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Initiative for Evaluation of Space Debris Impact
on AO-Resistant Materials for MLI
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JAXA has been studied and developed materials for Multi-Layered Insulation (MLI). With its excellent space
environmental resistance properties, polyimide, an organic material, is used to fabricate MLI. However, polyimide is
degraded by Atomic Oxygen (AQO), which is present in low earth orbit. To reduce degradation of MLI, we have
developed AO-resistant materials, AO-resistant polyimide in particular. Our materials are proving themselves through
orbital experiments and ground tests. Previous studies have suggested that debris impact on polyimide materials
degrades their AO resistance. We evaluated the changes in the tested materials through ground hypervelocity impact
tests that simulated debris impacts. In this presentation, we will report our work and the current results.

This document is provided by JAXA.
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1 . %i EI\J Introduction

B FFIREEFE (Atomic Oxygen: AO) ([C&3BH#ME (RU/ZRE) REDFHIE
Degradation of a surface of organic materials (including polyimide) by Atomic Oxygen (AO)

« BERDTFHERIMRCEIDDEEUED

Oxygen molecules decomposed by UV

« =E200-700km ({EK#NE) OEBKRIUKTD
Main atmospheric constituents of low Earth orbit (at an altitude of 200-700 km)
N BREt=

Fluence High

©IAXA/NASA & AOIZLDZ51 bbTJI'\U'f = f*ﬁﬁ&m—ﬁﬁ *

B TAOCEDSBALLIZRIZER/ (ML The surfaces and cross sections of polyimides
Solar paddle degraded by AO degraded by AO

w

* BARZ, AZ, Investigation of Degradation Mechanisms in Mechanical Properties of Polyimide Films Exposed to a Low Earth Orbit, Vol. 95, pp. 21-33.2010
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1 . :“:'Et El\] Introduction

B FH{EIIZR Anti-degradation measures

FRME1—T1>”J Surface-coating methods
AR E(CLDIREDIFRE Coating by inorganic materials I I I I I I I I I I
X BISEB D ZFC R ELIESBIEDETT A0 erosion spreading from damaged areas

-RGERFOXE (E>7R—JL) Manufacturing defects (e.g., pinholes) /"\.

< J\>RU>JBEDY5Y4  Cracks caused by handling

L~

PODIRETEZ 265> T REICESTHAOKDRE (BLYE) £ERTS J SRR )

Exposure to AO forms an AO-resistant layer (an oxide layer).

B S #B##{Eself-organization / B CZ{E % Self-healin B #B#E self-organization
MAOHEHARL (RUAZK /1= /) IRBSN
AO-Lesistﬁnt r]jateriaM Ating agent) I I I I I '\. /‘

—EBEMRULMAOMDE (B&EYIE) MEELTE.
BEAODBEZZ(TEEICL TESMAOEDEZIEE TS | j
Subsequent exposure to AO regenerates even a damaged oxide layer. @ 2EEN self-healing
k. BB L TIEEFEEN D DHAN
FIOULDEREEEIFRICTAOY (BSHEBE. BSEEN) 1IFENRIFEENZN ? 4

Are AO-resistant (including self-organizing, self-healing) properties the same after a collision with debris?

This document is provided by JAXA.
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Experimental plan

MACHEDEZAERLL TLVRVMREETT JTY(CEZE

Collision with debris before forming an AO-resistant layer
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Ground test: Hypervelocity impact test
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Sl=tizki1le
I I I Self-organization

BolmbCREdndn ?
Are there any effects on
self-organization property?

[ HAOH OB EREICE T EZE

Collision with debris after forming an AO-resistant layer

@
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ith_FET - SR EZERER

Ground test: Hypervelocity impact test
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High_ heat I I I
fEEy
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BoiEE
Self-healing

BCEENCFEEHIN ?
Are there any effects on
self-healing property?

AOBRHIRBER A0 irradiation test

3 . Eit,%ﬁjlj_‘;ﬁ Experimental method

o TIARITYIr—FEERAVTFHZER COAOREZ S (CAREE

Simplified simulation of AO environment in space by plasma asher

SHBRSE(T Test conditions

6x1020
EEN s 1.2x1021
Flux ”
(atoms/cm?2) 1.8x10
2.5x1021

5
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E%ﬁﬁi%iﬁﬁ Hyper velocity impact test
. -‘r?Ut@@i%’ﬂﬁ}ﬁbtﬂﬁiﬁtﬁﬁ Simulation of co

o JAXATERIZEIAITATICTERE conducted at ISAS,

7ILZF (10 km/s)EDEZEZIEEE *
Simulated collision with a piece of
aluminum flying at 10 km/s

