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Detection performance of CLOTH sensor validated by impact experiments
and computer simulations

O®EJI

At PR M2 AR EE, RE K&, David Veysset?,

Mostafa Hassani-Gangaraj’, Steven E. Kooi’, Christopher A. Schuh?®, Keith A. Nelson®,

el

B4 O R, REP Al

Ritsuko Jitsukawa', Takayuki Hirai®, Hiroyuki Mochizuki', Eigo Ishioka', Haruki Nakano',

Sunao Hasegawa®, Toshifumi Yanagisawa®, Kazuyoshi Arai', Hajime Yano?

NEBORS:, P THELERY, *~¥Fa—t v Y TRREE, Tl S

1. &

FHZEMICHELET D ARX—AT 7 U RFHE

(XA ) 7o EOkOZFO%EHANE, ZihvE
TALHESRERICHER L EHREE o Fick -
THED LN TED, EROEZE® I HE
i IR AR OGKIN G, FRCE R ~E+um LA
FDORBRLANZ DWW THEHNS o e E DR 23
TERD-oT= V. 22T, FHMZENICH TS

(Japan Aerospace Exploration Agency, JAXA) &%
BORZFTlE, FHERE O KRy % &8 D% fEkr
2444 (Multi-Layer Insulation, MLI) (2, J& 7%
Polyvinylidene fluoride (PVDF) 7 ¢ /L A Z$AGA
ToZ & T, KBl BHIRE AN AN ZE 7288 B >0 K AH
DKL F-E 2L o O 2D TS, [Cis-
Lunar Object detector within THermal Insulation
(CLOTH)| & findh &7z Z D% @ W — (A%
W F 28t o OFH EGE T, BT R
254 [EQUilibriUm Lunar-Earth point 6U Spacecraft
(EQUULEUS)? | |Z#5fi &41, 2019 FREERICHTH
LFFPETHD .

ARS8 TIX, EQUULEUS @ MLI & —{f&{k L7z
CLOTH DO il &, T o OB - #5158
H L, CLOTH ki 28 i RE 2 RHli 3 5.
FRICAAEEET, 28 EE~2 km/s FREE & THIS N D
AN DERBIBIZ OV THET L, B35k &2

EFRAT > BAF D ITZRERIZ OV THET 5.

2. CLOTH

WERK—H%2DT77Z =2 12 & (Earth-Moon
Lagrange point 2, EML2) FEIE~DHIAT - MifE% H
F&§34 EQUULEUS (23T, CLOTH I #4717 dv,
BRI X A MBI AZAT O PETH L. FFiC
EML2 fEHIKCO X A M3 E OBFHINE Z L E T
BRI 72 <, FRROMER-H Z 7T ¥ 2 )FHETE
DEFCHERICA R, 7770 2 8D
EADERRE RS D52 Lo bry, &
PR E AR, CLOTH O iR L O 7 v
AT LRI Fig. 1 123380 Th 5. CLOTH
DOEBIZ 10 B 7 4 L AFEEETHY, PVDF
T ANV ENMLI O 2 JE B A E T
Hi&EThoH. PVDF 74 VLU ETIEY—F

1Space .
/ Al-coated Polyimide film

Polyester net

BER—— Al-coated PVDF film

\ Al-coated Polyester film

Al-coated Polyester film
/ Al-coated Polyimide film
E/ Space Craft structure panel

Fig. 1 CLOTH f& i DR .

signal harness

This document is provided by JAXA.



— B A VERE IKAROS ([CH#H S -4 % b
Z Ol %E ALADDINY TEE O & 5 1k % B
L7, FHld PVDF 7 4 Vbt Y DFREIC
X, FEEEAAA—F AN S, (55 0ER
L A~DIRN D

MR- DR O g2 Hi@m L, PVDF 7 ¢
Nt Y EA~FEET S L PVDF 7 (L ADEE
HFIZ L > CTEMMBRET H. vz (s 5 0Ein
FEESCALEE L, M RS E SR T 5 1 B R IE
XEHWHZ LT, BRELZY A NOEREEHEN
THZENAEETHD 0.

