Transient Impedance Characteristics of Grounding Rods

2001 2



2001 2



Abstract - - - o« e e e e e e e e e e e e e e e e e

1 e e e e 1
L1 1
1.2 2
2 e e e 4
2.1 e s e e e 4
211 e 6
2.1.2 10
2.2 1
22,1 e 13
220 e 20
T 22
3.1 e e e e e e 22
3.1.1 s s s e s e e e e e e e 22
3.1.2 e e e e e 28
3.2 L e e e e 30



4.1
4.2



2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
4.1
4.2
4.3

»

11
1
1

&5

20
23
26
27
29
31
32
33

39
42



4.4
4.5

3.1
4.1
4.2
4.3
4.4

4.5

= 5[m)

= 50[n)

43

30
35
36
39

45

45



Transient Impedance Characteristics of

Grounding Rods

by Kim, Il-Kwon

Department of Electrical Engineering
The Graduate School of Korea Maritime University

Pusan, Republic of Korea

Abstract

T his thesis deals with the correlation of the transient impedance and
its parameters with the stationary resistance of grounding systems to
a square pulse current and a lightning impulse current.

In experiment, the grounding system consists of a single grounding
rod(e 10[mm], 1[m]) and/or a triple-grounding rods of equilateral
triangles with 5[m] spacing for operation.

To analyze the transient impedance characteristics of the grounding
system, a pulse generator which can produce square wave of a 30[ns]

rise-time and a 20[ ] pulse duration is designed and fabricated.



Also, impulse current tests using the standard 820 ] wave
specified in IEC 61000-4-5 were carried out on the grounding system
to simulate the transient characteristics in an actual field condition
such as a grounding system for power distribution lines.

The injected current in the grounding system and the developed
potential were recorded, and the time variation of the transient
impedance were calculated as the ratio of the potential rising to the
injected current at each time.

The experimental results showed that the transient impedance
reaches its maximum value very fast (around 250[ns]) and
consecutively is returned to the value of the stationary impedance.

The transient impedance and the effective surge impedance Z: which
defines economic protection level were quite higher than the stationary
resistance. The grounding impedance is decreased by the application
of the triple-rods grounding system, and its effect is decreased as the
frequency of the current is increased due to the inductance of the
grounding leads.

It is therefore important to minimize the inductance of the grounding
rods and leads to obtain the lowest grounding impedance and the

lowest potential rising in a grounding system.
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Fig. 28 Transient characteristics of a grounding impedance
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Fig. 34 Waveforms of the lightning impulse voltage and current
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3.1

3.1

Table 3.1 Specification of the experiment apparatus

(61 )

T :30[ns], T : 20 ]

PSurge 4010

HAEFELY
4.2[kVmax], 2.1]KAmax]
A 6302
T ektronix
DC 50[MHZ]
P6114B
T ektronix
DC 400[MHZ]
P6015
T ektronix
DC 75[MHZ]
bC 0 15001V Bellnix
1300[mMA max]
Earth Hitester Hioki
ioki
25[%]
T DS380
T ektronix
400[MHZ], 2
20[m] C P
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Table 4.1 Stationary resistance of the grounding systems

Q]

108

3 44

3 40.7[%]
3
, V3
40[%]
[23]
41
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(PFN; Pulse For-

ming Network)
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4.1 , 3
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42 ,
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Table 42 Potential rising to the square pulse current
[%0]
3 @ /1 )
63.2 504 79.7
vVl
150 56 373
[%0]
4213 900.0
( / )
421.3[%] , 3
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Table 43 Impedance to the square pulse current

[%]
@
103.9 68.3 65.7
[Q]
108 44 40.7
0,
%] 962.0 1552.3
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44

45

Z,

Zs,

44 ( = 5[m])
Table 44 Impedance parameters to the lightning impulse current
(grounding leads = 5[m])
[%0]
(3 /
Z1 418 28.3 67.7
[Q] Zs 14.9 8.2 55.0
108 44 40.7
[%0]
./ ) 387.0 643.2
[%0]
2/ ) 138.0 1864
45 ( = 50[m])
Table 45 Impedance parameters to the lightning impulse current
(grounding leads = 50[m])
[%0]
(3 /
Z1 54.0 449 83.1
Q] Zs 16.9 129 76.3
108 44 40.7
[%0]
2.1 ) 500.0 10205
[%0]
Za 1 ) 156.5 293.2

- 45 -




44 :

Zs  138.0[%] 3
Zs  1864[%]
Z:
387.0[%], 3
643.2[%]
45
Zs 5[m]
5[m]
Zs Zs 55.0[%] 45.0[%]
) 50[m] 3
Zs Zs 76.3[%] 23.7[%]
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