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1. INTRODUCTION:

The objective of this program is to determine the effects of
prolonged space enviromment on a variety of spacecraft materials;
and where possible, compare these results with predicted

behavior.

II. TECHNICAL PROPERTTES SUMMARY

Task I - Physical Properties Testing

Ten materials have been evaluatee for

eleetrical and mechanical

properties Following long term vacuum exposure.
This work was performed under subtask 1.1 in the schedule included

in this report.

Phvsical properties tests under subtask L.l have
been completed on all available materials.

The materials tested during this reporting period are Iisted in

Table 1.

Data obtained from these materials is presented in tabular form at

the end of this report.
for polv-thermaleze and therm-amid insulation.

woere detected afeer any of the exposures.

TABLE 1

Adhesion characteristics were evaluated

No adhesion defects

MATERIALS EVALUATED CLASSIFICATION AND TESTS

MATERTIAL

CLASTT=Tol o

Poly-thermaleze
insulation

Therm=amid insulation

Adloek 851

Vospel §5P-1
Cho-seal
Lexan
Polvethe’ane
Polvurechane
Lucite

Nyvlon

TESTS

Magnet wive insulation

Magnet wire insulation

Phenolic laminate

Polvlmide

Conductive alastomer
Poly carbonate
Polvethe lene
Polvurathane

Acrvlie

Polvamide

Adhesion and dielectric
strength

Adhasion and dielectric
strength

flexure and teusile
properties

Hardness

Volume Resistivity
Tensile Properties
Tensile Properties
Tensile Properties

Tensile Propercies

Tensile Mropercies
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The first rvadiation-calibrated canister for subtask 1.2 was rec-

eived by Martin Marietta from MSFC in late September and will not
be loaded with specimens untill mid-Qctober dur to MMU work which

pre—empted this task. Slippage of this task is indicated in the

schedule included with this report.

The fixture Fabricatioun for subtask 1.3 is completed and the unit
has passed the helium leak test. The manipulator adaptor for the
MSFC vacuum rhamber is shown in figures 1 and 2. The front portion
of the adaptor to be welded to the MSFC vacuum tank was shipped

to MSFC at the end of September.

The electric impact wrench modification is neariung completion.
This wrench is for loosening the vacuum chamber f£lange bolts

with the manipulator arm.

Task II =~ Perform TGA/RGA

The thermal gravimetric analysis (TGA) and vesidual gas analysis
(RGA) are being rescheduled for completion in mid-October.
Comparison of pre and post exposure TGA/RGA data is continuing.

Work Planned:

. Load cansiver for irradiation exposures.

. Compare pre and post exposure TGA/RGA data.

Complete impact wrench modification

Begin to correlate fsothermal weight lass with mechanical
property changes.

B P
.

+



Polythermalese Insulated Wire (Belden Corp.)

Table 2

Dielectric Strength, KV Samples
Exposure AWG Average High Low Testad
Bageline 20 2.5 11.2 8.1 3
30 8.8 11.0 7.0 3
Heat Compatibility (1) 20 10.1 El.5 9.4 3
30 7.7 9.0 6.6 3
Heat Compatibility (1) plus 20 8.7 1.7 7.1 3
30 day Thermal Vacuum (2) 30 6.8 7.2 6.5 3
Heat Compatibilicy (1) plus 20 14.3 16.5 2.0 3
100 month Thermal Vacuum (2) 30 8. 9. 8.0 3
Therm=Amid Insulaced Wire (Rea Magnet Wire Co.)
Dielectric Strengch, KV Samples
Expasure ANG Average Himh Low Tested
Base line o 12,7 14.53 11.0 3
30 5.0 9,5 7.0 3
lleat Compatibilicy (1) 20 5.5 a.0 5.0 3
30 8.7 9.8 8.1 3
Heat Compatabilitv (1) plus 20 7.5 7.5 7.4 3
30 dav Thermal Vacuum (2) 20 6.5 6.5 6.4 2
ileat Compatibility (1) plus 20 11.3 11.5 11.0 3
100 month Thermal Vacuum (2) 30 10.8 11.5 10,0 3

