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ABSTRACT: The permeance-capacitance analogy method has
been widely used in the electromagnetic transient modeling of
high-frequency magnetic components, but existing models
based on this method assume a uniformly distributed core
magnetic field, thereby neglecting the core skin effect under
high-frequency excitations. In this paper, the governing
equation for the eddy current field of magnetic lamination is
approximately expanded by the cosine basis function, and the
core magnetic field expression is derived by the integral
method. Then, in order to determine its coefficient and consider
the hysteresis constitutive relationship of the magnetic core, the
basic idea of Galerkin method and the Play hysteresis model
are introduced. Thereafter, based on the loss statistical theory,
the analytical model of the boundary magnetic field strength of
the core considering the domain mesoscopic eddy current is
derived. Based on this, a calculation model of electromagnetic
transient of high-frequency magnetic components is proposed
within the framework of the permeance-capacitance analogy,
considering the core skin and hysteresis effects. Finally, the
electromagnetic transient models without and with
consideration of the core skin effect in the high-frequency
inductor of the single-phase bridge PWM inverter are built by
the underlying modules and language program of the power
electronic simulation software PLECS. The simulated
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electromagnetic transient characteristics, dynamic hysteresis
loops, and magnetic losses under different working conditions
are compared with the corresponding measured results. It is
found that the simulation results of the proposed model are
more consistent with the measured values, reducing the
maximum error of magnetic core loss by17.03% relative to the
traditional model and thus validating the proposed model.
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Fig. 1 Implementation of

the rotator-capacitive magnet model
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Table 2 Comparison between the measured and

calculated core losses
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800  25.333 23.631 23.826 6.33 0.82
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3000 271.649 220.372 221.738 2251 0.62
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2000  22.949 20.205 20.741 10.65 2.58
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Table 3 Comparison between the core losses calculated by
the traditional model and the proposed model considering

the skin effect and corresponding measured losses of

the high-frequency inductor sample under
PWM wave excitation at different carrier frequencies
B B REE AR BRI RO SR
WElE s RAERk BUECIEME SUEOiEE  OiEME  _ WIGWikg)
Bo/T folkHz ZAB7  Wed(Wikg)  Wal(W/kg) Why/(W/kg) {7 FLAE A

X 6.871 8.274 1469 16.614
25 15.322
v 7.016 6.177 1.879 15.072
X 7.396 9.599 1.491 18.486
1.0 35 16.367
v 1477 6.607 1.932 16.042
X 7.644 10.548 1502 19.694
45 17.358
v 7.789 7.139 2.031 16.933
X 2.741 3.014 0.614  6.369
25 5.648
v 2.760 2223 0.648 5.631
X 2915 3.457 0528  6.899
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N 2.938 2.377 0.745  6.060
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X 0.403 0.331 0.066  0.800
25 0.707
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45 0.830
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Table 4 Comparison between the core loss calculation
errors of high-frequency inductor samples simulated under
different working conditions by the traditional and
proposed models
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