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System stability depends on the load used, increasing the
load can trigger instability. The stability of the power system
can be classified into several parts. Transient or large signal
rotor angle stability is one of most important types of stability
phenomena. Transient stability is the ability of power system
to maintain its synchronism under a severe fault such as three
phase short circuit [1]. Due to changes in the system
conditions immediately, the state of the system can change
from the old state to the new state. The short period between
the two conditions is called a transient period. Therefore an
electrical power system analysis is needed to determine
whether the system is stable or unstable when experiencing
interference.

Abstract— Transient stability analysis is important in
planning and operating on power system. Several methods or
approaches have been taken to analyze transient stability. One
approach to determining the transient stability of a power
system is critical clearing time. It provides information about
the level of stability of the existing system. When a disturbance
occurs, the power system must be able to maintain stable
conditions. Therefore in this paper, analysis of critical clearing
time calculation is needed as an alternative to determine the
transient stability of power system. For 9 buses and 3

machines, the critical clearing time of the system will vary
depending on the location of the disturbance.
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I. INTRODUCTION

II. TRANSIENT STABILITY ASSESSMENT

An electric power system aims to maintain continuity and
availability of electric power to the increasing needs of the
load. The more developed the electric power system can lead
to increasingly complex systems when experiencing
disturbance. In a power system, generally the disturbance that
occurs can be divided into two parts, namely small
disturbances and large disturbances. Small disturbances are
disturbances due to changes in load that occur at the side of
the load or generator randomly and slowly. These
disturbances can be analyzed using linear equations or using
small signal analysis. Whereas a large disturbance is a
disturbance that occurs suddenly on the system and must be
eliminated as quickly as possible because it can affect the
stability of an existing system. Stability in the power system
can be affected by the size of disturbance and the duration of
disturbance that occurs in a power system.

A. Energi Function
Based on the references [2]–[4] that the energy function
method is the result of the transformation of the Lyapunov
function into the energy function. This method is closely
related to the kinetic energy and potential energy of the
generator, with kinetic energy strongly related to the relative
motion of the generator while potential energy is strongly
related to network elements. The most critical energy is
determined by the closest potential energy between the
unstable equilibrium point and the stable equilibrium point.
Energy function theory in the analysis of multi-machine
transient stability can be analogous to a ball rolling in a bowl
where the coordinate is the generator rotor angle. The area in
a bowl is a region of stability while the area outside the bowl
is an unstable area (region of instability). At the initial position
or normal conditions, the ball is at the bottom of the bowl and
this state is called Stability Equilibrium Point (SEP). The
surface inside the bowl expresses potential energy while the
peak of the bowl states Potential Energy Boundary Surface
(PEBS). If the kinetic energy is converted to potential energy
before reaching the top, then the ball will return back to the
starting position (bottom of the bowl), this condition is called
a stable condition. But if the kinetic energy is too large and
has not been completely converted to potential energy, the ball
will pass through the top of the bowl and enter the unstable
region, this condition is called unstable.

The stability of the electric power system is the ability of
the system to return to normal operation after the system is
subject to a disturbance [1]. Instead the instability of an
electric power system is a condition where the system losses
synchronization. Stability analysis has an important role in the
power system. The more complex a system, the more complex
the ability to maintain synchronism between parts of the
system. For large systems with interconnections, power
system results in changes in electrical parameters, including
voltage, current, power, rotor speed, frequency and power
angle. To analyze changes in these parameters to the length of
the disturbance, from the beginning of the disturbance until
the system becomes stable again, it is necessary to calculate
when the disturbance is decided without losing the
simultaneity of the generator.

