Basic of AC Motors 1
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Basic of AC Motor 2

The electric motor is a machine that can transform electricity into rotary motion to perform

useful work.
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Fig.1.Magnetic field of the bar magnet
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copdg] stator coil 82932602 (Fig.4.) 03q§oopdn ststor coil o3a30d§odPower Gozgoopd

Fig.2. stator lamination sheet Fig.3.stator core §§ coil ooey

Fig.4. startor coils or winding completed
ROTOR
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part) [g6oopSi AC motor gpiog€saadigpicorrotor 3a§jEzaenen squirrel cage rotor
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Fig.5. Rotor assembly
ENCLOSURE

200z0R05(gdeo enclosure 03¢ a3uboopd (frame or yoke) $& 32625600530
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$C Fan qps320305 Aluminium frame o3a%:ecp8aopdi

Air Gap

Stator

Terminals Raiting plate
/ Rotor Bearingfor N

winding

Bearing for 0 " g :-f.' ' Frame
o : | . Fan
St = - /Fan cover
shaft key | N o o b
b, . A | : a0

Fig.7.Motor ooadseigod3E:0



NEMA standard cg€motor enclosure o3 Open $&Totally enclosed vpe] 32800 $6§:
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[§S:c0pb:0§AliTime 2 03Eaq68:0005 positive direction 2203&:8G: qOEdBIBHeEIcoR:A05
c0pdaR¢ 25c80damcoielopiqpioont(gded B south pole 20p5 sac00503E§o0pbITime 3 03¢
qI68:a{oxpEeo0p5 2a[gEaddgd: 20n3ndemicubigpieigsaan:aopboopbiaagadgdaopbiTime 4
¢ g60da5c805c8Eqprengpspbionf: Time 5 o€ c68:elopCiss gOoda5805c8E:0§
(Zero) @600é||

Time 6 03¢ aqo8:c[oypE0005 Negative direction 2003E:8:¢) qIE0HB3SEqpsci
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Polarity &[gp&qG: North pole 20050000503EQ0001Time 7 0pC3a[gEeddgdg Time 8 opt
cogpspdom Time 9038 Zero a3[g§eapadaopd.iTime 1o Time 9 20p5 Frequency 009axgdg)
000§03E35[036 CkeoudelgpEaadaodi

Induced voltage

& J 0380q60625080500903 AC power coifG: 3a[gp:00903 GEiisacondatesepyoon:
20p01GE:035092005 0095809 dBodue§iTime 1 03¢ ago0da5c30dsdend:03E volt $& Current
o§diTime 2 038 es0decde dircuit 03 agdodencdeup agBEdBA3MOIE:qpgded (Gt
g200&:6[oEqP:00pd 306 ©05§agEeda5c80503[goda0s00p5I89e8l Bodge§eorn saedl
circuit o3& voltage 0o9[gdedl[G: ag68seloypE:d:a0p003c038Ec0pdn
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Time 3 o3¢ cg68seopCro0p5 :[gCedonsod: (Peak value) 03eepnd§og2:0005163005
0050 605250305038 08gE0n05[gE:80m[gtielopE ddndemcudiclopCigp: qpdgid
03:0g0d[g8: eogpspdiq) (03,08 qpegdeil 20pd10325c805c8Eqpian saedl coil oBgodoos(S:
Induced voltage [gdedleooopbilnduce voltage elogp&aqo8iclompC:dsB: gEoadadndeminnss

elopEagpad(gded cooogdi
0g00dadcdodeisgcly

GI0005§ 0g00d2503056ind oCeslolgded cornmacdl vnd§adcdodeiosdegs:
Polarity 2005 e[pEig§gdoopSiecneomodpsqpigdegagctoodieamnndendfagibodadadad
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Fig.3

036g,c305dm 3260 925030506, laopSadeoy §Ea05i
Three Phase AC Motor qpzcop50050

AC Motor qpzop€ AC frequency 220365 stator 0g&[gdedl 20p) rotating magnetic field 20p5
6650200300p56020pd38mssjopEHgdaopbiMotor  Gistator 03€05005656000050305
gco&elopE: (rotating magnetic field)qpegded (@ o Rotor ogEInduced voltage $&
25030503C:  qpegdeil copdi  2dcdndsmcudicloplisdocisgcCogsinSaciops  cgadcodgn
c0pd005 §€ e3¢ Bearing $¢onde0E00:0005 Rotor 20pdeeoadelgodeopducdaogdi

