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GENERAL PLASTICS MFG.COMPANY
3481 South 35th Street
Tacoma, Washington

TI'INAL REPORT

SUBJECT: DEVELOPMENT OF LOW DENSITY

RIGID POLYURETHANE FOAM FOR
USE ON S-)C FLIGHT VEHICLES

COMPLETION DATE: 22 OCTCEER 1964
CONTRACT NUMBER: NAS8-11688
ATTENTION: PR-AC

This completes the requirements of Fhase I,
_ Phase II, Phase 11l and Phase IV of
Contract NA58-11688 and P‘odification I.

\éarl % . %kman ’ %OR

Eomas S. Brazier, Ma:’?ager

Chemicels Division
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GENERAL PUASTICS MFG. COMPANY
3481 South 35th Street
Tacoma, Washington 98409

SUNNARY -
CONTRACT NASB-11688

Contract NAS8-11688 entitled "The developwent of 2 low
density rigid polyurethane foam for use in the S..1C Flight
Vehicle", consists of four phases, each wlth a specific

objective. Thils report consists of four separate seciions,

- - which corresponds to the four Contract phases.

Phase I comprises the development of a 3 to 4#/cu.ft,
density polyurethane foam. This foam 18 required to meet
four s?eclflc compression requirements and must be capable of
large (2' x 5' x 6') single pour castings.

Phase II 18 compriséd of developing a foam system which
will have similar physical properties but 1is capabls of closed
moldings. A specific closed mold has been supplied by the
Government and sample parts are to be molded and furnished to
the Government. '

Phase III requlires the fabrication of sixteen (16) blocks
of the foam developed in Phase I. The dimenslons of these
blocks are 24" high x 60® wide x 72" long. These blocks
require X.ray examination to assure the internal quality of
the foam.

Phase IV requires the development of z repair technlque
for damaged blocks. The reguired technique should restore the
damaged material to the physical requirements spelled out in
the Phase I development.
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‘ t OCTOBZIR 1564
. ontract NASB.11683
General Pla2stics Mfg. Comonan.

SUKKARY = PHASE I

Phase 1 consisted of developing a low density foem

formulg;;on which would pass the creep 2nd compression

requirerents spelled out in Contract NAS8.11688. This

et e o e e e e -

was accorplished by screening foam formulations for their

e S

physical 2nd casting properties. From these formvlations

three promising formulations were then cest into test blocks

e

measuring sixty inches in digmeter and twenty-five lnches

EBick. Test samples were again taken from these large
czstings 2nd a single formulstion, desienated RMB03,.5, w=s
chosen for further testing. This forrula was cast into

a 30" x 66" x 78" btlock and ssmples were again subjected

to the property reguirements of this eontrasct. This {grmula

proved to meet 311 the property reaquirements 2nd to cast

——e o

eatisfactorily in the large pour. This formuls was later

used lnhPhase'III to produce the sixteen fabtricated blozks.
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22 October 1964
Contract NARB-11488
General Plastics Hfg. Comveny

DESCRIPTION OF PHASE I

-The following methods were used in obteining formulation

B4BU3,5 to comply with the Phzse I rsguirements:

3ench Foropulatiouna:

A series of twenty-twe fosr formulations utilizing various
tasle raw materlals were established and samples of each formue
lation were cast. These samples were poured in one-gailon
paper containers utilizing sporoximzstely 400 zrams of total
foax ingredlents. These formulations were lesigned to determine
which rew materials would te capable of not only the physiczl
requirenents, spelled out in Phase I, but also would be
capable of large volume oastings. These cup sarples were then
subjected to preliminary screeninz to detertine the compliance
with these requirements., This screening cousisted primarily
of subjecting samples to the Section & Phase I test (1 hr, cyclic
loading at 50 psi) which indicated the properties which could
~be expected from each formulstion.

Sox Formulations:

Three formulations obtsinad from the bench forrulations
were cast 1n approxlimateiy four cuble foot boxes to determine
the feasibllity of large volure crstings. No major disadvantage
was found to any of these csstings, and uvon dissectiny the
foam, all samples were found to be sound. Since much larger
castings were necessary to complete the Phsse III reguirement,
1t was felt that a larger castine would be necessary to achieve
the final formulation,

Half-gize Casting:

The three box formulations were theu csst in 220 pound pours
which measured 60" in diameter znd aoproximastely 25" thick. ‘his
size casting was chosen to minimize the materlal regulrement and
yet vrovide the same internal exotherm which could bYe expected
in the Phese IIIl production blocks, Each of these 60" dismeter
cestings were allowed to cure two days before being removed from
the mold and an additional two dasys before the castings were
di~seated. The ocastings were then 3split directly in half and
samples were taken from various heizhts throughout the blocks
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22 October 1964
g Contract MAS8-11688
Jeneral Plasties FEfg. Commany

DESCRIPIIQN OF PHASE I
Continued)
Half-size Cesting (Cont'd)

to determine thelr physiocal properties, The remainder of the
blocks were cut into small pileces to establish the consistency
‘and quality of the internal foam. 3ecaus2 of undesiradble
molding characteristics, two of the three formulztions were
discerded at this point and only formula R4B03..5 was considered
for the Phase III production.

Block Casting’

Formula F4803,5 was cast into the 30" x 58" x 78" block
mold utilizias 420 pounds of foem. Thls block was allowed to
cure two days in the mold sund two days nrior to fabrication.
Samples for testing were then obtzined from this block snd the
block was X-rayed., This formulation was found to be satisfactory
for the production of the Phase III blocks.

Testing:

Samples obtained durine this development procedure were
subjected to the tests described in Phage I of thig Contract,
Vhere a definite indication of feilure, or 9 definite conclusion
could be drawn from the Section A requirerent, no turther
testing was verformed. In this way it was nossible to sereen
the nurerous formulations rentioned above =2nd still meet the
time renuirements of the Contract.

In Appendix I of thig Phase are the vrozressive creev curves
which were obtained frox the verious steps performed on forrulaw
tion R4B03,5,;




g, g October 1964
' ntract MAS8-11568
: Ceneral Plestics Ifg. Comnoany

DISCUS 310N OF _TEST RESULTS

The creep sud cornression tésts were run on samples
measuring 2" x 2" x 2" (Filcure 1). The loadinz in 2all csses
were appllcd to the directiorn of the foam rise., Cn the test
data, included with thls revort, the test Jo, 1 coincldes with
Requirerent A of the Phase I Contract tests. Correspondingly,
Test No. 2 corresponds witn Contract test (b), Test No. 3
corresnonds with Contract test (¢) and lest No. 4 corresponds
with Contract test {(3). Also our creep test equiprent is bullt
so 28 the thickness measurement durlung the tests includes &

1" thickness of metal plate, This accounts for the recorded
values slways beings 1" grester then the vlotted graph values,

The first creep sample was teken from bYox sawple N101d-62
and was obtained from the semple of the box casting as showm
in Fijure 2. DBecause this was a preliminsry samole, only
the Section "a" sixty pound creep test wss run on this block.
From the results of this sixty pound creep test, it was felt
that a larger casting would be uecessary in order to make a
final declsion on thls foar formulestlon.

Four test samples were taken from the one~h21f size pour,
Samplc wo. N1017-69 fromr the pogition shown in Fizure 3, As
would be expected, the denslty of this vour decreased from the
bottom of the pour to the too. Also, as would be exnected,
the oreep became greater 3s the density decrezsed., Fror this
sample it wes concluded that the minimum eccevrtabillty opreduction
density for a Phase III block would be 3.5 pounds per cublc foot.
This conclusion was drawn from Samvle 1 which had a density of
3.41 pounds per cubic foot 2nd a waximum creep of L.63%,

Since our maxirum allowable creep was 5%, it seemed inadvisable
to approach this limit by reducing the mwiwnimum denslty of any
point in 2 cssting below 3.4 pound - er cubic foot. The creep
saxples were then subjected to the compression test and this
data shows & winimum compressive strength of 75 psi at 673
deflection on the 3,41 pound per cubic foot sample., From

these combined results it wss concluded that formula RUB03.5
would be satisfactery for the Phzse 1II production blocks.

To further orove 1ts8 acoceptability, a full size casting
measuring 30" x 66" x 78" was ocast and additi~nsl creep samples
were taken fror this block. - Samoles #1, #2 and #3 were taken
from the extrere end slice of this block and subjected to the
ereep requirements. Although the creep values obtalned from

nesa end samvles 4id not correspond in increasing order to thelr
decreasivne density, all the ssmples did pess the Phase I
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21’00 tober 1964
Contract NASR.11488

lieneral Plastics rifg.Corvany

DISCUSSION OF T=3T YS3ULT3
{Cont'a)

requirement. This inconsistency can be exploined by the fact
that tnese ssmples were obtzined very close to the rold wall
and conseguently their cell structure ig not ideal ag in those
samples taken closer to the center of the block. Sample #4
taken from the center of the block passed creep essily 2ud all
testing to this polnt indicated thst formulz BEB03,5 could ve
used in the Phase III productionm.

Block N1019-615 was then submitted for X-ray evalustion,
The X-rays obtained from this block showed that this materizl
could be cast in this slze cssating ond produced the requlred
internal foam quality.
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% Contract NAS8.11488
’ Jeneral Plastics i""z. Co.

RECO:I, ENDATIONS

3ased on the formulation work esrried out in Phase 1,

the followine specific recomrrendations can e made:

1,

2,

3.

The minimumr average density which will pasgs the Phase I

physical property regulrements is 3.5 pounds per cubic foot.

