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UNIT V

STABILITY ANALYSIS

PART – A
1. Define infinite bus in a power system.
A bus is called infinite bus if its voltage remains constant and does not altered by any changes
in generator excitation.
2. Define stability.
The stability of a system is defined as the ability of power system to return to stable
(synchronous) operation when it is subjected to a disturbance.
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3. Define steady state and transient state stability.
The steady state stability of a system is defined as the ability of power system to remain stable
(without loosing synchronism) for small disturbances.
The transient stability of a system is defined as the ability of power system to remain stable
(without loosing synchronism) for large disturbances.
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4. Define power angle.
The power angle (or torque angle) is defined as the angular displacement of the rotor from
synchronously rotating reference frame.
5. What is power system stability?
Power system stability is the property of the system that enables it to remain in a state of
operating equilibrium under normal operating conditions and to regain an acceptable state of
equilibrium after being subjected to a disturbance.
6. State equal area criterion.
The equal area criterion for stability states that the system is stable if the area under P a-  curve
reduces to zero at some value of  .This is possible if the positive (accelerating) area under Pa- 
curve is equal to the negative (decelerating) area under Pa-  curve for a finite change in  .Hence the
stability criterion is called equal area criterion.
7. Write the swing equation used for stability analysis of power system.
The swing equation is given below
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Where,
H-Inertia constant in MW-s/MVA
f- Frequency in Hertz
M- Inertia constant in p.u.
Pm-Mechanical power input to the system (neglecting mechanical losses) in p.u.
Pe-Electrical power output of the system (neglecting electrical losses) in p.u.
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8. Write the swing-equation for a single synchronous machine connected to an infinite bus
The swing equation is given below
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Where,
H-Inertia constant in MW-s/MVA
f- Frequency in Hertz
M- Inertia constant in p.u.
Pm-Mechanical power input to the system (neglecting mechanical losses) in p.u.
Pe-Electrical power output of the system (neglecting electrical losses) in p.u.
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9. Write the concept of critical clearing angle.
The critical clearing angle,  cc is the maximum allowable change in the power angle  before
clearing the fault, without loss of synchronism. The time corresponding to this angle is called critical
clearing time, tcc.
10. Define steady state stability limit.
The steady state stability limit is the maximum power that can be transmitted by a machine (or
transmitting system) to a receiving system without loss of synchronism. In steady state the power
transferred by synchronous machine (or power system) is always less than the steady state stability
limit.
11. State equal area criterion.
The equal area criterion for stability states that the system is stable if the area under P a- 
Curve reduces to zero at some value of  .
This is possible only if the positive (accelerating) area under Pa-  curve is equal to the negative
(deceleration) area under Pa-  curve for a finite change in  .Hence this stability criterion is called
equal area criterion.

12. In a 3-machine system having ratings S1 S2 and S3 and inertia constants M1 M2 and M3, what
is inertia constant M and H of the equivalent system?
Meq=M1S1/Sb+ M2S2/Sb+ M3S3/Sb
Where, S1, S2, S3=MVA ratings of machines 1, 2, 3 respectively.
Sb
=Base MVA or MVA rating of system.
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13. List any two methods of improving the transient stability limit of power system.
The following are the methods used to improve the transient stability of a system.
 Increase of system voltage and use of AVR (Automatic Voltage Regulation).
 Use of high speed excitation systems.
 Reduction in system transfer reactance.
 Use of high speed reclosing breakers.
14. Define swing curve. What is the use of swing curve?
The swing curve is the plot or graph between the power angle  and time t.
It is usually plotted for a transient state to study the nature of variation in  for a sudden large disturbance.
From the nature of variation of  the stability of the system for any disturbance can be determined.
15. Write the power-angle equation of a synchronous machine connected to an infinite bus and also
the expression for maximum power transferable to the bus.
The power-angle equation of a machine connected to an infinite bus is given by,
Pe  Pmax sin 
Where, Pmax  E V / X

T

E =Magnitude of internal E.M.F of generator.
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V = Magnitude of infinite bus voltage.
X =Transfer reactance between generator and infinite bus.
 =Power angle or torque angle.

tcc.
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16. Define critical clearing time and critical clearing angle.
The critical clearing angle,  cc is the maximum allowable change in the power angle  before clearing
the fault, without loss of synchronism. The time corresponding to this angle is called critical clearing time,

The critical clearing time, tcc can be defined as the maximum time delay that can be allowed to clear a
fault without loss of synchronism.

PART- B
1. Derive swing equation used for stability studies in power system.

(16)

2. Explain the modified Euler method of analyzing multi machine power system for stability with a neat
flow chart.
(16)
3. (i)Derive swing equation for a synchronous machine.
(8)
(ii)A 50 Hz generator is delivering 50% of the power that it is capable of delivering through a
transmission line to an infinite bus. A fault occurs that increases the reactance between the generator
and the infinite bus to 500% of the value before the fault. When the fault is isolated, the maximum
power that can be delivered is 75% of the original maximum value. Determine the critical clearing
angle for the condition described.
(8)
4. Find the critical clearing angle for clearing the fault with simultaneous opening of the
breakers 1 and 2. The reactance values of various components are indicated on the
diagram. The generator is delivering 1.0 p.u. power at the instant preceding the fault. The fault occurs
at point p as shown in the figure.
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5. In the system shown in Fig. 5 a three phase static capacitive reactor of reactance 1 p.u. per phase in
connected through a switch at motor bus bar. Calculate the limit of steady state power with and
without reactor switch closed. Recalculate the power limit with capacitance reactor replaced by an
inductive reactor of the same value.
(16)

SV

CE

T

Fig.5.
Assume the internal voltage of the generator to be 1.2 pu. and motor to be1.0 p.u.
6. Describe the Runge-Kutta method of solution of swing equation for multi-machine
systems.
(16)
7. (i) Derive the swing equation of a synchronous machine swinging against an infinite bus. Clearly state
the assumption in deducing the swing equation.
(10)
(ii) The generator shown in Fig. 7 is delivering power to infinite bus. Take Vt = 1.1 p.u. Find the
maximum power that can be transferred when the system is healthy. (6)

Fig.7.
8. (i) A 2-pole 50 Hz, 11kV turbo alternator has a ratio of 100 MW, power factor 0.85lagging. The rotor
has a moment of inertia of 10,000 kgm2. Calculate H and M.
(6)
(ii)A three phase fault is applied at the point P as shown below. Find the critical clearing angle for
clearing the fault with simultaneous opening of the breakers 1 and 2. The reactance values of various
components are indicated in the diagram. The generator is delivering 1.0 p.u. power at the instant
preceding the fault.
(10)

9. Describe the equal area criterion for transient stability analysis of a system.
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