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Abstract Spacecraft materials will encounter different space environments in space and there are relevance be-
tween damage mechanism of different space environments on spacecraft materials. In this paper, space environments
and their effects on spacecraft materials are introduced firstly, then damage mechanism and their relevance of space
environments such as vacuum, temperature, microgravity, plasma, particle radiation, solar electromagnetic irradia-
tion, space atmospheres, space debris and micrometeoroid, space contamination, spatial dynamics, erosion, space
biology, etc, on spacecraft materials are studied. At last, the developing trends and problems of the spacecraft mate-
rials are commented.
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Fig.1 Influence of space environments on spacecraft

TRIMETZ

htip ;: // www. yhelgy. com 2016 4F 552



2 LR B IR R R 4R AL

R AR AN R 2
BitIL , I B Al =
2.1 MRMBESIREIRGHLE

[EEZSS N S Ak
[Fa) PS50 18] A I

FURAAE S M A s i R rh R 2 MR E

RO A ) 2500 R A R RN | R A
FLAS TR0 A5 | 38 FAE R A 5 A0 A8 BRI | ks
POLER h\%%ﬁ b\jj%@ HE4
WA | FLAS BRI AT R AL KA HC At BRI S50
RSN, A0 TRDRLT~ i S -5 P R 0 S0 00 1 2R3

e F RN RGBS S 1| N1 57 AN 2 KA = KA 2N VAN IR o T A DA G WAL VA PN
Je R AR R LS A 4 32 B3 s, 77 A — R 5 S L SOCERYE VLR 2,
> % e GRS e B0y
o WIS | —] s
5 SR R PR S 5
) I SEC YR 51l
| 2 WA SR |
™ | oo \__i____*f(__
gy G LR " S i 5t
7 V|7 % e ety S o
4 A WSRO |
wre | | | | — 0 ====== ————
T ' -l s PR ] o
MR || BRI el Sl R I R TR
B2 R LA SRR B LR

Fig.2 Damage mechanism of spacecraft materials in vacuum environments
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Fig. 6 Damage mechanism of spacecraft materials

in plasma environments

SRS

NP, i(FHﬁ'ﬁ\
-O
e

N
£

e R T

K ERT

B 7 RS JE AT A A ELAE

Fig.7 Interaction between spacecraft

and surrounded environments

2.5 ARRWRHL T 48 ST IR R SR 5 45 HL

213 [ S A5 v ) R Rl FRURE T 5 B L 1
FHFWCRAS , 15 AT I A AL Sl #8141 B s P 48 45
TRAPEREE . MWAGHLE L, 7T LLA A i B 345 R s
Bt ;s D75 SRFALON, W) AT 43 Sy ik 2 4007 4 1
BN, LI 8

MBPELR 73 )2 T E 34T, 25 TR -4 ST 5 i
MR TF 50 B R, R EHOGTEGE 2 PERE
724 PERR I AR, 5T 5 | 7S 28 BRBE I 500 TR
IS RN ST SR IR B RON 45 | AN (7] 25 ] P58 2800
[F] ) Sk LI 9

215 ) 0 S TS o L K 4 1) S 4 45 T B AR v
R UV s Z i i 1P A ot B NI S BV PN
AR B EH AL R A A ] () TT A8 7 A BRI | B 7
RN SRR | 2 THT 7 TR AL RS P A L AR
m%[ 13-14 ] .

BT REL T fRAEIE T
* BT .
s T o XUk
o
© TETy v
N
K1 I 52 K1 I 52
o PR B o WG AR IR S G EN o DGV AT K
DI (15 = T s TIE OB AR PRI A v s AR A
o PRI T8 “ PR CERGIR ) o AR HEREE IR
o PRG-I K7 Tt Chy &
o JRBTC RN BT, AZIK DI (27 N VAR S
JIRI5K T ) R TR ) S L AR
o (LVEK I (PR o RLEIN L
A (455 A5

& 8

23 [A) 4 S FRBE 7 AR A0 1 5 2% ]

Fig.8 Damage effects induced by space radiation environments
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in particle radiation environments
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in atom oxygen environments
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in space debris environments

2.9 MRFEIEETRAER RG]

TEZS ARG E T  UR R A 2R AT 5 e
ROV, A5 98 0 s AE TR 23 BRAARSR T, 40 H Bk K
B A A (KR AR SR L ISR AT SR T 0
ROV, MIBHLZE | AR S5 25 TR0, DA T X 0 R 6 e B
RE A SF 7™ TR 0T AT R A e s ) 75 e PR35 2
AR OiL A K A5 HAR BR800 ) SR WL 14

