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SUMMARY

The ¢.,jeotive of this progran was to fabricate a high optfcal quality, light-
welght aoler concentrator using a fiva-foot Qinmeter glass convexr master a8 &
Teference opilcal surface., The concontrator was to be mnde by extending an
axieting Boelny precess which omploys Tilled epory resin, a’unimin honeycomb,
and fiberglans ¢loth, to include the use of & glaags rapter. The glses convexr
mster used ag 8 referzncs optleal susfocs wvae supplied oy KASA for wee dn

this contract.

The lightwaight concantrator to be fabricated in this program was gcheduled for

delivery to RaSA-langley for evalustion.

Although the complete objeative of the progres was not roalized, signiffcaot
raﬂ.nensnta in the replice process waore mode. Severzl succesaful sspects of
the progran werat excellent replication of the optical surface of the glass
zaster on the filled-spoxy e:ututmte. succeasful deronstration of preparation
and nuppert techniques developed for use of glase maa*ers and development of
a nev spraying techwique for applying tke multiple layers of epoxy resire which
form the optical substrate.

Proof of compatability of the Boeing replication precess with glany nesters was
dezonatrated by zaking several 8 fuch diemater specizmens and a 1/5 scale model
concentrator on glass masters, Jn all cases the anbstrate was intact after
curing and cooling, HNothing was disclosed in these precautionsry experiments
to indicate that diffieulty wonld be experionced in procesding with fabrication
of the 60 inch diapeter concertretor. Horever, the filled-epaxy optical gub-
strate of this Jarger contentrator ruptured whiis onoling afier gapozure
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to the same high teoperaturs curs cyclo which was vsed successfully for fab-
rieating the 1/3 scale model.

It has baen conoluded $hat the loaz was due to the effecte of larger than an-
ticipated iansile stresses which doveloped because of the difference in con-
traction on gooling batween the glass meater and the filled epoxry optical sub-
strata. Heactions of this type had not been experionced nreviously en 60 indh
replinations becauge filled epoxy ma.ters having tbe sane coniraction charac-

teriotics as the opiical substrntaa were used.

There is sufficient lattituds in the choice of cure temperature for epoxy
resins, {particularly as ia true in thie usage where the service loads are
1%ght and the tempersture %o which the produgt will be oxposed 18 low), to
elect the uss of a lover cure temperaturs which will provide sufficient relief
fren the contraetion differential prublea to insure successful fabuodcation of
lightweight parabolic gonosntrators by the Boaing procqas from glass masters.
Although high tompsrature (300 - 400°F) cure temperaturss are normslly used
for epoxy-fibsrgzlass struchuorsl laninates, the requirepent for this thermal
trestnent for replica substrats applicaiions such as curs has not been estadlic
od. In fao%, curing at high temperature on lerge glass mesters appears to
degrede rather than enhence the Boeing replica‘mirror procens.

By linitir.s the paxivmne cure tenperature to 250°F and making other minor
adjustzents during toe cure, tha problem asscciated with the use of a zlass
naster is expeated to be ovsraome. The other cxsponenta of the concentrator
inoluding the honoycorbefiberglaas sandwich, the stiffening rim, end the

support brackets are still ueeful because thay were not zssembled to an

13 %8 2040 REV 8/42 T mamn?
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optical substrate. The avellability of these items, rapresenting a cajor
cost of the program, mininizea the cost of making ancther concentrator boe
cause only the substrate need be formed. I% is felt that because of the mine
imm cosi requirad and the nearnese to completion of & good concentmto:.l'. that

this program should be contimued.

I1 WTRODUCTICH

The work descridbed in thic report was done $o fulfill HASA Contract No. HAS 7-16'
and Mod, 1 to the contract, A generzl description of the work to be accomplinha
ia given in Ref, 1 entitled, "Fabrication of Lightweight Farabslie Oenmentratawa
Frew & Glazs Master ™. Ref, 1 was originally sutmitted in response to Jet
Propuleion laboratory €JPL) RPQ 14191 -which covered & mch brosder meope of
vork than was required in this contraet, The existing contract required only
the delivery of one fiveefoot diameter 1ightwelght concentrator and this

Iinal report.

