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One of the more important problem areas in the development of manned orbiting

. 'space stations concerns ma’cerials.and structures. In this area the living quarters
which would. house the crew have been of prime in‘berest since they appeered to re- -
quire the most zjesearch effort. As has been indicated in a preceding article, the

. living quarters might be constructed of rigid modules, a combination of rigid and

5 inflgteble sections s Or of inflatable sections made entirely of flexible mte_rials.
Since it was obvieus ﬁhe.t the state-of-the-art concerning flexible materials and

inflatable structures was many years behind that of rigid. materials and structures,

it was decided that & concentrated effort was needed on inflatables in order to

_ca.tch up. Therefore, most of the research to date has 'beeh in this area.
| The 1:l.ving quarters cabin of a manned orbiting space station must have a _
_unique and quite exacting set of properties. ~In general, the structure and materials
used in it mnst be strong and light, mist be able to withstand the, space environment,

kbmust be ﬁonhaiardous to man, and, in the case o. an inflatable cabin, must ye
' ‘f, flexible and packageeble. Specific properties and reduirements are listed in .

| vthe' aecompanying table. Of the loads mentioned, the largest one on the cabin

: vwau will probably be imposed by internal pressure. .The walls will be required

' ‘to operate in a hard vecuum; the pressure at an altitude of 300 nautical milee
':is vonly‘ of the order of 1'0"8 mm Hg. 'I'ile ﬁarticle radiation haza.rd is not .considered
- _ina,jor preblem since exposure can be minimized by keeping the orbit of the |
:station beneath the Van Allen belts. o |

llow, it 1is apparent upon considering these requirements that no one material

:can be wed to construct the wall or the living quarters of a space station.
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A typical wall section willl therefore pro'bably‘be of t mitilayer" or composﬁ:e
-tirpe whether the wall be rigid or flexible. Going from the inside to the outside
' of the wall there might be a coating fér interior color and sbrasion resistance,
a éOating for control of gé.s permeabil:l.ty, elementsnd‘esigned to ta.ke the struce
© tural loéds , & la&‘er of insulati‘oﬁ, a micrometeoroid tumper, and, on the o@tside ,
coatings for temperature controi. | |

Our configuration studies have indicated that the cabii might be torolidal
shape'd, and therefore s‘e#eral ways' of constructing the load-carrying poition of
.infla.ta.blé toroids have been investigated. One of these employs a 'filan;enﬁ cage
and bladder, and a torus mbde]..having an overall dia.n_xefer of 2k feet and a cross-
) sectiona;lv diameter of 8 feet has been built uéing this principle. The cage is de- =
si_.gned to take the major pressure loads aend is constructed of 80-mil dacronlcords
| oi' "fiiamexlzts , arranged merididné.lly around the torus. Af the inner rim of the
tbrus , the cords' a.re wound around a l-inch-diameter _cabie which is clamped to
en 8-ft. -diameter rigid central hub. A 8emil-thick bladder made of butyl im-
pregnated; nylon placed .inside, the cage contains the inflatioh gases md carries
the relatively small local longitudinel losds. After initisl inflation to
. shape during fabrication, the cords are combed parallel and 'stuck down to the
bladder with polyurethane lc':ement.' - This torus has an operating pressure of T psi., '
which corresponds to a wall stress of about 360 pounds per linear inch, and |
:I.thas a deéign burst pressure of 35 psi, giving a safety factor of five.
It wéighs 280 pounds, and has & volume of é.boﬁt 2200 cubic feet when inflated.
. The composite material has a strength of oﬁr 1800 pounds per linear inch
and weighs only sbout 0.25 pounds per square foot. This materisl is foldable,
and tests have indicated thst the torus can be packaged sround the hub so that
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e it occuples a volume equal to oﬁly 2 percent of its inflated volume. Repeated
- f’folding and inflation tests have indicated no structural damage due to the
packafging.‘ In addition to structural integrity, shape stability, and packa.ging

F7\and deployment tests, the 2h-ﬂnt model is belng used to investigate arrangement

T;ChaMber under simulated Space envzronment condltions.gi |
oA second method of structural skin construction employs an 1sotensoid

"?’3,concept mhis is a filament winding proceus wigrein the w1nding geometry

lfand the crose~sectional shape of the structure are, matched 80 that gll primary
c“flloads are cexrried by filaments or cords hawlng equal ten81on, and no load is
““ﬂ,»carried by the flexible binder or. elaetomcr. We have recently inveftigated

