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Proposal of area sensor to detect space debris impact
using direct potential drop on resistance film

by Shinya FUKUSHIGE
Yasuhiro AKAHOSHI
Takao KOURA
Shoji HARADA

Abstract

The current measures for space debris in International Space Station are bumper protection and avoidance based on

ground observation. However, there is no effective measure against space debris between 1cm and 10cm which can

perforate a pressurized wall. The only measure is evacuation of crew in a punctured module. In case of the occurrence

of perforation hole, the decompression informs perforation of crews but the promptly detection of the leak point is

difficult. It is important to install a health monitoring system to detect perforation hole on a space structure for

decision of escape direction and repair area. In this study, we propose a perforation hole detection system for space

debris impact. This system uses a resistance film which bonds to an insulated Al plate as an area sensor. When space

debris perforates the Al plate, the Al plate and the resistance film conduct each other by a plastic deformation of the Al

plate and a perforation hole is detected by measurement of a resistance value which changes in response to the distance

from a measurement point to perforation hole. The effectiveness of this monitoring system was verified by not only

the numerical analysis, pseudo-perforation hole tests but also hypervelocity impact tests.
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Fig.-1 Configuration of monitoring system
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Fig.-2 Measurement points and perforation hole
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Fig.-7 Condition of detection test
Table-1 Result of numerical analysis
Measurementpoint (25,25) | (175,25) | (25,175)
Resistance[ Q] 171 196 143

(0, 0) (200, 0)

(25,25) (175, 25)

(55.0, 121)
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Exact value
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Fig.-8 Result of detection
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Table-2 Result of test with pseudo-perforation hole

Measurementpoint (25,25) | (175,25 | (25,175
Resistance[ Q] 163 186 144
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Fig.-9 Result of detection
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Table-3 Conditions of hypervelocity impact test

Material Shape | Diameter[mm] Massfg] Velocity[km/s]
Polycarbonate | Cylinder 10 1 3

Projectile
direction

Al2024
200x200x3[mm]

Insulator

Resistance film

Fig.-10 Configuration of hypervelocity impact test
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Table-4 Result of hypervelocity impact test
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4. 2 &

BRI ERBAMEERTIE, BBILOME,
ﬁ%é%tﬁhﬁfﬁﬁﬁélﬁf%t.ﬁﬁgﬁﬂ%
AW EBRTIRMBEOREICE, 1FFERHL TSN,
H@BAOKZZIZTONWTIE, BER20[mm] I L THEE
11.3[mm] THIXFEE43.5% /20, BERKFEET S Z
EWETERM. ZORERELT, HEE®LELT
W SEMm IR &IPS O AR E Z 5N 5.

AREE - FHEG

BOREICEL TE, KO~ THWOEYIED

ErLOoTWBD, EMIKFIOZEIRMIMTNS,

UL, BElOoKEZOEEICEL TE, RO»5H

MmBHEIIC, PIEEEEZANWTWSZD, EMEHo

REEZITTLED I EDDONSE., ZOZEEENDD
12, 9 DEFUE I MM R, & N L 72K

-2t
. ZVLZIe—E——(Rﬁ—R,) o8
rm
a5z, ROOWLEED, WEENSRE DB
B r, EEOBEILER r, DHEET ERKEN S,

-2m R

n_,p ®

p

RWMET T TICET EFig-12 £785. ZHiTk 3 &,
10[Q] BEOHEAMEKSI T, BBALOMEMIIEEDOMED
¥nshdlEnbng, £, EEE@EALZEZHAWER
FEEBROBEOEMIESL 8.17[Q] THho/=Z &bho
7z, .
BEEEHRERICBLTIY, BHEEILICLSFEEE
B &R CHERR D IRPUIR 2 L2708, $Eaighiom 82 K
LZFTWS, ZOEOEBEILOKEZIDOFREMEI 1
X107 [mm] EIEHIT/NIREERD, KREIZHEET
LT EMTERMSE. TOEEOEMEIZR®ICE
T 368[Q1 Tho7=. /-, MEDHEEDKMEEE,
FEEEELZ AW ERICIERTEENKRENOZ.
3, BELORAKRSE TH -EENEsNaho
HThdEEZLND, LML, BUEFHECBEEE B
ZRWEERBRTIE, MBOREICKIIL TS Z M5,
EHED AIRNDEEH EEZRETHI LIS TE
WFLEFI TH /28 @255 e TENE, EBEOD

10 , , ,

107 ~ ~ |

r'r
PP

L | 1 i

0 20 40 60 80

Contact resistance[Q]

100

Fig.-12 Contact resistance



U LOBEREMEEFAL 27 7V BRI 2L > JORE

HRICBWTHHEBADOMEZRIET DI ENTEDLL
EZZ2o6N05. ¥k, BRLORZEZORECDVTHHE
FRIC, BPURORESHEEZRETHILICELT, &
FRRE OBMIEY 2155 Z &N TENL, TOEMEKH
EHELS TH &K, BRLOKEZZFRET
HIENTES.

5. ¥&

AW, AAFHEBEEMICBWT, F7 U O#HRIC
L BRMILERIETH I ENTEBESYY TP AT
LAZEBETHIHNTITODN, Wk v& L TRbEE M
W3ZET, BEAONBZEZFAETES AT LARRE
THIENTELE, HATHBEYICBIT2HEFE DR
HOBHEFOBES VWD I LEEZDEAEZYY >
FIAF LI EEEE L TWSENWR S, Bilfl
DOREIDBEEBEERFORIEREZL, EPEOEES
FEOHEL, TOEMIKNZAED S ZLICL>Thk
IRBHIENTEDEEZLNS.

6. #

ABRENTEREST I b - X Fr— - EVR
2 - FRT B U = KER AR B OB O R
b EERL, BHOEEET

7. BEXWK

(1) National Research Council, “Protecting the Space Station from
Meteoroids and Orbital Debris” National Academy Press,
‘Washington D.C., 1997

(2) International Space Station Status Report #04-2

© (AREE, NVAEZY Y T K- T b B BR
iy - ERO/RREEM, 1999, SRS

@ BAMZEFHESE B52% B6055, FE MMME - B
B AT LHFROBIR], 2004

B) JISK 7149 BELT 5 AF v U O 4RENEIC K HIRFURABR S
%



