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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.
Three MPAC units were aboard the Russian SM (Service Module) of the ISS (International Space Station,
performs experiments regarding capturing dust particles in orbit. Silica aerogels and polyimide foams are

used as the dust

(or the dust” s fragments) capturing materials, and metal plates are used as measuring

materials of dust fluxes. The MPAC unit is complete passive equipment and does need no electrical power
or communication. The exposure duration of each unit is about 1, 2 and 4 years respectively. After the
exposure duration, MPAC units were brought back to the earth and retrieved. One more unit is installed
on the front surface of “KIBO” (JEM : Japanese Experiment Module).In this paper we describe on the
overview of MPAC experiment, which includes (1) Development of the MPAC unit, (2) Hypervelocity

impact experiments, and (3) Post flight analysis (PFA).
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1. Introduction

The Micro PArticle Capturere (MPAC) is a passive
experiment designed to evaluate the micrometeoroid and space
debris environment and to capture particle residues for getting
material information by chemical analysis. The MPAC
experimental equipment is consisting of three identical units
(numbered SM1 to SM3) deployed on the exterior of the
Russian Service Module (SM) of the International Space
Station (ISS). MPAC is mounted on a frame about 1 m long,
which it shares with the Space Environment Exposure Device
(SEED), a materials exposure experiment. MPAC experiment is
not only useful for evaluation of the dust environment in the
orbit of ISS, but also useful in estimating the effects of dust
collisions on the ISS, and getting material information of dust
particles to identify dust origin.

MPAC experiments on SM (hereafter, SM/MPAC) are the
first systematic debris capturing experiments in the world.
Since three units are complete same structures, it is able to
purely evaluate space environment effects (ex. Impact flux,
varieties of chemical data for impact residues) only by
difference of exposure duration. And since aerogels are used as
dust capturing material, material information of the captured
dust particle, and impact parameters (incident direction, particle
diameter, and impact velocity) are estimated. As the results,
SM/MPAC(&SEED) mission is important not only as a
precursor mission of ISS's exposed experiments, but also as a
great opportunity of research of dust origin through the material
information of captured dust particles.

Each MPAC equipment contains aerogels, polyimide
foams with polyimide films and an aluminum witness plate.
The most important material is Silica-aerogel [hereafter
aerogel]. It is used for intact capturing of dust particles and also
used for estimations of impact parameters (incident direction,
particle diameter, and impact velocity) based on the impact
track morphology.

2. Overview of the MPAC experiment

Fig.1 shows the project scenario (mission outline) of
SM/MPAC. The project consists of major three tasks; 1)
Development of dust collectors, 2) Hypervelocity impact
experiments (calibrations of dust collectors), 3) Post flight
analysis (PFA). In following sections, details of the tasks are
described.
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2.1 Development of Dust Collectors for the SM/MPAC

The mission plan of “SOCCER” (Comet Coma Sample
Return Mission) was propped in 1988. Hypervelocity impact
experiments and simulations on many kinds of low density
materials were performed for basic study for the SOCCER [1].
But the mission was not accepted, because no comets which
have encounter velocity less than 6 km/sec were found in that
time. In addition, the mission plan of the SOCCER was
succeed by “STARDUST” .

Based on the SOCCER heritage, the developments for
aerogel dust collectors were started in 1995 for focus on
measurement of micro debris. Characteristics of the aerogel are
followings. 1) Since the aerogel is very low density (~0.03
g/cm’®) material, it is effective for intact capturing of dust
particles. 2) The aerogel is transparent and it is easy to locate
dust captured in the aerogel. 3) The aerogel is consists mainly
pure silicate (SiO,) and it is robust material against space
environment. In 1997, the aerogel dust collectors were aboard

aerogel. But the pore size of the foam is several ten
micrometers and is very larger then the aerogel pore size which
is a few to several nanometers. Although the large pore size is
not suitable intact capturing of dust particles, but the low
density portion is enough to capture of fragments of dust
particles. And the cost of the foam is very lower than that of
aerogel and the handling of the foam is very easy. In addition,
the polyimide film (thickness: 12.5 pum), which is covered on
the exposed surface of the polyimide foam, is sensitive to dust
impact and it is useful for the estimation of the impact flux of
dust particles. The polished metal plates (6061-T6 Aluminum
plate) are used for detail estimation of impact flux, estimation
of impact energy, and analysis of residual material (if possible).
AU (gold) plates will be used for JEM(Japanese Experiment
Module “KIBO”)/MPAC. Fig.3 and Table 1 show dimensions
and locations of SM/MPAC equipments.

