIGHT TESTS 

INSTRUMENTATION 
DEPLOYMENT 
SYSTEMS 
ABORT 

ORBITAL TESTS 
QUALIFICATION (UNMANNED) 
QUALIFICATION (UNMANNED) 
QUALIFICATION (MANNED) 

YEARS AFTER CONTRACT GO-AHEAD 
I 2 3 4 

FtGllKF. 18 

Tlus completes my0ortion of the presl)ntnt ion. 
Mr. R ICHARDSON. ne other thing I would like to point out, tlutt I 

think M1·. Madden o,·erlooked, is it allows the mnn to get ou t of his 
space suit, to tnke it o tf aftel' he comes out into the space stat ion, and 
to wol'k in a. norma I a tmosphel'e in t he space stnl ion. 

Things like thi s we have to learn as we go on into space. 
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STATEMENT OF DR. ROBERT S. ROSS, DIRECTOR, AERONAUTI CAL 
RESEARCH AND DEVELOPMENT DEPARTMENT, GOODYE AR AIR· 
CRAFT CORP., AKRON, OHIO (Continued) 

Dr. Ross. I think the next things we wnnt to tt>ll you nre as we got 
up into space, we started to reali ze lhcr(' nrc other· pr·oblcms such rts 
IHgh tempcrn.tur<?. "\Ve wnntcd to find out if we could mnke these 
mn.ter·inls that normally ~o to ~00 deg-rees F ah renheit, so they cnn 
take tho high tcmpemtures. 

Looking through n II the different types of mt'tnls t hn I tu·e n nt i I able. 
we found thnt. materials like some of the stninlt'SS steels or· Rene- U, 
fo r· instance, as one sophisticated type of mntcrinl, has n ver·y good 
temper·nture strength <'lii'VC • • \ ctually, you t·nn get up to 1,500 or 
1, 00 det.trees Fn h r·<?n hei t n nd st i 11 r·etn in st rengt h. 

'fho problem was to ~ct this rnuterinl dntwn down into fib£>rs so 
wo could weaYe it, into cloths. \Ye found we could do thi s. \Ye had 
it. continually chnwn down and drawn down unl il wc got some of the 
fiber·s to u third of n human hair. 

"\Ve took some that were more prart i<·n I to usc, nnd we made woven 
nrn terinls out of them. 

Her·e ar·e some snmplt>s of stainless st<?el dmwn down to 011e· 
I housnndth of nn irlt'h and wonm into cloth. 

You may find it difli cult to gel some of thcs<? mntcr·inls in fh~.t sheets 
thnt Ill'(' unifor·m in <·han\<'tcrist ics. If we rnn ~ct it to wire and then 
wca,•e into cloth, Wl' find it is a flexible slwet, and it <·nn be used as n 
slntctural \'E'hirle thnl i s ~oing to be opcrnt Nl nt hi~h tcmperatures. 

'fhcn you 1111 ,.e to do somct hi nt.t about. making i I gnsl ight. 
T he next pr·oblem wns to cle,·clop an elnstomer that would be able to 

withstand the kind of l<?mpernlures that ,,.t> nre going to encountet·. 
\Ye don't feel ,,.<' lut,·c the answer to this problem yet. ·we do feci 
we hn,·e been makin~ somE' hendway in this pnrticulnr· direction. 

I think if we can ~o to the mO\·ie l would like to show you ont> of 
our h igh-tempemtur·<? tests. 

Sirwe we are not in th<> spare en,·ir·onm<?nt, it is ,·ery difficult to 
cntlunte some of these mntt>rials on Earth. o wt> have to attempt 
to simulate conditions li S c·losely as possible. "\Ye try to do these 1n 
altitude chambers using high tempemture lnmps to apply heat on 
these m1tterials. Surh tt'sts do not sho"· the probl£>m as you com<? 
through the atmospherc nncl ha,·e the air rushing ovt>r the mater·inl, 
it self, so we den>Jopecl n little hydrogen nnd oxygen rocket. "\Ve 
put n litt le material in thc blast of this rotket and try to evnluate 
whnt takes place here. 

(Movie shown of H igh Temperature )fnterinl Test. ) 
Dr. Ros . "\Ye lul\·e this piece of material, s imilar to what you have 

in your hands, in n frn me in a hydrogen-oxygen rocket blast. Yon 
will notice when the hot gns hit s the piece of material, it will start 
to ~low and it will actually ~ct red hot there. It still retnins most of 
its properties. · · 

This is just a simulated type of test . .\ s J sny, it is the type that 
we nre using- to try to sc· t·een the difl'el'ent kinds of materials that we 
would need for· high-tempcmture re-entry. 
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There are two basi<· types of t·e-entt·y that Wl' can t'ncounter. Ont' 
is tho lmlli tic type, "herl' you ha\'(~ some type of ,·ehidc lo let. you 
II tit' d mg. 

Tho second type is I hl' lifting: type, where you <' OIIIC in with wings 
and <':tn fly in t hu at mosphN·c. 

\Yith these expandable typl' of st ru <" tures, we find both of these 
t.ypl'S of units cnn be put on n lau1wh pad in a small pa<"kng:e. 

Fig:ure 19 will show you whnt we call ou 1· Ha.llute, which is a com­
hi nnt ion of balloon and pnmchule. 

w ·orking with the .\u· Force and ~AS..\, usi ng thei r laborn.torie..,, 
we found that you c·an makl' a bnlloon-typc vehicle, which you can 
SN\ at lh<' left here, with a torus- type ring: around it , \Yhich can be 
1\l t ached I o a re-entry n•h icle or escape capsule. 

DECELERATION BALLOONS 
• 

J'rr.l Rl I Q 

This item, when opened up in the high altitudes, is actually posi­
t ivcly inflated by the gas inside so we don't have the problem of a 
pnmr hute, tryin~ to open when there is no ni t·. As it comes through 
tho lttrnosphere 1t has to go through the speed ntnges, and this pnr­
ti culat·typeof vehiclernn do it. 

lt inflates behind the body, makes it net like n shuttle-cock, and 
comes down th•·ough the atmosphere. 

This is used on the Cree nussile to bring back nbout a 500-pound 
weight. 

I would like to show some mo,·ies of this in the X.\ A tunnels at 
:l% times the speed of sound. 

P i ovie shown of Rallut e in supersonic wind t unne1.) 
Dr. Ross. You wi ll have to wntch it closely. It in flates in two­

t cut hs of It second. 
T his is ~% times the speed of sound. 
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Aftel' it is OJX'necl, we let it l'eel aft on a col'd, nnd this changes the 
dm~ ngain. I t inct·enses it hy getting it beyond the interference 
of the body in the front. 

T he tmiling str ing- that you snw "'as the nH.'nns of preventing it 
g-oing down the t lltliH'I if nnyl hing broke looS<:'. 

Notice how steady it is. 
T his is the Cree missi le I hat. this unit \\'Hs put on. T he Ballute 

is folded in a pa<"lm ~re bet wt'en the missil<:' nnd t Itt' booster. 'Yitcn 
this booster is firNl nft<'t' th<' booster is droppl.'d ofl', this Hallute, nbout 
a !)-fool diamett>l' balloon-sha ped body, <·omes out nnd dccelerntes tht> 
body and lets it com€' hack to Earth. ~ 

This was the fi rst of I wo shots on thnt pat·t ic·uln t· project. 
.\ s fnt· as "'" can t<' ll, €'\'l' t".}'l hing was sur<'<'l'Sful. 'rc don't h.-now 

whut to chang~ on t lu.• nt>:d ont>. T his hns brrn a \'cry successful 
pt·ogt·am. "r e a re going I o 11111 IH! son1e of these to op<.'rat e at I 0 times the speed 
of sound. " "e llln·e lwcn working with the .\ ir Force nnd ~ASA 
using lheil' equipmen t to lt•st these out befot·e W<' g£'1 to the full -scale 
unit. 

T he other type of re-cntt·y thnt we might wnnt to discuss is whnt 
cun you do abou t coming- h om outl' r spnc·e nn<l flying do,Yn ton pt·e­
dete rmined landing spucc? 

This woulrl mean wc would han·e to build a \'ehicle up in space. It 
would h;n·e to he all />IH'knged into the hlunt'h nose. ,, ... hen it gets 
up into space, it wou d hn\'e to open up to I ht> ,·chide that we <ll'C 
talking about. 

F igure :20 is a typi<·n l t•xnmple of this. The booster would cnn ·y 
it on up into spn<:c. T here it. would open up into a ,·ehicle with wings 
a nd 11ow come down and fly itt from outer sp:H'<'. 

Frc.t Rf 20 
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'''hy do we think\\"£' <·nn dot his now 1 
l I hi n k if wc can go 011 I h rough t hc s lides, I I hi n k I <' :1 n show you 

a little hit of what wcntndo. 
Fifn-tu·e ~1 shows how I he rntin• thing could be packaged into a 

smnl 5-foot by 10-foot IIOst' t Oll('. 

T hese pat·ts that you S<'<' IH'I'l', t hnt are indiC'aiNl by cyl inde.rs nnd 
spheres, show thE\ appt·o.\imatt• ,·olume of I he h:u·d st t·uct ut·cs. t lw 
i nst t·umentat ion , t hc gas supply, the co11 t ro ls, and so on, ns they wou I d 
fi I. 

The space at·ound her(' i:-: takcn up by the flcxihle stntdure. "•h('n 
you get that into spa<'<', it opens to thts 1'tZe n•hick 

• 

RE-ENTRY MODEL PACKAGED 

PARACHUTE STOWAGE 

GUIDANCE. COMMUNICATION AND 
INSTRUMENTATION 

El.EVON AND RUDDER SERVOS 

H202 REACTION CONTROL TANK 

• INFLATION SPHERE. HELIUM 

PAYLOAD 

9 IN RADIUS 
METAL NOSE 

Figure 2~ shows how small it is when it st;H·t · and how large it is 
when opened up. You notice the little pnns in he1·c are the same 
pn t'ts that we had on the package and how t hl'.Y 11 re distributed to 
where they are needed in the vehicle. 

F igure ~;3 is nnot her view of the flight confi;rtu·nt ion. 
Th1s is a typical type of re-ent ry shi p. It has the same aei'Ody­

nami(':; :\:; any other lmnl st ru<'lure. The inflnte<l st nwt ut·c material 
is made out of a meta I and hasJ he ·a me kind of pro pert it>s as any hard 
st ntct u re. 

J belie,·e this ~ t ide will . how it a~ cleady a. anr the •·cason we th ink 
• • 

we <·nn do more thin~ with this approach th<lll with !'omc of the hn1·cl 
. t ruct ures: that is, we can ;ro to a lighter weight ,·ehirle that could fly 
in theutmosphereat highnhitudes. 
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F JG l RE 22 

RE-ENTRY MODEL DEPLOYED 

' 

.?~_, 
~,. 

H202 REACTION CONTROL 

TANK ' 

F JC.l RE 2.1 

• 

RUDDER AND ELEVON 
SERVOS 

GUIDANCE. COMMUNI­
CATION. AND 
INSTRUMENTAT ION 

INFLATION SPHERE. 
HELIUM 

PAYLOAD 
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Figure 24: is a typi~tl curve that. shows the altitude nnd velocity . 
... \nd this shaded n rea that you see is what. we en 11 the re-ent1 y corridor . 
This is where most vehi cles will have to fly when they come in from 
outer space. 

N'onmtlly, each squat·e foot of the wing surface n'lust ca.ny some­
where uround 25 pounds per square fool. By going to this infln.table, 
light weight struct ure, we cnn probably divide that by 10 and have 
each square foot take maybe on ly 2% pounds per squa.re foot . This 
meu.ns you don ' t have to come clown to the dense air to fly. You can 
actuaUy come in and fly at the high altitude. 

T hese upper lines here indicate the altitude at which you could 
l)I'Obably fly with this vehicle and the Io·wer region of this plot is 
where a conventional hard structure would opera.te. 

T hese lines clra~11 on here are basically temperatu re lines. T he 
bottom of this ClUTe is the temperature through which you cannot 
can ·y a hard structu re because it would burn up. 

The upper line is the aerodynamic I in e. ' Yith our vehicle, you can 
see we wou ld have lower temp eratures. 

o you see the whole thing is ra ised u p. ' Ve can come in and fl y 
at. higher altitudes. Because of tha.t, we do not have Lhe high temper­
atu res. T his temperatu re may be around 1,500 degrees, "·here with 
com·entional structure this is 3,000 degrees. ' Ve don 't have to develop 
materials to go to such high tempera! ures as a hard structure. This 
is why if we can de\·elop coatings nnd finishes to take 1,500 degrees, 
you can h twe a winged vehicle to fly in to a -predetermined landing 
site. If you were just going to make a suborb1lal Hight from Canav­
eral. Figure 25 s hows you lhe footp r int of your maneuvering capa­
bi lity. If you sent it up, yo11 could pick any place in that area and 
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land on it. You might say, " I want to land on I sland 9- .A. ' and you 
would fly in as ~L conventional airplane. ' ·Vhen it gets to the low alti­
t udes, it is travelin~ at such a low velocity that i t would opemte 
much liken. Piper Cub. 

If you were going to put it into orbit, Figure 26 is looking down on 
the top of the wor ld. This is firing out of some place like Vanden­
bet·g. You see, if this is the footprint of its ntn.neuvering capability, 
you could pick almost any pln,ce in the United ta.tes and land there. 
You do not have to pick a particularly large field. Because of the 
light wing loading, you don't need a. vet·y large field to land in. 

I think now I m1ght show you a movie of one of these units assum­
ing that this is the unit on the launch pad. This would normally 
be standing this way. The entire infla.ted structure is in this hard 
cover, a~d you can see the way it op ens. 

(Mov1e of Inflated R e-entry Glider.) 
Dr. R oss. It opens up and goes to tl1e predetermined sha pe. ·when 

it opens, it opens to that shape and you now· have a lifting .type of 
vehtele. I t doesn't go to a sphere. It goes tot he aerodynnm1c shape 
to 'vh ich it wns fabricated. 

T hen it can maneuver just like any other type of vehicle. The work 
thnt we are doing in our house now is to tr y to deYelop the materials 
that are needed to withstand the re-entry conditions that we will en­
counter on that kind of vehicle. As soon as that is done, we will be 
a.ble to fly in from outer sp nce. 

(Mo\'ie shown of wing structure opening in tunnel.) 
Dr. Ross. Here is an example of what would happen- you kno.w in 

the suborbital shot. we showed you, there might be some tl10ught of it 
coming in where there was some atmosphet·e and you would have to 
open the wings in that atmosphere. 

The next shot is in a wind tunnel and trying to open the wings 
with air going by. You will find tlutt this thing is going to be tested 
at about 50 times the n.ir load that we would normally encounter on 
one of these suborbital shots. T here is air blowing by at this time. 

There are fou r shots here. This thing opens in Rbout a second 
or so. 

The next. one we put it. ut n high 1\llgle to see whether it would affect 
it. It looks like t.h1s is a Yery promising area. " 'e should be able to 
go on to look for· re-entry vehi cles of both the lifting and drag type. 
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PROJECT MERCURY 9 

istmtion, tI ll>- projl.'<· t hns C'Ont inuE.'d to be a tPalll <•ll'ort on a nat icma I 
~c·n lt• t hat in,·oh t'~. in n<l<lit ion to X .\. · ~\ , f:u·ilit iP!-i nnd pt'r"4>11JH'I of 
nil the milital'\' !'il'l'\'ic·rs, { ~.S . i111lust l'\'. anclrPsl.'atTh inst itut ion!'. T hl• 

• • 
de~n·ee of c·oopt•l·ation bt•tweC'n X.\S.\. DOl>. industry. and othc•1· 111 
!:-t itut ions will ht•1·onu• a ppal'enl in thl.' body of t his l'l'pol·t. 

I n S<•ptE.'mh<'l' l!l.i". u joint :\ .\ S .\ - .\ HP.\ ~Iannt•d S nll•ll it l.' P u1wl 
was estahlishl•cl. This panel," irh t he a id of ch•ta ilt>d !:-tudi<•s hy !'it all' 
lll('llllx>l-s o f t lw X .\S.\ Lnn::rl<>y and Lewi:-. Hl':o.<':IITh ( '<•nil' I", nnd with 
t he IHh·ic.·P and assistnnt'e of the ntil it ury sl.'n·it·l.'s, fonnulalt•cl spl.'ci lk 
plans fol' n p ro;.r1·am o f 1'<':-.eart' h leaclin;.r to llHI Il iH'd -spa<·<• fli!!ht. T lw 
speC'ifit· plan" clc•rin•d hy tlw -'funned Sat ellil t• P nn<'l \\l'l'l' pn•sc•ntc•d to 
I he Dirc<.· tOI' of tlw .\cha nc·<'d Ht>SE'IIl'C'h ProjPtls .. \ ;.!1.'11 1',\' and 1 o tiH• 
.\dminislrntor of tlw :\at iona l .\ el'onaut i1·s and Sp:H't' .\d 111inist rnt ion 
on 0 1' to1J<' I' :~ and 7, JH;>I-I, n•spetti\'ely. t ' pon t ht> nppro,·nl h,\ tht• 
.\ dministrnto1· of th<' ~ .\S .\ on (ktohE'r 7, Jf);>, a :-.p:H'P task ;.!l'on p 
was or;.rnnizPd front per,.;olltH•I of the X.\S.\ Lnn;.rlc•y nnd LRwis Tit•­
sear·c·h Crnt<.'l'!-1 and imllledintely bt' J.!UII opemt ions at LnnJ.!Il'." l•'irld . 
' 'a. Tht• spnc·e task l.!roup was :.rin>n d 11'<'1'1 rt>~pon :-;i hi lit y fol' i111 
plcnwnt in;.r P I'OjN·t ,\ [('I'C'II I'Y· 
,\'ummtll',l/ of pror;rr·.'l·'< to rlnlt• 

Tn .Jallllat·y l!>:i!l, ,\l 1· 1>on11l'll .\ in'l'a fl Corp. \Ill" :-.PI <' I'Il'cl ns til t' 
pl'i111e c•onll'tl<'lor to tll':-.ig-nancl c·o t t~ll'liC't llw -'h•r'l'lll,\' ''HJ>'-111<' .... T lw 
selec·t ion \\'Ill> hnsecl on 1111 inclustrywicl l:' <'OIIl J>l'l 111011: 1:! firms ""II 
mitted pr<>JH>~a J ,. ba:-.t•d on :\ .\S.\ -;pe('ifil':\limh fol' thP :-.afl:'ll it c• I'IIJI 

!-. Ill<'. . \ ft e1· a t horou;.rh <'\'a lw11 icm of t lw:-o<' pt·oposa Is. t I H' I'OIIII'IH't 
WllSII\\'ll rd<•d to :\f<' l>OII I\ t'JJ. 

T he compn•:-..secl tim<>-phasin!! of til{' pJ'C)jc•ct , lwt\\l'<'ll illi'I.'J>tion 
aud ~theduled fl il-!ht, has required I hat I'E' ~eal'<·h . <I<•H•Iopntc•nt. <l<>si~n. 
and fnhrit'at ion he 1111<lerlaken simultaneou:-.lr. T l111s. '' ltil r the )J (' 
Donnell .\ in ·l'llft Corp. was im plement in j.! t.lte initial dl• ... i!!ll pha ... t>s 
of the :\lc•rc•ui',Y proclul'l ion 1·apsules. a broad l'l'"t':ll'<·h and dt·,·elop­
ment pro;.rmm ,,·as ht'in;.r c·:tl'l'ied out. T his pt'OI!I'IInl irwlu1lc•d ... <·ic•n 
I ifk und CIIJ.!inPerin;.r in \'l'sti;.rntions 11sinl! a wid<• ,·:u·il•t ,\ of l<'l·hni<'nl 
E>quipment to clE' tennine a snitahiP shape for thr 11\HIIIINl satt'llitl' 
('H psu Je. 

F o11 owinl! these itl\'t'$1 i:.rnt ion..,, a fl i ~rh t Jli'OJ.!I'IIIll was in it intc•d to 
de,·clop and qualify thE.' n u·ious l'Oillponents of the• c·a p:-.ull'. T hi" 
!'Tight p1·og-r·am inc· lnded airplunE' drop tests in "hil'h full -sea l<> l'll l'· 

sulc models were dropped fr·om lar_!!e t'c\ I'J.!O air1· ra ft at hi;.rh nlti t udt•. 
T he te. ts ,,·ere usNl to cle,·e iop n hi;.rhly l'f' lial> ll• pnnu·hu t!' sy-,t€'1ll 
and to det<'rminc procedtii'CS to be nsE.'rl in 1'1'1'0\'t' r,Y OJ>C' t·at ions. Ill 
ot her tests, ,·ehi1·les were released fro:n fig-htrr ain·m l't nt supt' t...,onif' 
speeds to den•lop and qunlify the <.np:-.nle·~ cii'OI!IIE' pal'lll'lllll<.'. T lw 
e.c·npe system was pel'fef'I E'd hy lnunchin;,f fnll -:-<·alt• c·a p .. ull'" ''it h thc• 
escape rcx:ket uc.; t he only nlPllll" of propu lsiOn. 

R ocket-boo ted ll ight test' were required lo l'ht'l'k tlw r·apsult> and 
its components o,·e1· a t'H IIJ.!t> of speeds anrl altitudes. .\ l>olicl pro­
pellant roc:kN hoo...,ter, nicknnmecl "Little .Jot>" ,,·u-. designPd and fnh 
ricated especially for· Pr·ojet r -'Ten·u ry. T hi,... hoo.,.ter. which dt>n•lop ... 
one-fourth million pound~ oft hnt">t 1\l takeoli. ''a" u-.t•d on n nnmhe1 
of occasions to fur·ther aid in the qual ifi ration o f the all-importnnt 
emeqrency eS<.·npe y. tern . 
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FLIGHT CONTROL & RECOVERY 
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I men I ioned there was one last type of strucl ure thnt you mi~ht be 
interested in. Thnt is one that we might want to h1\\'e as a very large 
stt·ucturc, but it doesn't have to ha,·e a high lond-ca JTying abi lity, such 
ns for inst ance a solnt· collector . F igure '1.7 illustrntes here a typical 
example of how this is done. 

SOLAR COLLECTOR 

Ftct RF !.7 

It is t·ollnpscd in n. smnll pn.ckage. '\Ye put it in space. W e inflate 
it and t ht•tt we actun 11 y fon m on to the buck end of t he unit. so we hn ve 
r igidized it. so when it is punctured by micro-meteorites it doesn't 
ehnnge shape. J wi ll s how you a 1110\' ie here and how it can he done at 
high a ltitudes. 

(Movie shown of foaming in altitude chnml>et·.) 
D t·. Ho~s. T his is in nn a ltit ude chnmber. T his is 11 body that is in­

fin ted he re. T he solnr concentrator is the pot·t ion on the eiHl. T his is 
n. lnrgc unit thnt wi ll col lect the sun 's rays nnd thnnge it into elt'dricity. 

Ilerl.' we ha ve some of the foaming p rocess taking p)a('('. Once it is 
f onmed, n high tem pcmture wire bums ofi' the part we don't need. 
T he un's rays cnn strike the mir ror and be collected nncl with nn 
energy con,·el'ter would chnnge it into electricul energy. 

T his is an example of a typical uni t you can sec there. " 'c put n 
piece of pnper there, nnd you can see how it con<•entrates the energy 
tn a small source. I n the unit that we hnYe mnde for the _\ ir Force on 
this, we han• found a tremendously accurate ability here. " .. e hnYe 
meas ured :3,600 points on it. " .. t> ha>e come within !l pet·cent of what 
would bet heorl.'t icully possihlt>. 
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1t looks like this systt'm conlcl ~o into extremely large st ructures 
and make them into a t·eliahlc dinwnsiou I hnt can do tt job for us in 
space. This thing of course is mnde out of films and foi ls :mel cnn also 
be used for Earl h appli cations. 

(F our foot diameter collec·f o1· model cl ispl ayed.) 
Dr. Ross. Th is was in a little package that was inflated and rigidized 

in space. I think this g-i,·es us an iclt':t of the things we can do. If we 
go back to the slides now, I will show you what we are basica lly doing 
in-house. 

F igure 2 shows that in ordet· to nse this materin.l you lun·e to con­
sider everything from the bnsic matt'rinl and couti np:s all the way 
down through to the actual application. g ncl1 one of these th ings ns I 
mentioned before, lun·e to be conside red in designing the final vehicle. 
You can't just take a piece of material off the shelf. You hn"e to 
design e<tch of the structures for the specific application. 

RESEARCH AND DEVELOPMENT PLAN 

BASE MATERIAL 

COATINGS 

INTEGRATION OF BASE MATERIAL WITH GAS BARRIER COATING 

DETAILED ESTABLISHMENT OF SPACE ENVIRONMENT CONDITIONS 

EFFECT OF SPECIFIC ENVIRONMENT ON BASE MATERIAL AND 
COMPOSITE STRUCTURAL PRODUCT 

FABRICATION AND MANUFACTURING TECHNIQUES FOR 
SPECIFIC MATERIALS AND APPLICATIONS 

QUALIFICATION TESTS 

INFLATION METHODS 

DEPLOYMENT 

ASSEMBLY AND STATION EXPANSION AND IN- SPACE REPAIR ~ 

FIGI Rl 28 

Figures 29 and 30 show that in-house we are defining three areas, 
those ha,·ing to do \Yith astronautics, aeronautics and the third area, 
which is the tough one here, getting into the theories and experiments 
that are necessn~·y to prove out what you can do. The thing that is 
different about this and hard structures, is that we now have to develop 
equations and consider some things that we didn't have in conventional 
hard structures. 

I n a hard structure, once it is deflected beyond a certain point, you 
forgot about equations. 'Ye hav~ to set up some new formul as and 
things that we can use. 
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GAC DEVELOPMENT PROGRAM 

A.ENVIRONMENTAL MATERIAL 

UTERATUR£ lURVEY- EFFECTS Of SFW:E ENVIRONMENT ON MATERIAL 

tESt PROGRAM -HIGH VACUUM, ULTRAVIOLET, AND TEMPERATURE 
EFFECTS ON SELECTED MATERIALS 

AERONAUTICS 

RE-ENTRY-ADVANCE DEVELOPMENT OF PRESENT MATERIALS AND 
COATINGS 

LIGHTWEIGHT MATERIALS - CLOTH- FILM FABRIC DEVELOPMENT, 
POLYURETHANE ELASTOMER DEVELOPMENT 

F ICURt.. 29 

GAC DEVELOPMENT PROGRAM (CONTI 

B. DESIGN THEORY 

INITIAL BUCKLING 

STRESS, STRAIN, AND CREEP (CORD-TYPE FABRICS) 

POST BUCKUNG 

STRUCTURAL DAMPING FACTOR • 

EMPIRICAL FACTORS AND PROOF OF THEORY 

FIG UR F' :10 
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A typical example, FiO'ure :n s hows somE> of the formulas that you 
find in use in sheet metals. You see the constnnts t hut you normally 
lmve in some of them change to vn•·iables in the new formulas. T hey 
might even change from one di rection to nnothe1· because we can 
change the material thnt wny too. 

STRESS- STRAIN EQUATIONS 

ISOTROPIC 

I 
'x • E ( CTx- ~cry ) 

'y •f'(cry- ~crx) 

Txy • <rxy/G 

ORTHOTROPIC 

(METAL SHEET, FILM, FOIL, etc) 

( FABRICS) 

ex ·r.(cr.- ~•Y cry) 
I ly • Ey(cry- ILxy cry) 

Txy • rxyjG 

FJ G liRE 3 1 

Figure 32 is a typical example for a curYe for a metnl (left side). 
On the t•ight side is tt typicnl fabric. There is nothin~ wrong with 
having it non-linear as long us you know wh1tt. it IS and use it 
accordin~ly. A property we use on the ai1·ship is shown by the lowest 
part of tile figure. " 'E.> find some of these mnterinl s are you put a 
load on n piece of material and lE>t it hang for n period of time and it 
might e\·entually break. If you cn n preditt it in adn\llce, you can tnkc 
advantage of it. 

If you have these occasions once in tt while wlwre you have a very 
high load that you are ant ici pnt ing and enronnt<>r, you can incre.1se 
the pt·essure or increase I hE> st rcngt h of you•· st nl('t 111·e while you ttl'<" 
flying and bri!cl$ it bark down to the normal pressm('. You don't get it 
for not bing. :r ou gi ,·e up SOllie oft he I ife of t he ntatt>ria I. 

You might cut it h o111 I 00 to 10 ,ren rs. This !!'i \'CS you a rough idea, 
hurri ed brief back~rou1Hl of a subject that \\' C 1 hink has t remendou:-. 
potential. It appears with this ability of fold in~ up things in a s mall 
pnckn:re and putting rhem on a laund1 pad, usi n!!' the type of boost.ers 
that are planned today, WE' should be able to use s pnce by openm~ 
them up into largest rur t u•·es t hnt r an do all typ<>s of wo•·k from. tl~e 
spnce station type, solnr type. W e in the R. & D. area feel tlus 1s 
one of the nreus thnt olfcrs ;r•·eat potential challeng-e and yon can see 
we have hnd somegrent succ·E.>sse! in om· work in it. 
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PROPERTIES OF FABRICS 

METAL 

(/) 
(/) 

~ FABRIC 

(I)~S"""'T"""'RA-1-N----: ~- Iii ~S~TR:fA:-:IN:-:------

o,L--------------~~ 
LOG TIME 

F!C l.'Rf 32 

The Cu.\IR:\1.\N. One quest ion was asked a bout the co t. It is 
probably too eurly, isn't it, to ~i,~e any dctin ill' idea about the r ost t 

1\f r. RH'JL\Hoso~. l would ltke to t t·y to aus wl' t' 1 hnt questi on, ~Lr. 
hainnan. Yes, it i::; pretty difticult to pitt o11t exa<·l ly the rosl o f all 

of these thinm:l. 
However, 'i think it is ,·et·y evident thnt when yo 11 make a strucl ure 

like this, we have it fully mnde on t he ground, "·e don't hnYe n lot of 
rivets and actuators nncl things like that and the cost e lement is bound 
to be much lowet· thnn making imilar type ' of metal structures. 

Also, thet·e are n lot o f things that we <·an do with stmctm·es such 
ns this that can't be done with metal slnt<· tm·es. I think to come out 
and name it dolla t· for suc·h and such an ite111 is quit e u difficult thin#! 
to do a t this time, be<'nuse all of them itn·oh·e, what is the mission, 
what nre booster required , whnt nre the t>.xperiments thnt IH'e to 
be cnrried out, o r whnt is the final ai?plicntion of tho equipments that 
have to go into it, nnd n II oft hose get 1 nto the ans \n>r of c·ost. 

W o are very certnin that the costs of \'Ph i<' l c~ like this will be much 
1o"·er than compnmble metal Yehic le ·. 

The CHAIRMAN. Thank you Yery much. 
If there are no que. I ions. I wnnr to thank t hl'St' g-cn1lcmen first from 

NA..S~\., and then se<'ondly from the G oodyear .\ in:mft Corp. fo t· sonw 
vet-y interesting find Yery ' 'alnable henri n~rs that. we ha,·e had th is 
moming. Our membe1-ship has nppre<:iated it ve ry much and we ha\'c 
gotten a lot of informnt ion. 

1\fr. Rrc t tARD~ON. Thnnk you Yery mu('h, )fr. ('ha.irmnn. "~e 
appreciate the opportunity to'cotrte bt>cnuse we think it is n subject that 
as the weeks, ntont.hs nnd yenrs come 011 ahend of us, it is one you 
nre going to henr mo1·e o f in the spa('€' ctl'o rt of out· <'Onntry. 
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The CHAIHl\IAN. Without objection, we will plaee in the record at 
t.his point the statement of the Goody<'nr .\irc raft Corp. and the bio­
graphies of M:r. Richardson and his stafl". 

I nm sa tisfied of that fact thnt yon men! ioned, 1\11·. Richardson. 
If there is no further business, the committee wi11 adjourn, subject 

to call. 
(T he biographies nnd stntement referred to are ns fo11ows :) 

H. \V. Hif'TIAitnl'lO:-' 

OOOilYf:Ait A ffiCR.H"l' CORP., A K liON, OH Hl 

RobNt \V. Richn nlson, ,.i1·c pre~<i tlenl for Good~·ent· AirrrH ft ~ 'orp. sln<·P 
N ovembet· H>54. wns fln.:t as~o<ol'intt>d with lhl' nood~·l'ltr orgnnizntion in 1034 us 
a membet· of the ll l'n<lu(·! Inn squn 1..1 1·on of Goodyear 'l'i r t> & Rubhe1· Co. 

H e \\' US trnn~et'J'Nl front the squad r on lh<' followin~ year !()take n position 
with Goodyen1· ~t>rvic·t• in Hronldyn. :'>.'.Y .. nnd lntt>r wns H><sodated witb the 
Goodyear store in Roston, 1\Iass. In 1936, he re-turned t o Akron to join tht> 
Mechanical C:ood~o< ~nle~< Departuat-nt ( now lnflustrial Prod ucts), of C:oodyenr 
Tire & Rubber Co. 

Subsequently, n i<'bn rdson held sa If's ))Osil i ons with the I ntl nstl'iul Produrts 
division in Chicago and Buffnlo nnd in 1!)41 was appointe(} district manager 
of Goo<lyen r 's A vin tion Prod nets llh·ision at Dnyl on, Ohio. H e r eturned to 
Akron in 19+1 11!'.: assistant mnnuger nf the Tndu:-:trial Prodn<·ts mnnufactur ers' 
so les orgnnizn tion. 

He served ns mnnn~er of the A\·iution Prodnc· ts rlh·i:-:ion from 1!).15 until 1951. 
wben he was appointl'd ns~<i~<tnnt to thl' Yi<·e presid('nt in C'llltr~e of manufac­
turet·s • sales. 

In 1052, he left Akron to llR<.:UiliC' the post of O:<Ristnnt to the president of 
K ellr-!:;pliDJ,:'fielcl Tire Co .. n ( : nod~·enr :-:ubsidia ry. In F ehruat·y 1 !);H, he wns 
nppointecl Yirl' pre:<idPnt nf thnt c·om1mny. 

lUcha1·dson r e-turned tn Ooodyenr in .ll\l,v, l!K...t, when be wns ap))Ointed AAIOR 
manager or the compnn~..-·s )\orth·eentrnl lliviRion nt Chicago. Ill. H e was nnme~l 
t o his present position nt C:onclypnr Aircraft four months Inter. Born in 
Srn ttl e. Wnsh .. R il'l'mrdson waR grudun ted from C'ulver M IIi t a t'Y Ac·ndemy u nd 
attended Purdue Ut1h·e1·sity. H e Is n me-mber of the Win~ Club. New York 
City, nnd holds n prh·ute pil ot'~< license. 

Ht> resides with hi>: wife nnd 1 hree c·hildren, ThOtoliH•, FrnnrPs, and John, 
in Huuson, Ohio. 

n. S. Ross 

GOODYEA R AlllC R.H'T CORP ., .\ KBO;o;, OlliO 

Robert S. Ro~s is now mnnaj:tE>r of aerome<>hnni<'i< I'E>!'eluch and de1·e1opmenl 
depnrtment at the C:oody!'nr AircTnft Corn. He hils been with Good~·ear since 
July, 1949, and is responsible f or all aeromechanics projects of a resen reb 
and de,·elopment nut ure ill the unrl!'rst>n. :-:urfneP, nuuos]lher ic nnd spn<'e 
field. 

Pre,·ious to his position ut Gootl.I'E'Ur Ain·rnft. Dr. R oss wns Ted111ical 
Director of the Daniel f:u;rgenhpim Iustitnte, Akron. Ohio. H e al1w tnugbt 
at the Unh·ersity of Akron ns .\:-:so<:inte Profes-;or und nt the Cuse 111stitute 
of TeC'hnolog~-. a!'l Rpecinl Ler turer. 

Born :l!ay Hl. 1920 in Lorain, Ohio. he earned his Bachelor of Science. Master 
of R<·ipnc·e. u nd nnetor of Philosophy degree at Case 1 nsti tute of Tec·hnology in 
1!)42, lll-13, u nd l !>4:-i, respcc·t i Yel y. 

Dr. H Ctss hns ht>en nl'liq• in the flplfl of aeronauti<·s since 1942 and has worked 
on li~hter-thun-air, and hea,·ier-thnn-air projects including airships, balloons, 
helicopters. corwer tnplnups, nirplnues. UJHl missile;.:. 'fhE> lnflatoplune nnd Con­
voplane were two of hi~ proj~·ts. liE> hns al!'.:o hE'<'n rE>sponsible- for subsystem 
deYelopment such as jet engine re,·ersers and supersonic escape capsules. 

H eiR n men1ber uf the Air<·rnft RE'sen rdt unci TestinJ! C'cHumittee of the Aero· 
space I ndu8tries As~<oc·. nnd wn~ <·hnirman of thnt committee in 1!):1!). H e i s an 
AssO<'iate Fellow of the ln:<titutt> uf Aeronnntknl Sc·iences, and n member of 
Sib'TllU Xi. 
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H e holds a profe!<.-;lonnl t'IIJ:-incer s lit Em;;e in Ohio, I~ n lkensl"d pilot. bas au­
thored many te<>bnkal nrtkles nnd hold:< ~en•ral pnteut s In thP neronnntitnllield. 

U e i~ married to lbc> fm·mer Tlc> tt~· I. Ba ile~· and the)· t't'sldt> nt 4270 ll iekory 
LnnE', C'lc>velnnd, Ohio. 

n. T. MAnDEN 

OOCH>V~:Att AIIICitAF'I' COitP., AKIION, OIIW 

Robert T . :\Iudden. mnun~t'r ot' astronauti<·~; futiE'~ nt Oond;n•ur AiL·eraft Corp., 
Is rei<pon~>lble f or pro~n·ums <·<mrerninl! ~"PRC€' on<l rc>-t>nt •·.v \'ehicles. re<>cn·c ··~' 
t'EIIIipment. struc·tural tOIIIIIOIIt' llts for outer SJIIH'e IIIIJIIII·ntlons, n~ w ell as a~tro­
unuti<·s resea rch nnd dP\'C•Inpmeut lll'll~t·ami<. 

:\fllddeu j oined Gooclyent· . \ lnrn rt in 1 !lil2 n>< 1111 En~lnE'E>rl ng :pee in li!'it In t hi' 
firm's Resen r ch and D eYelnpmt'nt Department. H e moYed Into the Sales or ganl­
r.atlon In l!l::i6 aud hnmllNl th<' i<n le of e-scll ll(> <·upsu lt•!! fur ~'<II I IE!'rsonic aircr aft 
and rt>-e-ntt·y vehlrl<'s h('fure trnn><t'<.' rriuJ! to a:<tronnntl<·~ :<nit>~ lnl!liifl. 

Prior to bis a>::<odatlun with Ooocl,,·ear Ain·ruft. :\lnddc•n ~p<>nt 4 \6 yenrs with 
the Nntionnl Ad\'i l'lor~· Commit l<'t' f or .r\t>ronnuti<'~ <·onchH't In~ t'<'>'E'nrcb on !'ittpl'r­
l'if!llic nit·c·rnft nnllt'llllt .lt't lli'OJIIII><Iun !'<yStE'IIIS. Hf' nlso \\'Ol'krd in the airc·raft 
lndustt·y ns H mi!'islle SYRit•ms en)!'lnN•t· and al'l nn Ignition nppllcations engineer 
for tut·hine engines. 

