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It is necessary to know the short circuit current values of transmission and distribution lines, network
equipment, transformers, breakers, fuses etc. to select and install protection systems in an electrical
network. It is vital to make this selection correctly for safety, continuous operation, keep supplied power
quality in an appropriate level and protect customers from adverse effects of both short circuit currents
and outbreaks. In this paper, single phase-to-ground fault short circuit currents which are possible to occur
in Van 154 kV substation are modelled under MATLAB / Simulink platform. Simulation results are
compared with actual data which is taken from digital relays of substation. Comparison results prove the
validation of simulation system.
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1. Introduction

Consumers are more likely to be affected by faults in energy
distribution systems than faults in production and
transmission systems. Since the production and transmission
systems are installed in a much disorganized manner, all of
them or a significant portion of them are not disabled at the
same time. There is always an alternative supply to the
consumption zones. Short-circuit is insulation breakdown
between phase conductors or in star point grounded networks
insulation breakdown between phase conductors and ground
in any way, or it is a fault reached a very large current value
due to wrong operations in electrical installations. In short-
circuit large short-circuit currents passing through circuit
cause dynamic forces form on equipment and force them
mechanically. Long-term, continuous short-circuit currents
cause equipment heat up. If equipment is selected and
installed to withstand the effects of the short-circuit in the time
determined by the relays, there is no problem. However, if this
equipment does not have a sufficient capacity, they will destroy
and damage the environment. Also, they will endanger the
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safety of life and property. As a result of faults caused by short-
circuit event, the operation stops partially or completely and
gradually the power generation, transmission, distribution and
consumption can no longer continue normally. For this reason,
defective parts of the plant should be separated from the solid
parts by means of various protection elements (fuse,
disconnector, breaker, etc.) as soon as possible (Kii¢iik, 2005).

Short-circuit currents are the important parameters for the
design and installation of electrical equipment, the operation
of power systems and the analysis of faults. The calculation of
short-circuit currents provides information about the design of
power systems. Electrical power systems should be planned,
projected, constructed and operated in a way to ensure safe,
reliable and economic supply of electric load. Short-circuit
failures in power systems are inevitable, even if careful
planning and design are carried out, even if the system is well
maintained and functioning perfectly. A short-circuit can cause
active and reactive power oscillations by stimulating the
mechanical oscillations of the generator units. This may cause
problems in the stability of power transfer (Schlabbach, 2005).
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Simple and precise simulation of system components can be
performed using digital computers. By this way, short circuit IaOT
currents can be calculated accurately (Parise et al. 1995).
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circuit and overload conditions. (Miitzel et al. 2007). c
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short-circuit current and the lowest short-circuit current, are Vi
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In this paper, single phase-to-ground fault short-circuit
currents which are possible to occur in Van (Turkey) 154 kV Vaz
substation are modelled under MATLAB / Simulink platform. -

2. Mathematical calculation of single phase-to-
ground fault short circuit current

Figure 2. Positive, negative and zero components
Among the fault types, single phase-to ground short circuit & & P

fault occurs most often then three phase short circuit fault As seen in figure 2, positive, negative and zero component
(Hung et.al. 2010). The single phase-to-ground fault is usually currents are equal to each other. Therefore;
referred as “short circuit” fault and occurs when one conductor

