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ABSTRACT

The modeling and calculation of a single phase-to-earth fault of 6 to 35 kV have specific features when compared with
circuits with higher nominal voltages. In this paper, a mathematical analysis and modeling of a 3-phase overhead
transmission line with distributed parameters consisting of several nominal T-shaped, 3-phase links with concentrated
parameters replaced by 1 nominal T-shaped link were carried out. Further analysis showed that not accounting for the
distributed nature of the line parameters did not cause significant errors in the assessment of the maximum overvoltage in
the arc suppression in single phase-to-earth faults, and that sufficient accuracy insures the representation of the line by only
1 nominal T-shaped, 3-phase link. Such a modeling technique makes it impossible to identify the location of single-phase
faults, which is the property of higher harmonic amplification of individual frequencies. Chain equivalent schemas with
constant parameters are valid for a single frequency, thereby providing an opportunity to study the nature of the wave
process by the discrete selection of parameters. Next in the mathematical representation, we consider the overhead
transmission lines as lines with distributed parameters.
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point treatment, earth capacitances of the overhead lines
or cables connected to the network, voltage level, the
ault is simply defined as a number widesirable value of the fault resistance, and the (_jistance between the
but unavoidable incidents that caamporarily supply busbars and the fault location (Komen et al.,
disturb the stable condition of the power system,2007)-
which occurs when the insulation of the systensfail
any point. Moreover, if a conducting object comes intd1ahanty and Gupta (200%reated a methodugy for
contact with a bare power conductor, a short circuit, ofault analysis utilizing current samples with the help of
fault, is said to have occurreBingle phaséo-earth faults ~ fuzzy logic. In this technique, only 1 end of theliase
are the most frequent failures in medium and high voltagedrrent samples was considered to have achieved the fault
systems. The valuex the currents and of the temporary classification KMahanty and Dutta, 20075hashi et al.
overvoltage with the power frequency in the case of §012) developed a scheme to detect thetbrground

single pole earth fault depend on the neutral fault by using fuzzy logi. The developed method requ!ree
current samples after the fault at 1 side of the transmission

: S — line only Shashi et al., 2012)Ashok et al.(2013)
Do: 10.25079/ukhjse.van2y2020.pp12138 ' proposed discrete wavelet transform (DWT) for
Copyright © 20206aeedand SheikhyounisOpen Access journal wif  classification of faults in transmission systems. A solution
Creative Commonattribution NonCommecial No Derivatives Licen| ~ for the protection of a -Brminal transmission system
4.0 (CC BNGND 4.0) using DWT for fault classification was presented by
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Dileep Kumar and Raghunath Sag&imulation studies rated currents. Second, thewerk depends significantly

are carried out in power systems compuieled design on the total length of the electrical circuit connected to the
softwae in combination with electromagnetic transientscommon busbar of the supply center. Third, even with a
including direct current on 4/, 300km transmission metallic ground fault, it cannot be calculated according to
line modes designed for different types of single phase the usual technical handbook data because thaitath
to-ground faults (Dileep and Raghunath, 20Ptasad et literature only provides the total capacitive currents or
al. (2015) have implemented a new approach using Zonductance of overhead transmission lines and cables. In
fuzzy rule systems, whereBsasad and Belwin Edward high ohmic neutral grounding, the value of the resister
(2016)implemented a new method using currents at 1 endbbes not depend on the mode of operation and is chosen
of the owerhead line with the help of DWTP(asad and on the basis of the cdition of the extinguishing arc for
Belwin, 2016) Muhammad (2016) located different the half period of the industrial frequency.

faults in high voltage transmission lines in the Kurdistan

power system, which was proposed and carrietl iou In order to describe the behavior of the network during
order to determine which artificial neural network (ANN) single phas¢o-earth faults, a simulation model was
fault locator structure delivered the best performancereated using MATLAB SimPowerSystem software.
(Aree, 2016). Abdulrahman (2019) presented faulSimPowerSystems priaes component libraries and
location recognition in the Kurdistan Regionalwms analysis tools for modeling and simulating electrical
transmission system using ANN. power systems (Lulil et al