Fig.4 og€ Three phase AC motor oogel Stator ogERotating magnetic field [gded cond
o3edl [goopd

*Winding 052903 stator 2038: 120 electrical degree [go:g] esepgoons G 00§83 Three
phase power clooed[gEeondogudoopdiwinding 3208:08:03C current S:eoonsedl  rotating
magnetic field (96Ol [Gs stator core sacg&:0d0056520001

Three phase A, B & C ol AC frequency sine wave 0903 60 degree [gpzg] [03p50lon
[9ed 02005 Rotating field & Polarity o3eog8Ea005

6o Magnetic field c0pd stator 32038: clockwise §o§coadod3a03E:00p50p50360R8¢
20pdiStator winding ogEThree phase powersl $do03e[gpE:d00690E[gE{gE magnetic field &
consepadelpegs (anti-clockwise) copbeoaopbiPole 2005 Phase 009opE winding 000556(036



OloopbadedadoopdidogEwinding $8[03680lao[gE Two Pole stator [g®aodu

Two poles wound in
each single-phase winding

Phase C :
! Three-
Phase A | | A phase
H input
Phase B |

Stator connection to
three-phase supply

Fig.4Rotating magnetic field

AC Motor o3¢l Speed o3sd§rgCad88aobiStator coil e magnetic field rotation o3
Synchronous  speedores] 200016 :00050833maq0305q/0500xqE{gd:  Frequency  [4Cecw
SlgSecolgdBestator pole gpsecospeed $p5:ec0[gd0PSIAC Motor gpiel speed 0368305

edl[gadeoospSgepSEaopd
S=120F/P [g20p5u

S=Synchronous speed in rpm
F=Frequency, Hz of the power supply

P=Number of Poles wound in each of the single phase winding

:fgroogen  Motor  shaft  eicopSoodgadsaesonmudaloosoogd Actual  speed
[g0o0pSuActual speed 205 SynchronousSpeed coc53a(Gsp0eG: [gp252:910503 Slip wreal 2o

4



Motor name plate 03¢ Actual speed o3 Rated speed wedl[qoopdi 9005005006000 Supply
voltage cusco:0d oS[gpd (Fully loaded) § rpm [g&o0p5

Induction motor

;odeogpadimnqieongoGs Single phase $& Three phase oaq) Type $6§E§oopd
GE:e6H022005 Rotor 03¢ DC source ozg$Slip ring odlfgoe Ssaneusfgtiodod Stator voneod
air gap o3[god[Gs induced voltage [g®g] rotor current &8 magnetic field [gdedl copdiStator $&

rotor ofcimagnetic field gp:0p&gSalgesdonnropdoopdicdeloyEng6nd.cudom(Imduction
motor) op@sl 2001

Three phase stator winding o3€a8s{eps329 (Group) od:98oopSiPhase wpesl[Ge AB $C C
opmepdeosaopdiPhase oo9sfone 120 electrical degree (9ot oo9dogEonoBeom coil $&
oppBaoonPole gpz§oopdiFig.6 20p5 4 pole,3 phase ,Y connectionsoo500:20pd 6e503{gda0dI

SN

Phase A

{000 (D00 4 —

5 (T[0T
&

™~
Phase C %\_ Phase B

gy
ey,

T3 T2
Stator coil groupings

Stator poles

Fig.6.Four Poles, star connected stator winding Squirrel cage induction motor



Induction motor qp:el rotor g€ Squirrel cage rotor $& Wound rotor vagjs6§E§oopd
005gedcsiqpiopEsquirrel cage rotor o3saadgpioopdiSquirrel cage rotor 205 single bar
qP2od030sd00de End ring g€ Short circuit [goodoongé  qdeamEalosEoosansoroolyé
Squirrelcage rotor goeayEa36§omnureslaogdi

Stator winding o3Power Gu:eoon3adl stator o€ rotating magnetic field [gdedl 205103
rotating magnetic field o> Single winding [g6cooo rotor bar gpsog€induced voltage [gdo0p5u
Induced voltage alo3p¢ rotor bar qp:ogE Current 88 magnetic field o3[gdeoo0pS

