Fig.1

(Imagel)

()

() =

(Vo,Va,Vz,Vs) Q)
Ve =Vo+Va+Vo+Vs .. 1
P V
) P
4 /
X,z

I s ( 4)2
X+ =4,V +2°+| X+
2 2

pl
V = anl In , \/ : ) ( f)z ..(2)
X——+ .,y " +2°+|x—-—=
2 2
Image 3 (V) z Image 2 )
! i |
1
G.L
| LT
Image 1 (v )vfriicalli;ult Real (V)
Fig.1 The concept of the image method.
4
Fig.2
4 lm
30m a 0.0065m
m 10m h, 0.75m
P
1002 m e P P
110 QO m p P 1x<10
(Real) Q m
(Imagel) G.L.
(Real)
(Image2 ,Image3) 1
1 2 2
Ve 1 2

A Study on the Characteristics of Grounding Electrode
Near the Vertical Fault

Toshiyuki KATAYAMA and Tetuo MAKITA and Yoshio UTUSHIKAWA



f1 0>

30<

a-

Vertical fault
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Table 1 Electrical potential gradient when used
with a counterpoise(pPi1>pP2).

The distance from Mesh slectrode [m] Mesh
e lectrode
1 15 2 25 3 35 4 45 5 lony

075 | 157177 |155646 |155544 (156725 (158988 (162196 (166324 |171420 |[17775

1 137080 134671 (133776 134486 |13.6182 |13.8738 |142152 (1464080 (151899

1.25 | 124200 121256 (120189 |12.0434 (121670 |123908 |12.6961 |13.0003 |13.5890

15 (115455 |111852 (110615 |11.0618 |111725 |113628 |116458 (120185 (124836

1.75 | 109076 |[105103 | 103525 (103340 (104280 (106122 (108735 |11.2335 |11.6040

2 [104424 | 8839 | 9.5063 | 9.7803 | 9.8608 |10.0285 |102850 |106325 |11.0873

101235 | 85748 [ 83718 | 83341 54055 | 85673 | 96154 (101565 |106076 | 13.4184

25 (10,0586 |9.2522 _D5.0202 | 89890 | 8.0325 | B1G7D | 94315 | 9.7692 [102171

275 [101410 | 92017 (B7290) 86663 | 87216 | @BT28 | 91113 | 84467 | 28938

3 102676 | 55309 | 6.8431 C@.5764 |0.4581 |B.6036 |8.8400_D5.1733 | 86702

3.25 9.0319 | 88436 | 87965 | 8.8660 ((9.0913 ) 95474

35 9.2270 9420|i
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Table 2 Electrical potential gradient when used
with a counterpoise(pPi1<p2).

The distance from Mesh electrade [m] hesh

1 15 2 25 3 35 4 45 5 |only

075 | 80770 | 87845 | 85724 | 84257 | 83263 | 82572 | 82110 | BB131 | 81664

TO170 | 74941 | 72553 | 70882 | 69750 | 68903 | 68264 | 67779 | 67410

125 | 70067 | 66530 | 64115 | 62441 | 61161 | 60164 | 58394 | 58E17 | BE3BO

15 || 64417 | 60712 | 58191 | 56445 | 55085 | 54079 | 53269 | 52599 | 52039

1

60310 | 56348 | 53766 | 51857 | 50573 | 48521 | 48652 | 47828 | 47348

8.14897
57332 | 53000 | 50330 | 48457 | 47041 | 45953 | 45045 | 44316 | 43603

225 || 55495 | 50408 | 47571 | 45634 | 44197 | 43077 | 42147 C4.2091 |4.3657 >

25q5.5325 |4.8616 |4.5339 (43338 |4.1859 |4.0809 |4.172142932 | 44276

275 || 55698 | 50260 | 46015 | 43480 | 42304 | 42271 | 42878 | 43830 | 44864

The distance from the ground line [m]

56176 | 51472 | 47785 | 45330 | 44017 | 43603 | 44036 | 44759 | 45700
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Side 3m| Position of mesh I Side
100 =1t >

| 71

——Used with a counterpoise
—==—Mesh electrode only

(0]
o
T
L
[e0)

\
\
Il

(ep]

N
()
o
\
~
I
SN

N
o
T
m
I
N

Surface voltage V [V]
o
=
T T
=
\\
4
A
<
Electrical potential gradient E [V/m]

/2 ~——

0 L | | ) f | L |
0 10 20 30 40 50
The distance from the vertical fault [m]
Fig.3 Abatement method of the electrical potential
gradient by the counterpoise(p1>p2).

(Where, d:=3m, hz=3m, £=32m)
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Fig.4 Abatement method of the electrical potential
gradient by the counterpoise(p1>p2).
(Where, @z=3m, Az;=3m, /=34m)
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Fig.5 Abatement method of the electrical potential
gradient by the counterpoise(Pi1<p2).

(Where, d:=3.5m, h;=2.5m, {=34m)
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Fig.6 Abatement method of the electrical potential
gradient by the counterpoise(pPi1<p2).

(Where, 0:=3.5m, h;=2.5m, {=36m)

Table 3

Fig.7 Fig.8

Table 3 P1>P2
P1<P2
8m 5.1m
4.1
Fig.7
38m
Fig.8 40m

Table 3 Electrical potential gradient when used
with two counterpoises.

Condition of| The distance from | The distance from Cecicl mtgnt\a\ zatent [V ;
' I case of used with | In case of used with
the grouned | Mesh electrade [m] | the ground line [m] ‘ ‘
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olrp? 3 3 B.4561
40 36 100447
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Fig.7 Abatement method of the electrical potential
gradient by the counterpoise(pi<p2).
(Where, d7=3.5m, h:=2.5m, {=34m, d>=8m,
h2=5.1m, £ =38m)
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Fig.8 Abatement method of the electrical potential
gradient by the counterpoise(Pi1<p2).
(Where, @2=3.5m, A:=2.5m, ¢ =34m, d>=8m,
h2=5.1m, £ ,=40m)
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Fig.9 Abatement method of the Electrical
potential gradient by the counterpoise
(/g=700A,p1>P2).

(Where, d:=3m, A:=3m, {,=32m)
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Fig.10 Abatement method of the Electrical
potential gradient by the counterpoise
(/g=700A,p1<P2).
(Where, @7=3.5m, h;=2.5m, {=34m, d>=8m,
h2=5.1m, £ =38m)
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Fig.11 Maximum value of Electrical potential
gradient in the Fault current.
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