Table 1 Dimensions of MPAC Equipments

Ram side Wake side

the space shuttle (Fig.2). Details of the flight experiment are r:teﬁa: TIZIZS 35"9‘;‘3" A'Ee: °: One 11;'3/ P;ate T'2|:s 35’@;""’ A'Ee: °: One ]?e/P)'ate
. rogei x 37 mm (thickness 15 mm, x 37 mm (thickness 15 mm,
reported by Kitazawa et al., [2], and NASDA and NASA [3]. Polyimide | 4 Jowo ties: 50 x 785 m™ 2 Jtwo tlos: 50 x 78.5
Foam (thickness 30 mm)
two tiles: 50 x 63 mm
(thickness 7 mm)
6061-T6 1 ]13.6 x 15.25 mm (thickness 2 mm) | - -
Aluminium
Plate

*the same tiles have both ram— and wake—exposed surfaces.

2.2 Hypervelocity Impact Experiments

Detailed understanding of hypervelocity impact-induced
features on MPAC dust collectors is help to get information of
characterization of the dust particles environment (ex. mass,
velocity, material of dust particles). We performed
hypervelocity impact experiments on MPAC equipment
materials, mainly aerogels and metal plates. In following
sections, we mention the experiments

Fig.2 Aerogel Dust Collectors on the Space Shuttle
(STS-85), 1997 (Kitazawa et al.,[2]).

2.2.1 Hypervelocity Impact Experiments on Aerogel

One MPAC/SEED unit Laboratory hypervelocity impact experiments were

Holdort B EEES D conducted to verify the performance of aerogel dust
jolder- . . . . .
5"""9:";;'2;;""3"‘ collectors to derive the relationships of various parameters
Holder-2 characterizing the projectile with morphology of tracks left
Sample the space debris . . . .
and micrometeoroid by the penetrating projectile in the aerogel pad. Aerogel
environments . . .
= MPAC collectors were impacted at velocities ranging from 1 to 14
Holder-3 T km/s with projectiles of aluminum oxide, olivine, or
L — g"l"a_ A,:"’ge' — sodalime glass, with diameters ranging from 10 to 400 pm.
*Polyimide toam . ..
Holder *6061-T6 aluminium plate Table 2 shows the summary of the experimental condition,

|
i1 .
i I;': and Fig.4 shows measurement parameters. Data from

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

"E’E_;

laboratory experiments used in the MPAC study comprised

Launch mass 285 kg

Ram side

FEop— Wake side 149 hypervelocity impact data points, among which 141
S Auminum alloy were from the plasma-gun of the Hypervelocity Impact
— -~ red outline: SEED materials; —— green outline: MPAC materials Facilities (HIF) of the Space Power Institute, Auburn

Fig.3 Locations of MPAC Equipments

For the SM/MPAC, another low density material is also
used. The material is the polyimide foam with polyimide film.
Objectives of the material are 1) Estimation of impact flux, and
2) Capturing dust particles fragments. Bulk density of the
polyimide foam is 0.011g/cm3 and the density is lower than the

University, 4 from the two-stage light-gas gun of the
Institute of Space and Astronautical Science(ISAS/JAXA),
JAPAN, and the remaining 4 from the electro-thermal gun of
IHI Corporation., JAPAN. The ranges of impact velocity
covered by the three data sets were 3 - 14 km/s with the
plasma-gun, 1 - 5 km/s with the light-gas gun, and 1 - 2 km/s
with the electro-thermal gun. As the results of the hypervelocity
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impact experiments, shapes and dimensions of the penetration
tracks left in the aerogel collector were correlated with the
impact parameters, and the results permitted derivation of a
series of equations relating the track dimensions incoming
projectile size, impact energy, and other projectile parameters.
In addition, a simplified model, similar to meteor-entry
phenomena, was used to predict the trends in experimental
penetration track lengths and the diameters of captured
projectiles. Details of experiments are described in Kitazawa et
al.[4]. In here, we introduce typical experimental results, which
bring useful information for the design of dust collectors and
for the PFA.

