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1. Introduction

The Micro-Particles Capturer (MPAC) is a passive experiment
designed to evaluate the micrometeoroid and space debris
environment, and to capture particle residues for later chemical
analysis.

In this paper we focus on;

(1) Visual inspection of the whole surface of MPAC&SEED

(2) Impact feature morphology and track analysis in the
MPAC silica aerogel.
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2. Description of MPAC&SEED Experiment

» Dust Particle Measurements on ISS
- Estimation of Influences on ISS surface
- Debris Monitoring from ISS
(Estimation of influences on other exposed devices)

*Three SM/MPAC&SEED units were launched
aboard Progress M-45 on 21 August 2001.
* Three units were attached on the outside of the

(RAM side view) S Russian Service Module.
A view of the three SM/MPAC&SEED units during exposure.




L xe IHI

I H I AeroSpace

2. MEAFEDERMF (FEF AR IZDLT

FEEBOIVA ~IYA—FILHAL XD

¥C R
@ AT A A4 K (Meteoroid) : KK

BKECIRLAS UNERE BERGE)D

=]

I R

(ZXY/RS

O ANR—X T J1)(Space Debris) : AL
AIBEDHEAFCEAROTYEDOHEE Y




‘ T IHI IH 1 AeroSpace

Ibaraki University

A A A4k (Meteoroid) DS

(© NASA. © SKY&TELESCOPE

-

B A THENS
LR ER

RKADIF X 1D

[BEENDHF AMD K=
#510pm (0.01mm) ]

*REICEESENS (X

INERE h EMomFELIZRER
6



e T1HI AeroSpace

Ibaraki University

3. AR—ZXATITYDHIK
B3 D 88 _E ¥R 5 % D BE = X (nasaiz£2)

. i s » T . iﬂ’,ﬁ]ﬁﬂo)iﬂﬁ%ﬁ(
fﬂﬂ?lﬁﬂ@*’gi%‘*“ﬂ’l (E8E R U8 L 8RE)



55 45 o I1HI IH 1 AeroSpace

Ibaraki University

University 3

W School of . - ; ;
ofsoutrampeon. [N Enonearngscencer QINETIQ The Space Debris Environment 1960 — 2000




‘ SRIPAF

Ibaraki University

(16%)

Rocket
Body
(15%)

Fragmentation
Debris
(43%)

Inactive
Payloads
(21%)

AR—RTI)(FHE TI')
PELEAIYEDOEFESRS

I H I IH I AeroSpace

oDy AT/ DHEER

H 12,1408 D EhE £ A T

[2007E7H2HIRF]
(4 £ NS BRI AT BE A D & = KEE10cm B L)

B 995% MAR—XFT1)
(FH ‘d%)
BAREZ10cmUTEEHI-AR—X

T D#5t1%350075 @ (HEFE)
S AR—RATIVEERDF RALD
=




I H I AeroSpace

IHI

Ibaraki University

‘ A

BT
AN
Ll

I
LR
5]y
taili-d
HIEE
e
BRI
il
L
il
EEHl
il
o]
THEl
.11
il
Lol
W6l
L
BT
Pl
]t
EREl
tHEl

SATCAT Growth

A\ e
Y e
_7 H:.
S =
el o
¥ o
A -
l\1 T
W& s
EI L]
S o
¥ o
m -
R : P w : g __
)

iy

40

Sovrod’ Cihid Troh S8 T0A T (I vk oo SaiomtigrowiTi 2alf)

| — Cumicged — DOscaysd —— Om Okt ||



SE FHE
RKiEzDRE

FHEFEROME

<bHEI-ET5THONREURNEOEXI-MTSRE>
bHEICEH B IOXSHOT ESH 21 3THCHS EFoh ZBREUED
FrRoY s FOBREUHAR. TRCEN-EY . THoEs EREEOBLE
UASHEOER LY. bhE TESERORR-S5T 3L LIz, BACERE
H=RKT SEOhEFESLOETS. HRART . o iy 1= R
(W6l EES TMEFSM WMAMUESHIE) s 1= S S I

