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This paper presents the transient stability analysis (TSA) in a power system based on one 
machine infinite bus (OMIB) and equal area criterion (EAC) method. A typical power system 
network consists of numerous components such as generators, transformers, interconnected lines 
and loads. Due to the enormous number of electrical components in a power system, it is difficult 
to perform the TSA for the entire network. Therefore, this research proposes a TSA by using 
one machine infinite bus (OMIB) technique. The main purpose to use OMIB is due to the fact 
that it could minimize the multi-machine in the network by facilitate the original large-scale 
system to dynamic equivalent model. The propose technique classify the multi-machine system 
into two groups which are: critical machines and non-critical machines, which is then reduced 
to only one machine infinite bus system (OMIB). This paper also presents the analysis of critical 
clearing angle (CCA) where it is the maximum change in the load angle curve before clearing 
the fault without loss of generator synchronism. Three phase fault conditions which are; pre-
fault, during fault and post-fault conditions are used in the transmission line via the equal area 
criterion (EAC) method. This method could identify whether the condition may cause to system 
instability if there is a sudden load increase to the system. The main objective to perform CCA 
analysis is to identify the value of rotor angle that is important and could be set as a benchmark 
to the protection relay in order to maintain the transient stability during fault condition. This 
paper also proposes a monitoring mechanism by using graphical user interface (GUI) to monitor 
the CCA at different system loading condition. The IEEE RTS-79 is used to validate the 
robustness of the proposed methodology in determining the CCA. 

Keywords: Critical clearing angle (CCA), Equal area criterion (EAC), One machine infinite bus 
(OMIB).  
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1. Introduction 
 
In many countries around the world, the electric power systems are operating in a 

deregulated environment where the generation, transmission and distribution systems owned 
by different companies will enhance intense competition in the electricity market among 
them in order to provide more reliable, cost effective and efficient electricity to the consumers 
[1]. In a deregulated or restructured power system, its implementation of system policies, 
operation, management and planning will be different as compared to a traditional approach 
of vertically integrated power system where the generation, transmission and distribution 
systems are owned and operated by a single entity [2].  In order to ensure a secure operation 
of deregulated power system with persuasive activities in electricity market, the Independent 
System Operator (ISO) is responsible in congestion management for the attainment of system 
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security and the Available Transfer Capability (ATC) determination to ensure effectiveness 
in the electricity market [3]. Usually, a congested transmission system is considered in the 
ATC computation in order to ensure effective and secure power transfer between each 
regional of transmission system.  

It is important to consider all of the system security constraints such as the static and 
transient limits in the transfer capability computation [5],[6]. For that reason, the power 
system dynamic security assessment and control is becoming more challenging task in the 
transfer capability determination due to several new constraints, obligations and challenges 
that need to be encountered by the utility. Basically, the Transient Stability Assessment 
(TSA) is used to evaluate the quality of dynamic response when a system is exposed to 
various disturbances. Dynamic response of a system plays an imperative role in the analysis 
of system stability and blackout events that usually caused by the impact of enormous and 
unforeseen occurrence of fault, unexpected generation and load outages, and abrupt 
disengagement of loads [6].  

Dynamic stability of a system can be classified into three major groups which are 
frequency stability, voltage stability and rotor angle stability. Frequency stability is defined 
as the capability of a power system to preserve a steady frequency subject to a disturbance 
caused by a considerable imbalance between the power generated and the load [7]. 
Meanwhile, voltage stability refers to the ability of a power system to maintain secure voltage 
at all buses due to a disturbance [8]. Finally, rotor angle stability is associated with the 
changes of active power flow that creates angular separation between synchronous machines 
in the system [9]. To date, several literatures discussed on the methods used to determine the 
rotor angle stability. Reference [10] discussed on the determination of critical clearing time 
(CCT) using the OMIB and EAC. It was discovered that during the occurrence of fault, a 
circuit breaker which is operating earlier than the smallest critical clearing time will not 
agitate to a transient instability. Reference [11] discussed to angle stability problem under 
the perspective of transmission protection system. A new computational procedure to locate 
all of the electrical centres was developed and it simplifies the work associated with visual 
screening of all the R-X plots. 

