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Research on stray current characteristics of auxiliary grounding

grid of incoming line tower of mine substation
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Abstract: In view of problems of limited terrain, short effective dispersion length, and low resistance
reduction efficiency in the extensional resistance reduction of the grounding grid of incoming line section of
mine substation, a resistance reduction method using long-distance extension lead for auxiliary grounding
of incoming line tower was proposed. The grounding calculation software CDEGS is used to establish

"

simulation model of "T" type, "T'" type, box type, vertical type unidirectional auxiliary grounding
network, and study stray current characteristics of unidirectional auxiliary grounding grid of steel tube
tower and corresponding influencing factors. The research results show that the longer the extension lead,
the higher the resistance reduction efficiency; when the extension lead length exceeds 60 m, the resistance
reduction efficiency is stable at about 80% under the action of high-frequency current; the "T'" type
unidirectional auxiliary grounding grid has stable stray current characteristics, strong shunting ability, and

its resistance reduction effect is the best; resistance reduction efficiency of the unidirectional auxiliary

grounding grid is more than 70% under different soil conditions. In practical engineering applications, it is
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recommended to determine the extension lead length and terminal structure of the auxiliary grounding grid

according to the actual soil conditions, and to lay the auxiliary grounding grid to areas with low soil

resistivity or to take local soil replacement measures for areas with high soil resistivity to improve the

resistance reduction efficiency of unidirectional auxiliary grounding grid of the incoming line tower.

Key words: mine substation; unidirectional auxiliary grounding grid; stray current characteristic;

extension lead; resistance reduction efficiency; soil resistivity
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Table 1  Calculation results of tower base model and

equivalent model

+ g rL B el i BH/ Q
AQ-m) R SR AT

50 40, 27 41. 04 1.912
100 43.48 44,26 1.794
500 68. 90 69.97 1.553
1 000 100. 27 102. 03 1.755
1 500 131. 27 134. 00 2.037
2 000 161. 96 165. 90 2.433

AR A o PR T A RS Y 0 R R A A
i AN SR A5 (R A8 200 0 Ay 409 4 B A1 A Al Bl 42 b
FEL 4 05 B AR

2 HMIES| S B X BUR A T B B2 I

kT G b A A R 1) il B 4 P A S b

FL BEL A 5 5 | AR B A3
_ R —R
R,

rf Ry Sy I A B [ il B B2 M I B R 5 4 b e
BH s R A B ) i By 422 b 099 ) 22 1 P BEL

HPHE B 2 ] UK T 22 A b L3 5 1) il B 2
(P oA B TR O e R i 7 N N @A il e LI
A B — 5 W EBHAEH . 7E CDEGS #4457 40 4
PEIE SL G (AT AY , FHAME 5] 2k 5 S (A7 1 B35 42
PR AME S| K B 20~ 100 m, YR & T H B % h
10 000 Q « m, HHEHLFH ANy 250 Q « m, A ML
KK 20 kAL AHHL IR #6250 Hz A1 5 000 Hz
o3 AR 3 000 R w8 450 R O ) o 3 2o 0 B0 55 A0 4
SRR L UAS [RIE S ) 32 1l r B, 25 51 WL 36 2,

M2 2 Al M FE AL AR T Bl A1 8
| 2K i 3 e v BEL SR 9 /1N RN W R
WIS o B AN | 2R AR B B K BH %R 3 B
89. 086 . 7E =i A0 HL I AE T . M AN E 5] 26 K & K

X 100% (D

2 HMEEGI LA UK R (B B 9 42 1 e BH
Table 2 Grounding resistances with different

extension lead length

FL A9 % / Hz Ro/Q L/m R/Q ¥/ %
20 17.30 68. 14

40 10. 88 79. 96

50 54. 30 60 8.23 84. 84
80 6. 80 87.48

100 5.93 89.08

20 17.91 67.03

40 12.51 76.97

5 000 54.32 60 10. 98 79.79
80 10. 57 80. 54

100 10. 50 80. 67
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Fig. 3 Shunt coefficients with different
extension lead length
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Table 3 Grounding resistances with different auxiliary grounding grid forms

