464 H5311:0106-0112
202546 A

L A S oD A

Power Capacitor & Reactive Power Compensation

Vol.46,No0.3:0106-0112
Jun. 2025

DOI:10.14044/j.1674-1757.pcrpe.2025.03.014

R XA B RIS K MR E R

XARMR, BUARAE, Bih, BHEK, MR, BB, RAHL
CRPASHL T & LR R TP AT BRAY ], i 201400)

i ERINBT ) BEELRERAB el s LR AALE LR b G REBITEP, FX
FEEFIRGG LA ES, T HEEEREAB FREEFRAGRELZ N TETREERES T AR
BE R, S RE 2 FROK, ERE S AR TR A MR L ks ER A S T KiE
AN E RS SRR, &% R R T AALIE SRR, R EREZHRY B mILR, 8
1 2t iZ B AL ) AR BT, B i R IRAR B 4568 o B R R A, 4G i EIRCE R B IRA 4555
AAEEAER

KR B LR s R R BRI ek

Discussion on First Commissioning Failure in Offshore Wind Power Station
LIU Gengen, WEI Junmei, BAI Wei, SHI Pengbin, WANG Pengfei,
XIAO Zheng, CHEN Keji
(TBEA Zongfa Shanghai High Voltage Switchgear Co., Ltd., Shanghai 201400, China)
Abstract: This paper introduces two typical cases of abnormal switch tripping during the first delivery of
offshore wind power stations. Through the in-depth analysis , the reason for abnormal switch tripping in
Guangxi offshore wind power station is due to the closing of no -load transformer generates excitation
current, three-phase current value difference is large, resulting in zero sequence current exceeds the preset
value of the protection; the reason for abnormal switch tripping in Zhejiang offshore wind farm is due to the
long cable capacitance, closing the no-load transformer, causing series resonance, resulting in the current

differential protection start. Taking proper measures to avoid the accident from happening again. This is a

reference for commissioning of future offshore wind power projects.

Keywords: offshore wind power; commissioning failure; cause discussion and measures
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Fig.1 Primary diagram of 220 kV GIS of one offshore wind power project in Guangxi

- 107 -



2025 4F55 3 1

L LA S O A

Fa0t

1.1 FHEd

2024 4F 1 H 26 H iz X 2% 3 058 i, U
BRI B E R 7E XL IE A R
HI, el Bl bR O A iR A A H, IR XT 32
A A as by O A R as )5 e Hp 15
12 5 AR A 58 B 32 A8 2 w3 1l UL Y
L, UM B & L . (BN 3 SR AR 2l kAT E AR 23
BF, 205 1 Rl R R 25 4B E S, 2450 2 kbl
A, AR 41 v W i e 2 7 22 B 4P s BBk, b o
VAR SRAT L o B IR 1 [B) e B Sl E e DL IR 2,
W e (1) L S L 90 3% 0% DL IR 3, e e ) e, 3 S D0 i
KEILE 4,

‘ - z‘;iﬁ’ﬁ?&i%ﬁ NO.256 F >

2024-01-26_13:10:50.500ms

0000ms 1)
\ 0175ms  ABC gg%ﬁdmf

ﬁﬁléﬁg B 59.834
i A RRAREE 0.35A
| IRAEUFEG 0.23A
| ﬁ%ﬁ%ﬁe"“ 260~$816ﬂ
[ A e .90km
| HREAES] B

B2 #bEBEshEHRE

Fig. 2 Operation report at instant of fault

0 /BHZ/N/1 CFG

1 Ry HEAM
T
£

¥

Vs

RIHICH
1

EER TR |
REEER T N - i =
9 EFRMAEE

3 ARG E] R R FR R R
Fig.3 Voltage and current recording diagram at
instant of fault

B0 | 3300 | ANEZOW) | FAREHR) i
¥ RemearePCS9% RCD_ 3799 20200126 131050 525 LCFG

b e |
i (4] [0. 9621}

|

B4 HpEmEiE B iR R A K E
Fig.4 Current recording amplification diagram at
instant of fault

