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£ % 3¢l 2mil ITO(Indium Tin Oxide) coated aluminized KAPTON& A @4
gtk FA A ot vd FRHRAENE AP sk, = 43H LA MC-5
o) 22 E E(cyclotron)& o]-&3ta] %AAE = Al(irradiation)dtg on, 2AR AL Zl:r’“:o’ﬂ-x-
FH H o] R TV EQ 1972 899 X A4FE ALsAch AIVAE 37 &
Zo|1A 9 30MeVe R DAY LM, 7 2AFL $FuE A2 14, 39,54 L 104 7]
sto] A BEAANSE FAd8d, AALE

Fow AARsATE AL AL TE: E
ARZEAAN Y So2 AR4ENe} w2 A 4L BT

ABSTRACT

The organic material is one of the most popular material for the satellites and the
spacecrafts in order to perform the thermal management, and to protect direct ex-
posure from the space environment. The present paper observes material property
changes of organic material under the space environment by using ground facilities.
One of the representative organic thermal management material of satellites, 2 mil

ITO(Indium Tin Oxide) coated aluminized KAPTON was selected for experiments.

Tcorresponding author

441



442 KIM et al.

In order to investigate the single parametric effect of protons in space environment,
MC-50 cyclotron system in KIRAMS(Korea Institute of Radiological and Medical
Science) was utilized for the ion beam irradiation of protons and ion beam dose was
set to the Very Large August 1972 EVENT model, the highest protons occurrence
near the earth orbit in history. The energy of ion beam is fixed to 30MeV(mega
electron volt), observed average energy, and the equivalent irradiance time conditions
were set to 1-year, 3-year, 5-year and 10-year exposure in space. The procedure of
analyses includes the measurement of the ultimate tensile strength for the assess-
ment of quantitative degradation in material properties, and the imaging analyses
of crystalline transformation and damages on the exposed surface by FE-SEM(Field

Emission Scanning Electron Spectroscopy) etc.

Keywords: space environment, proton, satellite, cyclotron, tensile strength, degradation
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SFAA AL E AsE AAFHE o2 Sold oy 7Mx #AF L4 =&9Th 53] A7
SEPAAY AFAQ 9FE A HA A5 OIS TFEA ] A 4ol vYEdt =
YolA dA AR 2 2328 A2 AT AAE(LEO: Low Earth Orbit)r} A7 A # £ (GEO:
Geostationary Earth Orbit)ojA 285 = AZFAAHR o2 FFH gley, d 578 gArd e}
< 25 A A3 FAH N2 ATE dds) BET Hojth 2 UAA F Fopd o X-A
5 FdAE oA Aol A golA, Zo W2 TR EY 24 A=Y UiE 2 A 4 (crystalline)
W3le 34 gohu g A dtHDooling 1999). ¥Hd ¥4zl AL, oY 283 ol 2
2 33 QA (charged particle) 7} 7+ 2 B3 25V X Y AFAA ALAHE F2E ZZ U
o} 9A+2E 34l (spallation) 3t AL FHAIE = JItH(Z Y9 5 2004a,b, ©]%33] 1997, Hasting &
Garrett 1996). 1 3 FAAE £FAE A YA X 85%E AA 3 dod, Bl F&EF ol A4,
SFug A AE Ao fef upe} P BxAa"gERD o) vehdth FeA A eE23F S A4
I A ] AF-2 7 d(concept of operation) AA A M- F23A thF 1 glon, Fu
A4 F71A A LR GANME BeH oz s ofd 2h o)t

