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Table 1 Reliability indexes of EFB-MMC

under each state
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R 0.99791 1.25357 0.78975

E# ORE2 12525710 1.25257 10~
B17 RA3 1.00208x107* 0.04849 8.00197x107*

R4 1.26357x10° 1.26357 107

T/ IRES 9.54022x107°  1.19749x107*  7.96686x10™!
HekE kA6 3.72719x107 4.65881x107  8.0004x10™
AT 1.09137x107° 0.01365 5.8377x107*

THE  IRA8  9.57231x10°  1.19748x107*  5.8377x107*
R RE9  9.85742x107* 1.23316 5.8377x10™*
IRA10 3.72410x107  7.20905%10°  5.8377x107*
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Multi-mission profile reliability analysis method for heterogeneous converter

ZHU Wengqing',ZHAO Xibei',XIONG Yan’>,ZHOU Yuebin*,ZHAO Chengyong'
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China;
2. State Key Laboratory of HVDC,Electric Power Research Institute of China Southern Power Grid,
Guangzhou 510663, China)

Abstract: Most existing studies on the reliability analysis of modular multi-level converter(MMC) focus on
the converters with independent sub-module structures. However, there is still a lack of effective reliability
analysis methods for heterogeneous topologies with low-cost and multi-mode. Therefore,the reliability analysis
of heterogeneous converter is of great significance to extend its application boundary. The characteristics of
heterogeneous MMC are summarized. Taking the embedded full-bridge MMC (EFB-MMC) as an example,a
reliability modeling method suitable for heterogeneous MMC is proposed, which considers the multi-mission
profile and the continuity of working state failure caused by bridge switching. By analyzing the different
operating states of the converter,the Markov model is established and its redundancy configuration scheme
is analyzed. Based on the simulation example, the reliability of EFB-MMC is calculated, and the influence
of the redundant configuration of sub-modules on its reliability is analyzed. Compared with the traditional
models, it is verified that the proposed method can provide a strategic reference for the reliability analysis
and redundancy configuration of the heterogeneous MMC with multi-switch state.

Key words: modular multi-level converter;reliability analysis;Markov model; multi-mission profile

(L#% 61 W continued from page 61)

Stability analysis of photovoltaic DC microgrid based on virtual inertia control
WANG Jiagian',ZHAO Jinbin*,ZENG Zhiwei',MAO Ling',QU Keqing'
(1. College of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, Chinaj;

2. Offshore Wind Power Research Institute,Shanghai University of Electric Power,Shanghai 200090, China)
Abstract: Under the goal of “double carbon”,DC microgrid show low inertia characteristics, which adversely
affects the stable operation of the system. A negative feedback model based on the bus node conductor
network is established,and its equivalent open-loop function is used to analyze the system stability. Aiming
at the lack of system stability margin,it is proposed to introduce the virtual inertia control into the photo-
voltaic unit,which realizes the smooth output of bus voltage under the situation of large light intensity varia-
tion. Theoretical analysis and experimental results show that the proposed control method is effective in
suppressing the bus voltage fluctuation on the basis of ensuring the photovoltaic utilization rate.

Key words:DC microgrid;bus node conduction network ;small disturbance stability ; virtual inertia control
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Table A1 Failure rate of each module under operating state and non operating state
S LARIRTS b 2 /(IR /a) A LAERE PR (Ka) BEE
LCS 0.008458 0.00012 0.127
UFD 0.0153 0.00041 0.25
SD ik 0.004708 0.00063 0.236
ID AR 0.004954 0.0006 0.357
HBSM 0.00456 0.00201 —
FT A2 RuBE Nou5 NoL B E
Table A2 R4 changing with Nou and NoL
Nou/ A
Nou/
0 1 2 3 4
0 0.9217 0.9334 0.9423 0.9462 0.9536
1 0.9623 0.9957 0.9959 0.9964 0.9973
2 0.9766 0.9967 0.9972 0.9985 0.9997
FT A3 Ryff Nos 5 Not B
Table A3  R»; changing with Nos and Noi
Nov/A>
Nos/M>
0 1 2 3 4
0 0.966902 0.980231 0.984362 0.984957 0.985275
1 0.985916 0.999412 0.999541 0.999861 0.999962
2 0.986284 0.999807 0.999732 0.999970 0.999979
3 0.986301 0.999826 0.999980 0.999997 0.999999
4 0.986314 0.999846 0.999997 0.999999 0.999999
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Fig. A7 Rg and Ry curves changing with Nor and Nou
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Table A4 Component failure rate of EFB-MMC
(2 TARRE b /(IR /) e TARIRES PR/ /)
Wik 1. 4 ik 0.008458 0.00012
WP 2. 3 fHR 0.00003 0.0000072
HBSME #it 0.0053 =
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