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Partial-power processing converters can transfer electrical energy very efficiently because only part of the total power is actively
converted. A recent transformerless PPP topology provides an interesting starting point, but is not primarily designed for bidirectional
operation. This thesis or research project investigates how the concept can be extended using ideas from dual-active-bridge
converters to enable controlled power transfer in both directions. The advantages and limitations of capacitive energy transfer are to
be investigated in comparison to the otherwise typical transformer-based energy transfer.

Objective

The objective is to develop and evaluate a bidirectional operating concept for a transformerless PPP topology based on a DAB-inspired approach.
Suitable circuit and modulation variants shall be derived, investigated by simulation, and compared with respect to power flow, voltage stress,
controllability, and efficiency potential. This work can be carried out either purely theoretically/via simulation or experimentally, involving the design

and characterization of a demonstrator.

Possible research questions

¢ How can the transformerless PPP topology be extended for
bidirectional power flow?

e Which DAB-inspired modulation or control approaches are suitable
for stable operation in both power directions?

¢ What benefits and limitations arise regarding voltage stress, power
range, and efficiency potential?

Expected outcome

The expected outcome is a traceable topology and operating concept
for bidirectional partial-power processing, a validated simulation model,
and a quantitative assessment of the most relevant operating cases
and limitations. A possible application is the charging of batteries for
electric vehicles and battery storage systems.

Prior knowledge

Required
¢ Power electronics and/or control engineering
¢ Power semiconductor devices
Helpful, but not required
e Circuit design of power electronics
¢ Experience with electrical circuit simulation

Literature & references

o jetresearch.onlinelibrary.wiley.com/doi/10.1049/pel2.12613

Relevance

Bidirectional, highly efficient DC-DC converters are a key technology for

battery storage, charging electronics, and flexible electrical energy
systems. A transformerless PPP approach can help reduce losses,
volume, and component stress in suitable applications.

Supervision & application

Approach & tasks

1. Structure the state of the art on transformerless partial-power
processing and DAB operating concepts.

2. Derive possible bidirectional variants of the PPP topology and
describe suitable operating states.

3. Build and dimension a simulation model and investigate key
operating cases.

4. Compare modulation and control approaches for forward and
reverse power flow.

5. Document the results with respect to power flow, component stress,
efficiency potential, and feasibility.

6. (Optional): Design and characterization of a demonstrator

Suitable for

Electrical Engineering and Information Technology - Electrical
Engineering - Electromobility

* Sustainable Electrical Power Supply

" Subject to academic fit and examination regulations.
Adaptable: Technical, Conceptual, Practice-oriented

Methods & tools

e PLECS oder SPICE
o MATLAB oder Python
¢ Topologieanalyse und Modulationsvergleich

What you will learn

¢ You will learn how to systematically analyze modern PPP and DC-
DC converter topologies.

¢ You will develop an understanding of bidirectional power flow and
DAB-inspired operating concepts.

¢ You will model and evaluate power electronics based on relevant
electrical parameters..

e You will document technical results in a traceable and comparable
way.

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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