2. YR 7HS HRAL BA|

FAA N 2R HddnE FaVIAdA FEAAE HE AAVNELR MEE F uS
FEAII= Ko FRERot) o] dF9 o] &8 Ho|FREEL 291 Scanditronix A2 MC-50
AVTF(Azimuthally Varying Field: oY &7}d)B3 o8 3139213 2] 39 (KIRAMS: Korea Institute
of Radiological & Medical Sciences)ol| A ¥FARA X129} o] 3H-4 F9] @4 A4S 93] 1985 F
= 222 7HE F20 dujolth 2003 3] 30MeVF B AL MojFrEE =413} sidte] 4F
St A 712 AFSSHE MC-50 Ao 2R EEL el #of dFE A ¥€3s 774 dulz A
5 gtk MC-50 Xo|FREEL G ob et F F A (deuteron) 9} BE 0] 2E 0] Heg A
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8% 5 gon, AFYF 142 A5 3.62m 33 AT 24 A4S D' Y AIE 2T
Atk AAR A SRR 0 S 29 30% 7HF 50MeVol v, A ZAFE 46}% 4 A
FE AR 6pAZHA A5ETh AEE FAUL AN AT A-vhel, B FEo) b5
Zubd g ol 758 0-24 3709 ehl 0 & TAH o] gtk AN AL 3.62m, 3 FA & 1208 ]
W HEYS 120kWolth Aol Z2ERAA 7158 PR 0L 9 B BlA e}%w, ol 2]
Y 27% AF oF mmd AFolth A7 F7hE W Kol 1 277 BAYYo2 AN
A e, odl AR LA F7H0Th WFFL 34 A 2R Tolo), A A AAE A
AR ASHAN D FAE YRS P NI (boam collmaton s AT W2k 4E £ 9
omehd b A 2% 49 Bel h9a $E Rl ¥ F9ol 2£2 24 Ark
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NPT LA 7LY tHE A YA 15(KOMSAT-1)4 924 B5uto g u]F Shedahl A7} &
FH Y 238 2mil ITO(Indium Tin Oxide) coated aluminized KAPTON(°] 3} ITO AL KAPTON)

JA 82 AL GT) o] A2 DuPont Aol 7123 polyimide KAPTON sheet 2] H W o)
£ °F2000-3000A FAZ AFZAT FHo| LTu)FL F1000A FAZ SHRAFHS

A4 o] X+ g5 RIS 339 A (MLLE Multilayer Insulation) He| 2 AME-H
o, gdA s GHL A st T 4R ol 4te] fUlAE BE 2t A FeA Ak
2094 8% FE 208 ITO AL KAPTON sheetZ AL8332 5743 0ll= Mylar sheet& &
2 AL ITOE A=A feld 2F oy Axe 229 AT dov= &2
A A 3H(biased charge)oll ] 3 oYL FA 3o} R ujF FL ITOF F54T
Froz AE *Ur EA ST UtALE 40 g oFEAGY] A4S FaNTE 1A
(

4. YR UK BE 2Y

FIA 2AE A E ’él%‘£ A E AA SFed M B4 71FES ARk Aok FEAE A
9 (trapped particle model)3} B &) AH 2 & (solar particle model) £

Ak 92 19723 89 Ao g YA HY 2 D (Solar Particle Event
Model) % ool 42 &eiA ok o] AFolMe ST A4dolu L:n A A=d &3]
obel Yt ol FAA Burd & Hote] AL E Musiged A ()7 2L adEr|&8 3
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J(E) = 7.9 x 10° exp (30 - E)

T (1)
3714, JiA E(MeV)E €W, AT & 2 ZH(fluence) J(protons/cm’)E 7T 4 9
ch o] 2o 4 7jE YA = 30MeVolL, 10 ~ 70MeV Atelold FRALR AZH T A
()& o83 AA A 2degdo=Ryg YA FAA JHA 7 10<MeV AAE FF
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29 1. {a) AIEAF Template, (b) AFAEAH, (c) TAEAAH, (d) ¥ B 1A H

Al 5 F4A B 2 Hote] F2 19899 109 S AESIE Fr) o] Rl A&
A B d A TF Y AE o] 10°protons/cm?sec® H T, oA 49 E 2FEHL 4
(2)E 71222 ALT £ sk