3. CLOTH OHMRERDHZ R b

EML2 fEIIC & HIEk—H JE0 BT & RARIC & A
FRZAILTCWD ERET D L, BHEOFREI S
WIZH R D ZfEEO RN R D XA F)
CLOTH IZffiZ8 3 5 L Ex bid 9. HEB IOV
REZEFE T HREME A ML, —RFAYITHIER
—H RICHiE S 7o /hRIK (Temporary Captured
Orbiters, TCOs) 7>H @ Wi # A + (LLF EML2
HFAR) Thbh., KETITFMIE LD, ThTh
DX A D EQUULEUS FEAA & D F-2IFH % 1 %€
HWEIT 1255 km/is (1o)E, ~2km/s THD &R
Shs.

T, TNHDOX A O L H DRI
SOWTC, Fig 2 [T 1AUICBII DX AN T T v
7 AET L DN, EML2 I CH IS TE D L UE
T 5L, BEMA A )Y EQUULEUS @/ X )b

2 T T T T T T T T T s
0K . — interplanetary flux—]
5 =2 lunar flux
.:'!
k-4t
w _6 -
g
B
-0k
A2 -
<14
18 -
-18 b | i i 1 { | 1 1 ! H
-8 -16 -14 12 10 -8 -6 -4 -2 C 2

log m ig/

Fig.2 A 77 v 7 2E7 /v (1AU) .

v va U, 6 » HIZ, CLOTH & > W mfk
437 cm? \ZHEZRAC 1 [EILL EEZE3 5 2 A M idkL
B14um LT ETFHRIESND.

4. EML2 ¥ % MEZRER

EML2 % A h OFEZEEHEERICIL, v Fa—
Ty Y TRRFEIA O L — 3 — s 285k (Laser-
Induced Particle Impact Test, LIPIT)® % fv 7=. LIPIT
X —VP—RETRETIEDT 7L —a v
Ya—LTRYTLE T 4V N E LR
H—OPT O UL EIETH LN, KEBRTIIARY
LT 4V NIRWT, SAGEICEEER T
MESETIELE. Z ORI X > TRABIK
TTHEHLN, B 7 v BREOHM/NRLT 5%
A= MUV THEERIEDL I LNTELH D
&Y LIPIT O CTH 5. TR, FRIWBRITRIE
4,7 um DAFENT T A (B 1.85 glem?®) L Rif% s,
10,20 um DR T A BEH 7 A (FEFE 2.55 glem® D
PR 7% FHVY, fEZ9HE ¢ 0.4-2.4km/s OFFH & L
7. FRRYIZIE CLOTH # s L O° CLOTH i
HERAME 12.5 pm JEDO FHE T L S =7 AIRAER Y
AIRT7 4L EHEL, Wk FORE®E, BEEZFE
fili L7=.

5. ERERER

LIPIT % FHU 7o 22 28R T b 7 R 7 1
2898 % Fig. 3 (2R $. EML2 # A h D22 T,
BEE 2SR L 72 D720, L, 23 =F4
JE ) A CHEMER) e 28 = LT\ D K 9 I2H
HILDH. ZHUX, AT E CTO BT AH A

[P - RS =

Fig. 3 LIPIT %€ 32527 515 5 4172 CLOTH oM E

OEZERE G (E2E5:0F - Bk 20 um,  f#f
ZEWEE 1140 mis) .

This document is provided by JAXA.



PN T2 [R]— 18758 S 0D HROBHABT 22 SR 18R C L & AL 7 1
ZYE L FER WV RZ R LTV 5.

F 7, ®22EERT, CLOTH M0 HsME %2 E
WLRWEAIZ PVDF 7 4 L At 0B s
BoND ZENbhotz. AWFFETIE, CLOTH I
HEORINE 2 Bl LS il cE 5 L ER
LTWD2, S%OBFRETHDL L NRD.

6. CLOTH O A MMEHETHI

ZIVE TOEZEERR & BAEMATRE RS, Kk
4 um Ll E 14 um L RO X A MR RHERISRTH 5.
Z DOy, AR A A MIEESEHEE O 12 km/s T
W29 5 2 & BRI 4-14 um DS CTH 1,
EML2 % A N2 km/s TEZET HZ &b, MRl
TRRERER D HRIEE 9-14 ym TH D L b o7z,