N

Magnetic fields

Current

Fig.5.Induced rotor current in squirrel cage rotor

Rotor $&Stator ojsimagnetic field gpsadcEopfinSaalops 86z  (torque)
Blgdedleoapbicé: Torque oo Stator @i rotating magnetic field cod:ep3203E: Rotor o3
c0p5600pdIZ0PIEIGEOOMNZGPE> conductor bar $& Short circuiting End rings o3 Cast-
aluminium  [g&[gjopSaopbiRotor resistance [gEClon  high starting torque $& Low starting
currentg®(Gs Rotor resistance $doo Slip ${Gs o§[gpdoge g&ieaontylgEunzoopdi

Characteristic of Squirrel cage motor

Synchronous speed &:Jk(Low slip) copdfGs constant speed [g6oopSuStarting current
[4Cemg0d32620[g¢ Line voltage o3eoopdBoe (Fluctuation) [géeoaopbiPower ads{o3sas0e
$66qpC:ade[gpCicd[gldyC copdoody direction odelgpE:§Eaopdiqbesod (Stand still) 3a§§od
(Phase loss ) dldloneedilon ocopd8Eicopdesod Phase loss (0o Single motor 0328s005c0p5
[B: oy$Phase $69038 agi68:56909520[gE (Over heat) 220§S00056pSgdB: cronagoiepdi



Induction eedomgp:a0d Slip §es00[gE Synchronous speed adeeepad8Edizamoude)
rotor RPM oo Field rotation $EcodopcopbdmoRotor $&  Field sajoyp:Relative  motion
o§ooo0eodopdigdess]  Voltage induced  ofgd8EAMSp  o0pd  Induction  motor
copde$cdaadaopbiRotating magnetic field $& Rotor oei Speed [gpesn:q0d03 Percentage slip
[sCedl[goopbu
Percent slip = (Synchronous Speed —Actual speed)/Synchronous speedx100
0056003 Percent slip 20p5 2~3 Percent 9&§o0pdi

Motor and Power factor

Power factor ooé Actual or true power (Watt) §<§ Apparent power (Volt-amp)
odeizagggboopdiActual power sagjsqpie power factor comEsBeadupeoon current o3 motor oo
DOY pOee0EELpd[gdaopbiMotor ocopdagiE  05c8adEmirusigpigpqopd  Exciting
current $& Reactive power load 020§[8s o§[gpS03€ " gEsRective power $& 0§e3a0pdActive power
03lo€a0pbidelopE Motor gpzoopd No load sagi$sC Full load 3o§§8E:0990lon No load
og&Power factor pdqCzo0pSio§[ged (Full load) o€ eudommaeooigpoopd Pf 70 percent $¢
G650033(05sqP:00p5 Pf 90 Percent 9§§o0pdicodcsesacgodMotor size egiqudepagé gdiqpd
2[gCed:qfa$300305 wSmsgreg:qudqepdiOversized o3egiqud8don mSaye§odda0p5[qc
9626800Cg03e) 3203§epSewraddl

Lock-rotor current and Nuisance tripping

Motor starting omco full load speed o8eepa58 3§§03¢ G6do205 Name plate
opCewdgoopd full load current &l afgpodeos§adoopdic:inrish current o3 Lock rotor current
opeal 2opSiLock rotor current alogp¢ voltage sag $¢ 8:08:8:0qpEeqpiopolGoe0ad ojgod[god
ogdedbeoopd Light flicker o3fgdedleoaopbiSag e3a0pben sdogr&condodeomn=g$st AC
Frequebcy one cycle 000536000020009209E:0009005060ME00536o0d3:60qPo4[gd a5
Motor starting omco0p€ Lock rotor current elogp&Protecting device gpiofecaoiendeomn

[5105q)¢ Nuisance tripping o3[geoa051

Single speed and Multi-speed motors

Motor gp:03 Name plate 0pEdl§oopd Voltage and Frequency saod&sPower cosdlon
0e[gpE:c3600oRPM [3EcopSoopbicE:oden single speed motor [gdoopSiLine frequency ¢r0ca0gd