Table 2 Summary of the Experimental Condition

Category Item Value Unit
Environment vacuum level 10 “or10! torr
Projectile temperature room temperature

diameter 10400 wm
material AlO,, olivine, glass
Impact condition velocity 1-14 km/s
angle 90, 45, 20 degree
Dust Particle Aerogel
D, track diameter at entrance
b, D, track diameter at widest cross section
/ 9 T  ftracklength
imp D, diameter of captured particle
D,  diameter of particle before impact

V’:rv impact velocity
6,y angle of impact against collector surface
0, angle of track against collector surface.

Fig.4 Measurement Parameters of the Hypervelocity
Experiments on Aerogel Dust Collectors (Kitazawa et
al.,[4])
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Fig.6 Relation between track diameter at the aerogel surface,
D,y , and projectile diameter, D,. (Kitazawa et al.,[4])

Fig.5 shows relation of aspect ratio of the tracks (7/D,,,) with
impact velocity. At impact velocities below 6 km/s the
projectiles were captured without fragmentation by the aerogel
collector and, in many instances, without complete ablation
even at 12 km/s. Fig.6 Relation between track diameter at the
aerogel surface, Dent , and projectile diameter, D,,.

The main results obtained are summarized as follows:

1) The silica-aerogel collector (density: 0.03 g/em®) is
feasible for the intact capturing of dust particles.
capture projectiles without appreciable damage at impact
velocities less than 6 km/s, and even has the capability to
capture some part of projectiles at velocities as great as 12
km/s.

Projectiles can be captured under the following condition,

It can

D, <12:10" /6 v;,,. eee (1)

where D, is the projectile diameter, ¢ is the projectile
density and v;,,, is the impact velocity of the projectile.

2) Dimensions and features of penetration tracks
caused by projectiles impacts are correlated with projectile size
and impact velocity.  The aspect ratio (7/D,.,;) and track
features correspond to the impact velocity of the projectile,
where T is the track length, and D,,, is the track diameter. At
velocities lower than about 5 km/s, 7/D,,, is greater than 10,
and the tracks are “carrot-shaped”. The characteristics of the
track change, depending on the impact velocity range. At
impact velocities less than about 3-4 km/s, many branches
around the track and the bottom of the track are observed, and
are similar in shape to the appearance of aerogel pricked by a
needle. At impact velocities greater than 3-4 km/s, there are
few main branches around the “trunk™ of the track between the
surface of the aerogel and the bottom of the track, but there are
small branches or cracks surrounding the bottom of the track
and just before the bottom, and the shape of the end of the track
often fits the captured projectile shape.  Above about 5 km/s,
the aspect ratio 7/D,,, decrease with increasing velocity.
Particularly at 12 - 13 km/s these quantities assume very small
values, and the spindle-shaped or crater-shaped track becomes
dominant. When 7/D,,, 210, the track is spindle-shaped
and sometimes has several branches at the bottom of the track.
In some cases, fragmented projectiles are found in each branch.
When 7/D,,, < 10, the track is crater-shaped and the tracks have
few projectile fragments.

Figure 11 shows D,,,, which increases with projectile size.
The relation between D,,, and D, obtained by the least squares
fit is represented by
D, =8.0D,, oo (2)
and the correlation coefficient (r) of the equation is 0.6.

Also indicated are the best-fit lines for data from tracks
both with and without residue.  Dent for tracks which have
projectile residues are the following;

Dy = 5.6D,, e (3)
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while, Dent of tracks which have no projectile residues are the
following;
D¢y =9.0D, eee (4)

The track angle measured from the surface of the aerogel

(0 ) gives information on impact angle (& ;,,) for 7/D,,, <
10.

3) Projectiles captures in aerogel and those before
impact are almost the same in chemical content, although
captured projectiles have a partial ‘cover’ of molten aerogel.
Even when no captured projectile can be found in aerogel with
an optical microscope, chemical components of the projectile
are sometimes detected on the inner wall of the penetration
track.

