
. -  paper appear critical, please accept them a s  my attempt to improve the 
- health and welfare of the industry. 

To completely'cover the tapid of plastics and NASA would have 
taken Litcr;>,lly months 011 m y  part of touring the sclveral PTJZSA Ccntcrs, 
and Plouxs on your par t  to listen to the material I. had cotlected. TI~ercfbre, 
my coverage of plastics and'NASA i s  limited to the NASA Ma~mecl, Space , 
Flight Program. with which I a m  directly associated. This coverage is 
designed to show you how and why the manned space flight program 
depends on plastics for i t s  life's blood. WiJhout plastics the Apallo 
Saturn Program could not succeed. With better plastics it could be 
more  effective. To more clearly depict to you why I say this, the f i r s t  
slide is a cut-a-way view of the Apollo Saturn V which is cslcrr coded to 
show where plastics are used. As shown here, each element of the 
vehicle has a significant dependency on llla stics. Although on a weight 
basis,  the application of plastics i s  a sn3:iIl percent of the total, the I 

- 
criticality of the plastic components equals and in some cases exceeds 
that of other materials.  

Ik'ithout a detailed discussion bf justification, ,the next slide categorizes 
iixo application of plastics in the current manned space ilig11t :Iro;:ram. 
~ ; L F C ~  of these requires careful attention since eachmust fuiSil1 a very 
critical need. For exampla, h a m s  are used quits liberally in ali stages 
of the Apollo Saturn V for significantly different reasons and in sigx~iEicantly 
different environments. h the first. o r  S-IC stage, one application of faam 
is to fill the cavity in the bottom fuel tank bulkhead. Since five e n g i n e s b e  
fed by this rank, the outlets a r e  well above the bottom ipex. However, 
for  structural  integrity this bulkhead shape must be maintained. Thus 
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by filling this spt~&rical  cavity with a low density 10ax-n and acliheil;iv@ly 
bsnrling i t  into place, Llxc total w c i ~ ; l ~ l  of the friclr:d stage i s  redaced b y  

- over 3, OQO pounds, For t h i s  enviranmeask, the foam i s  isolated from thk 
/ fuel (RP-1) by scaling i t  with a polyurethane rosin, '11% this application, 

* the foam i s  machined into blocks which are then irzstalled individually 
in mosaic style, To be auccesSitlX, thc Lknaxxz must be Over 30 inches high 
in the ~4611t;~~" and be c n p ~ b l a  of' stssaacl-lil~g tltc weight  ad̂  a %%I1 fuel tasrlr: 
unldcr a 4 g environmerlt, This has been used successfully an all Saturn V 

. '  dlights. 

lCla the eseconcl o r  S-IT stage, polyurcthnne foam i s  used ns an insulation 
for the liquid hydrogen fuel tank. T h e  function of the loam in ih4s application 
i a  to insulate the tank sufficiently to prevent liquid Izydrogcn boiling which . 
occurs a t  -423°F at: one atm~~asphere pressure,  Saa this application, the 
foam i s  applied external to the tank and a s  a par t  of the structural  design 
of the metal tankage, the insulation must also assure  that the metal tank 
i s  also a t  -423°F s ince tlic mecha.s*ical properties of the metal at -423°F 
were used.in the tank design. Siszcc the h a m  inxubatior~ is cxt c rns l ,  i t  i a  
exposed'to aerodynamic heating d~tring ascent of thc vehicle and the 
exterior surface can reach a temperature of -4-450 "F. Xra our early fligllt , 

models, the ioarm was applied into a plastic honeycarnb core. Later 
versions will utilize a spray foam of uretl~ane without the lzoneycamb, thus 
effecting a weight savings of approximately. 1400 pounds. To assure that 
no a i r  o r  moisture permeates the Labam, i t  i s  sealed with a poiyurethane 
resin. Formation of liquid a i r  o r  liquid oxygen in this system must be 
avdided since the organic foam is cher~licafly inc:nmpat.ible with these fluids. 
It i s  noteworthy that the  instilation i s  applied in a. thickness of greater  than 
1 inch and in  "i16 early flight models was adhered to the metal skin by a 
ps lyure thnc  adhesive wltich reaches its peak elficiency at the cryogenic 
temperatures. Since changing to sp ray  foam, a primer  i s  uscd to assure  
adhesion rather than an. adhesive per se. 

