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Abstract—Flashover discharge occurs on spacecraft solar
array with inverted potential gradient. The flashover discharges
have been measured with electron beam. However, it is difficult
to charge the coupon surface uniformly. In the paper, ultraviolet
light was used for surface charging to achieve uniform surface
charging. The discharge current waveforms and surface
potentials were measured with changing uniform surface
potential. From these test results, the current waveform was
calculated with ladder circuit model. This model could show the
surface potential neutralization pattern same as the experimental
results.

Fig. 1. Test coupon.

Keywords—Flashover discharge; simulation; VUV

I.

INTRODUCTION

Flashover discharge occurs on spacecraft solar array with
inverted potential gradient. The flashover discharges have been
measured with electron beam.[1] However, it is difficult to
charge the coupon surface uniformly. In the paper, vacuum
ultraviolet (VUV) light was used for surface charging to
achieve uniform surface charging. The discharge current
waveforms and surface potentials were measured with
changing uniform surface potential. From these test results, the
current waveform was calculated with ladder circuit model.
This model could show the surface potential neutralization
pattern same as the experimental results.
II.

Fig. 2. Experimental setup in vacuum chamber.

EXPERIMENTAL PROCEDURE

Figure 1 shows the test coupon for flashover discharge
experiment. The aluminum plate was used as a substrate. The
size of plate was 40cm x 40cm. The polyimide sheet was fixed
on the substrate. An copper electrode was mounted on the
center of coupon. The electrode was isolated from the substrate.
Figure 2 shows the experimental setup in vacuum chamber.
The coupon was mounted on a glass plate. The VUV lamps
were fixed in the chamber and irradiated the coupon from top
side of chamber. An electron beam was mounted on the
vacuum chamber. To inisitate the discharge, the electron beam
was focused on the copper electrode after charging the surface
by VUV lamp. The surface potential distribution was measured
by a surface potential probe mounted on a XY stage. Figure 3
shows the experimental circuit. The coupon was biased
negatively by a power supply. The bias voltage was changed
from -400V to -1000V.
Fig. 3. Experimental circuit.
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III.

RESULTS

The VUV lamp was irradiated on the coupon biased at
negative potential. Figures 4 to 10 show the differential
potential distribution between the coupon surface and substrate.
The surface potential increased from biased potential to zero
under VUV irradiation. The surface potential distribution was
uniform as same as the bias voltage.

Fig. 7. Differential potential after -700V bias.

Fig. 4. Differential potential after -400V bias.

Fig. 8. Differential potential after -800V bias.

Fig. 5. Differential potential after -500V bias.

Fig. 9. Differential potential after -900V bias.

Fig. 6. Differential potential after -600V bias.

Fig. 10. Differential potential after -1000V bias.
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Figures 11 to 17 show the potential distribution after
discharge. All discharges occurred on the copper electrodes.
The potential dropped concentrically from the copper electrode.
These results showed the flashover discharge propagated
concentrically from the cathode of discharge.

Fig. 14. Surface potential after discharge at -700V bias.

Fig. 11. Surface potential after discharge at -400V bias.

Fig. 15. Surface potential after discharge at -800V bias.

Fig. 12. Surface potential after discharge at -500V bias.

Fig. 16. Surface potential after discharge at -900V bias.

Fig. 13. Surface potential after discharge at -600V bias.

Fig. 17. Surface potential after discharge at -1000V bias.
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Diameter of 50% neutralization, cm

Figure 18 shows the example of relationship between
neutralization ratio and distance from arc cite.
The
neutralization ratio decreased with increasing distance in every
case. The decrease in neutralization was larger with lower
differential voltage.
Figure 19 shows the neutralization ratio along the diagonal
of the coupon. The diameter of 50% neutralization was defined
as the distance of 50% neutralization area.
Figure 20 shows the relationship between diameter of 50%
neutralization and differential potential. The diameter of 50%
neutralization increased with increasing differential potential.
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Figure 21 shows the example of current waveform with
different voltage. The rising slope of current waveform at the
beginning of discharge was same in each differential voltage.

