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Abstract altitude and 28.%attitude. To date, two servicing missions
have been conducted to upgrade HST scientific capabilities.
After 6.8 years on orbit, degradation has been observethe first servicing mission (SM1) was conducted in
in the mechanical properties of second-surface metalizeédecember 1993, 3.6 years after deployment. The second
Teflon® FEP (fluorinated ethylene propylene) used on theservicing mission (SM2) was conducted in February 1997,
Hubble Space Telescope (HST) onthe outer surface of tt&e8 years after deployment.
multi-layer insulation (MLI) blankets and on radiator
surfaces. Cracking of FEP surfaces on HST was first The HST servicing missions provided an opportunity
observed upon close examination of samples with higfor on-orbit examination of second surface metalized
solar exposure retrieved during the first servicing missioffeflon® FEP (fluorinated ethylene propylene) on the
(SM1) conducted 3.6 years after HST was put into rbit. surface of multi-layer insulation (MLI) blankets and on
Astronaut observations and photographs from the seconddiator surfaces. The HST servicing missions also
servicing mission (SM2), conducted after 6.8 years omrovided an opportunity to retrieve materials for analysis.
orbit, revealed severe cracks in the FEP surfaces of thdinor cracking of FEP surfaces on HST was first observed
MLI on many locations around the telescope. This papenpon close examination of samples with high solar exposure
describes results of mechanical properties testing of FERtrieved during SMZ. During SM2, astronaut
surfaces exposed for 3.6 years and 6.8 years to the spaiteservations and photographic documentation revealed
environment on HST. These tests include bend testingevere cracks in the FEP layer of the MLI on both solar-
tensile testing, and surface micro-hardness testing.  facing and anti-solar facing surfaces of the telescope. This
paper describes bend testing, tensile testing, and surface
Introduction hardness measurements of HST MLI materials retrieved
during SM1 and SM2.
The Hubble Space Telescope (HST) was designed
and built to be serviced on-orbit and was deployed on Materials
April 25, 1990 in low Earth orbit (LEO) at a 595 km
MLI blankets are used on HST to control the
temperatures on the HST Light Shield (LS), Forward
: : : . ~ Shell (FS), and Equipment Bays shown in Fig. 1. MLI
“Copyr|ght©b_yth(_a American Ipsntute of_Aeronautlcs and As'tronauncsé)lanketS were also used as covers for the magnetic sensing
Inc. No copyright is asserted in the United States under Title 17, U.S. . . .
Code. The U.S. Government has a royalty-free license to exercise aﬁySte_mS (MSS) retrieved d_u”ng SMl The .app.roxmate
fights under the copyright claimed herein for Governmental Purposed0cation of the MSS covers is also indicated in Fig. 1. The
All other rights are reserved by the copyright owner.” MLI blankets are comprised of the following layers: The
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space exposed surface is 2% (0.005 in.) FEP. The measurements. Pristine aluminized FEP was also tested
underside of this top FEP layer contains several hundresihd compared to the retrieved space-exposed HST
angstroms of vapor deposited aluminum (VDA). materials.

Underneath this aluminized FEP layer are 15 layers of o )

8.4 um (0.00033 in.) double embossed polyimide, Description of the HST Enviornment

Kaptor®, with VDA on both the top and bottom surfaces.
The bottom layer is 254m (0.001 in.) Kapton with VDA

The damaging effects of the HST LEO environment

on its top surface. The layers of the MSS MLI are helc{nCIUde solar EXPOSUTE, partlclg radiation exposure,
emperature cycling, and atomic oxygen. Potentially

together by selective placement of acrylic transfer film . :
. o . damaging aspects of the solar exposure environment
adhesive and stitching. The LS, FS, and Equipment Ba) . o .
- . o clude near ultraviolet radiation, vacuum ultraviolet
MLI blankets are similarly held together with additional _~.” . . .
radiation, and soft x-rays from solar flares. Particle radiation

use of double-sided acrylic adhesive pieces to hold the .
ihcludes trapped electron and proton environments.

layers together. During SM2 many cracks in the top laye L -
of the LS MLI were observed. Most cracks originated atand|at|on absorbed within the FEP layer and/or thermal

; . cycling may cause mechanical property changes or
regions where there were stress concentrations from flaws ; - i
. chemical changes within the bulk of the FEP material.
e.g. at corners, at stitch holes, or where the MLI was cut t : o
i hemical changes within the bulk could also adversely
fit around hardware. : . .
affect the mechanical properties. Atomic oxygen can
erode polymeric materials such as FEP through chemical

The two largest cracks in the HST LS MLI had ; . .
reactions with gaseous oxide products.

