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Design method for end shape of explosion-proof high-voltage cable joints

based on virtual objective optimization

Gao Xiang', Yang Xin', Hu Honghua®, Huang Yafei', Qiu Wei’, Chen Yangning', Qin Rui'
(1. School of Electrical & Information Engineering, Changsha University of Science & Technology, Changsha 410114, China; 2. Hunan Disaster Prevention
Technology Co., Ltd., Changsha 410125, China; 3. Zhuhai Power Supply Bureau of Guangdong Power Grid Co., Ltd., Zhuhai 519000, China)

Abstract: For the explosion-proof weak points at the end of the intermediate joint of high-voltage cables, an
optimization design method for the end of the explosion-proof copper shell was proposed. By using a finite element
calculation method coupling the temperature field, displacement field, and flow field, the stress concentration factor K
at the copper shell end of the joint under different deflection angles o was calculated; then, under the deflection angle
with the minimum stress concentration factor, circularization and copper shell thickness coordination design were
conducted. Orthogonal experimental design is conducted on the two arc curvature radii and the thickness of the
explosion-proof copper shell of the cable joint, and virtual objective optimization is performed taking the maximum
stress borne by the copper shell and the copper shell mass in the end region, which represent safety and economy, as
indicators. Taking the 220 kV explosion-proof high-voltage cable joint as an example, the optimal deflection angle o =
123°, optimal radii of curvature R, = 130 mm and R, = 40 mm, and copper shell thickness # = 3.0 mm are obtained. By
comparing with the copper shell end with deflection angle o = 123°, it is obtained that the maximum stress borne by the

optimized end decreases to 28%, and the average stress decreases to 44%. The circularization design has a significant effect
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in reducing stress, greatly improves the explosion-proof performance and safety margin of the intermediate joint of high-

voltage cables, and can provide a basis and design method for the end design of explosion-proof high-voltage cable joints.

Key words: intermediate joint of cable; finite element simulation; multiphysics coupling; circularization of folding

angle; orthogonal experimental design; virtual objective optimization
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Figure 1 Structure of intermediate joint of

B

explosion-proof cable
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Figure 2 Stress distribution at end of copper shell of joint
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Figure 3 Design flow of end structure of explosion-proof

high-voltage cable joint
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Figure 4 Circularization design of folding angle at end
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Table 1 Level factors of orthogonal design ~ mm

K R, R, h
1 130 30 2.0
2 140 40 2.5
3 150 50 3.0
4 160 60 3.5
5 170 70 4.0
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Figure 5 Multi-physics coupling mechanism
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Figure 6 Schematic diagram of strain rosette installation
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Table 2 Experimental results of end strain

o e N 3/ Rpa)h; )/ REAS I I R Ay /
“““ (N+em %) (Nem %) (N+m ?)

1 3502.33 11 271.65 466.71

2 2 350.56 7 773.55 317.49

£3 BTELH AL

Table 3 Simulation results of end strain

I 1 45 R AB/ S48 S11E / TP LY
(Nem ?) (Nem ?) K
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Figure 8 Geometric model of explosion-proof

high-voltage cable joint
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Table 4 Results of orthogonal experiment

R R h
I 5 i/ o/ / F o/ (N/m?) m/kg U

mm mm mm

1 130 30 2.0  7.029 1x107 4.5920 1.327 30
2 130 40 3.0 4.604 7107 6.8594 0.696 82
3 130 50 4.0 3.178 2107 9.1210 0.986 28
4 130 60 2.5 5.8341x10" 5.7303  0.948 39
5 130 70 3. 3.753 9% 107 7.9807 0.764 16
6 140 30 4.0 3.2409x10 9.3454 1.03537
7 140 40 2.5 6.1498x107 5.8723 1.061 50
8 140 50 3.5 3.8160 x10" 81717 0.809 95
9 140 60 2.0 7.4047 X107  4.6951 1.456 94
10 140 70 3.0  4.7046 x10"  7.0319 0.74773

11 150 30 3.5 3.9873 X107 83547 0.86555

12 150 40 2.0 7.7978 xX10"  4.8113 1.59297

13 150 50 3.0 4.8545 X107 7.1778 0.806 79

14 150 60 4.0 3.3675x10 9.5391 1.079 30

15 150 70 2.5 6.6776x107 5.9898 1.243 97

16 160 30 3.0 5.344 9107 7.3225 0.95461

17 160 40 4.0 3.5184x107 9.7438 1.12801

18 160 50 2.5 7.3643X107 6.1288 1.481 14
19 160 60 3.5  4.048 1x107 8.526 6 0.90778
20 160 70 2.0 9.4888x107 49010 2.176 14
21 170 30 2.5 6.6922x107 6.2937 1.266 61
22 170 40 3.5 4.4900 x10"  8.7396 1.01007
23 170 50 2.0  7.8494X107 5.056 5 1.61321
24 170 60 3.0 5.4304X%107 7.5184 1.004 35
25 170 70 4.0 3.8951x10" 10.0060 1.204 62
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