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ABSTRACT

Laboratory tests have been carried out for investigation of the spectroscopic charac-
teristics at visible wavelength of 12 common satellite materials used in satellite bus
and payload. The obtained spectral data show that the materials can be classified and
identified since their spectral features and albedos distinctly differ among them. It is
suggested that the result of the laboratory tests for the satellite materials can be used
for the predictions of material types, material composition ratios, sizes, and masses
in comparison with the spectral data obtained from observations of new satellites or

space debris.
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LM 2
AZ A4 L A=A 7 S/l wet AR A Feig gAML Pl 2R 5+ Y 4 ¢
AFEX AT, €, A, AGA L 5 24 5 LFEFo2 e AASA R5E £ Q&= A
FEEFaFHY '——Er‘r FRAAE A8k AFHA ol -5 33 2 (Space debris)F 22 AF
k|

FFEAE EFEEE A WE AAE ATHER A7 EBE £ Yol AARE 3 H
B3y 9de) Ay gg 57} 7}—-5}1:}( 157 & 2001). A 7HFE AP =g A
C3AY AAE QA AR JH B5E TH L2 ASAY EXAS ARSI AY22H 28
Z719 A= AFHAE A *BH E}:‘ﬁﬁﬂ«l AA 749§ €obd 4 2t Jorgensen(1998)

Lambert(1971)7} #538t 27]19] AFAA BZARE 71X R 71X dF94 #4FE A2 F&
E UL E A £34ES & 23 4349 A F¥E Wl 43t £, Vilas et
al.(1997)3} Clark(1999) 2 £343d& 53 A AMA 5 EFAHAL 7T vjelF oz §X= A
% Z ¥ (linear combination) 22 FE T AF A2 A FAuE FE3] gold £ Ak §
t}. Culp & Gravseth(1996)+ 4¥tR A 5 74 AAA AI-E 7L 7Y 9 2R YA G 9]
A AL AL AP LEFEAYEE s A EF A 8L AR SFAZEANY A
FAEES A N AEAEL fF-8-3vha AlLd vt Ak

BT RGN =&d ALY L ASEHE FA, iR, €3 2EH A d4, 19
FRANY LFEAAY FE FTLE A AL FEEE Z T N2 L S FIHES NEFH S
Eol WA Frh(Stuckey et al. 1994). AAA FAEFE AZY A £FLE A5 4AA 35
FAHES] 27 Augt vnsd A sote] 7beda, 4 FAEF vtk Ao tha Xelst
2 AT o BEEoA HojA 2 FFHE AAE ol A= I 5 98 Aoz #ok
THE 1 =) =8, A E34FA 2013 s14A9] AAE HAES A #5239 &3
HI1E ol&otd AFAAR Y AFAAZANA B F =AM EY 271§ Tk AL 5
ATk o1& ANA L A ES] EFBZE T A 73 sofo] fAF ok 3 A A FHol

2 HALEH 37| & oz YAES $82 78 £ drHLambert et al. 1993, Culp et al.

2000).

28 27000 e ATA A ABAMANA ol A Ux) Lok 7 e S 2P B Ao
A% E3AE 23] vl L g o] -85ttt Bt ] 2ol NASAS] LDEF(Long Duration
Exposure Facility), EOIM(Effects of Oxygen Interaction with Materials), Skylab, SPACELAB,
Magelian Spacecraft 45 55 53 717 23284 =& 8 e A4 AMAY H3ls
AE EotR7] 93 A7V £ 8F I QUth(e.g., Stuckey et al. 1994). 1A 2 AA QP A s}
o AFAEL] WA FED g RE A PALHELR ]8R AP FTE of 7R gl AP A
£9 FFHE AFH |t

o] &2 AAEA R FHAA A EA AHLEHIL Y& AL FAFE AL 1288 £33
o A AR EFAEE S Fooith A dAEEo s g P A o] &3 A&
A2 Hol e AAHUE 8FE 23 FAF AFE FHNALET EFFFE 473
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E 1. AY BRAYEE B8t 53 A3 FA4 ADE EF3NAE.

AFAA F+ 442 A F2 &5 WAbg  Culp* A8
Aluminum 6061 Bus, Payload, Antenna(dish type) 0.679 Aluminum
Aluminum 7071 Bus, Payload, Antenna(dish type) 0.694 0.754
Copper 1100 Antenna(patch array type), Bus, Payload 0.359

Copper 1201 Antenna(patch array type), Bus, Payload 0.344

SiOo2 Solar cell array, Camera coating 0.543
Steel(18Cr-8NiZ) Bus, Payload 0.121

Mylar Insulator 0.353

Kevlar Frame, Connecting Materials 0.679
Teflon Insulator, Connecting Materials 0.546

