$a4 % E W
2024 £ 4 H 20 H

Gi SR A N = 4
Proceedings of the CSEE

Vol.44 No.8  Apr. 20, 2024
©2024 Chin.Soc.for Elec.Eng. 2945

DOI: 10.13334/j.0258-8013.pcsee.223006 X EHHE: 0258-8013 (2024) 08-2945-10 HESFHES: TM 712 ICHFRFIRAG: A

FREIRE R E XA L R G RVR B 5 R57 7 S5 HIH

ZEXL MR, AWE E2FFR

(1. #FHA s 2%

FEEF LB ELFZRECIERFRINZ), 7T HERX 100084;

=
2. BRILTHAEARRNS) BAFFHEIR, LTH ALAT 110006)

Analysis and Mitigation of the Subsynchronous Oscillation in Renewable Energy System
Connected to the MMC-HVDC
LI Haozhi', XIE Xiaorong'", LIU Ruitong”, JIANG Qirong'
(1. State Key Laboratory of Power System Operation and Control (Department of Electrical Engineering, Tsinghua University),

Haidian District, Beijing 100084, China; 2. Electric Power Research Institute of State Grid Liaoning Electric Power Supply Co., Ltd.,

Shenyang 110006, Liaoning Province, China)

ABSTRACT: During September and October 2022, 2~6 Hz
sustained oscillation occurred in a renewable energy system
connected to the modular multilevel converter-based high
voltage DC (MMC-HVDC) in Northern China, which caused
frequent tripping of the doubly-fed induction generators
(DFIGs) and equipment damages. The equivalent impedance
network models are established using the field recorded data to
explain the cause of the oscillation. To mitigate the oscillation,
inserting the subsynchronous suppression filter in the DFIG
converter control is proposed. The parameter is designed using
the measured data, and then field implementation and tests are
conducted. Field test results under different operating
conditions validate that the proposed method can effectively
mitigate the oscillation without any adverse effect on normal
operation. It is confirmed the proposed scheme is easy to
design and implement, providing an efficient and practical

solution for similar issues.
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Fig. 3 Fault record of the DFIG
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Fig. 5 analysis of the oscillation
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Converter-interfaced generation systems, such as
wind and solar, are widely used to produce clean and
low-carbon energy. Modular multilevel converter-based
high voltage DC (MMC-HVDC) is a promising solution
for integrating renewable energy sources. However, the
increasing use of power electronics has led to new
stability issues, such as wideband electromagnetic
In Northern China, 2~6Hz
oscillation was observed in a renewable energy system
connected to MMC-HVDC during September and
October 2022, causing frequent tripping of doubly-fed

oscillation. sustained

induction generators (DFIGs) and equipment damage.
The oscillation at 4Hz and 96Hz is evident in the

field-recorded output current of DFIGs shown in Fig. 1.
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Fig.1 Fault record of the DFIG

The equivalent impedance network models are
established using the field recorded data to explain the
cause of the oscillation. Under certain conditions, the

S1

entire system of DFIG-MTDC can be illustrated as the
negative-damped RLC series resonant circuit. The
MMC-HVDC system may exhibit "virtual capacitance",
while the equivalent reactance is provided by the
doubly-fed wind farm and the transmission line. At the
LC resonant frequency, the slip rate of the DFIG may be
negative, which will provide negative damping due to
the control-participated induction generator effect.

To the the
subsynchronous suppression filter in the DFIG converter

mitigate oscillation, inserting
control is proposed. The parameter is designed solely
using the measured data, then field implementation and
tests are conducted. Field test results under different
operating conditions validate that the proposed method
can effectively mitigate the oscillation without any
adverse effect on normal operation and fault ride-through
ability. The torque of the DFIGs with and without the
filter is compared in the Fig. 2. According to the figure,
the torque’s oscillation amplitude is clearly reduced.
Similarly, the oscillation component in the collection
line’s current is significantly reduced. In addition, the
DFIG’s impedances obtained from the measured data are
reshaped by the suppression filter to present positive
resistance. After all the DFIGs in the wind farm are
upgraded with the suppression filter, the oscillation has
been eliminated.
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Fig.2 Comparison of the torque during the oscillation

This is the first implementation of the filtering-based
method The
applications in the actual system confirm that the proposed

to mitigate real-world SSO events.

scheme is easy to design and implement, providing an
efficient and practical solution for similar issues.



