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i SECTION1
§ { - INTRODUCTION
! Teat data on.dielectric materials such as polyurethanes, epoxies, silicones, and urethane |
foams used in electronic packaging are generaily available at or nea’r'room témperatui'e;- J
f : - o - C S
i Reported herein are the results of a program designed to generate physical, electrical, and-
' mechanical property data in an extended temperaturfé ra'nge\ -125 to +125°C., Complete
Tu
i } testing was accomplished in accordance with the Marshall Space Flight Center Specifications -
, listed below for the ten materials shown in Table 1-1,
;o ’ 3
N U
§ * §
J APPLICABLE MFSC SPECIFICATIONS 4
Specification Nuraber ' . Issue
' 202A ‘ May 12, 1965 . 1
222B | * October 13, 1965 ]
276A " February 17, 1965
! 377A . November 16, 1966 |
b 379A . ° ' September 13, 1965 f
! 393A _ ' . January 17, 1966
| 411+ . March1, 1965
| 418 | " February 15, 1266
i .
X In addition, the following tests were performed to establish the adequacy of the various
- materials in vSpecialized applications at the extended temperature range; R
! E ‘ [ -3
: - 1. Vibration testing on each material aiter it had been applied to its applicable MFSC f
: procedure, T ' - . . ' - 3
- 2, Light transmission effects of outgassing products from each material when deposited _'
3 ) on simulated oprical gystems of spacecraft in the presence of ultraviolet light, i '
g 3. Ultravioiét weathering resistance, _' S L e
- 4, Therinal conductivity and ezpansion, . ' Ak i
L | '2
| o
| : 1-1 g
: E [ :}
) { 4 " 3 “—.5
e ‘)\:;“r sexas ‘r:'.{[_ ) (S o FENPLTHED TPy 3 PGS SRSPCOI & S v _’(:‘lf,
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Table 1-1. List of Materials Tested

ransiinda

Materiai Manufacturer - MSFC Specification 1
i i
2850 GT and Emcrson and Cuming 222 Type 111 i
Catalyst 9 4%) Canton, Massachusetts .
, 2651 and Emerson and Cuming 222 Type V
: Catalyst 9 (8%) Canton, Massachusetts
) 1690 and Emerson and Cuming 222 Tyvpe IV
: Catalyst 9 (11%) Canton, Massachusetts
: Cecofsam FPH and Emerson and Cuming 418 Type 11 3
B Catalyst 12-2H Canton, Massachusetts ‘}
L3
: PC 22 Hysol Corporation 393 Type I -
! : Olean, New York j
. ¢ ;
N 3 PR-15638 Products Research Corp. 93 Type |
— (amber) 410 Jersey Avenuc
. g Gloucester City, New Jerscy
Py PR-1535 Products Rescarch Corp, 202 Type 111
: 410 Jersey Avenue
Pt Gloucester City, New Jersey
P - .
13 i
794 Coast Pro-Seal Mig, Co, 202 Type Ll
I Los Angeles, California .
I8 0 g
I . Sylgard 182 Dow Corning- 379 Type 1N )
Midland, Michigan
P ]
o GE-RTV 602 General Electric Company 379 Type Il - ]
U S Waterford, New York : ' 1
: A lest matrix of the mechanical and physical properties determined in this study is shown in
P Table 1-2, To ensure that the materials tested were representative of those comtemplated
i :
s for prime hardware applications, each was subjected to material acceptance tests outlined by
‘ ; its applicable specification, The results are outlined in Table 1-3, In ali cases the materials
: tested met or exceeded specification limits,
.E '; : 4
] 4
o 3
o
P
P
oA 1-2 i
Pl y
| ; ir ]
I ! k
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Table

Material R
Elastomeric Etastomeric - C
Potting Epoxy Stlivone Cooformal .~ Polyurethane
' Compounda - Insulation ‘Potting Conting Foam

Test | MSFC SPEC—tm 202A 2238 " a79A 2038 a8
Molsture Resistance (Llectrical)’ 00 «r0 S vea
méleclrlchlunt tr0 1% +%a . -; Tseg
Dissipation Factor 449 ‘o P - teo v
Diclectric Slrenklh .o o 1%0 .. (; +to
Volume Realativity %o +°%0 DN +%g
Sutface Rculslivlty %o +%0 s+ 9
Arc Resistance ERE ) ‘%0 +0o
Dielectric Witkatand Voltage +%0 +%0 400
tnsulation Rasistance ‘%0 +0g s 0o PPN
vibratjoa (1} t*o evo S tee veo.
Viscosity (24°C) Fresh Mixed o . . ¢, 48°C
Viscoaity @4°C) Fresh Thawed . .
Specifiv Gravity . . . .
Naon-Voletile Content . (\’olnul; Loss) . .
Bulk Density .
Lew Tempereture Flex; {-55°C) .0 .o
Fungus ’ . . . . .
Ozone Resistance + %o . 40 S
Temperature Resistance . * ;hg:;:rmnl ‘0 “e0
Moisture Absorption . . .
Brittle Point .
Flame Resistance .
Aging Stability 26d Volume Change ‘g
Tear Strength ’ ‘to, +%0
Teasile Slnnﬂ 4% 19¢ 109
Elongation 10¢ Y Y
Sheinkage . . . .
Hardness Afler Full Care +%a +*a’ i %o
Compression Set : +*o *%0
Modulus ol Elasticity in Tension tto +«'n LY
Compressive Streagth . Y
Stress-Straln TRY)
Impact Resistance 40
Adhesion Rond Strength (Metal) 10 epo:y.(?b\(:‘ru:lus)
Adhesion Boad Streagth (PVC) 1o N ’
Adhesion Bond Streagth (Neuprene) +*o-
Peet Strength B !\‘_\ “*o
‘Thermal Condud uv(ly' +*o ‘1%0 s0g
Coellicicat of Thermai Expeasion t*o %0
'V Radistions Weathering Resistance ‘0 ‘o ‘o ‘0 ‘0
Light Transmisnion o a v’ o o

) Test conducted from =125 to 1325"C au

509" increments

Test 3t Nermal Conditions
Test at +125°¢C

" Test at -123°%C
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SECTION 2 ,
THERMAL PROPERTIES

2.1 COETFFICIENT OF THERMAL EXPANSION

2.1.1 EQUIPMENT
A quartz tube dilatometer similar to that described in ASTM D 696-44 was used with the

exception that a Linear Variable Diflerential Transformer (LVDT) was used to sense thermal

. strain rather than a dial guage,

2,1,2 TEST PROCEDURE
Specimers, in a cylindrical geometry 3/8 inch by 2 inches long, were prepared from the

following materials:

1. Stycast 2850
2, Stycast 2651
3. Stycast 1090
4., RTV 602

5. Sylgard 182

A hole 1/32-inch in diameter by 1/8-inch deep was drilled in each specimen in a radial
direction approximately at the center point of the longitudinal axis, A copper-constantan
thermocouple was inserted and held in place with Ducseal, The specimen was placed in the
quartz tube of the dialatometer and the temperature was lowered to -125°C, Data.was
collected at appropriate points as the temperature was raised to +125°C, Data was obtained

for three test specimens of each material,
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2 1.3 TEST RESULT

s T e 2

Test result data is plot\ed on curves in Figures 2-1 through 2-5, *

2.2 THRRMAL CONDUCTIVITY

v 9%

2, 2 1 EQUIDMENT AND TEST METHOD

[R5 sartep

The TC-lOO Thermal Conductlvlty Cox iparator lFigure 2 -6) is designed in accordan e with

ASTM Specification C-518, It makes steady-state measurements on insulative ‘materfals in i

the range of -250 to +600°F, The comparator's special advantage is the convenient sample
size of-a-square-plaque 2- 1/2 inches on edge, nominally 1/4-inch thick, and its ability to
determine a wider range oi thermal conductivities than the guarded hot plate method, The

~principle of operation is based upon comparing the temperature drop across a specimen with

Ltinone v QPR ciciruing=# Y

that across each of two samples of known thermal conductivity, Armco iron, Pyrcceram 9606,
fused silica, and Pyrex 7740 standards are used, depending on the thermal conductivity of ;f

the uaknown specimen,

.

)

-5

INCH

,
INCH X 1y

;
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: ' 3 | | {
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[ n A X
125 -l Bri a0 .25 o 20 M XTR 475 +100 4125
. oo " i . CFEMPERATURE @C) .. - . - )

Figure 2-1. Coefficient of Thermal EXp.an'sion'; Stycast 2850
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~ and specimen and heat méter thickness into the following equation-

!
f
i

Test <'«v Asscmbly fi -
8

Figure 2-6, TC-1000 Thermal Conductivity Comparator

The dpparatus consists of a' power subply for heéter power, a water-cooled' heat sink, and a
gt stack assembly thai fucludes fwo 1dentxca1 heat meters between which the specimen is
eandwiched (Figure 2-7), Thus, the test section consxsts of a‘stack containing a heater

he'u. meter gpecimen, a sccond heat meter, and ﬂnally, a heat sink at the bottom of the stack,
During a test, the heat flows from the heater assembly through the stack to the heat sink,

Surface temperatures are measured on each heat meter and specunen.

The temperature-dependent thermal conductivity coefficients of the specimen are determined

by aubstituting recorded temperature gradients,  heat meter thermal conductivity coefficients,




where
Ks' Km = the specimen and heat meter thermal conductivities, respectively
Xs’ Xm = the specimen and heat meter thicknesses, respectively
Tm = the average temperatuie drop across the heat meters
Ts _ = the specimen teraperature drop

Tigure 2-7, Comparator Test Stack Assembly

Measurements at the lower temperatures are obtained by circulating liquid nitrogen through
the heat sink. The higher temperatures are obtained by use of an electrically-heated sink

that raises the general temperature level of the composite stack.

2.2,2 TEST RESULTS
The thermal conductivities of the materials covered by M%‘L Specifications 22C, 379B,
and 418 are shown graphically in Figi're 2-8,
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Figure 2-8. Thermal Conductivity of Potting Compounds’
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OSECTION3 . . aaoae
ELECTRICAL PROPERTIES ' '

3. 1 ELE CTRICAL PROPFP TIES TEST ING

lhc elC( anal pcoper tlcs of the materials were detexmmed in ac\,ordamn with aur‘icablc :
MSF C, ASTM or fedcral test metheds; Where cxtremc co')d-uons lying outhde the normal
range (.overed by these precedurc were .nvu ssary, the eguipment and procedures were

modificd to coaform with the hest laboratory practices available, A summary of the data is

given in Table 3-1,

3.2 DIELECTRIC COMGTANT AND DISSIPATION FACTOR TESTS

Diclectric constant and dissipation factor were determined in _accérdance with the applicable
spcci[iéation and ASTM D-150, Measurements were made at a frequency of 1 MHz on 2 Wayne
Kerr Type B601 Capacitance Bridge nowered by 2 General Radio Type 13344 Oscillatdr and
modulated by a 100 Hz signal. Bridge balance was achieved frofn the 1000 Hz audible siznal
fed to va Haliicrafters Model $120 Receiver tuned to 1 MHz, '

Dic. setric constant was calculated from the specimen capacitance indicated by the bridge, the’

'avcrage specimen thickness' (tine readings) and the cicctrode area (after applyincr the proper

edgc‘correct'iov for capacitance), DvCSIpatlon fartor was calculated from the ac resistance,
the measuring frequency and the capac itance indicated by the' brxdge. The overall accuracy
for these measurements is +3 puercent, . '

In general, the dielectric constant ;lnci dissipation factor of'r_naterials cdvefed_ by the 202 a.nd

