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1.7 STARTING METHODS OF SINGLE-PHASE INDUCTION MOTORS:

A single-phase induction motor with main stator winding has no inherent starting
lorgue, since main winding introduces only stationary, pulsating air-gap flux wave. For ihe
development of starting torque, rotaling air-gap field a stanting must be introduced. Several
methods which have been developed for the starting of single-phase induction motors, may be
classified as follows:

a) Split-phase starting.
b) Shaded-pole stanting,
¢} Repulsion-molor starting and
d) Reluctonce starting,

A single-phase induction motor is commanly known by the method employed for its starting.
The selection of a suitable induction mator and choice of its starting method. depend upon the
following:

(1) Tomue-speed charscteristic of load from standstill to the normal operating speed.
{iii) The duty cycle and
(1) The starting and running line-curment limitations as imposed by the supply authorities,
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L7 (a) SPLIT-PHASE STARTING:

Single-phase induction motors employing this method of staring are called Spli-
phase motors. All the split-phase motors have two stator windings, a main (or running)
winding and an auxiliary (or starting) winding. Both these windings are connecied m parallel
but their magnetic axes are space displaced by 90° electrical.

It is known that when two windings spaced 907 apart on the stator, are excited by two
alternating e.m.f. that are 9" displaced in time phase, a rotating magnetic field is produced.
If two windings so placed are connected in parallel io a single phase source, the feeld
produced will alternate but will not revolve since the two windings are equivalent o one
single phaze winding. If impedance is connecied in series with one of these wandings, the
currents may be made 1o differ in tnme phase, thereby producing a rotating feld, This is the
principle of phase splitting. Split phase motors are of following types.

1. Resistor-split phase motors
2. Capacitor splif-phase motors
3. Capacitor start and rin motors
4. Capacitor-run moiors
1.71 RESISTOR SPLIT-PHASE MOTORS:

The stator of a split-phase induction motor is provided with an auxiliary or starting
winding 5 in addition to the main or renning winding M. The staming winding is located 90°
clectrical from the main winding [See figure: 1.71{a}] and operstes only during the bnet peniod
when the motor starts up. The wo windings are so designed that the starting winding 5 has a
high resistance and relatively small reactance while the main winding M has relatively low
resistance and large reactance as shown in the schematic connections in figure: 1.71(h).
Consequently, the currents flowing in the two windings have reasonable phase difference (257 o
30"} as shown i the phasor diagram i figures 1.71(c).

Dperation
{i} When the two stator windings are encrgized from a single-phase supply, the main

winding carrics current ]m while the stanting winding carries current ]5
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(i) Since main winding i made highly inductive while the staming winding haghly
resistive, the currents Iy and Ig have a reasonable phase angle a (25° w 30°)
between them as shown in figore: 1.7 1(ch.Consequently, a weak revolving field
approximating to that of a 2-phase machine 15 produced which staris the motor, The
starting forgue is given by;

Ts=k Iy g sind
Where k 15 a constant whose magmiude depends upon the design of the modor
When the motor reaches about 75% of synchronous speed, the centnifugal swiich opens the
circuit of the starting winding. The motor then operates as a single-phase induction motor and
continues to acceleraie il it reaches the normal speed. The normal speed of the motor is below
the symchronows speed and depends upon the load on the motor.

Characteristics:

{1} The sinning torque is 15 to 2 times the full-lowd torque mid (staring current is & to 8
times the full-losd current,

(i) Dae 1o thedr low cost, split-phase induction motors are most popular single phase motors
in the market,

{iii) Since the staming winding is made of fine wire, the current density is high and the
winding heats up quickly. If the starting period exceeds 5 seconds, the winding may burn
oul unless the maotor 15 protected by buih-m-thermal relay. This maotor i, therefore,
suitnble where starting pericds are not frequeni.

An smportant charactenst of these modors 15 that they are essentally constant-speed motors.
The speed variation is 2-5% from no-load o full-load
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Applications:

These motors are suitnble where o moderate starting torque is required and where starting
periods are infrequent e.g., to drive:

a. Fans

b.  washing machines

¢. oil burners

d.  Small machine tools ete.

The power rating of such mators generally hies between 60 W and 250 W,
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1.72 Capacitor split-phase motars (or) Capacitor start mofors;

The capacitor split-phase moatar s identical to a resistor split-phase motor except that the staring
winding has as many s as the main winding. Moreover, a capacitor C is connected in series

with the starting winding as shown m figure: 1.72{0). The value of copacitor 15 so chosen that
ls leads Im by about B0” (ie., 1: = 80r) which is considerably greater than 25° found in resistor

split-phose motor [See figure: 1.72(b).Consequently, starting torque (Ts = k |m ls sim{:] is
much more than that of a split-phase motor Again, the stanting winding is opened by the
centrifugal switch when the motor attuns about 75% of synchronous speed. The motor then
operates as a single-phase induction motor and continues 1o accelerate Gl it reaches the normal
speesd,

Characteristics

{1} Although starting characteristics of a copacitor-start modor are betier than those of a
resistor split-phase motor, both machines possess the same running characienstics
becawse the main windings are identical.

(1) The phase angle between the two currents s about B0° compared 1o about 25% i a
resisior split-phase motor. Consequenily, for the same staning tosgue, the current in the
sturting winding 15 only about half that in a resistor split-phase motor. Therefore, the
starting winding of a capacitor stan motor heats up less quickly and is well suited 1o
ppplications invalving either frequent or prolonged starting peniods.
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Fig: 1.72(a) Fig: 1.72(b)
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Applications:
Since the maolors possess hgh-staring torgue, these motors are used for
i Refngerators
b, Adr-condiiioners
Compressors
d. Reciprocating pumps
¢, Chher londs requiting high-starting torgues.

