
• 



II 
'l ,. 
\", 

. BULLETIN 

OF THE 

/1 
1;!i 

VIRGINIA POLYTECHNIC 

INSTlfUTE. 

,: Engineering Expe~iment Station Series No. 1,56 

(In thrf~e parts: A,:8, C)" 

PROCEEDINGS OF THE CONFERENCE 

ON ARTIFICIAL SATELLITES 

August 12 through August 16, 1963 

Supported by a Gt"ant 
from the 

NATIONAL SCIENCE FOUNDATION 

.and 

Cosponsored by the ' 
LANGLEY RESEARCH CENTER 

of. the 

NATIONAl! AE:RONAUTICS ~D SPACE 
ADMINISTRATION 

. :t 



.. 

() 

TAB1.E OF CONTENTS 

PART C 

!.A~QUET ADDR¥.S S 

An address by Dr. Floyd L. Thompson, Director 

of !~ngley Research Center) NASA 

SPECIAL PRESENTATION 
-- II(!'. 

Pt!)Ject Relay - John D. Kiesling . 

MANNED SATELLITE mOGRAM _.. ~ 

Satellite Data Recov6t'Y and Tracking System 

Gerald M. Truszynski 

A Review of Knowledge Acquired from The First 

Paper Number 

XXI 

XX! I 

XXIII 

Manned Satellite Pr()gram .... Christopher c. Kraft} Jr. XXIV 

The Manned Orbit~l taboratory ... Joseph F. Shea and 

Mi~hael 1. Yarymovych XXV 

, 
1 



BANQUET ADDRESS 

I 



- ( 

.,,'. 

ADDRESS BY 

DR. FLOYD L. THOMPSON 

DIRECTOR OF LANGLEY RESEARCH CENTER 

l'UaION,t\.L J..,ERONAUTICS ).ND SPACE ADMINISTRATION 

LANGLEY FIELD, VIRGINIA 



" 

ADDRESS BY 

DR" FLOYD L.,THOM)?SON 

DIRECTOR OF tANGLEY RES~PH CENTER 
?j'/ ,. 

NATIONAL AERONAUTICS AND SPACE. ADMINISTRATION 

AEROSPACE - A CHALLENGE TO R,ESEARCH AND Ji:OUCATION - . I ____ 

,The staff of Langley Research Center of-NASA is pleaf~ed 'to have been 

able to assist the Vit'giniaPolytechnic Institute itl the develQpment of 

this series of summBr eonferenceson space ac..tivit!es held here at Blacks .. 

burg under the spcnsorship and financial support of the National Science 

Foundation .. 

This year! 5 program has given you a glimpse of the vast amount.of 

scientifi.c data onth~ ~1pace environment that have been accumulated'by 

satellites and probes during the first 5 years of the space program. 

These data and their SUbsequent rta£inem~jt and extension form the basis 

OXI which unmanned attd man~ed space missions and vehicles will be designed 

to cope with thf: space environment. They also prov:tde the informat:ton on 

which ground-based research facili.ties have been planned in order to P]~o ... · 

vide t,:hetools with which to solve the vehicle desisn problems that art::H~. 
" 

out of the hostile aspects of the space. env:i.ronment 0; 

'~hisev~ning., I should. lik'e to discuss in, the light of my own experi-

en(!e at th~ l.angley ReSBarch Center a problem that arises as we acc~lerate 
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technical progress. My experience 'Has originally aS~1(,:)ciated prin(;ipa1.1y 

with research in support, of the d,evelopment of aircl',aft> and now, more 

recently; has been concerned with research in support of. the development 

of spaclqc~aft ... 'The problem that is becoming increafdngly more pressing 

is that of developing·t.hemeans f'oracceleratlng tlf~.;;:,effecti'Te distri­

bution and assimilation of the newly acquired research infonnatiotl.. I 

though that this subje(;!t. would be of special interest to such a group as 

this composed largely of educators o 

In 1926, when 1 joined the Langley Laboratory of t~~ NACA, aircraft 

had been flying since 1903, the NACA was l~ years old, and actual research 

activity at the Langley Laboratory wayS only 7 years old.. The charter of 

~~ «~ . 

NACA provided thatir shall st'Udyrtthe problems of flight "lith a view to 

their pra.ctical solution",H Under-a time schedule eSf:1entially geared to 

the development of military air(~raft of increasing performance which de-

velopment proceeded from generation to generationi.n appl"Oxi"~tely 7 ... year 

cycles ,8. laboratory was built up vil:lich provided the aviation industry with 

the definitiv~;"ans'V1ers required to build their air.craft" Langley became a 

prime national ceu,ter for the 1I1ind. tunnels that provided the detail shapes 

and confi&tJ.rations and the air loads for structural design" 

As World War II approached, the Government recognized. that interna-

tional competition for leadership in aeronautics required an expansion of 

aeronau.tical resea.rch facilities" In 1939 ground was broken for a new lab-

oratory at Moffett Field, CaULfornia, now called the Ames Research Center .. 

In the following year a flight propulsion laboratory' was started ,at Cleveland 

Ohio; and now called the ~e~s Research Center. As each new ~enter was started 

i 
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a nucleus of key people left Langley to staff the new cen:Cers" Langley, 

to()~ was e'xpe:uded to meet the' threat of wa.r whichcrune in DG¢embe.r 1941~ 

During World War II, a peak U1. the LRC staff was ,reached as the u ... 

n1.que facilities there were used around the clock to keep pace 'Withvla:r­

time developments" During this period, although wind"'tunne.1 act:ivities 

dominated the Langley scene, adequate programs of research in aircraft 

structures; flight loads, and aircraft operations and hydrodynamics were 

pursued that ma.intained a broad base of knowledge in the entire field of 

aircraft design~ 

The stream by which the research effort of these laboratories was 

brought into the engineering coromt.mity ~'Vas by means of ,",onveotional tech~ 

nical notes and reports,supplement,ed by an annual inspection of facilities 

by aircraft execut,ives cU1d engineers". After World War II the pace: of r,e';' 

search activities and applica,t1.on had increased so that<i major prOblem 

existed of getting research results to the potential users" Thetimeile-

lays inherent in pr.epar:tng reports for pt!.bJ.icatiot"iG and the assimilaticn 

and organi2atioo of the material by a few people inside each major aircraft 

company for use by the practicing engin:.:er 1;)ecame unaCcel)table. As a solu .... 

ti011 tl) this problet"n there were held at frequent intervals speCial conferences 

which organized and presented to the industry the }atest find~~-lgs in broad 

areas o:f aerodynan1ics, ofstrl,ictural design, of ,aircraft loads, of flutter, 

and other a.reas of specialization" The written conference reports became 

guidebooks by means of which thf! more detailed reports, that stili continued 

to flOW,' could be fitted into a more comprehensible whole. 
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During thLIS St4~~ peri,ad there waR not. sufficient time for adequate 

textbooks to be written for use in the schools<Q 'Xo dea.l with this pt'o-

blem universitY1conferences were organized for the special purpose of 

m.:;ki~~ new re:~earc.h :i.nfo!."Triation available to the aC~.G,emic community" .. :; 

. The'l:e ~.ll1ays was a small group of university professQX's for wll;.>mt-h¢se 

cot1.fe~~ces l!7el:'- tlot:necessary bec.ause o~ tbeir affiliation with research 

progr\~s ir";~iH~ir raspective schools or other contacts and activities. 

However ~ for most of the engineering teaching profession access to the 

new knowledge c~eatedby the large research laboratories was through the 

nonnQl channels of technical nt;(:~~ and reports 9':Jppletnenteclhy the university 

con.Eerence$" 

'The conference seemed to have supplied the solution I,:>f quickly informing 

th~~ pr\t.lct1.cingengineer atldthe university professor of the research re.'3ults. 

~t the level of a.ctivity established in the post World War II period.. This 

level of activity dirt n(lt long remain. static. for on October 4, 1957, the 

Russians lsv.nched thE', f;t-rst artificial satellite .. 

Sputrdk I Bv.ddenly aroused this coun.try to the need for a greatly ex .. 

panded spai'~e program_\;.,9n October 1, 1958~ the United States GOvernment 

'" which recognized that if the exploration and exploits,tioD. of space for peace-

ful purposes was to be vigot~ous1y pursued, it eQuId no longer be done independ-
, . 

ently by s~'!Veral branches of the Gove:Lnment, (::oreated the National Aeronautics 

and>. Space Adminit~tration" The NASA~ although a new agency, wat:l composed of 

alre1.~dy e;l{isting and functioning organizations of the Government, among which 

the N).\~CA was the largest" Since W/prld War II two new flight stations had been 

.added; one fo-r pilotless aircraft research at Wallops Island, Virginia., the 



othet' for high-speed manned aircraft: at Edwards Jlj.'t' Force Base, California. 

The total complement of NA.cA was about i1l500~ 

, 

The Space Act of 1958 consolidated;igreatly expanded,' and quickened the 

pace of this nation t s progr$.m of space eXploration.. The IGY al1,d other pro ... , 

grams were .t:.tlreadytlncter w;s.y and were laying the fou;ndation for thistrem.e,\t .. , 

dous expansi<.'m l?cfactivity Q • For 5 years the NACA had been, pa:rticipa,ting\in 

the flight t:'~sea+~h~rroject that resulted in\~he successful development of 

the rocket''''pro!:,el1edX-15 manned aircraft" The LRC wa'S deeply involved in 

developing the:~oncept for thisresea:rch vehicle, and in \'~lose support of .t'be 

entire program of !i~sign;construction!laIld flight testingQ • This proj~ct is 

,an example of od~ t.ll~\tserved as a f,Qcal pOir).t fO'r an int(~1.1aive research 

effort.. During thE~ year prior to the enactm~ant of the Space Act the; LRC 

had formuiated in .considerable detail the con,cept for the project that later 

became known 8$ th1e Mercury project.. We formed a group 'that became the nucleus 

for tht.~ groupt~~ now forms the Manned Spacecraft Center at Houston, Texas .. 

We continued to ut1;lize our research facilities to support the Mercury project 

throughout its lifeJ\> 

These examples of focal points that lend. objectivity tOOU):' effo'!'ts ar,e 

illustrative of the manner iu which we continue to operate al~ a major Reseal'ch 

Center of the NASA.. We are supporting the,Gemini and Apollo programs in mat,1¥ 

ways and ar.e deeply involved in conceptual studies of a Manned Orbital Lab""! 

oratory that may later become an approved flight proj~ct41 We have given' a 

.~ .. greatamoun,t of attention. to the probU~s of l,ifting reentry bodi/.es for 

application totne D)-rna"'Soar X .. 20 proJe(.~t or possible space fe.r:r:y vehi~l~s .. 

In' response to the research needs crea.ted' by these UE:1V spacefltght syst5mls,.,. 

, . 
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and of s})ace vehicles not yet defined as part of NASA's official program, 

the faa·e of Langley Research Cente:r has changed. A hard core of wind tunnels 

still re1lU':llns 'to pursue the aeronautical development program that is ex­

emplified by the Supersonic Transport which will fly in commercial serv:lce 

at speeds of 2,000 mph, but to them there has been added a complex of new 

la.ooratorj.es. 

High-temperat'Ure vlind tunnels e:&:ist for structural tests with stagna'" 

tion temperatures as high as 3~500oF; also arc heating jets which are capable 

of producingt.emperatures as high· .as 15,OOOoFj,t:o test materials to be o~ed to 

protect reentrY' vehicles, and a host of vacuum chambers ranging in size from 

a £e\¥ -cubic, feet to a few tens o·f thousands (Jf cubic feet in which vacuums 

approaching that of space can be produced" These chambers parmit the vario'Us 

kinds of reseatchtests 'to be accomplished for which the atmosphere. at sea" 

level pressurE: would interfex'e; dynamic tests s'Uch as the infraction of the 

thin~walled spheres of the Echo series'; s'.eparation of rocket stages; 

. wave absorption in rocket exha~).sts; evapo:ratiort of surfacfi> films. 

LRC has wind tunnels 8.ndspecial devices for creating flows with ~~ir 

o~ :special gases over a wind range ,of speeds and pressures. At the uppler 

range of spe\.. ;~s, temperatures are generated that are sufficiently high to 

excite the gas molecules 1:>0 that they radi.;l,te ~nergy in the Visible and in­

frared frequency ranges. 

Rel.tl ... till.U~ dynand.e simulators exist or are. being built whieh will permit 

research to be carried out 01.1 the control problems of martned space vehicles. 

Such simux.ators permit resea.rch engineers to study the sYstems t"equired and 

pex"mit pilots to fly on earth those missions fat' whteh no opportunity for 
. .,. 
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f1ractice exilSts in space; the rendezvous of the C~mini and Agana vehicles, 

the det;;cent and ascent of the astronauts from the lunar $urface .. 

To study the effects of t711c nuclear particles in spac.e, LRC is '!lOW 

building the Space Radiation. Effects Laboratory; which will be operated by 

the newly formed Virginia A~:sociated R.esearch Center (VAaC) II 1i!nerg~tic 

protons and electrons will be, produced vrhich can simulate the energy range 

oftho$e found in space. Thislaborat(~t'y wil~ provi'de the capacity to ex­

plore the inter~ction of these dmnaging particles with spacecraft: materials 

. and systems. Micrometeorite accelerators are available to study theimpa ... t 

of tJicroscopic size particles on space vehicle surfaces .. 

The staff ot: the LRC which now numbers 4,200 people is a,cceptir4g the 

c.hallenge to exploit these new facilities :tn order to provide .:;M.SA and 

American aerospac(l i.ndustry with thene'W,:~¥a~,iledge to plan and t() build 
\ ...... ~ ..-' 

reliable space systems. But how shall all this new knowledge be introduced 

into thf'industry that requires it for successful operation? And, especially 

how ahall it. be int1.'Qduced into the educational instituti(;~ns which ,are botb 

the repository for :lLt and meanf;lby which it is introduced to the new g.enera~ 

tions of Stude:1ts who are. eme:rrging? The problem is more staggering when 

one realizes that to our output must be added that of other centers and 

sourc.es" As far as our association with industry is concerned, we are st.ill 

making use 'of the special:tzed conference, btlt at an increasing rate. Already 

in 1963 'We at LRC have organized major conferences on shell problems of space 

structure.s, manned control of space vehicles !I and the design of: a manned 

orbiting laboratory, and a serieso.f smaller conferences in morf: detailed 

areas such as ~icroelectronics. We al.'e no'w planning for next month a 2 .. day 

:., 
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classified co:nfer~1tc:¢ on the current state of knowl'edge on all aspects of 

" ~\; 

the desi8P- of .~ supersonic·t~t'ansport. 

As if; has always been, a good. deal of this information is det~iled, and 

oftr~,tt:si;orYinterest:i but if the. fraction of it that is significant today 

~.eJ it was in the pa.st, must we not try to di~H?over new mechanisms for the 

tran·.sfer of thisinforma.tion into the scientific and te~ihnical community? 

Of spe~;i.al concern is the introduction of thi$ information into the educa-

tiona.l sysre1ll, not only for the creation of newmetnbers of thep~ofessional 

peopl~ but also for those whose knowledge must continually be updated. 

It has been suggested that one solution of this problem can b~! provid~ 

by asso.elating educational communities close to major research centers now 

situated in many pa~J;~~ of the country <> Gree.t credit is due the educational 
t.:c. 

leaders of the Commonwealth of Virginia, wbo in recognition of theprohlem 

Qf maintaining a continuing association of the noneduc,ational research 

community with education institutions have or are in process of establish1:1:~g 

a neW graduate center near the IJRC. This center, authorized underenahling 

legislation passed in the .1962 meeting of the Genera~ Assembly> will permit 

the three major institutions of higher learning inV:trgi.D.ia, who are now 

engaged in graduate education and research, to' operate a major :tabora,tory 

of the Langley Resea.rch Center, and also to establish' a. cooperative program 

of gradua:teedueation' in science and engineering. We believe' that sut.::h a 

cen.ter can do much to improve the flow of new kw..)wledge into the usual stream 

of educational activity. 

Many other things are being done and in the future " many new methods aI:\d 

procedures probably will. be developed to a.c\':elerate an effective distribution 

/ 
/ 

/ 
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and assimilation of the rapid £10\\1 of new research information .. -This is 

a. n.atter that is receiving a great deal of attention by the NASA~ but I 

would like to suggest that the advice and inventiveness of educators such 

as those here tonight would be of great benefit.. We beH~eve that this meet ... 

ing here at Blacksburg serves as avery important mechanism in dealing with 

this problem., CertainlY it must sel"'Ve to shorten. the channel that connects 

various sources o£ significant new research infonnation with the teaching 

staff of colleges and univetsities over a wide areao This is an important 

" 

reason for our d£sireto assist in the develcp\1lEmt of the series of summer 

conferences ort sItttce activities here at Blacksburg" 

In. closing)! should. like to qUQte fromtbe words· of a man not an engineer 

or scientist, but a keen'observer of the modern Am.erican g.cene, the P.resident 

of, Harvard) Nathan Pusey .. IlWe live .~n a time of such rapid changes and growth 

in knowledge that he whc) is in a fundamental sense a scholar - that. is a per ... 

son who corit.1nues to le~!irn and inquire M can hope to play the role 0.£ guide .. 

Indeed, it: is not too much to bel:teve that we may now be coming into an Age 

of Scholars, for we have created for ourselves a manner of living in Anterica. 

in which a little learnirig can no longer serve our needs. H 

• 
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INTRODUCTION 

The c.7_pabili,tias of existing long ... range cOmnlunieat:ipns facilities, alre..:.tdy 

~;essed by pr~sent demands, will be inadequate to a(;c¢~odateanticip~ted tritffic 

within the. n~xt decade Q. One of the l?o$sib1H,ties Iorpr()viding the needed in.., 

crease in cd,lmun1cations facilities is the satellite communications system •. " 

The communicattonssate.l1ite has the potential ability to'proVidelong..-distance 

communication at microwave fref1tuencie~: \~ith bandwidths available pe1.';Mitting the 

transmission of television of n1lany simultaneous voice messages. This can be a 

.-:---" , 

J;lewand reliable linkit'~ ~ong .. distance; tra1;1soceanic telephone and telegraph 

communications, as wlell as new means for inl~ercol1tinental radio and ,television 

transmission. 

Relay iea communications ~f1tellitebuilt by RCA for the Nat~c{,mal Aeron.autics 
If-J) 

J and Space Adrninistrat.'1on •.. The satellite lotas launched 1Erom the Atlant,.;t~· Missile 

communication links between North and South A':\lerica~and between theiunericas and 

Europe. This s~telltite continues to perform sa tis £a<!torily after eight months 

, 

has the followingob j}ectives: (1,.) to investigatta 'W~~.deband commu.nications betwe¢n 

distant ground statl;~!Usi by meanls of a low altitude o:e'biting ·satellite; (2) to 

:measure the effects of the ~!~pace erlvirotunent on such asate11! te; and (3):.' to 
. "~ .. -' ~ .. ,~~ 

develop operational f,jIxperiel:1ce in the use. of a satellite communicatiqllS' ' ,system" 
. " j ,. ~ 

I" 

.. 1 

, .. 
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The satellite concaiosan active repeaterto receive and. re-transmit com-

munications signals between stations in the United States and Europe, and the 

United States and South America. Communications signals evaluated are an assort-

ment of television signals; mu1t;;.,channel telephony;; and other communications. 

\ A majqr. part of this prQj.ect,a ground station network consisting of six 

Relay grcnmd stations located in the United States, South America,and Europe, 

has been developed to set've as the terminus of the cottlmllnication links. This 

" ground station netwo't'k TJlas developed through the cooperation of a variety of 

governme11ts, agencies <lind privat~, companies. 

Project Relayi~ also used to,'perform experiments which will proyidethe 

following information:, (1) a measurement of radiation damage to critical com-

panents fouch as solar cells and silicon diodes, and (2) the monitoring of 

radiation encountered at the orbital altitudes. The results of these experi-
f!· . 

M 
, , 

meats are"bel.Jig correlated with mEH1~U'1:ementsof integrated flux, and energy 

levels of protons and electJ:ons to obtain experimental estimates of component 

lifetime. 

Communications repeater satel1it~s pt'esent special problems to the designers 
,~ 

and users of these equipments. The satellite environment (inclu1ing the launch 

environment), spacecraft acquisition by the ground station, the inaccessibility 

for repairs and routine maintenaru::te., and thermal and power supply problems impose 

special constraint$ on the~es:i.gn ... Mo\'Stof thGse problems .are relatively new 

and solutions at'e Edther not readily available or not proven by e;xperience. These 

are the trrincipal problems that require investigatton, and the experiments of 

Project Relay can provide it'lformation llecess.ary to arrive at pOSSible solutions. 

1 

.j;. 
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1 

1 
I 
I 
I 



i 

! 

XXIX -3"" 

The communications satellite must perform a variety of critical :f:unctionsin 

order to remainoper.ational .. These functions) as they apply to'Re¥lay, are'sum-

mar:Lzed as follows! 

