12.23. SINGLE PHASE A.C. MOTOR
As we know that there are various domestic appliances used in home, for day-to-day

service, ‘which uses various kinds of motor to obtain rotational motion. But the power
requirement of the home appliances is less, hence 1 phase a.c. supply system is used In
residentital area. Hence due to availability of 1 phase a.c. supply, various motors used in home
appliances to perform various tasks, which are known as single phase motors. Due to lesser
loads these motors are designed for small power rating, hence are termed as fractional horse
power (or fractional kilowatt motors). The fractional horse power motors are defined as “a
motor built in a frame smaller than that having a continuous rating of 1 H.P., open type, at
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(a) Induction motors,
(b) Synchronous motors,
(¢) Commutator motors.

- The various type of motor in each class are further classified as below :
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Fig. 12.55.
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winding is shown. When stator winding is connected to single phase a.c. supply, it carries an
alternating current, producing an alternating flux in the air gap. During positive half cycle the
direction of current flowing through stator winding and field produced in shown in Fig. 12.55
(b). By using right hand rule, the flux set up during positive half cycle is acting in downward
direction. After 7/2 seconds i.e. after half cycle, the direction of current through stator
winding will get reversed, the direction of field and direction of current during negative half

cycle is shown in Fig. 12,55 (¢) from which it is clear that the direction of field is upward.

Hence from the above discussion it is clear that, when single phase supply is
connected to stator winding, the field set up is not rotating but is pulsating. Such arrangement
results 1n zero startmg torque; therefore, these MOtOrs are not self starting.

4 It 18 however expcnenced that when the rotor is given an initial rotation in any
direction it continues to pick up speed in that direction. A starting torque is therefore necessary
to enable the rotor to pick up speed in any direction. Following are the two theories explains
de‘v'elopé tm'que wl‘m 1mt1al rotation is given :

ngl_g_rgvglvm g field theory.
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1s connected to single phase a.c. supply, a pulsating field is set up. According to double

revolving; ﬁc}d theory such a flux can be resolved into two components of half of its amplitude

and rotating n opposite direction with synchronous speed. Clockwise component of field will

result in production of torque in clockwise direction and counter clockwise direction of field
- will produce torque in opposite direction as shown in Fig. 12.55 (e).

. At standstill i.e., when slip 1s unity the two torque acting on rotor are equal and
opposite. ‘Due to which rotor will not rotate. If the machine is started by some external means
in any direction, say clockwise. the torque developed by counter clockwise component,
causing the rotation of rotor in clockwise direction. As rotor picks up speed the magnitude of
torque developed by clockwise component goes on increasing due to which rotor approaches

near to synchronous speed easily. Fig. 12.55 (¢) shows torque slip characteristics of single
phase induction motor.

12.25.1. Types of Single Phase Induction Motors. As we know that the single

. phase induction motor does not have starting torque. To make them self starting, some

modifications are done in their construction, such that it behaves like a two phase motor

during starting period. To obtain a revolving field in a two phase induction motors, two
conditions must be satisfied :

. Two windings must be displaced by 90 electrical degrees
2. Current flowing through two winding must be displaced by 90"

A rotating magnetic field can also be set if current flowing through two winding is not
| displaced by 90°. Hence rotating magnetic field is set up if initially the single phase induction .
motor is modified to two phase motor during starting and then during running condition
operating as a single phase LM. To make the single phase I.M. self starting various methods
are used accordingly the motors are classified.

(A) Resistance Split Phase Motor. Such types of motors are provided with two
windings, auxiliary and main winding displaced 0()° electrical in space from each other. The
rotor is of squirrel cage type. The auxiliary winding has larger resistance and lesser reactance

compared to main winding. ol |
To obtain larger resistance the auxiliary winding is wound for less turns by using

lesser diameter conductor. The R/X (Resistance/reacta’.mc?) of auxiliary winding is more thzfn

main winding. Due to which current in auleial_'y wind}ng leads thc? current thrﬁugh main
- winding by an angle ‘o’. The auxiliary and main windings are designed In suﬁ ha way ;o
*'*ﬂbtairi the value of o in range of 20° to 45°. Due to suc.:h arrangement, th(_)uf‘ t et suiil 3;

connected to two windings is single phase, current ﬂow..vmg through two W1_1;l 1tl)1gs odz i

Qﬁ?ﬁt are similar to two phase currents. Hence a rotating magnetic ﬁf:ld will be pro : f
o o e B L ino torque on rotor. Once the motor attains 75% to 80% ©
~which will develop starting .