The power rating of such motors lies between 120 W and 7500,

1.73 Capacitor-Start and Capacitor-Eun misiors:

Thiz motor 15 identical to a capacitor-start motor except that starting winding i nol opened afler
starting so that both the windings remain connected to the supply when mnning as well as at
starting. Two designs are generally wsed.
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(1) Inone design, a single capacitor C s used for both staming and running as shown i fig:
1.73(a). This design eliminaies the need of a cenirifugal switch and at the same timez
improves the power factor and efficiency of the motor,

(i) In the ather design, two capacitors C1 and C2 are used in the starting winding a= shown
in fig: 1.73(b}.. The smaller capacitor C1 required for optimum running conditions is
permanently connected in serigs with the staning winding. The much larger capacitor C2
iz connected in parallel with C1 for optimum starting and remains in the circuit during
starting. The starting capacitor C1 15 disconnected when the motor approaches about
T5% of synchronous speed. The motor then runs as a single-phase induction motor.

Characteristics
{1} The starting winding and ithe capacitor can be designed for perfect 2-phase operation at
any Ioad. The motor then produces a constont torgue and not o pulsating torgue as in
other single-phase mwtors.
{11} Because of constant torque, the motor is vibration free.,

Applications;
a. Haospitals
b. Studwos and

c. (kher places where silence is important.
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The power rating of such motors lies bedween 100 fo 400 watis
1.74 Capacitor-run mators:

This mitor is also called permanent split capacitor motor. The same capacitor is kept
permancnily in series with auxilinry winding both ot starting and under munning conditions as
illusirated in figure: 1.74 (a). There is no centrifugal switch. At a particular desired load, the
capacitor and auxiliary winding can be so designed as to resuli in 907 time-phase displacement
between the two winding cormments. In such a case, the motor would operate as a balonced paro
phase imduction motar, backward rotating fux would, therefore, be absent and the motar would
have improved efficiency and betier operating power factor. Since backward rodating field can
be rechiced to zero, the pulsating torque due o interaction berween forward and hackward
rotating fields is absent and this resulis in o guict motor.

Scanned with CamScanner



Fig: 1.74 (a) Fig: 1.74 (b)

In these motors, the value of permanent capacitor 18 so chosen as o obtain a
compromise between the best starting and monning condimions. A typical torque-speed
characteristic is shown in fig: 1.74 (b)

These motors are used where quist operstion is essential as in
Oiffeces

Class rooms

Theaters

R oEop

=]

Ceiling fans, in which the value of capacitance vanies from 2 to 3pF.

L8 Shaded-Fole Motor:
The shaded-pole maotor is very popular for ratings below 0.05 HP. {~40 W) because of
its extremely simple construction. 1t has zalient poles on the stator excited by single-phase supply

and a sguirrel cage rotor as shown in figore: 1.8(a). A portion of each pole 15 sumounded by a
short-circuted twirn of copper stnp called shading coil,

e e e
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Fig: 1.B(a)
The operation of the motor can be understood by referring 1o figure: 1 8(h) which shows

one polbe of the motor with a shading coil.

{i)

(ii}

Dwring the porticn (A of the aliermating-current cycle [See figure: 1L.8{b)i]1], the flux
begims o increase and on e.m.f. 15 induced in the shading conl. The resulting current in
the shading codl will be in such a direction {Lenz"s law) so a3 1o oppose the change in
flux. Thus the flux in the shaded portion of the pole is weakened while that in the
unshaded portion is strengthened as shown in figure: 18R]

Duering the portion AB of the aliemating-current cycle, the flux has reached almos:
masimum value s 15 not changing. Consequently, the flux distnbution across the
peole is uniform [See figane: |8{b){ii)] since no current is flowing in the shading coil,
As the flux decreases (portion BC of the albernating current cycle), current is induced
in the shading coil s0 as to oppose the decrease in current. Thus the flux in the shaded
portion of the pole is strengthened while that in the unshaded portion 15 weakened ns
shown in figure: 1.8(bi0iv)

Scanned with CamScanner



=

== am
== ==
=

o

P

s

=

Fig: 1.5(h)

{ili)  The effect of the shading coil is o couse the field flux o shift scross the pole face
from the unshaded 1o the shaded portion. This shifting flux s hike a rolabing weak
field moving in the direction from unshaded portion to the shaded portion of the pole.

(vl The rator 15 of the squirrel-cage type and i= under the influence of this moving feld,
Conseguenily, a small staning torque is developed. As soon as this orgue stans o
revolve the rotor, additional torgue is produced by single-phase induction-motor
setion. The motor accelerles 1o a speed slightly below the synchronous speed and
runs as a single-phase mduction matar,

Characieristics
{i] The salient features of this motor are exiremely simple construction and absence

of centrfugal swiich.
{ii) Starting iorque, efficiency and power facior are very bow

Applications:

These motors ane anly suitable for low power applications e.g., w drve:
a. small fans
b. Toys
c. Huir driers
d. Desk fans et
The power rating of such motors is upto aboar 30 W
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e The two fields move in opposite directions with relative speeds

of 2n. producing second harmonic pulsating torques with zero
: ingle-phase motor Is noisier than a

average value. Duetothisas
3-phase which has no pulsating torque.
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