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Abstract ;: Sub-module capacitor voltage balancing is an important prerequisite for the stable operation of modular multilevel
converter (MMC). In order to solve the problems of heavy computation burden and high switching frequency of devices, a
novel capacitor voltage balancing control method applicable for field programmable gate array (FPGA ) is proposed from the
perspective of practical engineering. Several sub-intervals are divided according to the fluctuation range of capacitor voltage
during normal operation, and sub-modules are matched into the corresponding sub-intervals according to the capacitor voltage
measured in real-time. On this basis, for the sub-modules with capacitor voltage near the rated value, the switching state at the
last control period is considered when grouping, and the switching frequency is further reduced according to the principle of
keeping the original switching state unchanged as much as possible. The proposed method is developed and implemented in
ML605-FPGA board, and a hardware-in-the-loop real-time simulation system is built with the real-time digital simulator. The

simulation results verify the feasibility and effectiveness of the method.

Key words : modular multilevel converter (MMC ); capacitor voltage balancing; FPGA; realtime simulation; hardware-in-the-

loop
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Table A1 Simulation parameter of the MMC system
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Fig.A3 Configuration of the hardware-in-the-loop experimental platform
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= A2 BEFGERMERESTEE (N=0)
Table A2 Performance comparison of voltage balancing control methods (N=0)

) FL 2 HLE B 26 1% I I KA Z IHz
R RS
PF=1 PF=0 PF=1 PF=0
L WA 3.29 4.70 5618 7808
M=20 3.90 5.58 424 710
M=30 3.70 5.04 714 1118
M=40 3.57 4.77 996 1495
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Fig.A5 Experimental waveforms under PF=0 condition (M=20)

= A3 HIEGERIMEEERTEE (M=20)
Table A3 Performance comparison of voltage balancing control methods (M=20)

HLZ HL R Bl % T3 FF R F [Hz

V45 07 12
PF=1 PF=0 PF=1 PF=0
N=0 3.90 5.58 424 710
N=2 3.98 5.58 312 531
N=4 4.08 5.59 181 375
N=6 4.39 5.59 119 300




