unil 7 (f1a)

LASR9NsNAa lWNINSZLERSILaZNSELLaaaU

(DC and AC Machines)
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5 1n5a99nsnalninnseuaasu(AC Machines)

insaesnsnaluiinssuaasuiduidenldunlugamnssuyntsznn idedan
dagnniunsassnsnalniinssuanss awrsaneiulninssuasauldlaede uas
Inrsithgeshwnides Tulseuanamnssusieg dnsldeuveswemesuuumides
(induction motor) tJua714348n

uvsdugasuuun

1. 1A5a99nsnalwiWunile 111 (Induction machines)

2. 1asavansnalwiuudulasia (Synchronous machines)
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5.1 1A3899nsnalWWIwte21d1 (Induction machines)

lunselvaunsasinsnalwivdamideani vaaleaumnes (stator) azvimdiidy
UnaIneUNIBTUATYRAINF T NAU W TUYARLIAY aurusimanTAnannsuaTy
InaImanaosnyuIuIen T Fulasiaitvegiuarudvesusesulni Tuvas
AinszuaitivaluuviedaibleegTusaunyu (rotor) ssfinainnszuainideanit lassaing
vounsassnsnalwirvdamileaiududegui

6
RLALABT

/? lsi90%

&

JU#3 lassasrevaunsasansnalwilunie i
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5.2 1sasansnalwiiuudulasis (Synchronous machines)

insassnsnalniuvudulasiaecdlasairvesammnesivilouvaunsossnna
Iniaiawmileasi useedunanauiuidoudieussiunseuansiaglusunyy
inSaesnsnavssunmiliiugunsallwitmanTunisasrewdsenlwi lidusyweynsuil
Insea319vaansasinsnalnwiuvudulasdmduasguil

\$

¥

&

sUil4 lassasrsvaunsasinsnalwilmuudulasia
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6. UM lNNNszuaaau(AC Machines)

iA3a9vnInalniinge uevzmUAUumuam?wmn?uammwnﬁwn2/5 i iiiageind
s1AgnnIuAsessnInaluitinssuanse awsanesuliWiinssuaasulalaede uaziinas
vryesnwdey Tulssarugnamnssuineg dnisldauvesamesuuumieani
(induction motor) sJug1yausn

6.1 uamasnile11f1 (induction motor)

vamasuideaiauuuld Wi unaise uasuuuldinihauna senas
iU S g0 TYUIn Y -5 kW suesunisideunialuiy duia wa
AUSTUI8INIA 1A5999061 TTlaidaenisiideuazusednuinin Tnseasreveq
valnasivigauuunaRzmiauRvYesNalnasivileaimuy 3 g s
¢ & . | 1 ]
masidusuunsinsgsan(Squirrel cage)iiluaulng
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AC Motor:

http://hyperphysics.phy-

astr.gsu.edu/hbase/magnetic/motor

ac.html

Tirne=

AC Motor

Magnetic field from
“field coils" which
also have

AC current

Slipping contacts AC current
called "prushes" in coll

As in the DC
motor case, a
current is passed
through the coll,
gererating a
torque on the coil,
Since the current
s alternating, the
motor will run
smoothly only at
the frequency of
the sine wave, It is
called a
synchronous
motor, More
common is the
induction motor,
where electric
current is induced
in the rotating
colls rather than
supplied to them
directly.

Ore of the drawbacks of this kind of AC motor is the high current which
must flow through the rotating contacts. Sparking and heating at those
contacts can waste energy and shorten the lifetime of the motor. In
common AC motors the magnetic field is produced by an electromagnet
powered by the same AC voltage as the motor coll. The colls which
produce the magnetic field are sometimes referred to as the "stator”,
while the coils and the solid core which rotates is called the "armature"
In an AC motor the magnetic field is sinusoidally varying, just as the

current in the coil varies.
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AC Generator

The turning of a coil in a magnetic field produces motional emfs in
both sides of the coil which add. Since the component of the velocity
perpendicular to the magnetic field changes sinusoidally with the
rotation, the generated voltage is sinusoidal or AC. This process can
be described in terms of Earaday's law when vou see that the rotation
of the coil continually changes the magnetic flux through the coil and
therefore generates a voltage.

