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Protection design and fault-tolerant control of C-MMC based HVDC system
under sub-module failure condition
XUE Yinglin,XU Zheng,ZHANG Zheren,LIU Gaoren
(College of Electrical Engineering,Zhejiang University, Hangzhou 310027, China)

Abstract: A strategy of redundant protection and control is designed for the CDSM (Clamp Double Sub-
Module) based MMC(Modular Multilevel Converter) in three levels of SM(Sub-Module),converter and system.
A protection scheme based on dual thyristors is proposed,one of which is always conductive to share the
diode current for loss deduction. The SM failure mechanism is analyzed and an improved strategy of the
nearest level modulation and capacitor voltage balancing is proposed. The capacitor voltage reference is
dynamically adjusted and a fault factor is applied to modify the measured capacitor voltage for preventing
the faulty element from switching over. Multiple measures,such as the third-order harmonic injection
modulation , transformer tap control,power regulation,etc.,are used to increase the dynamic spare SMs and
strengthen the system ability of non-interrupted operation. A simulation model with 105 SMs per arm is built
with  PSCAD/EMTDC software and the simulative results show that,with the dual-thyristor protection
scheme ,the diode loss deduction of rectifier is 9.8% and that of inverter 5.3 % ;the system works well even
when 36 module capacitors are removed,with the increase of converter arm circulating current less than 5%
of the rated value.

Key words: modular multilevel converter; HVDC power transmission; clamp double submodule; sub-

module failure; fault tolerance; dual-thyristor; dynamic spare; fault factor
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Risk assessment for preventive control of static voltage stability
HU Xiuqgiong',YAN Wei*>,YU Juan®,LI Wenyuan®
(1. Panzhihua University , Panzhihua 617000, China;?2. State Key Laboratory of Power Transmission Equipment &
System Security and New Technology,Chongqing University ,Chongqing 400044 ,China;
3. BC Hydro Company, Vancouver V7X 1V5,Canada)

Abstract: A method of risk assessment is proposed for the static voltage stability preventive control,which
considers the uncertainty of power system operation state. Different critical preventive contingency sets are
determined according to their occurrence probabilities and severities,and the quadratic optimal model of
static voltage stability preventive control is then built for each set to obtain the corresponding preventive
control strategy. The static voltage stability risk assessment is carried out for the obtained preventive control
strategies and the rational preventive control strategy is then determined according to the static voltage
stability risk index and the preventive control cost. Simulative analysis for IEEE 14-bus system verifies the
correctness and effectiveness of the proposed method.

Key words: electric power systems; static voltage stability; stability; preventive control; risk assessment;

optimization; models; risk index; control cost