e Lo

| FEEFREIROEE

m[¥ = mOMRR U EICEYT 2 ERBREORT A L
AL B, O BEEBE, raNY—. Bt TE BEISEIOIERE-EEICE

—_— HAA

%ﬂ?ﬁﬂﬁiﬂiﬁﬁiﬂﬂii&:%riﬁﬂﬂﬂh&ﬂ, SHI0H %

_ B#
DEEREFOR L. OBEFHSoRE. OHFOFARUABODEOR L

(,aam&*ﬂ& “\
SFHOTHOHE BopiTeEnm

[P
FHBHEORIK FHRARSBLEHER

FHRAROEEZtOEX o
DEEKE  Dwmmm OTH e B

= MEAM -::Siﬂ. o Ll -t SEER FPERY PR, LTt

PO Bt g

Ve uulEE L S I i |y
PR (EEEE o 1 i RN y =§‘f” ~ 8

SR L I oi B ERE LI 0 T =

,&_f B i : § Lj. . ".'.“: =

{ FEEHS[ MEE] tEZoTnEE] B0y
oI 2 o [ P T O T ED )

( EREEFEOME, ZEIiais. T AMOR:
FiE . WEHENOEE

THERODR#NE BERRSHOHE
( BHEBSEL S RRILET—HXIR, HAES
f-iRARAASE. MEIRMEGE. EUFIREMIES)

ASOFOERPC A FHHEORE
[ PHET. PTHHERRSOES S ERS)

FEEARI-EY SEHERN

{ SEMMEL-FTTFT- FETFTF i, 73

l\ 3 —0w AlEEE ORRRRCEREMFI- LD
B E o [E] 0 H )
"

Bif~0REE
iﬁ&tﬂﬂut%ﬁﬁﬂ~$ﬁﬁiﬂmmW$;;

=

F SR ORE
TEHRREEEAS( $BE 2E. DESR: EERE. TERARIESH) &
FTHELNEE SEL . BB U-oTTHORRRUARE EE,

EFREBITRES CHUBU~EZEEHE

OJAXASOREL ]

F OFHEME( BH) OBRE

I H I AeroSpace

20076 A198.
FHENEELNE
HELIZEFESA
=, BE 355 L[TAI



‘ T IHI IH 1 AeroSpace

Ibaraki University

@Z IN d) {Ei %ﬁﬂ')]‘@] (ERGr.RiRHE)

[FURLT-LDEFE £ X, LEO (476-332km) . 3& £ 0D 5.8 4[5 (1984-1990) [Z.
%929,000{E D EHEIE I Z =T TL =,
(E0.3mm Ll EDEZZIREBRE. £95,0001)

& 9m
Eff: 4m
4K 12@EK
BH&E: 10 ton
R EHEEMLYAR

12
©NASA



‘ i I1HI I H I AeroSpace

Ibaraki University

LDEF {3 2 ) 2l {E#4 %4 3=

13

©NASA



':r - i s IHI I H I AeroSpace

Ibaraki University

Jtﬂ:ﬁ.f_ e

it b B

NASA/LaRCIZ Tt 2iB2s ©NASA



‘ ,Ai}:ﬁjcq_ IHI I H I AeroSpace

Ibaraki Un

7 U‘T:-I%GDEV =

<.01cm Surface Erosion

. <.1cm

® <3cmAt10km/sec —
(32,630ft/sec)

‘ 1cm Aluminum —
Sphere
AT 10km/sec D

RAVEFRPEEADEILEHN A XD ERLEE
OENGHITES . U B, KIFEith7EE DHEEELS 1L

Possibly Serious Damage

Bowling Ball At
60 mph (88 ft /sec)

400 Ib. Safe At

60 mph (88 ft /sec)
ONASA

o R FINEER P GHIREDE B ICL O H S IED IR

15



Flux [1/m*2/year]

)

Flux [1/m*2/year]

}

TIYRBETILOLEER ~ Inclination 100 degrees ~

>100 pm s

| MASTER2005

400 600 800 1000 1200 1400 1600 1800 2000
Altitude Tkm!
— — — —

Flux [1/m*2/year]

-

01¢F

001¢

0.001 |

>1 mm

ORDEM2000
MASTER2001

| MASTER2005

0.0001
200

400

600

Differences between each models are NOT negligible.

