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Design Optimization of Grading Shield Device for 500 kV Composite Cross-arms Based on
Kriging Model and NSGA-II Algorithm
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Abstract: The insulation structure of composite cross arms of EHV transmission lines is complex, and the electrical
field distortion is serious in some important areas, the reasonable and effective configuration of grading shield device
is an important link for ensuring to the safe and stable operation of the composite cross-arm tower. In order to deter-
mine the appearance structure and specific parameters of the grading shield device, a three - dimensional model of
composite cross-arm is set up in this paper.Firstly, the electrical field distribution of the compound cross-arm without
grading shield device is obtained by using simulation software, the electrical field distribution characteristics of the
seriously distorted position are analyzed and the grading shield device is preliminarily designed. Then, the optimal
Latin hypercube design method is adopted to extract the test sample points in the variable space of structural parame-
ters of grading shield device, and the electrical field distribution on the surface of the composite cross-arm and the

grading shield device under different sample points is obtained by finite element simulation. After that, by construct-
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ing the Kriging model, the approximate model of the relationship between the field strength measured by the compos-

ite cross-arm and the grading shield device as well as the structural parameters of the grading shield device is built

and, based on the sensitivity analysis technique, the influence of the structural parameters on the maximum field

strength of the surface of the composite cross-arm and the uniform pressure shielding device is obtained. Finally, the

optimal structure parameters of the grading shield device are obtained by the NSGA - Il .The results show that the

field strength of composite cross-arm post insulator decreases by 63.5% and that of suspension insulator decreases by

54.7% when the grading shield device is installed, the surface field intensity of the composite cross-arm and the sur-

face field intensity of the grading shield device can meet the control requirements.The optimization method can pro-

vide an important reference value for the optimal design of grading shield device of transmission lines.

Key words: composite cross-arms; grading shield devices; multi-objective genetic algorithm; Kriging mode
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Table1l Main structural parameters of composite cross-arm
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Table 2 Model material property parameters
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Fig. 4 Whole simulation model and the result of

