
Highly efficient traction inverters are a key element for electric drives with high range, power density, and reliability. Modern topologies such as two-level,
three-level, T-type, flying-capacitor, or resonant concepts differ significantly in switching behavior, losses, and measurability. In this thesis or research
project, you will first investigate a suitable topology theoretically and by simulation, and then characterize switching losses in one inverter phase at high
voltages and currents above 100 A.

Objective

The objective is the scientific design, simulation, and experimental switching-loss characterization of a modern power topology for traction inverters. This includes
comparing suitable topologies and semiconductor technologies, for example 1200 V-class SiC devices and, where appropriate, monolithic bidirectional or other 650 V GaN
devices. Subsequently, a circuit and PCB concept for one inverter phase will be developed, and the switching behavior will be evaluated using double-pulse tests, fast
current and voltage sensing, and oscilloscope measurements.

Possible research questions

• Which modern power topology is suitable for a highly efficient traction inverter
phase with voltages above 800 V and currents above 100 A?

• How well do simulated and measured switching transitions, switching losses,
and parasitic effects agree in a double-pulse test?

• Which measurement and layout requirements are necessary to reproducibly
capture switching energies under fast voltage and current transients?

Expected outcome

The expected outcome is a traceable topology and device selection, a simulation-
based loss model, a circuit and PCB design for one traction inverter phase, and a
documented double-pulse-test characterization. The work shall provide
quantitative findings on switching energies, parasitic effects, measurement
uncertainties, and the potential of the investigated topology for highly efficient
traction inverters.

Prior knowledge

Required

• Fundamentals of electrical engineering and circuit theory

• Confident handling of technical calculations

• Careful and safety-conscious work style in the lab

Helpful, but not required

• Fundamentals of power electronics or electric drives

• Experience with LTspice, PLECS, or SPICE

• Interest in measurement technology, PCB design, or wide-bandgap
semiconductors

Relevance

Switching losses strongly affect the efficiency, cooling effort, and power density of
electric traction inverters. The work contributes to more compact and efficient
drives for electromobility and creates a measurement-based foundation for
systematically comparing modern topologies and semiconductor technologies for
future inverter concepts.

Approach & tasks

1. Structure the state of the art for traction inverter topologies such as two-level,
three-level, T-type, FCML, or ARCP and select a suitable variant for
investigation.

2. Model switching behavior and loss mechanisms in LTspice, PLECS, or SPICE
and define relevant operating ranges.

3. Design the schematic and PCB for one phase of a three-phase traction
inverter, including measurement points, sensing, and a safe high-voltage
setup.

4. Prepare double-pulse tests with fast current and voltage sensors, probes, and
an oscilloscope, and measure switching transitions at high currents and
voltages above 800 V.

5. Evaluate measurement data, determine switching energies, compare
simulation and experiment, and assess topology, semiconductor technology,
layout, and measurement uncertainties.

Suitable for

Electrical Engineering and Information Technology · Electrical Engineering ·
Electromobility

* further

* Subject to academic fit and examination regulations.
Adaptable: Technical, Practice-oriented, Empirical

Methods & tools

• LTspice, PLECS und SPICE

• Leiterplattendesign und Schaltungsentwurf

• Doppelpulstest, Oszilloskop und schnelle Sensorik

What you will learn

• You will learn how to evaluate modern traction inverter topologies with respect
to switching losses and efficiency potential.

• You will combine simulation, circuit design, PCB design, and high-voltage
measurement technology in one integrated development task.

• You will gain practical experience with double-pulse tests, fast measurement
signals, and switching-energy evaluation.

• You will understand how topology, semiconductors, layout, and measurement
technology influence the efficiency of electric drives.

Supervision & application

The work combines theory, simulation, circuit design, and experimental characterization. Depending on your interests and prior knowledge, the focus can be placed more
on topology comparison, simulation model, PCB design, double-pulse testing, measurement technology, or switching-loss evaluation.
Additional notes: Please indicate whether you already have experience with power electronics, simulation, PCB design, measurement technology, or high-voltage
systems.

Interested? Please apply with complete documents: a current transcript of records, ideally a CV, and brief information on relevant interests and prior knowledge, preferred
focus, possible start date, and courses or other activities planned alongside the project.
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