1. Communications: 
____ ~~ Ii. it' 

Microwave repeaters,.as such, have beenoperationa:l for 

many years, itl overland ro,utes.. However; when these techniques are ex-
J. 

tended f01:, 'use in satell.ites, li:roitati~ns in size, weight, power con ... 
~ 

. 

st'lmption and thermal dissipatio.n quickly become apparent.... These problems 

provide the c?allenge for the equipment de$i~ner. Inaccessibility fot' 

repair places critical importance on the reliability of the c:b:cuits a}td 

components, and the hostile environment (vacuum, radiation) requires ex-

tensive consideration;. 

2. COl1\flIa~: A series ofcomtnand functions (and a command communications link) 

must be provided. For instance, the comm.unications system~ust betultned 

off whel1 not needed in order, to conserve battery pOr.ller, and pther functio.ns 

must be executed on cormnand, at the proper times. 

3. Tracki;.ng: Beacon signals at 136 Me are pt'ovided to assist trackitlg stations 

;i.n establishing the orbit t and providing tracking infonn:r~~pn to the ground 
l' 

station. A microwave, beacon is also.prcrvided to assist the large groun.d 

station antenna (With small beam widths):tn locking onto the sate1:1ite. 

4.. !~emet!Y.·: telemetry is re~.lired in order to assess the state of the 

var:tous satellite sub~~ysteIIls,al'ld as a d1,.agnos'ticaid shouh1 trouble develop. 

Power Supply: The pow,ar supply must provide all the primary. power for the 
"''''''+, .~ 

satellite.· On Relay, the solar cells are not capable of supplying the 

peak loads required to operate the communications equ:tproent,t hE;nce 

batteries are necessa::y> and, hence the communications equi'prnent must 
]. .. 
II:' 

t-': 

.1 
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opel"ate :at a 1o,", duty factor.. ~tda_ problem mus t: be OVercon'!e in an 
~,,', ' 

...; 

o?eratio-nal system by eith13t" providing a la.r.:~er solar array or using 
,,-;- '='. 

other forms of primary power. generators, such as nuc1ea:r power supplies)., 

'·:.or.:radio isotope power supplies" 

6.. s .... t;E~~~.;i~n: 'The satellite is stE!bil:Lzed in space by spinning it around 

;Lts (spin) axis~ If this spin B.xiel is aligned corl:'(o\...:Otly in space;, a 

tor:tdal antenna pattern w:tll prov;i.de sufficient illookangle" coverage .. 

Relay is spun at ab~\1t 160 rpm and its mCJt'aent of inertia about the spin 

axis is ten percent higher than it is about other axes so the spin is made 

stable .. 

7. Attitu~ ,Contr.ol= Although the spin ax:!.s :ts fi.x'e~~ in space there are small 

torques applie:d to thesatel11t.:te which vJould ('.:3usethe spin axis; orientation 

to change. These· forces ar'e Ulotor torques due to the interaction betw~gl:). 

the earth ~ s magnetic field and the magnetic dipole (residual magneti..sm) 

of the satellite attd the cu:rrents flowing through the electrical circuits 

of the satellite.. Another souree of torque i:s t.'he gravity gradient., The 

nodal regression of the orbit, due to the Don-spherical. shape of the EJarth 

causes the. plane of the o.:rbit to rotate 1 vlh,1 ch, in tUl:'n; causes an apparent 

shift !ttthe spin axis ot'Hmtatiou. On Re:l~y, the dominant t0rque is due 

wire is :wottnd around the "equator!! of the satellite" When the satellite 

i.sin the correct pOSition, a current can be made to f10~1 t:hro'l!gh thj.s 

\'!oi1 (on ground' coromand)to apply a.1:orque to' correct the satellite. 

attitude. Other methods of torqueing may be USed (e. Sa, gas jets, 1:ocket.s, 

p12n:nna engines). 

" ;;'" 
,-:' 

,1 

J 
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UESCRIPTIO~l 

The communication system used in the Relay spacecraft is composed of,three 

major subsystems: (1) wideband communications) (2) telemet1:y:y and (3) command 

control. Each active compon-?-nt of trie communication subsystems is 1."edundf.lp..t., with 

,/'; •. : 

the e'Xception of the telemetry ei1.coder. Weight li1.i.1itations preclud.ed t'edundemcy 

for this unit •. 

The purpose ofehe wirlebl.\1rtd communicatio1.1s subsystem i~s to pcrfclL"m experiments 

on thefol1owingtyp~s of transmission: television, multichannel t€lepnony, high 

-/-,-,' -

bit"'rate digital data, facsimile, telephoto~multichannel telepr.ir.ter transmiss'ions, 

etc. Specifically, 'the su~system. will provide the fol1owinfit:: (1) television trans ... 

< 

mission in either direction, bl;)tween United States and Europ~a.n stations 'il1cluding 

the transmission 0/;:' test signall;; and patterns, a!tl~ a tie-in with t-elevision networks 

, 

in the United States) England, ]'rance and West Germa!1:Y-~$hQt.h. progrc,!J sources and 

for the distribution of Relay P';ograms; (2) multichannel, two .... way tE'llephone serv:i.ce 

of 12 channels each bett-leen the United States and Europe, and between the United 

States and Brazil, and ()) multichannel, recor.d communications service and high-

speed data tr.ansmission between the United State":' and European Stations, and be­

tween the United States and Brazil~ 

111 addition to communications ovei:' the link, a vat·~(~,ty of teleVision, telephotty 

and other communications techniques can be studied at a pal/ticular ground stat:i.on by 

sending and receiving at'that station. T.his will also sllow'a study to be made of the 

detailed link performat~(.e .. 

Th<? telemetry sy-stem will provide remote monitoring of the critical electrical 

parameters(}f all subsystems carried on beard the spacecraft. In addition1~ither 

telemetry transmitter ean be operated without lnodulation to' provj,da a 136-megacycle 

carrier for spacecraft tracking operations by the NASA Minitrack System. 

'? 
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The command control system will permit ra.dio remote control. of all switched 

functions tn the spacecraft. 

The ground station transmitter for the television and 300-chanrtel telephony 

is a frequency-modulated lO-kw klystron with a spectrum bandwidth of 10 to 14 mega-

cycles (Me) per second.. An 85- foot parabolic antenna or a 68 ... foot horn will be . 

used depending on the particular ground staticn;1. The transmitted power to the 

satellite is sufficient so that the 'system noise threshold will be due almost en-

tirely to the satellite to ground link" For the 12 channel two,...way telephone 

circuit a lO-lew klystron with a l",Mc-per-second bandwidth will be used ~lith a 40-

foot or 30~ foot parabolic antenna. The ground transmitter frequency is 1725 Mc. 

The ground receivers will use a v;ariety of front ends conSisting of either 

maser or parametric amplifiers. 

The satellite repeatE:\\r performance is characterized by hard limiting and 

, 
modulation index tripling •. The tripling is required becauseo£ the limited band-

vlidth of the groun.d tratlsmittet'. The output power for each of the two-'l:vay tale-

phony channels is four ""Tatts. A 4080-Mc, 2DO-row beacon signal is also provided as 

a tracking aid. 

While the object of the experiments is -to study ~he feasibility of satellite-

ty~le communications lin,ks, and conSiderable care has been exercised in the deSign 

of the links in order t:o achieve this object~~ve, the link is not an operationa.l 

:'\ 

system and the ability of various countries anp organizations to participate in the 

program has been dictated by the av;.tilabilitj of equipment and funds. 

Tht.~ transmission 111edium characteristics art.! being examined, these,.;:w-e 

attenuation, ·attenua'tion stability, phase characteristics ; interference , noise, time 

a~;fay and other characteristics' that may be of interest. No special anomalies have 

been observed to date except for somerefr.action at the horizon. 
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The ·satellite receiver signal strength, telemetry data, and attitude are being 

correlated with ground stations performance (arttenrta elevation, pointing error, 

weather condiv1.ons a~1Cl doppler shift) ~ 

'/' , 

EXPERIMENTAl;! RESULTS 

Rcl.ay was launched on Dece~ber13, 1962'\:<[rol11 th~ Atlantic Nissile Range. In­

formation for the launch and from the first or.·bitc'onfirmed that the satellite had 

achieved the desired orbit" At the present time, Relay has <tccutnulatedalulos'i: 20{)0 

orbits and successfully "relayed" television, telephony and other data trarlsmissions 

bt;tween North America, \and Europe and ty,1o-way telephony between North and South 

I 

America. The· programming thus far has included-the Mona Lisa ded,icatiort cerI)V.;nies 

, 

' 

with President Kennedy relayed to, Western Europe and Italy; a telephon message to 

,.Europe by the astronaut, John Glenn; a message by the Secretary of State, Dean Rusk" 

relayed to South America via the Rio ground station) a portion of the Disney Show, 

in color and several news stories of significant interest. Many more. programs are 

planned. The grounds taf;ions in North America and Europe have reported excellent 
;,. 

performance and qu.ality, thusdemonstre.ting the wideband capability of the R~lay 

Satellite.. Programming to and from South America has bee.n adequate but not as 

spectacular because of the small st.ation there (3D-foot antenna and 4000 K receiver-

noise temperature)~ 

Several difficulties have been encountered with the Relay Satell-i.te equipment. 

The mos.t troublesome has been an inte~t'mittent failure ,of a series powe't' transistor 

in the power supply voltage regulator which provides regulated voltage to one of the 

wideband transponciers,Xhis regulatbr-tt-ansistor also acts as a SWitch 'to dis ... 

connect the widebal"l.d tr~tnsponder when not in use. The germanium transi.stor de., 

veloped sllfficiently high (leakage current), so that this transponder turned on 

"'\ .. 
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after launch and could 110j;: be-turned off. The batteries disch~'t'ged t.mder the 

constant high C1Jrr~nt drain and the satellite was not us¢able. The leakage 
, 

. "-.. ,,~; 'I, 

was believed to be associated with the dewpoint of the gas inside the trans-

i$torcap which was not sufficiently low to prevent ice~ fonning in the 

trausl.storat low temperature. After about two weeks the t .... ouble cleared 

and the satellite pec:ame operational. The trouble reappeared in March 1963 

when the satellite was in partial eclipse but cleared again af.tt.~!' several days .. 

E.xpet'iments are continuil.l,g to determine thepr-ecise failure mechanism, although 

it is believed at this time that th,,,) difficulty is-not associated with the 

space environment directly. 3.)ne ofthethrt~e batterieJFJ became inoperative 

during Merch1)e~a:useo.f. a defective charwdl'~e'g'ulatQt' ,. ,,'Due .to. the redundant 

" '( . 

'ci.rcuitry used, the satel1ite:ts still (!ompletely u$eableexcept fer. a lower 

du ty rae tor. 
;. 

'L'. " 

.. 
Spllrious commancishavla been obser-,</'srl frequently in the spac~(fr.a:f:t ~ . tha t iS;I 

equipment $ometime$ . t';lrnson or off w:Ltho),lt gr(.'ru~d command. It 'is::n.Qt y,et 

. established whether this "problem is due to. a fau,1t intbe satellite' ot' to 

s~ptirious commands caused by radiations, from ground transmitt:el's such as Air­

port Rad~oCollt1-o1~; .... etc,.S,o fa,r it has ,not. been possible to duplicate these 

. ·,p,;.adl,ation has taken its toll of the -spacecraft solar cell system. The 

s,olar cell ar-ray initially had 130% of needed capac.ity based on 100 minutes 

1'.>f operation a day ; and the .array capability decreased to about 50% o.f this 
\ 

capacity after 8 months ino'J;'bit.. This degradation only means that the 

o.peratl.ng duty factor of the satellite will have to. be decreased as times 

passes.. It is believed that the degradation is less thetu expected because 

-I 
I 
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. the Van .Allen radiation is someW'~at less ehanE;!xpecte'd.The second Relay 

satellite has been fitt:ed with N~\"ln ... P solar cells which al,'emuch n1ore. ltel;i.te," 

t;;ant to radiation. this ~econd sa~~.ellite will belaunch$d during the.l.atter 

Fu~ruRE EXPERIMENTS 

Before a commercial cOilii.~unications commission using satellites (either 

at non-synchrol'tOUS or synchronousaltituae.s) can be considered as state~of"'the"'" 

art, additional e:x:pe.Fi'ments lllust he perfornea and>certain techniques adval'\ced. 

These improvements are in the general areas of satellite and launch reliability .. 

One of the fundamEmtal costs of a satellite system will be satellite X'eplace ... 

ment c{~st inclt;~ding launch cost. Substantial.. improvement of the mean time 

between failurres (MTBF) of the satellite equipmentc8.n be achieved by re ... 

ducing the complexity of the equipment, especially the satellite pow~r supplYJ 

and by judic1.o'us application of knowledge of the spacer 'environment:: to the de .... 

sign of components and circui.ts. Exp('~:riel1ce with sat.ellites lil\eRelay provide 

this knowledge. 

Multiple launch is ,!1.tlother way in which operating costs Catl be reduced. 

'!'his has not beenattemp't~.:~with any comrIl1.mications satellite as yet, prinla:rily 

because the boosters use<'l in these progtE1rtlS do not have the capability. This 

'·r situation will improve wh\~n more advanced rockets become available. 

New types of power supplies are certainly required for an operational 

system. If sufficient average power were available to the satellit~ equipment t 

the equipmetlt could be left on indefinitely~ thereby improving ella basic 

reliability of the equipmentitsel,f, as well as :eliminating a complicated 

command systfero, and eliminating a battery-type power supply,with all its 
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complexity, to handle the J;i~1{ load.. Solar cells' are capable of the average 

/ 

power, but the sola.t' a:rX'4il1$ -b.ec,Qme largeandbeavy, and of course, the sat-
". >,'. ..' .. '. '. 

'_.l- • 

ellite is not useab1.e·!,ch.1t~ngeCliPse. Nl.1~lear power,supplies now lmder 

developmen t~nay .. provide' the, artswer:. 

Higherorl?i'ts with'steet'a'ble anteatillas and 6,I'tation keeping (e. g., the sat ... 

}"' . ' '". 
. 

; eilitel$ are fiiea:'itlpO$ition with respect toone another) provide more coverage 

'withiess sateilitesa1.1cl less8ve:rage pOWer pers~t,ellite, ~nd as much, promise 
~ 

I ... " 
,-

>', 

to be eli fr1.1itful area fore,xperimentation ,and growth. 

One I,:an visualize a satellite COIDmurLilJations system inttially employing a 

smail nt:lI\iber of medium altitude, randomly spaced"sp-it', .. stabilized g·atellites 

like Relay to provide limitE'd comInunicatiol1s ability for~ say~ the North 

Atlantic Community.. As technology advances, ne~7 satellite~6: with greater so­

phis tication, in the areas named above could, be launched) e.xtending the coverage 

to other points of the glove~ and reduc,ingoutage titne. The system could g:row 

to the stationary ~atel1ite syste~n (synchronous) when the, technology pennits" 

"tY'hile providing a substantial cOIl1IDuniC81tionsc;lpability in the interim. This 

pro(!edure would defer a fi1.'Ul commitment to the more $ophisto~ated systems: until 

these syste1l!'Bwere state"'o£-the-art~ 

Of course, the e1\:act fonn and timingo! these expe1:iment~ depends uPOt'l 

many factors.. Government pareieipationin experiments~ ,the effectiveness, and, 

needs of the ncvl1y formed Communications Satellite e~)t'poration, the needs of 

foreigtl Ii~()vernments and agencies, the funds available, anclpolitical consider .. 

ations, all combine to complictIte a situation which is already complicated in 

/' 

the technological sense~ It is pl'obably safe to state that the experiments will 

be performed, that a satellite communications system will eventually eVQlve, 

and to leave the time scale and the participants an open question. 
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SATELLITE DATA RECOVERY AND TRACKI NG SYS1iEM 

by 

Gerald M. Truszynski 

National Aeronautics and Space Administration 

Gentlemen, my purpose in being here today is to describe for you some of 

the NASA accomplishments Clnd plans in the area of Tracking and Data AcqrJisition 

for manned satellites. I would like to begin with a very brief description of the 

Manned Space Flight Network as it was configured for the Mercur/pr9gram, 

followed by o:cliscussion of the chonges that were made in thfJi NetWork for the 

longer duration orbited flight's of Schirra and Cooper last October and May 

respectivt,,,ly,, Next I wiH describe how the Network perfonned in terms of its 

ability to provide mission operational control~nd in tenns of its accuracy' and· 

its reliability. fi~aHy, I will disc:)s$:!'heiougmentotions planned for the support 

of the upcoming GEMINI program .. 

The geographical locations of the stations in the'originai Manned Space 

Flight Network \'lre shown on the first slide.. (Slide f) There is d totCifof 16 

stationswhichindudes two ships:>::>ne ship in the Atlantic and one ship in the 

indian O.cedn c These stations hClVe heert publicized on TV and in the neV'1S media 

and I am sure ~"Ver'l0ne is generally fa~iUar with their general distribution. The 

basic rationale u~ed in setting up the Network however, is not generally known" 

In pJanning these station locations and their equipment, the approach 

varied considerably from that used for scientific satellites and that used for 
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unfCt<lnned lunar andptanet<lry missions because of the differei'lc\~ in missi(Jn 

requirements. These differences it1cloded the requirement for doh' .. ffowand 

computaHons in near real time QSweU (15 the need for mission fHgh~ control 

c1';.1pabiHtyand, ofcourse, a primary consideration of astronaut safety. Or:­

the Mercury program" h1)~ediate trocki~'lg data was needed to determ~ne 
.. ,.; 

. 

init~Hy and then keep current tiwcopsutepresentohd predicted posrHorl 

for USie in controlling C1'ifi~(lJevents as weHas for predicting po!ntt~\~irec ... 

tionsfur antennas at aU the Network statIons.. Ai"$oy real-time lnfomlC1ition 

transmitted from the spacecraft through the telenietry system was "~"~(¥ded to 

menUor the physiological cond!Honof the Cl$tronautar~d the o~erot1C:"'l of the 
-.:::-

.{:" 

ol1ooard systems in the cdPsule.. In order to transm.it-the tlraeking information 

to thecomp!Jt~ns center at Goddord Space Flight Center, faithf1JHYI in as near 

real time ospossibte,a ground communice~H:ms netw()rkwithextrem~ relia­

bility was a primary requirement • From H~ launch and recovery standpoints, 

the launch ar~l was, of course, fixe.d at' Cape Canavero,b . AJ'Jorbital in ... 

clination was desir~ which would place the orbital flight path over gew11 ra Hy 

more inhabited areas whQch WQuid locate the recov$ry point after fhreeorbits 

in a highly instrumented area available h)dep10ymenf Qfsea-borne recovery 

forces .. These'eonsiderationsresulted in an inclinatiOJ1 of some 32 ... 5 degrees 

which placed the reentry trajectory over the heavy instrumentation in the 

. , 
continental Unih?d States and the recovery area .in the down-range area of 

Canaveral" Having decided upon on inclination and corresponding launch 
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('1zimuth,. ¢.tlE:Of our iniH<.d goafs was to focote ground stations <;Irot.~nd the Earth 

so, that we could view and:'Confac~ lhe capsule five Qvtof every fi ftee~ minut$S 

during the first three orhits,. To review how the stations fulfilled, specific needs, 

let us consider theProi'ectMercury night path in relation to the netw6rk stations 

as shown on the next sHcle 9 (Slide 2) After launch from Cape Canav.eral; i'he 

fi rst pass 9CCUrs: over Bermuda " A station at Bermuda v)~reqoired as af) ex1'l;lmion 

of Cape Canav1jraf to obtain tracJdng data duringthecriticallou~ch period when 

• t t " ... '- ff· h· rt· • t E J.h t.. ·t .. . 
rna sos. 4mer engme IS cur o. l' l.e*i w .en ms.¢ ton. an 0 ar~ or"". oe-curs(l~!~ 

order to assure data required to make the critical go (\0""90 decisi<m. In addition •. 

it could transmit commands required sR~uid mission (.thert Clndearfyreentry be 

determined neCe5s,ary. 

A sMp WO$ requi red in the Atlantic OCeCl(\ f(:> receive tel'emetryond for 

ground-air''''1ir9t.md communications from the $paeec:raft and to' teloy informafion 

\0 th\l: cor~troi ctlnter. 

the touchdown point by radQr observation in e~fent -of oboat a.nd ec·rJy reentry 

Clnd the ship in the Indian Ocean were retiuired for- .commtJnic(,JHons and tefemetry~ 

These CQi.lfd cover at least two of the first three orbits. 

A tracking and command capability was ne~.,jad if) W~t Aushofio to mok~ 

ontipodoI observation for refinement of the spacecraft orbit and to remotely 

i . 

'1;.: 

. 4' 

... 

<' 
I,' 
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. The sttltioni(ttWoomera, Australia :~nd at CQntonbland were needed for 

ttllemetryandcorrun~mications.. In addition" the Woomer(rstatit)ncoold proVide 

trockinS on the early p~~es .. 

