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Single Phase Induction Motor

The single-phase induction machineisthe most
frequently used motor for refrigerators, washing
machines, clocks, drills, compressors, pumps, and so
forth.

The single-phase motor stator has alaminated iron
core with two windings arranged perpendicularly.

=  Oneisthemain and

» Theother istheauxiliary winding or starting
winding
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Single Phase Induction Motor

ThiS“ Slngle-phase” Stator with laminated

iron core Slots with winding

motorsaretruly two- )
phase machines. Main winding

Rotor with
laminated
iron core

Themotor usesa Y
squirrel cagerotor,
which has a laminated
Iron corewith dots.

Aluminum barsare

Bars

T~ Ri ng to short

circuit the bars

Starting winding

molded on the slotsand >
short-circuited at both
endswith aring. Figure42 Single-phase

induction motor.
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Figure 10 Squirrel cagerotor



Operating principle



Single Phase I nduction Motor

« Thesngle-phaseinduction motor operation
can be described by two methods:

— Doublerevolving field theory; and

— Cross-field theory.

 Doublerevolving theory is perhapsthe
easier of the two explanationsto understand

« Learnthedoublerevolving theory only
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Doublerevolving field theory

« A single-phase ac current suppliesthe main

winding that produces a pulsating magnetic
field.

« Mathematically, the pulsating field could be
divided into two fields, which arerotating in
opposite directions.

« Theinteraction between thefieldsand the
current induced in therotor barsgenerates
opposing torque
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Main winding flux

Theinteraction between
the fields and the current
Induced in therotor bars
generates opposing
torque.

Main winding

Under these conditions,
with only the main field
energized the motor will

not start Starting winding

However, if an external

torque moves the motor in >

any direction, the motor

will begin to rotate. Figure 43 Single-phase motor main winding

gener ates two rotating fields, which oppose and
counter-balance one another .
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Doublerevolving field theory

« Thepulsating filed isdivided a forward and reverse
rotating field

e Motor isstarted in the direction of forward rotating
field this generates small (5%) positive dip

S'pos — (nsy _ nm)/nsy

e Reveserotating field generatesalarger (1.95%)
negative dlip
Sheg = (N, + nm)/nSy
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Doublerevolving field theory

. Thethree-phase induction motor starting torqueinversely
dependson thedlip

Rrot t

S

3(|lrot_t(9)] )2'

2-7t-nsy

T gart(8) =

. Thisimpliesthat a small positive dlip (0.01-0.03) gener ates
larger torquethan alarger negative dlip (1.95-1.99)

. Thistorque difference drivesthe motor continuesto rotatein a
forward direction without any external torque.
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Doublerevolving field theory

. Each of therotating fieldsinduces a voltage in the
rotor, which drives current and producestorque.

« Anequivalent circuit, similar to the equivalent
circuit of athree phase motor, can represent each
field

. The parameters of thetwo circuitsarethe same
with the exception of the dlip.
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Doublerevolving field theory

e Thetwo equivalent circuits are connected in series.

 Figure 44 showsthe equivalent circuit of a single-
phase motor in running condition.

« Thecurrent, power and torgue can be calculated
from the combined equivalent circuit using the Ohm
Law

° The calculations are demonstrated on a numerical
example
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Figure44 Equivalent circuit of a single-phase motor in running condition.
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Theresults of the calculations ar e
— Input power:

Sin — Vsta I sta
— Developed or output power:

2 Rrot 1_ SIOOS 2 Rrot 1_ Sneg

+1I
€g
2 S pos 2 Shey

Py, =|

ev pos
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Starting torque



Single Phase I nduction Motor

The single-phase motor starting torqueiszero
because of the pulsating single-phase magnetic flux.

The starting of the motor requiresthe generation of a
rotating magnetic flux ssmilar to therotating flux in
a three-phase motor.

Two perpendicular coilsthat have currents 90° out-
of-phase can generate the necessary rotating
magnetic fields which start the motor.

Therefore, single-phase motor s ar e built with two
perpendicular windings.
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 Thephaseshift isachieved by
connecting

— aresistance,
— an inductance, or
— acapacitance
In serieswith the starting winding.

 Most frequently used isa capacitor to
generatethe starting torque.
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Figure 50 showsthe
connection diagram of a
motor using a capacitor
to generatethe starting
torque.

When the motor reaches
the operating speed, a
centrifugal switch turns

off the starting winding.

I Centrifugal switch

—_—
[
Main
\ winding
V| \
/1 \

[
C Rotor

Starting
winding

Figure 50 Single-phase motor
connection.
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The centrifugal switch is
necessary because most
motor s use a cheap
electrolytic capacitor that
can only carry ac current
for ashort period.

A properly selected
capacitor produces
around 90° phase shift
and large starting tor que.

I Centrifugal switch

Main

Starting
winding

winding

C Rotor

Figure 50 Single-phase motor
connection.
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A less effective but more economical method using
shaded pole motors

Themotor hastwo salient poles excited by ac
current.

Each poleincludesa small portion that has a short-
circuited winding. Thispart of the poleiscalled the
shaded pole.

The main winding produces a pulsating flux that
linkswith the squirrel cagerotor.

Thisflux induces a voltage in the shorted winding.
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Theinduced voltage producesa current in the
shorted winding.

Thiscurrent generates a flux that opposesthe main
flux in the shaded pole (the part of the pole that
carriesthe shorted winding).

Theresult isthat the flux in the unshaded and
shaded partsof the pole will be unequal.

Both the amplitude and the phase angle will be
different.



Single Phase I nduction Motor

These two fluxes generate an unbalanced rotating
field. Thefield amplitude changesasit rotates.

Neverthelessthisrotating field produces a torque,
which startsthe motor in the direction of the shaded
pole.

The starting torque is small but sufficient for fans
and other household equipment requiring small
starting torque.

Themotor efficiency ispoor but it ischeap
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The motor hastwo Stored
salient poles excited St
by ac current. .

Unshaded Squirrel cage Unshaded

Each poleincludesa pole rotor pole
small portion that has Shaded
a short-circuited Ll e
winding. co

Thispart of the pole Main winding

IS called the shaded
pole

Figure 52 Concept of single-phase
shaded pole motor.
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Figure 53
Shaded pole
motor for
household fan.