Kn the third sta.ge of Saturn V, the S-l'dB s tage,  again frcon hiavm 
polydrethane foam i s  used to insul;tt:e the liquid hydrcrgcn fuel, Si;t ir-t t h i s  case 
tklc foam i f f  applied to tlxe tank interior,  This causes an even dia'fcrent 
envirannzent because the foa.m is immersed in liquid hydrsgc~x. To add  to 
the structural  i&egriv  0% the foam, glass fil3ers x r o  Si i i i i .  into t h e  foam 
in  three dimensions, The foam i s  p ~ e p a r c d  in tiZJ,,ee witti an overlap jo int  
aa*d is installed again a s  a mosaic. To assure  that no foam chipplllg occurs, 
the h a m ,  after  installation, i s  sealed with a pslyureth&ne impregnated 
glass fabric. h this instance. as i x i  the early S-I1 flight models, tne 
insulation is adhesively bonded to the aluminrm tan:.;. wall,  To add a special 
flawsaz, the &kin santainea integral etiffenars internally in this s t age  so the 



. - 

I 

. .% s 

3 
2 

insdat is f l  foam x~%ust be s p e ~ i a l l y  precial- ant1 shspcd to accommodate the 
~t r \ . tc tura l  systetn, Eicrc L!~GJI a r e  iTir*:c npplacations of foatn, eaeh 
significantly different f rom the aiiler, in thc "Lhrce Saturn V stages, A ' 

ligliter foanrl would be bcnediclal ta each stage, a high and low temperature 
resis tank Soam o r  ma re reliable gualit;y charar: t c I-; cs woufld benefiriate 
%Izc second stage and 8 n o r e  lxydrngert impermeable E Q : ~ L J I  "rt'o~tld ba ~ Q I C  

helyftal in the third stage. The matelsials avail:? blc now cia t h e  jab, but 
im,~ravcmcr?ts  cnuacl be made i n  ea.cii~. 

A second major requirement sf plastics in  Ctra: Apallo/Sati~rn space 
vehicle i s  t1i;r.t: of heat rejcctian. la the base region of each of thc thrce 
boa8tkr stages, the structure wlaich connects the rocke"cngines to the , 

primary structure, without protection, would be exposed to temperatures 
approximating 2, O O O a F  during the engine burn time. Heat shields a r e  
'employed to keep the structrtral temperature below 300 O F ,  The problem 
ixr the f i r s t  stage' was so grass that plastics could not be used. Before 
you express disbelief, let me explain that tihe hcat'ir; almost excltasivcly 
from radiation; therefore, the principle of ablation i s  mask Sncliicient. 
An unGred cerantic i s  used on kl-iis stage. Rowever, on the other stages, 
where the heating is convective, plastics a r e  used, A major problem, ' 

however, i s  weight. hiore material than i s  needed $or insulation purposes 
must be used to as sure  structural integrity since no structural reiniorcement 
af the heat shield has been used. I suppose that some of the newer plastics 
in late'development today may be more  efficient than those now used but 
these a r e  insufficiently characterized to permit immediate application 
to Saturn. 

Of course,' probably the singularly mast  advertised application of - 
plastics f n rippsllo i s  the Co~xznlarad heat skicld which prof? cts  she 
astranauts during earth re-entry. A s  you know, this most dcmandiag 
task has been satisfied by a. plasiic: material. The situation stlrraunding 
the particular material  selected has been the source of some controversy; 
however, one thing on which all can agree; i s  that althat~gh the Agolla h e a t  
shield has been demonstrated to be capable of accomplishing i ts  desiglzed 
task, t6is task could be done better wit6 more efficient ablators. Over 14 
years  ago this month, S participated in what I believe were tlss f i rs t  
experiments designed specifically to evaluate the process of heat rejection 
by ablation, The results of those experiments were sufiiciently encouraging 
to prompt by c ~ l l e g u e s  and me to pursi~t-: L 1 j . i ~  concept for re-entry body 
grs?tcstisn, Our program resulked in the application al ablation materials 
to the nose cone of the Jupiter rnisailr, T i le  perplexing truth, however, 
Is that Zittls progress sf signifisance in i~nderakandin~ the mechanism of 
sablatloxz sr in materials for ablation application has been msde since the 
f irst  production application of the ablation concept was made even though 
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c ~ n e a p t ,  3 0 3  in effect, o u r  na0~'t; stl;?tri aticatcd %;*ace y rog;i*+.~rla. o:-rrplbys ' 