Techniques for fabricating lighiweight molar soncentrators with suitable ope
tieal quality to power thermicnic converters in spece, have been developed at
Boelng over the pact four years. After comsiderable expericentation with
varicus l;xrocassea for febr:cating concentrators, a replica technique eopleying
filled-epoxy resin, fiberglass, azd alunimm haieyeenb was chosen. This
replicat'mn precess and these caterizls vere chosen for four pricary reasonsi
(1) a2 excellent optical surface replica can be made from either a concave or
convex toolj (2) the stwuotural strength and design of the concenirator cen
bo varied to satisfy nearly any envirommental requirement; (3) the weignt can
be made low due to the low donsities of the waterdals involved; and (i) tha

AR JOOC REV 872 2+5142-;
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matsrials are nonzagnetic, o desirable feoture for most apace expericents.:
Since the primary objast of the contract was to demonnirate feaaidility, it
dstided to cbtain ths best possible optical quality and more-than-sdequate
atruetural strength. This would result in a concentretor weight slightly
higher thon that which would be ogbtainable with a structurally and optleall
optimized dasign.

Prior to the gontract Boeing fabricated and tested a five-fook diapeter atr
tural prototype concentrator. This protolype was subjected to and withstoo
both atatic anl dmamic tests cutlined in thg original JPL BFQ 14191, Tha

detailed resulis o; these tests were presented in the spperdix of the limal

prepoxt (Ref. 2) on the firat pahae of this contract.
TX1 ACCOMPLISHMEMTS
. Glass Magter ~cpa savion

The potentisl problems soseoizted with the use of a glass master were consic
8o that the master would not be damzged or brokon during the fabrication
process. The folloving envirorpental conditions had to ba withstrod by the
paster ard 1ts associstad mounting steruoture during the fabricatlon process:

1. Temporcturestas high as 3007

2. Suspension of the glass by ita periphery in any of three ortho-

ganal diraction?;
3, Proasures as lo? as 1X 1()'6 Torrs

b, & force on the comvex suxface of Q.5 psl in the axial direction.

*of the paraboloid.
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The high teaperature ia encountered when curing the epoxy recin. The suspension
requirenent is dictatad y the foot thav the convex surface mpat {ace diwn-
ward during vacuun deponition of a siilver parting fils and must foce upward
during resin epplicetion. Figh vacaur is encountered during vacuum deposition.
The requirement of reaoti-ng to 0.5 psi by peripheral supporting results from
vacwur begging vben the honeysombefiberglsas paraboioidal sandwich is bended

to the resin pubstrate on the flase.

The technique for suppérting the glass maater which btest satl.sﬁ;ed the above
envirormental pconditions involved potting the edge of the glass into a stesel
suppors ring aqsec‘bly tith & siloone potting coopound {General Electric RIV-40}
A scale draving of the support ring assetbly is shown in'ﬂ.g. 1, One feature
iz that the plass doss not touch the wetal suppert rings at eny point. This
is izportant becausa of the difference in cosfficient of expansion between
ginse and stesl. The gap of about )f4 incn botween the glase and the ringa
was filled with KIV-40 as shown. The steel clips vhich extend over the sdge
of the glass were alao dovered with E'F:?-#O. These o¢lips would have provented
the glass maater from falling out ¢f the ring assezbly in the event of potting
gompound failure wvhen the caster was in a convex down position. The RIV-40
potting compound served a second purpose in addition to supporting tha gisasy
it provided & feather edga traeition from the glaas to the suppori assembly,
thus preventing trapping or bonding of the epany resin to the edge ef the
glasa, It should be noted that the vaouum deposiied silver paridng f£iln

covered both the gless and BTY-40 compound.

The procedurs vhich was followed in prepering the glass raster for layup of
opoxy rasin io described below. After a thorough chemieal cleaning the master
I}