J(B)y=12x10"E™*"  for E < 30MeV

J(E) =45 x10"E"*®  for 30MeV < E < 50MeV

J(E) =55 x 10°E~1*% for E > 150MeV (2)

d#}p o] AT FREY A= H3E o] &% 58 IS AN, AU LR ¥
A& A"37] 981 1972'd 109 439 JARL & 71F 22 DAANT JA2AZFE A A
o 1989 109 o= FFHLR o] S71ke 10% 7HFe 2 A4tdh

o2& FAA YA AFERI = A FE A& 4 (nuclear stopping power) 2,
A7 FE o] A £ 4 (electronic stopping power) 2@ 2] A3 F(charge exchange) B %
Aol °k”7‘}'v: SEUAERY Z2F A 2FD & FPASde] A Yo r A ¥
FE HE2 VP 2oy, 3 o B2 AATES gRE FEIS JUAE ALEHA B
23 ¢ 21’-4 2883 AT AL & Aelol T3t AT R 3 ARHER AT E
| Mgstd 2R Wl AY A4S A Aok 2§94 SF:u AR {FAs €RvE
FAEF 7122 9 1-10mm FE0)7] W R0 MeVo R o]Ate g 7l4H FAAE HE 44 £33
Al Hvf, B34 Fo FAA £ A A] E919 Wt Wb HALH YR g5 A}
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195 84 w2 S0 ge PR A2 A

SAREANT(E) AR B /om®)  zARIYAMeY)  ERAAZHE)  WAR(nA)

1 3.15 x 1013 30 5 100
3 9.45 x 103 30 15 100
5 1.58 x 104 30 25 100
10 3.15 x 1014 30 50 100

o AALEAA 3L & 5 Ak B3 AFHA EA F2REE FAA FESA] AT 24 At

Aol & 3A A H{Bedingfield 1996).

) & Fuselth 93AY A8
o] 27mm F 6mm A FEY dmmZE AFEH P, FHUEA AJHLS Do) 14mm = 3mme A A}b

o
ZHE 2 AR Ak AR BT 27 Ael2REEL W a7E Tste] AU AlEA
pas

r’&

7 2 7FF8te} THE JIGH Template( 13 1a)9] FAHE whep Ao}
ek ZH FrhxAEE R A AHE 57, AR AJHE A AR th S EE 57 Al
¥ AR 10mm A9 ¥ F4 ol So7teE ALy, W B smm7bR] 2 2BAA A
gexte] LS H s A HF 2 1d)

welZREZ 98 FAR o] &9 AT TS Al TH(sec) D A H F(om?) FYAEFL
2 238 =25 78k (equivalent dose of exposure) &2 A A Soh =S E 7SS AR 25 &
SATHE AP REE 2287 A5 AMRAZE 7|Fo R AT A Fo It AY
A Zbof whet A Akl AL A (3)2 & Alak 7bsdtth Ao ZREES o83 AR A AA o
A AR AARFY S AP W gl o obd Aok l{ﬂ«“i&] s i o) o} 3 (Faraday
Cup)"ﬂ A ERSA HBE, Z7] F9 A }"501‘/} %EJ«LE Zetst B glol A "tk

17} A, 71?47} HolApF BAAS g2 741]71] "t
J = (Tirracl. X Abeam)/(cproton X S) X fcorr. (3)

714, J& ZA+eH(fluence)[particles/cm?], Tipraa. = FA A W ZAFA ZHsec), Apeam = BEHSd &
3 A2 Ampere], Cprotons= L XA A3H1.677'°Coulomb], SE ¥ HA[em?], feorr. &
Al 4=(correction coefficient) ©] t}.

AF e Hg35 30MeVe] oA FHAE D] B2 &%
Eo] ol 1, mhebM FA AT S JFS §)
Z 8703 EFAL 25 (20£5°C)% FE(65+20%)2 BAZAE HE3Ac) AAR Egoluj=
o2 A5 H3Eld SRS E0] £7) uEo] I o3t @7l (outgassing) R 3‘&‘3432}7}
Ve Stk 23y o)t At n s A 498 Adtue v e A
PA T v X Gake] 3] vvjsirin & 9 ZAA LR oMY AA
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AEHne 39S FER
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275 : 7 ; ] 2500 . . T T
@) asr (b) <\
il 231 Mpa - 2000 - eEsm
] ; S
?g’ 240.5 MPa - - laseimey 1750 3 - [B:SPunEy
0 226 - / 4 = H 1460 pm B :
8 . - £ : .
£ * A - ® 1458 ym
@ 218.8 Wra WT3IWPa - ® | :
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[Z3 £ i
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é N E’WW{- 019 SN
§
2 ]
g 8 —= — Average Ulimate Stress 1 750 L
5 £ L 500
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FRR 2
29 3. (a) 22N 9H B HARAF2E, (b) BF A