Fig. 20. Diameter of 50% neutralization.

Figure 22 shows relationship between peak current and
differential voltage. The peak current increased with increasing
differential voltage.
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Fig. 21. Example of current waveform.

Fig. 18. Example of relationship between neutralization ratio and distance
from arc cite.
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Fig. 22. Peak current.
Fig. 19. 50% neutralized area.
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IV.

!

FLASHOVER MODEL SIMULATION

𝐼(𝑡) =

The flashover discharge propagation was modeled with
ladder circuit of resistance and inductance as shown in Fig. 23.
The capacitances simulate the capacitance of insulator,
coverglass. The resistance and inductance simulate the
resistance and inductance of plasma.

𝑖! 𝑡
!!!

Table I. Nomenculature in flashover model

The resistance was modeled as a function of current in Fig.
24. The resistance decreases with increasing current.

Rk(t)
Ck
Lk
Lline
ik(t)
Vk(t)

Fig. 23. Flashover model.

ρ
dr
dt

Resistance of the k-th small
area at time t [Ω]
Capacitance of the k-th small
area [F]
Inductance of the k-th small
area [H]
Inductance of line [H]
Current of the k-th small area
at time t [A]
Potential of the k-th small
area at time t [V]
Charge density of the surface
insulating material(Kapton:
ρ=307nF/m2) [F/m2]
Small radius [m]
Small time [s]

Table II. Values used for simulation

ρ
a
c
dr
dt
n
Lline
L0

Fig. 24. Resistance model.

The flashover discharge was simulated with following
equations. The subscript k means k-th small ring element with
dr. The resistance of k-th small ring element was divided by k.
The Rk(0) was set to 1GΩ as initial condition. The ik(dt) was
calculated by Vk(0)/ Rk(0). The Rk(t) is calculated by total
current flowing in k-th small element. The I(t) is the total
current flowing in the cathode of discharge.

𝑅! 𝑡 =

1
𝑘

𝑎
+𝑐
!
! ! !! 𝑖! ! 𝑡

𝐶! = 2𝜋𝑑𝑟 ∙ 𝑘𝑑𝑟 ∙ 𝜌
𝐿!
𝐿! =
𝑘
𝑉! 𝑡 = 𝑉! −

𝑖! (𝑡) =

!! !

!
! ! !! 𝑖!

The simulation was performed with the values listed in
Table II. The Lline was not used in the simulation, because the
calculation diverged.
Figure 25 shows the simulation result of neutralization ratio
without inductance. The initial potential difference was
changed from 400V to 1000V. The neutralization ratio
decreased with increasing the distance from arc cite. The
neutralization ratio increased with increasing potential
difference. The simulation results showed the same tendency
as the experimental results.

!

𝑡 ! ∗ 𝑑𝑡

𝐶!

307 nF/m2
6000
1200
0.005 m
100 ps
60
0 µH
0, 0.3 µH
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Fig. 26. Simulated current waveforms at differential voltage of 1000V.

Fig. 25. Simulation result of neutralization ratio without inductance.

V.

Figure 26 shows the current waveform calculated without
inductance and with inductance L0 of 0.3µH. The values of a
and c were selected in order to fit peak value and duration of
current waveform to the experimental results. The current
waveform was simmilar to the experimental result. The current
waveform with inductance showed a flat part.

CONCLUSIONS

The flashover propagation was measured with uniformly
charged coupon. The uniform charging was achieved by
vacuum ultraviolet lamp under negative bias. The flashover
discharge propagaed concentrically from discharge cathode.
The neutralization ratio inceased with increasing the initial
potential difference.
The flashover discharge was modeled with ladder circuit of
resistance, capacitance, and inductance. The neutralization
ratio calculated with ladder model showed same tendency as
the experimental result.
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