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TRANSIENT STABILITY

• the disturbance on the system is quite severe and sudden and the machine is unable to

maintain synchronism under the impact of this disturbance. In this case, there is a large

excursion of the rotor angle (even if the generator is transiently stable).

• Figure shows various cases of stable and unstable behavior of the generator. In case 1,

under the influence of the fault, the generator rotor angle increases to a maximum,

subsequently decreases and settles to a steady state value following oscillations with

decreasing magnitude.

• In case 2, the rotor angle decreases after attaining a maximum value. However,

subsequently, it undergoes oscillations with increasing amplitude. This type of instability is

not caused by the lack of synchronizing torque; rather it occurs due to lack of sufficient

damping torque in the post fault system condition.

• In case 3, the rotor angle monotonically keeps on increasing due to insufficient

synchronizing torque till the protective relay trips it. This type of instability, in which the rotor

angle never decreases, is termed as ’first swing instability’.
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TRANSIENT STABILITY
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ROTOR ANGEL STABILITY
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FAULT SEQUENCE
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SPRING MASS ANALOGY
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NONLINEAR SWING EQUATION
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NONLINEAR SWING EQUATION
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NONLINEAR SWING EQUATION
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KE AND PE /PHASE DIAGRAM
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NONLINEAR SWING EQUATION
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KE AND PE /PHASE DIAGRAM
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TRANSIENT STABILITY
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EQUAL-AREA STABILITY CRITERION
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EQUAL-AREA STABILITY CRITERION
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EQUAL-AREA STABILITY CRITERION
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EQUAL-AREA STABILITY CRITERION
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EQUAL-AREA STABILITY CRITERION
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EQUAL-AREA STABILITY CRITERION
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EQUAL-AREA STABILITY CRITERION
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EQUAL-AREA STABILITY CRITERION
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EQUAL-AREA STABILITY CRITERION



3.04.2023 23

EQUAL-AREA STABILITY CRITERION
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EQUAL-AREA STABILITY CRITERION

DP MECHANICAL
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EQUAL-AREA STABILITY CRITERION

DP MECHANICAL



Solution by Newton-Raphson Algorithm
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Newton-Raphson Algorithm: 

Iterative procedure: 

Convergence Criterion: 



Example
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Solution

3.04.2023 28



Solution by Matlab
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Solution by Matlab
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3-PHASE FAULT AT BUS 1

A generator is connected to an infinite bus bar through two parallel 

lines. Assume that the input power Pm is constant and the machine is 

operating steadily, delivering power to the system with a power angle do. 

A temporary three-phase bolted fault occurs at the sending end of

one of the line at bus 1.
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EQUAL-AREA CRITERION 3-PHASE FAULT

• When the fault is at the sending end of

the line, point F, no power is transmitted

to the infinite bus. 

• Since the resistances are neglected, the 

electrical power Pe is zero, and the 

power-angle curve corresponds to the 

horizontal axis. 

• The machine accelerates with the total 

input power as the accelerating power, 

thereby increasing its speed, storing 

added kinetic energy, and increasing the 

angle d.

• When the fault is cleared, both lines are assumed to be intact. The fault is cleared at dc

which shifts the operation to the original power-angle curve at point e. The net power is 

now decelerating, and the previously stored kinetic energy will be reduced to zero at point f 

when the shaded area (defg), shown by A2 equals the shaded area (abcd), shown by A1. 

• Since Pe is still greater than Pm the rotor continues to decelerate and the path is retraced 

along the power-angle curve passing through points e and a, The rotor angle would then 

oscillate back and forth around do at its natural frequency.

• Because of the inherent damping, oscillation subsides and the operating point returns to 

the original power angle do.
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EQUAL-AREA CRITERION 3-PHASE FAULT
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CRITICAL CLEARING TIME
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CRITICAL CLEARING TIME
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3-PHASE FAULTS ALONG THE LINE

• Now consider a three-phase fault along one of the line away from the

sending end of the line.

• The faulted line is opened and remians opened. One line is active only
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EQUAL-AREA CRITERION
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CRITICAL CLEARING TIME
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CRITICAL CLEARING ANGLE 



Example 1
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Solution
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Solution
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Solution
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Solution by Matlab
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Solution by Matlab

Initial power angle     =  26.388 

Maximum angle swing     = 153.612 

Critical clearing angle =  84.775 

Critical clearing time  =   0.260 sec. 
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Solution
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Solution
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Solution
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Solution by Matlab
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Critical clearing angle = 98.8335
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Example 2
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Example 3
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Example 3
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Example 3



Homework Questions 1 and 2 
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A 60-Hz synchronous generator has a transient reactance of 0.2 per unit and

an inertia constant of 5.66 MJ/MVA. The generator is connected to an infinite

bus through a transformer and a double circuit transmission line, as shown

below. Resistances are neglected and reactances are expressed on a

common MVA base and are marked on the diagram. The generator is

delivering a real power of 0.77 per unit to bus bar 1. Voltage magnitude at

bus 1 is pu. The infinite bus voltage pu.
1 1.1V pu 0

2 1.0 0V pu 
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Homework 1 (20 points)

 The generator in the previous is delivering a real power input of 0.77

pu to the infinite bus at a voltage of 1.0 pu. The generator excitation

voltages is E0 = 1.25 pu. Use eacpower(Pm,E, V,X) to find

(a) The maximum power input that can be added without loss

of synchronism.