materials s$ @om.@ cansiderabla vinbagc to prctlcct kXro a a t r o ~ ~ a u t s  during ,' 

re& ~ n t r y *  

X. could mske raimilsr &mpsri8cr%*i for  ear11 @S &he i t s m e  3jsted in 
cakciar?+ ["If t h i s  siidc, ;lowc.vcaa, 1r.i ntt: \ \ k q r t  j ~ i : ~ l  one more or t2:t:sc for  
emphasis. GoniorninL coatings aTt3 t .  rdcly \rscr i  3n Use carnn-rercial inr";us.try, 
Where a filil~are rate of I in  3 i l O U  if; qlci l : jrtakl~, ;t tlr'i tile czxvir-oninexlt to 
u-!12ch printed circuit  boards i s  exposed is x:ln i nu re  soriviae than LEse inside 
oh a television set, csr~forrnal coatings on the markcuoday  a x e  acceptable, 
But transform that environment to that of a Saturn V.and include over 
10,000 P C  boards. This, by commercial practices means 10 P C  boards . 
in every vefiicle a r e  suspect. We require component reliabilities o f  L 
failure in a mil  I, ian units because we have ktlousands on board, Our 
environment incltxdes not. only tempel-atuxe extremes cox~ai,de~abl.y in excess 
of commaqcial requiremca~ts, but al so  nnech;tlaicil vibratinl-i s rn\j .; t be 
accepted, Additionally, we a r e  required to operate with P C  bon rds in iz 
pure oxygen environ~nent, Although all of these do nol. ncccssarily occur 
simultaneously, two of the three envirol~merats quite often do. W e  have 
found that therl-nal s t resses  fa.-on~ the conformal coating material a r c  
sufficient to break soldered connections. Similarly, mechanical spalling 
of conformal coatings have been experienced: and finally, the potential of 
fire f rom a broken connector igniting a conformal coating necessitates 
extzeme precautions in an  oqge l z  environment, Although we a r e  seeking 
solutions to these situations, do the best of my knowledge each of these is 
government sponsored. I a m  convinced f rom my previous experience that 
a confo~mal  coating insensitive to these environments can be p,roduced a s  
economically a s  conformal coatings which do not satisfy them. The component 
of this development lacking i s  not money, it is initiative. In this area  and 
m a y  others, the plastics indtzstry of this country does not lack in taleat 
for  d h%ve seen what it can do. 

A second broad category of plastics the plastics industry must consider 
is future needs, L e t u s  accept that the plastics available today, a!"L~uugXi 
not necessarily ths best, can be made, with ingenuity, to accommodate 
today's needs. Ytrhhare a r e  $;he nrxarkets of toxr~orrow? 1 believe thaL i t  i s  
s e l f  evident that; plastics have mad? sizeable inroads into the metal industry, 
But lpok ca~efu l ly ,  plastics, to a large extent, a r e  augmenting metals, not 
replacing them. f suppose X can comfortable in  this environment to say 

.tl.iat the metals9ndustry  has become quite comptace~at because plastics 
have been unsuccessfd in Breaking into the really- big a rea  of primary , 

s.i.&rueCural materialo. And yet "the reasons why t h e  pXast3cs have not perturbed 
the pr imary structure industry a r e  resally quite vagva. "I'Yrc all know t h a t  
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plastix: nlnierlais equal to nr g r d ~ t k i  in stren~t-h 1- .hd~ mzak.?\.d.s 3t.c aba$lt~ble 
Z.u us, for ai rfranno cores% rticl:i~\sx t htir:6 13-1;t f ~ s - i : l ' l * *  C? rr  l i g j~ l  ~ r ,  Nany 
attrer facet& of pia.ktics are mot-e BesiralsJtc. t t r d * i  nlrdtds, %+e have spent 

, . years pr~claianing the pot&nii:%,l of certain p lahk ic~ ,  aor! yet, the  plaskies ' 
industry in general allcl $PI in p ~ r d i c u l a r  c a n  rwrrec,tly critsciaed far  " 

