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Power system stability has been recognized as an important 
problem for secure system operation 

Historically, transient instability has been the dominant stability 
problem on most systems, and has been the focus of much of the 

 attention concerning system stability 

As power systems have evolved through continuing growth in 
interconnections, use of new technologies and controls, and the 
increased operation in highly stressed conditions, different forms 
of system instability have emerged 

For the satisfactory design and operation of power systems, a clear 
understanding of different types of instability and relationship 
between them is necessary 
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Therefore, there is a need for the proper definition and classification 
of power system stability 

Definition of Power System Stability: Power system stability is 
the ability of an electric power system, for a given initial 
operating condition, to either regain a new state of operating 
equilibrium or return to the original operating condition (if no 
topological changes occurred in the system) after being 
subjected to a physical disturbance, with most system variables 
bounded so that practically the entire system remains intact 
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Small Disturbances: Small disturbances are incremental 
changes in the system load or generation. Small disturbances 
occur continually and the system adjusts itself to the changing 
conditions. The system must be able to operate satisfactorily 
under these conditions and successfully supply the maximum 
amount of load. 

Large Disturbances: Large disturbances are the disturbances of 
a severe nature, such as a short circuit on a transmission line or 
loss of a large generator. A large disturbance may lead to 
structural changes due to the isolation of the faulted elements. It 
must also be capable of surviving numerous disturbances of a 
severe nature, such as a short-circuit on a transmission line, loss 
of a large generator or load or loss of a tie between two 
subsystems. 
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Power system stability can be classified into different categories and 
subcategories (Figure 2.1) 
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Figure 2.1 Classification of power system stability 



Rotor Angle Stability 

 Rotor angle stability refers to the ability of synchronous 
machines of an interconnected power system to remain in 
synchronism after being subjected to a disturbance.  

It depends on the ability to maintain/restore equilibrium between 
electromagnetic torque (generator output) and mechanical torque 
(generator input) of each synchronous machine in the system. 

Instability that may result occurs in the form of increasing 
angular swings of some generators leading to their loss of 
synchronism with other generators. 
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Rotor Angle Stability 

The change in electromagnetic torque ( Te) of a synchronous 
machine following a perturbation can be resolved into two 
components: (i) Synchronizing torque component, in phase 
with rotor angle deviation ( ), and (ii) Damping torque 
component, in phase with the speed deviation ( ). 
Mathematically, this can be expressed as follows: 
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where 
      Ts   is the synchronizing torque component of torque change. Ts is 
                the synchronizing torque coefficient. 
       TD  is the damping torque component of torque change. TD is the 
                 damping torque coefficient. 



Rotor Angle Stability 

Stability depends on the existence of both components of torque 
for each of the synchronous machines. 

 Aperiodic or Nonoscillatory Instability : Lack of sufficient 
synchronizing torque causes an increase in rotor angle through a 
nonoscillatory or aperiodic mode. This form of instability is 
known as aperiodic or nonoscillatory instability. 

Oscillatory Instability :  Lack of damping torque causes rotor 
oscillations of increasing amplitude. This form of instability is 
known as oscillatory instability. 

Classification of Power System Stability   



Rotor Angle Stability 

Rotor angle stability can be classified into the following two 
subcategories: 

     (1) Small-disturbance (or small-signal) or steady-state rotor angle 
           stability 
     (2) Large-disturbance rotor angle stability or transient 
          stability 

Small-Disturbance or Steady-State Rotor Angle Stability 

Small-disturbance (or small-signal) or steady-state rotor angle 
stability is concerned with the ability of the power system to 
maintain synchronism under small and slow disturbances, such as 
gradual power changes.  
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Small-Disturbance or Steady-State Rotor Angle Stability 

The results of the system response to small disturbances are 
usually given in terms of eigenvalues and eigenvectors. 
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Small-Disturbance Rotor Angle Stability 

In  power systems, small-disturbance rotor angle stability 
problem is usually associated with insufficient damping of 
oscillations  

Small-disturbance rotor angle stability problems may be either 
local or global in nature. The descriptions of these problems are 
given below: 

     (i) Local problems: involve a small part of the power system, and 
are usually associated with rotor angle oscillations (swinging) of a 
single power plant (units at a generating station) against the rest of 
the power system. Such oscillations are called local plant mode 
oscillations.  
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Small-Disturbance Rotor Angle Stability 

 (i) Local problems: The term local is used because   
     the oscillations are localized at one station or a  
     small part of the power system. Stability (damping) 
    of these oscillations depends on the strength of the  
    transmission system as seen by the power plant, 
    generator excitation control systems and plant  
    output [1]. When a generator is tied to a power  
    system via a long radial line, it is susceptible to  
    local mode oscillations 
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Small-Disturbance Rotor Angle Stability 

(ii) Global problems: Global problems are caused by  
      interactions among large groups of generators. They  
      are associated with rotor angle oscillations (swinging) 
   of a group of generators in one area of an  
   interconnected power system against a group of  
   generators in another area. Such oscillations are called 
   inter-area mode oscillations.  

The time frame of interest in small-disturbance stability studies is 
on the order of 10 to 20 seconds following a disturbance   
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Large-Disturbance Rotor Angle Stability  
OR Transient Stability 

Large-disturbance rotor angle stability or transient stability is 
concerned with the ability of the power system to maintain 
synchronism when subjected to a severe disturbance, such as a 
short circuit on a transmission line, the sudden outage of a line or 
the sudden application or removal of loads. The resulting system 
response involves large excursions of generator rotor angles and 
is influenced by the nonlinear power-angle relationship. 
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Large-Disturbance Rotor Angle Stability  
OR Transient Stability 

Transient stability depends on both the initial operating state 
of the system and the severity of the disturbance. Usually, the 
system is altered so that the post-disturbance steady-state 
operation differs from that prior to the disturbance. Instability 
is usually in the form of aperiodic angular separation due to 
insufficient synchronizing torque, manifesting as first swing 
instability. However, in large power systems, transient 
instability may not always occur as first swing instability 
associated with a single mode; it could be a result of 
superposition of a slow inter-area swing mode and a local-
plant swing mode causing a large excursion of rotor angle 
beyond the first swing 
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Large-Disturbance Rotor Angle Stability  
OR Transient Stability 

The time frame of interest in transient stability studies is 
usually 3 to 5 seconds following the disturbance. It may 
extend to 10 20 seconds for very large systems with dominant 
inter-area swings  

Small-disturbance rotor angle stability as well as transient 
stability is categorized as short term phenomena. 
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Application of swing curve & solution of problems 
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