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ABSTRAGT

[ - In the search for optimum materials to be used in an expandable sand-
S wich concept of fabricating space structures, a gelatin rigidizing resin

system was improved and adapted for use. It was demonstrated that this

gyystem would be desirablie for use with fabric materials. The resin system

is easily applied, kas high strength to weight ratio, and is resistant to
i space environment.

The other materials finally selected for use are completely compatible
'nd equally resistan: to a space environment.

The final items of the develspment program were light-weight, self~
igidizing, 10-foot diameter solar emnergy concentrators and 4-foot cdiameter
cylinders, 8 feet long. Space systems considerations were an integral part
of this study, with particular emphasis on much larger structure requiremeats.

(This abstract is subjéct to special export controls and each transmittal
to foreizn yovermments er foreign nationals may be mede only with orior

approval of the Spece Technology Branch (AP’T) , Alr Force fero Propulsion
Laboratory, Hright-Yatterson AFS, Ohio L45h33.)
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\\1.0' INTRODUCTION .

e axploratio: of Apace will undoudteciy requirs large sire solar
cclletors and space shelters. Tie need for transportation of those {tasms
- into tha. Apace anviromwent makes an expandable structure concept attractive.
- One "tneapt, vhich was originated by Mr. F. W. Forbes and Mr. 2idnay Allintkov
of the Reses~ch and Technology Division, Air Force Systens Command, Wright-
Pattergom Air Force Bass, Ohiv, is Zased ox the combinatior of a fabric honey-
comd naterfal with a plestic rigidizing resin system. Righ strangth-tooeight
ratios are inherent irx the sandwich saterial and complete flexibiiity and
pa.hieabilitg are availabla with the fabdbric material. A nuaber of plastic

in systems ate milable for rigidi:atioe of the cocplate structure.

‘ ¥ ¥ feasibility demcnstration of this concept using a pelyurethans, vapor-
cure?. resin. system Was conducted under Contract AF33(657)-10409 and f& discussed
in AA-TDR-55-29. That work was contirued under Contract AF33(6153-1243 which
furthared the develuopment and produced larger structuras bused on the sxpand-
abla hmycml- concept. That work is discussed in ARAPL-TR-64-20, Voluma I.

Po:h of these efrorts were sponsorad by the Air Force Aero Propuision iLaburatery.

e 2easihiuty of ﬁtﬂking ge).atiu as & rigldizing media for- ezpandable
space structuras was alsy duonstrsted ty Mr. Porbum and Mr. Allinikow as an
Afr Porce In-house atudy. Purt!\erwoﬂs by ‘the Afr Force Materials Liboratory
‘under Contract. AYS!(S:.G)-—&R&S produced “Svae Prouising stiuctural properties
and space applicabilfty infomtion tot gehun.. Thit ao:& is dfacussed in
Aan-m-ss-au. ' S i .

. AFAPL-'!R—-GS—BQ diacusses the cutcome of a 31:\:&3' which hraught together
the knosledgs gained under sarlier studies of the cxpandabie sandwich conicapt
and the carlier gelatin devalnpaent vork. That study furthered the davelopment
of the oxpandable toneycowb concept and demohstrated that geistin {3 a useful
rigidﬁ.s..ng mesdia for that application. This Feport contimues the discuseion
by demribs?ng ‘the work coaplsted Curing this phase of the program. Particular
axnphasie was plwed ont ‘applicaticn of results to larger space structures and
to mpt&hﬂities of mbarhis i.n a sl:ace aavitommt.

' ‘
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2.0 ORJECTIVES

The p:incip&l~obJacttvas of this rtaenrqh end technology effort ware
as followas

S PO Oiatiniaation of gﬂnti.n, collagen, and other :igidlzétien waterials
aystomse fbr axpandabla honeycomd atructures.

2. Datm'minatlon of operstiocnal characteristice of these syalema under
Ipacs conditions.

" 3. The Jasign, fabrication; and rigidization in a vaccum environment
cf 10-foot dinu\ter solar concentrators with balloon end caps.

. The doaxgn, fabrication, rxgiuixation in & vacuum eavironment, and
prassure tusting of 4-foot diameter by 8-foot long space cylinders.

The technolagy gained is directly applicable' to the design of larger sapce
"structures.

Thase I of thia contract, sr reported in AFPAPL-TR-65-8&, founrd that
modiflcstion of the basic gelatin resin system to produce & vapor catalyst
cross>iinking wechanism, gad to_ reduce the viscosity while increasing the
Jdelaiin-sclids by the addition of various solvents, (other than d,0) would
only temnd to redace the £1aal strength of the resin system. An operzble
resin system was established for us# uadsr Phase I of this contract, How-
ever, it was felt that thie was not the optisum gelatin system, and that
- studies should be .continued in sn attempt to optimize the “ormulation. Swift
and Company contimned thesa studies 3s a subcontracter. Emphasis was placed
on increased strength, Faster cure times, and a plasticizer boil-off system.
Additional requirssents of an optimum system were that it rems in in a liquid
state during i{mpregnation, be nontoxic, ussbie in a normal laboratory envir-
ocment, be compatible with other material components in the overall coamposite,
and compatiblie to & space eavironment. This study demonstrates, although not
rexching the ultimate design gosl of a 15-minute cure time, that gelatin can
be used as a rigidizing rasin in comdination with a fabrie sandwich material
to produce large axpandable structures suftable for space use. The search
for component materials such ss adhesives, and s flexible layer, v be used
betweer the structural backing and the surface film, was continued. The
selected waterisls also must be compatible with other components, with space,
be packageable, be usable in a normal working environment, and be adaptable
to larger structures. Monsanto Research Corporation, as a subconiractor,
&ided in tnis search.

The assurance that a selecced design will meet the requirements imposed
by performence in = space environment was approached by anticipating problems
which will arise when the structure is placed in that hostile environment.
The Technology Division-of the GCA Corporation, as a subcontreector, .elped
in defining thue problemc.

The final reporis, as submitted, by each of the three subcontracotrs
are included in this report as appendicca.

[P US.
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"3.0 MATERIALS RESBRBCR AND INVESTIGATION

The saterials research and investigation were directud toward obtaining
. optinsr samples of componants, such ar, Teflective surface materials, 100

per cent raactive flexidble resins, elastoseric sheets of foam, sponge, and
rubbzr, and adhshives suitable for bonding the varicus components togelher.

3.1 REFLECTIVE SURPAGE MATERIALS

A solar concentrator design study, presented later in this report, a4d-
vanced the theories that postcure gelatin shrinkage, large differences ir
stress-atrain relationships of components, and material creep were the
primsxy causes of Zabric show-threugh, orange peel, wrinkles, and crease
saparation of the Mylar from the flexible epoxy. This information pointed
cut the pvssidility of a need to substitute a2 materisl other than Mylar for
the reflective surface. The materials investigated and thelr properties
are. liated in Tables 1A, 1B, m& 1C.

A wmaterial similar %o A—12 was aelected for further investigaetion.
This qaterm, purchased iroa Arvey Corporation, Chicago, Illinois, was a
laminate" u:msinting of 0.2S-n11 Mylar.with £.35 mil sluminum 1100 type 0
hnimted to: boﬂx sides.

‘ ’nm materfal was used to &brzcate 2 1/2-foot" model concenttators
based on the design which employs a very high mndulus material that cam be
strain-set, thus eliminating the distortions caused by the restoring forces
in the elastic region of Mylar. The concentrators fabricated uaisg the
new materiai did show an improvement in most of the surface irregularities,
particularly in the elimination of wrinkles and :rease separatioas.

Anotlier materiaxl that, at firat, indicated sowe promise as & surface

filn was Capran, a polyamide film. Use of Capram did not progress beyond thc

2-foot dismeter experimental stage.

Based on the information presented in Table 1, and on axpéiiﬁenéal
results, a atrain-ses material, similatr to A-12, was selected for use on the
10-foot dismetar concentrators.

"l‘he‘ material was modified by replacing the 0.25-mil Mylar inner layer
with 0.50-mil Mylar. This increased the weight from 0.0106 1b/ft? to
0.0139 1b/Rt3. - ) : ~ _ _

" The aluminum surface waterial used Curing this program was not & highly
polished aluminum or & vapor deposited metalized surface, and therefore, not

highly reflective. However, & polished surface laminnte or a vapor depos.ted

muqu surfsce is s '>bru'et1.hal aolution te obtai.nin& a brilliant surface.

—

3.2 ;L___ g__ cm mc'mx mnmamn SYSTRE

Past” uffox‘ts have u‘ilhad Epm &72 x 75.and . Epon Agent U gpmq »
resin as the flexible layer behind the reflective surface. This did not
- prevent surface irrsgularities, was not 100 per cent sclids, and not 100 per

3 - -




e

TR T T -
z N e L P ’ PRCREE Ty

cent resct’ve and therefore, tacausy of shrinksye during cure, the poss;ble
cause of some of the susface irregularities. Thie would fmply that a 100
per cent reaﬂ:iva resin would slimf{nate sirinksge and thus improve the
surfsace. ' :

Two iU0 per .cent reactive resin systems wers lnvestigaial. They were
Epon 872 and Dow DBER. 736, 2nd vere usad with B. F. Goodrich dycar CITBNX
containing a polycarbodiinide, (antioxidant PQD) manufactured by Noftone, Inc.
Hycar CTSRX is a synthetic rubber polymer of butadiene snd acrylomitrile.
The uncured liquid has a viscoasity of about 100,000 centipoizes, but cam be
sprayed uniformly at elaﬁted temperatuxes.

Reither syatem shuwed any aubs.tantnl Mprovmonts over past efforts.

Further investfgatmn of 100 per cent reaczive. systems .;ere discontinuad in
favor af a more pr'.mtsing fl..,.ble layer aateriai such as foam.

3.3 FLEXIBLE LAYRR

In{tially much time was spent on the investigation of various elastoweric
materials. Vicits were made to raw material suppllers and manufacturers of
the £inished products to détermine aveilability of materisls in the desired

weights and thickness. -Information was also soaght on how the various slaste-
wers were processed and what modifications could be made to ptopes"ties The

uaterials were obtaived {n w:rking amounts for preliminay evalua’fon; and
are shown in Tadle 2. As tbe work progressed additional material was obtained

‘i.8ee 't‘able 3‘

‘ Although the thteknesses of the raterisis listed are not nex.essa'ilv
ithe same as would be used to fabiicate the flexinle layer, the samples were

usefnl for establishinyg dats on variws joining fechniques aad achesive

studias. Faysical ard thermal propertiec for promising materisls were accumu-
lated from the literatnre on elastoneric materials and from terting. See
Tables 4, 5 and 4. -

There {s no specific informetion on the effecte of radiation on flexible
foume available at this tims. However, inferences can bs made; for exzmple,
8 foam material Based on a urechane lin*age will probably possess the same

" relative stability as a urethane based elastomer. Ses Table 6.

" Some of the more promising waterials wera tested for vacuum stability.
T™e ‘ests ware conducted on g 4 by A~fnch samplc of ésch materiml. The
samples were held at 2 x i07” ma Hg. for 77 hours. ‘ihe results are listed
in Table 7. They clearly indicata that most clused cali foams are rot
satisfactory for use in ‘& vacuunm becauvse ct tha tandenc? to shriok and lose
weight. o :

'rests also Ind.cate that most £onm, espeeully open cell foonms, abserb
liquids easfly. In the case of the gelatin water solution ths resuit is a
wrinkling of the toam bacanse of shrinking of the gelatin during curs.
Attexpts described lster in this report tc covar the foam with Mylar proved
unsatisfactory. Amothar spproach was to £411 the open cell foawm with %IV or
'li.munr utcrul. “l‘hh nsu&ny rcmmm! enxy 1n an increzse in wcight. The

ot e




method £inally salected was to block the foam with an sdheaive zmch as Bpon
872-X~75 gnd Rpon Curing Agent T.

As the ssarch for new materials, experimen*ing, and testing cox\tmued,
a new foam was obtained that revesied excellent possibilitfes. The foam,
Scott Felt 10-900, £Lxz mamufactured by tLz Ccott Paper Company. Typical prop-
ertles of some of the gvailable varieties of this foam are iisted In Tadbie &.

‘A1l of the varietles discursed in Tsble 8 are made by applying heat and
pressure to &n open celled, flexible, 2 ib/Et3 urethene foem until the desired
degree of flirmness, density and thickness s reached. Firmmeas 10 indicates
thet & 1/16-inch thick aaterial wes originally 10/15-inch thick before being
compressed.

, The 1/16-inch thick, 900 Series, foam materisl described above was
found to absord large amounts of adhesive when bending to the Dacronm struc-
tural material. Ae a result, & new foam was ovdered and was utilized with
good results. The new material, Scott Felt Grade &00, is similar tc the
900 Series, but is nonreticuiated; that ig, the celi mbranes kave not

been removed although it posaesses some pemaabxlity to air. Typical prop-
erties of the 600 Serias are shown in Table 9.

‘ The Scott Yalt Grade 1G-600 fa&m has be.en used with good resulta
most of the lo-t*oo. dismeter solar corcentrators.

Certain silicone rubber type materials have been used from time to
time during thi: program bevause of their flexibility, adhesive qualities,
ard availability. The selection of a purticular RIV has been more or less
#% rahdom. However, it appears that & broad range of properties are available
in the silicone rubbers. A study of these properties uas made {n an attempt

o find a wore suitable candidata for use as the flexible iayer materilal.
Tadle 10 is a tabulation of physical propertiss of RIV sillconz-rubbers.
It shows that incrsased bardness 1s available without serfiously affecting
flexikility. RIV compcurds with the higher hardness valuee were received
and scieened for flexible layer applicabliity. Use of RIV as a flexible
layer was discontinued in favor of the more promising foam.

3.4  ADHESIVES

Table 11 lists the achasives that were inwestigited. They ware screcned
for mpparent bond strengths, flexibility after cure, and matexhl compatibility.
Sample: were cured for 24 hours befove testing. Mosi adhesives were discarded
because of incompatibility with the urethane form, and neoprene shsets. Others
ware discarded because of excessive cure tims, poor bond, extreme shrinkage
and tackinegs after cure. The remaining adhesives, thair propertles and use,
ere listed in Table 12. Bond strengths of the morc promising adhesives and
uatarial wnhimtionn were ‘tested in peel using &n Instron testing machine.

: 'me results are prgsautod in ‘rabls 13.

Rpon 872-X-75 later pz'ovod to be m mst uae!ul md wrmttle.. It was
~used to Bmd the. tutlmt!.n surface to t!n foam: amé to lmud the structural

A A B

g e




tachfag to the foms .

_ ._xmmg the (nvestigation &n attedpt was made to find the beat adhaaive
for Avaii Sapran.  Table 14 summeriscs ‘the vesulis. '

itees : mm “of the EG
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TABLE 1-A

PROPERTIES OF REVLECTIVE SURPACE MATERIALS

PRGPERTIEB

——

1100-0 -

A-120-

Chemical *ypa

Lire Expectanmvy .
Form Available-
Toxiceity
Plammability

.

Envifonment
Compatibility
Reliability

Vacuum Stabiiity

Specific Gravity

Tensile Strength
psi

a. Yield Point -

pai

Hﬂdulua of'
‘Kllatﬁctty
‘pci

Availadle Minimum
Thickacaa, mils

Weight 1bs/ft?/mil

Sarvieable Tbmperu
ature Range

a. Righ 0!
‘fbi' Tow °F

i ‘c; nrlttls
Poiwt

Polyethylene
teraphthalate

* Flim

None

8low to

Self Ext.

: Exeelient

Excéiiaﬁt

Excellient

h 1&39

23,000

L% at

12,000 psi

550,000

0.30

- 0.,0073

. Aiﬁmihum'

None

None

Excellent

2’66
13,000

5,000

10,000, 60O

.18
0.0140

Aluziinum

and Mylar
10 yrs;
Lawinate

None

Mylar Burns

Tokic if
burned

Bxcellent

'i"ﬁxeellent;

= '&écellenf

2.04
13,700

3,000

2,700,000

SE
0.0108

392

~148

" ‘No Plastizizer

1.3
19,000

2% at
6,000 psi

280,000

CAY.

.008

225
~100
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‘ TABLE 1-A (Cont.)
PROFERTIER OF REFLECTIVE SURFAGE MATERIALS
"PROPERTIRS - - - "MYLAR 1100-0 ‘ 4—1% TEULAR
Thermal
&, K Fgetor
Btu/(hr) (£t2) (F/f¢) .093 128 Al 128/t
B ~ Mylar .093
b. Coefficient of
' Expansion

Linear in/in/F 1.5 x 107 1.31 x 107°  13.1 x 167" 2.8 x 107
¢. Specific Heat '

cals/g/ C 315 22
Radiation Character-
{zgtics

a. Beginning of
Mcderate Damage

ergs/em (C) 4.4 x 10° b4 x 10°
b. Beginning of 25%
Damage 9 o 9 '
ergs/gm (C) 8.7 x 10 4.4 x 10
Qe Qtable up to 1011 ergs/g
How Sealed Heat Sensitive | Heat + Heat
Adhesives , " Sensitive 5% Shrink
Adhesives = 256 7
Aluminized
Reflectivity

(compared to Mylar)

L




TABLE 1-B

Es
pYS

PROPERTIES OF KEFLRCTIVE SURFACE MATERIALS

pﬁorﬁﬁﬁﬁ’ o " TEFLON  ©  POLYETHYLENE'®)  KARDEL

Chemical Type rre®)

Olefin Polyatyrene
Life Bxpactancy T o - |
~Form.A§i11§EIé o Film . Film Film i

Toxiofity | ‘ o Toxic Mon-toxic
' : Decomposed

Flamnability ;_'>>'. Non-Flam. S1. Burn 2.0(c>

Environnent Conpatibiiitf

Reliability

thuuﬁ'Stability ‘ No Plasticizer
Specifio uravity 2,15 o | .935-,938 1.05

"renane strength psi 3000 - 3500 9,000-10,000

a. Yleld Point pei ; % :_ , L : : .
b. Hodulus of Blasticity - : :
pli - o 70,000 : . 450,000

_ - Avallable Minimum Thick- g | - |
ness mils . BEE AT ) ‘ W75 "

: weagat ,mm%u o1

SQrvinnﬂﬂn Thmpc::ture
lnngn ‘

nigh % 1; “1' i _f 500 230
be Low hF :*1' :f %E;i ;466‘ "l 100 .b -84
| c nxmu mm"r PEST
ufﬁif?iiihilf_ | -
i K\!lctnc R
Mmcw)tmu_ |

BRNE]




TABLE 1-K 106fit.)

JSRIPERTIRY OF KRPI-ECTIVE SURPACE

- = ~ - B -,
-

. PROPRRTCES . .. TEMGH . POLYETHYLENR

®) rampm

b, Toefflafsutor - #.6 % 1070 &t ~100
. cBrpamsfor - 55 ¢ 1077 at 160
| 5

5

Linear: {r/in/F 8.0y 107
- NN at 212
¢« Specific Aeat ST o

Badiavien Chevasteristics

9x10" - -6 x 107

. &. Beginning of Moderate ‘ : 5
. Beraye ergs/gm (CY 4.k x 10

b. Beginning of_Sericua . 8
. Damage exgsigm (C) . 8.7 x 10

Heat . Reat
220 F - © 280-380 F

| Muminised Gafloctiviey  C
(etmpaved to Mylary - ' :

&, Fluorinated athylene propylene
b. v Typical Values .
¢. fo/min ASTM D-635
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| TAME 1-C :

PROPRRTIR? OF REFLEGTIVE SURFACE MATERIALS -

C. g;:!.ttie, Poin’i: '

~160

_ rROPERTIES * CAPRAR STRLYE H-FIIM ACLAR 22a
-Chemical Type 231y1m£de Tonomer Polyimide Fluorochiore
. : Resin

Life Rxpectanoy :
Form Avallable Pilm Film Piln Film
Toxicity : Non~-toxic Rom-toxie
belws 300 F
Plazmability Self-ext. 1.1 in/win  Chars at  Kome
- 800 C
. Brvironment
Cospatihility =
. Reliability
Vabwom Scabiity
Specific Gravity - 1.13 .925 1.38 . 2.079
Tensile Strength psi 6700 5000 25,000 . 8,000-11,000
a. Yield Point psi 4400 1800 14,000
b. Modulus of Blas~ , i :
ticity pei 160,000 30,000 430,000 300,000
Available Minimum
- Thickness mils 1 9.5 1 .5
Weight ibs/ft3/mil  -0.006 0.0049 .007 “0.011
Sarvicable Temper-
‘ature Range .
a. High °F 200 160 1300 200
b Low % -100 ~100 ~320




TABLE 1-7 (comt.}

PRORPERTIES OF REFLECT:VR SURFACE MATERIALS

Therual
K Factor
Bt\!!(hr)(ft’)(w’f*) 181

I

Goefficiimt of
0 &qanion

.Lineu'in/in/&l’ asxla

-5

‘8pec£f£c Eeat
Cal/g/C <40

Bacdiation Chavzeteristics

a. Begianing of

Muderats Damage 11

erge/m (©) 3‘.6' x 1 ‘ - " w.ox 108

Bagianing af
‘Seriomse Dmmga

argugsr- (€} v 4;7 < 168

g:." Etﬂhle up to

Saaled " Heat R Heat + Ktched
A L _Adhesive = Heat +
Adhesive

Alusintzed Refine-
tlivity (enmp&red to
Mylar) B




PRELIMINARY CAKDIDATS FLAXIBLE LATSR MATERIALS

T ;-»;nnmn!.

15 mil GRS neoprene shest

15 wmil viton shest
31 w1 Bypalon sheet

1/8 inch, s«ft necprene sponge
5 mil urethane aheat

1/8 inch firx neoprene sponge
175 ;inch firn; vinyl fspongg
1/1;7 {nch hxtyl apénge

1/16 inch silicone sheet

Atlantic India Kudber Works
Chicago, Illirois

DuPont, Chicago, Illinois
DuPont, Chicage, Illinois

Arlantic Indfs Rubtler Works
Chieago, flilnois

Seiberling Rubber Company
Rewcomerstown, Thic

Hood Rubber Company
Chicago, Illincis

W. 8. Nott Company
Minneapolis, Minnesoks

Hood Bubber Company
Chicago, Illinois

W. 2. Nott Company
Minneapolis, Minnesota




TABLE 3

CANDIDATK FLEXIBLE FOAMS

T " B. P. GOODRICH TO. VSCUI'I PAPRP CO.
: ) (Polyurethane) ]
Designatice - R-43 - M-407 8-534 H-334 r
Mul Type. Keoprene PVC PYC PVC Polyester Polyethar '
Cell Strvcture Closed Clased Closed Closad ‘ Open Open ‘
Thickness, inches 1/8 1/8 13 1746 1/8 1/16 ‘
Deasity, 1b/ft? 10 4 5 3172 5 10




TABLE 4

FUYSICAL AND THERMAL VAOPERTIES OF EIASTOMRIC MATERIALS

PROPLETIES RUBATEX

RUBATRX SCOTT ROPCO ROPCO NOPCO

Polymer Recprene Vinyl th‘alyether Polyether Polyester Polyester
nens-i:y 1be/£t3 4Q 13 5.5-10.5 2 2 6
Cell Structure GClosed Closed Open Open Open " Open
Pensile strength ‘ \
psi 20 16 35 45
Blangation per cant 50 2:0 550 706
Coupmsé:'_en Set :
50 per cent 30 50 10 6 6 2
Ccapregsioa
Per Cent __—
Daflection lbe/in3
20 1.3-3.4

25. 90-13.0 1.5-4.0 0.5 0.55 ' 0.65

50 2.8-7.4

60 3.4-12

65 | 0.85 0.88 1.30
Service Tampe:amtﬁ; (P}
Low - =30 -20
High Contfnwous 150 130

High Intersittent 200 200

Therwmal: condixetivity. s
Btu/Cho)(EE3)(P/fL) .11

N _—

'Vacuing Stability A . Poor

T PP




“TABLE 5

APPRG*IHATB ORDER F STABILITY OF COMMERCIAL POLYMERS

COMMBRCYAL POLYMER ’ NUCLEAR ENERGY CORMENTS
R N I - POR APPRECXABLE :
o S DAMAGE(2).
Polystyrene , 10° '~ Cross-links but distorts
: ; » : under load st 80 C .

o

S8ilicone (arosatic) : Cross-1inks - -

Bolyethylene '\ ' Cross-l1liaks
oy

_k':glsmiﬁe-fomidehyde' |

Urea-fomldehyde

Mylar

- Ratural Bubber ’ . Cross-links
(polylacprene) ' R

8ilf{cone Elastowers \ E Croas-links
(aliphatic) . ‘

Polypropylene Ctéss-— 1inks

Polycarboaates
(Lexan)

Polyviﬁyl chlorides » Degfades via scission
-Nyicms | N . Cross-1inks.
Synthetic ‘ Rubbera |

Kel~F | » \ K ‘ Degrades via scission
) Polyurqthnhes |
Poliﬁethacr?latu o ; ‘ ‘ Digrndeq‘ﬁ'y’!._g iciéslon
Polyacrylates ‘ _ o ‘ Cf&u-lﬁgé |

“Teflon S ‘ ~ ~ Dogrades via scission

(a) m;: in a l»!auiéont‘mchguiul prop;rty
o o : 16 o .

i




_EABLE §

fae

EFFECT OF SAMM\ RADIATION ON

e L T CETSCE Py DV SR

3

DAMAGE THRESHOLDS OF BLASTOMERS

“BEGINNING OF MODERATE _  BECINNING OF SERIOUS

_DAMACE ergs/g C (@)
7.5 x 10°

5 x 10°

10°
10°

10°

10°

' ;Bilicon;% e g

- Pluoroelustomers

M

 Polysulfide
. 3 4 .

‘Bﬁtyl

(A)‘;»inc;pieut to mild damage at aboyt 105

DAMAGE ergs/g € _
8.5 x 101

3 x 10:0

3 x 1019

9.5 x 109

9.5 x 10°
ix 101“
6.0 x 10°

9

4.0 x 10
S X ’163»1-*‘_;»-: e

4,0 x 108

b d R &
- 10° erga/g C




TABLE

7

-~ VAGUUM SYABILITY OF FLEXIBLE LAYER MATERIAL

1/8 inch neop‘me foan
clqsed cell o

1/8 inch BVC foam
¢losed cell

1/16 irech PVC foanm
glosed call

1/8 inch nolyester
open cell

1/16 .tneh polyester”
open cell

10

1.5

" aone

40

none

nona’

DENSITY DIMERSION WRIGHT
1hs/£e3 . CEANGE % w:::s %
*/m inch vinyl ifem‘
closed call 16 43 1.5
1)’8 inch neopreae fm .
closed. cell - 35 10 1.G
'1/4 fnch ﬁrethm;e foan :
apen cell «7 none none
1/ fneh u‘mtmv fbai 2 nene none
15 mil neoptena sheet - none none
20 mii uretbam ahesi - nate none
. 1/8 1ach PVC foam o ,
closed cell ‘ LIS 70 19

none

2.5

nene

none




" TABLE 8

TYPICAL PHYSICAL PROPERTIES OF SCOTT FELT GRADE 900 SERIES

Flrmess 3

@ 6% 1

5 10 15
Tensile Strength psi  50-70 85-105 160-200 230-270
Per Gent Rlongation .
at Break ~ 300-k00 250-350 250-350 200-300
Tear Strength
1b/in 7-9 10-13 20-27 27-35
Vacuum Effect none nona nore none
| TABLE 9
TYPICAL PHYSICAL PROPKRTIES OF SCOTT FELT GRADE 600 SERIES
Firmness | 3 5 7 10
Tensile Strength psi .67 115 155 220
ﬁer cent E:,ongatioh
at Break . 275 250 225 200
Tear Strength 1b/tn 9 15 20 25
‘?ncm Bffect ‘ none none none none
Cmpressicnunétlaction
psi
@25% 1 5 13 25
@ 508 B s 1 35 75
) 100 175




RTv-560
RIV-577
RTV-580

mo_

140
130
130

120

110
220

160

180

160

£ 200

120




TABLR 11

-STRUCTORAL - - MYLAR. . ALIMINOM. - TO - NEOPRENE URETHANE URETHANE

ﬁrcw -~ Tl . ’
?100~x-20 S X X X ; 4 b S X

»
4

X

t R S S ]
R . T
F I - T

VR VI
MoOX M
PR VR

n-.wsao»»". | S o

88-4101 pr’m&z‘ ' X x - X X B X L 4
RIV 11 T X - X S X X X R
RIV 112 R | - B
' Therwolite 12 cpruy R T ' _— ; L =

88 4101 wwt S S I X - X S .
W 90 LT X SR I & RN R

ok m-«-.rs




TABLE 11 (cont.)

ADHESIVES INVESTIGATRD -

RIE-A N A

S'I!BQ'.‘.’ORAL MYLAR - ALUMINTM - TO - - REOPRENK URETHANE URETHANE

.. .. BACKING . SHRET SHERY  FOAM
‘ x X X 2 x X
B S S x x . ox
Swift 7162 x % x X X X
Swiet 7335 . X X X X X X
gwife ¥-7167 X X X X X X
'V'switt B2ss D ¢ x’ X X X X
Du Pont 46OTIE | o
RC 805 no heat X X X X X x
Du Pont 4684+ o
'RC 805 1o hest X X X X X X
Du Pont 5491 , ,
no heat - X X X X x
Du Pont 56012 X x X X X X
Du Yont %979 :
. no heat X X X X X X
U.8. Rubber ‘ o
ncum X X x x P
cmsomm Fo1 "X X X x x X
.‘Aerﬁo'bond 2010 X X X X X X
Aerobond ms % X s X X X
Aerohvmd zm x X X X X x
Asrobond m:m a x x |
‘t.sumtc n % xx x X x
.: :_I.F.G, A-zm x 5 x x %




vy

A<1185-B

% ,-v,,\A-as-m L e i :
A--S_:&B ' :

~l

Estane 5750-X-071

Ca .

Preciaion 6091

MM M e

TR T IR R

b




TABLE 12

PROPERTIRY sND USES OF ADBESIVES

“M l!r’lon Eu*ummm Soemm ~oe .

2%

 ADESSIVE . CHEMICAL . 53 (ENSILE  TEMPERATURR  SPECIFIC o
Voo cx TYPR . SOLIDS smm STABILITY GRAVITY
i | . 29% .
Swift 7162 GRS Nitrile 23 in 1, 4
: -~ Toeluol+
Ketonas
Swift L246 PV Ac, 52 in H 0 _ 180 F 3, 7
Du Pont 4684  Syn. rubber 28 Ketones  500-1000 300 F 1, 2, 3
- RBC -.805 Isacyanate
| Aerobond 2010 Epoxy 100 1,
$ilastic 733 Fluoro- 100 150 300 . 1.36  1,3,4
) silicone ' o
BPG A-88-B X ﬂeoﬁrene 25 1,2,
A-53-B : Isopropyl 3, 4
acetate
Vithane 200  Urethane 30 Dwp 5060 1.219 1, 3, &
RTV 102 Silfcone 100 350 300 ¥ 1.07 2, 3, 5
RTV 11 - Silicone 100 380 300 F 1.18 3, 4
Primer 88 4101 Tin octoate
Bostic 7070 Urethane 21 Ketones 250 F L
Bpon 872-X-75  Epoxy 75 Xyl0l 250 7 3,4
Bpon 923 Bpoxy 250 F 4
Retane Urethate 20-3C 11,300 200 F )
5740X071 TH’E DMF
() Usa ‘
1. Myler to meoprens and urstmuo 5. Uruthans foam to urethana foaum
2. Alcainum to neoprene , 8. Nyloa to uylan
3. Aluminum to urethane shast and foam = . 7. Dacrcn to Mylar

A S s ek e e P, e 1 o .
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TABLE 13

ATHESIVE STRENGTH IR PEEL LiS/1N.

MYLR TOs ALUMINGY 710:

NYLON TO:

*7 " FEOPRENS  URKTHANE URETHANE NEOPREAE  TRETHAHE
ADHBSTVE . . _ . SHEET FUAM SHEET FOAM

URSTHANE
FOAM

swite 7162 5 aR(®) wat (P

Du Pont 558%° & ALF. 4 A.F.
Aerobord 2010 Mat.

Silastic 733  2 A.F.

BFG A-68-A-53-8 2 A.F.

Vithane 200 No
Reading Mat. Reading

RIV 102 ‘ . 45 A.F.
RIV 11 |

Bostic 7070

Bpon 872-X-75 6 A.F.

Bpon 9§13

(ay Kdheslve Fallure - AF
(b) Material Strength - Mat.

Mat.

e e A N s ARG, Y A S A




TABLE 14

.. SHEAR STRENGTHS OF GAPRAR LAP

SEAMS

AUHRRIVE 'SHEAR STRENGTH TYPE OF FAYLURE
LBS/IN

Du Pont 4697G 6.‘;‘: Adhesive

D1 Pont G684 6.0 Adhesive

B 1800 L,3 Ackesive

None 40C ¥ ’ 7.1 Material




TABLR 15

TRMPERATUBE AND BADIATION STABILITY OF CANDIDATE ADHESIVES

CHEMICAL

ADHESIVE SERVICEABLE ABSORBED
TY¥E TEMPERATURE RADIATION FOR
o LIMITS OF MODERATE DAMAGE
Du Pont 46971 Polyester -75 300 F 4.6 x 16° rad
G.E. BRIV 11 Silicone -50 200 F 8.0 x 10° rad
B. F. Goodrich . 4
Rstane S740-X-071 Urethage 200 F 7.9 x 10 rad
PTP 4050 Butyl -40 200 P 0.5 x 10° rad
S &pon ' :
872-X-75  Bpoxy -100 300 F 5.0 x 10




3.5 STRUCTURAL MATERIAL

The structural materisl used to fabricate the solar concentrater was
an a&ll Dacron sandwich material from A. Wimpfheimer and Company, of Stoning-
ton, Connecticut. It had two faces separated by random scattercd drop threads
7/8 inch long. o : ‘

‘The'stpﬂetural material used to fabricate the cylinders was No. 181
fiberglass from Hess, Goldsmith and Company of New York.

Table 16 lists some of the properties of the gelatin-fabric system as
compared ‘to a urethane-fabric system.

3.6 GELATIN SOLUTION

The foilowing paragraphs contain a descripticn of the gelatin system as
used for the Dacron and fiberglass structural materials.

3.6.1 fermulatisha\\\

The gelatin fofﬁﬁlgtions for the Dacron solar concentrator and
the fiberglas cylinder are listed in Table 17. The formula for the concen-
trator i{s thinner because of the larger area to impregnate. The impregna-
tion Is completed while the concentrator is on the fabrication fixture in
the inflated position.

A degradation of the reflective suxface of the solar concentrator
was traced to the highly acidic (pH 3.8) gelatin resin system which attacks
the aluminum surface during and after resin impregnation. To alleviate
this, the gelatin solution is neutralized witui 2 per cent, per weight of
resin solids, NaH, prior to resin impregnation.

The optimum ratio of gelatin solids to fabric for the Dacron con-
centrator is 20/100, and for the fiberglass cylinders is 30/100.

3.6.2 Viscosity Determinations

Figure 1 presents & family of curves shewing the viscesity of
various gelatin solutions at temperatures from 70 to 130 F. The shaded area
glves the limits for the most satisfactory conditions for vacuum impregnation
and winimum resin drainage.

3.6.3 Gelatin Impregnation Studién

A series of Dacron pillous and a Zh-incﬁ concentrator composite wers
vacuum impregnated to determine rate of Impregnation vs. gelatin sclution con-
tent at 115 F. It was found that a 10-by 1C0-fach pillow and the 24-inch




. - fl

concentrator composite became cwplataly saturatad with the 15 per cent gelatin
solution within about 1-1/2 minutes, while the 25 per cent gelatin selutfons
required over 5 minutes fot mele“iom 'Eable 18. sum&rizes t!m expe.rimant&l
data. . ;

: The pillows wete rlgidized ’wi mwt hulkiling tension iu me woiarial.
A great deal of wrinkling occurved with the £abric-gelatin ratio of 7:3, vhile

no wrinkling or putkering was observed on the fadrics containing only 20 parts
gelatin. It was also noted that the structures with 26 psrts gelatin seemed suff-
iciently stromg for solar concentrator rigidity. Work waa completed to deter~
mine optimum fabric-gelatin ratios which weuld resuit in suffici.knf strengths
with a minimum or no fabric shrinkage. -
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Viscosity Centipoises

*
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OF GELATIN SOLUTLONS VS. TEMPIRATURE _
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TYPIZAL FROPERTIES OF EXPANDABLE, SELF-RIGIDIZING MATERIAL3

TABLE 16

~ - GRIATIN- GELATENR - URETHANR- UR ETHANE-
PROPRRTY* FIBERGIASS DACRON FIBERGLASS DACRON
Specific Gravity 1.7 1.3 1.5 1.4
8helf-life Very good Very good _Jimited Limited
8Space Environment

Stability Excellent Very good Good Good
Cure Time**(hra) 3-i 3-4 2 2

Ult. Tensile

Strength (psi) 40,900 25,0600 40,000 25,000
Ult. Flexural

Strength (psi) 35,000 - 35,000 -
Modulus (Tengile 6 6

and Flexural)(psi) 2.0 x 10 - 2.0 x 10 -
Specific Heat «25 =30 «25 <30
Coefiicient of

Thermal Expansion

in/in °F 2 x 107° - 2 x 107° -

*Baraed on an optimum resin/fiber ratio

**Wacugr Bnvirorment




C  TABLE 17

R

GELATIN FORMOLATION POR SOLAR CON;E*TRATU& AND SPACE CYLINDER

RN

‘ SGLAR CONCENTRATGR  SPACE CYLINDER

o ] PER CENT PER GSNT
Gelatin Solids 12 30
Water. . 100 100
Bénxolt:; Acid él per cent gelatin solids) 1.2 3.0

\ 6.0 -

Na(8# (2 per cent gelatin solids)

PO e

i
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TABLE 18

GSLATIN IMPREGMATION STUDIES

TanTs PARTS TIME FOR YER CENT GELATLn
GELATIN -FABRIC IMEQEGNATION 1% SOLUTION

DACRON FARRIC
SAMPLE

6 90 .- 1 win. 10
A 80 1.5 min. . 15

20 80 5 min. 25

3¢ 70 _ S min. 25

10 x 10" piliow
2 ft. collector
10 x 10" pillow

10 x 10™ piliow
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4.0 STRUCTURAL-MECHANICAL ANALYSES

A number of structural-mechanical analyses of the two structurui of
this contract have been completed. These investigated the dynamic, thermo-
dyuamic, structural, and materials aspects of the structurecs from fabrication
through their operational phases.