Those correlations suggest that it is possible to estimate

projectile impact parameters from penetration track
observations when post-flight analysis of the dust collectors is

performed.

4) A simplified model can predict penetration track
This model
assumes that a projectile penetrating into an aerogel suffers

lengths and diameters of captured projectiles.

dynamic drag and ablation from the aerogel in a similar way to
that of a meteoroid penetrating the atmosphere.

The velocity v(#) and mass m(t) of a projectile are
represented by the following equations,

I S(pve) -1 S(1) >+ T O)

av(t)
m(t) il

dn(t) __ . S(pVE) e (6)

dt 20

where ¢ is time, [/ is drag coefficient, S(¢) is midsectional
area of the projectile, o is density of the aerogel, 75 is tensile
strength of the aerogel, Ais heat-transfer coefficient (equal to
or less than unity) and Q is latent heat of vaporization or
fusion of the projectile.  The second term on the right-hand
side of equation (16) represents the effects of tensile strength of
the aerogel.  The length of the penetration track (7) is given
by the following equation.

T= [ vwa - s (7)

where ¢, is time at which v(#) = 0, and ¢, is estimated by

% mte) V(te)* /S<K. (1 —v)/E> e (®)

where Kc is fracture toughness of the aerogel, » is Poisson’s
ratio of the aerogel and £ is Young’s modulus of the aerogel.

The method is an appropriate analytical treatment of
hypervelocity impacts of projectiles on aerogel.

2.2.2 Hypervelocity Impact Experiments on Metal Plates

Details of experiments are reported in Kitazawa et
al.[5].All hypervelocity impact experiments were carried out
using the plasma gun at Auburn University - A square shaped
target was used for this study (Al: 10cm x 10 cm x 2mmt, Au:
10cm x 10cm x Immt). Table 3 shows the experimental
condition and Fig.7 shows measurement parameters. Crater
diameter (Dc) and crater depth (P) were measured using a laser
microscope (Lasertec 1LM21) with accuracy of = 0.1 pm. Dc
and P measurements refer to the initial target surface as
reference datum (Fig. 7). Detail morphological fixtures of
craters were observed with a Scanning Electron Microscope
(SEM), and identification of projectile specific elements of
residual materials in craters was performed using an SEM
Energy Dispersive X-ray (SEM-EDX) analyzer (Elinox
ERA-8000 with EDAX DX-4).

Table 3 Experimental Condition

Category of Item Value Unit
Conditions
Environment Vacuum Level 10° Pa
Temperature Room Temp.
Projectile Diameter 5-135 um
Material AlLO;,
Impact Velocity 3-10 km/s
Condition Angle 90 Deg.

(vertical to the target surface)

D.D

Target Surface \llv""p ai”"’
Y
\ \ \ )//
k\ L P - D,: Projectile diameter
Vit Impact velocity
D, 0., Impact angle

D.: Crater diameter

P: Crater denth
Fig. 7 Measurement parameters of projectiles and craters

Fig. 8 SEM image of the
crater on the Al plate.
Projectile material is
ALQO;, projectile
diameter (Dp) is 34 x 48
pm, impact velocity
(Vimp) is 6.3 km/s, crater
diameter (D,) is 135 pm,
crater depth (P) is 48
um.

Fig. 8 and Fig. 9 show examples of craters on Al
plate and Au plate respectively. Most craters were round
in shape and possessed raised rims. The greater part of
the impacting projectile can still be found. In Fig.10 and
Fig. 11, the projectile material can be found at the wall
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and on the bottom of the crater, and it also can be found
as ejecta around the crater. Especially, in case of the Au
plate, a large amount of the projectile residual can be
seen on the bottom of the craters. It seems that the
amount of residual in craters on the Au plate is relatively
greater than that on the Al plate.

(a) SEM image of the crater
on the Au plate.

(b) EDX mapping image.
Light dots show Al
components of the same
area of the SEM image.

50um
Fig. 9 SEM image and EDX element mapping image
of the crater on the Au plate. Projectile material is
ALQ;, projectile diameter (Dp) is 45 pm, impact
velocity (Vi) is 4.2 km/s, crater diameter (D) is 66
pm, crater depth (P) is 25 pm.

