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Abstract

In this study, the common symmetrical and unsymmetrical short circuit faults in power systems
are analyzed detailed. Unlike the similar studies in the literature, metallic fault conditions for
unsymmetrical faults are also given in the paper additionally. For this aim, a short circuit
analysis algorithm is created for the analysis of both three phase short circuit, line-to-line short
circuit with fault impedance, metallic line-to-line short circuit, double line-to-ground short
circuit with fault impedance, metallic double line-to-ground short circuit, line-to-ground short
circuit with fault impedance and metallic line-to-ground short circuit. The obtained algorithm
is established as software in MATLAB. The algorithm is applied on a sample power test system

and the results are given.

Keywords: electric power system, short circuit analysis, symmetrical components,

symmetrical faults, unsymmetrical faults

1. INTRODUCTION

The providing of the electrical energy
continuously and healthy is very important for
both the consumers and the power system. This
situation depends on the continuity of the system
operation in normal operation conditions [1]. The
removing of all of the effects that force the system
operate in abnormal operation conditions from the
system as soon as possible is very important [2].
There are many situations that force a power
system operate in abnormal operation conditions.
The significant ones of these are the short circuit

faults [3]. Any short circuit fault causes many
undesirable situations in power systems such as
thermal-mechanic forces and power system
instability [4]. Thus, it is required to remove the
short circuit fault from the system as soon as
possible. Removing of the short circuit faults from
the systems is provided by the circuit breakers in
power systems. The circuit breakers remove the
short circuit currents caused by the short circuit
faults from the system by opening via the relays
[5]. The amplitude of the short circuit current
occurred by a fault in any point of the system
depends on the system parameters, the fault point
and the fault type [6]. So, the short circuit
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analyses in power systems are too important to
determine the short circuit powers of the circuit
breakers that are located in power systems [7]. On
the other hand, it is required to know the voltage
values in the buses where there is no fault during
the short circuit fault. Because of these reasons,
short circuit analyses in power systems are
essential in terms of system security and control
[8-10].

Different type short circuit faults occur in three
phase power systems. These faults are generally
divided into two types as symmetrical faults and
unsymmetrical faults. [11,12]. Three phase short
circuit is a symmetrical fault [13]. The faults
through metallic or a fault impedance, line-to-line
short circuit, double line-to-ground short circuit
and  line-to-ground  short  circuit  are
unsymmetrical faults [14-16]. In the literature, the
short circuit calculations are generally done
considering the power systems operate in
balanced operation conditions before a fault
occurs. Although the positive, negative and zero
sequence circuits are independent in balanced
normal operation conditions, during a short circuit
fault, more precisely during unsymmetrical faults,
the sequence circuits connect to each other in the
fault point and they cannot be independent. [17].
So, symmetrical components method is useful and
essential in short circuit analyses [18].

In this study, the analysis of the short circuit faults
in electric power systems is aimed considering the
general assumptions used in the literature [19].
For this aim, an algorithm that can calculate the
short circuit currents in the fault point and the
voltage values in the buses where there is no fault
during fault condition by analyzing all of the
symmetrical and unsymmetrical faults in power
systems mentioned above is built. A software is
done in MATLAB for the algorithm. The
algorithm is applied on a sample test power
system and all of the short circuit faults mentioned
above are analyzed.

Sakarya University Journal of Science 23(5), 879-895, 2019

2. THE SHORT CIRCUIT FAULTS
2.1. General Short Circuit Model

All kind of short circuit faults can be analyzed
through the Thevenin equivalent sequence
circuits seen from the fault point in power
systems. These Thevenin equivalent sequence
circuits in a balanced three phase power system
can be given in Fig. 1 [19].

—— _——

Zero —F— +

sequence Vo v,
circuit [—>

I
I Z
Positive —bl—i + +
sequence A\ WVu Vi
circuit [— - _
2 1
—— -
nd

Negative —»—
sequence V; V,
circuit [———

Figure 1. Thevenin equivalent sequence circuits in
balanced three phase power system

In Fig. 1, V,

", ¥, and V, define the sequence
voltages  (zero, positive and negative,

respectively). I, I, and I, define the sequence

currents  (zero, positive and  negative,
respectively). V), defines the Thevenin voltage

seen from the fault point. In this study, as the short
circuit analyses are considered in balanced power
systems, only the positive sequence circuit
includes a voltage source. On the other hand, the
load currents prior to short circuit faults are
ignored in fault analysis. And, as the synchronous

generators generate balanced EMFs, V,, equals to

EMF value of the synchronous generators. As “n”
represents the bus number of the fault point in the
system, z,, z, and z, define the (n,n) components
of the sequence bus impedance matrices (zero,
positive and negative bus impedance matrices,
respectively).

