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Abstract

Grounding system insures a reference potential point for electric devices and also provides a low
impedance path for fault currents or transient currents in the earth. The ground impedance as function
of frequency is necessary for determining its performance since fault currents could contain a wide

range of frequencies. In this paper, the grounding resistance, grounding impedance and transient

grounding impedance are measured by using 3-point fall-of—potential method in order to analyse

grounding characteristics of the copper and concrete rod grounding electrodes. An equivalent transfer

function model of the ground impedance and transient grounding impedance are identified from the

measured values by using ARMA method and evaluated by comparing the conventional grounding

impedance.

Key Words : Copper Rod, Concrete Rod, Grounding Resistance, Grounding Impedance,
Frequency and Time Domain Characteristics Test
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Table 1. Measured soil resistivity
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A=424 [m] | BE7IAF [Q] |2 B4 %4 [Qm]
0.5 16.69 52.4
1 13.39 84.1
2 8.26 103.8
3 6.77 127.6
4 517 129.9
5 4.39 137.9
6 3.66 138.0
7 3.29 144.7
3 3.06 153.8
9 2.84 160.6
10 2.58 162.1
15 1.83 172.9
20 1.58 198.8
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Table 2. Three-layer soil model parameter

AGE[Q - m] % F7[m]
EEZ(pD) 190.16 5.27
=& (p2) 94.55 6.41
Al Z(p3) 351.34 Infinite
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Fig. 2. Ground rods layout

Joumnal of KIEE, Vol.25, No.6, June 2011



=] $1x7F WA =eHIl.
AR AFEZES Alel= 1000ml, HAA=7 %19
e 1HAE 60mlE ot HAA S SAs30h
1 5+ 33 A9shE ow PAAES 8517
A5 SR FARRlolty S|~
Q2 HAAT ZHYI(SAS 1000, QAR TE, 1
CT(Current

oL
>,
|

st
1o
-
ox

EZS,  PT(Potential Transformer),
Transformer) 2 =] ATH10].

b) 232IE S

J8 3 MX|MFQ ARl
Fig. 3. Used ground rods

2.3 BXNG =%

9 4= 37 A o HAYAH A 3

at7] $1%k 3= 5ot

(v} (1)
L =/

0.618d d

1/ ' 7777

G.L

Potential Electrode Current
electrode being tested slectrode

T8l 4. 3" MUY
Fig. 4. 3-point fall-of-potential method

34 A AN Zgskuat sk 44
FRETe) 948 dmleta @ ), Egrde)
F9 w49 BT A7 06lsdelth =%
Qo] % 2% o9l m= WAl uel A9

B

zm - A7) 883 =24 A253 A6, 20114 649

02 5. MG SHYAIAS| TR
Fig. 5. Outside view of the grounding resistance
measuring system
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Table 3. Measured grounding resistance
TE LAY EE
RglQ] 47.5 58.2
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Table 4. Measured grounding impedance

5 Z ZaAYEYR 7
flHz]
Mag[ Q] | Phasel[deg] | Mag[ Q] | Phase[deg]
100 | 32.0675 -1.8943 38.5051 -2.0688
500 | 31.2318 -1.5779 35.8129 -2.0483
1[k] | 30.8512 -1.5416 35.2315 -2.0007
10[k] | 29.6930 -0.8105 33.6255 -1.7383

50k] | 28.2561 5.8296 31.9024 0.7004

100[k]| 28.2793 | 155057 | 30.9679 4.5562
300[k]| 39.2955 | 43.3811 | 32.5911 | 22.3629
500[k]| 63.4256 | 57.1443 | 405113 | 41.5877
700[k]| 99.8473 | 54.1975 | 585006 | 45.4363
1IM] | 182.0494 | 44.3457 | 94.2766 | 481171
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Fig. 8. Measured current and voltage waveform of
the copper rod
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Table 5. Measured conventional grounding
impedance
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Table 6. Grounding impedance comparison for the

copper rod
Measured Z Simulated Z

fIHz]

Mag[ Q] |phaseldeg] | Mag[ 2] | phaseldeg]
100 32.07 -1.89 32.05 -0.919
500 31.23 -1.58 31.95 -4.590
1[k] 30.85 -1.54 31.64 -9.130
100k] | 27.69 -0.81 14.93 -61.853
50(k] | 28.26 5.83 10.91 85.227

100[k] | 2828 1551 24.04 67.110
300[k] | 39.30 43.38 47.44 57.736
500[k] | 63.43 57.14 71.39 59.632
700[k] | 99.85 54.20 108.68 54.647

1M1 | 182.05 44.35 156.40 24.628
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Table 7. Grounding impedance comparison for the
concrete rod

1lHz) Measured Z Simulated Z
Mag[ Q] |phaseldeg] | Mag[Q] |phase[deg]
100 3851 -2.07 38.61 -0.023
500 35.81 -2.05 38.61 -0.117
1[k] 35.23 -2.0 38.61 -0.234
10[k] 33.63 -1.74 38.17 -2.203
50[k] 31.90 0.70 33.52 -3.023
100[k] | 30.97 4.56 31.23 3.607
300[k]| 32.59 22.36 33.15 25.093
500(k]| 40.51 41.59 38.80 39.548
700[k]| 58.50 45.44 46.09 49.573
1[M] 94.28 4812 58.67 59.395
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Fig. 10. Used current and voltage waveform of the
copper rod
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Fig. 11. Used current and voltage waveform of the
concrete rod
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Fig. 12. Qutput voltages comparison for the
copper rod
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Fig. 13. Qutput voltages comparison for the
concrete rod
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