A l!l4~ grndunte of til~' l'ul\'t' t'Kity of ~otre Dnme with n l:nc·helor of .'cienr·e 
de~n·ee In Aeronn utlc·nl En~tilH'<'t'i ng. heo n I so took <'OIII':<C's In high SJ1eerl nern­
clynnmlcs at Stanford l 'nh·<>r~<lt~· In 104, . 

Madden spent 3% years with the l'nlted State~ Nn,·y during W orld " 'nr II us 
an aircraft squndrou engineering officer. At the tlme of his separation front 
the Navy in 1!»6. he wns all·cr aft o,·erhaul iuspectlon offict'r at ~n ,·al Air Stn­
tlon, Alameda, Ca II f. 

A member of tbt> .\mt>rlcnn Rot'ket Society. l!adden r eside>< with his wife. the 
former Delen liarle Gnllngher , and Rve sons In Hu<lRon. Ohio. 

SoM~tARY PRRSENTATTON ON ExPANDABLE STtWOTURES 

By 

OOOOYEAit AIIlCRt\FT CORP., AKIION, 01110 

The utility of lightweight. pnckn~able fabric Rtructurt'!'i In considerations of 
current and future engln<'erlng dt>Rigns bus led to n r (' ln tl vely new technology­
broadly identified ns expnndablt' !'itructures. 

'£bis structural approach permits the designer to >:elect tllld orient Rlnments 
and elastomer s to b<'st suit n specific application In t ht' nntiC'Ipnted operntional 
en,·lronment. This abllit~· t o ('r ente lightweight Ftruc·tun·~ when combined with 
packasrabllity l ook s very promising. particula rly for vehicle>: and component!'! to 
be used In spa<'e and r e--entry nppllcntion!':. 

A l though expandnble strnctnrN! have been con><ld('t'c.>d f or many t~·pes of under­
Rea and earthbound uses, spnce vehicle applicntinus can be clnssifted in three 
mnjor categories. 

1. High str ength expnntlable strttctures f or use in orbltn I unci space vehlclNi. 
such as mnn.ned and unmanned space station~>. 

II. High temperntw·e, high strength expandable strnctur<>~ f or n >;e In manned 
and unmanned re-entry vehicles. 

I rr. Lightweight (>Xflll ncln hie >:trur tnres with J)O>:>:Ihl(' f oa Ill ri~idir.a tinn for 
use In solar con<"entrn tor~;. antennae. unmanned >:n t ('llit<'><. and >:o forth. 

In ench apt>licution for expandnble strnchll'e>:. the? \'('hl<'lt' rt>maln>: folded on 
the latmcb pad and the desired geometrlrnl !"bUt>(' nf th<' c·onfi!!'llrn tion if' t>!'ttth· 
llshed by inflation with a sultnble ga!'l, once the Yt>hkle arrl\'t>'l at its operntlonnl 
nltttude. 

As noted abo,·e. in some appllcat ion. after er('<'tlon. the ><hnpt' may bl' mnin­
tnlned hy lightweight foam or othl'r riJ!Idlzin~ tt-r hnlqne-R. Ry " patterning'' 
or wenving tho fabric >:trncture In the desired final confh.rnration, it is pos~lhle 
to produce virtually any slr.e or shape. 

One ot' the big advantages of thl~< type of stt'nC'tmP is tlw ability to ns>:emhl,\' 
nnd ln>:pe<>t the entire conR~ut·ation in the fahrkntlon nt·ca hefMe the unit 1:< 
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deflated and packaged Into R cani.ster for etHeient handling ns a ground trans­
por-t or booster payload. 

,'hapes such as spheres, ellipsoids, pnr·aboloids, tyliuder·s, and other bodieH 
of r evolution cun he r eadily fn bri<:a ted in single wall st rnctu res by pn t r ern 
design, or "gorin~" to develop the desired inflated geometry. l<'n t· those uppli­
rutions where Rpecinlized shaves are desit·eu. duul wnll structu re:-; ure formed 
of n Goodyent· product <·ailed Aimwt ( Goodyea t· '£ ire & R ubber 'l'~l ). This 
development has evolved fr·om the process or w eu viug si m ultn neou::;I.Y the two 
wall fabrics with inter counecting filnmeuts. the length of these tilarucuts 
arcmutety establishing the wall spacing. 

Using this t~hnique. It is possible to cr eate utruost an~- desired shape in 
the form of 11 pres:-;urized exl)ttnduble str uc-ture. F urther tlen•lopments In the 
basic fibers and elastomers l)t>r·mit the ut II i za ti<'n of big-b tern peru tut·e meta 1:< 
and glasses which result in structures capable of withstanding the bent ing of 
specific re-entry applications. 

I t bas b~ome IIPJlarent thnt the need for larger ::.puce paytouds has resulted 
in the devetopmeut of boosters which n t·e d i mensionn lly lrupo~sible to c·nr-r~· 
on our existing high wa~•:-; or· rnih·ou ds. N cw menns of trn uspor·ti ng the!le ft•om 
the som·ce of manufacture to the launch site mm<t he de\•eloped. 

A re,·iew of air>-:hip rll pnhilities f or hnucllinl!' lnrp;e mi~sile boostl'rs indi­
cates that this is one of the most feasible method:-; yet rl edsed for eft'ecli ,·ely 
hnndllng this problem. 

The airship's ability to operate ft·om extr·emely smnll nr eus and to ti'U>el 
anywhere in the world with a rnrgo that will ent'ounter les!< than n one-ha lf p; 
load has been established in fen!'dbility studies. Within the stnte-of-tbe-nrt. 
i t Is possible to utilize airship>-: for performing the mobility funrti ou of all 
anticipated boostet·s. Atta cbed i s an illu!<tmti on of a typicnl nirship c·onfigu red 
to hnnclle a In rge booste1-. 

Tlre need for· de,·etoping n lightweight st rurture M hit:h ::<t ruc·t urn! intl'grity 
for u>-~1' In a >-:pure en,·i ronurent has r esulted in the im·estigation of the nhilit~· of 
I'Xpnnrlable Htnwt ures !<1 be utilized in u mnnnfo'd ::<pa<.'e ~tnt ion UJ1plitntiou. 

H ere it i l'l net'essnry to pro\"ide a In r~:e ,·olurue iu tbf' spnre er\\'ironment while 
the \'Chirl<' siY.e rnul'lt bt> c·on• pntihle with an exi~t in~; nnf.:e c·nne on the laurwb pud. 

The ability to fold nn entire sptwe station into ex i l>ti n~; nnse c·one dimensions 
pN·mit,; the utili?.!ltion of c·u rrent booster:< to place a manned !>pure stution nud 
rec·m·er·~· ,·chide in orbit at an enrlr date. 

Once in >-:pnee. thE> stntion c·nn be expanded to itH full climensionl': nncl the n1nn 
nwn• at will from hifl r·pc·o\·pry \'ehirle into the !':tnt ion nnd hac·k ngltin. This 
arrnn~em<-nt elirninutes the ueell f or n r endeY-vous hetwepn thP mannP<l ,-ehir lc 
111HI the ;.;pnc·c ;;tntion whic·h would he required if endr wf'rP sE>nt up incll\·idunllr. 

After performing n mission in spare. thp rnan ronld utilize his r e-entry c·npsulP 
to rPtUI'Il to J·;nt·th len,·in~ the >-:pac·l' l"tntinn in orhit. l-'eal"ihility !<tndic>s han' 
hpen mnrlt' of this eonc·eJit uti li zi n~ a :'lfer c·u ry t.\'Jl!' r e-entr·y c·np!<ulp and nn 
~·x pandnhl!' toruH typP >-:pa<·<' >-:tnlion whi<-h w ould pl?rrnit thP ner·for·mnnre of u 
twn weC'k ll1111llll'CI :-:pllC'l' mis::.ion while utiliY-ing un1ilnhle pl nnnerl hoo;:ler~ a:-; 
lnundt ,·phirtcs. 

:'ll!'t hnl!s fnt· <'On!<tnwt i nt: t ht> expnndn hie por·tinn>-: of t hi' ;;puc·e stu tion n re now 
heing f' \'H iunted hy XA~.\ 1111rl GA nn<l a aO-font dinnretl?r· pm-tinn of o11e i" 
pi('( ur·Nl nnch•r· c·nnHt rnc-tion at GAO. An nrti st'>-: c·orwept of how th is unit will 
JoqJ,: in >;pn ('f' is n I so ;:;hown. 

l·~xpnndnhle st ruc-turPs htl\'e hl'(>n investigat ed n;; re-<'ntry vehirle:::. hoth of 
thP hnllistic- typ('. whir·h primnr·it.\· u~es d r ag for·c·t>!'l to cle<·eleratC' it nnd or t h<.' 
lifting t~·pe whirh woulrl per·mit fl ~·ing in from SiJ!l<'C to u precletermiuerl lnurlin~ 
:rr·C'a. nml'lt a" th<' ronventionulnirplaue . 

. \.ttac·hPcl i :;; a photo nf n typi<-n I hall istic· : ~·pe cleC't?IPru t i n.e; f.:,\'St ern. ~en ern ll~· 
known a~ RnllutP whic·h utilizes 11 Jnr~e Jightwei~ht inflllt('(l halloon f or clcn>lol>­
ing clrn~ ffH'c·es r Pqllir'Pcl for c·ont r olll?(! rE>-l'nt r~·. Thi>: (L~C'-rle,·etopecl !'ly!'ltl'm 
hns alrNut~· hf'f'll test('(] in !<Uper;;;oni!' wind tunnel,:; nnd nn the CrPe ruissile up tn 
speed:; of :'lln<·h !l.!) nnd prngr·ams an~ now underwuy ,,· hirh will enrluate its usP at 
ten time:-: the speed of sound. Thi!< is 11n extr·emely simpl e nnd r elinhle ;;~·stem 
a nrl hu~ hPen n n•r·.v :-:tH·<·essfnl Air Forc·P prngra m. 

TlrP f t>aRihility of liftin_~r tYPl' re-entry ,-ehiC'le>-: ntilb:in.e; expnnrlnhle strllr tur!'l'l 
i~ no,,- hE>int: ilw<'sti.e;ntec-lnnd it nppl'nrs thut the utili;r.ntinn of thi~ pl'inC'iple will 
permit thP f're<'tion of light '"in~ loading ' '<"hir l<'i'l thnt C'Oulcl enter tlw Pnrth':t 
n tmn!<phPre n t ,-pry hit:h n lti tudP!i nnd manem·pr to n pr£'d~>term ined In ndi nJ;: l"i t·f'. 

This typt' of re-eutry YPhi r l t? woul!l not PnrotmtPr the hig-h tPmperntures re-
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quired by conventiona lly constructetl units, thus providing decreased problem 
areas iu all the ,-ehicle's l>"Ubsystems. I nvestigations are now being made of 
the type!:! of materials as well as the manufacturing methods required. 

'I'he ul ili:.mtion of this concept should permit the development of lifiting ty11e 
re-entry ,-ehicles which can opernte from exil:!ting boosters. A typical re-entry 
n :ehicle in both the launch pud configuration--<:ompletely folded nnd the space 
and re-entry configuration nre showu on an nttuched photo(,•raph. 

The requirement for power systems in space wi th consideration of the Sun 
as a source of energy. In cH'der to ('Olle<'t this euergy and transform it into 
usel\11 ele<:tricul powt>r. it is ordinarily neceRsary to prm·ide a large solar COli· 
c·entnttor to focus the Sun's energy into an absorber. 

Expandable structures pro,·ide un ideal mean!'l for making collectors of bigb 
dimensional ll(·cura<·y which cn u be folded up Into small packages on the launch 
purl and expunderl In spare. A meu ns has rllready been de,·eloped for rlgidizing 
these structures so that t he5• can be counted on for use as reliable orbital and 
:<pace subs;vstems componentR. Tltese are usually made of films and foams and 
nre ext remely light in weight. 

'.rhis type of f'l ructure also lends it:<elf ideally to all type::; of large space an­
tennae. A typ!Ntl ri1,ridized solar concentrator Htacle by GAO for the Air Force 
Is Rho\\' 11 in an nttnc·hed photograph. 

'!'he use of e-xpandable Rt rnctm·e~; fot· space ttpplicutlons requires fundamental 
work on matel'iuls, manufnrturing methods, and upplicutlon analysis, some of 
wbirh is plauned by NASA nml the Air Forre. Bowe,·er, engineering feasiblllty 
:<tudies nnd h•sts c·onducted t o date lndicnte that thef'e large structures can be 
used with existing boosters to 1>erform mi!<sions which ordinarily would have 
to wui t for the df'\'Plopment of Ia rger launch vehicle!'. The n pplication of this 
te<:hnology now should not only pro\'llle n new immediate space capability but 
also n tt·emendous potf:'ntial for future systems. 

(Whereupon, at 12:10 p.m. the committee adjourned, to meet again 
on Tuesday, May 23, 1961, on another subject.) 

0 



10 PROJIDCT MERCURY 

The validi ty of the Mercury design concept was clemonstmted in 
the fu,]l of 19M), during an ~\tl us-boostecl capsule test nicknamed "Big 
.Joo.'' In that test a, capsule wa::; made to reenter the Ea.rth's !ttmo::;­
phere after being accelerated to ne~trly orbital s peed. The Big .Joe 
capsule, which s urvived the scorch ing heat of reentry, was la ter r e­
covere<lmany hundreds of mil es from Cape Camn·ernl. 

T o date more than 100 wind -tunnel tests of the Mercury ca.psule 
luwe been performed; and ttbont 150 capsule models hnve been ch·opped 
from airplanes in the purachute de\·elopment progntm. The escape 
system has been tested four times in simulilted oft-t he-pad abort mn­
ueuvers, and se\·en more escape system tests were performed in cott ­
nection with the Little Joe flights. Mercu ry escape systems were also 
activ1tled on Lwo Redstone twd ,\ t las ft ights when booster perform­
ance was abnormal. The excellent condition of the capsu le a ftet· 
these esmtpe tests, se\·eral of which were unusually severe, inc reased 
Lhe confidence in the Mercu ry escape system. Srnnll mo11keys '"ere 
Cttrried in two of the Litt le J oe flights and n chimpunzee was Jiown in 
1t Uedstone flight to exerc ise the life-support system and gain further 
information on the e1fects of space flight. 

All of the early tlight tests wen~ mnde with so-call ed uoilerplute 
capsules. These cnpsule$ simulate the sha.pe and weight of the Mer­
ctu·y capsules but do not contain many of t11e systems and subsystems 
that will be required for manned operation. Boileq>late capsules 
are of simple construction, utilizing heavy welded sheet metal. 

Concurrent with this research and de\·elopment effort, the design 
and fabt·ica.tion of the Mer<' lll'Y ~1psules wns proceeding at McDonne ll. 
1\fodifictttions to the design , anangement, and structure were made 
dm-i:ng the conduct. of the program, as requ irements for such changes 
became ~vident as a result of the research nnd deYeloprnent tests. 
Kevertheless, a. structural prototype capsule was delivered in January 
1960, and the first production caps ule was deli\·ered during ~Int·cll 
1960, u. scn.nt 13 months aftet· the contmct was initiated; s uch rapid 
delivery of a device as complex us the Mercury capsule is without 
p t·ecedence. Tweh·e capsules were deli \·ered by the end of April 1961. 

Requirements for the R edston e and Atlas lttunch \·ehicles, used in 
the :Mercury prognuu, were also firmed up early in 1050. Continuing 
cooperation betwnen X_\..8.\ allCl the military sen ·ices has been re­
quired to assure compatibility between the Men:m·y cup::;ules and the 
httu1ch ,·ehicles. 

Four Atlas flights have been launched. Two of these flights pro­
\·ided verifica,tion that capsule heat protection was s uflic ient for the 
most. se,·ere reentry heating conditions. Although the remaining 
two flights did not uchie\·e the planned objectives, cnpsule pre::;sure 
iutegrity during nn inflight booster explosion was demonstrated on 
one fligh t, and the spacecmft e cape system was successfully demon­
strated on the other. 

Four Men:ury-Redstone boosters were successfully launched. 
Three of the flights involved product ion spucecmft and one was a 
booster development test. with 1t dununy spaeecmft. 

A highly successful qualification of the man-Mercury spacecrHft­
booster combination occurred on ) l ay i) , 1!>61, when Astronaut ~\l an 
Shepard flew the first manned l\Iercury-Redstone mission. 
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Tl-11!. COf•.MITI'l!.'l!. ON SCI.l!:NCE AlliD ASTRONAUTICS , House of Representatives, i s f e r tte 
advanced r esearch p r·ojects in the Defense Department . The connni ttee i s t o see that 
thi s Natlon ha s a defer.se reseerct and en~ineering program superior t o that of a ny 
other nati on. The research a nd ent:,inaeri n£ p rogrFlillB of the i>rmy , Na vy , Air Force 
and the Adv6.D.ced nesear·ch Projects Agency are supervised by the Department of' 
Defe llse . The job of th~ Office of the becretal'Y of l.Jefenae is to see tl.at t he 
competiti on between the m1litar~ services i s kept wi t hin reasonable bounds and t hat 
onl;y tl.1e mos t pron1il:d ng deve l opment proer ams a1·e permit ted to go i m .o the cost l y 
production phase . 

To conduct t Le r eview of the research, developwent , t.es t e.od enginceri ng 
proe:rsm t he re i ~ a staff of prof es siona l personne l who have ene,i neenng and 
sci e rJtific.; backe,round . I r.. addition t o reviewing t t.e prot:,r am data thus submitted 
the De partment or Defense staff c arries on almost constan t con:mun i cation with 
their opposi t£= numbers i ll t l: e milita ry departD.lents who kno\~ the most about specifj c 
progr ams aud projects ; the~ make visits to Rli llta~ ins t alla tions such as t est 
ran~es, proviu~ grounds ar.d l aboratories t o observe the work £Oinb on at firsttand 
and also vi sit tlJe pl an t s 0 1 def eLse contr actors who a r e perfolmir.g researcL and 
ensineeine work: 1or t be DOD . -

I' 
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The .lur For·ce is tLe lareest end i ncludes s uch addi tiona) i tewa as systeulB 
plannitLg studies; considerable e f f or t on fl i ght medici ne ar.d related environmental 
studies; the operatLons and l oei stics studies conducted by Rand; and the technical 
information exchange r epreseuted by ASTIA. The adval.1ced research .. ,orr.. of' AhPA 
in t he field of propellants and other work related to space proe,ranls end the 
r esearch and t esti ne:, p r ogr Sits of DJ\SA are also i ncluded under tl,is activity . 
DASA means Defense Atomic Support Agency and t hi s group runs the nuclear weapons 
tests and t he weapons effecta~periments. 

DOD r esearch and en~ineering effort is c l osel y coo1dinated wi th the other 
research progr ams of t he Federal Government wherever appr opriate. The work i s 
carried on closely wi t b that of the Atani c Ener~ Canmission on all resear ch , 
engineering , and testing cor1c€rned wi tl. appli ca tion of atomic enero t o mili t s ry 
uses . 

There is a constan t liaison and coordination with the Department of State in 
the mutua l weapons development program and appli cabl e NATO ac t1vi t ies. Ther e i s 
a close wordng r elationship wi i h the F'ederal ~via t1 on r.gency on research and 
development pertsinin~ to communication s~stems re l ated to sir navigati on. 
There i s a close coordinati or• be tweer. t he med i cal research prot:,.re.ws of the 
Depar:tznent of Health, ~ducation and We lfa r e and the Lepar t men t of Def ense . 

The Department of Defense i s interested i n the Maritli11e Administration ~· o~rems 
of transportation and logis t i cs , i ncl udiue, car£,o-handling r esear ch . 6 lmost all 
areas 01 basic r·esearch conduc ted by the National Science ~oundation are of i nterest 
to t he Department of Defense , and the DOD has participat ed in m<DY studies and pro­
grams conducted by the ~ational Science Foundati on, i ncluding Of course, t he 
Internat ion Geophysica l Year proeram. 

There are other Government agencies doing or sponsorin~ work whi ch relates in 
var~ ine deerees t o the defense ef f ort . Private i ndustry i s a l so spending i ncreased 
sums for research end ene,i neer:wg i n many fields where the results can be used for 
militar~ as well as f or civi lian purposes • 

• 
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U. s •. Congress - Commi~tees of the House 
Standing Committee of the House 

Government Oper ati,ons 

wi l l iam L. Da'llson , of I llinois 
Chet Holifield , of Cal ifornia 
J ohn W. McCormack, of Mass . 
Jack Brooks, of Texas 
L. H. Fountain, of North Carolina 
Porter Haruy, Jr ., of Vi r gini a 
J ohn A. Blatnik, of Minnesot a 
Robert E. J ones , of Alabama 
Edward A. Garmatz , of Mar yl and 
J ohn E. Moss , of California 
Joe M. Kilgore , of Texas 
Dante B. Fascell, of Florida 
Martha W. Griffiths, of r.H chigan 
Henry s . Reuss, of Wisconsin 

Clare E. Hoffman , of Micl.igan 
R. Walter Riehlman , of New York 
George Meader , of Mich1gan 
Clarence J . Brown , of Ohio 
Flor ence P. Dwyer, of New Jer sey 
Robert P. Griffin , of Michigan 
George M. Wallhauser , of New Jersey 
Odin Langen , of Mi nnesota 
J ohn B. Anderson , of I llinois 
Richard S . Schweiker , of Pennsylvani a 
F . Bradf ord Morse , of Mass . 

Oyerton Brooks , of Louisanna 
Elizabeth Kee , of Wes t Virginia 
Kathryn E. (Mrs . William T. ) Granahan, 
John S . Monagan , of Connec t icut 

of Fenn. 

Neal Smith , of I owa 

Christine Ray Davis, Staff Director 

The wor~ of prepar ing and considering legislation 5s done l ar gely by 
committees of both Houses of Congress . The r er sonnel of the s,tandine; 
committ ees of each house is chosen by a vot e of the entire body . 
All bil ls and resolutions are r eferred t o the appropria t e committ ees , 
whi ch may report a bill out in its original form , vote agains t it in 
corranittee , make changes, or allow the pr oposed legislation to die in 
committee • - u. s . Government Oreani zation Manual , 1960-1961 . 



OV~rtTON SHOOKS • Democrat, Shrevepor t, Louisiana . Born in East Baton Rouge 
Parish , Louisiana, 21 December 1897; son of Claude M. Brooks, deceased, and 
Mrs Penelope (Overton) Brooks, living ; has four sisters and one bro ther. 
Married Miss ~ollie Mer iwether on 1 June 1933 and they have one daughter, 
Laura Ann. 

:t.ducation - At tended public schools of Eas t Baton Rouge Parish, completing 
the 4- year high school course i n 3 -112 years . En tered Louisiana State University , 
taking the Arts and Sciences course . Left the Universit) to enlist in the 
1st Division United States Army , July 1918 . Returned to Louisiana State 
University and gr aduat ed from the Law School 10 April 19a3 with honors, S months 
before t he end of the r egular term. Has LL.B degree and l acks one hour credit 
for masters degree. 

Law Pract i ce - Admitted to practice law before State Supreme Court and 
began practice at Shreveport, Louisiana 1923 . Became Uni ted St a tes Commissioner 
on 1 Sep~rllber 1925 aud as such served for 10 years . Delegate to National 
Demogratic Convention in Chicago , Illinois i il 1952 and at Los Angeles, California 
i n 1960 . £lected t o the 7)th and to the twelve succeemug Congresse s . 

Military Service - :t:nli s ted i u the 1st Division, Gni ted Sta tea Army in July 
1918 and was honorably dischar ged on 1 Septewber 1919 . Served in ~ranee , Belgium 
and Germany . 

Orgt~nization Membership - Member Episcopa l Church ; is a 32d degree Mason, 
Shriner ; member ot' .l!.lks , .American Legion , Veterans of Foreign ',•1 a rs, Louisiana 
b'arm Bureau Federation , Shreveport Bar Assoc i ation, Louisiana Bar Assoc i a ti on, 
Kiwani e Club , and Forty and l!.ight Organization. 

Committees • President of Nahonal Hi vcrs a•~d Harbors Congress for 5 years 
and now chairman of the board of t his organization. Member of Government Operations 
Ca:nmi.ttee . In January 195 9 was made chairman of Major House Commit tee on Science 
and Astronautics and and r eappointed to this chairmaa sbi p in 1961 

Adr esses - Home - 614 Linden Stree t 

Office - Fede r a l Building , &hreveport La • 
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Karth , J oseph Ed ... lard, 

Born: August 26 , 1922 in New Brighton, Minnesota . 

Educa.ted in Ramsey County elementary schools end North St . Paul High School. 
Attended the University of Nebraska - School of Engineer ing for 2 years 
of college courses in engineering - educa tion was interrupted by a call 
to Combat Duty . Served in E. T. 0 . - received a r ecommendation for a 
Battl efield Commi ssion. 
Empl oyed by Mi nnesota Mining and Manuf acturing Co . ; International 
Representa t i ve of the OCAW-AFL- CIO for 10 years . Member of the Minnesota 
House of Representatives from 1950 t o 1958 . and during the spec i al session 
of 1958 was voted "Outstanding Leg i s lator" . Elected t o 86t h Congress on Nov . 
4 . 1958 . 

Military Eiperjence : Listed Above. 

Organizations 
V. F . ~~ . 

Amer j can Legion 
Indianhead Council of the Boy Scouts 
First Presbyterian Church - White Bear Lake, Minnesota 
Mar r ied the f ormer Char lotte Nordgen and they have two s ons . 
Part y ;: Democrat in Congress and Democrat- Farmer- Labor in Minnesota. 

Congressional Committees : 

Collimittee of the House : Science and Astronautics : Member 

Home Address: 2334 Eas t Count y Road , St . Paul 9, ~nnesota 

Office: House Office Building , Washington 25 , D. c • 
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McCormack, John w. 

Born: December 21 , 1891 in Boston, Mass . the son of Joseph Hand Mary E. (O'Brien ) 
McCormack . ~rried M. Harriet J oyce in 1920 . 

Educa ted in the Public Schools . Admitted to Mass . Bar in 1913 and is 
a member of the law firm of McCormack and Hardy . 

Mass . Constitutional Convention: 1917- 1918 
Mass . Sta te House of Representatives: 1920-1922 . 
Mass . State Senete: 1923- 1926 (Derr.ocratic Leader) 

U. s . Cougress: House of Representatives: 70th Congress -
Mass . District . (Majority Leader) 

Mi litary experience: None 

Organizations : 
South Boston Ci t izens Association 
American Legion 
Knights of Columbus 
Elk 
Moose 
Catholic Order of Foresters 
Anc i ent Order of Hiberians 
Democra tic Party 

from the 12th 

Hon . Degrees : LL. B. conferred by Boston Universi t y and Holy Cross College 
and Villanova College , Tufts College , Catholic University of America and 
many others . 

Honors : Knight of Malta , First Class; Feace Meta l of the 3rd orcer of St . 
Francis ; Knight Commander, Order of St . Gregory t he Great with Star; 
Le~ion of Honor , Republic of the Philip. i nes . 

Congressional Committees : 

Fratklin Delano Rnosevelt Memorial Commi ssion (Cr~ ted by fublic Law 372 , 84th 
Congress) 

Cor~ittee of the House on Government Opera tions: Member 

Officer s of the House: Office of Majority Leader - Floor Leader : J ohn h . 
McCormack. 

Home Address : 
726 Columbia Road , Boston, Massa chusetts 
Office: Post Office Building , Boston , Mass 
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PllOJECT ~f EllCUllY l I 

The inq>l<'lllt'lltation of tht> orhttal pha-.p of P rojt•<·t ~11' 1'<'111'.\' "ill 
l't'(jlli t•t• ()I(' liSt' of II g:JollllltH'I\\'OI'k of lnu·l\lll;.!lllld dniH llt'<JIIisition 
~t at ions .. \ total of lH sw·h stations will IH• n•qui r·t-clat I hi• followin;..r 
lc)('ations: Cap{' ( 'anan•ral: nrancl Bahama: (;rand Turk: Bi•rnlltda . 
a ship in 1 he .\ t lntll iC' 0 1'1•nn: ('a nary b lantb: Kano. ~i;..r<•ria: %an· 
zi har, a ship in the Lndinn Ot'l'llll: \\'l'Sil't'll .\uslmlia: \\'onn H• ru . 
• \ust ml\a: Can loll ls lancl ; II a wa ii: .... outlwrn ('ali fol'llia: WI'"' ~ l t>:-.it·o: 
\\'hite Sands, X. ~ft>x.: ...,ottth T t•\a..,: and at E: . .di11 .\ i r· F on·l' Hast•. 
In .Tuly 1!).-l!l, tht• \\·e .... t<>t'n l•:h•t·tric· Co.";"' si•lt>t'tl'd as tltl' c·ont rn<'lo t· 
to C'Ons t nu·t and instnll t It{• i·qni pnH'III at tiH' ~ l l't'I'III'Y rwt work stu 
t ions. To date, agTl'l'lllt'lll s with fort>ign I'OIInt rit•..., Ita \'t' lH'l'll Iiiia 1 izP<I, 
the sires hnn• ht'i'tl prepan•d, and l'Oll!-.t t·t ll'tionnt all-.ites is I'OillpiNi'. 
T he instnllnt ion of equipnll'lll at tlll•-.p !-.i ii's lras a !so hl't'll c'otllph•tpcl. 
~ine o f thl' nt'two t·k stations and lht• t\\·o rwtworl\ !-.hij>s williH• main -
1 ained and ope rat t'd by I ht• I >epnt·tnH•nt of I )p fi•nsp nn< it!--. t·ontral't or-.... 

( 'apsllli• t·e<·o\'1'1',\' will h<' ell'l't'll'd hy tilt' l '.,. ~a,·y. HE'C'O\l'r.' 
plans Wl'l'l' fonllnlnll'd jointly by :\ .\S.\ and th(' ~a,·y and nunwron ... 
l'Xl' tTisl's hll\'e IH'i'tl <·ondndPd in ordc•r lo t•stul>lisll the IH'st sPn tTh and 
l'l'<·m·t'l',\' patients. Renl isti<' te~ts of tlH'i->1' llll't ho<ls WE't'(' ;whiP \'t•<l 
dtu·in;,! tht> sll<'<'t>:->sful l't'<'O\'C I'ie-, followin;..r L it tlP .Jm•. Ht>d.., tone, and 
.\ t las te!-.l s. 

l<:a i'IV in l!):l!J, th<' !->t'\'l'll .\Ien·ttt'\' astmnauts wt•rt• selt•c·tt>d. Sinc•t• 
t hat tiim• they haH' pat·t i<·i pnli•d 'in an int t•n:-..i\1• traininu p t·og-nllll 
whic·h has now pro~re:-...,t•d to t lw point "lwn• I lw lll('n arc• t'l'<Hly fol' 
t h{' fi1·s1 lltnllncd ballist il' fli;..rht !-.. This I ruin in,!! pm:,!l'l\111 Plll ployi•<l 
~ .\S.\ simulatot·s, in nddition to f:u·il itiPs of tltt> nnlitan· spn·ic·l's .. \ 
tl'llllt of a!'mnwdic·al monitors has !wen dt•tailed to ~ .\.S.\ frotu t hi• 
military serviC'es ancl fro111 the Puhl i<· 1 ({'nIt h Sen i<·t•. lhtt·inu fut tll'l' 
fli;..rht cipt•t·ati ons, tht' st> ntot1itor:-.. will cletPt'lllitw Ill<' <·ot tdition of thP 
IIS(I'C>tl:tlll as h{' passes 0\'('1' l'll<'h o( tlte llt'IWOI'k -...(at ioll ... lllod \\ill pat·· 
t ic·i pate in the rl'<'O\'et'." and po .... trP<'o\·ery ad i,·it il'-.... 

F "'" rt {/ mtf.~ 
P l'()je<·t ,\ lerc'lii'Y is a t·on t i11ttill!! prog'I'Hlll o f c'OIIC'liiTc'nl t•ll'orls in 

l't•sca r<'h , de,·elopment. l'll~inet> 1·inu. llllllllt fn<·tu r in;..r. te:-.t, and train­
in;,!, all ainll'd at thl.' foc·a l point o f -u<·c·i•,.-, fnl 111:11111ed orbital fli;..rht 
nt the {'1\t'lit•st possible t inH' . 

P rojl'l't .\let·<·ttt·,r is being- JHII '!-.llt'd with I ht• ~n·ntt•st ... l.'nst• of lll'g't'lll'). 
Tit is llt';.!ell<'." i->tl'nts front the fa('( that the projt:>1'l "ill ::.uppl_, am.,wt'l"' 
to many rpll'st ions that 111\t!--.l he II II"" t>l'{'d h<' fol'<' om• <·11n pro1·et•<l w II h 
the twxl stPp in the llllllltH'd spnc·t• Hi;..rht pro;..rmn1. Bt•fot'<' futnn• 
p1·o~ran1s <'all !!O \'l'I'Y far do\\ 11:-..t l't'lllll. llllll'h 11111st he 1Partw<l ahout 
tnan·s n 1pabilit\' 111 spa t·t• a ntl Hhout t lw ;.!!'lll'ral t l'l'lllwlo~~ of ntallllt'd 
s pate fl i;,!hl. T hi:-.. haskally, i ... "h.'· it .... 111ost itnportnnt to do P l'ojt•<· t 
~ l etTitr\' . nncl to do it soon. 

P1·oj1;1'1 ~ft' l'l'\11'\ ha:-.. llt'l'll t>lldor,t•d h,\ the :\at io11al .\ Pronaut ic·, 
an<l Spa<'!' ( 'oltiH'il. and HJ>JII'oH'cl h_,. tht• Pn• ... iclt•n t. a:- a pro;..rrant of 
top national priut·ity. ( 'ou:-ecpwlltl.\, it c'aiTie ... a l >X pl'iot·it.\' rat ing. 
Bnt a nx pt·io r ity rating alotw dtws IIIII a'-'.S\11'(' I hat a Jll'ojl' ·t \\ill 
1110\ e forward at a urt>at rail• o f "Jlt'l'<l. T lw itnplt>nwntat ion of a 
p1·oje1'1 ... udt ;t-. Proji'l'l ~h· tTIIr.\ dt•t lllllllb, n11 a t'ollttnuin!! ba--i:-. un•at 
t>nc r;..r.\', ;.!l't•at t'nt hu!-.iai->lll, a11cl L'1't•nl dett> n ninat ion. \\'ork 011 P rojt•t·t 
~fl•rc· ltt·y, both at tht' ~ l c-f)ontwll plunt and nt ('ape ('anawntl. is pro-

.. •• 



12 PROJECT MERCURY 

eeedin~ on a three-shift, '7-d<t.V·tt-week basis. .\.11 members of t h11 
1\fercury team, be they in NASA, in DOD, or in l)t·ivutc industry. 
nre twtkin~ e\'ery efl'ot·t to meet the ~oa l s c~tabli shc< for them. 

I t must be recognized, howevet·, that P roject Met·cttry is n rese1tt·eh 
and de\'e.lopment program, and, therefore, does not lend itself to 
(.he finn type of schedulin~ that can be maintained on a typical produc­
tion job. l nstencl , it is only possible to establish target dates with the 
full •·ecognition that such tur~et dates must. be chan~ed as new 
knowledge is gained. 

I n Project. Mercury, target dates han~ ueen establi shed fot· every 
fRt·et of the operation. T hese inelude target dates for deliveries of 
pa rts, component s, subassemblies, systems, and complet.e capsules ; 
1 hey also include target dat es for <·apsule prcpamtion sequences and 
launch periods for all fi ight tests .. \ s is always the case in a complex 
reselu·ch and development program, ::;ome of these tat·get dates have 
been met ~~head of schedule, others on schedu le, some behind schedule. 
Yet, there is always sufli C' ient flexibility in this type of program to 
al low for some adjust men I of schedules. F or example, if a certain 
subassembly is not received from 11 vendor on time, work can proceed 
on the instnll atio11 of another subassembly ; and if the target date for 
~~ given fiigllt test is missed, other teBis might. proceed ahentl of 
schedule. 

P erhaps the most important target dat e in the overall :Mercury 
schedu le is that for the achievcmf'nt of manned orbital Aighl. .\ s was 
mentioned earlier. Dr. Dryden in congt·essionnl test imony in 1!)5 , im­
plied that this mission could be nc<'omplished sometime during H>Gl. 
I f no set backs are encounl el'ed clu ri ng I he fiight q un 1 i fica! ion program, 
it is likely that thi s tn r·gel date will be met. 

GENER.\L D ESCHlPTION 

T he l\fet·cm·y program consists of n number of phases, the culmi ­
tmtillg phase being mnnned orbitnl Aigh! for n period of 4-% hours, 
ot· three t i111es around the Earth. Prior· to the manned ot·hital flight s, 
dehti led design, resen rch and den>lopment, and f]Uflli fie at ion progrn ms 
must be pursued. T he desig-tl phnse of the progrnm was largely com­
pleted during Hli>!); however, as a result of the continuinj! resenrda 
anrl developnt<'nt prO,!rnun, many design refinements ancl design 
changes ha\'C lX'en made in the basic configuration. T he largest part 
of the research and develop111ent. phnse will be completed nnd the 
qunlifieat ion phase of the prognun was st1u·t ed duri ng HHiO. T he cnl ­
minnting- phase of manned orbital flight should, if all ~roes well, occur 
befot·e the l:'nd of 1961; I his event will he preceded hr add it ion a! 
mannNl hallist ic Aights in Redstone-launched capsul e~ ar1d unmanned 
orbital flight s, using- the .\ tIns launclt ,·ehid e. 

