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Abstract
The Japan Aerospace Exploration Agency (JAXA) is performing a space environment exposure experiment
(Experiment by the Russian Service Module/Micro-Particles Capturer and Space Environment Exposure Device
experiment : SM/MPAC&SEED experiment) on the exterior of the SM on the ISS. The objectives of
SM/MPAC&SEED experiment are to capture micrometeoroids and small space debris particles, and to investigate
the degradation mechanism of materials for space use. In this paper, we report outline of SM/MPAC&SEED
experiment, and summarize the inspection and analysis results on the first retrieved specimens.
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EpsHE 27— 3 (ISS : International Space Station) #FIHAFIAR OFEHEERRE LT, F
Bl EE I VEREFAT - a v R YT —ERE Y 2 — VBRI U IR R SRR U B
TR B2 By (SM/MPAC&SEED ZEBR (Russian Service Module/Micro-Particles Capturer and Space
Environment Exposure Device Experiment)) Z3EfE L T\ 5, #v/NeiF-HEEREERIL. HEMEL ko
fm5XA—xT7J(AI%E%)&Uv%&m»vﬁm%%(fm%aﬁ)w Al HE9 & L
TW5, F7-. MEHERERIT, FTHEOSEEECLOEERLLE BE LT, BERE T THEMS
N A FEEBAME O HERE i’% L T35, MERELIZ, ENRUBEEZLEE LW Iy
TRREREBICLIVERLTVD

2. WrRoOFE

EREE T R -EBHEE O 3 AR B, BEBEEBRBAR 1 FE0 1 Ry oEIRL, &k
3 ERIOIREMIC KT 2 FMAIT 9 5HE TH %, FT P 2001 42 8 AICEMR L, FF 10 ANLT
HEBEA~OBRELZG L (Fig 1), 1 XHOEBREER L 2002 48 Az, 2 NH DFEREREIT 2004 F 2
BlzFhFhElR S, 1 XA OBREIHITH 10 » AR 315 B, 2 XHIKN 28 » A (865 H
) ThHot,

e R FHIEER I, AN—RF T I RO A 7 a AT 4 ROFEWEHEL BN LI-IREE
WEOYVY AT a Y (BE0.03 g/en’) A7 0RT 74 —5 (FBE :0.01 g/en’) % ISS

Table 1 SM/SEED specimens

Polymers CFRP, PEEK under tension, Polyimide film
under tension, White paint, Adhesive,
Potting material

Ceramics AlN, SiC, TiN, etc.

Lubricants | Cu coating, Cu/BN coating, MoS, coating,

TiN coating, MoS,~lubricated Bearing, etc.

Fig. 1 Front face of SM/MPAC&SEED
{October 2001-August 2002)
(photographed from the ISS RAM side)
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YEAT IR (RAM 1) RO 7 (WAKE 1) 12, EZ2EERES By & L7z 6061-T6 7 /L2 =7 L4k (Al
) % 1SS RAM mIZHUAHIT TW 2D,

PR AR EE CLE . (KB E EILE OFRITICB W T, MR DR b HER R EX & 72 B R IREESE
(AO : Atomic Oxyeen) 2L AFHAMBIOEMELE RICIEET A0, SEOFHMIELERL
T3, AEOEBEEEHE, JAXA BRREZ 50T, K%, FFERT, A— 0% T HBENRESNE
28 FHTHD (Table 1),

SRR 15 R, 5 1 BRI OFMMENT 2 £ Uiz, £, M ECFEHBREAEE L A0, H45
# (UV : solar UltraViolet rays) MOVET# (EB: Electron Beams) DRSS ZH ExtBER L UTHE
FEL. EUEEE T A 2 & T, EEHEBMTOMEELA D =X LAOTBEROBEFT 21T o7z,

AEEECIE . BT MPAC EERO T U B =7 1Y = L KON SEED EBR O JAXA BEFREHCE LTS
B

3. FREOHE
3. 1 BREEREROM EX RS &t

HAED ISS FRITEEM T, BGA (Beta Gimbal Assembly) OFREAIZ LY . YPIFEL TV XVV (station
X-axis toward the Velocity Vector : ISS ™ X BhiASHEST 1K % 1) < FRATEES) 7> 5 XPOP (X~axis Per-
pendicular on Orbit Plane : ISS @ X WHASHLIE T TR & 22 ATRATER) & XV 2R A & HEBITE
BEINTWND, fEoT, YHEE LT\, HhEE, #rrmics U TR AN RE & 7 2 ERIRE
N, RESETHZ L ERoT,

