U ER TR

109 2025 49 H

Electric Power Engineering Technology

Faak FESH

DOI:10.12158/j.2096-3203.2025.05.010

L XL 13 5 R 0 7 TR

MmER, AR, SR, 225, i, s
(1. B SRR i A BR A 7, YT R 5T 2111025
2. v [ i A AT RS F T B B R A 7, AR AR N 350003)

W ZANEEREEERAARD RAAFEENBETIRRS NG, AT EEANE LG FE I

R LA

ABFGAT 5, B —F K TR ARG IR 5 A Res . Bk, SR MR A AR PR AR, A 2 ik
HFEMERBBIELE PIREE AR BN, LR, SR LY PIRESK A ARSI, BT %R L7
& 320 Hz % 69 NI, R)5, B[ AR T 5 PS5 F TR0 F i 8 I8 ok 42 BCP ik ok b ik, 2 WA R
R AR @A e E, A EREH A% B ARG EM RSN, &)E, #7405 AL AR, ER AR, P

PR T ik A AR R, BARHm 2 ARES S5 S Sk,

ARRBT T GEAFT R

A IRBEARRBLERY, AERFHEDL T

R b AR B B PRGBS k% e R T A2

hE 45 2SS TM46 XERPRARRD: A

0 35l&F

K ety b AU R IR E A AR AL AR IR R | S
“CXUBR” FIBR P R [ A R AR A B
ISR T A T AN, TR O o AR T
WL T & 1 32 08 0 6 H TR R R 28 1 22
B Ak (voltage sourced converter based high volt-
age direct current, VSC-HVDC), FEff H: ] #4 & 53
AU I P9 fL T, JJG 7 H, D) AR PR L i 2% 2 ot T
FRU/INGEA S, 5 11 PR 23 DA g AR Iz T8 X H, O 4 £
B ARy,

W 2024 A8, RO E 2 12 DRk AL is 1T
f3E B e ke TR A X SR
TR R A B0 kR RS VLR R TR T
2021 4F 12 A R85 7 AR RILE WS =l
TR 2026 4E4% 0z I TR INZARTT 5 . Wi
GR AR R A T AR AR R T 2N B X
MR TR

SR, IXUHL 3 5 32 AR B B0 55 HE D L &R
58 5 51 K GE TR ) R, N AU 5 4 2 4, B
il 2y 4 R bR R RUBEIT R A Y DG BB R
A, MR 4045 2013 445 FE LS BorWinl T
FERAE T 250~350 Hz (3R, T B fiias I
FL AR 8 L T O TR P DR K
LA 3B AT 0 W) 2% A e AR v ;K A A 5
JC AL M TR [ 2020 AF- 542 J5 SR 2% 2
MAE B . 2025-07-16; 15 =1 B #: 2025-09-03
AeM A B R EEAL R T8 A (2023YFB2405900)

X E 4 S:2096-3203(2025)05-0109-08

T 2% M SRR T 1Y 2021 SE AR T RELE R B
IR 320 Hz J 2 kHz B dides 2,

b wof R HL 37 25 5 Bt 2R S B SE SRR ¥ ) B,
IRl P S 2 2 7 A0 7 07 vk S R e g T gy
T TP ARFSE . 4R35 HLER 0T 2R FH RS 45
BrEE s LT BT . SCHR [ 11-12] 43 5158 L3k oy
VEABR T U0 AR TR AR 355 S - 7 ) e A 5
BT e A BEL T S R, T 00 2
Zie 0 EhL 2 e AR I AT B R, B AR B R
28 3 70 L R ARUUR v XU, o Sk (1303 o 4 43
& AR TR OBUR 5 UR T 1 3 B R
T P ER 5 XU ek WL ZEL 90045 37 5% £ e 38 P 3 % AR
W2 0 (958 EAE T SCHk D140 38 38 il 28 AL 30
W, TR AE SRR AR, L AT ER Y, s
S BT 046 7 s S 2 SR Y, 2R 8 437 4% 2 o
PR X T AT LR ER B

FENR 5 0 7 T, = 1o A B TE L
9 B BT LA AR AR 3% U o Sciik (17048 7
H R AT BR R 5 AR | HY Bl 2 b ik D e 5
EBELJE, LA ol 38 4 5 v L B A M . Sk (18-
20145 4, 7 V5 BELJE S LA 52 B0 4 431 B BEL 5t 1) 1E FELJE
T, SRR AR IR SRR . Sk
(214 7Rl 13 365 07 o5 A0 35 400 11 0 v, AR 1 2%
6 047 35 991 2% 5 2 R T s A S DB R 28R, L)
Bk £ TR 2 48 % A i U0R 3 i KU . Sk
(22 DU 5 FiL, 370 2 1 1 ki 400 Pl 25 5 1 308 0 0 R 17 85
BT T, JF S SR A s R L SR, T
SR 2 T o B REL T i1 R 25 4 v 9 B o A A 2


https://doi.org/10.12158/j.2096-3203.2025.05.010
https://doi.org/10.12158/j.2096-3203.2025.05.010
https://doi.org/10.12158/j.2096-3203.2025.05.010