Let us now examine the mnnned ot·bital mission. Th€' c-a psule will 
res t atop an essentiall y unntoditied .Atlas launc·h ,·ehicle as shown in 
fi;.rul'e 1. T he launch will take. pl:tce at C1\pe C'<HHH'em l, F'ht., nne! will 
IX' inn not1heasterly direction toward the island of Hermudn. Tn itinl 
<~scent will he almost ,·er1 icle : as the veloci ty inc· t·eases. ho,Ycn.•t-. the 

• 
Aig:ht pn th inclines and, long: before the ,·ehiclc is O\'et· Berlllltdn, it 
will he tt·nyeJing pnmllel to the suda<'e of the Enrrh at ot·hitnl ,·eloc­
ity. T he point nt which orbital Yelocity is n.chieved is called injection. 
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14 PRO.TECT ::\IERCUHY 

.\ 1 t his po1111 IIH• lllllllllt'd <'ap:-;ult>. or :-p:t<'t'<'l':lft. "1ll ht• ~t>pamt<>d 
from I he .\ tlas Ltlllll'h ,.,,hii'IP and will bt• I I'll' t•l in;.r at a ,·elo<:ity of 
about li,.illtl miiPs pH hou t·. Snmll rol'kl•t jt'ls <'IIITied on the c-apsulr 
will thf'n t·otniP tlw 1'11\>suh• to orit•nt it in tlw clt•sin•d dit'N'I ion in 
spn<'P- thnt is, \\ilh tht• >lunt l'npsuh• f'n <'<' fon n tnland with th<>astt·o 
lilt Ill's ft•t•t point inJ.! towa rd J ~:a rt h. The lllllllll<'d spa <'N't'a ft will I hrn 
c·i rc·lp I h<' rnt·t h I ht'l't' I imrs nt ln titu<lrs n tryin;.r from npproximatt>ly 
a~ o lllll'llt to;~~ "\0\1( h. .\ s tJw l'll p ::-11 1<' IWHI'S I he• t' lld of its I hi rcJ OJ•hit 
and 1s tmn•l in!! m·t•rhr:td ll\'t wt•en tlw islands of II H\\'llii and tlw Cnli-• 
fol'llia t·oast, a l'<'ll'(>rc)('kE't system will I)(> firrd to slow the t'a psult• 
s lig-htly l><'low orhi tnl n •lo<·i ty. This dec·Pil'l'a tion from an orbital \'I'· 

lot·it.\' o f ahout li,;,oo mih•s JH'J' ho111·1 o lht• suhorhital n •loci ty of ap­
prox imalt-ly 17,1 .">0 milt•s ppt· hou r. will t·au .... t• thl' <':tpsu le to dest·l:'nd 
Part hwanl; as t lw t·n psttlt' dl':;t·ends fro111 its no111inal orbital all it udt­
nf about 100 mil<'s, it will l' lli'OIIIIIf' t' th<' dc•nst•l·atnlosphere. T h<> n<' t'O­
dynnmi t dnt;.r fm·t·t•s in tht> ntmospher(' will mpi<lly slow the <'npsulr 
ftu'thf'l'until it is at a suh~onit• \'elocity of upproxi111atcly :J!)() mih•s pr 1· 
hour O\'l'l' the .\tl nnliC' <k~l\11 110t far from tht> is land o f Puerto R1 co . 
. \ 1 this point, 11 ~mall stahili zin;.r pant<"hnte will ht• dl'ployed; later, at 
an all it nd<> of IO,OOO ft'l'l, dt>plovmen t of 11 larg-t> 6!~ -foot dinm<>te1· 
<'lll'J!O J>ll l'<l<"hllt<' will takl' plat'E' arid th<> t•apsu)p Wllllx> f!<'ntl_y lowered 
to the sur fa r (.' o f 1 h<> or<>nn. 

" 'hilt' tht• l'<t psu lf' is c•il'<·li nJ! the Ea1·th. IH':Il'-C'OIIIIIlllOils radio C'Oil 

t:wt will!)(' ma1nta11H'd with the astronaut. .\ s thr capsu le is lower<>cl 
to the sul'fac•t• of tlw o<·ean, lol'ation aids such as :-:;of:u · bombs will 
hi.' l'jl'<'ll'<l and tli t'N'I Inn-finding- radio siJ!I11l Is will IK' se11t out to aiel 
in rapid loC'ation or th t• t•apRuiP. Ships Hlld llil'l'l'l\ft in the plnnnrd 
n•.:o,·<> ry ai'('H "ill tltt•n holll(' on thf' dirrc· t ion-fi11cling si~rnals. .\ i,·­
~Taft will J.!nidt• tht• l'l'C'0\'('1',\' suda<'t' \Pl'SE'Is to tlw ~t>nl' of cn psulr 
tntpn('(. 

To thi:; poi11t. 11 IIOJ'Illa} mi~.:;ion has l><•t'l1 I'OIIsicl<>red. with tlw as­
sump! ion that l'\'1'1',\'l hing- J!O(>s as pl:11111l'tl. .\ '4 in th<> <':tSf' of a nullllh' d 
aircra ft with l' jl'l'l ion sl'M'4 and pilot p:u·:ll'hut t•s, pro,·i~ion must IK' 
made for unpla 11tWcl <'llll'l'J!l'll<'ies. X l'XI. som(' of t hf'se pro,·isions 
that ha\'1• I'K'~;>n madt> to ha1uliE' snl'h em<'I'J!l'lll'il's as 111ig-ht oct•ur will 
he c·onsidf'rNI. F i 1~t o f all . ~~~shown in tig-UI't' :!. a sepnrate I'Oekct 
pt:opulsion sysll'llt. c·:tl lt>d an esC'ape or abort sysll'm, is pro,· id~d. Tl~is 
w11J eany tlw I'Hp~uh• to snfr ty. hould tlw .\t In:-. malfunct iOn wlule 
on t h~;> lnun<'h JHttl or durinJ.! t hi.' ea l'l v phns<'s o f as<'f'nt. The nbort 
s,rstPm may h<> t•n<>rJ!i:r.ed nutonwt i<'ully o1· hy g-t·ound control, or by 
th~;> a::;tronaut hintsf'lf. 

Should an nhort Ol' l'lllHJ!t'IH',\' lanclin;.r l~t.• nl't' l'""sary, it is apparrnt 
that the capsull' will Janel in ot hH 1 h1m t Jw plannf.'d l'l'l'OYery lli'E'II. 
Thl.'n•forf'. p1·o,·isions mu .... t I'K' lli<Hll' fo1· n•t rit•\ nl of the <.·npsule ft-om 
I'IIH'I'J!I'Il<',\' al't.>a..... If tlw !'llH'I'J!t'tH,\ ... houlcl ()('t'll l wltilt' t lu.• <':tps.ult• 
an d lauiH'h n•hic·ll' art• on till' lalllwh pad, tltt> c·a JNtlr. afte1· tii'III J! 
tlw ('sc•ape l'<><·kN s~· ... tE'III. would land within a short distance of till' 
la111ll'h pad, and l'1111'1'!!!'1lc'r I'P<'O\'t' l',\ pro,·i-.inlh <':til l'l'ad ily he im ph•­
lllt'ntrcl. S hould an t'llH' I:g'E' Ilt',Y <'OIHlit ion cx·<'llr fairly l.':trl,r in tl1r 
fl i•rl1t whilt> the \'l'hll' h• is well hE>Io" orhitnl \p)ol'i tr, tlw t'll l>~u lt• 

I- • 

would lnncl in t ht• lll'l'll hl'tw(•<'n F londn and Hrnnuda. T his arf'tt 
will lx> <'0\'f' I'NI with a il'l'l'lt ft and . ndnn• \'p,-st• ls for po .... sihll' l'lll<' l'­
l!l'l tc',\' rl't'0\'('1'." purpo'l'..... I f an ahort ..,Jtould lw I'Njllired at 1\1'1\1' 
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16 PROJECT MERCURY 

orbital velocity, the capsule could land anywhere over n, substantial 
por tion of the Ear th 's surfn.ce unless some conective action is taken. 
Under such ci rcumstances, the relt·orockets of the capsule will be 
utilized to control the emergency landing point to withm one of sev­
eral planned ]n.nding areas in the AtlnntJc Ocean. These recovery 
areas will be thoroughly patrolled by ai rcraft and surface vessels. 
Recovery fo rces wi ll also be provided within the lunding nrea. that 
would be t·enched by ending od >ilul fti:.rht after the first or second 
ot·bi ts. 

'Vithin the ti me period of Project Mercury activities1 it is apparen t 
thnt the relinbility of larg-e liquid rockets, such ns lll e Atlas, can­
not approach thttt of conventionn1 manned ai rcrnft systems. There­
fo re, tt. is essent ial that the reliability of the escape system be of a hiO'h 
order. H ence, a major eff01t is going into the development ancl quali ­
fication of the emergency abort system. 

TRg ).lEnc{.~ltY M ANN t: D r .\PRL' L t: YS1'E~[ 

A detai led desct·i ption of the Mercury capsule or spacecraft ltnd 
associttted systems is presented in House Repot't No. 122 , publi shed 
in .Tnnuary 1960. H ence, u. brief description of eatch system will be 
present ed in the present report; in atddihon, recent developments and 
the cutTtmt status of the various systems wi 11 be discussed. 

In considering the status of the cnpsule and its systems, it is im­
portant to remember the compt·essed timetable on which the Mercury 
capsule development hns proceeded. Concurrent design, develop­
ment, and production luu·e, of necessity, been undertaken in order 
to make the most t·npid pt·ogress possible. rnder such condit io11s, it 
was inevitable that ret rofit nnd redesign of cert ain components of the 
system were necessary as associated t·eseareh nnd developrnent pt·o­
gmms pt·ogressed. The most SOL'>h ist icn.ted of theoretical n nn lyses 
and atutlyticnl designs cannot ant tcipate all de,·elopmentnl problems 
that. might. nrise, and those modificnt ions that might be required. Only 
experimental investigations of actun l pt·ototypc hanhntre can, in many 
cases, confi rm satisfactory equi pment operntion. I n mnny instances, 
system deficienc·ies show up only under actual fu ll -scale flight con­
d itions, even though the most exten. i,·e ground testing possible hus 
been canied out. 
Ba.~i(' t·ttjJ.<rule .vh ·uclu re and l!.ert/ 8/delding 

The :Met·cm·y spacecraft, fi~rtu·e !-3, has n 7 4.5- i nch maximum d iameler 
with nn 0-inch spherica l radium hent hield. The afterbody con­
sists of n cone £rust um which sunounds the pilot' pressure vessel. 
a :~2 - inch -di nmete r cylinder which con tains the pamchutes nnd on­
bonrd reco,·ery systems, and a rone frustum whic·h forms a <·ommuni ­
ration antennn and contain. the drog-ue parnd lllt e and horizon 
~<· n n m• t'S. 

The heat of reE>nt ry will he dissipated by n hu·g-e rounded heat 
shield. Early Reel tone-launched ~f e rc·u t·,r flights \Till ut ilize a het·yl­
liltln heat s ink for this heat shield , wherea. later 01·hital tli~ht s will 
11 e l\11 abla tion hent shield material. 

.\ t the time the ot·ig-innl ~JetTury specifi ention was written , the heat 
sink approach wns within the tate of the art, while there ,,·as no ex-
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pet·ienre with ablation materinh; for thL• east' of reentry from satellite 
orbit. 

The dec·ision was made, t hHefore, to desig-n the ?\ Tcrc·m·y capsule so 
t h n t it t·ould safely t·ce n t l'r t hl' at mosphE>t'e with a be ry ll i 11111 heat sink. 
It was rec-ognized that a Yehi C'If' of n !;hape <lf's ig-11ed specifically for n 
heat sink <:ottlcl be fitted, at a lat ct· dat e, with an ablation heat shield . 

Tlw npproa t h used, the ref ore, was n <·onservut i ,.e one. H a hint ion 
(E>(·hniques were found to be applicable to satellite reentry , the :\[er­
cury capsule could use sn<:h materials. On the other hand, if ~tblu­
tion did not prove to be adequate, the Mercury capsule could, without 
change, uceept a beryllium heat sink. .\ s a result of the Big- .foe de­
velopmt>nt fli!!ht tests made in SeptE>mber l!H59, and subsequent analy­
s is of result s, a firm decis ion to ~ro ahead with I he liS<' of an ablnt ioll 
heat shield fot· ;dl the orbital flig-ht s was ren<·hccl. The reeoverecl Bi!! 
.1 oe en psule is shown in figu re 4. The pre,· iously onlered beryllium 
heat sinks were designated for use in Redstone hHili stic flight s. 

The B ig .Joe flig-ht tE-st also showed unexpededly hi~h nftet·body 
hen.titiJ! under the most r r·itiral reentTy eonrlitions . • \ lthou!!h hun­
dreds of wind tunnel tests hnd been made on the afterbody henting 
problem, none had been able to duplic·nte fully the ac-tual i'ull -scule 
reentry c·onditions and thus, it took the nc·tual full-scale flip:ht to 
uncovPr this pmbl(•m. l n order to withstand thi s hig-het· heating-, the 
thiekness of the extemal skin on the ronic afterbody has be£'n in ­
c·reased, and tlw ronst rnc·t ion of the C'ylindt·i cal part oft he afterbody 
luts been ehan~£'d to bery llium plate in place of the formerl y used 
light -gage metal. 
Durin~ the ~len:ury capsule re ear('h nnd de,·elopment progmm, it 

was found that the impact load sustained during- u hmding- on the 
ground, such ns would OC'('UJ' in an off-the-pad abort, could ex('eecl 
human tolet·nrwe limits undet· certaill wind c·otlditions. T herefore, the 
impar t -alle\·iating- or c·ushioning devi('.e, shown on the :\[H-:~ rnpsul e 
in figut·e ii, was de,·elopecl. The cushioning ef l"ect is obtained by use of 
a collapsible skirt which is located between the heat shield and the 
capsule st t·uctu re. At the time of parachute deployment, the henJ 
. hield is diseonnected from the capsule and suspended ~Lbout 4 feet 
below the capsule with the col lapsible skirt. extended. ·w ith the hen.t 
shield so sus pended. the volume between the l1ent shield nnd the cn.p­
sule structure fill s with air. Upon iml)act, the entrapped air escape. 
th rough holes in t he sidewall of the s tirt, thereby acting as a pneu­
matic. shock absorber. ome strengthening of the <'npsule lower· hulk­
he;ul structure was found nec-essary to withstanci the loads trans­
ntitted by the skiri upon landing impnct. 

Extensi\'e tests lta,·e been madt' to ,·onfirnr that the installation will 
attenuate lnnd intpa('l londinp:. to le,·e ls ac·c·eptable to human 
o<·t· u pants. 

T he in. tallation of the impact attenuation skit·t allowed remo\'al of 
four inflatable flotnt ion bn~s whi r lt were located in the upper ect ion 
of the capsule. These hags were to be inflnted on impact 1U1d werf' 
to serve the purpose of keepinn· the top end of the cap ule out of the 
''"a I er during astronaut egress throug-h the top emergency hatch. " Ti t h 
the skirt in. tailed, the spa<·e between the heat shield and the cnpsnlc 
structure will fill, aftet· impad with some ,000 pounds of water. ln 
this manner the impact hag ·assembly ac·ts as n sea nnc·hor, thus prt'­
,·ent ing the c-apsule from capsizing- during- astronaut e~res.c;. 
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20 PROJEtCT MERCURY 

Ret'rogm de 'rocket.'J 
The retum of the capsule from orbit is initiated by the firing of 

a retrorocket system which slows the capsule f 1·om orbitnJ velocity to 
approximately 350 miles per hom below orbital velocity. Three seplt­
mte rockets are used, nnd each of the three has its own prime and 
t•eserve ignition system, so that utmost reli~tbility can be assured. 
In an emergency any two of the three reh:orockets would bring nbout 
reent ryi a ltJ1ough for exped i t.ious recovery, HJ I three a.re used. 

Deve opment of the retrorockets has been completed. Durin~ de­
Yelopment, 40 motors were fired at the Thiokol factory and additiOnal 
motors were fi red under simulated S{?RCe conditions ttt the U.S. Air 
Force Tullahoma, facility nnd the NASA Lewis Research Center AJti -
1 ude F:tc il ity. Qunl i fication tests of the retrorocket motors h ave also 
been completed. 

1!-'scape system 
As has been mentioned previously, provJston is made within the 

Mercury capsule system to terminate the mission nnd escape from the 
vicinity of the launch ,·ehicle in case of mnlfunction. The escape 
maneu,·er is carried out by use of the escape rocket up to the time of 
booster cutoff. In order to pt·ovide rnpid separation of the capsule 
f rom the launch vehicle, the escape t·ocket has n hi&"h level of thrust 
over a short period of time. Because of its locnttoll on the tower 
extending ahend of the capsule, the escape rocket motor utilizes a 
t r iple nozzle with the tlu·ee nozzles canted outward so thn,t the exit 
fiow does not impi11ge upon the en J?SU le stn1cture. 

It. is important that the magnttude and di rection of the resultan t 
thrust vector of the three nozzles be contro11ed to close limits and that 
the di rect ion of action be known p recisely. In this way, the capsule 
can be forced a way fo rward and to one side of the booster du r ing an 
escape maneuver, without setting up n. tumbling mot ion. 

Development and qualification tests of the escape motor hnve been 
completed. A tota I of 59 motor fi r ings was performed during the 
de,relopment and qua 1 i fication tests. I n addition to tests performed 
by the manufa-Cturet·1 one escape motor "·as ,·acuum-test fired a t the 
(T .. Air Force T ullahoma f acility, four escape motors were ,·acuum­
tosted nt the NASA Lewis Research Center, und tlu·ee Little Joe and 
two beach abort tests ~tt ·wallops I s land were made, 1tl1 successfu11y. 

Landing and recovery sy8tem 
The Mercu ry capsule utilizes pamchutes to achieve a snfe descent 

a.nd landing. Altogether , fou1· pat·nchutes are installed in the capsule. 
T he drogue J?llrac.hute ha& a 6-foot dinmeter, conic, ribbon-type canopy 
with approxtma tely 6-foot - lon~ ribbon suspension line , and a 30- foot ­
long nser made of daCJ·on to minimize the elasticity efl'ects dltl·ing de­
ployment. The drogue parachute is packed in a protective bag and 
IS ejected by <L mortar. This parachute provides a bucku\:> stnbilizn­
tion capability for the cupsule in the event of fnilut·e oft te reaction 
cont t·ol and stabilization system and al so sen·es to slow the capsule 
to approximately 200 miles per hour before main parachute opening 
shock. 

The main parachute is a 6!3-foot diameter r·ing--sail cargo-type pa ra­
chute. Throughout the test program, this pamchute has sh0\\'11 ex­
tremely favorable opening characteristi cs, as well as good stability 
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tdter opening. The reserve parachute is idcnt ical to tlw main pant­
chute. It is de(>loyed by 11. flnt r ircular-type pilot parachute. Th{' 
mnin pnrnchute IS deployed automatimlly by means of sequencing and 
nltitude sens ing devi ces ; however, should the nutomntic system mal ­
function the pilot cnn manually deploy eithe r parac hut{'. 

The Aight test program of the landing system was completed 
.\ ugust 11 1960. The final qualification progmm c.onsist.ed of 5G 
drops of n boile1·plate rnpsul c, equipped with the landing system com­
ponents. These drops we1·e nmde f1·orn ,\ it· Force C'- "1:-30 aircra ft up 
to 30,000-foot nltit udes, or from a ~Marine H R :2S heli copter at low 
nllitude in order to s imulate off-the-pad nbott eondit ions. 

E nvi?•omnt>ntal cont?·ol 8Yl~lern 
The environmental coni rol system shown ('hemati cally in figu t-e 6 

must provide nn accE'ptnble atmosphere fot· 1 he astronaut t h •·oughout 
the period of capsule occupnncy. The system is desi~ed to provide 
n sufficient supply of oxygen to sustain l1fe for 40 hours and to main­
tnin ca,bin pressur ization 1111der· emergenc·y conditions. ('arbon di ­
oxide content, gus temperature, and humidity are maintained within 
ace-eptnble limit s. Oxygen is st01·ed in two spherical conlninHs nt 
,.e,·y high pressures. A wate r cooling system, des i#!ned to o twrate in 
weig-htless flight, is ns{'d to dissipate the heltt g('nem ted hy eiE'd ronic 
equ1pment. and by the astronaut. .\ <' t intled C' hat·c·onl ancl lithium 
hvclroxide are used fo r odor and carbon dioxide t·emoval. 

• 
• \ qua li ficnt ion progmm for the environmenhtl contro l system hn:s 

been <·ompleted. l\1annecl tests of 1 he sys tem \\'He ~gun on .Tune 20, 
]!)()0. The test program inc luded n nnmiJer of 4-hour tes ts which dem ­
ons! nttecl the system opemt ion in all modes includinl! s imulation of 
system failure . .\ 2 -hour miss ion s imulation and n 12-hour dur·a­
tion postlanding l<'s t hare also been made. Many compfln ents of the 
envi ronnt('ntal t ontrol system WE' t'e inst1tll ed during centriful!e tests a.t 
the U.S. Xnvy .Johns ville human centTifugE' ( .\1\L\. L ) in October· 1060. 
These components operat ('d ,·erv sntisfacto rily unclet· the !';imulated 
flight conditions of the R ed. tone launched flip:hts . 

. Ill it wl e coni ro/ .l(y.~t em 
The attitude control system must provide for aut omatic or manun.l 

ntt itude sensing and control of the ca\>sule throul!hout the flight. .\ tti ­
tude sens inp: is acromplished throug1 n con1bination of hor izon scan­
net· and gyroocopic C(]ttipment. The locnt ion of the capsul e in the 
pitr h, roll , and yaw planes is controlled by a react ion jet system which 
uses hydi'OI!en peroxide as n monopropellant. W'hile in 01·bit, the 
control for('es r·e(]uired are Ycr~· smallt~nd a low thrust mode of opera­
ti on of the rC;'ac:t ion jet s is sufficient. During ret ro rocket fit·ing a nd 
durin#! atmospheric t-eentry, a high -Je,·el thrust i required. I n order 
to produce this dun !level oft h rust, two sets of reaction thrust chum bers 
are provided in the automatic sy tem. In order to increase overa ll 
mis.c; ion reliability, pro,· i ion is also made for the pilot to sense and 
t ontrol the capsule's attitude . . \ peri scope and window are used for 
visual attitude t·eference by the astronaut. A third set of reaction 
jets, ncti,·ntecl by the pilot's control stir k. is provided. 

Qunlifi cation and reliability testing prognuns ha,·e been completed 
on the horiwn scanner, periscope. automatic stabilization and con­
trol system, and rate sta bilizntion and control system. 
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Tlw nu1oma1 ic read ion t'OIII rol s y:-.ll'lll use,., :-.oh•nmd 'ah t•-. for on-ott 
• 

C'ont rol. T he manualt·t>ad ion t'Oll lrol s \':-.1<'111 111 ilizt'-. t•itlll't' mt•chanic;\1 
uC't unted \'ah·cs with tlin•t·t lllt' t hnllit·a f linkagt>:-. to tlw pilot c·on1rolle r 
o•· solc•noid ntl ves. 

At hrust ch:uHbor eva lunt iou progt·am a.t 1 hr '.\:--i ,\ L<' " is Ht'sr;u·ch 
( '('lll <'l' was eon1plt•tt>d t•nl'ly in I !Hill. ~intt' 1 hal t inw. t hc• <p1nlifka1 ion 
tests o f tht• reactionlht·u:..t c·hnnJiwr:-.antl the a:-lsoc·tatt•d c•quqnnt'tll ha'c 
h('('n com plt•tcd. 

P il ol ·"' p pori rmd n·., Inti 111 
Produdion of iudi\'iduallv littl.'d c·mwht•s for tht> nstrollllll t-. ha" no" 

• 
be<•n <.:Oillplt>tecl ( lil!. i). T ht>-,t• c·mH·hc:-. wt.>rE' 11:--l'd durinl! :-.IIII Uia tcd 
UNbtone flights run 011 thl.' t•t>ntl'ifugc in Oetoht• r I!Hill .. \lthou~h 
l'XJ>E' I'it'IH'C with the hody rl':-.lrllillt h:II'II(':-'S indic•;llt'd it \\'liS li<Tl'ptnhJe 
for the fligh t llliss ion, e.xpcrit•ncc with the errrcss tl'llilll'l' hns indicatcrl 
tlmt the pilot s should IK' nhlr to rt>lcase t11e hunH'sS positive ly and 
t·n pidly. lt hnd been IIN'I:'ssn t·y to unthreud the kne<' nnd dwst bucklt> 
on the ori~,dna l harness ; howl•\·t•r. n revised hat·nt•ss, <'II ITt'n ll y in usc, 
t'I\ITics qu l<'k release fit tiii;.!S. Tlw ori;.!inal ht•ad n •:-t l'llint systrm has 
been rcnH>,·cd. l t was felt tl1111 this locked t hr head :-o finnlv thnt • 
any shouldet· or body IIIC)\'l'llH'nt miglt t in jure t hr nN:k. ('on~quently, 
the <'li iTt'llt c·onfigunttion pt·o,·ides Intend 1·estrain~ only and pet·m it~ 
tht> head to mo,·e 11 pward and forward. T ests whwh wt•re <'Onducted 
on t hi,• . • \it· Fon·e de<.·elemt ion sled at Holloman ~\ ir Fort· t• Ba~ dem­
onstrated I he adequa<'y o f 1 he ntodifil'd systl.'m. 
( 'o IIIII IIm ica t ion.~ ( o nboa rd) 

The l\fercury cnpsnlt• eOIItllHilli<·ntion system i!:> des igned to pt·o,·idc 
I wo-wny voice (·ommuni<'nl ion, pos it ion t m e king cn pnbi lit y, air-to­
ground physical and biological dahL transmission, g round contt·ol of 
v ita l rapsule events and po t lnncl ing sen rch nnd r t•ovct·y nssistnnce. 

Thl' <.·onm1unication syslt•m is mnde up of thE' followin;.! equipment : 
( 1) .\ ~- wntt rHF ,·oi<·e tmnsmitter-recein•r. T his unit is dt>­

si;.!nNl to p1·o"ide two-way ,·oict> colmnuni<.·ation for the entire mis­
s ion inrludinl! continuous mdio rani<>r fot· d ire('( ion finding after 
main pnm<'hnte deployment . 

(~) .\ 1 ~-wntt t-n F voit·t> trun:-.mitter- re<·~.>i\'t• t· which pro\'ides 
hat·kup fot· l he ~- \\all sy:-.tent and set·,·c:- i<lent inti futwl ion:-, ont·E> 
~ele<·ted by the ast ronaut. 

• ( !3) ,\ :i-wnt t JTF ,•oiee t 1'1111!-llll itt e1·- receiver. T his 1111 it is des igned 
to provide extended mng:c for two-way ,·oic·e <:omntunic·utions. backup 
for l ' TTF \'O ite <·in·uits for <'lllergcncy ust>, or for nonual list' whE'n 
orhilal path i beyond linc o f ~ig-ht mnge. 

(·1} .\ 1-wntt HF l'es<'IW \'Oic·e tt·anstnitre r- •·ec·~.>i ,·H. T his unir i-. 
desitrned to provide t \\()-way ,·oic·e c•on.tnunic·a t ions "11 h bevond line­
o f-stg:ht range capabil ity. ll "ill he energizt>d only after tlll p:wt, as 
a backup f Ol' l ' 11 F \'OI<'l' <'OilllllU n ic·:lt ion d tu·i Ill! t ht- t·ec·o' l'I'.Y pha:-e. 

( :i) _\ :t:~-watt telemt•tr~ rt'<'l'l \l'r ( hil!h freqttl'tH'y ). Tl11s unit i .... 
dt>signe<l to pmvidt> few IJiolo;.!i<'al and physic·al <lata trall'-'lllis..sion to 
;.!I'OUIHl - t·nn~e stations; 1l b:tt·kup for onboanl in:-t runtentnt ion datn 
tll)>t' rec·ordH: ,·erific-at ion of "''·en ts trammtit tE.'d to or pro~ra111ed 
within the capsule; and enH~ r~l'IH'Y t elegmph t ransntission in the event 
of contplete voite-<'OillliHtni<'at ion hi lure. 
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FIG URE 7 .-Project i\ Icrcury molded couches. 
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(6) A 3.:3-wntt telemetry trans111itter (low frequency ) . This unit 
is designed to perform the same function ns the hi~h frequency telem­
etry t ransmitter and provides redundancy of flight safety data 
transmission. 

(7) Command receivers. Two identical 20-chnnnel r('ceivers with 
pnra.l lel outputs aTe provided to enable g1·ound coni rol of (a,) capsule 
abort, (b) r etrotimer reset,nnd (c) retrofh·e. 

(8) C-band and -band rudnr beacons for trnckin~ by ground 
radars. 

(9) U H F / HF rescue bea,cons (SARAH) for sear ch and recovet·y 
aid after c1tpsule impact. 

(10) Auxiliary UHF rescue beacon (supet·-SARAH) fo r redudnnt 
sea rch :wd recovery aid. 

System development tests hn.ve been performed to determine mutnn l 
compatibility of communications systems components with eaeh other· 
tLnd with other ca,psnle systems equipment. ~\s a result of I hese t('sts, 
1t number of equipment a Iterations were made to a,llevinte problems 
tmcover ed. Among these conective actions were inter nal filterin~ 
and repackn,ging of the rescue beacon, intemal powedine filtering in 
the command receiver, nddition of powel'line filters to the telemetry 
t nwsmittet·, nnd r·edesi,gn of the telemeter t r·nnsmitter power supply. 
These were problems that did noli appear until all equipment was 
working together within the n.d ual Mpsule structnr<'. 

I 1Ud rumentntion 8y8fem 

The instrumentation system monitot·s the phys ical condition and 
t>nvironment of the as t ronaut, capsule dHn·ucteristi c and condition ftnd 
opHation of capsu le cont rols. This infor·mation is supplied to telem­
ett·y tr·ansmitter-s nnd to n, tape recorder to provide data f o1· analys is 
nnd eva luation. Cameras are installed to observe and record ' the 
ustr·onnufs facia l exprt>ssions and t ht> eapsule's instrument panel. The 
instrurnent.lltion system !tlso pr·o,· ides pr·o,gr am <·onl rol power to oper·­
ate instnunentation nnd other system eomponent s. 

Elett rical power .~uppUe.rs 
The bas ic elee t riea I power supply system for orbit a I <·a psules t OIJ ­

s ists of three :~,000-watt-hom· and three 1,500-wntt-hour s ih·er -cell 
:l8-volt batter ies connected so as to pt·o,·ide th ree independent systems 
eul1ed main, standby and isolnted d.c. supplies. .\l thoug"h the sup­
plies nre no1·mally tndependent, C"irtui t ry IS provided for· automatic· 
combination of the standby and main butteries in the event of deple ­
tion of the main supply. In addition, manual switr hing will inter­
connect all th r·ee supplie · into one c0n1mon system at astronaut 
option. This :UTnng-emenl permit s utilization of all insl ailed bntt er ­
ies if found nec·t>ssary, in flig-ht. Tht> normal mis~ion r('quires less 
power than that supplied by the lllain hatt e •·y eomplement. The 
reserve power in the standby and i. olated soutTes, therefore , is c·om­
pletely available for unforeseen emergeneies or· unant ie ipated power 
utilization. 

T he d.c. battery power is conve r ted to a.c. by means of stnl ic in\'et·t ­
ers .. \ sin the case of the batteries, ind('lWilllent in,·crtt>r·s are pro­
vided . 

• \.11 batt erie ·, itl\'erters, and other eledricnl systt>m eomponents to be 
u. eel nbonrd the ~1er·c·11ry capsule IHne succes. fully completed thei r 

--

-
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qualificntion test pro~nun. Qualification tes ts hnn~ included the gen­
eral requirements for perform tuH·e, humidity, sal t. spray, fungus, 
immersion, sand and dust seulin()", eontnet drop, m clio noiSt>, OY('I'ioad 
c·upncit y, ell;'ctrical rupture, encfurnn c(', op('mt ing force mechan ism 
opemtion, shor·t -<· ir·cuit. chnrncteristiC's, und actuation for·c·es as appli ­
t'ILhlo to th~ sp e<" ific· deYi <'e. Special testing su<·h ns air· leakage 
t hr·oug'lt bulklu' acl c·onn('ctors, tempHnt ur·fl eye! ing, low und high tem­
perttturc, ,·ibnttion, shock, aC'ousti c noist', pr·essur·e nltitude, power 
input r't'.quir·ements, eled ricn l etli<·i(' ll<',Y, oxygen en,·irolllll(' llt 1 ('(c., are 
also c·onduc·ted in a<'< 'Ordance with llw spec· ilit· .:\Jercur·y condit rons. 
( 'ap.quff' df'livn·i.f'.~ 

The first i\f<'Donnell capsule was d"'li,•erNllo X.\S.\ on .Januat·y 27, 
1960, less thnn n year· a fter· the contract with .\[d)onn(' ll was siined. 
This c;tpsule was essentially on ly n stnl('tuml shell\ howe,·er·, and did 
not con tain rnost of the intemnl systl'nls t hnt woui<L be rPquirC'd for 11 
mnnned fligh t .. 

The second. M.\ C capsule ( fig. 1), wns delivered to NJ .. S~\ on :\farch 
14, 1960, nnd the thi rd and fourth were delivered in the lnst week of 
.July. T hl' third delivered capsull', scheduled for the first Redstone 
flight , is the first capsule that contnins most of the systems und sub­
systems that wi ll be need.ed for· manned orbital flight. Tweh·e r.n.p­
Stlles hnd bel'n delivl.'rl.'d by the end of .\ pril l 9Gl. 

On .\ ugust 16, 17, nnd 1 , lOGO, n McDonnell capsule, completely 
l'quipped for mnnned flight, was subjected ton development en~ineer­
in,g inspection nt the :McDonnell factory. The purpose of this mspec­
t ioll was to insure thnt the capsule, as £>nginct>red nnd mn.nufaet ured , 
wnssnfe for mnnn('d flight. Repre entatives of N.\. .\, MAC, rs.\F, 
Spnee T echnology Laboratot·ies, and C"om·air partir ipntNL This 
inspection was typi r nl of those which nrc required during aircraft 
development progr ams. It focused the nttention of n lnr,ge group of 
Pngi neHs. of nt ri ous hac kgro11 nels n n d interests, on en psu le system 
details and operntionnl procedur·es. F ollowi ng this inspection, the 
cnpsule E>ntered a period of capsul(' syst<'m functional c·hecks nt the 
:Me Donnell fa ctory, before being shipped to ('n.pe ('ana n•rnl, Fla .. 
for prefi i gh t acti ,. i ty. 

Th"' deliver·y schedule for cnpsulPs subsequen t to .\pril HHil , will 
cl~>pe11d largl'ly on results from orbital Aight tests. ~honld major 
diffkulties he <'nrountE'r'Nl during thes(' t<'sts. production of suhS('quent 
t•apsul<'s will, of course, nPed to hl' interntptNl for d<.>sign rhang(':=> and 
rl'trofit. .\ s has be<.>n dPscrihed before. snr h ac·t ions :H(' inhHent in 
high-priority nch -anced clen•lopment progmms wh iC'h muc;t untl<'rt nkl:' 
simultaneous deYelopment and produt'ti on in orclH to c·om]H'I'SS the 
O\ ' l'l'n 11 program t iml:'tn ble. 

FLWIIT PR<)(:R.Df 

T he rm·ket-hoosted )[Hcm·y Hight prol!r·nm c·onc:;ists of a r est:>ar<'h 
and dt>"<'lopnH.' nt phase and a CJU alifkation pha-.1', ns w('ll ns the 
mnnrwd orhitnl phase. )[ost of thP research and deY<' Iopm<'nt fl igh ts 
hn,·e been nc·compl ishl'd . T hE> qunl ificat ion phnsP hegnn lute in I!lGO. 
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FICURE 9.-Liule j oe launch from v\'allop~ Island. \'a. 
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Little J oe 
The Little Joe launch vehi cle was used primarily during the re­

search and development phase of project Mercury. Little .J oe, which 
was develOJ?ed especially for project Merctu·y, is n. Hn-stabili7.ed lnunrh 
vehicle whtch is prope11ed by four solid-fueled Cnstot· rockets und 
four Recruit rockets. Launch weight is approximately 20 tons, and 
launch thrust is %,-million pounds. Prelaunch preparations at 'Val ­
lops I sland ~tre shown in figtn·e . A photograph of n. Li ttle .1 oe l1wnr h 
is shown in figure 9. To date, the following Little Joe tests have been 
performed: 

(a ) Little .Joe I , Octobe~· 4, 1959.-A first Little Joe vehicle was 
flown with It dummy capsule which wns not sep:trated from t.be launch 
vehicle. The fligh t was for the purpose of testing the launcl1 vehirle 
rn.ther than the capsule. This flight pt·o,·ed the stability and integt·ity 
of the launch vehicle and provided a. successful test of the dest ruct 
system at maximum range. 

(b) Little Joe II, N OI'Pmber 4, 1 95lJ.- The primary object i ,.e oft his 
fligh t was to check the operutio11 of the escape system fot· the com ­
bination of mach number and altitude which causes the maximum 
dynamic pressure during launch. The escape rocket igniter fit'ed nt 
maximum dynamic pressure; howe\'er the majot· portion of the pro­
pellant did uot ignite until 10 seconds lutet·. Because of thi s delayed 
burning, the capsule did not separnte from the boostm· until the dy­
namic pressure had decayed to one-fifth of the design ' '::llue. All the 
other ca psule fun ctions occutTed liS progmmed and the capsule landed 
in the Atlantic Ocean about. 6 miles offshore at 'Vallops I sland. 

(C') Little Joe Ill, DPcembe1· 4, 1.?,5.9.- The object h·es of this flight 
were to determine the motions of the capsule after a. high-altitude 
abort fot· a capsule with no ncti,·e cout t·ol system. The escape rocl<et 
fired as planned at !)6,000 feet and accelerated the capsule to a maeh 
number of 6. The capsule was boosted to an npogee of 2 0,000 feet 
and impacted, as programed, 200 statute miles from the launch site. 
A monkey was included on the fli g ht and sutl'ered no ad\•erse phys io­
logical etl'ects. All the flight instrumenta l ion functioned proper1y 
nnd showed that the capsul e was sufficiently stable to pennit safe 
deployment of the pamchute. 

(d) Little J oe 11', January ~1, 1960.- This was a. repent of the 
Little .Joe II in nn attempt. to achie,·e a \'nlid abort test at maximum 
dynamic pressure. A 11 test objecti ,·es were succe!k>fully nchie,·ed; the 
l'Scnpe maneu,·er wns initia teo at 36,000 feet nnd at a predetet·mined 
maxunum dynamic pressu re. The capsule demonstrated sufficien t 
aerodynamic stability Rt this se,·ere Aif!ht condition. 

(e) Little JoP V. Novembe1' 8, 1.')60.-.\ 11 the pre,·ious Little .Joe 
Aights were accomplished wit h r·esenrt h and development boileq >late­
type capsules. Ou Xo\'embet· H, 19()0, L ittle .Joe V cttrried tt produc­
tton ca.psule manufartured by McDonne11 Aircraft C'ot·p. Due to 
lt malfunctioning switch assembly, the esrape rocket fired pt-emRt urely 
during the launch phase. ~\s n result of the prernat ure firing, the 
capsule clu mp ring did not release and the C'apsulc fa iled to sep:u·ate 
from the booster. 

This A ight was to h:n-e checked the ope rat ion of the capsule esc:tpe 
system dul'ing an nbort at maximum aerodynamic loading. T he cap­
sule for this Aight wns pt·eviously subjected to nn acousti c•nl ,·ilwat ion 
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tt•st prog"ntllt at till' X .\S.\ Lungll') He~t·an· h ( \•ntH. l t :·HII't'E'~sfully 
withstood Hf'OUHI icnl ,·ilmtt ion Jt>,·els in <•xr·t>ss of ll.i det·ih<:'ls. .\pilot 
o<·c·upied I ht> c·ttpsu ll' during t IH'Sl' tPsts in whi('h the uoist' It'\ t>ls \\"l'l't' 

lypicul of len•ls \\'hi<·h will lw t'nr·ounlet·Nl during an .\tins lutiiH'h. 
I t wa:-; rtwout·aging' to find that lht' vapsult' stt·uctu t·r attetHHIINlth<' 
twis<• su/Tkirntly to t•nahlt• thr pilot to c·onllllllllic•atc, uHing l11s ~tnnd­
anl rat! io <'<}IIi pml'nl. 

