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Correlation Between Steady State and | mpulse Earth Resistance Values

N. Mohamad Nor and R. Rajab
Faculty of Engineering, Multimedia University, Mgtia

Abstract: This study presented experimental results of aaythystems under low-magnitude currents
and under high impulse currents. The details ofntleasuring circuit involved for both types of tagti
were described. Three field sites were selecteeah site, three earth electrodes configuraticere w
used. This makes up to nine earthing systems. Hroth low magnitude and impulse tests, the
correlation between the steady state earth resistaalue and the earth resistance under fast impuls
currents can be observed. The relation betweencéheulated and measured steady state earth
resistance is also shown in this study.
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INTRODUCTION using the Wenner Method as outlined in the stargard
namely? .

It is known from previous studies that, under high The soil resistivity values obtained from the
impulse currents, soil non-linearity or reducedtlear measurements were then interpreted as two-layér soi
resistance values versus steady state values amsing the master curdsand a Genetic Algorithm
observel®. It has also been found in the literaftite  (GA)*, where the results are shown in Table 1.
that the magnitude of the electric field, Eletermines Based on the resistivity values obtained from the
the degree of non-linearity and soil resistanceicédn.  master curves and the GA, the earth resistanceevalu
E. magnitudes in the range of 1.3-20 kv & show  are calculated using the formufas for the earthing
that the degree of non-linearity or reduced earttsystems which consist of simple rod configuratiofs
resistance values under impulse conditions is eoy v 2, 3 and 4 rods. All of these copper rods are cctede
clear and needs further investigation. Moreovehais ~ With wires to ensure connectivity. Table 2 shows th
been observed i that a smaller resistance reduction arrangement for the earth electrodes consisting, &
occurs for earth electrodes of low steady-statehear @hd 4 rods and the calculated and measured earth
resistance, whereas, higher resistance reductioarec 'esistance values.  Small differences are observed
in high steady state earth resistance. This Studpetween the measured earth resistance values and
determines the correlation by conducting tests ory2lues obtained the master curves and the GA.
practical earthing systems using both low-magnitude _‘AAS can be shown from Table 2, the earth resistance
current test to obtain for the steady state eaststance  values obtained for site 1 are the lowest sin¢ms the
value and high-magnitude impulse applications Far t Iovv_est soil resistivity values. Also, as expectdmia t
impulse resistance. resistance values for the 4 rods configuration thee

From the tests, it was found that the degree of°West since ithas the largest surface area.
ionisation in soils is dependent upon the steadyest Taple 1: Soil resistivity values interpreted usihg master curves

Rpc value; the lower R, the lower the ionisation and GA into two layers of soil
effect on the earthing system under high impulse Master curvé8  (GA)®
currents, thus the |mpuIS(_a resistance becomes Ieﬁperresisﬁviwm(ﬂm) 540.00 525 60
dependent on current magnitudes. Lower resistivity,p, (Qm) 108.25 112.50
Thickness, h (m) 0.80 0.83
; . : : Site 2
Steady state (_aarth resistance values: Fc_)r this section, Upper resistivityp: (Qm) 780.00 806.40
the earth resistance values were obtained by edionl  |ower resistivity,p, (Qm) 195.00 180.80
and measurements at low magnitude currents. ggicgness, h (m) 1.30 1.34
e
. . Upper resistivityp; (Qm) 720.00 709.40
Calculated values: Three field sites were selected, Lower resistivity,o, (Qm) 288.40 290.60
where for each site, the soil resistivity was meagu Thickness, h (m) 125 130
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Table 2: Calculated earth resistance values 6 1
Calculated _
Reaic(Q) Where the E
Reaic(Q) where  resistivity values g 44
the resistivity are obtained from E
Configurations from GA master curves Measured ‘g 3
Sitel )
O O 53.60 51.08 49.10 3 21
o O £
o 40.10 38.22 36.60 EEEE
O O
O O 32.30 30.74 29.40 0 T . N T -
Site?2 0 100 200 300 400 500
O O 126.34 126.20 122.23 Distance between potential probe and earth electrode (m)
o O
@) 94.58 94.57 95.27 Fig. 2: Typical plot of ground impedance versus

distance between the potential probe and the
76.20 76.23 72.67 electrode under test
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Fig. 3: Test circuit for impulse tests on earticelade

Fig. 1: Earth resistance measurement test circuit This impedance is plotted as a function of dist I

_ the value in ohms at which this plotted curve appéa
Even though the earth resistance values have begl\ o| out is taken as the impedance value loé t

calculated, it is still important to obtain the tsar ground under test (Fig. 2).

resistance by measurements at field sites to determ The measured earth resistance results are shown in

the actual resistance of the ground connectioni$es& t5ple 2. As can be shown in Table 2. the percentage

calculated values are also compared with thgjitterence between the calculated and measureth eart

measurements of steady state earth resistanceh whigagistance for each earthing system is found toeliew

are shown in the Table 2. 10%. The close results between the calculated and
. measured values show that the formulas developed

Measured values: In this study, the most common py™ can be used to calculate the earth resistance

earth resistance measurement, which is a Fall-ofvalues for preliminary designs. Also, the interptien