393 specifications wereproportional to temperature. Materials 'co_vered. by ',the 222 specification
exhibited very little change in diciectzric constant and dissipation factor over the entire tempera-
tu e excursion, However, the silicone materisls covercd by the 379 specd’uatlon were inversely
proporticial to temperature in their dielectric constant “while maintaining a rcasonably con-
stant value for the dlss1patnon factor. The extremely lo_w density pf the foam material covered
by MSFC 41¢ precluded any reliable measurements. ~The specimen-electrode contact is so

minimal that the bridge does not "see' any matcna' atall,
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3.3 VOLUME AND SURFACE RESISTIVITY

se properties were measured in accordance with ASTM D-257.. All matzarials exhibited a
decrease in volume and surface rpsmtxvuy with an increase in temperatere, Silicone materisls

were the least affected by therinal stress,

3.4 DIELECTRIC STRENGTH TESTS -

This property was measured in accordance with ASTM D-149-64. The voltage source v2s a
GE Cat. No. 153x355 Test Set having a variable dur.put rating of 0 to 50 kv, 60 Hz and 2 kva,
The waveshape conforms with paragraph 5,1 of ASTM D-149. The voltage cantrol is. a motor~
ariven adiustable autotr;ans'foriner that produces a rate voltage rise var.iabl'e'rfrom 300 tc 3000 -
volts/second aznd c~pable of producing the 500 volts/second rzte-of-rise as specifiet! in the
MSFC specifications,
Oue probiem that arose in measuring dielectric strength at -125°C was the inability‘ to acﬁieve
breakdown of the material using 50 mil specimens, At that time, ik test was also being per-
formed in air and because of the hxghor hreakdown voltages involved, arcing and fizshover
occurred, It was felt that a reduction in specirnen thickness wouls lower the breakdown voltage -
to z icvel at which no arcing or flushover occurred pricr to breakdown, New iest specimens

5 to 20 mils thick were prepared; however, the breakdown voltage still exceeded the flashover
voltage. A pow test fixture was fabricated corntaining three seis of electrodes in a plexiglas
enclosure, The specimens were placed between the electrodes and submergzed ‘ixi GE No. 10C
Tranéil Gil. Breakdown of the material was thus possible, for although the oil was solid at
-125°C, the material represented the weakest insulation between the electrodes. Arcing and
flashover were also eliminated by this techn:que in addit‘,i‘n (0 increasing the number of speci-
mens that could be tented during oae temperature excurs"ion. PF.',—] 535, Pro-Seal 794, Stycasts
2850, 2651, and 1090, Svigard 182 and PR-1528 all demonstrited 2 reduction in dielectric A
strength wiln increasing temperature, RTV 662 and PC 22, (xowever, showed axi increase in
diclectric strength at +125°C, These materials may undergo a post-cure reaction at this
temperature, which increases their dielectric strengtn, It is quite feasible that this paramete;r N
could be used to detenmne the life expectancy of pctting compound:. and other types of insula-

tior by uuhzmg accelerated aging techniques dexeloped within GE, S

4
*

e

Yo}

e,

!
3

e oy

¥ e in

"

Sore——n

pasd

A D e oG A S R R S ST A TR et e PR e i Y et

[N

T

g

[RVERg

SAmr;

] -v-:; )

B g

o

B
cvam.

Pty .
Smcmrenvar f

ey

R

sy
e

!

-

i

—

L

]
- e

-

{

o memriona,

wanraosd

o~

]

ramp——.

[}




N

ST Al A SPANT A V1 S I  VOrtmat e et e«

s e o A P BN TR B L

Sylgard 182 (MSFC 379 Type 1)

. RTV 602 {MSFC 379 Type 1I)

PC 22 (MSFC 393 Type l)

. K _ AVG
2,83 2,86 2,83 2.84

2.5  2.44 2,50 2,49
2,08 2,00 2,02 2,03

. . AVG
2,95  3.04 3.02 " 3.00 .

2.54 . 2.54 2.54 . 2,54
2.03 2.0 2,06 . 2.07

13.2%6 3.86. a7 3

: A
2ﬂ544". “2.61 2,77 2,

403 3.38 -3.98 3

Prépenics'
DIELECTRIC CONSTANT

’ s -125°%
+ 25%

+125°C

) “DISSIPATION FACTOR
3 -125°C

+ 25°%¢

+125°C

: ’ o AVC
0.0016 0.0016 0.0616 0.0016

0.0023 0.002¢ 0.002%4 0.0024
0,0022 0.0026 0.0024 0,0024

©0.0022 0.0025 0.0C22 0 002"

) AVG
0.0016 .0.00lC 0,003¢ 0.002L .

0.0022 0.0024 0.0021 0. 0022

0,0018 0.0018 0.0017 O,
0,071  0.078 0.076 0.
0.048 0.057 0.054 o!

VOLUME RhSlSTIV!TY
(OHM-CM) o
& -~125°C

+ 25°C
+125%C

AVG

L 3xh’J1 8 6. 5x10‘5 6.7x1 0158. 7x10‘15
5

2. 3x10102. 7x10152. 5x10152. 5.‘:1015

5. 7x10%32, 3x101%2. 1x101%2, 7x10%3

AVG
1.8x10'%7. 1x10'97, 110171, ox 016

5.3x101°3. 1x10*%3. 6x10'%4. ox1013

2. 8x10121. Gx10121. 8x10122. 1x1 012

&

16 14
1. “\(10 1 8x10 1 8xi0 1.
2.5x10 32 7x10 momz.

1.4x10101. 2x10109.4x109 15‘

" SURFACE RESISTIVITY

(OHM)
& -125C
+ 25°%C.

+125%C

‘

1

1
3.0x18 150 4.!x10 42 8x10142.
7. 0x10149 ox10 1 2x10 9.

2.8x10° 21 7x10 2 1x10)22.

DIELECTRIC STRENGTH

(volts per md&
-125°C

+ 25°%
+125°C

AVG
1250 940 1330 1120 1060 1140

478 740 500 750 470 587
650 630 500 - 535 280 520

AVG
930 1160 €90 780 650 842

480 423 440 500 423 453
705 795 1765 655 830 750

3
1830 1670 2420 1460 1560
1
645 593 600 480 510
737 690 685 725 737

DIELECTRIC WITHSTAND
VOLTAGE-1000 volts for
one mimite  _395%

i

3

;
Al
N.B.* N.B. NB. N,
N

& o
+ 25°C N.B. N.B. N.B.

+125% N.B. N.B. N.B. Xl

" INSULATION RESISTANCE AVG 13,

(megohms) - 8 8 g i

e -123°%¢ _ . 1.7x10° 2,5x10° 1,0x10° 1

+ 25°%C 2.5x20% 1.7x10% 1.7x108 2. ox10° 2,6x10° 2.4x10° 1.9x10° 2!

5. . :

+1257C 190 150 170 1

MOISTURE RESISTANCE Ag
(megohms) o ' 8 8

e -125°C 4. 2x10 1. 'mo 4.5x10° 3

+ 25% 2.1x10* 2.4x10* 1.9x10% 2]

+125°C ‘ '

69 72

- FOLDOUT FRAME '
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Type 1) PR-1538 {MSFC 393 Type Ij PR 1535 (MSFC 202 Type 1I) PRO-SEAL 784 (MSFC 202 Type HI) |  E C-2850 (MSFC Type 1I)
AVG AVG AVG AVG - AVG
17 2.64  |2.57 2.5 258 2.58 |2.68 2.5¢ 2.64 2.62 2.57 2.5  2.56  2.56 4.66  4.46 4,52  4.54
.98 3.99 407 3.97 4.00 401 J4.73 4.9 493 4.8 5,62  4.62  4.83 4,62 5.2  5.00 4.1 6.6
" 1
1 A6l [4.37 3,76 3.90  4.01  |4.77  4.47  4.65  4.63 4.49 4.1 431  4.32 4.98  5.10  4.90 5.0
AVG AVG AVG AYG AVG
.0017 0.0018 [0.009 0.0% 0.009 ©€.009 |G.0035 0.0098 0.0120 0.0104 |o0.02 0.085 0.009 2,010 0.008 0.007 0.007 0.00
076 0.075 0.0%6 0,075 0.078 0.076 |0.075 .07 0.076 0.076 | 0.062 0.062 0,063 0,062 0.020 .020 0.019 0,02
054 0,053 [0.054 0,047 0,046 0.043 |0.038 0,032 0.633 0.034 |0.037 0.635 0,036 0.036 0,023 0.025 0.025 0.02
AVG AVG
AVG AVG AVG AVG , AVG
.euolsx 8x10°%| 1. 8x1001. 2x101 81, 8x10%%. 6x10'8) 3. 751 01%3. 6x101%2. 2x10'%%. zx10%% | 1. 2x10169.(b(10151.2x10161 1x10'® | 1.7x10"%1. 6x1061, 8x10161.8x
1 2 12 : 2
2x108%2. 8x10™ [ 6. 9x10127. 1x10* 26. 9x10* 27, 0x10" 2| 1. 1x10132. 4x10'%2. 6x10 %5 3x10"2 | 7. 7x10127. 1x10' %6, axxo1 1 108 | 1. mo 51 4x10151 ax10'%1.3x
x10% 1.2x10"% 6. ox10” 9. 8x10° 7.9x20° 8.2x10% | 1.0x10'%.6x20° 9. 8x10° 9.8x10% [ 1.9x1011. 5x1010%. ox201%1.7x10%0 | 6. 2x10!%. 5x10"%. ax100%4. cx
H
AVG AVG
14 1 13 1: :
8x10 2 ox10"* | 6. 2x10M%6. 2x101%1. 2530 %8, 1x101%] 1. 2x101%5. 0x10'%8. 310128 4x101% | 6. 2x1 0141, 2x10'%8. 2x101%e. sx20™? | 8. 3x1017 1. 21060, 2x1 0101, 12
.2x10"%9, 5x10™ | 5. 2x10"32. 8x10M 2. 5x101%1. 2x10M] 5. 5x101%1. 221021, 2x10™%9. sx1612 | 4. 5x10"%1. 2x10M41. 2x1 0120, 5x1022 | 5. 5x10M%6. 2x10 %4, 2x10M%5. 35
2 1 '
1x10'%2,2x101% [ 5.7x101 13, 1x10M 3. ox1 0t 2x1 00 1. 2x1012 1. axa 61 2. 5z oM 5. ax10™ | 3. 4x10M %6, 9x10 24, 5210125, 6x1012 | 2. 2x101%1. Tx10"22. 1x1 0422, 0n
; AVG AVG AVG AVG Ave
160 1560 1588 (1210 1350 1460 1500 1310 1370 | 1820 1610 1470 1650 16°° 1648 | 1740 1670 825 1170 900 1260 | 630 455 515 775 715 |
. X 5
180 510 565 | 528 58 534 521 544 542 | 540 492 500 573 491 520 | 570 580 568 572 561 570 | si3 620 521 471 365 !
125 737 715 | 500 585 500 525 445 511 | 310 355 382 362 330 348 | 352 374 265 143 176 262 | 212 328 446 304 234 :
: ¥
: AVG AVG AVG AVG ; . AV(‘:
.B. N.B. |N.B. N.B. N3B. N7 |N.B. NB. NB3.. NB. N.B. N.B. N.B. N.B, N.B. N.B. NB. NE
.B. N.B N.B. . N.B. N.B. N.3. [|N.B. i{.B. N.B. NB. N.B, N.B. N.B. N.B. N.B. N.B. N.B. N.B.
. : - s
B. N.B. |N.B. N.B. N.B. N.B. |N.B. NB. NB. NB. N.B. N.B. N.B. N.B. N.B. N.B. NB. NB
! AVa AVG AVG AVG AVG
. S 9 8 ] - = -
sox10° 1.7x10% | 1. 0x10% 2.5x10% 1.2x10% 1.6x10% | 1. 0x10” 6.3x10% 6.3x10% 8.8x10% | 1. ox10® 1.ex10® 1oox10® 1oex1e® | 35010 3.3x108 1. 'mo8 2.6x
4 4 4 |
iax10° 2.3x10° | 1.2x10" 2.5x20% 2. 2020 1oex10? | 2.ox10® 1.omao?f 3. 1x10? z.6x10? | 6. 2e00* 7. 1x10t 5.ox10% 6.ax10? | 5, ox107 4.2x10° 5.0x10" 4. o
10 170 120 50 60 76 €9 130 89 103 %6 100 16 o 60 2000 677 1113
) AVG AVG AVG AVG . AvG
g 8 — 8 8 . - :
v5x10° 3.4x10° | 3.1x10% 4.5x10% 1.9x10% 3.2x10% ] 3.3x10% 3.3x10% 5. 0x10% 3.8:10% | 3.3x10% 5. 0x10® 6. 0x10® 4.4x10® | 5. px10® z.5x10° 2. 5x108 3.3%
v 4 4 2
,Ox10° 2.1x16° | 860 1000 860 906 1.1x10° 6.4x10° 8. ex107 870 680 620 620 640 3.3x20" 5. 0x10". 5. 0x10° 2.0
3 65 25 20 20 22 83 120 100 101 38 36 500 a1 2100 550 680 1100
' 1]
E
i H f::
; S
t b
b
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Table 3-1. Summa ry of Electrical Property

