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Fig.1 Cross-section structure of 500 kV
XLPE submarine cable
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Table 1 Structure parameters of 500 kV
XLPE submarine cable

P E2s FrPRIEEE/mm ARFRSME/ mm
1 BHAK i S 44 51.50
2 R Xl 2x0.12 51.98
3 BN it 2.0 55.98
4 XLPE #1%% )2 31.0 117.98
5 Br s 1.5 120.98
6 LBk ZE )2 2x1.0 124.98
7 e 4.5 133.98
8 e 4.0 141.98
9 BT T = 6.0 153.98
10 NS EINFS 1x0.5 154.98
11 G 22 3.5 161.98
12 PP 43 2.4 166.78
13 Wit 0.05 166.88
14 PP 4p+kpay 2.4 171.68
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Fig.2 Equivalent steady state thermal circuit
model of 500 kV XLPE submarine cable

B2, Ty, T, Ty, Ty o3 5 g BT A v 25 1) 4
G2 SRR SR RSN 2 AR 5 6., 6,73 31
SRR SRS o T RO AR 4 e A
PP B 223y A JE M T, AR R AT IR R
JIN T 3 ST ARG A A IR A B i JHG A B AT 222 g
Z:i_I_[IZ-B] .

1.3 BREBHBSHRENRETE

LRI EE T PRI H A5 AR IEC
60287, F RS LR R 15 Ah

R=R'(1+Y +Y)) (1)
K R Ay AR T AR 28 i HBH ; R AR IR
JER AR B LR Y OR AR RO R Y, AR I

Y5 YA
X4
=—F 2
T 192 + 0.8X! (2)
8
X =" 107k, (3)
R
X4 d 2 d 2
v, :7*“4(_4) ><O.312(—") +
192 + 0.8X* | s s
4
1.18/("4 + 0.27) (4)
192 + 0.8x*
8uf -
X = R X 10 'k, (5)

K d NG RARIZOME kb, X T TR Y 15 22
Hi£R 4y B 0.435 Q/(m+Hz) ,0.37 Q/(m-Hz) ;s
HPAT B S ]

drcen AR EE T SR E U A B RN

R’=R0[1+a20<Tc—20):| (6)

A R FARTE 20 °CF B HL FHAR, SO 7.3 %

107 Q- m o R PRI R AL, SCHE3.93%107 T,

S B e FUVF LAEIR B, 500 kV 22 XLPE #8345
B fuip TARIREE Ry 90 ¢

AN BRI AR A BUAE W TS A0

W, = wCUjtan & (7)



& AH) ALK 156

C= &

181n(D,/d,)

Ko =2mf,f WA Uy %f b i Fe, SCH B

288.7 kV;tan 8 ATEHL IR R GE A TAEIREE T A4 it

BUFEA VI, B 5x107" 5 C Ry A K BE IR L AR s 0

USRS A H R B B 2.3 D o 4 22 HAR
d, W ER,

PEF R IFE E 25 8 4 R P B T R R A
FEAEEFE P ER 0o X BB 40 150 E 8 o L AH X
TAINIAE M BAE R EGR R . SCh i A R4
JEIPE D RPFE, T AL FORE R EBFE. A JEH
IRV A VR A g | A P A

X BN TR A, 30 R SR OB S T 5K, e
HdfE TEC 60287, X FR AL A AR, 1%
BOREF A/=0.03, 8 T4 E R A/=0.05,

SIREBRRBHER B HEAR

x 107° (8)

R, (Bt

A= —| o A\HNJ + 9

! R[g*" / 12><1012] )
ps

RS:I[1+aS(95—20)] (10)

dmw
= 11
BI P. X 107 ( )

1.74

g =1+ (;) (B,D, x 107 - 1.6) (12)

1

mz Dl :

Ao = — 13
’ (1+m2)(28) (13)
m=(w/R) x 1077 (14)

6.=6, — (PR +0.5W,)T, (15)

