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Calculation and Analysis on Sequence Parameters of Three-core Submarine Cable Lines
Based on EMTP
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Abstract: Three-core submarine cable lines are commonly used for offshore wind power transmission. In the relevant
planning design and simulation analysis, the design of sequence parameters of three-core submarine cable lines is one of
the foundations. Based on electromagnetic transients program (EMTP), a 220 kV submarine cable line with a section of
3x500 mm? are taken as an example, the sequence parameters of three-core submarine cable lines are calculated and ana-
lyzed. The radial resistance of semi-conductive polyethylene sheath is calculated, and the treatment method of metal
sheath is discussed. The formulas for calculating the positive and zero sequence impedances per unit length, metal sheath
and armor currents of three-core submarine cable lines are derived. The influences of magnetic permeability of steel wire
armor on the current distribution and sequence parameters of three-core submarine cable lines are studied. In addition, the
influences of optical fiber unit armor on sequence parameters of three-core submarine cable lines under different ground-
ing conditions are also analyzed. The research shows that zero sequence resistance of three-core submarine cable lines is
much greater than positive sequence resistance, and may even be greater than zero sequence reactance; when the equiva-
lent relative magnetic permeability g« is within a certain range, the zero sequence reactance may be less than the positive
sequence reactance. The simulation results are compared with measured results. The results show that reasonable calcula-
tion results can be obtained by selecting appropriate magnetic permeability of steel wire armor.

Key words: EMTP; three-core submarine cable; sequence parameter; steel wire armor; magnetic permeability

ESHRIB: FEI AWM R E O BEEIE R G0 5E5R Y FL B8 250 BIPAG S 3B H AR 7E)(5108-202218280A-2-275-XG) .
Project supported by Science and Technology Project of SGCC(Research on Electromagnetic Transient Simulation Evaluation and Suppression Techniques for
Broadband Oscillation in Large-scale Renewable Energy Power Transmission System)(5108-202218280A-2-275-XG).



TR, TG, ok, 2. 3T EMTP [ =S R BG4 TS 80T g5 56 4943

0 5|8

Ak, MBS, KKK
. Jfi(crosslinked polyethylene, XLPE)H, 77 4511-5]
TOREARIG . =R AT 2R AV R L R I 2%
B, WA R, B R H A5
FERNHLRFE . BRI 80 A 77 A 22 e Y4 A S5 AR
UES maKE E R R IR EE 1 MEH =S
220 kV XLPE #2342 i 1 T2, H i,
220kV =R AL K OB R Z N,
500 kV =R AR ISt MR b —— ) R
HBHYLE M —. i EREBEIH S, BeRAH TR
T%% 500 kV =N IAEJEC L 4R £ 101,

=R AR AR T B XU T
ORI EGER Y — R 012, FEAR DG AR
Witr, =R RS SR E A
Privsiat. HAl, HBILHBBESSHNTR EEE
HRTE SO LR ZR B . SCHR[13-1410F 70 T St K HE
BRABR ) RSBV, STRR15-1810H 5T 1
BN AR R (W A S B P R T =
ORI I LSS5, MR SCREU > . 3
BR[19] 3 56 B AR 2R B I RS S BURAT AL,
X =R B A B AU TP AT . SCRR[2075%
= AR (M S ST TR S T
HWEFL T A eisem, (BAE 5 AT 2088 T HUfH
Mo SRR b, CRAVNZZ 5835 10) = E g I L4
LI E T HIRECR, ERTR K TR FHu(EE
JFBHALHIBHPT Mf<45°). SCER[21TBFFE 1 I FRL 0
WA S SHINT R T LIRSk R Hr

B 22 2 PR T 3 0 =R I HL B R % LTI
AL

SN SR ke P R N TN E R VR REPS
REE 2%, TR RS 1 F IO R 7
BELATE) R IR ¥ o SR FEY RS ) LRI 2 285 00 L, T
WEIBIRZ o NI ARSCEL 1 26 Y 3500 mm?
7 220 kV g AE L A B, BT R S AR
FF EMTP, X = E0H i RS54 B% 1) 57 2 Bt AT 1t
FSNT, HE R T AN AR S R A, T
5SS REAT T

1 2SR
ACHWIFER 220 kV =05 S 26 2% 1 Sk

AT A 500 mm?, KER 47.3 km, FHR 45 G0 &
1 s, AHSERRSE L 1. Hidr, XLPE 48251141
XA HHE N 2.3,