"Vfia‘45-1nch~outside~diameter torus constructed using this techniqne. This model

o ' had lO«inch—diameter crose sections and contained no central hub. It was con-
W:f}.structed of multiple meridional windings and inner end outer eguatorial re-

;-ﬂﬁ;inforcing bands to take the overall longitudinel 1oads and/provide shape

‘VVl‘the operating pressure of 7 psi (56 psi) so that the design skin would have
{full~scale thickness and stresses.' Design burst pressure was 280 psi. The

"iuv materials used were 12~mil dacron cords and a polyurethane elastomer.
’ The resultlng compOSite material had 8 tensile strength of over lBOO
bdiflepounds per linear inch, or 56 OOO ‘psi based on the thickness of the material
| which was only ahaut 32 mils. It weighed epproximately 0. 25 pounds per
S because of . =
2"¢fasquare foot. It was not readily foldaﬁb, however, probably/' | the small
‘ﬁlj'famount of elastomer contained in the compouite s only ebout 20 percent

“Y7*E&essure tests 1ndicated a failure of the structure at approximately twice

cvof 1nternal furniehings and controls, air circulation and leak rates.: A.second ‘”f:

" test phase will include deployment and leak»rate studies in a large Vacuum 157\*5e”f -

.ﬁstability. ,The model'was 1/8wscale,.but was designed for g pressure of 8 timee-"k
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the design operating pressure or 40 percent or design burst pressure. The
“:‘j;failure was not due to a breaking of the cords but occurred ’because of

£ 1ocalize3. spreading apart of adjacent cords where they had no support perpendi- |

fcular 1:0 their leng’ch excep’c for the low-strength elastomer.; This result e

3’#:&3 not unexpected since the inner and outer equatorial bands do not ;provide} : :
“ resistance 'bo local longltudinal loa.ds.' These deficiencies ha.ve ‘been correc’ced]"}
iin the des:.gn of a second hsninch-diamter torus Double helix w:.ndings are
'utilized so that local longltudinal s’creng’ch is provided anywhere on the torus 3 T

e.nd ol&ability is improved by modifying the elo,stomer content.

‘ method, wherein gores oi’ a snec:.al 3-_ply fabr:.c are Joined together to form the -
torus.  Each ply is- oonstmcted of a fle..c:.’ble elasto"ner and flexible cord |
;'v‘ reinforcements ?aif? the fa.lamcnts in a given ply *Dea.ng rarallel to one a.nother. ‘
‘l‘hc ﬁies are a.rranged so that the cords of one are or.mted meri&onally on the .
;- “borus s and 'bhe cords of the other two p?.jes are or:.ented gpproximately hS to |

. - either side of the meridlonal ply. Th:v.s allows the I‘e.br:.c %o handle ’che

_”;v"a.pproximately 2-to-1 stress ratio in the torus sk:.n. St

Samples of such composite ma’cerials he.ve been constructed of a butyl

g rubber ele.stomer a,nd de.crcm cords. One of these fabr:,cs is 1/10 of an inch
thick and weighs a,bout 0.6 pounds ;pe:c square i‘oot. oIt has a meximum tensile
'i?l 18trength o 1800 pounds per inch, or 18,000 psi based on the 1/10-inch thickness.-,‘
It is easily foldable, s containing approximately 65 percent elastomer. Another
’ fabric of comparable strength per inch has also been developed it conta.ins
about ’+5 ;percent elastomer, 15 O. 07 1nches thlck a.nd we:a.ghs about O h2 pounds

per square foot. While i'ts folding characterlstlcs ap;oear to be satisfactory, :

| A third way of constructing the structural skin employs the pattern layup
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, ’it is not &8s easy to fold as the 1/lO-inch fa'brn.c. One disadva.ntege of. this

type of conetruc‘cion is the.t the gores mist be ;put 't;ogether in some manner. so

‘that the full strengbh of 'bhe basic me:t;erial ma'y be realized. '.But, as is well Ry

i ,_Almown, some elastomers such as butyl are hard to bond. Ve are presently work- .2

i :f; ing on this problem, hower, a.nd are hopef‘ul of achieving satisfa.ctory e
results. : 8 o ' '

