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Abstract—This paper presents a novel approach to model faults

on transmission lines for power system transient stability studies.

Typically such faults, incident at a certain distance along a

transmission line, are modeled by the introduction of dummy

or fictitious buses. This dummy bus is placed at the length

along the transmission line at which the fault is incident and

the fault is applied on it. The introduction of dummy buses

introduces inefficiencies in the solution process, particularly from

a computational view point due to the need of resizing of the

vectors and matrices. In this paper, we present a direct approach

for modeling that avoids the need of dummy buses. We derive

the necessary equations representing the impact of transmission

line faults on the buses connected to the transmission line. The

impact of such a fault is then modeled by mere modification of the

elements of system admittance matrix. Numerical results on test

systems are presented comparing its accuracy with a commercial

software.

Index Terms—Dummy buses, Fault analysis, Transmission

lines, Transient stability

I. INTRODUCTION

Power systems undergo disturbances of various types such
as balanced and unbalanced short circuits, equipment outage of
generators, transmission lines and other equipments, breaker
tripping, and others [1]. Maintaining stability of the power
system on incidence of such disturbances is of prime im-
portance to system planning engineers for ensuring a secure
and uninterrupted supply to the consumers. Power system
stability is the ability of an electric power system, for a
given initial operating condition, to regain a state of operating
equilibrium after being subjected to a physical disturbance,
with most system variables bounded so that practically the
entire system remains intact [2]. System planning engineers
routinely conduct dynamic security assessment (DSA) studies
to analyze the impact of a new generator interconnection
request or a new equipment installation, e.g. SVCs, or the loss
of critical buses, lines, or loads. Commercial transient stability
tools, for e.g., PSSE [3], PowerWorld [4], are commonly used
by engineers for performing their transient stability studies.

Transient stability analysis studies the ability of the power
system to keep its rotating machines in synchronism, when
subjected to a disturbance (perturbation), during and after
the perturbation. A common disturbance simulation involves
applying a fault at a given bus at some pre-specified time and
removing the fault by opening a circuit element at another

pre-specified time. This type of disturbance scenario can help
determine the critical clearing time of the circuit breakers
and thereby protect the electrical machines from going out
of synchronism. A common element in such studies is the
initiating disturbance, i.e., a fault.

Faults are classified as shunt faults and series faults [5].
This paper focuses on shunt faults since most commercial tools
support shunt faults as these have a larger impact on system
stability and reliability. All short circuit faults fall under the
category of shunt faults. A shunt fault is modeled typically
in transient stability simulators by introducing a large shunt
conductance (Gf ) and/or susceptance (Bf ) at the given faulted
bus at the given faulted time. This large shunt represents a low
resistance path to ground for the faulted node and thus large
currents, as seen during faulted conditions, can be modeled.

While most of the commercial tools support application
of faults at a given bus, the support for applying faults on
a transmission line at a certain distance is limited or non-
existent. Studying such disturbances is of importance with the
power system behavior becoming increasingly dynamic due to
lowering of system inertia as more renewable energy sources
are installed. One possible way to circumvent this inadequacy
is through the addition of a fictitious of ‘dummy’ bus in the
network.

The main motivation of this paper is to model faults along
transmission line at a certain distance on it for transient stabil-
ity studies. Most of the commercial softwares we surveyed do
not directly support simulation of such faults. Rather, these can
be indirectly simulated by adding an extra bus or ‘dummy’ bus
in the network. The introduction of dummy buses introduces
an extra computational burden due to the need of resizing
of the vectors and matrices. In this paper, we derive the
equations representing the impact of line fault on the trans-
mission line buses. These equations can be then incorporated
in the system admittance matrix, thus eliminating the need of
‘dummy’ buses. The rest of the paper is organized as follows.
Section II introduces the transient stability simulator and the
dynamic equations used for this study. Section II presents
the existing and proposed methodology for fault modeling in
transient stability studies. Section III describes the simulation
results over 9-bus power system test cases. Finally, section IV
summarizes the findings.



II. MODELING OF TRANSMISSION LINE FAULTS

A. Existing approaches

The medium and long transmission lines are usually rep-
resented by a ⇡ circuit, in which the total shunt admittance
of the line Bs is divided into two equal parts placed at the
sending and receiving ends of the line as shown in figure
1. ZT represents the series reactance. Transmission lines are,
normally, operated with balanced three-phase loads. Although
the lines are not spaced equilaterally and not transposed, the
resulting dissymmetery is slight and the phases are considered
to be balanced [6].

Figure 1. Representation of a transmission line as ⇡ model

Table I details the two commercial softwares we surveyed
for finding the transmission line fault method. These softwares
support the application of a fault at a given bus through
the insertion of a large shunt admittance. Depending on the
analysis type, this shunt fault admittance is then removed
at another certain prespecifed time mimicing the operation
of circuit breakers. However, to the best of the author’s
knowledge, modeling of faults along a certain line length is not
supported. These tools require the user to introduce a dummy
or fictitious bus in the network data to apply the fault at a
certain line length, which is a cumbersome process.

Table I
COMPARISON OF DIFFERENT SOFTWARES FOR TRANSMISSION LINE FAULT

MODELING

S.No. Software Version Use of dummy bus for
transmission line faults

1 PSSE 34.1.0 Yes
2 PowerWorld 20 Yes

The addition of the dummy bus for modeling transmission
line faults is illustrated in figure 2. Here, ↵ represents the
percentage line length from the from node at which the fault
is to be applied and Yfault is the fault admittance. As seen
in fig. 2, the introduction of the dummy bus also requires the
original line to be modeled as two lines, from node – dummy
bus and dummy bus – to node.