Kapton Insulator, Coating 0.525 0.940
VDA Insulator, Coating 0.579 0.810
Carbon epoxy Coating 0.301
Titanium carbide Bus, Payload 0.244

MLI 501 Insulator, Coating 0.557
Zinc(-€oldxF) Camera coating 0.351

*Culp & Gravseth(1996)

AFAAEE ST = THEEY AFE AL EF4EL 29 13} Zo] R eA 429
o] EolA R E FANA H 15 B Ak 19 19 (7h+ JAEY
o AIZIL)E &3 fE FA el 27 19 (Ve JAFEA B deol A4 AAMES o wat
g F, 47 Z7d AR AZI(RA)E £33 98 Aotk JAgdegE B Re o
|35 B F5 A 7] (Heliostat) & AHE-3te] v ABA AA 3 YA} FF o] FAHEE 319
AFEFAEY A AL AA ok AT A EFHEZAY FLFA HEe Ak 7L
31 33 FA(collimated light beam)o) A& W2 H &3] YAE & UAEE 317 93 692 74
A HAPTAZ Y ofolFa BRECE Y Y-S S 2A o] A AR T F A U BA
YR Aol AT GHd2 EojoA sk S Aol BAE = AT FE 2257 93
TERY 23 FRES3em FER G\ 1 A F A0 uet FFE 22T AILE
vtez o] FeF &40 JEF sk =38 A3 ’ﬁ%%% 10cm 7|2 AG3 & dxge ¥
LHEEZE Fold F HolE 9o nAsAcy 457 E AHEEo A44L dFA A A
N ARER EFAEE 3 £/ 2 —{"i—%‘ﬂ-/\]—-g(spectral albedo)E &3 AT AIE=R
YAz w2 MEA X, A4 W3 BEAGY 5 AE2AL EF A A Zh ol SAHA F
ol &3] ANz =2 4 UAEE AXNHLEL 3 F, A vt UL 7 B L37) w20l
A4S 0= HIAA AN QA2 gHA YAZH shAE N71E E3se 247 23438
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QAR AR A7 2 A 57) 8 5500A901 4 70%, 4000A R 700049 F oA 30%9] %
AE-&E 72+ ST-7E Imaging CCD 7}vi 29} Santa Barbara Instrument Group(SBIG)9] 2d ¢
SBIG 2372 ALg3th b3 2352 150 lines/mm gratingS AH8-3to] 5000A 0 4] 384 o] v
T2 oE = o 3900A0) 4 7200A71 A 2] 7HAF GG ol Atk =EA TS AAE ARG F o
B} 52 o)A 20 Atol2 ARSFT YAFF AR EF wE2ANE APEE A HE
gt B3 Az E o] 2= CCDSoft(Software Bisque image processing program, Version 5.0),
Spectra(SBIG Spectral Calibration Program, Version 1.0)& A3+t

3. ZjEE vAlEa 23R8 S0 U BY

AZTHAL AZAL L 22718, JFEE JA4AY Felt 74 AA, M2, J2n FRIH
So) geta 4 AT AABRAYL FAAU FHE g E A8 7k A-e] Agdh AY E
28 A7 A2 B2F 37 A2 AET ol & Ho Ay W 2R A5 & 12
AR FAE F AFo AR AHEHAY A AE 6 FF(AL 6061, Al 7071, Mylar, Teflon,
Kapton, VDA)S} Al Z oA Y8 YAA Aol AL A fAet 6 T/ A4d WSS 7HA
I AAE S5 ZAS Bukag A vehd Aoltk 2¥ 2& £ AL 7R AR
YL £9% 2D ol AAY EFEL e Aok AAEE e 10=4 W3
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Ag Ho 23 9t & 10 veEld AR 23 2004 Yelhd A A E &7 o8 B3 kAL
Sz e 723 A 2E FFNAE o T

a3 200A 9 Zo] X4 AREAT FolF AFHAEY 4 AAE FF /Y vzodA e Ale-
minum 7 @3} Steel?] Z-2 Ao Culp et. al.(2000)°] 33 APAE 2} AATS AL 5 3
Ack Avbr oz HAE £FITAHY A F4A 7t AR Rzt YnE A3 £33 73 4
d g B85 s, B353 ol v52d TiC, Mylar, Cu 11008] F 2o+ A 31734 Gl 9]
F332 A 7] 7)(slope and dip) 2} peak 7} Ao & R Gt} Steeld] 7% GutekA7}o] ol Stainless
steel & AHE 3 21} G Cry03 HTo] uha s o] e 418t o] AFP22H WAEo] e
Aoz AdH ) Zincd] A A ofdE FEFAU S8 o= AAE A E Aot