This paper proposes a mathematical model for a single
phaseto-ground fault using a -Bhase overhead

transmission line model with distributed parameters. FO{: . . L . .
. . . onsider an electrical stdircuit in which a single phase
the network under consideration, the following factor

had to le taken into account. First, the level of the curren] o-ground fault occurred through a resistaBcasshown

of the sustained metallic single phaseground fault in 1N Fi9- 1, where capacitor C is shown between phase
all cases had to be taken into account with the exceptigpnductors and the ground a@d indicates the neutral
of circuits with low ohmic grounded neutrals with lower 9rounding resistance.

Equivalent circuit for an overhead transmission line with a single phase-ground fault

The differential equation for the voltage balance via
capacitance C for 1 of the phases is:

Q - 000 YT (1)


https://www.sciencedirect.com/science/article/pii/S2314717217300065#bib0075
https://www.sciencedirect.com/topics/computer-science/transmission-line-model
https://www.sciencedirect.com/topics/computer-science/transmission-line-model
https://www.sciencedirect.com/science/article/pii/S2314717217300065#bib0210
https://www.sciencedirect.com/science/article/pii/S2314717217300065#bib0210
https://www.sciencedirect.com/science/article/pii/S2314717217300065#bib0205
https://www.sciencedirect.com/science/article/pii/S2314717217300065#bib0205
https://www.sciencedirect.com/science/article/pii/S2314717217300065#bib0205
https://www.sciencedirect.com/science/article/pii/S2314717217300065#bib0205

Saeed and Sheikhyounis: Modeling Features of a Single Phase-to-Earth Fault in a Medium Voltage Overhead Transmission Line.

In order to get rid of the integral, a derivative of the left down the voltage balance equation for the resistance
and right side of the equation is used. Using thiscircuit of the singlgphase ground faulR;,, we get:
technique on the remaining 2 phases, as well as writing

— - Y — )
— Y — 3)
— -y — (4)
Q YQ Y1Q (5)
MM Q Q 0 1Q (6)

Adding together the lefhand side and rightand side of
equations (2) to (4) and taking into account that

Q0 Q Q T )

we obtain a new system of 2 equations:

naovY pé"Q p(-j"Q T (8)

wheren Q 00

The characteristic equation of the system of equations (5)
and (8) will be:

noYYo Y Y T
From here we have:
Y Y
oY'Y 0O

That s, the current of the single phaseground fault
contains a periodic component of:

Q 0 9)

where,

A — (10)
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According to equation (10), the lower the time constantime constant to its maximum value and, accordingly,
“Y, the lower the resistance of the ground arc fyultit ~— aggravate the condition of the extinguishing of the arc. If

is therefore believed tha¥ © Hb, which increases the itis just the case that should be considered as a calculated,
then,

Y —— dY 6 (11)

If in expression (9),Y o} ois inserted, then for the time frequency, which means the; ‘first cu'rrent transition
dthe currentQdrops to less than 5% of the initial value, "OUIN Z%‘i’ therefore implying Tt p. Thus, we
which guarantees the extinguishing of the arc. At the sanf@ve"Y P,i. Based on equation (11), we obtain a

time, there is a requirement that such an extinguishincplculated expression for determining the required value
should occur during the first half pedicof the main of the ground resier:

vy . h

— (12)

It is important that in formula (12) is the phase necessary explanation of how to distinguish between the
capacitance of the networks line in relation to the grounghaseto-phase conductance between conductors and the
rather than the total phase capacitance. Fig. 2 giwes thhase conductance of the conductors in relation to the

ground.
2©
e Cm+
2(=>) O
GCC)\ —|_
I:I Ry k/c: — c T T c

Figure 2. Capacitive conductance of the power line

Fig. 2 shows the capdisie conductance between conductors Cr). The latter is connected in delta. We
conductors and the groun€)(and between the phase transform it into star in Fig. 3.
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Figure 3. Conversion of the capacitive conductance of the power line