- not having publi!c;lacd a rlocurncnat s i i l ~ i l s ~  t o  Mi l i t -  I: I,!; rC-5 012 melai a.  One 
of the main reasons for this,. and for  t f ~ c  f;xilt~re of wo many pla stjces handboalr.a, 
i s  d i r ~ c t l y  attribut-8ble tu t l~c  n~rzllit;udc ob prcsp r i c t n ~ y  clcljnas an, eus~Ljrt hing 
imaginable that goes  into a. plastic x-r-rateriaj. I:cc;a~xse i t  i s  my job to know 

. what nmterials are used in the NASA xs~a,l?ned space fliglat prop.t.j;:r tX~nk 
involves any sf the Saturn I a ~ 1 2 c h  ~ r % i c l c ~ ,  l have f i r s t  hand krrowiedge of 
the problem of proprietary s igh t s  on ;.iastics. WC have 'Eound c*vcrytj~Za;g 
f rom major processing procedures to vegetable coiarixlg tech~iquas  cal7c.d 
proprietary. I.low, then, can one prepaxe a doc"ument that specif ies abso? i ~ t c .  
mechanical and physical properties of so broad a spectrum of so-called 
"'proprietary" materials.  The aluminum industry has i t s  own a s  sociation 
and handles this kind of problem without hurting itself, The plastics industry 
m.ttst do the same if i t  i s  going to asaumc  its xightftzl place il? tl-rc, world of 
mate rials technology. 

Because of the great pkornise of  plastics lor fu ture  str~nctures, it i s  

imperative that the jndustry in gcr~cra l  dra.w tllc iinr: on certain ~ ' roc l s t~ t s  
and tliorpughly characterize these 1andrnai.k materials.  Othe rtvise, plaaiics 

continue to be promising- --  and promising- --and promisit-rg, To attempt 
to alleviate this situation, NASA spaxasorcd a program witl"lnc1u~t~y to 
establish certain basic $est procedures which coulcl be used industry-wide 
in  developing unif~rm, data on like products. The results 01 that effort 
are published in a Goactyear Aerospace Corporation Report, G E R  12792 
It i s  difficult to say whether the technology needs of tarnorraw will, be met 
By the current plastic materials since there i s  no clear understanding of the 
limitations on today's materials. However, in the world of W S A ,  3: can 
tel l  you what some of the needs, to which we have no apparent answer, 
will be. .First,, in the field o f  space, the need for materials wi~ich can be 
itascrtr-:cl into orbit and then expanded into 'useful structures i s  Irecorning 
increasingly Inore evident. T (.lo not mean ECEIO 1: it.nrj i T  f.y,r)~ t r ~ ~ c t u x e s ,  

.-1 

K mean structures M/Xli~h can be inkabj tr*~I  by man, 1 con cr~vir;icn a corrspc;t: 
pacl%age which ~a11Zd be cxpaaadcd, s t n  bi l ixod ;rind occ;u;): CP-I t c r P ~ i a : ! ~  could be 
ca-pable of ~ u ~ > p ~ r t i ~ ~ g  man 101- long periods of timc. X bclicvc l h i s  i s  a 

. . logical next step beyond current plans for the immcci;ate fu tnve .  However, 
b e f ~ r e  this can be realized, better systems f u r  stabilization t%an pressurization 
will be required, Furthermore, one must take advantage of ail disciplines 
of chemistry and physics to assure that: such a structure will not  be vulnerable 
+to the space environment. Second, no material sllows such great application 
potential far supporting crydgenic tankage a s  do plastics. h i s  not difficult 
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to  envision the tremehdous heat leak assnciated with metal. tank sr~pports  
- when the tank contairrs n r,ryr)gcnir: fll~iti ~ l i c i n  a s  liq\ricl h y d r n g c ~ ~ ,  If 

#/ 

reinforced plastics could be sealcci so  a8 ta prevent porxneating of 
hydrogen during storage, this would provide probably the ultimate in ou r  
current  tccrwtedge of materials  for cryogenic storage in  space. This 
requirera~bent; aiglaifiae t41c: need for b ~ t t ~ e ~  and c2rtrl:;r:r cont3ng materiala, 
or impregnarsts for plastic materials ,  

h second a r e a  of  pr imary need in plastics is for better adhesives, 
Adhesive bonding could gravidc .the scrltttiisn ta many prr;bt)Jcmatic designs, 
I am fully aware of the abundance of adl~as ives  on the cumlanercial market 
but I am also aware,of the deficiencies of these adhesives, 1 also 
recognize the limited amount of adhesives used. currently by the aerospace . 