127um (0.005in.) FEP/VDA MLI blanket patches installed

over them during the SM2 mission. A small sample of the Table 1 summarizes the LEO environmental exposures

cracked MLI was trimmed off of the LS by astronauts . . :
during patch installation and was brought back to Earth foexperlencgd by the HST-retrieved materials. Samples
rom the different faces of the MLI blanket used on the

anlaysis. The cracked material (Fig. 2(a)) had curled, WI”I]\/ISS box-shaped cover retrieved during SM1 are labeled

the spacg—exposed FEP surface facing the |nS|de_ of t SS-A, MSS-B/C, MSS-D, MSS-E/F and MSS-G.
roll, to a diameter of 1.5 cm (as measured after retrieval : .
amples also include MLIfrom the LS and silveFeflon

|nd|c§1t|ng aVO'“’T‘e Sh”nkage gradlgnt. As ewdenpe of It?rom the CVC radiator surface retrieved during SM2.
embrittlement, this specimen broke into several pieces as

a result of handling during its return to Earth. Figure 2(a) Some assumptions were made in comiling the data
shows the specimen on the HST LS prior to removal, b piiing

. . .~ ~in Table 1. First, it was assumed that all surfaces of the
Figure 2(b) shows the specimen rea_s_sembled following it M1 MSS material were subject to the same temperature
return to Ea.rth. Figure 2(b) |Q(=Tr.1t|f.|es p.re—Iaunch an range of thermal cycling. The MSS cover retrieved during
astronaut scissor cuts, crack initiation sites (where th M1 was in the shape of a rectanaular box cover with the
blanket was cut to fit around a handrail stanchion), cracks . P 9
that propagated in space, and subsequent handlin cracE:erface designated as MSS-D being the top of the box and
propag pace, q g € other surfaces being the sides. Therefore, itis possible
. thatthe different orientations of these surfaces with respect
Also during SM2, the cryo-vent cover (CVC) on the to the sun may result in somewhat different theayeling

aftshroud of HST (Fig. 1) was removedto allow InSta”atlontemperature ranges. Itis likely thatthe MSS-D surface, the

of a new instrument on HST. This CVC contained atop of the box, and the MSS-A surface, the most solar-

thermal control coating comprised of the following ;. :
components: The top space-exposed surface w 27 facing surface of the box, _most closedyperienced the
i I emperature range shown in Table 1. Also, the fluences

(0.005in.) FEP. The underside of the FEP was coated wit . : .
silver followed by Inconel. The FEP/silver/Inconel shown in Table 1 do not take ingwcount scattering of

. . . atomic oxygen or solar radiation off of other surfaces on
assembly was bonded to the CVC with an acrylic adheswc%he telescz?)e. Observed degradation of B surfaces

Small x-cuts were made throughout the surface of the . ; . .
: . : will be discussed relative to the estimated exposure fluences.

silvered FEP assembly to allow venting from air bubbles

that were produced during bonding to the CVC. Two Experimental Procedures

separate pieces of CVC silvered Teflon were removed

from the CVC piece. One was removed by mechanicallBend Testing

pulling the coating off of the CVC surface and was used

for chemical analysis. The other piece was removed using Bendtesting of HST exposed materials was conducted

acetone to dissolve the adhesive to facilitate easy removtd determine differencesin crack behavior for FEP materials

of the silvered Teflon from the CVC. The piece that waswhich received different environmental exposure fluences

