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Abstract — In this paper a new study is presented
to determine the transient induced current distri-
bution and the transient ground potential rise of

the grounding structures along an energized H.V.
transmission line (at no-load or in short-circuit).
The method is based on modelling of power system
elements in direct phase quantities. The method
consists to represent each line span by a number
of [I sections in cascade with mutual coupling be-
tween conductors included. Each tower is repre-
sented by an equivaleut inductance calculated by
its surge impedance and its propagation time. A
computer program and simulation have been done
to compute, transient currents in any element and
segment, of the network, transient ground poten-
tials rise (TGPR) of the grounding structures and
the peak values of these currents and TGPR.

1. INTRODUCTION

Energization creates a transient on the transmis-
sion line at the breaker which propagates at nearly
the velocity of light to the open end. The propaga-
tion of currents and voltages creates induced tran-
alent currents on the ground wires. The currents
return to the source station through the ground-
ing structures {(towers, ground rods, ground mats,
etc.) and through ground (earth). The currents
which flow into the ground through the grounding
structures, raise the potential of these structures
with respect to remote ground. This potential dif-
ference is called ground potential rise (GPR), and
It is equal to the grounding structure impedance
times the current Howing into ground through the
grounding structure.

The primary design objective of electric power
grounding systems is to ensure safetv of persons

and animals from electric shocks and ensure the
protection of installations and electrical equip-

ments, by the minimization or confinement of
ground structure GPR within safe limits.

It is very important to know the magnitude and
the waveform of the currents flowing through the
grounding structures, through ground wires or neu-
tral conductor and in each element of the network,
for the following reasons:

1. To calculate accurately the electromagnetic in-
terference between power line and nearby telecom-

munication lines.
2. To calculate the potential rise of stations and

grounding structures which are used to compute
step. touch and transfer voltages which may cause
electric shocks. These voltages are used to evaluate
ihe performance and reliability of existing ground-
ing structures and to design safe grounding sys-
terms.

This paper presentes a new study to compute in
transient. the current distribution in the grounding
structures and the potential rise of these structures
along an energized H.V. transmission line. The
line may be at no-load, in fault or in short-circuit

for line maintenance while safety grounds are in
place. A computer program and simulation have
been done to determine the curremt and voltage
waveformes in the the grounding structures and
the peak values of these waveformes.

2. PROPOSED METHOD

2.1 General considerations

The analysis of the transient current distribution
in each element of the line and ground structures
is very difficult mainly due to the complexity and
mimber of influencing factors. These factors are:
soil resistivity which vary along the line, conduc-
tors arrangement on the tower, number and ma-
terial of conductors, source impedances and espe-
cially the accurate model of each element in tran-
sient (lines, towers, ground rods, ground grids,
etc.) and the impedance values of these elements.
The general network configuration considered in
this study consist of an single circuit three phase
overhead transmission line with one ground wire.
The line is energized from a terminal station
(source) by a circuit breaker (see figure 1). The
line can be assumed for both transposed and un-
transposed configurations. The source at the sta-
tion may be a generator or may represent the ex-
ternal power system represented by the equivalent
Thevenin impedance in series with an ideal volt-
age source. The station is assumed to be grounded
with a grounding mat or grid, the towers with a
ground rod. The neutral transformer of the sta-
tion may be isolated, connected directly or by
an impedance to soil. The closure of the circuit
breaker may be shmultaneous or non-simultaneous
with closing resistors or not. The fault or the shori-
i:‘ircuit may be any type and at any location of the
ine.
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Fig 1 Study system

2.2 Equivalent circuit and models
2.2.1 Line model

The proposed equivalent scheme of a line span (seg-
ment line between two neighboring towers) is rep-
resented in figure 2. Each line span is represented
by 8 number of three phases [I sections with cou-
pled parameters connected in cascade of different
lengths [1]
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Fig 2 Equivalent scheme of a line span

Applying Kirchheff laws, the differential equations
at the p™ lime section are:
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where

j =1,2.3 and g, represents the phases, and ground
wire; respectively.
llap},- rop] ;0 [cop); are the p line section inductance,
resistance and capacitance matrices 4 x 4, respec-
tively.

glpjj is the current column vector in the p®* line
section.

{Vpii is the voltage column vector at node p.

The line parameters are computed using Carson’s
formula expressed in terms of frequency, line con-
figuration and ground resistivity [2]. The line
parameters are computed for a frequency around
1000 H: which is the average dominant frequency
of the transient.