A, WA TE 20 CF AL B, SO ERCN
2.068 4x107" O -m; o 4% 4 i BHLYR B £ 50, HX3.76 %
10750 998 TARIR B, Ho 5 307 & H AR S, ik
BEE HA R ] 60 °C, Z U A S 5 R & F
B D N ESME, H 133.98 mm;r,
HHPESIERE, N 4.5 mm; S N MEATRIEIRE . (i E SA
DA PP W4 A B.C =4, i1 T B AHIRTT
et BB S B AR R R, U H=1.027,
N=1.266 2,J=1.002,

T4 4 T 5 25 10 I R BLRE DN B A, 1935
AN

A —123R51 2d,
P R(da)

2

1
2.77R, x 10% °
[

w

(16)

R, =%[1 +a(f, -20)] (17)

AR N TARRLEE 4B e 22 i s B d, o e
BRI B p. o 20 °C B85 4 T i Ha B 3%
B 7.3%107° Q- ms o, A5 55 i 22 1) Fia BELTLIEE 22 8k, B
3.93x107°,
1.4 BEREBHBSHRBEINARITE
1.4.1 4 ZHFHITTE

AN AL R R LE IR S SR E
Z R4y, EE AR XLPE 462 2k Sy B
AN BRI BTN B il ) JE B A, H R IR B,
LR AT DL Z W AN T, DR 4 2% )22 IR i T H
E2WoF

Pr 2t
T, =—1n(1 +d—) (18)

Koo, WAGAPEHABL R E, SCh 3.5 Kem/ W
1o SRS SR EZ A2 R
1.42 N ZHEHTTHE

HRUNKTE FEAR 5 EME R R E N
PE JCRITE BE N 2R 2, BT
P E SRS 222 R 4 JE AR, S RE AT,
HOHIRE 52 ma n] DL 2SN T F . R T 2 A R
SrFPEEA PE ORI UA A PE 2. N4 JZ AR
TR

T, =’;:r1n(1 . ;tlz) (19)

K epr, WEERLN T Z AP R %, B 3.5 Kem/W; D,
REBEIME 1, WENFT RS ZIREE
1.4.3 A g 2B

LI E —RIBB SR ZINETENREZ

T —pT31n(1 +2te) (20)
2w D,

K o NWESOMBUE B AR B 3.5 Kem/ WD,
HEAREIME st NS MBR IR o
1.4.4  SMFIABHITE

7R i 9 4 A () RO 3R 858 T 119 0 S R B AN
[l TR A K P i s 7 SR 2O R T
A T Rl B s O 3 32 5 4 4 B 0 5 4 T B
B Az B BB 7 X 3 2O R S B T
Ko SBOXIEL T BPEHIT R ITIEAT

(1) HHEE AT . FERIE B S IR
Bt w4 I BB 7,08 -

p,.
T4=7Mln(u+«/u2—l) (21)
I

w=2L/D, (22)



157 sRAY A5 SRS ERE eSS XLPE g it 5 0 it o

X o, N I IR R KL i T AR LR Y
SN AR, OB R BB AR L S MR D,
NHFEIME o

TEF B i B BT, P47 HES 18 = AR T B il ]
BN A 0.4 m, IS T4 [] ) TIOR8 480
RS N 2, AN T o OB 8 Bl B S
IMRAPH R B IE AR

pr. 2L
T4=7u ln(u+«/u2—1)+ln(l+s))
T

(23)
(2) EHEBRINRABATT 5, AR AE PE
EIENCHS, & 1E MRy 1 R, AN AR R
FE B LIE = A
T,=T,+T/+TY} (24)
s T Al 2 35 T 0T T8 PN 2R T 22 (8] 25 (] FARH 5
TR TEAR S T O AMRHAR
T, R AAN
UD

, e

L= o+ e
RKof UV, Y SilggEBiR &4 Y Soh U=5.2,
V=0.91,Y= 0.01;0, FiFE4; 5% 18 Z 25 [ 4 BT ~F
PRREE, SCHHC40 °C
TR AR
In(D,/D,)
Ti=p — (26)
21
K p A E AR IREL R % B 3.5 Kem/ W5 D,
R EAME, B 280 mm; D, A TE AR, B 250 mm,
T EAR R
T = p;,(0.475In(2u) - 0.346) (27)
w=2L/D, (28)
(3) 2 EOR AN ABE A (BsERT b B R
WRFER BT N, AN 32 FH G BB REGT, 1 45 %) BBl $4
R 7,24