As a part of the predeployment analysis, the structures were investigated
for nandling and packaging degradations, primarily during fabrication. Part
of the packaging analysis was to deterwmine ceritical fcld radii for each of
the various material ccmponents of the structures. The results of this
analysis revealed that the reflective surface element is vulnerable to pack-
aging damage.

& general depleyment anslysis of inflatable, folded structures was
applied to the solay energy concentrator and cylindrical structures of this
contract. The results of this approximate analysis showed that the solar
energy cencentrator structure is vulnerable to deployment failure whereas
the cylindrical structure i* not.

Both the solar energy concentrator ard the cylindrical structures were
analyzed for many operational loading conditions. In general, these structures
were anaiyzed for pressucization loads, maneuvering loads and deflection, and
thermal gradients. 1In addition, an approximate analysis of the natural fre-
quency of the solar snergy concentratcer structure was made to determine if it
could operate within rezasonable vibrational limits.

The results of these structural-mechanical analyses contributed to a
preiiminary design of the structural element of both the solar energy con-
centrator and the cylinder. The sandwich fabric material of the solar
energy concentrator was a one-inch thick Dacron with a random-scatter drop-
thread core. A more optimum core configuration would have been a 2-inch
square celled, houeycomb array. Although this material is within the state-
of-the-art of the wcaving industry, it wis beyond the scope of this cokrtract.

The sandwich material for the cylinder was a one~inch thick fibergiass
fabric with a unidirectional, triangularly fluted core oriented from ponle to
pole of the hemispherical ends. The anhydrous weight of the resin-impregnated,
fiberglass fabric was about 3/10 pounds per square foot.

4.1 SOLAR CONCENTRATOR

4.1.1 Stress Analysis of a Parabolic Surface of Revolution

The complete stress analysis of an operational solar collector
should include the following loads:

. Static (terrestrial handling)
" Dynamiec (Launch and maneuvering)
Unifora pressure (solar, aerodynamic)
Thermal gradients

S S




: - In adaitiﬁn the natural frequenay aﬁ the structure shoyld be
inveutiga*ed. Hawever, of all the atove loading conditions, only the dynamic
manauvering loaQs aad thermal gradxents are 1nc1uded in this repor‘.

- Thete are two appraachas to the soluticn of the 3stresses in a

. surtace of revolution. A simplified approach assumes that there are only
meabrane direct stresses and shears aveil-Sle to resist the applled loading.
\ $ee ?Igute 2 (2) belaw for the description of these stresses.-

/T adcp = (T adcp)de

\

. d _
Nend¢ ¥ 36 (Neadp)do

de/

1 : 9 '
Twrede * 35 (T¢re§9)d¢

o

Figure &

"Elemants of a Shzall of gevolution Showing
the Forees of the Membrane Theory




The resolution of the applied loads by the membrane stresses

i gig.gﬁgﬁ!qii@&iﬁ&‘@etudg simultaneous equations (2).
g X kEWE;‘UiEVG) ?‘ég;;nf:’m N, cos @ + P r.a sin 6= 0 (aj
\>m%;?;ﬁ(fﬁdhw+m’ g O +Pr iea 0 )
¢ e 8F v h [ Ty co8 ¥ Poror, sin (
Ne a f “¢ rg ¢+ P rea = 0 ©

¥or epplied lbadings of rotational symetry, the preceding
expressions reduce to:

8 » | ) . ,
35 (36'“ gin 6) “.N¢'9 cos & + £ ros aln @ 0 (a")
N+ Nq)re *+Prea=0 | (e'

Further N_. can be solved it anv circumfevential section from
statics, and B solveg fron equation (c) if the normal load component (P )
and the princigkl radil of curvature (r, and a) are knewn. In the following
Pigures 3 and 4 thlere are graphical solutions to the geomerry und the prin-
¢ipal radii of curvature.

’ _ The inflation stresses in a parabolic membrane can be reduced to
the following. .

At rim: . N
N¢ « + ,625 pP (1b/inch)

= + 500 pD (1b/inch)

At _apex: Ny » um = + .433 pD (1b/inch)

C there p {8 the internal inflation prassure (psi), D is the rim
diemeter of the paracoleid (in.), snd the + sign duvnotes tension. Similarly,
the above expreseions are corract for axternsl pressur> loadings except for
a stress reversal from tensile to compressive stresses. '

Onsywaetrical gravity loads (loaded at some angle (not zero) to
the axis of symmetry) and the critical buckling load were investigated. .the
former wmeraly involver solving the simultaneous equations (a), (b), and (e¢)
for various directions of appliad lsad. The solution to the stability problem
is wore complex and ia described in paragraph 4.1.5.




0.01

0.00)

. | Fisuta :ji!.; Pnnbol,ic Geom_etry |

37




1.33
/1

1.30

1.20

Fo/D

110

1.00

1.65: N

lo.§s at x/p 4 0-

'l

pos s . v onanf

s amt

> U

.80

s o

1‘0

X/

0.01 e~y

8

Figure 4. Parabolic Radii of Curvature




o ST

. - :In addition to the simplified weabrane approach a more exact
solution which takes into account the local bemding rigidfty of the shell can
be obtained from eight simultaneous equations involving eight unknmown stresses
ard deflections. (1)

The solutions to these equations must involve applisd loadings of
rotational symmetry and thus are not as comprehensive as equations (a), (b),
and (¢). They do offer, however, a way to evaluate the influence of the
three dimensional sandwich fabrics in reducing membrane streses and deflections.

4.1.2 Thermal Displacement of Any Curve

-‘—f—ﬂr—— dx _ dx
0 23w X .

Fixed at
origin

- » Consider the curve CA above having been exposed o a tamperature
= changa of AT.  Then dsterwine the displascament of gpoeint & te A%, The ax-
panded view of an element of tne curve wnables @ calculatlon of the X and ¥
dieplacements to by mada. The X displacsment Is glven oy

LK = Sabrds {%’3&}

T
=4/r adTdx = aA‘rxA
The y dinp)accq‘ntﬁii aiillaiiy expressad by

8Y = aATY,

L6 v

'Rlemeniutry Statics of Shells™ Second Editiom. Alf Pfluger
1961, Naw York Citv, McGraw-Hill Book Co., Ing.
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Therefore AX ang AY are directly pronortional to the location of point A
fo Y,) and independent of the thape of the curve. Also, the total dis-
placemcnt of. point A, AL. is parallel tc the vector OA and equal to

(a8T) (6X) = cATL.

4.1.3 Therma]l Dispiacement of Any Surface of Revolution

S

From 4.1.2 it has been shown that the displacement of the
curve y = £{x) in the x-y plane is proportional only to the x and y ccordi-
nates of the curve and the temperature parameter, cAT. Thus, for any poirnt
on .he curve A (x » ¥,), the change in location of the point due to a teamp-
§ eratuvre cha.ge, A T, ﬁqua.a X = X {1 + aAT) and Y' « Y, (1 ¢ gAT). Hence,

In the case of the pacsbola y = x3/4f, the expression for the ne:
curve (y' = x'3,%f) {s al:~ a paraboh, y(1 + adT) -[x (1 + adT)) */ut

v *[(1 + adm)x?) 10t

Therefore, due to & uniform temperature change, 4T, tae parahbola
¥ 3 £* /%% becomas y '{.lu;_ﬁéz) x? which changes the length of the focus by
3‘1 ""QAT
; _ Due to the rotational sysmetry, the circuuferential elongations
. are all directly proportional to their respective radii. Siace the radius
: of any ¢lrcumZerential element is the x coordinate and since this displacement
has been accounted for in deriving a new expression for the curve that
gensratus the surface of revelution, the total thermal displacement of the sur-
face of revolution is satisfied by the new surface of revolution y' = g(x').

B0

the expression for the new c\éve - 5(! ) b@coues y(l 4 aldT) = g[x (1 + aAT)}.




4.1.4 Operationzl Azcuraey

. The most {mportant rejuirement of the 3olar energy concentrator
is that it maintain the specifier, surface aeourscy. It was expecied that
the concurrent gelatin developmunt and application program would eliminate
most of the surface inaccuracie:; due to fabricetion, packaging, deployment
and rigidization; tlereby leavi.g only operatiorz) inaccuracies {or. distor—
tions) to be considered in this program. :

The operational diatottxona of the solar energy concentrator are
primarily the result of "G"-lcads (mnneuvering the structure) and thermal
gradients. Since these forces cannot be eliminated, the resulting dis-
tortions to the solar collector cannot be eliwinated. Their effect can be -
reduced, however, by adequately stiffening the structure and by reducing the
magnitude of the thermal gradients.

in the following analysis the specified surface accuracy is trans-
lated into an equation for a r¢ “sed surface of revolution which fn turn is
evaluated at the rim of the surface. This ordinate minus the ordinate of the
criginal curve, Y, * x3/4f, will be defined as th= maxiwum allowabi: deflec-
tion of the rim of the solar collector. -

It is assumed that the deflected surface is symmetric about the
axis of rotation; therefore, this analysis i3 only valid for applied loadings
of rotational symmetry.

The surface accuracy of the solar collector is specified thus:
"The solas er'lector shall be accurate to within 1 1/2 degree by the tangent
method over 98 per cent I tke reflactive surface." Thersfore, the deflected
surface must satisfy thz ivilowing equations (refer o Figure 35).

r‘ifiwmﬂxia of Rotation

I ¥ =
’;’
Yo i
l ¢—Deflzctef
aurfnce

Pigure 5 SURFACE ACCURAGY
41
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Since Vo ® "E'Em s -g;c-‘-’-a T:rvr b\»aud;ﬁ.-ﬂ tat__;ig’ -Ef# :
therafore, tam 9 = 'G-' 5%— ,Nom the al lwa ie angu;a,r‘ distortion

e ”1“‘ A "““’*“ to- wint bwe = % o "

Let, tan €y g
I T x e 20e tan 0 + tau ¢
Therefore, tan (8 + c“') = p "WN £roa fero T 53.
&, | | : | -
Now, == tan (0 4 8) = Froie
: + 2fe
oFs 4 (2! - xe

. , ¥
= —%7 L - ex - (.’Zun(Zt—ax)‘)‘il * az‘}_{' + ¢

At x =0, y=0,

]
"'%'“[(2!) ¢ fa’) {ln %—%—-— - ax!

Hence v, =
for £/D = \A/4, e = tm%c,‘.’ and x = D/2 (‘at the rim)
v, ® .149204 D (éﬁ the rim)
¥, = -144338D (at the rim)
Therefore | :
Satiow " ¥y = ¥ = 00487 D

The value of the preceding analyais is that it providecs an ex-
pression for the waximum defiection at the rim ¢  the soler collector that is
~ within the specified surface accuracy limitations. By Jowparing the deflaction
of the rim of the solar collector for mansuvering and thermal loadings to the
allowable deflection, an expression for the required sviffness of the structure
or the maximum therwal gradiant csn b2 obtained.

Iﬁ the solar collector is accelerated parallal to the axis of
rotation, the maximum deflection parallel to the axis of rotation {ut the rim
of the solax collautor) can be expressed as,

eG = 0.78 W, D3/Bt

Whara W is the unit wcigtit of the atructure due to an scceleration, "C";
D iu t‘M rim dismeter of the 3o..r collecter; and Et ia the produce of the

a2




© thickness and medulus of elasticity of the structural membrane of the solar
colleector. This expreasion is overly conservative for the three dimensional
sandwich msterial of this etudy, but it will serve to illustrate the magnitude
of the deflection problem.

Setting 8g = 8g110w vesults in ar expression for Bt of the struc~-
tural membrane thit will not distort the solar colliector surface beyond
specified Iimites. This expression will be defined as the stiffness product and
ig: Et = 160 W If the total system including inflatant and end cap is
limited to 40. g pounds, W, will equal .034 psf for a 0.1 G aceceleration.
Therafore, for a 10~foot diameter solar collector the stiffness product be-
comme 4.54 ib/inch. From this it can bc seen that she stiffness product for
the 10-foot 3olar collector need not be large to maintain the specified
surface accuracy due to 2 0.10 G acceleration paruil2l to the axis cf rotation.

The problem of maintaining the specifier surface accuracy because
of a uniform thermal gradient can be approximately ianalyzed as follows. A
unifora thermal gradient normal to the surface of ¢ spher.cal shell will
produce uniform bending moments (H) throughout the shell (wherever boundary

ATBI(I + u)
t(l - g 3y

cenditions pstmit): B»l & . * Since the psraboloid of this study

approxim@tta'a spherical surface, the preceding expression can be used as an
‘spproximsiion of its thermal bending woment. Further, the unit angular
diatortion produced by the conatant thermal bending moment would equal

4Bt . M1 - u?) = de ARt gAT(1 + uj

kD 3 O T T TR

the coefficient of thermel expanmion, AT ia the dit¢ ‘erence in temperaturcs
across the surface, . equals Poisson's ratio for the ‘structural membrane,
and t iz the tuicknesas ot the membrane or in this study the depth of the
-nandwic\ material,

. In thia exptasnioh ais

If the pﬁrnb@Aoid showt in the figure below is supportcd at its apex,
the augulat thermpal d;ctortian &t the rim ia givan by ’

. fdr jdm _[ aAT(I e

A C’ » » *:5

*T{moshenks and Woinuwsky - Lrieger "Theory of Plates and Shells"
2nd Bdicien 2. 546. McGrsw-Hill Sook Company, Inc., New York, 1959
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with t/D = V§/h and
maa 1. 053 n, P
EREIV PR £

. = QT(L + 1)(1.053 D)
T 2t

Since the anguler hermal distortion at the tim muat be less than the speeified
distortion, ‘

I/
1+
. .
4
|=
=

whers_’;;ﬁ €, 1

v ‘S:
then &, S8,

' X
‘ (=) 3601ty
. ' X . .
and ATS T, B
For a sandwich thickneas, t, of 1 ineh; 5 rim diaweter, D = 120

anhea, ano typical a and | values for Ziberglass reinforcad plastics of
2.0 x 107 in/in—oF and 0.15, respectively: AT € % 6F.

4.1.5 Btress Analysis

Membrnna shell theory can be u*ilized a% s simplified approach
20 the solution of the internal stresses in the parabolic surface of revolution
subjected to maneuvering (“G") loads. If the manecuvering accelerations ara
parallel to the axie of rotation of the solar collector, the meridionsl and
circunferential stresses bacome the principal sewdrane stresses, since the
aasociated shearing etrssses would be szero. This is a specialised loading
condition, dut Lt will serve to {llustrace the magnitude of the problenm.

The -axpressions for the aeridional stress (Na) and circumferential
ntrﬁlu (V Y in a ﬁurabolic uaubrun. which is supported at its apex and ac-
cel:rat;d perall cl to it axis of revolution, (Ses the notition of Figure o)

are:

A 1,56 208 9 - sec?e]
8 23 ]

|

1-cos? 8

v W0 1. _l-('~1.sa cos? 0 - 1)
] . 3 “

'_’ -
i 1~ cos?® 8

hi




Where, ,
D =2 the rim diameter.
W = the apparent weight of the para-
- boloid due to an acceleration "G".-

yL 6o = the angle defined by a circumfer-
N an® = ¥3 ence of the shell and the sxis of
1”.60' 30°(£/D 4) rotation.

) + denotes accelerations directed
"2 Axis of Votation away from the apex of the shell
and tension stresscos. :

denotes opposite accelerations

Figure ¢ STRESS ANALYSIS T and compressive stresses.

From these expressiong, it can be noted that the stresses approach
infinity as O approschss zero; the stresses are of opposite sign throughout
the shell; and there aive no stress reversals. Since the magnitude of the
- stressed near the apex become relatively largs, the size of the boom attach-
vent £lange becomes critical. In the following expressions, the meridional
and circumfercntial membrane stresses are evalusted at the rim of a l4-inch
diametar boom attachment flange, and at tha outer rim of & 10-foot diemeter
solar collestor. A 1/10 "G" load gives the 0.34 psf solar collector an
apparent weight of £.034 paf.

At the Boom Attachment Flange 0 = 3953' ang,

by

Ny = -ﬁ«"{ns) = 0.938 1»/in

v‘!‘v D : _
X, —-7-—- (32.2) = - 0.967 1d/in

At the Rim 0 = :o° and,
ue’- 0
o v'!wn
L “‘T“" (.9985) = - 0.024 1b/4n

The unit strassser (lb/in') equal the naubrane :trasnc- (lb/tn ) divided by
ths ionbrann thicknase.

‘ _ Por seledting a wembrane thickness, there ars three consideraticna--
1) allowabls membrans defluctions, 2) availadle waterials and thichi:sses,

and 3) allowable membrans streassas. An arpression for the ainimum atiifnese
‘product (modulus of slasticity x thickness), Bt, was outlinsd. This expresaion
was Dased un nnintuining a weximum Jeflisct’cs at the rim of the sdlar collestor

ns
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that wotld not distort the reflective surface beyond "1 1/2 deg. by the
tangent mezthod” and determined Et = 4.54 1b/in.

Dacron fabrics are readily available in very lightweight weaves
and minimum thicknesses. Using a conservative value for the madulus of
elarticity of Dmcron and gelatin of 0.50 x 108 pei, the required thickness
(t) of the parauo1ic wembrane (based on maximum deflection criteria) becomes
9.08 x 106 inch. Minimum weight Dacron fabrics have thicknesses (incliuding
the rigidizing resin) of about 0.010 inch. This is many times the required
thickress based upon the zllowable deflection erite~ia, and allowable membrane
stresses.

Assuming that both faces of the 0.010 inch fabric sandwich material
are available to resist the preceding membrane stresses, the unit stresses
at the boom attachment lange and the rim become,

At Bocn Attachment Flange
Oy = 0.838 / 2 x 0.010 = +46.9 psi
ow x -0.957 / 2 x 0,010 = -48.3 psi

At Rin
-0 0245
Ty = 03 O‘- i R Tt -1,22 pei

The facings of the parabolic membrcie can be assumed to be flat
plate elemants, simply~suppsrted by the cell walls of the drop thread core.
Using & square-called core whoaz plan dimension 19 a (See Figure 7), the
£ollowing expression can be used to relate the biaxial stresses, o, and o&,

that produce buckling in a square plate to the geometry and stiffness of the
pll‘l te L3

c md + g a?tm _1}:_5 . (L)3 (u? + n?3 »

X y 12001-0) 'a
Whers, m aad n equsl the number of half waves in the buckled plate in the
x and y direct{ions respectively,

fauale the modulue of elasticity,

i equals Posson's ratlo,

t equals the thicknesa of the plate,

a equals the length and width of the plate,
+ denctes comprersion.

By lstting‘o; 'ii%fsfﬁz’) (~§~)’? this expression reducer to,

2 . w3 rmd FI9-1
a* + ¢ n?fam g (m? o+ 0¥
oy y A » J

: Tha uamber of half waves in tha buetlnd pl;tn must covzeepond to
'tlﬂ ninious valuey of % and c s A nuubef of plots ol the ’bove aguation

*Tinoshenko & Gera, "Theory of Rlattic Stabt;itv“ 20d %d.
1961, Mev York City..HcOrluhﬂi!l Book Co.. Inc.
: T .
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are shown in Pigure 7. ™2 dark interaction line ABCT ie a plot of the
buckling modes that result in the minimum biaxial buckling stresses on a
aquare, flat, simply-suppoited plate. For o& =0 to o& = - 3/7 % (ABC),

the critical buckling mode is one half wave in each direction of the plate
(m=1, n=1). At point C, the buckling mode changes to two half waves in
the X direction and one half wave in the Y direction (m = 2, n = 1). This
node continues beyond o& = -0, (point D) until the plet irterszects a new

buekling mode (m = 3, n = 1) which intercedes to change th> slopa of the
intevaction curve.
By using the interaction curve aud evalvating ¢ in terms of a?,
2

the minimum core cell size can be determined for the minimum facirg thick~
ness of Dacron fabric and gelatin resin and the preceding membrane stresses.

n3g t : .
u, " Tffijﬁsj («E» J; w = .15 for fiber reinforced plastics
42.0
=
z a

At Boom Attachment Flange(l4 inches in Diameter):

~ = .

cw = 0y 48.3 p=i
> - :
Prom Figure 7 ——s— = ——X = 8,33
[+ [e} ;
: e 2 :
n i
. Og * - 0, = (8.39) 2% = 48.3; a = 2.69 tn. ?

At kim (10 feet in Dismeter):

Gw = . 3.22 P;ix gb = 0

o o
Prow Figure 7 Bu'-‘-- " 4y v-a—l’:- x 0
S . . ¢

s % = w.0) Gy w122y a =1Lt
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From this, it can be seen that the critical core ¢vil size is
2.69 in. If a factor of safety of 2 i{s applied tc the membrane astress, the
core cell gsize must be reduced to 1.90 in. A Further reduction to 1.50 in
will sccount for irregularities in the plate surface, as the theory is based
on a geouetrically perfect plate.

Thus, it can be seen that a Dacron fabric sandwich material with
a U.010 i{nch facing thickness and a 1 1/2-inch square celled honeycomb type
core will sat{sfsctorily support the 10-foot diemeter solar collector of this
atudy when subjected tc & 0.10 "G" load parallel to the axis of rotation.

4.1.6 Thernal Analvsis

GCA Technnlogy Division haa decrived equations (in parametric
2orm) for the thernmsl anslysis of a l0-foot dismeter solar collector. Re-
pults were used in the trade-off analysis and denign. The thermal analysis
etudy included the following; equilibrium temperacure between the front and
back of the concentyrator, temperature-~time history for a deployed concen-
trator, and temperature-time history of a deployed concentrator in the flex-
ible state. Conclusions indicate the following; if sowme of the drop threads in
the structural backing were made of aluminum, practically no gradient would
exist between the front and back of the concentrator, and approximately 1
to 5 minutes are available between deployment and the time required for the
entire structure to be below the freezing point of water. The complete
procedures and results may be found in the GCA Technology Division report
wirxich is included as Appendix A.

4.1.7 Radlation Samples

Two four-inch samples wers prepared for radiation testiny. Those
include two types of solar collector structural material and two types of
heavier fiberglass material. They were exposed to radiation for approximstely
44 hours. The test showed, in addfition to an insignificant weight loss, that
there was visible evidence of UV degradation in the sppearence of the test
samples. The frradiated surfece was *iied yellow whareas the control sam-
ples retained their white sppearance. ‘“est procedure and results may be
found {n the GCA Technology Division report which {s included as Appendix A.

4.1.8 Post Curs Distortion

An analysis showed that 1f nylon and gelatin are approximataly
the same weight in a composite and the nylon is stressed to 5000 pei during
cure and then released, the composits will change dimens’ons by only /4
total per cant. That conclusion was usad in the collector design.

49
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4.1.9 Infistion Dyncmics

It hes been shown in a GCA Viron paperl taat the maximum can-
ister prewmsure Poli, that can be tolerated and not result in & material fail-~
ure during the initial deployment cycle iz as follows:

2¢(y -Des

P =
oM )
¢o/tm ~ ( eo/em),
where PoM = Residual pressure ins{de the sphere priocr to deployment,
y = cp/cv = 1.4 (for air),

h = thickness of the sphere akin,

f = fractional elongation at rupture of the skin,

S = skin stress at rupture,

P = canister iameter or {(diameter of expanding cylinder),

dimension of sphere prior to deployment,

LY
u

¢ = maximum extension of sphere during deploywent.

The validity of this equation is demonstratad by BECHO II results,
For P = 10 mn Hg the sphece burst, whereas at P = 0.9 mn Hg it did not. The
value’for P . calculated from the above equutionoia 3 mm Hg (where h = 0.7
wil, £ = 0.8Y, 5 = 5000 psi, D = 35 inches and ¢/ ¢ = 1/70).

This model assunss & cylindrical repraaenfation of the unfold-
ing during the initial inflition. This model does not allow for the large
solar collector mess, but it is a good first approxiwation.

Applying thie equation to a test balloon of 10-foot dismeter
and using l-mil Mylar with a stress of 10,000 psf and an alongation of 0.02
for a dynamic tailure, yields the values for the maximum allowable residual
pressure in the three specified size spheres as follcwss

. TABLE 19
ALLOWABLB CANISTER PRESSURES AND IWFLATION TIMES .
Diameter PoH (psi) Time (Setonds)
10 £t .40 3
20 ft .50 5.5
100 £t . .27 18

Another item of {nterest shown in this table {s the length of
time that is required for the sphers to deploy to ite largcst dimension.

1 Technical Papsr On A Model Por the Study of Inflation Dynamics of
Spherical Satellitas
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.2 Cylinder St—ras Analyses

As the contrsct provided for the design, analyeis and fabrication of
expardable cylinders in addition tc the solar collectors, the expandable
cylinders were analyzcd structurally. The following is & summary of the
structural analyses of thz expandable cylinder that have been completed \
to date. The primary load imposed upon the cylinder is that of containing '
an internal pressure. This apriied loading has bzen thoroughly investi-
gated, even to the dete.minstion of szcondary shesrs end bending moments
due to unequal radial strains in the . trueture.

A section of the nptimized sendw.eh shell of the expandabie ecylinder |

is shown below. Pertinent dirznuions ard properties are tabulated irn table
20,

Waxp

r§‘7“‘7\

.

i

M_.ﬁsm_w;

Y =247 radius

TABLE 20 ;
DIMENSIONS AND PROPERTIES OF CYLLNDER SHBLL s
:
2 " A S0 SO .. A TR 5 §
ELEMENT  DIRECTION  YARNS  CONSTRUCTION WEAVE . 8
. . &
. _ _ ~ _ GELATIN 3
Outside Warp  225-1/3 60 4 shaft 0.010 in  1.00% :
Facing FIIL 225-1/3 g0 fmtin 74, 1
| | g
‘Web Warp 235-1/3 38 4 shaft 0,008 v g
PUL 225-1/3 1 setln =4y ;

Inside Warp 225-1/3 53

L shatt 0,012 =

Facing PL11 225-1/3 33 eatin = 4,

*Approximately : 10%

$i




The sandwich sirvctyre waz rabvicataed frop "E" Clases Fiberglas and
the flutes wers eriented Zrom pele tw pole of the hemisphericsl ends.

An Intarpal pressure of 7.5 pele with a fector of safety of 2 wam
used as the primary loading conditien, Iv can bz shouwn thai for the truss
nors sandwich ovlinder, spproximetely &0 per 2ent of the internsl pressure
strasses can be theoretically dlstributed So the outside facing. However,
in order Zor the outslde faviag to he stveesed to this level it must ie
eiroumferentiaily atvelned about 177 incd. Since this small strain is of
the same order «f msgnitude a8 the weaving and other fabrication toler-
ances, hi exart stress distvidbution between the inner and suter facings
is {nticarely rolated to the degcee of Ifabricailon scourscy. In addition,
1f the suter fecing wure ot fully exvanded during deployment, there wruld
be no stress distribation to it. For these resucns, the inside *acing wae
designed tv vasist all of the intvernal pressure. The stress leveis in
the {nelde tacing are 22 follows:

Cylindazc: ?;90 = 160 1b/in | !

N e = 350 1b/{a §

Spherical Buda: N s ° 188 1b/in

N »= 180 ib/ia
o8

Secondary stresges are pragent &t the juncture of the c¢vlinder proper
to the herispherical ends due to unequel radial deflections. Ar this june-
ture, the structural sandwich shell makes a tranelition from the szelier
deflected circumference of the hemisphere to the larger deflected circum-

ference of the cylinder, as I[ndicated in the drawing below.

Hemisphera g Cyl{ndor %

willly sl i Wﬁm YR AlnS O s §
P, ]

§

:T“'j;i 1’ |

- Point of , ;

W -&T Inflection {287 « &¢ }

Where & = Radlal Defleccion of -ph&zicm; enda. § w lqdinl ﬂaf1n¢tiom of
Cyilndef P = Secondary shear at point of 1n£1nc§ion. an# M = gucondacy
banding woednt. |

s et tm .




Beacause the pandwich shell l& symmetrical about the juncture of the
nemicphere and eylinder, the trsnsition curve will underge g poiat of Infle:-
tion at thic juncture and there will be ne gacondary morent, M , &t this point.
There is a secondsary sheer normal tn the sandwich sheil at P o vhizh pro-
duces secondary berding moments in otber parte of the rhell.? These beadirg
moments increase tv u maximum at a distance = 0.5/% from the point of in-
flecition and diminish to wero beyond this dfastence. In the subssgueat ane-
lysis, the entire sandwich cross gection is apguwed v deflect radislly with-
out digtorting in accordance with the initisl assumption that &ll of the fn-
ternal pressure is contained by the {naide facing.

The expressiocn for the transiticn curve as vepregentsd ia the eonrdinate
system below is:

%

r

Y = enB* ' BV (Sin Bx - Cos Bx) - P Cos 3x
ml!-- ] "
2B n *

Hemlsphere = | Ty ilnder

kb Point of Tnflection

e ; e ¥
5.5, 4

Y .
' For the sywmmetricai curve of the sandwich zhell, Mouo, and therefors

P -

-Bx

Y=e - P Gos Bx »
o ’
23 D
Where D = BI  (Praxural Riglity)
. Eﬁkz
S L R 3% S (El&atia Paramater)
\‘\'.n B+ L - : : S

Por tha tib&?@l&tfg&lanin nnndwiah uuﬁlt ial o:igﬁlarttuéy
4, &

1 Gefo o az i’ el 0.0085 tn st
s st =5 A
% 2.0 x 10% put
o 6.5
4 .u.oii in
e Win

*T%mm&hmnkﬂ woinmmaky w uxumgaﬂ “rhao~3 of rlatnn and Shniln 2n§ Bd.
aaam»agli Book. mﬁay-uy, nc., Wew York, 1959
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Thezrefore, D = 1.12 x 10

b B =075,

The maximum deflecticn, & c -6 5’ is the diiferen~z between the radial

deflactious of i hemisplere and the cylinder. Therefére 5@ - 6‘

= r/Edi (8 e N ¢B) = (,180 in. Since the transition curve i3 syvmetri-
]

cal about the Y - axias, the eaquation of the transition curve at » = 0 is

aqual to {b ¢ " 63)/2.

Therefore, Yx=o = -Ppo = ,180 ; end Po = -10.8 1lb/in.

28D 2
The szcoudary bending moment, Mx, is equel to (-D) (d%y/dx?)

Different{iating the expressio: Yor Y as 5 function of Bx twice gives

ddy/éx? = -1 2BM ¢ (Bx) + 22 © (Bx)
7 BD ° °

Where ¢ (Bx) and © (Bx) are the functions described and plotted in Flgure
8 aga'n, since Mo = 0, the expression for secondary bending moment reduces to

Mx = +Po [e (Bx)].

From Figure 8, it s seen that 0 (Bx) i3 a caximur at Bx = 0.8. Thus, the
naxiw-m secondary bending moment i{s equal to
M= -10.8 (0.32) = -19.8 -1, 4,
.175

The locaiion of the maxiwum bending mement is 4.56 fn from the juncture of
the cylinder and the hes.sphere.

. The maximuym bending moment, Me, resulta In facing stresses of approxi-
mately 19,8 1b/in parellel to the flutes of the cors.

The most severe mwﬁsuvering loading ganéitian vap laveatigated for ita
effect on the axpandable cylinder. Thiz conaisted of supporting the cylinder
with & 10-inch Afametayr boom attickmeut flange at one of the hamispherical
poles and accsleracing it 0.1¢ “G” perpendicular to its axies The expand-
sbie cylinder was consayvatively assuwed to weigh 50 1o whish rasulted (n x
bending mesent at the boox sttechmest flange of 240 {n-1b. ihe maiimm
etrass {x tus fecing of the sandwich utmet:sm ecen be approximaied by the
following axpressiups . : : :

gesfa gaw; {i + (w 1) In 2(¢ »r. *.

-

*‘amxl, R.aymm% J., 16?54 wﬁmiu Yor Stress &m! ttkim Jxd ed. Naw York
City, Mmrm ~mn chk ﬁmw, Enc, : -
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M= 240 in-1b

o 7 T, = 5 in (Radius of Boom Attachment Flange)

a=1/u = 6,67
k= 49 £/ (r, + .71)?

. r = 24 in {(Radius of Cylinderf
t=1in {ﬁepth of Sandwish)

Thus, N = 4.05 1b/in. (Parallel to the flutes of the core).

A ‘pimplified thermal loading ccnéition was inveatigsted as & preliminary
approach te the problem of thermal stresses in the expandabie cylinder. A
temperature gredient, AT was agsumed normel to the surfacz of the cylinder.
It was also aastumed to be uniform around the .slinder. Thus & unit angular
distortion, ¢ B, would occur between the facings of & section of the
cyiinder if it wire unrestrained. See the figure below.

T+AT

W aATo Y=t )ad

adT {r + t) do and 6, = d 6,

o Thus, 46
. * .

z&

8, = _giT (t‘r +t) 2

s

sau&, tha regtraining moment, M, in the t,ylimkicnl shell can be equted to.
a unit angilar distertion, . iy

d 9;ﬁ =¥ Qrﬁ; t/x) &_, and 9” N/ | ] 9‘2

k43

92 = M(ret/m) 20 |
EX :

. 'J,’htrc:ou, ths wutrdning bnnding Bomant ean ba dvmrmimd by aqu&ting

6 =6 ‘ .

And, = M= GATEY  (x + t} :
r.+ ﬁ/u e

"‘"H\A, [EPINE ,t’,

[ . BN
e Sprdan, T T

ey
F




Where, @ = Coefficient of thermal expansion = 2.0 x 107° in/in -°F
E <2.05 10° psi.
f = 6.0055 in 4/in.

1.0 in.

7
U

r 24 in.

The stress in the facings would thus equal,

N¢ = 0.224 in~°F. (Ferpendicular to the flutes of the ccre).
This oxpression is conservative and unrealistic since it iz Lased on
2 uniform therms!l sradient around the entire gtructure. Actually, the
thermal gradient, & T, snd the restraining moment, M, would be Functiong of
¢ and must be Integrated as such in determining 6, and 6, .

The facings of the fluted core, zandwich shell are essentially iong,
narrow simply supported, flat plate elements. The bending moments sasociated
with the secondary stress, inertial, and thermal ioadings will produce
compressive loads in the thin ssndwich facings which tend to buckle them at
low stress lesvels. The eritical buckling stread levels in & long, navrow
rectanguler plste can be expressed as fallows*. ‘

(Parallel to £1utes) = hﬂ“E (33)3 =z 6720 pui 
» Ty S
o (Perpendiculsr to fiutes) = w3% (Sg)’ 5 1680 pal
¢ (—-7 (1p? 8
-Where, E and i are the same as before and
do = thickness of thinest facing = 0.01¢

S = eere spacing ~ 1.0 in,

Thus, the sscondsry, inartial, and thermal-vending-monent stresses
can be compared to allowable stresses which ara the aritleal buclling
ztregses reduced by a factor of uafaty of 2. This comparison is shown
i{n Teble 2i.

*Timoghenko And Gare “"Theory of Elastic Stebility" 2nd Bd.
MoGraw-Hill Book Sompany, Inc., New York, 1961
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“oading Condition
Internal Pressure
{Secondary Streas)
Maneuvering

(0.10 "G}

Thermsl .
(T =37 1/2%)

TABLE 21

CYLINDER FACING STRESS

Actual="/do  Allowable

19.8 = 1980 psi 3360 pai
ol

.05 = 405 pai 3360 pai
701

8.4 = 840 psi 840 pei
01 “

Remarks

Reslistic
Approximste

Conservat_ve

In sumnary, & fluted core;sandwieh‘copfiguiationghas been optimized
for use &s the structural shell of the & by 8 foot expandable'eyiiha&r.

A numbar of loading conditions wers zonsider-d including internsal
pressure gecondary stresses, maneuvering, and thermal loads. Th: Band-
wich sonfiguration was optiwized for an internal pressure of 7.5 psia,
2 0.10 "C" acceleration, and & temperature differential of 37 degrees F

norma® to the suvrface of the cylinder ~- gl

two.

1 with s factor of safesy of

The wejight of the optiﬁfzei sandwich shell (including 33 per cent
gelatin resin) is 0.31 psf or about 35 1lbs toral.




trator and cylilnder.
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5.0 MATERTALS VERTFICAXION FROGEAN

A very extensive laborgtory program was argmi ed to verify thne design
concepta, materisls, and seaming nd joinirg methods f&‘tt the sclar concen~
Pollowing £ 4 & gensval vitline of the greas covered.

