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Ejecta Evaluation of Debris Impact for Realization of
Geostationary Earth Orbit Photovoltaic Satellite
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When small space debris or meteoroids impact the surface of a spacecraft at hypervelocity, secondary debris called
“ejecta” are generated. Currently, ejecta are not considered a major issue due to the low collision rate in high-altitude
orbits. However, recently, large-scaled structures such as space solar power satellites (SSPS) in geostationary orbit
(GEO), have been studied, and if the number of large satellites continues to increase, the collision rate of small debris
cannot be ignored. For this reason, a bumper structure has been proposed as one of the measures for preventing ejecta.
Before large-scaled structures on geostationary orbit are developed, we have an experimental plan to examine the
hypervelocity collision characteristics for future design of “Bumper Structures” using space materials which might be
used in the future SSPS on GEO. In this talk, quick reports of some preliminary experimental results will be addressed
in advance to protection design of “Bumper Structures” against small debris impacts.
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Space Solar Power Systems(SSPS)
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Converting solar energy into microwave or laser light into
microwave or laser light and transmit it to the earth.

SSPSDO %1

feature of SSPS
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SSPS need several kilometers square
in Geostationary Earth orbit(GEO).

s.Kawamoto, IAC-22-B6.5.10,(2022)
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Debris in LEO enters the atmosphere
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Natural removal is possible
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On the other hand, debris in GEO has less atmospheric resistance and may remain permanently
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Natural removal is not expected.
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Space structures in GEO must control debris generation
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Ejecta
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Secondary debris created when space debris impact with spacecraft, etc.
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Debrls ﬂUX In (GEO) 34 —— :22:: ZES E::Z with Meteoroids
SSPSO) ﬁ*§h§6km2%é | —— ORDEM GEO Debris

If SSPS area is 6 km2 ¢

MMODE&E D EZE 107

Impact between SSPS and MMOD
O100umLlE #FAME

100 ym or more
Tens of millions of times

O1mm,1cmilt # (=]

1mm,1cm or more

103 4

Debris flux[/m~2/yr]

._.
5]
b

1077 1
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Thousands of times 10-6 10-5 Jo-4 1072 10-2 10-1 100 101 102
Size [m]
. Debris flux in GEO analyzed with different
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EjectaF 4D A] RETE debris environment models

Possible EJeCta Occurrence S.Kawamoto, IAC-22-B6.5.10,(2022)
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Debris flux in (GEO) 10° ] , 1 ; ] : :
- Geostationary Orbit = Man-made space debris
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Earth-oriented GEO (35,786km),leading front surface
C.Widermann et al., 9th Space Debris Workshop(2021)
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Evaluation of ejecta in GEO using impact experiments
P2 i
Evaluation of ejecta

BE= %% Xl

Ejecta mass Number of ejecta Distribution of ejecta
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Exp. w/ capture

Exp. w/o capture
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Two stage light gas gun

Pump tube  Velocity measurement section  Sabot separation plate Target

Launch tube \

Ignition chamber

High pressure coupling | Blast tank Polyester film

Sabot separation section

Material : A2017 Material :PC
(T Diameter 1 @1.0£0.1mm L Diameter : ¢6.0mm
50 & Mass:1.5mg B i fﬁ‘f " Mass: 120 mg
ol it i
Projectile Sabot
FRS
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EER {4 Experimental conditions

50mm 50mm

D E—

WP(front)
Target Spacecraft Materials
Impact Velocity 1.2+0.2km/s
Witness Plate Copper Plate (C1100-0O)
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EEZ {4 Experimental conditions

Target

Triangular antenna

Solar cell front Solar cell rear

W{Q} —
2023/1/18 9 { A hEHRE
“taopare)

This document is provided by JAXA.



F10E [RR—RFFTUT -2 gy 7] #HEERE 491

B X#zZEA

N AHTI X%

FEIORRR—RTITY T =397 (11/28-30)@JAXATA TR

WP#E2#T /3% WP Analysis Method

Microscope Systems
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verse equipment
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Analysis Procedure

Scanning of the entire surface of the Witness
Plate before and after the experiment

v
Magnification Resolution [pixels]  pyjfferential processing before and after experiment
60 ~ 360 1600 x 1200 ~
Detect impact scar coordinates and size
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IR KB #E =B (Exp. w/o capture)

Experiment Target Impact
Number 9 Velocity[km/s]

#1STS22-40 Honeycomb
#2STS22-41 Antenna

Solar cell

i, 1.2+0.2

#35T1522-42 (front—rear)

Solar cell
#A4STS522-46 (rear—front)
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#1(honeycomb)
STS22-40
Impact Velocity(km/s) 1.23
Projectile mass(mg) 1.5
Ejecta mass(mgq) 0.5
Penetrating hole(mm)
front 0.967 x0.949
rear 0.813x0.700
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FE&HE R Experimental results
#1(honeycomb)
STS22-40 Front hole
| I— 0.967 X 0.949mm

Overall view Enlarged view

impact side
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#1(honeycomb)

Rear hole
ST322-4Q __ 0.813x0.700mm

¢ 30%1 N
Overall view

rear side Enlarged view
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#2(Antenna)
STS22-41
Impact Velocity(km/s) 1.19
Projectile mass(mg) 1.5
Ejecta mass(mgq) 2.5
Penetrating hole(mm)
front 0.750x0.717
rear 0.803 xX0.755
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#2(Antenna)
STS22-41 Front hole

0.750 % 0.717mm
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Overall view Enlarged view

impact side
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#2(Antenna)

STS22-41 Rear hole
; s | o 0.803x0.755mm

B

L
0 80 70
5‘0

M.