was placed in the ring sasembly ss showa in Fig. 1. A1l of the potting
8 2006 REV. 3162
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aperations vere carried on in a clesn roow, & mumber of }/4 inch thick
RIV.A0 spacers were placed between the concave side of the gluss and the
support rings. Than, the edge volune was filled with RIV pricer so the prd
ccated ahont a one fnch wide eircunferential strip of the edge of the conve
surface, The application of pricer ia shown in Fig, 2. The filling ring
claaped onto the sasecbly during this cperaticn to provide a dan fox the RT
primer. This forced the priner higher up o the glass master, The prizer
was then drained out and the film wes left to dry for 2 hours. Then, the
adge volume was filled with RYV-40 so0 that a 3/b inch wide civcumferaatial
Girip of the glaon was covered. Care was tsken to keep the level of BEV-40
below that of the primer. Agplicatior of the RTV-%0 compound is shown in
Pig. 3. The Final stap in the potting operation was %o recove the filling
Ting and 21lew the RTV-40 to flow down over the edge of the sapport ringa a1
olips, The result was a coaplete coating of BIV-40 an the support rings em
thes odge of the glass, After the RIV-G0 had gelled, the paster and support
ring asseobly were taken from the ¢loan rocm and placed in a vacuun coater
vhere a parting film of silver and a protective filz of ailicon nonoxide wer
applicd, Thase films coversd both the glass and the potting compound. 7The
conted master was then removed frca ths vacuum chagber end pleced in a 160°F
oven whare the coatings of opoxy resin vere applied. Fig. 4 shows the glase
master in the oven pﬁ;cr to the lmyup. This completes the discussion om the

preparation of the glssm pastar.

B. CONCENTRATOR FARTfCAYICH

Fabrication of the solar concentrator which included loyup of tne opiical

substrate ontc the gless master, fabrication of the wcneycomb-fiverylass san

b_ATd

. * v
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agsenbly of theve comporents, has been troated in detail in Refa. 1, 2, and

5 ard will not be dissusced here, An aspembly draving of the concentrator
identifying the varieus components im shewn in Flg. 5. The honsycombefiber-
glags peraboleidsal sandwlch and »im atiffensr wers successfully favricated
berore the optivel subatrate layup wes started, This would allow tha sandwich
40 ba joined to the opticul substrate as soon as the subairate was cures,
Howevor, since a good optical subastrate was ot made st this tine as will be
subsequently expleined, the sandwich, rin, and brackets are atill availatle
for ngsembly to a good optical substrate. It should be noted thet ionadictely
pricr to contract work the complete procias wie qiecnsafully dgnonstmted on
voth 8 ard 20 incn diaceter glass casters. The stresses on these smaller

trial parts were spprently low encugh to avoid rupture.

The first iayup of sn optical substrate was 'dcme by spraying the first two
conts of filled epoxy reais and brushing the remaining layers onto ihe

glaas master, The first two coats were applied by spraying to minimize

the chance of dlaturbing or scratching the silver parting {iin, This layupy
was aborted durirg applisation of the second trush coat after & snzll plece
{3/8 inch dieceter) of silver parbing film was lifted from the master vhen-
removing & brush hair. After this occurrence it ves deeided to sbandon the
brushing conmpletely ani to spray all coats of zesin. A trisl leyup in which
_11 coats were sprayed onto & 20 inch disneter glass masier produced a good
¢yreical surface, Froz this it wes concluded that ithe zext optical subatrate
would dbe t‘nm‘sd ty spraying 2l11 coats. The advantages of the spraying tech-
nigue are: {1) 1% ninimizes the poesibility of disturking the silver parting
£11p onm the glass mastsr; (2) it allows thinoer, more constant thickmess

coatings to be epplied; ord {3) it shortens the length of tire thet shop
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porsonnel must :ba expoasd to hot ovens during resin application. I4 is bellave
thet *he spraying technique developed herein is a significant improvement to
tho Boeing process.

After the second lsyup of an optical substrate by spraying ail coatings and
curing.n fracture was experienced while coolirg. The loos as deacribed below.
wag not attribtuted 4o the syraying technique for forming the subatrate. The
apray teohnique resultsd in & good optical surface and s constant substrate

thicknese, An eu:plar.:‘sticn for the loss of the substrate followé:

The layep of the multilayer, filled-epoxy subsirate onto the glass master was
succossfully completed. A ty-pical high=tezparaturs cure cycle waa then run in
whiah ths resin was subjeoted to 1€0°F for two hours, 250¢F for two hours, end
IGOSF for finur hours. Cars was taken in this tharmal cyai:a to assure uwniform
part tezperature cud reasunably saall temperature changes par unit of tire.
After the 300°F cuxe the temperature was slowly reduced. During this reducticr
in temporature, the apoxy optical substrate exhibited cracking due to the
affects of tensils stresges. The ormok ocourred st a temperatwe of 1254,
with an elapsed time of 7 hours after the reduction from J00°F began. It was
cbearved: fren fractursd sactions of the epoxy optical subatrate that the replic
cr.pti.oal surface vag of ucallem-apecular quality as expected. It is assumed
that the high stresses preceeding the loss were due to the larger than exe
pected difference in eontraotion b;tveen the glass oaster and the filled-epoxy
substrate. This problem 12d nver occurred provicusly becsuse epoxy magters
having the same contractfon characteristics s the substrate wore usud on 60
inch diaméter np_ncstionu.