Sinusoidal
voltage output

A voltage proportional to
the rate of change of the
area facing the magnetic
field is generated in the
coil. This is an example
of Faraday's law,

The mechanical energy input to
a generator turns the coil in the
magnetic field.

[ndex

DC
Circuits
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Generator and Motor

A hand-cranked generator can be used to generate voltage fo turmn a
motor. This is an example of energy conversion from mechanical to
electrical energy and then back to mechanical energy.

Mechanical energy

AC voltage applied
to motor coil through

slip rings.
Mechanical energy AL woltage
input iz converted autput through
into electrical slip rings and
energly. brushes.

Back emf generated
by turning of

Generator

Yoltage
applied to
motar

|Demor15traticmr1 AL Motor |AC (Generator |DC Motor ‘

e

D
Circuits




Induction Motor
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/indmot.html

Induction Motor Action

Induction motors use shorted wire loops on a rotating armature and
obtain their torgue from currents induced in these loops by the changing
magretic field produced in the stator (stationary) coils.

At the moment
illustrated, the current in

N PP N A the stator coil is in the
- direction shown and
I increasing. The induced | [rdex
+ I voltage in the coil shown

drives current and :
@ @ Magretic

Y) o @ v results in a clockwise force
torque. concepts

MNote that this simplified
motor will furm once it is
started in motion, but
has no starting torgue.

) Yarious technigues are
used to produce some
asymmetry in the fields

to give the motor a
starting torgue.,

Stator
15 current

Simple induction motor
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UAAINITINTE 211910 YAA 0T8RS TN SIAUN B UNLIDS
uasyir lsinnusanan [viuaima v

Induction in Armature Colls

Induction motor action invalves induced currents in coils on the
rotating armature,

This is an active graphic, Click on the bold text for further detail,

Although this
summarizes the
Field current AN in A L. action principles, IﬂdE){
indirection {1 '::} {:}IE |- itisalong way
shown and o froma practical i
1ncreasing H\‘*_j induction motor. Magnetic
; fre Further steps are force
T P taken to produce CDHCEQE
1f [ | D \b J | a rotating field )
o : and to provide
[TRVAY out O vV enaugh starting
Magnetic field torque.
to the right
qi o - : : : Magnetic force on
and 1NCressng ] Induced field Yoltage induced in coil the induced
— B by Faraday's Law ® 1netcer oop
! opposes change| | OU Y . current produces
+H B ——b {Lenz's Law p.ruu:lu:?es currentin forees shown and
Tp AR ——b direction shown to clockwise torque.
ka — create opposing figld
Binduced ta the Teft.

HyperPhysics®*#*#** Flactricity and Magnetism Go Back
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1
VAAINLSLADS

YnanlsiaasvuasNamasleNidunnazidunuunsesan 1
< = = P2 ]
WA IINUNIUY wnvazhifinnsidevnedialyy vanantdgynives
bearing WU 5US19004915LA05LUUNTINGE5INALUUA

WAWLAAN

-+ [—

Aluminum Alurninurm
End Ring Bars

Tneel
4 Laminations

Shaft

—

I,

Figura 3-27. Induction motor rotor consruction
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AC motor

=
| \
=

e

o
L \/ \/
N/
J U

B

=

frorn PHYSCLIPS

http://www.physclips.unsw.edu.au/jw/electricmotors.html#ACmotors
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Induction motors

How, since we have a time varving magnetic feld, we can use the mduced emf'in a cod--or even just the eddy currents in a conductor--to make the rotor a
magnet. That's nght, once you have a rotating magnetic field, you can just put i a conductor and it turns. This grves several of the advantages of induction
motors: 1o brushes or commutator means easier manufacture, no wear, no sparks, no ozZone production and none of the energy loss associated with them.
Below left 1z a schematic of an induction motor. (For photos of real induction motors and more detatls, see Induction motors.)

frorm PHYSCLIPS

The antmation at right reprezents a squittel cage motor. The squirrel cage has (in this simplified geometry, anvhow!) two circular conductors jomed by several
straight bars. Any two bars and the arcs that join themn form a cod -- as mdicated by the blue dashes i the ammation. (Only two of the many possible circuits
have been shown, for sumplicity. )
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Three phase AC induction motors