AAE HF HAE SRS F 1M Zo] AR o2 AolatA SRS A AFAYA
AHE Bl R dREL2 A FFHEE AR A7 G AA Ha FeE 22 oAzt
Hol AL dl¢] AF HAMo] Hol WhEAct et AT YA FF 2 PA AF TR/ W
2 FHE o 27 Qleng HkAL FEolx ASZE Aol st G st A A vAE A Y
Zre s o) 3900 ~ 720040 o2t B AT GG ARY goT FL AW Fpd
£ A +£%5, FuA A8, 472 5o de} Agel F¥¥E XA Eot. 2 Aluminum 7
o]} Copper AlY 9 AL «x0 weh ¥hAg o] 2ol 8 B AT Steel?] = T3 A AL 5
ot e] Mzo] o] F ¢ wiAlg ol YA £A3E Aog ddAch HIAALRY FAAELE AHEHE=
Si0, A A9 Z¢ HFAX T o] LI E {2 Bglass plate) o] .21} B F Wol| thTt WA} 7]
3 ¥ (anti-reflective coating) o] H o] g1l 2thz] wkALg o] A &gty AIHTh £33 AFAY
A AASE & 3G G wel ARE gL 223 5 k. Culp & Gravseth(1996) =
5000 ~ 9000A 2} I ol AMBAYL Faste] ® 13 T2 AYZL ANFA7 W&ol £ 4
d AdE Aol7t A& 5 Utk

AFANES AAZ A2 o 2AFHE= AL AAANE 7T Y+ I FAHAFSEA A
A FFo) digt & 9bALE ghol YElA S gi4dEe] e, 327, JF I, AR A7, 29
Ae e, A2 2], 52 X R FEHo A= H4A BT B3 A seeingoll wet Aol
7} Q). dlol g o]&3a] AF9 A9 RCS(Radar Cross Section) WA o2 RE AFHAHY 27]
E 238 3 AFAAH FAFE AAY HAEE 78 + UL o] AEFFLE oA YR E UFA
Aol B HAE 2 0.18 ¢ A ArtHHenize et al. 1994). A YA 493} 7 F 4G & FAld &
23] HhALE 2 AT £ Atk AbEo] w2 A % itk sigo] WAIE I &4
HE g Ay AuA T AFAA FFHE2 HAA G99 WEFo] 7HAFH dGo vs) 4
Aoz AA H1 vAbgo] B Ao A9 vty F27) "k o] A& o] 8319 Lambert et
al.(1993)7F 23 3k 2071 AFHAHES BF WAL 0.145
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AAAE TR Yt 4 PREVE AYo) B 13} Zo) o= A% Fol5tm AW FTHIA B
Sol 2 Aol wHE RFNDo] 4T Fohol 7o) HEZ o] & B} A BT AZAY
v $3zsEe AR Aol Fhrstele BuAh BE Aol YU AWz 449
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2 B334E2 A3z (linear combination) 52 3 o= AL A Y
TARE AT £ & Ao Bof £33 AdFIANA BoJH U £2ZHES] F¢ I A
AAY A5G AA AEASE vudo A F3o) FA=E A UM 2 A 85§ &
T Qo] AFHAY A= REA ol UztEeAE ol Fx e dot d $ gleze} ). 18
I o] gty LFIHELS A EFAFEANA 42 AFAE EdAE A5 ?—é}”ﬂ AFH 4
< AH F4AE8t 4L WU E o)85te] £FEAY 279G 5FHE ALY £5 g Aotk
AAE EFFE AE2 F3dEe] RAE AL 778 AT ERULoHeEg g5 o
A 2 GG AT F Ae A4 E3AE o] FE oo & Aojrh & AGAE Az =
28 270 e AFAAH Y BA Eot HA gL FFRIANEY 2F S A8 9w B4
Al F&3tth ARG SR B RUL £330 A7 &5 W 292 HF3 AA
9] AEnkg, 29 3EEA FANI Fo] YehUA Ha T B3 7AH FF ol 7|5 A
Adel BAoy nfr Aol zefE o] 7] AFAAIY AASHAH B2 Aol HolA Hr) =3,
FFEA Y] RUAEAHS WA F U992 E T EA HETY FE, 489 ¥4, 245
o] nA A8 BA 5L 3 AAEE AL Mg, Si, Cl, NH; 5] €& A AHGreen 1992). wta}
A A7 F2E A &5 0] e £EAHENY AFHAT 22 AZFFEAY 71 o] 4H
A ALEL AEL $REAH NN B2 38 AT AIAT 2p59 A AEA|AH
= 53 ol EFAS AR E A5 vz A3 Aol Bok AF3FHA P Y Holth AFA
9 otk A4 ko] mE AAMA FHAFEY AAL FF A& st ¢l
FFEEANY B 38 Ad 4 £5E g o g -r]"éﬂ] AL A4 BFLAHE
E AR E o] &3 dojElujola 2 Fo] AT Aoy Ht
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