Tne two-foot x 5-foot x 6-foot costing approaches the
maximum practical single casting size for this foam

forrulation,

A minlmur gize pour of sonroximately four~dublc Teet must

'also be applied to this formulation if no hest cure 1is

applled. Should 2 smzller e=sting, such as an .Exclusion
Rijer Rim, be attempted from this farmulzcion, =2 hest
cure reculrexeut which was not estatlished in this vrogram

would definltely be necessary,
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ConPract NAS8-.11688
General Plastics MNfg., Company

PHASE I
Foam _Formulation:
R-4803.5
R-4803.5 Part A
Polyether Resin (5i0 OH#) 80
Tcluene Diisocyanate (80-20 Isomer) 298
Eenzoyl Chloride 0,2
Silicone Glycol Copolymer (DC 201) 3.9

R-4803.5 Part B

Polyethsr Resin © (500 ou#) 75
Flourocarbon 11 ) 14
Silicones Glycol Copclymer (DC 201) 1.0
‘Triethylenedlamine ) 0.1
Dipropylene Glycol . | 0.2

To Obtain Foem:

These components are combined in 2 re:tio of 110 parts by

weight Part A to 100 parts by weigh: Part B,
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CREEP & COMPRESSION SAMPLE

DIRECTION OF LOADING

DIRECTION &'
OF FOAWM RISE
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BOX SAMPLE
SERIAL No. N 1014-62

24

>
N, pstemer
L_-’p

24"

TOP VIEW

: i —ﬂz:l"— 1~
: N 12
CREEP SAWPLE t{j_z‘_ l

SECTION  A-A

SAMPLE BLOCK  DENSTTY 3.58 */cu.rr. MALCREEP 3.60 )%

Fieure &
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: CREEP TRST #] end #3
: BRATCH B
Fosn No. R-4%03.5 Batoh No. APPIM 100-527  Dute=msBadN- N11O—p¥

Date Poured TLUJ{;Q” Date Teotadmw
| -~ Sefie No. N_{04-62

TEST #1
~ Time Height | Deflection
Inity o 13:10 3.011
Los’ed t = Om 13.10 PALL
t = 60m_ 10 2.95%
Unloaded t = 60m .10 2395 _
¢ = 120 210 | - 3.007
losded & = 1200 .10 2.960
t = 1809 3.10 2.950
t =180 3.0 2.994
6" " % = zuon 740 3.012
losded & = 2409 140 2965
t = 00m %'.'40 2945
Unlosded ¢ = 760m 340 2.99/
IEST #3
Initial
Josded ~ t= Ohr j
$= 1hr
_ta2bhr
t = 48 hy
t =60 hr
losded b =72 hr

 Unloaded %= 72 hr
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ONE HALF SiZE POUR
. SERIAL No. N 1017-69

N

A \
60" DIAMETER POUER
_— T
) ) -
M
' | APPROX,
25"
&
1
SECTION A-A
SAMPLE " DENSITY  3.41"%/cu.ft. MAX. CREEP 4,65%. -
- v 2 “ 3.47%c0. 4. 375 %
“3 " 3. 52%v. ft. " 3.1 %
M ° 4 " 3 . G 2-./‘”‘. f*. "n 2. 75%

Figure 3
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®
CREEP TEST #1 and #3 ,
= £ Batch No. B NNQ - bH

Poam No. - 4§03.5 Batch No. APP-7R_)00-527
Date Poured_JUNE 9% Date Tested JuNE IZW' SaneLe o
Serial No. N ‘Dﬂ ‘!pq e ————
TEST #1 ,
Time Helght Deflection
Initial Q40 3.060
Loaded _t = Om q:40 3.010
t = 60n 10:40 2.990
Unloaded t = 60m 104D 3,043
) t = 120m AR 3,05
loaded  t = 120m LEHo 3.000
¢ = 180n .00 2.980 ]
Unloaded t = 180m oo ] - 3.037 . -
' t = 240m 200 08T -
Loaded  t = 240m 200 | 400
| £ = 300m_ 300 297 -
Unlogded t = 360m 3.00 303
TEST '3  Juwe 15 - 8™
Time He ) ght. Deflection
. Initigl %30 3,029 ] -
‘ o804 ‘'t = 0 hr 8‘!30 . 3.()('7
t = 1 hr q9:3%0 ?”0”.‘_’..
t = 24 hr 930 3.015
t = 48 hr 3 | 30M
t = 60 hr ”:00 ?-0,"" ;
. Logded t = 72 hr 3:30 3.013 'r _ "

 Unlooded © = 72 hr
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Foan No.[p-4%03.5 Batch No. APP-M 100-527 Batch No. B_N]I0-~4Y
Date Poured JUnE 9% Date Testea uye /32

.
Test 2 Lorial Mo Niom-eo _ Sawen ]
_Time | Height Tipe | Heignt
Initisl 7.30 3.053

. Loaded t = Om 1:30 2.995° t =130 | 12301 .93
t = 30m <Z:OO Q.%3 t = 330 “OO Q.QFH

Unloaded t = 30m 3.00 303 | =33 | 00 | 3936

¢ = 6on | 8.30 3096 | t=360 | 130 | 3.036

Losded -t = 60w 3 | - 29I t =360 | /30 | 2482

t = 90m q.00 9% t =390 | 900 | 2372

Unlosded t = 90m Q.00 3933 | t 90 | 200 | 3.084

_ teizom | D30 | 3043 | wauspo | 2301 3034 |
Joaded  t = 120m 9.0 2339 t w420 | 2,30 | A9
.t = 1508 10:00 2978 t =450 | 300 | 0970

Unloaded t = 1som | (0000 3.08 ¢ =uso | 300 | 3023
| ¢=100m | 1030 | 3042 | e.ugo | 3130 ] 3034
‘lopded  t =180m | 10:30 | AT t =480 | 330 | 93T
t = 210m V.00 9qT1 ¢=s10 | 500 | 29
Unleeded t = 210% \}.00 3.027 t = 510 .00 3.0
: t =2u0p | 1130 3039 | sasmo | 4301 3033
‘losded  t e 2vom | 130 RS | s .ano | 4307 2917
| t = 2709 JA.00 2075 § = 570 5001 2967
Ynloaded & = 270m 12.00 3.021 ¢ =70 | 5/00] 3081

L
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Foam No ,MO'S-S ,

Date Poured Jywne 91,1909
serial No.N]OI? ‘@

Yo

CREEP TEST #1 and #3
Batch No. APP-TA \D0=597
Date Tested THUE ”"“

Batch No, B N“Q-Mt

TEST #1
Time Helght Deflection
Initier 17 1125 3.053
Loaded t = Om ”:25 3.0'1
t = 60m 12:25 2.9
'Unloaded t = 60m 12,45 3.09
t = 320m 1,A5 3.041
Logded  t = 120m 135 299
t = 180m 4.29 AR
aded t = 180m 3.9 3004
t .= 240m 3.0 3035
Ioaded  t = 24Om 3.5 2.99
t = 300m N 2978
Unloaded t = 360m 4.5 3.007
TEST #3 . June 20-23
Time H-Vant Deflection
Inttger  20% |0/00 3.039 .
Loadea 20 t = 0 hr 10,00 3.008
20® t= 1nr |1,00 3.0
WM b ol — -
2" t = 48 hr 10,60 3.0\
W W | 500 | 300
‘Loaged ___t = 72 hr 10:00 3.010
£ = 72 hr .

Unloaded




Foam No.R-4%03.8

CREEP TEST

Batch No. APRTA 100~537 Batoh No. BN ]I0=-{p}
Date Teated;!uug ,871

Date Poured

TEST #2 Serfa No. NI0IT-69 ..SB.‘!E‘.-.L:Q.
Time | _Hejght Time Height
Initia) 7.30 3,037

Loaded __t=_om | 1:30 4990 | ¢ 2300 [12:30] 2.9
_ t = 30m %.00 2971 t = 330 1,001 X933
Unloaded ¢t = 30m %:00 3.0')7 t = 330 /.00 3.0!‘?
t = 60m 3.30 3.03% t = 360 :301 3.0

Loaded _ t = 60m %230 2990 t = 760 130 | 3.935
t = oom | 900 2985 | twae | L0 298

Unloaded _t = 90m q.00 3.0 | ¢ = 390 200 2.8
t = 120m q9:20 2.03| t = 420 300 3,035

Loaded t = 120m 9:70 Q.ng t = 420 QBO 2.985
t=150m | 1000 | 2935 | s .uso | 300 29832
Unloaded t = 150m |0:00 3093 | ¢ = us0 3.001 3.013.
t =180m | 10:30 300 | ¢ wuso | 3130 2.0%

Loaded t = 180m 10.%0 2933 t = 480 2,301 2.9H
t = 210m 1,00 2.‘1‘84. t = 510 Hi0o] 2931

Unlosded teziom | 1100 | 2002 | sas0 | Y00l 3.08
_ b = 240m “:30 3.01‘& L= 540 H:30 3«0&3
losded  t=zvon | 1301 298 | oo | H30] 2983
vezzop | 1300 2% | o .0 | Si00] 330

Unloaded ¢ = 270m 12.00] 300 | v a0 | 50D 305

__ & = 00 123D 3081 | 4 690
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CREEP TEST #1 and #3

Batch .o, 8 N “Q“‘/zi_

Foam No.[@-H%03,5 Batch No. APP<M _)00~527 i,
Date Poured_JUung 9 /94% Date Tested J’LLNE l%* -
Serial No. N'I()i“l-(z‘i M
TEST #1
Time Height Deflection
Initial 9.30 3.014
Loaded t = Om CMO 2.‘?7‘%‘
t= 6om | 10,30 2.964
Unlosded t = 60m 10,30 2493
t = 120m J1i 30 3.002
Loaded _ t = 120m 11.30 - 2967
t = 180m .30 2957
Unloaded ¢t = 180m J4.30 293¢
t =~ 240m “30 quqq
Losded ¢ = 240m .30 962
t = 300m a.%0 2953
 Unloeded t = 360m 30 2985
TEST #3
Time H:igh' Deflection
initial
lcaded  __t = O hr
oLt - 1 hr .
t = 24 hr
t = 48 hr
t = 60 hr

 Loaded  t = 72 hr

Ualoaded  t = 72 hp




CREEP TEST #1 and #3

L

Batch No. B_N(10~6H4

Foam NO,R-QZQ&S Batch No. APPTR J0O-5N
. Date Poured __Iuwf_i_'ﬂe‘r Date Tested JME ﬁ'& ) :3
CEST #1 3erial No. ,N_‘Qf_l‘_ﬁﬂ__ SMM 1.'_
Time Height 1 __Deflection
Initial ‘0:30 Q.qQH .
Loaded t = Om 10:30 2. 962
t = 60m 11,30 2,950
Unloaded- t = 60n_ J130 29713
t = 120m }2:30 2.985
Loaded  t = 120m 12,30 2.954
t = 180m 1:30 2943 -
Uslosged t = 160m 30 | 97
§ = 24ou 430 33! i
loadeg & = HQH a 230 ¥R
¢ = 300m 3.30 AN
UJnloaded & = 360m 330 2363
TEST #3
| Time Haignt Deflegtion
 Iaitie)
lesded  t= Ohr
t= 1hr
t =24 nr !
t = 48 hr )
t = 60 hr N
losded  t = 72 hr

Unlosded. & m 72 hr




S ;

CompPression Test “4

Sampie No.___ "1 Samere No.__*a
SampLe Develry __3:41% S ampLE Density__347%
?:Z—;W To Dsn.min[ Srress (Fst) ;f"/?n LDerLinﬁouI Oreess (Qslﬂ
008 5 10 .005 ) H
010 1.0 P 010 1.0 33
.020 2.0 i .020 0.0 [3)
.030 3.0 62 .030 3.0 6o
.040 4.0 63 .040 L) 2
.050 5.0 73 .050 5.0 o
060 6.0 5 060 6.0 1%
070 7.0 5 070 10 3
. Sanere No.__ "3 Samere No. ¥4
SameLs Densiry_3.59% Sampie Denstry _3:62°
'lu/;: y bo Dervecribn [Saess (pst) f»/;,,' E,Dm.!:rh[ﬁm( mt)
005 .S T ,005S S5 [0
010 ).0 25 010 1.0 92
.020 2.0 5y .020 2.0 5
| .030 | 3.0 63 [ .030 | 30 T
040 4o | 5 L_.040 4.0 9
050 | 650 | 30 | .00 | 50 23
_.0k0 6.0 3 | Lok | 6O 35 -
~.070 .0 3 .070 L0 25

o ot ,4;,‘“}» A B G et S
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BLOCK CASTING
SER!AL No. N \O\9-6\S