PSS 70515 G A ALK e LR R sl 1 F
IR, SIEMOG T RESCAE , B 1M B0k PR
JO7 Tl s o 5 | R 5 P R v A PR RE MO, WT RE S S HE
HOTLTE=s

6 —

F SiEs
= Z LT |
N g ST T
. T e Poettre | TS iERE
i s P wim ol [P SREIY )
BE e R4 > 2z fE N fﬂﬂ@
| ﬁ;\éf Eaae) A i) s
S HURZ: F YT
£ BH 2E o bl !
win) el M B T | EREO |
x| — ————— .  TTmTTe==
R " R e
B e ! T
R *} B ™ Ll 1) 5t
wHK
%

K14 KRR )75 G BRI 0N 45 i HL
Fig. 14 Damage mechanism of spacecraft materials

in space contamination environments

A3 U PR ROV A 15 G A FHZE
S QAT 7 1 B D X SR i st R R i LA R T
SRR BT 1 A 5 SR O — A B R PR,
2.10 ARR#H= B3NN FINME RN R AL F

TER R A2 B Bl ) 2 PRS00 T R A R 4
g KA Rzt 32 3 g 2 L i 5 S RN R B D g
R WA RSN Sy RO e R LI 15

] > Wt
Wil % el 4/ 2 2 ZERIHLRY
ﬂ}‘n" b [> o HM*;M% = B
x
: biEES]] R 2201 i
%,@,‘ wi [ i
i | ez \ SRR |—>{ W25
i JEAZ B
KB 44 e \
+1 ik }—»{ WSk }—»{ HUBRESE 10 |

1S ALk As [ 3 12 RS 5 L
Fig. 15 Damage mechanism of spacecraft materials
in spatial dynamics environments

) J12EAEE SRR A% ST R A b 21 1 i &5
AR AT 7187 N 1 I BRI A IR v B S T S N e
S IR AL G AR AR RS, IR B 7 AT LA
SIS, ] PR O A BERRAIR, 7= A S IR
7 YRS R S AN, Ben T RE T 862 B
BILRA SRR T A 7 ot R A%, 3K 3L i 119 2 A4 AT 8 52 Wil

CATESS SR, 5 2 T EOEAS WITESS R,
RKEBRRAREAFAERIRSN NI . TR
By 1 IR R AL /N 035, R I i R AR AN
Sepe A I L B T LA (ET R B AR A
™ R A SR AT A T RS B AR B o PR A
EVEREFERR

TR T2

http ; // www. yhelgy. com 2016 4F 2 Hj



2,11 FURHHHES (8] I ER AT R R 1R 5 AL

PR B ARHES T PR T 45 1] 5 AT KA R A A B
AT AR K R RRL 55 R R R )R
SEIREE, JUHCRIRIE H AT IE A i R S R
LR L, TIT 30K 4 1 1 B 8 98 7 LU AR, T XL
ARV R RE i E R — 7 )l B 2 PR B B0 S TR
B ORI S — 5 (0 I T g 22 AE
AURIRIE TR ™ il 1) JB8 et XS 5 B 2 T R 4 o
i AE R s AR S i el R, R Sk
FULR A 2 T AR sl A s IR AF | s TR O A Al
PR 25 (] JE PR R AR AS BB B AT B A DL I 16

R IF W]
W ki | [ B, Gk s
St e e IS [l e B nat
W K I
' F :? :

|

u o] ] Ll
v b oo

. | 1R

K16 ALK BHRHE RS EUAR A5 HL ]
Fig. 16 Damage mechanism of spacecraft

materials in errosion environments

AR | R ot R R RN BN [] 7T 23 g A2 JEg
ok R e PR G AR X L I A T B
TEHTAT 2225 I iz R S i 458 i 1T R T 14 JEg ft
PRIE , AR AR AR UG b PR 85 0 J5 7 S R 5T
s P R AL B A BT, RS PR AR R TR
T2 AT RS BERDRE S 2 T B S g | SR
R,
2,12 FRFFES 8] 4 W IR R IR AL

TEZS AR BT R A 6, JE A i
K G A TG RS N RERE SR R 32 A ) SO
AR IS e AR R B 2 G B 1 28 LD B LR B Y
e 3l Y S © Gt/ DOR SN 9SS (PN
8 B K 5 HA R SR 5800, ) IR DL IR 17

| it | s el :

