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ity pact experiments on electric

Power supply | Projectile Proje‘j:tile Impact velocity | Result

material diameter (um) | (km/s)
60V/2A Al 600 3.97 sustained disruptive discharges
100V/3A Glass 500 4.35 sustained disruptive discharges
100V/3A stainless 300 4.01 sustained disruptive discharges

Before impact After impact

Reference
JERG-2-144-HB001 *JAXA Space Debris Protection Design Manual Appendix 2 °
(published by JAXA, 2008)
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Table 3 Specifications of ALOS “? = 10" - [ :
2 ETILEDOERKX
Launch 24 January 2006 % '+
Lifetime | 3-5 years v
Satellite body 6.5 x3.5x4.5( m) ;__'ii 103+

Size
Solar array paddle 3 <22 ( m )

Sun synchronous sub recurrent -
Orbit Altitude 692 ( km ) 10~ -
Inclination 98.2 ( degree )

IO-? 1 1 ] 1 1
1077 10 107 1072 107! 10°

Diameter ( m )

Fig. 5 Flux against diameter in the ALOS orbit

ALOS(I=Lv6 DELEDERISVIR
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REMGTIVEBEBETIL(ISVYHIRETIL) O LLEF (FEE A - 1108)
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Technical Issues

Technical issues"'_r-garding dust particles
(meteoroids & space debris) of approx. 100
micrometers to several millimeters in size

1. Depending on the size, impact may
damage the wire harness and other
eguipment

2. Space debris flux (number ) for the
size range not well known
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FRER VY ICHT AEET I DBEEEEHEAER
(2010£42H)
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(RHEDAS: 50um)E

Kitazawa et al., 2010 10
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(1 (a)) o

Detecting Circuit

(2) sHAIRE
BROWMEZEIWICRIT S LITKRY,
FALDER(RB) 1R,

BEL-EROK. BROWE., EvFHds
(a) Detector strips on a thin film Z Fw ﬂ.,rx‘%%l.iﬂ“ (@ 1 (b)) o

I I I ) I%I (3)FHBIX R &HRIEH
EHRIRR  HE100 u mBLEDF X
(b) A strip is severed by a debris " E-I-iﬂIIIE E : ﬁx F*ﬁﬁs ﬁ%ﬁg

Fig. 1 Concept of the detector (%ﬂﬁ&zj@*ﬁiﬁ(:ﬁgﬁ?é:&(:;l’), 9,%
OEZREE - A+ EHEIFTEE)
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Stability during sensor performan
evaluation ;
‘ No loss of terminal area.

ce

Yield rates for sensor’s conductive
strips

% 100 %

Data (severed signal) discernment

‘ Signal discernment certainly possible.

Sensor films Detection
| Circuit units | The mass of the data acquisition
circuit
Total mass of sensor unit: 160 g
cf. FY2008/09 model: 470 g
(without wire-harness)

Total mass: 160g

Sensor material: Cu-coated
polyimide film

12
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Hypervelocity impact experiments on sensor
(February 2010)

Prototype dust sensor
Vacuum level: <5 Pa
Temperature: Room temperature

Two-stage light gas gun (ISAS/JAXA)

14
() C C Ci OI1'10 U

Environmental Vacuum level (Pa) <5
conditions

Temperature Room temperature
Impact conditions Projectile material SUS304, Glass

Projectile diameter 50 - 516

(um)

Impact velocity (km/s) [1.9-7.0

Impact angle (° ) 90

(vertical to sensor surface)
15
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Example correspondence between

signal and perforation hole

oy

“

T T BT Projectile: SUS 309 ym
Impact velocity: 4.65 km/s

A -

Example perforation hole
on sensor surface

Signals of perforation holes

16

Experimental results

- Projectile dia. vs. Perforation dia. -
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SUS and glass projectiles travelling at 5.2-5.3 km/s 17
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Experimental results

- Projectile velocity. vs. Perforation dia. -
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Projectile velocity (km/s): Vp

SUS projectiles with diameter of 309 um
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Experimental results

- All data -

All experiment data

Dp=1.39x10"1 D, 28
(r=0.98) . s

DH(Maximum} =np+ d+ p
DH(Mfm'mum) = ﬂp‘l'd_p

Dy: dia. of perforation hole

0 100 200 300 400 500 600
Dia. of perforation hole (um): D,

Dia. of perforation hole vs. Dia. of projectile

700

n: number of severed strips
d: width of conductive strips
p: pitch of conductive strips

(n: number of severed conductive strips)

19
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Experimental results
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Study plan for FY2010/11

Design & manufactur ' BBM model
® 1 unitare: 35 cm x 35 cm

4

e Space proven manufacturfe methods and parts

2. Envirment tests on a BBM model
® Thermal-strain tests

3. Conduct hypervelocity impact experiments on sensor
® Oblique impacts

4. Mission planning (case study)
® Effective measurements using small satellites

21
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Example application on satellite

Dust sensors mounted on
rear surface
of MLI's first layer

)

Debris particle

INIFEICKDETRIRY T—0 DB

/ .
WINTF I FBEEBIEET 3 EOENE/STA—4
Sensor (ex. ASATIZ &k ZEBIEZ{L, EHEENE=4, )

\ (J\IR, 20091=&3)

Separation
Mechanism
Flange

Real time dust measurement
network using small satellites
Kitazawa et al., 2009
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s

Prototype model of dUst sensor successfully manufactured.

4
@ Stability during sensor performance evaluation: Stable
@ Yield rates for sensor’s conductive strips: 100%

eData (severed signal) discernment: Certainly possible

@ Total mass of sensor unit: 160 g (Sensing area: 10cm x10cm)
cf. FY2008/09 model: 470 g without wire-harness

Dust sensor performance evaluated by hypervelocity
Impact experiments

@ Projectile diameter estimated from number of signals from
severed strips .

24
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