=ingle phase 15 used i domestic applications for low power applications but it has some drawbacks. One 13 that it turns off 100 times per second (you don't notice
that the fluorescent lights flicker at this speed because your eyes are too slow: even 25 pictures per second on the TV 15 fast enough to grve the dlusion of
cottitious motion.) The second 15 that it makes t awkward to produce rotating magnetic felds. For this reason, some high power (several kW) domestic dewices
may require three phase mstallation. Industnal applications use three phase extensrvely, and the three phase induction motor 15 a standard workhorse for high power
applications. The three wires (hot counting earth) carry three possible potential differences which are out of phase with each other by 120§, as shown in the
atimation below. Thus three stators give a smoothly rotating feld. (See this ink for more about three phase supply.)

O VA Vag

Viea T

O
V

B

C

frorm PHYSCLIPS

If one puts a permanent magnet i such a set of stators, it becomes a synchronous three phase motor. The atmation shows a squirrel cage, i which for
stmplicity only one of the many mduced current loops 15 shown, With no mechanical load, it 13 turning wirtually in phase with the rotating feld. The rotor need not be
a squirrel cage: in fact any conductor that wall carry eddy currents will rotate, tending to follow the rotating feld. This arrangement can give an induction motor
capable of high efficiency, high power and high torques over a range of rotation rates.
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ATN1LAIE519 AC Motor 234
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WORLD ENERGY

1 PHASE INDUCTION MOTOR

CONNECTIONS
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YAAINELALNDSVDINDLADS ALV UULWELR Y7

RAALLIILAIL

—

220V 50Hz

Starting Winding

Running Winding

UWELVBRELVEBVIL
UBuuBesuL

@
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YnaIMAAINaTYaIYaINBIna STy NI UM aIAE 19T 2 Yn Aavanan uazyn
aa15n fin1svireuTavas: amarvesamesuyuldnaiusanamute a3ausaunies
meluszinveananisnaan lunsaliiuuamesvurnAaudralngiosdnidinasie
aynsuivYaanI e YIeiNu s Tnvaizantsy uenani delvilaiivnaanisnasaynsuiy
A inasuazoagiuyavanagea11s lunamasiiiiauminainiy aaswsawasly
insaaUsuammiiudy ssimasivdeniuvumaiiesvsiunssualuinuiusnguumsiutie
dloviaruduil Ussdnsnmvessainasuszanilozgandi 80
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n75na‘"z/ﬁmfmn751419/1,17/@\7waazlamaimﬁfmf'zuvumlmﬁm
g1u150%118 Tngn1snsudivesunan1sm Arusasevesuamasiuy
milyaties TuagiusuauTaauINYesYARINEIAAG SUAZAIING
InenialuaziinaruSasavagil 1500 sau/unil w3 3000 souU/uUril N3
U?Uﬂ97&/4?75@U1/i’72@’7@£m75?7’fégzlnmfﬂw@wﬁﬁfmdf) inverter #5913
anuseaululainasyuIEnYY Ninay

USRI IUMUULENTIUNFIRYT UINATISENTT
Split Phase Induction Motor #3814ty taTaUuvi1vuInian 1a5a9dnei
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aa‘llleﬁl,l,‘sﬁL‘Vi%&lx‘i(Centrifugal Switch)
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bearing

terminal box

centrifugal switch

i .‘\\\\

2R q 2 \\\\\\\\\\\\\\\\\\\\\\\\\\\.- i

J '\\\\\\\\\\\\\\\\\\\\\\\\ A A

drive puloy

cooling fan
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YAFINYUAY(Running Winding) asilyuinauaInlngl A31un1un1un uazvaainios

Wuagaua19veesas Aniuduanuaudege deilinseuanivaluvaalmnavasiinanavad
usinuag 90 asA (1,)

Wmmsumu(smrtmg Winding) 9¢iivuInsaua InkanAa 1 1unIugs uas ynaInilosiiy
DENMUUYDITY saiususuaudazs e linsauaiivaluvaasaiavesdinansausasy
()

Y
v
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2. uBmasAINUYIZy(Capacitor Motor)