AORR &Y 51

AO irradiation machine

<k

SHBRSE(F Test conditions
J\SX—4 parameters 1% conditions
BEZEEE Velocity 6 km/s
1&EEFT JUY A X Size of projectile 0.3 mmo

iU

184585 JUME Material of projectile

Bk (RTLR) steel

B Direction of
projectiles

BBEY757% Shooting method

RHEEES. MLIOHVINT JUBGRIEEE. S559BF R A RilnESEERAES. JSASS-2015-4586, 2015

E1GENT shotgun

BT EERNR

Sample setup
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3 . Eﬁ%ﬁﬁ;ﬁ Experimental method

SO0F9OZEHRULSR (BSF-30) Polysiloxane-block-polyimide

o HERTZHIL XTIV SHAREDHEATT TYEEL  Created by NIPPON STEEL Chemical & Material Co., LTD. and JAXA.
° I(CMLI%@?{JLA&LIC@ﬁH@“éZtUEE Developed for use as a film of MLI.

« AODERHIZ32(F. RMECTHAOEDEELYIE (SiOJ8) Z4RK Exposure to AO forms an AO-resistant layer (SiOx layer).
- BEfEft /BcSEElEEI3 Self-organization and self-healing properties exist.

o RUAZRERUDAFI S OF Y > DOHESIK Copolymer of polyimide and polydimethylsiloxane B 25um
T Tthad Thickness
0 0 E BRI OIZIMER
% )K //< cw:_Ha c;l-i_,, Yellowish appearance
N X N—{CH,}{S8i-0} Si—{CH,}
X *CH, | CH, -
@ 2 250mm

5

(X, YOIBIE(FIELF)

Construction of X and Y are not disclosed.

BSF-30{tZF&Es 5> TIVAER
Chemical construction of BSF-30 Sample appearance
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4 RERER (BSF-30/AISTATHER) e oo

o BT JOBZENGOIEH Y TILTIEAODIBEHC LB ERMNFLE , REICEM T DB LYIEB(CIEEDISVINRLE,
Mass loss occurs at hypervelocity impact test (HVI)+AO sample and this sample forms an AO-resistant layer with many cracks.

=MAO (&. BCHliEi{t) DETEHELL

AO-resistant properties (including self-organization property) are degraded.

AMERZZAE Change in sample appearance

7 b [ —
éOi.’x:}E“J(c_Jlé | MR appearance | ZRME surface
BERARU
- 050 No change in mass
o
B o2 | éo
3 mf IEER)
S 000 @ ° AO
g e __ 0 1E421 2E421 irradiation
93 E -0.20 — only
"R AOHESHCLD
= . ° = on
SE S o ER L
S&E 60 Mass loss occurs. FHEEE
g% AOWE] FZEEER
S g 080 AQ irradiation only ®
S @ BEREZERER + ACKRST +
) HVI+AO irradiation
¢ 1o 82 84 % (atoms/cm?) AO
= = HVI+AO
irradiation
ARET . AKXHE . BHEERE. RE)IE ; MAOKIILACKTZTIVEZROSE . sE66LFENFINESHEER (2022) 8
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5 . %ﬁit&) Summary of the presentation

B THAOMRUA I RI(IVAICH T BT T VEZEDIEFHMOERDIEH I OVWTTHEBNUE.

Introduced our plans for evaluating the impact of space debris on AO-resistant materials for MLI.

B FIUDEEICLDMAOMARVIIRI(IADTHAOM (BSHME) METIZLERERTIH/RIESNE,

This evaluation suggests that space debris impact degrades the AO-resistant properties of our samples.

B REGFHAEZRMEL THED. ENSDBREGLICEREEEL.

We have been conducting the evaluations and we will offer a conclusion based on the result thereof.

EETJEEE Acknowledgments

B KARBIAXAFEBFMRAAN-ATSAVHEFA (BEREREEREN) 2H\T
KEENILE. CHAVWEEVWEBEE SRRSO ERCEHV LI,

This study was supported by the Hypervelocity Impact Facility, (former facility name: the Space Plasma Laboratory) ISAS, JAXA.
B KARCHO IV ETRBVEEVWEBSTIH AITU7Z RN SRV ELE T,

We gratefully acknowledge NIPPON STEEL Chemical & Material Co., Ltd. for their help in supplying samples.

B BOTNOMERVIHEBYLTOEEVWERRNRLTS - — - IADIY ISP EAIICEHNLET

We also thank Advanced Engineering Services Co., Ltd. for their kind support in these experiments.

TBEEHDONESTESVEUL

Thank you for your attention.
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