10000 | 1000
1000 | I 100
=
Iﬂi
[
=
(o}
<
100 | IE 10
=
Iz
=]
ILL
10 | I 1
> ORDEM2000
10 Mm MASTER2001 |
; : : : ‘ ‘ | MASTER2005 - I o1
200 400 600 800 1000 1200 1400 1600 1800 2000 200
Altitude Tkml
0.001 0.0001
0.0001 [ 1e-005 |
=
M
D
=
Dy
1e-005 | £ 1e-006 [
=
x
=
[
1e-006 | 1e-007 |
>1 cm ORDEM2000
MASTER2001
MASTER2005
1e-007 : ! ! . : ; : : 1e-008
200 400 600 800 1000 1200 1400 41600 1800 2000

Altitude Tkm1

>10 cm ORDEM2000

MASTER2001
;. MASTER2005

200 400 600 800 1000 1200 1400 1600 1800 2000

Altitude Tkm1

Flux [1/m*2/year]

800 1000 1200 1400 1600 1800 2000
Altitude Tkm1
— — — — —

1e-005

1e-006 [

1e-007 [

1e-008 [

>1m

ORDEM2000
MASTER2001

. MASTER2005

1e-009
200

400

600

800 1000 1200 1400 1600 1800 2000

Altitude Tkm1

16



‘ T I1HI IH I AeroSpace

Ibaraki University

AR—ZATIVIZH T HHE

_Eh:l s il

FE=VCHIE. RUOZTNDOZEEDRIE, RERDIFELE
- REAT T (10cmLL L) : #th _E AV L& 0 - T i E5 R
S LVDTITY (ImmEl L) - #b E &R DRI HEE
INSTET T (ImmELTF)
- EHAOERIZZEAV-EE L TODEHE
FEMMEBNL-EELEOR@TRE

WEAERHILE
- Jyagiiil
HiRE

17



‘ T I1HI IH I AeroSpace

Ibaraki University

4. 1990F (ER2F) KATRICHITH5ABRDTIVHE

£ 1S A%k £ D5 EREFRZE (1971)
ERFERT— 3 OF TR O=—X (19804 )

- RERTIE, ﬁ)\k—-?fﬁﬂ’ﬁ(?ﬂ'fn E)YDATAOAMRFL—ILROMETHA IR EF DO

;aé‘b"rﬁjj:-‘r“ﬁ JRERBICDWTCTE S M IV A HETI =TI T B TORRNEAT
>7=,

-BATIE. TZ2STHF(FELTISSODEST) TIFI7Y 12> TET1-,

TEE LT IUsHRINIZBATIEMEEEET,
LDEFDT—4. tILEMHBIZO TR/ (X

BAMEFHFEEIAR—XTI)HEESIHREE | (119092:1993)
- SFU-PFA -JEM/ISSTO:ETAl —EEEHAIRYET—S
18

-



‘ T IHI IH 1 AeroSpace

Ibaraki University

Tl
PN
|~]

