1

The magnetic field of the current follows the rotag;
field. As the loop turns, it rotates the motor shafp nln agne
number of closed-loop conductors are used for th n ct].%c
Rotating conductors in the armature will t‘auc : "rei
hind the rotating field. That is necessary because jf ufhghuy %
exact synchronization with the rotating magnetic ey Were jy
would be no relative motion between the field ang field th
ture. Consequently, there would be no induced cy the arp,’
When the armature follows behind in an ac inductj rrent gy,
is called slippage. On motgy,
Figure 7-22 shows a mor¢ efficient set of conduct,
armature of the motor in Fig. 7-21. This u,uStran_Om for
straight conductors between end conductors. They m°ﬂ Shows
in a circular pattern. This type of armature is called a Arrang
cage.” It is used in squirrel cage induction motors, SqQuirre|

END
CONDUCTORS

Y
/%

Z4

Fig. 7-22. The squirrel-cage rotor operal {
L e perates by magnetic fields produced in the

The Capacitor Start Motor. S

- pa . . So far we have reviewed tw

:ezgls] :; obtaining a rotating magnetic field. One is by rotatint::
s ;n} magnet and thg other is by using two-phase ac
rotatiz; wo-phase ac power is not readily available today, and a

A ugar:agnet does not make a highly efficient motor'

e 100 Itlﬂoégﬁ ezgat will run on single phase is iHustra-ted in

b ix;d' o a capacitor start motor, Instead of deliver-

i ll:x s: . phqscs to the windings, one of the windings is

ries with a capacitor. That capacitor shifts the

CENTRIFUGAL
SWITCH

10T

[—g INPUT

. 7.23. The capacitor start motor provides (wo-phase operation when the
moior is first started.
capacitor start windings and
thing as the two-phase motor.
only needed for starting the
d it is only necessary to use a
d so that it produces a thrust at exactly
the right moment. For that reason, the capacitor start motor has
a centrifugal switch. When the motor comes up to speed the
switch is automatically opened and the capacitor and capacitor-
start windings ar¢ removed from the circuit.

Another way of getting a rotating field is illustrated in Fig.
7.24. In this case, the field pole is split into two sections. A
copper ring surrounds one of the pole pieces. Note that the pole
is laminated. This is characteristic of ac field poles. It reduces
the problem of eddy currents.

An ac current is induced

shaded pole by the increasing a

ac current in the

essentially the same
the capacitor is
es up to spee

hase of the

accomplishes
In practice,
armature. Once it com

single phase, synchronize

in the single-turn coil of the
nd decreasing field of the larger
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COPPER RING FoR
/ SHADING POLE

A-’
NS
A

In some ac motors, shading poles are used to produce q rotating | )

A

pole. The induced current is out of phasc‘with the inducing
magnetic field. Therefore, its magnetic field is out of phase with )
the field of the main pole. The overall result is that there is
sufficient amount of phase difference to produce rotation in the
armature. D

Three-Phase AC Motors and Generators. Instead of ]
using a single pair of poles as shown in Fig. 7-21, it is possible to )
use three individual poles. Each pole is energized by one of the )
phases of three-phase power. So, there is a rotating magnetic 3
field. Three phase ac is very popular in industrial systems. If a

rotating magnet (or electromagnet) is rotated inside the three : 3
coils, a three-phase voltage is generated. 3

Figure 7-25 shows a basic three-phase generator and a basic ) ]
three-phase motor. Permanent magnets are used in these de- h E.
signs, but electromagnets are used in larger units.

