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A machines are generators that convert mechanical energy (o ac electrical
energy anﬁ motors that convert ac electrical energy to mechanical en-

ergy. The fundamental principles of ac machines are very simple, but unfortu-
nately, they are somewhat obscured by the complicated construction of real ma-
chines. This chapter will first explain the principles of ac machine operation using
simple examples, and then consider some of the complications that occur in real
ac machines.

There are two major classes of ac machines—synchronous machines and in-
duction machines. Synchronous machines are motors and generators whose mag-
netic field current is supplied by a separate dc power source, while induction ma
chines are motors and generators whose field current is supplied by magneti
induction (transformer action) into their field windings. The field circuits of mos
synchronous and induction machines are located on their rotors. This chapter cov-
ers some of the fundamentals common to both types of three-phase ac machines.
Synchronous machines will be covered in detail in Chapters 5 and 6, and induc-
tion machines will be covered in Chapter 7.




Ac machines differ from dc machines in that their armature windings are
almost always located on the stator, while their field windings are located on the
rotor. The rotating magnetic field from the rotor field windings of an ac machine
induces a three-phase set of ac voltages into 1ts stator armature windings. Converse-
ly, a three-phase set of currents i the stator armature windings produces a
rotating magnetic field which interacts with the rotor magnetic field, producing a
torgue in the machine. These two effects are the ac machine’s version of generator,
action and motor action, and they must be thoroughly understood in any study
of ac machines.




INDUCTION MOTORS

In the last chapter, we saw how amortisseur windings on a synchronous motor
could develop a starting torque without the necessily of supplying an exlernal
field current to them. In fact, amortisseur windings work so well that a motor
could be built without the synchronous motor’s main dc field circuit at all. A ma-

chine with only amortisseur windings is called an induction machine. Such ma-
chines are called induction machines because the rotor voltage (which produces
the rotor current and the rotor magnetic field) is induced in the rotor windings
rather than being physically connected by wires. The distinguishing feature of an

induction motor is thal no dc field current ts required (0 run the machine.

Although it is possible to use an induction machine as either a motor or a
generator, it has many disadvantages as a generator and so is rarely used in that
manner. For this reason, induction machines are usually referred to as induction
moltors.



7.1 INDUCTION MOTOR CONSTRUCTION

An induction motor has the same physical stator as a synchronous machine, with
a different rotor construction. A typical two-pole stator is shown in Figure 7-1. Il
looks (and is) the same as a synchronous machine stator. There are two different]
Lypes of induction motor rotors which can be placed inside the stator. One is called
a cage rotor, while the other is called a wound rotor,

" Figures 7-2 and 7-3 show cage induction motor rotors. A cage induction
motor rotor consists of a series of conducting bars laid into slots carved in the face

_Of the rotor and shorted at either ¢nd by large shorting rings. This design is re-
ferred to as a cage rotor because the conductors, if examined by themselves,
would look like one of the exercise wheels that squirrels or hamsters run on.
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the stator

FIGURE 7-1

The stator of a typical induction
motor, showing the stator
windings. (Courtesy of
MagneTek, Inc.)

cage rotor,

{a)




cage rolor,

(b)
FIGURE 7-3
(2) C y of a typi small cage rotor motor. {(Ce v of MagneTek, Inc.)
(b) Cr Y g3 of a typ large cage rotor motor. (i v of Ge

Company.)




a The other type of rotor is a wound rotor. A wound rotor has a complete sel
of three-phase windings that are mirror images of the windings on the stator. The
three phases of the rotor windings are usually Y-connected, and the ends of the
three rotor wires are tied to slip rings on the rotor’s shaft. The rotor windings are

horted theomoh hrthes rid bl Wotndotar indieds

therefore have their rotor currents accessible at the stator brushes, where they can

possible to take advantage of this feature to modify the torque—speed characteris-
_tic_of the motor. Two wound rotors ar¢ shown in Figure 74, and a complete
wound-rotor induction motor is shown in Figure 7-5.
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wound rotor.
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cage rotor,
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wound rotor.
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INDUCTION MOTOR

-~
TYPICAL WOUND-ROTOR

- g

Wound Rotor
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Wound-rotor induction motors are more expensive than cage induction mo-
tors. and they require much more maintenance because of the wear associated
with their brushes and slip rings. As a result, wound-rotor induction motors are
rarely used.

7.2 [BAS]C INDUCTION MOTOR CONCEPTSJ

Induction molor operation is basically the same as that of amortisseur windings on
synchronous motors. That basic operation will now be reviewed, and some im-
portant induction motor terms will be defined.

The Development of Induced Torque
in an Induction Motor

Figure 7-6 shows a cage rotor induction motor. A three-phase set of voltages has
been applied to the stator, and a three-phase set of stator currents is flowing. These
currents produce a magnetic field Bg, which is rotaling in a counterclockwise
direction. The speed of the magnetic field’s rotation is given by

120
B = —'& (7-1)

sync P



where f is the system frequency in hertz and P is the number of poles in the ma-
chine. This rolating magnetic ficld Bg passes over Lhe rotor bars and induces a
voltage in them.

The voltage induced in a given rotor bar is given by the equation

[ e, = (vXB)el ] (1-45)

where v = velocily of the bar relative to the magnetic field
B = magnetic flux density vector
I = length of conductor in the magnetic field

It is the relative motion of the rotor compared (o the stator magnetic field
that produces induced voltage in a rotor bar. The velocity of the upper rotor bars
relative to the magnetic field is to the right, so the induced voltage in the upper
bars is out of the page, while the induced voltage in the lower bars is into the page.
This results in a current flow out of the upper bars and into the lower bars. How-
ever, since the rotor assembly is inductive, the peak rotor current lags behind the
peak rotor voltage (see Figure 7-6b). The rotor current flow produces a rotor mag-
netic field By.

Finally, since the induced torque in the machine is given by

[TM = kB, X B ] (4-58)

the resulting torque is counterclockwise. Since the rotor induced torque is coun-
terclockwise, the rotor accelerates in that direction.

19



FIGURLE 7-6

The development of induced torque in an induction
motor. (a) The rotating stator field B; induces a voltage
in the rotor bars: (b) the rotor voltage produces a rotor
current flow. which lags behind the volitage because of
the inductance of the rotor: (<) the rotor current
procdiuces a rotor magnetic field Bg lagging 90° behind
itseIf. and By interacts with B__, to produce a
counterclockwise torque in the machine.
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There 1s a inite upper limit to the motor’s speed, however. If the induction
motor’s rotor were turning at svnchronous speed, then the rotor bars would be sta-
tionary relative to the magnetic field and there would be no induced voltage. If e,
were equal to O, then there would be no rotor current and no rotor magnetic field.
With no rotor magnetic field, the induced torque would be zero, and the rotor
would slow down as a result of friction losses. An induction motor can thus speed
up to near-synchronous speed, but it can never exactly reach synchronous speed.

Note that in normal operation both the rotor and stator magnetic fields B,
and B rotate together at synchronous speed n_,. ., while the rotor itself turns at a
slower speed.

sync?
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