Reference [5] also shows the application of the energy
function for the generator in a balanced condition and when
the generator is subject to a disturbance as shown in Fig. 1. It
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network matrix Y before a pre-fault occurs, determining the
Y matrix is reduced when fault on and after the pre-fault,
determines the rotor angle when the fault is cleared for all
generators, determines the value of SEP (stable equilibrium
point) and UEP (unstable equilibrium point), and determines
the energy margin (ΔV).

shows also the trajectory for a stable and unstable area due to
the movement of the ball in the bowl.
Mathematically the energy function can be written as in
the equation below:
,

=

+

(1)

B. Critical Clearing Time
CCT (Critical Clearing Time) is the critical time or
maximum time needed by the synchronous generator to
maintain the condition of the generator remains in
synchronization. The electric power system becomes
unstable when the rotor angle
becomes larger. This
increase in greatly affects the change in power so that, by
obtaining the rotor angle, the critical clearing time can be
determined. If a disturbance occurs and the system cannot
handle it, so the system is declared unstable. This instability
affects the entire system. Therefore, it is necessary to
determine the critical clearing time to avoid any
disturbances.

The kinetic energy produced depends on the speed of the
generator, while the potential energy depends on the angle of
the generator. When described again, equation (1) will be:
∑
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is kinetic energy, is potential energy, and
is
where
the angle of the bus i post fault stable equilibrium point
(SEP).
ωθ
ωθ
ωθ

Various studies have been carried out in analyzing
transient stability. Previously, transient stability analysis still
used numerical integration of nonlinear differential
equations. This method is quite accurate in calculating critical
clearing time in a multi-machine power system and is able to
provide an overview of the power system stability due to
transient symptoms. However, numerical integration that is
so long in the process of calculating critical clearing time
causes this method to take a long time in the iteration process.
This is very ineffective when applied to transient stability
analysis. Because, the pattern of changes that occur due to
disturbances that occur very quickly in the system. Therefore,
we need a method that can calculate critical clearing time
with a faster and more accurate iteration, so that it can be
applied significantly to the system.
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Determination of the critical clearing time in transient
stability analysis through stages, namely:
1. The process of power flow, by calculating the internal
voltage of all generators, calculating the admittance matrix
for each network condition, before, during and after a
disturbance.
2. Determine the location of the disturbance.
3. Determine the critical termination time based on the critical
clearing angle.

R

System is stable

System is unstable

III. CASE STUDY

Fig. 1. Concept of energy function in the generator [5]

The first step taken to determine the transient stability is to
simulate the power flow in the system. In power system 9
buses and 3 machines, power flow simulations are carried out
to determine the condition of the system before and after the
disturbance occurs. The software used in this analysis is
Digsilent Power Factory for manual analysis. Simulation is
carried out in each line, to determine the stability level of the
system. The critical clearing time can be determined in each
line, for this case the line used in the analysis is six lines. The
following will be discussed power system model and
simulation results.

To conduct a transient stability analysis, the reference
used is the difference between critical energy or critical
unstable equilibrium point (Vcr) and energy when fault
clearance (Vcl). If the fault clearing is negative then the
system is declared to be in an unstable condition. Conversely,
if the result is positive, the system is declared to be in a stable
condition. The following equation shows the magnitude of
the energy margin (ΔV) produced, namely:
∆

=

−

(4)

If the positive stability index can be said to be a stable

A. Power System Model
Fig. 2 shows a single line of power system that consist of
9 buses and 3 machines.

The steps in analyzing the stability of transients by using
energy functions are: reading machine and network data to
determine the power flow, determining the matrix admittance
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TABLE IV.

Load C
18 kV

230 kV

230 kV

2

3
2

No Fault
D

3

8
9

7
5

6

Load A

Load B
230 kV

18 kV

4

1

Table I, II, and III show generator data, machine data, and
load data for 9 buses and 3 machines.

G1

G2

G3

247.5

192

128

KV

16.5

18

13.8

1

0.85

0.85

SL

PV

PV

Bus type

TABLE II.

4–6

0.24 – 0.25

F

5–7

0.13 – 0.14

G

6–9

0.19 – 0.20

H

7–8

0.14 – 0.15

I

8-9

0.20 – 0.21

• When the line between bus 5 and bus 7 is given a
disturbance (F), the clearing time is between 0.13 to
0.14 seconds. If the clearing time is set to more than
0.14 seconds then the existing generator 2 and
generator 3 will be released from the system.