Testing
AL 791 (MSFC-202 Type 111) E C-2850 (MSFC Type 11 E C-2651 (MSFC Type IV) E C 1090 (MSFC Type V)
AVG ' AVG AVG AVG
2.56  2.56  2.56 4,66  4.46 4.52  4.54 3.42 3.38 3.45 3.42 2,31  2.31 232 231
4.62 4,63  4.62 5.23 5,00 4,91 5.05 3.86 3,35 3.8 3,90 2,59 .62 2.63  2.62
4.18  4.31 4,32 4,98 5,19  4.90 5,07 3.793  4.0: 4,01  3.92 2,62 2.59 2,76 2.66
- AVG AVG AVG ' AVG
0.609 0,009 0,010 | 0,008 0,007 0.007 0.007 [0.009 ©0.008 0.008 0,008 [0,011 0.9:2 0,011 0,011
0.062 0,063 0,062 0,020 0.020 0.019 0,020 [0.033 0.03¢ 0,033 0,033 |G, 028 0,026 0,026 0,027
0,035 0,036 0.036 0,023 0,025 0,025 0,025 [0.038 0.044 0,048 0.043 ;0,054 0,052  0.055 ,054
AVG AVG AVG . AVG 4
1g « -
8. 0x10"°1,2x10"%1. 1310 | 1.7x20'%1. 0x10"%1., £x167%1, 2x10"®| 1. 8x10" 1. 4x20"®1, 2x10 1. 5x10*8| 1. 2x10"1. 8x16"%1. 7x20*%1. 8109 1
#7.1x10'%6.3x10"%1. 1x10%® | 1,2x10"°1. 4x10*°1. 3x101%1. 3x10"% | 3. 2x10"%3. 5x10M3. 1x10M3. 3x101% ] 1. ex10*41. 5x10M 1. exa0t 1. 7x10™ ;
01, 5x10 %1, 9x10" 1. 7x10"° | 6. 2x10"%8. 5x101%. ox10"%. 6x101®] 1. £x10" %2, 6x10" 1. 3x101 %1, 8x10 0| 3. 8x10" %2. 4x10**1. 8x101 %2, 7x1 0
AVG AVG . © AYG AVG 4
. — . ‘e - 4
4. 2x10 08, 20108, x10M | 8.3x10"%1. 2x10"%1. 2x10'61. 1x10 ] 1. 2x161%1. 6x107%2. 2x16"%1. 13208 2. 5x10%%2. 3x161°1. sx10*52. 2x100 :
5 4
31, 2x10M 1. 2x10M%9.5x10™ | 5.5x10'%6. 2x1cM 4. 2x10"%5. 3x10M | 6. 2x101%1. 2x10 %5, 0x10%7. 7x1.01%} 4. 251026, 221013, 6x101 4. 6x10% ‘

p. by
28. 9x10124. 5}(".0“5.6x1012 2, 2x10121. 7x10122. 1x1 0122. ())(1012 l.ﬁxlolil. 2x10133. 1x10“4, 1)(1012 3. 1x10121. 8_)(10122. 1x10121.4x10jl

§70 825 1170 800 1260 680 455 515 1775 715 630 {1165 1210 1105 1300 1200 1195 900 1000 710 850 853 8GO0
. 180 568 572 661 570 533 620 521 471 365 502 1050 1165 1075 765 925 996 450 452 3956 450 375 424 .
I74 265 143 176 262 212 328 446 30.4 234 305 334 250 300 270 284 287 150 137 157 173 137 150 3

. AVG AVG AVG AVG k
N.B. N.B. N.B. N.B. N.B. N.B. N.B. |NB. N.B. NB. NB. [N.B. NB. NB. NB. 4
'N.B. N.B. N.B. N.B. N.B. N.B. N.B. |N.B. N.B. N.B. N.B. |N.L. N.B, NB. NB. ]
N.B. N.B. N.B. N.B. N.B. N.B, N.B. |N.8 ND. NB NB. |[NB, NB. NB. NB. '
AVG : AVG AVG AVG .

1.@(109 1.0x109 l-(b(log '3.3)(108 3.3).'108 1.2x108 2.6x108 3.3)(107 1.@(108 2.5)(108 1.3X108 5. mlos 5.0x108 2.5)(108 4. L!loa
7.1)(104 5.9X104 6-4X104 5. 0x107 4.2}(107 5. QxlO7 4.6}(107 3.8)(107 3.3X207 4:.2!107 3.7}(107 6.2x106 3.3){106 8.3x108 7.6!106 N
100 76 s 670 2006. 670 1113 330 450 360  3%0 | 106 147 1 121 | i
AVG » AVG ' © AVG . AVG B
5. 0xi0® 5. 0x10° 4,4x10% | 5.0x10” 2,5x10° 2.5x10% 3.3x10% | 5.0x16® 2.8x10" 1.2026% 3, 0x10% | 2.3x10® 5o0aae® 2osxad® me®] 0
620 620 640 3.3x10° 5.0x10" 5.0x10° 2,9x10" | 3.3x10" 4.2x10" 3,1x10' 3.5x10" | 3.3x10 5.3x10° 5.6x10% 1.5x10® i
3 50 41 2100 650 680 1100 | 500 38 312 397 10 s 100 98 o
’ 5

. ! ; :
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S'lmplcs 0. 050 inch thick of the following materials were tested:

by

Although the frequency of the voltage used in thcsc tests was limited to 60 Hz, it is known th'It
~.the’ frcquency will exert a strong influence on the dlclectrlc strength of a matemal Future '

~evaluatmns on potting compounds and msulators should include dlelcctl ic strength testmg at

radno frequencxes and higher, =

3.5 DIELECTRIC‘WITI‘ISTA-ND' VOLTAGE TEST -~

Tests were performed in accordance with the applicablé MSEFC specificatioﬁ.{ ‘ IJo_ﬁreh'i{doWn
occurred.in any spccimen of ull the materials, This test is rather insignificant because it is
unlikély that a breakdown would occur unless a gross defect existed, i.e., an air pocket con-
taiﬁing trapped moisture or contaminant that would be éonductive. These types of defects

would be evident in the insulation resistance test.

3.6 l-NSULA.TION RESISTANCE AND MOISTURE RESISTANCE TEST

Testing was performed in accordance with the app.’.ichble MSFC specifications, This test

provides a good indication of the product's susceptibility to high humidity environments.

All the materials tested except the Stycasts showed appreciable degradation in insulation

. resistance after the bhumidity cycles (moisture resistanvce').‘ The degradation was slight at '

-125°cC, v.;here the r_esistancé dropi)ed about a half decade., At _+25°C, the resistance dropped

5pprokimately two decades and ut.+125°C was about 50 per-(_:ent'of the original value,

3.7 ARC RESISTANCE -

3.7.1 TEST SPECIMENS

1. PR-1538
2. PR-1535
3, PC22

A4. Pro-Seal 794

' 3-5
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Stycast 1090

T

6. Stycast 2651

7. Stycast 285C¢GT

3.7.2 TEST METHOD

ASTM D-455 with tungsten rod electrodes was used. The equipment used meets specified

requirements,

Room temperature tests were made in a room controlled at 23 + 1°" and 50 + 2% RH, Tests
at -125° and +125°C were made in a Missimers box, and coatrolled to better than + 5°C

Lold nitrogen gas from a liquid nitrogen tank was used for the cold temperature tests., A
current of dry gas was used to keep the surface of the test specimen from accumulating frost,
However, it was necessary to turn off the gas circulating fan while the tests were being made,
since the air currents disiributed the arcs. At high temperatures, electrical heating units
were used. The tests were viewed through a glass window in thev{ront of the box, Care was

used to achieve temperature stability in the test specimen before starting the tests,

3.7.3 TEST RESULTS

The complete test results for the seven types of specimers are shown in Table 3-2. For some
of the materials, at least two types of failure end-points could be achieved - one in which the
arc largely disappeared in the melting and flaming material, and one in which a conducting

carbonaccoug path developed. According to ASTM, it is the first failure that should be

recorded, Iiowever, in some cases the time to form the conducting path has also been recorded.

Brief comments have been added to describe some of the accompanying phenomena, Individual

values are listed in order of magnitude and not in the chronological order in which the results

werc obtained, The average value has been calculated,

-3.7.4 DISCUSSION OF THE DATA

It should be recognized that the D-495 test is conductea as a series of 60-second tests with a’

sharp increase in the severity of the test alter each step, Hence, a failure at 123 seconds

3-6
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.increased. The higher temperature did adversely affect the results with the Stycast materials,

“values below 15 seconds and, except for Stycast 2850, are all poorer than a melamine-glass
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means that failure occurred quickly during the third step. In consequence, it is difficult to

make a very meaningful comparison of the results,

resade ekl atia o eu e e b P cht cabambomants sl b "o ol i i BB b 5 e St S

Nevertheless, it is apparcent that the first four materials in Table 3-2 are similar, - The re-.

sults for the Stycast materials differ to a significant degree. The Stycast materials failed

CAPRP A

upon formation of a conducting path., The other materials failed by what has been termed a

"flame" failure along with considerable melting and apparent depolymerization.

At the low temperature, all of the values are higher than at room temperature, but the type
of failure for a given material ultimately is about the same. It seems likely that the cold
specimen is able to absorb more energy before iailure takes place, It is possible that a very

thin layer of ice may have formed on th: test specimens, but if present, the ice was not visible,

At higher temperatures the results for the first four materials in the tabulation are about the

same as at room temperature, although the tendency to melt under the influence of the arc

Some comment shduld be made about the significance of the ASTM Arc Resistance Test as
related to the proposed use of the materials, The test makes 1se of a high voltage-low current
arc above a dry surface, It does not indicate the performances to>be expected if high curfent
arcs are involved in service or if wet and contaminated conditions prevail. Moreover, only an
order of magni.tude for comparison should he made. Tor example, the materials described in

this report are all better than conventioral molded or laminated phenolics which usually have
laminate which normally fails at about 185 seconds. _ ' t Seet ;

Many factors that affect the actual performance of materials inay not be reflected in the D-495
test. For example, if the arc is confined (as at the interface between two insulating surfaces) ‘
or is held close to a surface, a conductive path type failure may occur much more easily than

is indicated by the conventional D-495 test. Since tie D~495 method is such a qualitative test,

Yt
.y

it 23 doubtful that the results a: low and high temperatures have much significance and it is not

recommended that such tests be made, , 4 o . ‘
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' Table 3-3. Arc Resistance at 13°C, D-495 Stainiess Steel Strip Electrodes

1

i
1st i
Material Failure (seconds) Comments . .
T
) . : : i 4
PR-1538 121 Flame failure during the first 60 seconds seems to be £ E
pC 22 - 122 critical with spacing - at slightly more than i/4 inch, -
PR-1555 122 flame occurs at cach tip; at a 1/4-inch spacing, A nearly I 3
but not quite concinuous flanie forms between the elec- P
Pro-Seal 794 0 '
8 trodes, At slightly less than a 1/4-inch spacing, a ‘
continuous flame forms between the electrode. E -
Stycasi 1090° : i2 A conductive path started to form with the first arc A
12 but was not completed until the time shown, E .
8 : '
Stycast 2651 ' 48 A concuctive path started at approximately 15 seconds I
40 and was corplete at the time shown, i
24 ' R
Stycast 2850 130 A track tried to start at 14, 22, and 456 seconds but - L
_ did not, : e T
127 A conductive path formed rapidly. ﬂ
127 A conductive path formed rapidly, - jl
30 A track started at 20 seconds. -
L
Test with Quartz Plate and Flat Stairdess Steel Electrodes ~
(Confined Arc) ;
t.
Stycast 2850 10 Conductive path ‘
8
6 [N
Prn-Seal 754 6 Conductive path S !
4 . . 5 PN i \ { i

Pr-1538 16 ' Conductive path . : ' T H v
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3.7, 5 VARIATIOVS IN ARC RESISTANCE 'l‘EST METHOD

As mcnhoned in the dlscu‘zswn of the data a-bove test parameters may »ery ndrkcdly a[fect

. teat results. This situation is recognized.in. ASTM D-495 where atamlcss steelstnp electrodes

are mcludcd as an alternative to the tungsten rod elcctrodes th,.t are normall) useu. Wx.h

“strip- electrodes, the arc is held close to the sur{ane of the tcst specimen and Lhe tcst rcsultq

may dlffer from those obtamed wu:h the rod electrode,

The arc may be even further confmed if a quartz glass plate is placed over the test specimen
with the stainless steel strip actmg as a spacer, A 500-gram load is used to hold plate and
specimen together. This method has just been developed by the General Electric Company in

order to show the marked effect of a confined arc.
3.7.5.1 Test Results
Test results at 23°C using the two test momflcatlons are given in Table 3-3, Only a sufficient

number of tests were made to mdlcate the trend of the rcsults.

