
Synchronous generator power system emulation on PHIL
infrastructure at CoSES Laboratory

Project background

Power Hardware-in-the-loop infrastructure has been erstwhile used in controller validation, system validations
and testing stages in power system applications. However due to the high bandwidth control design of switching
power amplifier based PHIL test beds, the grid interfacing current can be controlled with high precision. This
creates an opportunity to "shape" the grid current to mimic the dynamic behaviour of absent equipment in a
laboratory. Thus a laboratory could create an electrically analogous copy of a synchronous generator based
power system but implemented over PHIL inverters

Figure 1: CoSES Laboratory in Garching (left), Egston PHIL emulators (top right), typical synchronous generator
model (bottom right)

Project expectations

• Review the current PHIL emulation literature

• Build a MATLAB/Simulink model for a sixth order synchronous generator along with AVR and turbine gov-
ernors.

• Convert this model into a Real time capable model by switching physics based blocks to pure mathematical
operators for code acceleration.

• Deploy the synchronous generator model on CoSES PXIe embedded controllers and validate stability in
RT domain

• Deploy the model on Egston PHIL emulators in CoSES and adjust the PHIL feed-forward and amplitude
gains to provide precise grid currents.

• Prepare a high quality manuscript to publish at an international conference.
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Requirements

• Electrical engineering background with knowledge of dynamic modeling of electric grid, inverters and
physics based modeling.

• A good understanding of MATLAB/Simulink.

• Previous experience with real time simulators is preferable.

• Affinity to programming and structural thinking.

• Good team-player and an attitude to learn and explore new approaches.

References

• R. Song, A. Mohapatra, T. Hamacher, V. Peric, ‘Power-Hardware-In-The-Loop Validation of Air-Source Heat
Pump For Fast Frequency Response Applications’, 2024, Power System Computation Conference, Paris.
(Open access link)
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Contact

Anurag Mohapatra
Email: anurag.mohapatra@tum.de

Note - The thesis will be co-supervised by the Chair of Renewable and Sustainable Energy Systems and the
Chair of Electric Power Transmission and Distribution.
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