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Abstract
One fault classification is an asymmetric fault, which causes a voltage and current on each phase to be unbalanced.
This study analysed the voltage variations, including overvoltages, due to single-phase-to-ground and double-phase
faults on a 20 kV three-phase distribution feeder. Both computations and simulations were carried out at 25%, 50%,
75%, and 100% of the feeder length, and further compared for analysis. From the comparison results, it was obtained
that, as the point of fault far away, the source on the feeder, the fault currents would reduce, both for singlephase-to-ground and double-phase faults, both for simulation and computation. While, the healthy phase voltage,
on the single-phase-to-ground fault, rose 1.61 up to 1.74 for the simulations and 3.46 up to 5.28 for the
computations compared to the normal voltage. Finally, the faulty phase voltages, on the double phase-fault,
reduced to 0.5 for the simulation and 0.45 up to 0.81 for the computation to the normal voltage.
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1. Introduction
Overvoltages take place both on power lines,
including distribution feeders, and in transformers,
including shunt reactors. The significant overvoltages
are usually caused by lightning impulses and switchings
[1-3]. Temporary overvoltages are also well known
caused by phase-to-ground faults and neutral point
shiftings [4-12]. Moreover, they are also caused by backfeeding on networks [13].
Some faults cause overvoltages and, concerning
ground faults, arcing faults [14-15]. The probability of
0.05 is he phase-to-ground overvoltages that more than
2.3 times [16], and ground faults can be detected by
zero-sequence voltage magnitude [17].
Transient overvoltages are also caused by singlephase-to-ground faults and substation breaker openings
[18]. Distorted wave shape overvoltages are mainly
caused by characteristics of transformer saturation [19],
and the overvoltages are due to islanding and
coordination with reclosing [20]. Resistive grounding
applications of neutrals reduce overvoltages [21], and
incipient faults also create considerable overvoltages
[22].
Overvoltages are also caused by transformer back
feed with a single-phase opening [23]. Asymmetrical
lines are a destructive influence on phase angles [24]. A
single phase-line-to ground fault condition is critical for
some arc suppression method [25]. It is the most
frequent fault in power distribution networks [26].

Arcing faults in an unearthed network can lead to
overvoltages, more than double a phase-to-ground
normal voltage [14].
Figure 1 shows a three-phase generator with Zf
grounded Impedance.
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Figure 1. Generation phase to ground fault

where:
Ea, Eb, Ec are the three-phase generated voltages,
Va, Vb, Vc are the voltages at the generator
terminal,
Ia, Ib, Ic are the phase currents,
Zs is the generator impedance,
Zf is the fault impedance to the ground.
The generator supplies a three-phase balanced load.
Using Kirchhoff's law on each phase, it can be
obtained the following equation [27]:
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Vag = Z f I a

(1)

Ib = Ic =0

(2)

A substitution is made in the equation Ib = Ic = 0 to
the symmetrical component of current equations [27].
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Figure 2 shows a double-phase fault on b and c
phases through an impedance.
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line-to-line fault conditions in sequence domain:

I0 = 0
I 2 = − I1

(11)

V1 −V2 = Z f I1
Vb =Vc = Z f (I b + I c )

(12)

I a = I a0 = I a1 = I a2 = 0

(13)

Based on this introduction and theory, it is necessary
to investigate current and voltage variations due to
single-phase-to-ground and double-phase (phase-tophase) faults. Both parameters were carried out
computations and simulations using software, 25%, 50%,
75%, and 100% feeder.
2. Materials and Methods
This research consisted of some stages, such as
collecting required data of 20 kV distribution network.
The required data in this research were: single line
diagram, cable type, the distance between line, line
length, cable impedance, transformer nameplate,
transformer capacity, and short circuit current. The
data analysis also referred to the computational results
with the simulation.
The impedances are three kinds of sequence
impedances: positive, negative, and zero sequence
impedances.
The source positive and negative sequence
impedance is [27]:

Z S1 = Z S 2 =

(kV )2

(14)

MVAsc3

The source zero sequence impedance:

ZS 0 =

(kV )2

Transformer
impedances:

Figure 2. Double-phase fault
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It is assumed that the generator is in a no-load
condition, so that we can get the equations as below
[27].

