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Calculation and experimental study on harmonic loss of transformer windings
considering skin effect and proximity effect
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Abstract: Based on the development of existing transformer harmonic models at home and abroad and the limitations of
their applicable scopes, a model of harmonic loss for windings is established for the purpose of accurately quantifying
harmonic losses of transformer windings. This model comprehensively considers the influence of the skin effect and the
proximity effect on the windings under harmonic conditions and analyzes the distortion characteristics of the winding
resistance parameters based on the principle of electromagnetic field. The experiment for measuring winding resistance under
each harmonic current is performed. Comparing with the experimental measurement values, the traditional model calculation
values and the calculated values of the model, it is proved that the model improves the calculation accuracy and makes loss
calculation of the transformer winding more accurate. Finally, based on the experimental measurements values, an
engineering practical model of harmonic resistance of transformer winding is established, which has certain guiding value for
engineering calculation.
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Fig. 1 Equivalent circuit of transformer
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Table 2 Winding harmonic resistance measurement results
A LA

AR n Y MliA hE PIW W L BH/Q
1 7.380 4.892 32.984 1379
3 10.35 4.521 30.56 1.489
5 12.266 4.410 28.756 1.479
7 17.3 4.741 40.404 1.794
9 15.67 3, 86 33.44 23115
11 14.014 3.944 4261 27393
13 9.150 4305 62.021 3346 5
15 13.46 4.25 72.7 4.025
17 11.632 4.974 124.05 5.014
19 13.270 5.406 169.01 5.796
21 13.262 4352 131.65 6.958
23 14.50 4560 169.78 8.165
25 15.052 4.962 232.18 9.43
27 14.79 4.05 173.54 10.58
29 14.712 4.044 189.52 11.845
31 17.652 4713 314.2 14.145
33 20.345 4.832 351.741 15.065
35 23.044 4935 408.907 4 16.79
37 18.780 4.166 323.334 18.63
39 18.5 4.0 314.824 19.676 5
41 16.938 3.375 2338211 20.5275
43 22.878 4.183 398.417 8 22.77
45 23.502 3.994 391.112 24518
47 24.051 3.904 410316 4 26.921 5
49 24.444 3.886 443.184 29.348
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Table 3 Comparison of experimental and theoretical

calculation of AC power factor

Bk WE SRRSO HIk BT i

no QRS WE/mm  HIBHARS

1 1.379 1.02 14.2 1.011 1

3 1.489 1.22 8.2 12 1.732 05
5 1.479 1.286 6.35 1.276 22361
7 1.794 1.56 5.37 1.54 2.6457
9 23115 2.01 4.73 1.9 3

11 27393 2.382 4.28 2.34 33166
13 33465 291 3.94 2.865 3.605 6
15 4.025 3.5 3.67 3.4774 3.873
17 5.014 4.36 3.444 4.2 4.123
19 5.796 5.04 3.26 4.98 4.359
21 6.958 6.05 3.1 5.866 4 4.582 576
23 8.165 7.1 2.96 6.854 5 4.795 832
25 9.43 8.2 2.84 791 5

27 10.58 9.2 2.733 9.056 5.196 152
29 11.845 10.3 2.64 10.252 5.385 165
31 14.145 12.3 2.55 11.63 5.567 764
33 15.065 13.1 2.472 13.035 5.744 563
35 16.79 14.6 2.4 14.546 5.916 08
37 18.63 16.2 2.334 16.144 6.082 763
39 19.676 5 17.11 2.3 17.06 6.244 998
41 20.5275 17.85 2274 17.807 6.403 124
43 22.77 19.80 222 19.503 6.557 439
45 24.518 21.32 2.17 21.268 6.708 204
47 269215 23.41 2.12 23.25 6.855 655
49 29.348 25.52 2.07 25.478 7
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Fig. 5 Comparison between the calculated value of the theoretical

formula and the experimental measurement value
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Table 4 Winding harmonic resistance measurement results
) SEYRAFATI LA AT
SIUN HURARIE/V LI RUME/A & PIW HiBH/Q FUASRIRIR B /mm
FLBH R FLBH R
1 25.72 20.512 498.369 1 1.185 1.03 14.2 0.766 075
3 10.35 10.521 157.846 1.426 1.24 8.2 1.229 333
5 30.740 8.089 96.315 79 1.472 1.28 6.35 1.532175
7 35.760 6.214 69.095 53 1.789 1.556 5.37 1.770 152
9 15.67 3.86 34.954 46 2.346 2.04 4.73 1.974 601
11 59.04 5.78 90.670 4 2.714 2.36 4.28 2.152 161
13 39.768 4.836 77.9953 3.335 2.9 3.94 2.523 379
15 13.46 4.25 73.117 4.048 3.52 3.67 3.253 297
17 12.648 5.018 127.412 5.06 4.4 3.444 4.084 271
19 10.680 5.192 155.932 5.784 5.03 3.26 4971 16
21 13.262 4.352 132.863 7.015 6.1 3.1 5.952234
23 15.160 5.929 291.067 8.28 72 2.96 7.022 803
25 372 4.62 199.314 9.338 8.12 2.84 8.143 989
27 14.79 4.05 174.48 10.64 9.25 2.733 9.343 945
29 15.672 4.212 210.14 11.85 10.3 2.64 10.576 53
31 17.668 4.42 280.84 14.38 12.5 2.55 11.974 47
33 18.345 4.832 355.77 15.23 13.25 2472 13.382 68
35 20.668 3.784 241.23 16.85 14.65 24 14.876 04
37 16.052 3.178 191.06 18.92 16.45 2.334 16.4373
39 19.54 4.01 318.99 19.84 17.25 2.304 17.323 66
41 25.512 4.129 350.95 20.58 17.9 2274 18.043 07
43 30.892 4.394 439.182 22.75 19.78 222 19.663 74
45 245 3.783 352.2 24.61 214 2.17 21.334 09
47 28.051 3.904 411.893 9 27.03 23.5 2.12 23.190 36
49 25.5 3.388 337.928 3 29.44 25.6 2.07 25.258 39
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