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Abstract

There are many shortcomings in traditional PID controller, such as the slow dynamic response
and the poor robustness. Based on VIENNA rectifier, this paper analyses the performance of frac-
tional-order PID controller. Under the balanced three-phase input situation, we decoupled the
VIENNA rectifier and established the mathematic model. According to the theory of fractional cal-
culus, we optimized the parameters of FPID by genetic algorithm (GA) to improve the performance
of dynamic response and the robustness, aiming at the IEAT index. We constructed the VIENNA
model by Simulink, verified the good performance of FPID, designed a 2 kW VIENNA rectifier, and
confirmed the effectiveness of FPID controller by experiment.
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Figure 1. Topology of VIENNA rectifier
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Figure 2. Equivalent circuit after decoupling
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Figure 3. Structure of Dual-loop control
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Figure 4. Parameter ranges of FPID controller
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Figure 5. Structure of FPID controller
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Figure 6. Parameter calibration process of GA algorithm
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Figure 7. Bode graph of voltage loop corrected by FPID controller
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Figure 9. The comparison from half load to full load
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Figure 10. Current wave of Simulink model
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Figure 11. THD analysis of current
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Figure 12. Experimental platform of VIENNA system
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