The following subsection will discuss on the mathematical transformation from a multi-
machine system to a one machine infinite bus (OMIB) equivalent system used in determine 
the critical clearing angle specified for the tripping of transmission line. In brief, the dynamic 
system cascading collapse of a power system is performed as a result from an initial tripping 
of transmission line. The system cascading collapse can be regarded as the propagation of 
power system component tripping event either agitated by an overloaded line or violation of 
generator rotor angle and frequency limits. The violation of generator rotor angle limit is 
inspected based on its dynamic response starting from the critical clearing time based OMIB 
until the final transient stability simulation time.  
 
2. Research Method 

 
Transient stability assessment (TSA) of a power system is part of planning and operation 

studies where it emphasizes on the ability of a system to resist severe interruption whilst 
ensuring continuity of service. The computational challenges of a multi-machine system can 
be minimized by simplifying the original large-scale system to a dynamic equivalent model. 
The simplest dynamic equivalent model of a multi-machine system can be obtained by means 
of one machine infinite bus (OMIB) model.  
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Once a multi-machine system is represented by the OMIB equivalent model, its 

modification can be used to determine the transient stability condition of the system. This 
will be explained in the next section.   
 

2.1. Equal Area Criterion (EAC) Theory Based on OMIB 

 
Equal- area criterion (EAC) is one of the classical method used for determination of 

whether or not synchronism is maintain after the machine has been subjected to severe 
disturbance [12]. This method performs a very fast prediction for transient stability 
assessment where it is based on the graphical interpretation of the energy stored if the 
machine maintains its stability after disturbance without solving differential swing equation. 
Classical EAC method assesses the stability issue exploring P-δ curves for pre-fault, during 
fault and post-fault condition as shown in Fig. 1 and can be implemented for one machine-
infinite bus network (OMIB) or two-machine equivalent network [13]. Fig. 1 shows the P- δ 
curves for the pre-fault, during fault and post fault condition for the EAC. 

 

 Fig. 1. P-δ curves for pre-fault, during fault and post-fault condition  
 

Based on the EAC concept, two areas under the P- δ curves should be assessed that is shown 
Fig. 1. Area A1 represents the transient stability energy gained by the system during fault 
condition or it is called as acceleration area. Area A2 represents an energy which may 
absorbed by the system after fault is cleared or deceleration area. A1 and A2 can be determine 
by applying equation (1) and (2), respectively: 

 

(1) 

�1 =  � ���
	1

	0
�� − �� ��	 
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(2) 

 
Where   ��    : generator mechanical power ��    : generator electrical power ��   : synchronous speed 

H    : generator inertia constant 
 

It is can be expressed that for a stable system, the OMIB area A1 has to be less than area A2 
(A1<A2), if area A1 equal area A2 (A1=A2) OMIB system still stable but critically in first 
swing. However, unstable system will happen when area A1 more than A2 (A1>A2). Hence, 
during unstable condition, the assumption is made that Pm is constant during evaluation time 
and Pe = Pm at time just before the disturbance [14]. 

 

2.2. OMIB Method System 

 
A typical power system network consists of multi-machine system. However, due to 

challenging of non-linear dynamic behavior with multi-input and multi-outputs variable, it 
makes analysis difficult due to complex network and computing time is longer. Therefore, in 
order to evaluate the transient stability of a power system network, this research applies the 
OMIB concept that converts multi-machine system to one machine system for the purpose 
of analyzing the transient behavior of the system due to fault. This can be done by applying 
the concept of single machine equivalent (SIME) where its purpose is to obtain a single 
machine equivalent from a multi-machine system [15]. After the occurrence of fault, the 
generator will be divided into two groups which are the critical and non-critical machines. 
For each of the group, the identification is based on the generator rotor angle deviation, 	. If 
the 	 is less than or equal to 180°, then the machine is categorized into non-critical machine. 
On the other hand, if the 	 is greater than 180°, then the machine is categorized into critical 
machine. For each group, an equivalent machine will be calculated and simplified to become 
a one machine infinite bus system (OMIB). The stability of the entire network is determined 
through the equal-area criterion by stability margin analysis.  Fig. 2 shows the algorithm to 
produce OMIB equivalent. 

