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Context

Power density is of main importance in EV chargers, particularly when the converter is embedded. The Power
Electronics (PE) Team is working on a new generation of embedded charger based on a novated low-loss matrix
topology (patent filed). Inside the isolated converter, the High Frequency (HF) transformer is a key device that will
deeply impact the efficiency and volume of the charger.

Objective

The aim of this master thesis is to design a HF transformer for the matrix charger and to compare this solution to
conventional ones (typically including an active rectifier alongside a Dual Active Bridge — DAB) in terms of losses and
power density trade-off.

This master thesis is linked to the PE team project dealing with new type of high-density EV charger (Figure 1) and a
L2EP patent deposited this year. Conventional (DAB-like) design is no-longer valid in this new converter topology and
requires new compromises due to the matrix converter operation mode.
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Figure 1 : matrix-based AC/DC charger topology including HF transformer

Work steps

® Bibliographical review on HF transformer sizing and modeling, and charger topology (bibliographical part)
® Design of a 2-winding HF transformer for a conventional PFC + DAB topology (scientific project)

® Study of matrix topology with circuit simulation to obtain voltage and current waveforms and determine
electric constraints of the transformer (internship)

® Design of a HF transformer for this topology + Finite Element Analysis (FEA) simulation to estimate its main
parameters (losses, leakage inductance...) (internship)

® Comparison of topologies in terms of HF transformer performances (volume, losses) and converter overall
power density and efficiency (internship)

The work will take place in ESPRIT building
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Skills
. General knowledge in electrical engineering and switching converters
. Basic knowledge on magnetics
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. Software: Matlab, SIMetrix, FEMM, Ansys
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