(1) Hear compatribility ~ 570 hours at 2759F (408YK)Y in R atmospherse

() fested at 1077 Torr after exposure for the specified length of time

at 15007 (338°KY and 107P Tare



_Property (1)

Table 3

Ad7ock 851

Tensile Strength and Modulus (A5TH D63B-68)*

Average High Low Samples

Lxposure MPA  KSI MPa Ksi MPa Ksi Tested
Uleimate Strengeh Baseline 184 26.7 192 27.9 177 25.6 5
Lltimate Strengih Heat Compatibilitcy (2) 208 30.1 244 35.4 174 25.2 5
Uttimate Strength Heat Compatibility (2} 234 34.0 267 38.7 1.89 27.4 5

plus 102 menth
e _Thermal Vacuum (3}

Elastic Modulus Baseline 18300 2660 22100 3200 15800 2300 5
Elastic Modulus Heat Compatibility (2) 17700 2570 21000 3040 15700 2280 5
klastic Modulus Heat Compatibility (2) 18600 2700 19300 2800 17900 2600 5

#{ype [ specimen tested at a crosshead rate of 1.3 mm/minute (.05 in/minute}

(1) Cured ! fou et 250°F (394°K) plus 1 hour at 3009F (422°K) plus % hour ar 350°F (449°K}

plus 102 month
Thermal VYacuum (3)

= =0

plus 4 hours at 500°F (5537K)
(2) Heat compatibility - 5,0 hours at 2750F (408°K) in N atmosphere

{3} Thermal Vacuum - Tested at Iz]O—5 Torr after heat compatibility (2} and an initial exposure

GF 10 to 16 hours at 1409F (3339F) to 1609F (344°K) followed by an exposure at 1200F + 10°F

(1229 + 6YK) for the time spucified at a pressure of Ixzi0

Torr or less.



Table 4
Vespel 5P-)

Hardness (ASTM D785 and D2Z40)

Averape High Low
LEpUSUL G Rockwsl1l Shiere Huoerwell Suore nockwell Snure Sanples
H D& i D M D* Testad
Baseline 8.2 86 89.0 86 87.0 85 5
Heat Compatibilicy (1) 90.0 86 92.0 86 89.0 86 5

Yested in air after heat
compatibilizy (1) plus 89.6 91.0 87.0
Yy day thermal vacuunm

wn

Tested at 11072 Torr after
Leat compatibility (1) plus 85 86 a5 3
30 day thermal vacuun (2)

Tested at in air after heat

compatibilicy (13 plus 102 87.2 89 85 4
day thermal vacuum

Tested at 1x1067° Torr

after hael compatibilicy (1) a7 a8 86 4
plus 1062 month Thermal

Vacuunm

#Shore D Hardness was run as a comparison since Rockwell Tester could not be used in In-S5itu.
THermal vacuum test specimens were tested for Rockwell flardness in air after Shore D
test in vacuum.

(13 ieat compatibilicy — 570 hours at 275°F (408°K) in N, atmosphare.

2

(2) ELzposed for the specified length of time to 150°F (338°K) and 1z10—6 Torr.



TABLE 6
MATERTALZ NYLON

TEMSILE STRENGTH AND MODULUS

PROPERTY exposure! AVERAGE HTCH LoW SAMPLES
MPa kST MPa KST MPa KSI TESTED
ULTTHATE STRENGTH BASELTINE 59,34 8.6 4
ULTIMATE STREHGTH 3 HONTilS 70.52  10.22 75 ©  10.87  67.9 9.84 4
ULTIMATE STRENGTH 6 MONTHS 61.41 8.9 65 52 9.51  57.8 8.38 4
ULTIMATE STRENGEH 96 MONTHS 84,59  12.26  93.36  13.53 79,28  11.29 4
ELASTIC MODULUS BASELINE  12.42x10° 1.8x10° 4
- a8 5 5 5 5 5
ELASTIC MODULUS 96 MONTHS  13x10 1.9x107  15,2x10°  2.2x20° 10.4x10° 1.5x10