From the computational standpoint, introduction of a ficti-
tious bus results in an additional row in admittance matrices
during computation. Thus the process of factorization, re-
ordering, etc. that are used to ease the computational bur-
den have to repeated again for the newly formed (re-sized)
matrices. All these additional computational burden can be
avoided by using the proposed approach, as discussed in the
next section, for modeling a transmission line fault.

Figure 2. Representation of a line fault using dummy bus

B. Proposed approach
In this subsection, we present an alternative approach for

modeling of transmission line faults that does not need dummy
buses. The equations representing the impact of the trans-
mission line fault on the line ends is first derived and then
incorporated in the system admittance matrix. Consider a
transmission line with a fault at a percentage distance ↵ from
bus 1 as shown in figure 3. Here, ZT is the net impedance of
the transmission line and YS is the shunt admittance on each
side of the transmission line.

Figure 3. Line fault

The two-port network nodal equations at bus 1 and bus 2
expressing the relation between the bus currents and voltages
can be written as follows:
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where,
Y11 and Y22 represent the self-admittances at bus 1 and bus

2 respectively
Y12 and Y21 are the mutual admittances between bus 1 and

bus 2



Next, we derive the change in the nodal currents as a
result of the introduction of a fault admittance YFAULT at
a ↵ percent line length from the from bus. The current nodal
equations at node ‘A’, ‘B’, and ‘C’ are given as:

I1 = IT1 + IS1 = (V1 � VF )YT1 + V1YS1 (2)

I2 = IT2 + IS2 = (V2 � VF )YT2 + V2YS2 (3)

Here, YT1 and YT2 denote the series admittance of the lines,
i.e., ↵YT and (1� ↵)YT , respectively.

IF = IT1 + IT2 = VFYFAULT (4)

From (2)-(4) and re-arranging the terms we get,

VF =
V1YT1 + V2YT2

YFAULT + YT1 + YT2
(5)
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where,

Y
0
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Y 2
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(10)

The nodal equations (8)-(9) can be expressed in the two-port
network form as follows:
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Equations (8)-(9) show the from and to bus current in-
jections as a result of the introduction of the fault along
the transmission line. Thus, the impact of the fault can be
modeled merely as a change in the system admittance matrix
thus avoiding the need of a dummy bus. Inserting changes
to the line parameters and/or shunts is well-supported in most
commercial transient stability softwares and thus, the proposed

Figure 4. 9 bus test system

approach provides the perturbation in the line parameters that
should be inserted to model the fault.

III. TEST RESULTS

A. Test system and scenario description

The validation of the proposed approach against PSSE’s
dynamics simulation tool is presented in this section. The
9�bus system test case as shown in figure 4 is chosen for
validation purposes. The test system represents a portion of the
Western System Coordinating Council (WSCC) and includes
three generators, three loads and nine transmission paths.

The proposed approach is implemented in MATLAB with
the generators modeled using GENROU: round rotor generator
model [7]. All loads are assumed as constant impedance load
and a quarter cycle at 60 Hz frequency (0.00833 seconds)
time-step is used. The reader is deferred to [1] and [8] for
extended details on transient stability modeling and solution
process.

A three phase inductive line-fault on two different trans-
mission line at different locations has been simulated for
validation purpose of the proposed fault model. The faults
are placed at locations such that islanding does not occur in
the system. Three phase inductive faults at transmission lines
4� 6 and 8� 9 are simulated separately at time t = 3 sec for
a duration of 0.1 second. The comparison of the voltage and
rotor angle plots for various cases is shown in the next section.
The fault admittance, YFAULT , is assumed as 0�j999.99 p.u.

With PSSE, the application of the fault at a certain line
length was modeled by the introduction of a dummy bus.
For the proposed approach, the system admittance matrix
is modified based on the equations derived in the previous
section.

The bus voltage magnitude and the generator machine
angles are used as a reference for the validation. Figures 5 and
6 show the dynamics of the voltage magnitude at bus 6 and
the rotor angle of generator 1 for a three-phase fault incident
at the middle of line 4 � 6. As seen from these figures, the
line fault model by the proposed approach produces identical
results as PSSe.



Figure 5. Voltage magnitude comparison at bus 6 for a fault at the middle
of line 4� 6

Figure 6. Rotor angle comparison of generator 1 for a fault at the middle
of line 4� 6

Next, the comparison of voltage magnitude at bus 4 and
rotor angle of generator 2 for a fault on line 4–6 at 20% line
length from bus 4 is shown. This represents a scenario where
the fault is closer to one of the line ends and thus is expected
to have more impact on the end it is closer to than the other
end. As shown in Figures 7 and 8, both PSSe and the proposed
approach results match closely.

Figure 7. Voltage magnitude at bus 4 for a fault on line 4� 6 at a distance
of 20% from bus 4

Figure 8. Rotor angle of generator 2 for a fault on line 4� 6 at a distance
of 20% from bus 4

Lastly, for faults on line 8–9 at different line lengths, the
proposed approach produces comparable results as PSSE, as
shown in Figures 9 and 12, thus demonstrating the accuracy
of the proposed approach for three different fault locations.

Figure 9. Voltage magnitude at bus 9 for a fault at the middle of line 8� 9

Figure 10. Rotor angle of generator 3 for a fault at the middle of line 8� 9

Figure 11. Voltage magnitude at bus 8 for a fault on line 8�9 at a distance
of 20% from bus 8



Figure 12. Rotor angle of generator 1 for a fault on line 8� 9 at a distance
of 20% from bus 8

IV. CONCLUSION

This paper proposed a novel approach to model faults
along transmission lines in transient stability studies. The
proposed approach is easy to implement, requiring minimal
modifications in existing software, as the system admittance
matrix merely needs to be updated. Results on several fault
scenarios at different fault incidence distances demonstrate the
accuracy of the proposed approach.
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