Hawaii WQS also re.quirecl to track and }"ove Q capability :Qf commanding 

the r(l~t'totimer fo bock up the West Australia cqmmand function.. . ' 

.In event of retrotimer fai!vre and imminent faHl}reof the ctsi~r'Onaut to 

initiatt~ retrofire manually, a stoHon with (H::ommand capobility was required 

at Point Arguello on ~he PaciFe MissHe Range ~othotthi$ criticat: event could 

be covered em thE) completion of the second or third orbits 0 A simHar station 

was required at Guaymas, Me,K;co fClr possible termination of the flight on the 
: 

fi rst arbit I> 

And finally stations at White Sands, Corpus Christi, and Eglin Air FOrce 

Base in Fiorido were utIlized fo maintain tracking continuity after retrofire in 

order to focalize the touchdown point during the planned r'.::entry into. the primary 

recovery area in the Atlanti c Ocean. 

While on oTt$rhpt W~J made to meet the basic five-out-of-fifteen minute 
l. 

contact time, the earthts r6tatio,,~ of 45 degrees ;on.' its axis duri~ tlu'se ¢rbifq{ 
," .• ~: w, 

paths requited .certain cONpromises to be made in the total number (inc! location 

of the stationsg These resvl1·ed ingQPzc soch ds one of approximately 30 minutes 

on the third orbit. 

Another of our goals was to ~eequipme~lt of prove reliability for the 

Network stations wherever feasible. The wisdom cf this choice, We feel, wdS 

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

program., The next slide (Slide 3) illu$trates the equipments installed at each 
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station. AU the Manned Space Flight Network stdHonsjie,A:.cept White Sands 

and>Eslint were equipped for telemetry receptfor'?onthestondol'd UHF freque~II'" . 
. . 

cies.. General sysFems Qfthis type hQr bean uS«fd~~teh~iveIy in the PdSt, ('lod 
" 

~ 

the techniques and equipment were weH known" 

All stations were equipped Wit1,;l tracking radrArs with theexcepti:O~"i of 

the tw<) ships; th~ twoAf.'ic(1n'statidhsat1~ the Canton t~;lQodstaHon" Two 

types of rod(:tf~ were employed int~e n~1iWork f()r precision tracking:, a Ions 

range t~l;'~:e operation at the S-Banf) and the FPS-J6 type opeKlHna at C .... BQnd~ 

Three~,;ey trackin~stQtions, were~\Jrpped with ~th types to obtain greater 

reliability b;;t havingC'! r-edundant !rodar tracking capabiHty.At the tima of 
~' 

. 

original nehvork planning; onJythe S",Sdhd type becH::onS hl;jd had an extensive 

flight history. Consequentfytt was felt extremely imporit;,}n.t to indud~ this 

system in Qddition to the C-Band ,transponder required in con;onctior; with the 

FPS ... 16 radars. Thus if one transponder failed, the altemateradar tracking 

complex could provide the computers withsuftlcient data to determine the 

capsule orbit .. 

The next sJide (SUde 4) pictures a typicol FPS -16 radar il7.$tallation ~ 

It has a 12-foot diameter parabolic reflecter antsnnc. ,"ith''(1 4-r'nom monopulse 
. .' 

feed system.. The characteristics Ore listed ontha next slide (Slide 5).. It 

oFerates in the frequency.range of 5400 to 5900 megacycl(~ per second with 

a peak power output of ! megQwott.. This l"(ldor provides rQnge data with an 

Z1ccuracy of the order Qf 7 yords at a distW}ce up~o 500 nautical miles with a 

" 

! 
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capsule beacon p(.~akp"wer of approximately 400 watts", The g~Band radar has 

, a lO ... f6ot diameter .dish and operates near3000 m'Cg(tcycles~ 

,', 

the next slide (SHde 6)H lustratesan antenna 'installation typicaJof 

those used for signal acquisition a.*; wen as felemetry receptiori and copsute 

. . .' 

elementshavin9 '0 gain of (8 db in the telem~ttY frequency range of 225 to 

260 megacycles it Two of these quad"'heHxarrays are arranged in height and . 

space diversity thl-ough couplers which feed d set ofpreampiifiers to provide: 

the best signed" The antennaS l coupler,!' and prea.mpsore included in the 

cntennQ pedestal shown here .. 

The Cope Conovercd telemetry siteJ,os in <l,Mitkm a 60 ... foot diameter 

parabolic antenna which provides 264'1bgain and is also used as a VHF cammu ... 

nications antenna. 

FOtJr standard FM telemetry receivers are required dt ~ch siteI' ,two for 

diversity and fwo for duplication of these tor reliability. tRIG standard sub ... 

corrier channels Sir 6, 7 and 12 are us¢d with an effective receiver noise 

bandwidth of 50 kilocycles. For demodulat:ion, there are either 6 or 8 discrim-

inotorsinstQUed at each site with either a 90 or 15 cn:::.lnnel decomrnutotor. 

In addition, aU $ites are provided with equipment for post"'-detection record,;,; 

ing of all of the telemetered dafa, and reol ... time presentation of selected 

critical channels of telemetry information .. 
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The ground station and shipinstSiumentation for the command function also 

utilized antennas similar t() that shown on this slide.. In generol t ettc:;h station 

'has three similar antennas: two for t~ie.-netry: and voicere.ceptionr one ofwhich 

is used asar! acqui$itron~id( Qnd (ttMtti,ontenn<l for commctnd contrqJ and voice 

trQnsmiSsiQns\~n the 500-mc freqv~ncy range.. For the command function, two 

FRW-2 transmitfers ar~ i~$taUed furredvndancy, each having a powaroutput 

of about 500 watt's. The signals.ore t9ne-mod~!ated witb up to 6.tones,,'·~·M~~ni~er 

rectlivers and decoders (lre alsoinstaHed for m~king apermonenf recordin9 of 

command siSn~ling. 

One of the mosl~ critical function·the "~vorld widel1etv/ork must perform is 

that of obtai nf ng data \lnd making high""$pe~near"'reClI ... time~omputati ons. 

Durh19 Q fHghtl the traddng data f~m the MQnned Space Flight Network 

, i 
, . 

stCltior~s ore sent via ground cOmmunications to the Goddard Space FUghfCenter 

in Greenbelt, Maryland, for processing. In Q moment.I'H return to the subject 

of S,imund communiciltions. The development otan extensive computer pl1'>9rom 

I 

was reqi1ir\~d to handle the tracldng dat<;r Clnd to make critical ccmplrtations for 

the so""coHtltd IIgo or nooogolt and retrofire Qndreentry decf.~ion within miHi ... 

seconds of tfl:~cking measurements" At the Goddard Comp\_ting Center two IBM 

7094 compuh~l'$ are installed. These operate in parallel to accept P01iition data 

in digital fami directly from the staHons and performcomputotionsfor each of 

the separate flight phases:: the launch phase, the orMtal phase, and the re· ... 

covary phase. 

", Ii! 

!(( 

·':~~c. 
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The Computing Center at Goddard also houl5t* various displays and plot 

board presentations FOl'visual indication of copsufe location, velodty! and 

$t~~tus oficertain critical capsulesyst·ems. In the weeks preceding 0 flight; 

the Computing ;Center was employed to conduct many mock flights using pre­

parad tape data to simulate the operation of the Networko A great familiarity 
, '. 

with the use of the Netwol,k for mission control was achieved through practice 

in handling simulated problems. I might add that data frotTI '~he ostron'out and 

from his reactions were not merely simulated bv" he was actually placed in the 

information loop for tra~ning. 

The job of providing world-wide ground communi cations to fink the natwork 

, stations required an unusual amount o;t1,eareful etlgineeringand ottr.ntion 1'0 OsSure 

obta3ning maximum reliability. The communicotion circuits for tran!~mittjn9 data 

on Proiect Mercury eire indicated pictorially onthe next slide (Slide 7). The 

·Goddard Space Flight Center acts as the mQ£fl communication terminal for all 

of the ground stations in the Manned Space Flight NC!"'!rork. Through this 

, Center the stations are linked to. the Computing Center ot Goddard and the 

f fr\ercury Control Center ot Cape Canave,-a;i. Gl'?tmd communications l con-

sisting mainly of leased commercial circuits; include ioo,OOO mUes of teletype 

(~ircuits, 35,000 miles of telephone lines}" and 5,000 miles of high-speed data 

circuits. Several of the links were duplicated via different routes for relia-

biUty. Exc~pt for launch phase datal' the vOllume of data from the network 

stations required the use of 60-word-per-minute teletype circuits around the 
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world" This lovhrote was possible through use of a technique which I wilt 
. . \ 

describe loterthQt involves sending summary mesSa9'~$ from the remote stations, . 

VO'ice communicatitmswith aU the ne!tworkstafions were controHed from the 

Mercury O"ntrol Center and the Goddard Space Flig,ht Cenfer. 

Next we will consider in retrospect the changes made to the . Manned Space 

Flight N~twork for ground support of the6-orbit mission of Schirra and the 

22""'()r'bHmbsioQ of Cooper" The'requirements ond support for-these missions 

were analyzed l-?ut this time with the experience gained on prior operotionof 

the network. We had learned thot we could relax the requirement for on 

average, contact of five minutes out of every fifteen minutes of flight to as 

litHe as one contact per orbit for some orbHsforth,e following reasons;: first, 

. because the network had demohstrated~'hat an orb;. could be determined with i 
good occut(l~y with data from the first orbit; and second, the flight experience 

of the ustronauts dispelled apprehensiveness about physical condition and re­

sponsiveness when subjected 'to launch aecelerationl' weightlessness and other 

conditions of spac~fH9ht that diffel' from the normal environment of man .. 

Also, there was no queGtiort that the astronClut could ploy an important role t! 
i 

in controlling and increasing the reliability of the spacecraft system. Thus 

there was Q decrease ,in the rate at which contacts were required to at least 

one contact per orbit" and it was d.;:termined that the existing sixteen network, 

stations could meet the requiremeni-s of the longer duration missions provided 

the two ships were judiciously' relocated and a command capability was added 

to the second ship. 
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For the 6""'Orbit mission . shown on the msxtslide (Slide 8), the Indian 

Oce(ln ship WQS m10ved westward to a location neorer SoltthAfd ~Q.. A ship 

was- hO Ipn9$rJ~~~"Jted in the Atlantic Ocean but 00;3' wa.')stath::l,ed in thy~'"-
, .~. 

-;..:/ 

have the cupflbiHty of transmHting commands t~iQi'e thg tetrQfir~ I$equenc~ 
.-Y" 

:;::::::--~ -

if nece$sQrf.FoI~ CqQperls 22"'orbit3441C;~r mi~;iQn,aship was not r.'!oced 

near South Africa!> instead a ship was stationed in the South Pacific as shown", 

later I wiUshow resulting teiemetry cQntact time-obtained wttb-tljis- latter 

l~ 5l result of the Mercury prog-ram IS continued need for both adayUght 
,r 

. . 

launch and a daylight recovery t the 6"'"Otbit and 22"'¢rbit mi~s:~n$ had to have 

mbsions could haye b~n terminated on orbits 1, 2, 3, Or 16 and stHJhave a 

daylight recovery because i'he Atlantic area was t:ds() mc;.'{intain~ .. As mentio.,.,ecl 

previouslYI it is neces.sary tnot a stofion helo sight of the qapsuJe in the critical 

area where retrofire is planned to take place. The station can thus communicate 

with the astronaut and initjote l(:ISt minute ground commends if nece$sa~)'. The 

ship loctlted northeast ~f the Philippines met these requirementsit 

V"Hh this brief review of the ch<n1lcterisficsand physicc~1 arrC!!1gement 

of the MCtntled Space Flight Network, I would H~e to discuss its actual U$e 

in performing mis;ion control. hindi cated efJrHer I a mission was generally 



tf~I~; network WillS directed! into three phasei, namely, (1) the Jgunch phose 

including the C/ctuai fJO""j'}O""gO decisionotinsertion into orbit, (2) the on- (~rbit 

comsiderotion for mission control: The operatkm of the booster vehic:le, the 

launch ft'tlje:c1toty, the cut""'Off velocity prooicHofli. a~~ the"possibie rl;7lqutre~· . 
~: 

. 

ment for earlymis$ic:mc.tbolt and su~equerl}' <~Sh'(;)nau{reeoveri. EQch 'of these 

fo(;tors has specitd needs which had to be match~ by the network pragmm fof' 

traddng and computing.. ACCtH'Ote Clnd positive tracking of the vent cle d{iring 

d1;!to is obh1ined from three tract,fng facilities tn the Cape area" Thes~ are the 

FPS ... t6 fOdor, the Azusa tfCicking system, and the launch vehicl.e f(;ldio guidance 

tracking system. Data fron~ theae threefrockingsystems (lre converted at the 

Source from analog to digUal form ora rote of approximately fa measurements 

per second o·F Azimuth,eh:vaUon and range .. These data ore transmitted in 

rear time i'o Goddard Space Flight Center and fed into i'wa lBN~ 7090 computers 

that operate in p~JrttHel to perform computations for the critieaJgO""flO""gO decisiohi> 

' .. -

Simultaneously" ,these computers continuously predict the impotii1' point; of the 

i-be launch phose.. Computer outputs drive various; plotting bOClrd pre.sf;;ntQtion~.r 

\ 

, # 
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information for all the ground trackhlg stations to aHow rapid acquisition of 

the capsule rransmi!;slons dS at clppeafS Over the loeQ) horizon .. ' Since ,the orbital 

insertion of the Mercury c:ap$ule has to take place at a relatively low elevation 

angie from the Cape trocking equipments, Clnd since tracking from the Bermuda 

station is extremely importflnt, redundant radars were instan~ at this statton. 

In addition to the h-Q¢king information h'Onsmitted to th~ Goddard Space Flight 

Center computers for th~ m(Jin computation, a 709 type computer on Bermuda 

permired" the vitol 90-00""90 deeisiontobemade by this station should di fficult­

ies with communicaHons to the Cape have been'eh~~untef~d at this critical time. 

The next slide (SHde 9) shows the computed (Xtrameters requ~redfor 

i!f plotted vert! colly. Go'rnma is the angle between the normal to the local 

vert! oed cmd the spacecrtlft velocity vector, or stated another way t gamma 

15 very nearly the angie between the ClJl'rent' clirectionof night under thrust 

Md the diractiqn of flight were the spacecroft' in circular orbit!> On the 

, 
-

hprtzonh:;d $cale veJocHy ratio V over Vr is plotted, where V is the veiocity 

cir:t:IJ.tOf orbital conditions at a given alNtude. The ,trcce;of course, is 

achJ(dI>' continuous, however, it is plotted jn three segments., each of whkh 

u~ different sc(tl~ units both in the vertioal l'lnd horizontal to emphasize 

certain criticcd portions of the launch trajectory, whi;:::hQc¢,?lJ~~-:fuj'·the 
- .'- ----.-- ," -
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ratio token into Qccount by this chait aredirectIy indicative of whether the 

conditions for :satisfactory insertion are being met duri.ng the launch phase. 

The shaded ared represents the 'Hmitsof variati on Co'if these particular Ipar'" 

(1meters w1t~in which a satisfactory orbital insertion can be achieved. If 

If . 
the trace ends inside the shaded area. a satisfactory insertion is indicated. 

If it terminates to the left of fhe area the spacecraft would r.ot hav~l achieved 

enough velocity to complete one Qrbit. To the right, a problem CQJuld be 

expected with heating during reentry. 

Plotboards were used to present this criti caj dlClta at Goddard Computing 

Center and ot i'h~Mcrcuty Control Center at the Cape. The Mis$!on Di rector 

at fhe Cape. required information as eC!rly os·possible in advance of impending 

flight difficulties. This type of pJotboul-d presentation in a manner of speaking 

tells whal the computers "know" as they continue to recommend a "golf decision 
. . 

fQr the Iounch phase. this slide (Slide 10) shows the four plot ... boardsinstoHed 

at Goddard.. During the launch phase f'hego""no-go plot is normally presented 

in duplicate on the two center boards whiletthe remaining boClrds QiG iJSed for 

other selected plots.. What is presented on the charts may be selected (Slide 11) 

ot the console shown here in the foreground liQOS to best match the needs f~f· . 

mission caniTol durtng each phose- of the fUght.. The lv\ercury Control Center 

at Cape CanQvet(t1 shown on the next sHde(SUde 12) <:t1so made use of the 

Goddard Computing Center data to feed the simHar p!ot· .. boards shown here 

to the right of the $Creetl Gin addition, during the launch phase telemetry 

If 



, ~: 

/ 

The Nef,wq'rk tracking support for 'the launch ph~e was not considered 
; , 

complete untH l'h~$pocecraft velociiy vector wos determined at insertion and 

un§'U the initial orbnalelemants were calculated and transmitted to' the Mission 

Control Center. Once the cap~ute wossatisfactorily insetted in orbit,. the primary 

task of i'he Networkoocame that of ac~ufrins telemetry and voice data and " 

, ftonsmi"tHng it to the Mission Dire<:tor so tnathe could monitbroeromedicQi 

informatiofl on the cmtronautand stahJs dottlon the ca~L.~system5. The 
. : .; .. :.~ . 

ostronoutlsb}ood pr~')t..fret body temperature, and electroc:ardiogftlph data 

"i,' wereexcimples 9f\cafl';~al aeromedic.aJ data. informatIon about thecop$ule's 

::.~tem$ 'which had to b~known included readings on the amount of hydrogen 

peroxide fuel remoininSr oxygenpressorS:l various component temperatures 

,. arid othetsimHar parfJmeters" To fulfill these needs for each Mereury flight 

'theNetwork had to acquire tlnd recor4" o~ magneti c tape Q total of approx ... 

'. im(ltety:90 ~harine!s of telemetry data each time the spocecrofi' passed within 

si9~1tof a Network stQti on 1I 

The Network olso provided communic(.1tions circuits, as ~hown in an 

earHer slider to transmit to the h\ission Dir€f;cfor the information he required 

to direct succe5$fvHy a monned Mercury spctceflight.. To ,qchieve reHalhle 

WQdd-wide communication circuits, the: Network was limited to the use of 

60 words-per ... minute teletype links ,to stations remote f."'Om the U. S" The 
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, 
- , 

trained feom of mission personnel bt:t located ot t~eNetwork statio.l$to ~i:complish 

several tosk$: (0) to talk to the bstr6nautand;:tomonitor CInd interpret telemetry 

i nfonnation di recrly i (b) to compose Gondse summary' messages ba~ed()n vol ce .~',;,. 

and telametry information ~n.d (c) to send the summary rnGSsoges to thlfi' ~Mr$$iCll1 

Director for decision" A select·ion of approximately 30 quantities of teIEl''i1etry 
, ,~ 

'~ , 

data of m\~iorimportonce were displayed ot t:;~~501(JS ;:'k~~f~~>Network <.. . 

stationsond at the co0501,*o1' the"Mercur'! Control Center ",Dvringa mission the ' 
/' . 

flight controlJe~1 as they~were cttUeci, Were ~tfOd!ed at .fh(f consoles to talk to 

the astronOtlt and'to obsetVe th$telemetered inr¢rttlotionfor malfuncffcwts. A 

doctor sat at' the aeromecliccd consofeandosvClUy anotherasttonauhsat' at the 

capsule cOl1lriltmicotions console.. In ~dditjQn, a communicatiOlis technician was 

also present atong with other technicc:tlexperts.' 

This nex\' slrdfj (Slide 13) iHustr¢tes a vi~w inside the istotion on the GiOnd 

Canaries.. Theflighr controllers s'it cttthe consoi:es in the b,ack9round~ Th1s 

cIose ... up viewo\i') the next slide (Slide 14) shows the instrullh~ntdtionat d 

typiccd remotesj'te for the aer,?medical console,: the capsule cOJrImunncation 

console and the capsu!eobserv~r console. This statton may have heeln'fore-

wamed of the immediate need for special data such as suit temperature. This, 

type of data and other important information't induding trends in readings, 

such' as inverter temperature changes, were sent- immediately to the Mercury 

Control Center via voice tJf teletype" Normally!, howev~r¥ a sommaryreporf 

" 

., 
0:, 
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consisting of<s compilation of the reports from each of the fli9ht:·~;)Qntroners. 

w~.stransmrtt~ to the Cape offer each pass. Established procedures reqVi red 

that the fligntcQntrollet'$ tefr<:li'o from all actton' jndi¢o:t~necessary until· 

instroctfol1S were rec~ived from Mercury Control. ReliahilTty in Network 
,~ . 

(:ommunicQtions thv$ requiredextremeottenHon becC:IlJse tneG1$h'oncu)ts· $a{<ety 

could have been fatally dependent opon effectiveteal ... time communications. 

During the orbital phase the Mission Director olso had to know the 

precise position offhe spaceCfaftat an times so as i'o corry on the flight 

program and make decisions . concerning tha time and place for reentry. Ti-dek ... 

ing was acc¢rnpHshed by the station radars operating in the beacon mooe~ When 
-~: 

thecdpsule was in sight of a station, (l set ofmeasur¢rrtents of QZ1ml.dh, elevation, 

and range Were made once every 6 seconds instead of IOsefs of me(lsul'ements per 

second as required during thei'aunch phase. Orbital tracking data wosalso 

h'Ot\t3mitted viatetetype to fhe Goddard Computing Center in near reat Hme 

as the capsule passed each successive station. The Computing Cent$f then 

up-dated its orbital elements, starting with the interim elements determined 

from dat~Qbtajned during the first p<l$S over Bermuda. The Center in tum 

~omputed and provided pointing doto to the Network stations not yet ntat;::hed 

by the capsule until theeompletion of the flight. 