2.2.2 Tower, station grounding grid and tower elec-
trode models

At the transient frequencies present in this study,
it is adequate to represent the towers by a lumped
inductance (Fig. 3). The inductance is given by
the following expression [3]:

Ly =2Zy xt (3)

where Zr is the characteristic impedance and ¢ is
the travel time through the tower.

For the ground grid, the resistance is given hy the
following expression [4]:
1 1Y .
Bg=p|—+— 4
G = ( w1 ) {4)

where
o1 soil resistivity in Qm,
L: total length of grid conductors in m,
r: radius of circle with area equal to that of grid

m . -
For the tower electrode. the resistance (Fig. 3) can

o
be expressed as 5):

1

2mr,

Br =p (5)

where 7, is the radius of an equivalent hemispher-
ical electrode having the same ground resistance
as the tower, this radius is in the order of two to
three meters for an average single or double circuit
tower.

Fig. 3 Tower and tower electrode models

R (k) is the electrode resistance of tower Tk,
Ly (k) is the inductance of tower Tk.

2.3 Resolution method and computer pro-
gram implementation

By writing the differential equations of currents (1)
and voltages (2) at each section and each tower
and at the source, we obtain a system of first order
differential equations. The system is sclved with
the fourth order Runge-Kutta method. The initial
conditions are zero, we suppose the line initially at
rest. A computer program has been established,
written in Fortran language. The program is flex-
ible and can be used for various network configu-
rations.

3. APPLICATION AND RESULTS

For this calculations, the line voltage is of 345 kV,
where the configuration is represented in figure 4
[6]. The line is assumed of 50 k. long, supported
by 201 towers and represented by 600 II sections
in cascade. The soil resistivity is assumed to be
100 € throughout the entire length of the trans-
mission line. The tower spacing and tower footing
resistances along the line are assumed to be uni-
form and they are equal to 250 m and 20 £, re-
spectively. The characteristic impedance and the
travel time through the tower for all towers are
equal to 140 €2 and 96 ns. respectivelv. The ground
wire is connected to the ground grid by a terminsal
tower of characteristic impedance and travel tower
equalto 100 2 and 86 n.s. respectively. The neutral
of transformer is connected directly to the ground
grid. The ground grid resistance of the station is
supposed equal to 0.3 2. The breaker pole of phase
1 closes at time ¢t = 0 ¢, phase 2 closes 3 ma later
and phase 3 closes 5 mas later, The closing resistors
are set to 300 2 with an insertion time of § ms.
The source parameters are :

Generator : 15 £V, 160 MV A, X, = 0.185 pu.
Transformer : 15 EV /345 kV, 200 MV A, x4 = 0.1
pU.
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Fig. 4 Tower configuration
3.1 Energization of the no-load line

3.1.1 Currents distribution in towers

Fig. 5 shows the transient current in the first tower
{and tower electrode).
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Fig 5 Currents (A) in the first tower
Fig. 6 shows rhe peak values distribution of these
CUrrents.
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Fig. 6 Peak values of currents in towers

3.1.2 Voltages distribution in tower electrodes

Fig. 7 shows the transient voltages in the first
tower electrode.
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Fig. T Voltage {V) in the first tower electrode
Fig. 8 shows the peak values distribution of these
voltages.
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Fig. 8 Peak values of tower electrode voltages
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3.1.3 Ground wire currents distribution in spans

Fig. 9 shows the transient ground wire current dis-
rribution in the first span.

Current (A)

Fig. 9 Ground wire currents {Aj in the first span

Fig. 10 shows the peak values distribution of these
currents.
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Fig. 10 Peak values of the ground wire currents in
spans

3.1.4 Ground grid witage

Fig. 11 shows the station ground grid valtage
waveform.
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Fig. 11 Scation ground grid voltage

The results obtained show that the biggest values
of the peak cwrents in towers and the peak volt-
ages in tower elecirodes are obtained at the first
tower, ~3.8 A and —75.4 V respectively. The cur-
rents and voltages decrease to attain the zero value.
The same thing for the ground wire currents in
spans, the big maximum value (—63 A) is obtained
at the first spamn.

