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Research on Phase-shifting Control Strategy of Flying Capacitor
Voltage for Flying Capacitor Clamped Three-level Converter
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(State Key Laboratory of Advanced Electromagnetic Technology (School of Electrical and Electronic Engineering,
Huazhong University of Science and Technology), Wuhan 430074, China)

Abstract: The flying capacitor clamped three-level converter has many advantages, e.g., it can reduce the voltage stress
of a switch and the volume of a filter inductor. Under its operation, it is necessary to stabilize the flying capacitor voltage at
half of the high-voltage side voltage, so a control strategy of adjusting the duty cycle is often used. However, this method has
the problem of coupling control between flying capacitor voltage and output voltage, resulting significant fluctuations of
inductance current in the process of flying capacitor voltage regulation. To solve this problem, the advantages of using the
phase-shifting control strategy to realize the decoupling control of flying capacitor voltage and output volt-age are analyzed,
and the corresponding control characteristics are also studied. Through the establishment of a harmonic model of flying
capacitor voltage, the relationship between flying capacitor voltage and phase-shifting angle is given. A low-order harmonic
function relationship is constructed, which indicates that the flying capacitor voltage is affected by the switch duty cycle D and
phase-shifting angle Ap. The effective duty cycle interval of phase-shifting control and the duty cycle that optimizes the
performance of phase-shifting control are delimited by combining with a time-domain model. A simulation model was
established, and an experimental prototype with 3.6 kW was built. The control strategies of adjusting flying capacitor voltage
based on phase-shifting angle and duty cycle are compared to verify the decoupling advantages and control characteristics of
phase-shifting control.

Keywords: Flying capacitor; phase-shifting control; decoupling control; effective interval
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