In order to terminate fhe orbital phose of the mission with asatisfoctory 

reentry and recovei')' of the capsule and its occupant, the pre¢ise time for 

r(:t.trofire hod to be computed during the orbital phase befor0 the fH~eessclry 

commands could be trart5mitted to the capsule. In addition, hack\\ng (If the 
,k, 

. ;;'>, 

II 
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reentry traiectory was required 50 th()tth~pr~cT$e tandingareacQuld be , 

pr6'tlictedos closely as possible. The Network QceompU$h~d the retrottming,,,,,,,,,_c 
. 

"'.,. ". 

~ .... ~-~---=-. 

of pr~icfed. weentry traJectory computations to compute thetitl1Gtotnitiate 
! 

~ ," ~. . 

retrofh'~sequenc~i The entire retroftresequerwce was docompJished f#lther 
. . '. " 

manually, by verbal contaot through Network communications with the 

astrollaot, or automatically by Network ground commcmd.. The '¢~mmQnds 

wourdpreset a clock in thecapsuJe which trigsered the sequenc_~. __ Ylhertvp ..... 

. datingoftheotbital' elements affected timingcomputaHo!1s, 1herefro""ciock 

tiniing Wt:i$ reset on the next station pC$$ affording the opportunity. Had there 

been a foilure in the retro ... ,timet, firing of refro"rockel'$ WO$ pO$Sible by direct 
',' 

command from the Network stations. 

Tracking during r~$ntrifl)rre¢overy in the Atlantic, Ocean was (h;:com ... 

pUshed on the fi rst three ~(bits with rt;lafively full radQrcoverage provided 

by the Network'stations across the southern portion of the U .. S~For reentry 

in the Mid'vtooy areal theOepartmen 

accomplish reentry tracking in the Pacific recovery an'JO. Dqta ft,m these 
'- i 

$tations were transmitted in ne<:tr f$ol ... time to the ComputCng Cent'aroot:!· we~,­

used continuolJ$ly to refine the impQct point preen ctions and drive the plot- , 

board$ at the Centers. With thetle predictions, the Mission Director ceuld 

advise th~ recovery team of the predicted jmpo~,t location to an Qlccuracy of 
,. 

several mi les. 
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Now ,-hat we have described howil~e NetWork wQ$utiUzea doring the 

