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Fractional-turn Transformer Optimization Design for
High-ratio High-current Output LLC Converters
ZHOU Wei, YANG Xu, SUN Tongrui, YANG Haohan, HUANG Xingwei, CHEN Wenjie, WANG Kangping

(School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, Shaanxi Province, China)

ABSTRACT: Transformer winding losses are an important
factor limiting the efficiency of LLC converter in high-ratio
high-current applications. This paper proposes an optimal
design scheme for fractional-turn transformers applicable to
high-ratio high-current output LLC converters to reduce
winding losses, considering the influence of the number of
secondary turns and the dimensional parameters on the
transformer losses, and designing the fractional-turn
transformer with optimal efficiency. The voltage and current
equalization characteristics of input-series output-parallel
transformer structure is analyzed, and the method to realize the
secondary current equalization is proposed. An LLC converter
prototype with 400V input, 12V output, rated power of
3000W is built, achieving a power density of 300 W/in® a
half-load efficiency of 97.7%, and a full-load efficiency of
96.9%. The half-load and full-load efficiencies are higher than
those of integer-turn transformer with the same power density,

validating the optimized design.

KEY WORDS: resonant converter; fractional-turn transformer;
magnetic integration; winding loss; optimized design
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Fig. 1 Schematic diagram of integer-turn winding
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Fig. 2 Schematic diagram of fractional-turn winding
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Fig. 3 Equivalent circuit of fractional-turn winding
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Fig. 4 Equivalent circuit of parallel integer-turn winding
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Table 1 Comparison between fractional-turn winding and
integer-turn winding
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Fig. 6 Comparison of ac resistance coefficient
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