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Algorithm Design of Vortex-induced Vibration Response Analysis and Fatigue Life Evaluation
for Suspended +400 kV DC Submarine Cables

HE Shixiang!, HU Yuxiao', ZHANG Xiaojing!, XU Yang!, ZHU Zhien?, CAI Fanyi?
(1. State Key Laboratory of Electrical Insulation and Power Equipment(Xi’an Jiaotong University), Xi’an 710049, China;
2. Guodian Nari Technology Co.,Ltd., Nanjing 211106, China)

Abstract: High-voltage submarine power cables in service, subject to ocean currents for a long time, may produce me-
chanical fatigue failure due to vortex vibration, threatening the operational stability of submarine power transmission.
Therefore, it is necessary to study the response of vortex vibration of the cable and its fatigue evaluation method in dif-
ferent marine environments. In this paper, based on the +400 kV flexible DC transmission cable supporting Rudong
offshore wind farm, based on MATLAB, the finite element method is used to analyze its eddy-excitation vibration char-
acteristics under different seawater flow rates, different lengths of suspended segments, and different seawater
temperatures, as well as its fatigue state evaluation after vibration. And the line shape of the suspended span section of the
submarine cable obtained from the simulation is compared with the theoretical calculation value. The error is 0.16%,
which verifies the accuracy of the simulation model. It is concluded that, when the seawater flow rate increases, the vibra-
tion amplitude of the cable increases, and the amplitude reaches the maximum value when the excitation frequency and
the intrinsic frequency are the same, moreover, the vibration amplitude decreases when the flow rate increases again;
when the length of the cable overhanging section increases in the range of 0~30 m, the vibration amplitude increases and
the amplitude is maximum at the time of resonance. The resonance amplitudes at each overhang length have the same
trend, and all produce amplitude maxima at the center; when the seawater temperature changes within the normal range,
the impact on the vibration amplitude of the cable is in the millimeter level, and the vibration amplitude is in the millime-

ter level. It can be approximated that the seawater temperature does not affect the vibration amplitude of the cable. The
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fatigue life of the armor layer and the alloy lead jacket layer of the submarine cable was studied and analyzed. The results

show that there is no fatigue damage to the armor layer even under resonance conditions, and it can be assumed that no

fatigue damage occurs to the armor layer; for the alloy lead jacket, the fatigue life is about 65.45 years with a seawater

flow rate of Lianyungang(a city in China) route and an overhanging section of 25 m.

Key words: submarine power cables; finite element method; vortex-induced vibration; marine environment; fatigue
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Fig.9 Amplitude distributions at each position of the subma-
rine cable at resonance for different lengths of overhanging
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Table 3 Density of seawater at different seawater salinities,

temperatures, and air pressures

Sl%  4°C pl(10°Pa) (S, 1, p)lg-em) VS, £, p)/(10-°3m3 ke )
5 0 999.67 1.000
0 1 1044.128 0.957
” 0 997.048 1.003
1 1037.902 0.963
5 0 1027.675 0.973
35 1 1 069.489 0.935
95 0 1023.343 0.977
1 1062.538 0.941
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Fig.10 Vortex-excited vibration response of sea cables under

dif-ferent sea temperatures
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Table 4 Fatigue damage cumulative value of submarine cable
by every month
s s e
T e
1A 2.63x10°° 5H 5.73x1073 9H 1.63x10°°
2 H 6.52x107° 6 H 1.58x10° 10 H 1.53x1073
3H 4.20x1073 7H 3.62x1077 11 H 2.68x1073
4 H 5.17x1073 8 A 5.91x10°¢ 12H 5.84x107°
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