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Study on grounding impedance characteristics of multi-electrode
injection ground current fields

Sun Zhenzhen'*  Su Zhong'* Zhao Hui'* Zhang Zhicheng'”*
(1. Beijing Key Laboratory of High Dynamic Navigation Technology. Beijing Information Science and Technology University,
Beijing 100192, China;2. Key Laboratory of Modern Measurement and Control Technology, Ministry of Education,
Beijing Information Science and Technology University, Beijing 100192, China)

Abstract: Aiming at the problem that it is difficult to estimate the ground impedance of multi-electrode injected ground
current field information transmission in real time, the real-time estimation method of multi-electrode injected ground
current field ground impedance is proposed. Firstly, the geodesic equipotential surface around the electrodes is
constructed by combining cylindrical and hemispherical surfaces, and the geodesic conductor geometry model of the
current field of the multi-electrode injection ground is established according to the distribution of the equipotential
surface, so that the ground impedance of the multi-electrode injection ground can be estimated through the integration
of the length of the equivalent conductor. Under the four test conditions of mountain, forest, field and grassland, the
distance between electrodes is set as 0. 14, 0.57, 1 and 1. 4 times of the depth of electrodes into the ground, and the
current injection experiments are carried out for 4, 6 and 8 electrodes, and 4, 6, 8, 10 and 12 electrodes, and the
average value of the relative error of the proposed method is 6.0%, and the experimental results show that the
proposed method can meet the real-time ground impedance requirements under different injection conditions, estimation
under different injection conditions.

Keywords: multi-electrode injection; ground impedance;electric potential; ground current field;a geodesic conductor
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Fig. 1 Six electrodes injected into the ground current field
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Fig. 3 Potential around the two-electrode injection electrode
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Fig. 4 Injection of electrodes perpendicular to the earth’s surface
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Fig.5 Potential around the four-electrode injection electrode
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Analysis of the four-electrode injection potential
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Fig. 9 Analysis of the injection potential of the six electrodes
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Fig. 10 Two electrodes injected into earth conductor
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Fig. 12 Multi-electrode injection single side electrode layout
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Table 1 Simulation environment parameters
i BLIR5R 5 5% 1 W H
2/ m® (3 .0004-2X15X1 000)* X (1 5004151 000)
T/ m® (3 0004-2X15X1 000)* X (1 5004151 000)
HSR/(Sem™") 0.01
AHXT A B8 B 5
o A% KN e 41k
HLR 2R/ m 0.004 5
HL A B/ m 0.35
H AR A Steel AISI 4 340
FL A% [ 76 %/ m 0.5
WO B S/ m 30
FHLE/V 100
{55 M %/ He 10
R, = —in() an
b BAPUAG T 7 AT R 22 0 iR (18 FiaR .
o= [Ru—RI R‘”’R_R | % 100% (18)
Her, Ry AAhTHE . R R 05 FE S S IE .
hEZE R 2 iR,
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Table 2 Simulation with different number of electrodes

SEN o SCEk[12] ASCHE SCER(12] ARk

LB FHBL/Q FHBL/Q  BHHL/Q  R2ES RES
2 413.3  396.0  397.1 1.2 3.9

4 234.3  199.8  206.4 14.7 11. 9

6 174.5  134.0 152. 2 23.2 12.8

8 141.0  100.9 123.2 28. 4 12.6
10 127.8  81.0 102. 0 36. 6 20. 1
12 103.4  67.7 90. 8 34.5 12.2
S 24 A X R 22 23.6 12.3

M 2 B, BB RO N 2~ 12 AR R, A S0 vk
B AE X 15 22 S (B A 12 36, 1 SCRK 12 ] 05 % A9 A X i 22
AR 23. 6% HIXTHR ZRRIK 11. 3%
2.2 AEHBRREESERAMERELFTNGERIE

2 o T A2 BB 5 0L B v A S L 25 S R
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M7 AR S 07 B UE g SE il b ik — 2 B T AR BE TR Lk
EARGERIE, &K 12 Ty 4 B EAR 8
Ao HEAS A BE S AT B S BOR AR, o B R L B =2
WUAE AR SCRASCHR 12 MR VR He I M 0. 42 A 1. 42 S HEAk
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Table 3 Simulation of different distance-to-depth ratios