Potential (FOP) methdY is adopted. The method of soil resistivity values as 2 layers may be adéejio

involves passing a current into the electrode to bebtain the resistance values of earthing systems.
measured and noting the influence of this current i

terms of the voltage between the ground under tedfarth resistance values under high impulse
and a test potential electrode (Fig. 1). The FORcurrents: Figure 3 shows a proposed test circuit that is
method consists of plotting the ratio of V/I = Ras suitable for impulse testing. The work undertakan i
function of probe spacing x. The potential elecerasl  this study relies heavily on the effectiveness loé t
moved away from the electrode under test in stdps. experimental set up. The test circuit (Fig. 3) imst
value of impedance is obtained atheastep. study consists of:
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A combinational waveform impulse generator, whereas there is a reduction in the earth resistanc
giving the output voltage of 4 kV, 1.2/50 and Values for the earthing systems in sites 2 andt& T
the currents up to 3 kA, 8/36% reduction of Rnuse values from its Bc value as
Voltage and current measurements, in which @Pserved in sites 2 and 3 could be due to the atioiz
voltage probe with a ratio of 1000: 1 and 40 nsiN SOils, similar to some findings observed in poes
response times is used and a current transformétudy . However, the Rouse values for the earthing
with a sensitivity of 0.1 V/A with a response time SyStems in site 1, which has the lowesjcRare not
of 20 ns is used for current measurement affected by the ionisation, thus the,R. values are
A data acquisition system and analysis routingound to be higher thangg From these results it can
consisting of the transducers (voltage probe and® concluded that the degree of ionisation in sils
current transformer), measurement cables ang€Pendent upon thesRvalue; the lower B, the lower

recording instruments (i.e., Digital Storage the ionisation effect on the earthing system uritgh
Oscilloscope) impulse currents. Thus, the impulse resistancerneso

less dependent on current magnitudes. This explains

The measurement results: The measured steady state Why the Rnuse in earthing systems in site 1 are not

earth resistance values were shown in Table 2. ,Her@ffected by the ionisation process, thus, thg.R is
the measurement results of the earthing systemsrundincreased at high currents, rather than decreaieel.

high impulse currents are presented. The impuls&ighest increase is observed in the earthing system

voltages ranging from 0.5-4 kV are injected on thewhich consists of 4 rods, since it has the lowgsgt &hd
earthing systems. thus is not affected by the ionisation process.

As has been defined 4!, the magnitude of
Voltage and current traces: Figure 4 shows the electric field at which the ionisation process is
typical voltage and current traces of the earthingnitiated is known as the critical electric fielf,. This

systems for two rods at site 1 at a charging veltafj parameter contributes to the knowledge of the degre

1.5 kV. Similar voltage and current traces wereof resistance reduction in soil. The results olgdiin
observed for other configurations and voltage &vel this study can be explained by the simple relatigns
However, it was observed that the time to curreatkp  between the electric field, E and the current dgndi
taelay (Fig. 4) increases with the number of rods (Fjg. 5

This is expected, since a higher number of rods hakable 3: Percentage of reduction betweep &d Rnpuise

larger inductive effects, which becomes more Roc(Q) Rimpuise averag2) (%) difference

L2 . Sitel
significant for transient voltages. > rods 49.10 29.11 0.02
] ] 3 rods 36.60 39.17 6.56
Earth resistance values. The earth resistance values 4 rods 29.40 31.17 5.67
] V@l Site 2
are determined by—=*  Table 3 shows the earth 2 rods 122.23 95.40 12.24
L peak 3 rods 95.27 78.19 17.93
. . . . d 72.67 59.07 18.72
resistance values obtained using both low magnitudg o’
currents and high impulse currents. As can le® se 2 rods 151.00 134.37 11.01
in Table 3, the Rpuse for the earthing systems in site ifogs 138-38 1gf-252 1152112
1 are found to be higher than thec Rvalues, rods - . :
1000 40
1400 4
1200 42 30 Site 1 /
~ 1000 35 -
% 800 28 § I 3
%ﬁ 600 21E § 20 ,4-————‘_____—‘ Stes
> 400 143 2
200 7 s
0 10 10 Site
-200% %
I Time (Micro sec)
Time delay o 0 ] 5 3 ;1 5

No. of rods

Fig. 4: Typical voltage and current traces for the
earthing system at site 1 consisting of 2 rodsFig. 5: Tgeay Versus the number of rods and site (soil
and at a charging voltage of 1.5 kV resistivity)
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pJ, wherep is the soil resistivity. This equation 3.

shows that in order to have a high critical iongmat
field, E, to cause a reduction in the earth resistance
value, it will require higher current densities amtligh 4.
resistivity value. As can be shown in Table 1, giteas

the

lowest resistivity, thus, it is expected to ddhe 5.

lowest E and to experience the least ionisation in the

soil.

CONCLUSION

In this study, measured earth resistance value8.

were obtained for 9 earthing systems under stetadg s

and

transient conditions. The calculated eartrstasce 7.

values were also presented and were found to tse clo
to those measured under steady state conditiomsadt
also found that there is a correlation betwegg &d 8.
Rimpuise Where the resistance reduction under impulse
conditions is highest for highgl.
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