The approach to cons’cruction of rlgld walls is relat:.vely conventiona.l,

,has been discussed in a preceding ar*b:r.cle 5. and therefore mll not be fu.rther

f-_described here.‘ |
Many of the materle.ls available f‘or use in constmctmg a menned space o
:}"'?:.station have been tested 'by the ma.nufacturer, and the results are av: 11able e
in curren't‘ yublications. : The propermes evalue.te& in teese tes‘cs » however,
i are 'asually those kof' concem at the surface of the earth - Little information
: is e.vailable on. properties such as effects oi‘ exposure to & hard vacuum e.nd

to ultraviolet redistion which determine _the sultebility of » meﬁ:em.alt- ;i'or

n space application. Tt became apparent early in our studies, ‘therefore, thet . =

dn order to determine the:.r value for e.pp..:.catlon to me,nned space structures, R

: e.nd la:rge temperature extremes for long periods of time and the degredamon
o of properties due to this exposure measured. v Accordingly, a spece me.terlals

; Tv_benvironmen'be.l test labora’cory he.s been esta:blished. i

» pertinent ms.terials mast ‘be exposed to a hard vacuum, ultraviolet radlation, ‘}
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-~ The - Le.boretory contains three small high~vacuum systems. The test che.mbers i

, of two of the systems are lS—inch-—dJ.ameter by 30-inch~high bell ‘Jars which are ‘
i oape.ble o:f:‘ exposing severel lO-a,nch-long by l«inch-—wide samples of' material to the
. eimulated space environment simzltaneously. The chambers have windows to allow :

! oils,‘f*
exposure *bo ultraviolet sources and llquid. nitrogen cryopanels and hea'bing/which

' can provide temperatu.re va.riations from ~300°F *bo 300°F.. The 'bell ,ja.rs opera.te-l_
:!.n the low 10T wm Hg :pressure ra.nge. , The third system contains an automatic :
vacuum ‘balance which allows continuous mom.‘l;orlng of the welght loss of a

: -f, meterial se:nple wi‘chout remomng it from the vacuum a.nd thus g:.ves an accurate o

1ndication of its ra.te of eveporetn.on or decomposition in space. ,‘ . Our experi- g

L "_ence he.s shown that if & sem_ple is exposed to a vacuum and is then removed from S

- the chember and weighed in e.ir, tha’c verleﬁions in mon.sture content of the

5 sample render Weigh“b meesurements nmeaningless. 'I.‘he semple chamber of thls
system is: 6 inches in diameter and lO inches high and is f:.tted with a cryo- |
o panel, a hee:ting coil, and a window for ul’creviole‘c exposure. »T‘ne chanber
= operates at pressures in the low 10™7 um Hg range. o |
Obtalning the desz.red ultraviolet radie.tlon exposure has been a problem.« o

- The use of conventional eqaipment such as the mercury arc source and quartz

fz‘windows provides UV coverage down to a wa,ve1 en,gth of ebout 2000 a.ngstrom unitsb
: v_'?"i.f‘f-'only. ' However, there ‘are indications that scome ma,terials may be affected by -
L rediation near the Lyman a.lpha. line at 1216A. Consequently, 8 system which v
ellows exposure dmm to 1000 A was developed. |  This was accomplished by using;u\*..;:_
v 8, hyd.rogen discharge tube e.s 'bhe source end a 1ithium fluor:i.de window. However, a
) ‘t,his type of window is very thin and will w:.thsta.nd a pressure difference oi’ i

only a :f'ew mm Hg across it. : Adapte.tion of this mndow to the vecuun che.mber *30“115-
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not be a.ccompliehed in the usual manner, therefore, and we were ;f'orced to develop ;

.. & zspec:.e.l pressure equalizing SJstem for this purpose. N v 5
: | In conjunction with this apparatus which allows exposure o:t‘ materia.ls

; to the more in@ortant elements of the spaoe environment ’ the 1a,boratory a.lso B

o g ‘conte.ins the usual equipment such as an Instron mteria.ls tensile testing

: machine so that the degradation of physical properties can be determined. ,

The permea‘bility of wall materials to oxygen and nitrogen :ls mea.sured

' ueing a Dow cell gas—.tr&nsmlssion tester. W:.th this equipment, sheetmeta.ls

LJ

such as alumimm e.nd ste.lnless steel can be studied e.s well as the composite

""ihfabrics previously dz.scuased. The Dow cells are very sensitlve end ga.s-f':’ L

e ) ’l‘ tmnemisen.on rates of only 0. 001 cubic feet of gas at stendard condltlons
per squere :f'oot of surface per year e,re easy to mea.sure. _ h ’
b It is of vital importance that the gases which may be given of f w‘hen 8
g material is exposed to the spa.ce environment of the gases »ﬁuich may collect in
':“""-‘,:"1 & closed space sta,tion env:.ronment be accurately 1c1ent:.fied : In the flrst place ,' _