actual missiofUJ 'the lOGical question is how well did the Network perform 

dorins th~e flights?, 

This next sHde/(SHdeiS) summarh:es theoctoat performance obtofned 

with the'MarmedSp6ce Flight Nertwork for 'the Mercory program.. Some afyou 

~~~;'4'~' '. ~.' . ':. ' " : .. , .. . 

can recall severol yeQssogo how unduly optimistic thesengures. would have 

appeared forpremcted' performal1ce of the MonnecJ Space Fiight Netwcrk.tn 

considering,performcmce aSQ whole,Qneean say the Netwotk performed one'" 

am:! ... d-half to twotim~ b~~tter than originally anticipated lift should be noted 

that the hNetwork Communicotionst'ond "Computer Relf~biUtyn performances 

shown on this slide we~e achieved partly due to the use of backup facilities 

previously mentioned. Now J ~ou:ld Uke to discuss briefly the orbit compo'" 

tatiOfl$ and telemetry dc;.tfoacqubition perfonnance .. 
j' 

, {el'~' 

'the performance of ihe Network in tem1S 6f its accuracytn determining 

orbits W(IS Q vital measure ot its usefulness in performing mission .control. The 

most db'ttanding task which the Network computers had W~ that of establishing 

\Qn initial orbit wHh soffi cient accuracy for Q go no-go decision using <1u1'('1 

obtained only from tracking equiprnents in the Cape a!,c~ and the down ... range 

stat~on at Bermuda. The n~xt slide (SHde 16) shows, for each ot'bital flight, 

how QP'Ogee and per;,gee, calculated only on the basis of data from its first 
.'-

"',' 

pass ovt\r Bermuda, compared with the apogee ond perigee that' was calculated 

Qft.er the ~:p<lcecraft'had made itt; inifial P(..\c;S over Australia, approximatefy one'" 

half orbit 1<,1ter. In t.wery case thsre has bl'!'en Jess thon I ,,5% chQng~" Here the 

, 

I 
I 

. i 



effecfiv."messofrqdar r/leasurerJ'!ent for traje<::tory (jomputatiOf~$ was demohStrated 

and provided the assurance WfJ; Were looking fqr in its U$epartJcotatfy,'f~t:th~" ' 
. ", 

", : ",' .- " ", ':: .: . 

settif19 for the MA-,9 ~ission forpo$Sibte,I$Mtty~~ft~rl'hr~~r~-rbif$, therewps:' 
. 

I ' ' 

'~s dQta for computaHonsand tttof inq,luding'thlfWOOft1fJ.fQdatall This; di'ffer~/!'" '-.: 
;' , ': I, C' 

enee would be equivalent to an impact pre(Ji:t,i'~.ort:ettcr'of tat$18nlfles .. 
. ~. . . 

_ ~-' . ': .:'~. , .". ~,' "' , ' " ' ./ :- -. 

The mQin. facfQ!J)JOntrlhutingtoina,Q,cl.tifQcy ()ffh~fi"QI" r~ui~'lnQrbit(l1 
,.-.' , - ," .";". ":," ". (" . 

improved since the initial John Gle,nn, fiight~nq fh~ accurQcyof th~;Manned 

Space Flight Network omih:didetenn,in9tiQi1$ hQsimproved CQ~curi-~,nt1Y tQ ,th~ · I 

poinf where spacecraft po$ition In!jpace cdn be)teterrninedtof'he order Qf 200 
. ,;r" 4 • '" • ~ 

to 300 yards. 

Performtlnce of the NehNork with regard to its teJemetryfuncfion ,could 
# 

• ., 

, 
' 

also bed~cribed,QS eXceHf';/ht. In faet, during the entire MercurYiitcgram, 

there were no telemetry liata failures. Relatively good telemetry'.cOverage wos 
~ .,. 

provided for the first three orbtts .. This performance was, of course, duplicated 

for orbits 16, 17 00418. U~ucdJy a signed wos acq,uired a.') the <:dpsule approached 

to approxfmoteI~>one degree below its line of sight view from ~,station. Cal .... 

ibrofion of th~ telemetry data was accompUshed both hefor~ and during each 

flight, atld/:there wei'~ no vnexp~eted' difflcuitie!iin the c(dibr(ltion or accuracy 

I 
i 
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of recorded dato fI This next slide (SUdel7) slhows in bar graph form the toi'af . 

telemetry recording time accumulated for ef::tlch of the orbits tn the Cooper fliQht .. 

The numbers above the bars indi cqtehow. mQII1Y, stations recorded4.u.rfng. ~Cl~fl .. ' 

orMt'" As you can ob$erve, thfaoe$tred Network' ~Qpabili!yofeor1tCictin9'~the' 

capsule CIt least once per o~-bft was achieved. 

Today 1 have tried tCf'impart to you afeeJlogofwhatwas invotv~dlt'i 

achieving the level of technical $1)pport just described. In summary, the Maraned 

Space Flighf Network involved extremely carefuldnd detailed piannin~:by d 
~ 

single NASA group familiar not only with tracKing and data acquisition 

faciiities but also with the mission Ct)aracteristics and the require~ents for 

operational control.. Further itinvolve:d very ponservaHve equipment design. 11 

It IitaraBy involved months of flight simulations", It involved very careful 

maintenance and control ofch(lng~ procedur~" it involved the development 

of unique operqtionaf techniques~iI It involved continuous monitoring of the 

communi(.afion lines between the stations to ensure reliable operation~ And 

lostely j it involved continuous training and cross-traini.ng of the personnel 

~t each of the stations to develop ahish level of f)perotor competence. 

With th$le fact'of'S in mind i would like to (!onelude withe word about 

the Network changes or, perhaps more descriptively/the Network augmen-

tations planneq and underway for support of the ~Jpeomin9 Gemini program .. 

As yoo knoyv, Gemini will fly two men for extended pericd~, iJp to 

several weeks, and demonstrOte rendezvous techneques through use of q 

separately launched Agena $pClcecraft. From the experience goined <m the 

I 
J 
j 
I 
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Mercuryprogrorn,t'heOffi ce of Traekiog and Data Acquisitionbegon planning 

early for the ground $UPport ,of Gemini using the foUowing9uidelines: (0), we 

would make maximum practical use Qf.6xisting Network facilities to utnj~e 

. ",' 
. " 

thcitthecO$fof expan~ion tQ. fm~et fUhJt~tequi r~menf/) 'couJclirt'tum. '1lis~ b~ 
: .' .j" " _. ".~' 

'~'-",-~~. ;Tr !'Jt~·ti-~f~F~en~rcti: ty.pes¢frequiremetli'S (Slide ISr forJ~'eminiwhi~,h 

" Vl'~~:dif~r~ritJl'~"~;~~reoryprogramf therehy4iffe~$ttjati~g.wh.(1t is n~eded 
--.. -_. , . '.:~. :~: :' -.: :::~:-.-

for rntsSi~l~nttbf9.f.Qemintfrdfn .fhat wM ~h the Network wos .;-reqdy capable 
·--·:::,;::·~~~)~i- __ -:·-·~~-"·~:':·~·~·: . - .' ... " 

. .. 

of providfngW These new requlrements are showphere .... 

ToJo~nifif:~-the.ac(".omplishment of rendezvous of the Titan U {ch,tnched 

manned Gemini capsule with (l previously lallnchedunmonned AgenQtcfget, 
. 

. ",. 

, orbital. changes are requiredbofh cas a result of a v(triable launch Qzimuthand 

maneuvers offe?ting orbital elements.. The launch azimuth may be sated' the 

time of launch anywhere between 76Q and 106°, depending on eomputations 

involving time"'"Of ... lavnch relationship with the Ageno orbit~1 vehioJe. Th~ 

rnissit,')n requirement for Q variable fouod .. azimuth win be supp<)rted by the 

addition of only one neW Network stotion bf:jng installed innorthw$St ArlJstrcdia" 

This st!ltion will replace the Australian$t\lttons both at Woomera and bAuchea 

because of its better location in relation to the Gemini flight path near the 

antipodal points for the first few orbits. 

·if 

.. 

f' 
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. Vvfththe Ageoo spacecraft dod the Gemini spacecraft in orbit, simulto .... 

ne¢Us tracking, dot('focqoisition, and command w.in be re~vired .. This next 

sJide(Slide 19lshows how ex.isting Network facilities are beintJ augmented to 

support the Gemini pragrom." All of thesfafions which)'lovesupported the 

N\ercury progrom ore listed ph.$ the new stational' Comql'Yon. Woomera and· 

Muchea are omitted.S,ight locationS win be hedvS,ly instrumented to serve as 

Ilprimaryllstations" The additional equipment now 'going into the primary 

stationsCotlsists of new PCM type tefemetry equipment and Qugmentationof the, 

existing tone command system w.ith '0 digitaHy coded Co.11nlOnd .capabi tHy.. The 

secondarystafions will compl~ment hie Network by providing (ldditi6nol track-

ingand communication ctlverageo 

The primary station locations are shown here (SUde 20) in relation to the 

maximum inclination (lngiepianned for Gemini as represented by the shaded 

band between.:!: 34° latitude.. As you may recoH, the inclination for eQcn of 

the Mercurysllots was. fixed at approximately 32,.:50 • 

. The two ships planned here wili be the s~e ships which were used fi'r' 

Mercury. 

To handle the larger amount of t-elemetry data needed for mission control, 

the eighf primary stations wiU t)sePCM telemetry equiprne.nt instead ot FM as 

used for Mercury .peM telemetry ,or d;gitol telemehy as it sometimes is 

conea/is required for several reasons .. 

(o) It win match the~pace(!roft telemetry instrumenrcttion.. Much of 

,the on-board data is of an lIeither-oru nature which is most 

efficiently handled in .a digital format .. 

,~ I 



(b) PCM telem~tr}' offers more flexibility in th€f ho.'lrlHnS of Jarge 

quantities of data and is more a6aptable to automatic data 

processing which win be f\(:cessory for Ge~~ini i1t 

Groundcommu-n'ications among t~'ie stations wHlcontinue to be limited in 

some COSesto 60 word-per""fflinute teletype and the technique of send tog sumMary 

messages will again be r~quired .. However, 4nUke the Mercury procedures, PCM 
'I' • 

telemetry will enable the mission controllers at Network stations to use a high 

degree of automation in processing summary messages to free th~ir time for 

l';)bselVation of data Q$ the spqcecr<:lft passes overhead., And finaUy, the need of 

the proiect for spacecroft in'"'Orbit control and eomn'lcind will place new require-

ments on the up-dato link and ground eommunie(.1tions. 

Centred centrol of Gemini op~~tions, indudir\9 the Agena Qrier'ltaHon 

and propulsion maneuvers, will be initiated from thef IMCC (integrated Mi$Slon 

Control, Center) at Houston, Texas by ground command<+ 

To perform the command fun(~:tion we are inst(:JiJing a. new digital command 

system whi en wHLuse existing FRW .... 2 transmitters clnd will receive, store and 

transmit both real ... time and stored command data f.:'J the two spacecraft.. Part 

of the 'C"mmand function wiH be the transmission of data for the on-board 

valodmeter and of course to up...cfdte the timing of critical orientation and 

propulsion fvnctions" The digital commQndsy'Stem win also serve as a back-

up' bovst phase quidance link if reql)ired. 
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many of fne techniques h~omed during the Mercury program, pOr1ic.uiorly in 

ter.msof proc.edures required toasslJre~sjtive Network support, will be 

ufJlized in, Gemini9P.cr in this way, an ever ... increosing background ofknow-

flOW win be available for the extremely complex missions which will be 

encoul".tered in the manned lunar lending prograin!l.hortly to be upon us. 
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A REVIEW OF -~owtEnG:e _ ACQUIruIDFR,OM 

1'HE--'F;rRST MANNlmSA'XELtITEflQGRAM 

Christopbar!::"i{t'aft , Jr. 

NASA Manned Spac~X'a:ft Cente:e 

. With -the ;completiol1.,6f,the/MercuryprOg1C.am
~ $ci'enee has gained consid ... 

erc:\blenew: knowl~c1ge about: s~a.ee. ,1:n more than 52hout'80f manned tlight~ 

the t.nformation'brought -back has changed m~ny ideas abottt ,space £light~ De~ 

, 

' 

~ifltl. problem occupied the fit'st at'td major portion frf the Mercury program. 

'JJheh,eat shie:J"d., -- the shape of tli¢ Mercury $pae~c.t:itft :/the spal!ect'Jilit $y~temv $ 

and d~erecovel'Y devie.e$ were developed .lrligh~ operations procedures were 

organis~ed and devel~)ped mtd a t~~ining programfot' both sround andfliaht 

. '" 
,t 

:1 
,-

'~~\' \-. 

Th~fta ij\cluded photography,: ext'eta. spacecraft experiments t anlL observation U 

or self";perfonning . types of ~petimentg .. 

But the real knowledge of Mercut'Y lies in the change of the basic phi ... 

losophya,,1;,,~{triep'rOS1:am~ At ,th~ beginning, 'the capabilities of man were not 

. 0 

. 

wi tht~i.e~\~d;(f~~~£ m$!1to . the ,lQ~p, tltt6l pbil()8QPhYcban~11aO;.d_est'ee.s 

'/i-,. " .... .-- ".' 

sit'\,~e pr1i-~':~ry $Uccess ·of them..tss;i.on dep~nded on man backing up 'a~~~fic 
-

/f 

;I 

''::', .,. 
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.mTRODUCTION 

As tne,f:t;rst manned spa¢e flight 'project of thellnited States~ Project 

r1a~ury in ;it!~, variousa~pec'ts has beetV'discussedin ,gre~,det:ail by almost 
, . . 

> i :}, 

a1A -~~nefubetso.f the project.. '.the purpose of mY. discussion today 'Will not be 
, 

);0 repeat the technical details of Project Me..rcury ~ but to outline and dis­

cuss som.e of the si\gnfficant cont:ributi()nli!t:n.~program. bas made to the area 

of, spaee teehn(',)l'bgy. ' 
, , . . 

. " 
. It is ii11?ort~lf1t tQ n~te that '52 hours of nlanned Q,rbital flight, ,~n.d 

les,s thBlctfive hou1;;~r of un,manned orb:Ual flight by the lvterctlry spacecraft 

,have produc'ed'alarg~ book of new knowledge. The hours spent. on the ground 

development and' tr~tniu~" the preparatiot\s for flights~ and the ballistic 
. ", ' 

" 
-. ' 

£lig41:.s C$.ntlot be cal.cu'l~~'::~, btit it co~tri.but.ed heavily to the knowledg~ 

we ult~ma~elY gained in space flight. 

The three hf.Lsic ,aims 01= Project Mercury were ac.compli~bed leEJs than 

five years ft:otrL the start of the.program. Tj;}e fix.~t U.S" manned space 

,,\ 

flight program ~ya.s desi.gned to (1) put a man into ealrth orhit (2)observe 

bis react1cns to t:be SptlCe environm.¢nt and (3) bring h1:m. back to earth 
',' ~ 

safely at a point where. he could be re,adily recovered. Allor thes~ ob-

jectives have been accom:plished, and SOJIte have pX'Qduced\tnore in.f.ortnation 

than we expected to 1t6'C~ive from conducting the e:kperiment '" 

s(mse. We were test:tn~\~he ,abiUty of a lltGll and ~'\lAchi~e to 

tX'<111edt- but not co~J(etelY known enviro:rtltlent. 
,,~r-==:--··· 

J>erform iti.&con-. 

Th~ control, of cnut'.ae:, 'C~e from thela.unch v~hicleused and the space'" 

ct'aft systems in(!lud~ i\., tn;;t vehicleos .Al.though. we knew the general conditions 

,'I." 
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of .. pace at Atlas insertion altitudes, we d i d not know how the specific 

enviro~ent would affect the spacecraft and man. Such condit i ons as vacuum, 

weightles&n S8, h.eat, cold, and =~::.H~t ('In were quefltion marks on the number 

scale. There were also lnan)' extraneous unknowns which would not affect the 

immedie..te missi on but would have to be C'.onsidered in future flights . Such 

things as visibility of objects, the airglow layer, observation of ground -

lights and landmarks, and atmospheric drag effec t were important for futur(~ 

reference. 

The program had to start with a ser es of design experiments. We had 

little criteria for the space vehicle . If we could find that a certain type 

of heat shield could ake a successful reentry and a certain shape of space-

craft, we would have the basis for further design of systems. 

A series of flight tests and wind tunnel tests w~re conduc~ed to get 

the answers to some of the basic q·estions. First, would the ab tion prin-

ciple work in our application? Could we conduct heat away from the space-

craft body by melt ng the fiberglass and resin m& erial? How thick would the 

shi aId have to be for our particular conditiotlS? What temperat.~!'es wou d be 

encolntered and for ~~at time pe iod would they exist? Early wind tunnel 

tests proved in theo ry that the saucer shaped hi ld would Dr ect the rest 

of the spac craft from hea damage. The flight test on h h at sh Id 'must 

prove the theory .. In February 1961 we made a ballistic flight in which the 

l>ac c a f t r !ltered at a harper an.gle than progranmed and the h at shi d 

was ub ect d to greater than normal heating. Th test proved the heat 

sh i ~ld rna ~rial to be mo ethan adequat • 

Th Mercury 'pace r aft did not start ... "ith tu f iIi r b 1 shape. It 

went though a seri es of d sign ch~~g s and wind tunnel teet b fore th opt mum 



• 

" 

'. 

ulv-4-

shape was chosen. The blunt hap ha proven best for the nose cone reentry. 

Its only drawback was the ack of stability. We n~xt tried the cone shaped 

spacecraft, but wind tunnel testing proved that heating on the afterbody 

would be too s vere, although the craft was very stable 1.:-, re~ It ry . After 

two more tri al shapes, the blunt bottom cylinder on a cone shap came into 

being. It was a compl te cycle f om the early, concepts of llUlnned spacecraft, 

but it wa.1 onl.y the ,fir t cl a series of changes in our way of thinking of 

the flight program and it s elements. 

A se~ond part of design philosophy thinking came in connection with the 

use of aircrai equipment in a spacecraft . We had stateO at the sta:-t of the 

program th,at M rcul'y would use as much as :possible the exi ting technology 

and off-the- helf iten,s in the design of the mam'JIC!d apsc .c 'C"aft. But in many 

cases, off-the-shelf equipme~t would just not do the job. Systems in space 

are xposed t:o conditions that do not exi t for aircraft within the envelope 

of th a mo phere. Near absolute vac~um, weightlessness and extremes of 

-temperatures make equipment react differ .. tly than it does in aircraft. We 

h d to t equipment in advanc in the envirol.,ment in which it w&.s going to 

be used. It produced an altered concept in construc ing and testing a space-

craft. Although aircraft philosophy could b ad pted, ir, many ca es, aircraft 

parts could not perform in a spacecraft. 

The third part of f:he design philoso hy, and perhaps th mo import 81 t 

one in regard to fu Uf'e ystems 1s the automatic system cont ined in th 

Mercury spacecraf. When the project started, e had no def"nlt i;~e infor-

ation on how man would react in th 
f 

pacecraft ystem. To insure that \oJ 

re urned he spacecr ft to .arth as planned, the c'ritical functions would 
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have to be ~utomatic. The control system would k ep the spacecraft stabi­

lizedat precisely thirty four degre s above the horizontal. The retro­

rock ts would be fired by an automatic sequence under a programmed 0 ground 

command. The drogue and main parachut es would deploy when barosta~ inside 

the spacecraft indicated that the correct altitudes had been reached. ~he 

Mercury vehicle was a highly automatic system and the lnan essentially ~ s 

ddino along as a paSS,tlnger, an obaerver. At all costs , we had to ma.ke fAJr 

that the ~ystems worked. 

But we have been able i:o take adva tage of man I capability 111 space. 

It started from the first manned orbital flights. When some of the thrusters 

became inoperative on John Glenn's flight, he was able to assume manual con­

trol of the spacecraft in order to fly th~ full three orbits planner. in the 

mission. When a signal on the ground indicated the heat shield had d ployed, 

Glenn bypassed certain parts of the retrosequence manually and letained the 

retropack after it had flred. In this way, h insured that the at hi ld 

would Dtay in plac during re ntry and the pacecraft would not be destroyed 

by excessive heating. When scillations built up during reentry, Glenn uti­

lized his manual capability to provid damping using both the manual and fly-

by-wire thrusters . The pilot's role in manned SPI1CO flight 

more important asp ct. 

s assuming a 

Carp ter' flight again emphasized th ability of the pilot to concrol 

the spacecraft thro~~h th critical r entry prod. Excess uel was used in 

both of these orbital fli~tt8. Schirra'. taqk was 0 d~t rmine if man 1n the 

machine c~uld con erve fu 1 for a long flight by turning off all sy tems in 

drifting tlight. It was a task that could not be ccompl1sbed by a piece of 

, 
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8utomati.c equipment in the confined area of the Mercury spacecr.aft. Schirra 

also was able to exercise' another type of pilot control. It was the fine con­

trol necessary to adjust pressure suit air temperature to produce workabl~ 

environment. Waen we flew the mechanical man in MA-4, we did not have the 

capabili ~y of making fine suit temF~rature adjustments or to realize the pro­

blems we nught encounter in Buit design. Man could analyze and correct suit 

temperature., thus pointing out necessary design parameters to follow in futur 

programs. 

The MA-4 and MA-5 flights were probably the most difficult of the orbital 

missions. They had to be flown using only one automatic control system. We 

had no man along with the ability to override or correct malfunctions in the 

systems. One of the flights ended prenaturely due to malfunctions that we 

could not correct from the ground. In both cases, a man could have assumed 

manual c(lntrol and continued the flight for the full number of orbits. It is 

no hypothesis or theory, it has been borne out by facts. With this design 

crlteria in mind, the Cooper flight was a fitting climax to the Mercury pro­

grat. Not only did it yield uew info't1lUltion for other spacecraft pr " rams, 

but 1 t demon t.rated that man had a unique capability to rescue a mission that 

would not 'ave been ucce sfully completed wit the aut>matic equipment pro­

vided . 

Han erves many purposes in the orbi.ting sp cecraft. Not only is he an 

ob rver, h~ provid 8 a redundancy n t obtainable by other means, he can con­

duct cientific axp riments, and he can discover phe omenon not seen by aueo­

ma. ic qui -mt. 

But most important is th r undancy, the ahility of another ystem to 

ta ov r he mission if the primary system fails. Duplicate systems re 
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designed to prevent bottlenecks 1n the operation of the sysems. The" ingle 

point failure caused the false heat shield s~. gnal in Glenn I s fl},ght. After 

the mi sion ":Ias tJuccessfully completed , we conducted an inter. e design re­

v iew to see if there were any more of these single points in the spacecraft 

that needed redundancy of desi~n for safe operation. We found many areas 

where the failure of one componen" could trigger a whole series of unfavor­

abl e react"_~m3. This type o f problem had been brought about by the design 

philosophy originally cl)nce1ved because of the lACk of knowledge of man I s 

capability in 8. space elwlrorunen • 

The Mercury program tGught 'lEI not tc sts.( k the components on top of 

each other . It forces limit ed access, and the failure of one component 

durhlg checkout makes it nec l~8sa ry to pull out other functioning systems 

to replace the malfunctioning part. For in tance~ in the MA-6 flight the 

hort life carbon dio' :ide 'abso-rber in the. environmental control system had 

to be replaced since cneckrJt took long~ than had been planned. This r -

placem n required e".ght major equipment removals and four revalidat i ons of 

unre ated 8ubsysterr.s for J; total uelay of 12 hours. All ;')f tllese problems o f 

courf." resu t ted frem weight and space constraints brought bout b::.' pnyload 

limitations. 

For the Gemini and Apollo spacecra: t, the equipwent will be modular and 

replaceAbl , allowing the substitution of alternate parts without tearing 

out whol subsystems . 

We dep no quitf~ a bit on the automatic systems for ret .. sequcnc but 

man has proven that he c and do s pI y an important role in the reen ry 

prec SSe The only manned ilisht in which the automatic 8y tern for r entry 

was used completely was at t"h end of W iter Schil'ra '8 six orbits. In all 

, 
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other flights, the astronaut took over and performed least one part of 

the reentry manually because pf some malfunction which had occurred during 

the flight. 

AS we :nove into the Gemini and Apollo programs', a man ;uvering capabil ity 

has been built into the spacecraft to alloliW' changes in flight path both while 

in orbit and dt-ring reen6- 1' into .e atmo .8phere • 
. J 

The !J. V or tran~lation engines provided w'~ll allow modifications to the ' 

orbit for rendezvous wit.h other vehicles n orlit. Also, by u'" .:> of 4n offset 

center of gravity, the spacecrafts will have an LID caplJ.bili.ty not provided 

in the Mercury vehicle. This will allow the onboard computers to select a 

particular l8.ndJ.ng pohlt at any time during the flight and aft r retrofire 

or atmosph ,ric reentry the vehicle can be tna>"1.t:~'!e:- -d Yl hin a given footprint 

to reach this desired landing area. The astronauts will provide the necessary 

back-up to these complex Syst~s and can at any time assume manual c ntrol of 

the system so that a proper anc safe land!n can be a sured . 

Our expe!'i ~lc - th the Mercury network chang~ our thinking about the 

operation of this worldwid e tracki~g system for manned flights . In the 1ni-

tial design of the networ k, we did Ilot hav~ voice communicatic..n to all the 

rE:'1IlOte sites. 

But we soon found that in ord~:- to e tnblish our real time requir~ent 

for val uating unusual s1tuat' on>8, we needed the voice L .nk. When we started 

th program, th d t rminat'ofl of he orbital ph~~eris was a p ocess that 

could take several orbits to estabi she We could not tolerate uch a cnndi tion 

in a Imed flight 80 we set up a worldwid n twork which ~uld maintain con ~ 

tac with the atronaut appro'imat 1y 40 minutes out of every hour. But 

cont nuous voice contact with ~he astronaut has proven unnecessary and in many 
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, 

cases undesirab1e. While we reta n he capabi ity to contact an Bstronaut 

quickly, we have tried to reduc e the frequency of communications with the 

spacecraft. 

In desi gning and modifying a spac.ecraft, it is al 0 possible to learn 

some hing more than tangible chang~s or hardward design . We learned about 

the reliability requirement and t every importa:: t need to check details 

carefully . It is a requiret'lent that cannot be designed in 0 a system on 

the dra ing board. It actua ly consists 1..n developing a cOllscientiou~ <:on-

tractor t eam that will take care to fo11o'07 procedures and deliver a reliable 