4
The Synchronous Motor. When a permanent magnet is

used for the armature of a motor as in Fig. 7-26, it is not

necessary to have a slippage. Therefore, the armature keeps i SRR e e e
pace with the rotating magnetic field, This arrangement is called J
a synchronous motor.,

Synchronous motors are
Systems where the ac power frequency determines the speed of | Fig 7-25. Three-phase
rotation. Electric clocks often use 3 combination of a shading | PERHIC el

used in electric clocks and other T et e

vv‘vvvvv
{

power is used in larger motors to produce the rotating
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I:ig 7-26. This il jon r W
. ustratior ofa synchrona
us motor shows that dc is su 1
pp/ledlo

the armature wh,
en the moto
used o gei 7 is up to full ;
{0 get full speed in the large s)'rjl;hr:ﬁf)ﬁ IZZ{) B enaumaled mans
r.

pole and a rotatin
g perman i i
struclted synchronous motor S
n a early days of el i
.. : ectric clocks, there i
R eTr:;lor c:&das brought up to speed wigasalz::as:li:ll nlgl o
produced a problem not characteristic of tt(;:yﬂ;
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he clock could be started backward or forward de-
pending on how you moved the thumb wheel. If the clock did
not have a sweep second hand you might not notice. You could
be late for work if you started the clock improperly after the ac

wer was off as a result of a thunderstorm. The shading pole
then, provides the correct automatic starting direction for thé
electric clocks made today.

AC/DC Devices. Some types of devices will work on
cither ac or dc. They are usually made with laminated iron
material for reducing eddy currents in ac applications. But the
jaminations do not interfere with dc.

Consider the actuator in Fig. 7-27. It has a coil wrapped
around a hollow nonmagnetic material. Inside the nonmagnetic

e is a spring and a chamber for the plunger. The

material ther g
plunger is made of soft iron with a steel ring attached.

SPﬂlNG\

:
B

clocks. T

PLUNGER

D

O

(BT

A
<~

Fig. 7-27. An actuator can be made to operate on either dc or ac current input.
e coil, a magnetic field will be pro-
will attract the soft iron plunger and
the plunger will move into the chamber, compressing the
spring. If the ring is connected to some device that is to be
moved, this action will complete the cycle of operation. When
the current is interrupted, the spring will return the plunger and
the ring to its zero position.
Now suppose the current is reversed in the coil. There will
be a magnetic field again, and the actuator will go through the
same cycle as described before, because the soft iron plunger
will be attracted to a north magnetic poleortoa south magnetic
pole. It does not make any difference.
Suppose now a low frequency ac curre

If dc is applied to th
duced. That magnetic field

nt flows through the

B
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Fig. 7-26. This illustration of a synchronous motor shows that dc is supplied to

the armature when the motor is up 1o full speed. Very often a smaller dc motor is
used 1o get full speed in the large synchronous motor.

pole and a rotating permanent magnet in a specially con-
structed synchronous motor.

In a early days of electric clocks, there was no shading pole
and the motor was brought up to speed with a manual thumb
wheel. That produced a problem not characteristic of today’s

AC Generators and Motors 221

ward or forward dg-
heel. If the clock did

i ice. You could

ou might not notice.
d;rtazg tyhe clock improperly aﬁ;r the {aec
f a thunderstorm. The shading pole,
7 tic starting direction for the

k could be started back

 The a5 moved the thumb W

how you

Ito
off as a resu
poes wa:i es the correct automa
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- L f devices will wor

electrc £ ies, Some types O / ' s
dDe‘ill'ileesy are usually made w1th. lar‘nmat;:?fil tu;)]x;
':lcfg: refi‘ucing eddy currents in ac applications.

materl

i ith dc.
inati o0 not mterferc_: wn‘h o
lam‘?:i::gﬁises the actuator in Fig. 7.27. Tt has a coil pped

i :al. Inside the nonmagnetic
onmagnetic material.
amunilaglzlrl?i‘;z spring and a chamber for the p:lur:iger. The
n;s;egrér is made of soft iron with a steel ring attached.
p
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Fig. 7-27. An actualor can be made to operate on either dc or ac current input.

If dc is applied to the coil, a magnetic field will be pro-
duced. That magnetic field will attract the soft iron plun_ger and
the plunger will move into the chamber, compressing the
spring. If the ring is connected to some device that is to be
moved, this action will complete the cycle of operation. When
the current is interrupted, the spring will return the plunger and
the ring to its zero position.

