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Impedance modeling and resonance stability analysis of modular multilevel

converter with power synchronization control
LU Qiuyu', YANG Yinguo',ZHENG Jianping',LI Li',GUO Hanlin’,ZHANG Zheren’,XU Zheng’
(1. Power Dispatching Control Center of Guangdong Power Grid Corporation,Guangzhou 510600, China;
2. College of Electrical Engineering,Zhejiang University, Hangzhou 310027, China)

Abstract: To investigate the impedance characteristics of PSC-MMC (Power Synchronization Control based
on Modular Multilevel Converter) and the broadband resonance stability of the system with grid-connected
PSC-MMC, utilizing harmonic state space method, considering the internal dynamic characteristics and com-
plete control loops of MMC, an equivalent impedance model of PSC-MMC is built. The effects of newly
employed power synchronization loop, reactive-voltage control and other major control loops on impedance
characteristics in the power synchronization control are analyzed. The study has identified that PSC-MMC
might have negative damping effect in subsynchronous frequency band and high frequency band,so there is
a risk of causing resonance instability. Impedance scanning and electromagnetic transient simulation are car-
ried out based on PSCAD / EMTDC, the simulative results respectively verify the accuracy of the model
and stability analysis results.

Key words: power synchronization control; modular multilevel converter; harmonic state space; impedance

modeling; resonance stability
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Table B1 Main parameters of simulation system

R B Yt
MMC 7t 400 MW
Wi A & 480 MW
B AR 220 kV/200 kV
—_— IER/ T ENES 400 kv
FEL I BT 70,0126 H
THRYE 200
TR 6 666.67 pF
iR LI 0.076 H
TEH H. D 75, 600
TTh-#E T o R E 0.05
Pl R 5t CEVESEN 2+0.01/s
HLIE Y ER 1.1+2/s
FEH R IE RS 300 ps
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Fig.B2 Positive-sequence impedance characteristic curve when Ky, changes
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Fig.B5 Schematic diagram of simulation system
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Table B2 Parameters of AC system
SHUE
RE1 RE 2
Ri 240 7Q
L 0.1H 0.13H
Rz - 50 Q
C - 0.2 uF
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Fig.B6 Impedance analysis of simulation system
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