2 HEHEAR 110

A AR 3 41 ) SR SN T R OIR 3 RO
AR SCRR 1T, 23148 H 24 JG U vap 3 308 It e
7 26, IF 45 g D8 B B RO s, ROl 1 e
WU BT A M B, ARAEAERE I T AR A 5 R G
FE I B v
SCHR R R TR IR G A, R -4
IR BB N O S A = ol <V 3w SE 2 3
LA 1 HR AT BB ASE A , S 3 2oF BELAE 41F 96 TE A  of
B, Ay s AL B R SR T o 5 i B B FE At
SR, it — 5L T K 4RLREL 1) BB PG Ak SR s, 75
N R AR S S sh A PERE A AT HE T 5 9
B BEBL R, 8 2T 344 55 v 45T BE O B AR R AR I R 35 AL
W e, 456 0 S I B T B R s 1

1 WMERIEPFIRGAR

MR TFRG M 1R g E X
Yyrh H6. H8 A1 H10 3 S XHIZ A1k, & K51y
K G B4 D 3R ST AR i A 1 RS R 2 20
ML, BEHLASHE 251 400 MW (T 100 &5 4 MW XUHL
HLAA ) . 300 MW(HT 67 &5 4.5 MW JXUHLHILZH 1)
i) . 400 MW (H1 100 5 4 MW XU HLAFI R . R
ML 37 ok BT 9Tt R 7 8 WUHL WAL i H A &
(0.69 kV) e 48 A A TH 2 35 kv, FHl 1 b
Fh T2 220 KV 3 JAEIRE_E T i 43l 3 i
] 220 kV 28 i vhE B e AU D imisal o R 4R 3 ok
B2 L REE N B, 46— 254400 KV BT HL
48 (B K 108 km, 7% 99 km #E45 | 9 km [iiZ8) ik &
Biti 4ot o Bl b 5 30 4 4 LI R BB AR A S R
Jei, it 1] 500 kV AL E I AR
HOR ) TR . G -

Trye B B

\ 451 it || £
At | [a] (L2 preness

e
ALY

HIOJXL‘EEL% 3 9%—
SEURR.

1 WHRBLXEZEXH RSN
Fig.1 Structure of the Rudong offshore wind farm
VSC-HVDC transmission system
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Fig.2 On-site measured waveforms of mid-frequency
oscillation in the Rudong project
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Table 1 Parameters of the Rudong project
VSC-HVDC system
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Fig.9 Impedance of VSC-HVDC with additional virtual
damping strategy
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Mid-frequency oscillation suppression methodology for offshore wind power
VSC-HVDC system and its engineering validation

YANG Zhigiang', WANG Xianrong', ZOU Kaikai', JIANG Chongxue', HUANG Ruhai', LIN Chuanwei’
(1. NR Electric Co., Ltd., Nanjing 211102, China; 2. PowerChina Fujian Electric Power Engineering & Surveying
Design Institute Co., Ltd., Fuzhou 350003, China)

Abstract: Potential mid-frequency oscillation risks associated with offshore wind power integration via a voltage source
converter based high voltage direct current (VSC-HVDC) transmission system are addressed. China's first offshore wind VSC-
HVDC project, the Rudong project, is taken as the research subject. A mid-frequency oscillation suppression strategy based on
virtual damping is proposed. Firstly, the mid-frequency impedance model of the offshore VSC converter is established.
Through theoretical derivation and frequency scanning, it is verified that the converter exhibits inductive and positive-resistance
characteristics in the mid-frequency band. Combined with an analysis of the capacitive and negative-resistance characteristics
of the wind farm in the mid-frequency band, the risk mechanism of 320 Hz oscillation induced by their interaction is revealed.
Based on this, the proposed strategy is implemented. Mid-frequency harmonic currents are extracted using a DC-blocking
component and a narrow band-pass filter with an adjustable center frequency. These currents are then fed into a virtual damping
block, where a reverse suppression voltage is generated. Consequently, the positive damping characteristic of the VSC-HVDC
system is reshaped within the target frequency band. Simulation results and field tests demonstrate that oscillations can be
rapidly and effectively suppressed by the proposed strategy, while the steady-state and dynamic performance of the system are
maintained. Throughout the three years of project operation since commissioning, no oscillations have been reoccurred. A
replicable technical solution is thereby provided for offshore wind power VSC-HVDC transmission projects.

Keywords: voltage source converter based high voltage direct current; offshore wind power; mid-frequency oscillation; virtual

damping; oscillation suppression; Rudong project
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