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Abstract
In this paper, we report about the test result for Working Group 1(WG1), which was established to make a

Japanese guideline for spacecraft charging design. We investigated threshold conditions of sustained arc inception.
The TJ GaAs solar cells were tested. Laboratory tests were carried out with an external circuit simulating a spacecraft
power system. Solar array coupon panels simulating the hot and return ends of a string circuit were tested under various
combinations of string voltage and string current. We revealed that the threshold conditions of sustained arc formation
were different in string voltage even if the string current are same.

1.

1)

1

1

1
(

)

(Primary Arc PA)

PA

Secondary arc

1,2)

(Temporary Sustained Arc TSA)
(Permanent Sustained Arc PSA)

2
PA

Ipeak 10%
Tend Tend

90%
(Duration)

2μsec
NSA(Non Sustained Arc) 2μsec TSA

PSA

( VST) ( IST)

This document is provided by JAXA.



2

TSA PSA

(JAXA)

2.
2-1.

3
2

GaAs 12
1 76mm 37mm

R B G 3
P N

2 4

9
1mm

RTV Room Temperature
Vulcanization

/CFRP

CFRP PA

70 1 2

3

2-2.
4
0.6m 0.9m

1 10-3

(ULVAC
RHEED)

Vbias(GlassmanEW60kV)

PC

4

5
V1

PA μsec 10μsec
3)

5nF

This document is provided by JAXA.



0.5μsec V1

IST RL

C1~C3 GaAs 1
50 1 Cext

Vbias

PA

PA Cext

CP3(HIOKI3274)
Vbias

RL

HOT RTN
5 V1~HOT ~RL~RTN

~V1

V2 RL

PA
HOT RTN -

V2 RL

D2 V1 RL

CP1(HIOKI 3273)
CP2(HIOKI 3273)
CP1 V1 CP2

CP1 CP2

Arc current VST

VST Inter-string voltage or
string-substrate voltage

AD
(National Instruments NI5102)

PC

5

2-3.

2
A B

A,B
1

1

5nF 33nF 5nF 33nF 5nF 33nF 5nF 33nF 5nF 33nF
0.5 1.6 0.5 0.5 0.5 0.5 0.4 0.5 0.5 0.5

String 1 2.8 1 1 1.0 1 0.9 1 1
Current 1.5 3.7 1.5 1.5 1.5 1.3 1.2

[A] 2 2 2 2 1.4
2.7 1.5
3.3 1.6
4 1.8

2

String Voltage [V]
30V 50V 70V 90V 110V

Case1 TSA
A 5nF

PA 30
TSA

TSA TSA

TSA
Case2 PSA

A TSA
5nF TSA

10 PSA
PSA

PSA
PSA

Case3 TSA
A (

90V 110V
) 33nF Case1

TSA
TSA PA

30
TSA TSA

TSA

TSA
6 5nF

33nF Case3
0.4J

Case1 0.06J
6

1 r=3.2
S 76mm 37mm d=100μm

This document is provided by JAXA.



Ccg=284nF/m2

Vdiff

Am2

E

E =
1

2
CcgAVdiff

2

Vdiff=800V4) E=0.4J
A

A =

1
2

33�10�9( ) 5 �103( )
2

1
2

284 �10�9( ) 8 �102( )
2
� 4.5m2

33nF
4.5m2

-5

0

5

10

15

-40 -20 0 20 40 60

C
ur

re
nt

, A

Time[μ sec]

-5

0

5

10

15

-40 -20 0 20 40 60

C
ur

re
nt

, A

Time[μ sec]

(a)5nF (b)33nF
6

5
Vbias=-5kV

Beam energy[keV] 4.8~5.2
Beam current[μμA] 10~100
Back pressure[Pa] 0.8~2.0 10-3

-2

-1

0

1

2

3

4

5

6

-40 -20 0 20 40 60 80

Line-in current(CP1)
Line-out currentCP2)
Blow-off current(CP3)

C
ur

re
nt

, A

Time[μ sec]

-2

-1

0

1

2

3

4

5

6

-500 0 500 1000 1500

Line-in current(CP1)
Line-out currentCP2)

C
ur

re
nt

, A

Time[μ sec]

7. TSA 8. PSA
( 70V 1.0A) ( 70V 1.5A)

3.

3-1.

7

0

1

2

3

4

5

0 30 60 90 120 150

PA(Case1)
NSA(Case1)
TSA(Case1)
TSA(Case2)
PSA(Case2)
PA(Case3)
NSA(Case3)
TSA(Case3)

St
ri

ng
 c

ur
re

nt
,A

String Voltage,V

9.

30V:
5nF 4A

TSA PA
33nF

33nF
V1

50V:
5nF 1.5A TSA

PSA 2A 33nF
TSA 1A

TSA
70V:

5nF 1.0A TSA
PSA 1.5A 33nF
TSA 0.5A

TSA
90V:

5nF 0.4A TSA
PSA 2A 33nF TSA

0.5A 70V
33nF TSA

0.5A

110V:
5nF 0.5A TSA

2A PSA 33nF
TSA 0.5A 70V

33nF TSA 0.5A

This document is provided by JAXA.



70V 1.5A PSA
110V 2A PSA

10 TSA

10 TSA

TSA

PSA
50V 110V

1

10

100

1000

104

0 0.4 0.8 1.2 1.6 2

50V(Cext=5nF)
70V(Cext=5nF)
90V(Cext=5nF)
110V(Cext=5nF)

50V(Cext=33nF)
70V(Cext=33nF)
90V(Cext=33nF)
110V(Cext=33nF)

D
ur

at
io

n(
av

er
ag

e)
, μ

se
c

String current, A

10.
( 110V)

4.

1mm

30V
4A

PA

( 50V 70V)
10~20μsec TSA

GaAs (
1mm)

TSA
50V 0.5A 1.0A

PSA
50V 1.5A 2.0A

55.

WG1

2.4m 8m 10km/s
800V

286nF/m2

Rext,Lext,Cext

LCR

11

11

This document is provided by JAXA.



11

12

-5

0

5

10

15

20

-40 -20 0 20 40

5nF
33nF
880nF
Calculation

C
ur

re
nt

, A
 

Time, μsec

-5

0

5

10

15

20

-200 0 200 400 600 800 1000

5nF
33nF
880nF
Calculation

C
ur

re
nt

, A
 

Time, μsec

12

2.4m 8m

2.4m
8m
11

CBP

HOT
V1

V1

[1] Katz,I.,Davis,V.A. and Snyder,D.B,: “Mechanism for

Spacecraft Charging Initiated Destruction of Solar

Arrays in GEO”, AIAA paper 98-1002, 36th

Aerospace Science Meeting, Reno, (Jnuary1998)

[2] ,

,51(2003),pp.139-145

[3] D.Payan, “Risks of low voltage arcs sustained by the

photovoltaic power of a satellite solar array during an

electrostatic discharge. Solar Arrays Dynamic

Simulator”, (2001)

[4] ,

52(2004) pp.328.-336

[5] ,

,53(2005),pp.516-523

[6] ,

2

, pp.138-144

This document is provided by JAXA.




