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(Determination of the Length of Coaxial Type Carbon Grounding Electrode to Minimize
the Fluctuation of Grounding Impedance)
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Abstract

For the surge currents like lightning or ground fault currents containing high frequency components
which cause the electromagnetic interferences for the electronic devices and communication equipment,
the grounding impedances give the significantly composite characteristics which are dependent on the
frequency of surge currents. In this paper, the analytical model and method for determining the optimal
length of the newly developed coaxial type carbon ground electrode which has a little fluctuation in
grounding impedance with frequency. The length of minimizing the fluctuation of grounding impedance
by changing frequency from 100[Hzl| to 1[MHz] was determined, and the validity of this proposed
method was confirmed by comparing with the simulated and measured data.

Key Words : Grounding Impedance, Coaxial Type Carbon Ground Electrode, Optimal Length,
Distributed Parameter Circuit Model, Frequency—Dependent Grounding Impedance
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Fig. 1. Double-layered  distributed  parameter  circuit
model of the coaxial type carbon ground
electrode
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Fig. 3. Simulated results for the frequency-
dependent grounding impedance of the
horizontally buried 10[m] carbon
grounding electrode as a parameter of the
relative dielectric constant of soil
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Table 1. Length of the horizontally-buried coaxial

type carbon grounding electrode to

minimize the fluctuation of grounding

impedance with the resistivity and relative

dielectric constant of sail (unit : m)

AeE 9_2%7&% 10 20 40 80
10 1.8 1.8 1.8 1.8
25 2.1 2.2 2.2 24
50 2.5 2.6 29 3.5
75 2.8 3.1 3.8 5.1

100 3.1 3.7 4.9 6.5
200 4.7 6.7 9.4 11.2
300 7 102 | 132 | 137
400 9.7 135 | 161 | 156
500 124 | 164 | 183 | 29.2
600 15 18.8 20 29.2
700 17.2 21 204 | 292
800 194 23 222 | 308
900 214 | 246 23 30.8
1,000 234 26 422 | 60.2
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Fig. 5. Grounding impedance measurement  circuit
using the revised fall of potential method

15

2mEttEAdS RS P
D——>2mErd AAAT NS S
— 10
(=)
3 o
L
k- @
8 @
£
= s
s 1 (1} 1 a ]
10° 10 10 10° 10
Frequency [kHz]
= oo
(a) CHXIMEE 23[Q-m], HIFXE 20
70 — S
10m G4+ BRI E T2
60 10m B FAEHITTE FE
50
&
@ 40
3
=
) D
@ 30 et
g— e TR I o
= [) O il
20
10
o
10" 10° 10’ 10° 10°

Frequency [kHz]
(b) CHX|XMEE 280[Q-m], HIF&E 20

a2 6 5%
=AM

gk

SARANTE FHAYTHAY Fajto

()

—

Fig. 6. Frequency-dependent grounding impedance
of the coaxial type carbon grounding
electrodes
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