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The first ion engines were launched into orbit in the 1960s but it 
was not until the 1990s that their commercial use began in the 
U.S., followed by the first NASA flight on Deep Space 1 in 1998. 
Hall thrusters (HTs) followed a similarly long trajectory from the 
lab to deep-space flight. Since the 1970s thousands of HTs have 
flown in near-Earth orbit, yet it was not until NASA’s Psyche mis-
sion in 2023 that HTs were used as primary propulsion beyond lu-
nar orbit. Two challenges contributed to this protracted path. 
First, HTs are low-thrust, high-exhaust-speed devices that achieve 
large ∆Vs but must operate for years in space. Flight qualification 
in vacuum facilities can be prohibitively costly and time-consum-
ing. Challenges in qualifying a technology by test alone are not 
unique to electric propulsion (EP). Certification of the U.S. nuclear 
weapons stockpile now relies on physics-based modeling and sim-
ulations (M&S) requiring large investments. The second challenge 
is that investment in M&S for EP has been limited. Their inher-
ently complex physics prohibited the advancement of first-princi-
ples M&S tools to a level that could make major impact on devel-
opment. Instead, technology advancement depended largely on 
empirical scaling and laboratory testing. A focused effort on phys-
ics-based M&S began in the 2000’s in the EP Group of the Jet Pro-
pulsion Laboratory (JPL). In this presentation I will highlight 
achievements made at JPL in the M&S of plasmas in EP, and dis-
cuss their impact on development, maturation and flight qualifi-
cation of EP for NASA deep-space missions. 
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