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Capacitor Loss Modeling and Small-sample Parameter Fitting Under Harmonic Conditions

SUN Qiming, LI Yixin, ZHU Lingyu, TANG Yizheng, JI Shengchang
(State Key Laboratory of Electrical Insulation and Power Equipment(Xi’an Jiaotong University), Xi’an 710049, China)

Abstract: With the rapid development of new electric power systems, large-scale integration of renewable energy sources
such as photovoltaic and wind power via power electronic converters has led to increased harmonic content in the grid. A
high proportion of harmonics significantly exacerbates capacitor losses, accelerates dielectric aging, and shortens service
life. To address the challenge of accurately evaluating capacitor losses under complex harmonic conditions, this study de-
velops a loss model considering nonlinear electric field effects and proposes a small-sample parameter fitting method
guided by physical model. Firstly, the loss components under harmonic excitation are analyzed, and physical models are
established for conductor and dielectric losses. Secondly, experimental data on polypropylene dielectric under varying
field strengths are used to analyze the thermionic polarization mechanism via a double-well potential model, and to estab-
lish a capacitor loss model after taking into account the nonlinear effects of field strength. Besides, a hybrid optimization
strategy combining differential evolution (DE) and L-BFGS-B is employed to improve parameter identification stability
and accuracy. Finally, experimental validation shows that the proposed model achieves a maximum error below 0.11 W
and a relative error under 5% under multi-harmonic conditions. The method outperforms conventional empirical models
in accuracy and generalization, and remains effective under limited sample conditions, providing a reliable basis for ca-
pacitor loss and thermal evaluation in new electric power systems.

Key words: harmonic environment; small sample parameter fitting; double-well potential model; electric field intensity;
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Table 1 Experimental conditions of single frequency

current
HLR A L AR/ V HLRAIR LRI /V
1 3428.44 17 200.75
3 1129.61 19 179.50
5 676.88 23 148.70
7 483.38 25 136.86
9 376.81 35 98.31
11 308.47 37 92.64
13 261.53 47 72.69
15 226.41 49 61.26
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Table 2 Experimental conditions of combined current
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Fig.5 Loss under single frequency current conditions
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Fig.6 Loss under combined current conditions
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