1.2 ST
3 3o £ A 7 R R S D T RS B s R A

- 108 -

LRGSR, S~ E

1) 73 7% b B O % 25 2 sl gk ), (E B A SR e
HL, UE B DBy I S O BBV L T 30 T f e )
I B Tan)

2) NIEl 2 &, B SRR 2 B AH L H B AHHL R
59.83 V, B He IE 5 (H e B8 — UM HL & 100 V/3=
58V);

3) I 3 F , B ARG H I B S /)N, KT 4 755
KAL) A FHIRE LI 0.962 A, B AH IR
HLUE 0.519 A, C HHhREHL T 1.114 Ao B 1 232
2R FL I BB AR HE 1. 000/1 A HT, A/B/C. =HH GRS Ha,
TN 962 A,519 A Fil 1 114 A, A IR (EA
AR IR F 47%;

4) 73 75 ok B = AR R FRL I 25 5 RO, 1 il —
FHHL AT, 72 A2 7 L R R, 51 R IR R 5
5 SR P AV =Rl s g 8| AL G i

S)MIE 3 R 4 BT UL RS8R 2R, JE 1B 7 1
SEUE WY, i = AH R R B i 2 R,
1 2 AE 5% 0%, [RI B AE ARl S e, DLIEL 5, 3
S B % 73 A8 il L TR T <

B 5 EhRLIE R R
Fig. 5 Excitation current waveform

1.3 BEHFFERERERR

Fo b Bk IR R S R 30— 2B oA s AR I
Az = ARl R AN A DA

PRI 28 s o K 1 06 D 2 P 72 T e R R O 7 A
4, AR R AR/ N A P b — Y R 20 )
TRETEYO T, W5 2 5 BRI A AL A A G, TR =
FRIR R/ N BEALAY Y AR =S o 1528 2 %5
ARSI TE I, T A b 3 -SRI TE I R, AR 2
YRS I, B ARP ORI D/ , 58035 5 ] B 112 i
D AR AL IE S5 F R AR LR B2, BRAEHRTH 3 5 B AR
P O 6K, AT A = A 2 80 F U ™ AN P15
AL P AL A A, O E L T R 2 Sl AR B
JABN, 5 E W AR Bk L 1% 2R

A3 A5 738 s i PR 728 s 5 O AR 1 0 7 A Dl 1 9



2025 4F57 3 1

XARAR, A S B XU s SR s R

(2190

T, XA ARG AR, R = AR
FL L™ T AN A 2 I 32 1 I H U R Bl
DL ABEEIAEAE . — B2 ik
A B BT B R SR T () e AR R 1 (H
F A N2 R AN, TR LR A

FEA T AR, N T B 1R PR Bas IR Ok
Az 2 R R ) 2 I A T o i . P
T K(H 0.44 A, fe/ME 0.21 A, il I i 2E 2
100 ms; KFZ 7 LI E A SR THLIT 0.2 A,
KT EUEIE] 50 ms, B3P TR
SISEL; [l i) ke O S H50R L i i i i 25 Bl AN R B
PRI RGN T 25 5728 e dn 22 sh sl Wi o g, 15
WAz A SE R T 3 5 3248 5 keas wids:, Wi H
PR

2 HNIREXRZET IR FEES A
5rHT

WL b AR 5 H B i 306 MW, 284
36 15 8.5 MW WML, &1 — i 220 kV ¥ b F 3,
Hirp GIS — 2R g 2k, BRI 6,

2.1 Hhsad

2024 4F 3 H 20 HBf E 21 /45 59 43, 7EXTHE
il FAR AT S AP B B A% 1 IR 2= SR )
VR4S 1 2l LA G g A O — A Bk

Bk W) S A I, A BB T RRAN o 1, K I 2
T N LA HEA, R T SF AR B A3 A5 I S
HEH B Tom s, LR AT T 78k
ST 0 55, AR Al LY ) R R T IR I
B, IF S % g ul b kAR 2 0], A A 2 — i
TR (10 FL 25 55 F JRR ) R DGR iR 1
22 JRESS