3.7.5.2 Discussion of the Data

" The test results shown ir. Table 3-4 use "average" valves even though in scme cases only one

value was available, Consequently, emphasis should be 'placed pri'mafily on comparisoﬁ aind

not so much on the values by themselves.

‘Table 3-4. Average Arc Resistance-Seconds,

Tungsten Rod Staib]ésé Steel Strip Electrodes
Material . Electrodes Strip Electrodes Confined Arc
PR-1538 ' o128 121 - 1 14
'PR-1535 | 123 128 |
PC22 . 123 122 N
Pro-Seal 794 128 1 s
Stycast 1090 40 . SRR § N
Stycast 2651 | T N N |
Stycast 2850 w0 104




L L

It is immediately cbvious that the arc resistance of the materials tested in different ways do
not have the same order of cbmparison. With the confined arec, the performance of all material
is poor and a conducting track was obtained in every case rawner than a flame failure, The

compariscn betweer: results for tungsten red and stainless steel sirip electrodes is good for

the PR-1538, PR-1535 and the PC 22 materials and poor for the others. Obviously, the different”

materials are affected in different ways by the * wriation in the par:anieters of the test,

It can be concluded that the ASTM 495 Arc Resistance Test may not provid:2 a good guide for
the selection of materials even when the other limitaticas such as contaraination and higher -

currents are not coasidered. At best the ASTM 495 test can nrovide only a very general guide

and in some situations may actually be misleadiag,

3-12
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SECTION 4 '
MECHANICAL PROPERTIES

PR
i

4,1 TENSILE STRENGTH - ELONGATION —-"TEN_S[IE MODULUS

Mechanical property determinations of tensile strength, elongation and tensile modulus
; were made at -125°C, room temperature (RT), and 125°C. Test procedures become

extremeiy complicated by the following: . . :

1. The material types considered here have an intrinsic elongation specification ;
minimum varying from 100 to 500 percent. If a standard length specimen i
(as defined in the appropriate test standard) is used. the testing machine ;

quickly "runs out” of capability, particularly when an enviromnental
chamber is in place. - In addition, recovery following rupture places an
uncertainty upon what is true elongation, the total extension at rupture, .
- C or a final elongation between gaugz marks. The problem is further ‘ : :
‘ complicated because permanent gauge marks cannot be placed on some E
of the materials used; in some cases the entire specimen (deg-bone) i
- elcngated during the tesi, not just the reduced section. ‘ '

- 2, In using butt-faced grips, extreme difficulty was found in holding speciména
during the test. Too low a pressure would allow the specimen to creep’ ' ¥
out of the grip during loading, and too heavy 2 pressure resulted in cutting
the specimen at ti:e grip face edge with premature failure.

P fliny

3. Modulus of elasticity is normally determined using an extensometer.
While an incremental extensometer useful to extensions of 1000 percent
is available, this type of equipment caa be used only at or near room
temperature. Extensometers covering the temperature range required
in this study are not available and other means of determining modulus

- were required.

=g
e et TL N P
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aermtaleod. Ao

- To solve these problems, the following nrocedures were uséilj.
p

- . 1. A micro-tensile specimen, 0.876-inch long with a 0, 187-inch width, was

: used for tensile strength and elongation determinations of plastic materials;
however, this specimen cenfiguration is not suitable for modulus of
’- ) elasticity determination (ASTMD 1708-59T). *

. * 1/2-inch gauge length is needed for determination of percent elongation.
|

. 4-1
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2. Special elastomeric grips, which have a aniquc gripping system that virtually
eliminates slipping, were procured for these tests. Following discussions
with Instron Corporation and General Electric R&D Center, Schenectady,
the following procedures were established. :

Tensile strength and elongation were determined using micro-
tensile specimens held with outt-face grips. The elongatica
was determined as the total extension at fracture, since the
specimen, as gripped, is almost all reduced spscimen.
Separate modulus specimens were 1/2-inch wide, gripped

in the straight section and tested to fracture.

4.1.1 TEST METHODS
Targent modulus was calculated for low temperature determinations while secant modulus
is reported for room temperature and elevated temperature determinations according

to ASTM 638. Since the stress/strain cufves do not generally show proportion of stress
to strain at room and elevated temperature, secant modulus is then the appropriate '
property to report at these temperatures. The following procedure ‘wés used to calculate

tangent and secant modulus.

For determination of modulus at -125°C, the initial tangent modulus was calculated by
drawing the slope tangent to the initial portion of the load versus deflection curve.
Cold temperature spécimens indicated a proportional stress versus strain relationship
that allowed 2 tangent line to be constructed. The RT and 125°C specimens, because
of their elastic properties, did not exhibitA an initial proportional stress versus strain
curve. By use of the secant moduius constructed at a 20 percent -strain increment, a
representétive modulus could be calculated. For the RT specimers an incremental
extensometer was used for recording percent strain, However, for +125 and -1 25°C

the movement of the testing machine crosshead was used for determination of strain.

A Missimers chamber was used for elevated or reduced temperature testing with the

specimen being held for at least 30 minutes at temperature before testing. Temperature.

was monitored by means of a thermocouple placed in promixity to the specimen.
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4.1.2 DISCUSSION OF THE DATA

Tables 4-1 through 4-6 give the tensile, elongation and modulus values for PR1535, Pro-

Seal 794, PC22, PR1538, Sylgard 122 and RTV 60‘2, respectively.

For elastomeric potting compounds PR1535 and Pro-Seal 294, ccoling below room
temperature drastically increases tensile strength and modulus and decreases elongation.
Heating to 125°C decreases tensile strehgth and elongation of PR1535, decreases tensile
strength and increases elongatio_n of Pro-Seal 294, but has very little effect on modulus
values. Room teinperature tensile strength and elongation meet the MSFC 202

requirement.

Tables 4-3 and 4-4 show the properties of elastomeric conformal coatings PC22 and
PR1538. Again, cooling drastically increases tensile strength and modulus and reduces
elongation. Heating to 125°C decreases tensile strength of both materiala and the
elongation of PR1538, but has only a miror effect on elongation of PCZZ,-and modulus of

either material. In general, RT properties do not meet the requirements of MSFC 393A.

Tables 4-5 and 4-6 show the data cqllectggi for Sylgard 182 and RTV 602. Neither of
these materials meet RT tensile or élongation requirements of MSFC 379B. Cooling to
—125°C increases tensile strength, modulus and elongation of Sylgard 182 while the RTV
602 tensile strength and modulus are increased and elongation decreased upon cooling.
Heating to 125°C almost destroys the tensile strength of Sylgard, increases elongation
and has no effect upon its modulus. Heating of RTV 602 to 125°C has no effect on tensile_

strength, but increases elongation and reduces modulus.

" 4.2 LOW TEMPERATURE FLEXIBILITY

The low temperature flexibility test was performed on PR-1535, Pro-Seal 798, Sylgard .
182 and RTV 602 per the applicable provisions of the MSFC specifications. The low '
temperature flexibility jig specified in MSFC 379 was used'also for the materials covered
by MSFC 202. |
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The test fi.xture and ccated specimens were placed in-a Missimers Chamber and held a

mxmmum of four hours at temperdture The specnmens were then plaued m th° test

‘xxt\.re slot bent by hand over t}'e radius, removed and exammed

, Theré was no blistering, cracking, or separation from the aluminum test strip for any o

_of the materials at either ambient or -55°C.

4.3 PEEL STRENGTH

Peel strength of silicone potting materials Sylgard 182 and RTV 602, MSFC specification
379A', Type III, was determined according to Method 1041, 1 of FTMS 175. The test
consists of a 180-degree pee! test of a fiexible membevr bonded to a piece of flexible or
rigid material. In this test, the flexible member chosen was cotton duck and the other

member was 0, 064-inch tiuck aluminum alloy.

For high and low temperature, the tests were conducted using a Missimers Chamber. A
thermocouple was placed in close proximity to the grips and the speclmens were held

a mmlmum of 15 minutes at temperature before testing.

Table 4-7 shows the peel strength of tha two materials; * Heating from RT to 125°C 'reduc‘es
péel stfength to about one-third of room temperature value, '_ RTV 602 did not attain A
RT. speclfication requirement, but Sylgard has a peel strength at 125°C equal to its RT

reqmrement

No peel strength detemlmtions could be made at -125 C the duclf broke at the kond

line and no peel was initlated

4-19°
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Table 4-7. Peel Strength of Silicone Potting Componnds-Pounds/Inch -

-125°C RT 125°C | RT Spec. Required Minimurn

1)

RTV 602 No peel 1.32 .45 3

Sylgard 182 Nc peel (1)1 10.0 3.2 , 3

Note ) At -125°C, the silicone had embrittléd the duck and it broke with no
peel being initiated. o

4.4 TEAR RESISTANCE TESTS

Tear resistance was determined on the two elastomeric potting compounds and the twaI :
e}astomeric coniormal coating materials accor’ding to the test standard method for Tear
Resistance of Vulcanized Rubber, ASTM D624-54, Specimens were cut from 0. 125-inch
thick cast slabs using die C, which produces an unnicked 90-degree 'angle specimen, 4
inches long. Tests at ~125 and 125°C were performed in a Missimers Chamber.
Temperature within the chamber was ohtained from a t.hermoéouple placed in close
proximity to the specimen; specimens were held a minimum of 15 minutes in the chamber
at temperature bafore testing at a crosshead speed of 26 in. /min. Tear resistance

test data is listed in Table 4-8. '

Room temperature tear strength of MSFC 202 materials is only slightly better than

specification minimum (250 lb/in.) but the 393 materials exceeded specification

-minimum of 125 1b/in.

At 125°C, the 393 materinls lost approximately 85 percent of RT tear strength while
the 202 materials lost 60 percent of RT tear strength. Tear strength at -125°C increases

in an erratic manner.
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Table 4-8. Tear Resistance of Elastomeric Materials - Pounds/Inch Avg.

I
i

Material -125°c_| RT 125°C | RT Spec. Reguired Minimum
PR-1535 - 347 380 83 ‘, . 250
Pro-Seal 794 488 259 103 . 250
PR-1538 546 183 26 125
PC 22 484 196 29 125

4.5 COMPRESSION SET

Compression set was determined'on two elastorneric and two conformal coating compounds E
according to ASTM D395-61, Method B (constant deflection). The deflection employed‘ was

25 percent and the specimens tested at other than RT were allowed to return to RT before

b ]

final measurements were made. The compression set is the porcentage of original

_ deflection that is not recovered. Deflection set data is given in Table 4-9. For all

cr——f

materials, RT compression set meets applicable MSFC specification requirements.

Obviously, these materials cannot be used at 12500 sincs they co:ﬁpress to the deflection )
employed and do not recover when cooled; i.e., a compression set of over 100 percent
was measured. The reason for this phenomenon is that the material is compressed to the
limit of the spacer blocks; upon removal and cooling to room temperature the specimens : (“
contract and the final thickness results in a compression set measurement that was greater '

than the original deflection. _ t

oo DO oo
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" Table 4-9. Compression Set Data (%) - s

R S

Material. | -125°C Rt ! 1% S 193%

CpR-1535 - | .28 . [ es | 139 | ozes ol oo
‘Pro-Seal7s¢ | .3.0 . | 169 | 215 | 108 -

PR-1538 1.5 23.0° | 520 us

o b s

PC 22 1.0 22.8 a1 | 114

4,6 ISOD IMPACT STRENGTH -

Impact resistance of the three Emerson and Cummings materxals was determined in

accordance with the procedure outlined in é‘*"‘M D--"SG-SG Impact Reslstance of Plastic

and Electrical lnsulatmg Matenals. The only dematxon from this procedure was that only

_The impact test technique used was the Cantllever Beam (ISOD Type) test. All specinmiens

_(Figure 4-1) were prepared and dimensioned accu.dixiglto the recommended procedure énd '

three cpecimens were tested at each condition instead of the five specified.

