Bs51% F18
2023 4E9 H 16 H

@ h RGP L2

Power System Protection and Control

Vol.51 No.18
Sept. 16, 2023

DOI: 10.19783/j.cnki.pspc.230330

E T8RS ERERI KNS 2 E KX B A4 K B 27t OR A

B, FRY

FreBR B HRAARRETEFET (s HRF), T 102206

I : AL £ P 3L 4% (modular multilevel converter, MMC) R FAE K25 & X ML i gy, AR RIFRTS,
T B AR PR AL ZEL AR L A ) 5 B X2 AT 1 1) S i, R T — i B T8 2 L 1 i R EG P 27 RO I o
2[R HL S R FH AR A 2R I A R 264, 183 DC-DC AR e 33 W B 4 HE 28 it R A aRBb AT P 1), Sl i e
HAHL. DI ZRPhT, DR e BB R . %00 X ME, #E 7SR mm MMC A Y762)
HLATECE N, SRS R A B IR T M B R . (7 IREE SRR, M s AR TRy, B g SRms Ay
AR AR E B BER LR, TRIR T MMC DI B 4817, n] DAMZETL Y IR BN B, 185 7 KA &
IR HUATL A P e 2 ek e ) Fig AT R

EHEIR: MMC; (RHRZ, MYORAMmEE: THYud ik oM

Low voltage ride-through strategy for high-capacity direct-drive wind turbines based on
supercapacitor energy storage

YANG Yukun, XU Jianzhong
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources
(North China Electric Power University), Beijing 102206, China)

Abstract: The modular multilevel converter (MMC) is a promising prospect as a high-capacity wind turbine converter,
but it is necessary to address the issue of easy disconnection during low voltage faults in wind turbines. Thus a low
voltage ride-through strategy based on supercapacitor energy storage is proposed. Considering the utilization efficiency of
supercapacitors and the constraints of converters, the energy storage mode of supercapacitors is controlled through
DC-DC converters, achieving power balance on the machine and network sides during faults and stabilizing the DC bus
voltage. From the regulations of offshore wind farms, the active and reactive current distribution principles of a grid-side
MMC during faults are determined. This can provide dynamic reactive power support to improve grid voltage. Simulation
results show that the proposed strategy can effectively stabilize the DC bus voltage during grid faults, ensure the safe
operation of MMC power devices, compensate reactive power to improve grid voltage, and enhance the fault ride-through
capability and operational stability of large-capacity direct-drive wind turbine generators.
This work is supported by the National Natural Science Foundation of China (No. 52277094).
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Fig. 1 Structure of offshore wind power transmission

via flexible DC transmission

i 1R, OKZ S P R K KRR ATLZE R
F SCHR[13-16] T2 MMC 1R X AR 8 4544, U,
FORNEMBE IR, P, AL AR A5 1A Th
Ihae, Py WMAS A4S ] HL R 3% HH A Thh 2, P,
NI EB R G R RGN IR, BRI A



-108 - B R GARY 524

MEBRIRFE, RGN TR RN
Po=F+F (1
BN - ICH 2 HL 2 ik e 2 48 AR ATt P 9 ]
PG D3, R A R R e PR AN A 2 P

& 2 BREAHEERG R

Fig. 2 Topology of supercapacitor energy storage system
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Fig. 3 General diagram of system fault ride-through strategy control
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Fig. 4 Wind energy utilization curve for variable pitch angle
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Fig. 5 Relationship curve of grid voltage and reactive current
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Fig. 6 Control block diagram of energy storage circuit
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Fig. 8 Simulation results of standard low voltage ride-through
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