Fundamentals of Electric
Motors

* Overview/Objectives:
o Basic motor function
o Basic motor components
o Basic motor application and performance
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What 1s a Motor?

An Electric Motor Converts

Electrical Power to Mechanical
Power




How an Induction
Motor Operates




Magnetism Is the force used b
motors to create rotation

On What Principle Does it Operate?

Induced Magnetism




Permanent Magnet Basics

Lines of Flux

* Any magnet has a North and a
South Pole

« “Opposite” poles of a magnet
attract each other

Two Unlike Poles Together Attract

+ “Like” poles of a magnet repel . -
each other. Ve N - ‘“i
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Induced Magnetic Fields

A magnetic field (B) is produced
any time an electric current is
passed through a wire.

The magnetic field around a
singular straight wire is not very
strong.

A stronger field can be created
by coiling the wire

An even stronger field can be
produced by coiling wire around
a piece of special steel called
“electrical steel”. This is called
an Electromagnet.,

Coil “groups” laid in-slots in
electromagnetic material forms
the stator of the motor -
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Inserting an iron core may
give a magnetic field several
hundred times that of the

equivalent air core solenoid.



Alternating Current

Current flow m E
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 The poles of a Iectro -magnetic coil change polarlty
- when the dlreﬁoen of current flow changes. L




Magnetic Propulsion

Electromagnet

Stator
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Three Phase AC Power

Why 3 phases?

Phase 1 Phase 2 Phase3

1.0
« It allows the most power

transfer with the minimum
number of conductors 0.5

Time

« Three times the power 0-
transfer of a single phase
system by adding only one -0.5
conductor

-1.0
« The sum of all three phase

voltage at any instant of time




What Is Torque?

* Torque Is a force applied at a distance from and
perpendicular to an axis.

1 Pound Force




How Is Torque Produced in the

Rotor?

Follows “Left Hand Rule”
Rotating stator flux (B) sweeps through air gap

The rotating magnetic field from the stator
“cuts” through the rotor bars and induces
current in them. The current flows through the
bars to one of the end rings, through the bar on
the opposite side of the rotor then returns
through the other end ring etc.

The current flowing through the rotor bar
creates a magnetic field in the rotor that follows
the stator’s magnetic field.

The difference in speed between the rotor and
the stator’s rotating magnetic field determines
how many lines of magnetic flux cut through the
rotor bar.
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Single Phase Motors

* Single Phase induction motors cannot self start because they lack a
rotating magnetic field.

» The starting mechanism is mainly an additional stator winding
(start/Auxiliary winding)

« Up to 10hp
Capacitor | , Centrifugal Switch
——1 o———
Input Main Input Main
Power  windi Power
Winding Winding
L]
, L : [ 2
Start Winding
‘ Single-Phase AC Induction Motor Single-Phase AC Induction Motor

without Start Mechanism with Start Mechanism
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Single Phase Motors




Single Phase Motors

Main
winding

Split-phas

Auxiliary winding
Speed, -
percent of
synchronous

k

Centrifugal
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Torque, percent of full load

e squirrel cage induction motor
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Single Phase Motors
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Capacit entrifuga
i starting
switch
(closed for
starti
Main < ne/
winding

. (OO0000000 L

Auxiliary winding




Single Phase Motors

Starting capacitor
\Y4
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J\
Capacitor

Centrifugal
Mlln “» switch
winding o/ (closed for
starting)
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Auxiliary winding

Capacitor-start capacitor-run




Single Phase Motors

Capacitor
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Single-Phase Motors

Starting ; : ;
'"'T""t”r Ability [5:“’”'”5{ SHEF‘:’ Voltage | RPM | REV? Hgm";e Notes Uses
ype (Torgue) urren 05
Shaded-pole Light duty, Smedl fars,
Induction Very Low, 900, 1200 Low ez blowers,
05-qxrt | oW | VSModd) TS enyaenp | W VErLow | heney | s welder
biower, hair dryers
ZSplit-Phase Simple Fars, fumacs
) construciion | blowers, lathes,
1 L;’f‘- s HS‘-’“- U20tow4 | 1150r230 m'ﬁ YES Low smal shop foos,
Sl SER ' jet pumps, small
COM|pressos
Permanent- Often cusiom | Fens, fumsce
Split, Very Low, Lo, Varizble - | cesigned bliowers,  &ir
Capacitor- 0iotert | T-rine 1720t02 | 115or2¥ 500 10 1500 YES Low to Mid handling
Incduction
Capacitor- Long service, | Waksr sysiemes, air
Slant, ) ) EEEY CAlE COM|pressos,
InductionfRun | T Medum, | gt | 115orzap | P00 1200 | e Mid wenflafing fns,
I-dard I-Barc 1800, 3600 .
grinders, blowers,
COMVEYOIS
Repulsion- Haniles big Gindess, desp
Siart, ) load changes | well pumps,
Imcfuction-Run :'g:_'t 53 L-::.;.r, 121015 | 1150r230 E 1200, YES Mid well silo unlosders, .
* 2-rm gEin evEins.
bem cleaners
Capacitor- Good starting | Pamgs, ar
900, 1200, ahility, COMpressos,
1i2to1s | 115or2¥ YES Mid efficiency drrying fans,
1800, 3600 2102 COMVEYDS,
feed mills

rc = Running Current
rt = Running Torque
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Quiz

What are the two essential parts to a motor?
How are single phase motors “started” typically?

What two major kinds of materials are used to
make stators?
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