(25)

1
Ty=——""—"% (29)
7D hAG
VA
h = E +E (30)

A :h R RS;Z7=0.62; E=1.95;g=0.25;
AQ* AR A Kaﬁfﬁ%gﬁggumsj i
D h
=X
L HA A,

T
A T,(1+A) +T,(1+A, +4,)] (3D
n

1.5 BREARSARSEERENTE
L4 DA A A SRBILAIFE A9 15, 500 KV 58

it XLPE T SR 8 i o s i A0
I=

\/ AG, - W,[05T, +n(T, +T, + T,) ]

RT, +nR(1 + A )T, +nR(1 + A, + A,)(T, +T,)
(32)
SO 1 o T SR v B 1) 8000 (L s n DR TR 4R, X
15 AQ I AE 20 i 5 (A IR B 5 R PR B A A IR
2Md.
1.6 EWESHRBRENAEITESER
A 500 kV 22 XLPE i )i5 i 482 474 8% 1)
B TARIREG R BB PR 5 32 50 g IR B T
B BB A B L SO IR EEANIA] 3 PR,
ANTRIECBEIREE T, W G HL 48 A0 6 A i 2 R 1 A1 S
WIESHORIS M I, Xf A 6] SO R 555, 25
AN [R) O PR A BRI il B | LR IR L e 1
PEH AR Nk 2 s o ARAEER 2 Bl , 45 500 kv
I R A IABH TSR A5 2R, e 3 P .

SO B A
BB B mER B BB

B 3 500 kV XLPE ik FE 45 8i% This

Fig.3 Layout environment of 500 kV
XLPE submarine cable
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Table 2 Environment parameters under
different layout environments

B 20 0.7 1 50
kiR 20 1.5 1 5
BRI 26 2 1.25 0.4
BB 26 0.4

% 3 500 kV XLPE BRBEHMEITELER

Table 3 Thermal resistance calculation results of

500 kV XLPE submarine cable (Kem) -W™
S L
YA )= 0.440 4
A2 HBH 0.077 5
HMZHH 0.032 4
TR T3 B /M HAH 0.443 7
VR T B MG 0.565 5
Bl L3R B A . 1.682 3
B T B AR A 2.264 0

25 MO BEANERABH 0.326 0
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Table 4 Material parameters of 500 kV
XLPE submarine cable

AR B
BOAE ) Oek)
1 BH A -4 385 400
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3 BN 0.5 2 700
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7 GAE 35.3 128
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11 PR 22 385 400

12 PP 4 0.167 1850

13 N1 0.22 1 850

14 PP 4+frakils 0.167 1850
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Fig.4 Finite element simulation topology of
500 kV XLPE submarine cable
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Table 5 Setting of boundary conditions
under different layout environments
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Fig.5 Partial schematic diagram of grid division
of 500 kV XLPE submarine cable
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Fig.6 Partial schematic diagram of isotherm of
500 kV XLPE submarine cable
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Table 6 Comparison of calculation results of
ampacity under different layout environments
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Fig.7 The relationship between the ampacity of 500 kV
XLPE submarine cable and the ambient temperature
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Fig.8 The relationship between the ampacity of

500 kV XLPE submarine cable
and the soil buried depth

4 #hig

IR TEC 60287 #3717 500 kV 223 XLPE
7 i T PR R A A AR R, b AN [ e 3 b T
2 A3 AR A LR BEAT 20 AT, O 36 e g s 7
iR L B - T 22 W) B A RGO AR TR A
SRR R AR TR, 2 A7 A 2 B 3K
TR Z R ZE AR, S Bl BB 30 55 F i3t
FARZIITE 9% LN o S5 R A - 5 il B v i L 4
N ZR AR I A B UBE , 2 6 Bl BT SR &

S R I BT E O 1350 A, T 24 2R il BL g4 R

P T8 BB A8 A DU 1200 A5 SRS i 2

B ETF 10 C 8 Rl Beife B80T FEZ) 100 A%

Rl BI85 R P - 38 B RS, S B REE AO.7 m

FEE 2 m i TSGR R T 2 300 A

B2k

(1] ZRIEP AR Wi, 55, MR e BR o 1 1 i TR il 48
WAL T . W R EER ,2019,45(11) :3452-3458.
LIANG Zhengbo, XU Mingzhong, Chen Feng, et al. Thermal
characteristics of EHV submarine cable in typical layout envi-
ronments[ J ]. High Voltage Technology,2019,45(11) ;:3452-
3458.