19904

FR2%) RATEDBE LT T FHAREH B

EMANEEIRNSSY

2. WL R A B B OO Bl TR 7 RS R AR R t /! |

2, =2 L i A b RE oD (W W R ol 7 bl S oD O rE T
HAtet vy Fr—- bL—FRT

LD Ry

. VRO e e ow T —

BEBEMICHH SER | —MERnR
'
PR Ty

ﬁ
f

F7usmE

a[afumn wlefefols]s

&

L]
CLECETE]
BEBEOAND
ENEROAE

E LBt
]
]
E

e

©0 | Cojc

R ETTTEUT YT I
WRERRE
it
MRS 1| W
Bl

HuAaR

L

g.muwlu:!m.Imfm: 2. = BRI R M BE O (Il HU BN SE - e it 2,2, 1 @N-AEcMTIERSON
o-aum;'u;u: ®2. 2. 1- ( 7/ ) Wil - SR S MBI B RO RN R |

Pl e 35-5 bmmilie s ke 3oy .
0i-100 1-100 tiTee () 0 77 VAHER A B L CFRR
0/ RRAR, b A AT ] < PR

' ! FUE JEMEDLL LT IR NG 17—

Fig. 11 Schematic diagram of debris detection nelwork system

CaEZD
o0 | 000
B> | Of

=, | WL G Stk RS oD RN N RS W 4 KU

40~
100mm
o

)

T5:fidith

" 2 an
FHANRL ELJVT 1 bd

FA i S B

AERMIEAR—R PR ILEEEH DT K(1993FEIZNASDADETE
AR 197FE 7548 {BLEHLL (B2 \wP D), mHiM (BREH
fel 1.8 &)

19




‘ T IHI IH 1 AeroSpace

Ibaraki University

4. FANEHRIA %

FHTOF RO B 8.

@ ATARAAFK (Meteoroid) : KA
HEKECTE LN DB DA LD NIGRERIBIED T

@ AR—RX T J1)(Space Debris) : ALY
gﬁi ‘O OBREELZOEL. R (REBEDER) HEDH

FEYALDEAIGE

[ POT4TBRE RN Y |4 A DO EFEHR-OYMEEEE L TR
[FZRRaLHB T ANEHEL, Hh EADH T I)LY) 42— ([EUR)

20



‘ SR AR F

Ibaraki University

FZARALIEDRE

HER

Dust Particle
o

/

Low Density Material for Dust
Capturing

I1HI IH I AeroSpace

Residual Material

(Vaporized,Ejecta et

al.) Dust
I?anicle
Residual |
Material\
N
N /A
\

Metal Plate \

Impact Induced
Crater 21



‘ 55 45 o I1HI IH 1 AeroSpace

Ibaraki University

Silica aerogel

lo h 12 13 la Is
CENTIMETERS
INCHES

I L .

-Characteristics of Silica aerogel

- Very low density (~0.03 g/cm3)
—Effective for Intact capture

0l PNy NASA. PHOTO _ Transparen t
MPAC aerogel dust collectors were —Easy to locate dust captured in
designed based on the collectors for aerogel
the ESEM experiment aboard the - Robust against space environment

Space Shuttle (STS-85), 1997
(Kitazawa et al.,1998).
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Dust Particle Aerogel

D..« track diameter at entrance
D,.« track diameter at widest cross section

p hg tl’k
_"""--—-— T track length
Oimp |:|-.. : E D.apt diameter of captured particle
max " ;

v D D, diameter of particle before impact
N ont Vime  impact velocity
Vino T Omp angle of impact against collector surface
B, angle of track against collector surface.

Kitazawa, et al. (1999). “Hypervelocity Impact Experiments on Aerogel Dust 23
Collector”, J. Geophys. Res., Vol. 104, No. E9.
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Kitazawa et al. 19999
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Holder-1

Holder-2

Holder-3 M

One MPAC/SEED unit

IHI

Expose materials to the
space environment

= SEED

Sample the space debris
and micrometeoroid

environments
= MPAC

PAC: 3 materials

Holder-4

Silica Aerogel
Polyimide foam

*6061-T6 aluminium plate

Dimension

900(H) x 570(W) x 156 (D)mm

. Launch mass 28.5 kg
Ram side
Return mass 9 kg
Structural Aluminum alloy

material

— — — red outline: SEED materials;