JAXA B WTERLTWA, FHEBEF —#X—2 3 A5 A (SEES : Space Environment and Effects
System : http://sees2. tksc. jaxa. jp/) 12 &V, EEOTITE R @LUERE. PuBHERA, RMTEE%
VTS 1 BEEEHT T % A0, UV R UVEB OFBRBEOMT 21T - 72, F OfENTE, & 1 BEIFEER
T BB oM (A0 E=F8 : Vespel®, PAMDEC, WV =44 : RU L& — L EB
FToZH TLD, 7T = #REEF. RADFET) OFEMAEATIE & UM Lt FEERBR S % Table 213R¢, 72
B, B 1 EEREBOIERBFERICERE LV —E 7L OmEfERMEIL, 60CTh o7,

EFHEBETOAOBEEIT, FNELY VEWVETH-7, ZOHMBE LT, 1SS PETHRIIROR
BNTETRITEBEE L > TWHZ LI L AEENEZ bND, £7o, UWVIBZEEIL, 271 BSD H{RVWMEL
o TG, Zik, WVIREEBMREMBRON LAY & Fig. 2 OAKEN) T rBRBEETHIT
D, REBRBENELEZLDLEEZBNRD,

Table 2 Exposurs experiment (RAM side) and 0.5 =
ground simulation test conditions
AO[atoms/m? | UV-rays[ESD] EB[Gy] e
y v N . —
Numerical 3 r
. ) 427 x 10% 22.47 214 g 03
simulation = : ‘§/
Experimental 23x10% ~ E . 25
241 04 ~ 650 : u
value 6.6 x 10% H :
Ground 2.01 x 10% 35.2 163 x 10° i o Bl
01 x1 ) 83 x i ay- 1
simulation test : I ESESM y :<3>
Flight data - Average altitude: 386.6 km e ——
= Orbital inclination: 51.6° Fluence (ESD)
-1SS attitude: XVV(~59%), XPOP(~41%) Fig2 Ground simulation test results

of UV-rays monitor

3. 2 BRIRIFRESEER

RAR—=2ZAFFTY RO A 7 a AT FaA FOSM N0, BRI RNAVXE) 2T 2729
2. EEIL GB) otk (B, B, BAAES) 20 Uz, ORI H xR & ks
HZ LWLy, BB LURUNEFOER D RV EOREITEITo T2, BRI THIEMBI T D U I
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Table 3 Number and diameter range of impact site

Capturer RAM side WAKE side
4
Al plate —
(25~30um)
Silica 2 2
Aerogel (500 ¢ m. 2mm) (100 ¢ m. Tmm)
Micro—Pore 20
none
Foam (15~60 4 m)

VBT a Y e VOFHEFERIZ DN TR D,
BAITE DV HTT B Y 2 LAOESHEIT Table 31T & 2 ICRE4 [l TH -7z,

BRI T, YU AT eV e b (REE 37 x 37T mm) 1 AICHE KRR 70 @D

TBIE SN R ROEZEE | Fig 4 [ZHAR2BREELER (ES kn

BE) OROEZEILEL Ok 72 m30,

Fig. 3IRTAZEILIL, i Bt FRERBRAS L & OBl & | KRR 200~250 um OWUNRIF- 25, HEE 5~
10 km/s, ASTAER A5 ETHEELEZZ LI > TR SN EEZ DD, ZOBEEILITIE, UKL
FTHRHEEIN TV otz, LivL, BZEALEL XPS AT LR, 7AI=vAnmiEanzzsd
ZOEEEER LB TIET 7 U TH Y | EEEFOBERIC i@%7)ﬁi%bf%@&%z%n
Do

Entrance of track
Captured dust
particle
Fig.3 The largest impact track Figd  Typical carro‘F shape track
seen in RAM side asrogel sEntrance size : 118.9 x 69.8 um
S T = Track length : 2.4 mm
«Captured dust particles size
:83x66um
Table 4 Comparison with estimated impact flux by inspection results and calculated results of MASTER-2001
RAM side WAKE side
Particle Dia. Inspection Results Analysis Results Particle Dia. Inspection Results Analysis Results
[uml [hits/m?%/year] Thits/m?%/year] [um] [hits/m?/year] [hits/m?%/year]
5 45x10° 1x10% 42 x 10* 2 x 10?
10 30x10° 4 x 102 10 6.8 x 10° 7 x 10!
20 1.5 x 10° 2 x 102
Particle Dia. : Estimated based on calibration experiments