The sequence voltages at the fault point can be
generalized from Fig. 1 as;
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0
v |=|v, -0 z o1 (1)

In symmetrical short circuit faults, the sequence
circuits given in Fig.1 keep independent. But in
unsymmetrical short circuit faults, the sequence
circuits connect to each other at the fault point.

2.2. Symmetrical Faults

The metallic three phase short circuit fault in a
power system is a symmetrical fault. Although
three phase short circuit is balanced, symmetrical
components method is useful to analyze this short
circuit.

2.2.1. Three Phase Short Circuit

The metallic three phase short circuit in a power
system is given as schematic in Fig. 2 [20].

Energy
Transmission
System c

1

Figure 2. Schematic representation of three phase
short circuit fault in power system

In Fig. 2, a, b and c represent the three phases. As
seen in Fig. 2, the fault is symmetrical when a
direct metallic short circuit occurs between the
three phases (a, b, ¢) in any point of the power
system. Thus, the phase voltages at the fault point
are equal and zero.

V.=V,=V.=0 (2)

[P 4

Considering the phase “a” as reference, the
sequence voltages of this phase can be given as;

4 11 1 1[v,] [o
Vl=§1 a a ||V, |=]0 (3)
v, 1 a&* a V. 0
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By using the results of Eq. (3) in Eq. (1), the
sequence currents are derived as;

I 0

”
I |= Z—H (4)
I, ol

By using the results of Eq. (4) in Fig. 1, the
sequence circuits connections for three phase
short circuit fault can be given in Fig. 3 [21].

Zo 1~0 ZL 1 72 1,=0
— —-—— s

V=0 n V=0 V=0

Figure 3. Sequence circuits connections for three
phase short circuit fault in power system

(I

The phase currents flowing through phase “a”,
“b” and “c” at the fault point can be derived using
Eq. (4) as;

_V_H_
LT 1 1] “
2 2V

I, |=|1 a al||l |=|a— (5)
2 Z

I, 0 a a ||l

oV
L 41

The sequence voltage values of the buses where
there is no fault can be derived as [21];

V(J—k 0 Zo—kn O O o—n
Vi 1=V |—| O Zi_tn 0 1-n (6)
Vo 0 0 0z 41,

In Eq. (6), “k” represents the bus number where
there is no fault. z _, , z_, and z, ,, define the

(k,n) components of the sequence bus impedance
matrices (zero, positive and negative bus
impedance matrices, respectively). The phase
voltage values of the buses where there is no fault
can be derived from Eq. (6) as;
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v 1
Voi | =1 a a Vi (7)
Vool 11 a &V,

2.3. Unsymmetrical Faults

The faults in three phase power systems through
metallic or a fault impedance, line-to-line short
circuit, double line-to-ground short circuit and
line-to-ground short circuit are unsymmetrical
faults. The sequence circuits cannot be
independent and connect to each other according
to the fault type when a short circuit fault occurs
in a balanced three phase power system.

2.3.1. Line-to-Line Short Circuit with Fault
Impedance

The line-to-line short circuit with a fault
impedance in a power system is given as
schematic in Fig. 4 [22].

a

Energy b
Transmission
System Z¢
c

Figure 4. Schematic representation of line-to-line
short circuit with a fault impedance in power system

In Fig. 4, z, defines the fault impedance. From

Fig. 4, the phase voltages and currents equations
at the fault point can be derived as below:

V,=V.=z1, (8)
Ic :_Ib (9)
I,=0 (10)

Considering the phase “a” as reference, sequence
currents can be defined from Eq. (9) and (10) as;

Sakarya University Journal of Science 23(5), 879-895, 2019

I, 1 11 170 | 0
I =31 “ a1, |= g(a—az)lb (11)
1, 1 a all-1, 1

—(a*—a)l

_3( )b_

From Eq. (11), the sequence currents can be
written as;

1,=0, I,=-I (12)

Considering the phase “a” as reference, sequence
voltages can be defined from Eq. (8) as;

(v, +a’Vy+aV,)—(V, +aVy +a’V,)

13
:Zt(10+a211+a12) (%

From Eq. (12) and (13), the equation below is
derived:

Vi-Vy=z1, (14)
By using the results of Eq. (12) and (14), the
sequence circuits connections for the line-to-line

short circuit with a fault impedance can be given
in Fig. 5 [23].

