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Optimal Design of Integrated High-frequency Transformer for
LLC Resonant Converter Based on Finite Element Simulation
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Abstract: The air gap in an integrated high-frequency transformer of an LLC resonant converter is usually placed
at the center of magnetic core, and a single air gap structure is adopted. The nonlinear three-dimensional transformer
models with different air gap positions are established using a finite element analysis method based on the software
Ansys, and the influence of air gap position on loss is studied. Through simulations, the curves of loss versus air gap
positions are obtained, and it is proved that the loss of transformer can be reduced and the converter efficiency can be
improved if the air gap is located in the region of secondary windings, providing a reference for the optimal design of
the integrated high-frequency transformer. On this basis, an integrated high-frequency transformer structure with three
air gap magnetic circuits on the secondary side is proposed, so as to further reduce the transformer loss. Finally, an
experimental prototype of a 160 W LLC dimmable LED driver was built, and experimental results verified the
correctness and feasibility of the proposed method.
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Fig. 2 Magnetically integrated transformer model

established in Ansys
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Fig. 4 Magnetic loss with air gap at different positions of
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Fig. 9 The relationship between coil eddy current loss and
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Fig. 10 Distribution of magnetic induction intensity of

transformer with single air gap
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Fig. 11 Distribution of magnetic induction intensity of

transformer with distributed air gap
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transformer when reaching thermal equilibrium
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