/'Z.}nbli;?/ﬂl
s o] | gl BERLSERERE K S0/ 80 PREERL |
" — XTI
P P SRR EEs | W n
s 120y |
W D e SR

™ AR 54 1 1 350

B 17 ALRRRLAS [ A My o0 B 5 5 A AL
Fig. 17 Damage mechanism of spacecraft materials
in microgravity environments
FRAH L

http ; J/ www. yhelgy. com 2016 4F %52

3 it

BIRZ I AR T AR R L 25 R AR RN
KA B 7 R TR R RIS B i T A A R
(R 52 2 Pt RN s T AR Z2 A T R [ A R i
— ISR

(1) B AL AL IR AR 1 i T8 A 5 00 45
PHBLERAIE 53 X5 A 6] A R A4 6L (RT 20 S AL e L e
WA 2 Jm/ AR E TR AE) AN R HY BUIE P45 (AR Bk
BB i EkEUE BRI D BE IR BE SR ) BT
KIERA R PERE Ot PR RE MM RE L ) 2= 1 Ak
8 HAE AR 28 [ A58 T 19 00 63 495 A1 B 2 A ]
O e P

(2) finsi s [8] 22 P 28 0 58 6 0 K B4 R % B3 ] 25
VRS kLD A R 1P F 4SS 781 < N i kg 1]
IR KON S AH B AR R DA R 4 v b T A 4003 55 A
BT B A5 = A AR B T 2R IR AN ] s
(1) SR X IR R 4 DI R 55 B S LB 5250

(3) JBER AL A A 25 (1] R 455 58007 K b, 25 24 M 3k
BT REESY . TS IR I 2 4 38 8 SR AN,
SRR R 6 (4 T 36 I T b T A D 6
W T IR A R Y 23 [B] BRI 20007 Hb TS 400 50
ITEWEE

(4) hns s v Be AT K MR BT 5 PR T AR,
LR A RE K 22 02 DB T 7 FH AR BHE AR T 38 28 T
TR oy A AR ) 2 T) B 58 328 7 A A 6 >F 3 28 A SR 1 FH
BOBE, AR S XN FH BT RAE L, BT i it 22
) PEREECENRE , LA K JIT T i 1Y) 25 8] BR 5, A 3l i
] BB R T Rt
4 £HiE

IR R A ) B , 2 20 A K AR 2
FARLAL LA Ko S5 30 FCAE 9 D e RN e 0 2 2 OR B . A
RAFRH5 T Ak %) 28 DX 1) 2 HL BT T i 9 25 [) 2R
BER MR A RN 5 20, AN [R) 25 ) RS 0L R ALY AR
FHZ AR — 8 BRI, Rt 75 ik — 2P i s
(i) B — a5 2 A IR AR E AL R AR
23 [A) PR 000 IR A5 255 1 R s 2 R AT R A ek ) 8 1
S0 AR, P2 TR AT R B AR DGRl R 1 A
S

S E 3k

(1] TE A A BREER, T SN A5 K 2 (6] 22 (R R B
PRIZNRRFE (], P EERERARAR 2012,32(5) :54-60.

[2] WRGAa, T A, HAR. FLJR &5 a5 1] BR 5% U A0 2800 F
FE[T]. MR LA ,2013,22(1) :15-20.

[3] Fhakss, it TN, 55. B384 W) i B HR IR A
FFE[T]. TR, 2012,27(4) :411-416.

7



(4] TLHA FREEA, BT, 55 mESMRHTT kapton/Al
TIEATRL Y 1 2 M REAT ST [T ], I R & 375 T2, 2010, 27
(5) : 600-603.

[5] FWAR, 58, AA, 5. ZnO FHEEN TR BHR
i 5 ERE IR AL [ )] . AR TR ,2013,5.1-4.

(6] Ez= &, Braphe, M, 55, Ji Sk s AUk B
B S5 K ROt AR [ )] s Bb HHOR 4, 2009,
29(z1) :51-54.

[7] XUBEZR  FRIESR R B0k 45, mBEl THRIRG S R
PR TR H far R FEPERERIF ST D). H TR BB HA AR ,2007 ,26
(1) :55-59.

(8] A, HIHTF. &5
2R it ,2010:89-93.

(9] WASCHT, 55, TaE TR = ie [
#,2010:1-5.