X t1 = X t 2

Ia = 0

(8)

The power transformer that supplied CDM feeder
had the connection of Ynyn0, which had the star windings.
So, that reactance as [27]:

Ic = − Ib

(9)

MVA

X t = RN x X t

s

(16)

(17)

To find out the line positive and negative sequence
impedances, it used the equations as:
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(RL1 + j X L1 ) x l (km)
( / km)

Z L1 = Z L 2 = n% x

(18)

To find out the line zero sequence impedance, it
used the equations as:

(R + jX L0 ) x l (km)
Z L 0 = n% x L 0
( / km)

(19)

The equivalent impedance was the summation of the
transformer impedance (Zt), system impedance (Zs), and
line impedance (ZL). The positive and negative sequence
impedance is:

Z1equiv = Z 2equiv = Z = Zt + Z s + Z L

(20)

Z0equiv = Z = Zt + Z s + Z L

(21)

In this study, it is revealed two fault conditions,
single-phase to ground and double phase faults. The
two-phase short circuit current of fault is [27]:

I sc =

Vf

(22)

z1 + z 2

where Vf, Z1, and Z2 are the voltage at the fault point
just before the fault, positive sequence impedance, and
negative sequence impedance.
The single-phase to ground short-circuit fault
current is [27:

I sc1 =

3V f

(z0 + z1 + z 2 ) + 3 Z f

(23)

where Z0 and Zf are zero sequence and fault
impedances, respectively.
The voltage variations in the event of single-phase
to ground fault can be obtained by finding the zero,
positive, and negative sequence voltages as [27]:
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(24)

where:

V f =3 xVph− n

(25)

The computation of phase voltages is as follows:
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(26)

The voltage variation in the event of double-phase
fault can be obtained by finding the zero, positive, and
negative sequence voltages as the following
computations [27]:
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1
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7
(27)

where:

V f =3 xVph− n

(28)

The computation of the phase voltages at the time
of the fault is as equation [26]. The notation of “a” in
equations (26) and (28) is operator 1120o.
Figure 3 shows the single line diagram that made
simulation using the software.
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0.15837.81o, and 0.15837.81o, respectively while
the impedance of low voltage side of the power
transformer is Xs=j0.096.
Table 2 lists the transformer data to support the
computations and simulations.
Table 2. Transformer data
Parameter
Capacity
Frequency
Vector group
Impedance (Xt)
High voltage
Low voltage
Inominal at 20kV
Ground Resistance

Quantity
60
50
Yy
14.13
150
20
1732
12

Unit
MVA
Hz
%
kV
kV
A
Ω

Table 3 lists the positive, negative, and zero
sequence impedances at 25%, 50%, 75%, and 100% of the
feeder length.
Table 3. Positive, negative and zero sequence
impedances
Figure 3. The simulated single line diagram

It represents a 20 kV feeder that supplies
18 distribution transformers to convert the secondary
voltage of 400 V. It also uses power cables. The results
of the simulation results would be compared to the
computational ones.
3. Results and Discussion
The used sample network in the computations and
the simulations, which caused voltage variations due to
single-phase-to-ground and double-phase was CDM
feeder of medium voltage 20 kV distribution network,
using line cable.
Table 1 lists the cable data of CDM feeder, where
the cable type was NA2XSEBY 3 x 240 and the resistance
of 0.162 (/km).
Table 1. Cable data of CDM feeder
Cable
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Initial
E
PMWF
SBT01
SBT
WO
PWM
RMT
DS.PDT
TEL
UNX
MSD
PAS
KMT
PSX
PPR
BSH
ADKB
DK

End
PMWC
SBT01
SBT
WO
PWM
RMT
DS.PDT
TEL
UNX
MSD
PAS
KMT
PSX
PPR
BSH
ADKB
DK
BMDK

Length
(km)
0.3120
0.4870
0.6710
0.4430
0.2290
0.1580
1.1230
0.0780
0.0320
0.0320
0.0430
0.0820
0.1290
0.3860
0.4370
1.1830
0.7620
0.2400

Transformers
Capacity
Name
(kVA)
PMWC
400
PMWF
400
SBT01
630
SBT
630
WO
630
RMT
400
PWN
100
DS.PDT
250
TEL
1000
UNX
1000
MSD
1000
PAS
1000
KMT
1250
PSX
200
PPR
1000
ADKB
630
DK
630
BMDK
630

On the 20 kV conductor, the zero, positive, and
negative sequence impedances were 0.2776.02o,

Distance (%)
25
50
75
100

Z1 and Z2 (Ω)
0.213 + j0.166
0.427 + j0.331
0.640 + j0.497
0.853 + j0.663

Z0 (Ω)
0.47 + j0.05
0.94 + j0.1
1.41 + j0.15
1.88 + j0.2

The positive and negative sequence equivalent
impedances are obtained from the sum of positive and
negative source impedances, positive and negative
sequence transformer impedances, and positive and
negative feeder impedances.
Furthermore, to obtain the equivalence impedance
of positive or negative sequence, it was used the
formula as:

