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Abstract: Metallized film capacitors are widely used in such fields as new energy power systems, pulse
power applications and electric vehicles. Accurately setting up the precise relationship between its structure
and performance is crucial for revealing the response mechanisms of capacitors in various electromagnetic
environments and ensuring the quality of electromagnetic energy transmission. In this paper, a full-scale
electro - magnetic - thermal multi - physics coupling model of the metallized film capacitor elements is
constructed. The intrinsic mechanisms of the influence of component geometry and material properties on
capacitor losses and magnetic characteristics are thoroughly analyzed. The calculated values of the model
and the experimentally measurement values are compared and analyzed through the temperature rise test of
the capacitor elements, showing that they have good consistency in both variation trends and steady -state
temperatures and validating the accuracy of the model. Based on this model, the numerical predictions of
the electrical performance parameters of the capacitor elements, including equivalent series resistance
(ESR) and equivalent series inductance (ESL), are made further and compared with experimental results.
The research result in this paper has provided significant theoretical and methodological guidance for the
efficient design of power devices based on multi-physics coupling.
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Table1 Comparison table of performance parameters of
metallized film capacitor elements

PERESEK PRI SCHIE(E AR 2%
C/uF 433.09 412.74 4.93
tand(10)@1 000 Hz 549 534 2.81
T./%C 73.9 75.0 -1.47
Tl C 57.3 56.2 1.96
ESR/mQ 2.02 2.06 -1.94
ESL/nH 48.13 47.91 0.46
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