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Space Debris 1957-2016

o Movie by Stuart Grey, University College London [UCL]
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Space Debris 1957-2016
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o Silica aerogel: L ARk

Colloidal foam of hanoscale SiO, particles
o Transparent

o Tunable bulk density [0.01-1.0 g/cm?3]

Determined by the silica—air volume ratio
M. Tabata et al., Nucl. Instrum. Methods A 623 (2010) 339.

o Feasible surface modification > Hydrophobic

Promising medium to capture cosmic dust inside it
o Micron size [~10 um dia.]

o Hypervelocity [Max. ~16 km/s in low-Earth orbifs]

Low-density aerogel [0.05 g/cm3] Dust impact cavity

i W o e = 2

Impact frack

Ca pTured

% \j _ / dust grain
% I Laboratory gas gun shot sample
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o Stardust: NASA's comet Wild-2 dust sample return mission
o Launched in 1999 and returned to Earth in 2006
o First extra-terrestrial object’'s sample other than the Moon
o Interplanetary and interstellar dust at cruising phase

o Flyby dust collection by a density-gradient aerogel-based sampler
o Aerogel density: ~0.01 g/cms3, [Surface], ~0.05 g/cm?3 [Bottom]
o Flyby speed: 6.1 km/s

Artwork of the Stardust spacecraft - B Aerogel dust collector

Science

Dec. 15, 2006

Stardust Impoc’r. oevity

AYAAAS
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o LAD-C: Large Area Debris/Dust Collector aboard the
International Space Station

o Project unfortunately canceled before building the system due to
a political reason in 2007

o Observation of ~100+ uym debris

o Potential risk of impact to orbital satellites
o No ground-based observation by radar
o Use of 10 m? aerogel-based collector

o Hybrid dust detection

© Sdmple return by 0.06 Q/Cm3 |C1rge— Acousﬁc-ensor
volume aerogel tiles |

Scale model of LADR-C

Prototype of the hybrid dust detector

o Real-fime detection by an impact sensor

[using acoustic vibration of aerogel
by dust impacts]
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o Japan’s first astrobiology mission \OLOGY
T ‘:,‘@05 ’4%

in space [International Space Station]
/.

o Test of interplanetary transfer of life
or its precursor

o Tanpopo [in Japanese] = Dandelion
o Spread of dandelion’s seeds on Earth
- Transfer of life in space

o Proposed in 2007
Tanpopo

o Mulilifaceted sample return mission
o Cosmic dust capture experiment
by silica aerogel as intact capture media

o Microbes in terrestrial dust o 25+ institutes
o Organic compounds in interplanetary dust o 50+ collaborators
o Space debris Biologjist
S . Chemist
o Space exposure experiment o
Physicist

o Terrestrial microbes

. Planetary scientist
o Organic compounds

Engineer

O O O O O
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SpaceX’s Falcon 9 rocket launch o Rocket launched in Apr 2015
o 2016, 2017, and 2018 samples
o Arrival in the ISS

o EXHAM exposed in May 2015
o Capture panels for 2016 attached to the EXHAM

o EXHAM recovered in Jun. 2016
o CPs for 2016 restored in the Pressurized Module

o Cargo spacecraft retrieved in Aug. 2016

o 2016 sample analysis and 2017 sample exposure
in progress

Dragon splashdown

EXHAM exposure o space

© SpaceX

© JAXA/NASA
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Box-framing aerogel + 0.03 g/cm3

o 0.01 g/cm? ultralow-density aerogel

o World's lowest density used in space
M. Tabata ef al., Nucl. Instrum. Methods A 623 (2010) 339.

o Double-layer [box-framing] aerogel
o Surface layer: 0.01 g/cm?3 [Very brittle]
o Capture ~10 um dust particles
o Base layer: 0.03 g/cm?3 [Relatively tough]
o Protect the surface layer from vibrations
o Capture high-energy dust particles

o Both the layers chemically combined
M. Tabata et al., J. Sol-Gel Sci. Technol. 77 (2016) 325.

o Contamination-controlled aerogel
o Sterilized tools
o Clean booth [Class 1000]

o Flight aerogel production in Mar.—Apr. 2013
M. Tabata et al., Biol. Sci. Space 25 (2011) 7.