2 ZiBRESGLEERIFENLERN

RSB SRT BN, A1ERS
Jfi(polyethylene, PE){'E. [ [R#&EIE LK)
JRNHLE, 1% PE B H R A AL

Ik, FFHEM) PE B RKERIERA
B R] T IZ B S AE 500 KV R LA
1 R HZiZER T PE BRI 0IL 2 4
AR, A 8 km AR 1 K/ NETE R E]
HYRN s RS 2 Rl i Ze g, kA
TR, R4 R B AR A I 2 4 2

K1 =8eE aRgaiir gk

Fig.1 Structural diagram of three-core photoelectric

composite submarine cable
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Table 1 Sizes of 220 kV three-core submarine cable line

P YA S JEFE /mm 4 7/mm
1 FELACH 544 — 26.6
2 SRR 2.0 31.0
3 SRR 4% 27.0 85.0
4 2% 1.2 87.4
5 - G H B KA 0.5 89.4
6 HENE 35 96.4
7 P F R I E 33 103.0
8 P2 ST — —
9 W — 222.5
10 R 0.3 2243
11 RN RE 1.5 227.3
12 RN 22 6.0 2393
13 RN 4.0 2473
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on current distribution
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Table 2 Current distribution of steel wire armor with different

magnetic permeabilities
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Table 3 Influence of magnetic permeability of steel wire

armor on sequence parameters per unit length

*HXTJ‘% . I/l EJZ Iso/Ieo IZI/(BICO) Ig/(3lc(])
. i
P WA/ % AHF)  WELE/% ARF/C)  WEAE/% FHFA/C)
100 EF 265 -1153  — — — —
£ 703  -160.7 42.6 146.2 1.8 166.1

200 B 28.5 -114.6 — — — —
Ebi 763  -1653 333 142.9 0.7 112.3

EFF 295 -1142 — — — —

300
I 794 -1674 285 141.7 0.4 71.4

EF 302 -1139 — — — —

400
ZJF 816 1688 255 1412 02 369

Emﬁ [P Eﬂﬂﬂi Eﬂﬁi Eﬂﬁ{
TR e (Q'km™) (Q'km™) (uF-km™)
100 350 0.1750 0.1397 0.126 9

EF 0.059 8 0.141 6 0.126 9
200 350 0.190 5 0.1315 0.126 9
EF 0.060 9 0.145 7 0.126 9
£S5 0.198 4 0.127 1 0.126 9
300 EfF 0.061 4 0.147 8 0.126 9
200 EF 0.203 6 0.124 0 0.126 9
I 0.061 6 0.149 3 0.126 9
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Fig.5 Schematic diagram of optical fiber unit structure
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Table 4  Sizes of optical fiber unit

T AR PR /mm I R4ME/mm
1 TFENE — 3.6
2 PE W& 1.0 5.6
3 TR B 22 1.23 8.1
4 okt 0.2 8.5
5 PE 4P 3.0 14.5
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Table 5 Equivalent sequence impedance per unit length for

three-core submarine cable lines

JEAFRAAE N LISl R/ H2/
e A A (Q-km™) (Q-km™) (uF-km™)
TEIE EF 0.190 5 0.1315 0.126 9
P VT EF 0.060 9 0.145 7 0.126 9
T ZF 0.190 5 0.1315 0.126 9
F & EF 0.060 9 0.145 7 0.126 9
Tt Sk ZF 0.187 8 0.1311 0.126 9
FEE2 ) 1EP 0.061 0 0.145 4 0.126 9
i ik ZF 0.186 5 0.130 8 0.126 9
FEG ) EfF 0.061 1 0.1453 0.126 9
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Fig.6 Arrangement of three-core submarine cable lines
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R 6 =N LR R P IR AR (A R ST
Table 6 Equivalent phase reactance matrix per unit length for

three-core submarine cable lines

R PiEFNSEIESE BT (AR 1)
Table 7 Comparison on simulation and measurement

results (example 1)

AR E3i0] HBH(Q-km ™)

