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Introduction

For years, system stability was a problem almost exclusively to electric utility engineers.
Small independent power producers (IPPs) and co-generation (co-gen) companies were
treated as part of the load and modelled casually. Today, the structure of the utility
industry is going through a revolutionary change under the process of deregulation. A full-
scale competition in the generation market is on the horizon. Increasing numbers of
industrial and commercial facilities have installed local generation, large synchronous
motors, or both. The role of IPP/co-gen companies and other plants with on-site
generation in maintaining system stability is a new area of interest in power system
studies. When a co-generation plant (which, in the context of this chapter, is used in
reference to any facility containing large synchronous machinery) is connected to the
transmission grid, it changes the system configuration as well as the power flow pattern.
This may result in stability problems both in the plant and the supplying utility. Figure 1
and Figure 2 are the time-domain simulation results of a system before and after the
connection of a co-generation plant. The increased magnitude and decreased damping
of machine rotor oscillations shown in these figures indicate that the system dynamic
stability performance has deteriorated after the connection. This requires joint studies
between utility and co-gen systems to identify the source of the problem and develop

possible mitigation measures.
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Stability fundamentals

Definition of stability

Fundamentally, stability is a property of a power system containing two or more
synchronous machines. A system is stable, under a specified set of conditions, if, when
subjected to one or more bounded disturbances (less than infinite magnitude), the
resulting system response(s) are bounded. After a disturbance, a stable system could be
described by variables that show continuous oscillations of finite magnitude (ac voltages
and currents, for example) or by constants, or both. In practice, engineers familiar with
stability studies expect that oscillations of machine rotors should be damped to an
acceptable level within 6 s following a major disturbance. It is important to realize that a
system that is stable by definition can still have stability problems from an operational

point of view (oscillations may take too long to decay to zero, for example).
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Figure 1—System response — No co-gen plant
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Figure 2—Low-frequency oscillation after the connection of the co-gen plant

Steady-state stability

Although the discussion in the rest of this chapter revolves around stability under transient
and/or dynamic conditions, such as faults, switching operations, etc., there should also
be awareness that a power system can become unstable under steady-state conditions.
The simplest power system to which stability considerations apply consists of a pair of
synchronous machines, one acting as a generator and the other acting as a motor,
connected together through a reactance (see Figure 3). (In this model, the reactance is
the sum of the transient reactance of the two machines and the reactance of the
connecting circuit. Losses in the machines and the resistance of the line are neglected

for simplicity.)

If the internal voltages of the two machines are E; and E,, and the phase angle between

them is 8, it can easily be demonstrated that the real power transmitted from the generator

to the motor is:

E-E
= ¢ Msine
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Figure 3—Simplified two-machine power system

The maximum value of P obviously occurs when 6 = 90°. Thus

_ EgEn

max
X

This is the steady-state stability limit for the simplified two-machine system. Any attempt

to transmit more power than P, will cause the two machines to pull out of step (loose

synchronism with each other) for particular values of internal voltages.

This simple example shows that at least three electrical characteristics of a power system

affect stability. They are as follows:

- Internal voltage of the generator(s)

- Reactance(s) of the machines and transmission system

- Internal voltage of the motor(s), if any

The higher the internal voltages and the lower the system and machine reactances, the

greater the power that can be transmitted under steady-state conditions.
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Transient and dynamic stability

The preceding look at steady-state stability serves as a background for an examination
of the more complicated problem of transient stability. This is true because the same three
electrical characteristics that determine steady-state stability limits affect transient
stability. However, a system that is stable under steady-state conditions is not necessarily

stable when subjected to a transient disturbance.

Transient stability means the ability of a power system to experience a sudden change in
generation, load, or system characteristics without a prolonged loss of synchronism. To
see how a disturbance affects a synchronous machine, consider the steady-state

characteristics described by the steady-state torque equation first.

nP? _
T = T(pSRFR Sin 6R

where

T is the mechanical shaft torque
P is the number of poles of machine
¢ gris the air-gap flux

Fris the rotor field MMF

0 ris the mechanical angle between rotor and stator field lobes

The air-gap flux ¢ ¢, stays constant as long as the internal voltage (which is directly
related to field excitation) at the machine does not change and if the effects of saturation
of the iron are neglected. Therefore, if the field excitation remains unchanged, a change
in shaft torque T will cause a corresponding change in rotor angle d . (This is the angle
by which, for a motor, the peaks of the rotating stator field lead the corresponding peaks
of the rotor field. For a generator, the relation is reversed.) Figure 4 graphically illustrates
the variation of rotor angle with shaft torque. With the machine operating as a motor (when

rotor angle and torque are positive), torque increases with rotor angle until & ; reaches

90 electrical degrees. Beyond 90°, torque decreases with increasing rotor angle.

Copyright 2026 Page 5



Purchase this course to
see the remainder of
the technical materials.




	EE-03-902-CUR
	EE-03-902 Power System Transient Stability Study Fundamentals Revised 2026



