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Abstract

In order to improve the load ratio, more and more GEO communication satellites begin to use electric
propulsion for orbit change, which makes the working environment of electric propulsion devices shift
from the vacuum state in GEO orbit to the low atmospheric pressure environment near the ground, which
will lead to serious low atmospheric pressure discharge risk of space electric propulsion devices. Espe-
cially for ion thrusters, their unexpected electric breakdown will directly affect the reliability of satellite
engineering applications. The existing on-orbit cases show that the unexpected breakdown occurred in
the power processing unit (PPU) of the ion thruster during the orbit change, which led to the failure of
the thruster. Therefore, this paper analyzes the high-voltage components inside the PPU of the minia-
turized electric propulsion device, and comprehensively and systematically discusses the PPU and its
working environment, the control and protection technology of unexpected electrical breakdown of the
electric propulsion system and its aerospace engineering. In this paper, we mainly discuss the electric field
strength and discharge margin of high-voltage circuit components, high-voltage shield-grid transformers,
high-voltage conductors and other components in the PPU under the conditions of different potting ma-
terials or insulation defects, and further propose a method for fault monitoring and evaluation of electric
propulsion system based on partial discharge detection. Firstly, the highest transient voltage distribution
of each high-voltage device is analyzed by means of transient circuit simulation, and then the electric field
distribution of different high-voltage devices is analyzed based on finite element electric field simulation,
and its discharge margin is analyzed. The research results show that the discharge margin of high-voltage
components in the PPU of the ion thruster is close to the lowest discharge voltage level of uniform electric
field under low pressure, so reasonable insulation protection measures should be taken against discharge
in high voltage components. The robustness of the PPU is further improved and the fault monitoring
and response speed of the electric propulsion system is improved from the perspectives of potting process,
insulation shield setting, shield-grid structure adjustment, etc.
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