It G

i et M AL b B ST M S by s s

size. The materials tested were dielectric materials that fall under spe‘cific'ation MSFC ‘ _
2228 which specxfxcally references. ASTM D-256. The materials were Emerson and ' *
"Cunmimings EC- 2850 EC-2651 and EC-1090. Tests were periormed at -125°C (-193°F),
24°C (715°F) and +125°C (257 F) on each of the three materials. ‘1
' 22,5 VA - .
; o - ; T 0.500 +0.006 IN. ]
- VA , ' -0.000 S
o zoe b7 SR i -
1.25 IN. . SR
2 Iﬁ ‘ : . : Bl V' : 0.500 IN.
0sIN. e

" Figure 4-1. ISOD Impact Test Specimen . -

" 4-13
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Kesults are presented in Table 4-10 for each test and material, Note that the difference _
between the ISOD Impact Strength and the Net ISOD Impact Strength is the Toss Factor

e

(encrgy). The Toss Factor is the amount of energy per inch of notch required to throw the

br-.:v:n end of the specimen. Net ISOD Impact Strength is the total amount of ene cgy per

N el Sy b 1 £ po 2
i

inck of notch required to deform the specimen, initiate fracture and propagate the fracture

across the specimen. Mathematically, the Net ISOD Impact Strength is equal to the total

.""‘“““

. measured energy loss during the test, per inch of notch, minus the sum of the Toss Factor

and the friction loss factor. . n

- Table 4-11 summarizes the data from Table 4-10 to show the effect of temperature of “
impact strength. Unfortunately, the data is quite inconclusive because of the scatter
obtained when using only three specimens. Oue point to note is the very large increase in

impact vesistance for EC-2850 when going from RT to 125°C. Although some scatter exists.

—ed

the data seems conclusive enough to indicate that this is a real effect. For EC-1090 and

y ~
— el

EC-2651 the scatter in the data makes any conclusion almost impossible.. Finally, il should -

13

3 ik o andand Stk

-
be noted that the two specimens of EC-2651 (EC-2651-0DI and. EC-2651-0D2) that were cut

at 90 degrees from the rest of the EC-2651 specimens, showed a marked increase in impact

TR IEY )

strength (Table 4~10), This is indicative of preferential orientation within the material and

should be investigated in more detail. _ ;

~

4.7 ADHESIVE BOND STRENGTH

Adhesive bond strength (ABS) was determined as follows: _ - J
1. Elastomeric conformal couating (MSFC 393) o ;%
a. Cotton duck honded to aluminum using the coating (metal). é
b.  Cotton duck Lendad to fiberglass using the coating (fiberglass).
2. Elastomeric potting compound (MSFC 202) S . g
a. Cotton duck bonded to aluminum with the compound (metal), ﬁ
L -4 . | o K S u
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Table 4-10. ISOD Impact Test Results for Materials of Less Than HR 5 Ft Lb per

In. of Notch
Test 1SOD TOSS " Net 150D’
Sample Temperature Impact Strenth ) * Factor (Energy) Impact Strength
Designation °F) (Ft-Lb/In, of Notch) (Ft-Lb/In, of Notch) S {Ft-Lb/In, of Notch).
EC-1080-5 15 0.204 - 0,104 - 0,100,
EC-1030-10 5 0.194 0. 096 0. 698
EC-1080-15 s 0, 214 0,124 0,090
* Mean - 0.204 0,108 0. 056
" EC-2850-1 75 0.320 0.196 00124 -
EC-2850-4 75 0.344 0.234 0.110
EC-2850-6 75 0. 360 0.198 0. 162
" Mean - 0,341 2,209 0,132
EC-2651-3 15 0.354 0.168 0.186
EC-2651-7 75 0,382 0.188 0.194
EC-2651-13 75 0.374 0.168 0. 206
Mean - 0.370 0,175 0.195
** EC-2651-0D1 5 0.440 . 0,174 0. 266
*+ EC-2651-0D2 75 0,434 0.178 . 0. 256
Mean - 0.437 0.176 : 0. 261
EC-i090-4 -193 0.162 . 108 0. 054
EC-1090-9 -193 0,190 0,108 0, 082
EC-1050-14 -153 0.162 0,088 0,072
Mean - L 172 0,101 0, 069
EC-2850-5 ! -193 0.360 0.252 - 0,108
EC-2850-11 -~193 0.376 0. 204 0.136
EC-2850-16 -193 0. 380 0. 208 0,172
- Meun - 0.372 0,221 0.139°
£C-2651-5 -193 . 0.354 0,184 0,170
EC-2651-10 -193 . 0.420 2,180, 0.240
EC-2651-15 -193 0,346 . 0.178 - 0.168
Mean - 0,373 0.181 0.193
EC-109¢-3 257 0,200 " 0,100 0.100
-EC-1090- 257 0.176 0.094 0. 082
EC-1090-13 287 . 0.198 0,084 0,114
Mean - 0,191 0; 093 0. 099
£C-2850-3 257 0.766 0. 204 0. 562
EC-2850-8 257 0.67¢ . 0,183 0.474
EC-2850~17 257 - 0. 680 . 0,202 0.478
Mean - 0.705 0,201 0. 505
EC-2651-2 257 0,338 . 186 0,152
- EC-2651-9 257 0.346, BEK] 0.198
EC-2651-14 257 0.346 . . 0,172 0.174
Mean - © 0,343 0,169 0.175

* Friction loss factor was 0. 080 ft-lb,/in. of notch for al} of t.hc above lcst:‘.'
**Specimens cut at 30-degrees to the rest ¢ € the speclmens of this matcriai,
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b. Neoprene bonded to a 1/4- mch thick slab of the compour-d (neopren»)
contained in an alummum plate.

c. PVC bonded to a 1/4-inch thick slab of the compound (PVC) contained in

an ziuminum plate. (The plate referred to was backed by a piece of -
aluminum sheet, ) )

Where required by the specificatioh‘ and sample preparation description, primers

recommended by the materials manufacturer were used in assemktling the various samples,

After assembly and cure, individual specimen setups, etc., were prepared from the samples

as required by the specification.

.The 180-degree pull tests were made using an Instron Tester at a crosshead ébeed of 2in,/
min, For tests at 125 and ~125°C, a Missimers Chamber was used. Tempe‘rature was
monitored by a thermocoupie in close proximity to the sample. Average load from the

load curve was estimated for each test and the average of these tests reported. Table

4-12 shows the adhesive bond strengths determined.

Table 4-11. Summary of ISOD Impact Strengths g

. : Net ISOD Impact Strength

Material Temperature, °C (OF) (Ft-Lb/In. of Notch)
EC-1090 125 (-193) 0. 069
24 ( 75) 1 0.096
+125 ( 257) 0. 099
EC-2850 -125 (~193) 0.139
24 ( 75) 0.132
+125 ( 257) . 0.505
EC-2651 _ =125 (~193) 0.193
 24( 75) : 0.195
+125 ( 275) 0.175
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Itis obvmus at once that the 180-degree peel tests at -125°C are of l1ttle Qr no- value because ’
both the coated duck and the neoprene embnttled and snapped ut very low non—rr °asurable :
loads In the no-test catcgory o; Table 4-12, as the sample was loaded 1t broke faster than
the recorder response Lapabxhty (callbrated fer low loads) and no measure of breal».mg

" strength could be recorded In any case, pe=hng was seldom initiated at 145°C and the

- indicated loads are those at which the adhetent failed. . I o f ; if,j'-. " o

Where satisfactory peeling occurred; the elevated temperature ABS was lower tliarl RT ]
ABS in all but one case. The data that shows the ABS to be higher for Pro-Seal 794 at - 1
125°C than at RT is anomalous. Peak loads encounter~d at RT in ro case approached -

the average ABS at 125°C. A

Four of the ten combinations had an ABS meeting the RT requirement of the specification. r

Two other combinations had peak values that equalied or exceeded the specification A

requirement while another (PR-1535/Neoprene) required 55 1b/in. to break the initial bond. |-
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SECTION 5
PHYSICAL PROPERTIES

5.1 THERMAL SHOCK

Thermal shock was performed on EC-109C, EC-2651, and EC-2850 using specimens pre-
pared according to paragraph 4. 8.17 of MSIFC specificé.tion 222C. Specimens were melded
to the size specified by MIL~I-16323 and a 1~inch long by 0. 5-inch hexagonal aluminum
bar was molded in the specimen for expansion. Shock tempzrature range was 194°F to
that of liguid nitrogen. Each material was cycled five times. The specimens were placed
pin side down.on an aluminum spider suspended in a standard cabinet for 30 minutes, re-

moved, plunged into LN2 for 10 minutes, removed and examined. After examination, the

~cycle was repeated.

EC-1090 and EC-2651 appeared to be cracked at the end of cycle 1 and were definitely cracked

- by the end of the second cycle. Heavy cracking occurred on the specimens afier five cycles

(Figure 5-1). At the end of the fourth cycle, the specim :n of EC-2850 showed a crack-like
indication. At the end of cycle 5, microscopic examination (25X) showed that the cracks

were actually wrinkles analogous to a drying paint skin 2a¢ are not cracks (Figure 5-1),

- Couslusions

Under five thermal shocks varying from 198°F to liquid nitrogen temperature, EC-1030
and EC--2651 failed by cracking; EC-2850 developed no cracks but did develop crack~-like

“indications that were actually skin ripples.
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5.2 FLAME RESISTANCE OF ECCOFOAM FPH

This test was performed according to ASTM -D-1692 except that the test samples were
2 by 4 by 1/2 inch instead of the specified 2 by 6 inches. Upon application of the Bunsen

st Y
5 s o e

burner flame, all samples ignited and continued to burn completely upon removal of the A

flame. This material is classed "burning by this test" whereas specification MSFC 418 ; 3 ;
requires a flame resistant foam. | ‘ %
5.3 HARDNESS AFTER FULL CURE )
Hardness after full cure at 125 and -125°C per ¥FTMS 406 or 601 could not be obtained. ﬂ . j
The absolute temperature limits for the Shore instrument are -45°C to 52°C and in no 4 - 1
case is it permissibl.e to test material at temperatures outside these limits without \n} j
dam.aging the equipment, Therefore, hardness determinations at -45°C, T, and 52°C ~ -
were made after scaking the speciinens for 2 hours at temperature and the test \ i -4.
instrument for 1 hour before testing. | ‘ {1} ;
Test materials were placed on an 1/2-inch thick aluminum plate in a Standard cabinet r
and subjected to the apprcpriate heating or cooling cycle. When necessary, inaterial ' 1
was piled up, as allowed by the standard, to give a thickness of at least 1/4 inch. Five | £ Al
readings were made on each maierial within the cabinet and a short period (10 minutes) . ‘}
of reheating or cooling was allowed belorc the next set of hardness determinations l} 3
was made. At the low temperature, frost was scraped from the sample using a doctor's ' J g
blade before u.e determinations were made. | o g f
" Tavle 5-1 lists the hardness values obtained. Elastomeric potting compounds (PR-1535 g
and Pro-Seal 794) and conformal coatiugs (PC 22 and PR-1538) increase in hardness as !
the temperature is lowered, while the silicone potting materials (Sylgard 182 and RTV 602) g
‘gofien as the temperaturc decreases. in additiop, RTV 622 did not meet the specification : T
requirement for hardness. o . . R g
o 3
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" Table 5-1. Shore -A Hardness After Ful} Cure

Material Specification - Temperature (°C) _
Requirements, RT -45 RT 52

PR-1535 76-99 94 86 88

Pro-Seﬂ 794| 76-99 ' 96 83 84

bc 2z | -0 -93_ : 79 9

'PR-1538 70-90 95 77 74 N

Sylgard 182+ | 35 minimum 39 45 47 |

RTV 602*% 35 miniml‘\m 19 21 23 |

Values are average of 5 determinations 7

*Pijled up, 3 thicknesses

5.4 MOISTURE ABSORPTION

Moisture absorption of six materials was determined according to the requirements of
their applicable specifications. These differences are desecrilked in the following

paragraphs.

5.4.1 TEST METHOD - MSFC 329A (SYLGARD 182 AND RTV 602)

Specimens 2 inches in diameter x . 125-inch thick were coﬁditioned by drying 24 hours
at 50°C, cooled 24 hours at 23°C in a dessicator, and weighed. The specimens were
immersed in distilled water at 23°C for 168 hours, rer.oved, wiped dry with a cloth and
weighed, Precent absorption was calculated as wet weight minus condition_ed weight

divided by wet weight.