Zo I'J=0 71 I Z¢ I, 72
— >
¥ " ¥ ¥
Vo H Vi v,

Figure 5. Sequence circuits connections for line-to-
line short circuit with a fault impedance in power
system

From Fig. 5, the sequence currents can be
calculated as below;

I =0 (15)

A — 16
: " (z+z,+z,) (16)

By using Eq. (15) and (16), the short circuit phase

currents flowing through phase “b” and “c” at the
fault point can be derived as;
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I,=1,+a'l,+al,=(d’ -a)l,
3, (17)

(z,+z,+2,)

I, =1,+al,+a’l,=(a—a’ )1, =-I,

N3, (18)
(z+2z,+2)

The sequence and phase voltage values of the
buses where there is no fault can be derived from
Eq. (6) and (7) respectively given before.

2.3.2. Metallic Line-to-Line Short Circuit

The metallic line-to-line short circuit fault in a
power system is given as schematic in Fig. 6.

Energy a

Transmission b
System ¢ :I

1

Figure 6. Schematic representation of metallic line-
to-line short circuit fault in power system

From Fig. 6, the phase voltages and currents
equations at the fault point can be derived as
below:

V,=V. (19)
I =1, (20)
1.=0 1)

Considering the phase “a” as reference, sequence
currents can be defined from Eq. (20) and (21) as;

I, l1 1 170 1 0
I|=31 “ a1, |= g(a—az)lb (22)
I, I a all-l )

—(a*—a)l

_3( )”_
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From Eq. (22), the sequence currents can be
written as;

1,=0, I,=-1 (23)

Considering the phase “a” as reference, sequence
voltages can be defined from Eq. (19) as;

(v, +a’V, +aV,)=(V, +aV, +a’V,)

(24)
:::>(a2 —a)V1 = (a2 —a)V2
From Eq. (24), the equation below is derived:
V=¥, =0 (25)

By using the results of Eq. (23) and (25), the
sequence circuits connections for the metallic
line-to-line short circuit fault can be given in Fig.
7.

Zo 1,=0 Zi 1, L 7
—
+ + + +
o Vi i vz

Figure 7. Sequence circuits connections for metallic
line-to-line short circuit fault in power system

From Fig. 7, the sequence currents can be
calculated as below;

I =0 (26)

I =-1I,= (742 27)

By using Eq. (26) and (27), the short circuit phase
currents flowing through phase “b” and “c” at the
fault point can be derived as;

I,=1,+d’l,+al,=(da’ -a)l,
N, (28)

(z,+2,)

I=1,+al,+a'l,=(a—d’)1,=—I,

__, 29
(z+2)
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The sequence and phase voltage values of the
buses where there is no fault can be derived from
Eq. (6) and (7) respectively given before.

2.3.3. Double Line-to-Ground Short Circuit
with Fault Impedance

The double line-to-ground short circuit with fault
impedance in a power system is given as
schematic in Fig. 8 [24].

Energy b
Transmission
System ¢

T <

Figure 8. Schematic representation of double line-to-
ground short circuit with a fault impedance in power
system

From Fig. 8, the phase voltages and currents
equations at the fault point can be derived as
below:

V,=V.=z,(1,+1,) (30)

1=0 (31)

a

[P 4

Considering the phase “a” as reference, the
relation between the sequence currents can be
defined from Eq. (31) as;

1, =1 +1+1,=0==>-1-1,=1, (32)

Considering the phase “a” as reference, sequence
voltages can be defined from Eq. (30) as;

(V,+aVi+ary)=(V, +a¥, +a'h;) (33)
:::>(a2 —G)VI :(az _a)Vz :::>V1 :V2

By reorganizing Eq. (33), the equation below can
be written:

V-V, =0 (34)

Eq. (30) can also be rewritten as;

Sakarya University Journal of Science 23(5), 879-895, 2019

(v, +a’V, +aV,)
(35)
=z,(1,+a’l,+al,+1,+al, +a'l,)

By using Eq. (34) in Eq. (35), the equation below
can be derived;

(V;_K):Zz(zlo _11_]2) (36)

By using Eq. (32) in Eq. (36), the equation below
can be derived;

(I/o - I/l) = 3Zt](1 (37)
By using the results of Eq. (32), (34) and (37), the
sequence circuits connections for the double line-

to-ground short circuit with fault impedance can
be given in Fig. 9 [25].