Mizutani [6] reviewed the previous semi-empirical
equations for various material combination of targets and
projectiles, and he suggests a relationship of projectile
kinetic energy () and crater diameter (D) as follows;

D, o« E"’ e (9)

Fig. 10 shows the crater diameter

(D.), as a function of the 1/3 power of ,:
projectile kinetic energy. The best-fit i {by JAXA)

relationship between D, (um) and E(J)

are described as the following equations.
Pre-Flight

53
1000 g
F Al Plate
D, =230E'%+53
PN (r=0.7)
£
=
S 100 E
£
g e P Target Material
5 10 k u @ Al Plate
® Ay Plate [JAu Plare
S D, =6326"°
(r=0.9)
1
1.0E-02 1.0E-01 1.0E+00

(Projectile Kinetic Energy)”s: EV (Y
Fig. 10 Relationship between crater diameter (D.) and
the 1/3 power of projectile kinetic energy.

2.3 Post Flight Analysis (PFA)

The procedure of the pre-flight inspection, the post flight
and detail analysis of SM/MPAC(&SEED)
described in Fig.11. Before the fright, the preflight inspection
was performed on whole SM/MPAC&SEED structures and on
each samples at the Baikonur Cosmodrome, and the inspection

analysis, is

was consists of the visual inspection and the photographic
survey using a camera (PENTAX 6711) with lenses (9 Omm
F2.8 and Macro 100 mm F4). After the flight, the same
inspection was performed at the S.P.Korolev Rocket and Space
Corporation (RSC) “Energia” in Moscow. We did after-flight
inspection SM1, SM2, and SM3 individually, just after
retrieves of the sample holders. Objectives of those inspections
were recording of the surface condition at just before the
launch and at the just after the flight. The inspection results
were used for quick comparison between the pre-flight and the
post flight and are used for the baseline data of surface
conditions of each SM/MPAC&SEED. Those data will be
included for the data base for the culation.

The PFA is divided in two phases. Main purpose of the
first phase is making data base for curation and detail analysis
of several typical impact features. The data base includes visual
inspection results on the entire surface of SM/MPAC&SEED
and MPAC samplers. Details of the inspection procedures

P Post Flight Analysis (by JAXA) F_. .
[First Phase] H

Al: D, =230E"? +53 «= (10)

-Visual Inspection
-Photography

with a correlation coefficient of 0.7.

eoe

(11)

N |

i After-Flight

Au: D, =623E"’

with a correlation coefficient of 0.9.
The diameter of a crater (Dc) is

l (at Baikonur)

-Visual Inspection

correlated with projectile kinetic energy i | Photograghy

(E) as shown in Fig. 10. Therefore, it is
thought possible to presume the kinetic
energy of a projectile from the diameter i
of a crater. :

(at Moscow)
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Fig. 11 Procedure of PFA (Post Flight Analysis)
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described in the section 2.3.1. In addition, inspection data and
discussion of dust impacts on the 6061-T6 Al plate and
polyimide foams are reviewed in Neish, ef a/.[7] and Neish, et
al.[8]. In here, we mentioned the visual inspection of the entire
surface of SM/MPAC&SEED and the inspection and analysis
on aerogels.

2.3.1 Inspection Procedures
(1) Visual inspection of the
SM/MPAC&SEED

Visual inspection of the entire surface and creation of
basic data sets for curation 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 microscope. 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 with accuracy of
0.lmm. 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 (Charge-Coupled Device) optical scope
((KEYENCE VH-Z25 (CCD fiber scope lens) and VH-6300
(Image recorder and device controller)). 4) A morphological
assessment of the feature was made (impact-induced or not).

entire surface of

(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 as follows: 1) Each tile was scanned individually
with the aid of a 150x CCD optical scope. 2) When an impact
feature was located, its X and Y coordinates were recorded and
photographs and/or sketches of the feature were made. 3)
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. After the slicing of
aerogels, 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. [Details of
4) and 5) are described in Noguchi, et al.[9].]

