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Abstract: To clarify how the internal voltage distribution of 10 - 35 kV distribution transformers
varies with frequency and the proportion of the high-frequency component under composite voltages
consisting of power-frequency and high-frequency components, this study investigates composite-
voltage generation methods and winding voltage distribution characteristics. Three superposition

topologies are developed based on electromagnetic coupling between transformer windings. Their
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protection and isolation parameters are optimized through 1 - 100 kHz frequency-sweep simulations,
considering voltage transfer and branch isolation performance. A 10 kV transformer test platform is
then established, and the effects of frequency and the proportion of the high-frequency component on
internal winding voltage distribution are analyzed using a distributed-parameter model and modal
analysis. Results show that all three topologies effectively transmit the power-frequency component.
The low-voltage coupling superposition topology requires a maximum high-frequency source voltage
of only 23.6 V within 1 - 20 kHz, compared with 610 V for the other two topologies. In this
topology, both the power-frequency component and the high-frequency component within 1 - 20 kHz
decrease monotonically along the winding. As the frequency of the high-frequency component
approaches a natural modal frequency, the voltage peak shifts toward the winding interior. At 60
kHz, the high-frequency voltage at 40% of the winding length reaches 3. 11 times that at the winding
terminal. When the proportion of the high-frequency component increases from 5% to 20%, the
spatial voltage peak increases from 78 V to 312 V, while the distribution pattern and peak location
remain nearly unchanged. The proposed topology substantially reduces the required high-{requency
source voltage while maintaining effective voltage transfer and branch isolation, providing technical
support for wide-frequency insulation testing and operational safety assessment of distribution
transformers.
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Fig. 1 Synthesized voltage superposition topology structure
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