-,th:!.s helps in the analysis o:t‘ the mechamems of the brea.kdown in spac’e'of

materials such as polymers so that steps can be ta.ken to prevent it. Secondly,

it mst 'be known whether any of the materials are releesi":g products which may B | 4
"_y,,be toxic to. the crev or ma.y have unpleasa.nt odors. 'I.‘o help us identify these
ga.ses » the laboratory includes a "tixne o:t‘-fllgh " type of mass spectrometer BT

,:: ;end a gas—liqun.d ga.s chromatograph. This equipment is used in conaunction v

“‘,f' with the vacuum chambers prenously described and a much la.rger chamber used

for evaluating 1ife-support systems. S

In our investigation of inaterials in the la.boratory the emphasis has been

on long-term tests ’ and some interesting resulte are 'being o"ote.ined.. For example,
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samples of three different filament-elastomer composite fa.brics were exposed to '. '
.8 pressure of 4 x 107 mm Hg for 140 days at room temperature and without 1)
exposure. Breaking tensile strength and, elongatn.on of the samples were determined

iy ‘before expoeure and after exposures of 21; 61, a.nd 1ko de.ys., It wvas. indica.ted

tha.t a nylon-fe.irprene fe.bric which had an . ini'tial breaking strength of 335

. Pcunds per inch loet 5 Percen‘b of 11:s streng‘th the first 24 days in the vacuum L
| ; a.nd then retained an approxa.mately constant strength for the res'c cf the test. " " \
Howeve r, a nylon-neoprene fa.’bric ha,ving a.n initie.l breaklng ten31le strength Of
282 pounds per inch and a dacron~sil:.cone sample having s streng’ch of 115 pounds
’ per inch were mdicated 'bo have decreased in strength sbout 11 percent after
2 "vr the lho-day e:mo_sure. The important thing here was f;ck}featdecrease occurred over
: the whole exposure period and that there were indicatlons that con‘tinumg small |

= decreases might be expected upon further exposure. Additional 1ong-tem tests
are being run to verify these data. ,‘No trends were ,evi&entvfrom the breaking . -
: eiongaticn test results. 5 | | |

Data obta;i.ned in the vacuum balance facili‘hy have indz.ce,ted no serious

weight 1osses for prospective flexible wall materials. A 25—square-inch sanmle g

of dacron cloth fabric coe,ted m.'bh a polyolefin elastomer was exposed to 8,

pressure of 5 X 10 T o Hg at room tempera’cure for 14 days.‘ The sample lost.
only 0.07 percent o:t’ its weight; all of this loss occu.rring during the :f‘iret
5 ’21@ hou.rs.‘ An 18-square-inch samp le o:f‘ 'butyl coa:bed dacron fe.'br:.c exposed

to the same environnent for. 50 days lost O 5 percent o:t‘ i‘cs weight. This loss,
however, occurred. over a period of 30 da.ys ;- end shows ‘the desirability, as

’~°‘1ﬁ"‘indicated e.lso for the streng‘bh-loss tests s oi" ma.king sure tha.t such exposures '
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" are continued for sizesble periodsof time or until there”‘j.s positive evidence =
5;5 ths.t 1o f‘urther changes in properties are teking place.

It will be noted that no vecuum exposure work on metals has been included

: in the progre.m. Ae hss previously 'been indicated this is because mich is alrea.dy :
- is known
- known s,bout the behavu.or of meta.ls in the space environment s and 1ittle /e:bout

; polymers. As indicated in the literature there appears to 'be no problem concerning e
o most - structural “ :
‘che use of/ ~ of the/meta.ls

in space. . Alum:.num, steel

a.nd tite.nium, for example 3 must be exposed to tempexgures above 32000 F before

" they will lose as much as 0 0001& inches of surface thickness ver year.  This

would heve no significance structurally, however ) chs.nges in the properties
of surfaces could. affect the absorptivity and em:.ssn.v:.ty of the material and

-upset the thermal bs.lance of the space station. Also, 'there is little evidence'

that the clements of 'bhe space environment being cons 1dered here have any a.pprec-
:i.a.'ble effect on- ‘bhe mechanics.l properties of structural metals. , |

‘ It is of vital impor‘ca.nce that a space station re’cein as much as poss:v.ble

of i'bs in:.t:.e.l supply of air. . Provisn.ons f‘or extensive ‘resupply are very N |

