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Distribution Characteristics of Electromagnetic Forces in Windings of Thyristor-controlled
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Abstract: The thyristor-controlled phase shifter exhibits complex magnetic circuit coupling and, in case of system
fault, the electromagnetic force impulse poses a major threat to the reliability of its windings. Based on the electromag-
netic transient characteristics analysis of the phase shifter windings under typical external faults, in this paper an
electromagnetic force calculation model for the phase shifter windings is setablished, the leakage magnetic field and
electromagnetic force distribution characteristics of the phase shifter under fault conditions is investigated , and the
effects of the parallel transformer tap position and winding arrangement sequence on the electromagnetic force distri-
bution charcateristics are analyzed. The results show that for the series transformer, under the grid-side single-phase
grounding fault of the parallel transformer, the maximum radial and axial electromagnetic forces appear at about 1/5
and 1/2 of the winding, reaching 587.8 kN and 994.8 kN respectively. In case of single-phase grounding fault on the
external line, the maximum radial and axial electromagnetic forces appear at about 1/2 of the winding and the end of
the winding, reaching 441.5 kN and 938.9 kN respectively. The electromagnetic forces maintain a large value within
several cycles after the fault occurrence and decay synchronously with the current.For the parallel transformer, the
electromagnetic force distribution is similar under the two fault conditions. The maximum values of the radial and axi-

al electromagnetic forces appear at 1/3~1/2 of the winding and the end of the winding, respectively. The electromag-
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netic force is concentrated in the first cycle after the occurrence of fault. Variations in the phase shifter’s tap position

and differences in the winding sequence of the parallel transformer both alter the leakage magnetic field distribution,

thereby affecting the electromagnetic forces. Change in the tap position can result in a maximum electromagnetic

force difference of up to 14 kN, while optimizing the winding arrangement sequence can reduce the maximum electro-

magnetic forec eby nearly 50%. The research in this paper provides a reference for optimizing phase shifter structures

and has important guiding significance for engineering applications.

Key words: thyristor controlled phase shifters; typical faults; electromagnetic force distribution; finite element

method
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Table 1 Structural parameters of phase shifter
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Fig. 17 Spatial distribution of electromagnetic force in

parallel transformer
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Fig. 20 The time domain distribution of electromagnetic

force in series transformers
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Fig. 25 Spatial distribution of axial electromagnetic force

at maximum time of barrier current
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