5.4.2 TEST METHOD - MSFC 418 (ECCQFOAJ‘.:;*, FPH)
Eight 1 -cubic inch samples were cut from a large block of foam material, Zero

absorption weight was determined by immersing each specimen under a 2-inch head

5-5
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of dxbtllled water at 23°C for 10 seconds dra.ined 10 seconds and wexghed -The matenal
was t.hen reimmersed for 24 hours, removed, drained 10 seconds and Wexgh»d Percent . !

_ absorphon was alculated on the basxs of final welght minus zero wewht d1v1ded by. fmal -

* wéight;

D 5 4.3 TEST MFTHOD MSFC 222CJ‘C 1090 .EC-2651 AND EC-2850)
i These materials were tested accordmg to Procedure A of ASTM-D-570. Specnnens -
) 2 inches in dlametur by 1/8-inch thick were dried in an oven at 50°C f{or 24 ‘\ours,

cuoled and weighed. The specimens were immersed in distilled water at 23°C for

TR R AR YOr 11 TP S WO UUNPI, SERSURVE UURE VPGPS IR PSS S NN

24 hours, wiped dry and weighed. . oisture absorption was calcul_ated as
i v Wet Wei&,f ponditioeed Weight x 100
: . . Conditioned Weight : _
| 5.4.4 TEST RESULTS - ’ | S R
Table 5-2 presents the moisture absorption values collected EC-1090 has a value only
! slightly above the specification maximum (0.51 rercent versus (0.5 maximum) while 4
: Eccofoam has a moisture absorption value varying fiom 1.8 to 3. 4 percent versus a 4
s pec1f1cat10n maximum of 1.4 perceat. All other materials are within or fall below
: . the specxhcatmn maximum., 3
i
3
H H B . . . . »1
- Table 5-2. Summary of Moisture Absorptxon Data ( ) ;
MSFC _ : o o . L
; -Specification 222C - .. 379 418_
; Material . 1090 2651 _ 2850  Sylgard 182  RTV 602 ° Eccofoam (
pE Sample 1 0.49  0.09  0.06  -0.03 045 . 3,0
2 - S 0,51 0,09 0,06 0,03 0,47 3.4 E
Lo T3t 0.3 0,10 .06 0,04 .- . 1.8 y
{ - . Average 0.51  0.09 0,06  0.03 ©0.46 2.7 ;
i ~ Specificification  0,50. 0,50  0.50 0,50 - . 0,50 ‘1.4 ”
i - Limit, Maximum’ : R Co el s
E‘ ; - ’ PN .";:
[ n 3
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cubes of the material. Specxmens with the 1-inch dlrectmn both perpeudlcular and parallel

Compressive strength and stress/ strain were determmed by compressmg the blocks 'lt a

crosshead speed of 0.1 in./min., determining the c.ompresqwe stress at
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5.5 TEMPEKATURE RESISTANCE, ECCOFOAM

This property was determined according to Procedure 2, Method 6011 of FTMS -.406. The -
object of the test is to obtain weight and shape changes in plastic materials under var{ous '
conditions of use, while Procedure 2 is designed to reveal poorly cured parts by deve]o;)-' |
irg cracks in these parts -Two-inch cubes cut from 4-inch cubes were measured weighed,

heated 72 hours at 60° C, coolea in a dessicator, remeasured and reweighed, and msually

examined. Results of the test showed that:

C

i, There was no change in surface outlire or general appearance and no cracks .
developed. s '

2. There was no change in the dimensicns of the material.

3. Weight loss cof the samples during this test were:

Sample No. Loss (%
1 ‘ - 1.33 ’
2 ' . 1.35
I ’ ~1.35
4 LY 1,36
Average . ' . 1.35_

5.6 AGING STABILITY AND VOLUME CHANGE, COM pm*sqrvE STRENGTH AND
STRESS/STRAIN FOR ECCOFOAM FPH

5.6.1 TESTMETRODS =~~~ .. o~ - . .~

Property data was obtained from nominal 2 by 2 by l—mch blocks cut from 4 by 4 by-4 1nch

%o the direction of foam rise were prepared

percent in*ervals o
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of strain and plotting the stress/strain curve. Compressive strength waa obt iined as the

stress of 10 pereent compression of original thickness.

Volume change was determined by culeuluting volume, oxpo‘smg the material to 95 percent

i [

11t at 49°C for two weeks (in o closed system of glycerine-water of precr concentration

held at constant temperature),  After this conditioning, the velume was recuiculated und

percent change dctcrmiﬁed. The stress/strain dingram of these conditioned spcciinens wis f
determined. ' 1
Compro.'sslon tests were run on an Instron testing machine using o compressfon cage. A ' B
M lssimers Chamber was used for high and low temperdture ranges, The conditioned speci- ‘ g
mens were randomly chosen for the compression tests. i
¥
5.6.2 VOLUME CHANGE g
Tuble 5-3 gives the volume change nsgociuted with 1'clu£ivc humidity conditioning. In gen- !
erul, specimens cut with the 1-inch direction pcrpcndlculur to the dircction of rise had a v
smal! volume loss, averaging 0. 36 percent while those with the 1-inch divection parallel 'g'
to the rise direction "grew." Some of these parallel speetinens had ! configuration change 1
in thav the center portion of the speeimen actually bowed, decreasing the offective dimen- ' *
afon. ‘These specimens were omitted from average, giving a mean growth of 0.48 pcrccr_\t. ' : i

5.6.3 COMPRESSIVE STRENGTH

w——

Compreseive strength was taken ns the cverage compressive stress at 10 percent deflection.

o e s . . . .
P s LT et v mbn ) Akt iaa o

Tuble 5-4 gives the compressive strength data collected. At room temperature, the rela- é
tive humidity conditioned (aged) material in the parallel direction and the raw miterial in A
the petpendicular direction meets the strength requirement of MSFC Specification 418 E {
’ {
hased on the straight line function of density. The compressive strength at low tempern- 4
ture is inereased by the aging, but at clevated temperature this property s virtually the g
same for all test parameters, - :
3
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4
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Cpable 5-3. . Volume Cliange of tecofonm FPIH

:-%pLscfﬁwxr l-liych .anum:c' secimen 1-Inch ‘Vf\’:c:)-lui'i'\c::'- ,
No. Direction. Chonge (5 1 - No. l)l,p‘(&(:tlnlx', <Ql1:||1gc,(‘.f{)':.'~
' 1 I.’m‘pqnﬂluul:u'_i o6 10 Paratlel’ : '+0.',".-31 A " '

9. l’érpendlch.ln_r =0, D2 . ll l’m'nllcl +1. t')‘) ) '
3 l’ux‘pu_iull(:ul:n‘ -0, 52‘ 12 Iﬁn-nlld 40,66 .'
4 l’crbcndiculnr +0.A nl 14 l’m'ullc-l -6. 67
"6 Perpendicular -0.25 14 - Pnrnl‘lcl- 40,26
6 pPerpendieutar -0,46 16 Paraltlel -b. O
7 Perpendicular -0.24 106 Parallel +0, 6
8 Perpendicular -0.51 17 Paratlel -8.1
9 Perpendicular -0, b6 18 Paratlel -2.16
-0. 45 +0, 48

_ ; Average |
/ : *Bowed 8

1 -inch direction eith

pecime

n, not inctuded in average

er perpendicutar to, or parallel to dive

“Table 6-4. Comhrcs_alvc Strength of Becoform 100 b R

ction of rise of foam:

g il Gk Pl e s

Compressive Strength (psi)
: CTemperature (‘_)C)
1-Inch Direction Condition -125 | RT. 126 -
parallel Raw a1 19 21
Parallel 1t aged NI 78 21
Perpendicular Raw 28 70 .30
Perpendicutar rn ugéd . » 87 42 21
5-9
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5.6.1 STRESS/STRAWN

Stress/sivain curves are ¢ shown in Muurc g 5= through 5-7, where teaw! and relative
humidity (R11) conditfoned (ped) curves are on the samae plot,  noall c:mu; the perpon-,
deutar direction shows n higher stresa per pereen nt of strain for the raw material than does:
the aged material, while in the p.n'lllol direction, the aged material has higher compressive

stress per pereent of stradn.

AL -125" ¢, the materlal crumbles under the Inttial load.  Substnntial deformation then
oceurs with little load increanse until whout the 69 percent deformiation level, after vhich

“the toad increases.  In most cases, the speeimen was removed Mrom test us u powder.

‘ o,
At room temperature, the curves are more nei irly paradiel thay ot ~126°C and o graduual
incrense in stress per unit of strain occurs. The stress inereases more rupidly after

straing of 50-65 perceent.

At 126°C, the compreasive strcﬁsos are lower and the curves uarce rougnly parallel at lower
striaing but begin to diverge at higher strains, The material is definltely softer, svith peak
louds nt 80 percent strain approaching 150 psi for perpendicula rly cut materinl and 100 psi
for the material cut in the paralie! direction. In addition to the tower strength level assoe-
fated with 125°C for this materinl, scorching of the specimen edges was obgerved at this

temperature.
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Ozone reeistance tesis

" separate tests were run for 7-day durations at tempz

SECTION 6
ENVIRONMENTAL TESTS .

6.i OZONE RESISTANCE

6.1,1 TEST METHOD

wore performed on five specimens each of the four elastomeric

materials listed helow:

1, Sylgard 182
2. RTV 602
3. PR-H3EH

4. Pro-5Scal 794

An atmosphere of 50 parts per 100 million of ozone in air was used for all tests, Three

ratures of 125, 25 and -IOOOC.

(Note: testing at 12'3 C was not attempted hecuase the <ondensation tempernture of 0,

is reported as -11& C.) Specimens werc stretched to an clongation of 25 percent prior

to placing them in the Ozonometer, All specimens were examined for signs of cracking

or deterioration after each 7-day test with a 7-power magnifier as specified by the

appropriate MSFC specification (t.e., 202A and 379A).

6.1,2 TEST RESULTS
Although no cracking was ohserved in any of the specimens, some material deterioratica
occurred particula. |

arc described in Table 6-1.

6-1

y during the room temperature and 1250C tests. The results obtained
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6.2 FUNGUS RESISTANCE

6.2.1 TEST PROCEDURE .

The requirements of MIL-E-5272C were used to conduct this test.  The mixed spore suspension

below was employed.

American Type Culture

Group Organism Collection Number
I Myrothexium Verrucaria ' 9095' '
I Aspergillus Niger (;2'.75
I Aspergillus Flavus _ ' : 10836
v Penicillium Citrinum 9849

The materials tested were nine of the materials being studied for this program, the exception
heing Eccofoam FPII, Test materials were sectioned to appropriate size and clear.ed using

a 70 percent isopropyl alcohol and 30 percent water blend. These samples were allowed
sufficient time to dry before being bagged in separate envelopes. A sample df each candidate
material was suspended on a stainless steel wire and another sample placed within the petri
dishes containing the hardened culture media., Control specimens of filter paper, cork and
leather were also placed on the cixlture media to verify the use of viable 3pores. Both the

suspended samples and petri dish specimens were inoculated using a spray technique.

The test and control specimens were placed in a test chamher maintained at 86 +3. (fOF

(30 + ZOC) and 95 + 5 percent relative humidity. A fungus growth on the control specimens
after 3 days verified that viable spores were employed, The test materials were evaluated
after 14-day and 28-day exposures. The following arhitrary numbering system was used to

distinguish between no-growth and variations-in-growth accumulation,
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6.2.2 TTST RESULTS

Number

9

18]

Degree of Growth

None
 Light
| Medium
Heavy

Copious

The results of this test are given in Table 6-C. .
Table 6-2. Results of Fungus Resistance Tests
Degree of Growth A
Material [(aribitrary scale 0-4) Results per MIL-E-5272C
EC-2850 0 No growth
FC-2651 0 No growth
EC-1030 0 No grnwth
pPC 22 0 No growth
PR-1538 1 Light growth
PR-1535 1 Light growth
Prec-feal 794 2 Medium growth
Sylgard 182 0 No growth
RTV 602 0 ANo growth
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6.3 ULTRAVIOLET RADIAT ION/WEATHFRING TESTING

All ten materials included in this program were expcsed to a ong year equivalent sea level

ultraviolet radiation (between 0,29 and 0.4 microns) and ¢ high relative humidity condition

~ at both 220°F and -0°F. The ultraviolet radiation doce was esiablished by integrating the

air mass and irradiance tables so that the maximum possible ultraviolet exposure attainable

in one year on earth was simulated*,

6.3.1 TEST PROCEDURE

" The ten materials weré irradiated under a General Electric H23KX (111500-A23) lamp. A

two-dimensional parabolic reflector was used tc collimate the light beam, Specimens were

- positioned on two plates under the collimator. The hot plate was operated at a temperature

of 220 + 20 F and the cold plate was maintained at a temperature of -90 + 15°F. Liquid

nitrogen was used to regulate temperature. Specimens were positioned as shown In Figure

6-1.