‘ costly from a 1aunch weight stsndpo:.nt. As a result, the loss of air, whether

'by permes,‘bility through the wa.ll meter:.al or through Join‘cs » seams and feed- .

throughs must be cut to an a'bsolute minimam. Using the ga.s«-transmission o

tes*ber, beveral ws.ll materiels have been testec’l for leakage rates using a
Sy indicate
ke f"pressure di:f‘i’erence of 15 psi across ‘the ssmple. . The: 2 g]efult __/ths:b no measurable

.1 loss occurs through l/6h-inch or thicker type 2021+ or / a.lum::.num or ’cype

"*f'.‘"31+7 sts.:.nless teel. ' Also, resis‘cance-type s.nd heli-arc wé.ded ses.ms hs.ve 'been |

” ] ;tested in l/6h~i.neh snd l/32-inch elumnum and no gas transmission was. apparent. L S

Rn.vetea Join’os J.es&c badly, however, s.na methods of sealmg these Jomn‘oe using




i ',con‘cracts with pr:.vate com_penies.

e vhat will happen to ma,teria.ls exposed to them. / However, some preliminary results
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%Fiexible filament-elastomer fabrics s on the other h,and have ob,jectionably
= high leak Ira‘ces. It was indicated for exanmle, “that even using one oi’ the most

anexmeable of the eiastomers ’ 'butyl, that the leak rates through a 0.1l-inch

L’ th:Lck Wa.ll would be on the order of O. 7 cubic i‘eet of ‘room a.ir per squa.re foot - «

ot surface area per yea.r, at a pressure difference of l atmosphere across the ":
well. 'I‘his a.mountsin a.'bout 800 pounds of a.ir for a 150-‘ v'o‘?di.ameter torus Lo
i having 10— foo'beross sections. Experimen’bal data show, however, that Lif a l—mil_
“thick coa.ting of a Saran-type £ilm is put on the 1nside of the wall the 1emgew;.,
o would be reduced “to about 2 pounds Per ye%r. A program 1s now underway to im-:ﬂi
pr ove the 'bonding prO,pert:!.es of Saran and /fi.ncrease its :f'lexi'bility in order to
B make 113 more compati‘ble wi'bh heavy—fa‘bric :t‘lexible wa.ll constmction. A second
, x-eason for us:mg an ing)ermeable :t‘ilm on the insm&e of the wall would 'be to keep
; the objectionable odors which some elas‘comers have out of the iivhg quarters.

S It appee,rs ’cha,t the problem of gases pas.;ing through the walls of a space
étafwn can e solved. . However, the preven’cion of 1ea.kage around ha.’cchweys |

; o airlocks » ac‘cua‘oors » feed-throughs ’ etc. is another ma.tter. This is a difficult

‘i problem requir:mg a la.rge effort and is being investiga’ced both in-house s.nd by

One of the ma,jor problems involving ms.terials in the space environment 13 T “
:'”that of micrometeoroid punctures. . It is not possible at prewent to sinmlate

t;he actual veloci‘bies of micrometeoro:.ds)and therefore we can.not tell exactly

' ure &va.ila:ble a.t lower velocit:.es. Alummum spheres l/l6~inch in diameter have
‘been fired in‘bo samples of tbe O.lO«inch 3~ply and 0 032-inch filament-wound
_aacmn-elaatomr materials previously dis;ussed at veloci’cies :t‘rom 6, OOO to

L r,'ii'13,000 fee’c per second. ’l‘he result:.ng punctures had approxma’cely the sa.me ~\ :

i
F
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diemeter as the projectile; however, the meterials delaminated over % or 5 .. St

: '>MameMrs. Firings into 2-inch cubes of these materisls have resulted in

~ penetration~to~diameter ratios of a.bout 3.5. This ind.icates that for ‘equal A

ma.ter:.al weight ) resn.sta.nce to penetration is approxim tely the same as for e |

a.luminum This mea.ns, however, that a. given :f‘abric xm:st be 2. 5 times as

"’thick as aluminum to have the same stopping power and would therefore be

""»or an inch outboa.rd of the stmctm'e is used to break up the o'bject so that

- either inflatable or rigid, structures
N A problem area still reqt.irinu much work is tb.at of join*cs and seams.
pounds per inch
" Methods are required for putting together the 1800,/ N ‘materials pre-
s viously discussed with a reasomble factor of sa:ﬁ’ei:y and with a minimum of
'&dditional Tulk and weight. As an initial effort in this aree., approximately

'1 20 commercial cold-setting cements hﬂve been used ’co Join l-:x.nch—mde strips of

o mers.. . Sin_mle lap ,joints having l-inch overl&p were used in these tests j the

5 7 .joined ares in each case equalled l square inch. The maximm joint 8trength

' Bo far achievea has been l400 pounds for neonrene, 275 pounds for h;;rp&lon, 275

. pounds for 'butyl, and 45 ;pounds for silicone. I‘c is rea.lized that ‘higher

strength can be achieved by increasmg 't',he length o:f' 'l:he lap, however, this i‘irst o

investigatmn was to deternu.ne the effic:.ency o:f‘ existing commercial cements.

