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Abstract

Outgassed contaminants, emitted from a spacecraft and stick to sensitive surfaces, may give
adverse effects on thermal characteristics and sensor performance. A contamination analytical
software was developed as a powerful tool for contamination management. It estimates the
magnitude of contamination on spacecraft surfaces based on mathematical models, and the
analytical results can be utilized for the contamination management of spacecraft surfaces. In this
report, the development status of the Japanese Spacecraft Induced Contamination Environment
Analysis Software(J-SPICE) is described. The thruster plume sticking analytical function was
added to the J-SPICE, analytical results of the J-SPICE was roughly corresponding to reliable
analytical results.
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BE EOFEEME N L IHENDE T U hHARR T ALEHIC LD AT A FI— bR FEER
&S D &, B o ERBICER B Z 52 5, LL, EWNTIEZAE CREFICTERO
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THBFEEE, RGN, ASECE ., 75 RENEES OB 2 B 205 RS T Y 7 b = 7
(J-SPICE: Japanese Spacecraft Induced Contamination Environment Analysis Software) OBHIE%
WD TE K, T Z T J-SPICE DBAREIRILK O FH e -~ F /I REMEIC W TS+ 5,
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FHHICENEEL 52 5150 E OFEEEI~DOMNEHERIL, TR L T 2E88 IR
SN TWHMEIORE, HHA O EROEREICL Y B oTL 5, J-SPICE Tit, 2hbdlE
WEANTINT A =& L UCTHRT 2170, HEEROMNEREH TS, 2 ETIE, RHEETD
LOT U RTAORKH, ik, 5O E T T AL L TSR E A~ O Qe ST 21T, T
FAHAL— FBRER & OEBFHMEERE L C&/z, LF, ThETKEBLET 7 TR L— FBR
WX DWEERE R OB L | SR 16 FEE ORFEIEIC oW T QEM2 arm rotates 45°
WD, \ QCMé

2.1 7 FHAL— FEBRIC L DHREE
ERE 16 EEETICEBLET 7 b AL — FRBEO Y =
77 FHEOME E Figure 1 (o4, BRI OKSELF
(QCM : Quarts Crystal Microbalance) @ 9 & QCM2 K TR QCM3
Z-40COFIMICERE L, Bz L QM2 & TF QM3 O fir (&
BARR R B L ICHRE L, BB, =277 FHHAA
W - BLO2—REFEH L, Table LITRL2E Hizy

Figure 1 Configuration of ground test
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2T REBHLAWEASD QN ~DOEEIT, 277 RhLOSZENFOFENER TELWETE

KE %7 L. J-SPICE OffE L — MEFT TIE 5 IR E TEER LGS, BBERLVENMEL 2

B EEND o T, BN R CII AT E L— PRI L TE Y | SR O

WEREREERIZT O FHEI SN D, '
Table 1 Ratio of sticking rate(QCM2/QCM3)

Ratio of sticking rate Condition
Measured 0.5 Cool{Shroud)
0.6-0.7 No Cool(Shroud)
Estimated 0.39 Direct flux
0.44 Direct flux + 5 order multiple reflection
2.2 FRE 16 FLEOHTSIBIE
(1) A5 AZ T IN—LIT L D5

) AT A ZMEENC LA RESER DO T — MM ER S 2T T AL, AT ALK T MRYT
HEBE L LUC J-SPICE B L7, BN L7-KEREIS, I ATEE CHEA STV LA T AZ KT
1SS %2 Progress L TCHEA SN TV A ZIBAA T AX 2T ML LI T — LA EFITERETH L, 2D
RN A FEBOBREFRICB VO TEBEDH D Boeing DIENTIER & Hlk L, FHMETT 72,