(2] FZnim, 2K fl, 2, 4. 5T BOTDR MG I & 1R
iR/ RBEMEIM[T]. S AR ,2014,40(2) :533-539.
LYU Angiang, LI Yongqian, LI Jing, et al. Strain and tempera-
ture monitoring of 110 kV optical fiber composite submarine po-
wer cable based on brillouin optical time domain reflectometer
[J]. High Voltage Technology,2014,40(2) :533-539.

(3] SBER, B, TR, 55, 220 kV LA E & =0 EIRB gLk
BRSO LT]. IR 0K ,2020,47(11) :28-33.
GUO Yiguo, WEI Xin, YU Qiuyu, et al. Electrical parameters
calculation of 220 kV optical fiber composited three-core subma-
rine cable[ J]. Shandong Electric Power,2020,47 (11) ;28-33.

(4] TEE, 2K, a4, 500 kV HLD L TR A PR
AT SRR RTS8k BTR,2019,52(9) :96-101.
BIAN Jiayin, LI Yonglan,SHAN Luping,et al. Analysis of stea-
dy-state heat path model and calculation of current carrying ca-
pacity for 500 kV power cable[ J]. Journal of Insulation Materi-
als,2019,52(9) :96-101.

[5] Calculation of the current rating of electric cables, part3 : sec-
tions on operating conditions, section 1 ;reference operating con-
ditions and selection of cable type IEC 60287-3-1[S].

[6] BIFURN, KRB ACLL, X535, 57 32 500 kV IR L AEE fli B

BIRRE ST T ). Wl 4R ,2019,45(11) :3421-3428.

HU Liexiang, OUYANG Benhong, LIU Zongxi, et al. Improve-

ment in current carrying capacity of landing section of AC 500

kV submarine cable [ J]. High Voltage Technology, 2019, 45

(11):3421-3428.

B A XU, BUPE S, A6 AR RS AR TR 5 B 8 T s

RLAE A A S M sE [ T]. mi R HAR,2012,38(6)

1397-1402.

LEI Chenghua,LIU Gang, RUAN Banyi, et al. Experimental re-

[7

[

search of dynamic capacity based on conductor temperature-rise
characteristic of HV single-core cable[ J]. High Voltage Tech-
nology,2012,38(6) :1397-1402.

[8] X, jk a4 R, 45, 500 kV B XLPE {48 iy #d7 K
W7 ETELT]. = EHL 4+ ,2020,56(12) :7-15.
LIU Ying,ZHANG Shendong,CAO Junping, et al. Thermal field
and electric field simulation of 500 kV DC XLPE cable [ J].
High voltage apparatus,2020,56(12) :7-15.

(97 Bfize, M, R0, 25, 2T LBk -2A- T & 2 W JETT 2 80



161 Tkt S AR IRET Tl SR

i XLPE i i% i Ga i ik o A

W7 SRR BB TS T]. ) AR J7,2020,33(5) -
117-124.
LU Ying, FAN Mingming, ZHENG Ming, et al. Calculation of
ampacity for submarine cables under trenchless laying method
based on electromagnetic-therma-flow coupled field [ J ].
Guangdong electric power,2020,33(5) :117-124.
(107 SRApAE. kT A 6 A BRI 0036 IS e 88 1RLZ 3% 70 A
[J]. e B ,2020,40(10) :40-44.
ZHANG Weiwei. Temperature field analysis of submarine cable
based on analytic method and finite element method [ J]. Ship
Electric Technology,2020,40(10) ;40-44.
PRE, 2, BB, 45. 500 kV 5t il s 41 5 fA AT RE )
A1) B CHRERTHIAR,2021,40(10) - 1-9.
CHEN Yu, LI Hanzhi, YAO Kai, et al. Analysis on overload
capacity of 500 kV oil-filled submarine cable [ J]. Advanced

—
—
—

[a—

Technology of Electrical Engineering and Energy 2021, 40

(10) :1-9.

