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Internal model control based protection strategy for MMC-HVDC offshore
wind farm under unbalanced grid
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(1. School of Electrical Engineering, Hunan Mechanical & Electrical Polytechnic, Changsha 410151, China;
2. Hunan Provincial Key Laboratory of Wind Generator and Its Control, College of Electrical &

Information Engineering, Hunan Institute of Engineering, Xiangtan 411101, China)

Abstract: To solve the universal low voltage ride-through problem of the offshore wind farm based on MMC-HVDC
under unbalanced grid fault, a new control strategy by combining PI voltage outer loop and internal model current inner
loop is proposed along with the auxiliary protection scheme. First, the performance characteristic of Modular Multilevel
Converter (MMC) under unbalanced grid fault is analyzed, the mathematical mode of MMC in aff two-phase static
coordinate is established. Then, the system control strategy based on Internal Model Control (IMC) method is designed in
the aforementioned coordinate to suppress negative sequence current, meanwhile, aimed at the busbar voltage rise
problem caused by MMC current-limiting feature in the case of two-phase grounding fault, the system auxiliary
protection scheme based on DC discharge circuit is developed. Finally, the simulation model is established in
Matlab/Simulink under the unbalanced operating condition of one- and two-phase grounding fault. Results indicate that
the proposed control strategy and auxiliary protection scheme can ensure the offshore wind farm based on MMC-HVDC
to implement the low voltage ride-through running even under the unbalanced grid fault, the low voltage ride-through
capability of offshore wind farm is improved effectively.
This work is supported by National Natural Science Foundation of China (No. 61673164).
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Table A1 Simulation parameters of 30 MW wind

farm and wind machine

R HHEA S H K IHLZ4
HLEHLH 11 e e 690 V RHLAE R 27m
R LML 20 B ARIE L Aop 8.119
RAESZHOEE  35kV Comax 0.48
WAL LL 175 TR 1.61 kg/m’

R A TERFESH

Table A2 Simulation parameters of transformer

T1 B4 T2 AR #%
WUER = 5 MVA WUER = 50 MVA
JERA ) Y/Y JERA ) Y/Y
HRAR L 0.69 kV/10 kV HREAR LY 10 kV/35 kV
FHTHELL U% 5% FAHELE U% 5%
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® LRGP B R

R A3 WK N LB RRRRNTESH
Table A3 Simulation parameters of DFIG and VSC

1.5 MW USRI R AL S5

VSC i de S5

HE 1.5 MW VSC 44 0.8 MW
e B 0.69 kV JERREZ 4 N 12kV
RS 5 2 REZR RIS 25.2 mF
e 1 760 r/min P 0 52 HL s 0.69 kV
SET R 0.002 241 Q 4 DA P U 420A
T 0.001 587 Q e T IBUE FRIR 468 A
SE Tl 0.173 mH EHIBERIES 1650 Hz
L e 0.153 mH L NRIPIPSES 1800 Hz
Jil i Lk 2.93 mH o4 0] e, 1 mH

FM EERRERRESHY

Table A4 Simulation parameters of transformer and DC cable

T3 B4 Hibg
BiE A i 50 MVA LUK 20 km
B ANY L5 HipH 13.9 mQ/km
HEASLL 35kV/110 kV LB 0.23 pF/km
FHATH R U% 5% LUK 0.11 mH/km

% A5 MMC-HVDC 3R G HESE
Table A5 Simulation parameters of MMC-HVDC

interconnection system

R P ) S B2k
RO 30 MVA B R L 60 kV
L#RHL cosg 1 L#RHL cosg 1
AT L 35kV AT L 35kV
AEH ARG P 0.1Q ARSI ARG P 0.10Q
i v K 6 mH WA el 6 mH
TR A 10 mF TR A 10 mF
PR TR 6 PR TR 6
TF A 1 kHz TF A 1 kHz
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