industry but the fundamental reason for the'lirnited use of adhesives i s  
directly a1;tributable to two simple causes. Current widely used adhesives 
are limited i n  applicition potential. More universal adhcsjves rccluirc 
extreme care in handling, i n  fact more  ca r e  than can be tixpeclcd from 
craftsrnkn, With appropriate attention there i s  no apparcnhreason why 
the adhesive technology of tdday cannot be expanded significantiy. With mare 
effective and more  easily handled adhesives, there i s  no reason why 
these mater ia ls  would not find widespread use in a variety of commercial 
applications. 1 a m  su re  you a r e  aware of the experimental house which 
has  been 'built using adhesive bonding o: reillforced plastics exclusively. 
One of the major  problems i n  construction of this house was that. of 
adhesive bonding. Tbe adhesives had too short  a working life to be 
compatible with the construction workers requirements. Such situations 
a r e  continued occurrences in  a l l  industries and must  be improved before 
the science of adhesive technology can assume i t s  rightful p1ac.e in the field 
of mate  rials.  

Looking a t  problems which can be separattd from ~ ; ; J : ~ c c  t r a v ~ ! ,  one 
of the major hurdles sti l l  canfruntiing tjlc dcvc1cri1a~c11-l of tile h~: l ,c . rsonic  

aircr&R i s  that of sealing the fuel tanks, The sea3 material naris t be 
cbexnically compatible with the fuel, a 3ct.1-osine bass 1 iq.113~3, ;7 1, a ! c3l-rapcrature 
of apgroximateXy 500 " F, and mast be capnblc n i  an cxprc tc r i  l i f c  ol' 
50,000 hours. An exhaustive search of conxnercial prcrrliicl t; currently 
available reveals the fact that there i s  no seala~i t .  type zt~atc-r-iaP wX;ir,iil can 
meet  the&@ cri ter ia .  I am su re  that a n y  of you who havc sy~m.t. t i m e  on 
propeller driven a i rc ra f t  have seen at least t11c streal& on the ail-craft 
wings wlaere the fuel  has l eaked  Srom thc taskage, a ' t i lh~t~gh wc: have lived 
wit31 this parobiem for maw years, we arc zaaw a t  a poinl where im2rovemenl: 
must be. made, There is no reascan at present to believe that sucfi improvement 
w u l d  not h n d  w-idta appli-sagi~a in ather praducts, We canmat csn"sinua to 
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Another example of our  rxecds i s  hes t  described by explaining how 
we expel p r o n ~ l  lanL I~=ox?I a t;i:~lk in, a Z ?  r 'tl.'l cllv-4 ~ * ~ 1 x n f i x I .  A3 ~ ( 3 ~ 1  lcaflow, 
ma:zt nQ bt l r '  LsBcQ ""8' Gyk;ton?8 & P C  ;E-rZLr : % r ? t t !  r 5  f c  r i ,  l i , : ~  t, j @  ~ Z J  ~ j l r - : f & n l l  ~ Q ; * Q  

r.xpp1: cc? by pressurizing a f ~ l ? l  Lank, S'nce irtltlcr z r " r t l  "g", the pressurizing 
. 8'" ~ ~ 0 i 3 1 f l  infil17'3f'2 the ~? r0p~ \3~a?? t ,  CZ z i t l l ; 3 t i ~ i l  \ V ; ~ I C ~ I  i S  ?.l'ita):~~"a'lf?' , 012G 

n~cthocl 01 precliadil~g this i s  $0 place I l ~ e  ;>;?ro;,cllai~l j l i  a bladder rtnd 

a11plyizag the pressrzrc cxtcrnal to $ 1 1 ~  b l i tdd~r .  Xzicaliy, t h i s  woulrl bc don@ 
by ta2l;iaig an  clastorncric mater ia l  and expanding i t  with the propellant. 
However, our  inability to provide an  elastome r ic  bladcler which is compatible 
with the propellants of interest  results in a most cumbersome solutiol;. 
The bladder i s  filled with propellant and then the bladder is collapsed by 
p r e s su re  a s  the propellant is required. This can be likened to collapsing 
a paper bag ~ 5 t h  yak12 hand. The s t ra ins  and s t r e s s e s  introduced into this 
inelastic bladder cause early failures af t h e  biaddiil- a ~ r c l ,  a s  a rcsu i t ,  of 
the prapel ia~i t  fced system. To circlarr~vent this p r o b i r ~ n  in  today" world,  
extreme ca re  must  be taken in  blctddrr design to assurc only "'acceptabler\ 
type wrilikiiaig occurs.  The seal s o l u t i ~ n  here i s  a canipatible clastarner. 
6 have hcard i t  said that such a requirement is impossii%le to meet. 1 am 
su r e  that; statement i s  t rue  for  the individtla! who said it; because his mind 
i s  made up, EXowever, if we look back through the annals of watcr ia ls  
teclvnology i t i s  interesting to see how many "impossible" things have been 
done. f: believe that when you o r  I reaclr. the stage of decreeing the impossible, 
we should step down and let: others with more  vision take our  place. 