Vi Vi Bz, V2 Yo Wz,

Figure 9. Sequence circuits connections for double
line-to-ground short circuit with a fault impedance in
power system

From Fig. 9, the positive sequence current can be
calculated as;

: z, +[z2 //(ZO +3Z,)]
v, (38)

) . {ZZ(ZU +3zf)}

z, +z,+3z,

By applying the current divider formula to the
circuit given in Fig. 9, the zero and negative
sequence currents can be derived as below;

z
[ =(-1)| —2—
’ ( 1){zz+zo+3z[j

_ Vu (39)

{Zl +[22 (ZU +3Z,)ﬂ(z2 +z, +3Z,j
z,+z,+3z, Z,
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z,+z,+3z,
Vi (40)

o z,(z, +3z,) | z,+z,+3z,
"z, 4z, 43z, z,+3z,

I :(_Il){ z,+3z,

By using Eq. (38)-(40), the short circuit phase
currents flowing through phase “b” and “c” at the
fault point can be derived as;

I, =— Vi —
{z +(22(zo+3zt)J £22+za+3z,j
1 z,+z,+3z, | Z,
2 V
e 22(2"'32:)_ 1)
ZIJ{22+ZO+32,_
a Vi
{z +[zz(zo+3zt)ﬂ(zz+zo+3ztj
: z,+z,+3z, z,+3z,
- V,
c l:z [22 z, +3Z ﬂ(zz+z +3Z]
! z,+z,+3z
e +3z (42)
o {224—2 +3z}

—a
{Zl +£22 (Zo +32t)ﬂ[z2 +2z, +3Z,j
z,+z, +3z, z, +3z,
The sequence and phase voltage values of the

buses where there is no fault can be derived from
Eq. (6) and (7) respectively given before.

2.3.4. Metallic Double Line-to-Ground Short
Circuit

The metallic double line-to-ground short circuit
fault in a power system is given as schematic in
Fig. 10.

Sakarya University Journal of Science 23(5), 879-895, 2019

Energy
Transmission
System

Figure 10. Schematic representation of metallic
double line-to-ground short circuit fault in power
system

From Fig. 10, the phase voltages and currents
equations at the fault point can be derived as
below:

V,=¥.=0 43)

1,=0 (44)

a

[P 4]

Considering the phase “a” as reference, the
relation between the sequence currents can be
defined from Eq. (44) as;

I =1 +1+1,=0 (45)

[P 4)

Considering the phase “a” as reference, sequence
voltages can be defined from Eq. (43) as;

(v, +a’Vy+aV,)=(V, +aV, +a’V,)

46
:::><a2—a)V1:(a2—a (40

)V, ==V, =V,

By reorganizing Eq. (46), the equation below can
be written:

n-r,=0 (47)

By considering the equations given by Eq. (47)
and (43) together, the equation below is derived;

(v, +a’V,+aV,) =V, +(a’V, +aV,)
=V,-V=0==V,=V

(48)

From Eq. (46) and (48), the relation between the
sequence voltages can be derived as;

V,=n=V, (49)

o

By using the results of Eq. (45) and (49), the
sequence circuits connections for the metallic
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double line-to-ground short circuit fault can be
given in Fig. 11.

Figure 11. Sequence circuits connections for metallic
double line-to-ground short circuit fault in power
system

From Fig. 11, the positive sequence current can be
calculated as;

f=—tu (50)

z,+(z,//z,) z+ 4%,

Z, +z o
By applying the current divider formula to the

circuit given in Fig. 11, the zero and negative
sequence currents can be derived as below;

L=

v, (51)

~ Va (52)
(zl+ 2,2, J[zﬁzal
ZZ + ZU Zu
By using Eq. (50)-(52), the short circuit phase

currents flowing through phase “b” and “c” at the
fault point can be derived as;

Sakarya University Journal of Science 23(5), 879-895, 2019

VH
I, =—
(Z+ ZZZo ](Zz‘i‘zoj
22+ZO ZZ
|4
+a’ i (53)
ZZZO
Zl+
ZZ+ZO
(Z-i— ZZZo ](224‘2()}
ZZ+Z¢7 Zo
|4
— H
[ =-
(Z—l— ZZZO j(ZZ'FZOj
ZZ+ZU 22
Vv
+a il (54)
ZZZ(I
Zl+
ZZ+Z(1
a2 VH

Z,Z zZ,tz
2 2
(Zl 0 j[ Oj
ZZ+ZU Z,

The sequence and phase voltage values of the
buses where there is no fault can be derived from
Eq. (6) and (7) respectively given before.

2.3.5. Line-to-Ground Short Circuit with Fault
Impedance

The line-to-ground short circuit with fault
impedance in a power system is given as
schematic in Fig. 12 [26].