 

�2 =  � ���
	��

	1
�� − �� ��	 
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Fig. 2.  Algorithm to produce OMIB equivalent 

 
 

2.3. Identify Critical and Non-Critical Machines 

 
Critical machine (CM) is defined when synchronism cannot maintain in power system 

due to sudden disturbance while Non-Critical machine (NCM) still remain synchronism due 
to disturbance [10]. To identify CM and NCM, angle evolution of power system is used as 
depicted in Fig. 3. Severely distributed machine is produced in large system after disturbance 
are set. The stability of the entire system can also be verified based on the dynamic response 
of the system. To classify the deviation between the generator rotor angles, two methods can 
be used. The first one is by direct grouping with rotor angle and the second one incremental 
angle grouping. Therefore, for fast computation of CCA for TSA the normalized energy 
function is proposed in order to normalize the inertia via an average center angle without 
using the center of inertia. 

 

angle 
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>180° 

angle 

deviation
≤ 180° 
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Non-Critical 
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OR 
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Fig. 3. Identify (CM) and (NCM) angle evolution of power system 
 

2.4. OMIB Equivalent Calculation 

 
As mentioned in the previous section, the process of OMIB process start by dividing the 

multi-machine two CM and NCM. These two groups formed by decomposition based on the 
rotor angles of the different machines and replaced by an OMIB. Transformation to become 
OMIB uses the network setting and gives the state of the multi-machine network at the same 
time during data updated in time domain. The parameters of OMIB includes the rotor speed 
(�), rotor angle (	), inertia coefficient (M), mechanical power ����, electrical power ���� 
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and acceleration power����. The formula to construct the OMIB is given in equation (3) until 
(13) [16]. Assume that ��� and ����  are the inertia coefficient of critical and non-critical 
machines, it is calculated by using equations (3) and (4), respectively: 
 

��� =  � ��
� ��

 

 

(3) 

���� =  � ��
� ���

 (4) 

 

Where �!    : total inertia coefficient of cm given by ∑ �##∈!     

           �#!   : total inertia coefficient of ncm given by ∑ �##∈#!    
           M         : OMIB inertia coefficient defined by 2×H 
 
The resulting angle of the critical machines 	�� and non-critical machine 	��� is calculated 
using equations (5) and (6), respectively: 
 

       

           (5) 

 

           (6) 

 
The rotor OMIB angle is given by equation (7). 

	%�&'�(� =  	���(� −  	����(� (7) 
 

Rotor speed critical machines, ��� and non-critical machines, ����, are calculated using 
equation (8) and (9), respectively: 

ω*+ �t� =  1M*+ � M.ω. �t�
.∈*+

 

 

(8) 

���� �(� =  1���� � ���� �(�
�∈���

 (9) 

   
Hence, the OMIB rotor speed is given by equation (10). 

�%�&'�(� =  ����(� −  �����(� (10)
 
 

The equivalent inertia coefficient OMIB network is given by equation (11). 

�%�&' =  ���������� +  ���� 
(11)

	! �(� ≜ )(
1
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The OMIB mechanical input power, ��1234 is determined by equation (12). 

��1234�(� =  �%�&' 5 1��� � ��
�∈��

�(� − 1���� � ��
�∈���

�(� 6 
(12)

   
The OMIB generator real electric power, ��1234 is given by equation (13). 

��1234�(� =  �%�&' 5 1��� � ��
�∈��

�(� − 1���� � ��
�∈���

�(� 6 

 

(13)
 
 

The OMIB acceleration power is then construed from equations (12) and (13) as follows 
equation (14). 

��1234�(� =  ��1234�(� −  ��1234�(� 
 

(14)

The  ���71234 can be calculated as in equation (15). 

 ���71234 = 8��9 + :9� 
 

(15) 

Where A and B is obtained from equation (16) and (17), respectively. 

� = ��;� − ��;�� ∑ �<=;���<=�;��>;�,�;��∈�;�  �;� + ��;�  

 

(16)

: = � <;�= <�;�= >;�,�;�
�∈�;�

 

 

(17)

<= is a constant throughout all the three fault conditions and value G is varied according to 
the changes at pre-fault, during fault and post-fault conditions. 