NOTES: 1 KST = b6.9MPa

(L) THERMAL VACUUM - TESTED AT 10_5 TORR



TARLYE 7
HATIRIAL POLYETHELENE

TENS TLE STRENGTH AD MODH.US

PFROPERTY L.":I'IJSHJ”'.( h AVERAGL THEGE 1.6 .‘V\““T:ES
Hi*a K81 MI'a K51 MPa K51 TESTED
HEPHATE STREHGTH BASELINE 4.5 2.10 4
OLTTMATE STRENGTH 3 HONTHS 19.87  2.88 20.00  2.90 19.8 287 4
BLTIMATE STRENGTI 6 MONTHS 10.07  1.46 10.21  1.48 10.0 1.45 4
ULTTHATE STRERGTH 96 HMONTIUS 10.49 1.52 13.59 1.97 8.69 1.26 4
ELASTTC HMUDULUS BASELINE 5
LASTIC b I 96 MONTIS  46%10° 2105 53x103 «103 3 3
ELASTIC MUDULUS : 16210 B.7x10° 53x10° 7.7z10 38.6x107 5.6210 4

NOTES: (1) THERMAL VACUUM - TESTED AT 1(1“5 TORR



PUOPLERTY
ULTITHATE STRENGTI
LT TMATE STREHGTH
ULTIMATE STREHGTH
BLTIMATE STRINGTH
ELASTIC MODULYUS

ELASTIC MODULUS

TARLE 8
MATERTALSPOLYURETHANE

TENSTLE STRENGTH AMD HODULUS

EXPt )SURI’.“ ) AVERADY 1ol 1,01

Hia KS1 MPa e rMPa KSI
BASELTHE 59.9 8.1
3 MONTHS 2t.87 3.17 28.29 4.10 6.42 0.93
6 MOHTHS 6.69 0.97 6.76 0.98 6,42 0.93
Y6 MONTHS 56. 1 8.113 59.4 8.47 54.3 7.87
RASELINE

96 MONTHS 1 7:10° 1.7%10° 13.1x10° 1.9210° 7.6%10° 1.1x210°

-5

HOTES: (1) THERMAL VACUUM - TESTED AT 10 TORR

SAMPLES
TESTED
4

4



PFROPERTY lin'll.‘-}UI{l‘.( n

HMPa
UL ITMATE STRENGTH BASELINT 89.3
ULVIMATE STRENGTI 3 MONTHS 69.35
BLTIMATE STRENGTH 6 MONTHS 91.56
ULTIMATE STRENGTH 96 MONTHS 81.70
ELASTIC MOLULUS BASELINE 11,7107
ELASTIC MODULUS 96 MONTHS  |5.0410°
MOTES: (1) THERMAL VACUUM - TESTED AT 107

TAREE 9

MATERIAL; LUCITE

TEHSLE STREHGTIE AND NODULIS

AVERAGE

5

KSi
12,94

10.08
13.27
11.84
1.77.][13

2.3x105

TORR

el
MPa (1

83.84 12.15
97.08 14,07

85.7 12.42

17.3%10° 2.5%10°

LW
MPa KS1
48.65 7.05
82.94 12,02

74.24 10.76

1#.5x105 2.1x105

SAMVLES
TESTED
4

4



TARLY 1D
MATERIAL: LEXAN

TEHS TLE STRENGTH AHD MODULDS

VROVERLY EXPUSHRI‘Z“ ) AVERAGE neey 0ou SAMDLES

Hita K81 MPa KS1 MPa K51 TESTED
VLETHATE STREHGTH BASEL TRE 66,7 9.67 4
PLTEHATE STREMGIN 3 MOUTHS 50.5 7.32 57.5 8.3 44,7 6.48 4
ULTINATE STRENCIN 6 MONTIS 50.9 7.37 51.8 7,51 49.4 716 4
ULTIMATE STRENGTN 96 HONTIS 49.0 .10 50.2 7 28 48.6 704 "
ELASTIC MODULUS BASELINE 82107 1. 2%10° 4
ELASTIC A0DULUS 96 HINTHS 22107 1.04210° 7.6x10% 1.1x10°  6.6210° .96x10° 4

HOTES: (1) THERMAL VACUUM =~ TESTED AT 10_5 TORR
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