Energy b
Transmission
System a

r ¢t

Figure 12. Schematic representation of line-to-ground
short circuit with a fault impedance in power system

From Fig. 12, the phase voltages and currents
equations at the fault point can be derived as
below:
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V; = ZtIa (55)
I,=1 =0 (56)

[P 4

Considering the phase “a” as reference, the
relation between the sequence currents can be
defined from Eq. (56) as;

I, 11 1], I,
1 1

I, =§1 a a |0 =3 I, (57)

I, 1 @ all0 1,

From Eq. (57), the sequence currents are derived
as below;

I =1I=1, (58)

o

[P 4

Considering the phase “a” as reference, the
relation between the sequence voltages can be
defined from Eq. (55) as;

(V,+V,+V,)=z,(1,+1,+1,) (59)

By using Eq. (58) in Eq. (59), the equation below
can be derived;

o

(V, +V,+V,) =321, (60)

By using the results of Eq. (58) and (60), the
sequence circuits connections for the line-to-
ground short circuit with fault impedance can be
given in Fig. 13 [27].

Zo I,
|
A\
71 I
+
Vi Vi I 3z
7 Iz
V2

Figure 13. Sequence circuits connections for line-to-
ground short circuit with a fault impedance in power
system

Sakarya University Journal of Science 23(5), 879-895, 2019

The sequence currents can be calculated from Fig.
13 as;

(61)

z,+z,+z,+3z

By using Eq. (61), the short circuit phase current
flowing through phase “a” at the fault point can
be derived as;

oW,

a (62)
z,+z,+z,+3z,

The sequence and phase voltage values of the
buses where there is no fault can be derived from
Eq. (6) and (7) respectively given before.

2.3.6. Metallic Line-to-Ground Short Circuit

The metallic line-to-ground short circuit fault in a
power system is given as schematic in Fig. 14.

Energy
Transmission
System

Figure 14. Schematic representation of metallic line-
to-ground short circuit fault in power system

From Fig. 14, the phase voltages and currents
equations at the fault point can be derived as
below:

V,=0 (63)

I,=1 =0 (64)

c

[P 4)

Considering the phase “a” as reference, the
relation between the sequence currents can be
defined from Eq. (64) as;

I, 11 171, I,
1 1

I, =§1 a a |0 =3 I, (65)

I, 1 &> all0 1,
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From Eq. (65), the sequence currents are derived
as below;

I =1I=1, (66)

o

[P 4

Considering the phase “a” as reference, the
relation between the sequence voltages can be
defined from Eq. (63) as;

(V,+V+V,)=0 (67)

By using the results of Eq. (66) and (67), the
sequence circuits connections for the metallic
line-to-ground short circuit fault can be given in
Fig. 15.

Figure 15. Sequence circuits connections for metallic
line-to-ground short circuit fault in power system

The sequence currents can be calculated from Fig.
15 as;

I =1 =[=— (68)
Z()‘I‘ZI‘I‘Z2

By using Eq. (68), the short circuit phase current
flowing through phase “a” at the fault point can
be derived as;

3,

Zo+Zl+Z2

I,= (69)

The sequence and phase voltage values of the
buses where there is no fault can be derived from
Eq. (6) and (7) respectively given before.

Sakarya University Journal of Science 23(5), 879-895, 2019

3. THE SHORT CIRCUIT ANALYSIS
ALGORITHM

In this section, a short circuit analysis algorithm
that can analyze all of the short circuit faults given
in section 2. The algorithm is written as software
in MATLAB. The algorithm can calculate the
short currents and the voltage values of the buses
where there is no fault in power systems by
analyzing the short circuit faults. The schematic
representation of the proposed algorithm is given
in Fig. 16 and the details of the steps in Fig. 16 are
given below the figure.

three
phase
short
circuit

line-to-
line short
circuit

line-to-
line short|
circuit

Figure 16. Schematic representation of the proposed
short circuit analysis algorithm

Step 1: Read the p.u. values of the power system
parameters that are used in the short circuit
analysis (Read the Thevenin equivalent voltage
value at the fault point, sequence impedances of
all of the synchronous generators, sequence
impedances of the synchronous and asynchronous
motors that have higher powers than 40 kW, serial
sequence impedances and the neutral-ground
impedances that are in the wye side of the
transformers and the serial sequence impedances
of the transmission lines. Consider only the
reactance values and ignore the resistance values
of the read ones).
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Step 2: Create the sequence bus admittance
matrices (ybus—o’ ybus—l a’nd ybus—Z) by USing the

read values in step 1.

Step 3: Create the sequence bus impedance
matrices ( z,,, ,, z,,, and z, ,) by inversing the

sequence admittance matrices derived in step 2.

Step 4: Enter the bus number where the short
circuit fault occurs.

Step 5: Select the short circuit fault type that is
required to analyze (three phase short circuit
fault? line-to-line short circuit fault? double line-
to-ground short circuit fault? line-to-ground short
circuit fault?).

Step 6: Is the selected fault in step 5 three phase
short circuit fault?

Step 7: Enter the value of the short circuit fault
impedance z, .

Step 8: Is the value of the short circuit fault
impedance z, =07?