2.3.2 Inspection results
(1) Visual inspection of the
SM/MPAC&SEED

Visual inspection of SM/MPAC&SEED was conducted on
all sample holders. Data sets of impact features were compiled

entire surface of

for curation (Fig. 12). Morphological judgment placed the
feature in one of three categories. Class I (the first quality
level): hypervelocity impact-induced features which meet all of
three criteria (<1> the feature has a crater-like rim and/or
central peak, <2> the feature has radial cracks and/or ejecta,
<3> the feature has a shape similar to those induced by
hypervelocity impact experiments.). Class II (the second
quality level): probably hypervelocity impact-induced features

which meet one or two of the criteria. Class III: not
hypervelocity impact-induced features. The number of
impact-induced features was almost directly related to the
exposure period (Fig. 13). The impact rate was almost constant,
with the sum of Class I and Class Il events about 15 impacts

per year.
Table. Example of data sheet (in Japanese)
| ID# | Position | | Inspection -~
] e | o | conditions .,
X-po

Features were categorized into three types.

©First quality level feature (Impact induced)
OsSecond quarity level feature (Probably impact induced)

Typical impact feature
yp P A Not impact induced

(first quality level)

Fig.12 An example of data record format.

60 |
7’ ’+
50 cf: .7 Total Impact Features
Total Impact Features of i of MPAC&SEED

% 40| MPACBSEED include PR
-3 second quality level. e
E N\ A4 SM#3
s 30
8 - MPAC&SEED Structure
E 2
z

10 ) B2 77 K MPAC (Polyimide foam)

gt

0 v
0 200 400 600 800 1000\ 1200, 1400 1600
) MPAC (Silica Aerogel)
Exposure Period (Day) N
MPAC (Aluminum Plate

Fig.13 Number of impact features of the first quality
level (Class I) on SM/MPAC&SEED versus exposure

(2) Silica Aerogel Inspection
1) Surface alterations of silica aerogel

Fig. 14 shows surfaces of retrieved aerogels. The aerogel
surfaces on the WAKE side are yellowish and have countless
fine cracks. SM3/MPAC and SM2/MPAC display more
pronounced yellow discoloration and more fine cracks than
SM1/MPAC. The appearance of the surface of the aerogel near
the cracks is similar to that produced by the deposition of metal
vapor with a thickness on the order of one um. In contrast, the
RAM sides became whitened and a maximum of about seventy
very minute tracks (D,,, <20um, and 7<300um) per aerogel
were detected in SM1/MPAC. Moreover, in SM2 and SM3,
about a thousand foreign bodies were found in each aerogel
(milk-white ellipses, average diameter about 100 um) instead
of minute tracks. Similar shapes are produced when atomized
organic solvent hits the aerogel. EDS detected carbon in
addition to the Si and O that are the main ingredients of the
aerogel. Details of the surface alterations are discussed by
Noguchi, et al.[9].
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Fig. 14 Surface alterations of exposed aerogel.

2) Typical tracks in silica aerogels

Fig. 15 shows comparisons of two impacts with
hypervelocity impact experiment results (Kitazawa, et al.,[5] ).
Regardless of surface alterations of the aerogel, tracks from
experimental hypervelocity impacts are quite similar to those
seen in flight experiments.

Track Images in
MPAC aerogels

Examples of Hypervelocity Impact
Experiments (Kitazawa et al. 1999)

Impact velocity:
6.5 km/s @ 45°

Impact velocity:
4.8 km/s @ 45°

Fig.15 Comparison of tracks in MPAC aerogels with
experimental hypervelocity impact tracks.

3) Captured particles
Combined SEM,
(TEM), micro Raman spectroscopy, and synchrotron radiation

transmission electron microscope

X-ray diffraction analyses revealed that captured particles are

space debris, secondary debris, and a micrometeoroid,

respectively. Details are discussed in Noguchi, et al.[9].

4) Estimated impact flux on silica aerogel
We compared calculated impact fluxes of the three
environment models with the impact fluxes on aerogels. Fig.
16 shows a comparison of the impact flux estimated from
inspection of the aerogel and calculated results from
MASTER-2001, MASTER-2005 and ORDEM 2000
(Fukushige et al.[10]). Particle diameter d was estimated
using a linear relationship between d and Dent , which shown
in Fig.6 and equations (2) — (4). By the surface alteration of
aerogels, it is difficult to inspect small tracks and it was not
able to estimate the fluxes of diameter >10 um of SM2
aerogels and SM3 aerogels.
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Fig.16 Comparison with impact flux of MPAC aerogels and calculated
results of three models (Left: Particle diameter >10 pm, Right
Particle diameter >20 pm )

In Fig.16, impact fluxes of aerogels are seemed to be in
inversion portion to the exposure period and the fluxes are
greater than model results.