Z 1quiv = Z s1 + Z T 1 + Z 1 feeder

(29)

The equivalent impedances in the locations of the
fault points were 25%, 50%, 75%, and 100%, as listed in
Table 4.
Table 4. Equivalent impedances for Z1eq and Z2eq
Distance (%)
25
50
75
100

R
0.213
0.427
0.64
0.853

Z1eq & Z2eq (Ω)
X
j1.421
j1.586
1.752
j1.918

The zero sequence equivalent impedances were
obtained from the sum of the zero-sequence
transformer impedance, the source impedance, and the
zero-sequence feeder impedance.
Based on the neutral grounding system, the zero
sequence impedances of CDM feeder could be computed
on the location fault points were 25%, 50%, 75%, and
100%, as listed in Table 5.
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Table 5. Zero sequence equivalent impedances

9,000

X
j0.99
j1.04
j1.09
j1.14

Fault current (A)

25
50
75
100

Z0equiv (Ω)
R
36.47
36.94
37.41
37.88

A possibility of single-phase to ground fault is caused
by inter-pole interruption of one distribution wire,
touched by a high enough tree. The computation of this
fault can be based on the length of the feeder. The
points of faulted computation were 25%, 50%, 75%, and
100% feeder length.
Figure 4 shows the computation and simulation
results on the single phase-to-ground fault currents.

Fault current (A)

960

920

880
Simulation
Computation
840

800
20

40

60

80

100

Fault position (%)

Figure 4. Comparative simulation and computation on
the single-phase-to-ground fault currents

Based on the single-phase-to-ground computation,
the fault current magnitudes are influenced by the
distance of the fault points. The farther the distance of
the fault point, the smaller the fault current, and vice
versa, the closer the fault point, the higher the fault
current. It tends to be hyperbolic chart forms.
This case is caused by the greater on the equivalent
impedance. The fault current value would be smaller,
and the closer the point of the location of the fault, the
higher the fault current, due to the winding
configuration of the power transformer affecting the
fault resistance value.
The ratios of the fault currents between that at 100%
and 25% feeder length are 0.930 and 0.939 for the
computations, and the simulations respectively, or on
average, the ratio is 0.934. While, the fault current
ratios of the simulation and computational results are in
the range 0.975 and 0.986, or the average is 0.980.
Therefore, the error for the comparison is 2.03%. It
is relatively acceptable.
The computations of double-phase faults in this
study were modelled the fault location point on 25%,
50%, 75%, and 100% distances.
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Figure 5. Simulation and computational double-phase
fault current comparison

Based on Figure 5, the simulation double-phase fault
currents were more significant than the computations.
This case was probably caused by the cable impedance
on the simulation had ideal value rather than on the
computation where it used the cable impedance data
from the site sample.
The ratios of the fault currents between that, at
100% and 25% feeder length, are 0.642 and 0.604 for the
computations, and for the simulations respectively, or
on average, the ratio is 0.623. While, the fault current
ratios of the simulation and computational results are in
the range 1.036 and 1.155, or the average is 1.103.
Therefore, the error for the comparison is -10.3%. It
is relatively reasonable, although it is higher than that
of the phase-to-ground fault.
Figure 6 shows the voltages in phase b, and c in the
comparative simulation and computational results,
about 60%, due to the value of the cable impedance in
the computation followed the obtained data from the
site, while the simulation using the software had the
cable impedance based on the type of cable library.
70
60
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Voltage (kV)
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10,000

40
30

Vagc

Vbgc

Vcgc

Vags

Vbgs

Vcgs

20
10
0
20

40

60
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100

Distance (%)

Figure 6. Comparative voltages due to single-phase-toground fault

Based on the figure, the voltage ratios in the a and
b phases that did not experience any fault would
increase.
This occurred was caused by the phase that has the
fault (phase a) in the conductor to the ground where the
voltage was very close to zero or become so low, so that
there was an increase in voltage on the phase that was
not disturbed (phase b and c).
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The voltage variations in the event of a double-phase
fault could be obtained by finding the zero, positive,
and negative sequence voltages first. For the doublephase fault computation, it was modelled the location
points of the fault at 25%, 50%, 75%, and 100% distances.
Figure 6 shows the voltages on phases b and c in the
comparative simulation, and computational results
increase at the point of review 25%-100% of the length
of the feeder.

on the computational results, and 1.634 and 1.724 based
on the simulation results, on average, times to the
normal voltage, on phase b and c respectively.
Nevertheless, on the double-phase faults, the faulty
phase voltages reduce to 0.718 and 0.500, on average,
to the normal voltage, based on the computational and
simulation results, respectively.
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