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Optimized design of relay protection for an offshore wind power outgoing transmission line
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Abstract: A new integrated design scheme for high-voltage line and reactor protection suitable for offshore wind power
transmission lines is proposed to address issues such as harsh operating environment, limited platform area resources, and
significant capacitive current in cable lines. First, considering the transmission line and reactor as a piece of electrical
equipment, an integrated optimization scheme is designed to avoid the traditional iterative calculation of reactor branch
current. Then, a comparative study is conducted on the compensation effect of traditional and traveling wave differentials
on the capacitance current of cable lines, and an optimized processing technology for line protection is proposed. By
introducing a more suitable line zero sequence current as the braking current for the zero sequence differential of the
reactor, an optimization strategy for the reactor protection function is proposed. Finally, simulation experiments have
verified that the proposed optimization processing technology can improve the sensitivity and reliability of differential
protection for submarine cable lines and zero sequence differential protection for reactors.
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Fig. 1 Secondary circuit diagram of integrated optimization device
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Fig. 2 Schematic diagram of capacitance current compensation
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Fig. 3 I1 model circuit diagram

RAEE 3 P TR, 215 B g 7 iR n=(16)
Fs o
Ioy =Y.Uy
Ty =Y.Uy
Uy —Uy =y — 1wz,
Iy = Ien) = Uy = 1en)

(6)



FEIIZE, &5 g b URSEIA 2 B Ak el R AL T - 153 -
e YONZRBR RV RN Z, NERBRAERK

SR

T A2 o A S EB R TR AL, A% O B LS
FERAR R, R 25 Y, A Z, AT 2(6) 1 L &
H R R AT A @) R LIRSS R o BT 304 1t
(6) T LIRS 24, X (DFTm o

v - ch(yl)—-1
" Zesh(yD) (7)

Z, = Z.sh(y])
PRI, 1T 3 A TT AR 1) F 25 S B ) FERL T B
=Ty, ®)

sh(yl)

iR i B2 SR R SR N R 2R,
G IRAAS IR 2o Fe k0 ik, 3Lk
RN—ANEFE IO, A AR LA YR T LN AT DU
BN (D) AIE0(2) - IR T A ARAE T AT &
TR, Kt

ch(y,)-1 .

Zosh(yl) =Iec, ©)
K o, ATIFABIER: y, v Zo, AR THU R
&4 Z BB BE AT

ANOFAQ) i THE R ORIE TAE TSR
MAEHAACE T, FIANRA0)FTRIIERNRZE AL, -

Al =Uy (M—jwce] =

Zsh(yl)
U[mwaHQmmﬁqj
" Zsh(yl) @, Ze,sh(z,l)

HHER10) AT 5N, AR (w25 TAIBRIZE , R 2N 2
R, BIEAE 5 iR 2 2 K.

RS rL 2 2 B S BN Z(10), 7] BAAS 3]
TR AN R AE &AM T U 5] 2 15
ZHMEFEN, FH5EFBERAAELE, BB %
ZREAR AR, &l 4 PR .

I 4 nTLLE R, FRSTEAIH80 R A 5 22
B AT R, 7w AR I i 22 R K

ATWAEMN TR ST 4y, BARB AR A
LRGSR, AR SC R 2 S AR AT H A
LERLRCH AR — B [FID R B S R 3R A e 5 ki
7, Hrh i E AT AT R R I )

EARGRIE T, LRI A ¢ 185 A KT
(R 7, WO REG R, DRI R, AT 4B T 55, BRI gt
S A RUETH AR 2 . R Bk B H e R T
ARGAT AT, HEEFVER AN R ZR ER AL A

(10)

8000 |-

6000 |

4000 +

FRAHR 2%

2000 -

0 500 1000 1500 2000
B Hz
[ 4 RENREMRESNRT LI

Fig. 4 Model error curve with frequency variation

M:%JW% (11)

e TOURAEEIRE; 1, Ak s K E . it
RO, A5 SR, SRR R OR, A iR
ZEBOR, AESERRRL R, JEIE B ORI K IR
KAEIRIRG,  FEARAMT R 2Z AR .

ZERN R IR B TR E R HUE R, ECIR
ZRBAEREIT, MRGICHIREE XA, %
RN NE, 2 RGX N RN Za s, A
ALUR RPN ESOTTR KR EE BRI B
Wi " 22 s ORGP IR B N, RIVAE I Wb B X At
AT SR AE ZE B,  ZEBHIAUIOR, SRy R
B, T VR E

FaAEMIN A R Z R AR E, ik
R ATBEANIRENTIERE, W LLEE 5 K
FEPRAR 7 SR e BB B, LR iR
PR R M 25, DRRT A5 R
PEREE NI R AT, 2RI R IR R B %
KT BAEII %A

3) ZEN R TT R

N T AMERGISAT PRI TRICE )
L PRI RIS E i IS AT U, ISRk R
P — e RIS, B 5 TR .

FFEcH DT BRI IR 2 S R . 15
FELPL i R YA A R P o R I IR AR S L P A
Tio BTV TR BACFAIE [, WIE AL RS S8

M Ji
I M Mx
©
| % il
M

I L
L L

]Nx IY\ N
«— |
oL | @
Iz@%

El 5 HHEKRIERRMERE

Fig. 5 Transmission system with shunt reactor
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Table 1 Cable electrical parameters sheet

¥ F BH/(Q/km) A J/(H/km) . 2%/(F/km)
EF 1.1 4.137x107° 4.829x1077
FIT 0.1337 1.895%107 4.829x1077
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Fig. 13 Differential current of fault phase
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Fig. 15 Differential current during external fault
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Table 2 Simulation results of fault

B F1 F2 F3
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