Total test time was 413 hours. Figure 6-2 is a photograph of the test setup after 100 hours;
Figures 6-3 and 6-4 show the setup at the end of the test, Table 6-3 and Figures 6-5 and
6-6 give the speciral distribution data of the H23KX lamp used in this test,

6.3.2 TEST RESULTS

As can be seen in Figure 6-2, the cold side of the test was continuoubly covered with frost.
Atterapts to prevent {rost build-up by passing a stream of dry nitrogen over the specimens
failed. TFigure 6-2 also indicates that the tops oi Eccofoam specimens were badlay scorched
in hoth the cold and hot sides of the test. This is attributed to the high insulative qualities

" of the foam. Because frost covered the bulk of the cold side samples, post-test evaluation

of the materials was not made,

The Emerson and Cummings materiais on the hot side were bieached almost white, The

elastomeric conformal coating materials, pottirg materials and the silicone potting

*Handbook of Geophysics, Revised Edition, 180, The McMillan Co., New vork, N. Y.
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Table 6-3., Watts Radiated at Varlous Wavolength Bands

~ ..

S ames

Wavelength Band A )
(Angstroms) Principal Lines 111500-A23
2200 - 2300 2259 18.017
2300 - 2400 - 2358 22,940
2400 - 2500 2482 21,823 Far
2500 - 2600 2537 78. 154 Ultraviolet P
2600 - 2700 2652 39.027 : /]
2700 - 2800 ——— 9.003
3800 - 2900 2804 - 2894 27,556 E
2909 - 3000 2967 21,822 Middle
3000 - 3100 3022 39, 6584 Ultraviolet
3100 - 3200 3132 67,954 §
3200 - 3300 ———- 8,069 '
3300 - 3400 3341 13,346
3400 - 3500 ———- 5,633 1
3500 - 3600 ———— 4,619 Near
3600 - 3700 3650 104. 697 Ultraviolet :
3700 - 3800 ———- 3.4561 L
3800 - 4000 5. 532
4000 - 4100 4047 25,122 {
1100 - 4300 ———- 1,263
4300 - 4400 4358 46.791
1400 - 5100 ———- 13.194 Visible !
5100 - 5500 5461 52,374 ' :
5500 - 5700 ———- 3.908
5700 - 5800 5780 61,407
5800 - 7600 ——— 14,209
Region Units H1500-A23 i
" Far Watts 188. 994 ]
Ultraviolet E-Vitons 7,827, 109
Middle Watts 156, 916 g
Ultraviolet E-Vitons 4,684,472
Near Watts 139,815 ‘.,
Ultraviolet E-Vitons 21,415
) Watts 226. 800
Visible Lumens 51,000 -
g
i
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g
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materials {vcxé embrittlied, In .uldition, thcsc m'ltcxlals were all warped and. several
prClanS fractur cd dur ing the post—teqt bagging opor atlon.- '1 he wnditionb of thc hot

. side {est resilted in catastr ophlc mcclmni( al (le'\gc to thc.sc matera. 1:~.

6.4 VIBRATION TESTING

6.4.1 TEST METHOD- _ o
All ten matertals included in this study were subjected to a vibration range of 0 to 100 g's,
y 2000 iz (sinc only) in the temperature range -125 to 12_50C. All speeimens, except
the Ec cofo'lm material, were fabricated by ¢ astlng a one~inch cube of material around a
1/4-20 hex- hcad bolt., The Eccofoam specimens were also one-inch cubes with the
exception that a §/8 inch hole was drilled through the center and the hex-head bolt placed
through the hele,  All ten specimen types were then attached to a tapped aluminum test
fixturc plate l)v means of the bolt. A total of three test plates were constructed, The
tests were conducted in a spee ially constructed environmental ch'\mbex mounted on an

M3 C-150 vibration system.

6.1.2 TEST PROCI‘DU“(L '
The three test plates, cach holdmg one spcclmcn of cach m'ltcxial rcceiv«,d thc
combinations of temperature=vibr ntmn shmm in the test m’xtnx of Table 6-4. The

vibration schenie is shown in Figure 6-7.

The following notation is uscd in Table 6-4:

I - Vibration Run No. 1 - all runs arc at 2 QCt/lnil)
5 - 27Hz | 0.8 inches DA, '
27 - 20000z 30 g's .
n - vibration Run No. 2: |
s - 28Hz . 0.8 inches D.-AA.'

28 - 'H8 Hz ) 70 t.p.S.
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v

vibratton Run No. 3¢

5 - 281Hz
28 - 88z
88 - 2000 Hz

Vibration Run Nei, 4:
A resonant frequency (fc)was determined by sweeping al g's'from 20 to

2000 11z; then dwell at that frequency (fC) at 10 ¢'s for 5 minutes.

0.8 inches D. A,
70 i.p.8.
106 g's
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Tabic 6-4.

Combination of Temper'tture - Vibration to Which Specimens

are Testew; Order of Testing Indicated by Numbers 1 Through 25

Teat® Vib, lavel
Ne, Temp roct/ 1 1} " 1w
©C) N, min
1
k_— St l l 1 ‘7.’ [ 3 i l 5
- 3 0
A 425 E a a @
LT 1= [ L
-25 a n a
l v l 11 l 12 l 13
-5 b h b
1]
[ 14 | 15 | 16 l 17
-125 b b b
l 18 ] 19 l 20 I 21
+75 ¢ . [ c
C
}‘Inlshl I ieH ¢ l 23 ¢ IH c l 25
+125

* NOTE:

A - Test No, 1:
B - Test No, 2:

C -~ Te

for Plate a
for Plate b

at No, 3: for Plate ¢

too — / 100 g's in
aned rr 1]
= ha §'8 I
0 f.p.8s.
- 30 g's 1
= —
®
-
2 0.RIN. DA
b 10 L
= —
“ L—
= —
©
~t
< 4
TO }—
5 Hz
2g's
- v
) L1 Lty Aot L frttd |
10 190 1000

Figure 6-7.
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SFCTION 7
LXGHT TRAI\SMISSION T"‘STS

7.1 EXPERIMENTAL TECHNIQUES

The purpose of thesc tests was to establish t‘xe change in light tmr'lsmisqion*tba.t'would' :

‘result from the combined LffCCtS of vV rqdmtlo'a and outgqss ag from sclccted matermls.-

configuration used to establish this is shown in Figures 7-1a and b, Four s'lm—
inch by 4- mch by 0. 050~

The test
ples, nomm'\]ly 4-inch squares abhout 0, 050-inch thick, plus one 2-

inch sample were placed in the D-bux, Sample tempc rature was maintained with the in-

frared lamps in the double-walled D- box shown in l"lgunes 7-2a and b, These lamps were

: contmlled with an on/off controllcr qensmg a thermocouple '1tt'whed to the 2- by 4-inch

sample. The sample tempe mture was held constant at a nommal 120 C.

There are two phtens loéated directly beneath the only hole in the D-box, as shown in

Figures 7-3a and b, These platens are inclined at 45 degrees to the bottom of the D-box

and at 4) degrees to the incident UV irradiation. The quartz shdcs on which the outgqqsed

‘ p'lmclcs were-incident were bonded to an ‘Llummum frame which was fastened to these

platens. I’l'u,en temp(,mtu res were individually controlled with an on /off controllevr regu-

latmg thc heat flow from the platens to a liquid nitrogen heat sink, The . controllc rs

senscd thcrmocouplcs imbedded in the platens and corrclatcd to the surface temperatire

of the quartz slides ina mhbmtmn test with the UV lrradmtum mcndent on the quartz

~glides. One of the platens has a movqble flap that can cover it or be removcd from out-

side the vacuum chamber, By covering onc platen for the first six hours at tempemture,

the cffcct of vacuum trcqtmg the material was estthshed snmultancously with the un-

‘treated material, This is obt ,ined by noting the change in light transmission of each

platen. Total test duration is 102 hours; “therefore, phten No. 1 (which is never covere”’)

qhnws the chs ange in 11;,ht transmission caused by the virgin m'\terlql for 102 hour3s, while

platen No. 2 (which was covercd the first six hours the sample was at temperature) shows

- the changc in trfmqmnssmn cqused hy the material during 96 hours,
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s

Thel average UV irradiance on the quartz slides was S_EUVS‘:‘. The UV radiation source
used was a 2.5 kev HgXe short arc lump, whose typical spectral distribution at the sample
plane is as shown in Figure 7-4. The UV irradiation entered the vacuum chamber through
a supphire window. The UV irradiation scurc: was uéed simultaneously for the light source

of the quartz slide transmission measurements.

Transmission measurements were performed before, during, and after the test. The

meast remchts performed curing the test were at the single wavelength, 0,35 microns, while
the before and after measurements were performed from 0,.3 to 4.2 microns, All trans-
ni:ssion measurements performed were relative change, plotted as percent decrease from
the original value. These measuvements were performed by comparing the light trans-
mitted by the quartz slide to the light emitted by the sou\:ce; The light was directed from
the source and the quartz slides by light pipes which were put through a selector wheel and
into 1 Perkin-Elmer Model 99 Monochromator. The meusurements from 2 to 4. 25 microns

were performed on a Perkin-Elmer Model 457 Infrared Spectrophotometer,

‘Figure 7-3b shows the refcrence light pipe in the background and the quartz slide light
pipes in the centrzl region of the photograph. Figures 7-5a and b show the details of the

selector wheel and the monochromator with its input optics.

Comparative measurements at 0. 35 microns wrre performed automatically during the test
at time intervals of 15 to 30 minutes., The selector wheel in Figures 7-5a and b automatic-
ally cycle at pre-established intervals. The holes in this selector wheel allow the zero
(hackground reading), the transmission th rough the quartz slide on platen No, 2, the lamp
output, and the trunsmission through the quartz slide on platen No, 1 to be measured se-

quentially within 3 minutes of each other, This sequence is repe:ited for cach measurement,

*EUVS is the equivalent ultraviolet runs below 0,4 microns. An intensity of one
FUVS is when the integrated irradiance below 0.4 microns incident on the sample
planc is the same as the integrated irradiance of the sun below 0, 4 microns outside
the earth's atmosphere and at a distance equal to the radius of the mean earth orbit
about the sun,
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The relative transmission of the quartz slide on platen i, Ti rel’ is then computed as [
’ . : (
. ;
T, = v - . . ’ (7-1) .
ire! R . ,
;
where
Vi is thevmonoch romztor signal output when the light transmitted through the ‘
quartz slide on platen i is incident on it, :
V7 is the zero or background signal from the monochromator, and =
V_ is the monochromator signal when the light from the UV source "
is incident on its detector. A ‘
The percent decrease in transmission, as a function of time, 'l‘i(t), or at the beginning i ’
- and end cf the test, is then computed as ' _ o v
S
t) : Co
l( ) - rel( . P
T() = Tixe ‘ x 100 , (1-2) . i
i (o)
| rel
.
where ' ] ,
T.(t) is the percent decrease in transmission at the quartz slide on platen i e

at time t.

