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Transient analysis of MMC circulating current suppression strategy
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2. Datang Mobile Communication Equipment Co., Ltd., Beijing 100083, China)

Abstract: The circulating current problem of a Modular Multilevel Converter (MMC) leads to power loss and increase in
system cost. Based on the analysis of the mechanism of an MMC circulating current, the control principles of three kinds
of circulation suppressors based on two-frequency negative sequence coordinate transformation, quasi-proportional
resonance and internal mode control are described. An index to evaluate the performance of the circulating current
suppression is proposed, namely the ratio of circulation current harmonics. This paper compares the index values of
three strategies under three operating conditions, for example steady-state operation, DC voltage step and received
active-power step. The control strategy based on internal mode control is most suitable for the steady-state operation of
the system. The quasi-proportional resonance control strategy’s anti-interference ability is strong, and is most suitable for
the DC voltage step and the received active-power step of the system.
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Fig. 2 Structural diagram of traditional CCSC
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Table 1 Table of parameters of four-terminal
MMC-HVDC system

ZH % MMC1  MMC2  MMC3  MMC4
e RGNV 230 230 230 230
LR KV 640 640 640 640
HITHEIMW 800 400 600 600

M L R H 0.05 0.05 0.05 0.05
W B BH/Q 0.1 0.1 0.1 0.1
TRHHUA 10 10 10 10
*2 ERMBLBESHR
Table 2 DC transmission line parameters
LRk KEkm /O HL44/S BHUQ

l12 100 2.19 0.000 25 445

lis 200 4.38 0.000 51 89

los 200 438 0.000 51 89

las 100 2.19 0.000 25 445

*® 3 BT HIRR S MR

Table 3 Control parameters of each converter station

Beifishgn 5 BHERR HE
BRI Kpvac1=25, Kivder =0.01
MMC1 FEThHh 2 kog1=20, kigz =0.01
M2 kpec1=1, Kicc1 =0.005
A9 ThHh 25 kp21=2, kiz1 =0.01
MMC2 T a5 kp22=2, kiz2 =0.01
Py FRE 25 Koccz=2, Kicez =0.005
I gE kp21=2, kiz1 =0.01
MMC3 FoThH 25 ko32=2, kiz» =0.01
PERHE 25 Koccs=2, Kicez =0.005
A9 Thi 25 Kpa1=2, kia1 =0.01
MMC4 TR ot kp42=2, Kisz =0.01
2k Kpoca=2, Kicca =0.005
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Fig. 6 Waveform of a-phase circulating current
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Table 4 Evaluation index of a-phase circulation
under steady-state operation
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Fig. 7 Comparison of simulation under
DC voltage mutation
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Table 5 Evaluation index of a-phase circulation

under DC voltage mutation
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ToAh 2% 0.3377 11.97 10.83 0.45
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#E PR 03375 452 1.35 0.75
IMC 0.336 6 5.67 418 0.93
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Fig. 8 Comparison of simulation under received

active-power mutation
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Table 6 Evaluation index of a-phase circulation under

received active-power mutation

- WRER A= A5 IR
ElIA 5 Ee/% 5 EE/% 5 He/%
ToAI 0.398 2 11.88 11.34 0.26
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1 PR 0.397 7 439 1.44 0.47
IMC 0.398 4 5.49 2.89 0.90
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