DIRECTION
OF FOAW
RI\SE

SAMPLE " | DENSITY 3.59%cu.f MAL CREEP 3.0%
* 2 " 3.62"/cv. {4. . a6e3%

"3 " 3.66°/cv. 11. " 4.35%
" v 4 . 3.64%cuft. " 3.28%

FiGURe 4
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CREEP TEST #1 and # ,
1 £ Bateh No. 8N lIY-Ll3
Foam No._{§-4R03.5 Batoh Yo A_|0Q~bll
H
Date Poured_dune 5 175- Date Tested ,i UNE n - -

Serial No. NI014-¢15 M

pn

TEST #1
Tire Height Deflection
Initial ’qrn . ”.'05 3.007
Loaded t =  Om H‘OS Q.q(o(o
_ t = 60m 12:05 2957
| Unloeded t = 60m 13,05 2.993
t = 120m |.05 3.00}
Loaded ¢ = 120m 105 - 290
t = 180m 205 295
Unloaded t = 180m .00 1483
t = 240m - 305 2997
Loaded _ t = 240m 3.5 2457
_ b = 300m 4,05 2.941
Unloaded t = 360m 05 2.9306
TEST #3 Juwe 29-a5™
Time H-lgh~ Deflection
Initial 3100 2.99
Loaded _ t = 0 hr g.00 2.9%2
¢= 1ne | QW00 2981
t = 24 hr 3:00 2.9%0

t = 48 hr ?'100 Q.?’?Q

t = 60 hr H:30 9479
Losded b =72 hr 800 | AW

Unloaded t = 72 hr




o

Posn No. R-HRM.5

-

Date Poured

CBEEP TES1 /{2
Batch No. A‘QQ-{"“

Date _Teeted

sertal No. N 1019-6I5

Batch No

. B MNIY-5I3

A

Samere’l

IEST #2
Time Height Time | Height
‘Initial 130 2.999
loaded _ t = om | 1¢30 N.q74 t =300 | [2:30 | 2.96%
t = 3om | %00 2963 t =330 | 1500 | 2.94
‘Unloaded t = 30m 800 4 (nl t = 330 “00 293?
. t = 6om | 2% 2927 t =360 | 130 | 2992
Losded _ t = 6om | 830 2973 t =360 | I 2.963
t = oom | 9 Q46T t =390 | & 2963
Unlosded t = gom | 00 A9 | ¢ 2390 | 00 | 2988
t = 120m Cl"gg) 2495 t = 420 430 2992
Losded ¢t =120m | .30 | 47 t =420 | 230 | 2967
t = 150 | 10400 2966 t =450 | 300 | 2963
Unlosded t = 150m | 10900 2490 t =450 | 300 | Q987
t = 180a i0:30 QRQ"I t. = 4§80 3.0 -90%'
Loaded  t = 380m | 10730 2970 t =480 | 330 | 2967
__t = 2i0m 11:00 d 965 t = §10 Q0 | a2
Unlogded & = 210m | 10D 2984 t = 510 | H00 | QT8
| t = 240m 1130 2993 ¢ =50 | 430 | 2990
‘Logded __ t = 24om | 1130 2.9(4 t = sh0 | 4030 | 2q6l
| ¢ = 270m | (00 2965 s = s00 | 5000 | 3962
Usloaded ¢ = 270m | 19:00 a 4R s =70 | 500 | 498
| t =300m | 1330 | 2993 ¢ = 600
S ——————r e ——p———————
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CREEP TEST #1 and #3

Batch No, 8 H [[H- HZ

Foam No. R-4%03.5 Batch o A_lOR=[sl]
Date Poured Jyng iSJ344% Date Tested T(MIE 02 :
Serial No. N-1019-4I5 SﬂHP\.E’a
TEST #1
Tim~ Heizht Defiection
Initiey _ 20% ¥.15 3. 03]
Loaded _ t =  Om 815 2.979
t = 60m QIIS _2,‘“0
Unloaded t = 60m q5 3.00]
t = 120m 10:)5 3,013 _
Losded  t = 120w 1015 24971
- t = 180m . 115 23453
osded t = 180m 155 2.995
t = 240m 1215 3.010
Losded  t = 240m _ J215 2.964
t = 300m kB 2948 .
Unloaded t = 360m )1S 2990
Juwe 23- 2™
TEST #3
, Time H-tgit Deflection
Initial , 745 3,003 |
Loaded __t=_0hr | 195 2.994
t « 1 hr 345 2.993
t =24 hr | (M5 2492
- t =48 nr | M5 2.9
. t = 60 hr 1.00 249 |
“;o_@_g__dggr t = 72 hr 145 - 490
lnloaded t = 72 hr |

" MF - G e it 8
AN N - .



Foam No.R-HY0L.5

_CREEP TEST #2

Batch No. A_JQQ~bl]

Date Poured Egr\; 1§19

Batch No, BN [/¥-(al3
Date Tested unt: Q9% oy

SampLi * |

TEST ‘2 Serial No. N 1019 -ﬁ}§.
_Time Height Time Height
Initial 7:30 3.01Y
Loaded __t = om | 130 2.971 t =300 | [2:30 | 2965
t = on | 8100 | 2965 t =33 | 00 | 2.960
Unlogded t = 30m 3100 2.006 £ =330 | 110D | 3.6
t - 6om | 3%C | 3.010 6 =360 | 1130 | 3.00
Loaded __t = 6om | 3:30 | 2.963 t =360 | I'30 | 2964
t = 90m Q.00 7963 t =390 | 200 | 2960
. Unlosded t = 90m _ Q.00 3.004 t =390 | 200 | 3.00!
t e 1z0m | 230 | 3.009 t =420 | 9030 | 3.005
Loaded  t = 120m 30 | 2967 t =420 | 230 | 96Y
| t = 150m 10,00 | 2.963 t =450 | 3¢ 2,959
Unloaded -t = 150m 1000 3003 t = 450 3109 3.000 _
t = 180m 1030 3.00% t = 480 30 13,004
Loaded ___t = 180m 10:20 2,960 t =480 | 330 | 9943
t = 210m 11:00 296! t = 510 | 400 | 2959
Unloaded t = 210m 1D 3,003 t = 510 4:00 | 3,000
t = obog | ' 3.007 t = b0 | 4:30 | 3,004
_t=ovom | (130 | 295 t=gup | 430 |39
g =270m | 1900 | 20| t =570 | 500 | Q959 B
Unloaded t = 270m 13:00 3,009 t «s70 | 5i00 2999
t = 3008 12,30 2.000 £ = 600

o T i LT ot Y SRR P ———————
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Foam No. R-HR03.S

|

CREEP TEST ﬁl and ﬁ) -
Batch No., B N “H~M3

Betch Mo, A_l0Q=(!)

Date Poured_gyne 15,1544 Date Tested_) UWE ﬁl‘ﬂ ..'
rEST 41 serial No. N |019-(I5 Sampig.
' Time Height Deflection
Inicial _ |a.05 3.012
Loaded __ t = _Om 12,05 1960
t = 60m 1105 - 2943
Ugloaded t = 60m ).05 a.995
t = 120m 205 3.009
Losded ¢ = 120m 205 2356
t = 180m 315 2934
Unloaded t = 180m 3.15 2.9%0
t = 240m 415 3.00)
Loaded _ t = 240m 4,15 2.948
£ = 300m 5.5 2.935
aloaded % = 360m 55 2%
Juwe 23 -acH
IEST #3
Time H=labi Deflection
Initial 10130 2.999
aded t = 0 hr 1030 . 977
' t = 1 hr 1130 3975
.t = 24 hr 10120 291
t = 48 hr 10130 RNES
t = 60 hr "/332 2.373
Losged _t =72 nr | 10130 9972
Unjoaded ¢ = 72 hr ‘




CREEP TEST #2
Foam No.R-1R03.5 Batch No. 4_]03-6!} Batch No. BN [~ (13

Late Poured_Jong IS 1964 Late TestedMQ‘l‘/

TEST #2 Sertal No. N }0I? -Gi5 Smﬁ‘&
Time Height Time Height
Initial 7:30 3,000
:Loaded t = Onm 7:30 Q'QL/; t = 300 /9530 Q‘q.?(,
i ¢ = 0m | Bi00 2435 ¢ - 330 | /400 | 2930
Unloaded t = 30om | ¥:00 2947 t =33 | /00 | 3%
t = 6om | ¥'30 3004 v =60 | 1430 | Q997
Losded __ t = 6om | 0430 2.940 ¢ =360 | 130 | 2935
¢ = gom | 9:00 2433 ¢ =390 | 9:00 | 293¢
Unloaded _t = 90m 9:00 2995 £ =390 | @00 | 399/
t = 120m Q:30 3.00| t = 420 30 2926
Loaded t = 120m Q.30 2939 ¢ =420 | 230 | 9934
t = 1500 | (OO0 2432 ¢ = 450 | 300 | 2999
Unloaded t = 150m 10'00 QHQH t = £50 320 Q'?qo
t = 180m _.9:30 3,000 t = 480 3:30 2996
Loaded __t = 180m 10:30 2931 t = 480 | 330 | 2934
¢ = 210m | v 223 ¢ = s10 | HWI0 | S
Unloaded % = 210m (100 2943 t = 510 B:00 | 2.9
t = 240m “"30 Q-QQQ t = 540 1{130 33?5
caded _ t = 24om | 1130 3436 v =550 | 430 | 2933
¢ = 270m 2:00 %330 ¢ =50 | 50 | 930
Inloaded _t = 270m }2:00 2992 t = 570 500 | 9989
' t = 300m J:3v 2443 t = 600 _
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~

Foom No _ﬁ:_f‘ﬁ@lns_
Date loured_ _Jumg 15

,CBEEP ToST #i end 75

Batch Wo A |Q2~b/

S

Ba?bh No. 8 NIIY~(!3

Lef2 e -—-’_J\Auim
Serial No. N 0= (IS

Swumg Y

e Time Heoighe i SR
Tnitial 30 | o .
Leiled _t=__Om 30 ey _
e b= 6on | 9120 2963 L
“rlceded t o= 60m qz_go . -?'_OD."I - _!_ e e
et =120 030§ 3e)y b

o ew0n | O30 T 2967 T

) ¢ = 18om | 1130 2957 i _
_Gsoaded  t = 180m “:30 3.000 L._ - e -

24Cm -

EX

= 60 hr

Loaded

w 72 hr

s

2%

!
Loaded t = 24%0m ‘2"30; Q'QQL.-_-_._.! e e
L ¢ - 700 1130 2952 i
tnloaded t = 360m 130 299 ; ——— -
June 2T -292
TEST #3
S S 1 J ! i R SR Ly