T G B il I () R P Pl 9 S5 38 1L DL L 7, A
LINNE

IDRER RPN E NSl e SR GIF Y
(A2 R, = AH FL R34 7E 86 V~87 V(UL A %R
TCPITHR EAE ) , AT LAHE B A (1] 4 25 i i B3 0] Hb 466 2
W B, PR A TG 0] Ao 2 i 40 5% i o SR ] 446 2% i
B, LRI 0,

2) R ERER U RN A 100 V/ 3 =58V,
Pl 86 ~87 V,87+58=1.5(1.5 %), L JE T+, PT
FE 1S R R T AE AT, e AH e bR il H B T4E 30 s,
B AE DR 2R G0 PRl K 1) DR T, R it B PR e TR A

bes o

3) 8 R 7 HRHIEHOR, &l 8 RIHI, A
B AL O AR IE L, C A R, AR IR

20 ms, M2 10 ms —~2 3 O B _E 1 B AR 40 ms

180 ms).

4) LI PRI A] L M 2 T e IEARIDI T L R 2
W72 , AT AE = AL Al BEARAT, B = I i — U, L3
TRt , B2 EARIEZ B . L EAFIE A 7

K 8 hE—H T4,

2

g &

LA 10 kA 216/562 kV
WEFFIREE R
TR, MRS AR

V1220, 01,01 ,0.1

T R R LA
0.2/(0.5)3P/(0.5)3P/6P
10/50/50/30 VA

W BT3B i
i HL IR AR (AT

FES
50kA/3s 125 kA

EDS
3150 A50kA/3s 125 kA

CT

1000—1500/1A 0.2s 5VA
1000—1500/1A 0.5s 10 VA
1000—1500/1A SP30 15 VA
1000—1500/1A SP30 15 VA

WS, PR LA

HL A 24

.||_>/._.. FBS

A CSE

ZLA

VT

LB

H FH

IIH  EDS

8 025

0.55

SP3OCT\
SP30

CIS—CB CB
3150 A 50kA/Ss 125 kA
1000—1500/1 A SP30 15 VA 8 SP30 5
1000—1500/1 A SP30 15 VA SP30 CT
1000—1500/1 A SP30 15 VA 8 SP30 .
1000—1500/1 A SP30 15 VA SP30
EDS IH ° EDS
3150 A 50 kA/3 s 125 kA T
ES 50 kA/3 s 125 kA "4 ES

ZLA
LA 10 kA 216/562 kV
PN F 2 b 5 8 _Em

Y CSE

A2

E 6

T EE_EXUEE 220 kV GIS F#H:4:E

Fig. 6 Primary wiring diagram of 220 kV GIS of one
offshore wind power project in Zhejiang

- 109 -



2025 4F55 3 1

L LA S O A

Fa0t

BE7  FFC Bk R i R
Fig.7 Waveform recording diagram at instant of
switch tripping

B8 MARBRREE
Fig. 8 Amplified current recording diagram

5) MKl 8 &, A LI 0.31 A, B AHHLI 0.33 A,
C AHFLIR 0.13 A, NIl 6 = He2k ] A Ui LRk 2
L2 100071, BEFRIBEI] AR LR 20 32 A AH 312 A,
B #H 329 A, C # 132 A, B.C 2 {H LB 329/
132=2.5 1%, MR IR ZE SRR 3l T 5Bkl

6) 512 ER IR A6 E AT 2 Ty, — 2
3 B R AU (I AL B EAR /N ) , HUA 5 SR
PEHC (rh T4 O 4500z, & J0 VRN 0 A 0 5L 14 4K
{H) , 1% TR BN F AT 25 3, 1 R 48 A S0 B A Y
2 LAY, F s LUt RS s 48 55 A0 H R B 2
B TR BRI, WK g I M RS
T3Ah, AR AR e, L LR L B AR 2
SE(EL BT G2 5 748 s an I, 18R ] i 4704 A 1
JeFEHLAY , &8 5 B R IR SRR B DL E - 2018
SR I A AR 2 58 5 URas s IE R W R A

