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Research on thermal effect and section mechanical properties of submarine
cable based on finite element simulation
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Abstract: Submarine cable is a transmission component of high-voltage power, and the heat generated during the operation
of submarine cable will cause the structural temperature rise and expand. Under the constraint of each layer, the submarine
cable will produce large thermal stress and deformation, which will cause structural damage. In addition, the increase of
temperature will lead to the decrease of elastic modulus of the polymer material inside the submarine cable, resulting in the
change of mechanical properties of the submarine cable section. Therefore, it is necessary to study the stress and
deformation caused by thermal expansion during the operation of submarine cables, and analyze the influence of
temperature on the mechanical properties of submarine cables. In this paper, based on an offshore wind power project, a
finite element model of submarine cable-soil was established in finite element software ABAQUS, and the temperature field
distribution under steady-state current carrying capacity was obtained. Based on the results of temperature field, the thermal
stress and thermal deformation of the submarine cable were calculated by the thermal-mechanical coupling method, and the
change of mechanical properties of the submarine cable section under the action of temperature was analyzed. The results
show that the highest temperature appears in the copper conductor during the operation of submarine cable, and the outer
coating layer has the lowest temperature. With the copper conductor as the center, the temperature drop gradient along the
inside radial direction is small, and the temperature drop gradient along the outside radial direction is large. The thermal
stress is mainly concentrated in the metal structure, and the maximum deformation occurs in the steel wire armor. When the
copper conductor and the optical fiber are located at the top of the cross section, the displacement is the largest, and the
displacement is the smallest at the bottom. After considering the influence of temperature, the stress of copper conductor and
optical fiber will increase, while the tensile and torsional stiffness of submarine cable will decrease, and the reduction of

inverse torsional stiffness is greater than that of clockwise torsional stiffness.
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Fig.1 Schematic diagram of submarine cable laying
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Fig.2 Chart of submarine cable structure section
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Table 1  Structure size and material heat transfer
characteristic parameters of each layer of submarine cable
p— JERE HME FRAY Lz

mm /mm /(W/(m-K)) /(J/(kg-K))
BEL A 4l 4 — 35.6 400 385
“ 2% ) 11.6 58.8 0.29 390
Hing 9 76.8 35.3 129
P E 6 88.8 0.29 2300
ROLLT — 17.8 0.29 434
RN 4.7 27.2 46 448
Pl AR 2.5 322 0.29 2300
HARZ — 212 0.17 1900
A= 10 232 46 448
PP 414k 2 5.2 242 0.17 1900
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submarine cable
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Table 2 Mechanical property parameters of submarine cable

and soil
y— mﬂﬁ;ﬁf%}iﬁt %‘?EZS B A A
H(10°K")  /(kg/m®) /GPa

HL 7 41 5 ¢ 16.4 8 700 126 0.34
“a 2% )2 150 930 E(D 0.41
LR AR S 30 11340 16 0.44
Ramyre 220 935 0.25 0.30
ROLLT 2.4 2203 73.1 0.27
W Sk 12 7850 200 0.30
KR ZIHAHE 220 935 0.25 0.30
HAZE 160 946 0.32 0.46
B 22 5 2 2 12 7850 200 0.30
B 160 946 EL(T) 0.41
RS 50 2020 0.04 0.30
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Table 3  Variation of elastic modulus of outer coating with

temperature

B/ C 0 10 20 30 40 50 60 70 80
FPERIE/GPa 1.15 1.05 0.92 0.72 0.61 0.49 0.43 0.37 0.29
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Fig.8 Contact stress cloud diagram of the outer surface of

submarine cable outer coating
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Fig.11 Stress curves of copper conductor and optical fiber
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Fig.12 Tensile force-axial strain curve of submarine cable
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Table 4 Bearing ratio of main structural layers of the

submarine cable under tensile loading

%
- A2 B 5 2% BT 52 R
A
i 4 ; 5 E e p
N GRS =B ity AR = b st Gk
NI Fi4 = NI Fi4 =
10 9.82 5024 0.198 1.193 10.12 51.01 0.027 0.595
20 12.57 56.54 0.182 1.141 13.01 57.52 0.026 0.584
30 15.64 6132 0.170 1.096 16.52 6221 0.025 0.578
40 18.12 66.51 0.167 1.072 19.01 67.26 0.024 0.568
50  19.88 7121 0.164 1.050 20.32 7239 0.020 0.551
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Fig.13  Stress curves of copper conductor and optical fiber

under clockwise torque load
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Table 5 Bearing ratio of the main structural layers of

submarine cable under clockwise torque

%
. AN GRS R 2 B )
MRS Wk 4% A RS MR 4% S
/(KN-m)

1 4.703 53.11 0.138 10.12 5.785 55.00 0.026 7.181
9.345 57.05 0.118 6.076 10.02 58.02 0.023 5.264
12.03 66.83 0.106 5.197 13.21 67.34 0.022 3.682
14.03 73.92 0.102 3.594 1445 7421 0.021 2.887
15.11 76.21 0.097 3.014 15.81 77.05 0.020 2.148
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Table 6 Bearing ratio of the main structural layers of

submarine cable under counterclockwise torque

%
. AN R R 5 % e FE RS

N-m) S W A% M WS W4 4%

‘m

(LN W )z JZ w REOE E

1 5.144 4944 0.103 11.452 6.464 51.54 0.019 8.101

2 6.165 5095 0.101 8.768 8.124 52.55 0.018 6.524

3 7.965 5297 0.099 7.012 8912 54.14 0.018 5.017

4 8914 5454 0.098 6.114 9.834 55.58 0.018 4.008

5 10.012 57.82 0.097 5.012 10.76 5898 0.018 3.521
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