: . _I?‘uture programs include studies of variations in type and length of overlap, e

. : Avalca.nizmg, a'nd mchanical methods of seaming.

'hard to fOld. | The best solution to the micromteoroid problem may be to . SR

".‘:"use the “mmper method, vhere:.n a thin ls.yer of ma.teria.l spa.ced on the order s

it does not penetrate the ma.in structure. ,Suc_h_ ‘an approach is possible for-; g

;& acron and nylon :f‘a.brics employiﬁg neoprene s butyl, hypalon, e.n.d silicone elasto-

VR
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0ur work on m'terials for manned orbiting spa.ce stat:!.ons has only begun, o

. and there is xmch ‘more to be accomplished. We must study honeycomb stmctures ,
o “-;'lubricant.,, rigid and flexible :foams, end sealing methods. Advances mist be -

made in :f‘ilament.-windmg 't:echniques - the application of glass filaments to s

flexible stmctures mst be investigated.. "3 F:mally, more mformatj_on must. be
:.‘ ‘};:obtained on ‘the effects of the space environment s especia.lly micrometeoroids

and paz*ticle and eleC’bromagnetj_c radia.tion, on prospective space-station e

’materia,],s a.nd built*up flexible and. rigid wall sectlons. = : «{~ e
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Figure 2.

Figure 3.

Figure 4.

 Figure 5.

Figure 6.
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Photograph of a 24=foot-diameter flexible torus space station
model inflated to a volume of 2200 cu ft. and a pressure of
7 psie

Photograph of the 24~-foot-diameter flexible torus space
station model folded into less than 2 percent of its inflated
volume.

Schematic drawing of the filament cage and bladder comstruction
used in building the 24~foot diameter flexible torus space
station model.

Schematic drawing of alternate methods of constructing flexible
toroids.

Upper sketch: Isotensoid filament - wound construction

Lower sketch: 3-ply gore construction

Photograph of a portion of the space materials environmentaul
test laboratory.

Plot showing the effects on breaking tensile strength of
exposure to a hard vacuum (pressures4 x 107 mm Hg) at room
temperature on various filument-elastiomer combinations.
Note: the strengths of the fabrics are not comparable with
one another due to differences in design. o
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- . : _ Keffer ~ Photo L-62-4093
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Robert S. Osborne, Clarence O Keffér and George Look, co-euthors of
"Materials and Structures for Manned Space Stations", are all with the Space
Station Office of the NASA Langley Research Center. Mr. Osborne has been in
charge of the materials and structures research program for the past 3 yée.ra.
Prior to that he spent 13 years with the Langley 8-ft. transonic pressure
tunnel as project engineer for transonic asrodynamic stability and control
research, where he made significant contributions to the design of aircraft
end missiles such as the F-102, X-15, and Corvus SAM-N-8. He has a BS degree
in Aeronsutical Engineering from the Uni ersity of Rhode Island and has done
graduate work at the University of Virginia.

Clarence 0. Keffer is project engineer of the twenty-four foot inflatable
space station research program. This program is directed towards developing
methods and techniques for foiding, peackeging, and deploying inflatable space
stations. Before Joining the Space Station Office Mr. Keffer was employed
by the Space Task Group from 1958 through 1961 where he was responsible for
design of recovery components for Project Mercury. Prior to this he did
extensive design work on miltistage solid fueled missiles for NACA.

George Look has been the project enginéeraf‘ the space station mgterials

research program for the past 2 years. Prior to that he'wa_'s head chemist

at Langley for 16 years, and in this capacity developéd foam generators for
recovery of instrument packages from space and high altitude étmospheric

density payloads. He has a BS degrée in Chemical Engineering from the Colorado )
School df Mines, has done graduate wdrk at the University of Denver, and has _

worked for the Sinclair Refining Co. and the Remington Arms Co.
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