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Fig.1 Schematic diagram of hybrid MMC structure
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Fig.2 Current flow paths of sub-modules in
different operating states
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Fig.3 The output voltage waveforms of bridge
arm of hybrid MMC
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Fig.4 Block diagram of hybrid MMC control system
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Fig.5 Control block diagram of hybrid MMC
non-blocking fault ride-through strategy
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Table 2 Calculated and simulated values of short-
circuit current under different operating conditions

BB TR W FEIBATIRES
Us  RAE/ PR/ RE/ A/ R iRE/
kA kA % kA kA %
3.001 3.398 3.350 1.44 2.716 2.681 1.26

3.002  5.683 5.633 0.88 4.555 4.520 0.77
3.003 7.841 7.791 0.64 6.318  6.277 0.65
3.004 9.823  9.767 0.56 7.973 7.915 0.73
3.005 11.485 11.510 -0.22  9.403 9.402 0.01
3.006 10.225 10.253 -0.27  8.128 8.160  -0.39
3.007 8.788 8.898 -1.25 6.733 6.839 -1.58
3.008 7.264  7.458 -2.67 5279 5455 -3.33
3.009 5.706 5948 -4.25 3.811 4.019 -5.46
3.010 4.172 4382 -5.03 2374 2547 -7.27
3.011 2.701 2,776 -2.78  0.990 1.052  -6.26
3.012 1.305 1.146 12.21 0.088 0 (0.088)

3.013  0.177 0 (0.177)
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Fault equivalent model for non-blocking DC fault

ride-through of hybrid MMC
WANG Zeqing'*, XIA Chengjun', LAI Shengjie"”, JI Huancong'?, ZHOU Yuebin’, CAI Haiging”"’
(1. School of Electric Power Engineering, South China University of Technology , Guangzhou 510641, China;
2. Guangdong Province Key Laboratory of Intelligent Operation and Control for New Energy Power System,
Guangzhou 510663, China ;3. State Key Laboratory of HVDC ( Electric Power Research Institute of
China Southern Power Gird) , Guangzhou 510663, China)

Abstract ; Compared with full-bridge modular multilevel converter ( MMC) , the hybrid MMC composed of half bridge sub-
module and full bridge sub-module has the low cost and high DC fault ride-through capability. The DC fault transient analysis is
the basis of device selection and proportioning design of hybrid MMC. In order to analyze the transient characteristics of hybrid
MMC after DC side fault, the equivalent fault models of DC pole-pole short circuit during the non-blocking DC fault ride-
through in rated operation and step-down operation are established. The dynamic switching process of each bridge arm sub-
module of hybrid MMC during DC fault ride-through is analyzed. The transient process before the switching of the non-blocking
DC fault ride-through control strategy is equivalent to the uncontrollable sub-module capacitor discharge process, while the
transient process after switching the control strategy is equivalent to the current limiting process with the initial energy storage of
the inductor and the reverse voltage source. The analytical calculation method of the short-circuit current on the DC side of
hybrid MMC is also given in this paper. Finally,the effectiveness of the model and calculation method proposed in this paper is
verified by the PSCAD/EMTDC simulation platform,which can provide a reference for the optimal design of hybrid MMC.
Keywords : hybrid modular multilevel converter; DC side fault; non-blocking fault ride-through; transient analysis; fault equi-

valent model ;short circuit current calculation
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