(2) Boeing DFEATHE B & @ LLEFEAN
DTS EIFE I SE D I D Boeing DFENFREE & 0 Wil % M L T pino fufd, Fhk 16
HEFEIL . J-SPICE OMiFE% Boeing OFEMIFERE AWV TIT o7, 77 P AET /W LTI, ISS/JEM
(International Space Station / Japanese Experiment Module) DOERMEIOT 7 b A AL — ~EE
BTV, BET v IR - UR—2T 5y 7 AZOWTHL, BYRENT 217 9 FHBZIN & LT ISS/JEM
PIER L. B S A Em L7, F. R T AX T v— A EREATIEL, 1SS KERGERT
LA (L. - 05 (PIA)) OB A#H L TRITEIT o2, 2D OMENTRER & Boeing OFFNT

REHEL, FHMEEERELT,

3. VT MU= T O

T AT AT A e e g REPRYMAY BTN R e iy VA Y A N = s
J=SPICE &, FHIOA, Htim A UM A Table 2 J-SPICE Information
B BF Fobn EEH Bho i vE YL JE VLY

DimRE, ’I"r@/l‘ééigx %ﬁb@x '{\EZ{%QQE V>1/}Jcéijé1///r§7]}\' Software Thermal Deskiop / AutoCAD

=
bR AR RRERIE AT FEHR & L5 %, lement numbers | 5000 (Maximum)

AT ATV, MIBEEAONEREZH 1T 5, Input parameters ?hape
5 TE2 AL s emperature
J-SPICE THEM T 2 FHEIPIR T T ViL, Material
NEVADA FEKD 74—~ v hTF— X AL TE Orbit / Atmospheric density

View Tactor

D, ZDTFx—~<v M8 TR D EATEARA L] Shape elements Polygon./ Rectangle/ Sphere./ Disk

HEETH B, RGBT, FTHERIRTT VE A Ellipse.” Cylinder,” Cone .~ Paraboloid
F35°— & L T Thermal Desktop V7 h7 =7 % Shape AmOde! : NEVADA
FIVCHEHT 5, J-SPICE D A~y 733 kO | Analveis funotion | Procuebon Bt
fENTIC By Y 7 N 2T % Table 2 2R, _ ~ Thruster plume model
Table 2 (o= LITRdR, AL, BHE BLH, T2 e ot
REAREL % J-SPICE I\Z AJ) L B ARAERRIT 21T 2. = Multiple reflections
HIIRE Tl B 5 Y B L U YA R0, It
Thermal Desktop Y7 b =7 HHEHL, 757 Sticking model
4w TRRIEARILENRAAETH D, Analysis results Condensable outgassed mass [g/cm’]

Condensable outgassing rate [g/cm?/sec]

VB L, FHEBMEIOA T A LG Lo

THH S, EEEREICEET Sy — A, FHEEE - O ZERVIRLTEET L7 — A, KR
L OEZRIC L B EICBET D o — R EOBARE 2R TSI E T D, J-SPICE 1. I
B, B, HEORBREEETELTED, FHBICOWTELFIIRT,
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@)% CBEITVYOA  EBRINE Y O

2B FHBRETO RS
JE—T5Y IR BRRREFRYE OB IR EEL
B 2 EEL : 52 8 R D BT ZE A EL

@OfFE T IMIRRURZRET IV — LDt &

4. HROPHE
4.1 T bH R L BB ST
J-SPICE T 7 b HAET N E LT, 3FEDET MZOWTLBRE 217272,

DREFETIL :M(t)=a-t"+c
@HEBHETIL  Mb)=a*In(t)Hc
Qfe#METIL :M(t)=a-[1-exp(-t/b)]+c

M =0 MED T IRH R E[g/cm?]
abec : MEREEDETILER
t  :FfElsec]

Boeing (37U A AEF AL LTHARMET VERH LTS, FET A% AW THATRE S o g
it 24T o 72 & Z A, Boeing OFENTHE RIS —F L TE Y, J-SPICEICE A7 7 P HAEFAALDI
HUEDPERCEL, BEFENEZT VM RAETAD ML — RE70EL T4 L, ZhETLERE
(CRERETADMDET VIO ET U FHRAL— FRBRFERICE ~HTHZ EBMR TR,