H A S OEZEHEE FIRICIE, Fig.2 D 1AUICE
FHXANGAAET VE W, XA R #EZET
LI via W% 6 » AR, CLOTH Off g
% 347cm? &9 5L, CLOTH ~OfEZE4HE 1L, 2
B AN (fEZHE 12 km/s) 23 4 [\, £ LT
EML2 # A | (fiZ2EE 2 kiys) 723 2 [A] & Pl S
b, ZHET, RFFSEETIEIFANT T v 7 AE
TMZT Y 2 bIZ Lo THEEINZEREMZ X
rOSAET IV DERAWTE . FHBFERC
BWTHIRLFEmOpiiEE LTHOWOHNTWSE
TNTHLNR, ZOETMIBNTH, 77v7
ZDORMEEM 1o (£ n, n: ) Z77 2%
—1 #iTohsH. 77 v 27 A (=F [number/m2/year])
DARFEEM 101X, FEHEOSENSHBEE n
[number]Z VT

FElo=(nxV n/(AX1) [number/m"2/year]

TERTIENTEDH. 22T, A=004m> LT 5 &,
CLOTH TR v ¥ a VHIIFIZ 4\ (n=4) DR
MAARNPBHETE S 52 &1, log(lo)=048 T
HY, BRIHIHWZT T v 7 2ETVORREENE

ZIRUTICTE5 ETPHllcainnsd. X »TCLOTH
T+ X A MR E AT 5 EHIFF SN D.

7. fEmEESBORE
ZIVE TOEY & 5% OEIZ OV TRT.
LIPIT % M\ T, EML2 fEIKIZIUNT~2 km/s
FREECHEZET 5 & THISND X A b DOE 2R
EFEBR A FfE L7=. LIPIT ZfH\W5 2 & T, K
[T TIEd 208, I 7 v BEOR T
ZHREIZE XD Z LN AREL e o 7.
EZ2 9280 & BUERT 0 O, BEN TSN D
B DI D — DD & A - O SR 70 1 785H
FEIZR T DR AE RS o 72, &VEE
Bl 546, EMZ A MX4E], EML2 ¥
A NI 2 FERH SN, BFEA RO
REREL S DL bhoTz.
LIPIT Z MW7 E 22 EBRTIX, FEEEOA 12
L EEREIGSND Z EBnbhote. T
bbb, HilkOMRMKS L OERN 0BG
HE & PVDF 726 OHIME SITHER S LN D
EEZEZBND.LIPIT TIXEZET = LN % E A
FCTHY, BIMERIZE > THRFTTHTET
b5b.

BE 3R

1) Krisko, P. H. et al.: ORDEM 3.0 and MASTER-
2009 modeled debris population comparison, Acta
Astronautica, Vol. 113, pp. 204-211, 2015.

2) Funase, R. et al.: Flight Model Design and
Development Status of the Earth—Moon Lagrange
Point Exploration CubeSat EQUULEUS Onboard
SLS EM-1, 32nd Annual AIAA/USU Conference
on Small Satellites, abstract id. SSC18-VII-05,
2018.

3) NASA | Space Launch System, International
Partners Provide Science Satellites for America’s

Launch Maiden  Flight:

Space System

https://www.nasa.gov/exploration/systems/sls/inter

This document is provided by JAXA.


https://www.nasa.gov/exploration/systems/sls/international-partners-provide-cubesats-for-sls-maiden-flight

4)

5)

6)

7)

8)

national-partners-provide-cubesats-for-sls-maiden-
flight (2019.3. [ ).

)11+ 5 : EQUULEUS-CLOTH D H EiHk
HPERERTAN, 25 62 MIFH Rt A EdindE &=
AL, 2Cl6, 2018.

Hirai, T. et al.: Data screening and reduction in

interplanetary dust measurement by IKAROS-
ALADDIN, Advances in Space Research, Vol.59,
pp- 1450-1459, 2017.

Mochizuki, H. et al.: Development of a signal
processing circuit of the micrometeoroid impact
sensor within a multi-layered insulation (CLOTH)
on the exterior the 6U spacecraft EQUULEUS, 12th
Low-Cost  Planetary = Missions  Conference,
SESS03-12, 2017.

Griin, E., et al.: Collisional Balance of the
Meteoritic Complex, Icarus, Vol.62, pp.244-272,
1985.

Veysset, D. et al.: High-velocity Micro-particle
Impact on Gelatin and Synthetic Hydrogel. Journal
of the Mechanical Behavior of Biomedical
Materials, Vol.86, pp.71-76, 2018.

This document is provided by JAXA.


https://www.nasa.gov/exploration/systems/sls/international-partners-provide-cubesats-for-sls-maiden-flight
https://www.nasa.gov/exploration/systems/sls/international-partners-provide-cubesats-for-sls-maiden-flight