Inttisl 115 3008 —
Loaded t = O hr s a9

b tne | |5 W

vezune | WIS | 2990 1

t = 48 nr Sunony o

t S\mm D

t

t

Unloaded

= 72 hr

I




CREEP_TEST #2
Foam No.§-4303.5 Batch No. A_J09- 1] Batch No. BN |[4-613
Date Poured_dynt JS 19¢¢ Date Tested Juug 95.'bY
TEST #2 Serial No. = ol w
Time Height Time Height
Initial 7:30 | 3.00?
Loaded __t = -om | 1430 2.971 t =300 | /230 | 2372
t = 30m 300 2.971 t =330 | 00 | 2967
Unloaded _t = 3om | 8-00 3.001 t <33 | £00 | 2917
¢ =~ 6on | B30 | 3.000 t =360 | 1:30 | 3.002
Loaded t = 6&0m 2130 3-975 t = 360 - :?0 Q.Q'”
t = 90m QW) '3970 t = 390 00 2.967
Unloaded t = 9om | % 3.000 t =390 | 200 | %6
t «120m | 30 | 3.005 £ =520 | 30 | 3.00%
Loaded  t =120m | 430 | 2974 t =420 | 230 | 997
t = 150 10:00 2969 t - 4so | 200 | 2966
Unloaded _t = 150m | 100D 239 ¢ =430 | 300 | 2995
¢t «180m_ | 10:30 | 3.004 t =480 | 330 {3.00|
losdea  t -180m | I | 2113 ¢ = 480 | 330 | 2970
¢t = 210m | 11:0D 2063 ¢ = s10 | Hi00 | QU5
Unloaded t = 210m_ 11:00 2993 t = 510 H:00 | 2995
| ¢ = 2u0n | W | 3.003 ¢ = su0 | Hi30 | 3.000
losded  t =2v0p | 130 | 3973 t - se0 | W30 | 3970
t = 270m | 00 | 2948 ¢ = 570 100 | 38
loaded t = 2 Riod | .97 ¢t =520 | 5100 | 290
<t = 300m . '3;130 3.003 t = 600




]

3 |
Coumeressfon Test "4

Sampre No. "4

Samere Densiry_3.604*

\ (T
g!:;;: " l?oDm:chw Sreess (eet)
005 5 0
.010 1.0 Y
. 030 3.0 53

. 030 2.0 N
040 4.0 8

.050 50 2
-060 6O g2
.070 1.0 ‘SQ
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GENERAL PLASTICS MFG. COMPANY
3481 South 35th Street
Tacoma, liashington

FINAL REPORT
PHASE II
SUBJECT: MOLDING PORMULATION
CONTRACT: NAS8.11688

DATE OF COMPLETION: 22 OCTOBER 1964

ATTENTION: ‘PR-BC

REVIEWED AND AFPROVED:




) )
22 October 1964

Contract NAS8-11£€88
General Plastics “fz. Corrany

SUNFARY - PHASE II

Phase II requilres the develoovment of z low density
urzthane fosr waich could be cast into the Plastic
Exzlusion Biser nold to obtain a casting of a deusity
cosparable to the Phase I foem. A serles of forrulzstions
was established and from this exverimental work 2 formula
designated R-U4A03 was established. Ihls formula wes then
used to cast a series of experireantsl Rim Sectioms,
Pour of these sections are teing forwarded to the g

Seorge C, tarshall Space Flight Center for their evalua-

tion.

el A ol o




{ 24 Jctober 1964
Contract NAS8-.11688
General Plastics Mfg,Company

DESCRIPTION OF PHASE II

Bench Formulations:

_A series of bench formulationg similar.to those in Phase
I were established and cup samples were cast. ..Based op the.
Testing done in Phase I and on these samples, box s=iiples
measuring 15" x 20" x 12" deep were molded from three of the
promising bench formulations. _Creep data from formula B=2603
at two different densities are included with this report,
“Since all of these formulatlions passed the creep requirement,
the only efficient screening method wes to utiliza the
Government supplied Exclusion Riser mold.

Closed Molding:

These three formulations were then cast into the ,
Exclusion Riser Mold. PFrom these samples it was appsrezi’ ihnat
formula R-4603 would best fulfill.the molding reguiremsnt,
Eight additionsl Rim moléings were then made using this fcam
formulation.

In order to approach the described fo pound per cubie o
foot density, it was necessary to warm th: >1d te 1109 - 120°F,
This was done on all of the closed molded . mplei. In
attempting to increase the skin density slightiy, a wmrid
temperature of 90 to 1009F. was used on the open mcls
samples.,



22 October 1964

Contrsct NAS8-11688
General Plastics lfg.Co,

PHASE 11

'MOIDED SAMPLES:

Four molded samples utilizing formula R-4603 have been
forwarded to the George C. Marshall Space Flight Center for
evaluation.

1. N=31.1 « Closed “olded Rim Section:

This sample was cast using the supplied mold without
the fuel line insert. The top surface shows some
porosity due to both the mold design and ths attempt to
minimise the part demsity.

Part weight - 6,73 pounds

2, Na3le?2 - Closed Molded Rim Section:

This sample vwas cast using the supplied mold includ-
ing the fuel line insert. A strip of fiberglass cloth
was 8lso placed in the mold along the feathered edge after
several castings had been unsuccessful becsuse of chips,
This fiberglase can readily be seen in the casting but it
diad supply the necessary reinforcement to assure a
satisfactory 2#dge. From the excess material obtained at
the end of the part, the creep sample was obtained and the
creep curves are included with this report.

Part weight - 3,60 pounds
Maximum Creep- 2.6%

3. N.31-6 « Open Molded Rim Section:

This sample represents a Rim Section without the
fuel line insert. It was molded utilizing only the bottom
face of the supplied mold and tha foam was allowed to
free blow away from this surface. The exce~s foam rise
was then machined away, resulting in a casting of superior
qualiity to thuse obtained in the closed molding.

Part weight - 6.7 pounds
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22 October 1964
Cont.ract NAS8-11688
General Plastics Mfg.Co,

PUASE 11

MOLDED SAMPLES: (Cont'd)

b,

N-31-.7 -~ Opsn Molded Rim Section:

This sample represents an open molded casting includ-
ing the fuel line insert. The feather edge contains
numerous defects which could be eliminated by re-designing
the present mold configuration. The overall quality of
the molding is superior to those obtained in the completely
closed mold. This casting was also allowed to free rise
and the excess foam was machined resulting in a standard
size Rim Section. A creep sample was obtained from the
excess rise of this meterial. '

Part weight - 3.44 pounds
Maximum Creep  3.4%



); }22 Octover 1964
Contrect NAS8-11688
3eneral Plastics ifg. Coros

Phase 11

Con~2lusions:

After exarining the czstings 2nd tne related test data,
there are two very definlte areas which must be conslidered in
obtaining high quality rolded Rim Sections, These two velnts
are: (1) the skin density; (?) the cell structure orientaiion,

Thne vurvose of woldel skins in this arrlication is teo
create a vert with greater fosr integrity theu can be obtained
by simoly wschining a block of cast foar. 4<he molded skin
has the detrirentsl erfect of rsisinz the oversll ovart density
because by its very nature it 1s 2 hich density foam, In
evaluating a 1/8" thickness of molded skin it was found that
fror 3 cold mold this reduced thnlckness was actually a3 twenty
pound per cubic foct density foam, Since this added deunsity
was too great to still allow a four vound density casting, the
mold was heated which did reduce this skin effect. In doing
this, however, the toughness and ourvose for which the skin
was intended was reduced substentially as cen be seen from the
noldings supvlied.

The advantages of this molded skin must therefore be
weiched against the added weight it contributes to the part.
It rust also be recognized that the skin density can be reduced
tut when this is accomplished, the skin does not have the same
strengthening effect that is created when = high density cold
zolded skin 13 allowed on the part,

- The second obvious effect which is noticed in the closed
rolded parts is the non-uniform orientation of the cell =*“~ucture,
This contritutes to an unpredictable strenzth vattern througuout
the castings and althougn sections of the castings can be found
which meet the established creep rejuirements, there are :ectlons
which because of this cell orientation sre umatle to wlthswuand
this requirement, Since our testing was done on two-inch cu.es,
our results orimarily show the sections where cell orlentation

is mwost uniform, The thinner sections by outward eppeesrance
appear not to te thls same strength,
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22 OCTOBER 1964
Contract NAS8.11688
General Plastics Mfg.Compan

RECOMMENDATIONS . PHASE II

The following recommendations are made in the hope of
establishing a method of producing Rim Sections with the
required compression properties, density and integrity to
fulfill its design requirement. To sccomplish this, we would
recommend one of the following three production methods:

1. Rim Section -~ Closed Moldings:

A completely closed molded Rim Section could be made
but we feel the following items, or requirements, would
be necessary., A specific closed mold for each Rim Section
configuration should be made to improve the molding
characteristics. The insert type mold as was used in this
development work is not satisfactory for producing high
quality parts. A4n overall density, including skins of
five to seven pound per cublc foot, would be necessary to
agsure that all sections of the casting would meet the
creep -requirement spellcd out in “hase 1.

2; Molded Rim Sectlons with one skin only:

Rim Sections with a top molded skin only can be made
of superior quality to the closed mold castings. To
assure the strength requirements, an overall density,
including skins of five to uix pounds per cubic foot would
be necessary. It would ve also necessary tc have
individual molds for each configuration of Rim Sections,

3. Mschined Bim Sections:

Rim Sections can be manufactured by machining the
configuration from oversize blocks of a material similar
to that developed in Phase I. This would assure the
physicel properties requirements., In order to increase
the integrity of these parts, -a false skin, such as
&n epoxy and Dacron cloth lay-up could be applizd. The
overall density of this part would be four to five pounds
per cubic foot and the quality would exceed both of those
obtained by the first two methods.