0
falls to ground. When a fault occurs on a distribution line, it is | =1 =1.= v, £0 (€8]
very important to identify the fault location as quickly as WM 7 472,+2,+32,
possible so as to restore power as soon as possible.
Since;
Also when a single phase-to-ground short circuit fault occurs
on an overhead equilateral triangular designed radial l, 11 1141,
distribution line, the power supply has to be switched off (Han ) 5
etal. 2007). I, [=(1 a~ a|l, @
2
As this paper focused on it, the general representation of a Ic 1 a a Ia2
single phase-to-ground fault is shown in figure 1. Zf is the o
ground fault point impedance. Figure 2 shows the sequences If the equation is solved for the fault current of phase A;
diagram of network.
& Ia:|a0+|al+|a2 (3)
A > _ — —
I,=3l,=3l_,=3l_, 4)
B
c ) From figure 1, it can be obtained;
Vi =21, ()
Ia Ib Ic
So;
zf Va =243y (6)
Also;
- Vaf =Va0 +Va1 +Va2 (7
Figure 1. Single phase-to-ground fault (Huang et.al. 2010)
Therefore;
32,1, =V, +V, +V,, (8)
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By using these equations, the following matrix is formed;
Voo 0 Z, 0 0|1,
V=V |-|0 z, 01, ©)
V., 0 0 0 Z |l
Then;
Vao ==Zola (10)
Va=Vi -2y
Ve ==2,l,

1

Vaf 1 1 a0
V, [=]1 @ al||V, (12)
Vol |1 a a*||V,

So it can be obtained;

V, =V, +a’V, +av,, )

V, =V, +av, +a’Vv,,

So, phase A voltage with reference to ground at the fault point
can be found by the equation that given in (11);

V, =V, —[ZO+Zl+ZZ]Ia:l (11)
If the single phase-to-ground fault occurs on other phases, the
voltages can be found by using symmetrical components
relation as follows;

3. Simulation and fault analysis

Single line diagram of Van 154 kV Substation is given in figure
3. This diagram is taken as base for modelling the system under
MATLAB / Simulink platform. Also the simulation model is
given in figure 4.
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Figure 3. Single line diagram of Van 154 kV Substation
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Figure 4. MATLAB Simulink model of the system
Table 1 describes the loading values of distribution lines. These i
are actual values and taken directly from 154 kV Van lﬁ
Substation feeders. Also feeders are described by their actual &
names in system. When the single phase-to-ground short “
circuit occurs on a feeder at the 33.6 kV medium voltage side o
of the system, short circuit relays record the current values. :2
Single phase-to-ground fault occurs at C-Phase. Actual graph "
that taken from relay is shown in figure 5. This graph L
represents the short circuit currents of all phases and also the z
neutral current of system during single phase-to-ground short 0
circuit fault which occurs at C-Phase. "
Table 1. Van 154 kV Substation loading values s:
FEEDER P (MW) Q(MVAR) 5
H-2F-2 CITY M3 17 1.7 o
H-3 F-2 CITY M4 25 25 2
H-4 F-3 CITY M1 20 2 »
H-8 CAPACITOR 1 0 10 o
H-9 F-4 UNIVERSITY 2.2 0.22 ::
H-10 SERVICE TR 0.1 0.04 )
H-11 F-5 CITY M2 29 29 b
H-12 F-6 CITY M2 15 1.5 i:
H-13 CAPACITOR 2 0 10 £
H-15 F-9 ERCEK 12 1.2
H-16 F-7 IND. AREA 0.3 0.03
H-17 F-8 VILLAGES 6 0.6
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Figure 5. Relay current graph while C-Phase-to-ground fault occurs
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Figure 6. Neutral current graph of simulation system while C-Phase-
to-ground fault occurs

4, Results

As it is seen from figure 5, 10 neutral current that represented
by green line has a peak value of approximately 340 Amperes.
Figure 6 shows the neutral current that taken from designed
simulation system. Value of the neutral current while fault
occurs is 341 Amperes. As the neutral currents that given in
figure 5 and figure 6 are compared, it can be seen that actual
system data is appropriate with simulation. So, designed
simulation system represents the actual system and can be
used for analysis.