(f) / ,ittle .foe 1'-. l. .lluN·It 18. /.10/.- This wns lht' s<>conclattcmpt 
to CJIIillify n produ<"lion t'upsulr at the maxintunt dynnmic pressure 
l'ondit ion. The llight was 01tly partinlly stH'<'C~<sful l)('c·ausc t ht.> st'­
CJlH.•twe systent tllal fmwt iont'd and t·ttt tsed an ab()l·t at the intJH'OPl'·t· 
tinw. Tht• tPst did show, ho\\'1'\'l'r, that the cn psuiP would withstand 
pantl'hu!(' openittg shod\ loads in exees.-; of tlw clesi~n londs. 

(g) T.i!tlt• Joe 1· H . • Lpril J8, /!Jfjf, The c·npsule ttown in th<' pre­
Yious tt>st was t'l'<'OYrt·NI in g"ood c•otHiit ion and reflown in another 
nttrlllpl lo allain litE' lli:z:ht ohjeelins of Littl(' .Toe Y. The Little .Jo(> 
\"" B flig-ht pt·o,·i<h.•d an tllt('xpedt'd Sl.'n•r·e tl'st of the capsule <'S<'IlJ>l' 
svstl.'lll. Due to the fa c·t I hat one of the hoostl't'lliOIOl's firt>d :> sec·ond~ 
l;tt(', t hl.' booster pitcla•d o,·et· ruorc. •·apidly than plattnNI and flpw 
n low-:dtitnd(• tr·aJe<'lory. Tht> pl•:tk altitude was on ly U,OOO fret and 
j ho dyn an I i<' J>I'('SSI II'l' a I the t i Ill<' 0 r n hort \\'(lS I ,HOO pounds pel' S(jll ,, I'(' 
l'erf; nppmximafl•ly I wir·f.> 11s high ns plannrtl. ~\ll <·npsttlr E'wnts 
and t't'<'O\'ery \\'('1'0 nor·mnl. ( 'apsulr postflig-ht t·onclit inti wn~ good. 

H irt ./or 
Hig' .Joe wa~ tlw lltllltt' gin•n to lht• t't>sea t'l'h and deYelopm~.>nt 

M<'t'<' llt·y ntpsnll' whil'h wa;o; flow11 on 1111 .\tins lnurwh \'ehiC'lt' nnd is 
shown in fig"U1't' 10. T lw flight wns ('()!)(lllC'tC'<l Oil ~l'plemher n, l!).i!l, 
wil h tht> followin~ primar·y ohjl'l'l in·~: 

(a) \';didntton or tht' ndl'CJliii(',Y of thl' ablation lwal shield. 
(b) l>et Hill i nu I ion of <'H psu h., <Iynam iC' st n hi I it y d u1·ing hypcr·­

son it• t'l'l'll try . 
• 

T h<> .\ti ns gni<lanc•t> was prcprogt·nmNI lo proYide a duplic·ntion of a 
no•·mal l'nt t'Y f'mm orbit; howt'\'l't', tht' .\tl a-; hoostt't' rngittt.>s fnil<'d 
to s<•pal'llle !'rom tlw lnutwh \'l'hir·Jp and lhf.' addt>d wt>ight C'llllsed th<' 
.\tlns to hum out at n lowH spl'e<land a highH (light -path angle than 
schNlult•cl. T ht>st• hul'llo\11 <'onditions rrsnlled in a s(('(•p rt'etllry with 
tlw santt• maximum re<.>nl ry heating ratt's as t•xpcdt'd during orbital 
rt>t•llt1·.v; howe\'l'l', lht> total ht-nl input wn:->lowet' than rxpe<'ted. Tlw 
<>X<'I'Ilent post tlij!hl l'O!Hlit ion of the lwat shield ''~rifiNl that the df.'­
sij!n would !)(' s;t t isfaC'ICH',\' for· I he .\[E't'<·ury ntpsnl~. The I'C'E'ntry \\'H"' 

;H·conlplisht'cl without t hr ;tid of a read ion <'Oltt 1'01 s.rslt>m. .\lthouj!h 
( hr <';tpsuh• t'llll'I'Nl I ht• atmospiH't't' at 1111 anglE' or alta<"k g'l'eUter !h1\11 

!}(), tht• lllll})Jitlldt' or thl' llnj!lt' of a(tac·k Chr•illattOllS clt'<'rl'll:-.ccl to 
rwnrl,\ Ill at maximum I'N'IItry dynnntic· pt'<':-.slll'e. Ht>t'aliS(' of tlw 
stf'<'Jl rl'l.'ntr·y an!!lt', t'l'l'lltr·y dl'n•ll'l'ation was l~g, :;o J>PI'C'l'llt j!1't':ttE>r 
I hat\ <'XP<'<'ted dnl'ing r·N•ntry front orbit . 

. \ n lllli'XJW<'trcl hut import ant t'<'sult of tlw flight wn,.; th(• high <lt>­
grl't' of hrnl ttlj! on tit<' c·ottit' and <'yltndr~t·nl 11 ftt•rhod_r portions of 
thl.' capsule. 'rht' high ll(>a t in:r l'lltl•s rt>sttlt('(l fmm unJweclirtabh• 
shock wave int<'t':H·tion and :-.hcx·k wan• i111pinj!PilH'IIl on the <'1\psule 
aftl'rhod.'> .\ s 11 t'f'S~tH of thE' hi:rh a ftt•r·hody lt'mpemrnres, rhe <'X· 
tHnal shmglt• tnlllf'rtnl on tlw .\Ic·l>m11wll pr·ochwt ion C'apsult.>s wns 
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chuugecl from 1L coba lt a lloy to a niekel alloy. The lll ntet·ill l on the 
cy lindricnl panwhn te rnni ster was c.hunged from n cobalt alloy to 
bery l] i um. 
11 ('(lf'h abo1'f fl igltt 

The first :McDonnell production cnpsule was flown on n simulated 
ofl'-the-pad abort trujeC'tot·y at \\rallops Islnnd on 1\Iay 9, 1960. The 
production cn.psule was mounted on an Atlas-type achtpter with n 
production cupsule-to-ndnpter clamp ring. Lnunch, from a simple 
suppot·t, was vert icnl. T he tht·nst eccentricity wns set so as to CIHt·y 
the en psule t ownt·d the w1tt er. A photog-mph of the launch is shown 
in figu re 11. The high thrust level of the escape rocket caused peak 
acceleration of npproximntely !fig , ns planned. T he sequencing sys­
tem worked as expected ; the <·apsule attained n maximum altitude 
of 2,fi OO feet nnd the pa rn (' hute lowet·ed the capsule into the water 
ll,OOO feet from the ln.un<'h site. C'apsule recovery was successfully 
P fferted by lw 1 i ~.·opt er. 
Mucury A tlal?-1 

The l·irst Atlas- launched McDonnell capsule wns flown .July 29, 
1960. The At las g-u ida nee system was programed to cause the cap­
sule to reenter along a trnjectot·y whic·h would cause mnximnm nftet·­
body temperatures. The reentt·y would also result in maximum re­
entry deceleration. The primnry objediw of this test was to qualify 
the c<t-psule st rud u re n n cl afterbody heat pt·ot ect ion. The flight pro­
g ressed normall y until appl'Oximately 1 minute after htunch ; nt that 
time a. malfunction ocrul'l'ed which resulted in destruction of the 
htunc.h ,·ehicle. The capsule, whic·h wa int ernull y pt·essur ized , main ­
tained pressurization and transmitted telemetry records un t il it im­
pacted in the ocean. T he capsule did not cany nn escape tower· ; 
c·onsequently, the equencing system was not. progmmed to deploy the 
pa.ruchut e after <\ malfunction which occurred eal'ly in the 1nunch 
t raj ectory. The capsule sank after the high "elocity impact ; how­
ever, nen rly all of the components were t·eco,•ered from the ocean floor 
a pproximately 5 miles from the lnunch pnd. Fluctuat.ing- pre sm-es 
caused by the )fercltl'y spncecm ft resuli ed in <'t st ru<'l urn I failure n t 
the booster-capsule interface. Modifications to the booster nncl the 
ad;tptet· were mncle priot· to subsequent fl ight.s. 

The previously mentioned pres.~ure flu<'tuations are unique to the 
capsule payload nnd do nol extst fo1· I he no1·mnl .\tlas I('B~[ 
con figuration . 
• 1/ er('tu•y-•1 flrt.~-2 

The second ~Iercury-.\.t las, whieh wns fiown Febt·wu·y 21, 1961, 
clos£>ly matrhed the <lesi t·£>d trajN·l ory. T h(' fl ight was pt·o~ramed 
to produce maximum capsule a ftHbody tempemlures and maxim um 
re('nt ry loads .. \.11 test object ives W<'t'l' satisfied. T he <'npsu le landed 
1,425 st at ute miles clowm·nuge, 1 :~ mi les hhort oft he Jll'e<·omputed im­
pac·t point. 

ThE' postfi i;.rht <'Ondit ion of th(• <·n p~ule shingles ancl ab lation heM 
shield wns exeellenl. :\ lax imum temperatures measured on the 
!=.hingles und t h<' antenna <·an isler we re lower than expected. 

The MHc·u ry- .\. t las- 2 booster wa:, modi fied by the ndd it ion of an 
-inch-wide band at the top of the liq uid oxygen tank. T his band 
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LETTER OF TRANSMITTAL 

I fonHi ov lh:PHJo:~t:~TNl' l\' t·::->. 

( 'tnnt t1'Tt:t: n :-> S n E.:-> n : ·' .:-;o • \~Tito.:->" t Tl c~. 
ll'((s/tingfon,lJJ '., .1/ oy ;Ui, f,f)(j/. 

li on. On:H·r·nx BHOOL\1' • 
f ' lwi,•mml. f 'ommilfN• 011 8('il•nce and .l.~t,·mulllficx. 

lh:.\tt ~I H. (' JJ AIID f A:-.1: T h(.> t'O is fonvardt•d herewith for cotlllllittet• 
<·onsid£>t'ntion a report entitlNl ·• P mje<:t .\l t•t·<·tu·y- S£><·on<l l nt{'rinl 
Ht•port:· 

T his •·eport 011 this <'Olllltry\; only nuu1 -in-space pt'O!!I'nm has bfen 
pr{')Hll't'cl as 1111 aid to the ('on:,!rt>s.'> and thP publi<·. T h(' t't'pot·t ~11111 · 
n111 r izl.'s t hi.' <'lltTl'llt stat liS of P rojt•c·t ~I Pt'<'III'Y nnclns....:ess<•s the a<·conl · 
plishnlt'llls to dat<' whid1 han• culminat<'CI on .\fay.), l!Hil. with tht• 
S\l('('essf ul ballistit Ui:,!ht of ('omcl r .. \ Jan B. Shepard, r sx, tht> first 
t ·.s. ast t·onnut to f'xperienee the en\'ironment of outet· spnn•. 

T his t·t>port was prepared under the supe t·Yision of ~[ r. Howanl .J. 
S ilberstt'in, who wrote the int rodu<:tot·y sumnHu·y, t he eOtwlusiom;, 
and edi ted t he report. T he bulk of the information was pt·ovidcd by 
I lw O fli<-e of Spn<:e F li!!ht P t·o!!rams1 Xnt ional .\ et·onnut i<:~ nnd Spaee 
.\ dm_inistration. I n formation on mtlitn t·y support of the proj l•<'t wns 
pt·o,·Hit•<l by t he Dt>part ment of l>l•ft>nse. 

T hf' t'l'port. hns been given p rop t? t' sta tr revil:'w p r ior to its s~thmit tul 
to you for l'Otlsidemtion. 

( 'u.\RJ.ES F . D ccA:->t>t:H. 
Enru t i ve l>h·erl or a'n.(/ ( ' liir f f 'oun8el . 

ur 
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was install<•d to r·Nln('e tht• stn•ss t'ollct•ntratiolls in the weld joint 
inrnrcdiately helow the adapter attnchnrt>nt flarrg-e. T ht> ndnpter· was 
also st ren~t hE'ned hy the nddit ion of rei11forting- ring-s. Frg-m·e 1:2 
shows the stilt ic test firing-of the uoo!:lt e r 11 t Cn pe Carra nnrl. 
AI &I'CU·I'y-A aa.~-.1 

Mercury-~\tlns-3, which had bee11 scheduled ns n11 orhitnl fi i:!ht, 
was htunched April 25, l!l(il; howe,•er, bernuse of n fnilnre in the 
~\tIns autopilot progmmer, the booster roll nnd pi tch pr·og-nun was 
not activa ted and ..f.O seconds nfter lift-oA' the rnnge snfety officer· 
sent a booster desh·nrt C'ommand which cut o ff the f11 el to the engines 
and ronr unently initint£'tl the <'n psule abor t seqnenc·e. ~\n auto­
mnt ic delny system dest rurted the booster :~ sE:'ronds after <"npsule 
abort. The cnpsulE:' abort occurred nt 14,000-feet nJti tuclE.'. The 
capsule wns ta rTied to an nltitude of 2-f.,OOO feE>t and lnndecl 600 feE.'t 
ofi'shor·e. .\11 rnpsu le systems appeared to work sa t isfnctorily . The 
<•;tpsule was recovered in good condition and will he reflown. 
AI eJ'C'Ul"!J-Rerl.~tone-1 

The R edstone lnunrh vE.'hirle shown in figure 1a is us£>cl as an int~ • ·­
medinte range tt>st vehicle in the Merc·u r·y program. The first :J\1er­
<'ury-Redstone flight OC('lHTecl n eeembE:'r 19, 1960. I t attained n 
maximurn speed of ..f.,:~OO miles per hour and n maximum nccelernt ion 
of fig. The MR- 1 ('npsule t'Pnchcd a pt>nk nltit ude of l~i) miles. a 
rang-e· of 225 miles, nnd encountered !'P':? minutes of zt>ro-g-nwity 
flight. The flight wns sucressful in pvery resped. The capsulE.' con­
trol sysi E>m, retrorockets, SE.'pnn1tion roc·kets, c·ommunic-ations equip­
ment a ncl rero,·e•·y equipment fu nrtioned properly. The capsule was 
recovet·ed soon aft er In ncling- by a helicopter, which \\'HS di spat C'lwcl 
from the airc·rnft c·nn ier T'rtlley Fo,·gf. 

The put·pose of thE.' R edstone flight s is to qualify the capsules dur·inp: 
short-range ba llistic fligh ts pr·ior to the orbital fiig-ht s. ) fanned Heel­
stonE.' fligl its will be accomplished afte•· a seriE.'s of unmanned flig-ht s 
when the capsu lE.' systems ha,·e proven sufliriently reliable. The 
R edstone flight s "'ill pro\'ide an excellent opportunity to fully qunlify 
thf' r npsu le cont r·ol system und ret•·oroc·ket system in flig-ht s whic·h 
will not require these systems for the romp let ion of a surcess ful und 
safe mission. T hE:'se flights \\'ill also sen ·e to dE.'velop pilot proC'ecltH'<'S 
and ground <'Ont rol p1·oeedu res whi('lt tan be nsed in tht> orbital fli~hts. 

1lf err lli'.IJ· Reel.~ t O'ne-':J 
The second :\ferC'ury-Redstone was SU<'tessfu ll y flown .Tanu;u·y :~1, 

• • • 
l!l61. Recn u5e the booster engine operated at hi:!her than normal 
thrust, the Redstone hut·nE.'d out at appt·oximately ..f.OO miles per hour 
higher· ,·eloeit~· than planned. Engine fuel deplE.'tion, whi<'h O<'C'UITE.'cl 
sooner than expE.'rtt>cl, tl'i:!gered the boostE:'t' automatiC" nborl s<•nsing 
system and ahortecl thE.' ea psu le with the esrnpe ro<·ket. 

ThE.' rE.'s ultant lriglr cap. ule \'E.' lority produc•Nl an apof!ee of l!'l!i 
st 11 t 11 t E.' miles and a 1'1\llg'E.' of ..f.21 miles: I Hl miles farther than exp£>1'1 £><1. 
T he eapsule experiE.'IH'E.'cl H.fi-minutes dural ion nt zE'r·o-~nt ,·ity and 
encount('r·ecl a<:C"elerat ions during e. eapE> roeket fil·ing and n•entry of 
17g nnd 1-f..fig, n•spt>C'I iYely. 
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FtGURE 13.- Mcrcury-Rcdstone. 
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Vi sua I obset·,·a tions f rom t·ecovery ai t·cru ft re\'rn INll hat t IH:' c-apsule 
floated uprig-h t for approximRtely 2% hours, then heeled over when 
the heltt shield dt·opped away. Postflight examination showed that 
the impart bug hntl fa t ig-ued due to SE'\'et"e wuve action. Future cap­
sules wil l utilize anchor chains which will prevE>nt loss of the hent 
shield. after Iandi ng. 

The chimpanzee, which was aboard this flight , successfully per­
formed his psychomotor tasks and was recovered in good hen It h. 
~,lfe?·cury-Recl-Ytone boo.<Jter development te.~ t 

Because of the malfunction on the previous flig-ht und bec·aus(;' of 
n change in the cont rol system, another hoosier was launched to qualify 
modified components prior to man11ecl flight. This lest was flown on 
March 24, 1961, wi th a boi leq)lute nonsepnr·ating capsule mounted on 
the booster. The lnunch wassuccessful in e'·et'y respect. 
111 ercury-Redstone-.'1 

On :\(ay n, 1961. Astronaut Alan n. Shep:u·d flew a Mercury-Heel ­
stone mission. T he flight attained un apog-ee of 117 statute miles 
und a rrtnge of :-302 miles; durnt ion at zE>ro-gravity was o minutes. 
No 11 nforesee11 problems were encountered during- the fl i~ht. Shepn.nl 
reported that the angula r· motions of the ca.psule in response to the 
mununl control system were identical to those of the flight simulators 
in whi<'h he tmined. Manunl coni t·ol duri11g: rel rofiring was unex­
pectedly easy, indicating that retrorocket tht·ust misalinement was 
sma.ll . H e felt that the launch and reentry accelenttions were identi ­
cal to those which he had experienced mnny times on the human 
centri fuge. No d ifticulty was encountered with rcspe<' t to zero-gnwity. 

heptwd a I so felt t hal because more ,·i snal. nccelera tion, and a udlo 
eues were pt·esent during ft ight thnn in the simulators, he hnd postiYe 
assurance of events such n capsule sepanttion, escnpe tower jet I ison, 
ret rofire, ret ropack jet tison, and pamchutE> deployment. 

Afte r a mi ld landing, Shepu.r·d or~~ned the srde hat ch :tntl was misecl 
into a hovering helicopter (fig. 14). The helicopter then flew to 
the waiting ait·cntft (•a rTiet· T.ah~ ('!tam plain. Fi~rttre 15 shows Shep­
n rd and the en psu I e abo1Li·d the canier. 
Future flight progmm 

Manned Mercury-Redstonl' flights will continue in l!J(i l. The pur­
pOS(> of ndd it ion a I Redstone flight s is to q un I i f,.r a modi lied rapsn le con­
figuration and determine the reaction of ' 'nrtous pilots to a spnc<> l'll ­

vironment . 
• \ dditionnlunnHutnNI .\ t lus-orbitnl flights will b<> altc>mpted prim· 

to mann('(l ot·bitul fl ig-ht. The abilit_y of the _\!Ill!-. ::rnida nce s_rstc>nt to 
n ctor the ~(er ·cury- .\tl ns to tl1 e f'O tT(>c· t alt itutll.', velcwi t)·. and ll i~hl 
pa,th :tn::rle must be demon:-.t nu ecl; thE' n tpsu le i'_\'stem-: nn1st l1e qual i­
fied i11 a prolonged \ ' 1\C' \llllll and zero-g etl\·ironment: and the.> net work 
must demonslrntf' its ability to lmck the c·ap~ull' and mo11ito t· the r:1 p­
su le systems . 

• 
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THA<..:K LNO ,, No ('<nur N rcNrJONtl N tTWORK 
Oeneral 

In the Mercm·y mission , man and machine together will , for the first 
time, be subjected to a space and weightless environment. It will, 
therefore, be desirable to keep the numbet· of orbits on initial fli crhts 
to a minimum. On the other hand, it will be highly desirnble to a fl ow 
su fficient t irne for pre<.' is ion orbi t detenninnt ion in 01·der· to speci fy the 
correct retrofire point for a Ia ndi ng within the desi red n rea. With 
these <" r il eria in mind , a. maxim.um of tht·ee orbits was chosen for the 
fit'St. manned orbi tal flight .. 

• \ number of considerations were taken int o account to determine 
the most. desirable launching azimuth. These were: 

(1) Use of existing ground support instt·urnentation stations 
throughout the world. 

(2) l 1se of the .\ tlantic Missile Range as the launch area and 
I he impact area after the third orbit. 

(3) .\ n orbit which remained oveJ' the continental enited States 
for ll <" Onsiderable portion of its flight, nllowing coni inuous track· 
ing, both during the Ol'bital flight nnd during reent ry. 

For these reasons, ll northeast launch from Cape Camtveml was 
chosen. The notthenst launch which was selected J'esults in an orbital 
inclination of 32%0

• 

By followin1Y the mttp (fig. 16) , it is seen thM the fit'St ot·bit passes 
just south of Bennud11, south of the Cana ry I slands1 1tcross .\frica, 
over the I ndian Ocenn, and O\'er the ~\ustralinn :\ftssile Range at 
'V oomera. The track then passes act·oss the olomon and P hoon ix 
Islands. The orbit then intersects the Mexican and southem Cali­
fornia coast, passing O\'er the southem rnit ed fates where a number 
of ~wailable inst rumention sites ah·eady exist, such as the Pa<'i fic 
Missi le Rnnfe, the 1\11ite , nnds Missile R<lnge, the Eglin Air Force 
nuse, as we) as the Cape C'am\\·eml complex. The third orbit passe. 
within clo e proximity of Hawai i, a. ,·ery de ·imble loca tion for mdnr 
tmcking and command of the retrotimer, sill(•e direct hard-line com· 
municntion is a,·ailnble from H a waii to the continenta l F nited Stnt<>s. 

I n making the choice of the number and location of the "ar·ious 
ground instnrmentlttion stations. n number of other criteria were 
estnbl ished. These inc) ude: 

(1) The desire to ha,·e continuous trackin~ from Cape C"nna,·· 
end through Bermuda for accul'llte orbital detet·minations and 
to h<we renl -t ime telemett·y nnd continuous ,·oice contnct dnrinu 
this time. · 

(:2) The abilit y to reset the ret rotimer con"eniently on each 
01·bit, ns wt>ll a. hn,·in~ di re('t g-round c·ommand of the retrofiring 
during- ea<'h orbit. 

(:~) T he neNl for continuous ton tart with the capsu le durin~ 
launch and a reasonable lenJ!th of time followinJ! orbital 
in ·ertion. 

( ~ ) .\. dt>si re to maintain frequent ,·oil't> and telemet t·v contact 
wit h t he <'<\ p. ul e. · 

(:l) T he need for continuous impnd prediction in rase of nn 
ea rl y abort t·equiring impact in the .\ tlantic Ocean, or du ring nn 
t>arly rt>entry if 1111 emergency should oc·<·u t· nfter orbit injection. 
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. \11 of these nncl many ot her requi rements, hused on pr:tctica l and 
economic lirnit:tt ions, t·esulted in a network of stat ions as indicated 
in table Y. The stations transmit tracking data to a centra l comput ­
ing facility located near W ashington, D.C. The opernt ion control 
center is located at C',npe C'nnayern l. . . . . 

Bec:tuse of the cr•t•cn l pH•od dur1ng- launch and orb•tnlmse rtton, 
ndditional computing facdities, other than those at ·w ashington, are 
required at C1tpe C'anavernl and at Bermuda. The General E lectr ic 
Co. guidance ttnd the Hul'l'oughs computing systems will be the primary 
sou rce of i11formation for the Cape Cann ,·era l control center, since it 
is this system which performs the guidance function of the Atlas mis­
sile. These data .. will be used to calculate the launch trajectory 1md or­
bital inset'tion parameters which are to be displayed. Also, since this is 
the critical phase of the mission , the Azusa and FPS- 16 radar systems 
at Cape Canaveral will pro,·ide backup information for the snme 
displn.ys in the cont rol center should n malfunction of the Atlas 
ground guidance system occu t·. This redundancy is necessary s ince 
infonnnt.ion ou the capsule position and velocity will be required in 
ordet· to make the p ropet· abort decisions if n gtndance failure occurs. 

A very high reli abilit y radio communications system between C'upe 
Cana.veml, Washington, nnd Bermud1t must be provided to transmit 
real-time trajectory dn ta. H owever, because of the ina bi 1 ity to pr·o­
vide a.lOO percent r el iability factor and the absolute necessity of mak­
ing important command decisions at B ermuda, it is necessa ry to pro­
vide redundan t computing fac ilities at tlutt site. 

The l!round instrumentnt ion system f ot· Project :\Ie t·cury wi II con­
sist of 1 stations, n computing and communica t ions center , and a 
control center. Of the 18 ground stations, 11 will be equipped with 
long-ra,ge precision radars and will comprise the t m cking system. 
" ixteen of the stations will be equ ipped with telemet ry 1·eceivers . All 
stations will be linked with the computing and control centers by n 
communications network. Major equi p111ent ut the individua l stnt10n 
is 1 is ted in table V. 

Ei~?;ht of the eighteen stations nml the control center will be located 
on mtlitat')' track1111! mnges where use is mnde of existing mdnrs and 
other facilities. .\ t the e la<·at ion , u mnjor part of the required 
equi pment, including most of the trackinl! radars, is now in existence 
and will be made :wni lnule for this project. (These locutions involve 
the Depn t'tment of Defense test facilities and the Common wealth of 
.\ ustrnlia .) X.\~.\ will ntTun~e f or the use oft hi equi pment. The 
scope of D epa ttment of D ef ense pnrtic ipation in the support of P roject 
l\Ie t·cut·y operntions i g-iven in t he "Ovenll l Plnn, non Support for 
P roject Met·cury Opeml ions," dated .Jnnuary 1.1, H>60. 



T A Rl.t: V. - Station rapabil tty 

Rndnr ·ret!'· Com· Com· Acquisition (lround rommunlt'tiUons 
me try munl- mnnd -~ttllion nanw C'owm~~. Jt;:ISS('S retoep. rotlon ron- I Tim in,; 

s c tlon (C!IJ)o lrol FA SA ,\I \ 'olw T'I'Y ~Sii 
sule) ru<lio 

1- - -· 
( \ ut>t\l'n\1 (X ) X X X X X (X ) X X I ····· X . . .. • • I, 2, Bntl 3 
Ornrul llnhamn . • . • 1. 2. and 3 (X ) X X - ..... .... ·-· X X X A.\l R "d Omn<l Turk .................... .. • I. 2, and 3 X X X X X .\\I R ::tl 
11..-rmuth\ .. 1. 2.. and 3 X X X X X X -- ·-- --- X X X 0 
\lltmtk ship • • • .. 1. 2, and 3 ... X X X X )I. X ..... 
Hmn•l ('mar)" l~lan<l .. 1 and 2 . . .. X X X X X X X C'l 
"nno~'-: ~~~ria .. . • • I and 2 ... X X X :::····1 .. X X X ~ Znnr.i r .. • land2 . •• X X X X X X 
l ndl.lll ()(\•<IJt shim • • I, 2, nnd 3 X X X X X X 
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Jlajor j'unr·tion.~ of f'arli 8/ation 
1. Fuurtion.v o/ f/'((ddn .CJ and ground in8fl'!lln<>ntalion 8.1J.vlem.­

The tmcking and ground inslntntentnt ion systents \\'ill pt·ovide all 
the fund ions ne<'eslint·y for ground control n nd monitor ing of a II 
phases of the flight. Thus, it will JH'oride continuous predict ion of 
the lo\·nt ion of the <·np:mle; "'ill tnollitot· the status of thE> vehicle nucl 
occupant: and will ]>(•t·mit tl te exe rcise of the comnlltlld functions 
necessary fo r lh<' mission. .\n artist\; sketeh of a t vpicnl conHlllltHI 
Stilt ion is shown in figu rt' 17. · 

The functions of tr:H'king nnd ground instrumentntion systents are 
completed when the capsu le has landed and the best possible infot·tna­
tion on the location of landing point hns b<'('ll supplied to 11 re<'O\'t' l)' 
t eun 1. 

2. N a.jo1' fuwtion~ of 8/nlion.~.-
(a) Cnpc Cnnnvernl, <1nwd Hahumn Is land , nnd Grand Turk 

!~ l and: The fun ctions to be performed nt these sttttions, as dis<·ussed 
herein, in ,·oh•e se,·enll loc11tions in the ~\ F~ITC complex for tracking, 
te lcmett·y and vehielr t·ommunitntion. . I t is ne<'essary to ut ilize 
equipment nl Cape Cnn11\'e rnl, Gt·1\ nd Bahama Island, and Gmnd 
T urk Island. T he use of Cape Canaveral and Gmnd Bahama is J'E'­
qui red <luring lnunch because o f look angle problems and thE' IISsoci­
nted ca psule nnt('nna pnttel'lls. Gmnd Turk is needed to pro,•ide 
coverage during the fin al pha'ie of reent ry where altitude limits the 
mnge oft he stat ions. 

From prelaunch th rough inset·tion. continuous t('lentetry, ,·oiee 
communications; nn<.l <·ommaHd capability will be provided to the 
control center and tmckittg- dntn will bet mnsmitted tot he computing 
center. 

( Durin~ thi some period othe t· data will be made avai lable to the 
Mercury control center nnd \\'ill pro,·ide tra<'king data front the .\ t las 
guidance system and FP.._' 16 to 1 he <·omputing <·enter. T h('se clatn 
nre separate from the function of the station as discussed het·ein. ) 

During successive pn:;;.c;nges, the st ntio11 will pro,·ide tmcking. 
telemet ry, and \'Oice communi<·ation <'o,·ernge. Command capability 
is al o net'es.sury in order to permit reset 1 ing the ret roli ring progmmer 
tuld to furni h command backup of ce rtain intE:'l'lln lly programed 
C\'en(s during reentry und landing. 

(6) Bermuda: The Bermuda st1\tion will determine if the capsule 
has been phl<'('d into :tn acccptnble orbit. and ell'ect an emer~en<·y lund­
tng in one of the major reto,·et·y areas if the trajectot·y is not acc-ept ­
n.ble. l_'t·ac kin~, computin~! t_elemetry, and C'<>ll.l llHIIHl l:'_quipment . "'ill 
be pro\'lded wtth the <'npabtltty to pedonn tin-; futH'tton essenttnlly 
independent o f data from the lnun<'h site. 

Other fu net ions may he as follow~: 
(1) To ('OmnHuHl a'n abort nt the direction of the <·on trol t·enter Ill 

the e''ent of ~erious capsule equipment failure or pilot difticnlty lnH• in 
tho launch phase. 

(2) T o command nn nbot·t as directed by the l'O!\t t·ol <'en t~t· for 
impnd inn major t·eco Yer,,· area in the e,·ent of t•(' rtatn propulston or 
o-utdance srstem ma lfu nctwns. 
e- (3) If rhe fl ight is normal, tmcking nnd dntn transmi::. ... ion to the 
computing center will be requi red. 

-
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(4) If the tli,ght is not nor·uull, the impact point will be eomputed 
for· use by t.he sea rch and reco\'ery group. 

After n successful inseriiou, I he Bermuda station must prO\' ide nor­
mal tracking and vehkle communicatious on succcssi,·e passes. The 
stntiort must also transmit commands to teset the reti'Ofiring- timer· as 
diredrd hy the cont rol center. I n the event of nn Pmer·g-ency landing­
at. the E.'nd oft he fi rst ot· second passn:.r<', tracking and cornputntion of 
the landin:.r point nre requir·ed. 

(f•) .\ tlnntic ship: This station will pro,•ide telemetry and voice 
coutm11nicntion covemge in the nren. oft he mid-Atlnntic on all t htce 
pUS.'5CS. 

T he equi pment required for this stnt ion will be placed abonnla Gov­
ernment-fmnished {'1- 1\f- .\ Vl ship. 

(d) Gmnd Cnnnry !::;land: Tl1is station will provide normal t t·nck­
ing, telemetry, nncl \'Oice communicl\tions coYera.ge for the fi rst and 
second p1tsses in the geneml area of northwest . .. \fricn. In the e\·cnt 
the mission is aborted near the insertion point

1 
the stntion will proYidP 

reentry trncking and landing point Joclttion. !'his stat ion will provide 
data on lnnding location direct ly to the local recovery tenm. 

(e) K ano, Nigeria: T his station will provide normal telemet ry and 
voice tommunicntions coverage on passes 1 and 2 in the general 
a rea of cen l m l A f ri en .. 

{f) Znnzibnr: Tlt isstotion wi ll provide normnl telt>metry and ,·oice 
communit·utions CO \'ernge on pusses 1 and :t in the geneml nren of 
east-centml Africa. 

(g) Indin11 OcE' .. nn ship: This station will p r·ovide telemetry and 
,·oice communications covemge in the tHea of the mid-I ndinn Ocean 
on nil th ree passes. T he equipment required for this station will bP 
placed on boa •·cl. a Go,·e•·nmellt-furnished Cl - M-.\ V l ship. 

(h) :\fuchen, . \.ustrul ia: This st nt ion will proYide tracking, telem­
et ry, and voice communictt!ions coverage on all three passes of n 
nor·malmission and t mnsmit co111mlt11d functions as requi red. Track­
ing data obt ai ned nt this point in the od>it, which is npproximately 
1 0° from the point whe1·e insertion data are obtained, will lend to the 
most accurate ol'l.>it determinn.t ion. 

If an emHgency lancling is requi•·ed ;tt the encl of the fi rst o~1bit. 
the .\.ust mlian station \\'ill be instnwted from lhe cont r·ol cente1· to 
1·eset the t•npsule tinH.'r for firin~r of r('tromckets nt tlw pt·OJWI' ti111e to 
initiate reC:'ntry und lnnding- into n prepared reCO\'E'ry nt·ea oA' tlu• 
e;\St CO<\St of the rnited Stales. 

(i) 'Voomem .. \ ust r·nlia: The \Yoomern lot'al ion will provide ('_ 
hand tratking-, telemetry, and ,·oice communication c·o ,·e•·n~e on orhils 
Pne and t ,,·o. The X.\ S_\ will make nnan,gements with the \Yenpon<; 
ResPHrl'h EstnblishmE:>nt of .\.u. t mlia for opl'mt ion and use of an 
FPS-Hi radar locntN1 nt " 'oome11t. 

(j) Canton Islnncl: Th is stat ion will lH'O\'ide normn I telem~>t rv and . . . .._ 

\'Orce ('ommuntC<ll rons C'O\'PI'Il!!e on pnsse. OJIE' nnd two. 
(h·) Knua i I sland, Hawaii: T he function of this stntion is to pro­

,·ide lra<"king. telt>met ry, and ,·o il'E' <·omnHmicat ions on pnsses two 
nnd three and to tmnsmit <"Ommancl fmwtions ns t't>quiri>d. This 
station nlso maintains ,·oic·e t·omnllllli<"ntions with the <"ontrol t·enter. 

{1) P oint .\rguello, Calif.: The funet ion of thisstation is to prm·icle 
tntekin,g. telrmE't 1')' , and YOkE' communi<'nl ion t·o,·e rage for pnsscs 
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two nnd t hrce, and tot ransmit <·ommntHI fund ions as required. Tlw 
!-tation nbo maintain:o; ,·oit't' c·omnJuni<"alions with lht' <"ontrol t·t•nlt•t·. 
This station pro,·ides the lirsl lml'l<in;.r clatn 11fter n't'nfry initiation 
on pas:;('s two and I hrct'. '1\,lemetry data received will indieaiP 
whethet·the retrot·o<"l\ets han' lwt'n firt'd at tlw progt·amed limP. If 
not, this station will conJIII<UHl relt•olirin:.r to initiate ret'ntry. 

(111) Guaymas, ~h·xi co : The fum·t ion of this slat ion is to pro,·ich• 
t rnckin:.r, leiPnwtry, and \'OicE' t·omnJuni<·ntiom; co\·e ra;.rt• for pass(':; 
one and two and to t ratlstnit c·ontmand func-1 ions a:-; required. T he 
:-tnt ion a !so main Ia ins \'Oice commun icnl ions with I he <"On! ml cent PI". 
This station JH'O\•idl's the li r-:;t lnH'king data aftH r·eentr·y on pass 
one should this he rrcptired. Teletttt'lry <lata rN·eived will indic·at<> 
whethe r the retrorocket s han' l){•l'n fired at lh<' progrnmt'<l tim£'. If 
not, tlris stat ion will <'olllnHuHI retrofit·ing I o initiate rel'ntt·y. 

(11) W hite Sands :\l iss ill' Han:.rP, N. :\lex.: This station <'OIIt rihutt•s 
to tltl' <"ontittuous tr;t<·king- t· o,·era~t' in the l ~nitNl Stall'S on allthr<'l' 
orbit n I passt>s, using a11 exist in:.r FPS I(; mel a I' at " 'It ite Sands. 

( o) ( 'o rpus ( 'ltrist i, T ex.: T he stat io11 in sou! hE't'n TPxas pnn·idrs 
tracking-, telemetry, and \·oice c·ommuni<·at ion for all three pas!->t'S and 
vnntrihutt's to <·onti11uous c·o,·erage of tht' rt'enlr_v trajectory. 

(p) 1•~g l in .\ ir Fot·c·<• Base. F b.: T h<' function of this station is lo 
contribute to eontinuous I rn<"king {'0\'<'ntge in th<> tTnilt'cl • ' I :tiPs on 
al l orbital pn~st>s. D ata trnns111ission is r!'quin•d fmm g~l in to 
.\F:\ITC 1 o l'xl end I h<' n'<'llt ry I ntjt-cl or_r plot at I h<' )!('tTU I'.\' Coni rol 
C'entt>r. T Plt'type t raC"kin;.r dnta will h(' !-.l'lll lo tiH' tom put ing ceni(' J'. 
~ .\S.\ will use all exist in;.r FPS- W ('-band mdar and .\fP(.~ :n 
S -hand mclnr at I his st ation. 

(rt) Computing and CommuniC"ations C'l'nter, (iodclanl :-lpa('(' 
r•~ li:.rht <'<·ntt•r: T he C'Ontputin;.r and ('Ollltnllnic·alions <"elliE>r is loc·atNl 
at tht> Uoddanl Spat·e Flight Center, Orel'nbelt , ~l d. Tht• primary 
function ..; of the <·ontputillg and c·ommunieations cen lt>t· will inelude: 

( l) During orhitnl flight, the <'<' lll('t' will <'OIIIJHtfe nnd tmnsntit 
t o I he !'('! pt i red s t n l ions t he f o 11 ow i n g i 11 for 111111 i em : 

(u) Panu11PIE't·s dt>~rrihing til(' trajedory. 
(b) The precl id eel Joe· a I ion of I he ca psn iE'. 
( r-) T lw. predicted lo<'at ion of i mpnd for t'IIIHI.!E'IH'_Y l't'­

ent ry . 
(r; ) T in1e to lir('. r·etrot·Of·kets to lan<l in next J't•c·o\'(' t'Y an.'n . 