Sy1 chro nousl;srpeed the auxiliary winding 1s disconnected with the help of centrifu.gal‘ switch
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’ , split phase motor. The connection diagr

am and vector diagram of

T o T L T T

g Tt T e

-

T T T e By g T T i T T e i e W

o

gl T iy i




. I

410 BASIC ELECTRICAL ENGINEE e,

T RN e e e .
MAIN WINDING / R I
STATOR
AUXILIARY
it WINDING
AUXILIARY SUPPLY
WINDING

CENTRIFUGAL
SWITCH

SQUIRREL CAGE 1. |
AIR GAP ROTOR R%&%E(%_?%F;REL
MAIN WINDING
Fig. 12.56 (a).
J CENT(I){ILFUGAL SWITCH
ERATED  \1AIN WINDING
ONLY
200 " AUXILIARY MAIN
1 WINDING
% OF FULL IWTAL LA
LOAD 4
TORQUE 5% \
100 4 P { \
[
I .
{ 1
- == | K
60 80 100 0
% SYNCHRONOUS SPEED

e

Fig. 12.56 (b).

N Torqu speed characteristics. Fig. 12.56 (b) shows torque speed characteristics of
resistance split phase motor. The starting torque of such motor is 150 to 200% of full load
running torque and starting current is 6 to 8 times full load current.

Reversal of rotation. ThP: direction of rotation of a split phase type induction motor
depends upon the way of connection of auxiliary and main winding w.r.t. supply terminals.
. - Hence the direction of rotation can be chan; zd by reversing terminal connections of either the
main or auxiliary winding.
~ Applications. Starting torque of such motor is moderate, hence are suitable for
! ‘washing machines, drills, press, fans blowers, certrifugal pumps, duplicating machine,
- grinders, oil bruners, etc.
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12.26. CAPACITOR SPLIT PHASE MOTORS

Such motors i i
uses capacitor to obtain phase displacement between (WO winding

currents and same in construction as that of resistance split

phase L.M. Due to use of capacitor,

urrent 1 inding is di
the C in the two winding is diplayed by exactly 90°, causing the motor {0 behave like two

phase motor, giving larger starting torque. Power factor o
capacitor.

f such motor is good due to use of

The capacitor split phase motors are mainly three types :
(a) Capacitor start motors. (b) Capacitor start capacitor run.

(c) Permanent capacitor motor.
Now let us study each type one by one in detail.

12.26.1. Capacitor Start Motor. In this type of motor, an electrolytic capacitor 1S

connected in series with auxiliary winding.
windings are displaced by 90°, causing rotating magne

 pearer to 75% to 80% of synchronous speed, the centrifu

disconnect a_uxiliary winding from supply. Fig. 12.57
yector diagram.
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Torque speed characteristics. Due to use of capacitor, the starting torque ol this

Direction of rotation, The direction of rotation can be changed by reversing the
connection of any ;. auxiliary or main winding w.r.t. supply terminals.

Applications, Dye to very large starting torque, such motors are used in application
such as refrigerator or compressor or small hoist.

_ 12.26.2. Capacitor Start Capacitor Run Motor. In this type of motor, two
ary winding circuit. One is of large value, short duty capacuqr
entrifugal switch and other small value, continuous rating oil
© Capacitor connected in series with centrifugal switch is used to obtain very large
Ue€ and is disconnected at 75% to 80% of synchronous speed with the help of
switch. After the operation of centrifugal switch, still the auxiliary winding in
small continuoys rating capacitor remains in circuit during running conditions. The

connected ip series with ¢
Capacitor. Th

Starting torg
c&ntrifugal
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use of other capacitor Causes the motor to behave like two phase motor during running
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Fig. 12.58 (a) Schematic diagram of capacitor start capacitor run LM.
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condition, obtaining better Performance
Fig 12.58 (@) shows schematic diagran;
Torqll_e Speed characteristics.
as during running conditions, Fig,
start capacitor run Induction motor,
Direction of rotation,

less noise, higher efficiency and better power factor.
of capacitor start capacitor run motor.

Such motor have better torque during starting as well A4
12.58 (b) shows torque speed characteristics of capacitor
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winding are designed for continuous rating, because they remains in o i n:mmln .
condition also. No centrifugal switch is required and due (o which, such motors are simpIer
than capacitor start motors.

A The drawback of such type of motor is, lower starting torque than the capacitor starts
motors. Fig. 12.59 (a) shows connection diagram of permanent capacitor motor.
Torque speed characteristic. In such type of motor, the value of capacitor selected

is to obtain compromise between good starting as well as good running performance. Hence
the starting torque of such motor is very low, in the range of 50% to 100% of full load torque.

Fig. 12.59 (b) shows torque speed characteristics.

The direction of rotation of such motors can be changed by changing the connections
of main or auxiliary winding terminals w.r.t. supply terminals.

Applications. Such motor are used in table fan, ceiling fans, blowers, oil burners,
where low starting torque is required.

12.26.4. Shaded Pole Motors. Such type of motor have only main ?vinding. Instead
of having an auxiliary winding, it has salient type poles, some portion of pole 1S surrounded by
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&

% OF FULL
LOAD
TORQUE 100

0 20 40 60 80

| % SYNCHRONOUS SPEED ———
Ny Fig. 12.60 (b).