Struetaml—-h&m.hmicsl Teats

R

1. I‘enailc ’E‘ests
2. Plexuiel Tests )
3, Cyiinder Seaming a&ud Joinisg

C«.@atibilltv And Shalf-Life Tests

1 . Qaumtiv@ Teats

. 2. Plexibility Teats

3. Hater..&i& Degmdation‘ Amaaéent

Packaging Teats

1. Materials Degradetion

Z. Hand Folding

3. PForsed Folding

~Resin Teeis

1. Cure Tire Parameters

2. Shrinks;e Paramcters

3. "B"-Staging Pavamoters
4, Degree of Cure’

Environmental Tests

1. U.V. - Vacuum Degradation

" 2. BElectren Radistion Dagradat:ton

£

Sows of the t‘és{let& are imlwkd in the Appandix. ‘ o

3. Thermel Dagtadurion

Thaml 'Ttst‘l ‘

1. Thmr»al Gh.nme terilti.cr, \

2. Thum). Pumtora

G
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s.1 Structural-uechanicsl'Testa

5.1.1 Fabric-Reair Ratio Optimizstion

The gelatin-fabric ratie (3:10) was cptimized for maximum
strength-to-weight characteristics, Gelatin and fabric composites were
evaluated for tensile, flexural, snd shear strengths, 1t was the intent
of the experimental program to cptimige the resin-fabric ratio for both
fiberglase and Dscron. To date, however, all of the strength-to-wuight
optinization studies have been cenducted with No 181 fiberglass fabric {“E"
Glaess, Volsan "A" treated).

The tensile and shear test specimens were made of single ply
1aminstes with verying gelstin contents, The flexural test specimens
were mede of triple ply laminates also with varying gelatin contents, Al}

. ®pecimens were "B"-staged with formaldehyde and dried at ambient conditionis,
Prior to testing, the specimens were dried in a bell jar ct 10 to 50 microns
and roop temperature for 24 hours, “Ali specimens were tested within an
heur after removal {rom the bell jsr. i

5.1.2 Tensile Tests ‘ §

The results of the tensile tests ave szhowm Iin Figure 9, 1In
this figure, the ultimate tencile lead (1L/in) 1is plotted vs the gelatin
content of the test specimens, An illustration of the test specimen is
also shown in Figurs 9, The lower curve is a plot of the ultimate tensile
loads divided by the representetiveg weight of the sample. Thia curve
indicatez that the optimum gelatin content for maximum tensile strength-
to-welight ratic {s 15 psr cent of the totel compoeite weight, Thare wes
no significant change in tensile modulus at any gelatin content, The tests
were mada on an Instron tensile tester with a jew separation of 0.2 in/min,

5.1,3 Flexural Testa

The results of the flexural tests are shown in Figure 10. Irn
order to eliminate the 2ffect of incrsased spscimen thicknoss with increas-
ing gelatin,content, the ultir-te bending mowent has deen reduced by a fac-
tor, (t/t )", where "t" {g the specimen thickness and t_ is the 10 per cent
golatin specimen thickness. An i{llustration cf th2 midZpoint loading
arrangement {8 also shown {n Figure 10. Again, &n optimized load curvs is
obtained by dividing the actusl dending moment by the representstive weight
of the semple, This curve indicates that the optimum gelatin content for
meximue flexucal {i.e., compressive) strength-to-weight ratio is 40 to 45
per cent of the total composite weight, These tests were made on an Inatron
Teneile Tester with & jaw separation of 1,0 in/min,

\ 5.1.4 Sesming end Jofning

- Three types of adhesive ssaus were tensile tasted; Estane, vinyl




plastisol, and polysthylene, The-.: sdhesives are representetive of three
tyvea of filoxibls adhesives: 8 sclveni-adhesive system, & thermosetting
syetem, and au insoluble hot-melt syxtem, The seams were tosted with a
1/4-inck. & 1/2-inch, and o l-inch 1sp of Ko i8] fiterglas fabric. Two
serias wures run; one et 75 F, snd a sscond a4t 200 ¥, The results of the
testo sre listed in Table 22,

TABLE o2

SEAMING AND JCINING TESTS

Average Ultimate Shear Strength For 3 Samples (ib/in)

IS F 200 F
Lap Width ‘ i 1/ 1/4n 1 1/2 1,74
Adhasive
| Ratane M M M M M Thx
Vinyl Plastisol ¥ o) M 7l Le* Llgx

Tolyethylone M ™ . S  B5% 63 27*
- These sarples peeled at seam, )
~ Semple developed full waterial strength (110 to
120 1b/4in),

As cen be seen by the table, the only adhasive samples which
maintained their 75 F strength at 200 F were the 1-imch and 1/2-inch Estane
strips, More tasts were conducted on the same type of seam samples, but at
0 F and ~50 F, All seams msintained materia: strength at these temperatures,

5,2 Compntibility and Shelf-Life Teats

Test specimens were preparcd, toldad packased, and stored in an effort
ty inftia®» the experimental work in the area of shelf-life and compatidbil-
fty. " The spscimens that wers prepsred would have wessured the effect of
packagirg, stering, flexibility, and degradation on ths materials and ccm~
posites of this study, These packaging and shelf-iife ap&cinnnn were to
have been pariodically examinad for weight loes, which would indicate loss
of resin solvent, and for preasure change within the packagad specimen, which
would indficate lublination or. leakage in the sqaied packagn

The test apqcinanl included conpooite sections of the ¥nlar concentra-
tor and of the cylinder structures, These spacimens were resin impragnated
and adjusted for the minimum amount of wnter necassaxy for flexibie packeging
conditions, The. composites wars folded to simulate full-sise structure fold-
ing conditions,  The apocintns were tc be viuunlly and qualitctivaly examined
a!ter iz mmh: - : ‘ . .

~
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Test specimens of the flexible adhesives of the two sftructures were

- 8lso preparsd, The adhesive samples were Estane 5740-x-071, DuPont 46970,

and Shell epoxy Epen 872x75, Test specimens to measure the tensile and
flexural strengths «f number 181 fiberglass sand gelatin laminates after
storage ware also prepared, In addition, test specimens of the one-mil
Myler balloon end cap, and asluminuvm-Mylar-aluminum, reflective surface ma-
terial were prepared for gas permeability measurements after storsge.

Unfortunately, the only items to survive the move from Viren to -
Schjeldahl, ware four impregnated samples of the solar concentrator com-
posites, The following information, from & laboratory notebook, describes
these samples,

COMPATIBILITY AND SIELF LIFE OF SCLAR CONCENTRATOR COMPOSITES

Sampie Reflective Foaun Dry Wet Gelatin Packaged
Rumbsr Surfece Meterisl Weight Weight Soiution Weight
Material (gm8a) {gms) Weight (gms)
(gas)
1 A-12 type  Scott Series  181.2 206.4 24,5 210.0
%00 - 10
2 - A=12 type Scott Series 170.4 187.4 17.0 1902.3
: © 900 - 10 ' :
3 Mylar Polyurethane 105,0 123,90 18.0 127.5
open cell
1/8 inch thick
¥ Mylar Scott Series  127,3 142.2 14,9 147.9
900 ~ 10

Each gample was a 10-inch by 10-inch soler concentrator composite vith
random-scatter, drop~thread Decron aw backing material. The refiective
surfaces showed no signs of shrinkage, crease marks from folding, or show
through, except the wurfnce of sample number 3 which had an orange~peel
effect caused by the foam. All aampies wers folded twice, sealed in poly-
ethylene blgs, placed in & cardboard contsiner, and stored in the lsbora-
tory store roouw, ﬂo record of interim euamination could be found,

Tsble 24 describas the seuples after an eight month storage period,
If future shelf-life atudles sre undertaken the following suggestions should
bs eamlidq:ed= gamples should be packaged in containers that are lass per-

‘meable than polyethylene, the highly acidte (ph 3.8) gelatin resin should

be neytraiimed with NaOH prior to lmpregnation (this was not done on these
laupiaa), end more camplete records should be waintained. To emphasize this
last suggestion, the putrification of sswples number 1 and 2 was probably
ceused by not"B"-staging, while samples number 3 and 4 were probably "B"-
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5 3 Packaging Tests o

Teats wry gon&ucted te &a*erminr tbe ﬂgfects of ﬁaié ing end packagiag

Lot ‘the tensile- -strenyth of- tha fib@tg}assnmteviﬂ* . One vly wampies of Bo -

181 fiberglhes iagfegnated to 30 per qant gelet in contsnt wers ussy. The
sdiapies were foldad, ang: subﬁactgd £4-3pel, 10° Y, un& 15 psi so0. Shit_ the
£old snd ustorisl weie compressed, Thwne samples wera run &t each. Tevsi
with three ﬁ9ﬁ£f§§~sam@}ea not folded. | The pressure was keld for 5 minutas,
and the samplics wory uutslﬁsa anﬁuv&cuum cured; - ¥ach semple WRE mhen tesceﬁtj
7 for tensile strsngfh Tab;a 25 lista»the reaulta S SN '

 TABLE 25 '*s»,\ -

' EF‘FFC'I"S PFLES;:@E &}LK)‘: ON NQ 131 E‘SBEPGLASS M&TBR}.M IWREQNAT‘?Y’I ‘{J"‘%’H GELA'I,‘}N

: /m.gmm Fold - o remstle Stwng%;h 1b/iu

I

Sampm !ﬂol Semple Mo 2 Ssmla ¥o 3 -

i w1

ine

63
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Thonc taatu tnﬁiwatcd Py dqfinitu dagraduttan im the atrangth aﬁ the
:fibers&ms material when it is pressure-foldad, Howsver, this test repre-
- sented extrems Jonditions with & single fold comprussd betwaan hard sur-
,,.Eacnn, The wein purpose wes to comparé thmse rawultl with a similar test
" on Deeron and nylon m#ttrialt. :

. Qec&ag Ing tese aimil&r to the ena dnucvibod sbove was @mndguted on
b oz lyd”, singlaerply, nylon clath impreguated, with 30 per cent gaxstin.
The rmaﬁleu whunod no :trength degradqtion xrnm ﬂe! !ag
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5.% Resin Tests -

5.4.1 Cuve Tize Studfes

.. Cure tima of the gelatin material was studied in three ways,
They were: (a) cure tiws as a function of gelatin thickness, (b) cure time
as o fgn&*ian ot tbe solvent-to-solid ratfe &nd, (c¢) cuve tlae as a function
of the tyya of solvent system used,

e A A o e Ao o LS 4

‘5,&,1.1 Cure Time As A Function Of Gelatin Thickuess

i o .

. For tris test, 3—5/8 inch disameter discs of gelatin
ware tast in thicknesses varying fLun 13 mils to 1C4 mils, The sclvent used
 was watar snd the gelatin to vater ratio was 1:1., Two samples for each
thicknesa were caost, end the nctual thicknesses and weights were measured,
One set of ssmplem wus placedé ir one 18-inch bell jar and the other sei in
snother ball jar, Each sample was on & spring weight scale (upper left pic-
ture in Figure 11) 8o that weight loesss with time could be measured. 'The
results of these tests are graphed in Figures 12 and 13 as percentage of
water lost versus time in the wecuum. The conclusion was that thickneas

of the geletin does have an effect on the cure time of the material as

the thinner samples cured the most repidly. The initial solvent lose s
nearly the véme in all samples becauvee of flash-oZf of the water ou the aur-
~ face, However, thickuess becomes a factor with tiwe since the intcrior
water must diffuse to the surface to evaporate,

ve o smre e AR B it
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5,4,1.2 Curc Time As ﬁ ggpction Qg 233 Solid-To-Solvent Ruirio

Samples for this test were also 3-5/8-inch diameter
cxot dlscs of gelatin metarial with water as the solvent, All ssmples were
100 nlis thick, The percentages of solvent in the sampleas were 10, 15, 20,
30, 40, and 60 per cent, Agein, two samples of esch level were tested in
the LS»tnﬁh bell jar snd the waights wers monitored on the spring sca'es,
The results ar3 shown in Pigures 15 and 15 where thay are graphed ss per-
centage of the solvent lost from iha materisl fu the sample versus the Tlme
spent in the vacuum, There is no significent varistion In the cure times
for the various percentages of solivents, ;

5.4,1.3 Cure Time As A Punction Of Varfous Solvent $1yt¢m£

" The six 4ifferent soivenyu sy-tana uaid in thees tasts
sre 1isted in Tabls 27, 411 were {spregusted in Mo 181 fiberglas feoric,
For the test the tonwing procadum wig ucid, The bell jar was snlelded
on_ull sides with metalls jumd Mylar ro that a atandardized snvironsant Lmu&d
ve achleved (uppsr right of Pigurc 11). Two & Ly 5-inch simpies ware mountad
in the bell jsr, one on the spring scale erd one in the céater with twe
thecmocoiples iwbedded in {t {up-er 12t of Fignure 11), The bell Jor wec
evacusted and wuight 14ss and tomparsture co-suantly checked (hoitom of
Pigure 11,, The results were gruphql to detemaine which system cursd at the

drtbenst
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greazast rate, Figure 16 is a compoevite of thess graphs, It shows the
percsntage of solveat in the ssmple by reight versus the timo in ths bell
jez. As can De ssen by the differcnt slepes of iha carves, the 73-A srya-
ten cof 10C par cent methenol ciured fastest snd rasched & greater degree
of cuve in lass tima than the othar systeas, The other high parcantags
mathancl sytieny and the alcodel systanse shoawd rapid cure rates, sxeept
the 75-4 syatu wasy cresdlinked by immarsion rather than by tha g:uoes
proceas. i would indi{-ate that liguid crosalinking tends to retard
tha cyring oi the meth uol Jysteme, passibiy becsuss it penet ates the
vhole sample ratbat than just the surface,

To dstsrnine {£ a vacuum is & mecessary comditfon before t)e gelatin
system will cuvre, samgles ware tested ian a dry box, Ths relative humidity
of the hox wes ¥apt baicw 10 per cemt and the tempsraturs st 90 F, The
tasts were not sonclusive; howaver, the cura rates fesm tg corraspond clode~
1y to the vacutm cure raiss, The ateep tauperiture drop axperienced in tha
vacwira 22 tha gelatia selvent was flushed off vas not present,

5.5 Shrinkage gﬁ Structural Msaterisl ‘

A series of 16 by 10~inch flutad-core, Decr:n pillown ware {mpregnated
with 30 par cant gelatin-witer sglutions, Varieaw tansions ware held in

- the material dyring cure, Xeasurements of Iinear cl\l‘ngea were taken at

- selacted Intervals over two weeks, ‘he ruuln AR px*asom‘.&d in Tsble 23,

Teusion was removed after the first 24 hours, Alchough tiera i some dm"e

scattar, the table shcuas that most shrinkage occurra\! in the watecvisel which
vaa pet in tenaicn during cure,

5.6 B—-Stagi.ng

B-Staging ie a process of crosslinking the jelled geletin vesin systom
vith formaldehyde, This causes the gelatin to remain in a solid, jeiled;
flexidble, and non~tacky conditior that cannot be dissolved or wathad avay
by ‘iquida such <& water, A atructure that has bean impregnetised, B-Staged,
and cured (rigidiud‘ 'cm then be mada flaxible agsin by the addition of
water ov water vapor, R-Staging also produces a certain amount of mamery
or elastic recovery, As an example, {f a fluted cors structurs is ilmpreg-
nated with gelatin, infleted to ite desired shape, B-Staged, and ‘than pack-
aged, the structure, upoh opening of the packaga would tend to spring back
to fts origine]l inflated shepe, '

Thn irst npprolch to the B—atlging of structures was to expose the
structurs to vapors frem a solution of formalin and weter, Yhis method 414
not provide an necurntc determination of tha actusl amount of forualdehyda

‘used in tRe proness, Ik addition, acunng p to the large structurea tppslr.d

to be very difrieult,

Another mathod of B-atuginz was dov&lmd thet at first had prwiu!ug
resvits, The methed wes to add forsalin directly to a gelatfn-water solu-

ticn and heat ihe mixture until 1t was nasr gelatien, ther impregnete tha

situcture and rigidiwe {t, The structurs cen thon later b« mao. flexibla

- again,
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The dagrae of B-staging sttained was found to e depeident on the
soncentretion of formelin and the time-teamperature product of the resin
solution. Preliminary experfments have shown that it is necessary to asaintain
a sinimum golution temperature of 85 to $9 ¥ to attain an appreciadle amount :
el R.staging with any forzalin cencentration and over sany time intervai.

Abiyre 30 F| hotrever, there is a dstinite correlation between the ancunt cf
éarua?zn»added aad the time required for gelation of the gfclution.

T%h?e 25 NAMBATITRS the;; experimantal stndzea and shovs the cocrelation
ma“ue 3 get tine, formelin concentrstion, and tempezature. Alss shown in
the tabis are characteristics of the reflexibilized structures. An optimum
furaalin concentration appears to be 8 to 12 per cent of the gelatin aolidas.

This merhod proved “o be unusable for large areas or large amount of
packaged wmdterials for. ssveral reasons; these wereg inability to conkrol tomp-

arature thiroughout the material being inuregnated the insbility to definitely
gontedl pot 1ifs, and prematurve B~ataging (before completion uf impregration).

TASLE 2%

B—ST&&IH& GEA&A"TERISTICS oF FOK?&L’N

. Formalin® gxe-xmpxegnation "? Eeflexibilized Structaces _
- {Per Cent) Seclution Temperature: Iupregnated After Adding Formslin:*+
11I6F - 807 2 hre. $t. At Gel Point We.
"Pot Life  Pob Life Tacky Mewory Loas(R) Tacky Merory 1oss(®)
2 - o . Yes  Neue 28 - . -
& . = 5 uGhrs  Yes L2Wuided Iv - w
8 31/2hrs M hrz - XKoo Unfclded, Pull, 4
- C . RoSapn. 5 Ko Sec.
2 212hys Thre N R, - 0 wuii, b
» - 7 -2 DeR. 4  No ; Sze.
16 . . 2hes.  21/2 bes %o Raly, . mall, 3
- - L C 2 Bam. 3 Mg 1Sec.

* paséd On Wt. Of Gelatin Solids
** Cooked At 90 F

Fivs-by five-inch samples of Dacron fabric with randem-scattered, drop-
thread, cores were ussd #a: the resin subatrate in the experiments. The re-

'2Lexibi1iz¢d chntecteriatics weTe determinud as foklawa-
o Wt . - . 27 . L

o~
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Zacky. A subjective tezt. Yes oy no. Tacky to the ®ouch.
- Wt. loss. Losa of geiatin after reflexibilizing in 140 F water

for 5 minutas

MR3OCY. Degren of elartic recovery alter foldiag the samples
twice. Ona~hell folded indicates that the structure
unrolded only cnce. Unfolded, n> separation, inrdicates
that tae sample urnfolded twice, but there was np racowvery
of the drop-thread core. Full, 2 sec. indicates that
‘the structure returnad te its Fully sxparded shage in
0 SBCODSR,

During the B-staging (expdsing to vepor frox a soluation of formsiin
and water), paraformaldzhyde formed in the f£lesk containing diluted formalin
sciution. Paraformaldetyde is s whitz amorphous solid, insoluble in wster
and organie solvents, and digsocintes inte gasecus farmaldehyde when heated.

:Becauge of 1his la%ter proparly and the fact that a direct weasurement of

the amount of gas evoived can be made, it wer ducided to attempt B-staging

-atructures withfche hestzd soiid material.

An 18-irch fiberglass cylinder was impregnated with heated gelatin,

* &nd coolzl to Toom temperature while inficted with air. Pormaldehyde gas

was ther Ji:ac;ed inte the structure for 18 hours. The golatin becaxe non-
tacky a4 had very good memory after being folded. The process appeared pramis-
ing snd furthet work was completec to determine the amount of solid materiai,

and the length of time necessary to B-stage a given structure.

Two, 10-iwch, two-ply cubes, fabricatad from 1 layer of Ne 181 and @

~ layer of No 302 fiberglass cloth, were vacuum impreguated with 30 per cent

gxlatin-Ho0 solution at 130 F. The firat cube was vacuum cured and then
B-staged with formaldehyde and water vapor. The second cube was B-staged
immesdiavely after impregnation. Some of the water was remcved frou the
gecond cube by directing air into its iaterior for 3 hours before irtroduc-
ing the formaldehyde vapors.

It aﬁpear1 that the procedure utilized for the second cube is wore

- practical because it was B-staged to a packageable flexibility in about one-
third ol the time it togk Eor the first cube. In sddition, the necessity for

Eirst rigidizing & structure was eliminated. Starting with heated vapor can
probably reduce the processing time further. It was also noted that a
gelatin-water ratio of about 1:1 seemed necessary for the required degree

of rlexibility. The weight ratios of materials at virious stages sre shown

in Tabdle 29.

The sacond cube was folded and chilled to -20 F for one week, brought
ey room tenperatura, and vacuum cured with no apparent adverse etfects.

5 &.1 B—Stqg!»g TEn—Fcot Solsar Ene:gx Concentrators

A further impravemaut was made in the B-staging procedure which

31




appears to be very effisient and directiy soplicadble to larger strusturas,
Pigure 17 depicts the apperatus cxploysd. Parzformaldelyde and weter wers
_heated in separats coatainers enciesed in 4. The air, saturatel with water
and formaldehyde, wa@ circulated toasrds B r ar axigi-vano fan (D) of &
§0-2iw capacity. The alr cocled copper coils; B, act ae condsngers to cool
the saterated air to room tesmparziurs o pievent dissolving the gslatinm

the impregnited 2abrid, The vapors are then recircuiated uuder ths p’axt\«
£1llm which covers the gelatin-impregnatsd atruciure, and back inta the con-
tainer; A. Unrescted formzldabyde vapors pags through idz opening at C and
are recycled. The conrdensate in the copper coils automaticslly draiae 3ack
ints container A, An advantage of thkis sysitem waa that ii was z2lf-2nclosid
and irritating vepors did act contsct personnel. A 10-foot structurs was
succeasfuily L-staged by the netched described.

5.8.2 Formaldeiyde Deterwination

A pethod of detelwmiming the sawrant of formaldebyde, used in the
B-staging process, was developed. Formaicdehpds reschs with squeous potassium
permanganiate accurding to the foilowing formula:

Side A - Side 2
2:319.04 + 35O + &29 zunoz * ALCOOH ~ 2X0H

3ides A is & purple colorsd solution which becomes coloxass
when all of the permanganate hss beenm converted to mangancse dioxide by the
formaldehyde. The M0, iv an Insoluble precipitate. By knowing the initial
vaight of the pavaformaldakyde zad the emount of KMnO; in 2 3olutisn, the
fovaaidehyds which has reacted with the geletin, plus the emrll amcunt lost
to the atmosphere under tte £ilm, may be daterminad.

It was intesded to cetnect the flasks containing KMnD, solution
at point C, 2{zure 17. Should t2e B-staging process seem complete defore a
color cnange occurred, accurate deterninations could be made, either gravi-
metrically (amount of precipitate) or by titrationm.

5.7 DEGERE OF CURR EFFECS ON STRENGTH

Tensile and flexiral tests were conducted on the gelotin impregnated
fiberglass fabric to determine how various degrees of cure affected the
tesigile and flexural strengths of the material.

(

5.7.1 Tensile Tests

v!f

Singlo ply Ho 181 fiberglass samples, impregnatgér*§'§ pew asx

I
gelatin content by weight, were used in the tensile tesis. -The Ssgree éf
cure varied from a water conteat of C to 30 per cent. The reauity of these
teats ave graphed in Figure 18 which irdizates an increase of streng*h after
a water zoutert of 10 par cent cr less is reached. More tasting im the
region of 0 per cent to 30 per cen water content is needed to datermine if
the strength levels off at the basic strength of the fiberglasa. -

R e
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- 3.1.2 Pimrsx Iut: , ’ _ A .

A RN mez plg mn;;iu of fic 181 ﬁburglass imagnated o 23 psr ceat
- gelatin content by weight ware used in the flaxural teats. The degres of
. cure varied from 3 & 4G par tent water centaat. The mnltt; Figure 1%,
show a definite increass fn siriagth as the miduol solvant approsches zevo.
Bovever; wove testing In.the fugion from i5 to 30 par zent watér content &
nesded to éetim tha ’n.iation An atrength mare accurately.
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ST T n T GRIATIR SCIVENT ST9TRMS
SYSugM mBSER 0 FROGBAS
5532-73-A “ B Giasa Fabric Injregnstes - gasecus formeldehyde

crosslinked - Not dried, Solvent exchanged by
auupending i,:a 100 % methanol for 16 ‘hours,

4632-78-A ~ Glaas Fubri«. m:ogmtc - gasaoud, formldohyde
' : ' : _.'cramunked Dried, Remoistened with water,

8632-7~B " Glass Fabrie Impregnate - gaseour formaldehyde
, . crosslinked, ‘Dried, ARemoistened with 20 %
methansl, , i

8632740 . Glase Febric impregnate ~ gasaous fomld@hyde
‘ « " crosslinked, Dried, Remoistened with 80 %
rethanol,

4632-78-D o Glases Fabric Impregnstes ~ gascous formaldehyde
' . crosslinked, Dried, Remoistensd with 80 % #30
aleoho?,

8632-75-4 ’ ‘ Glass Fabric Impregnates, Not dried, Cross-
‘ linked and dehydrated by immersion in .1 %
formaldshyde in 80 % methanol for 2% heurs,
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PER CENT SHRINKACE
DR -
FARRIC TENTION HELD DIRING CTRE

SAMFLE

Thnnion~l§6}in

Fer Ceai Shrinkage
Barallel to Flutes

N ~

Per Cent Shrinkage
Pevpendicular to Flutes
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. gter,?aelfuh Qure

| B-8%aging Time
i ;

- | TABLE 29

R-STAGINE AFTR VACTIM Omg
APTER GELATIN DNOREGHATION ANT
WEICHT ZATICS OF MATERYALS

s

After Impregnation - 7 S
Welght Raties - E ST i cube 1 Cude 2 ‘ j

Fabeie 2.08
Celatin - 1.00 1.00
: 2.57

B0

‘*ight Ratics ¢

d G&lﬂtin o ’ 1.60°
B0 S R .

<

| AldehydeAL 0 af b0 173 bre -

Aldehyde/B,0 a% 120 7 22.5 hra

Total timé t¢ complete 30,0

After B-Stsging “;j; L
Weight Ratios -

 Gelatin - o108 1.00
B8 O |
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- 6€.C SOLAR EVE2GY CORCENTRATORS

6.1 PRELIMINARY DESIGR

‘The solar collector deaign for thie study Lzs been dased entirely on
“the theory that only very ninimum restoring forces caa be tolerated in any
oart of the colliector cowpesite. Past efforts usad Mylar, flexible epoxy, and
sandwich material ss shown below.

_ -?.‘“__ Structyral
Msterial

Flaxible Epoxy

. Thie ccmposite was {nitisally assembled at A Mylar skin strass eof about
3 000 psi. After the composite bonding was completed, the structure was im-
pregnnted with gelatin and cured in & vacuum environment with the Myiar
stresced to about 6,000 psi. PFabrfc show-through, orange-peel, and crease
separatioa of the Mylar from the flexible epuoxy, often resulted. A Jdetailed
analysis of the causes of these defects was made and several theories such
as post-cure gelatin shrinkage, large differences in stress-strain relation-
ships of components, and material creep were investigsted.

The design which appeared most proaising for development with this con-
"cept 1s shown in the following sketch, Figure 20.

The design is based e¢n a nonrestoring straln-aet material for the reflec-
tive surface, (high modulus material) and a stress being insured in the struc-
tural material during resin cure. Trade-off atudics were made to detsraine

B the optimum materials and material characteristics to satisfy the requirements
i of this design. Bxperimental verification of theaoriss such as "no shrink if
there i{g a tension in the structural material during cure“ were made. Refer

; “to. zaterula verifiutian program. . N -

6.2 BXPRIMNTAL SO’LAR GCNCNMTORS

6.2+ 1 Zu-xnch and 28—Inch Dhmtar % imental Models

Vatili.cation of ttzg aohr mncentmtor design was comvleted using
S 24»1uch and 28-inch dikweter upe;mnnl wmodels, Fabrication techil ues ang
F procedures ware developed that would have application to the 10-foot and
i E larger disnmeter collactors. Work on the small experimental concentrators was
kept to & wninimunr sc that maximm effort could be placed on the material veri-
fication program and the fabrication of the 10-foot diameter concentrators.
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The first concentrator axpetiments used a single plece of reflec-
tive surface material which produced an almost fiat, dish-shaped comcentrator.
However they provided an afficient weans of developing fabrication techuiques
and procedures.

: ~-The result of a significant experiment, performed early in the
prograw, is shown In Pigure 21. This experiment showed the need for a flexible

© "layer, -suck as fcam, to blcck the weave ahow-ihrough (orange~peel). It also
chowed the need for a good dond between the surface material and the flexible
foam layer.

Fabrication of a solar concen*rator based on results of the above
experiment produced the results shown in Figure 22. The wrinkied surface
shown vzs caused by gelatin shrinkage in the foam during cure.

The next step was to fabricate a concentrator that would effec-
tively block the foam from absorbing the gelatin. One wethod, using a Mylar
£ilm, is descrided in detail below.

Reflective Surface: A-1Z Material

Adhesive: Epon No. 872 plus Agent U

Foam: 10-1b. Polyether - open cell - 1/8-inch thick

Adbasive: Epon 872 lus curing Agent U - 50 gm brushed on foam.

Structural Backing: 1/2-amil Mylar heat sealed (DuPont 46970)

to Dacron sandwich material.

Impregnation Bag: Scotchpak heat sealed (DuPont 46970) to back

. "~ of surface material.

Impregnation h R ' Dacron Structural
Bag _-\\\\“ : - Backing

1/2 mil Mylar film

Impragnation Bag
Bonded To Reflective
Surface

Bonded to DeRSr~u and
to Reflective Surface

Adhesive  Raflective
Layers Surface

-

Top and Bottas xing
of Holding Pixture.

The one-plece reflective surface material was placed in a 2u4-inch jig and
inflated to l.2-inches water pressure. Approximately 40 gms of Epon 872 plus
- curiug agent U was sprayed in an 18-inch circle on the back of the reflective
surface. The internal pressure was removed, the top ring of the holding fix-
. ture was removed, and the one-plece, flexible-foam layer placed or. the coated
reflective surface. The top-ring was replaced to hold tha foam and surface
ugsterial in place. Pressure was returned to l.2-inches of water, and the
adhesive was allowed to cure. The Dacron structural backing material was cut
to sise, sewn, and the 1/i-mil Mylar blocking film was cut to size. The
appropriate side of both were costed with DuPont 46970, and heat sealed

R e




together. Approximately 50-gms of Rpon 872 plus cuxing egent Uwere brushed

on the foam, the internal presoure was removed, the top ring was removed, and
the backing cowposite vas placed on the coated foam. The top ring was re-
placed, the internal pressure teturned to 1.2-inch water, and the epoxy ad-
hesive allowed to mure. After the-epoxy had cured the backing composite was
trimmed 1 1/2-inches beyond the edge of the foam and heat acaled, using DuPcnt.
46970, to the reflective surface. :

The backing was impregnated with & 15 pz2r cent gelatin solution
to a rezin solids content of 20-gm resin to 100-gm Dacron. The internal pres-
sure was increased to 5 inches of water, dry air was passed through the back-
ing to inflate and cure it. BExaminaetion of the surface after cure revealed
no show-through, no wrinkles, noc creases, and only a siight waviness. The
results were very encouraging. Several other concentrators were fabricated,
using this concept, with very good results. Figure 23 shows some of the
experiments in various phases of completion. Upper left shows the dry batk.-
ing, upper right shows the backing in a B-siaged condition, lower left shows
the reflective surface with {nternal pressure before cure, and lower right
shows the swrface after vacuum curs. - : :

Effort was now turned to fabricvating gored model concentrators in
order to further develop the techniques £::d procedures more closely relatzd
to the larger diameter concentrators. Sewera. metheds, such as sonic welding,
lap seams using DuPont 46970 heat sealed, aré # butt seam using Mylar-46970-
tape heat sealed, were triad in an attempt tc seal the gores of the A-12 type
material together. It fas interesting to not: that material strength was
achievod with each wethod. The sonic welding was eliminated because it would
require expensive jigs to seal tde compound curves involved. The lap seam
was eliminated because of hair-iina leaks which could not be eliminated. The
final method using Mylar tape has besn used very satisfactorily on most of
the experimental concentratcers and on ~11 of the demonstration items.

Two model concentrators are ropiicentative of the many fabricated
during the experimental phase of the progran. The first of these was built
as follows:

Skin: A-12 Type, Gored (16)
Adhesive: BEpon 872 plus Curing Agent U - Erushed 8C-gm on back
of reflective surface in a 2%-inch diemeter.
Foam: Gored (16) butt acamed with heat xealable Estane.
Adhesive: Epon 872 plus curing Afant U - Nrusted 100-gm on back
of foam in a 28-inch dismeter.
Backing Composite: 1/2-mil Mylar heat sealed to Dacron structu=sl
waterial with Dubont 48870, Mylar and Dacron
material were both aatsgblgd from gores.
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The. reﬂaetiw\ surfacs: waa fabricated fmm 16 gores of A-12 type material and
Mylar: tape.,‘ 1t was placed in the holding ringe and pressurized to 3.5-inches’
of water during the remaining fabrication. The foamm backing was fabricuted
from 16 gores into & single piace. This was attached to the lowering fixture,
vhich was inflated, snd the.foam wss lowered onto the back of the adhesive-
covered reflective, surface. The baci:ing wac fabricated inte a single piece
by sewing the 16. yores together. The. Mylar was scaled to the backing otie gore
at &:times  This sssenbly was attached to the lowering fixt\li’@,“&'biuh was Lo-
flated, and Jowared onto- the a&sesive covered foam. The bacr.mg whiah ‘
veighed 464 gne, was impregnated wf.,t;h 330 gme of gelatin stsluts.on with 15 per™
cent solids. . The intarnal pressure was increas;_ %3 IO-inchas of water during’
cure. . The backing was i.nﬂated, and cyred with dry sir preaaure. . Tan backi ng
was ‘B-staged during cure. . The. retleetive sutmce was very good except for
some creases caused by the seams of the gored foam. Some delaminations a’wo
occurred betwean the Mylar and the foam. Several com..entmto'r* serd fabricat-
ed using this basic comcept, but with the following shangeat the 1,%-mil
Mylar was bonded directly to the foam, with either Epon 87% or DuPont 46970,
and then the backing was lowered and bonded to the Mylar. 'Thm impro red fab~»
rication procedures, but not the delamination problems.

The sacond, of the two rsprauntati,ve concentrators, 4id not use
the. Mylar £ilm. It is described bclw:

Skim A-12 type, gorg& (16) :
Adhesivat Epon 872 plus c.uri.ng Agent ‘U - Brushed 80 gm. on back
of reflective surface in a 24-inch dlemeter.
Foam: Bcott Scari,es 900~10, Gored (16) Butt seamed with DuPont 46970.
_,Mhuivu tpon arz. plus mting Agent U- Brushed 120 gms on back -
Y foam in a 28-inch dilmtor.
Backingt Daeron, Gored (16)




Dacron Structural
Backing

B.eflactiva
Surfa.ﬁ ‘

A

The reﬁléétivénédffﬁcé vaﬁi;hﬁricated, pl&»wﬁ in the holding fixtuve, and
pm&ssnri: d‘;o 3. 1ncna8 oF water‘ The foem layer was fabricated, attached
7 The Dacron

PRARIL

i&t eaeeﬁ 6 la-in.,hps 5 »mtw aﬂﬂ the b&(&king vas inflated and B—staged !
durinQ‘Lute ] ‘ |

S S *The reflectiva gurfavﬂ of these models wag & slight impro&emern
aver earlier experimgnts, however, some creases atill pevsisted Srowm the
ezams ol the oam gores. ‘There was ho- evidence of gelatin being abscrbed
) Thiy aa"prababl’y because of the excess amount of Epon. 872 used. .
ing’ to the foam.' It should be. neted that the fomm: layer had .
@y t0°S igkl“ %en being bonded tn the reflactive surface. This G-
seeh’ ‘the foan and the rnflect*ve surface. The. 4ringlgu
wére caused by a nd smatvh of the two surfaces. - - - j;g; '

Y

N

tagm goras inéividuh‘lv to the ref]ecttve su'fncav chevaw this requxxed
~that ‘the fing foan gora be txilered to £it, and rusulted in uzsaa.nﬁmant
~qf reflactive swrface and’ foa gare lines«v-r" : T

~The techwniquea and proceduras to" the fitat 10—foat diameter solar
: concenttator werd d&rived from this. expariwen%al prugram,. It was decided to

fabricate v Ttom a goved reflactive ‘wirfateiof A~1% typs material, a gored

fonm\layer c¥ Scout purlés 900-10, -and a gored backing of Lacron, random-

scatterad drop»f&read’mﬁturial. Rpon: 872 % 75 &puxy . plus quring agent U

: chld be nsed tu¥ the adhusive to'bond cemponents together, ang- & lowering
fixtute wngld be utiliﬁed duriagrthis bonding mparatinnu ‘ PR .