(b) Repeat (a) with zero initial power input. Assume the

generator internal voltages remains constant at the value

computed in (a).
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Homework 2 (40 points)

 The same generator is delivering a real power input of 0.77 pu to the

infinite bus at a voltage of 1.0 pu. The generator excitation voltages is

E0 = 1.25 pu.

(a) A temporary three-phase fault occurs at the sending end of one of

the transmission lines. When the fault is cleared, both lines are intact.

Using equal area criterion, determine the critical clearing angle

and the critical fault clearing time. Use eacfault(Pm,E, V,X1,X2,X3) to

check the result and to display the power angle plot.

(b) A three-phase fault occurs at the middle of one of the lines, the fault is

cleared, and the faulted line is isolated. Determine the critical clearing

angle. Use eacfault (Pm,E,V,X1,X2,X3) to check the results and to

display the power-angle plot.



Transient Stability: 

Numerical Integration Methods and

Multi-Machine System
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SOLVING NONLNEAR ODE
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Euler Method



Modified Euler Method
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MATLAB

ORDINARY DIFFERENTIAL EQUATION 

(ODE) SOLVER
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Introduction

 Analytical solutions of linear time-invariant equations are obtained 

through the Laplace transform and its inversion. 

 The analytical methods are normally restricted to linear differential 

equations with constant coefficients. 

 Numerical techniques solve differential equations directly in the time 

domain; they apply not only the linear time-invariant, but also to 

nonlinear and time varying differential equations. 

 The value of the function obtained at any step is an approximation of

the value which would have been obtained analytically; whereas, the 

analytical soIution is exact 

 However, an analytical solution may be difficult, lime consuming, or 

even impossible to find.

3.04.2023



Matlab ODE Solvers

 MATLAB provides two functions for numerical solutions of 

differential equations employing the Runge-Kutta method. 

 These are ode23 and ode45, based on the Fehlberg-

second and third-order pair of formulas for medium accuracy 

and fourth- and fifth-order pair for high accuracy. 

 The nth-order differential equation must be transformed into 

n first-order differential equations and must be placed in an 

M-file that returns the state derivatives of the equations. 
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State-Space Equation Model
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Example 1: A Simple Mechanical System 

• Three forces influence the motion of the 

mass, namely, the applied force, the 

frictional force, and the spring force.

• Applying Newton's law of motion, the force 

equation of the system is

• Define states
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Example 1: M-File and Function
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Example 1: Results

3.04.2023 68



Example 1: Phase-Potrait
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Example 2: Electric Circuit
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Example 2: State-Space Equations
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• Apply KVL

• Define states

• Obtain state-space equations



Example 2: M-file and Function
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Example 2: Results
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Example 2: Phase-Potrait
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Example 3: Pendulum
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Example 3: M-file and Function
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Example 3: Results
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Numerical Solution of Swing Equation
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Numerical Solution of Swing Equation
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Numerical Solution of Swing Equation
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Numerical Solution of Swing Equation
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Matlab Function
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE



Simulink Model
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MULTI-MACHINE SYSTEMS
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MODELING STEPS



Multi-Machine System
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Modeling Steps
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Modeling Steps



Multi-Machine Transient Stability

 A solid three-phase fault at bus k (Vk = 0)

 Remove kth row and column from prefault bus admittance matrix to 

simulate the fault

 Reduce the bus admittance matrix by eliminating all nodes except the 

internal generator nodes

 The generator excitation voltages during fault and post faults modes are 

assumed to remain constant
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Multi-Machine Transient Stability



Multi-Machine Transient Stability: Steps

 We have two state equations for each generator

 Matlab ode23 solver is employed to solve 2m first-order differential 

equations

 When the fault is cleared, which may involve the removal of the faulty 

line, the bus admittance matrix is recomputed to reflect the change in 

the network

 The postfault reduced bus admittance matrix is evaluated and the 

postfault electrical power of the ith generator  is determined

 Using the postfault power, the simulation is continued to determine 

stability

 Usually, the solution is carried out for two swings to show that the 

second swing is not greater than the first one
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE



Homework 1 (20 points)
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Homework 2: One-line diagram
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Homework 2: Load and generator data
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Homework 2: Line and generator data
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Homework 2 (20 points)
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