Hin # “70—/\VGREE LTOFET 7Y | IBKEPEICHSIFFREBENERAHNS" FO—
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el

ox9x17cm’ 3 RIS

Ll_l-l 1) Base layer synthesis

i 2) Base layer removal

3) Sufface layer synthesis

Presenterin the Tonpo aerogel
clean booth @Chiba Univ.
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o Aerogel + container = capture panel [CP]

o Type-1 panel: 1 unit

Type-2 panel: Connected 2 units = 2 chambers

o 12 units x 3 years =36 units
o Interface with the EXHAM
o Withstand rocket launch vibrations
o Maximize the dust capture performance
M. Tabata et al., Trans. JSASS Aerosp. Technol. Jpn. 12 (2014) Pk_29.

~—
»
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Exposed Experiment Handrall
Attachment Mechanism [EXHAM]

. { Hondroll S

~© JAXA

/

:& Offset
2.cm :—\m
/X S oo grem
:

<

0.01 g/cm3

0.03 g/cm3

MEKMEEEICH T AREBENEREH,S” FO—/\Jb - DTV AHERSE 2017/07/12 FEXF



* v 7Fv—I\RIVODIEHMILT [@FwHEH ISAs] 31/38

Aluminum sheet box

o Capture panels assembled in the Tanpopo clean
room at ISAS [Class 1000]

o 36 units [18 type-1 panels, 9 type-2 panels] in Dec. 2014

o Assembly procedure:
Form an aluminum sheet box Presenter in the Tanpopo

X clean room @ISAS/IAXA
Place an aerogel in the box —

Install the aerogel box in the panel
Attach the lid |

Atftach an panel cover

e

Aerogel box installation

r
/
. i

~ J A

Al sheet
spacer

Wag

e
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o Safety requirement for an ISS payload: Not to disintegrate aerogel
segments, which can escape from the capture panel

- Potential risk to the ISS crew

X

Robotic arm

. )

& Wirlock ~

N, o

‘3 Pressuri'ze""'-
g Module

P S
\ e _
© JAXA/NASA ¢

o Acceptance [sampling] tests: Vibration test [
o Vibration test -
o Vacuum test

o Depressurization/repressurization
w/ 1 kPa/s

o Thermal test
o From —-135°C to 85°C
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H Work area inside a tabletop open clean system
o Aerogel tiles transferred from CPs B I o e amreom

fo AHs inside a contamination-
controlled environment [ISO level 1]
o 2016A samples: 8 tiles in Oct. 2016
o 2016B samples: 3 tiles in Apr. 2017

o Transfer procedure:

. Disassemble the CP

2. Extract the aerogel from the CP

3. Measure the aerogel dimensions & weight
4. Assemble the AH

—
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o Another possible habitable zone in our solar system:
Saturn’s moon Enceladus
o NASA's Cassini mission [Saturn and its satellite system observation]
o Gravity field analysis suggested:
o Underground ocean [Liquid water] Enceladus’s.icy océanworld
o Plume analysis detected:
o Organic molecules Ui,
o Nano-silica particles ice crust
o Hydrogen molecules [Free energy] il

o Hydrothermal environment Y_,C?'Obg' Ocely
by fidal heating

- Possible extra-terrestrial life

o Enceladus flyby missions
proposed by NASA and JAXA

o Plume particle in-situ analysis and
sample return based on ,
the aerogel intact capture technique ~ Waferplume jefs

© NASA/JPL-Caltech
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o Two-stage light-gas gun experiment
o Ground-based laboratory simulation of hypervelocity impact
o 7-mm dia. bullet [Max. 7 km/s]

Target chamber -
[Downstream] = |

Presenter

~ Dust particles o
b _—

Two-stage acceleration mechanism 2nd stage
1st stage ! ‘
| < Diaphragm
Gunpowder Piston H, gas cylinder Projectile  Launch tube
\ \ (7 mmao)
""Q'Vh-u \ J
}."’4,\_ "‘=> I }
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