Inspection Results : Cumulative flux
Analysis Results : Estimated using MASTER-2001
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SEIOFERRLE X A POBREFHIZHN SN TV AMEETET /L (MASTER-2001 : Meteoroid and Space
Debris Terrestrial Reference model-2001) IZ LAFHEFKRE L ZHET S &, Table 4R T L9128
~100fFDZEENR BN B,

ZOERDFRE LTI, DRITET VORE, )BTRS R FOEZE, 3)1SS Y 2— Tl
ENLHBBINHERMEOEBRENREZ NS,

3. 3 MEHREER (JAXA 2555060

HFREUE O SLRFHRIE B X, EEE (b, FOeFRE CREBERINE (ag). BEFIEAEER ()
ETHDH, 6z, FRLEEORFMEEMEZER Lz, BEERELREL BT L7200, H# FBRE
BrRe LT A0, UV RUNEB OF BB 2% L7-, bR LT 2 - Lz kb, FHEBE
REEIZ X DM B ORI 2R AT T 25t E TH 512,

3. 3. 1 EHAMAEYA I F7 445 (UPILEX-S®)

RABMKRETCOEFHREBRBEICLZFR VA I F7 4 V20BN EICET 2872813, LDEF (Long
Duration Exposure Facility) HFZ &, IZLAEEHIN TR, ZD7®H, SM/SEED TiE, ES
125um DAY A I FZ7 4/ 5 (UPILES-S) % 4 BEA-AEHIR L, AR ON)., EEHAR (4.12
N) ROEEDATR (20.59 N) O 3EEOEHEZEH L E5ERE 28 1L,

BREEEI OB A Fig. 5 IT7 7, ABIABE LR, BBERTHD | BHOBERSHERALTY
72, Fig. 6 |ZIREERSy D AFM (Atomic force microscopy) BIERERZ T3, AMM BE2OFEE . BEDHS
A=y MRIZT o =23 2FTTEY, BREXOEAIIFIZ A0 Lz o—Ca VAR EER
LD, 2biz, BEABOEBEZEINEZ L —VTHEEECEHEL T 0 ICLdza—Tg U &2ZT-5
SOREBHE S 27l L, |EAHR ., RAR., BAMOBERVEZHETD L, KERERIARL, 3
HELELH 10un BECHEERIVETH-T=, ZOWPRIT, BEET=42 (KU I FZEHE) <5
L7z AV IREREICESAITEL IZIEE LT,

RANDAMAY A I N4 4 BEATERLZSERBEES Fig 7i0RT, HRED 4 BELRAB O
IRIBEE I 281 MPa Th Y, IBERIZLVABOFEEENMETFT L TWA Z L0845, ZhiT, A0ICk
H2Tn—Va COEEPERBRTHS EEZ 0NN, BERENT UV BERE & FEEOEHXBIE
BEOBEREZRLTWDZ &b, ARBOFHBEEBREICLS250E W BXEMRTFTHLLER
bhd, E£7z, EBBE TIHEHSINT B0 - THIRMEE DK T 2588 L7,

300
Blank Flight/Ground
; A
280 | e =
EB .-

26 Flight il
5 o
o]

]
£ a0 v .
Fig. 5 Loaded UPILEX-S® specimens u UV-rays
(left: blank, right: flight) = R =
2 20
= - 5.00 1.0 pm o L0}
=
: 200 > e
0.5 pm g AO
180
- 0.0 1w ON ON 412N 2059 N
Load

Fig. 7 Result of tensile strength test

o ) 2.50 - E.tlg
Fig6 AFM results of the top surface
of the flight specimens
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3. 3. 2 ZLFL7N0SR (Flexible—0SR)

FHEOX SR E L2 7 X 70 0SR 13, JAXA REROEGIE 7 4 LA TH D, ZHITHHEFRE (1T0
) ZFRoZEHEEEA LTS, BEAEONE % Fig 8 |1Trnd, BEREZ2E8E8LEHER, 48 L
ICRE BT E) o7z, HBEFMEE OFFMFERE Fig 9 1277, HEZLIX, # EGHERARD A0
PR TRE2RBAE (0.7 270U, asid, #H BB UV B CEEZE 2N (BN . 180%)
ZR LTz, 2O UV BECTOEMNE, BEOBRBEERICE TS EXBEERTLEREOER TH -7,
eyid, aglZERZILEMIBO NI o7z, BEFABRED XPS SHOER, FLRUSI (Si0, /& :
¥ 10~20mnm) BROS5NT-, T HDTEEL, Flexible 0SR BRIZITE TN WS THAE Z L b,
BEBEREICLDEREZEZ NS,

