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Analysis of submarine cable temperature field and
ampacity model in complex environment

Lin Yu' Hu Yiru® Li Qian' Zhang Anan'
(1. School of Electrical Engineering and Information, Southwest Petroleum University, Chengdu 610500, China;
2. CNOOC Research Institute Co., Ltd, Beijing 100000, China)

Abstract: The ampacity of submarine cables is an important parameter for its operation and scheduling, which is restricted by the
maximum allowable operating temperature of submarine cables. It is of great significance to establish the temperature field and ampacity
model of submarine cables considering the influence of ocean currents in complex submarine environment. In view of the complicated
calculation of the traditional analytical method and just suitable for specific laying environment and other problems, according to the
electro-heat-flow multi-field coupling theory, based on the finite element analysis technology, the temperature field and ampacity analysis
model of high-voltage three-core XLPE submarine cable under the two laying methods of burying and laying are established respectively,
and studied the influence of ocean current velocity and temperature on the ampacity. The research results show that the relative error
between the proposed model with the traditional analytical method is within 5% ; the steady-state ampacity of the laid cable is 200 ~
330 A higher than the buried under the same environmental factors, and the change rate of the two methods is more sensitive at low
current rates, but it is not affected by the temperature of the ocean current. In addition, the allowable operating time of short-term
emergency ampacity is inversely proportional to its size and initial cable core temperature.

Keywords : submarine cable; temperature field; electro-thermal-flow coupling; finite element analysis; steady-state ampacity; short-term

emergency ampacity
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Fig. 1 Schematic diagram of submarine cable structure
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Fig. 2  Simplified model of submarine cable
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Table 1 The performance parameters of each layer structure of submarine cable
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(a) The model of buried submarine cable
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(b) The model of submarine cable duringlaying
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Fig.3 Submarine cable analysis model

under different laying methods

SR A SCEE IR e 45 % ] R T A AT A3
AT S DA% S o, B A5 114 3 O B - S8 DX IR A7 A
o RELRE FO PR 3 7, P U TIPS F 400 0 R 3 R e T
RERARE . WIAR R 0 R R B KA 4 B

T JFR L L BE 3 R i i A FROC e A v | L 9
3G, BRI A BE T

1) LR PRI L 88 A Bt 35 kv U,
T 1o L AL 2 P PR O 2L O

2) VAR, L U PR L DX I e M B TR, B
U DX A O 55 T AL ) 5 A At S v TR R A

3) fehAB e | AR IR Fit 45 1 L S PR 0 A AR AL T 1
FOTEEIRIE 15 °C NS 1 B S ARy
ZEA IR ERBE R O, e 2 RN, H
RO b R R A RO AR A AR R R HO
5 W/(m? - K)  AFAYE 3 U T,

3 SCIGTENIE

3.1 Bl

PLZE 2 5 B SO B R AR AR T, =22 °C
WK LHE v, =0. 8 m/s JRJZMKIRE T, =20 °C HHl, 5
BT RS B R IR AT BR ORI LA K A
T TR K R T AN [ B PR B T R A R

(a) YEGUR TR I R 23

(a) Local grid division of submarine cable

(b) &JRMRI 2
(b) Global grid division

K4 BEALRIRS R O3 s T 1A
Fig.4 Schematic diagram of model grid division

1o PS5 Fros A7 BROT 7 B A 28 A 7 7o A [ 013 35
ST TR A8 I 28 2R U O R A 2 A N 1 R R L

Temperature
90.00
86.74
83.49
80.23
76.97
73.71
70.46
67.20
63.94
60.68
57.43

T

Ca) S I ¥ 08 ) Pl BE 43 A

(a) Local temperature distribution of buried submarine cable

Temperature
90.00
83.12
76.26
69.38
62.51
55.64
48.77
41.89
35.02

(b) GBI G40 JR PR 43 A

(b) Local temperature distribution of submarine cable during laying

K5 RASEME M RTRE R

Fig. 5 Local temperature cloud map of submarine

cable under steady ampacity



5113

S ORI PP IR FL A IR BE 1 B AR B 5T - 43 -

AL S AT HRBRIRAS T i TR 13 R GR B
PR TS 7 A (R 3R M L A 2o, S 3000 405 2 T L P A
15,2950 57. 43 CHBeIRAS T iR S IRE o0 A B
5] RS R TEREE LA 21. 28 °C |, GIKIREE RT3,

AT EIERE T TIEC 60287 An itk Fh A8 i v 45 Fa A5 4%
AR, = 6) i, MFE KM T T/t
AR S BB SRS R BT RS R 5B o
Iy BT AR 22 N3 2 B

] =

Ag, - W,[0.5T, +n(T, + T, +T,)]
RT, + (6)
1 nR(1 +)‘1)T2 +nR(1 +A +/\2)(T3 + T4)

Ao, A0, B i SRV AT IR S PR R A 22 0

W, RSB FRFE; T, T, Ty T, 5350 R S5 4 2 A

PN EZIREE S 2 A RE DL R T A SR ARE 5 R i 45

EER AR ;0 M FRZONEGA, A, RIS
PAREREL Fe e P FE R 4k,

F2 BEHREBITELERITLL
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Fig. 6 Steady ampacity of submarine cable at different flow rates
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Table 3 The relationship between steady ampacity
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different ocean temperature
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