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Abstract: [ Objective ] To address the output voltage
fluctuation problem of voltage-source inverters during load
step-up and step-down transients and break through the core
bottleneck of insufficient dynamic response capability and
stability, this paper introduces a voltage-current feedforward
control method, aiming to effectively suppress voltage
fluctuations and improve the overall system performance.
[Methods] Firstly, an accurate mathematical model of the
three-phase three-level full-bridge inverter was established.
Secondly, the proportional-integral —parameters of the
traditional feedback control were designed with the expected
bandwidth and phase margin as constraints. Then, the
voltage-current feedforward control was introduced, and the
optimal feedforward coefficient was derived using Bode plots
and pole-zero distribution analysis. Finally, the effectiveness
of the proposed method was verified through simulations and
experiments. [Results] Simulation and experimental results
indicated that after introducing the feedforward control, the
output voltage fluctuation during load step-up and step-down
transients were significantly reduced, and both the dynamic
response speed and operational stability were effectively
improved, leading to a notable enhancement in the overall
system performance. [ Conclusion] The proposed voltage-

current feedforward control design method is correct and
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feasible, with clear physical significance and strong
engineering operability, providing a referable idea for the
forward design of control parameters in similar inverters.

Key words: inverter; feedforward control; proportional-

integral parameter; feedforward coefficient
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Fig.1 Isolated three-phase three-level
full-bridge inverter topology

DE T, LASAAR 307 H g O BIF 5 Xk R
Fr/ME A, s 2 Bes, B, R, Sy 8RB
JERLFH ;i AR BB R (i= A, B, C)
by AV U R I 5w, R 02T i RS e, SR
7255 PHLJE H B AR IR S A TS s, LA

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



S, A5 A S e AR R AT B R S RO Tk

1020 Wu Youyang, et al; Feedforward Control Parameter Design Method for Three-Phase Three-Level Full-Bridge Inverter
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Fig.2 Equivalent circuit diagram of a single-

phase inverter
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Fig.3 Small-signal model and circuit frequency-

sweep Bode plot
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Fig.5 Traditional dual closed-loop control single-axis equivalent block diagram
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Fig. 6 Current loop control block diagram
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Fig.7 Step response of the current loop under

different phase margins
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Fig.8 Voltage loop control block diagram
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current feedforward
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Fig. 13 Pole-zero map under varying k,
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Fig. 15 Comparison of system Bode plots under
two control schemes
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Tab.2 Simulation steady-state data
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control methods
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two control schemes
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Fig. 20 RMS waveforms of voltage during load step-down
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Tab.5 Experimental dynamic performance metrics
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Fig. 21 Voltage reference step waveforms
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