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HUBBLE SPACE TELESCOPE
METALIZED FEP DEGRADATION

SOLAR ABSORPTANCE INCREASE

CRACKING

REDUCTION [N ELONGATION



ENVIRONMENTAL INTERACTION CONSIDERATIONS

« ATOMIC OXYGEN

» MECHANICAL STRESS FROM CTE MISMATCH
= ULTRAVIOLET RADATION

v S0FT X-RAYS

e & p

« THERMAL CYCLING



SM2 FLIGHT RETRIEVED HST MLI
SEM OF Al SIDE OF ALUMINIZED FEP
AFTER 40,000 THERMAL CYCLES




Optical Photograph Of
Aluminized FEP Teflon Ground Laboratory
Mock-up Sample After 40,000 Thermal Cycles
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Environmental Fluences for Retrieved HST Thermal Control Materials

| HST Thermal Equivalent Sun | X.ray Fluence Trapped Atomic
Sample Cycling - Hours {Jim?) Electron & Oxygen
: » Proton Fluence | (atomsfcm?)
>40 keV {#icm?)
SM1 MSS-A | 19500 cycles 16,670 5-44 116 e 1.39x10" 7810
-100 to +50°0 (16% albedo) 1-8Ff 175
SM1 MSS- | 632409193 | B4/ 15 0r 51 p*:7.e6x10% | raio©
B/C (72% or 33% alb} | 982 57 1 ar77
SM1 MSS.D 11,339 5.4/ 87 1.56x10%
{79 albedo) | 1.7 137 8
SM1 MSS- 9.1930r6,324 5.4 510r1.5 7.8x107
E/F (33% or 72% alb) | 185 77 aro2 1
SM1 MSS5-G 4477 0 | 78x107° |
B 100% albedo
SM1 SADA ' 19,500 cycles 20,056* ? 7 2 16x10°" |
solar facing | -100 to 100°C* (2% afbedﬂ} - L —_ —
SM2 LS 40,000 cycles | 23638 dilet | 5.4 18 g 213x107° . 1.6ax10° |
(solar facing) | -100 to +50~C {0% albedn) -84 252 4
(-100 to 200-C ph1.Eax10™
, when curled)
|SM2CVC | 40,000 cycles | 19,308 incfudes 5-44 6.1
| -8010-15°C {33% albedo) 1.85 OG5 9

“HUbbIS Space Telescope Solar-Aray Warkshop Proceedings. ESA WRP-7 7



INFLUENCE OF X-RAY SOLAR FLARE RADIATION
ON THE DEGRADATION OF FEP TEFLON IN SPACE

Andrej Milintchouk, Marc van Eesheek, Francois Levadou, Tim Harper

ESA/ESTEC, P. O. Box 299, 2200 AG Noordwijk, The Netherlands

ABSTRACT

FEP Teflon material is widely used in space applications. The post
flight investigations performed on FEP Teflon after sixty-nine months of
space exposure on the LDEF spacecraft and after forty-three months on
board the Hubble Space Telescope have shown large variations in the
mechanical and chemical properties between these two missions and
between different positions on LDEF. It is proposed that X-Ray radiation
due to flares is playing a major role in these variations.
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SYNCHROTRON SOFT X-RAY TESTING

ENERGY, ov WAVELENGTI, nm
69 17.97
290 4.27
510 2.43
700 1.77
1256 0.98
1488 0.83

1500 0.65
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Tale T, FLEP Teflon Suft x-ray and Tensie Properties Resalts

5 mil FEP* t-Boam Tmrect Al Fail I Laloratory Soll Xeray LT, hil'y %o Elawysticn
sample Descriplioo Encrgy, Narrier SHufl X-ray Fluengre, 45w [psi) {relrlive dn
ke¥ Ex|msurg Puisting FEIY)
Time, sec
Prisline A1-FEP - - - - 0 193218 (W82 1L M.5
fAve. of ) (2792 + 263) CER0%yy
[ HST ALFEP . - - 13187 134 222
SML {11,339 ESH} (1971) {21.3%)
H3T Al-FEP - - - - 131.%° 14.7 27.7
SME (01,339 ESID (2134} {1405
+ [1%1 thermal vyvelcs
'_[- LO0 Lo 4-507C)
At Meray Al-FEP H Angled Mo Mome L&, (KD =14 5H - (4.5 +0.1 210
i {Mo cooling) (2143 1 18 {10,623
Soft Koy ALFIIP i0 Angled Mo 4 " 3un4 5l 457 + 50° 163713 1827 +27.2
SMA-2010 exposure Watercooled f2344% £ 1948 (92.2%
{Ave of [
Fristing Ap-FEP - - - - i} 89125 KRR
B {2741 = 30 (1007
Suft X-ray Ag-FIP 3 Angled Al Nung 18,006 =410 ¢ [3.7 k0.3 14143
fAve, of 5) | {No couling) | {198] £ 42 (26,200

" Top Tayer ul Al il bamier depraded

" Based on in-5pace measwrerments an e GOES spacerrad]
Based vm phatodioe measueemenis fram the 390 G eXpoare, below,

carrected lar energy and back af Al Tl basries imd targe! Atense noblier
* based on photodiude mess crements
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HUBBLE SPACE TELESCOPE

HANDRAIL PAINT



HUBBLE SPACE TELESCOPE
HANDRAIL PAINT

~—McGann/Nusil Cv-1144-0
3 +/-1 mil

— Chemglaze 9922 primer
0.6 - 1.1 mil

//__ umimnum
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Uncoated DC 93-500 Silicone

Exposed to LEO Atomic Oxygen on STS-46
F= 2.3 x 10?Y atoms/cm?

Pre-flight 63X Post-flight 63X
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Thermal Control Surfaces
Experiment (TCSE)
LDEF Experiment {S0069}
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SUMMARY

FEP ELONGATION DEGRADATION:

» Based on HST, LDEF and ground laboratory testing, none of the below environments
acting alone appear sufficient to cawse observed in-space degradation

Atomic oxygen

Mechanical stress from CTE mismatch
Electromagnetic raciation {visible through soft X-rays)
-e & p

Steady state high temperature or low temperature
Thermal cycling

= Energetice andior p+ exposure combined with thermal cycling may be the cause

* Demcnstration of observed elongation reductions observed from HST samples must be
performed in ground laboratories using representative HST fluences to:

- Assure confidence in understanding degradation processes
- Improve the reliakility of FEP gualification testing



SUMMARY

HANDRAIL PAINT DEGRADATION:

« Browning and spalling due to combined effects of:
- Atomic oxygen
- UV radiation
- Thermal cycling

= Probable degradation processes:

Atomic oxygen conversion of silicone to silica

Shrinkage and embrittlement of surface of oxidized silicone

. Cracking of oxidized silicone surface

UV caused crosslinking, embrittiement and darkening of urethane binder

Thermal cycling caused stresses due to paint/aluminum CTE mismatch

Spalling of paint