Step 9: Is the selected fault type line-to-line short
circuit fault, double line-to-ground short circuit
fault or line-to-ground short circuit fault?

Step 10: Is the selected fault type line-to-line
short circuit fault, double line-to-ground short
circuit fault or line-to-ground short circuit fault?

Step 11: Calculate the short circuit currents /7,

a

1, ve I that occur at the fault point by using Eq.
(5.

Step 12: Calculate the short circuit currents 7,
and /. that occur at the fault point by using Eq.
(17) and (18).

Step 13: Calculate the short circuit currents 7,

and [ that occur at the fault point by using Eq.
(28) and (29).
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Step 14: Calculate the short circuit currents 7,
and [, that occur at the fault point by using Eq.
(41) and (42).

Step 15: Calculate the short circuit currents 7,
and [, that occur at the fault point by using Eq.
(53) and (54).

Step 16: Calculate the short circuit current /, that
occurs at the fault point by using Eq. (62).

Step 17: Calculate the short circuit current /, that
occurs at the fault point by using Eq. (69).

Step 18: Calculate the sequence currents at the
fault point by using Eq. (4).

Step 19: Calculate the sequence currents at the
fault point by using Eq. (11).

Step 20: Calculate the sequence currents at the
fault point by using Eq. (22).

Step 21: Calculate the sequence currents at the
fault point by using Eq. (38)-(40).

Step 22: Calculate the sequence currents at the
fault point by using Eq. (50)-(52).

Step 23: Calculate the sequence currents at the
fault point by using Eq. (57).

Step 24: Calculate the sequence currents at the
fault point by using Eq. (65).

Step 25: Calculate the sequence and phase
voltage values of the buses where there is no fault
by using Eq. (6) and (7).

Step 26: Calculate the real values of the short
circuit phase currents and the phase voltage
values of the buses where there is no fault through
the p.u. values of them calculated in the previous
steps.

Step 27: Return to step 4 for a new short circuit
analysis.
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4. RESULTS Table 2. Rotating machine parameters of the 14-bus
sample test power system
The p'ropose'd ShO.I‘t mrcplt analysis algorithm Rotating Xew et ez X
given in section 3 is applied to a sample 14-bus Machine (p-u.) (p-u.) (pu)  (p.u.)
test power system given in Fig. 17. Generator-1  0.035 0.95 0.95  0.045
Generator-2 0.045 0.98 0.98 0
! Asynchronous

0.04 1.00 1.00 0.05

Motor-1

13.8/154 kV, 100 MVA

15/42

Transformer-1
erator-

7

= m—

154/13.8 kV, 100 MVA

Table 3. Transformer parameters of the 14-bus
sample test power system

e Xt X1 Xt2
/4 Transformer () (p.) (p.)
Transformer -1 0.035 0.95 0.95

Asynchronous Transformer -2 0.045 0.98 0.98
e Transformer -3 0.04 1.00 1.00

Figure 17. The 14-bus sample test power system . . .
The proposed algorithm is applied to the test

The system parameters of the test system shown system to analyze a three phase short circuit fault
in Fig. 17 are given in Table 1, 2 and 3. at bus 4. The short circuit currents I, I and I at
the fault point (bus-4) and the phase voltages at
Table 1. Transmission line parameters of the 14-bus the buses where there is no fault are given in Table
sample test power system 4. Thevenin equivalent voltage value at the fault
point is considered as vu=1.02£0°. The base
Transmission Line Xbo — Xh1 Xh-2 power is considered as Spase=100 MVA.
bus-(i) —  bus-(j) (p.u) (p.u) (p.u.)
2 3 0.69 0.23 0.23

Table 4. The analysis results for three phase short

2 4 213 071 071 .
5 7 74 0.58 0.58 circuit fault at bus 4
: s o5 036 o036 Bus No. Short Current Curents (kA)
3 8 141 047 047 . L b L
1 s 579 093 093 4 (fault point) 0.5574  0.5574 0.5574
5 8 198  0.66  0.66 Bus No. Bus Voltages (kV)
5 14 207 069  0.69 Va Vb Ve
7 g 087 029 029 1 6.6659  6.6659 6.6659
7 1 270 090  0.90 2 622017 622017  62.2017
8 9 531 077 077 3 583281  58.3281  58.3281
g 1 543 081 081 5 66.9003  66.9003  66.9003
g 12 77 059 059 6 6.8765  6.8765 6.8765
g 13 126 042 042 7 722971 722971 72.2971
9 13 117 039 039 8 71.8567  71.8567  71.8567
1 > 195 065 065 9 72.8860  72.8860  72.8860
12 13 087 029 029 10 87033  8.7033 8.7033
13 14 105 035 035 11 89.3293  89.3293  89.3293
12 76.6800  76.6800  76.6800
13 73.4073  73.4073  73.4073
14 712174 712174 712174

The proposed algorithm is applied to the test
system to analyze a line-to-line short circuit with
a fault impedance at bus 7. The short circuit
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currents /, and /_ at the fault point (bus-7) and

the phase voltages at the buses where there is no
fault are given in Table 5. Thevenin equivalent
voltage value at the fault point is considered as
vue=1.052£0°. The fault impedance is selected as
7=(0.01+j0.025) (p.u.). The base power is
considered as Spase=100 MVA.