It is obvious hat in the symmetrical load mode the neutraProvide the necessary data for the capacitance of
points of capacitive stas and capacitive stab have conductors relative to the ground. Certain features are
equal potentials, and, accordingly, the line possessesPEPvided by the Simulinksoftware product in which the
total phase capacitance®@f & & , which is cited 9€Ometric size of the suppsrtand conductors can
in technical cataloguessaer 1 km or per 100 km lines calculate the capacitance of the overhead transmission

In the single phas-ground mode, the capacitance StalJines in relation to the ground. Approximate values can be
& does not affect the level of the fault current becausg/culated based on the recommendations made by F.A

its neutral is isolated from the ground. Therefore, phas%ekhaCheV Who. proposed o use the following ratios
to-phase capacitances should not be induite the etween capacitaes in relation to the earth and between

calculations. However, the reference literature does n&{1aSes:

for cables— - and for overhead transmission lines: - (13)

When converting the delta to the star, we obtain
06 . Therefore, the total capacity thfe line equal to:

6 0 0 0 a0
Here, taking into account equation (13) we obtain:

0 06 o0 0 -0 ¢O forcables, and

for overhead transmission lings: 6 00 6 -0 -0 (14)

When usingthe reference (catalog) values for the total
capacitanc® , we can determine the desired capacitance
of phase conductors in relation to the ground
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For cables, 6 -6 ; (15)

For overhead transmissidines, 6 -0 . (16)

they clearly show how different the capacity of the liné® KV, this current should not exceed 30A; for 10 kV
relative to the ground is from its total (full) capacity. N&works, it should not exceed 20A; and for 35 kV
These same expressioﬂgould serve as a bas|s for networks, It Sh0u|d not exceed 5A The ground fault
calculating the ground fault curré@when examining a curreqt should be calculated by taking into account the
designed electrical network project according to th&apacitance values of formulas (15) and (16) as follows:

0 W'Y 16 a P X

whereN is the number of lines supplied by the common/Nhen a resistive ground is installed, the fault current to
bugdix is the length of the nth line, aril is the total the groundOin a steady state mode is determined by the
phase capacitance related to the ground for tme. total capacity of the network related to the ground
transformer parameteh andé hand the resistéy and
will be calculated using the following formula:

0 d0 Y @ 6

(18)

3. SIMULATION AND RESULTS The system modeling is shown in Fig. 4. The simulation
model consists ofa 3phase, 6 kV source, network
transformer, and overhead transmission.

‘oltage Source

\|Fa_

Figure 4. Simulation diagram of the proposed system model
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Table 1 shows all the simulation parameters used for thiltage. A single pole fault with earth is represented as a
work. The resistance gRand each capacitor (C) are 1-phase circuit breaker connected to the ground.
connectedo the ground. The-Bhase source is connected

in Y with a grounded neutral resistance)(R his block

generates a-Bhase sinusoidal 6 kV line

Table 1: Simulation Parameters

Simulation component Parameter value

Three-phase source Vrms=6kV/CB, f=50Hz.

Three-phase transformer R=0.002pu, L=0.08pu.

Transmission line D=100km, r=0.01273pu, L=0.9337e-3pu, c= 12.74e-9pu.

Fault breaker Switching times=[1/50 5/50] se, Ron=0.001W, Rg=1W, Rs=inf, Cs=inf.

Fig. 5 and Fig. 6 show the balancegt&se root mean
square (rms) sine wave voltages and currents under
normal and steadgtate condition, respectively.