Overall view Enlarged view
rear side
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#3(Solar cell front—rear)

STS22-42
Impact Velocity(km/s) 1.07
Projectile mass(mg) 1.5
Ejecta mass(mg) 2.9
Penetrating hole(mm)
front 0.477%x0.468
rear 2.194 x 2.296
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#3(Solar cell front—rear)

STS22-42 Front hole
0.477 X 0.468mm

Overall view Enlarged view
impact side
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EEREEE Experimental results

#3(Solar cell front—rear)
STS22-42 Front hole

2.194 X 2.296mm

E

Overall view Enlarged view
rear side
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EERHE B Experimental results
#4(Solar cell rear—front)

STS22-46
Impact Velocity(km/s) 1.35
Projectile mass(mg) 1.5
Ejecta mass(mgq) 7.5
Penetrating hole(mm)
front 0.986 X 0.976
rear 0.608 x 0.608
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#4(Solar cell rear—front)

STS22-46 Front hole
0.986 X 0.976mm

(g

Overall view Enlarged view
impact side
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#4(Solar cell rear—front)

STS22-46 Front hole
0.608 X 0.608mm

09 7 s v sO0be w

Overall view Enlarged view
rear side
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WP 5
#2(Antenna)STS22-41

0.025~0.05
10 + 0.05~0.075
+0.075~0.1
20 +0.1~0.15
°0.15~0.2
8o r 00.2~03
40 | ©0.3~0.4
T . 3 00.4~05
% 50 - ﬁt_
60 | . ¢
70
80
90
100
10 20 30 40 50 60 70 80 90 100
X [mm]
WP Overall view crater distribution on WP
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WPH i [X]

#3(Solar cell front—rear)STS22-42

- 0.025~0.05
10 0.05~0.075
+0.075~0.1
20 «0.1~0.15
°0.15~0.2
30 1 ©0.2~0.3
40 L ©0.3~0.4
.E. £ . 00.4~0.5
E 50 r
>
60
70 +
80
90
100
10 20 30 40 50 60 70 80 90 100
X [mm]
WP Overall view crater distribution on WP
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EE&E R Experimental results

WP7 i
#4(Solar cell rear—front)STS22-46

- 0.025~0.05
10 f : | +0.05~0.075
t +0.075~0.1
20 : : +0.1~0.15
30 | ’ °0.15~0.2
©0.2~0.3
40 00.3~04
T 004~0.5
E 50
>
60 r
70 -
80
90 r
100
0 10 20 30 40 50 60 70 80 90 100
x [mm]
WP Overall view crater distribution on WP
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Number of ejecta on WP Number of Ejecta
700
. . #3(Solar cell  #4(Solar cell
. Ejecta size(mm)|#2(Antenna) front—rear)  rear—front)
0.025~0.05 77 43 629
500
0.05~0.075 21 14 258
g 400 0.075~0.1 11 9 127
€
2 300 m#2(Antenna) 0.1~0.15 8 6 79
m#3(Solar cell front—rear) 0.15~0.2 3 2 32
200 m#4(Solar cell rear—front)
0.2~0.3 1 0 19
100 I | | 0.3~0.4 1 0 1
o Mwl .ol 1 s 0.4~0.5 1 0 1
IR N N PN B CIINN]
NN N S I N .5~0.7 2 2
Q’fffg%/z.@% Q'/Q"\o} Sy o(f’H N oom0Ts ’
o 0.75~1.0 1 (] 0
size[mm]
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Ejecta mass and number

Number of ejecta on rear

Experiment number Ejecta mass(mg) WP(0.1 mm or more)
#1(Honeycomb) 0.5 -
#2(Antenna) 25 17
#3(Solar cell front—rear) 2.9 8
#4(Solar cell rear—front) 7.5 134
£
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4 1% N EEREHHE Plan of experiment

Target

Impact Velocity[km/s]

RIKEERER

(Exp. w/o capture)

Honeycomb

Antenna

Solar cell (front—rear)

Solar cell (rear—front)

Irradiated honeycomb

Irradiated Solar cell (front—rear)

Irradiated Solar cell (rear—front)

About 3.5

A ZH EER
(Exp. w/ capture)

Solar cell + capture

1.2%+0.2
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