22 October 1964
Contract NAS8-11688

General Plastics Mfg.Company

PHASE II

Molding Formulgtion:
R.4403
R-4603 Part A
Polyether Resin (510 on¥) 80
Toluene Diisocyanate (80-20 Isomer) 298

Benzoyl Chloride 0.2
Silicone Glycol Copolymer (DC 201) 3.9
R-4603 Part B

Polyether Glycol (540 on¥) 65
Tetrakis (2-hydroxypropyl)

ethylenediamine 8
Fluorocarbon 11 (stabilized) 1
Silicone Glycol Copolymer DC.201 2
Trieéhylenediamiue 0.17
Dipropylene Glycol 0.34
Water 0,50

To obtainr foam these ingredients must be mixed in a
ratio of 100 parts by weight Part A to 75 parts by
weight Part B,

a}"‘f' "
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N lazn.p TEST #1 and #3

Batch No. B8
Foam No. Batch No A
Date Poured Date Tested EPT. R 6Y
o bo._N~3| (msn RIM MUTERTAL)
TEST #1
| dev 3. 5‘!
Time Height - Deflertion

Initial 430 3.0/0
Loaded _t = Oa H.30 2.963 _

t = 60m 5:30 2953 )
P 2993

t = 120m &30 3.04 B L
loaded t=120m | 630 26!

_t = 180m 1:30 29 _
Unloaded t = 180 73 ALY

t = 240m @30 3.00

¢ = 300m | T30 2944
M t = 3603 9130 ’ Q-%q

. Seer. 26~39
Time o Cefiacrion

Initial <. 30 3.001 ‘ :

Loadea . %= Onr | 8130 2779
¢« 1ne | 9130 (UG
t = 24 hx: SWMY -
t-4snr | 830 2776

t=60ne | HIOO 2116

Losded  t = 72 hr .30 N
Udloedeq . ¢ = 72 hr




YN g (
CREEP TEST #2
-~ .Foam No,_ Betch No. A .. Batch No. B_
Date Poured Date Testedﬁéﬂ. 9",‘5‘{
PEST #2 Serial No._M -3l ( NAsA R?H Manﬁl’M-
v Time Height Time Height
Initial [L00 3.007 |
Losded t = om | |00 2907 - 300 | 6100 | 2957
t = som | 1:30 955 t =133 | 630 | A.¥7
" Unloadea ¢ = 3om | [¢30 2393 t =33 | 630 | A%
t = 6om | .00 3,004 t =360 | 00 | 299
Loaded t = 6om | A:00 2962 t =360 | 700 | 2950
| t = gom | Q30 M@a | L300 | 730 | 2947
Unloaded t = 90m > WM | ¢ 2390 | 730 | QN
' t = 120m | 30 3000 t =420 | 300 | 2,995
Loaded ___ t = 120m | 3:00 %0 t =420 | B 2.95%,
¢ = 150m | 3730 W0 | ¢ s | Bi30 | 9%
Unlosded _t = 150m 330 | 2% t - 450 | B30 | 3985
t = 180m Hi 1. t =480 | 900 | a4
aded t = 180m H:00 2958 t = 480 C:00 | 2.955
t = 210m Y4:30 798 t = 510 9:30 Q.WG
Unloaded t = 2i0m 4230 A% t =510 | 9:30 | 3RS
« g =240m | 5100 W | ¢ . su0 | 10,00 | 2994
Logded _ t w 240m 100 QBT | ¢ . g0 | 10100 | Q955
L b.on | 5030 | R |0 (1030 [ A5
Ualosdeq * t = 270n | 5:30 W | ¢ sp0 | 1030 | A9y
t = 300p b0b Q.QQQ & = 600 :
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ifoam No.

£ _REEP TEST #1 and #3

Batcn No A_

Date Poured

Date Tes «AQRTe

IS

Batch No, B

[

PRI to._N=3) Nigh R MarenriaL)
TEST ¢1- | &Eu 3.!8'-
Time Heigh~ N £ 1 8
Initial 3.05 2.003 .
Loaded t =  Om _ 3:05 Q~Q(bo ' .
t = 50m 4.05 2.93% A
Unloaded ¢t = 601 L“OS 9977
t = 120m 505 AT
Loaded  t = 120m 508 R4
¢ = 130m ' 05 2933
Unloaded t = 180m 05 297
t = 240m_ 705 2384
Loaded t = M ":w Q;WQ
t = 300m 08 291 L
Unlosded t = 360m 403 2966 _
TEST
Tme | v Ve e
Initial 345 2470 e
lsted v owe | 8US T Q%M
e 1nr | Q45 2963 |
t = 24 hr gil5 4962
t = 48 hr 8.5 2961
t = 60 hr B'S 2901
Loaded  t = 72 hr 8.5 2.960
Unlosded & = 72 hr v




CREEP TEST #2

Foam KNo. Batch No. A Batch No., B
Date Poured Date Testedm_'bﬁ
FoRwmuLy
TEST #z el Wo. N-3] dew 3.18
Time Height Time Height
Initial 7.30 2.9%¢
Loaded t= om | 1130 | 2947 t =100 |I1230] 293¢
t = 30m | 8:00 2939 t =33 | 100 | 2432
Unloaded t = 30m 00 2973 t =33 | 100 | 296
t = 6ow | Q¥ 290 |t -0 | 1'30 | 297
Loaded t = 60m 830 2943 t = 360 130 | 2937
't = 9om Q00 233 t = 390 200 | 831
Unloaded & = 90m 900 29U | ¢ 2390 | 900 | 2965
t = 120m q:30 4R ¢ =420 | &30 | 2973
Loaded t = 120m 9:30 294 t = 420 | 230 | 2935
t = 150m 10:00 2335 t = 450 2:00 | 2930
Unloaded t = 15om | V00 2969 g =450 | 3:00 | 2963
t = 180m [0.30 QAR | ¢ -us0 | 3030 | 247
Loaded _ t=180m | (030 | 289 ¢ = 480 | 3°30 | 994
t = 210m b0 | A9y t = s10 | HOO | 239
nloaded ¢ = 210m LLioo a e t = 510 00 | .96
1 e = 2500 | (830 | 297 t = 540 | Y30 | 9.470
‘Logded ¢ = 2uom i (1430 939 ta-sho | H:30 | 2933
Vo t = 270m 1300 2933 t = 570 5‘ 00 | 24AW -
M g = 270m | 1200 298 | .. s70 | 5100 | 236!
¢ =300 | 1430 | 237 t = 600 |

Fr—."‘ -
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QDREEP TEST #1 and #? }

4 Bai'.ch No, B8
Foam No. R-H[s03 Batch No. A___

Date Poured R Date Tesied _ﬂug. i 64 . .
o No._1-31-2 ASA RIM MATEGL)
LA | dev 3.67 A
Time Height . Lefye “ion
itial Q.00 9993 | N
Jaded 't = Om 1 %00 2949
s = 60m Q100 239 |
alvaded t = 60m 9:00 297 B |
. ¢ = 120m 10:00 WR _
caded  t = 120m 10:00 W3 .
t = 180m_ /1 1:00 2333
ploaded t = 180m (100 2965 _
» boouion | 1200 | 99H
w t = 240m 1300 Q.Q‘-IO
‘ t = 300m 10D 243
ulogded t = 35&,,‘ “OD Q-Q‘Q
RSy Pm«; Q-4
Time Hotae _! Lef” =ction
pieie) 1 3oo | 2970
Qeded t = 0 hr 9.00 L9 ~..§
be 1me | 10000 ] 4961
t = 24 hr Q.00 2960
t = 48 nhr SuNDM —
‘'t = 60 hr Suumw e
2eded t = 72 hr a'-OD 2.95%

ploaded t = 72 hr




CREEP_TEST #2

1

Foan No.{~4603 Batch No. A Batch No. B
Date Poured______ Date Tested Mﬁj
TEST #: serial No. N=31=2
Tim= Height Time | Helght |

Initial 7:30 2977
Loaded t = Om 1.30 2.990 t = 300 1230 Q?‘I’f .

t = 30m " 00 29494 ¢ =330 | 100 | 2999
Unloaded t = 30m <g'too Q'Q'ZO t = 330 /«'00 . Q.?‘é

t = £0m 230 .07y t = 360 130 | 2.971
Loaded t = 60m .30 2944 v =360 | 130 | 299

t = 90m Q00 2342 ¢ =390 | 200 | 2939
Unlosded t = oom | 1:0D A9 | £ -390 | 00 | 25

t = 120m Q30 94 t = 420 | 230 | 2970
Loaded t = 120m q.30 2947 b= 420 | 230 | 2943

¢ = 1500 | 1000 294! ¢ - 450 | 300 | 2938
Unloaded t = 150m | 1000 2968 v =450 | 300 | 2465

t = 16on__| 1030 2913 ¢ - 480 | 3130 | 2970
Loaded __ t = 18om | 10:30 296 ¢ - 480 | 2130 | 2.943

t = 210m 1100 2,940 ¢ = s10 | HO§ | 2977

. Unloaded _t = 210m .00 2367 v = 510 | MO0 | 280M

t = 240m {130 2973 L = 540 H3o | 2969
Lostea _ tazeon | 1630 | 245 T o g0 | W30 | S3NTS o,

e oozon | 1200 [ 2890 T o0 [ S0 ] 2 "
Unloaded t = 270m | 140D 2¢T t =50 | 5:00 | 3364

t = 300m 12730 me t = 600
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Foam No R-M(03

carsevey A
SRS p‘ll
o S S

Date Poured

p TEOT i ana £

Sertal Wo._N-3)-7 _ _

Tl helmhi, _g @
Initie) 450 | 3.035 |
roaled t = Om ?'.50 ] a‘qqa 3 e
o teem | 450 | 8475
culrnded  t = 60m 1450 3'0"7.,.“

120m

L T T

jo:s0 i 309 1

fcated - 1z0s | 10160 | 2495 )
e t-om | NSO} I
iinaded  t = 180m “:w o 3‘0‘3 o

t = 240m 1950 3.0% I
Loaded t = 240m l;?'.SO a'q_?o gm ——

t = 300m 1150 %1
Unloaded t = 360m lSSQ_ b 3:0@*_ : .

TEST #3 . %‘
7 iy ! : ! Lol e i

Initigl

| 3.024

Loaded

he

200 1
3.000 ;

- emmerm - ogen

5lop | 3006 ;-
6.00 | 3.005

Bi.ch No, R

e ey J"_.O".IJH,;.Z.‘L-

e —————t e v n—

VERTICAL Qeu.l

4
@ e v e m——" e et e—
———tan s -
. e s e Yo o - g . . +
e —

U

e i e mos o o i e

= 1 hr R . A
= 24 hr 5"60,_, ?100“‘ ___._‘ ,,,,,,
= 48 nr | duwouy —

60

hr

S wuony

Loaded

72

hr

2,007

5:00

Unloaded

[

2

i

-——— - I-..