Bl 110 kV 42k Bt A0 i SR BOARBE S [ D]. )70 AE

g P T K 2%,2019.

YANG Fan. Research on key technology of carrying capacity of

110 kV cable line [ D]. Guangzhou :South China University of

Technology ,2019.

[13] FERGAE. i 5 SR vl 40 3 A 1 45 i e 20 A 5 SE B F 5
[D]. J7H AR TR, 2012,

LEI Chenghua. Theoretical analysis and experimental research

[12

[

on dynamic capacity enhancement of high voltage single core

cable [ D]. Guangzhou: South China University of Technolo-

gy,2012.
[14] DE. BB giEmat [ M]. dbat: d EKRIK f R
*t,2003.

MA Guodong. Load capacity of wire and cable [ M ]. Beijing:
China Water and Power Press,2003.

[15] LIU Gang,FAN Mingming, WANG Pengyu, et al. Study on re-
active power compensation strategies for long distance sub-
marine cables considering electro-thermal coordination [ J .
Journal Marine Science and Engineering,2021,9(1) :1-17.

[16] BENATO R, DAMBONE S,DE Z R, et al. Different bonding
types of scilla-villafranca 43 km double-circuit AC 380 kV
submarine-land cables [ J]. IEEE Transactions on Industry
Applications ,51(6) :5050-5057.

[17] ERI#TLAE B A R AL 500 kV 32 ER 204 (XLPE) 4
G AL B LAEROR [ M. Jbnt . E ) i hiad: , 2020.
State Grid Zhejiang Electric Power Co.,Ltd. 500 kV XLPE in-
sulated submarine cable engineering technology [ M ]. Beijing:
China Electric Power Press,2020.

(18] FEIZAUM Tl Jm. o R i i H 3 48 2 #k a0 FAH 265 1
L HBHAG TR JB/T 10181.3—2000[ S]. dbat . ML AL #
WF5E B ,2000.

State Bureau of Machinery Industry. Calculation of the current
rating of electric cables, part 2 thermal resistance, section 1
calculation of thermal resistance ; JB/T 10181.3-2000[ S]. Bei-
jing; Institute of Mechanical Science,2000.

(197 LGl X[l s s v LA ) i S5 RS O AR IR
HERAIEID]. I AR ELTR A%, 2013.
QIU Chao. Calculation of temperature field and ampacity of du-
al-circuit single core power cable with different laying modes
and arrangement modes [ D]. Guangzhou:South China Univer-
sity of Technology,2013.

(20] {fpds. e b XUR 70k i T 08 e R 901X B 55 4 7O 3
FELD. JIN AR TR, 2018.
YOU Lei. Research on the bottleneck section and lifting me-
thod of the current carrying capacity of the submarine cable
sent by the off shore wind farm [ D]. Guangzhou: South China
University of Technology,2018.

(217 ¥ Jy gk i TR E : GB/T 51190—2016[ S].

Jeat A E TR S pAt, 2017,

Code for design of submarine power cable project: GB/T

51190-2016[ S]. Beijing: China Planning Press,2017.

Jea , Bk, PR PR, 46 R B XLPE {48 97 50 ) 15 43

W] G HHE,2015,48(8) :8-14.

KANG Qiang, QIAN Sen, XU Yang,et al. Review of field test

[22

[

methods of high voltage direct current XLPE submarine cable
[J]. Insulation Materials,2015,48(8) :8-14.

XIE. v B8 2 ) PR B A AT 50 S S A PR 8 Sl 4
WA LD EK PR, 2020.

LIU Heng. Research on multiphysics coupling model of shore

—
(3]
(98)

[

power cable and calculation method of real-time ampacity in
complex environment [ D]. Chongqing: Chongqing Universi-
ty,2020.

[24] WORZYK Thomas. Submarine power cables :design, installa-
tion, repair, environmental aspects [ M ]. Beijing: China Ma-
chine Press,2011.

[25] Wiy CARHSEBEITFrifE: GB 50217—2018 [ S]. Jtat: hIE
THRI s pit ,2018.