Three phase Voltages without fault
8000 = T e

Van, Vbn, and Ven (Volts)

o 005 01
Time (seconds)

Figure 5. Three-phase voltages without fault

. U _ I
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Three-phase currents without fault

Currents (Ampers)

Figure 6. Three-phase currents without fault

Fig. 7 shows all phase voltages at a single voltage after the fault has been cleared and
phase Ato-ground fault. It shows that phase all phase voltages returrback to the rated
voltage A drops down to approximately zero value.

Thewe e Voliages of ghose A 1 grouns ot
Tres e e 1]

e Mot

e et}

Van, Vb, and Ve (Vots)

Figure 7. Three-phase voltages with occurrence of a phase A to ground fault

Fig. 8 to Fig. 11 show the response of all phase currenii§ne constant Iwith increase in the ground resistange R

at a single phase-fo-ground fault in various cases, which It is seen that the time constant of the system is 5 ms and
shows the effect of disconnewy and connecting it Will be constant even if s increased above 500 ohms.

capacitance, neutral resistance, and ground fault
resistance in the system. Figure shows the change in the
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Three-phase currents with phase A to ground fault
I T

———— Three-Phase Measurementsignal-1
———— Three-Phase Measuromentsignal-2
‘Throe-Phase Measurementisignal-3

Currents (Ampers)

0 005 01 015 02 025
Time

Figure 8. Three-phase current when a phase A-to-ground fault occurs without connecting C, Rn, and Rg.

Three-phase currents with phase A to ground fault
T T

——— Threo-Phase Measurementisignal: 1
———— Three-Phase Measurementisignal.2

o= Throo-Phase Measuromentisignat-3

Currents (Ampers)
3 3

°

Figure 9. Three-phase current when a phase A-to-ground fault occurs with connecting C but without connecting Rn and Rg.
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—— Threa-Phase Measuromentsignal 1
Three-Phase Measurementsignal.2 |

Three-phase currents with phase A to ground faul
I
Three-Phase Measurementisignal3

Currents (Ampers)

Figure 10. Three-phase current when a phase A-to-ground fault occurs with connecting C and Rn but without connecting Rg

Three-phase currents with phase A o ground fault
T I
——— Thee Phase Measurementsigal 1
— Throe Phase Measusomentsignat-2
Three-Phase Measurementisignal 3

Currents (Ampers)

Figure 11. Three-phase current when a phase A-to-ground fault occurs with connecting C, Rn, and Rg.

The asymmetric fault currents obtained from theUSing fast Fourier transform analysissagwn in Fig. 12.
simulation were compared for each case of disconnectidgcan be seen that when connecting G, @d R, the
total harmonic distortion (THD) became very allowable

C, R,, and R and connecting C, fRand R. It simulated _ ¢
and analyzed the harmonic of the current in phase A ccording to all THD power system standards, and it was
reduced from 20.47% to 0.04%.
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Figure 12. Harmonic analysis of phase current A when a phase A-to-ground fault occur (a) without connecting C, Ry, and Ry, (b) when connecting
C, but R, and Ry are not connected, (c) when connecting C and R, but Ry is not connected, and (d) when connecting C, R, and Rq

4. CONCLUSIONS resistance, the time constant to its maximum value is
increased and, accordingly, the condition of the
Transmission lines are used to transmit a huge amount @tinguishing the arc is aggravated. Aetsame time,
power over a long distance. However, because these lindgre is a requirement that such an extinguishing should
are located in the opeatmosphere, they are highly occur during the first half period of the main frequency;
affected by different types of abnormal conditions oithis means during the first current transition through zero.
faults. This study starts with a thorough analysis of a higfihis study presents the desired capacitance of the phase
resistance ground fault condition. From a detailed faugonductos in relation to the ground for both cables and
analysis, it has been concluded that the lower the tineverhead transmission lines. It has been proven from the
constant, the lower the resistance of the ground arc fauimulation results that the proposed methodology is not
and, therefore, by increasing the ground arc faukffected by the presence of high resistance in the faulted
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