During the pre-fault condition, 	%�&'@  is determined by using equation (18): 

	%�&'@ = �A#BC ��1234���71234
  

 

(18)

2.5. Determination of CCA for one machine connected to infinite bus system  

 
This section explains the algorithm to determine CCA. The critical clearing angle, 	�DEF1234  
is calculated by using equation (19): 
 

	�DEF1234 = ��1234���71234
G	��71234 − 	%�&'@ H + !I�	��71234 

 

(19)
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Where: 

	��71234 = 180K − 	%�&'@  (20)

      The generator’s mechanical input power, Pm, is constant and it is running steadily while 
sending power to the system with OMIB rotor angle, 	%�&'@ . During a fault occurred at the 
sending end of a transmission line, the faulted line will be removed by the circuit breakers. 
 

2.6 Algorithm to determine the OMIB critical clearing angle  

 
This section outlines the detail procedure to determine the critical clearing angle 

considering the OMIB. Flowchart of OMIB to obtain critical clearing angle by increasing 
load is shown in Fig. 4 and the procedure is explain step by step.  
 

i. Select a faulted bus as the initial tripping line. 
ii. Select an increment of system total loading condition. In this case study, the system 

total loading condition is selected to be 130% and 140% as the event of contingency 
causing to termination of the affected faulty transmission line.  The increment of 
system total loading condition is selected to be 130% is due to the instability of the 
IEEE RTS-79 starts at 130% increment of the total loading condition.  

iii. Perform the TSA to determine the , , and  [17].  
iv. Then, determine the  LMN�D�ON;�O  or L��P for the pre-fault and during fault 

conditions[18] . 

v. Next, Calculate the and Pm for pre-fault condition.  
vi. Calculate MOMIB, ��1234, ���71234, 	%�&'@  and 	�DEF1234 during fault condition using 

equations (11), (12), (15), (18) and (19), respectively.  
vii. Calculate the OMIB critical clearing angle, 	�DEF1234for the selected faulted 

transmission line and system total loading increment by using equation (19).  
viii. Repeat steps i – vii to determine 	�DEF1234for the next selected faulty transmission line 

and other case of increment of system total loading condition.  
ix. Determine all 	�DEF1234, which are the OMIB CCA for the selected faulted 

transmission line & increment of system total loading condition. 

 
2.7 Design Transient Stability Analysis to Determine EAC and OMIB CCA Tool 

Using GUI MATLAB 

 

The design of transient stability analysis to determine EAC of OMIB CCA using GUI 
MATLAB is implemented in this research. The user need to use GUI to key in the main load 
flow data such as faulted transmission line and increment of the system total loading 
condition on the test system. Then, the step by step algorithm of transient stability based on 
EAC and OMIB will be performed to produce the required solutions. After performing the 
load flow to find EAC and OMIB CCA, the GUI will display the results in GUI. Fig. 5 shows 
the overall procedure for the user to operate the developed transient stability analysis to 
determine OMIB CCA using EAC method in GUI. 
 

nV
neP

neQ
nI

'E
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The first step for the user to start using GUI is by clicking the button IEEE RTS-79 test 
system to display the test system as a reference. Then, the user needs to insert a faulted 
transmission line based on the test system interconnected as a first contingency. For second 
contingency, user needs to insert the percentage increase of the system total loading condition 
in GUI for example 130% and 140%. After all contingencies have been inserted, the user 
need to click “enter” button to perform EAC OMIB CCA and the results will appear on other 
page. After all processes has been done, user need to choose other faulted transmission line 
and percentage of the system total loading condition based as the next case study.  
 