7) LT AR BRI IR T 2L A R IT IS, — B
SR B LA R /DS , S A2 DL T LR VS A
LIS RC I, (H i X AT L2 LI 45 i 416
T SR B LG AR TR K AT 30
NS P o s s e b

Sl FE A gy (R RED) , & B JF5C, 4
ANETREF AR TR L DA b RIS H B2 T AR R B v L 2
R R, WA I A S RO R JC R IR
Vo HLITEREIRTE 35 kV B LUF ik i ANz R

- 110 -

Grp W R KM AR, — A R
RS ) 2000 T2 3 g R0, {HLAE 220 KV HR
FEAFG R R ST, K R 2R ARG IR > 22 X
D AN SR IBUINRE T 1 A e, PR A At ey A i
DRI ARk . AR NALIZ FinRE S TR He AR R Y
AERE . [T B R W A5 1 T e A
P HB RN, I R AR, TR Bl
KHo

3 Z5iE

CERGEWANL RS ur 1 LY NG ok S L SN

ity b XRHLENR L, 5 3l UL 3l [a] i of 728 T 2 s

R, R A TP B b PR A T e AR ORI R

S, 8 I =R A A R U AN A DA A A

RFFF B, (A Z PO 78 ST GBI . [a] i3]

T, BTSRRI A B B A

HLR 5 57 TR L v DA M it TR LR R RS A

DLHC , BT A= 2 s iR o A S i A 44 A3 A

RGN 2 RUNENER/€it s =N IV EES IS SIDN

TITEEE b K F B RR RIS T AP — S 53 T

ili L FRL 5124 T BORRIACIR DL , 5 T IS A T LA G

NP, — BAEBGE B RSSO, T LR

VAT s AL, S T SR SB35 i

SE 3k

(1] Z=gih, 22 TR, A, A5 I R IR0 K S AR AR (R
FELER TN B M E TR, 2024,43(34):145-147.
LI Jinshuai, JIANG Weixing, XIA Wei, et al. Problems and
suggestions in marine resources development and ecologi-
cal environment protection [J]. Value Engineering,2024,43
(34): 145-147.

(2] BPENRZ, B 55 BB, 55 W Hin FIRERE I W )

RS B¢ e 7L it A2 (). b B R B TR S 4R ,2023,43(5):
1663-1672.
SHU Yinbiao, ZHAO Yong, ZHAO Liang, et al. Study on
low Carbon energy transition path toward Carbon peak and
carbon neutrality[J]. Proceedings of the CSEE, 2023, 43
(5): 1663-1672.

(3] 200G, ety R AN, A5 T B XU I ) 3R 48 v e

BHATEBE S IR [J/OL ] HUME AR, 1-16[2024-
12-09]. https://doi. org/10. 13335/j. 1000-3673. pst. 2024.
1492.
LI Zhiqing, WANG Xuemei, FENG Junjie, et al. Mid- and
high-frequency impedance modeling and resonance charac-
teristics analysis of offshore wind farm [J/OL]. Power Sys-
tem Technology, 1-161[2024-12-09]. https://doi. org/10.
13335 /5. 1000-3673. pst. 2024. 1492.

(4] B, A fi, 5058, S5, — b A3 56 KR U FL BEL 14728 s gl



2025 4F57 3 1

XARAR, A S B XU s SR s R (RE52198)

VM HEAR]. T 1 ,2024(5) : 43-48.

WU Ming, YU Zhen, GUO Qiang, et al. A transformer exci-
tation inrush current suppression technique using series
current - limiting resistors|[J]. Ningxia Electric Power, 2024
(5):43-48.

(5] SR 728 T i il 900 it ML B4 400 ) SRE s 0T 5 [ D 4
PURRHER Y, 2024,

(6] 228, X 25, Ja gt 5, 46, BE T IR AR LS i 28 s e &

BRI F RO, ST TR RETR, 2024,
40(4) :54-64.
LI Ke, LIU Zhichang, QU Jianyu, et al. A zero-mode inrush
current identification and zero-sequence protection method
for transformers based on circulation similarity[J]. Advanc-
es of Power System & Hydroelectric Engineering, 2024, 40
(4):54-64.