The Birst 1G-£oot di&metar solar energy concentrator waa assemb1e1
and rigidtzn&,with %cme ancaﬁzaglng vesults. ‘The aluminum-Mylar laminate
E Jonwrface and: the structure was fabricated
"governmeuﬁ furni&h&d-ﬁixturxg Gomponents were assemhled
: fuﬁ a I@w i.mmml preswure, while a higher pmaaute,
b wlueEau 3w ol ‘

O I . , | _.
in tht onuatruemian of. ahe unit, Figntm 2% shova [ ££xture deoigned for the e :
parposs of mi.niuizg@g handling of the raflective surface waterial. The cixtgrg o

conslste of & Mi-toot dismetar piywood base plate with three curved wooden
mum whinh 3 ‘m% a gomd polycthyzwa tilu. By referring to Pigure 24,




it ey be seen than an opetator has aceess to an entire gore length. A strip
vof Teflon-coated moprane provided a bsse for heat zealing the reflective
- “serface gores together,  After bonding two gores together, they were carefully
-moved counterclockwisé over the inflated polvethylene film and a new gore
_positioned for sealing. When seaiing the last gore, the operator brought
“"the outer edge of the reflective surface up towanrd: the center just far
encugh to allow him to reach the tip of the gore.
Wien the laminate material was completely assembled, it was very
‘nearly free from fold marks. The film was then transfexrred to the aluminum
hazse plate, inearted, a’imd with the aid of markings, and pressurized.

_ Figure a8 ahowa the gored 1/i6~inch foam material ready o be
bonded to the adhesive~coated reilective surface, by means of a lowering ring,
.ecuipped with a pressurized plastic envelope for providing a wrinkle and
- £old-free surface.: Figure 26 shows the position of the lowering fixture
during :cure of the adhesive. The pressure envelope, and the wirea used to
‘maintain ictimate contact between the surfaces being bonded, can be seen in
this pheoto. The structural material was alsgo bonded to the foam layer by
means of the - lowsring ri.nge» R .

Gelatln im;regnation of the structural material is shown in
Figure 27. ‘'Iwo g2latin inlet velves were provided for this structure and
the results poisied to a naed for larger inlets. The gelatin concentration
of the impregnatihg zolutlioa was 12.5 per cent. The viascosity of the heated
solution {120 F) seemed amenable for good fabric saturation and fairly rapid
flow-out. =

The vigidized concentrator, Figure 2R, had a very good raflective
surface. Macic luable information, learned during the fabrication of this
unit, was used during the construction of the pext 10-foot structure. Improve-
ments were made<% the gelatin impregnation aund stizsas. level during rigidiza-
tion. o . '

During the fabxication of the next two 10- Foot dismeter concentra-

. tord, 1t was found that the Series 990 foam took up excessive amount of adhesive,
‘and during fabric impregnaticu, gelatin solution was absorbed. An attempt

-witg wade to-overcome thix problem by coating the gores with a thin layer of
dried DuPont 46871. -Although acwe improvement was noted, it wes deemed not
adequate bacauas some gelatdn absorption ceatimned to occur. The problem was
overcome, however, by selectinganother foam with equal flexibility but which
had not been reticulated; l.e., the cell membranse were intact. The imperm-
eability of this material to gelatin solution was demonsirate’ csperimentaliy.
The foam, Scott Felt Grnde 600-10 was vsed to conetruct the rast of the 10-foot
atmcturesx

A When hcmding tim gored foam to the adhesive coated reflective

- gur .fﬁw utarul by wadus of the lowaring fixture, a poor Ii¢ would often
résdlt which caused. some unbonded arwas. To avold this the gorer were applied

%o the tacky adhesive one at a time. One of the. 10-foct structu.es was fab-
ricated by this method with good results. The significance of chic approach '’
lf.m ha it“’ .ms.eammy to the ngur qmamxw with 20 - 50 foot diameters.




“The 106 par cent resctive epnxy, used for bonding the foam to
the aluminum and to the Dacron structural maderial, was found to degrade upon
contact with the gelatir sclution. The ruason for *his is not krown, but
other ma%erials were AsSd Eor this apniication in later oxperiments.

1

The .abricatxon techniques of construction of 10-foot concentrators
wae agaln modif ied and refined. This seemed to result in satisfactory pro-
cedires. ‘The sadond of these two structures was £abricated by laying up the
foam gorés ome at a tiwe on the pressurized, adhesive-coatad, reflective
surface matérial. This procedure sometimes resulted in inaccuracles along the
gore lines, . .d the last gore.usual”y had to be specially tailored for a good fit.
This partieylar coricentrator was impregnated, and B-staging was suczessiul.

The overall reéflective surface was good, but had some areas with show-through
from wrinkles in the LCacron structural material, and the tailored gore lines
were evident on the reflective surface.

The next two 10-foot structures were made with & modificaiion in
*h2 gore assembly procedure. The reflective surface material and the flexible
foam wera first bonded together with pon 872-X-75, anc the gores were cut
frow the composite and sealed together with Mylar tape. After inseriion and
pressurizing or the 14-foot diameter base plate, a coat of Kpon 875-X-7%
was applied to the foam and allowed to cure. A serona coat of the epoxy was
uged to bond the structural material, which was lowered and accurately centered
by means of several weighted guide wires placed at the periphery of the lower-
ing ring. Impregnation of the two concentrators proceeded smoothly, as did
B-staging and rigidization.

. , Aryiner structure was fabricated and placed on the accuracy
measnring fixture as shown in Figure 29 and surface checks were made. Two
cloge-ups (Figure 30) illustrate the smoothness and reflectivitv of the
structyres surface.

On tihe basls of the tavorable results obtained with the last
three concentrators, 1t is felt that the materials ard the fabricaticn tech-
niques curreatly employed satisfy the raquiremcnta qf this ~oncent.

Figures 31 and 32 show scme of 10-foot cancentrators in various
phases of completion, and B-staging. : ’

6.3 ACCURACY MBASURING - -

Figure 33 is a schematic of a surfece accuracy measuring fixture. The
12-inch dimmater rotapy teble supports a working bench upon which s mounted
an socurate optical table for positioning the collimated 1ight rource and
pentaprism. The pnnt&ptisw can be positioned at any point.along the optical

-bench, from the canter of the solar collector to the otaide disrater. 7The
collimated light can, therefore, bz focusad on any point of the soiar collector
surface, and the reéflected position can hc mead out on the cantral plite which
contains concaniric’ tlngs and angles. The molar collector i{s supportad by
thres adjustablu stands abovs the rotscy table and colllosted light source.

The angular distortion of ‘any point om the solar coiisetor surface tan be
obtained by ftldtng the sugular and distance displacement et thc,raltactcd
iight and uatus tha caalatty asaoclated with the test sel . _
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, ?we tyﬁ!a 0£'o§tieal Teasuragents uere uade~§ﬁ rhe collaetars nsing
the optiri: aceuvacv~¢buekﬁa,» Jﬁ@ purpots of the first mexsurenent was to
Aetesmine the anguix“ varfattou froxthe true parabola of the refiective

" “surface after rigidization, ' The purposs of tha second pasuvament was to

determine the taﬁ;aetivity of the surﬁaaﬁ ap& the de 2gree of diffusian of the
L teileated ligh A ; __. N ]

: Tis angular a»cutﬁcv, WALeh wis of the most concern in these @esaurements
wasz in the plane of the parihoizc curvature of -the ¢nilector. A standard
polar graph was s2t at-the foeal point, snd measurements were made at the

two, three, and four foot radil of the sollector at eight positions around
the circumference. The weasured point was the conter of the spot of iight
returned from the collecter. -Using these poiuca, the slope angle of the
parspolz was dvtzrmin¢d ising the following formula,

o = 172 tan} ur(" *»9-—1
o at

where, o = the measured élope sngle,

the Zccal langth of the parabols,

"
[]

”thevridius at_%hicb the ﬁeasureuehﬁ ﬁia'nude, and

"
"

the distance between the focal puint and center of
the reZiscted image.

<
[

The mean tost values at thé two, three, and four foot radii respectively
were ~2 deg 17 min, -1 deg 1 min, and +0 deg 35 min. To determine an approxi-
mation of ‘the average error, e, the following formuls was used. :

T = EAQ

where, e = error at a specified radius-v

" A # areg of the concentric paraboleids at the two, uhrea.
and four foot radib : :

At * total meaaurma asrea of the paraboloid

This formula resuited in an € of 1 deg 05 wiu.

The resultant averugi,errbrxil aignigicantly IcuﬁiEQAn the measured
ercvors at the two-foot radive, because of the very large surface ares at the
fquw—ﬁoct radiue vhere the mansured error was very nearly within the npsciﬁled

goal 02 1/2 degrmn. e

To datmrminn the n:tnnt to uhieh lisht in dittuucd hy zctlsetiou froe :
the collectew, & siliconn.ealev cell, in conjunvtion uith an electzonic volit-
metos, wae used to measura the ralative intensitjes of tha light after it was
reflected from the surfave, and wshan it rsached the. foaal point. Siace the
light spot at the fooal point wae relatively 1argo* mapping was wade of tha
raflected images. Tha -uppcd arsa vas constructed of thxge cqnccntrie rings,




l~fuch dimmeter, i,5-inck ¢limeter, and. S-inch ‘u,...mt;e:. Sinea the
5-inch zirele i tag Targes: nﬂmubie Area, any 1ight t;:li;;g. outai<e -
?,hiz 1init wEs. gonsidrrad lost, : .

The intenaity o light '“*mﬁh?mm &ft&r mtlaﬁt-sn fr»« the surface
. of the pavaboleid wis curo o poieeisTed bese e Comesaisen, and
~way spevrified at IND per cemtl . Thw, m..idene lizht on the cellecter wan
measured and: resd out at 130 nay sent By cm‘is«q. At ‘the focal psint,
throe types of reflected spots were measursd. They were specified as good,
poor, and sezz reflection. This fudgement wss wade by s visual ceupariscn
of the reflection. ‘ « :

Ccncentnc c{rclee of Iw 2 5~, and ﬁuz.ncn diameter were dvawn about
the focal point, In a gowd spot 2 per cent of the light was received in the
1-inck circle, 9 per cent between 1 and 2.5 inches and 17 per uent betwen
2.2 and 5 inches. In & poor spol the percentxges were i, 4 and 9; while in
% sesm spot, they were 1, £ and 9 resp2ctively.

6.4 IO-Foct Dianetex Solar Canmntratot Dumenstraticns

mﬁ—n&e‘-ﬂ-—-———m
Wy ght-l’atgerson aly Force Base .

6.4.1 Dammtut:lma Without EM CAps

'me £:lrst, (in whlt vag to luwe been a series of five), l0-foot
dim&tar solar concentrator was Inflated and cured in a vacuum enviropment
at Wr! ght»?attarson Air Force Rpse on April 28, 1966.

, 'rhe solar concentra‘:.or waa 1mpregnutec with gelatin, B-staged,
packaged, ang shipped to Wright-Paiterson Alr Force Bgse in a packeged con-
firuration, Figure 34 shows the packaged sclar concentrator being carried
wto the vacuu chamber. Figure 35 shows the aolar concentrator still in a
B-staged flexible conditicn sscured to a dase piate. Figure 36 shows the
#olar concantrator in the {nflated position prior to rigidization. Figure
37 showa the sclar concentrator after rigidisation.

A cnndanud vcroion of the test record, Tsble 32, iz inciuvded
in this raport. The particular interest of thies reccrd is the temper.ture
which clearly shows thn points of maximum golvent losa and ulpimi.te point
O: cura., )

_ Imdiatuly Aﬁter tha chaaber wew entared, usmination of the
solar concantrator revealed that the backing was completely dry and appsared
to have good inflation and cure, The reflective surface waa very smooth,
ted 1ittie show through, but d1d have sowe wrinkling caueed from packaging.

. In mmax-y. it wu !nlt tiut hz tubrieation pxocudmn. im.
pregnation, ane B-stagiag (whicia were the game ga for tho last three experi-
mental 10-foot concentratorn), wave quite satisfiactory, but that more time
uhould be davoted to mug.: . The test procedures end equipoment worked
vary smoothly. . ‘
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The second 10-fc3t dimmeter solar concentrzior was Inflated end
cured In the paw Afr Porce Asro Propulsion laboratory Vacuum Facilities st
Wright-Patterson Air Force Buse on May 11, 1966, Thie waes the [irst cpara-
tionai demosstration in the new xacilitins.

: T gclar concentrater WS tnnregnnted with zelstin, B-staged,
 il-packaged, .iod shipped to Wright-Patterson Air Force RBase. There it
was unpacked an. secured to the Lese plate still in the fiexible, B-staged
condition. ‘

A mivcor was located under the bage piate and adjusted so that
the surface of vhe collector could be obsgerved from a polint near the instru-
mentation and contirol syatems.

' Inciuded In this repor-t is a condensed version of the test re-
cord, Table 33, and & graph, Figuve 32, showing the przssure versus tims in
the test chamber., There sre several items of interest recorded on these
charts., Tsble 32 shows a very insignificant drop in temperature ox the back-
ing material. Thla wuld indicate & "dry box" cure instead of a vacuum cure.
To verify this, Figure 38 shows the siow pump-down time (approximately 3
hours 23 minutes) frow stmospheric preseure to the vapor precsurs of water.
This slow pump-down at the beginning of the demonstiration contributed to &
poor inflation of the structural backing material, The reason for the sliow
pusp down was a small, 1/2-inch diameter, equalization ayatem to the inter- -
naj preasure grea of the solar colleztor, Enlarging this aystem for any
future demonstrations would eliminate this problem. Teble 31 also indi-
cates that the Internzl pressure of the e¢nllector was equalized to the
chamber for a period -f approximatelv 10 hours, and then {neveased to 3
inches of H,0 before and during the time the chamber wae returning te
atmospheric pressure. During this peried the collector waas obaerved to be
alowly moving out of the holding fixture, To stop this, the internal pree-
sure was cperied to the chamber; however, before the preasure could equalize,
the ecllsctor 11fted completaly off the base plate and came o rest on thke
on the chomber f£loor and wall. This action did nct seriously affect the wur-
face, or damage the solar collecter. It did tesr the skirt, outeide the
surface area, used to hold the collector to th~n base plate, The fixture ussd
te hold the collector to the base plaze iz a rubber fnner tube in a metal
tube. This was the firat tire it had been subjected to a high vacuum or to
a vacuum for such & long perilod of time. Obviously, the tubs leaked, and
vhen the pressure in the chamber equalled the pressure in the tube there
wRe no longer aity force holding the collector to the baga plate. This should
This shoiid be corrected in future tests by connecting the inner tube to a
peecaure line and gage outeids thé chamber,

Exanfnation of the solar concentrator, immediately after the
chambev was entared, revealed thut the backing was not completely inflated
but that it was completely dry and cured. The reflactive surfaca wes
wrinkled and hed eeveral smeil bubble-tyne delaminstions, the largest
sbout & to 6 inches in diaueter. (See Figure 39) The concentrator was cut

N




into segments and shipped tc Cchjeldahl for an analysis of the surface.

Thia anciysis revenlsd that the foam baching on the refiective surface had
absorba% sane of the water~gelatin solution, the larger amounts belng in the
" areas of delamination, It was also discoversd that the fabricatfcn fech-
nigue for this concentrator was Cifferent than previous onew, The main
difference was failure to seal the foam seams; thus allowing the gelatin so-
lvtion to flow inte the eeana and be abuorbed dy the foam. This fabrica-
tion technique would not have been used far future solar ccacentrators.,

5.5 Zsuckaging

The first foldirg and packaging studies were conducted using a 1-mil,
1i-foot dlameter Mylar sphers with & S5-foot diameter concentrator; con~
sisting of a gored 1/4-!nch thick flexible fosm, and a g-red Dacron sand-
wich material, bonded to the sphere., This model wss purposely made from
thicker materiale, See Figure 40.

A pleat and zccordion folding mwethod gppeared to give the best re-
sults. See Figure 41, Two variations of this wethod were evalusted experi-
mentally and sre summarized in Tabie 30.

The. fitat r=thod pleat—folded the entire structure from pole to pole
into & long narrow package, one-half the basic gore width. This configur-
ation was in turn accordion folded into a small rectangular cube, The second
method only pleat-folded the ballcon end cap while the concentrator portion
was folded in 1/2, 1/4, 1/8, etc. This configuration was agein accordion
folded (starting with the end cap) to efficient packaging proportions,

The volume was then further reduced by & factor of two by removing air
freom the folded package. The asta in Table 30 show that the second method
1g moys efficient. It is also attractive because it results in the least
length at the folds in the reflective surface material.

TABLS 30
PACKAGING COMPARISOK

Method ' " Foldad Dimansions Dimersiveg Afi-v Air Pemoval
(iInches) ey (Inches) (Ft%)
I. All pieat folded., 17 x 14 x 6 = (.82 17x 1 x3 = 0.4)

2. End cap only, pleat
folded. 19211 x 6= 0,72 19 x 11 23 = 0,36

Next & 10-foct coneentrator was rigidised ufter firnt hwving been
impregrated, B-ataged, and folded. The purpose ol this cxperiment was
to learn the effects of packaging on the reflective surface material after
deployment., Flgurs &2 shows: (1) the depresiurired, impregnated ntructure,
(b) initial folding, and (¢) ths £inal foldad configuration, 10-inches
high by 23-inches by 28~inchnl. After unfclding the ccncentrator 'nd rigid-

£,




ining i.t. 1t v &ppamnt th.lt no delmmuionc had occurred, and although
gowe fold lines m;a v...sihle, the omall mﬁlective surface was not adversely

uffeetad

. %.5.1 Definition nf Contents

Tae critical concentrator ceaponeats iz the canister consist of
the £silowing matevials in the given ratios:

Parts by Weight

Fabriec 3
Galatin 2
Water , 1

The gelatin-water sclution iz uniforrly distributeld throughout
the entive fabric which is acthewed to the ravers: side of a reflective film,
At 75 P, the soluticn is nonflowing and the combination of materlals not

tacky.

At 100 F, the gelatin-water sol_ixtion becones less viacous and
might tend to shift., TUnder prolonged storsge, some seepage might cceur
resulting in a nonhomogereous di{atribution of materials.

Temperature incraases will gignificatnly affec the vapor
pressure of the water. Migration of water vapor may occu™ if the canister
ia not aufficientiy tight.

If the contents resch 32 F, the water may fveexe, and the
solnte and solvent might separate. In addition, puncture or penetration
of the reflective surface and spharical end cap my rvesult from the cxpan-
sion of the weter.

6.5.2 ‘Temperature Range of Package

: For the reasors stated in pauguph 3.4.5,1, recommended storage
tempautm limits 1ie betwsen S0 F and 85 P, The optimum storage temper-
sture i3 75 ¥ plus or sinus 10 ¥. It is recommended that the temperature
be adjucted to 75 F at the time of launch. (Tha resin consistency could be
changed if the teupsraiire could ba anticipated,)

6.5.3 Pressure Ranga of Package

: The ratic of water presant in the canfster to the canister
volube (neagleeting Zabric and plastic 2ilme) is wuch that the »rassure
ineifn the evacuated canister will be deterrined by the vapor prossure of
tho uur, ut ", tim W&tm .

m !.ntcm}. yrusum o! the uniutcx- nust da mmuimd

: erdiu to 'rma 33,
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IMB«B 31

!RBSSURB RANGE CF GAEISTER PAQKAGE

Tamperature F thprkf'* | Required

Pregsure ’ Canister
“of Water MMEg ' Pressure MMdlg
50 - 9.208 11.0
55 ’ ' 11.5 13.8
65 15.9 19.0
b ’ 16.2 23.0
75 22.3 26.7
80 ' 28,5 29.4
85 ‘ 31.0 37.2
100 9.1 58.9
120 88.2 : 106.0

The eaxceas presgure in column three is necessary to prevent
" wigration within or loss of water from the cowposite.

6.5.4 Canister Eutrmntatibn-

In order to mcnitor the internnl pressure and temperature of
the cenister, both in ite packaged or crated and unpackaged or uncrated
stute, the necesasry inetrumentation iwst be implemented into the can-
ister design.

Provision must be made to detach the instrumentation from the
canister, prior to rocket installation.

§.5.5 Canister Internal Pressure Control

The excess canister pressurc might result in an explosive cpen-
ing and soiar concentrator deployment, causing materfal Jamage. To mini-
anize or limit this possibility, the canlster should be instrumsnted to en-
able the astronaut, within the capsule, to adjust the pressure to a prede-
termined level just prior to the actusl canistsr opening.

6.5.6 Cenfster Packaging or Crating

For the purpuse of transferring the impregnated and folded uolur
concsntrator composite within the canistsr, from Viron to the demonstraticn
aite by comnon carrier, it is recomuended that the canister be separated
from the enclosing crate with 2-inches of resilent polyurethans foam with a
K fantor of about 0.11. This will provide protectioa from shock, vibra-
tion and temperstucre extremes for a saximum Tength of timé. (The fram
mentionsd is cossonly available and pruviéss the lowest heat trmtqr cof

L My cmul shock-proofing material nvailabh.)




Ballcon End Cap

Sardwich

Foam Layer T, No-Shear Bond

Strain Set ™
Material

Balloon nid —~"
Cap

Figure 20 - SOLAL DLLECTOR [3SIGN




~~ Randon Backing

C-2 Thus:
Random Backing

72
PN

e22 ‘ :
!hmtuig;d 1 inch ntet prcnure during tabrication.

3-23

Iupmm%ml 100 m/mo Ducren o (Appro:xiuttly 22@ ;M
!hld kut ut‘owd enliccto: at. lﬂ) during upnammiom

::"Intlaccﬁ bacllta; wi.*h ait through ltngu valve ln cmm: ct b&cting.
nulma 5 iﬂh mtu- pnuun dnttu cure. :

Sptdv: MW 'wu . Poam A1

weiakles _Wbs gmg Bond No. | lond Mo, 2
- Soma - amnd L ~'-,‘“ e v Good

rm tymnm

R T TSNS S8 S AN




i
i
H
H

o

RN

R I e e e

GURE 22 - SURFACE OF FIRCT FXPERILENTAL CONCENTRATOR

FI




KRS

RO

Han
4, 5

101

N N A 1 i

————— e

FIGURE 23 - EXPERIMENTAL CONCENTZATORS IN VARIOUS P'ASES OF COMPLETION

R O Y S

P ke 8 St s

O

AR




10VAENS FALIOFIIZN BILIWVIC .
1004~0% XT8VE J0 NOLLVOI®8Vvd ONIWOJ QESO FEALXIZ 47 2ardig
b, 4 b | ., 3
i - 1) ]
o — —_— . _
g , _ ST — i
- =, Ii -t
. g
, %
T eueadGey -
razeod-uoyzal 37 dilag \

~—

102




Trpaiirin e o e

S

I"113 4

7y

w

VAdNS HAILDF

1434 0

XL

4

G

1.

q

V1l

rr

T 3



¥ A

Y

ITa dA0VAYNS JATLOATAHE OL dHAVLT 11704 ONIANOH - 97 949G

]

o)

P

104




d0 NOLLVROEIIRT NI

1v.iao -~

L7

e e Sy

o




5 AN T ST

o

D P N

COLVEINZONOD ¥AIIWVIA 1004~071

PRCTINE WESP S

Ad4zZI1da1sia

e o ey s A e 208

A




?
!
.
} R
P
i

I

FIGBRE 29 - ACCURACY MEASURING FIXTURE
107




ki, s o i

%
;

) S ML . e o

FIGIRE 30 - TWO CLOSE UPS}gg‘.REFLECi‘IVE SURFACE

T X A W L a7




e s b b AT Ao o

NO 1LTILA00 J0 SASVEA SN0ISVA

NI SYOLVELNADNGD ¥ALIANVIC JLGA-0T -

e e

109

T SN i i IR




SALIVAIA L005-0T GOHITN ONIOVIS-9

t ]

TYNId - 7€ HENO1I

SACIVALNADNOD avios

110

St e e, i,

R MR g gLl i




SENY

e B A B AR

FICGUSE 33 SOLAR BMERGY CONCENTRATOR ACCUBACY ME/SURIRG FPIXTUKE




MHENYLD WO GRIUVO

11

e e A S PR B
B * o

eiire W

R R AR s e




. m.».vwm‘m’*’vf%?ﬁ*?f

.

AV AN g

gt

4
5

Ty

SR

TAGED FLEXIBLE SOLAR CONCENTRATOR SECURED TO BASE PLATE

- B-S




e

e AS

YOLVELNIA

Oh

N

0D

VoS

QELVTANI

9t

AN
2300

ia




YOLVILNEONOD ¥

VoG

147

alsryg

lg

4dnoIAd




f

ST SR IR IR 5 XU TR et s 1y

WL wa e+ e e

E

! _ -
) Co ‘ _
;_' . . . . 2
T T ey N I : .
; L e . ) .
PP f . P \ . }
. ‘ ) 2
- i ’ ’ . K H o '
i ' : o ' £ .
; 1 S N 1 x 104w
Y k a H :

.Aasaehmn!muh-mﬁom »
850 cbw pwp on (1100 ota “sorel) : -t o
Rootz blower on tov spesd (2138 cfc) T L
Roots: blovst cn Bigh epead (5Y.0ctn) S S
Al to backing n‘tmclu;‘a -obl ! ' :
nmuimm‘éu co . B

a Mki!‘t o7ld. wall ophuﬂaul ¢ S : ,

S —

YREORRE (M., Hg.A.)

Intistion ats elf C O B
wmm ponpe o )
ol

A Ak U M i St ity i

e {
. i
v - B
£}
'
R
.
1
- Mirutes W0
—
A
o o 3 e 1 e e et
N - b . TR e s AT AT AT KN T SV - -




FIGURE 39

- SURFACE EFFECT OF GELATIN ABSORBED BY FOAM FOR
SECOND 10-FOOT DI.‘\TI{);’ER DEMONSTRATION
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TABLE 32

SAMFLE TEST RECORD

First 10-foot Diameter Solar Concentrator Demonstration

5/28/66

1438
1441
1444
1447
1451
1455
1455
1456
1510
1514
1518
1523

1527

1600
1700
1730
1731
1800
1830
1900

1918
2000

Ww Wi wiww

— et
« .
T P

CHAMBER

575 Torr
290 Torr
150 Torr
13

6

4.75

QH;-NOO?-‘D—‘
w

w

INTERNAL

3"Hy0
3"H50
3"H,0
3"H30
3"H,0
3-3

[V B VT IR EUIR URR FL IR R I VU VL)
i g S IS

NP EULWwWwWwW

Zero
Zero
Zero

4"Hy0

NN

#1

MATERIAL TEMPERATURE
BACKING

#2

REMARKS

63
58

28
18
15
13
21
25
33

59
69
70

70

70
70

TIME PRESSURE PRESSURE PRESSURE _CENTER EDGE

61
53

27
25
20
20

~
r3

20
21
22
3l
50
57

€3
9
70

70

chamber temp. 72
Start pumpdown - room temp. 76

Start to inflate backing.

Maxjimum gsolvent loss,

low point of temperature,
occurred between 1456-1510.

#1 temp. equal to chamber temp.
Shut off inflative pressure to
backing.

Low point in vacuum chamber.
Equalized internal pressure to
chambér pressure.

Shut down pumps.

Entered chamber,

e s A

A o s




TABLE 33
SAMPLE TEST RECORD

Second 10~f¢ot Diameter Solar Concentrstor Demonstration

Mey 11, 3966

INTERNAL FABRIC . '
 CHAMBER COLLECTOR  BACKING TEMPERATURE REMARKS
DATE-TIME _ FRESSURE PRESSURE PRESSURE ®O. 1 WO. 2 COMMENTS

5/11 1030 ATM © 53 57 No. i center
No. 2 edge
Start pump down
1035 700 mm 4 57.5 57
1047 600 wn 3.25 ' 57 53
1053 580 3 2m 54 50 inflate flutes
: v to 2% HZO
1057 540 3 2 57.5  58.5
1200 280 3.8 2.0 53 48  Wrinkling appesring
) in reflective surface
1305 200 4.6 2.5 54 56 KDB30 pump turned on
' intexmittently
1335 37 3.8 2.5 57 52  Bubble appéared near
‘ edge of polar cap
approx. 4" dia.
1383 15 37 2.3 0 53 |
1410 5 3.2 4.5 61 51,9
: ’ - and
N 3.6
1300 21 - 3.6 41 &7 57
s axw0t 3 s on 53 loflation pressure ofi.
17202 100u 3.5 218 70 Larger bubbla has
' ‘ - raceded N «
122
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TABLE 33 (comt.) L s

R

' INTERNAL FABRIC : -
CHAMBER COLLECIOR  BACKIRG TEMPERATURE REMARKS
DATE-TIME _ PRESSURE . PRESSURE PRESSURE MO0, 1 NO, 2 COIENTS

e s ]

01800 100w . 3.6 0 77 74 2 small bubbles

. . o apprug. LV dia.
One small bubble
increased 1" x 2"

1900 950 5.8 78 76 Liquid Nit. induced
. into chamber

2000  82u 3.5 54 52

2100 11 3.5 Off scal»

A«._.,.,._“

L2130 9 x 10-5 3 " " Internal pressure
’ brought down to 3"
HZO because of leakage

into chamber. 2
small bubbles have
receded.

Temperature probably
below ~100 7 .
Cold wallas -250-300 F I

2345 1 x 107°

3.0 Openeu equalizer valve-

’ will equalize pragsure
inside coilector to
chamber pressure,
Thermocouples connected
to resdout calibrated

to ~75° - off seals. = i

0200 3.8x10°° g o - Holding .2" H,0 with

équalizcr valve open.




TABLEZ 33 (cont.)

DATE-TIME

COLLECTOR TEMPERATURE

REMARKS
COIMENTS

0600

1000

1205

1.6 % 16'5

Nc apparent change

in surface since 1900.
Collector res=ing on
base plate. Temperature
check on solar «oliector
fabric backing -2:2°

Pressure in coilector
returned to 3" H,0.

Venting chamber to ATM.
Reducing pressure in
colisctor due to
appareat movement of
coliactor out of nolding
fixture on base plate.

Ccellector lifred ofu
base plate, out of
holding fixture.




7.0 3PACE SAXLTERS

7,1 PRELIMINARY DE3IGN

The preliminary design of the eylinder structures for this contruct
rongiste of two basic elements - rigid ! ‘kheada at the erds and a flexibdle,
cylindrizal body. The rigid bulkheads were to be thin cheli alumirum spia-
nings with all the appropriate fittings and ¢- tails to package, deploy,
and ri?&ﬁiﬁﬁ the gelatin structure.

The cyliﬁdrieal body of the structure wa2s to consist of a fruss core
fiberglass fabric which was to be impregnated with ge.atin resin, an fmper-
meablie Inner layer for internal pressure retention, and an impermeable outer
layer which wou?d lLave facilitated packaging, provided an on-command cure
system, minimized the total weight of the system, and improved the total
appearancs of the st “cture.

By incorporating the gelacin-impregnated fiberglass fabric between two
impernmeable layers, & controlled system is obtained which minimizes premature
drying or rigidization of the resin system in the packaged condition and
facilitates the on-couwmand cure of the system. The cure time 2tudies that
were conducted indicate that during the latter stages of the jelatin cure
cycle, the rate of solvent evaporation is very low; thereforz, by sealing the
gelatin-fupregnated fabric between two {mperaeaple layecs the initial rate
of rigidizetion is somewhat inhlbited. However, the total time that is re.
quired te compietely rigidize the structure is not increased, and fay even be
shorcessd, Lecause the con rolled rate of rigfidization does not result in a
sharp drop ic temperature in the resin-impregnatad fabric.

Further cure time studies should be conducted to confirm this design
feature which . uld be wodified should it be discovered that (' : outer layer
seriously fmpedes the rate of rigidization of th» strucinre., Tic system is
cured on command by verting the gelatin-impregnated fabric by solenoid valves
whenever it is desiralle to inftiate rigidizetion. Yt hes been found in
previous studies that it {s necessary to provide a substs tial pressurs
within the f£lutes of ihe gelatin-impragnited sandwich matzrial to Inaure that
the flutv: resain £illy deoployed throughout the rigidization cycle. Initiaily,
it was felt that the vapaor pressure of the solven: in the gelatin aystes
would provids this reciesary pressure; howsver, for the amall-size structures
that heve bean invesiigated, the snlvent pressure {s not sulficlant, especially
as the structure coals dus to removing heat for vaporization. Therefore, on
the culstin cylinders that were studied, it has been necessary to artificially
pree*uriam the flutes of the fabric sandwich materiel with ais, or a bottled
gas such ae nitrogen. Without an impermeadble outer layer on the fabele
vundwich material, & large volume of air is required to pressurize the fluten
of the =andwich matsrial throughout the cure cycle because of the high pec-
meability of the resin-imprognated fabeic. With an imperseadle cuter layer
outside of the gelatin-ispragnated fadbric, the auxiliary supply of pressuri:-
{ng gas can be drastically reduced, since its verting will be controlled with
the solenrnid vulva along with the venting of the water vapor from the ielatin
resin. : .

e cocntagen
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7.2 1/2 SIZE CYLINDER

A 1/2 scale cylinder was completed for tzsting and to determine fabri-~
cation techniques and procedures. The wall composite was attached to the
bulkhead by first epoxying the fiberglass wail and bladder t> a metal ring.
This. rxng was .the same diameter and depth as the flute area of the wall
composite. Part of the bulkhead was a metal retainer forming a trough around
the inside of the‘palkhead. This trough was filled with epexy, and the wall
composite attached to the ring loweved into the epoxy. K After the epoxy
cured, the cylinder was reotated and the process repeated for the cther end.

.This model was leak-checkzd by the ammonia-phenol method. No leaks
were found either in the bladder or the outer facing. This indicates an
improvement in fabrication procedures over cylinders completed under past
contracts. The model was prepared for impregnation and cured in.a 5-foot
vacuum chamber. However, pefore the actual test could be started, it was
necessary to start dismantling the chamber for shipment to i:s new location
at G. T. Schjeldahl, Northfield, Minnesota.

Figure 42 ghows the package cylinder in. the vacuum chamber.
. Figure 44 shows the cylinder in a deplbyed; inflated configur&tion.
In general the overall appearance of the model is very pleasing, the.
packagabllzty is quite satisfactory, and no delamination of the outer facing
has. occurred. from_repeated packaging and inflat ing.

The cyllnder has not been impregnated or cured.

e
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To have no negative stress a/b must be ‘v@ The spallest volume
ellipsoid occurred when a/b = .. To deterwire the matching tungent circle,
the slope of the ellipse is sei 2qual to the slope of the parabola at the
ten f.ot diameter,

<

Ly, obx = X = L1 ,_ . -
dx 2] 1 - xﬁ 1/2 9F 3 for the particular paraboloid
L0 |
a . H
fﬁeréfdre, ]
- ’ a s :?N}P;
2

This determines the ellipse to' be rotsted ca
- N . T
2x" + By = 125

Stress in the ellipsoid varies from 0 to 350 pounds per inch. The stress
gt the joint between the ellipsoid and the paraboloid is 45p. A 1710 size
model of this ellipacid was constructed to test for edge wrinkling and dis-
tortions. The results demonstrated that a full size ellipsoid could be used
with the 10-foot soiar collector. :

8.1.1 Canister and Spreader Flate for Use Ulth Fipal
Bemonstration IG-Foot Dxaveter or Solar Concentrator

-

The drawings for the canister, top and bottam. were completed
and sent out for bids early in June. When the bids were returned it wes
determined that the best delivery date would be six weeks from the date of
arrival of materia)l at the fabricatora. The bid was let during the laet
week of June. This projected the demonstration date to late August or early
September.

The canister consists of twe sections, a top {Drawing SD~628:, and
a bottom (Drawing §D-~629). Both sections are fabricated of 5/16-inch alaminim
alloy. The top is slightly conical in shape, measuring 35-3/4 inches in
dismeter at the base, 14 Tnches high and 30-3/4 inches in diameter at the top.
The toj half drops away during deployuwent. The bottom is a flat disk 36-1/4
inch2s in diameter with & 3./4-inch 1lip around the edge. The bottom half of
the canister remains attached to the support frame during the demonstration.
The fnstrumentation, pressurization and controls are attached to, or extend
through, the bottom half of the canister. The drawings are lccated in
Appendix D. : S

Tha bottom balt ¢ the canister is gttachel to the solar concen~
trator by bolting to a spreader plate, (Drawing SD~630). ‘The spreader plate
{s an intagral part of the solar concentrator, and perforws severl functiona.
Iuring imrregnation the spreader plate acte as a msniZold to distribute the




gelatin, During puapdown and 2ure, an attachment is secured to the spreader
plate, and a temperature rezadout, a pregsure readout, and pressure control in
the structural tacking material, iz obtained througk the spreader plate and
its attachment. A pressure readout and pressure control of the inflation
ballcon i3 alsoc obtained through the spreader plate.

The gpreader plate and its attachments were fabricated by G. T
Schijeldahl.

8.1.2 Solar Concentrator Demonstration and Type of Depioyment

The demonstrations were to be conducted in the Air Force Asro
Propulsion Laboratory vacuum facility at Wright~Patterson Air Furce Base,
Dayton, Ohio.

The solar concentratoer was to have been deployed om command from
a packaged configuration inside a canister. Inflation of an ellipsoid
balloon would have commenced as soon as the canister sepsrated. The balleon
would have shaped and held the solar concentrator in the designed cenfigura-
tion during the curing cycle. An external pressure source would have in-
filated the balloon and the structural backing msterial. The type of curing
systex intended for this structure was a plasticizer-boil-off; no additional
catalyst is reguired.

During pump down three pressure zones, two temperature zones, and
the weight loss of the test article are of interest. The pressure zones are:
(1) internal pressure of the balloon, (2) pressure in the structural backing
material, and pressure in the canister.. The temperature zones are: (1) temp-
erature of the stiuctural backing material inside the canister, and (2) temp-
ergture outaide the canister. After deployment, the same iaformation is of
interest except that there {8 obvieusly no pressure inaide the canister.