I H I AeroSpace

Wake side

: MPAC materials
SM/MPACR&SEED: Equipment for the Experiment
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Mission Schedule
Year 2001 2002 2003 2004 2005
Month 4 7 10 |1 4 7 10 1 4 7 10 1 4 7 10 1 4 7 10
SM#1 [ | 1 (315 da:ys' exposure)
No. SM#2 | ] (865 days' exposure)
sM#3 KX, * ' ' (1403 days

/ / exposure

(21 August 2001)
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3. Inspection Procedure

3.1 Visual Inspection of the entire surface of SM/IMPAC&SEED

Visual inspection for creation of basic data sets of impact-induced futures for curtain were
carried out according to the following procedures.

1) Each surface of the SM/MPAC&SEED structure (includes MPAC’s samples and SEED’s
environment monitor samples) was scanned with the aid of an 8x optical scope.

2) When an impact-like feature was detected, the ID of
the impacted part and the X and Y coordinates of the
impact were recorded.

3) Dimensions of the feature were measured, and
photographs and/or sketches were made of the
feature with the aid of a 50-175x CCD optical scope.

4) A morphological assessment of the feature was made JF'ss 7
(impact-induced or not) e
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3.2 Silica Aerogel Inspection

After removal of all aerogel tiles from the frame, silica aerogel tiles (exposed area:
37mm x 37mm per tile) were inspected with optical methods and chemical analysis

methods.
CCD scope

A silica aerogel tile

Three dimensional movable able

Overview of Silica Aerogel Inspection Procedure

Scan using an optical
CCD scope at 150-
200x.

Measure shape
parameters of
tracks (entry hole
diameter, track
length and entry
angle, etc.).

side-lighting

Vi

PR

EDS , X-ray diffraction and Raman
spectroscopic analyses analysis
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Silica aerogel tiles (exposed area: 37mm x 37mm per tile) were inspected
as follows:

1) Each tile was scanned individually with the aid of a 150x CCD optical scope.

2) When an impact feature (T/D.,~>1 and D.,>100um, T: Track length, Dent: Diameter of
the track on the aerogel surface) was located, its X and Y coordinates were recorded
and photographs and/or sketches of the feature were made.

3) Track length, inclination angle to the surface and other morphological parameters of

the track were measured, and particle remnants were searched for.
When typical tracks were found, aerogels were sliced with a microtome into thin, small

pieces of between 1 and 3 mm thickness and the following procedures were performed.

4) Optical microscope images and SEM images of selected typical tracks were obtained.

5) EDS, X-ray diffraction and Raman spectroscopic analyses were carried out to
determine the chemical composition of residues left in the tracks.
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4. Inspection results
4.1 Entire Surface of SM/IMPAC&SEED

An example of data record format for curation
Table. Example of data sheet (in Japanese)

toLs | RAM ?Laﬁ AN D) FERR G e (2)CCDXRO—J &% (3 BBt L | 1)
or 7 E S 3% e (o] X Y = = N 3 iRl m 3| *1
No | wake| . (mm) | (mmy | fEF BEen ZHID No. Rr9FNo.
BEE:127%179um © - .
POML-SM3-B ES— 4 _ e FREMNEZDAES
1 RAM 1 D>k 5 99 175 I7AN—RI—7 D IRBAD H H1-1-AB H1-D E%‘;‘?ﬁizmx 55 4m (é (o o) G S Bl [ B
1 RAM 2 ADHS-SMS™AL 52 124 175 | 974N —23-7 DEEBAD & H1-2-AB H1-@ %‘;%::2205025238 #m © E4Z:244 % 306 4 m
1 RAM 3 qu';';iM,j\é 70 38 175 T7AN—RI—T DEEBAD FH H1-3-A g E1%:146 X310 m PaN FTIR
< =INYV & ’ADﬁHsiswlisz 94 36 H ‘ﬁ PEZ OIS, S e Y <1 s Fes VY Sad=an H]—ﬁ ' [8 {2 :225 % 245 4 m > ’ o >
ID# |52 Position = |~ Inspection ... |..s| Size
ALTR-SM3DTH N ,
RELT ) 175 T e /
| |

