524 H3 W 1168-1179
2026 3 A 31 H

(LN 7N
High Voltage Engineering

Vol.52, No.3: 1168-1179
March 31, 2026

DOI: 10.13336/1.1003-6520.hve.20250213

E T8 BIRITHIA MMC B8t S AIT TR RS

wmAamAlL BREL F W TER, KN, FIURS
(1. M KFEE 528425, M 450001; 2. RAE T KFHHLFRE, FRX 430070;
3. b HB KFhE 5hFTEFR, RX 430074)

7 E. WECEE RS K S ARt e o L BT, A 0T I A U Uk A ) AR R b
M3z T AR R PR Ik, B8 H — Pl 38 T Hr B F v 4 1] DO A A 22 FE P40 48 (modular multilevel converter, MMC)
FEahikbRE RS . H, BTAE MMC BTS2 RN aE A, S e R 2= s iR T i i@, Ear
25 AR S M PR A R A F R PR R A LR, SR AR R IR rIR IS TR, TEER IR AR TG R AN
WRAST - A EIR 3 30 AT RIE A, SCEUG TR AL AR 40 00 G —Fasihl 284 s g i 2 7 v oI 2 MMIC
kI TR AL AR, $2 M BB IR MMC M i g s R AT i) 2, F 48 U AR B 1 #EA vet
W, f5f5, @it MATLAB/Simulink 47 BL4& IF Fr4 45 il 5w vl 47 R 2k o

KR B BTHUL 2 PRI AT AR R SR, RS R S A )

Single Phase Ground Fault Regulation Strategy of Modular Multilevel Converter with Arm
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Abstract: With the continuous expansion of AC/DC hybrid distribution networks and the significant increase in nonlinear
loads, conventional arc suppression devices exhibit limitations in single-phase ground fault scenarios involving harmonic
distortion. To address this challenge, this paper proposes an active ground fault control strategy based on arm current reg-
ulation by modular multilevel converters (MMCs). Firstly, a controllable DC-side grounding branch topology is
constructed to provide a zero-sequence current path during fault conditions, while establishing a closed-loop compensa-
tion model for fault-phase voltage that accounts for harmonic interference. Secondly, an arm current control method in the
stationary frame is developed, enabling simultaneous regulation of fundamental/harmonic components, circulating com-
ponents, and DC components within a unified control architecture without coordinate transformation. Furthermore, an
instantaneous power transfer model of MMC during fault arc suppression is established, and a capacitor voltage balancing
control method incorporating fault suppression dynamics is proposed. Quantitative design criteria for arm submodule
configuration are derived. Finally, simulations based on the MATLAB/Simulink platform verify the effectiveness of the
proposed ground fault current suppression control method under different fault resistances.
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Table B1 Distribution network and MMC parameters
SH Hf
LR 10kV
RGINHE 50 Hz
I P BE 50, 100, 500, 1 000 O
JER/NEENES £10kV
BRI BT Zae 1000 puF, 50 Q
W i 2 MVA
TR R 15
M HIgk 40 mH
TR R 2000 V
TR A 2 mF
TR IGBT it & 3300V
TR IGBT i 180 A

®B2 LS

Table B2 Line parameters
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Fig.A3 Arm output voltage waveform
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—— EF 0.270 0 0.3390 0.2550
- =25 2.700 0 0.280 0 1.0190
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