The canister would have been supported from a load cell attached
to a framework 25-feet above the chamber f£loor. This would allow adequate
clearance for balloon inflation and for a net or other suitable deviez to
catch half of the canister. ‘

The ellipscid balloon would have been deployed in a downward
direction (one half of the canister falling away) with the solar collector
and the other half of the canister remaining on top, still attached to the
load cell. See Figure 45. 3Stabilizing cables would have been used between
the canister and the framework. All instrumentation and control systems would
have been attached to, or penetrated the canister half and spreader plate
which tém&in on top.

Inatrunentation, recorders, and system controls should be con-
venient to. or located in, the view port nearest the main control and oper-
aticns rcoum.

High speed mwotion picture coverage should be located in one of the
lower view porta and if pbncible, from one of the view ports located ecn top
off the chamber. 3
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8.2 FINAL SPACE CYLINDER DELIVERY -

8.2.1 Bulkhead-Canister for Use With Pinal Cylirder Demonstration

‘ ‘The drawings for the cylinder bulkhead-canister, top (Drawing SD-648)
and bottom (Drawing SD-639), were completed, set out, and bids received at
the same time as the solar concentrator. The same delivery and demonstration
dates weyve established for the cylinder as were set up for the solar ccncentra- o S
tor. ;

The cylinder bulkhead performs a double function, that is, during , -
packsglng the bulkheads serve as packaging canisters, and during and after - O
deployment, the bulkheads vemain attached to the cylinder wall and serve as g &
end bulkheads. i 5§

The bulkheads are fabricated of an aluminum alloy and measure »
approximately 48-1/2 inches in diameter by 7 inches deep at their maximum _ : :
point., ' N

The instrumentation, pressurization,and controls are attached to, . b é
or through, the top bulkhead. The top bulkhead remains attached to the support Cor )

frame during and after deployment.

Drawing SD-64/ shows the metal ring used tov assemble the fiberglass - BECE i f;
wall and bladder to the metal bulikhead. : s .

Drawing SD-646 shows the assembly of the 48~inch diameter cylinder\>2f
The cylinder drawings are in Appendxx D.

B

8.2.2 Cylinder Demonstration and Type of Deployment

Tre demonstrations were to be conducted in the Air Force Aere
Propulsion Laboratory vacuum facility at Wright-Patterson Air Force Base,
De yton, Chiv.

The cylinder was to have been deployed on command from a packaged
configuration inside a canister. The canister halves remain attached to- 'the
cylinder after deployment and serve as end bulkhsads. An external pressurz
source would have inflated and held the cylinder in the designed configuration
during the curing cycle. The . +vternal pressure would also have inflated tha
flutn fres of the ecylinder if necessary. The type of curing system intended
for this structure was a plasticized-boil-off, No additional catalyst is
required. ‘ ‘

During pump down three pressure zones, two temperature zones, and
the weight loas of the test article are of interest. The pressure zones are:
(1) internal pressure of the bladder, (2) pressure in the flute area of the
structural wall materiel, and (3) pressure in the ring area of the canisters.
The tempersture sones are: (1) temperature in the flute area of the structural
wall material, and (2) temperature outsid: the canister. After depicyment
we are interested in the same information, exvept there is no pressure in the ring
area of the canisters.
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co“duCLed é“”ing %hiﬁ éfﬂgxum, the folming
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N 1¢ 1«?tempts S chemieall? wodify the b&ain gel&*sﬁ xﬂfmuiatxug by meane .
o kr’ﬁ‘ti{e_s 9 sehleve: i'ncrm:sed tfeﬂﬁ‘l&? : %ster curs ti.maﬂ, rhemv:,a U

: ‘,eﬂs,xibx‘i izeﬁ by ci*culatiug
and then re*igidized wi.thout emy Loss

The atma,mres of this pmgmm ure faaui‘ﬂe An:i c;apablo of dﬁplovlng

: : qn&fi‘:fi.g ﬂizing An a xug)ace anvironmantq -

'.&eelmimma and proeedums of tbia progmm s{fé appiicn‘hle. to larger




A.}L A wet od ;t gzl:ai.ni.mizmg g;e in siwimkage during cure should be
fgatad. e ‘

. The ﬁlexiblu Is\er sa@uldtbeviﬁv&stig ted to elimiaate its ﬁﬁndency
to csuied creAsas in. fhe materizl when pag;hged. However, the. m,}mra@teristiﬂ
of &1 i.m,,na,ti*tg mwv—through ‘should not. be lost in. tMs effort. ‘
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tzhi.; a:ea sh«aﬁka, be. cmtinue& ! ”ith amphazaia on. component water-
ibilﬁty amsl ehe_.l‘ wlite myrome $

 GREERAL

_ anat etme*utes, zwtiiizing gelatin as tha rigmlsi‘ng reain, should s
fauricateﬁ to gain experienee in fahricatirg, depmying and r‘gimmg these
‘ atmawzm, TR




, | 'APPENDIX I

" DETERMINATION OF OPTIMM GELATIN

FORMULATION FOR EXPANDABLE STRUCTURES
H. H. Young

Swift and Company

steqrch and Development Center

- -Chicago, Yllinois




?WTRGDDGTIOQ

-——nx--

. *The statement of work requested by Viron and the -roposal submitted by
Swift cn May 20, 1965, wers modified as a result of a mecting Leld with
Viron's project manager; Mr. Ivan Russell. Reference to this .s made in

e g e

 Me. Joseph Kalinski's letter to Mr. D.; G. Sullivan datved June 28, 1965.

,Ihe following Lnd;vxdual faaks were to comprise our total effort 1.

thia resesrch program: . -

1.

10.

Gérying of test specimens.

Determination of gelatin concentration and 3zturation techniques
for produciag a saturated gilass fabric comprising 67 per cen:
glass and 33 per cent gelatin approximately.

‘Determination'of the effect of gelatin pickup upon the tenmsile
strength of saturatad No. 181 glass fabric.

Determination of the proper type and cencentraticn of fiuidizer
or liquifier to produce a saturating solution whose viscosity
will not exceed 1,500 ¢cps at 110 F.

Determination of optimum techniques for crosslinking of gelatin
with fcrmaldehyde.

Deveiopﬁgnt of optimur remoistening or reflexibilizing techniques.

Qbsevvations of torture ard shriunkage effects after curing ard

" Study of neutral organic co-solvents and their effect upon curing

rates of the moist flexible test specimens in a hard vacuum
environment. .

"Study of aglng charactesistics of test specimens after foldxng
ﬂand sealing in plastic envelapes.

Prep&ration of test specimens‘for Vircn to determine desired
strength chavacteristies.

" Conclusions and Recommendations resulting from this experimental

program and the consultstion carried out in personz! contacts

’w*th Messrs., Russull Rochon, and Broz of eron.

138

Do

vty e 2o Yureh Aapra g et

PR

N .




TETEMINATION OF OPTIMIM COKCENTRATIONS OF TRE GELATIN SATURATIIG
SOLUTIGH AND THE RATIC 0? GEIAIIN PIG!U? TO TSR ULTIMATE TENSILE STRERGTH

Taroughout tha az;crimnl work carvied out in the cverall study of
celatin as the taturatxng resip {here have been numerous opinione expressed
_'&s +3 the optimuft zelatin pickup by the fabdbric {n order to create the etrong-

set struztuce. For the most part teneile atrength has been used as the
criterior slthovgh full cognizance has heen given to the need for rigidity
48 wetl. Preliripary vork hag bzan complezed in other studies wituout any
specific atudy of the imporiance of preparing the glass fabric pricr te
saturation with galatin.
A 10 sq yd semapie o& Ba. 181 glass fabric was received from Yiron
August 5, 1965, and given preliminexy ¢reatment by cleaning with chromic
acid, and acid clzaner (Swift's Hyscore) and an 2lkaline de-ergent based
upon soap. Specinzns of fabriz 16 in wide and 36 in long were wound on
small fremcs made of thin glxss rods s¢ that cleaning and rinsisg could be
effected iz 1 liter gradudted cylindars. After cleaning end thorough
rinsing the cleaned fabric wes air dried by hanging from clips and store2
between kraft paper sheets unt11 used. i :

"The erimination of bubbles wns'the:higgéﬁt probism. Experience showed
that the best way io impregnate the glass fsbric was to sicwly lower one
corner-of the inclined wood frame into the gelatin, then gradually iwmerse

_that edge, then slouﬁy*txlt the assembly into the ge‘atfn. This needs to
be done #lowly 8c &s to permit the air to escape from the fabric. This
air expulsion takes place wuch more readily from a dry fabric than froam
ons whick is wet provided the fabric is thorougnly cleaned. By keeping
the pans warm and covered, the concentration can be maintained without
difficulty.  After a few minutes, the gelatin is skimmed, and the &veme
lifted slowly by one edge. If done slowly no budble will form onr the under-
side., 1t is then allowed ¢o dréir for & few secorda and then held hovi-
sontal to distribute the gelatin. The frame Ia turned over every few ’
seconds to pravent drips until tke natural cooling has gelled the gelatin
This: can be speeded up by deing all the turning over in 3 cooler. The
sample iy air dried, cut cut with a knife and used for cutting dumbells.

“Al? the scrap is used for resin pickup determination by incinceration.
The framas are cleaned dried and teuaed.

Alkaiine cleaners generally produced a glsss surface that wde wet
with difficulty probably due to thin filas of insoluble scaps resuiting
from water hardness. In the light of subsequent Success with ‘acid deter-
gent2 no further effort was made to use distilled or deionized water &8
the gelatxn solvent.

Hyscoré acid cleaner, a preprictary praduct of Swift & Company, was

ﬁcmpared with a standard chromic acid cleaning solution prepared by satu-
t&tinchoncentratsd sulfaric acid with chronium trioxide.
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| SCLUTION

TARLE 3

. A8, ¢ ¢ Y OOHORM- | PR CEST LOAD x 2
- NOTEBOK - ¢ TBETION - GRLAYIN TENSILE % GERATIN
- COMBER © - cnm OF SaLETIR.  PICKTP SIRENGTH  PICKUP
3565-784 C!n'onic Aei;i 20% -5~ 39.8 2390 779
8565-7% - " - 18% . 239 25600 §79
5565-7A1%  Uyscore Cleaner 2% 83 27560 917
3565-7408F " " 15% 26.3 36920 1160
4585-7%8 " 15% 55.5 32000 553
R : (doudleé 4ip)

In Table 3% sowe explanstions are in order. Tensile strength determi-
rations are calculated using a cross sectional area in the denominator.
Hence; at low levels of saturatxon or pickup, the thickness is tbat of the
woven thread only and the gelatin film bridging the interatices is infi-
nitely smailer. The average thickness is unkncwn but definitely less than
weazured. As the pickup. increases these depresazons £i1l with gelatin
Lntxl the Hhole sgecimen bes a cross section which in fact can be measured
as. a tectaagulzr ‘area. Fron.thia it hecomes. apparent. tkat the strength
of the tBick speciwen is :easured with reaszonable accuxacy, whereas the -

values for the low resin .ickub specimens are. iuyatzably lower than the
unknawn true va14;.

X

Fot thia teason.another value which offers a neswa of conparxaon ie
used.. This ia the bteakxng load doubled {because specimsns are 1/2 in.
wide) divided hy the per cent geiatxn picked. up. Such -a figure, wkile
arnxttaxy, does show a defznzte relationship between strength of apecimen
ane *he degrece of saturation or gelatxn p;ckup )

— e

Althongh dxffercncea are. uet great it is obvxous that the highly
concentrated and corrosive chronxc acid ptoduces ne 1mprnved su:faca over
the milder acid cleaner (pH 2, 5-3 0). - :

34 -
i

Before rejecting chromxc acid &s a cxeaner ﬁor the glaas fabric, two
samples were washed in aequence. - Qne- waa washed in Hyscore acid: zleaner,
rinsed and cleaned again with. ehrouxc acid. The other was cleaned in the -
tevagge qrder., Qesulta are in Table 35. e B e
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MB.  GRATIN pPmomy . . WAbx2 .
WOTEEOOK  1st 2nd  CONCEN- GNLATIN TENSILE % GSLATIR
PSR - GLBAMIX. CLBAYER  TRATIOR ° FICKUP  STRENGTH  PICKIF

WE3RA'A  Byscoms Chromic  25%  4S.8 17820 7as

- - Aeid - -

4632-8.3 . 7. - v . 1§ 2.7 19700 12580

8832-4 D Chromic RHyscoré 25 37.3 22520 810
- Acid

4632-4 3 . o 5 - 25.8 22000 1043

© . Hyscore cluned is to be prefetved over ch:mc acid as a pre-
paratory clenning step and has been used throughout this siudy. ‘Knowing
that i5 per ceat’ gelatin will diffuse taretgh the fabric displacicy the
&{r ond that 30 per cent gelatin is sufficiently £luid at 110-120 F to
peroit aipying, these onceantrations were chosen. The fabric was

sashed in acid clumer, ringed, dried in aivr and tacked to the frate.
“The feel of the fabric. was barsh as if it lacked labricant which it,

in fact, did. Care was taken not o touck the fabric enwhere except
at thc ‘tacked edges. Table 36 shows the Tesults:

N ,?*3'-3_ 36
LAB. ' - . CORCENIRATIGN - Pm CEET - . mADx 2
NOTEBOOK DIF DIP DIP- DIP GE-AT"K mm % W'FIN
NUMBER i 2 3 ‘& PICKUP  STRENGTH ; Pm .

HEIZ-I T MU . s mm Sasar
B632-1 @ 315 30 ‘ 5.3 - 10 . mAY -
4632-16¢ 15 30 30 729 T 8200 1o g

§ It appeara a.s it inez:eaae in tesin pxckup decteaaea the tota'
¥trength and there is a strong indication that the assumed increase in
vivength with increased- gelatin: pickyp {is- £fallacious. ¥Hote Figure 6. .
_Uhich plota per cent gelatin pickup igainet twice the load divided hsy
‘fae DT cent galaﬂn pickup. Also, no_e Figure 47, whi&h Blots tb,a“.
gl&c!mp ag;inst the tensile strength .3 measurad. All points are
“geatierad &m the gqad i cleazly i:m;atsdx xwwly thag ;ncreasod
pimy ol felatin decreasas. tensile atmngth. :.0f ‘coupse mg:.dir.y,

o whieh is.probably of equal.iupontance, does i.gctu.se smgulx wfth
- thiclkonns 'M;;bm: %'&thamlat&nwimn

i ’\é-\:‘i} -

1Yy smesery




‘.Thstefore, a more thickly voveniglasa fabriec bonded b even lesser
gelstim pickup may yrove to de vary: desirable, although admittedly not z
part of thx: apeyxfic nssignmant._

°utth¢r, it ia notr clear that conslder)ng bo‘n stxffness and tensile
s*reng?h the acb.crary selsction of 30-35 per cent zalatin pickip may well
te the optimum for the Fo. i<i'glass fabric only aﬁi after acid cleaning.

T¥b1§i37 iaeludea;aﬁéitiocal dats &t lower ;elatin pickup levels.-
“TABLE 37

S
-

23,8315

+ LAB. ..~ CONCENIRATION. sm CEXT  TENSYLE
SOTEBOOK - ., OF-CGELATIR .~ GELATIN STRENGTH IN LBS.
¥, - .o IX SOLpTION - ‘p;qmr _ PER SQUARE INCH
46223 A TiN5 T 6.3% 31,0680 {stretched)
K633 ¢ ‘ T 15.1 3,820 C )
“w_sn 19 "21',29‘2 { S )
B632-5 B 2.8 29220 (v )
4632-5 F 1.9 )

Teese results further confirm that the tensile strength increases
with an increase in glass contont. However, all sawples “stretched",
aeaning they Jid ot bresk with a snap. This irdicated that the glass-
. gelatin aysteu no longer acte a8 a-unit and other- areyerties such as
1sw*££nesa stu ssﬂraf*ced. :

It was at_ this point_that we were raquested to prepare (Sept. 10,
19653 3-plyr saturated laminates at verious levels of gelatin pickup.
Thete wern preparsd at ievels of 32. 4, 26.6, 36.3, 35.7, 45.1, 47.8,
51, ¥nd 59.7 per ceat gelatia pickup, dried under tenaxon at ambient
~ conditions and sent to Viron for conditioning and tssting. Results of
\ vironfs teats on ghesg specinenh ave not avaiiable‘ ‘

sxmmna 019 A suxmms memm ca mnmzm ™ .
INSURE PROFER V1SCUSITY FOR samn«m u S
mcmm. mmmxb.xs* _f_ea: o S : ,

¥

ihn ﬁqi;uadng quuityina agcnts were xnvestigated- ured,
thioutct, alnoutun\thioeyiuuta, ‘chloral Bydrate; a-sedium’ naphthalenc
‘sulfonate, dnd g-sodivi riiphthklene sulfonate. - These materisls were:.
“tried @t the 5, 10, and 20 per cént lave) in 25-per cent gelatin sgly~
,tisnﬁ It Qﬂ~ﬁ)(10h ?) !h. tuuultt of th:sc tests have been plotted




in Pigure 38. Beta wodium niphthalane 2ulfovate waz omitted, subse-
quently decauyss it liaived soludility produced heteragersous mixtures
uwhose riscoeicies were without neaning.

Pism‘e 48 ahows that ineressed amounts of liquifier do not preduce
facreesed Fluidity or decraases in viscoaity. Since materials ordinacily
referred to 2s ligquifiars are sctually hfdrogen bond Geztroyers causing
& drop in juliy strengthk, we should ot expect great reductisns in vis-~
cosities with these reagents.  In addition, since the gelatin level is
constant, ary inerease in iicuifier takee place at the expense of an
aequal weight of water asd this would be expected to cause some incresse
in viscoeity.

Figure 48 fuzther indicstes that ammonium thiocyanate is the most
- effeetive liquifier but thwe positive slope of west of these curves
indicated that the peint of ilaflection lies somewhere below the 5 per
cent level. This would than represent the minimur smount of liquifier
yielding the maximum smtount o£ rwducvion in the viscosities.

 ‘We studied the area below.the 5 per cent liquifier ievel in

greater detail and the results are shown in Figure 49. It is spparent
thet the minimum For ngst of the curves lies between 2 and 4§ per cent
level. Ro umexpected results-merc found and ammonium thiccyanate appears
to be the most effestive liquifier. Impregnating solutions.of greater
gelatinr content than 25 per cent may be prapared and 8 viacosity study
at & 30 per ceént gelatin level hes been made. The results so obtained-
ars ploitted in Pigure 50. It is apparent that all levels except the
-unliguified 30 per cent gelatin sample are below the 1500 ceniipoise
target. It would dbe to our advantage tg uss the shiolute minimum neras--
sary to achieve our chjective and sin:e the greatest amoynt of 2ffect is
“obtainad with the firat 1 per cent, additicnel qaantities, while lower-
ing the viscosity still further, do not do enough to justify their use.

DETERMIDATION OF OPTIMM TRCHNIQUES PCR CROSSLINKING
THE GELATIR VITH FGRMALDSVIE AND SEISTENING TO
DRIIRED FLRNISILITY ]

Sevcnl proeedurea were evaln&tad mcluding

a. The moist saturated fabric cxposed to gaseous formaldehyde
8t maximum humidity,

b.‘\. Spraying the formalin aolution directly upon the saturated
-, Eabric.
c. kmpping.

d Vatioua conbimtiona of crolslinking and tmoistenmg to
ptm»a tle::ibnity. : :

~ R . -~
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CROSSLINKING WITH FGRHALDEHYDE VﬁPOR

wlhe 3pecinena wers 1mpreguatea ac 4& C., with 25 per ceut and 30
per cent gelatin soluticn containing -l per cent ammoniem thiscyanate.
The impregnates were handled after geiling but tefore dryiag by.exposing
to a atwosphere nf formaldebyde, stack1ng then in a closed chewmber over
a surface of formalin (37 per cent iqueovs formaldehyde).. After 18 hours
at 45 F in this shaxber. the impregnates were dislyzed for 6 hours against
ice water using the gelatin es ite own membrase., Removed gnd air dried
‘prior to remoistening to render flexible.

REMOISTENING BY SPRAYING

Samples of No. 181 glass fabric:cleaned in '"Hyscore” acid cleaner
were impregnated with 25 per cent gelatin solutionr at 40 C while stapled
to 6 in by 8 in woodea frames using the procedures outlined in our august
report. After chilling some of tke impregnates were air dried while
others were cut out of the frames in the congealed state,wrapped in Saran
and held under refrigeration until required.

In order to obtain sowe idea as tc how rapidly a dry glass fabric-
gelatin izpregnate would tedydtate to the desired pliability, the follow-
ing experiment was carried out. ' A dry strip, 6 ir. by 1 in. was clamped
in a-vertical position with the clanp at the bottom. One side-of this
strip was sprayed evenly with water. After ten minutes, the strip
started to drvep. -After 20 minutes, the back side was etill dry and a
‘crease indde by hand looked as if €iber fracture had taken place. After

‘two more resprayings and 1 3/4 hours later the strip was pliable but
still not tacks on the %ack side. This strip could not be folded and
‘rolled withcut sufferir; any visible damage.

CONSECUTIVE ERMOISTENING AND CRUSSLINKING

Foutr 6 in. by . im. stvips of dry impregnates wer2 held between twn
clips horizontally and sprayed on one side several times over & 30-minute
perind followed by a formeldehyds spray over an additional 30-minute
period. The simples were then folded, rolled, and hest sealed in'a Mylar-
Saran-polyethylene Zilm. They are beiug held for stabilzty and blocking
tests. Table 33 sumariges the trestments. = -




TABRLE 38 -

LAB. NO. 1st TREATMENT 20d mmm
C4632~4C-B-1 36" Rater None
CHEI2A0-B-2 < Ciogpr o 30 - 2% Pormnldehyde
CME22-40-B-3 sar oo W . h% .o
CB632-80-B-& . T 36" - 8%° o™

'CGNBINBB RE@IMG’-C@S&JNKING; .

- W0

coned ?out eanples'ware prepared an im thn pzavxans—experxment anﬁ
these were sptnyad as summariaed in Table 39. &

~

| TABLE 5
1B, 0. | TEATMETT
o Cue32-39-Eel . | Syrayed 1 br. with water.
Cl632-390Ar2 "2 formldehyd
C4632-39-A-3 - W wago .o

C4632-39-A<3 Soet e noagon

Ali aamplea were then folded rolled, and naaled in the. Mylat-Saran-
polyachylint £film for stornge taate ard for blocking.

CROSSLINKIN& OF OUNCEALBD FILMB ‘ .wh n

Thc tal!owing expariment uuing spacimans . that had cnly huan cnn-
- : gealed afiter dipping was performed. Four strips were mounted a.ususl
o and aprayed on one side with.varying concentrations of aqueous formal-
deityde over a 30-minute perioa. The summariszed results are given in

'Thblc no. T S ‘ _ e

ﬁg is’ Ccoﬁ ro!)“-" o
wm k3 mmx&&hs%d? .




;ative huuiﬁi.les &s hlgh as 100 per c&nt ialled :
nt'gilahxlity to pernig the folding of spacxmens thhout
king. Becauue of the unfevorable results: thaxnad

-thxe &ppto&ch was. abandoned

txon“qolution,wm have used the 25 per cent gelatin
de of somples were p:egaxed and treated ‘in various
-8 variables tésted wmre th@ iength of time in formalée»

. FORMALIN -
ADDED TO -
PACKAGE 70
FRESERVE

1 drop

no

1 drop
MG
L1 drop i
no
1 drop
RS 11\ SRR

1 drop

| ucs:-wc»&'jj
&&324&-&&

he_aauled lenr-Snrau»polge
' ‘omide qnnuern tn such q»»aﬁinga as:




S ""Ei:aatiient?

&11 of theae questxons ‘were lnsw@red aftar thres months of aging
followed by & axitical exmmination of the tpzeinens.

sawms ummm mass:.mm ﬁ«'z SPBAYING.

CQ&SZ-&O«BI- Muaty i blocked “\@ff,_c»-

C4632-40-B2~ Moldy :

Ch632-40-R3- Blocued ut edges, etherwxse acceptable
C4522-40-Bl~ Siight blocklng——some cracking at the folds.

Coné}gg;@n: None of these were ‘excellent.

"GOMBINATION OF ‘ﬁzénms'rmmc‘Aﬁb"dgossLImxiyc~" BY SPRAYING

. C4632-39.A-1 Bioldy
Cli632-39-A~2  No bMlocking but glass fabric ruptureu at the folds
. C4632-39-A-3  Some biocking, glass fabric weak at the folds e

» Cﬂ632-39~A~& E Stiff glass ?abric weak at” the fold T

None of thesa cculd be ¢wcommended.

CROSSLINKING BY SPRAYING UNIRIED IMPREGNATES

C4632-40-C-3 Blocked badly
. Ch632-40-C-2 - Some blocking - otherwise good

: 04532 40-C-3 . Some diucking - otherwize good .
uuaaz'ucnqnu 310&“d - som@whnt "chae&y", not good

R

G@Lclnaion: Spt xng]pz fnrmaldahyda dod. uot give the beat
- Pwn o8 to maun.,

ey

smmzs mossx.:um VI wﬁous womvmx m vwmm

LENGTHS OF TIMX B N 7 )
M&Z-—?a—b-i ' 1 t of blnckmg. no » oiluo, rolu up
peatanecusly -

%32--‘ :Mh?‘ vvm anall tznunt ot hlaék!*t:z1 no putriucﬁion

L elight chaesinéva, éémid be uked ,
4§92-28-D-3  Liquifisd But not putried’ - - BEARR
- b632-23-D-5  Perfact - no blockiuc, ne npoumt

46322001




AN

Ezrﬁll nt - N0 btae ag = small amount af creasxng -
oy m'z“‘ ged"

ussz m.t e
asaszuzuM 2 Mo mwkm - mghuy better than F-1

463245 -F<3 Liguiling - unsatlsfactmry
u632~2u~F~h ‘Liqaitieﬁ »: unaatiafactory

CT

4632-24.G-% ‘N&dbiockihé‘"-” crazes as it is unrolled - crumbly

ussz-zm-s~2 ~ Same &3 G-1 -
- 4832-35-G-3 " Crumbly ~ grazes as it is unrolled
&632»24-0»47‘ _éame as’ G~3 also weak.

Conclusion: 1ds al croaallnkxng time between 1 and 3 hours.
o - pialyzed specimens are usable at soméwhat longer
croaslinking time - Recommended about 1 1/2 hours
in gaseous formaldelyde with no dialysis.

Rn’busncx’zmc WITH DILUTE FORMALIN

A number Of hmshed L@!‘egﬂﬂt%u wige prcyﬂrw Leom 25 SPeRT-SENT.
gelatin solution which we:eﬁgqaaslxnked in'gn atmoaphere of’ formalde~
hrde for a peried of 13 tourk at 70 F. Excess £ormaldehyde waa re»' ’
moved by an eijht-hcur diatysis {r ice weter. Thede sheets weve air
dried to,shiny,. hard iwpraﬁnatca-ﬁ,fhese inpregnatea could not be
folded, even after storing in a ki) *umxdity env*ronment But hydrated
beautifnlly. in wster. A asmple soaked tor 10 mindtes wes held in air
~for an addiraonal 30t and then packaged &g 18a. A sxmxlar sample
packaged at onnm after: the, 10Q”poak yas labeled 18H.. :

Taking inta GOnnideration that thesc uamples might not be stable
to bacterial atig.k A mo&atgned enly with watar, we havi rqmoiatened_
sone of thew with tornlldehyde o differcat httcngth . We taeatniae ‘
_that too much forcaldshyde tands to maka the g ‘xnttn "éheeay" and
‘ causes ntrnngtp losssd. ;. Thus, we. nauln,want‘tq uh the minfuue
- ampunt rmquircd, Thblc *2 aumqggi

f““ s g
ot ~\"‘H’13 "J"iw C’[w'»‘




- TABLE %2

REMOISTENED WITH

.. FORMALDEAYDE SGLUTION
LAB. ¥O.

BY DIPPING FOR 20-25 MIN.
Lo 8632+25-4 Water (control)
uyfk632—25-3_ 0.1% Pormaidehyde
4632-25-C 0.2%
B4632-25<D 0.4% "
4632~25-R, o 0.8% "
4632-25-F 1.0% "
4632-25-G 1.6% L
- 4632-25-H. 2.0% "

AL aamples were packaged hermetically and held far 3 months
storage life,

At the end of this period the~’olloning evaluations were made:

0“532~25-A Semi fluid - atie&y not. unrolladble -

- C4632~25-B - Some blocking, some liquifaction
C4632-25-C ~ Some blocking, slightly sticky and tender
C4632-25-D - Fair -~ sharp fold broke gelatin €ilm cheesy
C4632-25~E - Cheesy ~ too far crosslinked

. Ch§32.25-F ~ Breaks on creasing - no good
(4832-25-C ~ Cheesy, no good
'cusaz ZS»R - Very cheesy - no sOf

concluaion~ Rnuoistening with di‘uta !crnaldnhyda seoms to ylald ‘
£ poor rtuults. Not tecenuunﬁad

To comaine the rnnolataaing and cronnlinhing ataps into on opera~
tion, dry inpragnates which had not been previously crosslinked were

remoistened énd crosslinked by snsking for 30 ainutes ir th* foraa;da«
hyda lolut’ons. Table 43 aumaﬁttza: this uaulnx: e
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All-sampleé we~¢ packaged and held for rtorage test. It is worth
neting thet the sampies in the higher concentrations of {ormaldehyde were

_weak &nd crumily and tended to pe tender during the rolling up operation.

Trlz gppears net to be the case when gaseous formaldehyde ig used as the
<11nkirg sgant. ; -

¥o speeial teuts iavestigating the intérruption of the dzying siep

- short of comple*lon were undartaken because some of the work uuder

"dipring"” covered this oweratlon. ' -

]‘3'§antha sto:age tgaulted in the following evTluatiazm:
B632-36-A - Liquified ~ ot auttli _ ; )
- R632-26-B - liguitied - nro gell atrength left - : :
3632-26-C - Vervy slightly sticky, no blerking, no overcross—
' “linking, no crazing at the folds; could be used
4632-26-D - Seme hlocking, cheesy, overcrosslinked
 4§32-26-E - Cheesy - unsatisfactory
'8%32-24-F - CheeSy ~ ursatisfactory . - : -
4632-25-G ~ Cheesy - exudes some surface moxsture
£532-26~G - Cheesy -~ gxudes formaldebyde vapor snd excess moistare

Conclusion: Simultaneods crosslinking snd rewolstening
R is ret promising. o -

g

USE OF AHTIBLOCKING AGENTS

7

The use of hydrophoblc wa ‘eriais as anti%locking agents was investi-
gated. The mgterials considered were white mineral-oil, ki osene, and
silicone oil. ~ e were sprayed onto -water plagticized gelatin-glass
izpreguate which nad previcvsly been crosslinked for 1 hour in an acmos-

phere of formaldehyde. Table 44t summarizes the resultu:

7

TABLE 45 ‘

LAB. NO. ' . TREAITMENT
4632-41-1 " No. treatment (centrol)
4632-51-2 ‘ 1 hy formaldehyde gas (control)
4632-41-3 : " sprayed with kerosene
K __— on one side

4632-41-4 - - v sprayed with 50%

. o ‘ . wmineral oil in hexane
4632-41-5 . ' " dprayed with silicone

- . oil-aerosol type "

The specimens were packagud and held for 3 montns stotage life, with
the ﬁollowing results. L

ut
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8632-4i-1 - mquziied

4633-21-2 - Bxtramely cheese - mo gooi
5632-R1-3 - Mo blocking - but too cheesy
L§32-31-4 - %o blocking > dut cheesy
4632-81-5 - Very good - no blocking - cheesw

All of them could.be used. The cheesizess has uothing
to 8o with agent, but does make antiblockizg agent
lock bettar than it mlly ia. We would recommend
kerosens as 3 firast choice. :

. Gonelusion:

QBSEEVATIONS 0? TORTURE AND SHRINEACE BFFECTS DIRING
RIGIIITIOR OF SFECIMENS FLEXIRILIZED WITH VARIOUZ SOLVENRT
SYSTEMS

A number of organic aclwv2nts having comparatively high dielectric
constants for use with water were seiected as remcistening media for dried
iupregnates of glacs fabric and gelatin. Thes sclvents chosen were methansl,
ethancl, a:etone, and tetrahydrofurzne. All of tdesc cozypounde exi, bit a
pols-‘.,f indicsting sowme of the scivent charactaristics of water. In
order to study the effect of varying the solvent-water ratio, diffevent
compositions weve prepared varying f{rom each other by 20 per cent iccre-
ments. It was Doped also that thase organic ssiwventa might evert scme
‘effect upon an facrease in 4iffusion rates, which we believe are critical
in the overall rate of evaporation. Additional factors studied were the
presence or ahsence of an ammonium thiocyanate fluidizer and the presence
or absence of a dialysis puriﬂ:.catwn step.

PREPARATION OF TEST SPECIMRYS

Samples of Fo. 1R1 glass fabric were cieaned in Swift's “Hi Score"
acid cleaner. After »insirg and drying thase were impregnated while
-atapled to 7 in. by 9 in. pine frames using the procedures autlined in
.our Auguet report. Two kinds of impregmating solutions were used,
namely: 25 per cent gelatin solution in waler with 2ad without 1 per
cent amwonium thiscyanate. Each of these solutions was used to im-
pregnate five frames of glase fabric. After congealing, soms of these
specimens were dislysed to remove the ammonium thiocyanate while others
wera not. - 411 samples were then air dried, cut out of their frames and
used tc prepare test specimsns. Ths odject was to cbtain up to § test
strips of 1 in. by & in. plus a representative sample to e used for the
-resin pickup determinztion. This objective wus achieved by trimming the
panel to-a 6 in. by 7 3/3 in. aize and cutting in slternating meaner a
6 in. by 1 in. teat strips. The entire seven 1/4 in, strips were dried
and ashed to determine the xesin pickup while tba six 1 in. sttips were
used for the test work.




REMOISTENING OF IRY IMPRIGRATES
. Remoistening vaz carried cut in the followiug mammer: B; 20, 10,
€3, 30, Y00 pev cent squeocus solutions of wethanol, 2¢thandi, acetone,
‘end tetraiydrofurane were grepired. Cre strip Sroc 2 et of six cut frem
2 piven panel wes placed into each of the solvent levels of one particuiar
solvtut -After iwo bours, tha ’rucx" iis weve reacved, ipspectad far
Prastd éity ond’ packes Zor Fusther lasting. IZ a sample was pliable and
‘@14 not ‘ersck of craze om'craasiug, it was passid for further resting.
The sdipiewes divided s- as to vield two pieces, ome 2 1/Z in. leng, the
sther 3 172 in. long. Theee 3anples wrre sealed into separate Myiar-
Sarév-pclyethylene envelopes. The samaller pieces were used for determin-
ing Jigtortion and tovture during Jrying while the otder specimen was
used to fiad cke rate of sclvert loss under high vacuum. Table 45 sue-
,:ttines the ttzatxentt acd the r=sults obtained dur ng the temoxstenang
operat ioni =

'
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caacLus4exs REGARDING RE!DE??SNING

°££ects ct the varisus factors. appear to be “est ‘discussed by
taking thew ome a% 2 tiwe anc.elxnzaating those samples which performed
poorly. Thus the nusber of samples to bo discussed with the next factor
ie reduced and a final choice is more readily determived.

PRSSINCE (¥ FLUIDIZER -

The iack of differemce delween samples containing ammonium thiocyanate
and those that do pet when test{ed with methanol formulations indicate that
the premoval of the thiocyvanate is nst reguired.

EFFECT OP £ZAL°SIS

Dlalyaﬂs appeared to make the geiatin film more susceptible to solvents
and tended o create a sticky suvfacz. For this reasen we would prefer to
avoid a €iq}ysis stvep.

RATIRE OF SOLVERT

Tetrahydrofurzne appeszed to have strong liquifying properties. Ace-
tonc waa_less objectionable but retsined enough liquifying properties to
cause it te be rejected in favor of the two aliphatic alcchols. Comparison
of methanol ‘and theancl indicated a tmail advantage in faver of methanol.
# would tentatively consider the use of either methanol or ethanol in the
29530 per cent range, with or without ammonium tbxocyanate but without
dlalyszs. ‘ - -

DIRTORTION AND TORTURE -

-An empirical approach was used- ~in_the evaluation of distortion and
. torture. Samples of Tomoistenad spe g;geas cut to exactly 1 in. oy 2 in.
sige were izid £lat on perforated desiccator plates. The plates were very
lightly coated Hifﬁ' silicone oil to.prevent adhesion. All the s:zmples
_were then. stacked in the vavuuf chamber and evacuated to about 0.1 mu of
Bereury. for six days. The samples curled to varying degrees as illustrated
‘in Figure 51. Of the samples which curled in the short dimension some
curled awsy from the supporting piates while others curled towards them.
This iudicated that contatt with the aupporting surface was not the pre-
douinant factor responsible for the curl. It is entirely possible that the
curl is -due to such unconiciolled variables as the variability of the thick-
ness-of the gelatin £ilm .or the failure of the glass fabric to be positioned
precidely in the center of the film. Then too, the glass fabric appears te
have two dissimilar sides. : The nonhomogeneous nature of the dried surfaces
o! some of the samples, notably those of the 1ower levels of scetone
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£ #6—&—20} and of ’etuhydrafutane {#6-5-20), (44-9-20) indicated thet these
scivents are least likely to be sucnes2ful. We hsve thus restricted our-
selvea to methanol snd eéthancl at move level, the finslchoice of which is
best uds en "he buic of the rate oz rslvent loas in vacuum.

7
o
) rﬁz )
it :
Ay A

rg;\m"mf scnvm‘mss UNOER BIGR TACURM

 The u:pgtinmul procedure used tn determine the rat&s of solvent
loss from and the change of temperature ¢! remoistened glass fabdbric-
: gelatin impregnates is desczibed below.