Now suppose the current is reversed in the coil. There will
be a magnetic field again, and the actuator will go through the
same cycle as described before, because the soft iron plunger
will be attracted to a north magnetic pole or to a south magnetic
pole. It does not make any difference.

Suppose now a low frequency ac current flows through the
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i lled in by a north
+ half-cycle it i pulled in by a lS.Outh pole. The
On the 0E% < back and forth with the app leld ac and bogy
current reve tract the pUDEET: There are relays and reeq
half-cg'clﬁl z: will operate on either ac or dc. Their operatiop s
itches e
switc © this same pnnClpl e.

coil. On on¢ half-cycl

MMARY |
Su nd dc motors and generators are used in indys.
: Both ac zi\c motors and generators are _USuall)f made wj
trial systemss'uucn'on. Also, ac power is readily available for g,
simpler con be made without the need for car.

enerators can d
[I;c;:%mg ,gThe and torque of ac motors is not as easily

, are for dc motors. il
oomr&l:eg; gfoﬁeéan be made with specific characteristics, They
ially important in portable applications where batterieg
gw&e‘m motors. DC motors can be made to have a very high

torque.
stan\gr:)t;’:c and dc motors and generators operate on basic
ples are: Faraday’s law, Lenz’ law, elec.

and effects. Exam : !
:::;agnetic induction, and magnetcs. Also, Ampere’s law and

icht hand/left hand rules are important.
the ré%hme interesting applications make use of the fact that a 4o

motor will generate a dc voltage when it§ shaﬁ.is turn?d. Also, a
dc generator will run like a motor if dc is applied to its
terminals.

Using dc motors as generators, and dc generators as motors
has an important limitation. 'Ih; neutral axis is Memnt for the
two devices. For efficient operation, Some means 1s necessary to
shift that neutral axis or minimize its effect.

Interpoles are sometimes used to straighten out the flux
lines in dc motors and generators. This reduces the problem of
the neutral axis.

AC motors have laminated cores for their fields. This re-
duces the problem of eddy currents. Both ac and dc motors and
generators produce a countervoltage that limits armature cur-
rent, and in some cases, field currents.

When large dc motors are first started, there is no counter-
voltage. Therefore, some method is needed to limit current in

the arma

—~g—
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ture until the motor is up to speed. A manual starter
lectronic equivalent—is needed for that purpose.

—or its € ; IS S :
Even though your interest is primarily in electronics, you

shoul

d understand the operation of motors and generators.

SELF TEST

1.

Which type of motor will self destruct if operated without
a mechanical load?

(A) synchronous.

(B) series-wound dc.

Countervoltage is the result of:
(A) Lenz’ law.
(B) the right-hand rule.

One method of minimizing the effects of the neutral plane
is to use:

(A) consequent poles.

(B) interpoles.

Manual starters for dc motors provide:
(A) maximum armature current during startup.
(B) minimum armature current during startup.

An alternator, like those used in cars, has:
(A) an ac output.
(B) a rectified dc output.

When the field current of a dc generator is produced by
the generator it is called a:
(A) self-excited generator.
(B) self-biased generator.

In a capacitor-start motor, the capacitor:

(A) @s used to provide two-phase starting power.

(B) is switched into the circuit when the motor has
reached full speed.

Which of the following is used as an a :
types of ac motors? rmature in some
(A) buck winding.
(B) squirrel cage.
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9. Which type of motor must operate with slippage?

(A) induction motor.
(B) synchronous motor.

10. You can get a rotating field in an ac motor by using

(A) a capacitor start arrangement.
(B) three-phase power delivered to three sets of

windings.
(C) Both choices are correct.
(D) Neither choice is correct.

ANSWERS TO SELF TEST
1. (B)
2. (A)
3. (B)
4. (B)
5. (B)
6. (A)
7. (A)
8. (B)
9. (A)

10. (C)