4.2 HEIEZ I v 7 RIT kBB BN

ISS/JEM (ZBE3-% J-SPICE # W7 T v 7 &
TEYui B MM FE S % Figure 2 10357, = OISR %4
Boeing DFHTHIR & LB 2 &K 30%D 7 543,
Z DFERI T IZ Tz TIM IR T — 2 Wi R
TLHLO MR SND, #>T, J-SPICE & Boeing ™
FEATHE S, B —H L TEY, ZOEE7F v 7 R
2 L DIGR AT L. A TRTE 75 4T JI R 12
Hrlge & b b,

EN

[A/vear]

4.3 ) HF—2T7 T w7 AL D15 E RN Figure 2 Results of direct flux analysis

ISS/JEMIZBE4 % J-SPICE &AWz V) #— 7 T v & ATE Rt BMENT#E HT, Boeing OATHREE (75
BT Y 7 b o =7 D NASANZ) & el d 2 & A7 — % OFE & & 1 100/ VS i1 72 % 8, Table
SWARLTIE K D IC VERDOBRMAERT. Ko FoER (3.3A) X0/h&< R RET VL H
PEhs,

Table 3 Results of return flux analysis

J-8PICE NASAN2 Difference
Sensitive Surface [A /year] [A /year] [%]
a b B sy 87D susriae
EF1 +X 0.20 0.51-0.67 67
Tl e EF1 -Z 0.10 0.23-0.30 63
et EF9 +X 0.27 0.51-0.67 54

EFUIT +X e

o
’Yz Figure 3 Positions of return flux analysis
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Figure 4 {Z7% Lz 1SS HKEKBIER T Lo (KL - WM - %5 (PTA:Port-Inboard-Aft)) DIEIRK
VAT AZNEOHEHZ AT, AT AF (Progress) MEFHNT X 5 1SS KEKEEEMT L1 (A
#% - I - %5 (PTA)) ~D 7 )V— I35 MR & FEhE L7z, J-SPICE I L ST #E S % Figure 6 (TR,
IOMHTIIEE T 7 v 7 ADBERRE LTWDH A, Boeing OISR LIXBIT 2 AR LT, 155
MHBEEORE V) — FIZOW TR 10%DZERH - 7203, TPV 7 LA OREHAET — &% DER
WCEET Ao EHRl SN S,

- g

Figure 4 Position of PIA and thruster Figure 5 Results of bipropellant thruster plume
: deposition analysis
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FIACIERYTHD Z EPHETE -, TRETLRBRFTECRE_FNERIIEET NVOERE
ETDE, TU M TRAORERETABRES L —B LK,

15U DEBIET T IVORITICOWT, B 7 T v 7 R L DT U b T AGYAEMRHTHRS R % Boeing
OIFRTHE R & Lol L. 0 30%DERH A, = 0ERITMHTICTE JEM kT — & OEWICit
B+ sboellEns, £, VE—0T7 T v 2 RACELBT U b ABYAEMRITIER % Boeing @
fEATRE L & ELl L7123 A . B T0%RR/ NSl L 7 B8, NTHER TH D 1R OBE R EFEIL. KT
DEFE (3.3A) L0 /h&EL, BEMLRET W EHEND, COZENBERETT v ARTY
B =T T w7 AOIGRG AR, AN LR OIGYAEMATICE A e Th 5,

TR T AL TN — MRS, Boeing DT RICK L THHRA A BORE WV, — FIZ20 T
PR A 109D R B 7= iy, Bifa—ER LTz,

BAEDZ &8 J-SPICE ik, ATREDRREBRIICEBWTT U hHABLUPAT A ¥ T —LDiHY
AT ISR ATRECH 5,
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