New Methodology to Measure the Grounding Grid Restance of
Substations Applying Short Distance Among Electrods
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This paper presents the dvelopment of an analytical formulationwhich estimates thereduced position of the current electrode ant
potential probe used for measuring the groundin grid resistance of the substations located in urban areaThe methodology wa
validated using data fom measurements made in an experimentegrounding grid and subsequent field test measurements of lar
substation grounding systems. The results show theccuracy of the proposed novel method applied whethe testing area does ot

permit large separationsamong the electrodes involved in the measuremer
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|. INTRODUCTION

ERIODIC evaluations ofsubstationgrounding grids are

important to ensure the safety of workers and peoglk-
ing near a substation during a ground fault in gbaver s's-
tem.

The fall of potential method is commonly used fogasir-
ing the grounding gridesistance of the substation. Sucth-
nigque is baracterized by the existence of two auxiliaryc-
trodes: current electrod®) and potential prot (X). Fig. 1
shows the fall of potential method. The substagrounding
grid is represented as a hemispherical electrode trmta
radiusa.
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Fig. 1. Fall of Potential Method.

The ground resistance of an equivalent hemispHeglec-
trode in a uniform soil with radiua and resistivityp is ex-
pressed by (1).

Rs = £ (1)

2na

The voltage between the grounding grid under test @

generic pointX on ground surface rekd tothe current elec-

trode at distancB, V(x), is expressed as:

1
V) =5~ Pomom (2

It is possible to define thesistance at poirX, R(x),as:

R =X0¥@ - 2 _ 2L yl__1, (2)
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Consider ratio [}, (3) can be obtainecnd based on (4) the
conditionRs = R(x)is satisfied whelk(x)= 1.

_ R _ (D-a)(Dx—x?)
k(x) - R(x) - x2(2a-D)+x(D?-2a?)+aD(a-D) (3)

Rz = R(x)k(x) 4)

The procedure adopteis to obtain two curvesthe meas-
ured resistance curvB(x), and thecorrected resistance curve,
[K(X)R(X)]. The value of substation grounding grinder test is
the pointwhere the measured resistance curve and tr-
rected resistance curve irgec.

Fig. 2 shows the curdgpu) versusX(pu) and indicates that
for several values db (0.75 xdiagonal until 3 x diagona)
there are positions for the potential probes wik(pu) = 1.
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Fig. 2.k(x) versusx(D-a) expressed in pu syst.

Il. MUTUAL COUPLING EFFECTDUE TO THEELECTRODES
PROXIMITY

It is possible to estimate the position where toéeptial
probe should be placed in order to obtain the taste value
of the substation grounding grid under test. Figh8ws the



curve where the x-axis represents the relatiorD/2a
(D/diagona) andy-axisgives the ratioK/D. The curve in Fig.
3 forms a set of points where the measured and ded
curves intersect each other (points WhRyeasuren= Rcor-
rectep = Rg = Rrrup). ldeally, all the pointsin the referred
curve should have the same valueRskye However, this
does not occur because of the coupling effectto the prox-
imity of the electrodes. This coupling produces es in the
Rrrue Value of resistances.

In the curve shown in Fig., 3he existence of a tangent li
from the pointD/diagonal= 10is considere. This point cor-
responds to the exagtlue of the grounding grid resistar
(Rrrup)- Observing the other points the curveshown in Fig.
3, tangent lines can be seeme§e lines cross ttD/diagonal
=10, as shown in Fig. 3.
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Fig. 3. Methodology to reduce erros.

The angle ¥) formed between each tangent lin Fig. 3
andthe tangent line corresponding to the pdD/diagonal=
10 represents how far the corrected value of maEig
[K(X)R(X)] is the exact value of thgrounding grid resistan.
In other words, this is alsthe distance between the correc
and exact values of resistance. Thejgction the corrected
value of resistanck(X)R(X) = Rs) over the plane that contai
the exact resistance valug/diagonal= 10 tangent lineleads
to a reduction of the error. Sughojectioncan be carried out
by multiplying the corrected value of resistance by tosine
of angle?.

In order to validate the proposed model it is neaps o
measure the ground resistance considering diffefistéance:
between the grounding grid and the current eleetr(D).
Measurements were performed anexperimental groundin
grid [2].

Fig. 4 shows the results considerimagio D/2a = 0.75 (that
meansD = 10.61m), where 22@ is the intersection poir
between the measured and corrected cu

MEASUREMENTS FORVIODEL VALIDATION
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Fig.4. Measured and correctazsistance curve 0.75 x diagonal.

Table | shows the results applying the referredhoddo-
gy, onsidering various distanceamong the electrodes and

soil characteristics.
TABLE |
COMPARISON OFRESULTS

Reorrected
[k(x)R(x)]
©Q
187
18,0
20,0

Error without
correction

(%)

D (Current
Electrode
distance)

Error with
correction
(%)

Soil
type

Riteasured Reprojected
©Q

p1=1179 Om
h=7.9m
=16 Om
hy= infinite

10 x diagonal
4,74 x diagonal
3,33 x diagonal

1,9 x diagonal 20,0
0,7 x diagonal 26,0

10 x diagonal 17

1.5 x diagonal 17 19,1

1,0 x diagonal 20,5
0,75 x diagonal 22.8

3,74

6,95

6,95
39,04

3.74
0,53
0,53
6.95

188
188
20,0

18,7

p1=845 Om
h=3,1m

p=144 Om
h,= infinite

1235
20,59
34,12

5.61
7,12
329

17,95
15,79
17,56

IV. CONCLUSIONS

The paper shows a methodology that permits to afi
fall of potential method with short distance amatectrodes.
For each meased value of resistance, correction fak(x) is
applied and two curves are obtained: the measwgstance
and the corrected resistance curves. The poinatersection
of these two curves indicates the value of the tation
grounding grid resistaec Howeve, this value of resistance
presents an error due the proximity ofthe electrodes. In
order b reduce the error a project methodology was pro-
posed.

There are errors in the measured values of resistdue tc
the proximity among thelectrodes. Howeve after applying
the correctionén the resistance (measur, the final values of
resistance are acceptableth in theoretical and practical c.

Tests performed in experimental grounding gridsficored
experimentally the theoretic analysis. The application of
hemispherical electrode to represent the groundjrd is
valid as demonstrated by the field tests and coatiouial
simulations.
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