Cable design standard for power engineering: GB 50217-2018
[ S]. Beijing:China Planning Press,2018.

TR RIS

I

N B (1986) , 59, W1, 75 0 TR, 2
' & O IR S VT B 5 3 A A T (-
i mail ; sdqzzh@ 163.com) ;

A5 6(1993) , 55, Wi+, TR, 5 5
R FRL S R T 5

TR PR (1986) , 9, Wi, TR, W F i
Bl FE L S0RA VT TAE




& AH) ALK 162

Ampacity analysis of extra-high voltage XLPE submarine

cable in typical layout environments
ZHANG Hao', LI Pengfei', MA Guoging', DUAN Yubing', ZHENG Yuesheng®, LI Zhonglei’
(1. State Grid Shandong Electric Power Company Research Institute , Jinan 250001 , China;

2. College of Electrical Engineering and Automation, Fuzhou University , Fuzhou 350108, China;

3. School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)
Abstract : The layout environments of the extra-high voltage (EHV) submarine cable are complex and changeable, and the
ampacity of the EHV submarine cable varies under different layout environments. Therefore, it is essential to analyze the
ampacity of the EHV submarine cable in typical layout environments. In this paper,a steady-state thermal circuit model for the
alternating current (AC) 500 kV cross linked polyethylene (XLPE) EHV submarine cable based on IEC 60287 standard is
established , and the influences of layout sections,layout methods, environment temperatures ,and layout depths on the ampacity
of EHV submarine cable are studied. The results of the steady-state thermal circuit model are verified by a multi-physical field
finite element model. It is found that the landing section of the submarine cable is the bottleneck section of ampacity of the
whole line. When the submarine cable in the landing section is laid by pipeline method, the ampacity is about 150 A lower than
that by the direct burial layout method.The ampacity of submarine cable decreases with the environment temperature and the
layout depth. The finite element calculation results verify the accuracy of the results of the steady-state thermal circuit model.
Keywords : extra-high voltage (EHV) submarine cable ;ampacity ; layout environment ;steady-state thermal circuit model; finite

element calculation ;landing section
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Influence of aluminum sheath structure on floating potential

of XLPE insulation shielding layer
CHEN Jie', LI Wenjie’, LIU Shunman®’, ZHOU Yunjie*, YANG Tianyu*, LIU Gang’
(1. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute ,Nanjing 211103, China;
2. China Electric Power Research Institute, Wuhan 430074, China;
3. School of Electric Power,South China University of Technology , Guangzhou 510641, China;
4. State Grid Shanghai Municipal Electric Power Company , Shanghai 200122, China)

Abstract ;: In recent years, high voltage cross linked polyethylen ( XLPE) cable buffer layer ablation defects occur frequently,
which has a serious impact on the safe operation of the cable. It is extremely urgent to study how to reduce the impact of the
buffer layer defects. Therefore ,how to reduce the severity of the buffer layer ablation defects by improving the aluminum sheath
structure is studied in this paper. Firstly, the reason of ablative defect of buffer layer is analyzed theoretically. Secondly, the
buffer layer voltage calculation model is established. Finally,a defect cable is taken as the simulation object to calculate the
suspension potential and the electric field intensity of the buffer layer after reducing the minimum inner diameter and the
curvature at the trough of the aluminum sheath respectively with the white spot defect of the buffer layer. Taking the defective
cable as an example ,the simulation quantitative analysis shows that when the minimum inner diameter decreases , the suspension
potential of insulation shielding decreases by 30% , and the electric field intensity between buffer layers decreases by 30.9%.
When the curvature at the trough of the aluminum sheath decreases,the suspension potential of insulating shield decreases by
13.7% ,and the electric field intensity between buffer layers decreases by 13.3%. When the buffer layer white spot appears , the
decrease of the minimum inner diameter and the curvature at the trough of the aluminum sheath lead to the suspension potential
of the insulating shield layer and the electric field intensity between the buffer layer decrease, thus reducing the possibility of
partial discharge and the impact caused by the buffer layer defect.

Keywords ; cross linked polyethylen ( XLPE) cable;cable buffer layer;electric field distribution ; voltage-division model ; cable

aluminum sheath ; cable ablation
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