B A B CHl
TN A 0.1410 -0.004 7 -0.004 7
ot ss: B —0.004 7 0.1410 -0.004 7

At CH —0.004 7 —0.004 7 0.1410
AH 0.140 2 -0.005 0 -0.005 0
BB Bl —0.005 0 0.140 8 ~0.004 4
QW) ' i ’
CHl -0.005 0 -0.004 4 0.140 8
: A 0.140 5 -0.004 8 -0.004 8
P B #H -0.004 8 0.140 5 -0.004 8
EFSERIN) ' i '
CHl -0.004 8 -0.004 8 0.140 5

SMBHCOINK 7. 1ERSH, BHEHT 1 FKE
9 32.2 km, Ty 3x400 mm? ) 220 kV =R
FEL 8 2 B 1) SN 5 R 1320, Lk 8,

RGN EE R, 2 LB P FET A
<450, PEAERW LI, H3R 7 Mk 8 ATLIE H,
ik 2 AT, AR AT S 2 e L
100~200 I, 5 FUHE S SE 25 R — R . 8
R R, X T 26 0 B 100~200 I 227 HL BH
H7 B A R KT SEE . X2y, EMTP 2
P ICEBA S AR R e T 450, R eI % T
SRRALEE, TR 22 FE2EN 3 5) HA 1) R 1)
Sk, bR b, BTN LS, R
R IR 5 3R AN TR o SCRR[33 ]38 i s 73 A
TEH e 2 [ AEREE R 5, SHESE ] 1 A
SE IR HE 28 s OTT RS, BD:
et
K p NERBEM R AR T G SR s I BRG]
GRS s L N RR BRI SR SE s I N
[ 0 43 1 A B

FEAST A, 24 B 100~400 I, H120(15)
19 B B R R AR G 52 %8 3.48~3.55. 77 4K
S, SCHR[331HI AT 2 1 A8 22 IR 48 &30
Nio SERR b, FEREANLL RIRFER, 5 HZN AT
E—E ALY, Ek, EMTP B AN HiER
F(15). SR,  BELHER A BRI R} R AH X 1 3
ARSI o BN 2L B T AR L S
RAWMA AU RS L SE B L B, W A LI H
BELAEL A2 I K ) o 17 BLEE SR B, Ik NG e (AR R
W32 e B 50))5 F 7 HBHA BT B AT eSSl

Hieqg =

. AE X B FH B/ T/ HL2/
5 2
HH S B @kmY)  (@Qkm?) (uF-km)

£ 0.1549  0.1460  0.1269

50
EF 0.058 1 0.137 1 0.126 9
100 £ 0.1750 0.1397 0.126 9
EF 0.0598 01416  0.1269
N £ 0.179 4 0.1375 0.126 9
{5 B 120
EF 0.060 1 0.1427  0.1269
150 25 0.184 5 0.134 8 0.1269
1EFF 00605 01440  0.1269
25 0.190 5 0.1315 0.126 9
200

EFF 00609  0.1457  0.1269
25 0.1412 0.137 4 0.130 0
EFF 0.0570 01432 0.1300

el —

8 P ELANSINGE Bt (B 2)
Table 8 Comparison on simulation and measurement

results (example 2)

SiH Emﬁ [P Eﬁﬁﬂi Eﬁﬁi Eﬂﬁ/,
FHE (Qkm™) (Qkm™) (uF-km™)

s ZF 0.1670 0.1543 0.1182

IEFF 0.066 5 0.144 6 0.1182

100 ES5d 0.188 0 0.1479 0.1182

IEFF 0.068 1 0.149 1 0.1182

. 120 EF 0.1926 0.145 7 0.1182

5 0.068 4 0.150 2 0.1182

150 EF 0.1979 0.1429 0.1182

5 0.068 7 0.1515 0.1182

200 EF 0.204 2 0.1396 0.1182

R 0.069 1 0.153 2 0.1182

g 1 350 0.158 5 0.1450 0.1199

Sl EF 0.066 8 0.149 4 0.120 0

g 2 950 0.160 8 0.146 1 0.1188

EF 0.068 2 0.149 0 0.118 8

BB, HERPANEF YT S SIS R — €
2R, ESR P2 R HE B AR AT A2 1R, B X
LB (R BT 5 5 R T2 AR #
SRS R T B [N, HRECRAH ML
B IR = I HL SR AR ) R P BT AN — A
TEE B . R BSERREAT o, A I e s
LRI, MMHEFEFIRSAEN. £T
LR MIRE R PTR 2R E T . BRI KE&
&, M ERT 2 RSB P S
A

7 g

AL 1 ZATA 3x500 mm? (1] 220 kV 1R
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