- s
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CREEP TEST #2
Foam No. R-leQa Batch No. A Batch No. B
e Date- Poured — Date Tested_Q_Q[_,_iE_,_'éj‘
TEST #2 Serial No. N=2I il y__ERTrCﬁL Ct):l:
Time Height Time | Heignt |
Initial f30 2,09
losded  t = om | {+30 297 t =300 | 12230 3,082
t = 30m €100 29 t = 330 1100 2.974 ‘
Unloaged _t = 3om | %100 2,018 t =330 | 190 | 3.013 i
t - 6om | B+ 2.02Y g =360 | 030 | 3.09D |
Losded  + = 6om | $+3D 2385 ¢ =360 | 1130 | 3.03
t = 90m | 9.00 291 L = 390 210D | 197Y
Unloaded t = o0m | Q00 3.0l6 g = 390 | 2100 | 3,01
_ t = 1pom | 9430 3.023 b < 420 | @30 | 3.0
Loadea __ t = 1zon | $:30 A3 b =420 | 3D | 3,08/
t = 1som | (0100 476 t = 450 | <00 | 2473
Unlosies _t - 1son | 10100 3.014 . = 450 | 300 | 3,000
t = 1800 | IOV30 | 3028 t = 4s0 | 330 | 3,019
Loaded _t = 180a | (O30 2313 ¢ = 480 | 930 | 3,080
t = 210m |1:00 1915 t = s10 | 400 | 247
Unlosded' & = 210m 11100 3.013 t = 510 | 400 | 8,010
_ ¢ = 2u0m | W30 302 | ¢ . osu0 | W% | 3,008
Loaded . = 2ion_ | MI30 3.083 ¢ = ss0 | 930 | 3,80 : t
: $ = 270m 19100 2475 t = 570 5100 | 247 !
'Ualosded 't = 2zom | 9400 3,013 t = 570 | 50 | 3,008
t = 300m 130 3031 | ¢ =600 |
A

) S e ——r— -y =T



S g R
Dl -

-

e -

e PRI DY oty e b AR T $f St g

C O

ot

GENERAL PLASTICS LPG. COilPEXNY
3481 South 35th Street
Tacoma, Weshington

FINAL REPORT
PHASE III '

BLOCX FABRICATION
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.22 Octobe> 1964
Contract NAS2-11683
Genersl Plesstics i'fg. Corpany

SUEFARY - PHASE 111

Sixteen (16) blecc (s measuring 24" x 60" x 72" were
fabricated from formu ation R-4803.5 which was develoned in
?hasé I, The first fourteen (14) blocks were cast uslﬁg a staadard
casting technique. The rezaining two (2) blocké were cast
using a modified casting cechnique in an attempt to obtaln
better cell structure and cell orlenistion. All the blocks
were cast 1nran oversized mold measuring 30° deep, 66" wide
and 78" long. The cast blocks were then rough trimmed and
completely X-rayed to determine the internal guallity of the
foam. Although not a specific requirement of this Contract,
samples from the excess wateriel of e=ch block were tested
as requiret in Pnase I, Section A ani some samples were
" tested for all sections of Phase I, This testing verified the

properties which were spelled out in the "hese I rejuirement,
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Contivact MASS-11688

Jeneral Blasties ifg. Co.

DESCRIPTION O PHASE III

The following sections dessribed the msthod used ia

producing the sixteen (16) Phase 111 blocks:

Held:

The m:1d used in producing the Phase IIT blocks meesured
30% high x 66" wide x 78" long and was mzdé of plywood re-
inforced with steel structural mombers. The mold wss . waxed
prior to every casting with Johnson's Paste Wax,

M¥ix Progedyrps:

Each casting required the mixing of 420 poumds of raw
matevrial., Beocause of the size of these batches, they were
mixed in two separate containers of 210 pounds each using
identiocal mixers and mix procédures. Ihe fosm wss mixed for
a total of 130 seconds and lmmedlately poured 1nto the wmold.

The first fourteen (14) blocks were f'ree rise cestings
where ro mold top was utilized, The fifteenth block, bearing
Serial No, N1034-107 was cast in ar 1dentlcsl manner but
imredistely upon pouring the mixed liquid ingredlents into
the mold, a 3/4® plyvood pauel, covered with polyethylene
fiim, was lald on the unfoamed liquid, This plywood acver
wes theun allowed to rise as the foam expended. No additional
weight was applled to thls cover a=nd a normal foam exransion
took place which pushed this cover to the top of the meold,

Blocx No, Sixteen (16), bearing the Serial Number
N1035-109 was cast in an identical manner to the first foure
teen (14) blocks. It wss mixed using a different mix
procedure, Thils vrocedurs kept the mix blades completely
submerged in the materisl at oll times and therefors rsduced
the amount of travped air which was normally mixed in during
the standard mix procedure, :

Cure Cyole:

After the ocestings were completed, the blocks wera
allowed to stond in the mold for forty-eight (48) hours, The
gildes of the mold were then released and the blocks removed,
The tlocks we¢re then allowed to stsnd an adiiticmal forty.-
eight (48) hours tefore the trim operation was initiated,
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) | » 25 Jotober 1964
‘ . Contract NASB-11688
- General Plzstlcs “fg. Compery

DE3CDIPTION OF PHA'S III
_ Continued)

2ouzh Trim:

The blocks now measuring spproximately 30" x 66" x 78%
were rough triuzed to aporoximately 25° x 5%27"x 747, Thne
excess material was left té protect the biocks duriry the
handling which was necessary durinz the X-ray inspection,
‘In ottaining the 25" heirht dimension, a slab, spproxizately
1" thick, was reroved from the lottom of the block and a
L* alab was renoved from the top of the block. A creep
sample was tuen taken frox esch of the slabs,. This top
slab 1S the lowest density and therefore the weakest llnk 1n
the entire ocasting, end by subrltting thls sample to creep
testing, a vositive indication for the structural value of
each block could be obtained, -The results of thesd creep
samples are included in this report, :

Creep Tegting:

The samples takeun from the top sample of each production
casting were subject to creep testing, In some czses this
testing consisted of 21l the physical tests spelled out in
Phase I snd in other csses just the Section A test of FPhese 1
were accomplished, Throughout this lontract 1t became appareunt
that the Section 3 test was the wost severe re~uiremernt snd if
the blocks passed this test with ® ressonable creep value,
they would have no difficulty in oassing the remalning requlired
tests., It rust also be remembered that this testing wns not
a Phase III Contract requirement, but it was felt that
continued control testing would assure the quallty of tue
oroduction castings,

Xeray Tegting:

X-ray examinetion of the entire block was required to
assure the scsence of sny detrimentsl flaws, X-rays were taken
through both the two~foot end the five-foot dimensions. In
the five-foot dimension X-ray films were taken from both
sides of the blook., The X-ray orccedure is described 1in a
letter with this report.

Final Trioming:

The blocks were then trimmed to the finesl production
dimensions (24" x 60" x 72") and the blocks were weighed to
the nearest ome-half vound, From the sctual measured dimenslons,
the density of esoh bloek wus obtalned. A 1llsting of the
creep data, density and shiopping information is enclosed with
this phase, .

3
Z



= R - N R .
o - - . - -
L - - . : -
L~ - - . - R - -

- -
VNP Ao isarm it el ga n re e A BT T KB g saim o+ o 4, Tt oy b2y s e <

A i L R o At € st st o Pt it ey amn e o

(é - o » 22{fﬂtdber 1964
- . Convfast NAS8-11688 A
Jeneral Plastloes iifg, Company

PHASE JIT RECOUMENDATIONS

Although 211 sixteen (15) blocks passed the requirements
of Prase I, there was 2 noticesble improverent in foém
quality snd creep data when the floatinz mold top (2lock N1034.107)
and the alternate mix techmique (Block 31035-109) were emvployed,
Should further castings of this nature be reguired, btoth of
these rethods should be utilized, ’

The mold top increasal the top density slightly and
noticeadly helped %o orient the ce}lnstruoture in & more
completely vertlcal direction. The reluced alr mixing procedure
resulted in less entrapped bubbles throughout the fiam &s

can be ﬁoted in the X-rays.




#1

#2
#3
#
#5
#6
#7
#8
#9
#10
#11
#12
#12
#1l
#15
#16

Block
Serdal lumber

N1020-622
N1021-625
N1022627
N1023-76

N102i;-78

N1025-710
N1026-713
N1027-715
N1028-717
N1029-720
N1030-722
N1031-72
N1032-727
N1033-729
N1034=107
N1035<109

Denglty  Creep
3.74 3.10%*
3.68 3.55%*
5.65 3,009
3,64 b,10%* -
3.63 3.15%*
3.56 75
3.63 3.25%*
3.66 2.85%*
3.72 3.2%
3.66 3.5%*
3.70 3.7%%
3.7 3.08%
3.72 3.35%
3.71 3.4%
3.78 2,3%
3.77 2.7%

)
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22 Gotcber 19€4
Contrac~ NAS8-11688

General Plastics Kfg.Comveny .

3hlpolug Date

g July
9 July
9 July
28 July
28 July
28 July
18 Sept

1964
1964
1964
1964
196k
1964
1954

6 Aug 1964
6 Aug 1964
6 Aug 1964

19 Aug 1964
19 Aug 1964
19 Aug 1964

18 Sept
21 Oot.
21 Oct.

* Pegsults of Phase I Seoction (a) creep only.

1964
1964
1964

g
ki

ES
4

“ =
2
2

Shipment Fugpber -

#3320
#3320
#3220
#5346
#3346
#3346
#3433
#3363
#3363
#3363
#3379
#3379
#3379
#3433
#3501
#3501
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INDUSTRIAL X-RAY ENGINEER s

DIViSION OF AUTOMATION INDUSTRIES, INC. - 6581 SIXTH AVENUE S., SEATTLE, WASHINGTON 98108 - AREA CODE 206 - PA 2.-8878

8 July 1964
Mr, Tom Braiier
General Plastics
3481 South 35% St.
Tacoma, Washington
Sub ject: Radiography Technique of NASA Blocks

Deax M. Brazier:

The c¢ellular foam material being radiographed for NASA
measures approximately 2' thick in the form of a

rectangle, 5'x6'. The equipment used are x~ray machines
marafactured by the Ind~X Division of Automation Industries.

The 2!' <hickness sections are radiographed using a beryllium
window tupe Ind-X Unit at 6! focal film distances, at from
60 to 70 KVP for 16 milliampere minutes on Eastman type M
film for the density of 2.3 H&D. The bexyllium window tube
used has a focal spot size ofl.] mm. The blocks are
marked in one foot squares at the source side so that each
14x17 film covers one square foot of block area. The
identificatior is placed on the fiim area beyond the one
foot square. :

The 5' dimension of the block is radiographed from each side
with the squares being marked as per the enclosed diagram.
The enclosed diagram also shows the identification system
used.