§) Speed e[p&:c8dlon winding connection o3e[gpE:ads005[gEHgE Pole o3e[pEieo@lgapd8E
20p01Winding 009o0pd:s¢ Speed $6§jp0p08E@0006WH003 Consiquent pole motor vpesl
aopdiconsiquent pole motor gp:ei Low speed 2005 Hight speed glcoob00533038203)gb2005
$69000705600 saepiEagEaeolgt elp:dapdaddlon motor ooadionpbiopE winding $6§Edl

§oopd Separate winding motor o33209dgjqepdi

Parallel wye - high speed Series delta - low speed
L3 T
15 L2 o
T3 ff(,\)“ — L1
T2 LL 6 T4
T3 — L1
T2 L2
i L3
NEMA Nomenclature—6 Leads
Speed L1 L2 L3 Typical connection
High 6 4 5 1&2&3 join 2 wye
Low 1 2 3 4-5-6 open 1 delta

Fig.6.Dual speed,three phase squirrel cage single winding motor

Fig.6 0g€ Stator coil 320(6)oc005aonie0m Dual speed, 3 phase squirrel cage single
winding motorel winding (g[S Parallel star or series delta 32[gegpE:cd9005[EE Speed o3
e[p:cd8Ea0pSySeries delta connection ogELow speed $& Parallel star 0gE High speed [gddon
speed $8§jscd:03¢ Torque ¢320p03(gd2001

Single speed AC induction motor qp:@ﬁ connection s:;oqp:o‘} series to parallel or star to
delta a[gpC:c3s005[gEgE Frequency valgp:adeomsupply voltage sa§js§E[gEcopd8E0pdi Fig.7
R¢ 0 (B) 000odooxkeox Voltage $6§z03:8Ec00m star and delta series $C Parallel
reconnection circuit qpzodeog8€aoodiMotor gpsodreconnection [gopdepogE speed elgpEdgc:
20p5250305088:Pole 32663203056[pEgEgo[G: voltage clgpCacdadepage pole 336e20305
oe[pC:eoad  coil odseries parallel o[y gEigdgBodqocoggSeadclimotor name  plate
0p8eal[qoopd3203E:80056§ 00a[gdolaopdiMotor rewinding odecpcondlon winding @ direction
$Cpole [g6e0l doBsnicopdagCerntaogniepdlgddlasdi



T1

T4

T y i H\\TB . / \

- ~— L | | \‘x
T3 T2
3 T2 T8 Th
Low voltage High voltage Low voltage High voltage
{parallel) (series) {parallel) (series)

.

3 @) ©)
L3 L2 L1 L3 L2 L1 L3 L2 L1 L3 L2 L1
9-lead dual-voltage wye- 9-lead dual-voltage delta-
connected motor connected motor

Fig.7.Dual voltage star and delta series and parallel reconnections
Wound Rotor Induction Motor

Wound rotor induction motor o3 éeomEdeedomupomomn(g§lnfG: Slip ring motor
opeopdiesl[ooopdiSquirrel cage motor ci§jzo3on9a[gboopdiRotor o3€Three phase winding
0300500248t Z204P:03Slip ring o3€saed:0005000:00001

Slip ring o3 carbon brush ©ooso¢ starting resistor gpas¢sonda30daopdiStarting resistor
qpo? Starting current $& Speed o3038:08G:qfsa0digoopdiStarting oc0ogE  Resistance

B3a(gpdoopdB: onelgiels: (Zero) adroeagpgiaopdicagpepogEManual or Auto ad:§Ea0pSiAuto
R¢  ecdommeantoglgCorefgelgengpgsEaooo3od  Magnetic  contactor & Timer

ad:gj3a3C:0805e0qpqi§Eoopdi
Zero speed ¢ Full speed o3¢ High starting torque $& Low starting current [g6o0p5i[gE



o Resistance o§) (Zero) 20pd3>§§03E Wound rotor motor 61006020002002005 Squirrel cage

motor $& 8:8:000006090820001

e
A | ],

L ZZ

__j‘f% External variable
T1 T3
T2

resistors

Fig.8.Wound rotor induction motor

Stator supply sdoode[gpCeufgllyé motor copboode direction o3elgpE:8E0p5
Heaver starting torque $& Constant speed c33a66000 0gRdigprogadioopdiRotor &l Starting
resistor or secondary resistor oo§o3:033a60mEed: load curve qesE GepgESeS3ad(G:
:guda3copd:  8eadeamgbieatigpddoogbeurrent  B:e08:0d8EquodiHigh inertia load g
20305 Squirrel cage rotor motor qpoogd starting current 400~550 percent $&60 Second o3
Qeoodcupds 3agudon Wound rotor (slip ring )motor o> 200 percent $¢ 20 Second 230082001
adelopE[oFienteonload 820305 Squirrel cage motor 3302 Wound rotor motor 6332030001

