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Reactive power configuration of offshore wind farm transmission system via AC
submarine cable
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Abstract: When a wind farm is connected to the system with a long-distance high-voltage AC submarine cable,
the huge reactive charging power of the submarine cable may cause large voltage and current fluctuations along
the submarine cable, and may cause the submarine cable to overload and exceed the voltage limit. On the basis
of establishing the equivalent model of the offshore wind farm, the compensation capacity of the high-voltage
reactor and SVG is determined according to the calculation of the reactive power demand of the sending system
of the offshore wind farm under various working conditions. Then, according to the voltage fluctuation of the
grid connection point, and the reactive power exchange of the grid connection point is zero as the constraint
condition, the current distribution along the high-voltage submarine cable is calculated. Since the current limit
of the submarine cable varies with the laying method and environmental conditions of the submarine cable, the
distribution of the high-voltage reactor capacity in the offshore booster station and the onshore centralized control
center is determined according to the optimal current distribution along the high-voltage submarine cable. The
method is applied to the planning and design of an offshore wind farm. The wind farm has been put into use and its

operation is good. The practice shows that the reactive power allocation method proposed is feasible and effective.

Key words: offshore wind power transmission system; offshore wind farm; reactive power configuration; submarine

cable carrying capacity
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Fig. 1 Electrical system of offshore wind farm network

12 RANKE3ISKVEGSHEE

FERLRI BT B, R D HLAT Lhis fT /£ 2h
HKANB—0.95~0.95EHN, A& IHT
RE, %IEFI3S kKVAEELE. 35 kKVIE4iRIHE
HREZEAAEIRE, ARIERGE R 2T, A

104 | @5 5 dl - 2002FFE41 5578

HAEFN3S kVilgSi L5k, SR RGEEH
MELFR,
Bus3 3 Bus4 PCC %——gi
o ) o | (7
I ‘ ‘ ‘ 1 \._,"/
\\_,—/
S
35kV Bus5
TIRBDHAEIR D FE R I Kk HE 2 AR 2h 3, i
W BT I DL B R B A Lis 1, BIAEJE
A B HLE TC PG, Bp
=2 24 &)

J



oo NI R 7P Y LRSI ES

A, Poo AFERDHLA DI T1s MA35 kVil
S50 1 BE A, NCH BRI XD HLE % PyhE
B e RO A .

Y RGRaB BT, TN ARG R T S
FERFEAZE, BHAR DML, 35 kKVI R K&
SOPR Fl N ATE | S v = o B L R e 2 g
& Hp BT A e B B Sl B L SR R, B
3,3 Y B, @)

= J

M=

M
BCeq :Z

i=1 j=1
T, Brege Beeg BIA S5 50078 J 2% RN 45 L 40 5
By Bl B 155 5 A8 TR 23 HL AN s By ok 81 B 15 j BX
35 kVilg4i gl ,
35 kVHH AR FE a1 5 30w & o BT A AR
Heds 7w 2 H, A Sy A in iR 6 R R R4
B, S AFMHFA L EaAR, WA

STeq = z ZI STfj (4)

=l j=1

AR e s Y R BELRT LT 40 A

M N
2
IPICHS
j=1

B, 3)

=

\&' ~.

i=1

_ ®)
T S72" ep

MW,

2
>3 s,
=1 =

1
Xe =
T S’l%ep
AH, Reayje Xoyad B4 551 818658 ) 6 F X048 T 2%
L BEFR L BT

R3S K ViSRRI BT B

.