The apparatus used to determine rates of evaperstion of solvents
from the swmples of gelatin-coated glass is shown in Tigure 52. It
censists of two basic parts: a high speed high vacuum system on the ieft
hand aide of the Pigure 52 and an electrc-balence, (Cuhn R.G.) enclosed
fn a glass container, on the right hand side of the Figure 52. A more
dstailed view of the dalance is shown in Figure 53.

Twe saxples of gelatin-coated glass, remoistened with solvent of
known somposition, were placed in A (see Pigure 53). One of ther was sus-
pended on a glass fiber from electro-balance at B, the cther attached
to chromel-aluiel- therwocouple et C. The reference junctien of thermo-

2 couple D wsg plaud in 0 c tmerature batk R.

Kext ths stepaock & (Pigure 52) was closed, mechanical and mercury
diffusion puxps turned on and the Iaft hand side of the systea evacu-
ated to a pressure iower than 10°6 mn Bg. as indicated on Mcleod g2ze B.
After the initial weight of the samplc was recorded on & strip chart
recorder C, and tempersturs of tle ssmple rcasured uaing precision po-
tantiouur (not shown) atopecck A was opetied and the balance compartment
D evacuated. Tuc lods of weight and changes in temperature were messured
for abouz 2 hours. 7To determine the pressure changes in the balance com-
partment during the run Pirani gage ¥ was used. To remove the residual
amounts of solvent 2ach sample was heated to approximately 95 C for 15
hours and the amount of dry gelatin in each sample determined.

sy b
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Fhevmode cf eperatxng the vacuuw apparatus restrtcted us to two
saaples per. 24 hnuz pericd. A sample was evacuated {or thkree hours to
- determine the xnaortant poxnts for the evaporation and temperaturc curves.
T-2n the first aemple w33 put fnto the bottom of the vscuum chamber and
8 8second sample was tested for three Lours. Finally, both samples were
run -until the following day. Thus one sample was run 24 hours and the
other 20 hours. The values obtained for the finsl weight loss were not
much lower. than those of three hours. Consequently, in drawing the curves
for theag.K-sts,,valugﬁ beyond 130 minutns Jhave been emitted.

A stu*v of tke curves, Figures <u, 56, 58, 60, 62, and 64, showing
solvent: content besia gelatin plotted against time under vacuum must be
considarad in the. aqght ef the temperature vs., time curves, Plgures 55,
57; .59, 61, 81, and 65.. Ihere are various factors which must be weighed*

In the &tthanoluwater ;emoxstened sPeclmens ‘those containing
azmonius thiocyanate registered & much higher solivent pickup than did
those contairing no thiocyanatd. The curves vary markedly in shape and
it is fair to assume that the methancl water ratio varies rapidly bde-
cause of the greate: volatllity of the methanut. This is further evi-
denced oy the fact that all cu:ves .approack the same end-point namely,‘
water. as . tht_pﬂLﬂCLPal residual’ solvent. The amnonium thiocyanate not
only facilitates selvent pickup but retards solvent loss as well. - This
is explained by the normal hygroscopicity of the salt. It wouid ‘appear
that the. £1uzdlaerbshauld not be used unless absolutgly necessary since
refiexxbxi;ZLng,procedutes uould have to be sharply controlled to avoid
the, pxckup of excessive amounts ef plaatgcxzxng solvent.“

ba‘ The teapetatute-txme curves provxde a 31gn1f1canu Lndlcatlon
as to- the rate. of diffusion of the solvent from the interior of the
specxmgn to the surface whete 1t £1 ashes its vapor.

Examxnatxon of ‘he temperatute-txme curves revealed that the samples
were subject to very. rapld ceclzng as the surface solvent was vaporized
Within a few minutes and long before more than a winor fraction of the
‘solvent was remnved, 4 minimum was reached. At this point any further
evaporation teking place is limited by the rate at which the soivent is
able to diffuse to the surface of the gelatin. This assumption is
strengthened by the fact that heat from the surroundings is able to grad-
vally raise the temperature in spite of the evaporation still taking
place. That such evaporation does take place is proven.by the conpanion
‘chsrt showing the weight loss~time relationship.

, Tharefore, an empitical relationship appears to exist between the
rate of diffusion of solvent to the surface of the laminate and the
'bluntneas" of the winimum point on the temperature-time curve.

Noting the attached time-temperature curves for ethanol-water
‘and tetrahydrofuran-water systems the water alone produces the wost
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blunt ox tonnded ninxmue ‘point and there isfa "ripple” ‘in the curve at
the supdequent incliné: ‘We conclude frem this -that there is frenxing

" of-thi wktér and hence 3 duch siowet recovzry of envircneencal-BecEs
‘Tais-ass ‘Tipple occurred in the water curve shown- With the methansl-
curves but oily when amponium thiocyanate was present. Thé hulip was not
appavent when the thiocyanste fluidizer was eliminsted. Any explanation
for this veriation is most dffficult because of radiant heat sources

- “whiek night have prevented fteezing. Since no “humps or rzpples“ were
presant fn any of the other cutves we are forced te aznclude “that the:
‘broadnéss of the watar curve minimis points aure et a mezsure of dif-
¢usion-because of freezing. The 'solvent mixture curves howefer: are be<"
lieved tm aftcrﬂ an ipprsxinate gicture af tha diffusion rates. )

Fran~n :t&dy oz a1l the curves ‘made it <ppecrs that kﬁ par cent "
..aquévus ethanol, 20, 49, 6C, or 80 per cent aqieous mithanol and 20 ov’”
40 per dent-aqueous avetone all offer distinct possibilitiés in the

light of their diffus;an -and evaporatian rates, Whether or not cne
coneentration or organ&L solverit-water syston .8 Preferre& to another '
will depend upon température minimums ‘achisved in an extre terresirial
atwosphere.,

" 8ince the capacity of the laboratoery &quipsini uded was relativaly
winute as compared with the capacity of outer ‘space, pressure eould tot
be maintained below 10 -3 ‘Torr as long as cny vaporizatiun whe taking
plsce.

it was proposed that latger'vacuun'chahbhri woul& Bé necaaanry'be-
fors the poseibility of “gassing" of the zolvents would be a problem.
The rate of rigidization us ‘a-resuls of sclvait’ loés could be nudnurad
only in-a muah largsr chambnr whare hard vicudns tould be naincained
during solvent vaporisation. The cirves piotted Suring the wtudy dom-
plated so far were extended to 2 or 3 hours bnfora tguc rigidisation
took place. : 4 _




k'h&rd‘vacuum itesting ar.
‘uuniqmm” f.tqur.&ﬁmplas.for pdch -

“txng kbd bzingaﬂg ;o 40 ¢, Nc, 181 i
S re acid cleafer and. tacked ontc : i
i wag lapregnated, cangealed, snd crosslinked by
: pheta or fermaldehyde, for ¥ 1/2 hours. The atwoss
i ﬁ rngl,‘#;;amuan t&&t which resulted. when au oper surface of
37 per cent aquenua ﬁnxua]dehyde in a ciosed countainer was allowed to
space .above it. - Tne gelled iwpragnates werc
above - the 1iguid £sraldehyde ‘solution in such
fraeiy acceasxhla to the vapurs...Aﬁtet
.. Bhen dry the
cut‘eut ttxmmed ta thexx final sxse of-5 in,- by 7--in.

Rem018tened with wat»r at 20 C for 2'hours.
enan uxt‘QZQ . per -lent. methanol (by wa;gk*) &T

tcned with~30 pa qent methsnol (by waxght aa

, 20 € for 2 hours.

?om018teﬁed with 80 per ceat No. 30 alcona‘ (b} welght)
» at 20 C.for z hours., ...

it tha of chxa tkme, rhe specxmen8~we:e rﬂmcved and wrapped in
&luminnm foi‘,untxl vhey could be felded: and. -packsged. A more detailed
discuasion nng&xdﬂag the zndividual aeriea follows: - ’

LR

 RRMDISTENED m'ra m'm ALONE

“The remoistening“oyerafion yielded good supple sheets but twec hours.
- appeerad to leed o excessive water inhiditiom. This in turn ceoused
8ORg frtgility of tha 3Qi&tin film. Therefore, we would consider the
- tws hour period to be the meximum with the optimum at some shcroer
time period to be derarmined under -actual applicaticn COAﬂith‘a. The
sampics were laheled u532-7u~A.

a REMOISTBNED WITH 20 PER GENT METHANOL

'The sanglel renolanuned wall and appeared to be satisfactory. _ QJ
Thny wers 1:bs1¢d n632~7u.a.k‘

umm’mm m’m 80 PRR CENT METHANOL.

Thn samylen remoxstcned auztictently well so tha~ they could be




folded. There wi~% ar@as whiuh while plnatic had not yet reached
equilibriom with the liguid. Such areas were lighter in color indicat-
ing less penetration of thu remoiatening solution. The areas around
the edges were more thoroughiy penetratad a8 irdicated by their tranas~
luscent ap;zearanceu These samples should be inspeeted carefully at a
later date in order to deteraine if the final equilibriun state re-
sulted in a more equiisable plasflcizer distribution. The sat$les were
inbeled 4632-74-C,

REMDISTENED WITH 80 PER CENS NO. 30 ALCOWOL

No. 30 alcohol is 95 per cert ethanoel to which one gallon of
methansl has bean addad for every ten gallons of ethanol. The speci-
mens romoistened permitted folding, however, there were what appeared
to be ipcompletely equilibriated areas, These samples after fclding
and packaging lost this spottiness in a few days indicating that two
hours was insuffjzient time to permit equilibrium to be reached. No
other reason was apparent as to why this formula should not prove to
be acceptable. The final decision should be made on the basis of results

btained when the package is opened, unfolded and dried. These samples
wera labeled 4632 7&-3.; o

cmsmmxmﬂmnnmmw:m IN ONE STEP

wb have iu mind a8 mplitiad procedure resultfng from the consoli-
dation of several consecutive steps. Thus, instead of crosslinking in
gaseous formaldehyde ard then drying and finally remoistening with our
_chosen solvent mixture we would put the gelled impregnate into the metha-
nolic formaldehyde, and at the end of the imnersion period be able to
withdraw a crossiinked, plasticized impregnate

Experimentally, the follcwing test was carricd out. Four impreg-
nates w-re prepered as usual and after gelling were lmmersed in 1 per
cent formaldehyde solution made up in 80 per cent methanol. After
several hours, the impregnates hal swelled more than usval; after 24
hours, the impregnates wete still overswslled but werz not weak. These
samplez, L632-75-A, were packaged for furthesr tccting ‘It stsuld be
pointsd out that if a less plasticized matorial is desired, this could
eaaily bs obtained by decraaling the wﬂter eontent in thn nathanol.

GROSSLINKING FOLLOWEH BY SDLVENT EﬂCHANGI

Teking into consideration the poaaibility that the ahove consolidaw‘
tion of steps is too extrems, we have invmatigatsd & two~eiep process
where the tollad impregnate i6 e ‘with formaldehyde vapor but
instead of drying, the watar lt hﬁt@ Wyéia lacﬂd uith mnthhhol.~ ?onr :




ﬁf:*ep}ica‘es fo preuared LY }ahel pd h63~-73-A All samples were suitably
- fpr testing in a‘hard c 3m’at Vzron.:q'”

PO ‘comvsms AND RECOMMENDATICNS

- Throughout ‘this resaarch program ca'taln ‘conclusions ‘have ‘been drawn
~In the light of those process steps, which seem to be required for the

‘ succesaful saturat pn of £&bc1c structure which 1n turn must be expanded
*.aad :lgiﬂxzed

SR !.esa stepaf&re,llste& aa falIows wlth apprcprlate cnmments as to
S t“e p'eﬁerred;p.ccsdures to be empleyed°‘

. uleanxng of tke fabrxo‘so ‘a8 to merove the bonding with the

-j,in resin system ‘VIn the case of glass fabric, an acid cleaner

such as Swift's Hy-score Cleaner was satisfactory. ‘No wqtk has been
done thh nylon, Dacron, or other materials but it is assumed’ that some
kind of cleanxng toc remove s1z;ng materlal should be effected.

2. Saturation of the woven s%tuctute“éith'aﬁ;aif“fréé“sdfutidn
of galatin in water at an elevated temperature 110-%&9 F. Concentra-
tions up *o 25 per cent ge‘atln may be used without exCEedlng the limit
of 1500 aps. Fluidizers are optional.

. 3L Inflatxon or p051tlon1ng so as to produce the desired structure
and permitting the gelatxn to set to a firm gel a '

T A

- 4. Crosslinking is effected prgferably,by exposure to formaldehyde
vapors. ST '

A

5. The smi’ccuféf’ié”}igidized by dryiiig”th its final form.

6. Raﬁlex@bxlized by rgmqia ening with a sultable plasticizing -
solvent. .Although water alone ig quite satisfactory somzwhat batter
ditfuaion to.the surfsce _can be effected by using ‘co-gulvents such as
water @oluble alz ohols, or ketones. These Sevve us antifreeze agents

. and hence, greatly accelerate the flow of the volatile components to

~ the surface of the structure for evaporation. High boiling plasticizer
way well be suitable but will be wmuch’ aiowar in reaching the desired

vu;attl; state.

k,“‘ksginaltpagggging of tha tlexibla,atructure witl some ‘excess
formaldehyde toingure, adequate storage. iitc and & non-hlbckin; agent
, aucu au k.rcsene or 11ght minaral oll. =
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'Jw‘As # result of al? vmriations Gcudied in this program tie following
recrmmmndatians ‘are made a part of this £inal report:

¥ eohcrnttabian,up to. 25 per ceut gelatin can be used, A course

cold watew'ﬁith 2 minhmmaofstirfxug. u to 6 mesh par*icle size parmits
“thorough wetting with aimost no entrapment of air. One or two hours soak-
ing in the cold water resyits in complete swelling of the gelstin with
nu'f@?idual free waxev bexng “,parenf. Tris granvlar gel should not be

1 m‘oh'the aurface. Lnetead %he swollen granules aTe melted Ly
Lndirecr heat without stirriag until the mass is clear and Zluid.

bﬂ@n eomplatlon of the saturation and while still waswm the struc-

ture shovid bs maintsined in ite inflated form and Leld in this way under
a plastic hood while crossiinking it effected with formaidelyde vapor.

The vapor may e generated from a fogging or atomization of commercial
formalin orf by introducing the formaldehyde into the air used for in-
flation. It possible this should be done at as high a Lemperature as is
practical in order to permlt the geiatin resin to migrate uniformly
throughout the fibers before £1xation with the aldehyde.

?rom this poxnt oit drying iz effected while the structure is in its
erected £orﬂ and caatxaued until the structure is rigid.

Remoistenxng to render flexible for packaging can be effected by
water alone ot aqueous 2oluticns of methanol or ethancl to which a little
formalin is added. This can be done hy pumping the voids of the ctructure
full of the sclvent wixture until the desired flexibility is obtainad.

80 per cent methanol or ethanol end 20 per cent water is considered
optimum since the amount picwked up is self limiting. Another advantage
is the degree of antifreeze protection and the ectremeiy rapic rate of
rigidization.

Prior to folding for packaging the structure should be fogged with
kerosene mist as an ex~ellent lightweight volatile antiblocking lubricant.

Various mcdifications of this eequenca hava baen delivered to the _
prime contractor in the form >f § in. by 7 in. specimens folded and her-
metically sealed in individual plastic envelopes. »
PINAL MEETING WITH PRTME CONTRACTOR -

Un January 27, 1966, the leader of this project wat with thnbtceh-
nical personnel of the prims contractor and tha final ssmplas were
dalivmttd for !utthur teeting by Viron.

During :hq Qtieuﬁlgqn of tie various prodlems anticipat«d'in the
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mak;ng‘ot the laran"attncéures we nade numerous snggestxons to the VYiron
prrsonnel. As & ﬂatter af record these are 0Lt11ned as follawa: - -

1. Iu the caﬁstructxaa of very large solar (>llectnrs tae varinuys.
segﬁanga~iu"the shape of a "piece"'of pie could be Fabricated 1ad1v1dual iy
and boudeé into final form uc xng gelatprea the aqheszve.
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oo iﬁ %he/satUtarion of large shelters using the Fluted fabrice in
.ylindriean Torm a hsa;tx*&ﬁ method would comprise a dipping tark with
double wall: douitruteion. The $fRer wall would feature a cirgunleence

- eqa&"'but’slf@h?ly amailer than that of the inner wall »F the” c"run

shexter. The outer wall” ‘wouid be largsz enough to permit the fqb.lc 10
ve dropped in and exparded by -msdns of woodek of plastic Ymandrels" in the
-£lutes arsayr ;.lang the annular—shaped tank with the ge latin resiu the
-wmandrels would be withdrewn slowly thereby drawing the warm solution
threabh the friric sesh, The ga“uirated cylinder wich fluted walls now
sipanded woild be drawn’ stowiy out of the tank so as te perwit a8 uuch
ruc o If as desired. ‘The remainder could ve ‘gelled rapidly vy cold air as

- . desirad, ‘The unifortafty of the resin pickup could be conirolled Ly the

vrcancenttation ot the gelatin selution, temperature of the solution, and
rate of withdrawal f:s& the tank. Tho iwgortant point is that the fluted
: cgllnn aould,temaxn inflated dviing the slow removal frow the atnular

g “tank. The ﬁossxbility of” aa”tlple d;ps using }ess cowcent:ated gelatia

solutlons shouid net’ be overlooked. _ o

3. In the;“aeeflng up" of satura{eé £abris atructure thin sheets of
geiatin jeliy can be made up with predetermined thickness ard concentra-
tion. These can be laid over any surface. and penetrated by means of - -
fuslng with a heat lamp. - , - _ .

h, Flnally, it was suggested thay similar strengths can be achxeved
at much less weight if glass Fabric were replaced by silk, wocl; hair,
collegen or any other protein fiber.. The isx of nylon and Dacron already
under study make use of this density advant¢ge.

5 -
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I, INTRODUCTICN

The principal go&1 of this project was to develop an adhesive
layer to attach an aluminized Wylar mlrror file to a supporting Dacron
or nylon honeycomh fubric.

The adhesive layer must satlsfy four separate functxonal require-
ments:

(1) It wmust adhere strongly to the Mylar film and the Dacron (or
nylon} fabric.

(2) The adhesive must be flexible enough to permit folding and
deployment over the prescribed temprrature range (50 F to +1€5 F).

(3) The adhesive layer wust f£ill in and hlde the "see-through"
distortion of the fabric and seams.

(4) The achesive must not separat: from the substrate or bubble
in a high vacuum. -
‘ . To accomplisk these objectives, we investigated varioas types of
.adhesiVEs, including silicones, epoxies, and yrethanes. Tc further mini-
mize the see-through problem, thin layers of flexible fo~m were used in
combination with these adhesives. Flexible foams of reiatively high
- wodulus were obtainel coomercialliy and/or synthesized in ovr own lib-

. . oratory. Velvet cloth was also evaluated as a possible altaervate to

- foam to hide see-thrrugh.

. & second goal wag to evaluate filme other than Mylar as the mirror

" _aurfacn, Biaxially oriented caprclactam and ethylene/vinyl acetate

. ccpolymer films ware evalusted for this purpose. The stronyg, low-
~ @cdulué ethylene/vinyl mcetats filn appeared to be especxally prnm;&ing
"__laa a poiaibia replacemant for Mvlar.
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II. SUMMARY

A. AJHBSIVES

For ease of application, most of the conmpounds which are possible
candidates a2s flexible adhesives for tke solar mirror assembly are
solvent-extended mixtures of pelvmer solutions. In those systems, the
volatilisaticn of the solvents during or following cure of the resin
caugses shrinkage of the adhesive layer.

In some ca®es, this shrinkage ocours over a period of several days
and develops forces which are so strong as to greatly distort the Mylar/
adhesive assembly. To avoid this shrinkage and resultant distortion,
"all-solids™ adhesives are much preferred.

Silicone adhesives are available in 2 wide variety of types and vis-
cogities and can be cured to different degrecs of hardness by several
routes. They are dimensionally stable, chemically inert as cured resins,
and possess good sirength, =longation and excellent flexibility over a
wide rang: of temperatures, including as low as -60 F, Some silicones
adhere well to cleaned but unprimed Mylar, while others reguire a priwmer.

Many of the silicones may te solvent-thinned for eaay spray appli-
cation, but the preferred snl- nt-fre: meterials are high viacosity and
require high-prassurs airless - :r7  -quipment for uniform application.

The Genaral Blectric RTV 3. . - Towest viacosity, one-component, all-
solida silicone includad .. 'r - iy. Tt adheres to unprimed Mylar and
mo¢t nearly meets the product . . .. :ments for the mirror adhesive.

As ordirarily prapared, spoxy reains ars useful rigid adhesives.
By proper sslection of resin reactants, the apoxius can be tailored to
obtain roos-tesperature flexible producta. In most cases, these rubbery
epoxies will adhere to Mylar without a primer, and their strength pruper-
ties aras gond. However, the rubbary epoxies have the disadvantsge of

- becoming rigid and brittle at temparatures only slightly lower than ambient.

~ - Solven’. extsnders ars normnlly neceasury in application if the
rubbery spiry adhesives in o) der to apply them in the desiced thin layers.
As previousiy noted, uss of scivent diiusnt caumes excessive skrinkage
of the adhesive layer (and resulving sea-through) during and following cure.

To overcome theote prob.ens, an all-solids spoxy adhesive das been

1 developed which is fluid when prepared and curts overaight to form a

Llaxible rubdber. This cured sxterial may be tightly folded double at
room temparaturs and recover totally when relassed. Adhadion of this resin
to unprimed Mylar is excallent, and nc ahrinkage or diztortion occurs
during or following cure. Thiy epoxy resin A3 much to recommend 1t, but
it atill has the limitation of poor Llexibility at low temperatures

. (‘n‘»-‘ "‘ ‘o'}.
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Like epoxies, the physical properties of vrethanes can be varied
by choice of reactive resin ingredients. Unlike epoxies, urethane adhes-
ives require a primer to adhere to Mylar film.

Nopcothanes 201 and 203 are air-curing urethanes which are easily
applied due to solvent dilution. Their adhesion to Mylar is good, but
shrinkage accompanies cure. An all-solids urethane which is air-curing
and €flexible has been studied. It dees not shrink, but slow cure and ad-
hesion rem.in problems.

B. FOAM AND OTHER INTERLAYERS TO MINIMIZE SEE-THROUGH

In addition to adhesives, an interlayer may be used to minimize or
eliminate 'see-through". If the interlayer funciions as designed, it
allows the perfectly formed, parabolic Mylar mirror a measure of "freedom"
by introducing the possibility of shifting slightly with respect to the

~ cloth substrate. The degree of "freedom" is de~endant on the type, density,

and firmness of the material. In urethane fcius, the choice is quite
wide-~from extremely flexible, low firmness, 2 pcf open-cell commercial
stock, all the way to those which are just foldable and very firm, pre-
pared in our laboratory. Both trade and laboratory materials have been
submitted to Viron for their evaluation.

Differing from foams ir structural type is veivet cloth, which has
much to recommend it as an interlayer. As a fabric, it {8 extremely
flexible in every direction, but in the direction of the pile it is quite
firm and incompressible. ”

C. MYLAR REPLACEMENT MIRROR PILMS
Because of ita unique low modulus among high-strength materials,

biaxially oriented ethylene/vinyl acetate is recommended as a candidate
for the mirror film wmaterial.

. 186
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ITI. DISCUSSION AND EXPERIMENTAL

A. ADHESIVES FOR MYLAR
1. Silicone Adhesives

Silicones, epoxies, and urethanes were tested as adhesives for
Mylar. Each had peculiar advantages and limitations.

Silicones are available in a variety of types and viscosities and
can ve cured by different routes to various degrees of hardness. They
adhere well to a variety of materials, are dimensionally stable, are
chemically inert as cured resins, and possess good strength and ¢longa-
tion. 'Their cutstanding property for this application is excellant
flexibility over an extremely wide temperature range.

Two basic types of silicones were studied, one-component, or "ready-
to-use", and two-~component.

The "ready-to-use" included RTV 102, 103, and 112, which evolve
acetic acid during cure, and DC 92-018, which does not. The RTV 112 is
the lowest viscosity in this series, and DC 92-018, the highest. All
these adhere well to Mylar that has been thoroughly degreased by multiple
washing with organic solvents, but the cure requires several days to
become tack-free and about threa weeks to devel~p maximum strength prop-
erties. Since no primer is required for adhesion to Mylar, they are highly
resistant to solvent attack.

The two-compouent silicones included RTV 11, which is lower in vis-
cosity as an uncured rezin, and RTV 60, which has superior cured proper-
ties. Rate of cure of both can be widely varied by choice and concentra-
tion of catalyst. Adheion of both these resins to Mylar which has been
cleaned and primed with 8S-4004 is excellent. Primer application is only a
slight disadvantuge, and its distribution is improved by the addition of
pensyl alechol in a 1/1 ratio. Since the primer is subject to attack by
organic solvents, it is, in the presance of these solvents, the weak link
in the filw/primer/adhesive assembly. It is not affected by water.

RTV 60 wao used two ways: (a) as 100 par cemt solide in which T-12
catalyst was mechanically mixed, and (b) as a spray (aerosol can in which
the silicone is diluted with & hydrocarbon) with the catalyst applied as
an ovarspray. In some cases, the overapray was applied citultaneously
with the resin solution. This spray technique hes the edvantage of uni-
forwity over an area, with thickness being controlled by the number of
coats. It had the disadvantage of curing slowly snd of ohrinking as the
hydrocarbon evaporated frow the film. The 100 per cant solids RIV 60
‘was applied by spatula after catalyxing just prior wu application. Tais
wmethod provided a much more rapid cure than thc aspray system; dut wni-
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formity of application suffered. Although not studied, high-pressure air=-

less spray is th2 logical means of uniformly applying 100 per cent solids
RTV 60,

RTV 11 was used only as 100 per cent solids and possessed curing
characteristics similar to the all-solids RTV 60“

See Table No. 47 for data on the tests of silicones as Mylar adhesives.

2. Epoxy Adhesives

Epoxies are recognized as outstvanding adhesvies in mary applications.
They have the advantage of being somewhat adjustable in flexibility by

choice of ingredients. For use in this application, they require no primer
to form a good bond with Mylar.

Many epoxy formulations are reduced in viscosity by addition of sol-
vents for ease of application. A problem develops during cure, however,
due to the evaporation of this solvent. Experiments were conducted to
evaluate the extent of this problem. Rather heavy layers of resin solu-
tion (to cure to about 20 mils thick) were spread on sheets of Mylar and
allowed to cure. After one day, the resin layers were dry to touch, and
the films still laid flat; but by the second day, the resin layers had
shrunk enough to curl the film. These assemblies were then hung on a line
with free distribution of air and obsecved daily. Shrinkage continued
for at least six days, in one case, and ten devs in another. After these
elapsed times, the curling ends had pulled the film to form cylirders,

which prevented further change in appearance. These are Runs 43482-2, 3,
in Table 48.

When a solvent-extended adhesive is used on a fabric aurface, it will
vary in depth, depending on the weave. At points where the resin is deepest,
greatest shrinkage will occur, and "micro-dimpling" of the Mylar surface
will develop es this shrinkage proceeds, dus to forces developed in the ad-
hesive itsel?. It thus follows that, for the solar mirror application,
solvents are to be avoided in epoxy adhesives as well as in silicones if
distortions of the mirror surface are to be eliminated.

Several epoxies and mixtures of epoxies were tried in order to find
a solvent-free system which is fluid while uncured and flexible enough to
fold after cure (see Table 48). Although not likely optimum, the best
system of thie series consists of 100 parts Epon 872, 100 parts D.E.R.
736, and 15.3 parts of Bpon curing agent U. This resin is like varnish
when first mixed and cures overnight to a flexible rubber. At room tem-
perature, sheets as thick as 1,10 inches (0.1G'; may be folded double and
squeezed with pliers, and still totally recover when relzased.. The ad-
hesion of this resin to Mylar is exceéllent and shows esseutially no
shrinkage or Zistortion in & 20G-mil layer after oue wonth. This epoxy
system has very good low-temperature properties, but is not equal to the
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silicones and, like the silicones, would limuly require high-pressure
airless spray for uniform application. Table 48 lists the details of the
preparaticn of the epoxy samples.

3. Urethane Adhesives

Two approaches were tried in order to find a urethane adhesive for
Mylar. In one case, Nopcothane 201 and 203 were tried. These are room-

‘temperature air-curing varnishes diluted about 1/1 with solvents. The

201 is more flexible and adheres well to Mylar primed with Arolast 8990.
The presence ¢f solvents in these varnishes has produced erratic results.
In some cases, shrinkage has accompanied cure; in others, it has been
minimal or absent. This variation is not understood. The best in the
series is 43488-5 (Table 48),

The other approach was an all-solids, air-curing, room-temperature
urethane. It cured over several days to a flexible rubber, but had only
fair adhesicn to both unprimed and primed Mylar. Thus, no satisfactory
urethare was found. Details of experimental work on urethane are listed
in Table 48,

4. Resistance of Adhesives to Solvent Attack

The possibility of blisters forming between the adhesive and the
Mylar due to contact with an organic solvent or vapor has been considered.
Degree of attack by a few organic solvents likely to be encountered were
studied by placing small coupcns of representative laminates in bottles
wiith varying solvents. '

~ All adhesives or their priue:rs arevatfzeted by otganic solvents.
The degree of attack varies from severe to slight, depending on the resin
and solvent. The one-componant silicone performed best. (See Table 49

- for data).

5. Bffect of Temperature on Adhesives

By American Society of Testing Materials D-1043-61T method (1),
modulus of rigidity ve. temperature studies have been made of the adhes-
ives studied in this program.

Besides providing s comparison of the various materials in their
response to temperature, two ltems of special interest for this project
were uncovered.

One is the very flexible properties sassociated with all the sili-
cones, even at temperatures as low as -50 to ~-60 F. The other is a com-
parison of the resin formulated from Epon 872 x 75 (contains 25 per cent
xylane), Beetle, and Bpon U with the same formulation using Bpon 872,
which contains no xylens. The much greatsr flaxibility of the Bpon 872 x
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75 containing material is due to residual xylene, which serves as a plas-
ticiser. This is desirable at normal temperatures and pressures, but weuld
be lost ¢ the lower pressures of space. These data are listed in Table U6
whica summarizes the curves, indicating T45000 and T670 for each adhes’ve.
The T45000 is an arbitrary value chosen to indicate a transition from a
solid to plastic material, and the T670 indicoates a further transition from
plastic to flexible.

TABLE 46

STIFFNESS MODULUS OF ADHESIVES

TRANSITION FROM ' PLASTIC TO FLEXIBLE
SOLID TO PLASTIC
Tus, 000 Ts70

RTV 102 —~— ~-58F
RTV 112 - -54
RIV 11 - -62
RIV 60 - -62
Epon 872 x 75 30.0g
Beetle 216-8 1.0
Epon U 1.5 -38F +46
Bpon 872 22.5¢
Beetle 216-8 1.0 :
Bpoun U 1.5 -8 +70
‘Bpon 872 1.5¢
D.B.R. 736 1.5
Bpon U 4.6 -58 +16
Dupont Adhesive 46971 17 +207
Nopeothane 201 -53 +9

Nopcothars 203 - - . -26 +125

‘The curves giving the change of *cdulua with temperature are given in
‘Pigur.s 66 through 75.
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Figure 73

Change of Modulus vs Temperature
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is;liuona it szwa& wew@ fearﬁ tc h@we Eazr ex gogd adheaiaa &e
: T, aapfaiactnm, and blaxisily sriented ethilene/vinyl acetate. No
 doudt. hetter cleaming and/or privers would have upgraded these results.

Flexible u@ﬁ&iﬁs algo formed a 5tr@ng kond with une
prime% athyienm/v rVI acetate.

: "fﬂyiar, hyl&ne/vinyl acetate is cammereir}ly av;‘lable and
e yraﬁ”fzxea as high strength, ease of being aluminized, and good
T Y o vecuum and rediation of space. Bu% unlike Mylar, it
~has the auiga& property of low modulus. This Iow-modulus property appears
. to be v@ry éeﬁarable property for films intended for use in a structure
: wﬁich mugt be folded aiter -asgembly and in which the precise geomeiry
jriginaiiy built inte the stiucture must be totally restored after de-
yment' . For thia uhiqua property, ethylene/vinyl acetate film is sug-
: eﬂtaﬁ a strﬁﬁg &and;&a?x fst the mirror film in the eolar collector.

ere praparﬁﬁ using 1.$~m11 Myiar washed with triclenc,
:tane aa one 2lement. & few haﬁ five. layers* Mylar/adhes-
3 or expedmncyf wa omitted ‘a.port of the laysrs
> : - %h 8. greup nrovided both wslerisls for odserva-
txnn 859 an dpp&rtﬁuity to evaiuala acme variations in materials and
techniqu& See the ahxarv&ux@na za ahle ¥1 conzerning this work.

, R TR im@umam& fn &ha‘nﬁheézwmm smctinn, smlvmnta in the adhesive
Sl layer. present provlems heve, 14 some {instahces, there {s gradual
7 vsheinkiage of tho adbesi 3 duréng &r follewing cure, resulting in
-curling of the lexinawe and-“mivradimpling” of the fiber surface.
- In other fnr anees, the urathase Zosm is swellnd severely by ab-
“asvption of malvant hﬁ@iﬂi aapenbly with gradual return to original
, dimanmiunﬁ xatar g with r@au aamf diltortion.

mvcn tnwwgh the wnai&& Hee the oame, the RTV 60 in which the
} eatnlym% is mochewiuzily uixed sures about four times as fast as
the aarqaoi&nﬁgliaa resin with cstalyst ¢oplied as an overspray. No

. doubt this {s due o tha Bore intimat; mixxng of the catalyst {n :he
B farm»r aaea, 71‘ o L

» 8tretching
,ﬁa‘tne sdhesiva layer is thin, In con~

! _ P is excesalve after folding very
gk It,»niiﬁ%!, ‘thavetore, that sinimun thickness of
Aayer 125 jatvahiu goal tor n‘ninum alrror dicto:g;on
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D. INTERLAYER MATERIAZ

If fgbric “see-through' cannct be avofded by choige cr development of
a suitable adhesive, an interlsyer of such phyaical form and structuce &s
to allow the mirror film a measure of "Ereedom, with respect to the cloth
sybstrate, may de neaded. Several approaches were taken to find or produce
| _i this material. Table 52 descrzibes work on interlaver materials. ‘Mo general
RS types were testad and are discussed below:

1. Modificstion of Commercial Foam

Commercial 2 pfc open-~-cell £loxible urethane 1/16 in. foam wes first
tried as received a8 an interiayexr. Adhesion of the foam to either eor
Mylar presénted no prodlem. However, when the adhesive was silicone, prim-
ing of the foam with 38-4004 improved adhesion. Wwhen the adhesive did not
penetrate into the foasw, this type material was very deiicate and easily
ccapregsad. To ircrease resistance of the feam to compression, penegration
of the adhesive into the foam was studied. This involved coatirg the in-
terior of the pores with the adhesive resin. Products varied from soft,
flexible materials through rubber-like stripe when heavy charges of siii-
cones were used, all the way to semirigid tough sheets like cardboard,
when epoxies were used. Also included was a similar series in which the
starting foam was a 6 pcf 1/2 open-cell material. Best rasulte were
achieved wren the resin aslutions were-diluted €o about 35 per ceat to
50 per ceat .solida. This provided good distritutiorn, and the foams were

8till largely opea~cell. At this concentration, there was great increase
in resistince to compression with a winimum increase in weight when a rigid
resin like Nopcothane 203 was used. But this spproach was only parcly suc-
cessful, largely because of poor distribution of resin. In an open-cell
foam, the entire structure is compoaed of posts or “struts". The goal is

& uaifora coatinog of rigid resin gurrounding each strut. This goal is a
unifora costing of rigid resin surrounding each strut. This goal was
achievad in parts of the foam, but, in other azeas, microscopic exawina-
tion showed tiiat the reein forms droplets, or aven large drops sosetimes

at the intersection of two or anre struts. This uneven distribution problem
kas not bean soived. ‘

Lo e e o0 o f . bad PP ,
PR . oo . . : . , . .
‘ B i ' . s ¢ o : . i
I R . . L A . o s
B - o K T 3 R a1 rL8
" v ,. i M B PRCAN RO

‘2. Velvet o

lal“ac 1Y) been atudiud aAR-& apaciul type of “frecdom” layes. Since
‘it ls composed of a shoet fabric on one face and "bristle" cn the other,
there is flexilility ané complete fresdon of moverent paraliel to the
plane of the cluth, with muximum resistance to compression in the opposite
dirgetion. Pilling of velvut with adheaives was alna atudied See Table 52
coverxng inner4aynr ne&iti:aticn. : : o

Y Gomasrcial Foems

~ Inguivy wﬁd’mude’in’the trade as o the availa&ility of foams of not
mcre thaux 8 peof dénsigy\;n the Lflexidle range, but highly resistant to
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(Y 0T U9 e alyzes i hiro2

(18} w®rv oo az~ 7 SN o IpArY; Freus 11 <) Tert,
S T . lpart; Freonr 1l - 2 part.s.
T ;{W} e ’.\ ® . R -2 p‘-r:s; Chioroi»r - L aurt.