chemically debonded was used for mechanical propertieend to determine the strain required to produce cracking.
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Samples were manually bent to 180 degrees aroundSS-B/C, SM1 MSS-D, SM1 MSS-E/F, SM1 MSS-G,
successively smaller mandrels starting from a maximun$M2 LS, and SM2 CVC samples were measured.
diameter of 11.2 mm to a minimum of 0.622 mm. Samples
were bent with the space-exposed FEP surface in tension Results and Discussion
to determine surface embrittliement. Some samples were
bent with the back aluminum side in tension to compar@end Testing
embrittlement at the backside with embrittlement at the
space-exposed surface. Bend testing was complete at the Table 2 summarizes results of the bend testing. For
onset of catastrophic cracking or when the sample waference, it was verified that the FEP surface of pristine
bentaround the minimum diameter mandrel. For mandrelasluminized FEP did not crack when bent around the
between 11.2 mm and 4.47 mm the average decreasesmallestdiameter mandrel which produced approximately
mandrel diameter was 0.5 mm. For mandrels betweeh5% strain at the FEP surface. When bend tested with the
4.47 mm and 0.622 mm, the average decrease in mandegace-exposed FEP surface in tension, SM2 LS and SM2
diameter was 0.076 mm. Total number of mandrels wa€VC samples formed cracks and SM1 MSS samples
53. Samples were placed around the mandrels using tlsbowed worsening of pre-existing cracks. The SM2 LS
least force necessary, but assuring that the samples weraterial cracked differently than the SM1 MSS and SM2
in good contact with the mandrel. In this way, a reasonabl€VC materials.
effort was made to produce no additional strain in the
sample during the manual bending process. Samples were Each SM2 LS sample showed sudden formation of a
bent around each mandrel once, and were inspected wisingle straight full-width crack due to bending around just
an optical microscope (OM). Significant changes wereone or two mandrels where there had been no previous
documented with photomicrographs. sign of cracking. In each case, the crack formed was quite

deep, leaving only a small amount of material holding the

Sample strips of approximately 26 mm were cut two halves of the bend-tested sample together. The SM2
from pristine aluminized FEP, SM1 MSS-A, SM1 MSS- LS fracture behavior is similar to that of brittle glass or
D, SM2 LS, and SM2 CVC materials. Kapton tape wasceramic materials where crack initiation is the critical
adhered to the ends of each sample to provide an area tistéaige of the fracture process. Once the crack is initiated,

could be easily gripped during bend testing. catastrophic fracture is inevitable, because energy
absorbing processes such as plastic deformation, which
Tensile Testing would prevent crack propagation in ductile materials, do

notoccur. Asingle crack initiation site is typically observed.

Tensile testing was conducted to determineAs shown in Table 2, cracking occurred at approximately
degradation in tensile strength and elongation to failur@ to 2.5 percent strain for SM2 LS samples. Figure 3(a)
for MLI and radiator surfaces exposed to the HSTshows a photomicrograph of one of the cracks formed by
environment. Tensile testing was conducted using abend testing the SM2 LS material. One SM2 LS bend-
Instron Mini Tester and strain rates of 2 to 5 in./min.tested sample broke into two pieces due to handling. A
Tensile specimens were “dogbone” shaped using a digcanning electron photomicrograph of the fracture surface
manufactured in accordance with ASTM D 1822, Type L.of this sample, Figure 3(b), shows there are two distinct
Two to three samples each of pristine MLI, SM1 MSS-D regions. The crack surface formed during bend-testing is

SM2 LS and SM2 CVC samples were tested. the fibrous region, which accounts for approximately
80 percent of the fracture surface. The lower 20 percent of
Surface Micro-Hardness Testing the fracture surface has long fibers of material extending