product. Then it takes a careful recheck by he gove~ent team to insure 

that rel'ability has actually een built into the product . Th smalle~t 

mistake in a man rated system can bring :otally u exppcted results. The 

unexpec ed is the rule in the t.mkn0wn, EP~ J.[ man is going to live in the 
I 

regi 'n beyond our 3tlllJ)sphere, he is goirg to l ive und e r rules or not at all. 

We have been aware of these new rules from the start of tJ~ d~~llite program, 

but they have L',- t: been brought ~ our attention so viv~dly, as they have in the 

manned flight pro ram . 

If an unmanned satellite malfunctions we c=.nnot ga i back for ex-

amination. We ~an or.ly speculate on the ause and try to redesign it to 

eliminate the source of h supposed trouble. It is necessarily a slow 

process of el':'minalion. Here again, if a manned craft aifunetions, it -:an 

be r tUIned to the ground oy the proper action of th pilot. Then the why 

of the malfunction is revealed as well as the what. e knelJ what h · ailed 

in Gordon Coop r's flight, but we did not know why the system had failed until 

we got t e spacecraft hack for inv e stigations anrJ tests. Knowing why something 

occurred \Wil l give us the tools to mprove 8pBl .e ' raft of ttl- , future. 
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AEROMEDICAL EXPERIMmTS 

·While we can redesign the equipment to accomplish t ,he mission
" 

we cap :lat 

redesign the man who must perfonn il1 space. A r.omedical experiments for · l~W 

Knowledge about space must simply nswer one question . Can man adapt to nn 

environment whicr violates most of the laws under which his body nonnally 

operates? The ans er to the qu'estion at the end of the Mercury program seems 

to be an unqualified ys, at least for the J.. ? iod of one to two days. 

~he crushing acceleration of lalnch waS the first concern. We knew he 

would be pressed into his couch by a fo r ce equa _ to mnny times th 'II ight of 

his oody" It was r;ol: definitei.y known whether he would be able tc perfonn 

,my piloting functions under these high "g" forceso The centrifuge pr-0gram 

was started and the as tronaut s tested under thi s stre ss prvved that man WB.S 

not a fragile or helpless as we might have suppo ed . In add i ~ion t~ Ding 

able to withs and heavy eCce eration, a method vas develope1 ot s raining 

against the force Imd performing pi-lot control maneuvers. 

Weightl essness was a real aeromedical unknown and it was something that 

the astronauts coul~ not really encounter on the ground The abilit ' to eat 

and drink without gravity as on serious question we had t o answer . In he 

weightless condition, once the food i placed in the mouth, normal digest i ve 

processes take over without being a f fected by the lack of gravity. ' 

The next problem was the effect of weigltlessness on the cardiovascular 

system, th /.it is the heart and blood vessel system throughout the body. All 

type of rea~tions were possible in theory. In actual flight, a small and 

t 1emporary amount of pool ~ ng of blood in the veins f the legs has of'.curred, 

but it is no t serious nor does it app ar tv affect the pelfonnance of the 

pilo. For all pilots weibbt l e~sness hQ~ bee~ a pleasant experience . All 



, 

the senses such as sight and heat"illg perf orm normf:tll y during space flight . 

Th~-r e has been no hallucination) no blackou t or any otr.er medical phe.r.omena 

which mi ght have an effect on man in space .. We even experi ented with drift-

ir.g flight and whethe::- 'he astronaut wo\.~ ld become disori nt ed when he could 

not distinguish up from down or have the horizon of the earth for a reference. 

But each time tha answer seemed to be that man could adapt as long as his basic 

needs for breathing oxygen and pre'su r _ were supplied • 
.. ' 
Perhaps the greatest contribut ons t o h program havf.! come in the area 

of development of aeromedical equi.pment. Blood pressure tlIeasuring systems 

were developed that would automatic.::l1y t ake readings and transmit them by 

telemetr to the ground . Th~ biosensoIR were designed to pick up other in-

forma tion such as pulse rate and respiration rate. There were numerous small 

change,:, that were made to these systems to increase the accuracy of the data 

that we got back from the man in spac e . The in-night studies of the pilot I s 

reac tton are probably the most compl te mediclll records we have tried to ke p 

on an individu ' l. Their value has been 0 demonf'tr!lte that man function 

normally in the space environment . 

Related to the aeromedical studies in the environmental equi pm~l1t that 

proviC! .~s 1 fe support for the astronaut. We started with t h l! ba" ic Navy 

pressure suit fOL' aircraft flying and m.odified it for performanc in the 

spacecraft. We found i. t was desi reol e to eliminate as many pressure point s 

as possible and have t .ailored the suits on <ill indi'ridual basis for each astro-

naut. There are two areas in life support which presentoo n w problems to be 

overcome. First th re was the p!"oblem of -.::ir(':ulation ,... & 
_J- air. In the absence 

f f gra i ty , the norm ~ rules of a . r circulation ar cancelled, and the carbon 
.1. 
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di xide breathed out by the ast l"Onaut uould suffocate him. The air in the 

cabin uld also have to be f<'rced throu~ the air conditioning system to 

keep the cabin area from overheating. 

Secondly, h /~re is the problem of the air supply itself and its possH: ~ e 

effect on the spacecraf pilot . For conserving weight, a single gas system 

: 

was desirable . But it was not known if breathin. pure oxygen over long periods 

• 

of time c<?Hld have ham ful ff~cts. The Herc.ury flights and other research 

,. 

in a Pllre oxygen nviro ment haye proven that no injury to the body I S system 

haa bee:a produced by using .. . one ga system. ' 
, 
\ 

SCIENTIFIC EXPERIMmTS 
~ 

Man's role as a scientific obse~er and .~erimenter in space was anoth r 

unknown in the program. Much of L wa based on th ability of man to exi~t 

in pace. It h&d to first be determined that he would be able to function 

normally and then the scientific benefits of the program could be· explored. 

Man as an ob erver has proven his ability from the first orbital flight. The 

brightness, coloring , and height of the air glow layers was established. It 

was something a c amera could not xecord nor would an unmanned atellite per-

form this misl9ion. Han in space has the ability to observe the unknown and 

to try to define it by experiment. Thepftrtic.l.es discovered at sunris by 

John. Glenn were, determined to be coming from the spacecraft by Scott Carpenter, 

and ths analysis wa confirmed by ~chlrra and Cooper. 

We can s 'endunmannoo :i. nstrum ntf'A \Tehiclea into space which cen learn 

much about tl1e spac , envi ronmettt and the e up of the planets. How ver, 

t o a1.d in making the scientific observation will be invaluable. 

The 0 d problem of what and how to in trum nt for th unknown can ben fit 
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greatly from man's capability to pick and choose the time and ypel of 

exper~mts to be pertormej. w~ have learned much from the Mercury pro ~ 

& ~am through t~is quality of ch0ice and we will continue to learn if man 

~ontinu s to b~ an i D-Qrtar t .part of t J e system. 

If w ha 'e le o ed more abput space itself, we bave also learned about 

man's capabilities in space.. Many exp~riment8 h. ve be conducted which have 

yielded valuabl i nform ~ iOn faT. future progrL~s. 

Aside from the aeromedic.al experiments, man has bee~ able to dis,tinguish 
.. ) 

color in space, to ~pot , o~jects at varying distances from t he sy8cecraft , to 

observe high intensi.ty li,ghts on the ground) and to track obj ects near hili". 
f 

These observations prc;vide v luable infomatton in determining tl-.e feasibility 

of the rendezvoU:s a d navigation in Gemini and Apol o . 

Pictures taken with infrared f :".1 ters have aided the Weather Bur au in 

determining the ' type of ' c meras tu use in their weather satellites. Special 

pictures have also b en ' taken for scientific studies such as geological for-

.nations, zodiac4l li\~ht, and, l'efraction of light thrcugh t he atmosphere. 

CONCLUSION 

The ntanned pace flight progra.m has changed quit a few concepts about 

space, added greatly t o our knowledge of the univers around us, nd demon-

strated that man has a proper 1'01 in xploring it. There ar many unknowns 

that lie ahead bat ~ ~~ l' a sured becaus w are confiden~ in overcoming 

them by using man' capac lities to the fullest. 

When w started the manned spa ~ program five y ar ago, tb r a gr 11 

deal of doubt about man's u efulne s in space. W have now come to a point 

which 1s exactly one hundred eigbcy degree around be cir Ie f~om that opinion. 

, 
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W now depend on man in the loop to back up the automatic systems rather than 

using aut~tic systems alone to' insure thrJt the mission ig accomplished. 

We do not 'Want to ignore the automatic aspect s of space flight altogether. 

Ther must be a careful blending of man and mac.hine in future spac ec aft whi ch 

- vide the formula for furthel' success. By experience, we have arrived at 

~hat we think i s a proper mixture of that formula . Han is the deciding element , 

but we cannot ignor the usefulness of the auto~tic systems. As long as man 

is able to alt~r the decision of the machine, we will have a spacecraft ~hat 

can perform under any known condition, and t ,hat can probe into the unknown for 
\ 

new' . owl(.~ge . 

.' 
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I. INTRODUCTIO~ 

With the completion of the Mercury program ,.nd the strong eft rts on Gem 11 

and Apollo this n ation is well on its '!Nay toward the evelopm .11t of an establ shed 

manned space f1 ght capability" It is difficult to imag:f.ne futu e technica.1 gro'Nth 

without an ever-increasing u e of space by man, extending" 0 man 1 0 e 'lorll,til.)n of 

th_ planets. In order to achieve this .. xpanded martned llpace flight capabj lity msJlY 

of the building blocks that make it up have to b~ developed to a high degree of per­

fection anti tested und r exact environmental conditions~ One of those building blocks 

in need of testing Is, of course, man hims~lf. Therefore, it- 1.8 rea80nilb~. e to a ssume 

that for the purpose of laying a broad foundation for advanced manned spac~ fl~ght 

a manned sptlce laboratory may be necessary. 

The Harmed Orbital Labratory (t«>L) may be, for many years to come, basic re:' .~ 

search tool i n space. It would be utilized at first to answer t 1 basic ·r estion of 

loihether man can liv and operate successfully 1n space f~r long perit,d s of time. While 

this biomedical experiment would be going on, other engineering m.d s ci ~.ntific r -

search tasks which require. the true space environment. and /o r t hE: at ::ention of a lllman 

operator might be carried out on board the stat'on. ~v ntully , he MOL may de'e!op 

fnt.o an operat onal space station func . ion~.ng, for instal.cA, af an orbital l aunch 

facility, a meteorological observatory or a .pace mainte anc e and rescue c I\ter . 

II. APPLICATIONS 

In order 0 d termine th immediate r quirem~ts for an early l~b atory, th~ 

various potent i.al I".JCperi:nental use must be evaluated. This evaluation will provide 

a b SiB for tablis~en 9£ the cont'guration of a MOL. Is a minimal Apollo- type 
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MOL sufficient f r the p rfornw cc of a 8i~·.ificant biomedica experiment? Or per-

11er s, tht! ben f i ts C'f a truly multi-purp se MOL are so oven.ohelming in the long run 

" • 

that one should not expend unn ceesary time and effort in going through the i:-.ter~ 

mediat e t eps of building small space stations but, Ia _he , proceed iarnedi~tely wi ~h 

the d e velopment of a large l~boratory in space . 

Various government agenc e s and man. i ndus t rial contractors have studiP.d t Ie 

PI) ent i 1 uses of space sta.tions for IJ. number of y~ars. Thes appl:' ;:ations have heen 

co llected, analyz p::i and rated and a e being ':ontinually ree""".luatoo in t erms of ted· 

nical feas i bility and ult 'mate valu e for the ovet all national space flight prog:am~ 

Only the more i mportant categories are discu s sed here . 

Ao IOME;)!CAL APPI,ICATIONS 

The m Bt pressing m~ssion requirement, and th refore the pr edominant purpose of 

the early MOL, wi ll be the study of man I s physiological and psychological respons e to 

the space environmen\_ . nd the determination of a man capability fot' performing useful 

missions in spac oveL extended ?eriods of time. Of ultimate interest are manned 

planetary missions which typically require one-year fli~ht times. The validacion of 

man s active role in space cannot be accomplished oy simu lation on earth because of 

one particular factor p eculiar to space . This factor is "weightlessness." In ord r 

to fully understand this phenomenoI'. and to make 3 val id d ec ision as to how best to 

count Iact the long-tern effects of th spac e environment on man. all effec ts on man ~ 

during and after A prolonged stay~time in a w ightless envirorlment foll owpd by a 

high d ecelen:tion re-entry, have :0 be clos ely valuated and compared with earth·· 

bas d simulation ~tudi es . 

The final evaluation of . a ll biom rUcal paramet ers will lead to oon clf the key 

decisions in the future n~nned space light progra~. It wil l answer ~he question 



whether or not an artific.:ial gravity field iB required il1 man's life support 

environment or, in more operational terms, whether future mann~d space stations 

and spacecraft for extended missions such as liars and Venus exploration) must be 

rotated. 

1'he biomedical stucies will be especially concern.ed with the following areas: 

1. ' Ca.rdiovascu;lar SYstem 

The maintenance of an edequate cardiac ou put,,, with properly oxygenated 

blood to supply all areas of the body, L . vitally important since this i.B the 

mechanical tl"anspoxot syst em for th c~llu.ar nutritional need nd waste pro-

" duct removal. The existing knowled 2 f the role of the gravl.tational force 

field, or its absence, on circulatory dynamics is limited. What is known, how­

ever, points to the fact that cardj.ovascular dynmnics will bl~ al tered significan­

tly to the e.~ent of causing symptoms wnich will interf re with ad quate lcco­

motive functi n , with possible unconsciousness, upon return to a force field 

after a prolong~' ~eriod of weightlessness. 

2. Nutritional Functions 

The r 1(1 of a gravity f~ eld in the dynamics of food absorpt ~ .on, transport 

and utilization over prolongpj periods of time is unkno~m at the present time. 

3. Musculo-Skelet.!l Syst~ 

The musculo-sketetal system has been subject to speculation 49 to the r nl 

of gravity in maintaining muscle mass (p~otein metabolic balanc ) , muscle function 

and etren th, and calcification of bones (mineral mobilization, deposi ion nd 

bala ce). It is presently unknown whether these ~nctions are gravity-dependent 

or primarily dependellt u~cn maintenanc e of muscular contractions. 
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4" Pulmonary Function§, 

. An area of vital ·mportar.ce is the 10n8- term effects of parti.al pressures 

of oxygen in excess of sea level partial pressures Whp- kind of chan es, if 

any, are initiated by ao atmospheric ccmposition dissimilar to earth.'s How 0 

these possible changes affect such pulmon8J:y functions as ventilation, the 

mechanics of breathing and, more importantly, pulmonary ventilation-perfusion 

ratios during weightlessness? The definition and es timation 0 the significance 

of these questions are yet to be dete ··lned. . Some of ' t hese could "'.; dup licated 

here on earth, but interaction of 11 mu~tiple factors cannot b~ pred.icted_ 

S. Biochemical ~stem 

Any endeavor which produces stress in excess ot ~asured experience may 

c~~;!!e ~lav(jc to the endocrine organs. Relea Q of excessive amounts of hormones 

and ,enzymes, ev~n to depletion, ha~ b~en known to occur on earth. Much needs to 

be a~complished in undc~st8nding the significance of these fluctuations as they 

relate to th long-term functional usefulnE~ss of th individual and his well­

being after return from the missiou. 

6. Psychiatric.!!!£ Psycholc..gical Fur,cticns 

Little is knvwn in the area of psychiatric and psychological variatio s 

induced by small c ~osed soci ties, isolation and artifici 1 env ronments , and 

what is known cannot yet be ad~quately correlated. M ch work must be done so 

that some adequate meaa re of assurance can be had that long-term space missions 

will not pose undue probh!IIlS in this Hr a. 

7. Vestibular Sys~em 

This areq is rela~ed uniquely to ar ffieial gravity produced by rotation 

ar,d Lit )ncerned wi.th the study of the effects of ~riolis and angular accelerllt­

ion gl'adients on vestibular functions. Qu tions \lhich Drust be an wered relate 

, 
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to the degree of interference ith function, habituation and ef ts of changing 

magnitude. of Coriol! and angula ' velocity as a fun Li n of space sta ion ·on-

figurat ions , 

A bf.~edical facility in space will requ _ e flexibility so that any eventuality 

can be adequately measured and eval1J. ::tt • This ca Is for a high degree of bio-

medical sophistic tion. . ch f'h1stication recommends serious consideration of the 

f 
u e c p operly trained medical personn 1 for flight missions. 

Thec~ a ~ tree uccessive object ves in the biomedical ~xperiments: 

1. Det ermine whether man can operate success ully under weightlegsness for long 

periods of time (of the order of one year) and subsequ ntly 8urvi r e in good con-

·dition the env:!.ronment of re-entry and normal gravity conditions thereafter. 

2. If there are indicat:o l l9 of difficulty in the wei.ghtless state, determine whether 

, 
onboard reconditioning measures, like doubl~- nded trampoline, a ow accel -

eration centrifuge or he tee of ~ - ' e ure cuffs or drolg , will make the subject 

fit for operating succee~fully under prolonged weightlessness, followed by re-

entry. 

3. If th r e r e conclu~iv : ilUi cons that reconditioding measures are in uf 1 tent , 

decermine the best 'eallS of prey ding artificial gravity and develop techniqlli': 

fer crew ~~ ration in the simul ated gravity field. 

Two app ~aches are possible for achieving the fir t biomedical study objective. 

One is to 2tpQ8e subjects to ever-increasing periods of weightlessness followed by 

re-entry to earth. This appro~ch may be costly in t rms of the numb r of requir d 

flights The second approach is to simulate re-entry conditions by means o.c:: an on-

b . d hi h speed c trifuge; howev r t re centrifuge res 'arch 1s stili~ ~ quired to 

del e •. ine whet er this type of 81 (.dation is sufficient and without disturbing 

aecondary ff ets . 
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The Manned Orbital Laboratory must be designed in such a way that, if the re­

sults of the first biomedical study objective aI !.! negative, the s~c(\nd and third 

objec ives can be carried out without major modf.ficatiolls of the program. 

B. mGINEERING RESEARCH AND DEVELOPMmI' 

While the first ~anned orbi al laboratories should be consider a .Jtepping 

stone toward ext ended earth orbit opera i Jns within the frame of the overall Nat i onal 

Space Flight Program in determin,ing man I s capability to work and live in space, the 

ultim~te goal of a MOL ruay be to provide a logical foundaLio •. to manned int r planetary 

space flight. The complex space vehicles employed in plane ary missions may b ~ 

assembled, serviced, checked out &\d 1a nched through t e ac ive part i cipat i on of an 

orbital 1dunch crew w king from or n a an orbital aunch facility. A manned pac e 

station serving as an orbit.l 1 .. mch facility may incr "' ase the overall probs.bility of 

success for such missions. Orbital launching, on the ot~er hand, requires the so l ut ion 

of a var~ety of complex engineering d evel pment tasks such as assembly in pa , check­

out, launch procedures, fuel transfer, maintenance, repair, general operation and 

l ogi stic , etc . , and only after hese pro lems have been stud :L e<i n detail will one be 

able to as ess the usefulnes of an o rbi t 1 launch facility . 

Manned orbital laboratories, flying during earlier time periods, h ve the potential 

of providing useful f cilities for developing and qualifyinR the various sys ems, 

structures, Dlaterails and op ration ' l techniques that will be required both f or an 

orbital launch facility and for other future manned and unmanned spac mi i ons . Futu r e 

systems and materials under development will require long-duratior. xpos Ir to be c 

envi ronment. Many parameters of this environmetlt may b imula ed in arth-based! 

cilities; howeY r, in many ca e larg volume and hard ac requirement vor pace 

sta ' on testing. Furthern~r g- oun - ba,ed tests ob 1ous1y cannot prov c _ the con-

ion of weightl san 8S or partial gravi t y for xtended p riod of tim. One ~hou d 

, 

, 

I 

, 
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bear in ml.nd) however, that only t ~t s w ich cannot b effectiv ly carried 0 

on th &.round -hould be ~ISS' gned to the MOL. 

Man t S presence is helpful in the testing alid qualificat.l.~· ci s "- .. ems in the 

space environment The instrumentation required to moni~or all the functions in 

a system to identify the caus and result of th," many possible experimenta . re-

sponses and tn.oJ 8 of tailure would be highly compl and rJassive. Man could help 

for he following reasons: 

1. He can calibrate and a1.igr.. equ 1pment, required for an experiment. 

2. H can mon1tor experiment ~. 

3. He can use h.&.s judgment to alter an eJtP er imen t in progress to m~et new objec~ives .. 

, 
Be can repa i, r ~qu1pmen WhOE failure could r suIt in the premature termination 

'+. 

of all experiment or at 1 st seriously ;lffect the vaU.dity of the results ", 

In the folloldng 'discussion SotJ1 of the more signi ficant potential experimf'.ntal 

group s for manned )rbital labor.tori(~s wil! b iilentified 'to show the level of 

necessary e ffo t in the area of engineerin£ reS~l ch £ld development. 

1.. ~ ,§Y.stems 

The performance md reliab lity aspec s of a(v~ced environmental contro systems 

to provide cooling, neating, pre Burizatton , etc., for future pac craft configurations 

coulo be evalu ted. Particular tes s would yielrl data on the effectiveness of leak-

ag detection uystems to p i npoint crom t orvid pen tration and f"ilure in h rmetic 

eals. This , in turn, would 1 d 0 an ass aement: of sealing t ch:liqu s to c rrect 

t b ' 8 P n tr tiona and failures. The tudy of advnnced li£ supJ10r ystems and 

cr e 'Jip t un r pace cood ' t i or. w uld yi.eld 1,I'aluable nformation to upport 

. . on long- mission. Empt sis shou4d b dir ~t to sudh areas s: 

a. Clo ' -loop al a sy ·t 

b. Ka etic radiation shi 1 ing 
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c. Regenerative water supply systems. 

d. Waste disposal. 

e. Food sto=agf! and prepa .... ation. 

f. Personnel restraining eq~ipment. 

2. Elc'trical and Electn,r.J:,£ Systems 

The perform:a:1ce and! or endurance capa!>ility of var lOUS solar and chemic~l' pO'iier 

generation syatems op .r at ing in space emriron..'lle:tt cou ?i.J be evaluated. Systems (meier 

test may also provide useful pow r for bonus experiments and serve as backup p "er 

systems. Various items Clf commun cat on eq i pment, such very High rrequcmcy de-

vices, may be t sted to develop improved space commlnications in t erms of advanced 

componeoLfJ , vytimulii £reqt."-elcies,. ban~widthsJ tranSmission power, receiver sensitivity , 

reliabil ity, etc. The:: perf I'!Il8.l"1ce characteri t ics of leng Ii etime ad vanced n«vigation 

and con':rol systems may be studied and new guidance techni o('s evaluated. 

3. Propulsion Systems 

The effects of the space environment» e p ". 11 w g:.t-lcsencss and 10Ttg-t ° tn. 

space exposure on ignition devices, restart ca abi lity~ fuel sloshing , ' vortexing and 

expuls_on could be determ ned. Various types of propellant actuation d~vice could 

be exposed to the space environment for ext nded period of tim and th~ actuated 

and analyzed. Tes s ~ulu be conduct d on various fu~l s and oxid zers in different 

propellan t nk configurations and with various l.nsula i on techniques " ant) terials. 

Electric propulsion systems could b proof tes ed under true space condi ions, and the 

b v ior of rocket exhau t plum s could b studied. 

4~ ~ructures and Ma 

Hany simult us e ects of th pace vironmen t such as m tearo"ds, v cuum , 

radiation and temp rature c ycling 0 various char cr ristics of materi 1s and 

struc~ures are difficult to b me lin fu lly r pr ~uced in ground t ts. Thi lack 

, 

I 
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of i nformation introduces uncertainties in spacecraft design that may be serious 

enough to impair future spac missions or require over-d esigned systems with un­

necessary weight penalties. Fo r instance, ablative materials could be exposed to 

space vacuum and temperatures extremes for long periods of time to evaluate their 

integr ty. An eff ctive m teoroid protection research program could be undertaken 

with the aid of MOL e:ll.1'erimenters who cou l d help deplo large meteoroid bumper areas, 

exam'ne p .etrations and Iter the materials to iil.vise optimum protectl.on schemes. 

