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Development of a High-Frequency Transformer for 6.6 kV-SST
with Molded Insulation Design and Forced Air-Cooling of Windings

Ritsuki Yonetomi, Keisuke Kusaka (Nagaoka University of Technology)
Naoki Koike, Shinichiro Nagai (PONY ELECTRIC CO., LTD)

This paper proposes a transformer structure that combines high insulation performance with forced air-cooling. It
introduces a novel partial-molding structure for reliable insulation and facilitates forced-air cooling of the windings
based on electric field analysis. The transformer with the proposed structure is designed from the viewpoint of the
core losses and winding losses. A loss model is developed by distinguishing between core and winding losses, with
calculated losses aligning closely with experimental results, exhibiting a maximum error of 5%. The prototype with
an operating frequency of 27 kHz and a rated power of 37.5 kW achieved a maximum efficiency of 99.7% and a power
density of 12.6 kW/L. Thermal tests confirmed that the proposed structure significantly reduces winding temperature
compared to the conventional fully molded transformer. Partial discharge tests further verified sufficient insulation
performance with a discharge inception voltage exceeding 6.6 kV.

F—J— K : Solid-State Transformer(SST), &AM ~F > X, DC/DC = v 3—F, M4 HE, gk
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Fig. 2. Current resonant DC/DC converter.
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Fig. 3. Electric field distribution in transformer.
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Fig. 7. Magnetic-field distribution in transformer.
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Fig. 9. Transformer’s characteristics.
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Table 1. Circuit parameters.

Parameters | Symbol | Value

Input voltage Vin 750V
Output voltage Vo 375V
37.5kVA
37.5 kW

Frequency f 27 kHz
Resonant inductor Ly 167 uH

Capacity S

Power P

Resonant capacitor Cr 178 nF
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