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(Evaluation of the Accuracy of Grounding Impedance Measurement of Grounding Grid)
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Abstract

Recently, the common grounding systems are adapted in most large structures. Since the ground resistance
is insufficient to evaluate the performance of grounding systems, it is needed to measure grounding impedance.
Even though the methods of measuring grounding impedance of large grounding systems are presented in IEEE
standard 81.2, but they have not been described in detail. In this paper, we present the accurate method of
measuring grounding impedance based on the revised fall-of-potential method and measurement errors due to
earth mutual resistance and ac mutual coupling depending on locating test electrodes at remote earth were
examined for the 15[mlx15[m] grounding grid. As a result, the measurement error due to earth mutual
resistance is decreased when the distance to auxiliary electrodes increased. To get rid of measurement errors
due to mutual coupling, the potential lead should be installed at a right angle to the current lead. When the
angle between the potential and the current leads is an acute angle or an obtuse angle, the mutual couple
voltage 1s positive or negative, respectively. Generally, the measurement errors due to mutual coupling with an
obtuse angle route are lower than those with an acute angle route.
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Fig. 1. Experimental configuration for evaluating
error due to earth mutual resistance
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Table 1. Measured ground resistance as a
function of D/L

D/L | P=1| 2 3 4 5 6 6.5

C=1839 | 837 | 848 | 851 | 852 | 856 | 853

2 894 1 9.26 | 940 | 949 | 959 | 9.59

3 9.46 | 967 | 9.82 | 994 | 9.94
4 9.96 [10.22]10.39|10.44
5 10.43 | 10.67 | 10.70
6 10.8310.88
6.5 10.94

E: 2. D/LO| m2 =R st 2A2((%))
Table 2. Error rates due to earth mutual
resistance as a function of D/L

D/L | P=1]| 2 3 4 5 6 6.5
C=1|27.36|27.53|26.58 | 26.32 | 26.23 | 25.89 | 26.15
2 22.60119.83|18.61|17.84|16.97 | 16.97
3 18.1016.28 | 14.98 | 13.94 | 13.94
4 13.77|11.52|10.04 | 9.61
5 9.70 | 762 | 7.36
6 6.23 | 5.80
6.5 5.28
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Fig. 2. Experimental configuration to analyze
errers due to ac mutual coupling
according to the ground current injection
point and the measuring line routes
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Fig. 3. Measured results of grounding impedance
according to the measuring line routes
and the ground current inject point
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Fig. 4. Measured results of grounding impedance
according to the ground current inject
point
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error due to ac mutual coupling according
to the angle between the measuring lines
or between the measuring lines and
grounding grid
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the measuring lines
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Table 3. Grounding impedance with typical
measuring frequency in different angles
between the measuring lines

9007 | 450°11 | 450°1.2 | 9001 2 |135[°]1| 180[°] |135[°] 2

=
jms)
N,

1 847 | 888 | 823 | 813 | 812 | 802 | 83
5 821 | 893 | 876 | 78 | 771 | 763 | 803
10 | 802 | 901 | 894 | 761 | 783 | 715 | 78l
0 | 772 | 1142 | 1132 | 639 | 613 | 521 | 639
100 | 865 | 1378 | 1468 | 650 | 48 | 524 | 697
300 | 2346 | 2679 | 2773 | 1633 | 1519 | 1928 | 1861
1000 | 3142 | 3644 | 4006 | 2869 | 2965 | 2524 | 2777
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Table 4. Error rates due to ac mutual coupling
with typical measuring frequency in
different angles between the measuring
lines

([kHz)) 411 | 4012 | 90012 | 13311 | 180[T | 1350°]2

1 49 -28 -40 -41 -52 -13
5 89 6.7 -42 -53 -1 -21

10 124 115 -52 -61 | -109 | -26

30 479 466 | -173 | 206 | -325 | -172
100 9.3 698 | -248 | 440 | -394 | -194
300 142 182 | -304 | -3B3 | -178 | -207
1000 | 160 215 -87 ST | 197 | -116
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