(B) LR TN ﬂ_ _ A pary; Frect. 11 ~ § parts 7
T ilﬂ S 1 pary; Freom 1 - 10 pari.c.
T ofwy K womowoen T * Lpariy Triclen2 - 1 pere.
RO ‘1.{) N N 1 par; Triclene - 10 parts.
f‘I} ' = v e 7 T 1 party Baptha - 2 price.
{IJ} Sowoeow 1 periy Xylene - 1 pure,

C Ry Cayee 1peri; Freom 11 - 1 pare.
(Y 7162 w2 IX : T part; Freor 21 - 2 partg,

) otz - lpwer; Frecm 11 - Upare,

SR €. ) BRI T P - 1 pRsh; Freon 11 - 2 parts.

{2) Bopcothane 201
{22) Soprothune 201 2luted Wit ha 1/1 1zt.u-e
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A3¢) 2 parts Wopcothane 263, 1 part xyl ene,3.56 DC-113
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o (3?) 5 parfs !h, ¢o* bu.\e 203. 1 nart metiyl ethyl
- - ketoiie . . o
) ) (30) .3 parts Hcpcq«..‘mm 203, 1 p&rt. vathyl ethy.t N R
. ketone : ' <
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- - 7: xetome -
‘ (®) 15 2 Eoon 372, 15 1 D-B.n. 739, 3 ¢ triethyvlene- oo
Ly . tetrentne, 30 g K¥iene
‘ ’ G’S*)‘ SQ»..Spoanlzx“fs,l“S;!:pmcurincsgmtu
T . {58} Epaxyac 5 I part; Xylene - 1 pare.
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Y 1 par 3 Acetone =-% purt, .
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2 nar"n* chloroxor - 3 pasta.
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compregaion. tmforttmat.ely, very Tew wers found.

e autstanding astarial of. considerable interest was Iocaud and
is recounended o3 a tandidate. It was develped for the Nav ,,Qy the WPeat-
inghouse Kesearch and Developeent Center at Pittsburghk, Pa.  tg serve
Y vuahioniug meterial.  The Yoam is largely open-cell of about 8 pet

density and designed to process digh resilience over a wide tesperature
- range. Whila aot commercial, this foam has been made in quaatity by the
Foan Division of Scott Phper Cimpany of Chester, Po., ard coule easily be
produced by them or others, should the acad develop. t intereitirg
group of Scott products which are commerciel are a series of 3cctt Felt
Grade 900 materials. These are made by compressing 2 pof fiexible open-
cell foams under heat and preasure to the desired densities and firzness-
es. These. provide a range of materials which are also recommended as
can&idatea for the inteflayet.

Availabie frou Hsveg Industries( ) are scme polypropylene foams
which are about 5 pof density ond are teadrily foldable and quite incom-
pregsible. Adhesives for thex are not available at this time, but are
oelng developed

4 Laboratory Péans i,'f' ‘;' ’“i : .

.. From several experiunts perfomed‘in our laboratoty to produce
_materiale whosa propesties are diiZeren: froa the comsmerciai tvpes, five
samples have been zelected for Tirum evaluation. - (Sze Table 53). Theee
batch-mixed samples lack-the finished appeufance of wachine-made foams,
bnt provide variations in density, floxibiiity and firmness not other-
wise available. Three are based on Adivrene-modified urethane formula.
tions devsloped at Dayton: No. 5, No. l&\‘, and No. 31. Two are from
Hobay's{¥york in whick they were developr~g a foam which it flexible
&t low temperciure: - No. 52 and Mo. 53. Theso two-foams are identical
in formulation, axcep: for a trace of aluminu~ powder in the No. 53 to

provide a high percentage of open «ells end, emsequantly, better heat
tranatera :

8. REFERENCERS . . .,

(1) Tesi developed from Article by R. F. Clash J‘r. and R, M.
Berg. Industrial and Engimering Chemstry, 34 p. 1228,

(2) Morris A Men&elsghn and ethers - American Chemical dxciety -
Division of Organic Coatings and Plastics Chemigtry vapets,
pretenttd at. the Detroit Meetmg April 1965, Vol. 25, No. 1, p. 85.

. (3} llaveg !Ldm;triea, Iuc., Plast:ies Park, w:l.lmngtcn, Delaware
19608, . ‘ ;
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F. ' MATERIALS USED

ST

‘Thble 5% 1ista the wntiaﬁé'métefialﬁgused in this progrum, incliuding

source, specification, and aveilability of these materials.

LT IV. DONCLUSIONS
The fcllow{ng.é%ﬁclusianﬁrﬁéfe made &8 & ré&cit of this work:

(1) 8ilg uona.xﬁheaives generallv adbere well to Mylar, urethane

‘foans, and nyion cloth. uﬂhesion in.good if the surfaces of the sub~
strates are adequatelw cleaned.  Those zilicones releaaing acetic acid

(RTV 100 scries) do not need primevs for goed adhesion. Primers are
needed, however, with silicones which do mot release acetic acid during
the curing cycle. The silicone adhesives have the advantages of being
flexible at low temperatures (~50 to -60 F). The 100 per cen: solics
sxlxqane systems were é«nens:mnal;y quite stabla. The on2 systen (RTV 60)

'applied aa an aerosol spray hag some shrlnkage during cure vecause of

the escape of hydrocarbon solvant.

(2) Epoxaes in genzral had yood adhcsion to the substrates (Mylar,

' fﬁam, and nylon =loth). FEpoxy ayutema contalnlng solvents &3 viscosity
reducers had poor dQimensisnai astability. Uonventional epoxies were very

viscous when spplied without solvents. but their dimensional stability
was good. ‘Bpoxy formulationg made by blending Epon 872 and D E R 736
and curing with Epon Curing &gent U had good £lexibility at roou tem-
perature, but wern deficient in this proparty at low temperatures.

(3§ A limited amount of work did nut produce a satisfactory ure-
thane adhesive Yor use &s 8 flexible interiayer material. %rethsane
varnishes stowed evcersive shrinkage, and a 100 par cent solids system

. did not have good adbesion tv Mylnr.

(&) Frimers for Myler are susceptible tn attecks by organic sol-
vents that may be presanc in the gelatin impragnat;ng solutions. The
primsru tested ere not affected by water.

{5) ?ilieone adhasives are superior to other adhesivss tested in
the wide tomperature range over which tvey remain flexible (-50 to -60 F
upuard)

(6) Biaxially oriented ethylene/winyl acetate (B/VA) film sppears
to offer certain advantages cvei Mylar as tbe mirror film for solar cole
lectors. R/VA f£ilm {s 3 high-strergth waterial which has good resistance
to vacuum and tadiation end can be zluminized. It hes the advantage of

being a low-mcdulus - ‘material which would facilitate folding.

(7) Proparation of small test laminates showed that tha presence

S ns
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,r-t@svdﬂign a spaqw stmture properly, i.ts behavior when
: i mlnltuosphata wust be anticipated az much as possible.
e for sfructures that are erected from small
3 ; composed of relatively thin skins. When the
qurfawe a:ea to i+ rat o@ is large,: the interaction with the space
envirgnment is more rapid.  This means that problems related to tempera-
ture or ¢hanges in tenperature become inportant.

Thi‘: ta’pott deals with therwal analysis 2F “dvy™ and “wet™ solar
collectors, and with the experimxntal ewaluation of a number of test
panels. of scler collactor matarial. The latter includes weight and
topogtﬂphgcal changes in a simulated solar environment.

IX SOLAR CULLEC'NR QUILIMRM TWRAT!RES

: | § aolar collector made up of the following elements has been
proposede v

- Li A refiective metallic surface sttached to a thin layer ol
polymer. _

2. The above bonded to another flexible palymer layer which in
turn is bonded to .

3. Polymer drop-thread cloth inprc(mud with & gelatin-water
formulation.

When the water is removsd from ths above compesite, a ti.jid
structure ruultl

A lolnr collna?or of h: nbove typc doploynd {n the excatmosphare
20 that thaz raflaerive surlace euntinumzy tacas er m, coses to
z!wml aqdlibriun nzrnr the weeor is wmwl

CThe uamm!u*a diotributlan through thc aouputiu eolltctor will
be deterrined by tte khape and the thermal-optical characteristics of
. the components. A thersal analysis of this collector bared oo a detallad
accounting of tha rhermal, mechanical; erd radiative mupung ot the -
»couponttc parts is & very dt!ﬂcult p-'obla

~ AY & polat of departure, th! aclar co);aétor can ba appi‘axhut.i
by the model shown in Pigure 75. Por aimp)icity, it is & plenar struc-
turs ﬂﬂu its fredit surface noresy to sn!u mutioa at all tiuu._

m ta‘imwing dueri hes :m coihc mm

3_197




L. Front ‘?ux:faoe of the nn\.tor

: 'me ulportant parmt.ara on She front surface ar: the abao-fnnty
‘and: emievity of the meta}llic fiim.of polymer substrate. The:flexible
polymer iayer followed by the: cloth bicking fxpregnated with gelstia
constitutes -the: remginder  of the Zront.  Previous calculaticns have shows
- that oaly a very soell tamperature gradient is sustained {n such a thin
structurs o that we have aamea that the entire front surface is
cheracierized by a temperature T in addition, an emisuivity of -the
back part of the front surfase h}s been &signa:td e,

R 2. > k; Surface of. thz Ccnectox

"'he back s‘u:fae& is mnndered to he ai@ly a sutface thh emis~
sivity &3 coming to. an:aquxlibmm tcﬁperatnre\ ’1‘3 3

2. Drop~-thread Couplmg

In sddition to a radistive exchapge betﬂeen the front and tack
surfacessef tha collector, there.is a a thermal conductive path-due to
the presence of drop threads of thermal conductivity K. It is assuwmed
that all the dryp threads are perpendicular to the twi surfaces so that
_there is név;’:ﬁuipncation srisiag—- Erom--thmml and radiative coupling.

Usiug this” ae{}x- the Eollotung equanons were cbtamed descnb-

>, ing. tham; balance. in the enlle::ters O I SR
1. Overall Reat Ealanre 1 ‘
Se v‘, . X “hy T - N“ e S A o
188051 'I‘1 33_13 L - (L)

where: . - o oo e s T

Gi is the absorptiw.ty of_ the metallic teflectlve surfa\.e,

'iS is. the emantluz itf.mnging m\ the ifrem: aurfaee.

Y 4

o is the Stefannsoltimn cbnstant;

|» A ."‘r'-‘ : - e

k‘:"“e‘l is ttua emiéaivity of tha front aurtaca, snd V

’Ag_ admmw m
smr..sw alom. .

is tha'cw;!ViV1ty ok tha‘back sarzﬁaa.:<:a;f§: . e

mer s
R




S Iy T e e L
s

| K {8 the thermal conductivity of the Arop thrasds, )
§, i8 the length of the dzop chreads, | 3

o 2 if the frection of & collector swface shish is exitting radi
) atiom, L s ‘

aund

et Ak e seomend h o

(1 - f) is the fraciioam ¢f a collcctor surface which is thermelly con-
ductive (ctoss sectional area of the drov threads).

o

" The second ferwm in*eé;ation €2) repsesents the overdll radiative

exchange crom the two internai curfaces or radiaticn absorbed by the back
'utface,

~ The solutian ot thesc sqcatzavs for 7, and 13 fut ranges . of values
for &, Z/4,, ccgi Sys €95 and &, vas ¢ erized (1% 1520). It became
apperent : zde}able cc-pntir ‘time would be ncedad for 2unnin; ;
through xtugec for all of the atove parameters. It was therefore neces- ' !
sary to restrict computing for closén valusg of £, S and to cenfine the
ranges of the remaining. Some of the results ave shown in Table 535.

i
_As can be seen, front and back temperature diffevences of 50 to i
8) degrees are predicted for collectors having rather wide vanges of @y i
and the £'s, and for a K value typical of polymsérs suck as Nyisn.

If the drop threads were made of aluminum, practically no gradiemt - : i
would exist berween the front and back of the colisctor. Thma aypetri T :
“to ‘be ar interesting poaaibi!ity for furthur exp ora:ion. » A  _ o g

111 TRGERATURE-TIME RISTORY FOR A e SOLAR mm

AT san

iy

© . In ordar to determine ths tide nacnss&cy to arect and rigisise L B
a aolar collactor, & S¥tailed kacwisdge of the snergy and mase transport - . =
ia’ and out the uyttcm‘ininccasca:y At the begluiing, the eoilsctor is D
‘at a qnif@rs tcnperng‘g.(gtch-ny ‘that of the canister} and ‘tHe water . B
;ta?dtstributmd in p:oﬁ%rtioﬁ»tn'tha gelatin {n'the frdnt, the dtnpét;tga&a,
and tle buck.  The collectér Ls broughke lute shape By tutlation of &
talioon attached: ta'tte ;&rt§h¢r9 of tha cotldctor #nd zeceives & asitr
fnput depending on ‘ihe. transniaszva ptopsttiua of thiz end-cap. The: front’

»and ndgh o! the colleetar .xc iupétvicus to thc gasaage of ﬁltct vapor,




so tdat tigidization is accomplisted by Temoval of the water through the
iaefbu! the mleem,- ?; s --—-~:-- s

t!:A collectm s t.xpoaec: to the spaca 2nvironeent & temperature _
rhftemee staTts to - develon Jus to emission of radiatior on the surfaces. ; N
The temperature gradient resuits in =mass trassport of water froe the front
pary of the coilector to the back; at the a2ame tm watex is being removed
ﬁm the mnector by evaporanou.

e vy
PP S S

is,

. chsage in taxyerature with tme of the two urfadss depends on , -
& cwxde:;tinn oE both the ecergy :md @a3s balance in these parts. )

R
‘;}z\e following equat:.aa can be considered to repusent 3uch a con- . i
dition: . )

1. &icgﬁr and Mass Trancport of the Proot

r. . d'l‘l of 3 L -
‘ .’ . - I ¢ <) ——— 3 = - T [
: iDcc_c * Tye 990 & =18 =33 (Tl ) -
. : . - i 3 -+ £ -1 1
. 2 * 8 -
i T U -D - Ty tcs O (3> ~
3 P uf 1] SR

13 ‘Eﬁe uasc/umt _s'm'éf'f{ﬁg’é;y :rént, part <f the ‘célleetor,

is the averé§e heat cspacity of the front of Lie collector,

D
e
c
.e.
- ‘_ Dgf xs the nasg/uztlt srea uf thp water in the wet front collector
=7 inthe canister;, T ‘ |

g, .\_’»u“tb*e »henu:_ eapa_citg oi water, o

'm‘tue flux of uater vapo” frqm the clotb ia tbe frent of the.
cnuectm tmrds the back,

is m m; . _~";-.:.- ‘\: BN \»“ ) . 3 -, ’ o .*

] ‘iir‘:ﬂi‘ mt of “‘Sﬁctatxcn o£ suter, .

R in ‘equgti\m statea_ f:hat. ‘the change in l:empetaxtm:eL wixh time is
*‘1,,dirgct1y»pmpq:um1 _to the difference in heat inputs. +nd oa.tputa both
£ and _energy Siw and inversely propottional to ‘the mass and Rest
- “cigacity of the stxnctnre.  The complication in this equation arises froam

w'—’_a vacriable’ tim: o{ maa f,’roa the rcont, i.e.', = i’ (1) :




N

Znergy &nd Mass ‘rrmspor: of the Back

S
e
)

1n a similac sasner ve cm cbnsxder the energy and nass balance
- -nof the hck of m conecﬁor-

’ T : H . ol : H 3
= RO 4 . ) . . 3 - 5£ ) . 8
SRS Tt ra:d""‘rnb‘h’ i T S S {11 - T:f,
s b 2 %%
.\: K ) ) . ‘ ;
€ a— N, 4 ~ - - R
F A f.rs? (2~ §) ~ MR {r, " Ty Je, T, . (8)
) . . & P
_ . I, = - (5)
- (o x-r3>‘/2 ‘

In these eigmﬁion_s:
D}; ia: the mass/unit area of tize back of the ccliector,
cbu thmz upacﬁyofthe bcc&
°un is. the mtss of wa at/‘unit u'u of tise Mck part ot :he coilector

fwet) peior to cepioywat
is tha Vagor pressurs of vater at uzupe:ature Ty’

fe

i?s
e is the cosfficiait of cvamation of the vater ’roa ‘tha back
“of tﬁt collzc:ag‘, and -

R I3 the gas consunt, T IR -

Several exprsssions were triad for I"gt watil one was found in tae ay

litcraturc zahich givu thc not now n.'. vapn

1.2

Nt

betwesn two liquid surfaces:

Ky
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Ia theae equaticns, P, Was mtrodmd 43 .a porosify or rermeability
tactor, i.e. the fraction of colleator srea which offera no resistance to
yaper. flow. . 'nu&&aem wmay.be a. tunctwn of the gelatin concentration
‘and the amount of water renaming &t anar timo, 'c, but was. mx-ed eomfanf
in the cmpntatmns which mere. uds. e

A program was. written for the 1620 I canputer to solve the above
equations for AT, and AT,. To do this the time increments A%, wera chosen
to yisld reazonahy suli values for AT,:-and 4T,. In the tes%’ example.
descnbed below increments from 1 to 663 eecondi -were used.. When the

eoluticn W to the. yoint v!xcre Du Lf ((pl net'M) was close to

mro, 1.3. shm azl the mar wad transparted Em th: front 04 thc col- :
lector, the prozra caned t‘or an end to the susaation irn equation 7y

~ -

bu" tor e continuation of. th&,l. Lm‘r nﬂb Aﬂ tgn in equation ).

‘;\

Ubaa 2ll the mtar heo lcﬂ; tha eﬂilector, equations (I) and .
(8) dcgenersu o the case of & dry collector coming to equilibrium from
tupcratum T, and T at the time als the mtut bas 1&!* the lyaten.

';* *_’f AN 3;»«%33’2‘&11“ REIERS

. Equatious (?) and (8) can be used to calculate the twperature-
time history of a «e-nee*or put’ into various orbits. In order o do this ‘
oL with any uxgni!imca, tha ?ositton of the m:cum:, at the time of

ESTRRN \,ui q;-__ R da g fe




" erection must be knows. In addition, the eapect of the collector must
be kawn as a functioa of time. : R
. The coqmtex ptogtan can be Scheduled to accannodate varying values

ol he&t mout, aS, determined by the erbit parameters.

Equations ¢7) end (8) were solved usicg the following valueu for
the matcrial peraseters: 1 = G.1 g/ea®, C_ = 0.5 cal/g/°K, D, = C.038 g/cw?,

o, * %'005,unﬂlcil/g./°K g 0,2, s = 0.2, 2-095, e, = &y = 0.5,
: K/: =2 x 10 cal/m’/eec/"x\, AR = 540 cal/g, & = ~.0&. The expressions
nus for the vapor pressure of water were obtained Srom the International
Critical Tebles for oue range of temperature and from a two-parameter equa-
tion obtained by using the values for the lower temperature range found

in the 43rd edition of the Handbook of Chemistry and Physics.

“The rcsults are shown in the actual computer readout. The two
colums headed by H and lib show the amount of water remaining in the front

and the back 2t a tine}_ (A‘E}‘ . It can be seen thet in less than g =minute

the entire structure is belcu- the freexing point ot: water. This conﬂi;ts
with solar simulator experimernta described below which show that it takes
about five minutes for this tc hsppen. The difference can be due to the
iucortect choice of values of some of the parameters in the equations:
(espesialiy q;i) o that cur deployment simulatfon at the very begimning

was poor.. In"any case, it is strongly recommended that experiments be con-
ducted to determine the trancport of water from Hzo-gei&tin-mpreg!nteu '
membranes. y

IV SOLAR COLLECTOR EFFICIENCY

Before proceeding with solar collector sxperimentr in the sslar
simuldtor chamber to msasure shirinkags, distortion, ste., it was of some
intersst to. emiuc ths optical raeponse of & cellector. By this we mean
to observe the image of reflscted rediation in the 2ocal plane. :

Vuutiouu of thc optical anmmnt shown in F.laun 78 ware uded,

" A source_of light (8) is plrcad at the focus.of & concave mirror (M) to
produce.a beam of pauncl iight. Xasks and slits cen.be used to alter.

the oize cf the besm, The light {mpinges on the collector parallal-to its
axis and 1s refiected. into a photometer..  All of ths componsnts are clesped .
T at wiato mkad X on. optical benches A and B, By adjusting the sizec of

the beam and the photmuz Aperturs, soms idea.of the colloctor efficivacy
could be -nbty.i.ud by recording the intensities of the incident and re-
flacted beaws. . By placing a pisge of white paper in the fogal plane,.one
can observe the sive ‘of the circle of csntusicn which reflects the perfecvs .
tiou of thc collutar gmtry:. o .

225

U SR

i




; This procedure was used on one of the eariier collectors. It wes - B

" found that with a fixed photometer pssition in the .Eocal plane, the reflected
1ntenaity varied from gore to gore by almoat an order of magnitude in a ‘ o
r.irele of confusion having 2 diameter of 2 to 2 inches. The later corres~ ‘
ponds to 1 10 degree surface deviation. :

“The parpose of this measurement was to determine the magnitude of
- the effext. of disturbing the collector both mechanically and thermalily.
“In both instdnces, changes in reflected intensity were recorded, but all
chatiges fell within the range of reflected intensities from gore to gore.
It eppears that higher quality rveflectors arz needed to evaluate the :
changes that wou!d be produced in the solar simulator from thernmlcyclxng, {
’ etc. :

N v TE!PEHAT&RS—TIHR HISTORY OF DEPLOYED COLL?CTﬂRS IN THE FLEXIBLE
- STATE ‘

" A. EXPERIMERTAL
Two solar ccllector panels furnished by Viron (Russel to Rosen ‘

memo, Aug. 23, 1965) were placed in the GCA Technology Division solar
simzlator to d=termine the curing yycle expected for structures actually
deployed in the ezoatmosphere. S 7 B

Befote discussxng the results a descr1pt1on of the simulation .
‘deslred and that actually achieved will be given.

i
@%h

L
5,

v

It ‘i assuwed that the wet collector will be placed in a canister oy
ard kept at room temperature right up to deployment time. When the iatter -
takes place, the inflated collector is iummediately subjected to the spac~
environment. In a solar simulator this is not quite the case. The latter
is due to the tims delay resulting from "priming"” the chamber, i.e. pump-
ing and £1111ng the shrouds with liquid nitrogen. In this interval the -
panel temperature starts te drop due to water loss from the sample,

k)
"An encapsulation method was developed to help minimize this. The i
enclosure of the panel by Viron was felt to be unrealistic since water
_ vapor egress would occur past a slit whereas in space the entire back
surface of: the collector is exposed at once. In addition, it was neces-
sary to attach thermocouples to wonitor: temperatures. Accordingly, the N
plastie® tovering. watheubved abter first weighing the panel to assure that o
the proper amount of water woild be replaced just prior to sealing. A -
nulber of therwbcouples wer: attuched to'the front, middle, and back of ]
the panei. The leads were pﬁtted in between two 12 inch by 12 inch sheets
~of aluminuia foi] with Silastic rubber (see Figure 76). After adding back
the water' I'est in handling; the panel was sealed between the foil using
.Hxatewhx Tha sinple vag then ciamped to a holder mnuntad on an optical s
bem:h. et 0w . he : N . » 4




_ according to Figure 77. When the carbon arc is turned on the samsle, the
Histowax melts and the foils are drawn away from the pameis by the pully-
weight system thus exposing the sample to vsicuum. Soms water is probably
lost thtcugh the imperfect seal whan pumpdown occurs,

B. RESTLTS

- ~;.1. P&nel aiber one was encapsulated as indicated in Figure 77.
Ihe puﬁpdowu was started and the shrouds filled when the chasher pressure
wag about one millimeter. 'Two cone heaters with a cylindrical parabolie
reflector were turned on in an attempt to keep the back of the sample’
at room temperature during thiy process, dut this was not completely
effective. The arc was turmed on as the filling dperation was being
completed. The tempereture—txme hlstnry is shown in Flgure 78,

Por the Firvet twesty mxnmtes or so the collector panel temper-
ature dropped umiformiy to about . 20 C whereupon the front surface -
temperature started to.rise, the back surface temperature remaining at
about -20°C. After ihree hours only small changes in temperature could
be detected. As will be ‘shewn in the next section thia does not neces-
sarily vindicate a completalv cured collector. The rather steep initial
- drep in %eﬂﬁerature =y be- p&rtially due to imperfect encapsulation of
" the sample. The rise in temperature of the front is due to the loss of
water and an apprnseh te\equlthrinm for a dry surface.

2, Pauel number two was eﬁeapsulsteﬂ in the same. fashlon as
one except that only the back or permeable part was enclozed leaving
the reflective surface expofed to th: environment. Thie prevented damage
to the thin aluminum coating £rom water vapor, Formalin, and contact
. with the encapsulating foii.. The temperature-time history for this -
panel is shown in Fxgure 79. ' TR :

The overall 3hape is the same as for pancl oné, the differences
lying in the dissimiiar atarting conditions. The apparent equilibriom
_ temperatures are essentially the same. Unfortunately‘a"gﬁems hag to be
made concerning the initial thermal history since we 2ouldn't duplicage-
the initial deployment expected in space with precision. The ‘Tesyls
do indicate that no wore than five minutes is available for inflating
a structure made from this composii: since the freezing poini of water :
is approached. The assumptior made here is that the plastic psrts of
the colloctor are not below their respective glass dranzition: temparatnres,
or if they are, proper inflation is 'still Feasible. As ‘#entioned pre-
viously. fhese reaults are not in agranment wi*h venulta nbtaxnéd trsm
equat;ons (7) and (8).

VI DEGRADATION AND mmmms MEASURBMENTS = < i

A number of solar colIectar and space shelter strncxvral nnt@rinl

»gzji

The opaning nechanisn was campleted by attaéhing strings with weights




o

amlae avu'e expobaﬁ:t'o solar envim:mt ‘conditions in the 0Ca solar
xiuulator Aorder to datemine 'ﬂbethe\' any ckauges oceyr. Included in

aquil i‘bri\m Tenperatura Meaeure.ments

cq»ppt.r-conatantan themouplea were attached ta the front
~-‘a»vnaabes» ':‘ aa&yiee, Cm was ' taken to insure that

. h = Sinee very snsall wexght changes were expected in these
= exper_mnt‘t, it was naceasaxy to work out: a vonsistent and \:mtro.led

_g,n a va\.uun\ wen set at 60. G»ami evacu~
3 - The oven was verited through'a -
Wme gaaples ~resoyed and . sealed while still
'ma Weigkﬁts were then . £ollowed with tm:-:. The process was re-
' re‘eztaa&ed mcuum Matmg treatment of appmxmate;y

{~ ’me samplas were thm munted qn a Lattice work two feet’
in diamtet cqrtasponding to the i:x*adia;mn az‘ea of *he are . lamp g:.ving
- one wemn mlar ccmstanth \ . Lo _

. ROT®. alosuy apﬁtwmta .
: 'ﬂm total Uv. flux.




‘perieda taken ovmr tha compla:m irrndiagiﬁn hihtoty,
" taiving larger -amounts of gelatin exhibzt greater dxﬁferencea in front
‘and back . tﬁmperaturaa Lndiaatxng‘that the eviaﬁivity of the szlmtim iu

L Tha weight ﬁaadca im the table were obtained by subtracting the
N wgmght 1oss oflthe controi from the avmtage wexght losses of the com-

o wigniFicent amou
'E&yau - wﬁ ge‘ﬁlﬂﬂ aumwle. ,Tbis ia prubahly due tm both a higher rata

EL In aﬂditian to the weigh‘ Iasses, there was vxsible evidence of
‘:ﬂv aegradation in the appearance of the test sanples. The irradiated
e surf&ce wma tinted yellow whereas the cent;ol samples retained their
.whit& mppaarance.u:-s b Y

v N o

= During the Lrvadiation, leak r&tss ‘were taken with and withuut,
e the r&di&tzon.l On the basis of this: eaperiuent, there {s definite

8w «degredaticn. to pnoduce aoncondansables. Using the perfect
gae 1aa<&né» nfh§§kgge maiccalsr weight of , 4@, the nate of degradationi

No defxnite changas Ln equilih:ium temperature could be detected

as a result of this color change. Without & much more extended period of
irradiation, th\s question cannot be resolved

‘r‘: Along with the colo: change, it was noted that the aurface of ,
the . aluminized Mylar samples (5 and 6 in Table. 56) were extensively wrxnkled
‘ wath the 1& ter extending into the foau layer._,,;f;,u

MR

VII QURING 0% A SULAR QQLLKGID& R&NEL (ND. 1) UNDER . BIAXIAL STRESS
Ihé dgpleyment and risiéisﬁéion oﬁ a £lexihi1£zed solar cel:ectqv
»cﬁn&trucaﬁd -£rom & composite of alumiutaad Mylax,- "ﬁlaxibla" Epnxy, and

,,The s&mp!ea eanq‘ T

drap‘thmead cloth -impreguated with a solution of selatin presevts a L

i,

nuhbar of questicna, A critical one is related to the preservation of

B topographical integwity when erection in the exoatmosphere has been
-~ complated.: The latter-occurs when a . bulk.of the water haz been remowved.

s\‘Axtam_,qugion, the gyatau»qomnq te thermal.. aquilibr;u- as in tnggcasa
' joz & eaiiector in an aguato*iglvprhig and, the:quzy qycled 1n

urs. gy ing, gl
1} retain. thfa Sgape of the




frontal layer}d structure, or expressed in aﬁother way that rigidivation
due to loss in watcr will have no eBfiet on the shape of a collector
when the inflatzﬁn pressure is teleased.

~ An experiment described below was carrled out to evaluate thxs
notion using a reflexibilized flat panel.

V. APPARSTUS'

Pigure 80 showe the arrangement uvsed to place a biaxial load
on one of the solar collector panels (13 in. by 13 in.) supplied by Viron.
The aluminized- Mylar flexible Epoxy layer projected beyond the eilge of the
backing structure of gelatinized drop-thread cloth te allow clamping on
four sides. A deadweight of 8 1/2 1bs was applied as indicated in the
figure. This corresponds ‘to approximately 1060 1bs/in® or presumsbly
the skin stress expected from the erection and inflation of a paraboleidal
eollector. The wexght fxgure wase Supplled by Viren as the proper one.

PROCEﬁURE

Since the emphasis in this experiment was to determine the affect
of curing on shape, no attempt was made to determine thermal or water loss
_hxatorxea. : :

C&'wet 13 -in. by 13 in. nanel was ﬂiamped in the jig shown in
Figure 80 and the entire assembly pldcad in the volar simulator. The system
- wag pumped and liquid nitrogen introduced into the shrouds. At this time
the pan 1 was exposed to one solar constant of radiation from the carbon
arc lamp. The state of the surface was ouserved during the water removal
process and is described in Tabie S57.°

The solar simulator was brought to room temperature and vented
the day foilowing the experiment. The sample was found to still contain
an appreciable ‘amount of water (an excess had been added to raplaeo water
lost in handling and mounting.) ‘ :

The sample was kept under streas in the ambient for two additional
weeks during which the surfsce condition was observed a8 the water was
removed.  In this time wrinkles spresd through the entfce surface. In
addition, the panel itself beceme warped (approximatery a radius of curva-
ture of- one Eoot) Finally a netwbrk ot !ine wrinkles appeared in the
structure,

Since the curing of thé test panel descrxbed above was done with
rigid tlamping at’ pointt Aland B'in Pigure 80, the question of the Lffﬁct
of poor clamping on the aample distortion arosa.

‘

To test this a 3-mii Mylar aheat was attached to the f{ramework

a9 before. With the load on, the area was observed through crossed

polnrltar! The intersection of A and B showed some evidence of stress
BRI AR A O B T R R S C AT FCSRL VRSN : .o .
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eoncentration, The 3-mil £ilm was zepiaced by a 0.5-mil sheet and ihe
. obwervatian repeated. There was definite evidence ¢f nonhomogeneous siress
5 ;éiatt&hutigﬁ¢ To owvercome: this, clamps A and B were attached to pivots as
, shown in the figure. In addition, cardboard spacers were used on either
~ _side of the sheet at the clamps to assure more effective clamping. With
" these #lierations uniforw stress was achieved in most of the cential portion
of: the spocimen and no serious stress concentrations at the corners were

noteﬂ.yn

Despite the question of poor clamping, it was felt that the warp-
ing ohserved was due to stresses which developed during curing that ex-
_ceeded the biaxial stress employed. To investigate this several experi-

. ments were carried out. These are described in the next section.

VIil HARPING OF COMPOSITS MEMBRANES
.Ae TESTING OF AN EPOXY LAYER ON MYLAR FOR WARPAGE

il 1. A 5 to 1 mxxture of Hysol Resin R2-2039 and H2-3490 was
applied to an 0.5-wil Mylar film under biaxial load. Upon hardening
and load remaval no shriv,age or warpage was evident.

: 2» ThL lbove experiment was repeated with zero load thh the
same resulis.

v - 'The. same m¢xture was applied to 3-mil Mylar with the samec
reaults. '

These results suggested that warpage was probably due to the
gelatinined part of the coapoaite atructute.

i B.f TIITING OF GBLATIN FILMS ON MYLAR FDB NARPAGE

. l; A gelatln g0l..cion was prepareu and pourﬁd anto a:3-mil
Mylar sheet ard s.lowed to dry= The Myla*vgelatin cnmbination vas
highly distorted.

: The sbove was repeated twice usxng a much thinner appatca~
tion. - Tha results were the some Indicating that the linsar shrinksge ol
gelatin ia stressing the Mylsr to disctortion. The siXesssu ara large engugh
to overcome the adbesion between the two surfacas. Thé lattsr results is
delumination to relieve the vhest stressea. The resulrtng st*ucture is

'bondud only at > fﬁw npots, T .

2y A golatin ao}ution was lpplxed to ona-hai: of a 0. S-mi.
Myiar lhnat whick had & layer of Rpoxy resin on it.  Upon drying thre
gelatin sids vas. curlud, w\.ruas thn strai;ht Epuxy SLde was unaffected.

- . lt uun apporant that tht utznaaes &ue to ‘clatin nhrinkagi
weve gtcatar than tha eavncity e* the. oubntrate Q- rmniot it.

,- .
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Exyeriment 3 was repeated except that tnc shset was kept

ﬁn teﬁ!ioﬁ ﬂarxng Path applisstion and cure of the ge!atxu layer. Once

agaih-the geiatin ci&e cﬁf’eé. . ‘ o

G &. Galatin wa2 &ppliﬁd to heavy sluminum mesh placad oh 3-mil
Mylar film. - When partly cured the cosposite wss separzted from the Mylar.
Distorticn wae not 2vident until the curing progregssed further. After
24 houra the comgos:te had cutled 1nta & cone-shaped structure. ' i

S Gelatin app;xeﬁ to Nylon nesh dlstorted upen curing. - f

6. Similar results uere obtaxnad when samples were drxed in
& VAQULT CVu

7. A cured gelatin £ilm (distorted) was placed between two .
eluminum plates sud €lattened using ‘a 5-1b weight. : This assembly was '
hegted in a vacuyum oven at 50 C for cne hour. This treatment had no
effect on' the €ilms which reverted to its distorted state when the cox-
pressive lcad was removed. T re ORI LTEE A s

8. Several experxments were carrled out- wzth combxnations of .
gelatin ané-Betospheres in aa,axtempt to minimize distortion but were L
not successful. S

: ; These experiments euphasize. the problems of distortioh to be
expected with structures employing gelatin,

Although it may be argued that 2 foot.collectors have been
prepared, it has been observed that these structures change with time.
This is underatandable since plsstics creep under stress and there can
be no argument thatthe front portion of a collector iz under stress
from cured gelatin. This is in th» nature of a shear stress so that
ay long a8 the bond batween. gelatin and the flexibdle layer is strong,
stress relaxation cf either the ralatin oz the flexible laysr will -
occur, The ilatter seems to be evident in current structures.>

. Distortion is more evident when f£lat panelo are. studied since
there is no: back-strees applied to the shear stress at the galatiu-
T flexible layer interfave.. This atcounts for tht ability to erect a
fairly decant looking parabnlaid.

It has been observed that cast nheets ot gelatin 0ften dry Lo ¢
to give a surface rosembiiny a sadds . (The save thing happens, I '
believe, when. you meke potuto chips.; Thais tandancy to wary in two
directions is & wanifestation of the.nrinciple of minimization of sur- _ }
face: frey energy and. resulte whish dryiag otcurs on both surfacss. The S
phenomerion i canplex and difficult to explain, but suggests that
isotropic deying of galetin would: creste: less of & problem in terms of
d: atortion since tension nmi:nonpmatwiou airessec are distributed
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o un bnth aidea of txan.

-
-~

Thit agpea:s 90 b d;z:xant u;*ce thz £ront surtace.of thg
coilectoc is in§erviaus 85 thst tha gelatln‘nurtaces are dryiag oR one
Side“ P _,fv.‘: B I e s

IX CURIEG OF A SOLAR CﬂLLECTOR PARKL_CHO 2) UBDER BIAXIAL STRESS
3 . R o)
. Ihz te Qg¢~23 ;n.»cy\ls in. pcnal supplled hy vlron was claaped
. (Pigure. 7#) and Igedod as with pane) Wo. 1.(3ection VII). It wes de-
cided~§a»¢ut¢ thig gtael under a:bient conditions. The hole in the back
of tbz cg!lqc;oa was” sealed with nas;ing tape 30 insure homogensous ’
b ef£Aux ot aolvents.:

The . clanped apel wes Lnitialty 2ree. £ron Iarge ernkles or dietortions.

. The pauel uas obaesved £or apptoxiaafely one week. Thn sanpla gried
: slowly enQubecane arinkled, xsrped, and distorted within this time.