AZAFE S AAI 5709 AA F AFRE Holuh g A HE F7hol A AYstsitt A3s
A 2o W adzt a9 20 Bz Qo FRAE 2AEHA e I9 229 3¢ 7
AlEe FAo] Aol dAste S Holx glovh, ZAMASTE ZojA WA AUz |7 A A

7t < 3

2 HelT gov 5y o g R

7}5_1\}01]/\1{— 207.3MPaZ izn}xd Hrt $8o] YolA L, 10d F7hd 5ol A= 200MPag Eﬁ? =
obH T}

2% 3be &4 S ste B A3 0| (elongation) & HoFH, FEFE 19 328 Hjdd
Y 27 fFARES & 5 Ao A7A éltﬂ‘ﬂ%gﬁ éﬂrﬂ’} wjastel 2, 5ol A 10d 717
g} S7tERANGFANA o] Zolzh v S, S H e AS AaFH T glo, A
=54 ojFelle Ao WMEr} HolA deth o) & *éx} Z At} A& A7) 4350t ojv)

AE4E 42 Ao Addch 19 3abol A B-Spline B2yl o 43 B&=
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AA &3 ARFAHE 1) 4 (FE-SEM: Field Emission Scanning Electron Microscope) 3 ¥ A+
Hol 4 (AFM: Atomic Force Mlcroscope) 9 Ag3le] A WElel Tl &4 FAEATE O
E 4e AARAEN A E o] @5t FEAS 4 AT ©hE AT 9o dAWE Egoth
Polyimide KAPTON & B4, 4 AbA 283 47 A 39 93EE 3 8] £ (aromatic heterocyclic)
L FZE 7H Ao %i—]' (charge transfer complex)o]th(e] A4} 2002). Z28jB 2 E¥ I
A AR F2 uAdF Y HEA Ass FREch ¥ dats FAR ZAE A 2 AEY
AFstFAAY AAAGES 27 7F oA et FAAF 2 AL o] FUheho) whet 11 4bo} Zo] ZA o] A
A ey, 572 A 3d o= 17 409t dol B A iAo AR o) AL THA
FAAA AR R AT 1Y 4 2ol 53 SUhdS e o 2 2R 2E AR ot
103 S7hdpol A 17 4ot o] AARAAA 7L &R O] dEE BG5S Boln itk
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1% 4. FE-SEME °| 8% A% stdHe] =3d$o) g AR AA. () & 4, (b) 14, (c) 34, (d)
54, (e) 109

Wang(1991), Mansur(1993) 5o W21 PolyimideF2] 2 & 2% -2 712 ¥H-5(cross linking) ol]
A Frhete ojul 2RFAE F718A B tHKleiman & Tennyson 1998, Grard 1972). %A} =
AFA 2] Polyimide KAPTON-& 4t4 7] Ao 23 9 QxS v 231 A3e] §A) Ether 23S §4)
St e, ¥V SEA Y, UA vad 7pia 33 £ Y9 C-H(Ba-54 27
ANA Az 7t dojun, o]ojA C-O(Fra-4t4 48 d C=0(g4-4ta o] F A9} 22 7
A3 A H oz e EAEE e 2 At&E2](chain scission) 7t A A Aok Feld 4 A&E <
BAHE #2187 18t C=C(Fa-24 o|Z A9 2L 723 7tateg v doslA =59,
ol 2813 Z2A ZEE F7HI7IE 4ol Atk a8y ALE e FAAL] RevA AEL oy
o AT TR ARE E=AEY FL AvAY ADeAE f4A 2EThEo] B g
o2 2R T8k AA 249 A7 AP ALHE YA Fol gl et A B
A At ol Zo] A EE BAY G4 2FY A7t FAA FEA QT iR AL @4
I #EF o] B4 W/ B Aoz G A ok

o] A2 Aol FEA FREF ol A M, BAY, AL T FFEHA 4T 1)
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3% 5. AFMZ o[- 8% ITO 299 2 &dsd w2 433 34 (a) 2A A, (b) 549 &, (¢) 10 &

