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Adaptive optimization design strategy for parameters of high-frequency
injection method in modular multilevel converters

LOU Xujie, XIAO Fei, REN Qiang”
(National Key Laboratory of Electromagnetic Energy, Naval University of Engineering, Wuhan 430033, China)

Abstract: Modular multilevel converters exhibit significant capacitor voltage ripple under low-speed, high-torque operating conditions.
Existing high-frequency injection suppression schemes increase device current stress and losses while introducing overmodulation risk, and their
parameter optimization lacks full operational-condition adaptability. To resolve this issue, a high-frequency injection parameter adaptive optimization
strategy considering multiple constraints was proposed. Based on system characteristics and a steady-state model, a variable-step gradient descent
algorithm was employed offline to generate a minimum injection-amplitude base parameter reference table that satisfies both capacitor voltage ripple
and modulation wave constraints. Subsequently, an online adaptive correction mechanism was designed. Injection parameters were dynamically
adjusted in real-time according to acquired capacitor voltage ripple and modulation information, compensating for model deviations and operational
variations, forming a coordinated architecture of offline global optimization and online local refinement. Simulation and experimental results show
that the proposed strategy maintains the capacitor voltage ripple suppression effect while significantly reducing high-frequency circulating currents,
demonstrating dynamic tracking capability for the optimal objective.
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7 0.952  0.499  0.008
10515
NAWANWAWANWA
2 100
N RVIRVARVIRVARY
95
2.0 2.2 2.4 2.6 2.8 3.0
. 0,943
S I
—1 i i H
2.0 2.2 2.4 2.6 2.8 3.0
6.451
10
iN o M I A I I
—10 i H i H
2.0 2.2 2.4 2.6 2.8 3.0

t/s

K7 RARSE)E MMC S f R H 0P

Fig.7  Simulation waveform of key electrical quantities of
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Tab.5 Comparative experimental results under multiple working conditions with different strategies
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