. Thus dkplicate tesulta Here obtained usxng tbe bxaxial stress recom-
1?_mended by Vtrnn. -

. The rasult&\of these tests poinz ‘to the need of a generelized stress
\analysia for the omposite structure. Such an analysis is complex but
necessery and wiil be aided by an accumulatxon of wmechanical property data.

.- Of pd;iieular‘int&iest‘are the creep properties of the component
. parts of the composite structure. Tt is believed that the orange peel
N _phenomencn, wrinkles, delamination, etc., can be partially explaxned by
: strgus rel&xa*xon wffueﬁg. ;

A peruaal ‘of the Viroﬂ progress repor*s show 3 mutual cognizance
of’tha nsed for studies of thia type. SRV

¥ SUMMARY .

A mismateh of thermal, mechanical, and optical properties of the
components of the comporite structurs representing a solar collector
points out the need for a generalized stress analysis. The lattsr can
be done by uling the thermal analysie started by us, and the material
properties to define the intsrual nttcos distribution expected in the
“cured sclar collector.

The latter glong with a knowledge of the tond strengths of the
Junctions and the creep properties of the junction components will
- enable one to predict the roughness of the collector surface with time
as well as the change 1n paraboloid paramctera.

The raaults obtained in our thevmnl anulyuis show the need for a
rapid ercetion of the structure. XIf one is wtlling to placo confidcnce

_‘zﬁ? ;




in tzse wﬂe? ased in our therwal analysis, {t caan be saen that the most
et&eti:va wsy of dimiaiphiag de-tiatmal gradient is to increszse the
‘oredail conductivicy batwean-tha two collector surfaces. -A weight
peralty =ay resuit, since 2etal f£ibers will probabxv have to mpl&ce a
tractmn o. the Kyloa ‘lrop thresds

'mz ahrmnge of gelatin appears to be the most serious problem re-
" tative t producing a Tigid distortionless collector. We made an
‘abortive sttedpt to zeduce shrickage; but a greater effort is neéded.’
Not:omly that, - but & replacement for gelavin canmot be ruled out. It
would be particularky: dssirable o employ & systeém using & nonpolar
plastxciur so that more rapid euring could be effacted.

m short-range eff2ers of UV redistion on the sclar collector -
u&tenals studied were found to be negligible. 1If the back of the
collector is to be exposed for oxtended periosds in the exoatmosphere. -
chmgea in absorptivity and emissiviey will probably occur - Jodgivg
tton the coloz: changes ptoduceé in some of the test aamples. . :
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Cornar Mdd; zest flat and smooth

~Am9£§§ icgmmm“mnwu
ramzm.ﬁ

G

i
.
e G . G -
T
B . . s 4" >
1 sy rin s a e R ST VRS - - " .

i
3

e TR et SRR A T

S

287 1




an K e oo ARG A TN

o

P LR T I T R

b 13

Paoiotuby

To sensitive
.micro-amneter

Top

75

FICORE
anmu. ARRANGEMENT FOR EXAMINING SOLAR COLLECTORS

ool B e s

Vi

s







S

b
bl

B

-SILASTIC SEAL




“eso3psiye’

3

A3[0F ® Uy paIn3

(

ulw) 3wl

[
e

12685 1583 » 30

230 N7

63S04X3 FVINVS
NO MV
ONIT4 SANCHHS

&

-

k4
3

A

i

:K szﬁm .. Um. g3

L R R R




.ggqis.n_ﬁ,miiuntu'utgag .14 iﬁ S .
| (uiw) IWLL i | L

s]e]]

: ot .
TIITT T 1T 1 TITT7 T T

7 430 MV S

: 03S0EX3

wl ATIN3 37dKWVS P

; . NG J¥V €

INITTHd SONCEHS 2
a3s0dx3

ATIVILEYd 3JWYS

(24 3NV €3S "dX3

- 7
i

e e R




0IB73 - iOM

ANGLE FRAME
< 2z
, / | oo
4 N

@ /CLAMP

lepi® ¢ ""--’Q’iu ' ,T_-)‘fr

D o ‘ - LIAD

—— s IWEIGHT
@ o @ l ; ' ‘

e ——

rw 60 mw Hor mmu mmx Lowle %8 um
m Mho




r— e

"‘“"‘“"‘"”"”‘A‘t’ AT.“' B

e A e T N
e - - e L A T T A " Lt S S R . 3
X e ot el g
. . - - . 4 co .

Y

r [‘ \ Comp.x;er Readout

ATy T R,

¢
"‘*‘“‘“‘7vcnge ). $200° 777,500 L5006 00 w950 .7@005-03 Gatats .
‘540,000 B.060  ((34 o034 14000

T TeU +ob4BBE=0 T 284 26~ 3K000E =D 150 44 ROBE T T —29 3¢ 3 3342 GE=g =
2 1.0-¢4BTO4E OU 297e7% ¢33717E=01-029169F 01 290e8! »32881E-01
T 1 0~% T0585E 07297405 e 336N 1E~01=:214B1F 01 268466 32561601
6  'Te0=a79575E OU 296425 ¢3367CF=01-e17026E 01 286496 «32309E=-01
5T W 0=083253E 00295462 ¢33535E-01-. 14 180F 01 265.54™ ¢ 321 G1E*01
6

=
3

~cw—

1.0~2835048 OU 296458 ¢33400E=0Q1~-12237F 01 284432 ¢31923E~01
Te0oeB2ISSE OU .. 203eT6 <3326 TE=DT - 108 IS 01 283+ 23 % 3T766 801
1e0-079985E OU 292496 «33137E=01-497792E 00 282¢25 ¢31625€-01
ey T 1 e U W TTG 16 00 T 2920 1870 33012E =G 1 =a 855 YET00 ™ 281« 362 31049TE~01
10 1e0=074684E CU  291e84 o32090E-01=eB2864E 00 280453 ,31379E-01
I T W 0= T1926ET 00T 2904727 032/ TUE =012 TT3ATE 00 279 TH e 3126 VE=O—
12 1e0=e6921BE OU 29003 ¢326615~0i=eT2681E 00 279003 +31167E-01
T Te0-B6B0TE U289, 36 w3255 2E~01=VEBE . 3T 02 I8 I 3T UT ot
i4  100-e64099E QU 288472 «32448E~0i=eb6515LE CO 277469 +30979E-01
15103217108 D0 288,10 2234 7F~01%e520415°00 2776072 30892E=01
16 1eD~e5%64E 00 287¢51 ¢32250E=01=e59259F 00 276448 ¢30810t°01
17 1e0=e57333E700 266093 «32156E~01~¢56T4TETD0 T275%91 w3073 1E01L
18 160255319 OU 286038 ©22065E~01=e54462E 00 275237 o30656E-01
T O S TG IV T U T BT A 8 e 3 1Y T T E SO T= e S 23 TIE 00 e Ta 5T S0 sat=o "
20 1:0=e51624E GU 285.33 2318920=01=+50446E 00 274¢34 o30515E~01
21771 e 0049929 00 T 284,83 031809E-01.4B656E"00 273435 43044 YL=01
22 1.0=e4B327€ OV 284,35 a31729E~01= 4T7012E 00 273238 43038%E=01
2% Te0=etbBIIET007 . 7c¢88 o31651E=0T=0054TIE 00 272930 30323E>01"
26 140«6b45727E 00 2B53.442 o31575E«01=e42955F 00 272050 «302665-01
25 1e¢U=olhG5U02ZE U0 284+ 78 #3150 TE-01=e 4TTG2E 00 27250V 302108Vl
26 140=043309E 00 282,54 «31429E-01-439512F GO 27169 «30158E~01
“““'"‘27‘“"11 <4 2TB1E OV 282¢12 0313556010 380%38F 0027 1¢31s30107E" g1
‘28 1e0-041032E 00 281¢71 ¢3128YE«0l=03669US 00 270694 «30059E-01
9T TS 3995 2E 0028131 312226014 3I5456E 00" 270059 4 I0CI 2L =0 — " —
A0 100=028912F 00 280692 ¢311576-01=934316F 00 270425 «29967E~01
3 T U= TV I IF U0 280 54 e 71092 E -1 3320 IF 00 26 9V YT e 2Y92 3 e~ "
22 1¢0-e36949E 00 260018 31G30E~01-~432278F 00 269:59 «29881E~01 3
T T T 1 00 360256700 T 279eB2 e 3UV6GE~01=e 3125900 269628 "0 2964 LE~Q) —
34  1e0-6¢35136E 00 279046 ¢30909E=0Cl=e304YBE 00 268.97 ,29801E-01 i
TR TTI040~03450TETG1 T 276601 3032360122981 7E 01 T 265499 2 29419E~Q} T
306 10e0-0267T71E 01 273036 o29852E-01=022959E 01 263469 +29137E-Ql i
T 0 0= 2GR TE 0T 27 T W I945RE<0 1= T8 TIE 0T 26 17813289 I e~ |
28 1040=016953E D2 26948 «29132E~0)-e17099E 01 260410 +28716E~01
IS T Y 040-0 1423068 01 7268405 0 28846E~01-0 14 T19F 01T 29863 0 2859 2E-0O T ——
%0 106c0=e22216E 0) 2066483 +2B589E=01=0128B45%F 01 157¢34 +28415E-01 .
AT Y0405 10654E7D) 72650 TT «28355E-01e21364E 01 "256420 0 28297E~0)
42 10e0~e94040E 00 254,83 o28139E=01~a10167E 01 25%1Y +281978~=01
TR USVEISTIE U zS????‘TZTvauvarr7VT798E'v0"“13ﬁz4: (P4 AW Y (o -
4% 10.0=s79291E 00 263.23 o2T749E~0i=e83521F 00 253443 28034E~01}
T T UF  6B80BTET 00262 95« 275 T IE~C 10 164 TYE" 00'*252.67 e 2TIBYE=Q L\ —
6 10a0=¢681720E 00 26193 22740 1E~01~e70415E 00 25197 +27911E-01
ST S R A SR TET 00T 2616 3T 0272396 =01 =085 1ATE 00 25191 0 2TEEDE~Q Lo
"8 106D%¢91992E 00 260485 «270B4E~Gl=wbUS0LE 00 25071 «27815E=01

T R S UT T T I8 E U BT 3T 269 T L O T S 6 3P TE 0020 Y VT T 6 O e |

50 1060=c6406212E 00 259492 026790E=01-492730GE 00 26962 +277T02E-01
T TR TR0 4098267 N0 299052 "¢ 26650E 012 49950600 24V 0 12 e €T TL2EwQ —mm - ——
52 10e0-.38UBBE OU 259414 +26514E~Cl=e4buBSE Q0 248446 ,2T686E~QL
53 1060-0 254028 U0 258 T8 e 26332C=01=e 43 T90E-00 248 ;22 21 6€ IE=Q L
56 1060331276 OL 288045 ¢26293E~02w0G124%E 00 24781 «2704%4E=-01
T T UE IR O ST TN T L DT E S O e S TO 20w e T PO R R R g e
958 10e0=e. 'FS1E OV 2357089 «26004E=01=a3T042E GO 257405 +27614E-0L
WWWW?”‘& 4E-UTRT RIS YT 00— STy v TG R el
2h4 .

(ropy -




“““’ﬂ”rmmsszvroo""zw.az «25766E=~01~233387E 007 245736 w2 1593E=01
i 10eC~e24128E QU 257608 025649E=01=e3176UE Q0 24604 o2T7586E~01
60 O U= 22 TaSE 002567852 5935€=0 01+ 2Y24EE 0028 SV T2 T S8 E-O T
61 10.0=021469E 0U 256464 «25423E-01-.28835F 00 245445 27577E-01
; S IO 0= ZUZBEE 00 2560445253 12E“0 T=e 27518500 245%18~527575 =g t———
Yoo 63 10s0~.19189F CO 25624 025203E~01=~e 6784FE 00 244491 4275758=01
: B I e 0o 1B T69E~ 00256006 w25095E=01=22512TE 002446627976 E=0
65 1060=017220F 00 253089 024U " iE=Q1=e2404VE 00 246442 2275785-01
B8 BUZU=+ U TUGE OU 254 e U™ v eu 3 S TESU =4 13806 01T 24 30t v 2 T6 0y
f 67 6040-268494FE 00 255022 ¢23767E=~01-010635E 01 241.98 «27662E-01
T B AT 0500328002534 72 w21 N2E=01~e81663E 00241 16—427752E=01——
i 69 60.0-037730F 00 253,34 +22655E~-01-463BR2E 00 26G232 «27BOLE=-D]
[ B0 05, 2B TANE 00 283,05 e 221 20E=~01=o50519F 002400227991 F~0— —
y 71 60e0=622209E 00 252.83 «21594E~01~e4026UE 00 239062 #2B13GE~0O1
| T B0 U=TTTIZZE 0T z:z.B"G““Z‘l‘U‘ME“‘OT--“‘JZ%lE“UU“"‘?‘:)?‘-‘??‘"?EZ T =g
¢ 73 6040=e13619€ 0O 252 +2US60E~D1-e25957E 00 239.03 «25434E-01
s“‘“‘*"vﬁ““anzo-.10775n GU"’bZ-#I “e200%0E»01=e 20948E 0023882 285L 90—
¥ 75  60e0=eB998E-01 252033 ¢19543E-01=016944E 00 238465 «28761E-01
:""‘“'“"76‘“60.0-.68a¢3F-01“252.26 w19039E~01~e13729€ OO 238¢52.28930E=C\ ™
VT 60N« B%4826E=01 2%52.20 +18536E=0"=.11138F 00 238.41 ,29103E-01
““"““"‘78‘“5“"0-:%603&?”61""252“16“"T803SE"UT%.9066LF"01"‘238.3T‘“29278E“0r‘““"”
. 79 60e0~e35434E-01 252412 «17539E=01=073530E~01 238424 +29455E~-01
\7“““" 80 600 0~c 28584E%017"252409 ¢ 1 [036E=01=¢59TTUE~01—238 1842963 3E~01———
3§ 81 6000=423076E~01 252¢07 «1653TE~01=248625€-0)1 238¢13 429812€-01
‘ 82780 0= 18643E~01""252e05 0 1604 UE“Q =4 39568E-01""238 ¢09 e 299Y4E=QL-——
{ 83 60e0=015078E~0]1 252404 ¢l5542E~01~232198E~01 238¢06 +30176E=01
T B TR U= 122 1 2E % 0 S T U T UL G €0 1< 2619 6 £» 01238 9530 34l By jmrmnerene
85 6040-¢98858E-C2 252002 «10569E~01=e21317E-01 23801 +30541E~0}
""“‘"“86“6ﬂ.0‘?300075 w027 2524 0T e 14U%3E~01=. I 7356F=Ni""238 0030 724Ew ] ——
BY 60¢0~¢64891E~02 252400 «13557E=01~al6113E-01 237.98 «30908£-01
e TR Y 0= o B 24 BBE=02""252 ¢ U0 a130UF 1E=01wel 1 492E=01"—237«9 T+ 310Y2E=Q1—
87 60e¢0-402608E~32 25199 o12565E=01-e93396E-02 237496 43127/E-01
YU B0 U= GG 238~02 2% 1% 9Vt 206 9™ W01 TEOBGESV 25T ¢4 T4 1 =01
91  60e0~e27963E=02 251099 ol15T3IE~01~ub1793E~02 237495 +31646E-01
T T 00020 226126~0277251498 11078E~01-450289F~02"~23T¢ %4, 31831E~01-
93 6060~,18380E~-02 25198 «l0582E~0i~40824E~02 23794 .32016€~01
B 6T e 0=a 14T FE=T2 281498 ¢ i00BTE=1=0 3263E-02" 2374944 32201E~0~—— ~—
95 60+0-e120B2E~02 251498 «95919E=02-026911E=02 237,93 432386E~-01
ISR O TS T INE O T O eV 0958 B 02wy 271925 fo 022 3T 99 925} ) e
. 97 60+U=o78B58E~03 251298 +B6012E~02-e177B8E~Dz 237493 o,32756E=01
T TS U D B AL I GE =0T 29 e 9B w8 L OBBESD2~0 104D IE-02"23T 093 I 2VUZE=D)
- 99 6060-51H36E~03 251.98 «7H105E~02~011751E=02 23793 .33127E~21
IO A Y R 0S A L FROEE DT 29 e 98 "o T 1 1S BB e D6 OV TE“0A 2374927 23331 2B =01
101 60e0=333041E~C3 281497 «HO6LPHE~O2~e TV TGHE~DY 237:92 +33497E-01
TGO 2 T AR O T AT O T 61245 B 0 D= § 28 T BE 0 3237 92~ 3936 8 I O h e
103 65000 l234TE~03 2%1e97. 056292E~02~5075TE~03 23792 #37868E-01
T I UG U O v I B A AE W02 8 e T 91 3 I9E =D 22 e 4UD L 6E= 03 -2 2 VP25 4D GEwQ )
105 6060~614816E=~07 251497 s4bH3B86E~02~433191E=03 23792 «P423YE-01l
T T I0ETTH0W0R T ISL TERO T2 TV T e $ 14 IBE«02 e 2T BYE=O I 23T+ 92 ~wBAL 2 4 Lo -
107 6040=093386E=04 2%51.97 o364B0C=02=e22224E~C2 237492 +34610E=-D1
L O OO TN BTN O 2 i 9 T TN 160 2 = 4 183G UE S 032 3T ¢ D=5 B4 795 o (s
109 60e0=e63694F~08 281497 o26574E«0=e143745-03 237.92 34981E-Q1
T IIOTTEN N a B 1 THBE 04 231097 s QlG21E-02-c 1096IE=03— 23T ¢92 ¢« 351G6E=DL
111 804U=~a39681E~04 251497 <16668E~02-410031F-C3 237492 +35352€ 01
T 6060+ e 3T169E=0N 29 e 0T« L1V 16E~Q02=e TBTT2E~06— 237 ¢92¢3553TE=0 ——
113 6000-022T32E=04 291e97 s67632E~0I~28TIDIE=06 23792 «35723E~01
——t §G0 039GV Bt =RO LT T st 1 G IE~0 Fors 7122 H B = lep 3 Py g 5O v (e e
115 1040=018164E~U5 291097 ¢V8492E-0%~e80638E=05 237492 «32939E«01
W-WWWM?WWOHHW«&M&M




A e 4

L“”‘“TTv’“”lzn:;2&559Eé06““7%1;@7*.aivﬂaeaou-.69113E206““23?.92“;359A§E=01*“'“ N
118 1eD=e26583E~06 251497 o13T27TC=04=26911IE-06 237e92 o35948E~0)
I s U T S BT = S T Y T 65U T 2L =00 =i BYIDEE=0e 3T o YT 3999 1 e g e
120 loﬂ-02“5715“06 25197 o5721TE=Q4=e55106E~C6 237¢%2 35954E=01
121 1aflwe 2“75-5-;06”2 Bl e BT 243982 +0a- e 59 103E=06" 23T+ 98 93595 TE-0T
122 160=e26%T7Y9E~06 2%51e97 o40T0TE<Qe~c69101E~06 23792 o#35961E~01
Y2 1 0=, 268 BAE=06T 251 9T 432452604~ 69098E=08 T 23T YT 0 I596HESDTT
124 140=,2658B8E<06 251¢97 +24197F=04~169096E=06 237.92 +35967E-01
12% YoDas JaB TR =Nk 28 Ts97 < ISTL e RY0T =08 231797 S 359T0E=01—""
126 140=426596E=06, 251.97 «T68T0E~05-c69091E=06 23792 +35973E-01
TTTTTI27 T e 0 T BOIS0ES01 T 252406 o UUGCOE=50=¢51846E-01 23T T ISYIGESFQ
128 '140 «BY01YE=N1 252615 »UOUOUE=50~e5159UE~Ql 23782 «35971E=01 i
1207140 . B888TESOT 252424~ cGU000E=50=¢51335E=01 23T« 7T ¢ IdY66L=0 !
130 1,0 .8875AE«u1 252033 «LOOOVE~50~+451082E-01 237,72 +25961E-01
T3 TeU WwBBG 25T 250 Ry cUSUNIE=S5U= 5083 IE=0 T 23T v66 & 3¥IUGE=gT—
1232 100 o884945 00 253430 »UCO0CE~50~e5060YE 0C 23716 (3%905E-01
T T N 0 W BT IS TG 2547 17T W UC0NNE =505 481 T2E 0023668 35858E=01
134 1040 ¢8590iE 00U 25%603 «UCOOUE=50=045912E 00 236422 «35813E~Cl
IR T 0.0 e BEG33E N0 255,88 00CCOE~50-.43809E 00235 T8 357 TUES0T
126 1060 ¢8339BE GO 25&eT: «Q00N0E=50-e 41844 00 235636 «35729E=01 ;
137 10U «BITIE B 29T 54 WOUUUOESST=esITOIT U0 434396 - 35e9vye=uTr—
138 1040 2BUPTS5E 0U 258435 uOUDLE=50=e3B2T4E 00 234.5%8 35652E~01
YA YO O TR T9IE 002590 14« DOTOVESS 06 36646E 00234 WZTI356 T6E=DT
o 140 1040 o78626E OU 25993 «u00NUE=50=+35108E 00 233.86 «35582E-01
TaXT X80 W TTGI7E 00 2600 7C «00CNOE=5T=, 336537007 233527 ¢ 35%48E=0T ™
162 1000 o¢76346E O0C 261447 «LOQOCE=50-0322T4F 00 233420 +35516E~-01
IS Y00 s IS230E U0 262+ 22 »GUCO0E-50=v30Y63E 00232+ B9 354U HE=0T
1446 1040 oT8130E QU 262496 «UCODVE=50-529716E D0 23259 o35450E-01
YA S T 6 e 0 e 6 IBZTE 0126 T 34T OC000E-50<v 1 TIL5E 01 " 230%88 e 3528 3E-01
146 €0e0 o239921E 01 271e34 sUOCGOUE=5C=013168FE 01 229+%6 «35140E~0l
YT 80 o383 0L 27497 "2 00000E~50=s10105F 01" 22855 s 35017E€-01
168 6220 «33056E 01 278428 +000N0E=50=476577¢ 00 22779 «34908E-0)
Ry B I AR T 2R T 7B S UCONOE=S 0= 565 STE 022 T e - 3G8UeE=0T
180 60«0 «27270F 01 284.G1 «UOOUGE=%0-039966F 00 226482 +34T14E-01
TS 60D S 2ETITE D1 286468 0C0NDESS0-426125E T00 226756 3UE2SERQL T T
1852 60e0 ¢22624F 01 288472 «UUUOVE=50«¢14562F 00 226e41) _346538E=01
YN TG0 0 e 2031 TE O 290 76 T e DUO00E =50~ 49258E =01 TT226¢ 3T VL MBS 3ERQL T T
134 600 +18401E 01 292460 +LGUOUE~S0 ¢ 30864E=01 226460 +34369E~01
U TEE e U T 298 76+ UU000E <30 93T TIEC0T 7260y T TR LUHE =0T |
155 en.o «150ATE 01 299,77 +LOONUE~S0 «14BASE 00 226464 434198E-N]
‘“”“‘“Tsv‘"zﬁta*.136375"51"?97.1& «00CNOE-30™ 19076 0002683 T3a1 1 Em )
“188 60,0 J12375E 01 298437 +VOVO0E~50 422306F 00 227405 «36U21E-01
YIS 800 T  11213E 01T 299050 T« CONOVE=S0" e 24 TOUE 00 ~ 22 Te30 e 33925 Ew 0~
160 60,0 «1016%F 01 300451 +UC000E~91 ,263698 00 22T7+57 ,3383% -0l ,
TR e YTy U IO T N T v COUOCE =30 2 TR T U 2L TG Ty TR e |
162 2000 «B83064E 00 302027 «vUOOVE=30 +27925E 00 228+12 #33037E~-0)
T8I BT 0 L TS TOE O 03 U e UCU0UESS0 s 2 TIVUE 002280 40— 33YIJEw
1646 60e0 «89026E 09 303¢72 +0U000E=50 +27693F 00 228,68 +33426E-01
T TEY NV E2TTE 0 3435« DO0GOE=S N0 2T074F QU 2784 9533319 €0l ———
166 6038 «STOTE 00 304492 +VO0QUE=30 +26225F 00 229421 +33201E~01
BT SISO T YUY TR TV UUUCUE « 0 2TV ETNDT 229 e Y Yus bt o
168 $0.0 +47310E 00 205.91 sVO0OLE=30 +24023E 00 £29.70 32961E-01
— Y B0V 0V 631 TVE TV 3065 U s UVOOUE 90 ¢ 2276 2E “00 " 229 Y3 3 2857 EmQ t—reme
L3170 6000 #39292F OU 306474 +VOUOUE=50 ¢21442E 00 230414 »32'095»01 '
T TR U e U e 3SR AL O30TV UV GOUOUE~S 0 - 20098E—00 — 230 ¢ 34r— Y2578 E=Q ]
172 85040 «3267T1E OU " 30742 «VvOO00UE=30 +31E7%3F 00 230453 2224423E-01 ,
176 €060 +2TI02 00 30799 0C0N0E~%0 161378 00 23087 ,32126E-01 ;
‘ . N YO58 T TN TU000 0L YOy T4 S o% 0023ty O T AR 0N -0 !
S : 246 o :

B Y

s




~Y el ’725’3’55 00 368:.67 »LOGOGE~S0" «T3T08F 00~ 23115 +31879E=01"
3?7 &C.0 +3UG53E UV  30Be67 oL ULOUE=50 +12585F 00 23ledl o3L73¢E~GL
ﬁmwmwmu—. CUONOE~50""+ ITTZIE-0 "3 430239801
Y19 H0Ne0 W 22628E DU 310478 suUCHLE=SD «42943F=01 232449 +28536E-01 )
' *ﬁn*"m.e&.ﬂacae-m"-ﬁu.n «OUCNOL=80 «T2507F201 2325762682401 J
L 1 BU0.0 REIME=OL 31080 swULOGE=S0U=~e69TTS5E=0L 232650 2509bE-01
et 1o mmn«-awab A01™"3100 7T SUCCOULSS0 «T9131F=01""232.96"Z3386E=01~
NB ,&amo «338695~u1 310080 «uGOCUE=50=e92463E=01 232648 «21659E-01
B G O I T ST 10 T 0RO 0GE <3 0 TT 2166002380 TYYYUE-OT™
= 185 60060 «bT295F=01 310481 »VUUQUE=SU~e14158E 00 232.45 41821bE-01L
L TIAGTANN 04 B96IBE<01" 310475 JUUINVESS0 < 18545F 00~ 232647 «16515E-01
LUIRT 4000 JTTSATE-Ol 310483 JUGLOGUE~50=¢28358E 00 232.3V +167758=01
TTIBE TG00 O 10%BAE GUTTII0LTD JLO0CVE=S0 +385931F 00 232, 74 " 13084E~01
189 80Ce0 ¢169V6E 0U  31CeB87 LULIUE=50~e53454F 00 2232325 oLil2hE-ul
YO T TR U T Ut T IO B VT ICE S O B YR S £ OO S T O e Yo O T EO 2
192 40540 «337%58F UV 310699 «vbGlWE~90=213371E Ci1  231e6Y oTbbd¥YE~Q2 -
T2 A0TSR TBUTONE UV 1 U 44 o« UUUGUE=50" 4 22C36E 0177233490 6284002
192 63040 +9030LE OU  31143% oUGOOUGE=50~e40245F8 01 229487 +42840E~Q2
CTIVRTEN0W05 0182678701 T30 T27 oUODOOE=SD «6884F 017236476 w30121E~02
199 6000 2203728 G1 21256 +ULVOVE=50~e 15073E 92 22169 22T7656E-03
TEE TR IS TS0 70T I08 TR s VUUN oL - VZ2TOUE U240 AT IO T e

a7




bt i

PR

LI sl S 1, NPT

 mmmnx v

© IRAWINGS OF JOLAR

' COLLBCIOR CANISTER AND
'CYLINDER BULKHEADS

o

-




wa sr.wmuq ONRS
S i e M 27

...oofqa._w._.cm»w o - I -
. .. N o o dl_anaﬂw.u

ITRLE-IOT NI RA XY D
Swruijc.xgmﬂu dnx\mon 1
g, ‘

S e o
¥ WK IR ~1 21 A
‘ CH
' eawes 2 w4 E

ot
HWANO SINW G
AN A .2 31 - 0f

AL 208 iﬂ -

o> 1T/

o "\;‘~r\\ _)E_E




Y (66908 e %xx.ﬂ-&
. i QI8 GTBM O
" ] MOLDTHKA 30 N3N0 : .
umo_.oz_ZM..msﬁu; 3 - CTWYI0
_ 8 f&JHJIO) EROIN YRV ONOB - SNOLLYVS
: BAKSHAY GO0D AN T MO STONVR 0L’
» Qi NG 04N - gu&%ﬂagigd
. ) S SIHL NI SINVANS . Egg YOPSIN S
o L JECAAES YN ¥ 110w Q.uo”unal.u
b -t % AT TET AW
2 R0

| I j

"\ eammeinim o mmzz e v 4 e

250

X
it
WL

e
—

43 RIY iV
=]




5, 14 w.Zu.m.
ﬂ.azarwnmw

330 @ Tadhy,
(VAR et )




s WM. N RS 00, B

NS SNSRI S




Mt




| 3 #aﬂﬁzum.g,

wuw\.‘ﬁu} AR e IR o WA TR
ﬂx .w: XL WY 3V N 9 -10m
§ _rzi S e (300 .w‘;

§x> VYW QST 1 W
B ot o k-~ PR FRAL & )
iv.x& ki Y Bise Tk T 1DOPY (0w s

b

4
KO3 GL - f'..\
P )
SHIVY u-MDN/ {

W GW B e arge

Wil E«Hc«z

. v B.nOm.Tvﬂ* -8

o

= ..\i“ ‘

o —4-0w000w

FURPR LT T TP0 0 Je———

“e* -
m“w%

- b s s




- -

..l....s.slnna LR ORI W

NS B T VU IR e

P.i#.i! ATV oD IR WG ngi ¥




e T . Ak £ o+ 5 bt e Pt i A b 0 o - . G e

Unclassified
Security Classificetion

DOCUMENT CONT0L DATA - R&D

{Sevurity clessitication of title, body of ahetract snd Indazing tation muet Do entorad whan the ovezall repor: ie clecsifiod)

1. ORICINATIN G ACTIVITY (Corporato suthos) - 28 REPORT SECURITY & LABSIFICATION
G. T. Schjeldahl Company . Unclassified
Northfield, Minnesota ib. anour

' AmsTRACY

3. RXPORT TITLE
Gelatin Rigidized Expandable Sandwich Solar
Energy Concentrators and Swace Structures

4. DESCRIPTIVE NOTES (Type of repost and inclirizo dates}
Final Report ~

5. AUTHOR(S) (L.ast namo, Hret name, initial)

Neaman, Raymond G.

& REPONT DATE ' 78. TOTAL KD. OF PLOES 75 NO. OF REFS
August 1966 27 None
Sa. CONTRACT OR @RANT NO; §8 ORIGINATOR'S REFONT NUMBRNS)

AF 33(615)-2058

b. PROJECT NO.

8170, 3145, 7381

o Tasks 817004, 314502, 738101 [YY a{:m,pén T YT P ety )
. ; APAPL-THR-AE=12C

10- AVAILAUILITY/LIMITATION NOTICRS. 15 document subject to special export controls and
each transmittdl to foreign governments or foreign nationals may be made only with

prior approvai of the Spe.ce Technology Branch (APFT), Air Force Aero Propulsion
- 3.0hic 45433,
I1. SUPPL EMENTARY NOTES 12. SPONSORING MIiLITARY ACT IVITY

Air Force Aero Prcpulsion laboratory
Wright-Patterson AFB, Ohio 45433

-

~ In the search for optimum matzrials to be used in an expandable sandwich
concept of fabricating space structures, a gelatin rigidizing resin system was
improved and adapted for use. It was demonstrated that this system would be
desirable for yuse with fabric materials. The resin 3ystem is eagily applied,
has high sirength to weight ratio, and is resistant to a space environment.

The other materiels finallyw selected for use are completely compatible
and equally resistan® to a space environment.

The fmal items of the davglopment program were lightweight, self-rigidiz-
ing, 10-foot diameter solar energy concentrators; and U4-foot diameter cylinders,
8-foot long. Spece systems considerations were an integral part of this study,
with particular emphasis on much larger structures requirements.

This abstract subject to apecial export controls &nd each transmitt 2l to
foreign governments or foveign netionals may be made only with prior approval
of the Space Techrology Branch (APFT), Air Force Aero Propulsion Laboratory,

© Wright-Patterson AF3, Ohio 45433, ‘

__Quc lassified '

o st




Security Cla. eify ation

o ot . e e e —_——rnt | S i e i i NS Y S AR A AR BT ) ot e g e e

14 LINK A L.NK B LinK €
KEY WORDS moLE | wWT moL® | wr | moLg wT
Epandable 8 3
Space Structures & 3
Gelatin Rigidizinrg Resin 8 3
High Strength to Weight Ratio 2 3
Resistant to Space Environment 1 1
Space Sysiems Ccusiderations ! 8 3
Self-rigidizing i 8 3
. 1 |

L. ORIGINATING AZTIVITY: Enter the nams and address
of the coantractor, subcontractor, grantee, Depastment of De-
fense activity or other vrganisation (comporate suthor) issuing
the report.

2a. REPORT SECURTY CLASSIFICATION: Enter the over
al! security classification ol the report. Indicate wiiether
“Rostricted Data’ is included. Marking is to be in accord
ance with sppropriate security regulations,

b, GROUP: Automatic downgrading ls apecified in Dol Di-
rective 5200, 10 and Ar~ed Forces Inductrial Manual. Entsr
the group nanmber, Also, when applicable, show that opticnal
nn::lugu huve bean used for Qroup 3 and Group 4 'ae author-
ized.

3. REPORT TITLE: Enmter the complete report title in all

capital letters, Titles in all cases should be unc!~seified.
If & meaningful titie cannot be selected without classifice

tion, show title clasaificetion in all capitals in parenthesis
immediately following the titie.

4, DESCRIPTIVE NOTE& If appropricte, enter the type of
roport, &g, interim, progress, sy ry, annual, or finsl,
Give the iaclusive dates when a apecific reporting period le
coverasd.

5. AUTHOR(Sx Eonter the nama(s) of author(a) as shown on
of in the report. Enter last 2ame, first opme, middie initial,
It mititary, show rank and branch of sesvice. The name of
the principal anthor in an sabsolute miniwum requirement.

& REPORT DATE: Enter the date ot the report as day,
month, yesr; or month, yean If more than one date sppean
on the report, usy date of publication.

7e. TOTAL NUMBER OF PAGES The total page count
shouid teliow normal p on procadures, e, enter the
aumbar of pages oon informstion,

7. NUMBER OF REFERENCER Enter the total number of
references cited in the report.

8a CONTRACT OR GRANT NUMBER: If sppropriste, enter
the spplisable aumber of the contrect or grant under which
the "eport wae written,

lb. i, & 8d. PROJECT NUMBER: Kater the sppropriate
department ldentification, such as project number,
u!fe ect sumber, system sumbers, task aunber, ato

::..‘ ORIGINATOR'S uron NUMBER(Sx Encer the oM~
amd conirelled by the oﬁduun sctivity. This sumber muat
be unique to thie roport.

96. OTHER REFORT NUMBER(E): If the report has besa
assigned eny other report numbare (either by the originator
or by the m). algo enter thia oumber(a).

10 AVAILAMLITY/LIMITATION NOTICES Buter say lin-

INSTRUCTIONS

“port. If additions! spacse is required, a cwitiveation sheet shall

Atetions on furthur disseminstion of the report, other than M

imposad by secarily classificaticn, usizy standend stotements
such as:

(1 “Qualified requut-m muy obtein copies of tils
report from DDC.”?

{2) '""Forelgn anvonacenent and disssmination of thie
repori by DDC {s not suthorised

(B U 3. Govornment agencies may obtoin les of
die repost directly Som DDC. er qualified DDC
nuars shall request through

”»
.

(4) “U. 8 mhitery acenciss may obtain ocples of thin
raport directly from DDC Other qualified unsre

"
.

(8) *All distribution of this report is controlied Cual-
ified DDC uess shall request through

”
-‘

If the report has been furnished to the Office of Technical
Services, Dapartment of Commivce, for sale to the public, indl
ante this feot and enter the price, if krown.

1L SUPPLIMENTARY NOTER Use for additionst explsae-
tory aotes.

12 ‘zom ujm;m‘:f AC‘{WH‘!! Eetar the nu(n of
artmental project office or laborater M“ oy

Ju for) the resassch and devalopment. hcw

19. ABETRACT: Rater an abstruct gl ing » Wwief u‘ factsal

sumary of the socumont ladicevive of the rearnt, sven though
it -u also apprar elouwive in the bedy of the tevkaien) re-

be sttached.

it ia hm desirably thet the sbatract of alacsifled repivts
ba unclass , Bash Lrnmﬁ\ of the shetrcct shall -l with
an indicatica of the military seourity cleselficativn of the in-
formation ln the paregraph, represented ss (T8), (8). (C). or (V).

Thare is no limitation oa Ne of the abstmot. New-
ever, the suggested length is from 150 to 235 words.

14. KEY WORDS: bywui.mwmmlm

or short phrases that characterise e repart and may be naad an
hdoxntvdu:wc-hlodnh !nwu‘nmth
selected so that ne n*dulv ficaticn is lzdn‘ Sdoasi-
flere, uch as equipmes: mode ration, t.ads seme, military
pr.jntcod-umo.fnp:dﬂ o, i iy e wd as Bey
worde but will be followed by an m-m of tevalcel cen-

text. The acsignment of lake, relew, and wolghts is eptivsal.

e

Unclassified

‘Securlly Ciassificotios

S T T