from the fracture surface. These long fibers are probably
The surface micro-hardness of retrieved HST materialthe last remaining material which once held the bend-
was measured to quantitatively determine the relationshitested cracked sample together. Although it is likely that
between embrittlement of the materials, as evidenced kiye degree of embrittlement in the SM2 LS material is a
bend testing and tensile testing, and hardness. Analysis fafnction of depth, these two distinct regions cannot be
samples was conducted by Nano Instruments using th@mply classified as embrittled and non-embrittled regions.
Nano Indenter Il Mechanical Properties MicroprobeThe bending fracture mechanism is complicated by the
(MPM) with Nano Instruments’ patented Continuousfact that stress/strain will decrease after the crack is
Stiffness Measurementtechnique. Hardness was measurgenerated at the surface and continues to decrease as the
as a function of depth up to 500 nm into the surfacecrack propagates through the thickness of the specimen.
Between 2 and 32 data points were taken and averagedTdterefore, it is unlikely that the depth of the crack formed
each depth. Samples of pristine MLI, SM1 MSS-A, SM1during bend testing is directly related to the depth of
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embrittlement. Table 2 also shows results for two SM2 L&lso subjected to thermal cycling over a shallower
samples bent with the back aluminum side in tension ttemperature range thanthe SM2 LS or SM1 MSS materials.
determine whether the back surface of the FEP Teflon wanother important difference between the SM2 LS and
embrittled. Cracks were not produced in either of thes&M2 CVC materials is that the LS material is aluminized
samples when bent around the smallest mandrel whidREP, which is the top surface of a free-standing MLI
produced approximately 15 percent strain. Thereforehlanket; whereas the CVC material is a silvered FEP
embrittlement is not sufficient on the backside to producedhesively bonded to a plate. The effects of the space
cracking at this strain level. environment on the FEP surfaces may be different when
the surface is constrained.
Results of bend testing of the SM1 MSS-A and MSS- . .
D materials are also shown in Table 2. For these samplew

hairline cracks due to handling already existed in the as-  Tgple 3 (Reference 4) shows yield strength, ultimate
retrieved material. The data in Table 2 show the mandrgbnsile strength and percent elongation for each sample
size and strain at yvh|cr_1 worsening ofthese eX|st|ng craclﬁ,pe_ Based on loss of elongation, the ranking of samples
first occurred. Slight increases in length and width offom most damaged to least damaged was as follows: SM2
existing cracks occurred as the material was bent arourl_d\;, SM2 CVC, and SM1 MSS-D. In general, samples
successively smaller mandrels. Although it was nokhowed decreased elongation to failure as a function of
measured, itis possible that depth of cracks alsmncreasiarq:reasmg solar exposure duration; however, there is a
to some extent. However, bend-testing of these samples(t}pscrel%lnCy in comparing the SM2 CVC and SM1 MSS
the smallest mandrel did not result in deep catastrophigslts. Because the SM2 CVC and the SM1 MSS have

cracking as occurred with the SM2 LS material. Crackgimilar levels of solar exposure, one might expect that they
formed in the SM1 MSS materials were much shallowe{yoyid pe similarly degraded. However, the SM2 CVC

the structural integrity of the SM1 MSS bend-testedraple 1, the SM2 CVC material received more electron
samples. Figure 4 shows an example of the jagged cragld proton exposure than the SM1 MSS material and was
pattern as occurred in sample MSS-D. subjected to substantially more thermal cycles (although
over a shallower temperature range) which may account
The SM2 CVC samples showed the same type Ofor the increased degradation observed in the SM2 CVC
crack behavior as the SM1 MSS material, although thesgaterial as compared to the SM1 MSS material. The other
samples did not contain pre-existing cracks. For thesgifferences in the SM2 CVC and SM1 MSS materials are
samples, cracks started as hairline cracks. Crack lengfheir metal backings, silver and aluminum, respectively,
and width grew gradually as samples were bent arounghq the fact that the SM2 CVC material was bonded,

successively smaller mandrels. As with the SM1 MSS§yhereas the SM1 MSS material was the top layer of a
samples, the crack path across the sample width wagsnket.

jagged and comprised of many cracks. All of these

observations indicate that FEP from the SM1 MSS and th8urface Micro-Hardness Testing