Wound rotor motor qpzod speed sadjs§je[qpE:qcd3ab60mesepgpiogtaopdisaaddy)
copdiVariable speed drive sa[gdadiepdadolon control resistor qpzoopd of[gpdod =a§§lged

(Continuous)  $8EqpO§gscd32600081I6650m03  starting  omcoogtox  slow  acceleration
$Cc0pS[8: 32004qjepagt rated or maximumspeed [§EcopSa8dlon Rated speed cepoSaqi resistor
qpeodadeolgiodgqepdiload e[gpadage Speed a[gpliaopdsaogad constand load ewrodeom
constant speedc8s6200) esepypogtead:dl

Three Phase Synchronous Motor

22008 pO000:6000eeH0M[gd0pdINe  load ¢o0pS Full load =aa82005¢05 line
frequency $C33§E constant speed [§&copSo0pbenognd Synchronous motor wrGEl copSH
Synchronous motor i speed or RPM 20p5 Induction motor gpzc3a80E Pole 32662203055¢ Line
frequency 8adlooopSo0pd

Fig.9 20p5 Three Phase Synchronous Motor [g8[: g&:elicopSuodden
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Three phase AC power o3 Stator og€eo:dlon Rotating magnetic field [g6edl 20p5n Rotor
winding o3 DC voltage co:eoonsasl 30300 magnetic field o3qfoopdiRotor  20pd
0503050090398[9be] Stator Rotating magnetic field s&a3cEaopdiodedemionut Rotor o3
c863monqOlgdeofds Stator magnetic field $EcobonGiCoyropdeonnbisonicondcopbeoas
Stator ¢ Induction $05¢g¢ excitation oc3=26diSquirrel cage motor qpsogE 005c0R0eS slip
c83256005c0p5: Synchronous motor qpsogE Zero slip (62001

Stator field Rotor field
windings winding

Fig.9. Three Phase Synchronous Motor

Synchronous motor gqpzaop5 Self- starting ofgd 000E0p58E[gE:e§Aliadgde) DCPower
06usd eudomel Synchronous speed GepodpSssaad G Squirrel cage motor 3203&:c050001
aB3§§0RE Rotor o3 Power cds5pS:50§jgEe0:8EaopbiRotor o3 Slip ring ¢onso& DC power
cosgC:sC motor &l 0o9oopd:ea rotor shaft edloaE DC excitation coil 06e0E00gEegdoopd
30300§05:0 Slip ring ec8sabao

Synchronous motor & Rotor coil o3 Over -excitation coggCs{gE Leading power factor

o3eGoopdiad[gde) Power factor correction a3ewr05 Supply & Lagging power factor o3e[gqode
[g1c96§ EaopbiUnder excitation [g&addlon Lagging power factor [g6[8: Normal excitation 0gE Unity
power factor [§®o0pbia8momodgdeoon Compressor eenlgl:3od cvdcsieaontyod ©p
Power factor [g&on8Ea0p5iMotor o3 Mechanical load odo3 (No load)géewnEsgEsoopd
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Power factor [gConodeoG: egeeseogiessaqeaa]js§ieoon (Cost effective way) $p5sc08dgdoopd
c06eenEHen Static capacitor bank $¢sa00[gb[Gs adad (Non-motor) o3o8sa0ddgies0000s04]

Synchronous condenser or Synchronous Capacitor o?eéf oa&Su

System
comrected
power
\/ factor Three-phase distribution system

L1

L2

L3 4 *

T2 %7 T2
T1 T3 T1 T3 1 T3
Field
rheostat

Induction motors

DC rotor
field supply
- O

Synchronous motor

Fig.10.Synchronous motor used to correct power factor
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