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ABSTRACT: Upon the power analysis of modular multilevel 
converter (MMC), this paper proposed a comprehensive 
control strategy for the DC-link voltage, the capacitor voltages 
and the AC-side currents of MMC under unbalanced grid 
condition. Multi-hierarchy method was adopted to control the 
capacitor voltage. Under unbalanced grid condition, the 
AC-side currents were controlled to be symmetrical by 
adjusting active power distribution among three legs of MMC. 
Inner current loop employed arm current direct control, which 
can simultaneously control AC-side currents, DC bus current 
and circulating currents, removing the need for the 
three-sequence AC-side current controllers and the 
three-sequence circulating current suppressing controllers 
under unbalanced grid condition. A zero-sequence current 
canceller was proposed to add in arm current reference, and 
this could eliminate the zero-sequence fundamental-frequency 
current which is caused by the asymmetrical arm power losses 
and will flow to the DC-link. A 10kVA experimental prototype 
of the three-phase MMC was developed. The experiment 
results verify the feasibility and effectiveness of proposed 
strategy. 

KEY WORDS: unbalanced grid condition; zero-sequence 
current canceller; modular multilevel converter (MMC); arm 
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2  MMC 整流器综合控制策略 
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表 1  电路及实验参数 
Tab. 1  Circuit and experimental parameters 
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C/μF 2 400 

֜ ᶷ Usab/V 380 
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R/Ω 64 
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῏ fs/kHz 5 

ⱳ PN/kW 10 
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Y Y MMC RL

Gs

 
图 10  电网故障实验方案 
Fig. 10  Grid fault scheme 
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图 11  MMC 无功动态实验结果 
Fig. 11  Experimental results of 

MMC with dynamic reactive power 
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图 12  电网电压不对称工况下文献[18]控制策略实验结果 
Fig. 12  Experimental result with the control strategy 

proposed in [18] under unbalanced grid condition 
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图 13  电网电压不对称工况下本文控制策略实验结果 
Fig. 13  Experimental results with the control strategy 
proposed in this paper under unbalanced grid condition 
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[5] Hagiwara M̆Akagi ḦControl and experiment of pulse 
width-modulated modular multilevel converters[J]̈IEEE 
Transactions on Power Electronics ̆ 2009 ̆ 24(7) ̔
1737-1746̈ 
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control 

The modular multilevel converter (MMC) is 
suitable for medium/high voltage applications, such as 
high-power motor drives, and high voltage direct current 
transmission (HVDC). However, when conventional 
ac-side current feedback control is applied under 
unbalanced grid condition, the comprehensive control of 
MMC is rather complicated. 

In this paper, an MMC control strategy based on 
arm current control under unbalanced grid condition is 
proposed. This control strategy can greatly simplify the 
MMC control under unbalanced grid condition. 

In MMC, the active power 