SM2 CVC are embrittled polymer materials, but not as

brittle asthe SM2 LS sample. Unlike the SM2 LS material, = Table 4 and Fig. 5 show the results of the surface

the SM1 MSS and SM2 CVC materials still possessemicro-hardness measurements. The legend of Fig. 5 shows

considerable fracture toughness. From these bend-testisgmple labels in increasing order of solar exposure. The

data, one cannot conclude which material, the SM1 MS8stimated exposure environment for each sample is

orthe SM2 CVC, is more damaged, because the SM1 MS&escribed in Table 1. Evaluation and comparison of

materials had pre-existing cracks and the CVC materidiardness among SM1 samples has been previously reported

did not. by de Groh et al.In general, the HST-exposed materials

are harder at the surface, and hardness decreases with

The differences in the crack types and crackingncreasing depth into the material. According to the data

mechanisms betweenthe SM2 LS and SM2 CVC materiais Table 4 and Fig. 5, at 500 nm depth all samples have

are likely to be related to the differences in environmentasimilar hardness.

exposures received by these materials, despite the fact that

they were both exposed to the space environment for 6.8 Because ofthe deep cracks that formed inthe SM2 LS

years. Because of its orientation on the HST spacecraftpaterial upon bend testing, and because of the loss of bulk

the SM2 CVC material received solar exposure hoursnechanical properties as evidenced by tensile test data,

more similar to the SM1 MSS materials than the SM2 LShis material was expected to be significantly embrittled

material as shownin Table 1. The SM2 CVC material wasnd, therefore, harder deeper into the material than
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500 nm. Also based on the bend test and tensile test datlegradation in mechanical properties, these materials still
it was anticipated that the surface hardness would bgossessed considerable fracture toughness. All of these
greater forthe SM2 LS material than for the SM2 CVC andHST-exposed materials showed surface hardness values
SM1 MSS materials. However, this is not the case. Agreater than that of pristine FEP, although the more
depths from the surface to 100nm, the SM1 materialdegraded SM2 materials did not show greater surface
generally show increasing hardness with increasing soldrardness than the less degraded SM1 materials. This result
exposure; however, the SM2 LS material, which receivedequires further investigation. Differences in the severity
much greater solar exposure than the SM1 materials, haddegradation among the HST-exposed materialsisrelated
surface hardness values similar to the lowest solar exposuretheir environmental exposures including different levels
SM1 material. Also, the SM2 CVC material which wasof solar exposure, particle radiation exposure and
more degraded in tensile strength and elongation than themperature cycling. Further research is needed to
SM1 MSS material has a surface hardness similar to theonclusively determine the role of each environmental
lowest solar exposure SM1 MSS material. The reasons faxposure factor in the degradation mechanisms of FEP
these discrepancies are not completely understood, buieflon.

they may be related to different space environmental

exposure levels or differentlevels of surface contamination. References

Such differences could significantly influence results of a

surface analysis method. Itis also possible thatthe damagde Zuby, T. M., de Groh, K. K, Smith, D. C., “Degradation
necessary to cause degradation in bulk mechanical of FEP Thermal Control Materials Returned from
properties does not produce increased hardness in the the Hubble Space Telescope,” NASA Technical
material. Itis evident that this surface analytical method is Memorandum 104627, December 1995.

not as sensitive as tensile testing to quantitatively evaluat@. Milintchouk, A., Van Eesbeek, M., Levadou, F., “Soft
the significant differences in bulk embrittlement of these X-ray Radiation as a Factor in the Degradation of

materials. Spacecraft Materials,” Presented at the Third
International Space Conference, Toronto, Canada,
Summary April 1996.

3. de Groh, K. K., Smith, D. C., “Investigation of Teflon
Solar facing second-surface aluminized FEP Teflon FEP Embrittlement on Spacecraft in Low Earth
samples retrieved from the HST LS during SM2 were Orbit,” Presented at th&nternational Symposium

significantly compromised in their mechanical properties. on Materials in a Space Environment, Toulouse,
Tensile strength was significantly degraded, elongationto  France, June 1997, NASA Technical Memorandum
failure was negligible, and catastrophic cracking 113153, November 1997.

representative of glassy fracture occurred at relatively4. NASA Memorandum from M. Viens to J. Townsend,
small strain values. While the SM2 CVC materials and the “Strength Testing of HST MLI Material,” dated
SM1MSS materials also showed embrittlement and some  May 1997.

