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(An Analysis of the Ground Potential Rises and Dangerous Voltages Associated

with the Frequency of Ground Currents)
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Abstract

The most important object of grounding systems is to protect human being from electric shock.

Touch and step voltages are measured to evaluate the performances of grounding systems. Dangerous

voltages have been largely studied by the power frequency fault currents, on the other hand, the

ground current containing the high frequency components and surge currents haven’t been considered.
Many attempts about the grounding impedances reported in these days show that the performance of

the grounding systems in high frequency range is very different with the ground resistance. It is

necessary to analyze the dangerous voltages formed by the ground currents containing high frequency

components. In this paper, the ground surface potential rises near the vertical and horizontal grounding
electrodes are measured at the frequency of 100[Hz], 30[kHz], and 100[kFHz]. Dangerous voltages are
investigated with the frequency-dependent grounding impedance. As a result, the ground surface
potential rise is increased as the grounding impedance increases. Touch and step voltages near the

grounding electrode whose impedance increases with the frequency are sharply raised.
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Fig. 2. Frequency-dependent grounding impedance
of the vertical ground rod of 30[m] long
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Table 1. Comparison of the dangerous voltages
for the ground current of 1[A] and the
grounding impedances of the vertical
grounding electrodes
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30
275 | somuidAH [/

22.5-

o
2]

~ o
T2

N
o

Impedance(L2)
I

~
o

N
2 &«

100 1k 10k 100k M 2M
Frequency (Hz)

J&l 7. 50im] oHAX|Me] HX|Yu|HAS| FhtolEY
Fig. 7. Frequency-dependent grounding impedance
of the counterpoise of 50im] long

S0[m] w14 ] %), Aol BEAS 2 1A
U~ E & 20) ERASIch S0m] whAEA AL
S0IKEE1S} 1000KFS] 1712} 31€1 2 25 100[HzJel A
248 AAAR} ZA ZAs 0w, dAEEa
oA BAAGLT} 2252 20 ekt 7
ZAFT el e HE UG 4] G0 2

8

ng

N

@



S} 2 $HE S deRor] ol o EEA)
Aol wlsh HAATE A9 HS A 7]
ufio] e}, 30[KHZIoI A €] 53K 100[Hzlel v
5 o3 =70 LheRgo P, 100[kEEIoNA 9] HE1%k
2 108 o4 =] vebgieh A} BB sk 27l
HEAge) W3 FHoR i Al vehgont
BEAY PR Z A ATz vlel Sk
Aoz et olefd Aske 44zt 2
A FhsRE fEA 58S Bel: HAAT
100KH o) #3152 Eakehs 2 AXAR7} 2
HNERE W AFTeolA AR PEAYT 2 B
Agkart B4 2 94l mETkE AS epit

o

1.2 © —e—50moiAXMH_100 H

1.0 - -m-50m A X M_ 30 kHz
P ——50m & X|H_ 100 KHz
< o8 —_—
2
* 0.6 4
7l
;j 0.4 4
K
T 0.2 |

0.0 a

0 5 10 15 20 25 30
olZ el [m]
(a) HEF

1.2 © —e—50moiAXM_100 H

1.0 - -m-50m A X M_ 30 kHz
P ——50m & X|H_ 100 KHz
< o8 -
2
F 0.6 4
7l
Y :
K
F 0.2 4

0.0 a

0 5 10 15 20 25 30
o[#AHz| [m]

12! 8. 50im] CHAIX|M FHHO| CHA|EHMLE =
Fig. 8. Grounding surface potential rises near the
counterpoise of 50[m] long

@

2
)
2L
=
lo,
=N
=y
I
=
=
ru
=
N
=5
g
R
o
ox
ofy
P
o
=i
29

M
X

EH

2. GR|MF 1[Aol| CHSE 50(m] BHAX|AMQ
XA MA|QuHAL H|w

Table 2. Comparison of the dangerous voltage for

the ground current of 1[A] and grounding
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