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Abstract

To achieve the design goals of high efficiency and high power density in magnetic components, a
thorough investigation of their loss characteristics is a crucial prerequisite. Taking four different
core materials as the research objects, this paper systematically analyzes the key factors affecting
core loss. First, the magnetic flux density data are treated as waveform signals, and their time-
domain and frequency-domain features are extracted. These features are then combined with
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variables such as temperature and frequency from the original data to construct a feature set, based
on which an XGBoost regression model for core loss is established. Next, based on the classical core
loss model, namely the Steinmetz equation, a temperature factor is incorporated in the form of a
power exponent, which significantly improves the prediction performance of core loss. Finally,
analysis of variance is employed to investigate the independent effects of temperature, excitation
waveform, and core material on core loss, as well as their pairwise interaction effects. Based on the
results of the Tukey HSD post hoc test, the specific differences among different temperature levels,
excitation waveforms, and material groups are further analyzed to identify the major driving fac-
tors affecting core loss.
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Figure 1. Sine wave (left), triangular wave (middle) and trapezoidal wave (right)
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Figure 2. Prediction of core loss
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Table 2. ANOVA results
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Figure 3. ANOVA results for the interaction effect of core materials and excitation waveforms on core loss
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Table 3. Tukey HSD post hoc test results
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