HL By L=15m L=30m L=45m L=60 m L=75m
WA/ Hz i R/Q v/ % R/Q v/ % R/Q v/ % R/Q v/ % R/Q v/ %
“T7H# 9.22 83.02 7.80 85. 64 6.83 87.42 6.15 88. 67 5.65 89. 60
“TUH 8.95 83.52 7.60 86. 00 6.69 87.68 6.05 88. 86 5.58 89.72
" EHAE 9.54 82.43 8. 00 85. 27 6.96 87.18 6. 24 88.51 5.72 89. 47
J7 HE Y 9.93 81.71 8.20 84.90 7.09 86. 94 6.32 88. 36 5.77 89.37
“T7HY 10. 99 79.77 10. 60 80. 49 10. 49 80. 69 10. 48 80.71 10. 47 80.73
_ “TU A 11. 45 78.92 10. 87 79.99 10. 63 80. 43 10. 56 80. 56 10. 55 80. 58
v T 11.18 79.42 10. 68 80. 34 10. 51 80. 65 10. 47 80. 73 10. 46 80. 74
T HE AU 11.53 78.77 10. 80 80.12 10. 54 80. 60 10. 48 80.71 10. 45 80. 76
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Fig. 6 Stray current distribution of "I"" type

auxiliary grounding grid
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Table 4 Tower foundation grounding resistances without

any resistance reduction measures

e I/ Q
H/(Q - m) TH(50 Ha B (5 000 Hz)
50 12. 60 12. 62
250 54. 30 54.32
500 68. 87 68. 88
750 83. 37 83. 39
1000 97. 84 97. 86

IREECEES SN RS20

P AR o M 50.250.500,750,1 000 Qem.
AN N I AR A AP IE 5| Ky 45 m, B )
Bz K B Ry 40 m, 3 PR B2 4 I A B K B 8 m,
A HEL RN R 20 KA A b EL A R4 5 R 50,
5000 Hz, THHAN A 438 i BH 32 N B 42 b e BHL L 45
RWES,
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Table 5 Ground resistances and resistance reduction efficiencies under different soil resistivities
i 510 p=500+m p=250 O+ m p=500 0+ m p=750 0+ m p=1000 0+ m
W/ He 30 R/Q v/ % R/Q 7/ % R/Q /% R/Q 7/% R/Q /%
TRy 1. 90 95. 54 6. 83 87.42 12.62 81. 68 18. 23 78.13 23.75 75.73
. “rrE 1.90 95. 54 6.69 87.68 12. 32 82.11 17.77 78.69 23.13 76. 36
! I A 1.92 95.49 6.96 87.18 12. 89 81. 28 18.62 77.67 24. 24 75.23
J7HEHY 1. 94 95. 45 7.09 86. 94 13.12 80. 95 18.95 77.27 24.67 74.79
“T7 AR 4.72 88.93 10. 49 80. 69 15. 96 76.83 21.32 75.88 26.65 72.77
_ A 4.71 88.95 10. 63 80.43 16. 04 76.71 21. 24 75.97 26.42 73.00
700 FE A 4.71 88.95 10. 51 80. 65 16. 10 76.63 21.57 75.60 27.02 72.39
J7 HEHY 11.53 78.77 10. 80 80.12 10. 54 80. 60 10. 48 80. 71 10. 45 80. 76
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Fig. 7 Shunt coefficients under uniform soil conditions
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Table 6 Grounding resistances and resistance reduction efficiencies under block soil conditions

R W 01 =50 Q+m 01 =250 O+ m 01 =500 O+ m =750 Q+m o1 =1000 Q+m
Wi/ Hz e R/Q 7/ % R/Q v/ % R/Q 7/ % R/Q v/ % R/Q ¥/ %
“T7HY 2.65 95.12 3.95 92.73 9. 86 81. 84 11.72 78.42 12. 99 76.08
‘T 2.66 95. 10 3.91 92. 80 9.67 82.19 11.52 78.79 12.79 76. 45
" EHAE 2.68 95.07 4.03 92.58 10. 03 81.53 11.88 78.12 13.14 75. 80
J7HETY 2.72 94. 99 4.10 92. 45 10.18 81.25 12. 04 77.83 13.29 75.53
“T7 Y 7.96 85. 35 8. 90 83. 62 12. 41 77.15 13.67 74. 83 14.59 73. 14
i “TUH 7.98 85. 31 9.01 83. 41 12. 46 77.06 13. 65 74,87 14.53 73.25
v Byl 7.95 85. 37 8. 88 83. 65 12. 48 77.03 13.76 74.67 14. 69 72.96
i HERY 7.94 85. 38 8.88 83.65 12.55 76. 90 13. 86 74,49 14.79 72.77
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Table 7 Shunt coefficients under block soil conditions

EEEE g R E

ﬁ;{/

Hz MM 50 Qem 250 Qem 500 Qem 750 Qem 1 000 Q+m
“T7# 96.85  95.29  87.98  85.63 84. 02

TR 96. 83 95. 33 88.22 85. 88 84.26
50

FEEHM  96.80  95.19  87.77  85.41 83. 81

JFHER  96.73  95.07  87.52  85.17  83.58

“T7H 90.81 89.57 84.73 83.04 81.83

“TVH 90.73 89. 38 84.69 83.08 81.91
5 000

FEHE  90.82 89.58 84.62 82.91 81.69

JFHES  90.82  89.55  84.47  82.74 81.52
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