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Electrical breakdowns have been observed during ion thruster operation. 
These breakdowns, or arcs, can be caused by several conditions. In flight 
systems, the power processing unit must be designed to handle these faults 
autonomously. This has a strong impact on power processor requirements and 
must be understood fully for the power processing unit being designed for the 
NASA Solar Electric Propulsion Technology Application Readiness program. 
In this study, fault conditions were investigated using a NASA 30 cm ion 
thruster and a power console. Power processing unit output specifications 
were defined based on the breakdown phenomena identified and characterized. 

Introduction 

Ion thruster systems can provide specific 
impulse levels unattainable with state-of-art propulsion 
systems and are currently being considered for 
applications ranging from Earth-space orbit raising and 
repositioning to primary propulsion for planetary 
missions. l The NASA Solar Electric Propulsion 
Technology Application Readiness (NST AR) program 
is developing a 30 em xenon ion subsystem capable of 
operation from 0.5 kW to 2.3 kW. 

A schematic diagram of an ion propulsion 
system is shown in Figure 1. From this, it can be seen 
that a power processing unit (PPU) must provide 
several electrical outputs required to run the thruster. 
High voltage breakdowns, or arcs, are anticipated in the 
course of normal thruster operation. 2-5 The PPU must 
be robust enough to withstand the initial transient 
associated with the breakdown, rapidly clear the fault, 
and return the thruster to its steady-state operating 
condition. 

When an electrical breakdown occurs, a large 
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amount of current is drawn out of the high voltage 
power supplies which can collapse their output voltage. 
This will disable the acceleration mechanism, erode 
surfaces in the thruster, and possibly damage 
components in the power supplies. There are many 
high voltage surfaces in the thruster (see Figure 1) 
where arcing can originate. The discharge chamber 
anode is at the ion beam potential, and the discharge 
cathode and its assembly are at a slightly lower 
potential. The screen grid, although mechanically 
isolated from the rest of the thruster, is at a potential 
comparable to anode potential. The neutralizer cathode 
provides electrons a path to the ionized plasma or to any 
other surface at a high potential under some abnormal 
conditions. 

When arcing occurs, a recycle sequence (turn
off / turn-on sequence) should be performed in the power 
supplies to extinguish the arcs and restore nominal 
operation of the thruster. This recycle sequence should 
be as fast as possible to minimize recycle impacts on 
thruster operation and involve the fewest number of 
steps to minimize complexity. Regardless of this 
sequence, the PPU should be capable of handling the 
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