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Variable Duty Cycle Control Based on k-value Modulation for Three-level
Boost PFC Converter

MA Lan!?, MING Yanni?, LYU Xiao?, CAO Xiaoqi%, SONG Zhaobo?, SHU Zeliang'?
(1. Key Laboratory of Magnetic Suspension Technology and Maglev Vehicle, Ministry of Education, Southwest Jiaotong University,

Chengdu 610031, China;
2. College of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756, China)

Abstract: With the country’s vigorous development of urban rail transit,uninterruptible power supply( UPS )system has
important research significance and value. In order to meet the requirements of the power quality regulations, the integra-
tion of the power factor correction(PFC) input stage is an important requirement for UPS systems that guarantee the
power supply. When the traditional carrier modulation is used, the input current of the three-level Boost PFC is always
zero within a certain input voltage range, resulting in poor power factor. Therefore, this paper proposes a variable duty
cycle control method based on k-value modulation, which can not only solve the problems of traditional carrier modula-
tion at high input voltages, but also further suppress the distortion of input current. The k-value modulation method is first
introduced, and the principle of k-value on the power factor of the converter and the effective value of the inductor current
are analyzed. On this basis, the & value is optimized by combining the voltage balancing strategy to solve the problem of
unbalanced voltage on the DC side. Finally, in order to solve the problem that the input current is seriously distorted at
high input voltages, a variable duty cycle control method based on k-value modulation is proposed, and the influences of
variable duty cycle control on the power factor, output power, voltage ripple and inductor current peak of the converter are
analyzed. Finally, the correctness of the proposed methods is verified by simulation and the construction of a low-power
experimental platform.

Key words: three-level Boost PFC converter; discontinuous conduction mode; k-value modulation; variable duty cycle

control; input current distortion; power quality
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