A AR ETHE ZAHA 59 U 2 B4 WEE AT S Q2 53 104 oIF9 37
49 40z 239 PANYY Aol E S = 24o] 9P Aoz Ut At A=
37 ot oz}m} ol 4ol ohjet 232 7 AR 45 FHOR Yt HE 528 ¥

= T
tos LH%’— WVJ A8} o3& AAAL, FFFE A AHA F A $FF
ATh FFBANM A5 4 2HAEY &S R FX o] AFAA 78 =58 g
A8AANA vl F2% FEolgt & + itk

25 AlEY A fldel I35 ITOR W FAAE 58S 4ol 42 BT
e, F7tEAR ST} ol el whel &AL Abo] F71E
Asx dFo] A ANE 428 & At} ITOE AA4A g A4
Axkgke] shetA whRoX REFa gleng, o Fo] sl gApdadd APAA =2 oFE
of Aol A% AR sERT S whEA Ao R4

7.4 B

FAAE B FAC 7 gl EAE AAolth BAZHA A A AL Y F2 A
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I LFU E4] B Rolgon, AAHY FEG T2 EY EHA
AR Ae ol HE AFoldoz 47 Bao] s vy, 724
oz FUHAU G o4 ZX7 288 HFBANA AXHA H
Atk o) AT+ ST A4 A5 FARAL AT AT Q
AA Lehbe 94 F2E £E B4 W8 B4E ARt dgHgon,
FerATe) =FF 9 AAH FE) NG FBAH AP FHE
FF AGAAE Foe) 4ol obd PR 2UT B A=Y FIA A
2 BAHG So) 2W 4Fe ANl AT AHE Bt PHE
EAE AA S F20E NS B FBe Bl £ AR FF
o)th.

$7BFNA A 22 WA JFe WA HE AL £F
F olnl We TN UEhtn itk £ ATl AL AFAuE o §3te] BAT &
70 $272E AL S ATHALH, P 2AY) Wt Am B
o sheich
ALl 2: B 75 HeAe R © AR Do) AAS Wol 20043} 20059 E A AT
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$7A7Y $FAPLE Bl FA=H U

2
24

B bu

[*)
g B o o e
fo rr s

9 Mu r-?ﬂ
o,
ox, Mr 2 iy

=]
=
o
do o
i
&)
o
o2 L

4 2
N
o
L

W F

=2

=

ol o > ot

o fr 4

2

Aok
23
w S5 N W ok

i

oY

oK

o X2
s

oo [
o?.:v[:lj‘_‘.
o
o
2 Mt L
o fo x

o
re
-4
A

o4

F=n Byl
294, 254, 5838 A, 288 2004a, 25783 H, 13, 106
Ao, 254, 388, FuiAd, A4, 289 2004b, FFFF LT3 ste=EF, 32, 120

ol A4 2002, Lt ALEH =7, A7 AU R

o] %3] 1997, AY AaXNL HFRIA (HA: FFLAE A7 4), pp.122-128

Bedingfield, K. L. 1996, in NASA reference publication 1390 (Alabama: NASA), pp.223-224

Dooling, D. 1999, in NASA Technical Publication (Washington: NASA), pp.21-25

Grard, R. J. L. 1972, in Proceeding of the 6th ESLAB symposium (Paris: ESA), pp.154-166

Hasting, D. & Garrett, H. 1996, Spacecraft-Environment Interactions (New York: Cambridge Uni-
versity Press), pp.233-242

Kleiman, J. H. & Tennyson, R. C. 1998, in Proceeding of International Space Conference ICPMSE-4
(Toronto: ESA,NASA), pp.222-231

Mansur, L. K. 1993, in Nuclear Instruments and Methods, B74, 326

Wang, T. Q. 1991, in Nuclear Instruments and Methods, B56, 656



