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Fig.1 MMC-LCC hybrid direct current (DC)
transmission system
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Fig.2 Control block diagram of MMC
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Fig.3 Control block diagram of LCC
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Fig.4 Simplified schematic diagram of
MMC discharge (phase a)
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Fig.5 Enhanced control strategy of MMC voltage
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Fig.6 Principle of segmented control of MMC voltage
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Fig.7 Control block diagram of segmented
control of MMC voltage
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Fig.8 Start-up simulation of hybrid DC
transmission system
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Fig.9 Simulation when alternating current (AC)
voltage drop of LCC is small
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Fig.10 Simulation when AC voltage

drop of LCC is large
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Segmented droop control strategy of MMC-LCC hybrid DC transmission system
MA Wenzhong' , LI Wenfei', WANG Yusheng®, MENG Fancheng' , LIU Xingyu', SUN Luyao'
(1. College of New Energy,China University of Petroleum ( East China) ,Qingdao 266580, China;
2. PetroChina Planning and Engineering Institute, Beijing 100083, China)

Abstract ; In the hybrid direct current (DC) transmission system composed of modular multi-level converter (MMC) and line
commutated converter (LCC) ,the commutation failure of LCC seriously affects the security and stability of the system. Firstly,
the current characteristics and alternating current ( AC)/DC voltage characteristics of MMC-LCC hybrid DC transmission
system are analyzed when commutation failure occurs. Secondly, considering the influence of modulation ratio on half-bridge
MMC, the feasible region of voltage modulation ratio is extended by using enhanced control strategy of MMC voltage. Then, the
segmented control strategy of MMC voltage is proposed. According to the different degrees of AC voltage sag, the adjustment
methods of DC voltage reference value are designed respectively, and the voltage control logic of hybrid HVDC transmission
system is optimized to realize the effective switching of MMC voltage between normal operation and fault condition. Finally,the
model of MMC-LCC hybrid DC transmission system is built in MATLAB/Simulink, and the simulation results show that the
proposed control strategy can improve the DC voltage control accuracy and system stability while achieving fault ride through.
Keywords ;: modular multi-level converter (MMC) ;line commutated converter ( LCC) ;hybrid direct current (DC) transmission

system ; commutation failure ; enhanced control of MMC voltage ; segmented control of MMC voltage
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