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Flying capacitor multilevel converters are increasingly used in modern power electronic applications because of their high efficiency
and high power density. At the same time, reliable capacitor voltage balancing during multilevel operation, especially with capacitive
loads, remains a key challenge. In this project, a digital twin of a flying capacitor multilevel converter will be further developed. Different
control methods, including hysteresis current control, phase-shift PWM, and sensorless approaches, will be implemented on a PSoC5
and validated using Controller Hardware-in-the-Loop (CHIL) on a PLECS RT Box. The methods will be evaluated with respect to

efficiency, robustness, and capacitor voltage balancing.

Objective

Further develop a digital twin and implement, compare, and validate different control methods for reliable capacitor voltage balancing of a flying

capacitor multilevel converter with capacitive loads.

Possible research questions

« Which control method ensures reliable capacitor voltage balancing
with capacitive loads?

« How do hysteresis current control, phase-shift PWM, and sensorless
methods compare regarding efficiency and robustness?

« How can the control or regulation methods be generalized to an
arbitrary number of levels?

Expected outcome

A validated digital twin including Controller Hardware-in-the-Loop (CHIL)
validation and a documented comparison of different control methods
regarding capacitor voltage balancing, efficiency, and robustness.

Prior knowledge

Required

. Fundamentals of electrical engineering

« Basic knowledge of control engineering

« Willingness to learn simulation and embedded programming
Helpful, but not required

« Power electronics and multilevel converters

« Experience with microcontrollers
« Knowledge of PLECS or MATLAB

What you will learn

« Develop digital twins for power electronic systems

« Implement control methods on a microcontroller and validate them
using CHIL

« Compare and evaluate control methods for multilevel converters

« Apply hardware-in-the-loop methods for embedded control systems

Supervision & application

Approach & tasks

1. Further develop the digital twin and establish a CHIL environment
using a PSoC5 and a PLECS RT Box.

2. Implement and compare hysteresis current control, phase-shift
PWM, and optionally sensorless methods.

3. Evaluate the methods regarding voltage balancing, efficiency, and
robustness.

4. Document the results and derive recommendations for suitable
control methods.

Suitable for

Electrical Engineering and Information Technology - Electrical
Engineering - Electromobility

. Engineering Cybernetics, Mechatronics

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

Methods & tools

« Digital Twin, Controller Hardware-in-the-Loop (CHIL)
« PSoC5, PLECS RT Box
« Hysteresestromregelung, Phaseshift PWM

Literature & references

. ieeexplore.ieee.org/document/9172101
. ieeexplore.ieee.org/document/6450221
. ieeexplore.ieee.org/document/11494638

Relevance

The combination of a digital twin and Controller Hardware-in-the-Loop
enables efficient development and validation of advanced control
methods for high-power-density flying capacitor multilevel converters.

The project includes technical supervision. The focus can be adapted within the topic according to your interests and background.
Additional notes: Interest in control engineering, power electronics, and embedded development is beneficial.

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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