NASA/TM—1998-206618 5

American Institute of Aeronautics and Astronautics



"syoeld Bunssdenoifipiale erep ‘| SH wol [eAslnal uodn Buipuey 01 anp SyorId 9JelNns paureluod sajdwes d-SSW pue V-SSIA TINS 8yl asnedads

GZ'GT< Urens 0} uela|o| ON d34 uondalIp aulydew isurebe D |\ aunslid
GZ'GT< urens o} elisjo ON d34 uoidaJIp aulydew Buofe INd [N dunsld
GZ'GT< Ulens 0] Juels|ol ON v uonoaJIp 4nd Jsurebe INd H-S7 ZINS
GZ'ST< Urels 0} Juelajo L ON v uonoaJIp 1IN Buofe o Z-S7 ZINS
G0'E 9s'e [enpeib/pabibel SOA d3d HS3 6€€'TT 'A-SSN TINS
19 60t [lenpelb/pabbel SOA d34 HS3 0/9°9T ‘V-SSIN TS
96'T 29L [enpe.b/pabiel SOA d3d uoibal [ealdA} '2-OAD ZNS
€9'T 616 [enpe.b/pabbel SBA d34 1ND JUSA SUIBIUOD ‘T-DAD ZNS
3 6C 1 Umpim |Iny ‘usppnspybrens SOA d34 uonoRIIP |4N2 Jsurebe 1o g-S7 ZINS
snipes wo G T~
€67 6T'6 UIpim-iny ‘uappnspybrens SSA d34 JO |43 uondalip Pnd Buore N9 ‘T-S7 ZINS
(1ua2iad) (ww)
syoelo Bunsixa «Boelo Bunsixa jo Huluasiom
jo Buiuasiom Jo ubis 1say 10 x9oeI2 1811} @onpoud 5sa004d Bupjoelo/pasnpoud pa1Ind20 uoisual Ul
0 X2®JD 1SJl} 1B Ulels paleindjed | 01 [aJpuew jo Ialewelq SyoeId Jo uonduasag Bunjoely puaqg adeuns a|dwes
SATdAVS 1SH 40 ONILS3I1L dNI9g—'¢ 31gv.l
opaq|e jusdsad g¢ D&T— 0} 0} 08— (on2)
sapn[oul 80E‘6T $919A2 000‘01 lan09 1uBA-0A1D ZINS
10T XEQ'T
:suojoud pajNd usym
00T 88'T :suojoid 2002+ 0} 00T~ (s7)
0T X991 opaqe wadlad o ‘leuiwou D HG+ 01 00T— apis Buioey Jejos
o OTxV9'T 'SU0J1o9|9 0T8T 'C :SU0II3|3 1084Ip 8E€9'EE $91942 000'0% -pIRIYS b1 ZWS
opaqe wadlad Q0T
cl0T X8 0 LIv'Y ‘9-SSIN TINS
opaqe adlad g/
— Tccloll BT 10 €€ sapnjoul
10T X8, GTIOTS WSO ¥2€'9 10 €6T'6 ‘4/3-SSIN TINS
8'TET Y8BT | opaqje 1usaiad 2 sapnpoul
o0TX9S'T L8 ‘'W-S0 6EE'TT ‘d-SSIN TS
opaq|e adlad €g
LOTXTTT 11107122 y8T 10 ZJ sapnjpul
s10T%8'L ‘suojoud O196°, :suojoid T'GJIOGT WSO €6T'6 10 ¥2ZE'9 ‘0/9-SSW TINS
ST 8T |opaqre jusaiad 9T sapnjoul 206 + 01 00T~
0T *x8'L s0T8T'E :SUOII3ID ¢0TBE'T :SU0JII3I3 9'TT 'W-S0 0,9'9T $91940 00G'6T ‘'V-SS TINS
(ebues dway
(uoy#) (uoneipel Jrejos $919492 JO JaguwinpN)
(wuo/swore) (ua/#) A& M3} B, 0} A O < 8duan|} uojoid (a/r) palos|al yues = opagle) JUBWUOIIAUD
uabAxo olwoly N\o SOOT ‘@douan)) ewse|d pue uo.noaje paddel] aouan|y Ael-x Iy uns usfeAinb3 BuijoAo rewlayl a|dwes

