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Examples of hypervelocity impact experiments on electric 
power harness of satellitespower harness of satellites

Power supply Projectile 
material

Projectile 
diameter ( m)

Impact velocity 
(km/s)

Result

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 discharges100V/3A stainless 300 4.01 sustained disruptive discharges

Reference
JERG-2-144-HB001 ’JAXA Space Debris Protection Design Manual Appendix 2 ‘

Before impact After impact

JERG 2 144 HB001 JAXA Space Debris Protection Design Manual Appendix 2
(published by JAXA, 2008)
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0
NASA ORDEM2000 ESA MASTER 2001 ESA MASTER 2005NASA ORDEM2000 ESA MASTER-2001 ESA MASTER-2005

>10 μm >100 μm >1 mm>10 μm >100 μm >1 mm

Difference among models appeared between 100 μm and 1 cmDifference among models appeared between 100 μm and 1 cm.

>1 cm >10 cm >1 m

NO DATA

MPAC&SEED (JAXA)

S h ti i f il bl d b i lid ti i LEOSchematic view of available debris validation sources in LEO
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Technical Issues

Technical issues regarding dust particles 
(meteoroids & space debris) of approx. 100 ( & p ) pp
micrometers to several millimeters in size

1. Depending on the size, impact may 
d h i h d hdamage the wire harness and other 
equipmentequipment 

2. Space debris flux (number ) for the p ( )
size range not well known

8
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10Kitazawa et al., 2010
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Improved prototype sensor (FY2009/10)

Stability during sensor performance Sensor unit (sensor area:10cm 10cm) y g p
evaluation

No loss of terminal area.

Yield rates for sensor’s conductive 
strips

Data (severed signal) discernment

100 %

Signal discernment certainly possible.

Sensor films Detection
The mass of the data acquisition 
circuit

Total mass of sensor unit: 160 g

Circuit units

Total mass: 160g

Sensor material: Cu-coated
polyimide film 

Total mass of sensor unit: 160 g 
cf.  FY2008/09 model: 470 g

(without wire-harness)
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Hypervelocity impact experiments on sensor
(February 2010)(February 2010)

P t t d tPrototype dust sensor
Vacuum level:  <5 Pa
Temperature: Room temperature

Two-stage light gas gun (ISAS/JAXA)
p p

14

Experimental conditions

Vacuum level (Pa) <5 Environmental 
conditions

Temperature Room temperature

Projectile material SUS304, GlassImpact conditions

Projectile diameter 
(μm)

50 – 516 

I t l it (k / ) 1 9 7 0Impact 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 holesignal and perforation hole

50 μm

50 μm

Example perforation holeExample perforation hole 
on sensor surface

P j il SUS 309

Signals of perforation holes

Projectile: SUS 309 μm
Impact velocity: 4.65 km/s

16

Signals of perforation holes

Experimental results
Projectile dia vs Perforation dia- Projectile dia. vs. Perforation dia. -

Di f j til ( ) D

17SUS and glass projectiles travelling at 5.2–5.3 km/s
Dia. of projectile (μm): DP

This document is provided by JAXA.
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Experimental results
Projectile velocity vs Perforation dia- Projectile velocity. vs. Perforation dia. -
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18
SUS projectiles with diameter of 309 μm

Experimental results
All data- All data -

DH

DH: dia. of perforation hole
n: number of severed strips
d: width of conductive strips 
p: pitch of conductive strips

Dia. of perforation hole (μm): DH

19

(n: number of severed conductive strips)
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Experimental results
All data- All data --

Debris size and 
measurement error 
are accurately 
estimatedestimated.

(n: number of severed conductive strips)

20

(n: number of severed conductive strips)

Study plan for FY2010/11

1. Design & manufacture a BBM model
1 unit are: 35 cm x 35 cm
Space proven manufacturfe methods and partsSpace proven manufacturfe methods and parts

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

3. Conduct hypervelocity impact experiments on sensor 
Oblique impactsq p

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

21
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Example application on satellitep pp

Dust sensors mounted onDust sensors mounted on 
rear surface 
of MLI’s first layer

Debris particle

22

Sensor ex. ASAT
2009

Separation

2009

Separation
Mechanism
Flange

Real time dust measurementReal time dust measurement 
network using small satellites

Kitazawa et al., 2009
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Summary

1 P t t d l f d t f ll f t d1 Prototype model of dust sensor successfully manufactured.

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

Data (severed signal) discernment: Certainly possibleData (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

.
cf.  FY2008/09 model: 470 g  without wire-harness

2  Dust sensor performance evaluated by hypervelocity

Projectile diameter estimated from number of signals from

p y yp y
impact experiments

Projectile diameter estimated from number of signals from 
severed  strips .

24
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