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1. Introduciton

Since the end of 1990s, size of Geostationary Orbit (GEO)
satellites has increased rapidly. As a result, power of each satellite
has also increased drastically, to 10kW or higher. As the satellite
power has increased, operational voltge (called bus voltage) of
satellite has also increased to efficiently manage the power
distribution inside a satellite. The satellite bus voltage has
increased to 100V from the previous voltages of 28V or 50V.

Sallite solar array panel has solar cells laid down with minimum
spacing to save the limited area as much as possible. The spacing
between each solar cell is less than Imm. There is a possibility
that potential difference of 100V may appear between the narrow
gap of the solar cells. As the satellite surface is charged due to
sudden change of space plasma environmnet, such as so-called
substorm, arcs occur on solar array.

There are three types of arc discharge on solar array. When
satellite surface is charged by space plasma, primary arc (or
trigger arc) occurs at triple junctions on solar array, mostly made
of coverglass, solar cell electrode and plasma.The primary arc is
an electrostatic discharge pulse that consumes energy stored by
insulator surface on satellite, such as coverglass or thermal
insulator. Although, as much as 1J energy may be cosumed by
each primary arc, damage caused is not serious compared to the
other two types of arc discharge. Once a primary arc occurs at a
gap between two solar cells with sufficiently high voltage, the arc
current may keep flowing sustained by electrical power generated

by the solar array itself. This stage is of arc is called secondary arc.

Secondary arc is divided into two stages. If the arc current keeps
flowing until excessive heat of the arc discahrge eventually
destroy insulation of solar array circuit, it is called permanent
sustained arc. If the arc terminates itself before the permanent loss
of insulation, it is called temporary sustained arc (or
non-permanent sustained arc). Once the permanent sustained arc
occurs, the satellite loses output power from the solar array circuit.

The puppose of the present paper is to carry out
theoretical/numerical analysis regarding the conditions for
secondary arc. These arcs have many things in common with
traditional vacuum arc discharge, though the gap distance is
extremely short and the current level is very low.

2. Analytical Method and Results

Analysis is made in a simplified one-dimensional geometry.
The gap is divided into two regions, cathode sheath and plasma. I
formulate several equations based on conservation of mass and

energy in the one-dimeinal direction including the electrode
surface. We find a set of variables that satisfies the equations. We
neglect temporal variations assuming that the arc is quasi-steady.

Most of the formula are taken from literature. Because the
electric field at the cathode surface is not high enough to sustain
the electron current, we used a field enhancement factor, 3,
assuming geometrical field enhancement at the cathod spot. We
have 17 equations with 20 unknowns. To find the optimum set of
varibles, we use a genetic algorithm.

Figure 1 shows the simulation results and the experimental
results. The gap distance was 690um. The simulation results show
the same tendency as the experiment. Even for very low current of
0.3A or 0.5A, the solutions still exist, though the cathode fall
voltage, V., and the gap voltage, V, derived by the simulations are
higher than the experimental data by tens of voltage.

Further works are necessary to improve the accuracy of the
analysis. Measurement of arc plasma property, such as
temeperature or density, is necessary to check the solutions.
Expanding to two-dimension, inclusion of plasma momentum and
insulator near the electrode are also necessary.
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Secondary arc on solar array in space is defined as an arc discharge short-circuiting adjacent solar cells. As

operational voltage of spacecraft increases to 100V, there is more risk of secondary arc that can destroy solar

array circuit. Secondary arc is categorized as vacuum arc, although its current is very low, even less than 1A.

One-dimensional modeling is carried out to derive sets of parameters that satisfy the governing equations.

Genetic Algorithm is used to find the optimal set of solutions. Even at a current less than 1A, the solutions exist

though the arc voltage is higher than the experimental values by several ten volts.
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0.5 0.113 0.82 107 2090 62.5 2.6 25 6.47 0.95 1.6
0.69 0.282 0.84 118 2140 66.1 2.8 20 9.48 0.99 1.7
0.8 0.086 0.86 118 2050 70.7 2.8 30 6.68 0.84 1.2
1.0 0.434 0.99 149 2160 81.0 3.0 19 11.9 1.00 1.4
2.0 0.559 0.93 196 2210 89.4 3.1 15 18.2 1.01 1.3
10 0.672 0.92 319 2130 142 4.0 19 28.3 0.79 0.50
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currents in a gap of 690pum.
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