• 
(f') Tintl' to fire retrot·cwkt•t -; to ~tc·c·ompli~h n normal 

landing. 
(~} D urin:.r reentry, the c·('nter will prm·icle and t r:tnsmi t lo tlw 

<'Ontrol c·t>nter <'Ontinuous predidion o f the lancling point on 
esst'ntinlh· a real -time bal'is. . 

• 
(:q T hroughout thE> entire OJH'rntion. thP c•rJIIC'r will prm·ide 

:wqnisition informal ion to nil field si t<'S. 
( ~) Tht' cenl<'r will :-:e n'l' as 1 h<' main communications l<'t'!llinal 

for tht• .\ fpn·ur·y operation~. ('omnHmic;\tiom; to all lielcl si tes 
will pas~ through thP cen tpr's c·ommnnic·ation art'n, ;tn<l the ap­
propriate"'" itdling- and monitoriu:r f ;H·ilitiE's will he pro,·iclccl. 

{:"•) l>urin:r lnuneh and ins('rfion tlw t·omputinu <'entN willrE>­
N'i\·e tr·;wkingd:\la fmmthc• Cap<' Cana,·t>ral tnt<·kingsy:4t>llls in 
c·lucling I he (-tE BttiT<>llj,dls Ouidatwe Systt>m. l·sing tlwse tnH"k 
tnu data in c·omhinat ion with sel<'dNl t<'l<'llH'I n · clata, the c·enl<'l' 

' . 
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will compute and send d;thl fot· displays ~~~ the contro l <'('niH 
sui table fot· the followi n~ functions : 

(a) Monitor the launc·h to d('lermine if the orbit nc·hieved 
is satisfactory. 

(b) H the or·bit is not nc<'eptable, determine time,<; of ret ro­
fi re to In nd i 11 sevet·n I design n t eel recovery 1tt·eas. 

(c) ])eter·mine capsule lnnding point ancl present posit ion. 
(1·) Control Center, Cape C'anavernJ: An exist tng- lntilding- at 

.. \ FMTC is used for the NASA Mercury Control Center. 
The function of the eontrol center will be to pr·ovide control and 

coordinntion of nil activit ies nssocinted with the Project l\1erc:ut·y op­
eration. The necess,u·y cornmunicntions, displays, a.nd <"ont rol eqnip­
ment will l>e provided to pedom1 the following basic functions : 

(1) Coordination with the blockhouse ltnd central C'ontt·ol dur­
ing launch, i!1duding moni toring of vehicle propulsion and guid­
ttnce, and asststance on runge safety. 

(2) Conb·ol of nil stations outside Cape Cnnnveml. 
3) Monitoring of pilot Rnd cRpsule systems. 
4) Instructions to pilot. 
5) Inflight trajectory monitoring. 
6) Commands to capsule equipment. 
7) Initiate emer·gency ttborts during launch and insertion. 
8) Initiate emer·gency hmding at completion of first or second 

passage. 
(9) Initiate normnlreentry 1~nd landing. 
(10) Supply landing location information for search and re­

cover·y team. 
3. Fwnction of the demon.~tration 8ife.-Exist ing NASA buildings 

and land n.t the NASA "\Vullops Station, Va., are being used to estab­
lish a temporary station consisting of selected items of equipment 
ident.icnl to that used nt remote si tes. This equipment has been in­
stalled and tested to determine performance chnl'l\ cteristics and suita­
bility for the Mercury mission. Field modifications Rnd test proce­
dures are being developed at this site. The technical information 
developed nt this site will be applied to the remote Mercury sites to 
bt:ing all s ites up to the ped onnnnce required for the Mercury 
mrsston. 
Ground communication .~y.<Jfem 

The purpose of the :Mercut·y ground communicn.tion system is to 
provide a communications network connecting 18 range stations 
around the world with the Goddard Space Fl~ht Center ttl Green­
belt Md., and the Mercury C'ontr·ol Center· at\. ·ape C'nnnveml, FIR., 
as sl10wn by the accompanying world map 1tnd circuit layout ( figs. 1 
and 19). The system will ca rry telephone, tel etypewt·iter, and high­
speed data in formation. Elect ron ic computers ut Goddard will proc­
ess incoming data and provide as its output, acquisition messages and 
other relnted informatiOn to nil rnnge stations. Teletypewriter in ­
formation, into and out of Godda r·d, will be hnndled by an automatic 
teletypewr-iter switching system. A significant portion of the tl'nffi<· 
over the system will be infor·mation genemted automuticully by thE.' 
mdnrs or computers and transmitted at teletypewriter speeds. Gen­
erally, 60 words per minute transmission will be employed. For high 
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pt·ior ity t ndtic het;w(>en Goddard nncl (';qw C'n.nn.ventl, l<'l('typE'wt·iter 
t:'~rcuit s Clt_pable of trnnP-m.ittit~g 100 woni R per minul(' will be pro­
\' tded. 1 ft;::l1 -speed dttta f'l l'('Utls hetwN' n t II<' (•omput ers nt. Goddard 
1llld Cape \. ·anaveral will h(' providNl to handle lhP 1n.rge Yolume of 
data flowing bet WN'll thE'S<' two point s. 

Th(' c·oum ntn ic·Rt ion system for ProjP<'I 1\l e t·eury coni prist•s a pp rox i­
mately 125,000 circuit miles (about R,OOO miles of telPI,Yp~'wrill;' t' rit·­
cu it s :' ~2.200 miles of telephone circuits ancl ..J , 00 miles of hi~h-speE'd 
data circuits). The design of this sysl('lll has l:>t'en gear('d to provid(' 
a reliable communication network thnl c·nn lH' expnnd<'<l E'<'OJH>micnl ly 
as the need arises. Propagation studies have IX'en nu1 <le to select the 
most r!'linble rncl io routes for both p r imary t rnflic and for h:tc·kup ltse. 
Backup facilities were providNl for thos(;' routes wh<'l'<' il appenrNl 
economi cn lly feas ible and n('C<'ssa ry. 

One of the rt'qu iremt'nts in RettinJ,r Ill) I hE' ~ronnd c·om muni c·n l ion 
syst<'m wns I hat leased fac·ilit i('s would )e nt ilized wherewr possible. 
T o this ext('nt, negotiations l1nv<' he<'n C'a i'L·ied out nnd nre <·ont inning, 
with comm11nirntion c·n l'l'iers nl hona• and ahron<l, outlinin~ the I'<'· 
qui remt'nts for Pmjec·t ) ] (' J'C'I II'Y· The impol'lnrH·c• o f sa f'C'guanling-th t' 
syst<'m aJ,rninst any fot·eseeabl<' interl'ltptions has h<'l'll st ressl'<l :mel a 
suitable progrnm sd up with lhe c·~11Tiers for· hancllinJ,t l\ fer rnry traflic, 
JHII·ticulnrly with rt'speC't to the 0\'('r·se:• t':Hlio links. 

\V ithin the Xor th .\ merimn Continent, pmeli('nlly all the C'i t·c·uit 
f:wilil il's will be JH'O\'i<led b~· I he opemt in~ c·ompnni<•s of the nell :ys­
tern and indepPnclt>nl C'aJTJHS. Ontsicle lh<' X nrl h .\ nwricnn Con-
1 inent t lw c·ommtlll iC'ation fa C'i lit ies will })(:' n c·omhinntion of lE'asecl 
nnd construct ed mdio nnd wi re c·ircnits. Tlw following organizationS' 
nr·e pat·t ieipaf inJ,r in supplying rornnHmic·ations for P roject )fer·<·ury: 

.\ meri cnn Telephone & T elegr·nph {'o. Long Linf's Depa rtment . 
Rer·muda T elephone Co. 
Brit ish Columbia T elephone Co. 
Cable & 1\~ireless, L td. 
Campania T elefoni<'a Xational de E spana, ('a nary Tslnnds. 
Cannel ian O,·et·sens Telecomn1uni c·nt ion Corp. 
l<:xtemal Tl'le<'Oill muni('a( ions Bxe('u l i,·e. (leneral Po:-;1 OAi<·c•. 
F l'deml .\,·iation.\uenc·y. 

• • 
TTa \\'IIi ian T t> lephone Co. 
(h'ersens Te 1 e<'ommn nita t ions Ccm 111 issi on, _ \ ust m I i a. 
P ost maste r General, Depurtment of Supply .. \ ustmlia. 
Hncl io Corp. of . \ meri<'n. 
T elefonns cle :\lexico. 
Trnnsraclio 1-::snanola, S .. \ ., Canary I slnn(h;. 
Depa rt111ent of Defense. 

,\'/(Ilion plw8ing and i111 plr>mnlfflfio!l progreM 
T he nt'twork as clesC' rihecl in fhl' foreJ,roin!! material is lwin~ unpl£'­

menl ed lht·ou!!h a prime C'Onl rnd \\'ith lhl' "~esl ern ElePtric (~o .. I nc. 
'\ Y <'Stem E I p('( ri(· h(':Hls n ten 111 of su hc·on t t·a<·l ors <'OJisist inJ,r of t lw 

followin<r: 
1.~"-Hurns and R ot', Tnc., t·E'sponsihl"' for arch it eC'Iu rnl and enJ,ri­

neering desi!!n of t1tP stat ions ns well ns c·onst rudion phases of 
slat ion deYelopment. 
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2. The Bendix Corp., t·es pons ible for the design, fnbt·icHtion and 
i nsl n lint ion of most of the elect ron ic s ubsysl ems such us the telem­
ett·y equipment. 

:t I nternntionnl Business Machines Corp., responsible for com­
putation E'quipment,f>ro;.rmming- nnd operation. 

4-. Bell Telephone -nbomtories, Inc., responsible for s uch items 
ns simulation equipment and operational sequence })roeednres 
includin~ system che(·kout routines, communicntion tntli.c sl udics, 
etc. 

·w -ester n Elecl t·ic not only serves ns system mnnnger and in the func­
tion of system integration , but also is responsible for network 
comlllu n icut ions. 

As an example of s pecifi<' p rogress and to provide u r eport on how 
I he implernentntion of I he net wor k hns proc·eecled, milestones will be 
l!in>n f o t· the Knuai Is land, Hawaii , s tation: 

Event 

t. Sttc surve)r . . ____ ... __ ........................................................... . 
2. Slle dl~lgn ....... . ...... . ... ... .. ..................................................................... . 
3. l nstrumentntlon equipment on stu- - - ···································· •••••• 
4 . Site construction .... .. . ...... -.. . ... . ...................................... . ...... . 
li. S·band trnckln~ system Insta lled ••••••••• •••••.••••••••••••••••••••••.••• 
G. C-bond trockln!! system lnsUIIIcd ••• . ..•••.•••.••••• .•. ••• • •••••••••.•• 
7. T~lomcLry equipment lnstBIIcd nnd te6tcd • . •••• ····-···· • • •••.• 
8. Vehicle-ground communlcnllon equipment Installed nnd u-sted ••••••• •• 
9. Oround-~round communlcnt lon cqulpmentlnstulled und teswd •• ••• •. ••• • 

tO. Stntlon SUPJ>On eltu lpmcnt on site • .••. ••.••••. • • . • •• • 
II. Stntlon dynamic t~sts ... ••• ••• • ••. • •• ••• . 
12. Ground·ground communtcollons lnto~rnted with communlcntlons center 
13. S111tlon opcrnllonuL •••• .•• .•.•. .• ···-·· ·· ..• _ • 

( 'om.pu/(flio?M f m· P rojert Aferrm•y flighl8 

ComtJictlon 
datr 

Dec. 
Mny 
;o-..·ov. 
~·ov. 
Jnn. 
Jnn. 
Fe h . 
Fe h . 
Jnn. 
:"\ 0\' . 
~lnr. 
0(•c. 
M nr. 

10, 19511 
tli. 1000 
5. 1900 
5, 1900 

20, lOOt 
t7, 1\Jf\t 
I , t(l(lt 
8, lOOt 

2!>, tOOt 
7 I \Jf.O 

20, lOOt 
a, t900 
4. 1001 

Thef'e are three mnj or co mputer instnllntions assoc- iated with I he 
Project Mercut·y flight cotuputnt ions; thE'.v are loca ted at: 

1. Cnpe Cnn rH·ernl , Fin. 
:2. Bet·mudn. 
:~. Greenbelt, Mel. (Goddard Spac·e ~' l ight Cent e r ) . 

. \t Cape Canaveral and Goddnrd, computal io11s arc made which 
('On<'ern the lnunch and inject ion into orbit phnse of flight. The <H: 
ButToug-hs computing system, in add it ion to pedonnin~ its usual 
..\tins g"Uidnnre function; will feed dnta by telephone line to Goddard . 
• \I. Goddard, two IBM 7090 computers will determine, in ren l time, 
whether or not the lnunch tmjectory and the predicted orbit nre 
acceptable. This informatio n will then be sen t hnc·k to the 'Mercu t·y 
Control Center, where it will be di Rplayed. .\ ha ('kup di splay is 
pt·o,·ided throu~h the Cape Cnn;\\·ernl .\ zm;n o r FPS- Hi radar system, 
tol!ether with nn IB~ l 709 computer install ati on. 
If the real time orbit predictions inclickle an acceptable orb it rno 

dec ision] , the capsule will be pe l'lnitt ed to go in to o rbit. If the orbi t 
is definitely unaC'ceptnble I X o-Clo detision], the mission will be lcl'lni ­
nated. If the dec ision is questionable nl Cnpe Cnna,·eml. the timtl 
dec ision to abort will be tumed O\'er to Ben nuda . 

. \.t Uennudn , an IIH ( 70!) <·omputer installation is utilized to ac­
complish the f o ll owing tomputntions: 
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1. l\fonitors launch to ascertain a "Oo'' or ··No-Go" dec·ision 
depending- on ""hethet· or not an nc<:t'ptable orbit is achieved. 
This deci sion is to be ac·c·outpli shE'd within :~o sE'<'OtHls aftrr the 
sustninct· enj!;ine cut s otf. This is a badwp fun c· ti on to ( 'ape 
C'nna Yet·n I. 
~.Computes thl'time to l'etmtire to lwt·mit tlw c·npsult> to land 

in a prE's~lertf'd landing area in cnse ~h e orbit is ut.1a cce l)t a~llc. 
:~. Pedorms the l'eentry computatton and prt'dt t' ts t te tmptH't 

point in <'It e of 1\n c•arly abort. 
-1-. Performs necessary t•omputntion nncl pt·eparation for !runs­

mission of rndut· daht to Goddard durin::r sec·ond and third passes 
of capsule ove t· the Bcrmud tt an•tt. 

.\.t Goddard, computHtions are Hrcontplished on t ht• two 11nr ill!)O 
installations, one actin!! as 1t backup for til<• othe r. Th<> follo\\'ing 
functi ons are performed: 

l. J)(:'te t·mination of orbit , in c·onjunction with CnJlE' c·onlplttC' r·s. 
:2. Pt·occssinp: of all mdat· inputs frotn nmot<' Sltt•s. 
:~. Defining ~md refining orbit. 
-1-. Sendintr aequisition dntn to remote sit<>s. 
!i. Pt·o,·idtng data to the ) [en:ury Control ('enter at CapP 

C'nnnventl, itwlucling infon11ati01t on I ime to fin· r<> t ros. 
H. Caknlntes and updates fina l impac·l point cltll·i ng rel'ntry. 

Net tt•o?·lr rh er!.·oul pt•orerhuol'·~ 
The Mercury net \\'Ol'k is I \t{' most complex and l"XI en!'>iv~> set o f 

ground-support ins! •·untenlat ion implemented thus far in space pro­
grams. T o pt·operly test ca<:h subsystem nnd then the intPgTated sys­
tem, both statically and dynamically, various checkout procedures \\'ill 
be employed. 

Static eomponent and suhsystent tests are first accomplished. This 
includ(:'S the individual unit s ancl subsyst<•ms, such as the telellll'tHing 
recei,·ing equipment, the ground-to-cnpsule contmunita t ions equ ip­
mt>nt , C'f'll lll1HJH 1 control. C'- band trncker. S- hand t racker, ncquis ition 
aid equipment, to mention only a few. This type of tE'sti ng is IU:Com­
plished ns instnllation prO<'<'eds nnd largely employs s1 and nrcl elec­
tronic test eqnipntent as well as some specia11y dt>s i::rnecl appal'llt us . 

• \ s the subsystems are installed and succer;sfully pass thei r statit· 
tests, there begins mutual radio fn•quenC'y inted et·ence test ing to 
detect and gua rd against trouhlesollle st my enet·~v that manifests it ­
self as mnlfunc·t ioning equipment. Th is is n<'l ua\)y the beginning of 
full -staJion testing . 

. \11 subsystems are opemted tol!ether in st at ic-stal ion testing. 
Dynamic testing begins a~ra i nst n<' tnal t al'l!el s. The test targe1s ;n·e 
aircmft that exec\tte ' ·fly hy" tests, 'J I' dynamic tests at each station 
I It roughon t the en I ire net \\'Ork. T hese n i rc I'll ft are outfit t e' l with 
equipment identical to the plect ronic· I!CI\1' in the )fercury capsule. 
thereby allowing the station to determine ele<·t r·iC'al nnd mechnniC'al 
clifliculties in a near-operaticmal s ituation. This typE' o f testinJ.! a lso 
r·rpt·esents excellent train ing for the station operators. 

1\ct \\'Ork 1e~t s represent the fina l tep prior to nn actual mission. 
) fagnet iC' tnpe nre prepnt'Nl in nclYance for each stat ion. T he. e 
tapes contain si!!nuls for the opemlors, the lra<'king rada rs ;tre giYen 
simulated lnrget information, s imulated telemetry dala is '' receiYed," 
simulated "COtl\'ei'SiltiOIIS" H I'(' held with the Simn lnted astrOllHllf. 
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Commands t:n n he issued f1 ·<m1 the st n I ion si net> emC"rgency si lna I ionl-. 
enn be contninE>d on the tapes. Ea<·h station has its own tape. 'l'h ~;• 
stntion's part is timed to happen in the cxnct sallie st.>quencc from 
launch that 1111 :H'tunl c·apsule pass would m't'ur at IIH.' station. In 
sho1·t, an entire lhrP<.'-orbit ~ni ssion cnn hE' s imuhltt•d on the net work 
as often as neeessarv to eheek out the net and to trnin operators with 
out ever actually l:tun<·hin:.r a mission. lt . is to he furl ht•t· nott•tl t hn1 
the ('apsule tm1ne1' discussNl t'lse wh~>n• t'lll\ ht• pnrl of lht• station 
dynamic t<•sts nnd, thus, hn\'E' t·apsulE>, ast I'Onaut , and nc•twork t<.•stt•d 
togeth<'l' in the linn! way thC' Jui ss10ns will <l!'lually progn•ss. 

Su('h dynamit' network tt'sts Ill'!:' Cli i'I'CIItly being pmgrnnl t'd 011 

tapE'. Suhsysll'lll and station stat it· ll.'sts are no,,· lll.'in;.r :tt·c·ontplis ht>d . 

() l'J•;H .\'I' I 0 N I' 

Jlrrnr;flr r ll eC'!.'OIIf nf r·ttf'Nitlc.~ 
The i\ft•I'C'lll',\' ca psull.'s a•·e nirl ift t>d front tlw i\ ld >onnt•ll plant at St. 

Louis, ~ [o., to Cape• ( 'ana,·e ral , Fin. . \ ftl.'r tlw t·apsnlt> arri\'I.'S nt the 
('ape ( 'anan•ral nirst rip, it is t l'll tkt>d to the ~ .\S.\ <·a psule eheekout 
area in han;.rar "S" .. \ lthongh a eon1p lt>lt'd capsule ret·l'i\'t•s a JH't'­
lintinary syslt>IIIS chet·kout at thE.' fn ctory, the final dt•tailed systt•nls 
c·heek is made ;tl the Cape . • \ fter an initial inspt•<·t ion t•ht•c·k . I lw <'np ­
sule is p l :t<'E.'d. in n spee in tty em 1st ruded hu i Jd i ng i 11 wIt it' h the hyd rog-l'n 
pei'Oxidl' rea<'! ion <·ont rol system is ntl i,·at t>d and funl'l ionnl c· lweks are 
nt·<·omplislwd. Bc•c·ause oft h<• fir<• hazards ac·c·on1panyinJ.! n hyclt·o~en 
peroxide spill, this huihling is fully equipped with n water spt·in ldrr 
systE'm and a remotE' eon~o le for t ht• t pst c·ond net or~. • \II lH'l'sons 
hnncll.inJ.! the plumbinJ.! t'OIIllE.'l'l ions for the t'OII t'<'nl ntll'<l hydrogen 
JWroxttlE' II lUst w!.'ar gogglt>s, plastic· c·aps, c·oYet·a ll s. boots, and glcn·es. 
lnitially, both the peroxid{' nnd helium storage tanks within tilt' c·np­
sulc are filled, :md cliH'erent iall)' pressurizl'cl, with hl'lium. ThPy 11 1'1' 

then cappl'd oft' and th<' prl'~S IIJ'<' decay is monitorNl. T his pro<'Nlun• 
is used to <'ht•ek the hydrogl'n pl'l 'n xicl£' and tht> hPiium plu111hing sys­
tl'ms for lt'aks and, in parti<'ulnr, th t> HexihiP IJladclt>J' which will SPJl<l ­
mtl' the pt'roxide from the ht>lium. The system is th{'n fillt'd with thP 
hydrogt'n pC'roxide and ll ~+-hour d!.'C'OlllJ>OSit ion tl'SI is performed. f f 
thE' system is <'Olllpatible with the JWroxide, there will lw only a low 
rate of prt.'~SII I'E' iiH'I't'llHE'. .\ fter this c·hec·k, the pHoxiclc \':llns ai'P 
remote ly nduatt-<1 and thrust read ion timt> is monitoi'NI hY nu•asu1·-

• • 
ing the tempe•·ntur!.' ri se in tht> nozzlE'-;. 

F ollowing thE' l'l':ll'l ion <'ont rol system t<•sts, tlw t·npsu iP is rPiunw<l 
to a c·lt>all nir-<'OIHlit ionNlt••H·losurC' in thl.' hangar and detailt•<l C'hel'ks 
are mntle on: (I) the d.c. and a.c. t> lect rica I srstpms; (~) I lw SP1p1E'IH'­
inJ! system which automatiC'atly t·ontrols nll'tlw t·apsttlt• C'\'t?nts from 
ln111wh through t•npsule separation, towt••· jl'ttison, t·apsu lf:' attitud(', 
retrofiring t'Gnt rol systt•n1 modes, paraehute d£•plo.\'1lll'llt:-, ancl t'N·m·­
ery bea('Oil ad inti ion: (:i) I he t·ontnltllli t'nt ions HYslc•n1 whit·h itwlucll.'s 
t liP high frequC'I H',Y nntl ult rnhigh frt>qttt'IH',\' rnclios, tomnlluHI l't't'l'i' ­
t' I'H, telt-11\l'tl'l' transntitters, FPS- W and YHi rll't Haclio h£-a c·m ts, and 
re<'O\'H\' heac·ons : ancl ( .t ) the automatic stnhiliznt ion and t·nn lml :-rs-

• • 
tem which in,·olves attit11<le sensing li 111it s l'nr tht> horizon Hl ':tnners. 
gyro-erN'I ion ancl l>I'<'C'ess ion. n•lnys ancl logi<' C'irc·uits. The c·ap~·illl<' 
th!.'n ttnd{'rgot-s a s imulntecl flight test wherl' nil l'n psult> system"> nre 
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progmttiC'd :Is ''in llight'' and their IWrfonn:UI<'l' is moniton•tl. {Tpon 
c·ontplt>tion of thi s lt>sl, all onhoard rnpsult• data rrc•ording t•qutp-
111('111 liltn attd tapt•s nt·t• pt·oc·rsst•d and ('\'alunlt•tl. .\ l'l'iti<·nl por­
lton of thE' ( 'ape <·ht><·lwut is pPrfonnNI in nn nltitudt• <·hnmh,•r whirh 
<'I'Cates :1 nt'at·-v:H'11111l1 t'll\' ironnu•nt for suhsys(pm fund ional l'lll'!'ks 

• 
nntl est a I; I islws tlw pt·t•sstli'E' i 11 t <•gri ( y of t hl' !':t psult•. . \ s t ht• si tllllln t t•d 
nh it udt• is low<•t•t•d, thE' hat·ostat indly :ll'i ttntt•d ntpsuiP landing systt'lll 
will hE> fun<'l ionnll r ('ltP<' iH'd out. 

• 
Otlt' of tlw final hangar o1wrations is an l'lahor:llt' wt>ight and bnl -

atH'f.> elll'C'k. Bec·nusl.' tht• capsult• at'roclrnallli<"s at't' c'l'i t ic·allr dC'­
pe ndt> n t 11 pon t ltP <':I psul <' t'l' 11 ( P t·-o f-gnt "it y' lo<'n t ion, <' x t r<•nw t·n n~ must 
l1c takE>n to maintain th<' c·c•ntrr-of-gT:I\·ity at :1 pt'<'S<'I' ihed point. T ilt• 
thrust axes of the eS<'H(>l' and t·e(roro<·kpt s art' also ar<·ut·att•lv alinl'd 
at t.his tinte. • 

Cn.psu lf' c·het'kou( opHni ions r!;'quit·(• a lnrg(' qunnt ity of r-on1plE>:t 
gt'Otllld checkout equipmE'nt. This gE>nr must support c·n psule pm­
fligltt operations in the hangar nnct at f.'ll('h of tltl' la1111C'h pads. ~l ost 
oft he monitoring and enlibmt ion equipment is C'Onlainl'tl in full-siz~ 
trai lers. Connecting cnhles an' strung to the• n u ·ious ('IW<'kout sites. 
To rhec·k the nutot11ntir control syst<•nt, fot· instanc·e, tlt<' <'ltpsul('. is 
install(;'d in a two-axis test fixture and a heating: elentent is used to 
sin11tlntt• th<' E·u·th's hot·i:.~otl. T it(• <':IJ>SII Ie is sequentially m tnlf'cl in 
all tht·ro axes at ntri ous mtes and atliturlE'~. Signals from tht> gyro 
signal nmplifiHs nt·o monilot'l'd and rl'c·onlNl 011 st rip C'h :trts in thE' 
trailer. C'alihrations of th~ tel<•m<•lt'Y s\'sll'lll HI'P also llladt• whilr the 
c·apsulo is inst ailed in t lte test fixture.· · 

The last opemtions in the hangar itl\·oln• insta llation of lhe mrious 
rockets, explosin~ holts, SOF .\ R homhs, and othH pyt·otE><·hniC'!-1. The 
E'll\'i t·omnental ('Ont ml systE'm is c·ha t·g-E'd \\'it h high -pn•.ssut·o oxyg-<•n 
and tho flight hattel'ies are ins! a liNt at this time. 

Lrwnrh 1•ehicle chPcltout 
Con('unent with the capsule hnngat· c·IH>ekout. the appropriate Ht•d­

stone ot· Atlas launch n~hic:le is ert>dE>d at tlu• lnunc·h stte and I ht• 
numE-rous plumbing and E'led ri ca I <·On tH:•d ions are :H·c·omplisiH'<i. 
Funrtional c.he<:ks are performed on the ,·ehi<·l•~ monitoring instru­
menta-tion, the automatiC abort sensing t"C'Jtlipnletll, the guiclull<'t' nncl 
C'Onlrol equip111ent. I he t•nwt·gt'nc·y clPst nwt p:H'kng<', and t IH• Jli'P"'sun• 
integTity oft he fuel :111ct liquid oxygen tank .... 

Clu•rk~ rhu·in.r; mate of boo81f•r and t•a flsii!P 

In :tddit ion to cletcrminnt ion of lllt-l·hanit·nl c·ontpat ibili1y. t ht• in 
sta.llctt ion of I h~ c·aps11le on I he 1>110'-ter pt·m·idC's an oppot·t unity to 
c·he('k thE' c·n psule ground support l.'t(Uipntt•nl within thl• hlcwkhou"<' 
and launc·h gantry. J<''igurt>s 10 nn tl 1:1 !->ho\\' tht> gantry al'l'Hllf.!Pllll'llh 
:uHl the c·npsule sy!-.lt>nls <·hl.'dwnt traih•t-s wlti<·l• are u-.;c•d clur111g nlp­
sule nllll booslt'l' ~·ht-<·ks nt the latlll<'h pad. l•'igurE> :W slH>\\'!-> "<'''l'l'nl 
of 1 lw c·apsul(' num ito1·i ng <·on!-.oll:':-. in t lw bl1x-khou:-.l'. T his support 
t"(flliptncnt will t'tlabiE' pet-sontH.•I in I ht> hloc·khou:-.l' and 111 1 h1• ~h·r<'lli'Y 
cont J·ol C'enter to monitor thE' pilot and c·:tp•mle sy:-.tt•nt:-. \\'ht>n tIll' c·ap­
sule is on the hlllll('h p:tcl. Dt11·ing this period, lht• c·:qhule mclio:-;. 
telemetry, and beacons :u·t> energized simultn1wousl,r with hoo:-.tl:'r 
tl'lemet t'Y nncl beacons. Hadio frNptE'tH·y intE>rfcr<>nc·t• !'ht'c·b lll't' 

accompltshed at this timf'. 
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FIGl RE 20. 1\ pical console installation in the blockhouse. 
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Fli,qht 8afety 1'e1•iew board 
A flig-ht safet y re1·ic\\' hou1·d ll'ill ('011\'t' llt' and l' \' :tluall' the 

reronls of·the lnnnr h Yehi<'lt' nnd enpsul e t!'sts . . \ 1 this t ime, any clif­
ficultios which occu1·rt> cl durittg boostn nnd c·aps uh• C'her kout " ill l>e 
discussed, nnd must he r<'sol \'l'd tot he s;~t is fn i'I IOII o f t'l't' I')'OIH' 011 1 he 
hOtu·d. The bourd lll l.'mbcrs will inc·lude l'ClH'e&•ntat ion fr0111 t ht• 
ln.unch vPhicle ro11tTnr tors, the capsule contractor, tltc a:-;tronaut s and 
other .K AS.\ operations pcrsonnt'l. 
Prelrnnu·h rountdoU'n 

The pn•Jaunch countdown is diYidcd into two parts : the firs t por­
t ion shu·t ing :~0 hou rs prior to l:wnch n.nd c·ont llluing for ·I lt olll'S. 
The final portion begins the following midnight nnd continues until 
the scheduled launch time of 7 a.m. T his split rotlllt at'l'llllg"l'lll<'nt 
1tllows the launch r re\\'S n 1·est period in the midst of a long- eollntclowu. 
During the first 2-hour peJ·icxl, detailt>cl caps1tle syst<'nts c·IH•C' ks 
will he aC'complished from the ren1ote monitoring consoles in I he 
bloC'kl1ouse. Duri11g this initial 2-hour c·ountdown JWI'iod, the world ­
wide network of communications and tracking stations is nlert ecl and 
routine test s are made on the teleme.t1·y. radar, thP voice radio l'Oill · 

municatio11s, and the command radio. Concurrently, the .\ fe t·c·uJ·y 
• • 

control reniH c·on1municntions, telt>mctr,r, ahot·t t ommatlds, and t ra -
jcctory displays are ;tel intled and c·ht>r k!'d out. Sen'n hours pt·ior to 
launch, the sec·ond half of the countdol\'n is be;.rtlll. .\ r nr('fully de­
s igned seqnence of launeh V<'hiC"le fuelinf{ and L OXinl!, c·apsul e. 
rocket and pyrotechnie arming, nml mel to f1 equenc·y int erfer€'nce 
c·,he<>ks are n(·complished. Extreme care must he taken to hP c·eJ·· 
tain that 110 stl'II,V voltag-es are applit'd when the P,YI'OI<'<'hni('s and 
rO<·kets :u·e being armed. Cure must also he takPn to maintain 
rndio silence on certain C'l'iti cal frequencies. .\ pproximntcly -~hours 
be.fore launch, the Na,·:v recovery ships fll'l'i1·e on station in the' impnd 
HJ'Pa and app1·oximately 2 hou1'S prior to launch, local launch s ite sur­
face 1·essels are called on station. T he launch s ite heli eoptet'S and 
the senrch aircraft are phased-in jus t prior to lnnnr h. Durinl!manned 
shots, the pilot. wil l enter the capsule approxinhttely 2 hotii'S prior to 
launch. and will plny an adive part in the capsulE' check nnd ronnt­
down . 

. 1/r' ''r llr,ll r·on trol cPnl el' 
0\'l' rall contl'Ol of the ~fel·c ·ttt·,· tllission is c'CHld uct<'ll front li tE' 

~fE' rc·ury f'Ont rol c·l.'nler at Cape 'Caml\·eraL ~\ photograph o f 1 ht­
control c·entE'I' huildin;r is shown in figure 21. Thi!' c·on1plex also 
set'I'<'R as a tel ellletry rec·e i1·ing stat ion : the la rge dish-shapc•d an tenna 
will I'E'<'E'iw tE'I ('metE'J'e<l informal ion from the ('a psulc snhsy~lelll s. 
The primat·y fun C' tion of the center is to a<"t iH•ly control th t> fl ig ht 
phase of the ~[er<"ury mission!'. F igure 22 is a hloC' k diagram of the 
fli;.rht ('Oil I rol organiza! ion. The opPl'at ions c! irec·1 o t· is in c· hal'l!l' 
of the mi s."ion and :tl~o f-.E' J'\'CS as c·hairmnn of the F lil!hl :-1afety 
Re1·iew Board. I mmedintel,r subordinate to the opernt iom; d irN·tor 
is thE' flight clirec·tor who nC" t i"el,r part i<' ipat es in the C'oun tdo\\'n, 
roordinates tlw inpnt fl'om tht> sy rems c·ontrollns. and is responsi ble 
for making the decision to abort the mission if n malfunction should 



FICLRI:. 21. :\ lcrcuq control cemcr a1 Cap<' Canaveral. 
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oct\1 1' during fli(rht. The systl:'lll c·ont miiE'rs ntl\'isr the flight 
cl i rec·tor as I he fi ig~t, JH'ogresses and pE'rfol'lll the follow i nl! fund ions: 

(1) 'l'ho flight su qreon monitors the IH'I'OmNiil'ld displays of the 
pilot's E K G, I'E'Spiration , nnd te111pcmt11 1'P. Tie also lllonitors tht• 
pi lot 's voi<'e transmissions. 

(~) The capsulE' en,•ironmenl 111onito1' ltns tel!'lllt' tcr illsti'IIIIICIIta­
t ion displays of the oxygen quantity, C':thin pressnn>, suit prt>ssttl't', 
n nd syst Pm tem penttu res. 

(:!}. The capsule c·ontn1unit·ato1· relays inl'onnnt ion tot lw pilot nnd 
n'cei VE's voicf' reports from I he pi lol. If is stat ion console is l'qu i ppt'll 
with a, sequence panel whiC'h indicates tlw orTut'l't'IH'e of <'n psult> 
evcntssuch as escape tower separation nnd retrofirinl!. 

(.J.) T he capsule systems monitor obs€'1'Vt>S thE' c·apsuiP attitude 
and the amount of fuel renmining jn the,hydrogen pPI'oxide control 
:-:ystems, nnd thestn tus of the eapsule eleell'lenl syslen1. un The ret roconti'OIIel' pnnE'l di splays the rE't I'Ofiring I intes for 
normal rpent t')' · end of each orbit, and ente1·~ency landing areas. 
These ret rofit·Jng times are c:nleulatt•d at thE' Goddard C'omput ing 
Cente r. T he t·etro<'ontrollet· keeps the capsule's <'lock syneht·o­
nizNl with the optimum ret roti t·ing time whic·h is continually being 
refined by cnl<-u lat ions ba:-:ctl on the latt>sl tracking informal ion. 
Changes in the cap ·ule 1·et rofire cloek setting <'1111 be ;lcc·omplishetl 
through voice instruc:t ion to the astronaut o t· by rntlio c·omntands ft·om 
the rl't t·ofit'E' controller's panE' I. 

(6) T he flil!ht dynantiC's oflicet· has thE' respons iuility of endu­
nl.ing the c·apsule OJ·bital pnrnmeters at thE' E'nd of thE' launcl1 phase. 
H e will use fou r plot uonrds whic·h cli:-play flight path angle, ' 'elo<'ity, 
capsule pos ition. nnd impaet prediet ion. Based on predetern1ined lim­
its for the ·e pammeters. the flight dynamic·s oftic·e1· will recommend 
that the capsule be permitted to continue orbital Right (go decision) 
or, if the C'a psnle has not attained orbital ,·e locity autl fl ight pnth 
angle, he will request inunediatl' retrofire to bring the capsule down 
inn planned reco,·ery :\re:t ( no go decision). 

(i) T he missilE' telemetH monitot· wi ll ohsel'\'e telemE'ter di splays 
of critica I launch ,·eh icle pa I'll meters such as acce lel'a t ion, t'n~i ne 
chamber p rE'ssure. E' leC't rirn l u nd hychau I ic system perforntatwe, n ncl 
nhicle nt tit ude. By obser\'lng- t hcsp pnr·unrPters. he <'all antieipnte 

l)o!'sihlo abort. ituntions. The flight clll·f:' t tol' ean then take tH·tiou to 
1ring the C'a psule clown in a plannNII'ec·o,·et·y area. 

F igure :n sho"·s ~ome of the flil!hl C'Olltrolll'l' consoles nnclthe nE>I­
wol'k sratus tll:tp in the ~ll'I'C'll t')' cont l'OI center. 

Tho f'u1 H't ions oft lw systems monitors in the Bel'lllttda C'On trol C'enter • are ~imila t· to tho:-.<' at Cape Cana,·et·;tl: howen't', the flight clynamic::; 
otfiCE'l' nt Bertntlcla will make an orbit •·rro" o1· " no :.ro" dPc·i:-ion cmh if 
tho Cape C'Oilt rol {'{'Jl(('r cannot mnke II ~C'ei:--ion. Thl' remot(' site st a­
tions are equipped with only three C'Onsoles: C'apsniE' c·onrmnnicato r, 
aeromediealmonitot·, nnd c·npsult' systems monitor. Fig-ut·e ~+ shows 
tho c·om tmtnic·ator's c·onsole whil'h is insta lll•d at the remote sta ­
t ions. .\ lllot'kup of i he cap~nle c·ont l'o] panel i:- included to aiel the 
romnrunicntor whPn Itt' discus:-:t's pa nE' I di::-.plays wit It the p!JoL This 
con. ole incluclE's c·ontmlllld radio capability at six of the rl'mote site : 
thnt is, the eom nHtniea tor will h<' ahle to conltlHllld rh:lnge in the 
1·etrotimer nnd command retrofi rt>. S ome of these communic:ntors 
will be astronnut . 