(6)

R

Ceq

Ms i<

a’ R @)

cij Vi

M =

Keey =

eq

M=

> @ X, (®)

i

R, acijScif Steg i 45 1 1] B4 45 § B WL 8T 1 11 4 4>
Bl 2% S bl iZ BRI A R &5 Re).
Xeir 0 Ay 265 110 g 5§ B v 45 1 vl BRLRD L B

B, WTUAXF220 kVilE BT 5 S T
S e % HEAT L

www.eage.com.cn

pES

Engineering Design |

2 EpMEREREE

21 FZINEEFREN

MR XL 48 AL ) R B AR e sk
il 220 kVIUHERICE RS T EE500 kVH
25 N o8 L d R ) UL By, G A S
T ) 7% B RE 05 b 2 XL I 15 I 15 R SR 26 0% |
F2 S s A% 1 8% T D B AU HEL B 02K HH 8% B 1) 4 Jek
PETC T 20, B B T Th 7% R RE a8 b 12 K
L3 E B 1758 M 70 L JC Bh B 23 R AU HL 3% 3% T 2%
MR T R T ThBh R, A HLg i e g il B
FrAye 2428 e B R AL T OB F S B I, XU
Yy 24 Re 42 il AU FL 2 A FL F TR AR AR HL R 1Y
97% ~ 107 % 765 Bl A

T B 1 ) b, FL 7% b 48 28 2% 10 ) b AL % ol —
ARG, R KRR B i A8 I g 4 7E HL Bh R
BIK . BEE RIS K, 85K B AT 1
o, AR PR, RIEA RGERI T H
hEREBA, R DPLA R kT Ih T8 L8
Tk bboFA , 75 ZEx i R A R
T ZEE , LA R K i g8 47 o 1 TC That
Mo iy AR H P A I DA B T Th R 4% A
Bk,

fEdEfT L BB B, MIZ/EE AR b %
KIVETHE T, BLE G RERABFEARETTE,
ZIEFER LER TR AR, WAHRGIX T
RGNS Kk, PR AT RETERE Lk 4T 5
Tz 2 X3 2 R /NCA T s 4R AR v
T EAME I B R A R G L D iR
N, ARETFRAER TR ISR LR
W, BeE SRR R AN ETh AR E . YR
DR ERKBB SRR, X ARG TS
R, SGSi ALt K, (TR R 3T
Thy e 2 2 T HE T J2 1 4 % 5 17 L 70 0 L AN
2. BB, TWELREME TR R RETT
DMz E, HE2h T BB 6, &
AR S b B TE I AME SR
22 EZIBELEME

BRI E N RGN AMEE B @ F A

2022%E7H - @5 pdl | 105



ARiBit | Engineering Design
I FL P 2%
JEFF B P E .

ZIEF &R RPN EN KSVEIL, HElk
P88 Vs fT il AR SVGE, Ik, £ EIhEe
B e R bi# . M TFSVGE &R AT
DLk e sh el A e 5, 4 T 7o FIHISVG
EERMAR, EFATRLILT, Naipiki A
G0 i T SV G K H 11 #5c k6 2h Zh 26 15 WR I 3 Kk TG
ThTh 2 b2 SR AT REREAUE , BRI, 2EI%MISVG
RN EXLQugrmaxs Quvg-max s BIFR R
T TR RISV G K& H i i K TC B 2h 3 5 W i)
w&ARTCEThE, W R e

| - stg —max
S A ERMSVGHE B E R K2
iR

wrk T kA% (SVG) Fafik

<e )

stg “+max

TEThL B AR

BEE LA

l

Ry ohih hZE=RW K, TR
H1,40.97~1.07 (pu)

! It

VHRESVG e B AR
TR0

fil HESVGHE SR

B2 ZYREREE

Fig. 2 Flowchart of reactive power compensation configuration
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Fig. 3 Flow chart of capacity allocation of high-voltage reactors
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Tab. 1 Parameters of 35 kV compact transformer

RAPLERE BESRKFE DHEBEHKEE
/MW /MV-A (%)
1 4.50 5.00 7.75
2 6.45 7.10 7.50

L35 kVIBSTY R =045, B8
HAIA3x 70 mm?, 3x120 mm?, 3 x 185 mm?,
3x 240 mm?®, 3 x300 mm?%f13 x 400 mm?, {46
Fh# AR ISR EE . 220 kVilEZith & =5
45, M2 BHYJQF41-3 x1 000, 220 kViE4is
K86.1 km, 74 T BT H & FholAg 1 88 = 2l
SR NFR2,

