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Abstract: The calculation of high-frequency transformer winding losses is crucial for optimizing the
efficiency of CLLC converters. However, there remains a lack of accurate and efficient methods for calculating
the winding losses, particularly the winding losses in Litz wire. A mutual-impedance equivalent circuit-based
method for calculating the winding losses in Litz wire high-frequency transformers is proposed. First, the
analytical approaches for calculating the Litz wire winding losses based on a one-dimensional Dowell model and a
two-dimensional Bessel function method are comparatively analyzed. Then, a mutual-impedance equivalent
model is established to simplify the calculation of winding losses. A specific case study is given, and the values
calculated using the proposed method are compared with the impedance matrix results derived from
two-dimensional finite element simulations. Results demonstrate that the relative error between the equivalent
series resistances calculated using the proposed method and the results based on the finite element method does
not exceed 6%, validating the effectiveness and accuracy of the proposed method. Finally, a high-frequency
transformer prototype for the CLLC converter was constructed, and experimental measurements verified the
feasibility of the proposed method.
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Tab. 2 Comparison between data calculated using proposed model and simulated data
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100 29.581 073 31.679 17.851 485 18.307 -1.265 174 -1.1112
200 32.897 954 34.682 22.757 021 22.607 —5.060 444 —4.444 7
300 38.425 356 39.862 30.931 832 29.773 —11.385 055 —10.001 0
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700 82.611 581 79.716 96.281 583 87.107 —61.944 212 —54.448 0
800 99.166 312 94.727 120.765 428 108.610 —80.886 620 —=71.1150
900 117.918 392 111.740 148.499 090 132.970 —102.343 304 —90.005 0

1000 138.864 103 130.750 179.477 074 160.210 —126.310 011 -111.120 0
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