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A Study of Circulating Current in MMC based HVDC System
under an Unbalanced Grid Condition
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Abstract - This paper presents a study of circulating current of modular multi-level converter (MMC) based a high voltage
direct current (HVDC) system under unbalanced grid conditions. Due to the connection of a dependent DC source in each
phase, the MMC system inherently generates the power ripple of double-line-frequency components in the AC-side and as a
result, the additional sinusoidal current named circulating current flows through the each arm. Reliability improvement of
HVDC system under an unbalanced grid condition is one of the important criteria. Generally, the modeling of the circulating
current is based on the power relation between DC-side and AC-side. However, the method is not perfectly matched in the
MMC system due to the difference of the structural characteristic. In this paper, improved modeling method of circulating
current is proposed, which is based on the inner arm power. The proposed method is verified by several simulations to have

good agreement of the circulating current components.

Key Words :

LA 8

I "AEASY AEE gt AS AT e85 StiAl
7171 Qst] 1EFEA (High Voltage Direct Current, HVDC)
AAg BAF B A5t7h Sl QUL SR HVDC AlAEe &
78 AdEHe AYdY ANH AlAEoE ERECL Aol AH
HEE EE ARYE AW AlAgEE S ASHRE s86t
H, & Fady BNE HQF ot} mEtA] AHE dEse
SfAIE W37 HEE HA Hojof stal & 5 BV Q7H
Ch ghdo] X7 457 7hsst AE 4Kl IGBT= 4%
QA ANE AlcEe fReddy RFEddo 5¢EQl Aot
7Fssto] Ry BEAVIE "HQE oAl €il, 115 AE0]
7hstt A8 MEA £XE ARESte] 8 ssdH7E QT EA
2ot AFRY ANE AlAHS EsEE 288 = Atk Ju
Qe ANH AlAEE oFF A1Fgo] StHEA] &2 BEo] A
0] o] ZAIZt SHAETIH AT AHE AlAHe A ZeE
skl QAT

Sl ke HVDC A" AM8E= AHH EE=XE 5

*  Corresponding Author : Dept. of Electrical and Biomedical
Engineering Hanyang University, Korea
E-mail : rykim@hanyang.ac.kr
= Dept. of Electrical Engineering Hanyang University, Korea
=% [iving & Energy R&D Center, LG Electronics

Received : December 10, 2014; Accepted : April 23, 2015

Circulating current, Modular multi-level converter (MMC), High voltage direct current (HVDC)

2EY HElHHE HAHE (Modular Multi-level Converter, MMC)
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Table 2 Simulation results of circulating current component
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Table 3 Arm power about the cause of circulating current
components according to power control methods
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Table 4 System specifications
Parameter Value Comments
Active power 10[kW] 1.0[p.u.]
Reactive power 0[var] 0lp.u.]
DC Bus Voltage 1000V
AC Grid Voltage 500Vpeak
Arm Inductance Larm = 2 mH 0.00754[p.u.]
Grid Inductance Lgrid = 10 mH 0.0377[p.u.]
SM capacitance CSM = 3.28 mF
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Fault event.
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Fig. 9 Power control method 1 Fig. 10 Power control method 2
without circulating current
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without circulating current
control (0.4 <t <0.7)
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