To compare the results of the line-to-line short
circuit with a fault impedance with the metallic
line-to-line short circuit fault, the proposed
algorithm is applied to the test system to analyze
a metallic line-to-line short circuit fault
considering the same fault point and the
parameters of the previous analysis for the line-
to-line short circuit with a fault impedance. So, for
the metallic line-to-line short circuit fault
analysis, the fault point is selected as bus 7,
Thevenin equivalent voltage value at the fault
point is considered as vu=1.052£0° and the base
power is considered as Spase=100 MV A. The short

circuit currents /, and /. at the fault point (bus-
7) and the phase voltages at the buses where there

is no fault for the metallic line-to-line short circuit
fault analysis are given in Table 6.

Table 5. The analysis results for line-to-line short
circuit with a fault impedance at bus 7

Short Current Currents (kA)

Bus No. L I L
7 (fault point) 0 0.5838 0.5838
Bus Voltages (kV)
Bus No. v, Vi V.
1 14.4900 9.1372 9.0408
2 161.7000  95.5293 94.2098
3 161.7000  94.9664 93.6225
4 161.7000  96.3633 95.0788
5 161.7000  99.1421 97.9664
6 14.4900 9.3679 9.2790
8 161.7000  88.7399 87.0778
9 161.7000  90.1935 88.6157
10 14.4900 9.0312 8.9312
11 161.7000  95.0676 93.7282
12 161.7000  91.2428 89.7214
13 161.7000  90.9767 89.4413
14 161.7000  93.4855 92.0748
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Table 6. The analysis results for metallic line-to-line
short circuit fault at bus 7

Short Current Currents (kA)

Bus No.
I, Iy I,
7 (fault point) 0 0.5966 0.5966
Bus Voltages (kV)

Bus No. v, Vi V.
1 14.4900 8.9962 8.9962
2 161.7000  93.8457 93.8457
3 161.7000  93.2757 93.2757
4 161.7000  94.6911 94.6911
5 161.7000  97.5146 97.5146
6 14.4900 9.2318 9.2318
8 161.7000  87.0248 87.0248
9 161.7000  88.4724 88.4724
10 14.4900 8.8881 8.8881
11 161.7000  93.3782 93.3782
12 161.7000  89.5228 89.5228
13 161.7000  89.2560 89.2560
14 161.7000  91.7792 91.7792

The proposed algorithm is applied to the test
system to analyze a double line-to-ground short
circuit with a fault impedance at bus 10. The short
circuit currents /, and [, at the fault point (bus-

10) and the phase voltages at the buses where
there is no fault are given in Table 7. Thevenin
equivalent voltage value at the fault point is
considered as viu=1.032£0°. The fault impedance is
selected as z=(j0.03) (p.u.). The base power is
considered as Spase=100 MVA.

Table 7. The analysis results for double line-to-
ground short circuit with a fault impedance at bus 10

Bus No. Short Current Currents (kA)

I Ip I,
10 (fault point) 0 9.1924 9.1924
Bus Voltages (kV)
Bus No. v, Vi V.
1 11.3247 9.1351 9.1351
2 121.6260  93.8962 93.8962
3 118.9253  89.3844 89.3844
4 120.5505  92.0936 92.0936
5 120.9413  92.7477 92.7477
6 11.2059 8.9328 8.9328
7 109.6299  74.3261 74.3261
8 109.8653  74.6960 74.6960
9 109.3119  73.8273 73.8273
11 90.2851 47.8193 47.8193
12 104.9267  67.0965 67.0965
13 109.0316  73.3888 73.3888
14 113.0397  79.7503 79.7503
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Table 8. The analysis results for metallic double line-
to-ground short circuit fault at bus 10

Short Current Currents (kA)

Bus No. L I L
10 (fault point) 0 9.9872 9.9872
Bus Voltages (kV)
Bus No. Vv, Vi V.
1 10.7538 8.9610 8.9610
2 1143163 91.5714 91.5714
3 111.0820  86.8250 86.8250
4 113.0284  89.6771 89.6771
5 113.4963  90.3647 90.3647
6 10.6116 8.7495 8.7495
7 99.9500  70.8321 70.8321
8 100.2318  71.2285 71.2285
9 99.5691 70.2972 70.2972
11 76.7828  41.5058 41.5058
12 943174  63.0356 63.0356
13 99.2334  69.8266 69.8266
14 104.0334  76.6247 76.6247