Pl!O.JBCT M ERCURY () I 

Ftt.LRt; 23.-F'Iil,llll controll<·r console~ at control center. 
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Pli,ql!t si111-ulation 

.\. n in1port ant phase in the <" hrc· kout of t liP t•quipnlc'llt and i11 t lw 
fnntiliarization for the fl ight c·on trolle1·s i:-. th e sim ul:d ion tJ·aininp, 
whielt prN·etles a flight . Hec·a usP of the nrt•d to c·oonli nntC' tlw It('( 
\\'OI'ic l'l'<'O\' <' ry f'o1·c·t•s. c·a psu l l' and I a IIIII' h LJI'OC't•d Ul't>s, a 11 d t lw ( i odd an 1 
ancl ( 'apt• c·onqHtll'J's, it \\'as found nN'Pssnr,\ to prm idl' nch·:llll'l' opPra­
t ional expl'l'iPIH't'. F ig-uJ'E;> ~;; i:-; a photog-mph of :-.illlulnt ion c·ow-;o lt's 
and shows lht' l'apsu ll' JH'or•pdun•s lntiltPI'IlSt'cl in thl· simulation room 
at lhe c·onlrol t<'nleJ·. Hy usi ng- this si1~11tla t ion P<plipntent in c·on ­
jttnC"tion \\'ith the Goddard c·ontputn, tiH' MH<'lll',\' missiom; Ill'<.' simn­
latl'd and prm·t•durps are de\'t•loprd l\'hil'11 "ill i>t' ut ilizt-d during- I he 
nu·ious phas('s of the opt·rat ion. 
() p emtio11al })J'Of'erht , •e.<; during mi.~.~irm 

During- I he pr('lannrh phnsl', flig:ht c·ont ml is dt•lt•!!at t>d to 1 he• 
launl'h hloekhottSC'. .\. t lift -oil', eont rol pnssps hnek to lhl' :\lt•rc·ury 
opera I icms direC'IOr at the C'Onlrol c·p nfer. Tlw pilot del<'l 'ntim•s 
that his elnpsed time c·lot k start s at lift -oil', thl'I'Phy ;-;y twln·onizing 
c·apsull' t imr with grouml E'lnpsl'd t inH•. I htring t lw ln111H'h, I lw pilot 
report s pii<'h ang-le and H<'<'(' lf'l'nl ion to I hP gro11rHI. .\ s tlH.' cap­
suit' 1·ises throt tgh an altitude of ll,OOO I'N• I, the c·a psu le intc•rnal pres­
sure wi ll start to \'ent O\'t'l'hoanl. .\. dtll'rrPittial jll'Pssur<' rPglllator 
will mai'ntain the C'a psule pre~S\\I'l' .i pounds pE'r ~qun n• inc·h aho\'1' 
S\ll'l'Otlllding ntmosphct·ic pressul'C', 'I he pilot notPs that tlH' C'ahin 
pt·esHnrr dors not df'rrease hrlow ,-, pounds ]Wl' sqnare inc·lt. \Yitl'n 
a guiclatJC·n c·ommand shut s tlw engi11P do\\'11, the• pilot Jllanunll,r 
n<"tuates an 0\'l' tTide switc·h an<l ~C'pnt·afC's th<> c·a psu le if :tlllontalic· ~'li P · 
sulc separation docs not occ·ur. Tfr al soJ c·hc•c·ks that till' c·a psul<' 
attitude i11<lic·ators display jH'E'drtrrminecl \':tlnPs. If tlw c·apsnll' 
§.QTOS h a \'1' d ri ftcd exC'essiw I y d n ring 1 an tH'It, I he automat ic· c•onlro I 
system will h<• i11nc·curnte ancl lw will lllattually c·o11trol tlte' c-apsn iP 
using his per is<'O]>(' and window for at tit udr referctwc•. T lw c·a psul l' 
shon I d he• either a 11 tom at i<":t lly or 111 an ua 11,,· t lli'IH'cl to the ret rofi I'P posi ­
lion so that retroroC'kets ran he !ired in the <'OIT<'el clirpc·tion if a ntpid 
reentry is fonnd clcsintblE'. 
() /)(' l'ftfional fJI'Of·r>dltre.v near o,·bit in.~r· rfiolt 

One of tht• lli<JSI nitil'al points in tl1e ~ [ pn·nry orhitallni-.-.intt is at 
orbital insprtion whPn tlw ~ f <'l'C 'IIl',\' t':t ps ul(• is !-.l' JHll':tll'cl front tiH· 
.\. tla s J:IIIIIC'h n•hi<· le. . \. t this point, it i~ IIC'l'('S:-i\1'_\' (O d<'lt'I'IIIIIH' 
1\'hetht>l' the 111iss ion shou ld he alloweclto c·ontinnr. ot· 1111 abort ..,lwuld 
he exl'C'IIINl so I hat the c·ap!-=tllP \\'illlancl tH'<ll' ;t prP,·iou:--ly t•-..tnhli:-.ltPd 
t'8C'O\'<'l',\' area .. \ 11 :tc·c·<'pl:tlliP orbit is c·on!'idc•rpcJ to lw OIH' "ltil'lt 
\\'ill ins ure tl1t> c·npahility of a sa t'!' I'Cc'0\'('1',\' :11 tlu· c•nd o f tiH· fin .. t 
orbit: thnt is. tlw li fE'tinH' mu;-;t h<• ~uflit-iPnt -,o tlntt tltr n•tt·nrot·kPI'­
enn hP firC'd \\'it hi n ran,rt- of a r·o nllnand :--tal ion nrat· tiH• t'IHl oft hl' fir..,t 
orbit 1n order to land in tlw plannPcl l't•c·o\'PI',\' :trPa. In adcli 1 ion . !lw 
heat in~ tonditions ntu:-. t fall \\'ithin al·c·t•ptnhlt> lintits in thc• l't•p,-ion of 
pHip,-N•. and thl' rPPnt I',\' loacls lllltS I lw \\'it !tin ~i\'(•lt toi('J':tllt'('s. J t 
has hN•n as:'tllll<'d t hnt if t lw c·otHiit ion:-- c•xist in!! at orbit in-.c•rt ion arr 
such that the c·ap-.niP c·on1pletes one ancl on <•-h;tlf orbit :--, :1 11 aclc•qn:tt<' 
margin o f sa fety will hnn· hN'lt nftailwcl. Tlwrrfo rl'. any ;u·c·P pt nhle 
c·omhinat ion of insl•rtion c'O IHlitions should ~U:tl'alllt'l' tlte opportunity 
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The 11 onornhlr ( h't'l'l on Hl'ooks. Cit airman of I he C'ontlll it IN' 011 
Stil'IH't' unci .\ st mnaltli<·s, durin~ the se<·oncl srssio11 of tiH' , !ith Con­
~rl'ss . su hr11iltl'd to tlw l'.S. lfousl' of R t'JH'l'Rt•lltati\'!•s Ill<' Fil'sl 
l ntPrir11 H<•por·t 011 P rojt•<"t ~h• t'<'tl r ·y, <lnt('d .Janua ry ~7. l!HHl. .\ 1-
tiiOSI I Y:! y<•a t·s han• JHISHl•d sitH'f.> t l~t• issnann• of !lull r<'pOI'f. T l1is 
I'Oillllliffl'\' l'l' pOI'f cll'SI'I'iht•d i JH• ~oa l s , (Jn' I'<'Sl' lll't•h a11d tJpvpJopiiH'llf 
1ll'0''1'lllll llll<l t•t'\\'11\' t o lll'hi l'\'(' tht> (H'CWI'llll l ~'Oi11 S 1111d fht• fl'aillill<' I""' • ,... ,.... • ,.... 

J >I'O~ra n t fo1· tIll' .\ st t·onnnts. Tit(' pw ·post• of thi s rt>pOI't is to Slllll · 
lllal'iZl' tiH• <'l ll 'l'!'ll l ~talus of thl' ~ft>I'C'lll',\' pmj<•r·t. to us~pss 11<'<'0111· 
pli Rhnwnt~ to dati' an<lH<'CJIIaint tht> CongTro;;s and th<• pnl,li<· \\'ith a 
frr1 fort IH• t l'l' IIH'tl!lons t·onlpll'xit ,. of thP prohll'nt of putt in~ n ll\1111 
i11to l•~al'th ol'hit, snstainin~ his lifr in a Rpac·r l'll ''ironnu•nt and t'<'<'O\'· 
('I' i n ~ h i "' ~~~ f < •l.r. 

l'roj<•<·t ~I C't'('llt·y is <'tll't'('llfly t his :\ation·~ <'ll'ot·t to phil'<' a lltllll in 
s pac·r ut tlw rarlil' '-1 pos--ihll' litH£'. S int·t• it-. itH'<'plion. hoth thl' Xu ­
tiona! .\ l'mnanti<·" nnd Sp:H'I' . \ <ln1ini~trntion ancl tht• lh•pad ll t!'nl 
of ()p f l' ns<• h il\'1' 11111 pp<'< 1 out Ill ore c·on1 p t'l' hE'ns i n• llllllllll'<l spn <'l' 
Ai~ht pt·o~t'llllt". ITo\\'t'\'l't', thl'sE' latE'r J>I'Ojec·ts. n:\111Nl .\ polio ancl 
Dy n11 -Soar, nut~l clt'JH'ncl upon tht> :-u<·c·e"':--ful c1t'\'l'lnptllt'nl qf h11·~l'l' 
spate hoost~?t':o. :--u<·h a" Snt 111'11, T ita11 1 T. . \ tla~ 0. m· pt>rhap:-. n II('\\ ly 
<'OII <'l'i\'NIIar~E' ~o1iclt'<l<'kl• t at'l'ang<.>ment. BN'H II!'l' .\ polio anc1 l>yun ­
Son•· clrp<•nd upn11 11:-. yt•t unflo\\'n . 1arp:E't' hoos(('J'S and an• dl• '-i !.!nNI 
to pi'OjP<'I mot·e thu11 one man into Ent·th orbit, it i~ not 1':\fH'<'I<'d that 
PithPI' of tlll'~C' projc>d ..; will ht• t·n pah1e of phu·iu~ lllliii!H'd pnylon<l" 
in o!'l1it for (i to X yt>at·~. P rojt•d )ft•t't'lll'." is l'XJ>l'<'ll'd io pt·o,·idl' 
111an,r :tii ~\\'C' I'~ fot· I lwsl' fut Ill'<' nwnnPd spa c·e pt'O!.!I'Hin:-i IIIIS\\'f'I'S 
whi<'h nutsl ht• ohtain<'ll t·nn<·Hning mantwc1 s p;H·I.' fli~ht Pll\'it·ollnlrnt. 
nnd n1nn's nhility to Jll'l'fot·n, a u~Pful f unC'I ion iu s pnn• 11~ soon ~~ ~ 
possihlt•. ConsC'q lll'nlly, Pl'oief'l ~ fer<'u ry is ht>ing JH'OS('<·ttlt•d hy 
~ .\ ~.\ . IISSisiNl h~· lh<' DOD, \Yith the llfl1lOS( SPIIS(' of llt'~('IH',\'· 
~l t•n·ut ' \' l'lljo\'~ top nat ionul priot·it\· :Is IIJ>!>I'O\'Pd h,r t l11• Pn·~idPnf 
of tlw l 'nitl'd Stull'~. It c·nt'l'iP~ l>X priol'ity ratin!.!. 

P l'ojPI't ~l <'t'c·ut·y I'PJ>t'P"l'llts t lw \Y ri!.dll Brot h<'t's ph a"" o f "'Jlll<'l' 
flight. l t i:-~ SIII'C' to nppP:II' a..; nuc1!' and dn1'in~-<lo to flltllt'l' !.!l'nl'l'll 
f ions a~ th<' c·lt1111sy \\ood nnd <·loth •·kit-.." of 11\'i;lt io11 ·,.. hy~ont• rm. 
Both t't'(lt'l'"'l'llt ntajot· pha..,p ... in lllan':- tt•c·hnoln~i<·al clt•\'l'loptlll'llt. 
Both hu\'!• C'XJH't 'il'll<'t'd <·ontt·o,·pr..;ial <'J'it ic·i"'n' on thE' IIIII' hand and 
:tdtllit·atinn for thc> <'OIII'il!.!<'. drdi<'alion and ,.j ... ioll of tltP ntt•n \\'Ito 
<;tri\'E' fo l' IH·hirn•niC'Ilt on I hE.' other hand. 

1 

• 

• 
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to COilllttand retrofiring, thus controllin~ the h\1\ding point, at any 
time during at least the first complete orbit. 

The problent is then r·etlu<.·Nl lo ~inding as nccur·ately a!' po:-.sil,ll• 
the od))ta l conditions that will pertnit tilt• c·apstde to c·om pll'le om• and 
oue-hnlf orbit s. \\· hen tlwse C'onditions an• dt•lined t·omplt>lt•ly in tiiP 
ranges of ,·clodty, flight path tut;.rlc, and nltitude, the :tttual orbital 
eondit ions obtnim•d may be t·ontparcd to the cstahlishcd limitinJ,r con­
ditions in ordel' lo decide whether thP mission should be nllowP<l to 
proceed. 

:\ fter a. suc<·essful 01·uil has been a<·hien•d, the pilot \\'ill repor·t to 
the remote stations as he passE's o,·erhcad, tch•ntet ry signa Is will I)(' 
recei\' eCI, and trncki11g data " ·ill he n•co nl(•<l. The remott' !-.itr in­
formation will be SE'nt baek to the Mncury C'Ontrol L'CIItt•r, br war of 
the Goddard Communications C'C'IItt>r . . rrratldng HC'Qllisiti(>n irifor­
mntion is t·alculated at the Goddard ('omputin:.r Cl?nlel' and is :-;e rtl 
ou t to the remote sites. lt will be nn objcet i,·e of the ('OIIt rol c·enter 
to keep the I'CIIIOic s it es as fully infol'lned on lht' C'liiTent sit11ationas 
possible. Thus, in the eYent o f a breakdown in c·omnllnti<·at ion!'i, 1 hey 
may be bettE' I' ahll' to muke decis ions indt>pt>lHl<'ntly if a nit i('a I si t ua ­
tion deYelops. T he various titlll'S of retrofire "'ill be con tinuo11sly 
<·omputed on the busis of new information as it h<>c·omes a nti lahl<>. and 
it is impemt i''(' that remot{' si tes bl' kept up to date on thes{' itt•n1s. 

~\s the time of reentry is approached, the tont r·ol c·enter will he sup­
pliecl \\'ith tntckin:.r data from the ('0ntputers at Uoddanl and I lw prt•:-;­
<>ntarion of impact. prediction will he gin•n in r·<>al tintl'. T ill' main 
function of the cont1·ol c·cntcr nt thi s tinre is to kt>ep tlw 1'1'1'0\'ery 
forces up lo date on impact pr·t>ditt ion. 
Reroouy 

The probability of capsule lanclin:.r loC'alt• \':tries thro11ghout th{' 
ditl'erent pha~es of a tli;.rht and is a tlta jor fa c· tor in E-Stablishing thl' 
rec·o,·ery 1·equirements. The basic philosophy of I'E'<·o,·el·~· in l he ~I er­
c·ury prOJ.rrlllll is to pro,·ide a mpid re<·o\'e ry t·n pahility ( 1 ) in tlw 
nor111nl landing area; (2) ih thosl' areas wl1t>rt> la11ding:-: \\'Ould m·cm· 
in CaSe of l\11 abort durill/! the early phase of flip:ht : and (:n OllC'(' 
e1tch or·bit. " Rnpi<l l't.'l'O\·er.r .. implies that lo(·ation and retl'ic,·al 
,·ehicles are on stat ion in thest' areas du r ing orbital fli:.rht to assu1·e n•­
t'OVei',Y within a SJWcified tinlt' that is in the c)l'(lt>l' of front :1 to fi 
hours .. \ II of the l't'to\·er·,r are;ts resultin!! fro111 this r·eco\'C'I'.\' philo!-.­
ophy are loeuted in the Xorth .\ tlnntit· OcPatl. T he probability of 
containin!!alllandin:.r point!'i within th<>f..P nn•as is \'H)' hiJ,rh. 

The planned l'eco,·ery art>as ar·e !->hown in li;.rure :.W. I n aclclition to 
the nine areas clepictecl, a ];IIIIH'h si te rcco,·ery area e.xh,ts at (';tpe 
Catlll\'eral in the E'\'E'nt an abort o<·t·ur·s durinJ,r the linn! c·ountclown 
m: early in the boost. phase of. f1i:.rht. Tl1e ln1111<'h site rPc·o' er,r for·c·~:-. 
wtll hn\'e the capabtiJty to e tlt•ct n'<'O\'l'r,Y for a ca psule on htntl or 111 

shallow water·. 
Should a.n un:-;atisfadory c·onclit ion develop durin;.r lnunch, a mis­

sion will be aborted so that landin!!s from Slll'h c·orHliticms will h<• ('011 -

tninecl in areasoll<' thr·ouJ,rh Si '\. lftheorbitnl pa1·amPlt'rsat inst•r·tion 
arE' . ntisfa('tory and if tlw t·apsHle sy:.tems a1·e functionin;.r pr·opcl'ly, 
the capsul e will be permittt•d to tont inue in orbital flight. In t•ast> of 
.. no-;.ro·' decision at orbital inser·t ion, the nbo1·t J>I'O<:eclures will be such 
I hnt aJIInndin~rs will be tontainPd in arens fin• or six. 
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to command I 'E'tl·ofil·in~ thus coni rolling tltt' lnnding point, at any 
ti me during at least the first t'OillplelE' orbit. 

The probi E'nt is then reduc·cd to tindin;r as atTIIt'att•l.r as po-..-;ihiP 
the orbttal eouditions that will pNtnit lite c·apsttlt:' to c·ontplt•IC' ont• and 
one-half orbits. \ \"ht>n thc~e <'onditions are dt•lined t·ontpiPt('l,\ in th<• 
ranges of ,·cloeity, fli~ht path :tn;rlc, and all it ude, t lw ;tl'f ual orhit a I 
conditions obtained mar be t·ontpared to tlw Chtablished limit in;r c·on -

• ditions in order to dec1dc whethe1· the tllission sh<HIItl be allowPd to 
proceed . 

• \ fter :L sm·c·E'ssful orbit has hE'en aC'hil'\'Nl, the pilot will rcpot·t to 
the renrote stations as he passes m·er hcud, lclemN ry l'ignals will lw 
receh·ed, und trncking daln will he re<"orded. The n•mot <' ~itt• in­
formation will ue sent ba<"k to the ?\J erC\I l',Y c·ont 1'01 !'Ciltl• l'1 11,\' WH,Y of 
the Goddard Communic-ations Cente r. Trackin~ ac·quisit ion infor­
mation is calculated at the Goclclard ('ontput ing Center nnd is :-.t•nt 
out to the remot <' l';i t es. lt w i 11 IJe a 11 ob jed i ,.P of the t'Oil t ro I <'t' 11 t P r 
to keep the t·enwte sites as fully in formed on the c·u rrent l'>ituat ion ;t~ 
possible. Thus, in the C\'('11 1 o f n hr·enkclown in contnt ttni<"ntions, they 
may be bett er able to ntakC' dE'cisions indcp<•ndently if a (')'itit·ul sil\ta ­
tion de,·elops. The \'arious times of rctrofin• ''ill he ro11tinuously 
C'omputed on the basis of new info1·ntation ns it h<'<'Oilt<'H antilal>IP, and 
it is impemti,·e that remote sitPs bl' kept up to datE> on tlw:-.t> itl'llti' . 

• \ s the tintt' of re<'nt ry is nppro:H·hl•d, I he control c·ente r will h<• Mtp · 
plied with lnH·kin;r da ht ft·om the <'Olll (Htl€'1 '!-> at Oodd:mlnnd tit!' pr<'s­
entation of impact pre<lictio11 will be gi\'ell in rC'nl timt>. T lw mai11 
function of the control c·ente r nt this tintt' is to kt>ep tlw t'l' t'O\'Ct',\' 
forces up to elate on impnc·t predict ion. 
R ero IH' ry 

T he probability of C':\pbule ln11din~ IOi·alt> \'ariPs throughout tht• 
clitl'ere11t phnses of a flight and il' a ninjor· fa c· tor· itt est ablishing tlw 
reem·er,r requirement s. ThP basic philo!-.ophy of I'C!'O\'C' I')' in till' .\ IE> I'· 
l' llt',\' pro~mnt is to pt·o,·ide a rap id re<'O\'et')' capability { I) in till' 
normal landing nt·ea; (~} ih thww nrt>n~ wlrere lan<lin;r~ would m·cur 
in rn.e of an abort durinj! the early phn:.;l' o f fli~hl; and (:~) onc·P 
ea<'h orbit. ''Hnpid l'e<'O\'et'Y .. inrplies I hat lcwat ion and rt'lri('\'al 
\·ehicles are on :;tat ion in these area:, dtu·ing- OJ·hital Hi;rht to assurE> I'P· 
cove ry within a :-;prC'ified titlle that is in lht• onln of frotn :~ to ll 
hours .. \ 11 of thr retO\'E't',\' areas resulting front this r·rco,·rr·y philos­
ophy are lo<"nted in the Xort h .\t lnntiC' OC'l'nn. ThE' prob:1hility of 
('Ontaining alllandin;r points within these areas i:-. \'(•t·y hi;rh. 

The planned t'et'O\'l'l',\' areas are sho\\'n in ligtll't> :.W. 1n addition to 
the nine an•ns dE>pidNl, a ];\111\C'h silt> rec·o,·ery nrea exi,.,t,., at Cape 
CntHt\·er·al in the en'nl an abort O<'tll t':-i during tlw Hmll c·outlldown 
ot· en rly in the boost ph as<• of tl ig-ht. 'The Ia uneh site rE'<'O\ ery folTt's 
\\'ill ha\'e the capabilrty to elfeet t'('(·p,·(•t-y for n <·npsule on land or in 
shn II ow \\'a I et·. 

Shoulcl a.n un:;ntisfador.r condition cJc,·E'Iop d\ll·ing laum·h. a nti~­
sion will hE> aborted so t hat );ttHlings from such conclit ions will he con 
taine>d in areas one through six. lf the orbital pantlltPters nt inseniou 
nre satisfadot·y and i f the <'•'l>~u l e :;ystents are funl'lioning propcdy, 
thE' <'n psule will be pnmitted to <:ont ittiiE' in orbital flight. Tn <·nse of 
"no-;ro" deC'ision at orbital inse rtion, the abon procedures \\'ill h(' such 
tha t nlllandin:.,rs will he contained in ar£>ns fi,·e or six. 
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If' a ''go" dt>cision at insHI ion i:-; mndt', lh<' c·apsult' is t·ontnlittl;'d to 
~he eon~/ ) I C't ion o f nt ]past on(' orbi t hdorl' a landing· in~~ plnttnPcl area 
ts posst l]C'. PlannC'd I'N'O\'(' ry nn•a:-; Sl'\'('lt lh t'OII~h 1\IIH' nll'ord thr 
<·apnhility to nh01t or tHminntP tltP nti ssion otH't' t•ach orbit. Hrtm­
rO<·ket firing points for landing in thC'st' lht·<'P nn•ns a t'l' local<•d np ­
pt·oximatl'l.r :{()() mill;'s o il' tht' wc•st ('oast of thr l ' nitrcl :-italrs .• \ftc r 
passing the ret rofi r ing point s for nn•n six, approximnl<'ly TO ntinuiC's 
of orbi tal flight tinw nre req uit'Nl to rC'a<·h lh<• n•trolirittg point for 
area sen•n .• \ pproxintalt•ly !)O minul<'s o f fl ight I intt' <'ln pst·d in pro­
gt·t>:-;.<;i ttg from retroli rin~ poi nt se,·c•n to l'ight and f' ight to ninP. Thus. 
once tlw "go" decision is mad<' at ittst'rl ion . 1 he cnpsu l<:' is c·ontmiltt•d 
to n t·ompaml in•ly long lligltt I int <' ht>f ort' landing in att nrt'a where• 
short -tcn11 recovery cn pnhility ex ists. 

Bac kup and. redtntdnnl s,rstents ha vt• ht'l'll IH'o,·ided for all l1ns ic 
eapsul e systems such that the probability of 1t nllllfli!H:t ion oc·cutTin:.r 
in orbit is cottsidPred remote and t ht' standa rd op£'t·nt in;.r pt·ocedurr 
" il l he to IHminate tht• mi !'iston by ln ndin;.r in a plantH.'cl Hl'l'a if at all 
possible.•. ITowe,·er, a j>lanned c·out·sc of act ion for elt'eC'I ing the rc­
c·ove>t'Y in 11 low-pi'Ob::t >ility eon! ingt>n t·y area is also requirP<l. In 
add it ion to the t·cco ,·c ry forces in tlte .\tlant ie OC'ran sc,·eral stntHlh.r 
ships and nir<'mft s tationed undct· tltr orbi tal ftip:ht paths will he> 
alerted fot· possible C'Ont in~-ren t.r ret·o ,·t•t·y opernt ions . 

• \ sTtW:\1 .\("t' PwK:R.\;\1 

The st•n•n .\fct·eury pilot :-. partic·ipat Pc t in nutttl'l'olls I mining ac·ti,·i­
t ies du rin~-r tlte pnsl ,Y<'HI'. Th f'_r also helpe>d In <'st ab! ish ntany of thr 
:\ (ercury operating proc·cdun•s and su bsystems clesign detail s. I•:at'h 
is an eng-inE'E'I' and has b('('n assignee! to work inn s1wcialty :tr<'a. l•:aC'h 
mnn is intensE>ly intP t·rstNl in IIH• progntnt and has a sim·e t·e dt•si t·e to 
IH~ chost•n for manned flight. Tlt t> astronaut biographies WE'!'<' prP­
sentecl in I louse He port Xo. 12:2 . 

Fligltl .'< im!llolrn·.~ 

To familinrizl' tlw pilot s witlt the eapsule and the nt ri ous normal 
anclt•ntc r;.rency opernlionaiHSJ>l'<·ls of tlw ,\ l('l'<'llt',Y rt ight, th(' follow­
ing si.ntul:ttnrs and f aC'i l it it•s wer<' antottg I host' ut ilizPcl clu r in:,r tlw past 
vea •·: • 

I. l 'nH·rr/ul'( tmi111 r. :\fc· Dontwll hns pt·m·idNl two pt·o<·t•dur·ps 
t I'll i m·r~ f <w Pro j l'< ·I ,\ ( P n ·ury. T It<' i 11 t r I' i or a r ra n gt' n H' nt of t h e,.;t• 
trnint'I'S is i<lPntienl to that o f tht> t:tpsule. T ht• dis play:-- within thP 
t mint•t· an• opHalerl hy hi~h-speecl <·ompii(Prs. O tll' of I lw t rain<•t·s 
is loc·ntNl a t tht' spatt' task g-mup nncl is used to fnmilinriz<• tit<• astro­
nattt. " ith OIH'I'Ctliott o f the caps11le S_\ St<'lll. Jt i:-. also ll!'-<'d in <·on ­
juntt ion wit It a I'PiltniP 11<'1 work ~tat i'!ll <·on-.o](' to prm·id<' training for 
the <·a psul£' sy:-.tt'lllS and :wt·ontt>diC'al monitor-.. ThP :-<l't·otHl trainPI' is 
IO<·att•d at ('ape Cann\·Pml nnrl is uspd to pro,·icl<• ntis~ion :-inut latiot t 
lt·aining fot' 1 he n:--t r•mauts and t lw flight l'Ollt rolll' l'-,. It al: .. o aid,.; it t 
tltl' c·hPt·kout of tltl' c·onl l>l lt<'l' ein·uih in t lw (;oddarcl ( 'ontput ing ( 'pn­
fl'l' nntltiH' tndc•clot·.r display Pquipntt•nt nt tlw ~fl' ITII I '." t·ottttol t·en ­
t l' t'. F i :,rut·P :!.T show,.; t Ill' i 11 ,.;t n H' tor· s '·on ,.;oIl' for I h P p r<w('( lur<':-. t rn i 11 <'I' 
and t lw ast mnauts' <·ap:-:ult' :-.intu la to t· intlw hn<'k!!roltnd. 
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2 . . /olutst•ilh· r·enlrifti{fP .-Th~ )in,·y c·rntrifu:,rP <II .I olin~' ille, Pa., 
hns al~o hr<'ll a nduahl~ trainin:,r ::-imulafor. The• ~h·n·ury pilots 
ha\'l' lliH lt•J·g·on~ tlli'Pl' training st•ssions at i his fal'ility; tlw last s<•ssinn 
was :t I'P<tlist il' simulnt ion of thr Hc•<hiloll!' prl'lntt l\1'11 aet i' it il';o; and in · 
liight l'Oilf rol procediii'CR. T ht>SP tt>st" :tlso pro\ idPd 1111 opporltlllit,\ 
for some of the range stntiom; arron1edi t'n l mon ito rs to ohst•n·p !liP 
dis p lays of biomeclit:n l ins! rumen! at ion during IHTC'I<· I·at ion. 'l'IH' 
cent.rifuge gondola al'l'angement is shown in figun• :.:!Hand tIll' c·lo.-~t>ll p 
o fnn astronant within the g-ondola isshown in figu1·P :.W. 

:t Zf•ro-q,•a city fliyltfi<.- The pi lots han• had llm'<' opporltlltitit>~ 
to pnrlicipalc in weightless flying l'eRr:trch lH'OJ.!ranls .. . \ i r Fon·t' 
C'- :11, C'- 1 :l:>, und F - lOOF 11 i )'('I'll ft '''l'l'l' used. By flyi ng Zl'l·o-gru ,._ 
ity pnrnbolns, these nircraft achie,·etl lH'riotls of \\'f'i!!hti<'~SIH':o;s o f Ill 
sec·onds, :10 seconds, and 60 se<·onds, respN·I in>ly. .\ st I'OilHIIt Sht>pard 
ex pe1·if'nc·ccl !5 minntes of weightlessness during the .,IH- :3 tl i:.rht. Xo 
adve1-:-;e e lfects were realized. 

4. Al ultia:ri8 .~imulatoi'.-Th(' mull ip:imhaliNl s intulalor at tilt• 
XASA Lewis R es<'arch Center was u~ed for pilot indo<" l rinat ion at 
high values of angular n.C'ee lt•nttion and mtal ion. T his facility wa~ 
operated at :~0 re ,·olu tions per 111inulc about all 1 h l't'<' angul.tr axl's. 
The pilot used n manua l reaction <'<>n l 1'01 systc111 (contprt>s:-wd nit m ­
gen) to stop the rotations. The pilots sll<'c(:'ssfully n1aintaiut>d oriPn­
tut ion at. nnp:nlnr nccelerat ions far in excPss of any which will b(' l'n ­
c·ounterecl in Pro jed ) fcrcn ry. .\ pic·t ure of 1 his fac ility is !'d1own 
in fi~nre :~o. 

;). Er;re . ..,.~ trrdniug.- .\ lthoup:h llw pilot woulclnorlll«tlly ~tny withiu 
the cnpsulc until it had bf'en plct('(•d aboard s hip, then• i!< 11 possibility 
1 hat he mip:ht des ire to elimb out aftl'r n water landing. l·::.rn•ss 
might be dt•,-;i rabl e to facilita te mpid I'<'Scue, in the c,·ent of hi:.rh tem­
pentlut·es within the cap.ult', Ol' if till' nmtilation !'_\'St<'lll \\'CJ'l' 11ot 
functionin:.r properly. To :wtomplish e:.rress I mining under reali st i<' 
sea conditi ons, an c:.rres capsule was taken to P ensaC'oln, !•'Ia. Tht• 
egress <·np.ult• is a boilerplate nHHlel lllallltf'ad tll'ecl by ~l d>onnrll 
.\ irc·mft C'orp. " reip:ltt and hydrodyJt:llllic c·ltarnt teri st ic·.., an' iden­
tical to that of the flight ,·ersion. T he int£>J'ior moc·kup is ident icnl to 
1 he flight ,·ers ion a nil n fl'ords t I! (• same degree of egn•ss rest ri c·( ion. 
T o lea,·c I hroup-h the top of thr c·a psule, t II <:> pilot mu!'t fir:;! n•lense 
his J'E'St mint harness, c·omnnlllicctrions. oxygen host>:-. and bioin:-.tru­
mentntion c·onnretors. 11 <.> I hen miscs partially out of I ht' c·otw h and 
remoYes the :~-foot -diamett'l' bulkhead front tht> to p of the pressurized 
t·omparlmcnt. Xext h£> must push th <' E'lllpty pal'cH'hllt t• c·o11taine r out 
of the cylindric·al neck of the c·npsule and "·ork hintself ou t the top. 
H e then inrlatt•s l1is life1·aft and tirs it to the ta p::ul<' to lllainta in thP 
capsule adjn<'<'nt io tht' life raft and r;tke adn111tng<• of the c·apsulr 
l't>('O\'l' l',\' bea<·ons. .\ photograph of one of the pilot:- l'llll'l'g inu fi'Oill 

the egre:'is trainer <·a psule is shown in figurE' :31. 
For nonHal ltf' lil'nptt'r' rec·o,·t•ry a prcwedu 1·e ha~ btwn dt>\'t•loped 

whc• r·phy a ho,·erilw lwlieO]>t t•r lower...; two lines : one attaches to thr . ,... 

ra \>:-:tll t> and holds i t cret't whilt• the sec·ond line lower~ a ~ling IH'a l' the 
si< e hat<·l1. T he pilot 1 hE'n c·1·a wl:-- tIt rough tlte :-idr hatc·h into t l1e c.,lin~ 
and is lift ed in to thl' lwlic·opt£>1'. This is thr pmecdure th a i '''11'-' n~ed 
a ftrr .\ Jan S hepard's Hed!-'tone tli~.d11. 

l · nder elllel'genC'y c·ondit ions, llllH'h more rnpid t•:.rre:-..-. is pm~ihlt• 
throu:,rh tht- I'Hpsule's ~idr hnt c·h. 
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2 PROJECT MERCURY 

R ar!.·g rmmd 
P t·oject :\fercu ry is now 2% yeat'S old. SincE> its in('<'pt ion, nn IC'x­

tensive wind tunnel nnd Aie-ht test pt·o~t·am hns been <'Ht'l'iNl out, 
ill\·ol"in,g hundreds of wind tunnel nnd ni t·plnnE> clt·op tests nncl 12 
sucC"ess ful mnjot· rocket launchings, including th(' first mann<'d sub­
ot·hitnl flight with .\ st t·onaut .\ Jan n. Shepanl, out of Iii attempts. 
The box RC'Or c is <"ontnined in table I. The :\fet'<'tii'Y produc·tion c·np­
sules hnn• h<'E>n dt>signed, eng-ineerecl nnd It>, I eeL .\ major net work 
of <·ommuni('ntions and I nu:king stntions is nen t·ing compl<>tion ( table 
TI), and I ntininl! exet·cises of both the systems nnd I he nst t·onnuts nt·c 
pt·og-t·essing-. Tnble III contnins the Cttl'l'ent manning ll'\'el requirE>­
ments fot· thE> wol'ldwide tl'ncking and c·ontmunicn t ions m•twork. 

TAIIIA·: 1.- f>rll}cr f ,lft'I'I'III'Y majOr rorl.'rf lrRI.~ 

ll oost ~r vrh tote 
ObJectives 

l'urpoSI' or t~st 

Achlrvcd Not tlchlevcd 

----------------l------1--------------l-------------
Little J ol' r _ _ --···---·- . . X 
LIUioJocll • · ···-··-·----. X I 
Llttle.loCllll ............... X 

Lltth•Jor 1\" • • ----------- •• X 
l.l ttlc JOC' , . • ............... .. 

Lltlle JOI' \ '-A 
Lit til' Joo \ ' IL 
AtiRS llljt Joo ••• 

.. . .. 

. ........ . 
Mercury Atlos 1........... . 

X I 
X 
X 

Mercury Allns II • ...... • X 
)ICr<'llrYAilt\.•111 ..... .. .•. 
;ll crcury H!'dstonl' I ...... X 

;llercur y lt('{lstonc II . • .. X 

Mercury Rcd•tonr Rooster X 
J)(o vel oprnent. 

Mercury llcdstonr Ill ....... X 

' Pnrttolly nchlovcd . 
• 

Cnpsulc clld not sepn­
nllc. 

Atlas dcstroy('{l. .... 

'!'est lnunch vchlrlc. 
'l'<•st oou~ul~ cscnpr ~ystt·m. 
lll~th nltltutlc nhor~ ontl rnp~ulr ~tu· 

blllty. 
Rcpen~ or l.lttlc Jor II . 
Cnpsula nbort te~t urulrr '"'''en• con•ll 

tlons. 
Production cn\lsulc <lnllllfirntlon tr•t. 
Repeat or Llu nJo<- \ ' \ , 
\ ' nlldo tlon or nhlnllon hr:ll 'hi<•hl un<l 

capsule <I ynnmtr 111 <l hill! y clurlnt: 
hyper!Klnlc rrentry. 

Mn~lmum rrentry ht'nt tr;;t. 
---------------- lle)l('at or :1\creury Alltl~ I 

ALlru< dr•troyrd _ • . l'nmnnned orhtl·llllttrmpt. 

.............. ······· 

• Cop~nlc qullllfl!"ulon un•lrr normul 
bolllstfc Ol~h 1 con<llt lon~. 

• _ Tt'st or Cllllsulc lllr sutlport •y~tem with 
chlmpanrre "llum. · 

Flight quallly hoo~tl·r control system 
changes. 

····-··-------------- --- f'lrst mnnn('{l suhorhllol fll~tht witt 
A~tronaut Shetlllrd. 
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l' ilot ru·fil'ifit'8 rlt~t·i"rf flirJhl 
.\lthou~h tltt• <·ap:-.ult• i~ o11ly (i ft-<'t in diantctt•r nttd IO f<•t•t high, it 

t'Oitluim; 11 c·ompi('X arra y of "1111~.\ stl'lll~ and ltlnnual <·outrol~. Tlw 
at t it ttd P C'Oit lrol sy~ll' lll is 1111 <'XHIIIJ>It' of 11 l'np~ttlt• :-.uhsystem 
with ntany modt's of o1wra tion un tilnh le to the pilot. Th(' eontrol sys­
lent <'Ons isls of II 1111\nlllll S\'Stl'lll and 1\n 11\ltOlllllti<' syslellt: hOWl'\'<.'r, 

• • • 
t'ttc·h of tlwsc c·onluins st'\'l'I'Hinwcll's whic·h <·an he used at the dls<'t'P-
1 ion o f tlw pilot. fie c·:ut st•le<·l tlw direc·t mnnunl modl• in wlli<'h, by 
nteans of a ltand-<·ontrol st ic·k. hl' mon.•s a tnN·hnnintl linkng(' whic·h 
is attached to ntl,•es in the hydrogen pet·oxidt• litH's. ' I'll(• ntl\'l'S t;lll 
then he OIWiled proportionately to the amount of tht·nst lw ciPsires. 
By I It rowing 11 swit c·h lw c·nn a1t~nu:•n t his manunl input with eled t·i­
c•nllr operated nth·es which ar<> eontroiiNl by 11 sepnl'llte set o f :,ryi'O­
S<'OJ)C': . This nclclit ional g-~To input tt•ncl s io stop any n tpsulc• ntotion 
wltic·h exists. H e C'Hn se lec·t n lHtrt>ly nutomnl i<' modt• in whil'h spC'<'i nl 
h01·i;r.on st'ns inl-! photoel' lls sl•ncl s i:,rnnls to s tubilizP n set of attitude 
:,ryros whi <· h in turn send signals to elC'd rit'ally opPratt•d peroxide 
\'ttl\'(•s. Hl• c·an utH·ou pll' the nttitudt• ~yros in tlw autontnti<· system 
~o thnt the renl'lion jNs an• <H'ti,·atl'd by angular rate :,ryi'Os l'lltht• r 
than attitude pos it ion gyros. 'l'lw tapsule tan ht> nlltnually flown on 
1he automatiC' S\'St<•tn hy t•lN·tri c·ally linking tlw hand-<·ontrol stkk to 
the pet·oxide n th-es. l> urin:,r tht• rt'ti'Oiirin~ lll !lllt'll\' t'r, the pilot would 
norntnlly <'hoos(! to augntl'nt thl' automattt ~ysll' ll l by tht' ust> of the 
nt11nual systPlll. J fa nth·e in the automat i<' syst t•nt \\' l'l'l' to f ai l in the 
open posi tion. the pilot would shut oti' t h<tt pnrt it·t llnt· axis of the auto­
ntltt il' systPm nnd manually ('Ollt rol the capsuh• atlittulP about thai 
axis. T he pilot would no J'Illttlly ust' thl' nulotnal i<· nHHh• while in orbil. 
thereby pel'lnitting fullnltt•nti on to gt·otuul and sky ohsPtTations and 
to r'l'portin~ tht' bE:'ha,·ior of thl' ,·nrious c·apsult• sy:-t t•ms. I n all, rhe 
pilot t an st•IN·t any of :W dit l'et'<'lll modes for th£' <'ll psult> <·ont rol 
S\'Stt'lll . 