< el 1 a ¢ v = a a " ¢
Wunamasnaan1U1gaina st UL o LS I0ATI9EA1ISN
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sUnanensld C inaliwavasnseud I, waz |, Aawaiy 90 a9A1 LivaLNausIUnY98n1™

U1

V2

RUNNING

STARTING
WINDING

WINDING

115 VOLTS

ENTRIFUGAL SWITCH
SMALL CAPACITOR
USED FOR STARTING

LARGE SIZE CAPACITOR
AND RUNNING

FOR STARTING

AUXILTARY CENTRIFUGAL
COIL SWITCHO

L1 L Y YL Py —

AUN RUN —— START ——

COIL 9 CAPACITOR CAPACITOR

L2 .

By PieterJanR - Own work, Public Domain, https://commons.wikimedia.org/w/index.php?curid=3302784
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3. JaLMBSYA

o

2M11U4 (Shaded Pole Motor)

Ca = e e e b |

I/J&
¢

Time3

Time4
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Taseadquaztdunsandmaninea(Pole)

22lin1049
YINTUY ,—'El (Unshaded Pole)
(Shaded Pole) T L
i
dov'ivladu
L2
'\1,._.../‘
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ilfidunsausiansauiui 93 Unshaded Pole
gy 2. Wenszualidinnsiuasuuyas
nngd . Weanszuaniinnswasunlasanasaziianiswileaiif Shaded Pole

Ml unsainansauiui 92 Shaded Pole e



4. yawasuuvgiiiasuwa(Universal Motor)

Armnature spins
shaft of tool
Field Windings surround

armature and become g
Tetootl chome ¢  UNIVERSAL
Commutator NN \ & \ MOTOR
amatuie K N ) o) ; ANATOMY
Brushes rub \
iy incieases
RIS Toique
1o motor
controls current
to motor
-
prevents kinks
in power cord
e EY V)
Main Field
Winding Compensating
Winding
1 Phase
Supply

Armature




6. UBLADS 3 W4

UBABTUAIAYUIAUTISIH1IUDNSIT1G9 NYUIAUTILUAINUNDIANDTT NG

T ASITFINNENNTINDIADITWIUNT  Ualnas 3 (WFHl 2 UssnnAs

1. uswmasinilgasi 3 g ( Three Phase Induction Motor)
1.1 ALUUWU'JW;IUMUU:‘?WHﬁ'&’ian(Squirrel Cage Rotor)

1.2 UUURmsURUNI8YAaIn(Wound Rotor)

2. waipasgslpsdaaruna (Three Phase Synchronous Motor)
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6.1 UBLMBFMUYIUN 3 LWARIMYULUUNTINTZTON
( Three Phase Squirrel Cage Induction Motor)

yamaﬂwumﬂmwmnwm Inesawis Zufswfmammwnﬁw
Tm/z/nmzmuammmmw/mwvua ¥ 191UTIA 1S IAeTinaan

O VA Vag

IAANN
VARV,

\ N [
VARV,

NN
S IAAVARY

frorm PHTSCLIPS

Vec

Viea T
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TAsea519vauaLaasa UL E
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http://www.lpc.rmutl.ac.th/elcen/elearning/motorcontrol/module8/winding.html

nsinauIwiianyu(Production Rotating Field

surnusimdnyinannszuainiamalasiuenasnaums fiveglusoed
agiuil laeiinszuauiazmaozasuuyasniundubveuviassny seiliAnns
WaguLUAIYeITUINUIINEN Furnusimanuyiiindudaziinaansaned (Fend1 “Aa1asa
Fulasia” (Synchronous Speed) ﬂ??&l&?’aﬁlﬂa‘:#uaginuv F1IUTIY89 Starter UazAINA
vosunaaarlni Feuasnislanail

_120f

N
> P

N.= aausagulasda
e saUsauI

f = A WY Hz

P = F1uauTIY84 Stator
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1
YAAINLSLADS