SIVIHILVYIN TN LSH J04 S3ON3NTH TVINIANOHIANT—'T 31avL

NASA/TM—1998-206618

American Institute of Aeronautics and Astronautics



100 0T0 | ¥0'0 *T'0 ¢0'0 £T0 ¢0'0 ¥£T'0 | 900 #T'0 9¢'0 ¥¢€'0 | wuTIe /T'0 ¥9¥'0 ST ¢S
T00°'0 %00 | SO0 #00 90'0 ®T0 80°0 BT'0 | 0T'0 BVT'0 02’0 ¥¥Z'0 | WU T 9T'0 ¥SE'0 OAD NS
G0'0 800 | 200 ®T'0 L00 #T°0 0T'0 ®C0 | ¥T'0 *¥v'0 - - V-SSIN TINS
600°0 #0°0_| ¢00 #&TO ¢0'0 /5T°0 G0'0 0’0 | L0'0 *¥€0 - - d-SSN TNS
T0'0 200 | 200 #TO €0'0 ®T0 L0'0 020 | TT'0 *T€'0 . - 4/3-SS TINS
¢0'0 800 | TOO PT0 €00 FIT0 G0'0 FST°0 | OT'0 ¥92°0 . - O/d-SSIN TINS
#7000 ©0'0_| TO'0 ¥#0°0 T0'0 800 ¢0'0 %600 | €00 *T'0 GZ'0 ¥¢'0  |WugG'TIeGZ'0 ¥82°0 9-SSW TINS
¢00°0 ®O'0_|00°0 V00 £200°0 ®O'0_| 800'0 #0'0 | TO'O #0°0 S0'0 ¥60°0 JwuT1Ie ¥#9'0 ¥.2°0 IV/d3d aunsid
wu 00s wu 00¢ wu 00T wu 09 wu g1 Je wu g wugTot
Je ssaupleH Jje ssaupleH |le ssaupleH |[le ssaupleH ssaupleH le ssaupleH le ssaupJleH w_QEmw

SIVIHILVA LSH d3ATIHLTIH 40 SSANAIVH-OHOIN 30V4dNS —'v 319Vl

0 e VIN
0 Z€l V/N S1 2ZNS
ST 0TI VIN
T4 091 ¥'sT
T4 o4 0TIl OAD ZINS
9TT 99T eVl
96T ¥'ST €T d-SSW TINS
06€ 182 eVl
09¢ g9z eVl
ove 82 8'€T [T Bunsld
(3uadiad) (edn) (edw)
uonebuo|g yiBuang ajisuaL ayewnin yibuans pidIA ajdwes

SIVIYILVYIN LSH A3A3I413d 40 ONILS3L FTISNIL—'€ 31avL

NASA/TM—1998-206618

American Institute of Aeronautics and Astronautics



Light shield
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Figure 1.—Photograph of Hubble Space Telescope showing the Light Shield, Forward Shell, EQuipment Bays
and locations from which samples were retrieved. (a) Approximate location from which Magnetic Sensing
System covers and Light Shield sample were retrieved from the opposite side of telescope. (b) Approximate
location from which cryo-vent cover was retrieved.
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Figure 2.—HST SM2 Light Shield sample. (a) In place on the HST Light Shield prior to removal. (b) Photographs
of pieces reassembled to show original configuration.
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Figure 3.—Crack in HST SM2 LS sample induced by bend-testing. (a) Photo-
micrograph of cracked surface. (b) Scanning electron photomicrograph of
cross section of crack surface.
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Figure 4.—Photomicrograph of crack in HST SM1 MSS sample induced by
bend-testing.
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Figure 5.—Hardness of retrieved HST materials as a function of depth into the
surface.
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