(7] 3BT, B, ok i 4, 4. MBI [ XA A i 5 0 1)

FKEHRBE TR (D). LT R 224, 2016, 36
(14):3758-3771.
CHI Yongning, LIANG Wei, ZHANG Zhankui, et al. An
overview on key technologies regarding power transmission
and grid integration of large scale offshore wind power[]].
Proceedings of the CSEE,2016,36(14): 3758-3771.

(8] SRME, FF, sk WIAR, A5, T fR] AL A AL A 22 He 45 il e 1

TAHE I AL E R (A AR R , 2024, 25
(2):274-280.
SONG Xi, WANG Wei, ZHANG Mingdong, et al. Calcula-
tion method of transformer inrush current based on simpli-
fied model[J]. Journal of Beihua University (Natural Sci-
ence),2024,25(2): 274-280.

(9] RFFHL, ARWefe Wil 55, %5 IR R I8 T &% PSCAD/

EMTDC H 27 25 7 A 7 3 B il 22 5 Ve S B 1),
h E LT R4, 2017,37(5) : 1543-1551.
WU lJiaqi, LI Xiaohua, CHEN Zhong, et al. A transformer
model with hysteresis characteristics for electromagnetic
transients based on PSCAD/EMTDC and excitation differ-
ence analysis[J]. Proceedings of the CSEE, 2017, 37 (5):
1543-1551.

(10 [ 00H, X4 MO T, 4. T Hausdorff 25 515 19718

i 22 S R AP0 IR ). vh A AL TR 240, 2018, 38
(2):475-483.
WENG Hanli, LIU Hua, LIN Xiangning, et al. A novel cri-
terion of the transformer differential protection based on the
Hausdorff distance algorithm[J]. Proceedings of the CSEE,
2018,38(2): 475-483.

[V ERAENE , B S L4 , 46 BT b vl B B i
HUB R AR E LT R 2440, 2014 (10) £ 1658-
1666.

JIAO Zaibin, MA Tao, QU Yajun, et al. A novel excitation

inductance - based power transformer protection schemelJ].

Proceedings of the CSEE,2014(10): 1658-1666.

C12] ¥, sk e, Pkt S5, A g i 48 it 728 e 43 9

BEAH & WA HIT LD FSRALE, 2023,59(5) : 146-
153.
XTAO Pai, ZHANG Hailong, DU Zhiye, et al. Research on
phase selection closing suppression method of exciting in-
rush current of UHV converter transformer[J]. High Volt-
age Apparatus,2023,59(5): 146-153.

(1B3]5 =0, 5, A5, 5. T m R s PR W 2 Y

AR A i 3 O A B AR B FE ()] o R L AR, 2022, 58
(10):136-142.
MA Yunlong, LI Xiuguang,ZHOU Xiu,et al. Research on ex-
citation inrush current suppression technology of transform-
er based on high voltage vacuum fast circuit breaker|J].
High Voltage Apparatus,2022,58(10): 136-142.

14 ]2 , BN , RN AR, 5. TS A e AR D) R e e 4

st TR R BESED]. H SRR, 2024,45(9) : 121-
126.
LI Haitao, DONG Huibo, DENG Jindong, et al. Research
on application of circuit breaker controlled switching sys-
tem in converter station[J]. Process Automation Instrumen-
tation,2024,45(9): 121-126.

L1550, SERAE , T30, 2. B e AR ] FAR N 5%

WE ). T ) ,2024(3):28-34.
NI Hui, DOU Junting, YU Jiaying, et al. Overview and pros-
pects of controlled closing technology in circuit breakers: a
comprehensive review and future outlook[J]. Ningxia Elec-
tric Power,2024(3): 28-34.