RARE O EEWRHK STRHFL/Q 0 SCERl12]BEE/Q 0 AR/ Q SCHR[12]iR 2% o R TEBRZE 6
0. 29 284.0 206. 9 240. 2 27.2 15.4
0.57 259. 8 202. 4 221.6 22.1 14.7
0. 86 247. 7 201. 0 213.6 18.9 13.8
1.14 239. 4 200. 2 209. 2 16. 4 12.6
! 1.43 234. 3 199. 8 206. 4 14.7 11.9
1.71 230. 3 199.5 204. 6 13.4 11.2
2 227.5 199. 3 203. 3 12.4 10. 6
2.29 224.7 199.1 202. 4 11.4 9.9
0. 29 212.5 108. 6 179.5 18.9 15.5
0.57 177. 4 103. 8 149. 8 41.5 15. 6
0. 86 159. 6 102. 2 136.2 36. 0 14.7
1.14 148.7 101. 4 128.3 31.8 13.7
§ 1.43 141. 0 100. 9 123.2 28. 4 12.6
1.71 135.5 100. 6 119. 6 25. 8 11.8
2. 00 131. 4 100. 4 116. 9 23.6 1.1
2. 29 128. 2 100. 2 114. 7 21. 8 10.5
S-S A X R 2 24.6 12.9
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Fig. 13 Test environment
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Table 4 Experimental parameters

Mt H A P 5% w55
Bh FER/m FBE/m BE/m @E/V %/ H
¥K 0 0.015 1 27 100 10
B 0.004 5 0. 35 30 100 10
KH  0.015 0.5 5 100 10

0840
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Table 5 Dual electrode ground impedance test results

mik R/ S KRILF  ARXF®
s (Sem™H) FHHL/ Q RHLHL/Q W20
A8 0.009 8 135.8 136. 3 0.4
AR 0.008 4 471.4 472.8 0.3
KM 0.0050 442. 1 445.8 0.8
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Table 6 Experimental parameters

wik mk R P {e A9

Wy ~

F/m KE/m b HE/m E{E/V WE/ He
i 0.0045 0.35 0.14 4.4 100 10
HH 0.0045 0.35 1.40 30 100 10
MH 0.0045  0.35  0.57 10 100 10
B 0.0045 0.35  1.00 5 100 10

AR 2 17D T A B 2 A0 L 5 AR SR 7 R
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Table 7 Conductivity measurement results

WHAAFRSE R ST/ QR TR/ (Sem )

111 2 169. 4 0.023 4
FH b 2 105. 8 0.037 4
s 2 746. 1 0.005 3
T 2 378. 4 0.010 5

TR ZEAE T 22 i B A B L BEL B A 3 45 21 3k 8
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DR ERIE LA [ A A BB LA [ B TR LR 20 294 B /Y
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MG HIE M 45 A 1B 12,15, 29 4 B fl i AR, fi FU
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Table 8 Test results under different conditions

; . A3 AL
PER AR SEd SciEk[12] ik SCHk[12] ok
54 B MHPL/Q FHAL/Q ) WS |
FHL/Q 2P0
oL 4 125.3  92.3  112.9  26.3 9.9
’ 6 107.8  64.9  102.3  39.8 6.7
L)
8§ 100.6 50.6 96. 9 49.7 8.1
057 4 430.7 381.4  417.5  11.4 3.1
) 6 328.2 258.0 330.1 21.4 0.6
(hfth)
8§ 268.5 195.6 282.2  27.1 5.1
4 229.7 191.6 201.7 16.6  12.2
. 6 159.0 128.8 152.6  19.0 4.0
8§ 125.5 97.2  126.0  22.5 0.4
(Eih)
10 102.0 782 105.1  23.4 3.1
12 90.4  65.4 94. 9 27.6 5.0
4 61.9  53.4 55. 2 13.8  10.9
L 6  44.0  35.8 41.1 18.6 7.6
’ 8§ 354  27.0 34.0 23.8 7.0
(HHb)
10 29.2  21.6 29. 8 25.9 6.6
12 25.7 18.1 27.0 29. 6 5.6
S H X iR 24. 8 6.0
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Fig. 15 Test results under different conditions
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