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Calculation of multi-layer soil earth surface potential distribution of HVDC
due to finite element method

LIU Lianguang', MA Chenglian"?
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources (North China Electric
Power University), Beijing 102206, China; 2. Northeast Dianli University, Jilin 132012, China)

Abstract: Strong electric field will be produced in the earth around the grounding poles when HVDC transmission system
operates in ground-return mode, which will influence electrical equipment nearby and the metallic pipelines underground.
This paper builds a model of multi-layer soil and a typical soil model on basis of actual distribution of soil around the
grounding poles, and then calculates surface potential distribution of typical grounding poles by finite element method.
The grounding characteristics of DC transmission grounding electrode and the influence on earth surface potential
distribution of the two models are compared. The results show that, the ground resistance and the step voltage around the
site are much affected by the soil resistivity where the grounding locates. While the ESP which is within the range of tens
of meters, is affected by the deep soil resistivity.
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Fig. 1 Schematic diagram of the monopolar ground
circuit operation
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Table 1 Model of typical soil of the earth
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%) JZH/m LA /Qom
1 100 20
2 1000 200
3 10 000 1000
4 RPN 2
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Table 2 Model of multilayer soil of the earth

25 JZR/m + 35 f P % /Qem
1 3 27.5
2 15 20
3 150 90
4 250 15
5 2900 25
6 1070 175
7 1120 22
8 7200 55
9 17 900 12
10 37300 600
11 JI5N 2
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Fig. 2 ESP distribution curves of different soil models
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Table 3 Electrical parameters of different soil models
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Table 4 Effect of different soil resistivity electrode potential
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3 10 253.41 50 278.86 200 286.11
5 10 255.17 50 298.91 200 391.68
10 10 250.43 50 297.69 200 343.61
15 10 257.13 50 286.67 200 308.91
20 10 259.20 50 283.38 200 305.34
100 10 268.36 50 238.99 200 331.40
200 10 224.49 50 253.92 200 312,52
500 10 260.9 50 313.11 200 404.71
1000 10 254.84 50 284.97 200 313.48
2000 10 257 50 282.94 200 298.85
5000 10 253.04 50 263.34 200 273.08
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Table 5 Effect of different soil resistivity on the maximum

step voltage
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3 27.5 10 2.0433 50 34117 200 3.960 8
5 20 10 2.3348 50 3.796 0 200 5.0148
10 20 10 24102 50 3.789 5 200 4992 4
15 20 10 2.866 2 50 3.1120 200 3.299 8
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Fig. 3 Large area inscribed the ends of the earth

potential distribution
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Table 6 Effects of deep soil resistivity on the ESP

r fH 2R/ e /km T AR
JZ & /m * B N
Qem 10 30 50 LAY
5 19.33 9.05 6.35 127
100 50 20.11 9.15 6.34 392
500 20.19 9.16 6.34 2443
5 17.19 8.75 6.35 128
1000
500 2222 9.73 6.65 945
50 17.00 8.82 6.22 336
10 000 500 40.16 10.61 6.48 466
5000 116.4 36.02 15.9 591
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Table 7 Influence of shallow soils of different soil

resistivity on the ESP
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500 19.65 8.99 6.23 386

5 5 19.07 8.68 6.01 299

GBI 500 20.92 9.49 6.59 671

10 5 20.48 9.33 6.47 298
GBI 500 4797 218 15.11 1198
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