(o) and T 1(t) is the computation of Equation 7-1 at the beginning

x re
of the u,st (tlme, t= o) and at time {t = t), rcspectwcly

The factor of 100 is to put this in the percent change in transmissicn, Although this has
been described for the measurements made in situ at 0,35 microns as a function of time

during the test, it also applies for measurements made as a function of wavelength before

e S

and after the test, . : _ ,
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thc hulk wcmht loss of thc s:xmplcs cxposcd

ln ad(lltl(m to the’ change in llght tr.msmlssnon,
as qlso eStllbllthd *. Bulk weight loss 1.~. the total

to 120 C fm' 10” hou rs in vacuum w
Bulk wcngl‘t loss, thelc- ‘

weight loss of the s'xmplos less that which is mmstul ¢ and gases.

fmc 1cplcscnts 'nc m vumum amount of comlensnblos uutg,'\sscd from the nntcrlal 'lh_ls

“value is (,omputcd from the before test 'md after Lcst stabilized \velgl‘ts of thc s.lmples in ~

a C(mst'mt lcl.mve humidity and tcmpcmtu re cnvxronmont

EXPERIMENTAL PROCEDURES .
ed according to the dppllcublc Marshall speuflcatlons and pre-

The samplcs were prepar

a 46 percent relative humidity, 21 C environment, The five samples des-

conditioned in

cribed earlier were held in the D-box with stainless steel wire, The D-box was then placed

30 that the hole in its bottom was centercd over the two platens, Transmission measure-

ments were made on thc quartz slides from 0, 30 to 4. 25 microns before and after being
) o

" serewed to the copper platens, The transmission mcqsutemcnts at 0. 35 microns made

\\fith the selector wheel system werce repeated at 15 mmutc intervals both before cv'lcu'ltlon

of the system and (lu ring the first 30 hours of test. At upproxmmtcly 30 hours, the inter-

val'wi s changed to 30 minutes. The UV radiation source was stabilized before trans-

mission mcusurcments were begun and remained on u'nt_il thc end of_the test. The ﬂup on

. platen No, 2 was closed l)cfoxc th(, ch wmiber was eve lcuatcd

In order to prevent cnnt:xminatlon ‘from backstreaming of diffusion pump fluld the fo! low-

ing technique was used, While the chamber was l)cm cv.u,uatul to about 50 microns, the

high vacuum gate vilve hetween the dlifusmn yump and the chqmber remaihed closed and
£ g

“ the anti- migration chevron liquid nitrogen trap between the diffusion pump and the gate

“valve was cooled (the dlffllbl()n pump ql\\ ays xcnmmcd on) “After the chnmbcr was at 50

microns, the gate valve was opened, At shutdown the gate valve was closed befo re the

llquul nitrogen trap was allowed to warm up Using this technique thc wonst periods for

hackstreaming (stavt-up nnd shutdown) were complctcly avmded Figure 7-6 shows the
cn\'n'onnmntul l’a.ullty used in this test. ‘

e et et et s

* It should be noted that this was not contractuu_lly required..
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TFigure 7-6. Environracntal Facility used in Light Transmission Tests
After the chamber was in the low 10-(3 Torr range, the quartz slide on plate‘ri No. 1 was
cooled to OOC. During this time, platen No, 2 was maintained at about 300(;‘. Heat was
applied to the D-box after the platens had stabilized the xmaliy. The test timé was con-
sidered to begin when the samples in the D-box reached 120°C. After 6 hours under these
conditions, the quartz slide on platen No, 2 was brought to OOC‘und the flap was opened.
The environmental parameters were then maintained constant for an additional 96 hours,

At this time, transmission measu rements were made as a function of wavelength and the
test was shut down, The shutdown procedure was designed to climinate all mass transfer

hetween the various surfaces in the system, This was accomplished by using the following

technique:

1. First:

a. UV radiation source was chiut down,
b. High vacuum gate valve was closed.
.. Heal to the D-bhox was shut off.

d. Liquid nitrogen to the chamber shreud was shut off.
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2. After the shroud warmed up to -112 C:

a. Chamber was backfilled to 1008 microns with dry nitrogen.
b. Quartz slides was heated to 20 °C. ‘

5. The chamber was brought to atmospheric pressure with dry nitrogen when the
following conditions were obtained:

a. Shroud and platens were at 20 _+_50C.
b, ‘D-box was 80 C or lower.

The quartz slides were then removed and wcighed immediately, * T ransmission measure-
ments were made from 0. 30 to 4,25 microns as soon as possible. The samples were re-

. : o . .
moved from the D-box and put into the 46 percent RH, 24 C environment for post-condition~

ing, They were weighed periodically in this environment until their weight stabilized.

In addition to actual sample tests, both full and abbreviated control tests were performed.
A full control test is identical to a sample test except that no samples are placed in the D-
box and the flap on platen No, 2 remains open. An abbreviated control test is the same us

a full control test except its duraticn is shorter, usually from 24 to 48 houvs.

The entire system was cleaned with apprr=—iate solvents after all tests. In addition,

thermal vacuum bake-outs of the system were performed as necessary, Full control tests

" were conducted at the beginning and end of the program with abbreviated control tests per-

formed after any significant condensates were formed.

7.3 RESULTS

The results of the light transmission test are presented in three parts:

1. Figure 7-Xa is a composite plot of the platen temperatures, sample temperature,
ar | chamber pressure, all as a function of time for the entive test sequence,

* The quartz slides were also weighed immediately before-test.

7-11

W bt 1. o

et cm e v A 1

b ek b e Srer o S e

S P

B A e et Pt A Fr sy Sl oy g0z 2y s

VCRT SR W)

SR o 2l e i i)



_
-~ ‘ 2. Figure 7-Xb is a plot of the rclau\(. perc cnt transmxbblon at 0.35 lmcrom asa_ S
’ ' A * function. of the time durmg the test. * : .
3. Figure 7-Xc is a plot of the perccnt dccrcasc in transmission as a funcfion of " f
/' wavelength, These values are bascd on transmnss:on mcasurcmcnts made I)efoxe _
“ and after cnvn‘onmcntal cxposure. . e e
Table 7-1 lists the specific figure number for each test scquence, and Table 7-2 gives the
bulk weight loss of the materials resulting from environmental exposure. .
' i
B
Tabie 7-1. Index of Light Transmission Test Results 5
. A
- £
Test Sequence Figure Number
EC-2850 7-7a, b, ¢ i
EC-1090 7-84, b, ¢ s
EC-2651 ' 7-9a, b, ¢
Eccofoam FPH ' 9-10a, b, c
PC 22 ; SR O 7-112, b, ¢
PE-1535. R ~7-12a, b,
B ’ . . . M i
PR-1538 - : .. 7-13a, b, ¢ e
Pro-Scal 794 ' _ - 7-14a, b, c
: o SYLGARD 182 _ ~ 7T-15a, b, c
RTV-602 . T-l6a, b, c '
Full Control Test _ ' S 7-1Ta, b, ¢ ,
*Relative percent transmission is normalized to lOOﬂiercent at the beginning of the test. o
!
2% ;
7-12 :
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|
Table 7-2. Bulk Wcight Loss * :
' N . i
Material Weight Loss (%) - !
EC-2850 0.00
EC-1090 0.00 !
EC-2651 0.00
Eccofoan: FPH 0.56
PC 22 0.81 '
PR-1535 1.1
PR-1538 0.41 i
o]
Pro-Secal 794 0.66 :
SYLGARD 182 1.4 ‘
}
RTV-602 1.8 ;
*Loss due to environmental exposure of 102 hours at 120°C ata i
pressure in the low 106 Torr range. ' N
i
!
i
i
1
|
!
!
4
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Figure 7-13c. PR-1538 Test (Sheet 3 of 3)
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Figure 7-15c. Sylgard 162 Test (Sheet 3 of 3)
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WAVELENGTH (MICRONS)

Figure 7-17¢. Control Test (Sheet 3 of 3)
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7.4 DISCUSSION OF RESULTS

Differences noted between the in situ transmission plots and the be[ore ‘nd after

measurements probably result from one or more of the following:

1. Contamination of the sapphire UV port.
2. Difference of incidence angle on the quartz slide in the iwo measurements.

3. Changes in film property when brought from vacuum to air.

The epoxies exhibited only small decreases in light transmission in the UV and visible
regions of the spectrum and were the best materials tested, EC-2850 was the worst of
the epoxies based on its higher.transmission loss in the near infrared. The 6-hour
vacuum treatment had little effect on EC-1096, while it showed sorﬁe improvement

for EC-2651 and EC-2850. At this time it should be noted that the ordinate scale of the

spectral transmission loss is in general different for each material.

The polyurethanes werc the worstof the materials tested; however, 120°C is much hi;rher
than the normul use temperature for these materials in space hardwqrc. The apparcnt
"ipstant” decrease in the transmission of platen No. 2 when the flap is removed is probubly
duc to photopolymerization on the window of particles refiected from the flap that was cover-
ing platen No. 2. Al polyurethaﬁes except PC 22 cxhibited large decreases in trar.emission
at ubout 3 microns. This is most likely due to hydrogea-carbon bond absorption. The
G-hour vacuum treatment did inot result in any si@ificzmt improvement for any of the polyure~-

thanas.

Eccofoam FPH exhibited a spectral transmission loss similar to the epoxies but some-
what greater in magnitude. The 6-hour vacuum treatment resulted in a smaller light trans-

mission loss in the near UV and the visihle.
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Both silic‘one rubbers produced heavy visible condensates compared to thexr correspon(hmr
trdnsm1sswn degradatmn. The le«rard 182 apne'u‘ed to result in less degrad'mon than tre

RTV 602, based on before 'md after measurements The large and apparent '_' nsrantaneous

transmissions decrease on pl‘ncn No when the ﬂdp was opened and the large dlfference T

in txansnussxon loss bet\\ecn the in siw and the before and after me'lsurcmcnts is.due to .
photopolymenmtlon on the sapphre uv wmdow. ThlS was proven after the test by trans- o
.PIISQIOH measurements performcd on the sapplnrc wmdow before and after it was cleaned o
The 6-hour vacuum treatment resulted in a large 1mprovement in the light transmlsswn for

the RTV 602 in the near UV, visible, and at about 3 microns, whereas it resulted in a signi-

ficant improvement only at about 3 miCcrons for the Sylgard 182.

The percent bulk weight loss for-the epoxies was cssentially zero,_ in agreement with their
' corresponding low transmission loss. The Eccofoam has a large | bulk weight loss compared
to its low transmission loss and the small amount of visible condensate Thm was in contrast
to thc silicone rubbers,-which exhibited large visible condensates in spite of their low trans-
mission losses and large bulk weight losses. The poljmrethanes all exhibited large weight
‘losses and there was no obvious relationship between that and their corrasponding light

transmission losses when considered as a groupe

7.5 CONCLUSI()NS AND RECO\I\' ED “D‘\TIONS

ascd on light transmission 1os.-: and bulk weight loss the epries were the best generic
type of material tested and were followed closely by the foam. Tnc polyurc1 hanes were very
b:ld from hoth points of view and should not be consxdercd for u.se at 120 C The silicone
rubbers exhibited high bulk wei gnt losses but low transmissicn loss wi uh the exception of
untrcd'cd RTV 602, Bccause of their high sensitivity to photopolymm*uauon onc should
not (,OIlsldLl‘ this type of snllconc rutber for use near crltxcal sur['lc0° cxposed to UV.*
~ Although the light troasmission loss was low for the silicone xubbcvb, ‘these mcasuremonts
provide no.information coneerning the rnsolution chn‘n‘gc that could occur due to scattering.
It is rec )mmcnded that the space-grade silicone rubbers bc mvcéﬁi?’dtcd for use where

thcy oifer significant Advan ages over otaer types of m'ltcr dlS

* Space-grade silizone rubie .rs arc now availuble lrom l)oth Dow Corring and Gcneral Electric.
'_‘* The silicone rublbers were an c,\ccptlon with only the untrmtcd R v ()(\" vausxng appreciable
“iransmission. l.:s~ in thc near JV.
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There was only a limited correlation between bulk weight loss and light transmission loss.
Materials with a near zero bulk weight loss produced very little transmission loss whereas
materials with significant bulk weight losses may or may not have produced appreciable

light trunsmission losses. This is not surprising since:

1. All condensates do not have the same absorption coefficients.

2. Ali outgassing fragments do not have the samc sticking coefficient under the con-
ditions tested. .

3. The bulk weight loss is the theoretical maximum amount of condensables which a
material releases.

The spectral regions which exhibited the major transmission losses were generally the
near UV* and the infrared at about 3 microns. This was not surprising as most organics
(hydrocarbons) absorb strongly in the UV and infrared. Strong absorption bands should be
expected in the remainder of the infrared at least. to 15 hicrons. Large transmission
losses should also ke expected throughcut the UV, clear into the soft X-ray region. There

was no gonerd) trend observed on the effect of the 6-hour thermal-vacuum treatment on

transmission loss.

Some additicnal items which chould be considered in future studies of this type include:
new muter.ials, multiple sample and condenser temperatures, differcnt condenser surfaces,
condensation identification, synergistic radiation effccts, basic condensation parameters,
and other optical property measurements. ,

.

It should be noted that much more than programs of this type are required to solve the

optical contamination problem. We believe that a Quantitative Systems Condensation Amnyaxs

(QSDA) is the best technique to eliminate this problein. QSDA will eliminate condensation

problems through minor aaterials, process, and design changes which are suggested from

a total system analysis.
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