There iG ::ot'Ce rec_ tevidence that; 8. deep vact tm forms :in th "wak" "f a low a1 ti-

tude satellite. his would make the MOL suitable for de p-vacuum experimentation 

on vario s materials anel mechan:lcal systems. 

5. Extr vehicular Operations 

For extended extravehicular ~verations man must be well versed in the capabilities 

a.:).d limitations of individual propulsion uni t s, extravehicular suits and portable 

life support systems. Th MOL would provide a test bed to train pel"sonnel for future 

lunar and planetary missions. 

6. Developmental Flight Testing 

Iso of importance ;. .High tes \,; ing of large unmann€!d atellites anc spac probes 

or qu lification testing o f advanced mann d satellites. Present satellite programs 

requ~re a co tly and tim cOlsuming development flight test program necessary to ob­

tain reliable flight hardwar e . This is main y (ue to th fact that w'e hav not ye 

learned to build adequate ground simulators, and, thus, t sting of final sate li 

confi rations on th round doe n0 t allow an i , olation of all design d ficlenci s. 

No effort hould b spared t o ir..prove ground ter Ling, but if that prov till i n-

ad quat , then one could u the MOL as a d velopment flight t t facility. By 

orbitin th te t artiel as a "tag-alol gil n ar the MOL, thus allowing visual obser-

v tio .lOd hort c d and t lemetry link , d agnos1.s and [' ~pair of atellite 

1 fUllct ion8 would be p ble through extraveh l.cu lar op rations o f the MOL cr • 
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C. SCIEtaIFIC RESEARCH 

While the Manned Orbital l.aboratory performs the biomedical experiments and 

the engi.ne ring research and development tasks, some of its facilities mss be 

allocated to perform scientific research. It should be pointed out that some 

scient ific experiments, given high priority today, may be relegated t.o a less'"r 

ra ing or even disregarded by the time the space station becomes opecat i.onal. This 

will be the ca~e when unmanned satellites and space probes have gathered enough 

sig..'"'lifica."'1t i n formation in a _ art icular problem area during the intervening time 

between ~perim .u~ "o ·.ception and experiment initiation on the space station. 

1. ARtronomy 

An orbiting space station could provide an astronomical observatory that would 

greatly increase he angular resolution and extend the wave lengt range that i 

possible in earth-be. f! observatories. However :. scule experiments on an orbit:ing 

observatory might require poil.lting accuracies as stringent a s 0.1 se one! of Ie 

with photographic exposu~es for as long as one hoer or more. Such stability may 

be d : fficult to achieve, par icu 1 arly because of ma IS disturbing presence. 

A OelS· bl~ 8 0 1u ion mignt: be: an unmanned astronomical platform ir. close ty 

t~ the sp~cp. st ~ion with a r adio ommand and en optical data link between the plat­

form and ~he MOL 

There exists a large range of astronomi a1 obs rvation8 that rug b made fro an 

orbiting observatory. The more signi icant of thes may be classified und r the 

followin headings: 

a. Ultr violet , v isible nd infrared stucl ies o f the planett:l the sola di '~ , h 

sola~ ~orona, galaxies, nebulo it! S 81U int rst llat gase • 

• 

, 
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b. Ultraviolet. visible and infrared studIes at very high resoluti I of trtellar 

systems and a search for planets of nearby star J. 

c. Gamma and X-ray telescopy. 

d. Radio telescopy. 

<hlly a f~w basic instruments would be requ irF.d to do; all the studies listed above 

if man were present to ~ke changes in systems and pro~rams, cha~ge attachments to 

the basic instruments, 1 gn a d calibrate. 

2. BioloS,}: 

A Manned Orbital Laloratory could contribute to the search fot' extraterrestrial 

life in a ' number of ways. It could serve to collect and to analyze the IJppe- t erres­

tr. a1 atroop-.. • ere for microorganisms, including such organisms possible 1:n m •. cro­

meteoroids. In addition, a space s p i0n could provide a biolcgical laboratory for 

the preliminary analysis 0 : extra t errestrial samples to determine if they display 

a contaminating danger before they are sent to earth for a complete analysis. And 

finally, a MOL provi des an opportuni y fo utl11ziug tCltC: 1qu vf th 

envi onment to 4:.1alyze the general r-alationship that exist~ bet een ~, orga" ism and 

its environment. Studi s would be concerned with nvironmental effects on photo­

synthesis, biological rhythms, metabo i sm, a~d grow h and development of org ismg 

as fo llows: 

tl. Study of various physiologica.! s/stems in high a.:limals. 

b. Study of embryology. 

c. Growth of org nl sms. 

d. Plan phys iology . 

HI) t 0 the req ired equipment t o perform th above studies would b cOTtlOOn t o 

that requir for biomedir.al a , pI cation, 'ld sharing of equipment would sta~ most 

' tudies s bonus exp riments. 
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3. Physics ~ Chemistry 

V ry ew experiments suggested for Ma ned Orbital Laboratories in the area of 

physics and ehemistr-y "are actualLy basi(: in their nature. The majority 0 qcper-

iments of concer to the chemist and phYSicist are al ~ of major concern to the 

spsc station deaigner .PoGsible Axceptions are sic \:udies like cne!!!!cel re-

action kin tics, surface tension effects, heat tra.lsfe"r ph,~nomena, liquid-gas 

separation studies under zero gravity and partial gravi y c'nditions. 

4. Space Environment 

It is anticipated that u~~led satellites and space probe will have contributed 

si ific&:.1tly to the investigation of many present prc.lblems in the space environment 
, 

ar a by the time space stations become operational. HaJY investigations, however, 

may require the presence of m.a efore the problems can be completely resolved. 

Also, i is possible that a number of .per ments that could be individually con-

ducted on advan~ed un~lned atellites ould be collectively justified for a manned 

spac station. Experiments in this category inc Iud tudies of magr.etic fields, 

I 

r edietion; nL t ds and way propagation phenomena. 

III. MANN ED ..;;.ORB=I;.;;T=~ L~RATORY DESI W CONST~.J!!] 

A. ARTIFICIAL IGRAVITY 

The Manned Or i t 1 Laboratory, like B~y 0 her space vehicle, must be designed 

within a large number of oesign constraints, and the design must be optimized . or 

its purpose. Particularly since the MOL i intended to be a spa~e labo~atory in t 

fuil sen of the word th ~ designer has to COl sider firs the ad pt~bility of any 

concept to the reqt'irementR posed by the exp rim .t£.l applications. 

Several surv ys of the potential ngine rin and ci tific us of an orbiting 

laboratory show that about h If of all exper.·iments require zero grav ity, whih' a1 t 
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hll the rest are independent o f th gravity field. Relatively few applIcat ions 

call or ar ificial gravi ty. That r equ :em .nt tnay arise primarily from man him-

elf.. For tnCb~, the lack of gr· . ..;vity forces may cause physiological prob Pr!'.f' :utd 

'varying degrees of J:1hy8i~al inconvenience. f earlier programs like ~ini or 

Apollo do not already indicate a clear need for Ijrtifici I gravity, it will be 

desirable to provide the MOL design with su ~ficient flexibility such that it will 

be applicable for future operationa.l use, regard less of tht: outcome of the "zero 

gravity d cision ." This) thf~n, calls for a "zero gravity" MOL which can be later ... 

converted t o a rotating station if necessary . 

Artificial gravity overcom~s the ciiBadvantag s of weightlessness and brings 

the astronaut and all equipment closer ~o an earth environment ~ but the. rotation 

necessary to produce artificial gravi:y, unfortunately, introuuces certain operation-

a1 and physiological problems with respect to the cr and th ., systems installed in 

such a station. .!l:='O,i... t e ar',s of tn. n-board installed systems, rotati nal 

factors influel.lce the design 0": uch componel'lt s as antennas, docking devic ~s , crew 

and cargo transfer, guidance systems, and vi ~w1.ng the eiirth ot· certain deSignated 

portions of th sky. Thcoe rotational considerations are net ov rriding liabilities 

hut rath r must be treated with consideration anu ingenuity in the conception and 

d sign of systems and th it" in!:tallatict.s . 

The rotation of the station introduces various forces; the prirr~ry on~, wh ch is 

h Coriolis e£fec on individuals, presents an additional factor to he ~nvi ronment 

to which n is not ordinarily exposed . This requires that mEn either adapt to this 

additional factor or that certain typ s of provis ions be made t . facilitate his 

activities 1n th space s tation. Man has a r4ti,er nar ow t olerance zone in t nns of 

ro ational parameters such as radius and rate of rotation. Th interrelations b -

tween the rotations parameters are illus t ra~p.d in Figure 1, wh c' shows the present 

- , 
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human factor d . ~si gn env lope for man. The tolerance l·mit s which define thi s 

envelope have been established by many .<> p cialists on h'man factors, but are based 

only en ~ bare minimum of xp~ imental evidence conduct d under a different en­

vi.ronment from chat w.dch exists in a rotating space vehicle. The limits that 

encompass this envelope ar t he upper limit on the gravity lev el, the upper limit 

on angular ·"elocity and a lower limit on r im s p eed . The upper limit for gravity 

leve ~ was selected as 1 g; the upper limit on angular velocity was set at 4 rpm, 

above this , based on centrifuge experience, vestibular disturbances may app ar when 

the head is turned rapidly about an axis perpendicular to t he axis of rotation of 

the station; the 10 . r limit on rim speed was chosen at 20 ft /sec below which a 50 

percent change in apparent gravit.y occurs ""men a crew man walks a a nominal rate 

(4 ft/sec) in a tangential direction rather than standing Rt·ll psy~h.ologic..al1 ... 

a rather di.'~1.\rbing situation (Reference 1) . Another limit, although not defining 

thi~! en'relop''!, is the m.f. n · .... Tn r ":us where the gravity gradient from head to foot is 

not great enough to disturb the crew~ ThEit gradient should n 

which indicateu a minimum ra ' 1u8 of 40 ft. 

exceed 15 percent t 

All the~e ur t ific .i.. al gravity considerations indicat e that it is n cessary to 

consider fairly l arge radii of rotation, say in tbe vicinity of 75 t. This in turn 

challenges the dellign rs I i ngenuity in packaging the sta ion with 'n the bounds of 

launch vehicle payload envelopes. 

B. DYNAMICS D STABILITY 

The additional b,m fits of sti'.i i.on rota ion for the purpose of creat i ng artifici.al 

gravity are that, i f the axis of rotation is he principal axis of maximur moment of 

inertia, the station will tend to be spin stabiliz d. To provide mass di stri bution 

such that the st;ability requirement is satisfied he configuratic'ns tend toward those 

, 

~ . 

, 
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of spinning d Lscs, flywheels or long cy indr c 1 R e t io ~5 ( i grre 2) • 

In sp i It of inherent stability J how~ver, th re are prublems associated with 

h _ rlynamics of spinning :'odies. Thes or ' ginate from the "wobblh g" motions and 

elastic osci lllitions produced by iropos d d ' sturbances such as mass sh ifts crea t d 

by crew motions and cargo shift and external torques resulting from docking im-

pac ts.. Undan-ped wobbling motions produced by stlch disturbances 'would subject t h e 

crew to oscill tory motions which, coup ed ~ th station rotat ion, could cause nausea 

and disorientation . For. instance, an instantaneous motion of a man in II direction 

.p a rallel to the t~.tion spi a xis will make th a~ds move b tween tl<."O limiting 

curves defin by th stat ion ;.ner ia and angular velocitie6 (Figure 3). The re-

::Iulting wo ble will app~a ' to thE: c· tal ik the rol::"ing of a snip. In ad-d tn, the 

elastic .1' s pon.se can further complic.ate thi' probl m by producing excesoi.ve cyclic 

loed!nga ru'&c by i","te. "'ering with the &tation control. Tberpfore , th" sma'l - r the 

«mpl tude of this motion the more inhere~t stability a co~~iguration po s sesses . 

The max'mum wobble angle created by an instant aneous mas shift ie calculated 

from the :--elationship (Reference 2) . 

-1 
a = tan 

2 I 
X? 

! I z x 

whel~ Ct is equal to twic the principal axis hift measured from the' original position. 

I is the ~rcuuct of inertia ere ted by a mass shift in the xz plane (1 = 0 fo r 
xz xz 

no wobble), and r ~nd r sre th moments of inertia of ~he st tion about their 
~ z 

rE:sp c tv axes o For in'!:' tancc. 1.1 an und .. ped ys em a tYP'ical 30-foet station 

would hav a 13- d gr e . axl mum wobb l angle and an appar nt rolling of from 0 to 5 

degree for an instantaneous mo t ion of a "rew man in a transverse direction 

(1 ? 4000 slug tt
2
). T '1 the ca ~ f a 150- foot station the situa i on is con­xz 

siderably improved, wh r th corr sponding maxi.mum wobble angI l ! is 1 egre' c 

If 

1 
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Considerable amount 0 ~crk has been cor e nth,! dev lop , nt of e fici":!Il t 

stabilization a: d atti ' d ! con ' rol systems f or sra::- '! st tin'ns. Fe, ' instanc ~: , one 

can consider a combination oJ a wobble demp f!r 811 E pul 'J - j t d n.r:p1ng and 0 :: j~ en-

tation syst I (Referenc ~ 2). They complemEnt e lch o'_he r in elim Lnating wolib Ung 

mo tion s and ali£I1iI'lg th statiorl ' spin aX LS L l t ',l'> d siTl'd diruction. Suc l a 

wobbl damper Olay CO:l L t o f a sp i,nning fJ y\ . ~pl ~hich ':80 be r rec~ss d tc provid e 

reaction moments tha nppO EJe the ciistlJr- ncr. tOl qu "s. 

The level o f stability to b~ provicl /.d i::; P - uojl!ct of op ': imization .. 'Ilelativ 

CUTliP 7: 1 ::'00 ::1 and tra e ·offs a s ociated wi d , t he 'Jtabilicy levf I s 81:'e to bE: Jnad ~ 

onsit1ering, or instll.nr·":Oj .. , &> :nn~un .. of ~T.c.pi, l .ion h i. (;h mef! s th~se s t bility 
I' 

ievE>l s, 9ystem compl ei:ity t reli.abil ity allsocj llted wi r, the Jt8.bi.lity level , and 

<::xperi.ment:ai .. l1d cr1:W t ,c leranc la requirerren.t: . For ex: .. mple, ~t appeal' H t o b much 

more plausible t) instal l st "onomics:,. aqui Itment either in the inmediate adjacent 

v iCinity ._f the ,lHce st tion or on an int f. rna1 ind pender t stabtlized platform 

b cause o j: th prt'cise stabi l ity tole· ~tl'.lc! . '/. ve1s r 'iu ,_d~. 

AbOU1 ' 25 perc!eT1t f th pro a s ed experim nts requi 're pointing sccu racie to 

less than 1 degree , whi1 abo· t 40 perc n t require pointing to an accuracy of be-

tween 1 to 10 d gr,~es. ThuG one can assume that a suitable station would hav 8 

control system capabl e of maintaining t he ttitud below 10 degrees, while the 

. 
rre ise requi"emcnts of 1 ss -than 1 degree would be provided b~ s parately stabi-

li~ed p1atfoITos. 

A mass c ontrol system mi~ht also be integrated into the overal l stabil it y syotem 

of a rotat ing spac . sta i on. As a logistic spacecraft .docks with the space station 

and prace~ds to tran f r crew and cargo to th space station, large amounts o f mas 

are move into th 'Jar 018 ar as \) th · space l1\ .-ation, t hu up tting th stability 

of the station . It may b> necessary to instal l a tnfl s control system that would 



• 
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. transfer liqu:t.d (water, urine, waste prc.luc or fuels) to various loca ions in 

the station 0 ' vercome t hese di sturbing ma s s transitions. This lolOuld assist in 

minimizing the penalties associa .ed with basic stability ar.d control systems. 

C.. SUBSYSTFlot CONSIDERATIONS 

The space station has a number of types of systems installed onboard to meet 

the various requi~ements for overall space station operations and act i vities. These 

include the environruental cont rol and life support system, .power ' · enerati~i.'i. allu 

~~ergy storage system, corrmunicati ns system, onboard instrumentation system, and 

vari. us types of mechan' cal systems. The t (;chnology to achieve the concept, delelop-

ment and installntion of these types oi sy tems is currently available and i n its 

application ~pp~~r8 to be, in general, less demanding and stringent than that current-

ly being ap'p l ie.d to the Apollo lunar-landing program. Neverthel 88, in the desf gn of 

such system , ingenuity is requ '.ted to achieve the optimization and efficienty 

nece sary f or onboard service, mainten;3nce, overha 'l and arieus other types of 
t • 

su,pport. activities to maintai n a long oper tional lifetim.. Current spacecraft 

systems su~h as those f Mercury, Gemini and Apollo are, with i~or exceptions , not 

designed for onboard maintenance and serv1ce ~ On the pace station , if in£.£light 

service and mai n enance are to be achieved, system must be d signed rom their 

preli inary incep ion with this capability as a major d sign obje tive. 

With respect to particular sy~~ems, c rtain considerations mu t b given proper 

attention . In the catie of the nvironmental control ystem, most of lhe components 

are now availahi.. What is required is h opt:&.mization of th se buildin6 blocks 

within th stat 'lon in , terms of he oY.yg n Ruppli s, fan motive power to circulate 

the nvironm atmosp heat exchange m thod o provide the hating and cool-

ing as requi~ed, CO2 
absorpt on and r gen ration d vice, ater eparation tech-

niq "CS , ~ater storage and w8ste managem nt. 
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One area which requires development and implementation in the space station 

nvichn ental cont rol system i the ultization of the 00
2 

absorbed from the respi ­

ratory processes of th crew hich can be collected and broken down into either water 

or oxygen for i~lrther 9se. This is a partial cJ.osi ng of the loop which is a step 

toward the ult imat e envi ronmental cont'r o l aystem of a completely ' closed ecological 

cycle Such type of systems would be esoentially inorganically closed t o start 

with, i. e . , they wou:id not at tempt to process all the waste products of man and 

\ 

regenerate these products in terms of food. 

The second, and more advanced approach , i s the completely cl osed ecological 

system where all the waste produ.cts of t he crew are collected and regenerated for 

use in providing oxygen, water and food for extended missions. This type of closed 

ecological system, although not essential in th HOL, could be evolved and utilized 

as time proceeds. Su~h a system could show definit e advantages and Ravings ~n the 

overall supply a d expendables re~u irements for long-term mi8~ ions such a~ the plane-

tary misslon or a long-time lunar base . 

In the case of power generation and energy storage, the space s t at i on requires 

a large power source as th bas1.c energy supply for the various k .. nds of activities 

that take place onboard the station. It ~ s general ly estimated t h a.b ut 1 kw 

per man is requi r ed. Vari ous types of energy sys tems aT ' av. ~ la Ie, and the current 
\ 

problem is to select t he optimum system for the. time pert od and ctivi ty that take 

place 1n the stat ion . Currfmtly , various t pes of 8t ~tic and dyn~ c sol.r power 

sys t ems, nuclear p w r Syst l~S of the reactor and isor-ope ype , fu 1 cell and 

d)~amic engine types are b i ng evaluated. Bach type of Ryet has adv tage. 1n i 

own a ea, t i me period and CIP rational du t"s.t on. The problem at th moment i s to 

establish th most opt imum ystem fo r a particul ar set of c ri ter i a based en th 

1 unch date, th operation '1 du ~ation and th pOwer 1 ela necessary to ~ e supplied . 

, 

I 
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The tatic solar power system technology is avai:::7?le at the present tim • 

':h,'! dynamic solar power SYlst ~ requires intensive development and implementation if 

it is to be useful in the tim period that has been suggested for the space station. 

All solar power systems face orientation difficulties in rotating space stations. 

Similarly, nuclear and isotope power sys+-ems must be implemented wi h additional 

d velopment funding and activity if they are to be available in the late 1960 p riod 

for space st tion utilization. Other power systems, f;Llch as fuel cells, are curr nt 

ly being d veloped for r;he Gemini and Apol lo programs and could p0.ssibly be usc-d 

for short r1urations, at I ast in the initial portion of the space station program 

if optimization criteria show that this would be desirable. 

One of the main problems a sociated with the solar power supply is th t of 

energy storag. Inasmuch s the space station would rotat about th earth co.pproxi­

mat ly once ev ry 90 minutes and pass through the hadow of the earth whe re the 

energy generated by a solar power system would not b available, the sp c tation 

mu t rely on its ene gy storage system. This means tt t over a rericd of ti a 

great numbe c f power cycl s &r impos d upon the power system 1.n term::; of p wer 

drain and pow r input. At h p: sent time th 'r. are no butterie. capable of with­

stanciing uch a 1 rge numb(~r of cy 1 s for p(~riod8 of ime of up to 5 y ars, h 

ultima requirement for om of the lar6 r stations. Other m t ode h v been 

su~g~sted for n rgy otorag ~ ~luding h rotating flyw 1, whieh a1 0 mi h 

u -ed as a part 0 th stabilization C0 trol y t • 

Anoth r r a which r u r 

variou kinds of r.. .chanics.l ys 

ing nuity nd int I t g n design is tha of h 

wh re th 

r dezvou 

c ual mating (;'I f 

tin fJ 

s. The 

_ ty and 1 

"fry t d ':II th 

include h phy . 'cal 0 ;king ciliti s 

b 

p c craft 

t possibl 

1 1 ae 

docking sys 

aft r s ation 

o permit 

rou n and automatic condu~t c ~ h lnd 0 op ration as . 8 . ly s po s ibl o 
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achieve adequate, relilLbl~ operational support. Much consideration is c.u-rrently 

being given to the matter of airlocks and seals at various opening and joints. 

Sealing and 1 akage is one of he most important pr.oblems currently associated 

\o!ith the space station design. Le ks cause the 108s of xpendables which are 

expensively transported from earth by the logistics spacecra t . Mechanic 1 and 

rotating seals and materials associated wi h these .dt: ices are among the pot ntial 

leakage areas The devices must be operation~l and ' reliable for 10 g pe~iods of 

tim in the sp.'! C environment; the designer ~ust be ver y s"elective in his chol.ce of 

materials, proc sses, and finish s if the long-te~, utilization and reliability 

n cessary 1n the space station are to e accomplished. 

In t e area of the data handli.ng Bnd cotmlunication systems, essentially all the 
J 

buildin~ blocks of th system are available now. The in problem confronting th 

syste~ design~r i , tc optimize the systems in such a manner as to .meet the rathElr 

high demands of bandvidth data stor, g and pro<::_os ing .. 

D. ENVIRONMFNIAL PROT &:.CTION 

Th space station structur has to be desi gn to provide for efficient environ· 

, nt ' 1 p ott~cUon again t rad atlon and met oroids besid s sat isfying th usua.l 

at uctural d mand. Tn me croid protection problen' is of gr t 1 ortance. Sinc 

la~ 'e ur ac~ areas IDld long e posure times ar involv~, penetrations y have to 
, 

b e~~ect • ~~d i th t cas internal equipment ha~ to be arranged ' n such a y 

o allo ' acc ss to the wal for repair. On the oth r hand, equ pment judiCiously 

arrang d 'djac nt to th walls c provid for additio radia on prot ction. 

Radiat . on hi ding requirements pre ntly r pr sen t. th, g rea of 

in i . HOL ight . ti b er w tol ranee ~~d 
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. nsuff! ient understandi,lg of th , radiation environment. Shielding requi,'.em~nts 

in the MOL are much more t~ipgent than those of Mercu y, ~~ini and Apollo, not 

only becaus of th much g eater exposure times but also because th accumulated 

do s . should be kpt low enou~1 to avoid masking measured physiological response~ 

tQ weightles ness. 

The radiat ion sourc s that .. tr mportant to the design of radiation prot ction 

are: 

1. Th natu'"ally oC~'Jring Van Allen b Its containing pr marily electrons and protons. 

2. Ar ific! 1 y reated p ~ ec ron b lts caused by high altitude nuclear tests. 

3. Solar lar • 

4. Hi gh en rgy ctic radie,tion. 

For 10 altitud orbits th~\t lie b Iowa geomagne ic latitude of about 40 de-

gr es, solar flar s pr esent no problem becaus of the shieldinz eff ct on the earth I 

'tgI\, tic fi Id. For latitud great ' r than 40 egrees, they are statistically a 

probl for long stays nd can r quire 8ubstanti 1 shi lding. Th ~.arg s recorded 
~ 

, 01 ~. ev n , in te of do (July 14, 19,59), l'" IJlted . n a consid rable par fcle 

flu a ': latit d s even as low as 30 degr es buts nti Uy no flux at lower la i tu s 

A 8p C craft with 1 /cm2 
of aluminum hi lding would hav c iv d ligibl dos 

from this ev n t inclination blow s, m r e AS h dOB would INe be n 

about 200 r . d at inclination a fwd gre s high r a a 200 nau ical mil atti ude 

( 3) • Th m xi p is i 1 rgtmcy dos for Apol o ast l~onau II is 

pr 61 ntly ee t • 54 red/ye r 0 h hlood' , orming org 8 and 233 r ad/y r to h 

In . 

Th 841 ctie r die "" , on ir dos 0 le th - 10 rad/y ar b b ' nd 

a 1)' thin ,hi Id :f t omic igb rna rt For orbit s hel 1 0 

8r t1tud ~ thie i r due to 1 .8 tha 1 redly r. 
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B cause o f such co siderations 8S boost r payload capabilities, la nch sites 

and tracking stl ltion locationa, he early manned satellites w 11 operate considerably 

below an altituQ e of 1,000 miles ~~d wi '1 prohably llave an inclination of between 28 