• 
T he attitudt• contml systl.'nt is only one of the t•npsule -;uhsy:-.lems. 

~\ lso cont roll:\hle hy the pilot inn nmnb('r of ditl'<>n•nt modes at't' th£' 
ele<' t ri<'nl. t.·ommunicat ions. li ft> support ret rolil'in:,r, landing, nn<l t·c­
eon• r ing systems. l n addition to these, he <'lilt lltnnually aC'Iuall' t h£' 
normal automatic sequentia l operations su<' lt ns est·apl' ro<·ket firin~. 
('npsule separation. and tow£'t' separation. By pt·o,·i cl inl-! the pilot 
with c·ontplet<' ('ontrol O\' CI' tlw cnpsul<' operation. a high dl'~t·t•e of 
safety has bt•en hu i l t int o t he )f t> J't'tll',\' tOlH'C'pt. 

D ur ing- Sh£'pnrcl's fli:,rht in ~[H-:t t ht' rnnlttta l <'tll tl rol :-.y:-.tent wn:-. 
used <lurin:,r all the c·rit il'nl llllllH'U\'(' I'S nftt'l' t·apsul<' st•pnr·at ion. T he• 
rrt rotire maru~ll\'t'J' was m·t.·om plishe<l by lt sin l-! tlw n1111111nl <·otlt rol sys­
tem unci obs(•n·in:,r I he nl! t' nne! atti t ude in<lit·atot'!-. Slwpanl t'l'­
p<>t'tl'd that tlw rol'kt•l tht·u:-.t misalilll'IIH'nt \\'liS ... mall and t'iltbt•d t·l'la ­
ti,·ely low tc)l'(ptt•s on the• t'H INtlt>. II £' fl'lt that tit(' a<·tiJ;tl Hll!!ttlat· 
HtTeh•t·nt ion imp;u·tt•d to th<' t·ap ... ult• pro\·idt>d 111111 io11 c·ut•-. "lu..Jr rnadt> 
a 11 it llllt• < ·u 11 t m I e as i E' r· t It a 11 i 11 1 It P fix t•d l111 :-.(' "'i 11 1 ulnl o rs. 
Sltt•panl'~ fli:,rh1 pro<'l't'ded \'t'r.\ nttl<'lt a-. pl:tiiiH'<l. li t• dtd . ho\\ -

l'\'l' l'. not il't' :1 11tild ,·ibral ion d11rin!! lalltll'h a ... the ntpsult• JII'O!!I'l'""'t'd 
thr·OII!.dt thl' rnut--onit· spt>ed l'llii:,!P and t·ontillllt'd untiltl11• nraxilltllllt 
dntanlit· pn•-.:-.ut·e l't':,rion lt;td het•nt•llt'OIIIltt'l'l'd. Il l' f1•lt that . altl1otwh 
ltts ,·ision was somPwhat hlut'l'l'd duritt!! litis Jtl 'l'<'ond \'tl.rati~n 
lwt·iod, lw l'oultl ha,·e intpro\Pd hi:-. ,·ision hy rai ... inu !tis ltt•ad front tht• 

... 
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<·ouc·h. T ht'se ,·ihrnt ions WE'rt' t·ausNI h\' :H•t·otlrnamit· turhuh•m·t• • • 
downs! l'l'llllt from t Itt• t·n psule-to-aclnptet· damp r in:,r. Stth:-;t•quc>nt 
flicrht s will itt<·ot·pot'll lt' sprt·in l <·huup r in:r fa irin:r:-. "hi<'h :-;lwu ld 1'(' ­

dt~·e tht' turhul<'tl<'t' and r<'su ltnnt ,·ibmtion,.: . 
P hrsiolcwirn llv S ht•pnrd's lwd ot·matH'E' \\' H=' 'pn· ~imil:ll' to that 

ohs<•r\·Nl d~rin:,r' his tra in in~ Sl's~iolls on t hl' t't'nt t·i fu~t>. II is lll':\1'1 
rnt<>, as mmtitort'd on EKU tmc·t•s, did not <'X<'l't'<i 1:~;1 and hi.., resp im­
tivn 1':\ll' \\:IS not'tttal. Zt•ro-gra,·it,r t':lll~l'd 110 diflkult,r: in fa <·t , till' 
:>-minutt• dumt ion of wt'ight les:-n<>ss \\' liS h:trdly not it· t•ahlt• ht•c·:lltSl' hi~ 
att<>ntion \\'liSO<'<'IIpiPd with t•n psu lt' tOII II'OI du ti ('s and \· i~u:d oh:-1'1'\'ll · 
tions t hrou:rh 1 he pl' t·i ~WO J ><' and windows. 

Hl'~ nlt s of the )JH :~ fli:rht ind it·nt<> thai tlw pilot twrfornH•d as <'X­
pN·tNinnd that tlw pilot shou ld inc·n•n:-;<> tltl' pmbahility of :-.tl<'<'f':-.S for 
the 01·bit a I miss ion. 

The progmm mntmgt'nt('nt st ruc·t ure for P roj ec·t )fercury is sho" 11 

in fil!lll'l' :~:2. T ht• Spn<·t• Task Group ( fig.:):~ ), at L:tnl!lt•y Fi l'ld , Ya ., 
h:ts the r<'sponsihility foro,·t•mll project direct ion. 

Spnc-l' Task Ot·o11p is under th<> dit·ec·tion o f \[r. Holwrt H. Gilruth 1 

nnd h is two assoc·int<'s. ~fr. Chal'l('s .J. Donlan and ~lr. \\'n ltt'r ( '. 
\Yilliams. 

'W ithin t hl' X.\S.\ o r~nni;wt ion. proj~<·t support is prO\·ich•d by tltt• 
Langl<'~· . . \ nll's, Lt•wis. nncl Fl i~ht Hes~:ll'(·h Cl'nlt't-.... T h€' ~ l ar~hall 
Spa<'e Flight ( \'n iH o f X.\S.\ has thP t'l'spon!-.ihility for pro' iding 
and laun<'hing Hrdl-ltOill' launch nhirles. 

Th<' ~[t't 't· ur.'' tn p:-.ult'!-. ot· s pa<'<'<'l':t ft are produr('d to X.\S.\ spcci ­
li<-ations hy th<' ~l <· l >on n('ll .\ in ·mft Corp. and :u.;..,o<·iaH•d :-.lllwontt·a<·­
tot·s. I n nclclition to IH'oduc·in~ the cap.·ulN:, \lcl)onn('ll .\ ircmft 
('orp. pro,·iclrs pH:-:onnt'l sen ·ict's for preparation and launth o f the 
. p:H·e<· t·a ft. nss<winted !!I'Oilnd support equipm<'nl , t't'~l'an·h and dt•,·t•l ­
opm~n t Ita l'<lwnre, fl ight simulators. and ot ht>r t ntining eq~tiptm•nt. 

)fnjor suheont rn t lot·s to ~!<-Donnell art> as follows: 
)[ inneapolis-TToneyw<'ll: .\ utomal ic stahi liz.at ion and <·out rol sys-

ll'm . 
. \ iRt'st•nrth: l•:n,·ironntent al tont rol svstem. 
H'-'11 .\ in·t·a ft ( 'oql.: J[y<lrogen-pl'rox'idet·ont t·ol :-.ystt'nt. 
F ood ~ r ll(.' hi n l'l',\' ( 'o rp. : Back l1 p h Ytii'OI!t' l1 - pc I'OX i d (' ('() 11 t I'() I j l't s. 
Engl('-P iclll'r Co.: Hat tc rics. · 
Collins Hnclio: ( 'ontnlltnien t ions system. 
( 'inei nnat i Tt•st ing Lahor·ntoril's : .\ blat ioll heat shie ld . 
Brush Bt•rrll ittnl: Bt•n·llinm heat shield. 

• • 
HndiophotH' l >i,·ision of Xorthrop: Ln tHi ing:-y~l<'llt. 
U ran cl C1•n t 1'1\ I H1wkt•t ('o. : E s<·n pe rotket. 
T it iokol ( 'ht•nt in1 l ( 'oq l. : H<'t ro and posigracle rot'ket". 
P erkin -1-:lml'r ('o.: Pt•ri~cop<>. 
Hal'lles I n-.t t·ttmt•nt ( 'o. : I foriz.on s<·unnH . 

, Tht' .. \t l;t-: la utwl.• n•hi<"ll':- fo~· Proje<"t \fertut·y arl' pi'Odllt'l'cl hy 
( on,·a tr .\ .. lronautw.; and as:-:m· tatt>cl <·on tmctor:' llt l<lt•t· thl' nlnll a"<'­
ment of I he .\ i r Fcm·e Bull ist ic· ~l i:-.:-;i les 1 >i d:-ion n nd it-. n<;sc~·i ­
nt<>d manu~ement <'Oil ll'l\ttor, .\ t- t·o. pntt> ('ol'p. Lnun<·h of thl' .\ tin~ 
,.l'hi<·h• is th<> re-.pon ... ihi lity or r~ .\F-H\1 D. 
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The Atl;u; lnmwh \'t•hic·lt>s ditl'er from s tandard mis.c.;ile lautu·hing 
models in 1\r('I\S or #!Uidnnc·c•, insll'lii1H'I1t:ltion, stntC' tlll'lll atta('iunent 
of the C'II JHmlc>, and in tilt' prm· i~ion of automati t' in-flight failt1n' sl.'ns­
ina equipntc>llt for es<:nJ>l' ~ystrmnttuat ion . 

~titt le ,f ex• In IIIH'h n• h idt•s and rclC'kt•t s were p rotluced hy t hr X()!'( h 
.\meric·un .\ ,·iat io11 ('o. and Thiokol ('hem i<:n l ('o. to sprci ficn.t ions 
fonnulate<l by the :\ .\ S .\ La11~lc>y Hcsean·h ('entl>r. L!n~n.<'h of 
Little ,foc \'l'hit·ll•s and lwac·h abor t tests are tiH.' t'l'Spl>nSthlltty of 
the " 'nllops l sla11d Stat ion or X .\ S.\ . 

T he ~.\ S.\ Lnngh•y Ht•st'H I'<'h <'<>nter is responsihl<> forth<' plun­
nillg and i111ple111l'nlat ion of t lu.• P roject )[e,·c·ul)' ~round t m<·king 
and <:ommlllll<'llt ions lll'l \\'ode T he ~IIT L inc·oln Labomtories h!\\'l' 
pro\'idc•d !t•c:hni<·al assistnlltC in the 1wt work plannin#r and the " 'est ­
ern E ll'('( rit ('o. h11s bc•c•n :.ri''CII prime <'Oil! md respo11sihility for 
dl'Si#rll and C'Oil!'il I'll<'( ion or th(' net work system. )fnjor sllhtontrnC'!Ors 
to " 'l:'s!t·l·n l ~ l t>d riC" <ll'l' listl'd on pngt•s ;) J and:>~. 

I n addition to plnnninJ.! and muking c·ontmc-tual arrnll~l'~llt'nls for 
the net work c·onst 1'11('1 ion, t h(;' I ,nnglt>y HesPa iTh ('enter hu!'i ll t 'l"llll~ed 
with tht• l>t•parlnH•nt of Dcf('nse I'I:'J)I't'SCIIta(i\'es for use oi' I'Xi sting 
runge fntilit it•s HIHI has part i<·ipntecl in ari'HIIgelll(;'llts with fon·i~11 
WWt:'l'lllllelll s to t•stahlish ~l en·11 ry stations a11d lcasi11g forl:'il!n C'OIII­

nnmic·at io11s fn<'ilit ies. 
T he J>c>pa rt IIH'III of I h• f<•nst> prO\· ides a ,·e ry brond nut~t' of su p­

port to Proj<>c·t ~ l1•rc·llr.r. .\ lt·l:'ady ment ionl'<l is t hl' pa t·t plny(;'d 
hy tlw .\ ir For<·t• Balli"'tic· ~ l issil<•s J>i,·isir,n in s11pp lyin:r and lalln<'h­
ing .\tlas n•hi<·ll'S. Tlw .\ ir Forc·c• ah·o IH'O\·idPs .\ ir H<'S<'IIl' S£>rvir<• 
ail'<'l'll rt for <·apslll<' H'II ITh and I'C('0\'1.'1'_\' opnations, map-making 
Hel'\'i<·Ps of tht> .\ erollnuti<'al ('hart fnfonnation ('t>nter, loan ait·c·rn ft 
for nt>t work ~tnt ion dtPc·koll t. and HSII'OIIHIIt normal flight and zerO-/! 
tntining', .\~fH lamwh ftH'i lities. c·on trol c·ent<'l' fa<'iliti ('-.. 11wdi<·nl 
su pport at ('apP ('nna,·<•rnl and r(;'mote sta t ions, and II"<' of t>xisting 
net wod\ fac·ilit it's and lll<lltpower at snt>ral of tlw ~ft>t'C'Itt'.V net work 
stations. T lw .\t•t·ospiiC·t• ~h·dieal C't>ntl:'l' of tlH' .\ ir ~'o t T(' has also 
gi\'('11 nssi~ltiiH't' in H~t 1·onaut traininJ.! and Ita" sup plic•d animl\l l<'st 
packag<'s for liS<' d11ring tlw ~ l l't'l'l ll',\' flight test prog't':\111. 

The .\ rmy has lonn{'cl t rnC'king P<ptipment to X.\ S.\ , has nuHie the 
\\'hitE:' Sands P ro,·ing (1 I'OIIIId faf'llit 1es antilal>ll' fo1· net work use, 
will J>I'O,·idt• a s11hstant ial share of l>OD mt•dic·al :o.u pport to Projl"<'! 
,\h•n·ury, has supplil'd c·onllllllltit'at ions l:'(jllip111t'llt, and has supplH•d, 
aJllphihious \'(•hwh•s for 11st• i11 possi ble ln111H'h sill' n•t·o ,·c·J·y OJWrn­
tions. T ilt• .\ rnl\' Hrdstom•lntuwh \'l'lliele willla•u,.,l'cl for tlllllntnnNI 
anclmallllt•d hal l i~t it· flights. 

T he• :\n,·y has bl't'll g'in•n t'l'spon~ibility for tht• ~fcr·t•un· ~pac<>c raft 
1'('('()\' E'I',Y OJ>I:'I':It ioll..;, Tht• xa,·y 1'('('0\'(' I'.Y C'Otn lll:llldt>l' will han• e l<'­
ment s or thr .\ t lanl i<· F lt•<•r and .\ ir He,.,elle Set·,·in• at hi s t'Oil llllan<l 
for efJ'eC't ing mpid I'N.'O\'t•ry of t.hc <'Hp~ult•. l>t•st royers. L:-\ l fs. mis­
('ellaneolls ~en· wt' ,·es~c·ls, ~l at'llH' ht>ltcoptrt·~. patrol a in·1·a ft 1111cl 
cal'lv wnr11i11g ai 1·c·ra ft will all h£> 111 iliz<>cl for :::t•a rdt and t·t•co,·et'\ 
opci·at ions. · 

T he Xa,·y i-.. also J H·o,·idin~ a:--:-i~tan<'e in the <·on~trurtion of thl' 
Cnnton I land IIE"twOt·k !>lnt ion. has loaned command transmitter 
equipment to X .\ S.\ . and ha~ gi,·en a number of 1 nH'kincr radnr to 
XA~.\. b 

...... ____________________ __ 
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The N;l\·nl .\ ir Ma tet·ial CentE.'r, Xand .\ir Dl',·elopnll'nt Center, 
X;l\·al Pnmt:hute Vnt ility, and .Xa,·al )[Nlical Fnit s, all IHt\'l' ~iYen 
substnnt in l sup\>o•·t to K.\ ~.-\. 

Pncifi<- ~l issie Hnng-e, nndet· t · .~. Xn''Y lllltlln~(·ntent , is aidin~ in 
tho OJWrntion of the ('nnton Island, lln wnii, nnclthc soutlwrn ('nl i­
fornin I racking stat ions. 

Support hy units of the Department of DE>fense has, in general, 
been fon nnlizecl t hmu~h a series of n~reeJttt•nt s IK't ween .X .\ S .\ and 
1 hE' part it ula11· military ·en· ir E.' <·mH·erned .. \ s n •·ule. these agreement s 
<·a ll for reimbur·se1uent l>y X.\S.\ for any support or st>n·ic·(•s rendered 
O\'et· nnd nbo\'e nor·nud military opemtions. 

Ovcmll c·oordination of Dcpnrtment of l >ef't•nst' support fo r P rojN·I 
.H er·c•tJJ'Y opemt ions is ntTan~ed betwl:'en ~fnj. <tt•n. L<·•~ht on I. Dn ,·is, 
U~.\· 1~' , Department of Defe11se rept·esentnti\'t• for· P rojt>c·t ;\len·u r·y 
opcrnt ions, nnd Mr. "\\'al ter C. "\\' illiams, .\ ssocintt• DireC" tor of Projec·t 
Mercury. 

Jn nc1<li t ion1 scores of working-le vel c·on1 n1it tt>l'S nne! <·oonl innt i••:.r 
~roups lutve ocen orw111ized, to elfe<'l day-hy-dny <·oon linat ion hl:'­
i ween NAR\ , t he milita ry sen ·ices, nnd indust ry . 

PROJECT 1HER<.'l' I!Y Ft· X r>l ~0 

! nit in I fund in~ for Proje<" t Mei'(' II I'.Y was pt·o,·idt>d in fisc·al )"f'HI' 

l!)il!l, when $-l-H,-!JH,:l:ia was obli~nted for )ler·t•tJJ',Y r·t•sc.•ut ·l.'h and de­
,·elopment, and $:l.+:l.3,000 fo r· cons I l'll t' l ion n nd equ i pnwlll. 

I n fis<·al year l!HiO, the oblil!alion for re:-.1:'111'<' 11 and dt•\'l•loprnent 
totaled ~+,:~~ ,:no, and fo r· constt·m·t ion 11nd Pquipmenl :;;:i .-l ,i!l.i,OOO. 
'fhp fi ·tal )'('ar l !HiO fi;.rures ind ude supplemental funding of $1~.­
:.WO,OOO fm· r·esea1-ch and de,·elopmt'nt, and ~!i, oo,ooo for· c·onst 1·uc·-
tiot! and t:ctuipment. , . . . . 

l• .. ll t·ly 111 hst·al year HHiO, ( on#!ress was adnst.'d 1 hat :\ .\~ .\ 11 1-

tenclt•d tot mm;fer $l.i million from I he resenr·<·h and dt•,·elopnwnt a/}­
proprint ion to <·onstnrction and equipmenr for t·onsti'U(' t ion of I ll' 
~(en~u •·y netw01·k. The fiscn l ye;u· 1!)()(1 fig11n•s refl t>tt this fund 
I ransfer . 

F or fis<"al yea r l!Hil. the <'II J'l'E.'nt alloeat ion of funds is :;>tn!l,;):l.i.OOO 
for rcscnr<·h an<l den•lopment and $In million for <·onst•·ud ion and 
cq 11 i pmen t. 

• 

• 



PROJECT ~1ERCURY 79 

Totnl l'rojPcl J\l el·c·ui',Y l'11ndinl! ohlig:a ti ons for fiscal .Hat· l!l.i!l and 
1060, and <'ll l'l't'lll allcwat ion for fisc·al yent· l!HH, is. t hrrrl'ot'l', ns 
follows: 
H~twnrrh nnd dl'\'!•lupuwnt : 

FiHc·nl year J!l:iO __________________ _________________________ ~Ill , 4111, :{:i;{ 

~·t,.c·nl Yl'Hr !!)()()___________________________________________ IW. :l:!>-, a;o 
i''iHt' ll I Yl'H r 1 !XiL------------------- _ -------- ------------- 110, ():t I . ()()() 

'J'otn '--- --- ----- -------------------------------------
('unHI nwllun nnd l'!tultllllt'rtl : 

~"i~c·n l ·'·etl r 11).''iSl _____ _____ ----------____ - ------____________ _ 
J~"i~<·tl l ~ren •. 1 f)(~() _______________________ ----------__ --------_ 

]i"INt·n 1 .Y<'Il r 1 !)01 --- ------------- --- - ---- ------ - -------------

'£ ot n I ______ --- ----- ____ ---- - - ---- ______ __ ---- ----___ -----

'l'otnl lhrou~h n~c·ul year l!)!il_ ___________________________ _ 

l't'o iH•><Pcl "HP:<t•Ht'l'h u ncl clt•\' l'lttpuu•nt ", fi Hc·a l Y<'lll' I !IH:!__ _ ____ _ 
i 'ropo:<l•d "( 'OII >(l t'IH'I Inn of fudllliPH", 11~-«·ul YPIII' 1!l(;;t__ --------

2 10. 7!l:i. j(J:{ 

:! ' <j :!:i I ()( )() 

~:;. 7!1:;, ()()() 
1 :; • ()()('). ()( )() 

:;:!, :!:!(). 000 

:m I, Ol:i, 70:1 
i ·1, :.!4 ;-,, OOCI 

IIHII(' 

Oruml tolnl lht'<III,CCh lll!cnl ycnr HJ(i:! _______________________ :{(IH, 200, 70:i 

Co:"'< 'LVsto~s 

P rojeet ~frn·11ry is a lt'C:'IIlC:'lHiously <·omplrx IIIHic•rtakinl!. It in -
,·oh·es c·otH'II I'l'Pnt l'll'ort s in l't'Sl'an·h. den•lopment, Plll!illt'C:'rinl!. ntnnll ­
fnrtllrinl!. lt>:-.1, and tmininl!. It is a tram <•ll'ort on a national :-.t·all'. 
,lirec·ted by tiH• Xat ionnl .\<•mnant ic·s nncl :-\pac·E:> .\clm ini:-.t rat ion, and 
!-II J>J>Ol't Nl h_r tIll' l><'l llll'l nll'ltl or J>r•rt'I1S(', incliiSII',\' . and l'l'"'l'lll'l'h 
i nst i 111 t ions. 

P mjC:'<'t ~I C:' t'C'II I'." is om• of t h<' most c·omprehen:-.i ,·e n's<'ll lTh and 
clen•lopnll'nt pr<>l!l'llllls l'\'f.'J' 11ndE:>rtakt-n in this t'OIII1try with n •-.pt•<·l 
to maniH.'<I flil!ht. .\ major p•·ohh•n1 i. the IWte-.sily to attt-mpt to 
"lll:\11 rnll··· llw Ht•cbi01H' and .\tlas ro<'k<'t \'C:'hid(':-. wltic·h Wl'l'l' 1101 

desii!IH'd for nu111nC:'d rrlial,ilit,r. T lw rC:'Ii:thility of t lws<' two '<•hi ­
<· le:; is th<.> ul1imatt• I<C:'Y to t he :-.llc·c·r:--." of ~1 1'1'<'111'\' , The ti1-:-.1 nl:llllll'd 

• • 
Hed:;tone. a major ~l c•n·llt'Y tnilt"stnne. \\':\:-. sw·<·C:'s.,.fllll .r :ll'hit>wcl .\l ay 
.-,, 1!Hll. 

P mjt•<·t ~h·n·llt',Y is :t<'l tlltlly I wo n•:-.t•:ll 'C'h and d<.>\'t'loplll<'lll prOI!I'HIIts 
join<'cl IOI!(')Itl'l'II,Y tiH• c·apsttlP- tlw ballistic· flil!ht [>1'01!1'1\llt util i~illl! 
H£•dslont-. 'llld 1 hl• orhital pi'OI!I':Il ll 111 ili~ill l! .\ tlas. 'J' hC:' s nhorhitnl 
HIHI orhita l phnst•s of ~1 <' 1'('11 1'\' t"al'h ha\'C:' ditl'ert"nt c·ontplC:'.x prohlt•nls 
ro soh·t~ and l':l<'h I'OIIt rihnll• c;qually to :u·hi('\' inl! the 1111 i1natt• l!cml of 
man m•d -orbit nl IIi~~~ t. 

l'rojt•<·t ~ l c•r<·ur·y is prOI!I'l'Ssi nl! satis fa<·torily. Sonte slipp:ti!P has 
oc·c·u iTt'll. hut it is not out of lint> wltE•n c·onsidet·inl! the c·omplP.xity of 
t ho dpn•lopnwnl ami past history of othl'r larl!<' r<'S<'IltTlt and clt> ­
n•lopntt'llt J >I'OI!I'lllll~. 

P mj('c·t ~fPI'c·ut·.r will makt• a ntluahiP pionN~1·inl! C'onl r ibu t ion to 
followon 111 1\IIIW<I -s pac•e fiil!hl [>1'01-!'l ':llllS, SU<'h :IS tht" ~ .\ :--\. \ .\polio 
nn<l t lw DO I> I >yna-Soa I' projN·t s. 
T>Ol > - ~.\~ .\ C'CX)I'(lination in till' pt·ost.>e·ution of P)'()jt"c· t ~let·c·ur,r 

i:-. out:-.tanditll! in l'\'H,\' I'E'"[>E'I't. Both <>l'l!llllizations :ll't' d(•di<'all•d to 
t lw :-.UI'<'('S...; of t his I'Oilllll',\'\ only c·utTent nmn-in-~p:H'E' pl<>l!l':tlll. 



80 PROJECT MERCURY 

The cost o f sutcessfully completing Projl•ct .\Jercu t·y could exc·ecd 
one-half billion dollnt-s <lependent upon the success of nweting the 
flight -test tnrJ._rt'l gonls ns pt·esently sc·hednll'cl. .\ gain , r.onsidct·at ion 
must be gi,·en to f hC' fad 1 hal P rojC'c·l :\ft't·c·ut·y is, in fac·t , I wo pllr­
nllel resean·h and den'loplltent programs joinec1 by the spn ro Cltpsttl<' 
de,·elopmenl. Boostl't'l't' linuility will he. tht•l<t•y fo increased program 
c·ost s. 
Som~ t r il iC's o f Proje('( .Men·ury beli('\'(' that it is being O\'et·htkt'n by 

ndnln<·mg ll'<'hnology: howe,·er, it appPnt'l-l that the stale of lltt- 1111 

pro\'ides no c•alt'gori<'al indiC'alion that sll(·h is the <·ase. The .\ ir 
Force, K.\ S.\ , :lnd the Xn,·y are learning towth€'t' in th€' X - 15 tH 'O­
g rnm as we pt·ogt·ess in our n_ppt·oach to mannNI-spnce flight. l'he 
Disco,·e1·e1' t)t·ogmnt is JH'O\·idtng n1lunbl t' data fo t· futu1·e Sp<H'e en­
de!t\'01'. D()l) and X .\S.\ pat·ti<'ipat ion in lllltlll't'ous missil e and 
spare progt·allts i nd ka tes no tech nologicnl 11cl nuH·enw n ts that would 
negate the \'alu£' of Pt·ojcC'I Merc·u t·y .. \l though de{'is ionH for the 
configut·ntioll of tht' c·a psule nnd the booslet 'H w('t'P tuade se ,~>ral yent'l-l 
ago, technology has not ndntnced to thc ('XIcnt of O\'Ct'tnking th<• hasi<' 
Mercm·y cotl<'.ept whic:h is to achie,·e nn <'nl'l.v <·apability fot· orbiting 

• mnn Ill space>. 
Pr·oject ~fet'<'Ut'y is now 21f2 yenrs old. Sittc'£' its inecpt ion, 1111 !'X­

tensi,·e wind tunnel and fl ight-test pt·ogt'lllll has heen c.at..-ied out , in ­
,·olving hunc.lt'Cds of wind tunnel nnd airplane di'Op tes t"', and 1.1 
majot· rocket lnutwh in~rs; thE.' )fet·cut·y produ<'l ion cnJ>sules wen~ de­
signed, engine!'t·ed, unci tested- 12 wet'e delin't·ed by t te end of .\pril 
19{)1; n majot· net w01·k of <'<>lllllllllti('nt ions and I t·acking stat ions w11s 
completed; :tnd tl'ltining ('Xercises of both tho systems and the aslro­
tlltttts at·e progress ing. .\ ma jot· flight -lest />t·ogt·nm has begun, in­
,·oh·ing m;wnNl nnd unmnnned-bnllist it· llig tts, leading to mHnned­
or·bitn I flight. 

Pt·oject ~fHcury <:ontinues to mo,·e forwa rd in an ntmo~phcm of 
<·onfidence apparent to al l t·oncerned. ~(ontle is high, hours ar·e long, 
the <ts t ronauts nre busy and fit. The tenm is dt'<li <·ated to a ~ ingle 
goul- the achie,•ement of successful manned-OJ·bital flight. 
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TA RI. F. 11 .- Cround instrumentation pian for Projefl ,\I rrrury 

l!aolotr I Acquisition 

1 'T'~Irme- Commu- Com-
~lUllOtl nanw CO\'N':ll!l'. 10:1..'\.'('S lry re- nirotion !llllllll I ~ (' c.•ption (l'ti~Ult•) t-ontrol FA SA I ~~ \' oll'l' 

• 

I -1--
C,.:um,,~ral 1. 2 anol 3 ( ;o- ) X X X X X <Xl X 

• ----~-

I lnmtl llah:una . . 1. 2 anti 3 <X> X X . X X 
llnuul Tur~ 1. 2nn;l3 X X ----- X X 

l l<•rmouln 1.2nnd ;l ... X X X X X X .. ~- - ---
X 

\ lhluth' <hop 1. 2 :mel 3 X X X ... ...... 
Or;uul C':onar~ lslurHI I anti 2 . X X X X 
J.\ I\11U, r\ l~t~l'ill • I :111d 2 • X :X X .... ... .......... 
Zamlh•H • I nutl 2 X X X ----- .. 
loullnu Oo·o•un ~hill • . I, 2 1111<1 :1 • X X X 

\I ut'IIO'n . .\ LL,tmlia . .. I, 2 utili 3 . X X X X X 
\\non~t•m • . \ tL•Imha • I :Inti 2 • X X X X X 

( ';uunn l\l:liUltl l tlllll2 •.• X X X 

"""''' bkuul. 11:1\\ uo! 2oml 3 " X X X X X X 

Pnntl \ r~rm·llu. C:1llf 2 anti ~ :-- :-- X X X X X - ----
Uu:\~ uus. \lf'\i(:O I. 2arul :1 :-- X X X X --...... X 

\\ hit•• ~ant h. " . \h~, I. 'l 31111 3 :-- X X 
('urJOU< ('lm,ll. Tt•\ 1.2an•l3 X X X X X 

F!!hll. F1.1 •• 1,2nnd3 I I :-- .. I X ----- ------ X 

1 ;,"l<lllr•l ~ I>Lt'<' Flll!hl Ct•ntt·r ' • • ... - ....... .... -- -.-

\II'Q 31. : Grounol wnonounit· IIIOib 

:lilt• funouoru. F \ full~ nuuun;LIII' ; ~ \ ,;•miiiUIOmutio·: ~I mnnunl. ,:~11 sml!fto >Ukh'.ur•l. 

Orountl o'OmmunicattotL~ 

I TTY "0 "" rt•ho 
Timing 

-
1-. X X 

'"d 
-··- .. ::ll 

X A~l R 0 
X A ~lR c.. 
X X t'l 
X X X (') 

X X X 
,..., 

X X X 
t;<' 

X X X .... 
X X X t"1 
X X X ::ll 
X X (') 

X X c: 
X ... X ::a 
X X ... . ... • 
X X 
X X 
X ... X 
X X 

.. . • . ---- ---
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~ i\SA-DO () lll(rt'Prnrnts: 
Air Pro\' iup; Clrouucl C'!'nt<•r :'11.\ ." .\ ;~ pat·<• task ~roup 
Air Fort<' :'II il'lsil.- '1\•;;t ('t•ul<·r lA i\1 H.)-~ A. 'A ;;puc~' t:a;;k JtfOII IJ 

Chid or ~and o,wratiUIIN :\ "· ' .\ spuc·c· tHJ.;k group 
:-iA A-Fon•iJ<II gl)v(•runwut H!(rt't'llll'lllh -------

• 

-
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AonEE:IlENT Ih~Tw~:"N 'l' II E Aut PnonNo GnoL' NJ\ CENTEH ,\ND TIIF. 

:N .\ S.\-S1'.'n~ T AsK Gltot' l' 

CO!\'CEH ~I :\' ll 1'111 :\' < ' II'LES oon: H !\'I :-; 0 Ht: Dill l ' Its~: :\lt:~T Ot' COSTS 

(1) J>urpo.vt•.- .\ ])()])-~ .\S.\ a~n·em<>nl, si~ned Xon•mbt>J' 1:2, 
1959, by Dl'puty SP<'J'l'lnry of DefE.'11se (intes 1111(1 X.\ S .\ .\.dministt·n ­
tor Glenn an, u11cler thE.' pro,· ision of sect ion :lO:i( h) (H) of the Kat ion a I 
. \ et·onautics and Spn<'<' .\ ct of 1!)!}, Sl't forth th t.> g<>nl'ral principles 
~overning the reimhut·spment of costs im·tu·t·rd hy DOD OJ' K .\S.\ 
Jn providing for use by the other of its st>n·ic<·, l'ftuipment, pt>rsonnel, 
and fnci lities and in t t 'llltsfel'l'in~ equip111l'llt nnd supplies. 1 he DOD­
NASA documl'nl is the authority and. bn~ ic rC'ference under which 
this agreement is estab lished. 

(2) Agreement.-lt is aweed that the .\ it· Provin~ (iround Cent<>r 
( EAFB) will bill the K.\S.\-~pncl' T usk (iroup for cost of support 
peculin t· to Projed Met·cm·y which is i11 nddit io11 to common t·nngc 
support. Common nt11ge suppot·t is dt>fint'd, fo1· the puq>oSl'S of thi. 
ag-reement, to inc·lude hut is not limited to: .\P(;(' sen·ices as 11 te. t 
rnnge for satellitl's, spa('e probes, missi lc•s, clt·om•s, and •·elated ('qnip­
ment, and support in;.r tests and t minintr oqraniznt ions. g,·aluat ion 
of test results detl' t·mincd by data acqui~t t ion and t·ccluctioll. 

(A) Cormuon J'Unge .~;uppol'f-nonreim/)llr8nb/e.-Common ntll~(' 
support is thnl llormnlly provided as pnrt· of the I'Hn~e sen·ic·!', c·om­
mon tot he majority of runge uset·s . l t "'ill lw pt·o~•·amecl, hucl;,!!'f~·d, 
and funded by A P(l(' on u nonreimlnmmhlc basis. The C'ost of OlH>I'­
ating exist in~ stat ions "'ill, in general , be llonrt'imbursable. 

(1) 'Examples of nonreimbut·suble items: 
(a) ~ahH·ies of mdaroperators at exist in~ stnt ions. 
( b) Ran;.r(' time used durin;.! normally sc·hedulecl periods. 

(B ) Support t>('(·uliar to Project ,lft•N'IIry- reimlnuwaMf' .- Support 
peculiar to ProJect :\ft>n•u t·y is that support whic·h "'ould not ot het·­
wise be r~qu ired to he ·J>I'O\·idecl by the t·an~t' ext"ept for Proje<"t :\fer­
cury requtremellts. 

(1) E xamples of reimhursablE>.sup port at't': 
(a.) Totul op<>rnt ing c·o~ts of Ill'"' stnt ions established for Pmj­

ect. :\[et·c·m·v. 
(b ) Tm\·('1, trnnsp01'tation of thin~rs, pt>r diem, and c·omn111 · 

nication costs in<' UI'I'e<l oil behalf of ProjN·t :\ (Pt'<'UJ'Y· 
(r) Dit·ec·t inneasecl c·o t of oper~t tin;.r cxist in;.r stations. 

(C) Dilferenrt'•'I.- ConHiM s ot· inc·onsi~h·Jwies in hillin~. or any 
special cases which arise, will be brou!!ht tot h(• at tent ion of tlw non 
representati,·e whos(' ;:rroup "'ill establish nn nppropriate po~it ion for 
~ .ASA cons ide rat ion. 

(D ) Hudr;et e.'l fim , t r.'( (/J/d finaJI(·ial admilli.o.:tration.-
( 1) Two ('opil's or the fi scal year HHi:l hucl,!!t>t t'stimntes for Projt•<·t 

:\fercury and lisen! yen•· l!HH financial plnn for Project :\ferc· tu·y nnd 
82 
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two copies of f utur t> hudgt>l t>sl imntt>s and finnnrinl p lans will ht> Rtth­
mitled to X.\S.\ at thC' I imC' of not·mal submission to li <>:Hlquarlt>rs 
AR DC. K .\ , .\ rei111hunmhl<' c·osls will be refl!•d<'d 1 ht'n•in. Xot<': 
The initial fi sc·al yt>nt· l!HlO and J!)(H est imaiE.'s frotll all mng<'s wet·t• 
suhnlit tt>d to X.\~.\ tht·ough A l( M'l'C ( .U I B ) for t'l' ' ' iC'\\' of formnt 
nncl ton tenl. (Flash est imntc•. ) 

(:2) Sr•l'l'iN' ordt•r nnrl 1Ji11illf18.- ':\. .\S.\ Spn c·t• T ask (I roup will 
issm• an ordt•t· requesting range sl'nic·c.>s and authorizing billings thet'c•­
fon• hnsed on rattgl' esti ttlatt•s. Jn acTor<lant·e with this polic·y, .\PG(' 
will submit monthly billings on S .F . 10 '0 showing adual c·osts hroken 
clown in the same way ns est imalt>s \H•t·e ))J't>pared dirC'C'I l,r to: 

~ .\S.\ - Spac·e Task G.-oup 
Budgt•t and l•'i nance OfHt<' 
Lnng l<•,r F it•ld, \ ·a . 