The 5! section is radiographed using an Ind-~X X=Ray Unit
having a .8x1 mm focal spot at approximately 110 KV for

16 milliampere minutes at ' on type M film for an H&D density
of 2.3. In this instance, a beryllium window tube unit is not
used since there would be no advantage due to the fact that
the longer wave lengths of the beryllium window tube would be
attenuated to a point of zero or nearly zero by the thickness
of material peretrated,

Very truly yours,
//¢Q2M¢;014%245;~«L.“

Harold Hovland
HH: jar Manager
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” 22 October 196@ .
) L Jéptracf NATR.L11688
: ' n

eral Plestles ifp..Comvanyt

SUrI:ARY OF PYASE IV

The objective of Phase IV was to develop a systematic and

veliable method for repalring danaged rizid volyurethsne foan.,

A rethod has been developed and has been detalled to insure

reproducible satisfactecry results in meeting the strangth

requirerents end dizencional tnlersnces, The fulf!lment cf

this objeotive requires congiderstior in the folldwiﬁg“foqr areas’

1,

3.

Appligation:

There is a2 limit to tre usefuluness of thils

technique. Cnly cer.ain tyves, and only toa. . °°

certain extent of damas:, oan rigld oonurethane
foamr be repeired by this technique.

In order for any formulatio" to be suitable,

the two vroperties whieh are absolutely .
nceessary sre good adhesior, and hizh comnrbssive :
strength, Also a csst density similar to Jnat

of the damased foam 1is desiradle, 2

To insurz no loss in nhyslcal vrone*t1e> dye’
to the vstehinz foem or the vateh 1tself, %
typical defects wrich had been repaired

were performed.

A step by step procedure has been developed -

and incluvdes the follewinz four steovs: - .

1. Preparation of thz dams»ed eorez,
2, Fixing and pouring the foam.
3. Curlng the foam.

L, Trimming and finishing.

& :;?“ RETN il Ky x:w‘.:(.kw.ﬂg‘kwé'é; A

%
2

iy L

& N a2
8, At U R

N
Lo s .a;gj«y-'. x ..;v:%&



( { 22 October 1964
" Coniract AS8-11688
Jeneral Plastics rfz. Comnz

DESCRIPTIOE = PHAZE IV

The ~evair formulstion design-ted R—bsoh required eood
adhesion an2 hizh corpressive strenzth. To obizin this fecer,
& series of bench forrulztions was established and szzciles of
each were c28t into one-half gallon parer containers.

Particular attention wx2s glven to the cure requirements of
these saroles. Froc this serles of foars it wes evident thet
a hien catelyst level and the use of water in addition tc the
fluorocarbon 11 blowin> =3ent would te uecessary to achleve a
successful patching formuletion 2nd still maintsin the reguired
four vound density.

The most 1likely candidates for a successful pvatching
forruletion were chosen frox these samoles and after prelimiuary
testing 2 re-forrulation designzted R-UL504 was obtained snd
used in the sample patchingz described below,

Saxple Patcning:

A series of tyvical defects was estatlished =snd sorvles
of the Phsse I (R-4803,5) casting foem were vrepsred contalu-
ing each of these defects. These included the following:

1. Croacks: A tyoicsl nsrrow clecan crevice wirich soretimes
occurs in a casting, '

2. Voidg: Traprved alr vockets or holes included in a
ca’ slng,

3. Dents: Damage ceused by the impact of some object
ageinst the foam,

L, Chipg: Seotions of foar that nave been Lroken away
froe the parent cesting.

Repairs were rade on esch of the above defects and the
repalr technique i3 described in this revort.
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Contract NAS2.11488
3eneral Plsstics ifg.Corvany

DESCRIPTIC: ©F PHASE IV
{Continued)

Patch Testings:

In order to iasure no less in sirength resulting from
renslr petches, a testing orozram designed to relate the
relative strengths of different votehing situetl-ns was set
up, The relat:vn strengths sere Teassured as vercentage of
creep 2nd ine standard creep procedure was used. The tests
were made on actual vateh sarples wnich were made following
the instructlions in this revort,

Creep tests were mesde on both the vrecut fosw 2nd the
stralisht patching foer to deterrine the relstive strenzth of
each., Then two sample paichas were tested, No. 1 with “union
of the two fozms verpendicular to the directior of compression
(to simulate a largze shsllow vatch) and patch Yo, 2 wes a patched
hole with the long direction parallel %o the direction of
compression. (See the disgrems on the resvective creep curves
in Appendix II).

Begults: The results of tre tests overforred on the patching
foam and the patched ssmples are shown below. This surrary of
the creep tests shows no reduction in comrressive proverties
of the patched ares,

1. Porent Foam (3=4203, a 3.71 creep
2. Patching Foam (R-4504) 2. 3w creep
3, Patch Mo, 1 3.0% creep
Lk, Paten No, 2 3.17 creep

The creep d2ta 2nd resulting curves sre iucluded with this
report,

The oroverties of R«4504 sre somewhat better than those of
the parent foam R-4803.,5 as shown in the comperison beiow.
(Tnis 1s due to higher density =nd higher catalyst level).

B=b50L g
1, Density: 4.00 p.c.f. 3.60 p.o.f.
2, Compressive strength:

parallel to blow 95 psl 82 psi
a. Faximuz Creep? 2.3% 3.7%
o Closed Cells: Creater than Greater than
90% 90%
5, WYater Absorption: less thag 6,02 Less than 0.02 "
1lbs/f't 1bs/ft2 v




¢ 2 Octoter 1964
Contract TAS8-11688
Generzl Plastics i'fz, Company

L 3CRIPTION - PHASE IV
(Continued’

Listed below 2re the tyves of natcnes or repsirs to which
tnls te. huloue zvplies., As well 35 clessifyinz the defect, anm
atternt to vlace a nractical size 1imit cn the reparable void
has teen wode,

1, Punctures, dents, holes 2nd voids:

"'nls type patch may be arslied eesily up to avoroximetely

thirty cublic inches, Attempts to vatch larzer defects may

or ray not encounter difffculties resulting from t o wmuch
intern:l pressure. For example, a hole to be filled three
inches wide, four inches long, =#nd four inches deep, if
located near the edge of a block may result in cracking the
whole sec:tion loose from the blocic tecause of internal
pressure ,

2. Cracks, shears and narrow punctureg:

The 1maxirum size here deopends so much upon the conditions
that a sirgle value is inadeguate., For cracks, shears, ete,,
less than sjme-half inch across, cracks up to twenty cubdlc
inches may be filled. Difficulty often, exists in filling
the crack coppletely tecause of travyped sir 2nd vory nzsrrow
places wher2 the patening foem will not flow. ror ciracks,
shears, etc., over one-half inch, the mexirua volume snould
not exceed approximately fifteen cublc iunches. This
technique is not recormended for cresks or shears wider than
three-fourths of an 1lnch, or if the crack 1s wore than three
inches deep. (Internal pressure csused bty the patening foam
will make the crack cenlerge itself.)

3. E corne 1 efe :

Open and exposed defects, where a sectloa of foam has
been repeired up to volumes of svproximately thirty cuble
inches., Larger defucts would possibly require a reduced
catalyst level in the patchinz formulation =nd would require
a confined molding setup soeciflic to the lndividwel part,




22)October 1964
Contract NAS8.1168%2
Seneral Plasties “fg. Corpany

DESCRIPTION PHASE IV
(Continued)

Technigue:

For repair patches, where g molded skin 1s. unnscssary,
there are three steos to the repair overation: (1) orevaration;
(2) fosring; and, (3) firnishing. “here a molded skin is des*red,
only the preparation and the Toaminz sre required to finsh the
Job, however, the technl~ue regulres sore practice. In fact, a
fanlliarization with the handling characteristics of the foam
and sore practice patches on scrap materisl are suzzested bvefore
attemoting to iep2ir o damaged part. Although the techrnique 1is
not dlfficu‘c, some practice w111 help to insure s successful
revsir on the first.try,

The steps 1listed below under esch step should be followed
as closely as possible since a failure to corrly or :ission of
a step may weaken or ruin a patch, .

S%ep One - Prepsration:

L; Damaged, ‘erushed or loose foam sround the area to be
repalred pust be cut away so the patchiny foem will
adhere to only strong fosm,

2. The voild to be filled must be vscuumed or blown free of
dust or any other foreign material,

3. The block bein~ repaired or the immediate are unier
renalr should be warred avnroximotely to 1009F, =t the
tire the patching {oam is poured.

L, 1In some cases, a sm31l barrier must be bullt to keep
the expanding foar properly positioned, This may be
made from maskinz tape and cardboard, or other suitable
barrier material;

S. It is also desirable to vrotect the finished foam
surrounding the patch area by rafking the foam surfaces
with masking tape. This will reduce the chance of
Spllls damaging the finished foam and also aid in
finlshing the patehed surface,
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. L Octover 1964
Contract NAS8-116488
General Plsstics ifg. Company

DESCRIPTION PHASE v
(Continued)

Technique (Cont'd)
Step Two -~ Foaming:

1.

2,

3.

Both 1iquid corvonents (Part A, Part B) are weiched,
in the oroper ratio, Iinto a mixing vessel, (Paper
cups work very nicely for mixing). The vessel is
taken to the mixer and the 11loulds are mixed for

ten to fifteen gseconds, A drill oress has been found
to be satisfactory 2s a mixinz machine with the rom
set at 1100 to 1400, A variety of mixers, or beaters,
may be used with ejqual success., Perhaps the easicst
is a single beater fror 3 household electric mixer,

The xixed, but still licuid, fcam 1is pecured lrzediately
into the area to be fllled,with caution not to pour a
large excess of mixed ingredients. (The fram expands
to approximately tem times 1ts liquid volume).

If a molded skin 1s desired on the repaired surface,

the vold is quickly covered with heavy gauge (1/16 to
1/8") polyethylene sheet which must be {irmly clamped
or weighted down with 8 to 10 pzi. Speclal care must
be taken not to add too much excevs Toam to the void,

Step Three - Curloz and finlishing:

1.

Each repsir patch reasulres s cur2 cycle of twslve hours
at 1209F, or forty-eight hours at 70 to 759°F, before

the repair can be finished, It 1s surzested that all
small vatches, or patches with any dimension less than
one-half inch, be cured at 120°F,

If the size of the repaired *lock is such that over
curing 1s irpossible, a heat lamp or sir circulzting
heater applied directly sbov. the petch wlll reduce
the foam friability =2nd shorten the room temperature
cure cycle,

“here molded skins gre umneces=ary, the excess foam

may be rough trimmed using 2 hsnd saw, hack saw or simllar
trirming tool., Care should be taken to prevent damege

to the surrounding foasm., The patched area may then be
finished using a sending %lock. .