X

@First quality level feature (Impact induced)
Osecond quarity level feature (Probably impact induced)

A Not impact induced

Typical impact feature
(first quality level)
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60 [ ‘
7’ /+
50T cf .~  Total Impact Features
Total Impact Features of .7 of MPAC&SEED
0 | MPAC&SEED include s
S 40 ; s
Q second quality level. P
E \ Pas SM#3
5 30} -
I3 MPAC&SEED Structure
E 20f
pa ,
ol sMm#1 - N
MPAC (Polyimide foam)
= A
0 *—— . . -_—\ = " 'ﬁ ]

0 200 400 600 800 1000\ 12006, 1400 1600
MPAC (Silica Aerogel)

MPAC (Aluminum Plate)

Number of impact features of the first quality level (Class |) on
SM/MPAC&SEED versus exposure period.

->the impact rate was almost constant

Exposure Period (Day)
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4.2 Silica Aerogel Inspection
4.2.1 Surface alterations of silica aerogel

O

315 days’ exposure

865 days’ exposure

1403 days’
exposure

RAM side surface

Non—flight surface

WAKE side surface

1403 days’
exposure

EDS analysis of surface

Ram Wake 5 mm
SM#1 Si*, O* Sit, 0*,C
SM#2 Sit@* SIN@sE

"the main ingreients of aerogel
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4.2.2 Shape of typical tracks in silica aerogels

Hypervelocity experiments on Silica
aerogels (Calibration shot) examples
(Kitazawa et al. 1999)

Track images in
MPAC aerogels

Impact velocity:
6.5 km/s @ 45°

Impact velocity:
4.8 km/s @ 45°

It is possible to estimate the impact parameters of the dust particles from the results of
the hypervelocity impact experiment.
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4.2.3 Chemical composition of captured particles

Metals (aluminum and others), TiO,, ZnO, CaCO, etc. were found.

100 T

3RC3 #7

Intensity

T T T T T T
200 400 600 800 1000 1200
Wavenumber (cm™)

Raman Spectrum of Inner

Surface of the Track
'll 1.0 mm I' f'- ‘.-;__I_ wrd SI
| — — — " - - — c
Track in 3RD3 o
. . Al
Estimated Impact velocity: about 7-10 km/s ‘
(Carbon was coated for SEM-EDX)

EDX Analysis of Inner Surface of the Track
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6 .3R.D3.#2
Example 2 (SM#1. RAM side)

Wavenumber (cm™)

70000 —4

) i Rutile |

. . 60000 ((;IL-%IZ%%m)
Captured Particle in 3RD3 . e Uiy, df
(Diameter: <2 um) 7 ParmaHP |

40000 4

30000 +

20000 A———— —r
200 400 6o 800 1000 1200
Wavenumber (cm™)

-WAKE Side

Composition of captured particles not yet determined.

Raman Spectrum of Captured Particle
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Example 3 (SM#2/MPAC)

0 S) 10

Al, C, Cu, Zn:Background

4WD1A
O A, O gilver oxide
5: Ap,S silver sulfide Acanthite

8]
S 3 5
U 0 s o 5
M L e S—

Captured Particles on Wake side X-Ray Diffraction Chart
Diameter: about 20 ym each (by Prof. TNAKAMURA, Kyushu Univ.)
Estimated Impact velocity: about 5 km/s
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SEM image

The feature of the captured particle;

» The mixture of Ag,0 and Ag,S.

» The aggregate of a particulate with a size ‘
of tens to hundreds of nm.

* The natural grain of about 1y m in
diameter is included.

