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Rotor Angle Stability:

Rotor angle stability is the ability of the interconnected synchronous machines
running in the power system to remain in the state of synchronism. Two
synchronous generators running parallel and delivering active power to the load
depends on the rotor angle of the generator (load sharing between alternators
depends on the rotor angle).

During normal operation of the generator, rotor magnetic field and stator
magnetic field rotates with the same speed, however there will be an angular
separation between the rotor magnetic field and stator magnetic field which depends
on the electrical torque (power) output of the generator.

An increase in the prime mover speed (turbine speed) will result in the
advancement of the rotor angle to a new postion realtive to the rotating magnetic
field of the stator.  On the other hand reduction in the mechanical torque will result
in the fall back of the rotor angle relative to the stator field.

In equilibrium condition there will be equilibrium between the input mechanical
torque and output electrical torque of each machine (generator) in the power system
and speed of the machines will remain same. If the equilibrium is upset which
results in the acceleration or deceleration of rotors of the machines.

If one of the inter connected generator moves faster temporarily with respect to
the other machine. Rotor angle of the machine will advance with respect to slow
machine. This results in the load deliver by faster generator increases and load
delivered by slow machine decreases. This tends to reduce the speed difference
between the two generators and also the angular separation between the slow
generator and fast generator.

Beyond certain point the increase in the angular separation will result in decrease
of power transfer by the fast machine. This increases the angular separation further
and also may lead to instability and synchronous generators fall out of synchronism.

Power system stability involves the study of the dynamics of the power system
under disturbances. Power system stability implies that its ability to return to
normal or stable operation after having been subjected to some form of
disturbances.

From the classical point of view power system instability can be seen as loss of
synchronism (i.e., some synchronous machines going out of step) when the system
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is subjected to a particular disturbance. Three type of stability are of concern:
Steady state, transient and dynamic stability.

Steady-state Stability:-

Steady-state stability relates to the response of synchronous machine to a
gradually increasing load. It is basically concerned with the determination of the
upper limit of machine loading without losing synchronism, provided the loading
is increased gradually.

Dynamic Stability:-

Dynamic stability involves the response to small disturbances that occur on the
system, producing oscillations. The system is said to be dynamically stable if
theses oscillations do not acquire more than certain amplitude and die out quickly.
If these oscillations continuously grow in amplitude, the system is dynamically
unstable. The source of this type of instability is usually an interconnection
between control systems.

Transient Stability:-

Transient stability involves the response to large disturbances, which may cause
rather large changes in rotor speeds, power angles and power transfers. Transient
stability is a fast phenomenon usually evident within a few second.
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Power system stability mainly concerned with rotor stability analysis. For this
various assumptions needed such as:

 For stability analysis balanced three phase system and balanced disturbances
are considered.

 Deviations of machine frequencies from synchronous frequency are small.
 During short circuit in generator, dc offset and high frequency current are

present. But for analysis of stability, theses are neglected.
 Network and impedance loads are at steady state. Hence voltages, currents

and powers can be computed from power flow equation.

Dynamics of a Synchronous Machine :-

The kinetic energy of the rotor in synchronous machine is given as:

KE=1/2Jw 2 x10 -6 MJoule ...................................................... (1)

Where J= rotor moment of inertia in kg-m2

ws = synchronous speed in mechanical radian/sec.

Speed in electrical radian is

wse = (P/2) ws = rotor speed in electrical radian/sec ................. (2)

Where P = no. of machine poles

From equation (1) and (2) we get

KE= 1 [J (2)2 . wsex 10−6 ] .wse MJ.........................................(3)P
or KE= 1Mw MJ

Where M =

2[J ( se2 2) .wsex 10−6 ]= moment of inertia inP
We shall define the inertia constant H, such that

MJ.sec/elect. radian ............. (4)

GH = KE = 1Mw MJ ........................................................... (5)2 se
Where G = three-phase MVA rating (base) of machine

H = inertia constant in MJ/MVA or MW.sec/MVA

2
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From equation (5), we can write,

M = 2GH = 2GH = GH
MJ.sec/elect. radian...........................(6)wse 2 f f

or M = GH180f MJ.sec/elect. degree ................................................. (7)

M is also called the inertia constant.

Assuming G as base, the inertia constant in per unit is

M(pu) = H Sec2/elect.radian.....................................................(8)f
or M(pu) = H180f Sec2/elect.degree ................................................ (9)


