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Fig. 11 Comparison of inverter output waveforms before and after dead-time compensation (A/=0.70)
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Dead-time compensation method for synchronously optimized PWM
in two-level traction inverters

DU Jingrun, XIANG Chaoqun, CHEN Huiqing, ZHANG Zhun
(School of Traffic & Transportation Engineering, Central South University, Changsha, Hunan 410075, China)

Abstract: The switching frequency of traction inverters typically remains below 1 kHz. When they operate in the medium- and
high-frequency ranges, the carrier ratio decreases, leading to increased output harmonics and degraded output performance; peak current
increases, causing significant IGBT power losses, which can jeopardize train operational safety. Compared with asynchronous modula-
tion, synchronous modulation effectively reduces switching losses and improves waveform quality, making it more suitable for high-pow-
er, low-switching-frequency operating scenarios. However, as switching frequency increases, dead time occupies a rising fraction of the
fundamental period, amplifying its effect on converter output harmonics. To address these issues, a dead-time compensation strategy
based on switching-angle synchronous modulation is proposed to reduce impacts on the weighted total harmonic distortion (WTHD) and
total power loss in inverter output. First, dead time under switching-angle synchronous modulation was mathematically modeled. Sec-
ond, the Fourier coefficients of inverter output voltage with the dead-time effect were calculated, and the output voltage function and har-
monic calculation formulas for switching-angle modulation were modified accordingly. Next, the voltage edge type and the load current
direction were determined to enable online dead-time compensation. Based on the power loss minimized PWM (PLMPWM), the effec-
tiveness of the proposed method was verified through hardware experiments. Results show that the proposed method effectively compen-
sates dead time, reduces even-order harmonics introduced by dead time, and ensures the output waveform quality of inverters under low-
carrier-ratio conditions.

Keywords: traction inverters; switching-angle synchronous modulation; dead-time effect; Fourier coefficients; online dead-time

compensation
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