1 0.6

W os 03

as 0.6 o |:|
0.4

[ AM
0.2 e

P [mg]
0 0.6

Blank 1 A0 w EB | Flight
Flight ground test specimens

Fig. 9 Changes in mass, solar absorptance (@ ) and
normal infrared emittance (&) of flexible OSR
specimens after irradiation on the ground or flight
exposure experiment

Fig. 8 Flexible OSR specimens

3. 3. 3 HEB~Xfr|

PRl Oxtg & Lz B4 2 b, JAXARRES D, B{LignzFHE & LIoIET v A REEIC BN
YV a = RERONA U P THD, SERIOBRFEERTIT, Al RECEBALZAESS » FERAVWE,
iREE L7 UBt OB A Fig 10 1T 7, WRR L7-RAB OB 2 @EERT & kT 5 &, BENCBaIcE.
8, L TV 7z, FE-SEM (Field emission-Scanning auger electron microscopy) BEFEE % Fig 11 125
7, UV BARBORRIC, £kax RRO~4 7 o4 X8R (Bbiidh) BRH L do7z, Fig. 12
(CHERT TR H ORISR AT, BRI, WREE SRR M U et BREER & bl Uiz, bt BEaER
Tl A0 KOOV OBF TRERBAE (A0:0.4%, UV:0.3%) ZRLE, aghd, i EXEERBED A0
PR CRADEM GEINZE - 9 10%) 2R L7, eyid, aslEERELRBRITFRO N2 -, BT
BRI O XPS AT OFRER, F, N EUSi (Si0,) 233BH bz, Si0 @R, #lum LR LT
KEWED, To—Tg 2% E—2y MROBEREO LT, Si0, BAFRK S T2 7TREHEDR
HD,

0.6

03

AM

Flight
Lo 03 [mg]

0.6

Blank A0 w €8 Flight

Fig. 10 White paint specimens

ground test specimens

Fig. 12 Changes in mass, solar absorptance (&) and
normal infrared emittance (&) of white paint

‘ specimens after irradiation on the ground or
Blank Flight UV rays—irradiated flight exposure experiment

Fig. 11 FE-SEM images of white paint paint
specimens
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3. 3. 4 EEAH

FHEOBEMMMOBEERICHEERIZZ AV SR TWVAD, —REICESRIZT 7 b T ADJ LR
Z\, EZTJAAIE, BT 7 b ABMEICEN -V ) 2— U REERISBER L, 2002 2B EEXFT-
Too FAF LIV a— 0 REAFOEFHREBEICLI2ZETMATO LA EHE LT, AREE
Bzt LT3,

AEDIZIRE Fig 13 1R T, BEZOREHIIL, A8 L OVEES(LICHEER BT D Lo
7o, B ERGREREUE L IREABL OB IRE AW 2 Fig. 14 (271, BEIC X 08 ET AR
BETRDT HHEABES bz, £/, H EHRRO EB BT L 0, 58S A BEESK 150%H
MUT=, EBA AL HiZFEE L, BEALZBELSE-bOLEEZLNS,

2.4

° EB
P .
g 1.8
Exposed side ; o AO
: 2 8 ® ; N —ray
| i i Flight
| i | | i Blank g
(&)
1.2
Adhesive Al plate Fig. 14 Result of shear strength changes of
adhesive

Fig. 13 Adhesive specimen

4. ¥&9

AFRE TIL, SM/MPACESEED ##ii Bl — 8B LT, 45 1 [BIEIULERE 0 ST 55 5 & s L 7=,

MPAC EBR T, U W=7 a0l MZBITET L L0 %< O (B) 2R L1, 5%, M
RRER Y OS5 21T, FET AL DMECREREZBET S L L iz, 1SS D& = M B
BB 2179,

SEED RERTiZ, BMBERGR LM FiARER A BT LAHFICIHA AL EZRARRD BN,
ZORERAE LT, EFHREICHITS A0, UV, EBBEOEABAEDRELOELRIC L AREREZ LRLD,
FHBE FICBIT 2BEHARRECIZ, AR OEERETHLZ LBHALMNERoT-, A%, &
2 B, % 3 EIENGRE ORISR 2 GDEERATIMICE N T, ZhboEAHEICHW TR
EOLEHBETH D,

5. BEE

SM/MPAC&SEED 2 1 [ml[BILEUEIOFEMARNT 2 £l 2 (0 H 7= 0 . A BB E T4 JhiEs A
K, (BR) IHI =7 mA_—2 & HEK, IIHEBEFR, ) =1 - F— - =2 HRHIEGK, B8
EROZBAETEW:, ZZRREL#EERTS,
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