 
Fig. 4 Flowchart to obtain critical clearing angle by increasing load 
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Fig. 5 The GUI flow diagram 

 
 
2.8 GUI Interface to Monitor CCA in Transient Stability Analysis Using EAC and 

OMIB Method 

 

The user needs to insert input parameter variable at GUI interface before executing the 
transient stability analysis of EAC and OMIB CCA. As a reference, the test system RTS-79 
needs to be displayed first prior to performing transient stability based on EAC and OMIB 
CCA by clicking the button ‘Show IEEE 24 bus’ as shown in Fig. 6. Then, the user needs to 
insert input of faulted transmission line and percentage of system loading increment to the 
system as a contingency shown in Fig. 7 based on the test system. Example in Fig. 7 shows 
the faulted transmission line is line 23 where it is connected from bus 13 to bus 23 and 
increasing load at 130% to the system. 
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Fig. 6.  IEEE RTS-79 in GUI interface 

 

 
Fig. 7. Inserting Faulted Line and increasing load as a contingency to the system 

 
3. Results and Analysis 

 
The performance of the proposed technique of critical clearing angle determination are 

investigated in this section. The IEEE RTS-79 [19] as shown in Fig. 8 is used as the test 
system to validate the proposed technique. This section provides the discussion on CCA 
determination by using the EAC and OMIB technique. The algorithm to compute the analysis 
has been explained in the previous section. Table 1 and Table 2 shows the OMIB critical 
clearing angle for IEEE RTS-79 during increasing load 130% and 140% as Case Study 1 and 
Case Study 2, respectively. 
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Fig. 8.  Single line diagram for the IEEE RTS-79 system 

Table 1: OMIB critical clearing angle, QRSTUVWXY for IEEE RTS-79 test network by 
increasing load 130% using EAC method 

 
Faulted 

Line 

 
Faulte

d 
 

 	;1234 
(°� 

 
Faulted 

Line 

 
Faulte

d 

 	;1234 
(°� 

 
Faulted 

Line 

 
Faulte

d 

 	;1234 
(°� 

Fro
m 

Line 

To 
Lin
e 

Bus  Fro
m 

Bus 

To 
Lin
e 

Bus  Fro
m 

Line 

To 
Lin
e 

Bus  

1 2 1 N/A 8 9 8 N/A 14 16 14 101.9
1 

1 2 2 N/A 8 9 9 N/A 14 16 16 71.18 
1 3 1 N/A 8 10 8 N/A 15 16 15 59.97 
1 3 3 N/A 8 10 10 N/A 15 16 16 65.20 
1 5 1 N/A 9 11 9 N/A 15 21 15 64.93 
1 5 5 N/A 9 11 11 115.9

7 
15 21 21 76.25 

2 4 2 N/A 9 12 9 N/A 15 24 15 65.69 
2 4 4 N/A 9 12 12 N/A 15 24 24 105.6

4 
2 6 2 N/A 10 11 10 N/A 16 19 16 65.87 
2 6 6 N/A 10 11 11 115.7

7 
16 19 19 79.29 



M. Yuhendri et al: Optimum Torque Control of Direct Driven Wind Energy Conversion Sys... 

 

 

127

3 9 3 N/A 10 12 10 N/A 17 18 17 81.66 
3 9 9 N/A 10 12 12 N/A 17 18 18 81.34 
3 24 3 N/A 11 13 11 114.6

8 
17 22 17 81.21 

3 24 24 N/A 11 13 13 115.7
5 

17 22 22 109.5
1 

4 9 4 N/A 11 14 11 114.2
0 

18 21 18 81.35 

4 9 9 N/A 11 14 14 100.8
9 

18 21 21 76.69 

5 10 5 N/A 12 13 12 N/A 19 20 19 85.90 
5 10 10 N/A 12 13 13 116.5

7 
19 20 20 93.66 

6 10 6 N/A 12 23 12 N/A 20 23 20 94.16 
6 10 10 N/A 12 23 23 96.61 20 23 23 95.93 
7 8 7 N/A 13 23 13 116.6

4 
21 22 21 76.64 

7 8 8 N/A 13 23 23 96.53 21 22 22 109.7
1 

 
The results show the maximum critical clearing angle is 116.64° for the tripping of bus 13 
which connects bus 12 and bus 13 while the minimum critical clearing angle is 59.97° for the 
tripping of bus 15 that connects bus 15 and bus 16. For the IEEE RTS-79 test system, the 
network remains stable although 130% system total loading condition is applied to the 
network.   
 

