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Abstract: due to volume, weight and cost constraints, EV on-board chargers have a limited power rating (≈kW),
which may be considered acceptable only for overnight charging. However, in order to achieve charging times
comparable to refueling a gasoline car, high-power off-board chargers are required. These chargers deliver DC
current to the vehicle battery pack, meanwhile ensuring proper galvanic isolation from the mains. As of today,
most commercially available DC fast chargers are rated at 50 kW and the plug/socket potential of 350/500 kW
(i.e. CCS 2.0 standard) has yet to be exploited. Designing and building a power electronics system with this
power rating, while ensuring high efficiency and reasonable cost, is quite challenging. Therefore, it is the subject
of the present research activity.

Research Context & Motivation
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Addressed Research Questions & Novel Contributions

► Investigation of novel converter topologies
► Investigation of novel converter control strategies and modulation techniques

● model predictive control (MPC) applied to power electronic converters
● performance comparison between different modulation techniques and phase interleaving angles

► Power electronics systems modeling, optimization and design automation
● analysis, modeling and design of high-frequency magnetic component (DC inductors, AC inductors

transformers, common-mode chokes)
● analysis and modeling of semiconductor loss and thermal dissipation
● EMI noise emission modeling and EMI filter design
● system-level optimization according to predefined performance indices, such as

efficiency η, power density ρ and specific cost σ

Adopted Methodologies

Future Work
► Build and test current “all-Si” prototype…
► Investigate novel converter topologies, such as medium

voltage (MV) direct connection (i.e. “solid state transformer”),
envelope-transition (ET) converter, etc.

► Validate inductor/transformer models and design procedures
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≈ 400 km in 10 minutes
What is Ultra-Fast??

1000 V

350/500 A
350/500 kW

Other Activities (            )
Industrial collaboration activities:
► ELDOR Corporation: development of an Innovative Hybrid Transmission (IHT) for

electrified vehicles. Traction inverter and DC/DC converter modeling and design, traction
motor dynamical modeling and control.

► ELDOR Corporation: development of a Virtual GearBox (VGB) for fully electric vehicles.
Traction inverter and relative cooling system modeling and design, EMI noise modeling,
EMI filter design, safety analysis.

► WOLONG: control of an industrial motor. Direct Flux Vector Control (DFVC)
implementation in Simulink environment.

► VISHAY Semiconductors: development of an electric vehicle on-board charger. High-
frequency inductor design.

► VISHAY Semiconductors: development of an off-board high-power battery charger for
electric vehicles. Full converter modeling, design, control, prototype and test.

European project activities:
► HiPERFORM: modeling of a high-performance SiC-based traction inverter.
► FITGEN: semiconductor loss and DC-link charge ripple analysis of a 6-phase inverter.
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► Currently adopted power electronic converter design steps:

● EMI filter design

● EMI noise 
emission modeling

● Converter behavioral model

● Magnetics design and optimization in MATLAB

● Magnetics validation 
in FEMM

● Semiconductor loss modeling
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● Thermal modeling and design
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