To compare the results of the double line-to-
ground short circuit with a fault impedance with
the metallic double line-to-ground short circuit
fault, the proposed algorithm is applied to the test
system to analyze a metallic double line-to-
ground short circuit fault considering the same
fault point and the parameters of the previous
analysis for the double line-to-ground short
circuit with a fault impedance. So, for the metallic
double line-to-ground short circuit fault analysis,
the fault point is selected as bus 10, Thevenin
equivalent voltage value at the fault point is
considered as vi=1.032£0° and the base power is
considered as Spase=100 MVA. The short circuit

currents /, and /, at the fault point (bus-10) and

the phase voltages at the buses where there is no
fault for the metallic double line-to-ground short
circuit fault analysis are given in Table 8.

The proposed algorithm is applied to the test
system to analyze a line-to-ground short circuit
with a fault impedance at bus 13. The short circuit
current /_ at the fault point (bus-13) and the phase

voltages at the buses where there is no fault are
given in Table 9. Thevenin equivalent voltage
value at the fault point is considered as
vi=1.042£0°. The fault impedance is selected as
7=(0.012+j0.035) (p.u.). The base power is
considered as Spase=100 MVA.
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Table 9. The analysis results for line-to-ground short
circuit with a fault impedance at bus 13

Short Current Currents (kA)

Bus No. L I, L
13 (fault point) 0.5637 0 0
Bus Voltages (kV)
Bus No. Vv, Vi V.
1 10.2111 13.4037 13.4701
2 1049152  149.1129  149.8948
3 94.0718  150.0880  150.7865
4 99.3828  149.2976  150.0634
5 98.0165 148.6847  149.5045
6 9.6931 13.3030 13.3783
7 80.9176  151.9723  152.5195
8 63.7993  154.7565 155.0999
9 26.9525 161.9901 161.8861
10 9.6352 13.2920 13.3683
11 96.8210  148.4980  149.3345
12 42,7253  158.5593  158.6549
14 38.4504 159.4778 159.5180

To compare the results of the line-to-ground short
circuit with a fault impedance with the metallic
line-to-ground short circuit fault, the proposed
algorithm is applied to the test system to analyze
a metallic line-to-ground short circuit fault
considering the same fault point and the
parameters of the previous analysis for the line-
to-ground short circuit with a fault impedance. So,
for the metallic line-to-ground short circuit fault
analysis, the fault point is selected as bus 13,
Thevenin equivalent voltage value at the fault
point is considered as vu=1.0420° and the base
power is considered as Spase=100 MV A. The short

circuit current /, at the fault point (bus-13) and

the phase voltages at the buses where there is no
fault for the metallic line-to-ground short circuit
fault analysis are given in Table 10.
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Table 10. The analysis results for metallic line-to-
ground short circuit fault at bus 13

Short Current Currents (kA)

Bus No. L I L
13 (fault point) 0.5938 0 0
Bus Voltages (kV)
Bus No. Vv, Vi V.
1 9.9888 13.3951 13.3951
2 101.9482 149.0227  149.0227
3 90.5206  149.9878  149.9878
4 96.1178  149.2051 149.2051
5 94.6779  148.6004  148.6004
6 9.4429 13.2958 13.2958
7 76.6561  151.8655 151.8655
8 58.6090  154.6650 154.6650
9 19.7048  162.0350 162.0350
10 9.3819 13.2850 13.2850
11 93.4180 148.4167 148.4167
12 36.3768  158.5252  158.5252
14 31.8628  159.4626  159.4626

S. CONCLUSION

This paper presents a study to analyze the
common symmetrical and unsymmetrical short
circuit faults in electric power systems. For this
aim, all kind of short circuit faults are studied
detailed and their short circuit fault models are
derived considering the assumptions commonly
used in the literature. Apart from the similar
studies in the literature, metallic fault conditions
for unsymmetrical short circuit faults are also
analyzed in the study additionally. Then, an
algorithm for the power systems to analyze these
short circuit fault types to determine the short
circuit currents at the fault points and the voltages
of the buses where there is no fault in the system.
A software is created for the proposed algorithm
in MATLAB. The proposed short circuit analysis
algorithm is applied to a sample 14-bus test power
system and each symmetrical and unsymmetrical
short circuit faults are analyzed. The obtained
results have shown that the algorithm is efficient
and accurate.
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