R2 BYURSSH

Tab. 2 Electrical parameters of submarine cable

- . . " e, XTHEHLYH
WS MRS /ST ) XA (fx 10 j? o BiE
Mk (Q/km) (Q/km) (pF/km)
km)
35kV
3X70 0.342 0.171 0.127 39.898 2 s
el
35kV
3X120 0.1956 0.158 0.1479 46.464 2 i
54
35kV
3X185 0.1273 0.148 0.167 8 52.7159 o
4
k
3X240 0.094 71 0.142 0.183 1 57.522 6 3?;@:]
4
35kV
3X300 0.078 29 0.137 0.196 3 61.669 5 o
£
35kV
3X400 0.062 12 0.133 0.2139 67.198 7 S
piERL
220 kV
3X1000 0.04614 0.12713 0.18277 57.419 6 e
£l
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Tab. 3 Parameters of 220 kV main transformer

FELBR ARG

EEBPT A EdE THRER
kW % kW lo (%)
180 457.32 13.96 65.21 0.09

F4 500 kV ETEESE
Tab. 4 Parameters of 500 kV main transformer
T
LY
1y (%)

wE LR H0HE FBRPHST  ASERAFE

/MV-A /kW % kW

E-th 49573 E-th 12,02

360 - 40166 F-f% 34.04
ok 43241 % 1977

111.08 0.06

220 kVig4i £ FHHYJQF41-3 x 1 000, H%
VR RBE W S B AR A, AN LS,
F£5 =41000 mm®220 kV iBSEFE

Tab. 5 Current-carrying capacity of three-core 1 000 mm?’

220 kV submarine cable

By BB WIE IA
A, WEGRE Y 40 C 1008
HLASI R, FRBTIRE N 45 C 826
IR (BX) B, BRI N 40 C 933
IR 2.5 m, IEJ¥ 20 C 862
Bk BOMER B 2 m, JRE 30 °C, #ABH 1.0 791
Fil it BOEYR 1.5 m, 3R 30 °C, #ARH 1.2 788
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Tab. 6 SVG capacity required under different high-voltage

reactor capacities

P E AR KIHLAER Vi
HE /Mvar A2 (pw)
1.07 14.53
B=1
\ 097  50.40
ES! 200
1.07 — 75.33
p=0
0.97 — 61.90
1.07 26.02
p=1
‘ 097 6047
FE?2 210
1.07 — 65.00
p=0
0.97 — 5343
1.07 37.86
p=1
. 0.97 70.33
E 3] 220
1.07 — 54.53
p=0
0.97 — 44.68
1.07 62.33
p=1
_ 097  91.88
TE 4 230
1.07 — 32.96
p=0
0.97 — 26.98
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Fig. 5 Voltage and current along the submarine cable with
different high-voltage reactor capacity configurations at the

beginning and end of the submarine cable
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Tab. 7 Current at the head and end of 220 kV submarine cable

with different high-voltage reactor configuration schemes

= /M
A FPUAL E /Mvar —

/Mvar

SVG & HHIHIR /A
Tt s W
/Mvar i R
2X(+60) 34.87 83095 788.39

Sl
i A

HEL 90 120

J%2 100 110 2X(60) 3579 846.05 777.30
HE3 110 100  2X(£60) 36.70 861.69 767.20
HE4 120 90  2X(+60) 37.03 878.06 758.18
JE%5 130 80  2X(+60) 3844 894.61 750.03
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Fig. 6 Current distribution along submarine cables with

different wind farm load factors (3=0 ~ 1.0)
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Fig. 7 The current distribution of the submarine cable after the

adjustment of the main transformer tap.
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