REV SYN SoEINE |° D2-20150-1
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It 3o believed that three factors contributed tec the lecas; first, and probably
moBt important, the 300°F post~cure taempbrature which 1s a Jesirabls heat
treatuent for this epoxy resin in other arpplications, may be detrimental to
the resin vhen compounded with our fillers and used for large solar concentrator
cenfigurations, Secord, the rate of cocl do;m fron th-a T00*P cuie temperature
vas too fast for the resin sompound %o obtain stress relief as a fiumetion of
%ime, Thimd, although no significant thermal gradients wera det@cted on the
concave surfaca of the glaee master which was monitored, there may hava teen
conyection currenta in the curing oven which ~aused & ezall but eyitical
thsrmal gradiont betwson the gloss master and the exposed comvex surface of
the resin.

The cure cycle will be altersed sufficisntly in tha fabrication of future con-
centrators to retairp high specular surface charaoteristics, and to aliminate

the posoibility of the substrate cracking during cool down.

v CONCIGSIONS AHD RECCMMERDATICNS

Ths following conclusions were made £a & result of work accomplished in the
contraot:
1. 7Tho honeycomb~fiberglase paraboloidal sandwich and fts associated
oriffaening rim can be succesafully fatricated using ean existing
epoxy convex tool, for use with an optical substrate forzmed on

the glass rasters

2. The aupport ring assenbly and potting techmique far holding the
glaxs master worked satisfastorily;

43 4228 2000 REV. 8/82
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3.

L

A mew sproying technique used. for applying resin to the glass

mater was 3 significent inprovezent in the proceas;

Tke cause of the substrate loss was the @ifference in contraction
batween the filled-opoxy and glass. Thus it was concluded that a
Aoed congentrator could be nede from & glass master by adj-usting.tha
cure aycle for the substrate to limit the amcunt of contrectior on

cocling te a non-critieal leval.

1% 3.8 reccecended that armadditional effort be made to cooplete a concentrater
for the following reasens:

2.

REV SYM._

It is beliered that curront material-property tests on the epoxy
resin wiil show that an optieal subsirate can te completed without

icas if minor adjustments are made in the cure cyoleg

The cost of en additional attempt wonld be pinirun because enly an
optical substrats nesd be made for assenbly with other exinting
comploted parts
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1. fFabrication of Lightweight Parabolic Concentrators From a Glass Masier®,
Boeing Document D2«90112 dated January 1962,

2. "Fabrication of Lightwelight Pambolio Concentrators froz an Epoxy
Convex Mastor - Pinal Report,”
Boeing Document D2-35084, datad Desember 1962,

3. "Development and Testing of Iightweight Solor Concentrators”,
Boeing Document D2+20107, dated June 1961.

L, *¥itration Tests of Pxgtotype Pive-Poot Solar Concentratar™,
Boeing Documant D2-20877, dated May 15962,
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SAFETY CLIPS RTV-40 SILICONE COMPOUND
FILLING RING GLASS MASTER

SIDE RlNG—\ . 25
/BASE RING

DRAW HOLE ‘

STRUCTURPL. SUPPORT RING

\

GLASS MASTER SUPPORT ASSEMBLY
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FIGURE 3. APPLICATION OF SILICONE POTTING COMPOUND




FIGURE 4. GLASS MASTER COATED WITH SILVER PRIOR TO LAYUP
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HUNETCOMD - FIBERGLASS
SANDWICH (0.4" THICK)

BRACKETS (3)

OPTICAL SUBSTRATE (005" THICK)

ASSEMBLY OF S-FOOT LIAME I ER
LIGHTWEIGHT SOLAR CONCENTRATOR

FIGURE S
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