Effects of single phase-to-ground short circuit fault at various
points of the system are given comparative by normal
operation conditions graphs as follows. Fault started at 5.1th
second of simulation.
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Figure 7-a. Primer side current graph of transformer at normal
operation

80

TR Primer Side Current (Scope 7)

av

A
v

V] N
M

)

Current [I]
o

e

v,

-400

5.16 5.17 5.18

Time [s]

5.19 5.2 5.21 5.22
Figure 7-b. Primer side current graph of transformer during fault

conditions

Figures 7-a and 7-b show the transformer current graphs of
154 kV side at normal operation and during single phase-to-
ground fault respectively. As it is seen from graphs, single
phase-to-ground fault at secondary side of transformer has
tolerable effect on primary side currents of transformer.
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Figure 8-a. Seconder side current graph of transformer at normal
operation

TR Seconder Side Current (Scope 8)
5000

4000

B
I
[

-1000

A
L]
\ /
\/
b AT
AVAVANAVAVAN AV

-4000

YAVAYAVAYA
A

[\

[

Current [I]

-5000

5.11 5.12 5.13 5.14 5.15 5.16

.. 5.17
Time [s]

5.18 5.19 5.2

Figure 8-b. Seconder side current graph of transformer during fault
conditions

Figures 8-a and 8-b show the transformer current graphs of
33.6 kV side (secondary side) at normal operation and during
single phase-to-ground fault respectively. Also single phase-to-
ground fault at secondary side of transformer has tolerable
effect on secondary side currents of transformer same as
primary side.
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Figure 9-a. Current graph of faulty feeder at normal operation

Faulty Feeder Current (Scope 20)

AL
el nl Ll

LA LA
LYY
LM MY
IRRTARVER

VIVIVIVIVIVTIVT

5.1 5.12 5.14 5.16 5.18 5.2 5.22 5.24 5.26
Time [s]

= |

VWM W

Current [1]
N
Q
=] o
]
]
T
—— |
—
L e

Figure 9-b. Current graph of faulty feeder during fault conditions

Figures 9-a and 9-b show the current graphs of the feeder that
single phase-to-ground fault occurs at normal operation and
during single phase-to-ground fault respectively. Main effect of
single phase-to-ground fault can be observed at figure 9-b.
Especially current of C-phase has a peak value of
approximately 700 Amperes during fault occurs on it. Also this
level is appropriate by actual value that is given in figure 5.
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Figure 10-a. Neutral current graph of faulty feeder at normal
operation
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Figure 10-b. Neutral current graph of faulty feeder during fault
conditions

Figures 10-a and 10-b show the neutral current of faulty feeder
at normal operation and when the fault occurs respectively. As
it is used for the validation of the simulation design, normal
operation current is zero where the fault time neutral current
is 341 Amperes.
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Figure 11-a. Voltage graph 33.6 kV side of transformer at normal
operation

x 10" TR Seconder Side Voltage (Scope 4)

3

AEEEN

Voltage [V]

o
f\h—\
p—

T
I

-3

-4

5.13 5.14 5.15 5.16 5.17 5.18 5.19 5.2 5.21
Time [s]

Figure 11-b. Voltage graph 33.6 kV side of transformer in faulty
conditions

For determining effects on voltage levels of system, figures 11-
a and 11-b are obtained from secondary side (33.6 kV side) of
transformer. As the C-phase is represented by red line, it can
be seen from waveforms that single phase-to-ground fault
affect secondary side voltage at tolerable levels.
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5. Conclusion

Fault analysis is one of the vital study in power systems
because of its ability to supply system data for power engineers
under abnormal conditions. But it is not always possible to
determine the effects of faults at every point of power system.
Developments in computer systems and also simulation
software, allow the engineers to design and simulate a power
system under a simulation platform to analyze it both for
normal operation and fault conditions.

In this paper, single phase-to-ground fault condition of an
actual power system (154 kV Van Substation) is modelled by
MATLAB / Simulink to determine effects of fault currents at
various points and also the behavior of the system under faulty
conditions. First, actual graphs of the system which are taken
from relays and the graphs of designed Simulink model are
compared. Comparison results prove the designed Simulink
model is appropriate and can represent the actual system.
Once the simulation system is accepted as it gives true results,
graphs that are taken from various points of system and how
the single phase-to-ground fault which occurs at C-phase affect
the system are investigated.

Results of this study can guide engineers and power system
designers for important points which have to pay attention on,
especially during design stage of power systems.
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