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Design of a 500-kW electromagnetic propulsion pulse power supply
based on hybrid capacitor energy storage
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Abstract: To meet the high demands of 500-kW electromagnetic propulsion systems on pulse power supplies in terms of
energy density, conversion efficiency, and output stability, this paper presented a pulse power supply design based on a
hybrid energy storage system combining supercapacitors and film capacitors. The power supply employed supercapacitor banks
for energy storage and film capacitor banks for instantaneous high—power discharge. An efficient discharge topology ensured
stable power transmission to the load module, while a three—level protection mechanism enhanced the safety and reliability of
the discharge process. Experimental results indicate that the prototype achieves an energy density of 18.3 Wh/kg, and a
conversion efficiency of 91. 74%. The pulse current overshoot is controlled within 5.00%. All these metrics satisfy the
technical requirements of 500-kW class electromagnetic propulsion systems. The proposed pulse power supply effectively

addresses issues such as low energy density, poor conversion efficiency, and insufficient load adaptability in existing medium
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—power electromagnetic propulsion pulse power supplies.

Keywords: hybrid capacitor energy storage; electromagnetic propulsion; pulse power supply; multi — module parallel

discharge topology; compound control strategy
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Fig. 1 Structure of the 500-kW electromagnetic propulsion
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Fig.2 Schematic of the hybrid energy storage unit
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Fig. 4 Simulation model of the electromagnetic propulsion pulse power supply with hybrid capacitor energy storage
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Tab. 2 Reliability test results of the three energy storage models
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Tab. 3 Comparison table of capacity attenuation rate and current
deviation in the performance tests of three single modules of

complete machines

FBHLIHY
eIz SERGIREL
L1 L2 L3
10 1.34 2.17 3.70
20 1.31 2.13 3.64
RNE R
FRE 30 1.25 2.11 3.56
(%)
40 1.22 2.08 3.56
50 1.20 2.08 3.56
10 3.09 8.25 5.31
20 2.86 7.76 4.95
IR (%) 30 2.83 7.30 5.27
40 2.83 7.14 5.22
50 2.83 7.14 5.09
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Tab. 4 Comparison table of energy density and power density

for each complete machine

PR
Eistn S UREL
LEGI HBHL2 L3
10 15.4 8.2 10.3
20 16. 8 9.7 12.1
RER
30 17.6 11.3 13.8
(Wh/kg)
40 18.3 11.3 14.6
50 18.3 12.5 15.0
10 12.7 8.4 6.8
20 15.2 10.9 8.5
T = Z IR R
PhoR L 30 17.4 12.2 10.3
(Wh/kg)
40 18.1 12.7 10.3
50 18. 1 12.7 10.3
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Fig. 8 Voltage and current fluctuations of the three complete

machines. (a) Voltage fluctuation; (b) Current fluctuation
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