mesh generation
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Fig. 6 Electric field distribution of composite cross-arms
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Table 4 Simulation results of 50 groups of collected sample points
5 x/mm xXo/mm D/mm  DJ/mm  h/mm  h/mm  h/mm  @/mm  @/mm E/V-m™) EJ/V.m') E/(V:.m') EJ/(V-m™)
1 157.14 422.45 671.02 37755 11429 29796 187.76 4327 60.00 3.45x10° 4.99x10° 1.30x10°  1.30x10°
2 148.98 651.02 475.10 414.29 17143 293.88 8.16 51.84 4531 3.82x10°  6.51x10°  1.29x10°  1.30x10°
3 238.78 357.14 499.59 41837 34286 281.63  65.31 23.67 4857 3.27x10°  6.09x10°  2.39x10°  1.34x10°
4 177.55 406.12 536.33 34490 310.20 202.04 26122 80.00 36.33 3.20x10° 4.86x10° 9.88x10°  1.80x10°
5 202.04 479.59 579.18 38571 391.84 21224 269.39 2245 2571 287x10° 4.40x10° 2.23x10°  2.44x10°
6 112.24 308.16 677.14 336.73 13878 232.65 236.73 3837 3224 3.68x10° 5.20x10° 1.30x10°  1.94x10°
7 144.90 487.76 420.00 44286 155.10 24694 31837 7143 5755 3.45x10° 4.13x10° 9.69x10°  1.41x10°
8 287.76 430.61 720.00 47551 23673 26122 253.06 29.80 46.94 2.79x10° 3.92x10°  1.66x10°  1.46x10°
9 234.69 561.22 683.27 361.22 1633 26939 351.02 3224 28.16 4.28x10° 4.57x10° 1.68x10°  2.32x10°
10 173.47 618.37 634.29 300.00 156.94 22041  48.98 5429 2490 3.62x10° 6.67x10°  1.26x10°  1.88x10°
11 185.71 365.31 43224 37347 89.80 24490 383.67 4571 2245 4.04x10° 4.34x10°  1.23x10°  2.79x10°
12 116.33 528.57 548.57 463.27 21224 283.67 359.18 2490 37.14 297x10° 3.79x10° 2.09x10°  1.87x10°
13 295.92 553.06 609.80 381.63 163.27 300.00 155.10 72.65 30.61 3.00x10° 5.46x10° 1.02x10°  1.78x10°
14 181.63 471.43 615.92 49592 57.14 200.00 28571 40.82 29.80 3.70x10° 3.66x10°  1.28x10°  2.19x10°
15 136.73 438.78 658.78 459.18  81.63 27143 132.65 62.86 24.08 3.55x10° 5.64x10° 1.10x10°  2.25x10°
16 140.82 397.96 426.12  426.53 187.76  216.33  40.82 37.14  33.06 4.05x10° 6.66x10° 1.42x10° 1.75%10°
17 197.96 340.82 517.96  402.04 130.61 22245 32653 20.00 56.73 3.46x10° 4.52x10°  2.09x10°  1.43x10°
18 259.18 373.47 646.53 397.96  40.82 238.78 334.69 73.88 49.39 3.62x10° 4.40x10° 9.26x10°  1.42x10°
19 193.88 691.84 652.65 491.84 4898 267.35 24490 59.18 47.76 3.30x10° 3.86x10°  1.14x10°  1.40x10°
20 120.41 495.92 628.16 406.12 6531 206.12  81.63 66.53 5429 3.77x10°  6.09x10°  1.04x10°  1.28x10°
21 108.16 512.24 487.35 312.24 359.18 253.06 204.08 39.59 51.02 3.70x10° 5.60x10°  1.58x10°  1.44x10°
22 255.10 634.69 530.20 487.76 21224 263.27 130.61 31.02 21.63 3.18x10° 5.59x10° 1.67x10°  2.46x10°
23 128.57 585.71 713.88 434.69 228.57 24286 57.14 21.22 4122 321x10°  6.11x10°  2.34x10°  1.47x10°
24 104.08 659.18 554.69 467.35 326.53 22449 17143  64.08 31.43 327x10° 4.73x10°  1.15x10°  1.89x10°
25 124.49 324.49 622.04 47959 367.35 236.73 21224 50.61 50.20 2.96x10° 4.00x10°  1.33x10°  1.44x10°
26 242.86 381.63 66490 332.65 293.88 21429 7347 4449  55.92  2.80x10° 6.11x10°  1.60x10°  1.34x10°
27 275.51 577.55 438.37 389.80 106.12 287.76 310.20 3592 51.84 347x10° 4.52x10° 1.47x10°  1.54x10°
28 206.12 700.00 481.22 353.06 28571 257.14 37551 5673 26,53 3.26x10° 4.47x10° 1.16x10°  2.77x10°
29 300.00 536.73 524.08 308.16 122.45 204.08 277.55 42.04 37.96 3.57x10° 5.57x10° 1.27x10°  1.88x10°
30 100.00 544.90 579.18 340.82 7347 27755 302.04 7510 34.69 3.74x10° 4.91x10° 1.02x10°  1.85%x10°
31 214.29 610.20 573.06 451.02 400.00 291.84 29388 60.41 55.10 2.97x10° 3.87x10° 1.22x10°  1.33x10°
32 230.61 675.51 566.94 31633  179.59 24898 179.59 76.33 5837 3.07x10° 5.52x10°  1.03x10°  1.26x10°
33 222.45 642.86 511.84 455.10 261.22 21020 12245 34.69 59.18 3.23x10° 5.30x10°  1.48x10°  1.26x10°
34 283.67 300.00 603.67 406.12 204.08 234.69 116.12 51.84 20.00 3.08x10° 6.09x10° 1.30x10° 2.76x10°
35 165.31 602.04 689.39 369.39 253.06 218.37 400.00 46.94 52.65 2.57x10° 4.63x10° 1.26x10°  1.55%x10°
36 246.94 414.29 560.82 47143 24490 253.06 26.33 7878 5347 3.13x10°  5.92x10°  1.13x10°  1.24x10°
37 291.84 446.94 468.98 483.67 302.04 226.53 342.86 5551 39.59 3.23x10° 3.64x10° 1.10x10°  1.72x10°
38 251.02 348.98 591.43 32041 334.69 279.59 36735 4939 4122 284x10° 5.10x10°  1.33x10°  1.78x10°
39 267.35 569.39 44449 357.14 37551 240.82 2449 57.96 33.88 3.93x10° 6.38x10°  1.44x10°  1.62x10°
40 271.43 512.24 597.55 393.88 0.00 251.02 0.00 33.47 4449 447x10°  6.74x10°  1.66x10°  1.31x10°
41 226.53 593.88 456.73 42245 2449 22857 14694 77.55 2898 3.88x10° 5.63x10° 1.01x10°  1.94x10°
42 169.39 463.27 54245 32449 19592 29592 11429 2735 20.82 3.42x10° 6.68x10°  2.01x10°  2.56x10°
43 153.06 504.08 707.76 34898 383.67 27551  89.80 70.20 3878 2.77x10°  5.56x10°  1.24x10°  1.34x10°
44 189.80 455.10 695.51 446.94 277.55 259.18 391.84 67.76 23.27 2.60x10° 3.74x10° 9.82x10°  2.57x10°
45 279.59 626.53 701.63  438.78 269.39 218.16 118.78  65.31 35.51 2.69x10° 5.28x10° 1.26x10°  1.55%x10°
46 206.12 332.65 462.86  304.08 97.96  265.31 97.96 61.63  46.12 4.00x10° 6.78x10°  1.16x10°  1.48x10°
47 161.22 389.80 450.61 430.61 351.02 289.80 19592 6898 2735 3.96x10° 4.58x10° 1.24x10° 2.17x10°
48 263.27 683.67 640.41 328.57 31837 27347 16327 26.12 43.67 2.77x10° 5.53x10°  2.30x10°  1.59x10°
49 132.65 667.35 49347 365.31 8.16 230.61 228.57 2857 4286 4.46x10° 4.98x10° 2.04x10°  1.67x10°
50 218.37 316.33 505.71 500.00 32.65 28571 21224 48.16 4041 3.54x10° 4.13x10°  1.15x10°  1.63x10°
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Fig. 11 Sensitive value of optimized parameters to surface

electric field of composite crossarm
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Fig. 12 Sensitive value of optimized parameters to surface
electric field of equalizing shielding device
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Table 5 Parameters before and after structure

optimization of pressure equalization shield device mm
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Fig. 16 Potential distribution diagram of composite cross-
arms with the grading and shielding devices
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Fig. 17 Comparison of axial potential distribution of
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Fig. 18 Electric field distribution diagram of composite
cross-arms with the grading and shielding devices
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Table 6 Prediction and simulation of surface electric field

after optimization V/m
TR A 2.54%10° 3.52x10° 1.19x10° 1.66x10°
URER (e 2.68%10° 3.79x10° 1.15x10° 1.60x10°
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