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Simulation of Power Electronic Systems
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This dissertation focuses on the development of power hardware-in-the-loop (PHIL) simulation of power
electronics systems. In comparison to the HIL simulation developed to the design of controller, which is so called
controller HIL, there are two issues which severely limit its development: stability problem and acceptable
calculation accuracy. It should be noted that even the investigated system is of stable, the PHIL built for it may
lose stability. Stability of the PHIL system must be analyzed before it is carried out, otherwise, the HUT may be
severely damaged. Moreover, even a PHIL simulation is carried out successfully, it may be a futile effort if the
simulation has low accuracy.

This research investigated the modeling, stability and accuracy of PHIL simulation through examples of PHIL
which are built for a gas engine cogeneration system (GECS) and a boost chopper circuit. Following
achievements were achieved in this research:

1) Numerical models of gas engine (GE) and permanent magnet synchronous generator (PMSG) were built
based on MATLAB/Simulink/Simpowersystem and the validity of the models was verified through experiment.
Then, the models were modified by a real time solver, ARTEMIS, to achieve "real time" calculation.

2) A PHIL simulation of GECS was built, in which GE and PMSG were replaced by their numerical models and
simulated by digital simulator. A real matrix converter (MC), together with its controller, interfaced the
numerical models via power amplifier, d/a and a/d converter. The successful implementation of the PHIL was
meaningful for the development of the MC for the GECS and the scheme can also be applied for developing
power converter systems with a gas turbine or a wind turbine system.

3) The stability problem of the PHIL simulation of inductor coupled system was analyzed. The factors which
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affect the stability of PHIL were pointed out. It is found that in a PHIL simulation built for an inductor coupled
system, the values of the inductor of the simulated part and the inductor of the real hardware had significant
effect on the stability. Moreover, the time delay introduced in the PHIL simulation also affected the stability of
the PHIL. In this research, a method to stabilize the PHIL simulation without decreasing its accuracy was also
proposed and verified.

4) Through the investigation of a PHIL simulation built for a boost chopper, the accuracy of it was analyzed.
The causes of the error of PHIL simulation were given and a method to predict the accuracy was also proposed.
The analysis results were verified by the comparison of three results: (1) the experiment of real boost chopper, (2)

the PHIL simulation built for the boost chopper and (3) the offline simulation of the PHIL simulation.
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