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Isolated DC-DC Converter for Battery Storage in Traction Applications
- Modelling and Design of a Medium Frequency Transformer -

Dual Active Bridge (DAB) converters are an interesting solution for battery
interfaces in storage systems for traction applications. Due to the
environmental conditions and space limitations, the design of the transformer
and cooling system is crucial for achieving a high power density. Therefore, a
modeling approach for the design of a transformer with integrated liquid
cooling structure and high isolation voltage is presented. Detailed loss, leakage

inductance and thermal models of the medium frequency transformer with
integrated cooling structure are used to determine the optimal design
parameters. The resulting design was validated with comprehensive FEM
simulations for various design aspects. The final validation is performed with
measurements on a prototype system.
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System overview
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Module power 50 kW
Frequency 36 kHz
Functional insulation 8 kV
Ambient temperature 75 °C
Cooling water temperature 60 °C
Transformer temperature rise (max) 45 °C

Design of cooling system

Temperature distribution of the integrated
converter structure
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Eddy current simulation
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Water velocity field inside the presented
converter cooling structure
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Modular DAB circuit topology

Block diagram of the modular DC-DC converter based on
DAB topology
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Voltage and current waveforms at the
transformer terminals

Measurement results

Results of the partial discharge measurement
performed on the designed transformer

Transformer design

Exploded view CAD drawing of the designed
transformer with integrated cooling structure
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Transformer voltage and current
waveforms
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Expected impact
’ The battery system enables to store recuperated energy during braking, what reduces the total

energy consumption and enables reuse of the recuperated energy during the acceleration phase.

Additionally, energy stored in the batteries can be used to drive the locomotive on non-electrified
tracks without a diesel engine, avoiding CO2 emissions (e.g. in shunt yards).
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