3.1.5 Effact of the connection of the ground wire at
the station ground grid

Figs. 12 and 13 show respectively the distribution
of the peak values of the currents in towers {and
tower electrodes) and of the tower electrode volt-
ages when the ground wire is connected or not at
the station ground grid. The results show that the
peak values decrease rapidly to a negligible value




"ELECO'99 INTERNATIONAL CONFERENCE ON ELECTRICAL AND ELECTRONICS ENGINEERING"

and the peak values in the case where the ground
wire is connected a the station ground grid are

lower than in the case where the later is discon-
nected.
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Fig. 12 Peak values of currents in towers
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Fig. 13 Peak values of tower electrode voltages

Fig. 14 show the distribution of the peak values of
the ground wire current in spans when the ground
wire s connected or not at the station greund grid.
The results show that the peak values decrease
along the line. At the first span, the peak val-
ues in the case where the ground wire is connected
a the station ground grid are greater than in the
case where the later is disconnected .
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F}gi 14 Peak values of the ground wire currents in
spans :

3.2 Energization of the line in short-circuit

Energization of a line in short-circuit is accidental
while safety grounds are in piace (short-circuit of
the conductors to soil) for line maitenance, or the
line is in fault. We suppacse that the short-circuit is
three-phase with the 72nd tower from the station.
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3.2.1 Currents distribution in towers
Fig. 15 shows the cwrrent waveform at the T9nd

tower. Fig. 16 shows the positive and negative
Presak values distribution of the currents in the tow-
ers.
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Fig. 15 Currents in the 72nd tower
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Fig. 16 Peak vaiues of currents in towers

‘'he results obtained show thst the positive biggest
fthe peak currents (63.3 A ) is obtained at
the short-circuit location (72nd tower). The peak
currents decrease rapidly on the both sides of the
short-circuit to a negligible value from the 60tk
tower at the left side and from the 100th tower at
the right side. The negative peak values are smaller

ositive peak values and decrease rapidly

to a negligible value from the first tower

3.2.2 Voltages distribution in tower efectrodes

Fig. 17 shows the voltage waveform at the 72nd
tower electrode. Fig. 18 shows the positive and
negative peak values distribution of the tower elec-
trode voltages.
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Fig. 17 Vokage in the 72nd tower electrode
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Fig. 18 Peak values of tower electrode voltages

The results obtained show that the positive biggest
value of the peak voltages (1266.6 V' } is obtained
at the short-circuit location (72nd tower). The
peak voltages decrease rapidly on the both sides of
the short-circuit to a negligible value from the 60th

tower at the left side and from the 100¢h tower st
the right side. The negative peak values are smaller

than the positive peak values and decrease rapidly
to a negligible value from the first tower.,

3.2.3 Ground wire currents distribution in spans

Fig. 19 shows the current waveforms at the 72nd
and the 73rd span.
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Fig. 20 shows the positive and negative peak values
distribution of the ground wire current in spans.
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Flgn 20 Peak values of the ground wire currents in
spans

The results obtained show that the positive (266.8
A ) and negative (-461 A) biggest values of the
peak currents are obtained at the short-circuit lo-
cation (72nd tower). The positive peak currents
decrease rapidly to a negligible value from the
100th tower at the right side. The negative peak
currents decrease to value (194 A) from the 60¢h
tower at the left side.

3.2.4 Ground grid voltage

Fig. 21 shows the station ground grid voltage
waveform for both cases of the circuit breaker, with
and without closing resistors.
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Fig. 21 Station ground grid voltage

4. CONCLUSION

A new study has been presented for the determi-
nation of the current distribution and the TGPR
in grounding structures of an energized H.V. line

{(at no-load or in short-circuit). The transmis-
sion line is represented by a large number of I1
sections in cascade in three phase quantities with
mutual coupling. The line can be evaluated for
both transposed and untransposed configurations.
The circuit breaker can be equipped or not by
closing resistors and with a simultaneous or non-
simultaneous closing. In this study, we have deter-

{x_l'med at the same time with a reduced calculation
ime:
1. all phase current. and phase voltage waveforms

at any point of the line,
2. transient voltages distribution in towers and
tower electrodes,

3. transient curremts distribution in towers and
ground wire.

The method can be used for various network con-
figurations.

The results showed that the biggest values of the
peak currents and the peak voltages are obtained
at the first tower and in the first span ground wire
for the no-load line. For the line in short-circuit the
biggest values are obtained at the short-circuit lo-

cation and decrease on the both sides of the short-
circuit to a small value.
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