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Unified solution method of short circuit current for AC / DC

transmission system with MMC
LIU Xinyu',WANG Guoteng',XU Zheng',ZHANG Zheren',GAO Yiying’,HAN Yi*,LIU Tianyang’
(1. College of Electrical Engineering,Zhejiang University, Hangzhou 310027, China;
2. China Electric Power Research Institute Co.,Ltd.,Beijing 100192, China)

Abstract: In view of the checking for short circuit current level of AC / DC transmission system including
MMC (Modular Multilevel Converter) ,the fault model at MMC AC-side is established based on considering
the operation mode and control system of MMC. After comparing the mechanism of short circuit current
output by synchronous generators as well as MMC to realize the decoupling between the voltage at PCC
(Point of Common Coupling) and the output current by MMC,the fault model at MMC AC-side is simpli-
fied to a current source by approximate solving the voltage at PCC. After reasonably numbering the branches,
screening out the source branches,and the passive branches where the short circuit current is to be solved,
the passive network composed of contact nodes is characterized by hybrid parameters based on the electri-
cal network theory. Through derivation, the analytical expression of short circuit current for the power grid
including MMC is obtained. The simulative results under different operating modes show that the proposed
algorithm can accurately solve the short circuit current under different AC-side faults of MMC by establi-
shing the fault models at MMC AC-side under different control strategies,and it can be used for equipment
selection and protection system design of AC / DC transmission system with MMC.

Key words: MMC;short circuit current;fault model at AC-sidejtheory of electrical network;hybrid parameter



M A
F AL MMC#RuGEERSH

Table AL Main circuit parameters of MMC converter station

ZH il ZH B

B BAE AR/ (MV A) 400 FREEUE H R/ KV 2
B ARHE A/ (MV A) 480 MR RN 200
B AL L 230kV/210kV | FHREHHEAME/mF 100
B AR 0.1 WP FLEE/mH 38
HiRHE/kV 400 TR ABLE/H 0.1

i FIRAIRYU L1
R"A2 EBRINAMTINEHREE T TS 5 A = 11T BT AV R BB
Table A2  Short circuit current of three-phase fault at Node 5 with MMC adopted

fixed active power and reactive power control strategy

HAIH MRME/AKA  BRTHEAL/KA XTI ZE/ %
Io 2.196/-71.82° 2.194./-71.82° 0.069
Immca 1.222/7061°  1.205.67.82° 1.411

® A3 ERNAMEIEHREE TR 6 =18t iE M E S R
Table A3 Short circuit current of three-phase fault at Node 6 with MMC adopted

fixed active power and reactive power control strategy

5 H HREAM/KA  FRTEA/KA FXTRZE/ %
Io 2582/-77.16° 2.618/-77.87° 1.394
Ivmca 0.797.£20.49°  0.768.£20.00° 3.776

& A4 MMC KAEBINFIZZ MR EIEHRAGET PCC Ak = MR A5 BE AT A 58 BE BB IR
Table A4 Short circuit current of three-phase grounding fault at PCC with MMC adopted

fixed active power and AC voltage control strategy

T IH TisfE/kA  BIBIHEAE/KA HIXTRZ/%
Ip 2.969/-71.16°  2.949./-69.63° 0.678
Ivmca 1.193/-48.67° 1.205£-45.00° 1.006

R A5 ERNAMAREBEIEHIRRE TR 5 ZEE R AT R T BRI
Table A5  Short circuit current of three-phase fault at node 5 with MMC adopted

fixed active power and AC voltage control strategy

T H EM/AKA  FIRTEAL/KA HXTRZE/ %
Io 3.151./-74.96° 3.153./-75.90° 0.063
Ivmca 1.223/-37.71° 1.205£-39.43° 1.494

R A6 EANAIMEEEHIRIE TR 6 ZHBIRMEEATHORE R B IR
Table A6  Short circuit current of three-phase fault at Node 6 with MMC adopted

fixed active power and AC voltage control strategy

THEIH D7 FAE/KA B THHAE/ KA AAXTIRZE/ %

Ip 2.750£-79.22°  2.734./-79.09° 0.585

Immca 0.679./-25.74= 0.635£-21.829° 6.929




& AT MMC RRAEBINFIIZ R EEHREGHT PCC A a HE1EME B AT AV R BR BRI
Table A7  Short circuit current of phase-a grounding fault at PCC with MMC adopted

fixed active power and AC voltage control strategy

THEIH i LAt/ KA BT/ KA FAXTIRZE/ %
Ip 3.880.£-69.46°  3.887.£-68.80° 0.180
Ivmca 2.090£-55.40°  2.134./-55.26° 2.105
Ivmco 1552./-123.48° 1548./-123.29° 0.258
Ivmce 0.596./26.08°  0.636.£19.58° 6.711

R A8 MMC RAEBINFIZMEEEHIRIGET T = 5 4L a 1R MG RE AT ARG RE BB IR
Table A8 Short circuit current of phase-a grounding fault at Node 5 with MMC adopted

fixed active power and AC voltage control strategy

HAIH i AL/ KA BRI SE/ KA HXTIRZE/ %
Io 3.058./-78.36°  3.041./-78.90° 0.559
Immca 0.881./-45.63°  0.8852-46.00° 0.454
Ivmco 0.851./-128.05° 0.842/-128.87° 1.069

Immce 0.340.£87.56° 0.345./85.55° 1471