[ PREE L2 (M. L5t T ER

M. b5t Bla iR

[10] Avoiding problems caused by spacecraft on-orbit inter-
nal charging effects[| R]. NASA-HDBK-4002, 1999-2.

(117 W E A zs 5E S PR TR M. Jb5T . i L R
#,2013:121-135.

[12] e A A, T R Srha s it S o[ M]. b
A ERFEROR L REE 2015 11-54.

[13] MR, A, T & % SRR G SR
WONRFGE ] . RS EE TR 2009 ,26(2) : 122-125.

[14] ESA PSS-01-609 (Issue 1).
handbook[ S 7. 1993-05.

[15] 1R puk, i, 55 2% 8] 58 A0 A4 B0 7 707 b1k
WEIAPLEBT ST LR IR [ J]. MK 4% PR B L A%,2011,28 (1) :25-
30.

[16] DEVER J A. Low earth orbital atomic oxygen and ul-
traviolet radiation effects on polymers[ R]. NASA TM- 103711,
1991.

[17] EVERETT M L, HOFLUND G B. Chemical alteration

The radiation design

of poly (vinyl fluoride) Tedlar induced by exposure to vacuum ul-
traviolet radiation [ J ]. 2006, 252.

3789-3798.
[18] ROHR T, EESBEEK M. Polymer materials in the

Applied Surface Science,

space environment [ C]//Proceeding of the 8" Polymers for Ad-
vanced Technologies International Symposium, Budapest, Hunga-
ry, 2005: 1-3
[19] FBAIE, FRINTE, oKk, 48, 28 [ e 7 PRI B
ESNBEBRHEAR[J]. AIRATFRGE T ,2014,31(2) :129-135.
[20 ] KAWAMOTO H, HARA N. Electrostatic cleaning

FABPR T2

system for removing lunar dust adhering to space suits[ J]. Jour-
nal of Aerospace Engineering,2011,24(4) . 442-444.

[21] [RLL. ALK S s il HOoR [ M. db st
[ R HOR H A, 2010:3-5.

[22] ECSS-Q-70-36A. Space product assurance-material
selection for controlling stress-corrosion cracking[ S].

[23] ECSS-Q-70-71A. Space product assurance-data for
selection of space materials and processes[ M].

[24] i‘l\fﬂﬁ PUE S 7 N P N e AN
WFE[)]. EAs SR, 2011,12(4 2) :142-147.

[25] MACATANGAY A V, BRUCE R J. Impacts of micro-

3 ik 8 7

bial growth on the air quality of the international space station
[R]. AIAA, 2010-17239.

[26] CASTRO V A, THRASHER A N, HEALY M, et al.
Microbial diversity abroad spacecraft: evaluation of the interna-
tional space station[ R], NASA, 2011-1427.

[27] NOVIKOVA N D. Review of the knowledge of micro-
bial contamination of the Tussian manned spacecraft[ J]. Microbi-
al ecology, 2004, 47.127-132.

(28] MR, T SCHI, F) PSR A, 23 i) 7 o1~ 5
HMER R BBAAB B T [ 7). MORARIA TR 2005,22(2) «
69-72.

[29] TOWNSEND J A, PARK G. A. comparison of atomic
oxygen degradation in low earth orbit and in a plasma etcher[ C].
19" Space Simulation Conference: Cost Effective Testing for the
21st Century. Baltimore, Maryland, NASA CP-3341, X-28103,
Oct. 29-31, 1996:295-304

[30] VERKER R, GROSSMAN E, GOUZMAN I, et al.
Synergistic effect of simulated hypervelocity space debris and a-
tomic oxygen on durability of poss-polyimide nanocomposite[ C ].
10" International Symposium on Materials in a Space Environment
and The 8t" International Conference on Protection of Materials
and Structures in a Space Environment. Space Environment
Group, Soreq NRC. Collioure, France. 2006.

[31] STIEGMAN A E, BRINZA D E, ANDERSON M S, et
al. An investigation of the degradation of Fluorinated ethylene
propylene ( FEP) copolymer thermal blanketing materials aboard
LDEF and in the laboratory [ R]. NASA CR -192824, N93 -
25078, 1993. 1-18.

[32] SCHULTZ P H, CRAWFORD D A. Electromagnetic
properties of impact-generated plasma, vapor and debris[ C]. Hy-
pervelocity Impact Symposium, Huntsville, AL,11/16-19/1998.

http ; // www. yhelgy. com 2016 4F 2 Hj



	2016-2组版

