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Abstract

This paper proposes a simulation method of the internal winding fault to calculate the short-circuit current,
electromagnetic force and vibration mode in a distribution power transformer by using FEM program(FLUXZD)
and analytic algorithm. A usage of the Transfer matrix method is also presented for the vibration mode
analysis of the cable-type winding of power transformer. The equations of the winding are approximated by
the series expansions of the distributed mass model and Timoshenko’s beam theory. The simulation examples
are provided for the cable type winding of the transformer(22.9[kV1/220{V], 1,000[kVA]) to verify the method.
The proposed Transfer Matrix Method is also verified by the ANSYS program for the vibration mode of the
transformer winding. The method presented may serve as one of the useful tools in the electromagnetic force
and vibration analysis of the transformer winding under the short circuit condition.
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Fig. 1. Electromagnetic force(radial) of the
cylindrical winding
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Fig. 2. Simulation model of the transformer
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Table 1. Specification of the model transformer
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Fig. 3. Short circuit diagram of the primary
winding

SIS 29} 148 A9 19 49} 2ol A
F7} A 20 AL B 4 oM A% pe B
20] AelBSiT. Bela|a e} o2} Aol o
A)e, wAprek 9] AATelE oktke) 9 A}
Siek. vk AL Gad) vlae 2A 2

Y AR =N M237 M12, 200973 1¥

QBN AT 2TY

r

Tbetda, B3] et AN FadAe ARG EE
7V AA Sk Badetd g o] gol
A%e & & sk

E 2. 2t MO HFQt MY
Table 2. Current and magnetic force of the
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Fig. 4. Winding current at the steady state and
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Fig. 6. Analyzing model of the helical winding
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Table 3. Specification of the cable-type winding

¥ F 4 4
Coil pitch 171
Poisson’s ratio 0.33

1.24 X101 ([N/m?})
0.749([kg/cm])

Young’s modulus
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Fig. 7. Analyzing model of the cable-type winding
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Table 4. Frequency modes of the single-turn

winding(Hz)
Fr;z/[q:;erlcy Tran;f::hxamx ANSYS
1 321 319
2 450 448
3 7.34 7.36
4 12.65 12.62
5 16.47 16.56
6 26.80 26.78
7 30.67 30.83
8 45.49 4553
9 49.41 49.64
10 68.64 68.75
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Table 5. Natural frequencies of the 20-turns
winding(Hz]

Fixed-Fixed Fixed-Hinged
TMM | ANSYS | TMM | ANSYS
1st | 01718 | 0.1714 0.0969 0.0949
2nd | 01971 | 0.1977 0.1156 0.1162
Sth | 03435 | 0.3424 0.3043 0.3160
7th 05070 | 0.5088 0.4387 0.4109

Mode

7th mode

a8 8. 20 EHel HMS ME P=
Fig. 8. Vibration modes of the 20-turns winding
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