
CHAPTER I

THE STABILITY PROBLEM

Definitions and illustrations of terms. Power-system stability is a
term applied to alternating-current electric power systems, denoting a
condition in which the various synchronous machines of the system
remain in synchronism, or "in step," with each other. Conversely,
instability denotes a condition involving loss of synchronism, or falling
"out of step."

Consider the very simple power system of Fig. 1, consisting of a
synchronous generator supplying power to a synchronous motor over
a circuit composed of series inductive reactance X&. Each of the
synchronous machines may be rep-
resented, at least approximately, by
a constant-voltage source in series
with a constant reactance.* Thus
the generator is represented by Eg
and XQ) and the motor, by EM
and XM- Upon combining the ma-
chine reactances and the line re-
actance into a single reactance, we
have an electric circuit consisting of pIG< \m Simple two-machine power
two constant-voltage sources, Eg system,
and EM, connected through re-
actance X =3 XG + XL + XM . It will be shown that the power
transmitted from the generator to the motor depends upon the phase
difference 8 of the two voltages EG and EM- Since these voltages are
generated by the flux produced by the field windings of the machines,
their phase difference is the same as the electrical angle between the
machine rotors.

The vector diagram of voltages is shown in Fig. 2. Vectorially,

EG = EM + jXI [1]

(The bold-face letters here and throughout the book denote com-

*Either equivalent synchronous reactance or transient reactance is used, depending
upon whether steady-state or transient conditions are assumed. These terms are
defined and discussed in Chapters XII and XV, Vol. III.
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plex, or vector, quantities). Hence the current is

jX

^^f The power output of the generator—and like-
^ ^ ^ ^ / wise the power input of the motor, since there

^^-<3]g /Jxl is no resistance in the line—is given by

\^~~7/ P = R^(E(?I) [3]

• ^ -Be(l05^) [4]
FIG. 2. Vector diagram \ J /

of the system of Fig. 1. w h e r e R e m e a n g ^ ^ p a r t Q f , a n d g ^

means the conjugate of EQ. Now let

EM = EM[0 [5]
and

EG = Eold [6]
Then _

EG = Eotzl PI
Substitution of eqs. 5, 6, and 7 into eq. 4 gives

EG/±- EM/0

-EGEM™Z m

x
This equation shows that the power P transmitted from the generator
to the motor varies with the sine of the displacement angle 6 between
the two rotors, as plotted in Fig. 3. The curve is known as a power"
angle curve. The maximum power that can be transmitted in the
steady state with the given reactance X and the given internal voltages
EG and EM is
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