} Z2 jtober 1964
‘ Contfact NA38-11658
Jenerzl Plasties !'fg, Cimnany

DESCRIPTION PHAZ-. IV
Continued)

3tep Three ~ Curinz snd Finishina: (Cont'd)

3. Patches with molded surfaces must always bte cured
at 1200F, for twelve hours then the -lyethylene

ray be cerefully pealed away to give a smooth molded
surface gnd the pateh is finished,




{ 2; DCTOBER 1954
Contract NAS8-11688
Genersl Plastics Mfg. Company

PHASE 1V

Patching Pornulation:

R-4 504
R-4504  Part A (Parts by weight)
Polyether Resin (510 on?) 80
Toluene Diisocyanate (80~20 Isomer) <38
Benzoyl Chloride 0.2
Siijcone Gly:zol Copolymer (DC 201) 3.9

R4 504 Part B (Parts by weight)

Polyether ifesin {h50 OH#) 60
Tetrakis (% Hyroxypropyl) Ethylenedi-alne 10
Flfurocerbon 11 (stablized) 8.0
Silicore Glycol Copolymef (DC 201) 1.0
Triethylenediamine ‘ 0.33
Dipropylene Glycol 0,66
Water 0.5

To Obtain the Patcning Foam:

The ebove ingredlents are mixed in a ratio of 1b0 parts

by weight Part A to 80 parts by welght Part B.
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CEKEEP TEST #1 snd g
t? Brrai 4. B
Batch Ne. A_JDO -Sa7 Dun=Sumtn_|\ |||~
Date Tested_Jwwe 3. ‘LY

Foam No, E"HEQH

Date Poured

Sefe. oo _,Em:%ﬁ;g CCht/

TEST #1
Time Height Deflection
Initial : 3.50 3.0
Unloaded t = 60m 50 2.2t
" et Y
t = 120m Ll 2,00
Loaded  t = 120m AR 9,377
t = 180! 3:15 9-%40
Unloaded t = 180m 1,5 3.0
t = 240m ,0”5 3.'34(
Loaded t = 240m '0:|5 :*Q‘
t = 300m_ [:15 Q9T
Unloaded t = 360m 15 3.01]
TEST #3
Time deight Deflegtion
2 Tie - ‘/1. N - y
Iniug;' o~ [ P, 3,&(?
losdeda  t = Ohs (IO 7006
t= 3he 1232 3008
t = 24 hr 11239 3.004
3“”“?” t = 48 hr {4.00 3.003
% = 60 hr 500 3003
Loaded  t vz nr | 11130 3.002
T.)_!
=y 22 hr :




CBEEP TEST

Foam No. K —-H50Y Batch No. 4_J00 =537 Batch No. B N |I[~fY .
Dats Poured Date Tested_J UNE D=

TEST #2 Sorte] Mo FaTeding Fopm
_Time | Height Tipe | Height |
Initial 5% 10,15 3.0.4
Loaged __t=_om | 1001 299/ t = 300 | 3:2¢ | 9987
¢ = 30m | [0:45 | 3.980 ¢ =330 | 350 | 2.98Y
Unloaded _t = _30m 10:45 3.087 t =330 | 3.50 | 301
t- 6om | 15 | 2.038 | t 381730 | 3a20

Losded $ = 60 115 2.9 t =0 1280 | 2990
t = 90m 1,50 2,789 ¢ =390 |§ido |2 985

Unloaded t = 90m “. 50 3.0,5 ) t = 390 5:;'0‘5) 31014
t = 120m f:??@ 3.019 t =420 |$20 | 3.019
Losded  t = 120m |4,30 4,983 t =420 {730 < 96K

t = 150m ]2'50 2993 t =450 |7 90 |2 98Y
Unloaded ¢ = 150m |%.50 3.013 t =450 1700 |30y
- 7

¢t «180m | 120 3.018 t =480 |7 350 |3 0f
Losded  t = 18ca | 1.90 2.9¢7 tws80 1530 | 27F

t = 210m 1.50 2.483 t =510 |J o .?,"']8_;3__"_1
Unlogded % = 210m 150 | 30 | vasto 1io2s |3 04

§ = 200m Q.40 3.017 =0 | 2o 207

tonsd  t=ziop | 220 | 2R] | eaemmo L5 12957
‘ t = 270n 2,50 2.98% twsp0 (/00 127853
Unlosded & = 270m 2.50 3013 t - 879 {///00 |3CI3

t .M. 3"20 . 300,7 t m m

L
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CREEP TEST #1 apd #3 -
Foem No,{-4%03 -4504 Batoh ¥o. A_]00-537 Date Testea N !/~ (Y
' Date Poured Date Tested QWJB qm

S50-50 DPpIru iy FOAM

TEST #1
Time Height Deflection
Initial qu 2,15 3.004
loaded _t = Om 715 2.96H
t = 60m .15 2.953
Unloaded t = ;Q! Q.15 7190
t » 120m 10,15 - 3,000
Losded ¢ = 370w 10:15° 2.95%
"t = 180 1.5 2.948 _
Ualoaded t = 160m 185} .83
| % = 240m IVHS 2.997
m t = 240m iTHS 3155
t = 300m M5 2.944 -
Unloeded t = 360m N 2.9%
IEST #3
Time ! _Hejght . Deflegtion i
Ingeiey A0 345 2.993
Losded _ t = O hr 345 2,991
SUNOAY t = 1 hr T————— —
SWORY ¢ . & —
DAL 4l he t -GNy €. H5 2.92C
Wil oy eeemw | T00 | 200 | ~
Piosass _pezaw | 3 | 3R

. Uplonded % = 72 Wy 35 2430




CREEP TEST #2 .
Foam No.R-Y§03-4504 Batch No. A_JOQ- 527

™
Date Tested M:

Date Poursd

- 9)
- A L
QEHM S

Batch No. B

-

S0-50 FatcHike [Fou v

TEST #2
Time Height Time Height
Inttiar |- 2.50 200
 Losded _t = om | X0 355 t =300 | /100 | 9359
t -~ 3om | %2 2259 g =33 | 1'30 | 9454
Unloaded t = 30m 2.% 237 t=33 | 1'30 ) 285
t = 60m 100 2.7 t =360 | 20| 2395
Loaded t = 60m 50 =Y t=30 | <D | 2359
— t = 90m 2,30 A.957 t = 390 o3 2954
Unloaded t = 90m 9.2 237 | te390 | 30| 9%
t = 120w ih. ju 2.995 t = 420 E3 0 BEHE b
Loaded t = 120m 10:20 PRI t = 420 50D ) 2958
t = 150m 10°.350 5% t =uso | 330 9950
Unloaded _t = 150m 1090 | 2439 teas0 | 330 29%Y
t = 180m 1,00 4993 t =480 | 5001 2R1
Locded  t=i80m | 1100 <459 t = 40 Uyl 02958
£t = 210m 130 QQSH t = $10 “/-'30 3353
Unloaded t = 210m 11.30 W | ¢ as0 | H3I0 ] D48y
t = 200m | [2.00 290 1 ¢ .o | 500 099/
Losded ¢t = 240m 13,00 2959 t=spo0 | D:00] 297
t = 270m j2:30 3954 | s .50 | 530 295/
Unloaded ¢ = 270m 12.30 2385 t = 570 5% 298
t = 3008 J.00 2392 t = 600




3 3

.t .

bl QAR 4 poags
M ROADE M

+
!
i
llv.l“ -
i

‘

L. ... .* ———

: ——— A
boees . . . 1 . . .. — T
A | i LR |
, -1 ; ; M 4 A 4k
{ ) t - .
| A ] WK‘ L. N
’ ! ! ' ) [
j ; ! o |- I
A B R i S - -
= P e s ahat SR EE S b RRIRRRTES o
i | ] i . : P i b
- : - . } i “ 3 i
= ' ; ? : . : -
, . i P i o I P
. . ,* . peees o . m‘ — :F. ..
“ ! H ' ' A
e e , : T ——
; . ! ; :
_ i . . i . R - R S S, s

e

I
]
!

{ !

PR N fr_

' -
. -

i
-

RS SR SIp

...:'r..., o EE TRE

f
!

P T s

i

1

|
H :
e e

’
+

il SR

P
B hote SadRsREbts

§ ‘Z":'Jff;

%

]

-
1

-

PSP G S

H
-
H
'

JRSXL U UEUUE DU SO

P
:s-....iwill_i;«:
i B
KSR

ooo. 0

(ST ) MR e

(&)
(¥4
<
(3 )

O3 WISER ¥ V1XJ4NIN
MONI % 3HL OL O8 X OF



CREEP TEST #1 and #3

Batch No. 8_N 1= (Y

Foam Noﬂ-‘l?03°‘i50‘l Batch No. 4_J00-5377
Date Poured Date Teeted_I’_};y_E_M:%__

Serial No. SPOT PFWCH

TEST #1 |
Tipe Hélght Deflection
Initier 11 2.10 2.017 ‘
w~oaded t = _Om g.10 Q.Q%O
b= 6om | 310 2.962
Unlgeded t = 60m_ 9.1 2.0006
t = 120m IO'JO 3.0’3
Logded & = 120m 100 2973
t = 180m li:10 2964
Unloaded t = 180m ko 3.005 - .
t = 240w 12:10 3009
Loaded  t = 240m jai0 2370
t = 300m ).10 2959
nloaded * = 350m L0 2899 -
. TEST
Time Helabt Peflection
Initial _ 20% 3/HY 3.0/
Loaded __t = O hr 345 299y
SUNDRY t = 1 ar — —_—
SWON ¢ - 24 nr — — T
DY Uihe s . owgm | 2045 0,9¢7
N R, . e | 2000 249,
Bosteq ¢t =72 0r ] 3§ IS5

Unloaded & = 72 hr 345 3.004




CREEP TEST #2
Foam Wo.f-YR03-Y504 Batch No. A_[D0=537) Batch No. BN 11— (Y

Date Poured Date Tested JLWE ”m' )
o Chanr
TEST #2 Seriac No. 2PCT Parcu
_Time | Heimnt Time | Heignt
Initial 130 2014 '
Loaded t = Onm 7:30 2976 t =30 | 230 2.967
te 30m | 800 | 2397 | veg | 100) 2360

Unloaded t = 30m <.00 2.0CY4 t = 330 00| 2995

t = 6om -] 830 R0 t = 350 730 | 3005

Loaded _ t = 60m ¢.30 0T | va=360 | /30 1 230

t = 90m 9.00 595% t =300 | 00 | A959

Unloaded ¢t = 90a 2.00 3,003 - t = 390 2.00 2394

t = 120m 1.30 3.000 t=u20 | 2301 3002

Loaded _ t = 120m @30 | 297 t=b20 | 230 | 365

t = 1508 1006 2,964 t = 450 3:.00 2357

Dnlosded t = 150m J0:00 | 2936 | taeuso | 300 | 395

t = 180m 10.30 3.007 t w 480 80 300

Loaged  t=isos | 10130 | 4969 e aus0 | 3301 23uH

1 -M “-OO ':(.qb3 t = 510 )‘I'OO 995(1

Unloaded twziom | 1100 299 | s.50 | 400 2902

losded ¢ = 240m I30] 2968 | vwao | 430 | 2963

] ¢ =27 | 19:00] 996% | ¢ . g0 | 500 | 2956

Wosdd tegrow | 19001 2996 | s | 5:100] 2992

te0y ! I30] 3005 | ¢.600