and 30 de,grees gl ~ographic latitude. For the conditions the only bignificant sourc 

o f radiation haztlrd are the protons of the inner Van Allen belt and the artificially 

produced electrons from nuclear tests. The Van All en b~lt proton radiation is fairly 

well known, but for uture launch times there !s the unr solved question of how fast 

the artificially produced el ctron flux will decay and hene how great a hazard it 

will be. Assuming a simple exponential decay one -ould predi~t that there would b ~ 

almost no artificial electron flux by 1967, but satellite data show a definit " 

tend mcy for the decay to b e more complex, and that the fl ux around 1967 may not b 

very much l eas than i is in 1963 insid th magnet! ~ anomaly which i located above 

the South Atlantic off South America and which contribut most of th integrated 

flux encount red by ~ low alt tude sa ~lite (Reference ~). 

F om h standpoint of ~eductng the radiation hazard it 1s desirablp. 0 place 

mann d ~8t 11ites in orbits whieh are at n altitude a low a~ ~ossibl consistent 

w th. th s a l1it d C'. i£Y P riod or orbit-k eplng r q •. 1ireulent , sinc the radiaticm 

lux s decr -4 h d cr a ing a1 it· d blow h inn c Van All n b e lt. BeCa'J8 

d ired life tim s fron 1 tC) 5 y ars and p ce s ation siz th air dr f f\::Cl:I 

becom appr ciable. As an xampl , cons d r a MOL having a total wight of 5 ,000 

lb and W/CDA 0 15 Ib/f 2. in r 4 h· ws h i ncre e i prop lltmt r quirem 

for orbi t kepi g h maxi alti ud ~J w 11 a til gnific l. n 

D:lilin s in total fu 1 r ql.l h fr qu .l of r boo te is incr as" • Th 

n c prop 11 n will prob bly hav to b deli" ....... j to h HOL P ri d cally by 

mean 0 10g1 tic o r r upply spac cra Thus maximum orbi a1 altitud i 

not only ov rn h r dia ~ nn hi ding quir m nt b a so by upply v h ' _e 

p rfo nc. 

, 
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IV. MANNED ORBITAL LABORATORY DF-tSlQi .... ro .... N ....... C .... tt;;..;;T .... S 

A Gm£RAL CO SIDERATIOHS 

As pr viou6ly no ed t hft Manned Orbital Laboratory is a spac f 19ht sY"ltem 

des i gned to extend man'p c. pability to liv . and work n th pac nv"tron"leni: for 

periods of a ~nth ~o a year 0 e T ~ re are three classes of exp rimer s which 

the MOL is to .acc01'llllOdate: Biomedical r ese rch, engineering re earch anc dev lop-

m nt and space sc1~~c res arch. 

The first class rc!quirett hat tht~ MOL be able to carry sufficient m dical 

qui m n to determin and develop th techniques required to Bustain man in the 

p r. environmen for long pp-riod w1.tho~t degredatio . of health or performanc • 

Th second and thl rd cIa f. r quir that the MOL be large and flexible nough 

to b compatj.ble w h a wide var4e y of engin ering and scientific research t sks 

",hich can prof' t fl 'om m.an' pr senc . a an experimenter. Thi also include l h 

requir ent for extravehicular op rations, rend zvoue, docking, fu 1 and material 

transf r, a well a spac cons ruc ion~ repair and ntenanee. 

A urv y of th r 'qu remen s 11 d by various btom d ~cal groups shows that th 

wight t::stimat d for th biOtl1 dical i nstrum nt t on r under 250 lb, that in all 

c to a1 unt of pow r r qu1red i Ie ' than 100 ~ tt and that th volu~ 

o rum nation r QU red i so hat e lS han 1 
3 

ft • Th's dO ~B not in-

cl d ~ 1 r1fu s or el bor te It> ycho·· tor t tin , qu .}, ent. From h s 

nu b r 3 on c n conclud ha th b10m tical in vn r quired, with the 

POIiiS b xc p ion of a high p d h 1m C trifug , dOlts n t prov d '" !Ii gn fic nt 

con raint on th OL con igu It mu b ~t4ted ho",ev, r, h t. h r 

en ironm nt w 11 ry , 11 a su cieo ro mop r oem h ex rcis 

n :od or on in 
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A surv y of the engi~l r i ng and 8cienttfie exp rimen a1 r qu (rem n 8 shows 
\ 

that the averag power n ,~ed fot: ach test i 1 ss than 200 watts, tb averag volume 

for th qu ' Pl!\ nC 1 ss t han (, cubic feet per est, while the av rage quipment weight 

per tea is less than 160 pounds . These figures ss ntiaIly show that early payloads 

will be small nd thus the siz of MOL dep ends mor on the launch v hicle size, 

the sch dul r quit' d to complete a giv n number of test s d th resupply mode used 

than on configur tion 1 r straints imposed by individual xp riments. 

For s v ral years th major aeros~ace companies, NASA C nt rs and the Ai~ Forc 

have b en studying ~he feas ibili ty of a ~~de range of space station concepts. Al-

though there are many small differenc s in th proposed cone pts a broad br ·akbown 

into thr basic cat gori es is possibl. Th se c t gories are _h minimum, small 

labors.tory and large laboratory conc ept • 

Th mini m cone p s, g neral, mak ' maximum u of vail~ble hardwA nd 

ar considered beeaus h Y r quir h sh r" t d v lopment lead im s nd minimum 

r sourc s. One uee s ful laulch would provide an imm~iate cap bility for t men 

to pend on the ord r of 100 days in zero gr vi y nvironm~ ' . £Xt sions in stay 

tim and alterat on of th conc pt to provid imulat g vity can b incorpor-

A d in a mini mum cone pt pI n. 

The 8m 11 labor ory conc pts r qui r d v lopm t of • para modul h vh 

lif ur; :lr provision and room for appr ci. hI xp rim t~ ion. Th modul i 

con idered iv l y simpl d v Iopment b c:.ause. unlik'J t E' M rcury, Gemini or 

Apol1o P c cra t, it do s not. r quir a c p bi1 ty or r nd Z'JOU or dockln pro-

ulsion, d -orb! r ro hru J r - ntry. Ian 1n nd r cov ry. Th 11 Ilbora-

tc.ry, 1 un h by a u I, Saturn B or Ti an II provid livin r a 

to om 4 0 6 m n d uld b d gn or t 1 - i 1m Su fic t 

"" igh m rsln Y b av i1 1 for rovid n r ifi 1 1 'J wh n n 

m 11 bor ory c ne p . r pre<flc on the us of par ly 1 une cr w 

nd upply y 

, 
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The large Iabo star con ept s gen ally require a boo t:or of th Sa urn V class 

and 8 parately launched crew ferry and logistics y t ms. Such labors ories provid 

an exten iv capability for performing a wi de ,.emg of expe imentation in sp~ce. 

These gen rally h ve a crew of from 12 to 24 men and, ~ecau e of the major 'nv s men 

in equipment, probahly would be design d f or \J.p 0 as-year 11 ' tim. Althoc-~h th 

larg laboratory requires lrly sophisticat d d sign procedures , it do s hav th 

feature of providing zero gravity and artii'~ cial gravi y conditions im\lltaneouB ~:" by 

means of a c ntl sl non-rotating hub. 

Th following.l a revie~ of the varioup ~ .. :mcep 8, hi h11ght ing their advantag s 

and d! sadvmt ges and including a discussion of operational nd logistics rt:quirp.tn nts: 

(. 

B. THE MINIMUM MOL 

Of th s v ral mi nh.i .• al concep ... s propos d th Extend d Apollo 1s an x mpl (F ' 8.5). 

The Extended Apolin co 1 Bt o f dified ·orrmand nd Servic Modul s which would b 

launched by a Satu""n J iB. The S rivc Modul would b rath r extensiv .ly mod . 'd 

by off-load n prope lent nd provid i ng do' ion! lif support tores and at bil i -

zation propellant for an xtended stay-tim capabi li t y . Al hough th Servic Modul 

engin 8 COl1 id rably arger th n would b c qUit to provi d d -orbit r tro tru s t, 

it would b a proven and 'a1 lable n and, th re or , would hav a cert 'in d-

vantage ov r newly develop r tro pack e. Th configura ion r. n probably pro'l'1d 

a 100 day capability for two men to ltv n th COtmlsnd M d~ l . B 1 unch ng d-

itional Apollos each 1 0 days nd r n f 1'rin th m n, continuoL! stay cap bil t y can 

b a hi ved. 

h Apollo Command M dul i 11m! n hat t prov i de nly bou 360 J 
o 

volum for it inhabitants. Various It rn tiv s h v b n pro ov rcom this 

lack of volum , such a di yi ng h S rvi~ Hodul o that a por 10n could b i nnab 
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or build ng a inhahitabl modul in the r an i ion ec tion betwe n the S-IVB st4g~ 

and the Service Module (Figure ... ). 

Pro esale have been a1 0 advauc t 1 ave th _ S-IVB stage a tached, CuB quen ly 

dep oyLIfJ, i.t b~7 means of t 1 scoping ubes and/or cables, and . thus provide a rotat: ona ] 

capabil ty for the c!-~a ion o f a rtificial gravity (:l'~i gur ). This configuration not 

only places the crew close to ,.hf! rotational comfort zone bu a lso provides for good 

r.otational sta.bility w h a wobble angl " of 1 ss than 1 degree. 

Of cours e , e1.th r of the8'~ latter, slterna i re ' would be such a major mdertaking 

that this cou l d no long r be considered a minimum conc pt solely designed for the 

"zero g ~; cision. II The basic advantage of he Extended .Apollo minima · concept 1 s i s 

simp licity and relatively early availability ,~hiev_ed a.tthe ex~en&f'r of non-optimum 

d gn. 
I 

C. THE SMALL MOL 

Th small MOL is charact rized by a 4- to 6-man crew cap b11ity. It has th 

a ttractiv f stu e of ~onsist ~ng primarily of a s imple inhabitable mQdule which r e -

qui r es no -,sSE.'m ' ly or deploynt n t in orbit. In this concept tb U8e of alread} de-

v lop d hardwar i s emphas zed wi th h exception of the 1aboratory modul and 

pos,sib l y ome ntern al ubsystems. 

Fi gure 7 how a typical zero grav ty MOL v hicl. It is cylind r of approxi-

mately 2,000 to 4,000 cubic fe t in volume and ha a docki ng hub f or attachmen of 

mann t rri 8 and r supply spacecraft. Most concepts how two c mpartm , on 

of whi h h cialty heavy radi tion sh Iter dur ing per ods of intensive radi ion 

r 

llX incr a 8 . 

\ 



• 
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Like the minimal MOL, the small MOL is basicall y a zero gravity 8tation~ bu ' 

most concepts are conc ived in such a way that they can adapt 0 a negative outcome 

of th "zero 8 decisi.on." In order to provide ·~m ert ificial gravity field for the 

crew n the lab ra ory, the MOL and the expended upp 'r stage of th launch vehicle 

are rotated. about their COI1lIlon center utilizing a connecting system of ca lea or 

some fone of rigidized structure . As part of the plann d biomedical xpl.!rimcttatior. 

or as a crew reconditioning device, the use of an intE!rnal or externlll centrifuge 

is being considered in the .design concepts. 

"'wo lau!\\.!h vehiclea classes are being con3i.dei'ed for the stnall M01 sys ·ems. The 

fir - t i' the Saturn I-Titan III-Saturn IB class, where~n payloads could v ~y betw en 

18,000 and 28,000 rounds , The second is the Atlas Agena:-Titan II elas. , having pay­

loads frc'1J1 appro -imately .J ,COO to 7,000 pou ds . The laboratory Hsel f requir es Olle 

of the large vehicl ·s for it s launch bo 'ster. The smaller vehi ' 1 s may be needr.<l for 

ferry and resupply operations. 

'rh MOL and t e last bocls cr 8 age would be injected unmanned from Cape Canaveral 

into a 160- t o 200-:-nau ieal m:f.le circular earth orbit witl an inclinBtl.on of somewhat 

less th n 30 degree~. rov sions would be contained for supportin g th MOL and a 

two-maA crew for bout two weeks. Critical MOL systems, such as the life support and 

power systems, 'QuId b activated by ground command and moni .ored by telemetry for a 

suffiei n t time to determin proper operation prior to the initial manning op rati~n. 

R gardless of the m thod of MOL launch, ferry and resupply operations are re 

qu ~red . or any tended duration MOL mis ion. Th se operations are required to re-

place the crew, provia life support and stabilizati n expendables, replace experiments 

and provide fu 1 or possibly propulsion units for orbi . ke~ping r ~hanging. 

Cr w r placement could b a;.complished by a ferry spac craft using 1 unch, 

r ndezvou , re- n ry, landing procedur 5, op rations and 1 ding sit~s currently 
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planned and being developed for the Gemini program. The applicat'on of an Apcllo-

Saturn ferry vehicle is also being considered which has th additional capability 

of carrying supplies with the c!rew. The choice between Gemini and Apollo ferrie • 

and their reRpective boost~rs is p-cesently unresolved and will depend on the opera'" 

t iona1 requiremen a for crew replacement anJ re 'upply. 

In the case of a Gemini-Tit ' n II ferry concept, there is little payload margin 

for logistics cargo; the latter could b .:! . dt:. ' · '.-ered by II separate esupp17 spacecraft 

of the Atlss-Agena D class. Thia logist ics spacecraft would be equipped with cOfltrol 

and P' pulsion systems for maneuvering and docking which are controlled remc>tely, 

probably by the MOL crew. The first resupply spac~craf!: would be launched any \time 

within the first two weeks after the first two-man crew has boarded the MOL . It could 

carry a.bout a 90-day supply cargo, thus necessitating a logistics launch every three I 

months. - To be fully e1:fective, the craft with its launch vehicle must be capable of 

providing consumables to the MOL on a reliabl · schedule; in ~ddition it must be able 

to accept some degree of emergency demand. 

Th requirement on the ferry vehicle are that it must have round trip capa-

bility and always be ready at the MOL for emergency ev ~cuation. The fr'equency of 

ferry flights i quite dependent on he station experillt ':1tal requiremellts. As noted 

before, the problem of determining th effect of weightlessness on man's ability to 

~. 

wi.thstand re-entry ':'rces requires that the astronauts be exposed to re--ntry de-

celerations after ever-increasing peri ds of weightle ness . In ord ' r to lay th 

ground work for futur plan tary fl ights, man's reaction up to a 0 1'1 -y ar exp03ure 

to weightlessne s must be explored. This part of the bionle<iical experime it can he 

perfonned by m ana of a car fully planned cre' rotation sched le, which may be the 

k Y feature in the f rry requ rement • 
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For the purpose Qf Lllustratiou, Figur 8 presen4:s a possible c:rew rotation 

schedule. The plan is based en a four-man static)n with a one-year mission duration 

and f1'. e crew transportation launchings. After tht: MOL has b en placed in orM t and 

its components ad'equately checked out, the first ferry vehicle tran6po'rts two men to 

the laboratory. Thirty days later the second ferry vehicle is brought uo, and if all 

has proven well for the first two men the second will remain to compl~te the crew. 

Thirty days later, the third ferry vehicle wi t.h t?O astronauts would arr.ive and re­

turn carrying one of the fL.:st c!,~w members who has been exposed tu weightlessness 

for s'xty day~ OTle of che ast40nauts or. the third vehicle ~uld teturn with it as 

the pilot for ~a ety since it is possible the first a~trona\,lt's exposure to weight­

les~n~s$ might have caused him to lose biu ability to operate under high arcelera ions. 

Il: the return t rip and gr()und medic;!l ex,amination of th first astronaut have 

proven him ~o be in good condition the program continues as shown on the chart. During 

all of this one, of ' the first ' astronauts has been ke:>t in space the cOmtilet{': eime, nd 

h~ would provide the total 360-day· experience. Note th~~ in this scheme six other men 

would have been tested at t:bnes r 'lg1.ng from 60 co 3(,.\() days in C'rbit. 

It srould be p~int~~ out, how~qer) that although this crew rotaticn sc edul~ 

permits the MOL with a one-year lifetime to gather a one yearls accumulat d weight­

lessness f' •• perience it 18 i.nherently risky. Sup!,ose t:hat the man returning on the 

fourth fer y who has oeen in space for 100 days experien~es severe difficulties on 

reentry; th"!n it is almost cet' tain tha t.he or:f.ginal ubj ect ~ ntended for the one-

ye r stay should be even in a wo!'&e \,:ondition:t since at that tim he would have 

ltcf;umulated 130 d ys i.n t1eig. lessn ~. Th s dGenr- can b a".,o d~ by a more con­

servstiv crew rot t ' on . ch aul e whet'la th stay tin: ',) dat iu built up on a prog:-efisive 

basis. This, of co riSe, requi.res OL 1ifeti s of the order of two yea~8 and a 
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greater number of ferry launchings to eventually a~(,'ompli h the one-year stay time. 

elcperiment. This dlscusaion points to the fact that a. analysis of all 

operational implications- end ii t;borough examination of ' the use of a ..:!entrifuge as 

an alte~ate method is necessary. 

D. THE LARGE MOL 

" 
The large MOL is characteriz:ed by a crew ranging from 12 to 24 men and a requ ire·· 

'!l1ent t 'o be launched by a Sa o-,urn V booster. The size ranges from 1.50 to 200 feet in 

3 
diameter, and internal volume is: on the or det; of 50,000 f -.: Some typical Bf)iproaches 

whi ch have been studied to d3te, although in no way all-inclusive, are ehown .in 

Figtt::-e 9" F'or comparison purposes a small 110L is also shown in thi;:, illustrat'ion. 

The large station studies have range<i from inflatable toroidal concepts to huge 

stations aS8fmtbled in orbit. The hex gonal configuration shown is a station composed 

of rigid elements. It would be clirried to orbit as a C'ompe..ct unit and deployed 

automatically. 

The major f~ure 0.£ most large MOJ~ concepts. is that they provide for continuous 

"-
rotation, thus creattng an artificial grav'ity fi,eld " Non-rotating c~tral huh~s can 

,- ' ,Jj~" 

be utilized as zero gravity laboratories. Rad al spokes would b /(yeas of varying . 

gravity fields as one proceeds toward or away fcom the rim of the station. 

The size of the station, the large cx'ew .and the -varyir,g gravity fields w'.)uld 

allow the large MOL to fuaction as a versatiIE~ space la.boratory, and it could be 

adaptable to operaticy.aal g,; th into an elabor te orbital launch facility. These 

features, of course, are acquired at greater e.'lCpense in development costs and time 

and in oper.&.tiOtlS1 osts. 

One of the 1 rge rotating MOL eonfiguratictn des' gna, which at the present time 

is being studied in greater detail, is the thrE!e-'radi 1 module type (Figur 10). 
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It i ,8 comprii1ed of ~l hangar-type hub area and three radially'i,:<!eplo-y~t ",ndules. The 

diameter of this stilt ion would be ,approxilt~~t (dy :tSO ft ~ and it woul-i r-(f t.~t e 81)O'U :. 

axis of s:ymmetry at 3 \to 4 rpm. 

axis rotat i on bt the direction ot the sun $0 llS to best: utilize the solar-",c:!ll pc~wer 

plant deployed c;)utboard of each radial. module. 

The hub of the station would contain an .mvi.ronmentally cO!h.rolled ur~a for se!rvice 

and checkout of logiutics spaclecraft, ~nd a ZE:ro gravity laborator wot.d.d be loc~: at ed 

in a circular Itrea bEdow the hangar. Th.= zero gravity laboratory would not be 1'0-

T 

tated but 'would be mounted on bearings to allow for til" relative motion between it 

and the relst of the station (Figure 11). 

Durin!~ lo'!ul'lch the radial modules would be folded down so that the BlXis of t be:ir 

cylindricf.il arec;lS would be parallel to the axi l:: of the;'! hub. The ,sequence of launch 

operations is sbown in Figu.re 12. The sp.Elce vehicle is launched with the space 

stlltion Ullmann &nd with a crew of six in a modif'led Apollo logis1..l.cS spac~raft 

atop ~ tation. 

After injection into orbit, deployment of t he radial modules is initiated. On 

completion of deployment, the ferry spacecraft is separated, performs a turn-around 

maneuver and docks with the stativn. The ferry i then tawed into the hangar area, 

and the crew transfers into th space station to ac ivat~ the onbo~rd systems. In 

this concept no extravehicular operations are required. Once the syst re 

ac t :f.vated the station is then spun up to the required angular velocity. 

In general the large OL and small 'HOL requirements for ferry and r supply systems 

differ on11 quantitatively' f crew replacement is not strictly .Ucta ed by the bio-

med'cal experiment. Certain a sp ets of th efficienc. of u R8g of the payload 

, ael ty of large 'launch vehicles or tradeoffs b tween payload and rendezvous abilit 
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when C.O.lp led with the associated redu~ion il1 launch co per pould of payload, make 

a large f(~ ry an a~tractiv concept., 

The development of :i \teB Ipply .. "h' cl or a com'bined resupply f r7:Y using Saturn 

r launch c lpai,i lity wi 11 rE!duce the total nLl'lIlber of launches uece!' SLlOY f~:r 11:frgo MOL 

support. A pcss' b1 e modi fication of the Apo 110 spac craft to carry 4 to 6 men might 

appear Bl:: is shown in FigJrc 13. Eff,ective sup~'rt for diffc'l:ing MOL ' crew sizes 

Il.nd repla.cement sclitdul~ rp.quiretJ\ent c:a.n be sat:l Rfi ed by thelclva11abili ty of such 

.1 6-man carrier. Ft..:ll ut tJ.j'. za~ion and (!ost economies reali~abl.: ,,1'1 th ~en larger 

:,.aunch vehicles (sueh as Saturn IB) I;an be ex.pect cd to gen 'erate designs for even 

arger ferry vehicles sucl a 12-muJ:l b.tllilstic re-1entry ferry logistics vehicle 

or F~ 12-m.m lifting or y vf'h:lcl~. 

After ufficient kIlowlooge of the requirements :imposed by MOL d ,~sign and 

operational characteristi~s is estah ished, optimizst ion of the design of both these 

large l.·eGupP!Y ferry vehicles will take plac. Eventually, with special atteI'l.1:ion 

paid to flexibility and T(!usabiliry, a ch<:lice ~il1 be made identifyir.g rhe particular 

con iguration Gnd size to best providE.. economic.: support for the large MOL. 

v. CON Cl.US ION -
It can be een from the fort.~going ~iscussions that thl! Manned Orbital Laboratory 

could b 'he logical forerunner of many manned ~perational y t s. Since it would 

be It very costly undertaking, one should drive toward cor, olidating the vari d inter sts 

of the v riou8 federal agencies having a po entihl ~perational mi sion in space in 

planning for a singl~ mUlti-purpose Manued Orbital Laboratory_ 

The NAS!\ and th IJ<'D are now co,lducting advanc d e~p oratory s udie of 8 MOL, 

both in-house and by contract with industry. As planning prog't'esscs each agency will 
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appraise objectives, c~nceptsJ rE:lated programs, resourcea and f·\ture courses of 

action deemed desira.:'le i n the national interest. At th2 appropriate time, coordi-

nated DOD-NAS r cotmlendations conGelning the l.mplementation of the progrC'm "'ill be 

submitted to the Admi.ni.stration for aporoval arLd dec isions on the management approach. 

The fund 'mental qu ~~stion which faces a , 1 lat the present tim is that of the pur-

pose of a spac~~ stat:ioLl o Once a clear t ~cder standing of the purpose is reached tmd 

basic feas' bili ty of the ideas establi l:>hed, a tr.ore tt>orough vaJ.ua · ion of the design 

coucepts can be undertaken which would le~~d t o a. preliminary design and e el1tLia 1)' 

program execution. 

The NASA hal; ~'l multi- facet study ~r\. ' grarn under way to supply the information 

necessa7LY to detE!rmine h 1',; ben.::fic" aJ a ~armed Orbital Laboratory ~ rogram is to thi.s 

nat: on and t~ formulate a proper techn ,'.:s1. llh tlJ3ch O;:1ee Sl.!ch a p rograr:t appears de-

sirsr,le. The NASA hets studies !.Jnder wa:'T in three major areas: 

A. Mission Definition. 

B. MOL Config'...!rations. 

C. Logistics and Operatio~s . 

Th mission definit ion stT; lies fir being c1.lrried out to establish the exper lment s 

to be performed onboard MOt. To that end Nt:SA ad olic! ,d recommendations £0J: 

applir..,.tions fro r !iU"!tlerous se lent ific engineering ar·, . mi litary source' anti i s pr~e':l ly 

e,r luating thOSE suggested uses through vB.rious pa els of experts. Since i.t appeat a 

that the biomedical experiment.s leading towiP"d the "zero g d ecisior.11 wil comprisE: the 

priinary use of an early MOIJ, particular attelltion i "eing devCi ~.ed to th:I s area u'f 

atudie . Thes ' stud ~ as .'ell - e those in the engineering and cientific field~j are 

to lead t" a definition of t :n exp 'i.ment 1 requirements ' n ::enr. of €Guipm~t1t, DP _"-

ations, e re capabilitu:s» lo'gistic8 ancJ laboratory si ze Fle,ls'Hed agaiL.ot relati.ve 

rturns. Wit au e:ye to he fllturp'~ t ud es of orhital launch operations are al s" 
~~ 

bp.ing Hndertakp.ll . 



xxv -35-

Following in close coordination with the mission definition activit i es are 

studi es of va.rious MOL configuration concepts. Under investigation are minimum, 

small and large MOL concepts. Various concepts are bein·g compared for their effect ·· 

iveness to cope with the demands posed hy the applications, design con~traints, costs 

and schedules. From the great multitude of possible co lfiguration concepts a smaller 

nu,;tber will be select~, and eventually one apf'rvach will be chosen for more detailed 
, 

investigation. These configur~tiou studies are supported by studies of electric power 

requir .ents, life support systems, dynamics and control systems and m.any more support-

ing ~esearch studies at the NASA research centers And ~nduBtrial laboratories. 

In parallel with the MOL configuration investigations, feasibility studies of 

van. DUB ferry vehicles are being undertaken. This includes modifif!d Gemini and Apollo 

fer~1es as well as conceptual studies of large ballistic and lifting body spacecraft, 

a1 though it is q lite clear already that th -early MOL can use only modi.fied existing 

spacecraft. Tying to ether all of the large static:m logistics demands is a sep rate 

stud of MOL operations and 10gisti~s. 

The results of all these stl1dj es are bE-ing thoroughly !Ul8.lyzed at NASA Head-

ql.lsrtei"S with the plrpose of selecting tha.: MOL concept which satisfies the variouu 

~ 

demands ot cC)st, schedule, technical usefulness, reliabili.ty and safety and preparing 

a sound development pl n fer the prog-ram. Since the Manned Orbital Laboratory is such 

a b .f.c research tool for any future !1lanned space operations s there is no question 

that, evtmtually, it will become a reality. The question is when and in what fonn. 
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