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Space

� 

dQ
dt

= Inet

� 

Q = Csφs

� 

dφs
dt

= 1
Cs

Inet

� 

dφs
dt

= 0 ���

� 

Inet φs( ) = 0

Spacecraft
� 

Inet φs( )

� 

φs

� 

Cs
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��: Ie
���: Ii

���: Ise


�����: Ibe

�	��

Inet= Ii + Ise + Isi + Ibe + Iph - Ie

Sunlight

���: Iph

Cs

���: Isi
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• ���� LEO (Low Earth Orbit)
– ��300 km�1500 km
– �� �90���� 8 km/s

• ���� GEO (Geosynchronous Orbit)
– ��36000 km
– �� 1	

6380 km

400 km
36000 km

Earth

�
�	������(ISS)
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GEO ������

Electron Ion

Nominal n1 106 m-3 0.78±0.7 0.19±0.16

T1 keV 0.55±0.32 0.8±1.0

n2 106 m-3 0.31±0.37 0.39±0.26

T2 keV 8.68±4.0 15.8±5.0

Worst n1 106 m-3 1.00 1.10

T1 keV 0.6 0.4

n2 106 m-3 1.40 1.70

T2 keV 25.1 24.7

�keV����keV��	��
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����� GEO

� 

dφs
dt

= 1
Cs

Inet = 1
Cs

Ii − Ie + Ise + Ibe + I ph( )

� 

jph > je > ji
10-5 10-7~10-6 A/m210-8~10-7

���� Iph � Inet > 0 => φs > 0

���� Ie � Inet < 0   => φs < 0
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�������� GEO

� 

d φd −φs( )
dt

= 1
Cd

ji − je + jse + jbe + jph( ) − σ d

εd
φd −φs( )
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Mechanism of arcing

Charging of 
coverglass surface

Emission of electron
from triple junction
due to EFEE

Charging of side edge 
of coverglass

Arc



22

LEO������
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1010�1012 m-3

��
0.2 eV

��

�	 105 m/s
��� 103 m/s
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Solar array

Body

V

�$$�

Plasma potential

Ions

Electrons

Photo
electrons

ji <<  je
1~10mA/m210~100µA/m2
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AdhesiveSubstrate

Cell
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Solar array
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Generating voltage
Plasma potential

Ions

Electrons

Photo
electrons
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Plasma contactor
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������ PEO

����" LEO' + GEO' 

LEO
���������
10 keV��
.!%�

Wake	������
�*���

� 

φs ≈ 0

� 

φd < 0� 	�������

/.��- normal potential gradient

($),+# > ���&+#
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������ PEO

����������…

ram

� 

φs < 0

� 

φd −φs > 0
�����	��


wake �����	��


� 

φs < 0

� 

φd −φs > 0
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�" ��0.6m���0.9m

����� 2�10-4Pa
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���
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 30keV

������# 300µA

����� 85mm(FWHM)
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ISO-11221, 
“Space systems -- Space solar panels -- Spacecraft 
charging induced electrostatic discharge test methods”
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ISO-19923, 
“Space environment (natural and artificial) —
Plasma environments for generation of worst case 
electrical potential differences for spacecraft”
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INSAT

http://www.ssloral.com/html/satexp/telstar.html©ISRO
http://www.spacechina.com/cpyjs_wxyhtq_Details.s
html?recno=48130
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