3. Discussion

3.1 Entire Surface of MPAC&SEED

A database of impact-like features and part 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. In Fig. 4, 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.

3.2 Silica Aerogel Inspection
3.2.1 Surface alterations of silica aerogel

In a previous aerogel experiment in space (Kitazawa, et
al.,1998), no noteworthy surface alterations were reported. In
contrast, the surface alterations of MPAC’s aerogels are quite
remarkable, and seem to be the result of the deposition of
carbon-containing particles (whether gas, liquid or solid) over
the entire aerogel surface. Problems in the operation of space
stations such as MIR and ISS are strongly related to the
gas-particle environment that forms around the station, which
can contaminate external surfaces. The attitude control
thrusters widely used on space stations contribute significantly
to the formation of a gas-particle environment[11]. The effects
of contaminants emitted from the thrusters of the ISS, Soyuz
and Progress are under discussion. Detail analysis results on the
surfaces of aerogels are reported by Noguchi, et al. [9].

3.2.2 Typical tracks in silica aerogels

Regardless of any surface alterations of the aerogels, the
shape of penetration tracks, which are presumed to have been
formed by hypervelocity collisions with dust particles, are in
good agreement with track shapes observed in hypervelocity
impact experiments (Kitazawa, et al.[4]). 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. The
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typical carrot-shape tracks captured dust particles and the
chemical analysis on the particles were performed by Noguchi,
etal. [9].

3.2.3 Estimated impact flux on silica aerogel

Flux values estimated from inspection of the aerogels
shown in Fig.16 are contradictory to the inspection results on
the entire surface of MPAC&SEED (See, 3.2.1). Surface
alterations of saerogels induce the difficulties of surface
inspection of aerogels. As the results, it is thought that it seems
seemingly that flux is decreasing by the alterations. It assumes
that there is no remarkable change, the inspection result of SM 1
should be trusted and ,the flux value is five to 100 times higher
than calculated fluxes by the models. The causes of elevated
flux levels may be; 1) model uncertainties, 2) elevated flux
values from dust swarms (dust clouds), 3) contaminants emitted
from the ISS, Soyuz, Progress or the Shuttle, 4) secondary
debris. It is thought that at least the flux of the smallest
particles (less than 10 um) is affected by contaminants.

4. Summary
4.1 Development of Dust collectors

Based on the SOCCER heritage, dust collectors were
developed for focus on measurement of micro debris. Aerogel
is selected for the dust capturing material, and as the auxiliary
material, the polyimide foam with polyimide film is selected.
The polished metal plates (6061-T6 Aluminum plate) are used
for detail estimation of impact flux, estimation of impact energy,
and analysis of residual material (if possible). In addition, AU
(gold) plates will be used for JEM/MPAC.

4.2 Hypervelocity Impact experiments

Laboratory hypervelocity impact experiments were
conducted to verify the performance of dust collectors The
shapes and dimensions of the penetration tracks left in the
aerogel collector were correlated with the impact parameters,
and the results permitted derivation of a series of equations
relating the track dimensions to incoming projectile size,
impact energy and other projectile parameters. A simplified
model, similar to meteor entry-phenomena, was used to predict
the trends in experimental penetration track lengths and the
diameters of captured projectiles. The diameter of a crater is
correlated with projectile kinetic energy. Experimental results
helped the design of dust collectors and will give useful
information for the PFA.

4.3 Post Flight Analysis

Main purpose of the first phase of the PFA is making data
base for the curation for sample users and detail analysis of
several typical impact features. The data base includes visual
inspection results on the entire surface of SM/MPAC&SEED
and MPAC samplers. Those data will be included for the data
base for the culation. Detail analysis of several typical
impact features suggest MPAC samples captured many space
materials (meteoroids, space debris, secondary debris and
contamination materials). Surface alteration of aerogels, which
were caused by contamination probably, causes the difficulty
for the surface inspection, and more sophisticated inspection

methods should be developed.
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