YAaInlsinasyasNaIna iy d uIInTULUUNTETan TGS
NUNIY (BdDUNY Single Phase
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N1SNAUTANIINITNYUVDINBIND TEULWE
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6.2 Mty a N LLUUﬁ%%quﬁuﬁ’amma’m(Wound Rotor Induction Motor)

vaimasyinilozinisldauanizuisegie
Wik asnsavsuausalaing
uazazaIn NelmesuuudiSansniad1 vainaiag
ém’JuﬁiJ(Slip Ring Motor)

Rotor
g la
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AURIUAY (Slip Ring)

ol W s




7. Lﬂ%iaﬂﬁ’]Lﬁﬂ1ﬂﬁﬂ(6enerator)

Wuaunsallwiwvivmiisdasanwassrunaidunwasarndlnwi
Ingardeuannisiileairvasusindn iasesanialnii 2 vilaAa

1. 1Asa9nuidalwinszuanse (DC Generator)
2. tasa9nnidalniWinszuaaay (AC Generator)
ddoauuuna 1 Wa uas 3 W

= o a v 1 g =
LﬂiﬁNﬂ’]LUﬂlWﬂ’]ﬂi%LLﬂﬁaU‘c’NLL‘UQL‘U‘L! GRRININGD]

- 1p5adnnidalnWW1duanay (induction Generator)
- wpFaunudalwigulasia (Synchronous Generator)
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7.3 wwsasnudalWniuuudulasisa (Synchronous Generator)

insasrrudalwiuvudulasdavin 3 wa iugunsaivanTunisudanssuatni Tiduynysznaly
Tanil n3aedudalnitisaamiazegiilsslwimnuvieilowasesrunianasinwasdn wisaawsou uie
wassrudundes unvdsuudaudunasaluwi Tnents adnaususivanlsfntunielunioeruda
“ttﬂZWﬁ')ﬁﬁmaammmeinuuﬁﬁ)"(uzﬂﬁ)a?usﬂﬁ 7 Aﬁaomnwamuummaﬁ’nmwﬁﬁf')uwzj\?m’wn"’u Gl
usssuinAnduasdnatusrans 120 semlni usesuiilaos ilﬁ'l/ﬂé?i.!éi/i!ﬁ/l‘?fw) muam"lusﬂw

@
Stator Coil Outputs

2-pole o Y
Rotor . Excitation * 120° |, 120° ) 120°
m Current
Sl If
Jeeb ~—1r a
S Vi ] e
1 F A s
i, Excitation

v fal

3-phase supply

=

/% Voltage

Three Stator windings 'IF'_I}:' apart
YUINYDITINYDE ?/uaynum'iaamwwma YA SIAUTY WINAag eI 10-20 kV A5

souvesnsyUezduegiurinvaswasunailtduniou nseedudalwiuuudulasdaydai
FuindoudaewassruniasiinFisoudiussanas 100-300 seu/uril luvaiiitundoudaewata
ANTaunsailuAGEsvdAI1TIBEN 3000 TOU/U
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MAIN PARTS

Transformers Neutral Point Line 'I;erminals

\ | i

,,,,,

_ Stator Core

Air Filters
\ ,///,/ Stator Windings

Shaft -
T
S __End Shield Shate
__D-end Bearing @ - *
Q/») —
Exciter b()

Q 3 ' /
Q , \ Rotor Poles /

\

DiodeJBridge Detachable Feet Roto? Windings &

B R
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Tasas1aasasnia lwnuudulasida

STATO
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LUUHNRaUNT 7

1. 1n3985199091A5093n3na WA lduUsznaundAgyazlsung
2. 95U18MANNISNIIUVULATDINSNA NN ZILERSe ( DC machines )
3. 95UNYNANNISNIIUVDILAS9NTNA WA IMTeU ( Induction Machines )

4. 95U"gVBUANAI9VILAIBINSNA IWHIMTe211 ( Induction Machines ) uag
sasansnalWluuudulasia ( Synchronous Machines )

5. Anusaveswainenaluitusdiuarlstis

N. DC motor

9. Induction motor

A. Synchronous motor
6. D3UNEUANNNTINIIUYBNATEIININalNTwTea1n Induction motor
7. founnsnsvasedinesiwauainas fu uamaiialy

8. a5uUneuanNNIsIIIUYLATasnlalWduWawuuTUlAsEE (Synchronous

Generator )
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