.h'finaAl a r e a  of need which I would be remiss  in omitting f rom a 
discussion such a s  $his i s  the deveiopn?enl. of plastic n?aterials wl~ich a r e  
resis tant  to f i re  in  oxygen rich environmcx~i s .  TTnt E! wc can more  thozoughiy 
assess the rnct;dE~l.ic reaction o f  man $0 s p i c e ,  it appcars  that our medical 
asssr&izltes will. insis t  0 x 1  s q g e n  et~richccl envirsnn.c*ttta h r  all x-n;rrlncd 
spaccc~arfl. It i s  not hard to ccbmprehr;x~d " i h e  need to asstire that f i r e  -does 
not caccus in orbi t i l~g sp;~cecr;*.ft since ihe point af rc t~rrn for  the crew i s  
untenable, Therefore, to  guarantee that Sirc wil l  not ~ C I  a Jsaxarci, one must. 
a s s e s s  the elements necessary for f i re  to occur and then prccll-ade such 

. elements categorically, Qf course, for f i re  tu occur, the presence of oxygen, 
duel, and an igniter is required, h. any spacecraft, boll; oxygcn ( i n  the 
b r e a t b i ~ g  gas) and an igniter (in thc bran oL e:iactt-ici*ty2' a re  cver  present ,  
Thtrs, to preclude f ire ,  the fuel  must bc sl.iminatcd, %'his mcarzs that anly 
msLcxjala whish are fao~xflammable in axygcn enriched environments can be 
eaagased in  the crew bay area, Z am not 9 k  all convinced that this rcquirerncnt 
presents an m s u r  hurdf or  X a m  convinced that it challenges 1-nan8s 
ingenuity. A limited amount of work on selected polymcr systems has s h o w  
t h a M t h  certain fluorination processes,  some polymers can be made fire 



r e s i s t a n t  In an enr-irhed . < 7  . $-XI. BJ‘I~--: a - ~ t t ~ ~ :  r ~ i l t  artvi ba B C ~  an these peamising . results,  my ca3icc ie ; ' Zaxav-.d Spacec~:.:~' ' C  i i : e ~  in  Jtou~~axa, Texas, 
are planzing to p r u r s u P  tiL- ~!~:~eI l " r~ .* t ' l~nk  of &I% E * * : ~ ~  : ~ V C  S ~ S L G X T ~  which 2s 

a nsnflamix~able in. an cxlrichcd oxzygrh en-2 ' . . " i l i * ~ > ~ ~ i k  + ACX6.i t3*~7nal!y, by 
i~rraginalican, cncai . -dat ing tecl-r~ti cju&s h:-i $*F be en icvcloped cvhi ell isolate 
fiammable mate  rials f r012 ?he CZ"CI-.~ b:; 'ii ~ t ~ ; ~ : - n e n t ,  f.ilt~s prr?cltidinl= 
thc possibility of f ire,  it reJn 4 1 z ~  ! + *  ;,I.. see11 i:ow tibe i11gasnui.tt.y and 

. inxentivenress of mankind hanci.ii.s I developrncnt of concepts "L provide 

In the past several minutes  I: have tried to show l~aw plastics a r e  
used i n  some typical appiicatioxls in  C i r l l  >:atic>nnf Space Program. 
Adciitionally, it was my intent to indicate to you the variety of environments 

. where plastics are used and how improved plastics could help  this 
or  other programs, Finally, I have tried to stirnulate your imagination 
by d e s c r i b i k  some of the more pressing needs for plastic materials in 
the overall aerospace industry in hopes that you might carry these 
thoughts. ta your  respective organizations. I appreciate the opportunity 

- you have afforded m e  in listening to my dissertation, 