(16 IR, 742 Fs 445 Jaly ol 00 Yt BB K 400 T SR s A 5[ D). 48 B =
PERIRHR S, 2024,

C17 ), Bl T 25608, 45, SR A 3 R 7 v O TRl
T U 0 T 3 0] v AL TR A R, 2014(4) 2 702-
711.

WANG Ye, LU Yuping, CAI Chao, et al. A magnetizing in-
rush identification method applying adaptive data-window
currents|J]. Proceedings of the CSEE,2014(4): 702-711.

(18 JBRAR, . 500 kV =748 S5 Bk ] 14 Ji AL 23 M B Ak P[],
L TR ,2024(16) :200-202.

CHEN Gen, LAl Wu. Cause analysis and handling of ab-
normal tripping of 500 kV main transformer[J]. Electric En-
gineering,2024(16): 200-202.

[IOJXIARAR 2=, sk BH , 4. LR ML AL ) 3R 50 1 9k 5 091
SEHTIDN. LR 2024 ,60(8) : 282-292.

LIU Gengen, LI Ying, ZHANG Xiangyang, et al. Analysis
of several typical resonance cases in power system[J]. High
Voltage Apparatus,2024,60(8): 282-292.

(20 J A 5, W9 5, 2B, 2. BT B S 2D K L ) &R
GEik PSR AT (). F) R SE A Bk, 2024, 48
(16):165-173.

111



2025 4F55 3 1

L LA S O A

Fa0t

HU Zhimin, HU Haitao, LI Chaoyang, et al. Fast analysis
method for power system harmonic resonance based on
adaptive step sizes[J]. Automation of Electric Power Sys-
tems,2024,48(16): 165-173.

(2015 Tt 35 kV HL T 3R Gl i ey BB 5 SO ] ().
IR ,2024,31 (4):7-8.

WU Jiufu. Research and application of ferromagnetic reso-
nance mitigation in 35 kV power system [J]. Instrumenta-
tion Users,2024,31 (4): 7-8.

(22 JBRUKUK, 10530, T Ak, 45, L R G8) OBl IR 7y

KB FEBUR [J]. H AL T AR 2440, 2024, 44 (19):
7515-7531.
SHAO Bingbing, XIANG Nianwen, WANG Shulai, et al.
Classification and research status of power system general-
ized modal [J]. Proceedings of the CSEE, 2024, 44 (19):
7515-7531.

(23 WLIER, BT, BHGEA , 45, eRIKIE IR BR I a8 1Y 0y
WL I RGO 4], 2010, 38(23) : 153-158.
JIANG Daozhuo, MAO Hangyin, AO Zhixiang, et al. Simu-
lation study of series resonance type fault current limiter{J].
Power System Protection and Control, 2010, 38 (23): 153-
158.

< 112 -

[24 ]SHAWN H, THOMAS B. Improvement of power quality by
means of fault current limitation [C] // Proceedings of the
Thirty-sixth Southeastern Symposium Atlanta, USA: IEEE,
2004,280-284.

(25 JEARRT, I B5 V) A, 45, TR 1) v s, O gl s
Ui B FEL]. 5 LR AR, 2007, 33(5) £ 99-106.
WANG Huaxin, XI Hexun, TANG Guangfu, et al. Applica-
tion research of fault current limiter on the EHV grid[J].
High Voltage Engineering,2007,33(5): 99-106.

[26 ]2, AR PRIR, B A, 5. T IO O A R G PR 28
A R e ) 7 L. i LR AR, 2006, 32(5) :80-83.
LOU Jie, LI Qingmin, XIAO Maoyou, et al. Simulation of an
series resonant type FCL based on fast transfer switch[J].
High Voltage Engineering,2006,32(5): 80-83.

{EZEE T
X ARAR(1947—) , B, S A TAIF, £ ZNFFHET %

& LA, E-mail :liugengen50@163.com.

WBRAME(1973—), %, ERHBRIRF, RN FFE GIS

O
G5 (1989—), %, Bh 8 TA)F , £ 2 F GIS —kik

it T,