( :i) l~'f/'et·lii•P date nnd d11mlion of agrennnti.- Thi s ngrt>t>llll'llt ii-o 
t'fl't•('t in' IlltmediatE>ly, hut tht• pt·o,·isions may. hy Ittut ttal agt'l'C'UH'ttl, ht> 
rt>vised at any t intE' basl?d upon t'XpHien<·t• of t Itt' two oq.ranizal ions. 

. \I'Hl l. 11, 1!1(;() . 

Hnt\EI<'l' H. (; ll.lct"rH , 

/Jin •r·lor of l 'rojN·I ,1/ ,.,.,.,"'.'!· 
.Jm: \\' . K t-:LL Y. 

Ot•nt•ml f ·,\'. 1 F . 

. \mn:t-:)n::»T Bnwn::» TilE . \ 111 F oHn·: )[ t:-:-li.E T~:i->T ('t:~ ·tTH (.\)fR ) 
.\:»n Ttn: ~ .\S .\-SI'.\ l ' t-: T .\:-1\ (;uotl' 

( I ) l'urpo.~P .-.\ DOD-~ .\S.\ agn•t•nwnt, sigm•d ~0\'Ptnhe t· 1::!, 
l!l:i!J, by T>t>puty Sect'Ptary of J>c> ft•nsp Gatt•s ancl ;\ .\ S.\ .\ clntinis­
trlltor (il<'Illlllll. uncl<'r lh<' pm,·i:·<ion of s(•c·tion ~O.i(h) (!i) of tlw );a . 
I iona l .\l' I'Oll:l lttic·s and Spat<' .\ <· t of In.-, ', S<'t fo1·t h t lw gem•ral prin­
('iplC's gon>rnin~ t h<' rl' illlbur:-E'IItl'llt of <"n,ts int·ntTPd by DOD ot· 
~ .\S .\ in prO\·idin:.r for UH' by t ht' otht>r of its H'ITic·t•:-. <'C!Ili pnwnt. 
pl't'liOllllC'l, and fa <"i l it i<'" and in t ransfprring Nlu ipnll'IIt and i->Upplie:-. 
T lw DOD-~ .\S .\ cloc·umE>nt i:-1 ht• authorit rand 1111:-.i<· n•fPI'l'IH'<' unc!E>r 
whieh this agr<'r ment is l'"t ahlishl'<l. · 

(::!) . l _q,•r•t' lllt'nl.- lt ii-o ag rc•<•d that tlw .\ ir F ntTl' ~l i:-;siiP T l'st <'t>n ­
t PI' (. D l H) wi II hi II t Itt• ~ .\ S . \ Spa <·t• T ask (; mu/' for c·o:-.1 of sup­
))()t·t pt><'IIlinr to P rojl•ct ,\f t• t·c·ury whidt i,; in ndc it ion to ( 'ommon 
Hangt• Support. C'otnnton Hangc> Support is d(>litt('(l, for purposes of 
this ngr(>t'ntPnt. to inc·ludt• hut is not l!mitt>d to: .\ F~f'l (' ( .D[H) 
l'('l'\'i<'PSils a test rangE> for sa t('llitt>s, sp:t<'(' Jli'Oht':-. ntissih·s. dront>s. ancl 
relutt>d Nptipment. and :-.u \>pm·t ing tt>st, and tmining or:,ran izat ion : 
<•,·:dual ion of te:-.t l't':-.Ult:-. c Pll'l'lllittPd hy clat;l ac·qui,i t ion and rNh)(·­
tion: llli l it i(',.;, sec·lll·ity. and fnt•ling of mi:-;:-;ilt•.., on pad . 

• \ . ( 'Olllllloll nllt[ft ·' IIJI/W rl 110111' i 111 b ,, .. ~,,h/ f • - ( 'OlllniOII H a 11 g t' 
S uppor t is that norma lly prm·ich•cl as a part of tlw rangt• ..,(•nic·~. l 'Olll · 

tllon to mujority of rangt• ll~c·t·-.. It will hl' pro:,rrnuu•d, huclgE't<'d. and 
f11ncl1'd In· .\l•',fT(' (.\"H ) on H nonreilllhlt t·-;nhlt> h:t..,is. The c·ost:­
of opl' rniing Pxisting slut ions will. in g-etwral, hl' IIOil l'Pilll lntrsnhiE'. 
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( 1) Exampl<'s o f nonr<'imhiiJ'sahle itt>ms : 
(a ) Salnril's of nula1· operators at ('xisting stntions. 
(b ) lh ng<' t i 111<' uS<'cl d m·i ng JlOJ'Illll II y SC' lwcltJl<•d pHiods. 

( B ) , 'up;}()l'f JH' f'll/inl' lo l)roj n ·l Mr' f'f' lll',l/ l 't' im.vb/1/'ttblP.- Sup­
port pec·ulinr to P mjP<"I MH <'lll',V is tlutt suppor-t \\'hic·h \\'Onld not 
ot hl'r\\'i se h<> rNprir<>cl to he• prO\·itlt•d hy tIt<' l'llllgl' c•xt·<>pt for P rojl•<·t 
Me1·cur·.v r·c•quirl'lltl'lll s. 

( l ) Exnnq>l <>s of rt>imhur·snhll' support nr<•: 
(rt ) Total OJ)('I'Htinl! costs of IH'\\' stations t>stahlished for P roj ­

ect )Ierciii'Y . 
• 

( b) Tnwt>l. tmnsportation of things, p<'l' clit>m, and <·ontntll-
nicntion costs in<·tfl'I'Nl 011 behalf of P rojpc·t ) fer'<'lll')' . 

(r) Op<•r·nting<·osts of .\ tlnnti<· (kl'nn nnd I ndian Oc·enn ships. 
P ort fa<·ilit,r <'X JH'nst's for the .\ tlanti<· (kran ship will he non · 
1·eimhursnhl<•. s inc·t• it \\'ill ht> hasecl nt Trinidad wht>rl' .\ F~IT(' 
( AMH) fn<"ili t it's nlrt>nd,v exist ns c·onttHon list' support. P ort 
facility t>xp<>nS<'s for the I ndian O('t'a\lt ship will he rt>imhnr·snhl<> 
since .\Fi\f'J'(' (.\~ I H ) has no a\·ailnhll' l ndi:tn Ocean port 
fal'iiit iPS. 

( (') Diff('l'r'Jit't'.~. Confli<·t s or inc·onsistl'Jt<'it•s in billin~s or Hll,\' 

spt><' inl <'aRt's \\'hi t·h n t·i~ "'ill!)(' hrOII!.!ht to tlw att t>ntion of thl' J)() J) 
J'E'PJ'<'sentnt i\' l' who:.<' group \\'ill e. tahlish an :tppropriatr position f<'J' 
X_\ S. \ c·onsiclt>J'II t ion. 

(D ) R udgf'l t·.~timult'.~ and fintlllf'ial ml mi!li.vlmlion .- ( I ) Two 
t·opies of t IH• fiS(·n l yt>nr· I!Hl:2 bud!.!t'l 4.':-.t imat<'' for P t·ojcC't ) [l.'rc·ury 
:IIHl fi S<'al yt>nr· I!Hil linnrt<' ial plan for ProjN·t )h•n· tfl ',\' ar11l l\\'o <·opit•:-: 
of future lltld§.!l'l <'~I i111ates and finalll'ial plnns will ht> subntiltt><l to 
X.\ S.\ at tho ti nw of nonnnl submission to l lt•:Hiqwuters .\ H D( '. 
X.\ S.\ reimlnll-snhll' <·osts will h(' ref1('C' tNI thl'n' in. Xote: T he initial 
fisc·al yenr J!)(iO and I!H\1 l'Siimntes f rom nil r'llll!!('S were suhmitlt'd to 
X.\ . . \ thr·oul!h .\ F )fT(' ( .DIR ) for n•,·it•w of fonn:tt and c·onl t•nt. 
(Flash estimnlt> ). 

(2) • t'l'l'lt'f' orr/('1' and bi/ling.v.- Y. .\ S.\ Spnt·e Task <Troup "'ill 
i:>Sll(' an ordt'l' r·Nptl'St in§.! ran~e S('r'\' il'l'S nncl aut hor·izinj.! hi llin~rs 
therefor· bn:-.Nl on mngl' t•stimates. 111 ac·t·orcl:lll<'l' with thi s polic·y, 
.\ F ::\ITC (.DIR ) will ~uhlllit monthly hilling~ on S.F. lOHO ~lwwiug 
ad ual C'osts hrokl'n down in 1 he samt> ,,.a r as l':-.1 i111ales \\' t' f'l' preparl'd 

• • drredly to : 
· X.\ S .\ - Spun• T nsk Ctroup 

Budget and Fin:tn C'P Oflic·p 
Langley F it>ld. \ ·a. 

(:~ ) l!'jf(('l iN• r/Nir ond d umtio11 of flf/ I'U ' /111' 11 1.- T ltis agrN•ntl'lll is 
t'tl'edi,·e immedintl'ly, hut thE' pr·odsions lll:t,r, hy llllltual a~rPl'llt<'nl, 
ht> l'l'\·ist>d at ""·" t inw ha. Nlupon <'XpHit•rwP oft Itt' t\\'O or·g •llt iznt ions. 

HoBJ.H'I' R. n rr.R l " rll. 

/ Jil'fr·lor of l'm)Pd .llt /'(' 111,11. 

Dnx.\Ln '\\ ' . Y .\TEl-. 
• Jfn iol' Oem•ral. [ ',\ ' .1 F . 

• 
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Anm:E:~'\n:l'i'I' H}:TWEJ·::-: 'I' In: ( •,,, n· OF X.,".\ 1. 0 t•t;n.\Ttn:-: s ·' ~ u 'I'll t. 

":\. \S. \ S 1'.\('t: T .\SK (;.nell' ,. 

ubject: Pl'i nciplt•s gon•rn in:,r reimbu t·sentent of c·o~ts itll'lll'l't'd in 
c·ottjllllc· t ion "it It l'l'<'O\'l'l'.\' opt• rat ions. 

Hl'fl'l'<'ll<'l': (a) S t't'liou ~O:!(b) (H) . )\arional .\t•t·onau t ic·:. and Span• 
. \ !'I of Hl;> . 

(h) .\"l'l'('lllt'nl bt•(\\'('(!11 the l )epa ri iiH'Ilf or ()pft' llSl' :IIHI 
~ationnl . \ eronautic·s and Span• .\ dmini~tt·ation. 
dated S r ptl'mhet· 14, I !):i!J. 

1. lffu·~·gro1111rl. Heft' l'l'l l<'t' (a) authori:r.l's l ht• )\at ional . \ l'ro­
nautic·s and Spn c·l' .\ dntinil't mt ion to liSt'. \\' illt tl11•i r c·on:-t• nt. I lw 
servic•t•s, l'<jltipntt•nt, pet·sonnt>l, and fa <·i lit ies o f otlll'r Ft•dt•t·:d H;.!'l' lll'il's 
wit It Ol' wtlhout n.•i nthtll st•ntent nnd t'N]lli n•s st~t· h H;.!'l'll<'it•:-; to c·oop­
era te fully \\'itlt >1 .\S.\ in sul'lt l't';.!':tl'd. Hl'fl'n' n<'l' (b) . st•ls forth 
the general princ·iplt•s ;.!'0\'t' l'ttin;r t he n•i ntburst•ntenl of c·o~ls ittc'tll'l'l'd 
hy 1>01) ot· ~ .\S.\ in )>1'0\' iding for list' by I IH• ot ltc•r of its st•t·,·it·t•s, 
eq uipmt•nt, pt•l·sotlltt'l , nnd fn c·i liti es and In t rans fl'l'ring t•qu iptttt•n t 
and snppli ('s. 

:t. J>u''fHJ.~f' .-1 t is t ht• ptii'IH>se o f tit is agre<'ntcnt to 
a. Outline tlw t>lt•nu•n ts of t·ost int ident to :\ 11\'." parfH·t pntiott 

in rP<'o\·ery op(•t·nt ions. out s idr the scopt> of tlw mutual it,. of in tt• n·~ t 

'
H·o~isi c~n or reft•t't' ll<' l' (b) . nnd t hl't·cfort' subjl•c·t to n•i ntblll ':o-t'IIH'Ilf 
>v ~ .\ S.\ . 
• 

b. Outl im• liH• ;.!'t'IH'rnl prcwedurc~ fot· stwh n•illlbt ll~l'llll'lll. 
, .. Prm·idc H sou11d basis for hud;!elai'Y plnnn i11g nncl to instll'l' 

that tlw aclditionnl <'<>:.Is in\'(>ln •d :II'{' adequately fumll'd. 
:t /Jrfinition.~. 
n. HN'0\'1'1',\' opct·al io11s inc·lude. but :11·e 1101 m•c·t•~sal'il,\ lituitt•d 

to, posi t ioning- o f sh ips, (' I'll ft. and ;ti t·<·rafl o r \'arious t,\ Jll'" nt pn·­
deh• t·millt•d l>n:-.es or 111'1.'11" in rela1 ion lo tlw pan it·ttla t· nti .... sion. :o-l'nn·h 
and pic·kup o f 1 he payload, n11d clel in• r,r to ;tn a!!rt•t>d l<w:tt toll: I rni11 
i11:,r o f J>l' t'sontwl unci dt>vt>lopment o f I'N'O\ 'H." l l't·hnique-... 

l1. l>irec·t support i1wludes, but is not nt>n•s.sa rily lilltitt•d to. :-.h ip 
<lays und ot· nin'l'nft hout·~ <ll' \'Cle<l lo di red part il·ipatioll in n'<'O\ t•ry 
opemt ion:-. or in opernt ion:-> whosP sole objf't'i in • i,- in ""PJ>ort of P mj ­
e<·l :\ Jl'r<:lll '\' f'lldl'll \' () I ~. 

4 . l1 a.~i.~ /or I'(' i mlllll'.'<f' '"'' 11 t "nd n II o "'" IJ I(' f·o.~ l.o,r . 
11. Ship days and ain·t·nft hou rs , ut ilizNl in din•l'l :-.uppot·t o f l'roj 

eel J\ IPI'<'II I'.Y ope rut io11s (a nd t hereforc subjrd to n•itniHII'sl'llll'n t ) 
ean 11\ost lo;rien lly lw dt•t<•t·ll litwd by lhl' flept t·ontllt:IIHlt•r (or his 
<les ignnt ecl rl'J)I'l'S€'n tat in•(s)) o f the opem ting fo n·l'(s) in\uln•tl. 
] n t·omput in;r I IH• ship days and ain·1·:d't holl r:-i s llhjt•c· t to tl w fort• 
J!Oing n•illlhtll's<•nH•nt, it is rP<'O;.!'IIiZI'(I 1 hat a port ion of I lit• day:-; 
stl'HIIll'd OJ' :1 porti on of th!' total hou1·s Hown. int·i<ll•nl to dirl't'l sup­
port of P rojN·t :\lt•n·u t·y 111:1,\'. in !'otlll' insl:lll<'!'s, Ill' proJWrl,\ :tllo­
l':thle to lllli()lll' >I n\',\' c ti'ort stl<:h as t raining and otlll'r ac·ti\'it .\ c·ull ­
tl'ibutory to fit' (' ( n•adine:-s. S 11th p<)l'tion is f 11n<led in r<'j.!ll lal' Xa ".' 
JH'O/!I'HIIl:-. and is not ~uhjt•d to rt>illlhllt ':-t'nH•nt hr )\ .\~ .\ and tiH• cit• . . . 
ICI'Illlltal ton I hcrt>of sha II he ntadt•. as ahon•. hv 1 hi;' fl t•l•t I'Oilllll:llll lt'l' 
or hi s de~ignnt l'd repre:-.t•nl:tt i \'t' ( :-.). · 

b. Ba~ed upon pt·l:'\'ajl in:,r B ureau of Sh ip~ and Burt>au o f \\' t>apons 
t'Ost factors. tlw followinj.! element:-; -hall lw induclt>d in arl'i,·in~ 111 
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the cosl of a ~hip day and nirl'l'aft hour, by type ,·e. sel and aircraft, 
which are sul>jec·t to reimbursement by X .\:-iA: 

(I) :hips: 
(a) :\onsl'ht•dult•d repairs, based on c·11 rrent experience, by 

type, tnlcu latt•d 01111 :->h ip-day basis. 
(b) S11pplies and equipagt• (~:onsuuwhl c:-> and spare parts), 

basetl on t·u r1't•nt <·onsurnption h_r shi p typt', c·nku latecl on a ship­
day basis. 

{f') Fut•l, bnst•d on n,·erage l>ltl'l't'b tonsun1etl per hour undN·­
way X:t..J.X <'111'1'1'111 Xa''Y stot'k fund pric·c per barrel. 

(d) ('o. ts of ovt•rhaub are exduded. 
(2) .\ irc1·aft- 11\'e1·agt• houl'!y cost , by type. to im·lude: 

(a) Fuel. 
(b) Lubeoil. 
(c) C'onsun1ablc supplies and spare parts. 
(d) P ror11tt'd tost of nidn1n1e rewo1·k and t•ngine overhaul. 

r•. Spec·inl equipuu~ nt, int'luding cost of installation and renlo\'111 , 
as uppli<'able, purC'hnst•d by the Xav,r for di1·el'l support of ProjN·t 
~fen.: ury. Titlt• to suc·h l'<tuipmenl will IJp held hy X.\ S.\ . 

rl. Col:lt on im;tallnt ion and remo,·al of )I .\ S.\ furnished equipment. 
e. Tnn·el, pH dil'nl. tt•lephone costs, photography. and otht'l' nddi­

tional out of potket t'XIH'Itses. 
f. Spetial c·osts inl'idental to airnaft dt•ploymt•nt for ~ f<'l't·u•·.r 

support. 
:). Hudrtcl t'·~filllaft•N a11d fimnl(·ial tulmini.o<ll'fllion.- n. H.~tima/t·.~.­

Fiseul year l!HiO and fist·nl year l!Hil budget t'stin~~tlt•s of tht> t·ost of 
l:lllpport. of Projet·t M('l't' III ',Y and futlll'l' budget t':o,l inllltl'~ \\'ill bt> sub­
mit ted to~ .\ S.\ as rcquin•<l. X.\:-i .\ span• ta sk group will issul', to 
cath eognizant Nn\',Y bun•an, rei111bunmhlt• <To\'t• rnnwnt orders bm;t'd 
on the abo,·e E>stimntl's. I t is recogni~ed that t lu~se <•st imates llt'l' 

not limitations .. \ t·<·ordingly, both t'Htimntt•s and orde rs arl' Hnhjed 
to amendment bn~wd on <:hanging opl'l'HI ional l't>CJilirt>n u?nts. 

b. Billingx.- (1) ( 'hn 1·~es for a<:tual shi p cla~·:-; an<lail'<Taft hou 1·s, 
subject to reimhur:-E'IIIt'Jit. plus other col'>ls. l->llhjt>d tn reinlbnr:-t'llH'Ill. 
financed f rom funds a\·ai lable to ftt'et net j,·it iE's \\'ill be hilled quH I'It•rly 
hy Bu, Yt',)S and Bu:-ihips 011 S.F. IUHO, sho\\'ing att ual costs. hl'<'kt'n 
dO\\'ll in t It' l->llllle \\':1,\' liS t'SI imatE'S :ll'l' IH't'J>III'NJ. 

( :2) Cha1·gt's for <'<>sf:.; in<'IIITl'<l hy a lil'ld a !'I i ,·ity of t ht' Shor(' l•:s­
tablishment \\'ill ht• hillt•d hy the field a<'l i,·it ,. t'OIIl't' rned on a fundt•d 

• • 
hnsi::~. S.F. JOHO \\'ill he p1·epn1·cd as outlint'd ahO\·e hut will h<' 
suh111ittecl 111ont hly . 

• 
(:3) Billiugs 011 S.F. IOHO will I)(• sulmrit tNI to: X.\ S .\ -Sp<H't' Task 

Uroup Budget nud l<' innnl'e Oltkt', Langlt•y F iPI<I, \'irginia. 

Dated ~l nrc·h :Hl. lfl(lO. 

Hon~:HT H. 0 u .Rl" rJ 1. 
I Ji ru·lru of J> ro j N ·I .II,.,.,., ry . 

.r.\)1 t::- s. Hl :-!'ELL • 

• f dmiml. { ·.s .. Yo1·y. 
l· ir·t· ( 'flit•/ of\" '"''"() pt r(l/ion.'l. 
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CTran .. ln l l nn ) 

H7 

r.~ '\0, 1!1 Hlf: 
T :t:! H X I X 
~JI:I II I"h 

~lt:\ll-THY oF Fwn: u : ~ .\ 1··v \IHS , 

J/ ml rid. .II" ,., It I R. I !Jfif J. 

IT i. Ex<"I.'II<'IH'\' " '. P.\111\ . \11:11 :-'I'HO:\t:, 
( 'lut t'f/f: d'. I fl'o ;· rl'·'~ ad i nl1·1'i 111 of l it(' I · 11 i INI ...... ," ft .• of . I II If ri ,., . .II , f rid. 

E.xn:t.J.E:\< 'Y: I h:l\'l' t hl' honor to a<'knowl<'d~l' tiH• l't'<'<'ipt of your 
not<' :\o. 10!17, clut<>d ~l an·h II, thP Spanish tmns lntio11 of whil'h 
1'1.'11< Is 1ts fo II ows : 

" I~~Xt ' EI .t. I ·: :'\CY: I han• tht• honor to l'l'ft•r to n•r·pnf di sc·u-.sions hP­
twl.'t'll our t\\'0 ( ;O\'l'I'IIIIH'll ts r·on<·Prning tht• proposal that Ill,\' (im· 
l'l'llntt'llt h<' aut hol'izt•<l to <'Stahl ish and <>IWI'nf C' joi11t ly wit It t l~t• C: m·­
CI'II Illellt oi: Spnin . for !-Wit•nt ilk 11011-lltilit a r,r pttt·posl's. a fat·ility for 
SII<H'P n•hiell' tl'll('king and c·ont mun ic·ati olls 011 (irand ('nnury lslnnd. 
Sud1n fa c·i lity is l'l'qllir<'d ~~~· tltP l 'nit Pcl ~t atl.'s ns part of 11 \\Orld­
wid<' tra<"killg 1·angl' hl'ing l'stllhli:-lwcl in r·oniH'<' I ion with it-. IIIHIIIH'd 

sntelli t<' prognu11. kii0\\'11 as P rojC'd ~IHntry. 1111dH whic· h t IH' \ 'n itl'd 
StatC's plans to plnC'l' 11 ntlllliH'cl <';trth sat<' ll itt• into orhitnl fl ig ht 11 11{[ 
to I'N'O\'t'r it . 

·'Till' (:o\'l'rllllll' llt of ~pain. dt•siring to ('OOJWI'Iltl' with t ht• \ ' nitl'<l 
~ta tc>s in this S<' it•ntifk prog1·nn1. and thl.' n•hy to c·ontrih11h• to th<' 
kn<n~· INI;!I? of 111:\11.'~ spatial t>u\· i ront~ll.'lll and it s pt'OJll'l't_i<' "'· Ita '-'. :~li ­
t hor1zed I he l'!-i l nhl1sllllll'nt of a tmt·ktng and <'Oillnllllllt':tl 1on"' fa <· ll l t~· 
on tht• lslancl of (il·;uul Canal'\'. .\ <'<'OI·cli iH!h·. t lw t w'> Gon't'll lll<' nl " • • 

:t;!I'N' on t hl' following ~<'IH:'I'HI priiH'ipl('..; and pro<·('(lllrc•s: 
'·1. Tlw (:on' l'ntlH' nt of ~pn in sha ll f11rni l'h land an•as and r ights­

of -way for liS!' hy tlw ~nt ional .\t>ronaut i<·s nn<l Spa<·(' .\ dmini!-.1 mt ion 
( hPreinaflt'l' l'l'fl'l'l'l'd to as X.\ ~ .\ ) IH'NlPd for tlw C'slnhlishuwnt nncl 
opC' I'at ion of the• fac·ility to he loc·atPcl ar t lw south!'nt !'ncl of tlw (-.land 
o f Om11d Cauary. T hc• s p<'<·ifi<· s it(' of the fa<·ility and cl'1nntit,r of 
laud shall h<' HS agt'P!'d npon by tlw nuthori zl'd t'l'PI'l'S<'lllatl\'<'" of our 
two (;o,·Prll llll'n ls. Tht' l'nit ~?d ~tatC's Go\'(' l'ntn<?nt !-- lull I lw l'<'jll'<'­
:;entC'd hy X .\~ .\ . Tlw Oo,'Hlltneut of Spain shall IX' n•prPS<'IIINl 
h y t lw 1 11 st i t 11 t o ).' a<' i o 11 a I d P T P<' 11 i <'a . \ c> ro n :'u 1 t i <'a , lw rc i 11 a f t l' I' I'<' f <' t'l'l'{ I 

• 
toHs l !\ '1'.\ . 

''2. T lw C: on•1·nnH•nt of the l~nited Stat c.'S. for it s purl. shnll r·on­
strul'l, nt its l'XJ>l'llSl\ thl' sta t ion thut is thE' ohjN·t of tlti ... a_!.!n'Pilll' l\1. 
.\ 11 <·ost of installing, l'fJIIipping a11d <>(>Hating til{' f:l<'ility shall al •a> 
lw hornl' In· t hP (;o,·<' r llnu•nt of the l~nitecl S tat('s. indudill!! t lw <'O"t 

• 
of ('OnslnH·tin.!! tht• nN·C':-snry hi!!hway. and :t<'<'c>ss I'O:Ilk T IH• fort' -
;:roing ac·t i\'i t ic•s shall lx• c·:IITiNl out in nccorclatll'l' with appl il'ahl<' 
Spanish laws and thl' pt·o,· i~ions of .\ rti<'le!) l't'latin~ to tlw OWIH'r:-ltip 
of )>I'OJ>l'l't y. 

" :t T ht> fa<·ilit r ~ha ll ('Onsist of in tallations fo1· an S - Hand mdar . 
• 

tt>lemt>! .. _,., a !!rouncl-to-nir tl'llll!->tnitter. and a ,!!round re<:ei,·er: sub-
ject to n~r('(' l llt-nt by both ~owrnment . in tallat ionc: nN·t>:-.,.nJ·,,· for 
point -to-point c·ommunin tlion. to tht> extent that t'OIIlll llll li<-a tions 
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requirt.>nH>11t s <'lllltlOI h<• utt•t by lm·al telephotH' nn<ltele~raph faci lit il·~; 
and nl'l'E'S~nt·y support in~ h11ildin:r1' nud sll'll<'l ur<'!'i for oRiel's, storn:re, 
ho11sin~. sanltat ion, and othH put·posc•s <ll'<•nwd neces~ary. Huildin~s 
will ;.r<•twmlly hp of a standard pr<>fnhri<·ntt•d t_ypl'. trallspot·tnhh• in 
s('ct ions. 

"·L P ow(lt' for t ltc• l'n<"i lity sllltll ht• ~<•m• t·ntt'<l nl I ht• site by l'(Jttip­
ment to be installt>d us a pn rt oft hr fa c·i lity. 

"fi. rpon tlw l'N11ll'Sl of thE' l~tti l!'d Stall'S :tnd Sllhject lo :-ipain'~ 
obligations u11dl't' int<•mntiou:ti<·Otl\'l'lllions. tht' Oo\'t'l'llmeut of Spain 
shn llauthorizc• tht' usl' of mdio freqm•m·ipo.; l'N'(Uired for tht' plll' J>O~<'~ 
of thP fn <·ility . Ilowl'\'er·. the hij!h ft'l'(Jlll't u·_,. th;wncl r·E'rptirl.'d for· 
~round-to-air c·onllltllni<·ation with tht• spn<'l' nhiciE' shall lx.• dt'­
termined hy thE' <Ton•t·untt'nt of thl' l'n itt•d :-itnfl•s .. \ 11 mdio Ofll'l':t ­

tions shall lx.• c·ortclnc·tt•d so as uot to t•aust• intt'rft>n•tt<'!' with Spanish 
ins! allat ions. 

''(i. Hy a~l'l't'llll'll t of the two Go,·e r·nntt'nts, n l" nitecl Stall'S c·ou ­
t mcto r luts bl'l'll l'l\;.!II;.!Nl to coustt'll('t t lw ftwility. T he contractor 
shnll employ, to tht' n111ximum extent fpn sihiP, availnhle local s ubC"on­
trnctors and labor to pHfonn the requir('(( work. ~ [ aterials and sup­
lies n,·nilahle lot nlly i-'hnll he llst'd as ntuth as possihlt'. T he (lo\'· 
€'1'1lment of Spnin shnll , upon request of tIll' tont nH:tot·. assist hint 
in thE' IO<:al prot'lll'l'llll'nt of ~oods. nlat ('rinls, supplies. :tnd scl'\'i<'l'S 
recptit·ecl for thE' t·onst rll<'tiou of tht' f;H'ility. 

'·T. The spe>einl eh•tt ronic e(Juipment nncl n•latNl <'<JIIipment re­
qu ired forth{' fnl'ility ~h nll ht' r nitNI StntP~· t,Yp<' ('{ptipment and :-hall 
he i11stalled hy tTniH•d State~ te<·hnitinns. 

•·!( T he ( ;()\'e rnn1ent of :-ipain shall. upon I'<'<( Ill's!, take t ht> lt<'c·t•s­
snry steps to fn<·ilitnte the 11dmission into Spain of m:tt<'rial, C'(Jllip­
tnt'rtt,. upplit>s, ~oodsor other items of propl'l'ty furnished hy tht' Oov­
Hnment of the l ' nited States for thP purpos<>s of tlw faci lity. Span­
ish authorit ic>s :;ha II he in fornwd in aclnllll'<' t hrou~h I ~T.\ of I he 
c·ontents of suc·h :;hip111rnts. Xo tax, duty OJ' thnr~e shall be h•,·i<'d 
or asse~o.;pc(, eithe r· h.r t h£> <fo,·enllll<'llt of Spain ot· by any otlwr 
Spanish nut l10rit ic•s, on materia I, equipment. ~u pplil's. ~oods or prop­
<' t'ty lll'Cm:,rht into ot· pt'<)('\ll'ed in Spain. for 11:-.e in the opnation of the 
f:tcilir\' on the Is land of Grand Cnnnr\'. 

• • '·n. T itle to all lllnterials . equipmt>nt or otlwr itE-m::. of litO\ nhl<' 
proper·ty ust•cl in c·onneetion \\'ith thE' fu t·i lity sha ll remain \'t'st<•cl in 
the no,·ernmt>nt of the l'nitecl StatE's. Titll• to nil othet· propet·t~· shall 
<·ontintll.' to he \'estNI in the Go\'er·nniPnt of Spain or other :-ipnnish 
owners. )[n !('ria l, rqu i pment and pi'OIH' I't y oft h<' Uo,·ernment of t Itt' 
rnitE>cl StatE's at tht' fa ci lity IIlii\' be n'IIIO\'('d ·t'rre of taxes ()I' clutil• ... 

• • 
h\' theUcn·er·nml'nt of the t "ni tNI Statesnt anr timt'. 

• • 
"Ill. T ht' fa<·ilit_r ~hall hl' opcr:lf<•<l hy ~ .\S.\ . t'itltE>r dirl'<:t I,\' or hy 

t·ontrn<"t with n t "nitt>d Statt-.... fin11. To tlw maximum exrent fl'a:-.ihle. 
qualified Spani:-.h Jlt'l':-onnt>l :-.h:tll ht• utiliz<'cl in c·onnec·tion with lh<' 
operation anclntaintt'nanet' of the f:H·ility, in addition to l'nite<l State-. 
ted111ieians ancl ~IH'<·iali~ts a~=-i~rted hy ~ .\S.\ or the c·ontntt• t in~ firm. 
X.\ S.\ and IXT.\ sha ll toop<'l'llt(' ('losrly to rnsurt' full IH't·ess hy 
1\"T.\ to the fat·ility in order tn 111ake possible 1\ full exehnn~E' o f 
informa t ion t·om·Hnin~ hot h the tethniqlleR rrnployed and thE' uses 
1 o w h i c h t lw fa c i I i t y is hi.' i 11 g- p 11 t. 
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"J l. (n ) T lu• ( ;mt•t'IIIIH'III of Spain slutll ta kl:' tht' nt•c· t·~--a •·y stt•ps 
to fn<·i litnll' ad tn issiml to tht• f..,Jand of <lratul Canan· o f snt·h l 'nitNl 
Statt•s Jll'I'..,OII IH'I a:-. may ht• as-.igiH'd to ,·isit tltt• fat'illty or partic·i pat t• 
in itsOJH'I'lltion. Snc·h JWI'-.<111111'1 :-.hall not l'X<'N'<l that lll'<'l'''':ll'." for thl.' 
co11st l'lll'liml and <•ll't•t·tin• '""~'of th~:> station. Th<•i t· na nws nnd ntht•t· 
n•lat l•cl in format ion shall ht• protnptly t'OIIIIIIIIIIi<·ntt><l to th1• {;o,·t•rn ­
IIIE'Ilt o f Spnin. 

" ( h ) Pt•t·sonal and hou:--t•llOhlt•II'N·ts of t ' nitt•d Stal l's JWI':->OIIIl t'l (in­
t·l ud inl! JH' I'SOiliH'I o f:\ .\ S .\ 's ('Oilll':\('tors and :-.IIIH'OIIII':H'tOI'-.) IIIII,\' bt• 
h t·ou;.!h l into and t'l'IIIO\'NI ft·om Spain ft•t><' o f all taxt•.., and dut it•s: 
stH'h t•lft•t·ts shall not It<' sold or otlwrwist• cl i:-.posPd of in Spain rxn•pt 
tttHit>l' c·o1Hii t ions appt·o,·tod hy t iH• <: on• l·nntt•nt of Spain. 

''(<') Tin• pt'l'Sl'nt·r 011 (:rand Canary of l 'ni tNI Stall'S Jll'I'SOIIIH'l , 
pt' I'SOIInt•l of :\ .\ S .\ '!-i t'Oil l l'llt'IOI'S and s nh('OIIII'nc·tors, in c·on llt'C'Iion 
with tlw <•stahlishnlt'nl or OJWI'alion of tlw fa c·ilit ,· shall not c·nllst it ut r 
c•i t ht•1· I'Psidtonc· t• ot· clomic·il1• and s hall not , of itS<•)f, ln:tl<(' :-~twh s nhjt•c· l 
lO taxation, l'itht' l' 011 itH'OIII(' 01' J)) 'OJ>PI 'I_\'. I (OWI'\'l'l', Stll'll JH' I'SOI II\l'J 
shall not he PXl'lltpt front indin•d t:·IX''=' on g-oO<ls o1· st•l' \' ic·p:-; p111 '1'hm.;t• cl 
h,r t hem i 11 S ~>n in. 

'' 1:2. (n) 'J hl' l ' nitNI Stal<•s antic·ipntC's that thl' f:wi lity wi ll Ill' l'l'· 
ctui r<.'cl fo r usl' 11111 il .July I, I!Hi:t T he Oo,·C'I'lllllC'Itt o f Spain a;.rn•t>s 
that t h<' fac·i lity ma y J,~. opnall'd undE't' t ht• ;.!t'll('l'lll J>l 'itll'ipl<•s a11d 
J)l'oc·edu t·t•s J>I'O\· idNl h<•t·l'i ll until that datl', n11d for s ll<'h additional 
J><' l' ioclns t ht• t \\'() { :on' I'II IIH'lllS lllll \' Hg'l'l'l' 11)>011. 

'' (h) S hould c·hali;.!E'cl c·o11 tlit ions :dtt•r the I'N}IIII't'll ll'lll oft IH' C: m·­
('l'lllll<'llt oft hl' l 'ni tl'd Stllll's for t hl' f;wility pri01· to .Jnl ,r I. I!J():3, 
the (:on• t'tlnll'ltl of thl' l 'ni ted Stat l's~hall han•t h<• r i;.!ht to t<•nll innu• 
irs use o f till' f;u·i l ity b,· g-i,·inl! nint-ty clay...: adnllll'<' 11otic·<• to tlw 
GO\'E't·nnu•nt of Spa in. 

·'(c·) lf, upon l<'l'lllinat inl! it:- \hl' of th<' f;wi lity. thf' l ' nir c•d St at t•s 
Gc)\'l' l'llllH'nt shou ld cl ('sir~:> to d ispo:-.l' of allot· p:11·t of tlw ntall't·ia l:--, 
N111ipmt•nt ot· oth<•t· itl'lll" of property to whic·h it holds tith• 011 tlw 
Island o f Orand ( 'ana l'\', thE' t\\0 C:o\'et·null' lll :-. shall l'll ll' t' in to c·on­
~ultat ion ns s<HJII ns J His.~ih l<' prior tot he elatE' of tHnlinal io11 of u~r in 
c.rd t> t· to tll:tkl' th<' nN't•ssary IIIT:tllg'l'll ll'llts. T ltl' Spani-,h (;m·l•rnnwnt 
~hall hav!' a J>l 't' fl'l 't'n tialril!h t in th e pn1Thn:--e of s twh n1atNinl. t•qu ip 
llH'IIt and otlwr it l'llls of pt·op<'t't ,r. 

"1:3. Supplt•lll('lllary IIITIIng<'nH'nt s ltrtwr<>n ~ .\ S.\ autl 1:\T.\ shall 
h<> n1ad<.' fron1 t inw to t inlC' ns l't•quirecl for t lw ~·a rrvinl! on t o f t hl' 
pnt·post•s a11d prol'is ions oft his .\ gret'llll'llt. · 

" I J. I t is undt•t·stoocl thut to th<' l'XIi.'tll th(' inl pl t•nH•nlation o f t his 
. \ ;.!l't'l' lllt•nt will clepPnd on fnnd s appropriatl'd hy tht> ('oni!I'Ps:-' of t h<• 
{-nitP<I Stall's, it is suiJjl•c·t to tlw a\'ai)ahilitv o f s111'h fn nck 

·•J f tlw fol't•;.ro inl! ;.!t'lll' l':tl prinC'ipl<•:-- and pi·on•dun•s art> nc·c·Pptuhlr 
lo Your J·:xc·l'llt•IH',\'·s ( ;m·crnnl<'nt. I ha \'l' t hl' honor to prop<N' that 
t h.is nott• and Yotlt' Kx<·l'll t•IH')' ·s not<> in rt>p ly tot hat t•ll'rc·t sha ll t·on­
~ttt lll<' Hll .\ ;.!l'l'(' lll('llf ht•(\\'l' ('ll 011 1' I\\'() (~0\'('1'111111'111~ Oil this nl:tlt('l' 
whi<·h :-.hall t•ntl't' into forc·t• on tlw dnll' of \'011 1' not<• in n•pl\'.'' 

On i.n fon uinl! you of th<• ~pa 11i-.h nm·E'i·11nwnt's ac·c·(•ptaiwt· o f the 
fo l'l';.!OIII;.!. 1 n•<ttH'"'t. S it·, th:tt \ 'Oil ac·t·t-pt tht• a~:-. llt'allc'('" of 111\ hirrh 
t'OII:-. idt•m t ion. · · ,... 

( S i;.!nNI) Ft:H:-o; .\ :->l)o (',,.., .• II 1.r '· 
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