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摘要摘要摘要摘要： 

针对用于高压直流输电的新型模块化多电平电压源换流器，详细分析了其预充电动态过程，以寻求合适的预充电

控制策略。首先以单站模块化多电平结构电压源换流器(modular multilevel converter，MMC)为研究对象，将

换流器预充电分为2阶段，分析了各阶段，特别是MMC解锁瞬间过电流的形成机制及影响因素；为保证换流器解

锁后，控制器对充电电流的有效控制，对多电平调制算法进行优化，使其在换流器预充电和正常运行阶段均适

用；同时就基于MMC的柔性直流输电(MMC-HVDC)运用于向无源系统供电和作为“黑启动”电源的应用场合，

需要一端交流源同时向双站两端预充电时，针对逆变站MMC电容充电不足的问题，提出一种整流站和逆变站协调

配合的双站两端预充电控制策略；最后构建向无源系统供电的MMC-HVDC数字和物理仿真模型，验证了所提出控

制策略的可行性和有效性。 
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Pre-charging Control Strategies of Modular Multilevel Converter for VSC-HVDC
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Municipal Electric Power Company, Pudong New District, Shanghai 200122, China 

Abstract: 

Based on a novel multilevel voltage source converter (VSC) for HVDC, the pre-charging dynamic 
process of the converter is analyzed at full length, so as to search a suitable pre-charging control 
strategy. For a single station, the process is divided into two stages, the mechanism and the concerning 
factors of the transient over current during, in particular, the unlock charging course are analyzed. To 
ensure the effective charging current control for modular multilevel converter (MMC), an optimized 
multilevel modulation algorithm is presented, making it suitable for both the pre-charging process and 
the normal operation. When the MMC-HVDC supplying for a passive network, or used as a "black start" 
power source, the AC network of the active side will be the only energy source for MMCs. Based on the 
pre-charging control approach for a single MMC, an effective pre-charging coordinated control strategy 
for both ends of MMC-HVDC is introduced, solving the problem of the capacitors undercharged of the 
inverter side. Finally, a digital and a physical MMC-HVDC simulation systems supplying for passive 
network are established, and the simulation results verify the feasibility and validity of the control 
strategies mentioned. 

Keywords: HVDC flexible   modular multilevel converter (MMC)   pre-charging control   nearest 
level modulation algorithm   black start   
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