Table 2: OMIB critical clearing angle, QRSTUVWXY for IEEE RTS-79 test network by 
increasing load 140% using EAC method 
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Bus  

1 2 1 N/A 8 9 8 N/A 14 16 14 98.80 
1 2 2 N/A 8 9 9 N/A 14 16 16 70.06 
1 3 1 N/A 8 10 8 N/A 15 16 15 59.32 
1 3 3 N/A 8 10 10 N/A 15 16 16 64.07 
1 5 1 N/A 9 11 9 N/A 15 21 15 64.91 
1 5 5 N/A 9 11 11 111.8

6 
15 21 21 75.82 

2 4 2 N/A 9 12 9 N/A 15 24 15 65.50 
2 4 4 N/A 9 12 12 N/A 15 24 24 104.7

9 
2 6 2 N/A 10 11 10 N/A 16 19 16 64.80 
2 6 6 N/A 10 11 11 111.7

1 
16 19 19 77.33 

3 9 3 N/A 10 12 10 N/A 17 18 17 81.49 
3 9 9 N/A 10 12 12 N/A 17 18 18 81.33 
3 24 3 N/A 11 13 11 109.8

3 
17 22 17 80.99 
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3 24 24 N/A 11 13 13 107.7
4 

17 22 22 106.6
1 

4 9 4 N/A 11 14 11 109.1
0 

18 21 18 81.33 

4 9 9 N/A 11 14 14 97.55 18 21 21 76.62 
5 10 5 N/A 12 13 12 N/A 19 20 19 84.47 
5 10 10 N/A 12 13 13 109.2

3 
19 20 20 91.79 

6 10 6 N/A 12 23 12 N/A 20 23 20 92.33 
6 10 10 N/A 12 23 23 94.67 20 23 23 93.89 
7 8 7 N/A 13 23 13 109.0

9 
21 22 21 75.93 

7 8 8 N/A 13 23 23 94.30 21 22 22 106.6
8 

 
The results in Table 2 show the maximum critical clearing angle is 111.86° for the tripping 
of bus 11 which connects bus 9 and bus 11 while the minimum critical clearing angle at 
59.32° for the tripping of bus 15 which connects bus 15 and bus 16. Again, this network 
remains stable when the system total loading condition is increased to 140%. Fig. 9 and Fig. 
10 shows the GUI of the equal area criterion for the OMIB critical clearing angle for IEEE 
RTS-79 during increasing load 130% and 140%, respectively as a case study by using 
graphical interpretation Equal Area Criterion (EAC) method. 
 
 

 
 

Fig. 9. GUI OMIB critical clearing angle 	�DEF1234for faulted line 13 and 23 by 
increasing load at 130%, using graphical interpretation EAC method 
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Fig 10. GUI OMIB critical clearing angle 	�DEF1234for faulted line 13 and 23 by 

increasing load of 140%, using graphical interpretation EAC method 
 

Based on results from Fig. 9 and Fig. 10, when loading system is increased 130% to 140%, 
the OMIB critical clearing angle decreases when the stress of the system is higher due to 
increasing of the load. For example, one of the faulted line 13 and 23 with faulted bus at 23, 
the OMIB critical clearing angle 	�DEF1234  at increased load of 130% is 96.53° then the angle 
keeps decreasing while increased load at 140%. This pattern is the same for all the 66-faulted 
lines include generator to generator bus, generator to load bus and load to load bus when 
increasing the load or give more stress to this power system the OMIB critical clearing angle 	�DEF1234 become smaller to keep synchronism of this system stability. 

 
4. Conclusion 

 
      OMIB method is used in this paper is to analyse the transient stability of an 
interconnected power system. The proposed method from multi-machine transform to one 
machine infinite bus (OMIB) system had made the computation much simpler. To evaluate 
the critical clearing angle, equal area criterion (EAC) is used from value OMIB system. The 
results show that the transient stability by using EAC method when system in different rate 
of stress which are the transmission line tripping and increment of the system total loading 
condition is capable to obtain the accurate value of CCA. The obtained numerical and 
graphical results are totally satisfactory and in conformity with the forecasts about the 
usefulness of this method in transient stability analysis of interconnected power systems.  The 
proposed technique of OMIB and EAC has proven that the CCA for each transmission line 
can be obtained accurately. On top of that, the GUI that has been implemented in this research 
is able to monitor the CCA. 
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