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Fig. 1 Electrical configuration used to analyze
sympathetic inrush for transformers in parallel
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Fig.2 Time domain simplified circuit used to analyze
sympathetic inrush for transformers in parallel
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Fig. 3 Electrical configuration used to analyze
sympathetic inrush for transformers in cascade
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Fig. 4 Time domain simplified circuit used to analyze
sympathetic current for transformers in cascade
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Fig.5 Characteristics of sympathetic inrush for
transformers in parallel
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Theory Analysis of the Sympathetic Inrush in Operating Transformers
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Abstract: A mathematical model is developed for two transformers in parallel and cascade operation to analyze the variation of
their flux linkages based on the linearized magnetic circuit. The mathematical representations of flux linkage in the operating
and energized transformer are deduced and it is analytically explained that the operating transformer may be saturated and the
sympathetic inrush is produced and affected in it, after another adjacent transformer is energized in parallel or in cascade. At
the same time, by adopting the piecewise linearized magnetization characteristics, the influences of such factors as the residual
flux linkage, switching time, parameters of the connected power line on the amplitude of sympathetic inrush and the time of
transformer saturation are further analyzed by numerical simulation. The analytic conclusions are verified by the results
obtained. These analyses provide a theoretical basis to the investigation on the mal-operation of transformer differential
protection and an understanding of the sympathetic inrush itself.
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