Secondary Debris induced by
natural meteoroid impact on the
surface of the spacecraft.
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4.2.4 Estimated impact flux on silica aerogel
Comparison with estimated impact fluxes of RAM sides by detail inspection

results and calculated results "' of ORDEM2000,MASTER-2001 and MASTER-

2005 Model.
@Particle Diameter > 10 u m @®Particle Diameter > 20 4 m
e 7.E+02
= 2E+03 | — . — [ *
5 OMPAG2 §6.E+02 EMPAC *2
o 1E+03 E ORDEM2000 N\; [ ORDEM2000
i MASTER2001
E CMASTER2001 E PR EMA§T5R2005
£ ldER0E OMASTER2005 £
S S 4E+02 ___
: 1.E+03 - <
i (e
1 8E+02 | T 3E+02 |
o 3
= £
£ 6E+02 - o | | —
o 2 2E+02 © ]
z =
& 4E+02 © E
S £
£ 3 1E+02
O 2E+02 © '
0.E+00 0.E+00 ‘ ‘
SM1 SM2 SM3 SM1 SM2 SM3
(315 days’ (865 days’ (1403 days’ (315 days’ (865 days’ (1403 days’
exposure) exposure) exposure) exposure) exposure) exposure)

*1:Fukushige et al., 2007
*2:Estimated based on calibration experiments (Kitazawa et al.,1999)
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5. Discussion and Summary

5.1 Entire Surface of MPAC&SEED

(1)A database of impact-like features and parts’ IDs of all MPAC&SEEDs are available for
curation. The database also Includes detailed inspection results for MPAC samples. The
sample curation system and sample distribution plan will be discussed in the next step.

(2)The number of impact-induced features was almost directly related to exposure period and
the impact rate was almost constant. These data show that during the exposure period of

MPAC&SEED (October 15, 2001 - August 19, 2005), there was no noteworthy change in
the dust flux environment.

5.2 Silica Aerogel Inspection
5.2.1 Surface alterations of silica aerogel

The surface alterations of MPAC’s aerogels seem to be the result of the deposition of
carbon-containing particles (whether gas, liquid or solid) over the entire aerogel surface.
The attitude control thrusters widely used on space stations contribute significantly to the

formation of a gas-particle environment. The effects of contaminants emitted from the
thrusters of the ISS, Soyuz and Progress are under discussion.

Location of Soyuz,
Progress, SM, and
MPAC&SEED.

[photograph courtesy of The Boging Company]
RAM Side View WAKE Side View

Location of Soyuz, Progress, Service Module, and MPAC & SEED
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5.2.2 Typical tracks in silica aerogels

Regardless of any surface alterations of the aerogels, the shape of penetration tracks are in good
agreement with track shapes observed in hypervelocity impact experiments .Therefore, it is possible to
estimate the impact parameters of the dust particles, such as their diameter, impact velocity, impact
direction, etc., from the results of the hypervelocity impact experiment.

5.2.3 Chemical composition of captured particles

The captured particles were mainly metals (aluminum and others), TiO, and other artificial space debris.
One space debris particle is secondary debris formed by natural meteoroid impact on the surface of the
spacecraft.

5.2.4 Estimated impact flux on silica aerogel

Flux values estimated from inspection of the aerogels are decreased with exposed duration.
But the values which predicted by models are not decreased.

Surface degradations of aerogels reduce surface inspection's sensitivity.

And the flux values of inspection results decrease with the duration.

Though the degradations reduces the sensitivity, Flux values estimated from inspection of the aerogels are
a little higher than predicted by models.

The causes of elevated flux levels may be;1)models uncertainties, 2) contaminants emitted from the ISS,
Soyuz, Progress or the Shuttle, 3) secondary

6. Near Future Plans

Detailed inspection of SM#3/MPAC and analysis of contamination will be carried out. An
MPAC&SEED experiment is also scheduled for the Japanese Experimental Module (Kibou).
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