MACHINE DATA

Parameter

G1

G2

G3

xd (pu)

0.36

1.72

1.68

xq (pu)

0.24

1.66

1.61

xd' (pu)

0.15

0.23

0.23

xq' (pu)

0

0.378

0.32

xd" (pu)

0.1

0.2

0.2

xq" (pu)

0.1

0.2

0.2

Td' (s)

3.73

0.8

0.806

Tq' (s)

0

0.12

0.12

Td" (s)

0.05

0.05

0.05

Tq" (s)
H (s)

0.05
9.55

0.05
4.165

0.05
2.765

TABLE III.

E

• When the line between bus 4 and bus 6 is given a
disturbance (E), the clearing time is between 0.24 to
0.25 seconds. If the clearing time is set to more than
0.25 seconds, the existing generator 2 and generator 3
will be released from the system.

GENERATOR DATA

Rated MVA
pf

CCT (sec)
0.22 – 0.23

• When the line between bus 4 and bus 5 is given a
disturbance (D), the critical clearing time is between
0.22 to 0.23 seconds. If the clearing time is set to more
than 0.23 seconds, the existing generator 2 and
generator 3 will be released from the system.

Fig. 2. IEEE 9 buses and 3 machines system

Parameter

Line (Fault)
4–5

Based on Table IV above it can be concluded that:
• Among the disturbances that occur, disturbance that
occur between bus 5 and bus 7 (F) have the fastest
clearing time.

1

TABLE I.

CRITICAL CLEARING TIME WITH VARIOUS FAULT
LOCATIONS

13.8 kV

• When the line between bus 6 and bus 9 is given a
disturbance (H), the clearing time is between 0.19 to
0.20 seconds. If the clearing time is set to more than
0.20 seconds, the existing generator 2 and generator 3
will be released from the system.
• When a line between bus 7 and bus 8 is given a
disturbance (G), the clearing time is between 0.14 to
0.15 seconds. If the clearing time is set to more than
0.15 seconds, the existing generator 2 and generator 3
will be released from the system.
• When the line between bus 8 and bus 9 is given a
disturbance (I), the clearing time is between 0.20 to
0.21 seconds. If the clearing time is set to more than
0.21 seconds then the existing generator 2 and
generator 3 will be released from the system.

LOAD DATA

Bus

Load

Active Power (MW)

Reactive Power (MVAR)

5

A

125

50

6

B

90

30

8

C

100

35

B. Simulation Results
For 9 buses and 3 machines, the location of the
disturbance is determined to vary on the transmission line.
There are 6 disturbance locations on the transmission line,
namely point D, E, F, G, H, and I.
Table IV shows the critical clearing times for various fault
locations in the 9 buses and 3 machines systems.
Fig. 3. Rotor angle response for CCT= 0.22 sec
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Fig. 4. Rotor angle response for CCT= 0.23 sec

Fig. 8. Rotor angle response for CCT= 0.25 sec

Fig. 5. Rotor angle response for CCT= 0.13 sec

Fig. 9. Rotor angle response for CCT= 0.19 sec

Fig. 10. Rotor angle response for CCT= 0.20 sec

Fig. 6. Rotor angle response for CCT= 0.14 sec

Fig. 7. Rotor angle response for CCT= 0.24 sec

Fig. 11. Rotor angle response for CCT= 0.14 sec
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the system in front of it as a constant impedance. For this
reason, the superposition principle can be used to simplify the
modeling of existing systems. Based on previous research
and based on papers, the possible opportunity for further
research is to reverse the method used by researchers so far.
Completion in analyzing modeling dq0 was done with the
help of Closed Form method to analyze machines
individually [13].
V. CONCLUSION
Calculation of critical clearing time for 9 buses and 3
machine is known. Disturbance that occurs in transmission
line provides the results of calculating different critical
clearing time. The critical clearing time determines the
condition of the electric power system will be able to return to
a stable or unstable condition. If the disturbance is
disconnected more than the critical time, the system will be
unstable.

Fig. 12. Rotor angle response for CCT= 0.15 sec
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