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Starting and Speed Control of
Three Phase Induction
Motors
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Course Outcome:

CO2 - Control the speed of three
phase induction motor using
appropriate technique(s).
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The heay —?"a‘hﬁr\a- Current May damﬁe the MotoY Wibdirgs

as well . Tn dOrder 4 Gva{gl Jhese probleme, We can us e Poh'xea[qr\zj
oF & StaHer 4o limit dhe J}ayﬁn& turrent o +he \Ihduction matay.

% Tyres OF Starders:

AL we Seen earlier, it is Josfille ~b fteduce Ahe S’rar%n@ Current-
Lelow q Scfe Value Ly 6ne OF -he T-omm-n& Yechhiquaes .
). [Jj rgduung 4bhe §1odoy wwage
2. By ihcreqfin& Abe Moty renstange -
“the method oF Wduu‘n& ~he Oatoy \rltage 1 applicable. o beth

the 49pes OF inductoy, motars Wheareap Ahe dechnique OF 1NCrE4SiNG-
dhe 13toy  resctane ir opplicable .%\:J' 45 dheo &‘IiF m\a induHion
matoy .

vanoul -ljpps' 0F StaHen are gr Rllows'

1) Diract on line }arler

i) Skgtor resictanre starter
i) 3tar- velta sharier

iv)  Awto-AransFormer Starder
Y) Rotor resistanc SYavder.

- Direct v Yne Starter: (polL):
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R fuse oVevload relay .[ ¢ contacks
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hc‘} 1y Stmt}ﬁor logic Tor oontactor.

The 2.0l S}arder is gs shown in HB- ]), Tt (onsis+s 6F Fuse links
Coppected in each line, Fhermpo) 0verlsgd telay (ontQcts ih Series w+h
each line . Condachy contads \and llﬂf}o:r %P logic- Contactsy opetaes
on he 3ame printiple 4° -hol” OF +ho relay,

F;J.(L) shows he Simplified (it for Jhe shart Jetop |agic.
Note that Jhere 1€ o prnday Tor mm'ralh'ﬂG% the magbi tude oF
slarting current in She D.oo-L- stavter: So -Ihis Hdype of Starder 1S

UseFy) Oty For Omey! IndyCHon M6todT.

0peration:
To SYOrY dhe motor, prees the push do 0n Swisch hamed shait.
in Series wih it iSO press 4o OFF Sydch. A9 Hhe

The

Sop Swch
starr Svidh i prefed  Ahe Contactsy Co1) get (mnected atnis
Qcrose dhe lines Y and 8- (See Hg.b)
Ahe Gimodure ted Shawn ) doded pinee ih A% (@) 8 pulled
HwWards Adhe (omtactoy Gi) and he nammy o pen (p.a-) ttack
¢, Ca, G angd C4 Wl be ¢losed . '

The QL Swpply 1S Comhected o Ahe #tatoy  kinding OF 3-M-.

»H\muj}, Jhe Codacts G ,Co 4and (g 47 shown in Fg- (O befa
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The  addi+ ‘ Fig« ]
ditional confact G is (Ornecteq acner ‘ihg starle Switch - TE

Keepd Jhe O - "
eeps +he Contactar ¢ | ehergiSed oven Oty i
Swtch. This ¢ showbh in f—(a@)

IF We want 4 stop Jhe tgtey Aheh press stop Skl . Thie W)
distennect Jdhe comtactor Ca) oy dhe ac S’U~{>p)7 o) Jhe (onlads
(¢, thiygh ) are opeh Cirtuided and Jhe Sloday e disCaneded

Fim the 4¢ Sbvpp_lj.

I.Jé’qj’ina, Jhe $taIt

x Fufe’ qhe e link (mnected in Series with each )ing Matocks
the motoy ajou'mk over (uifewt- Such Owercturent® can ocur (F Ahe

lsad m the mofoy ¢ W((JJfF';"E,fJ. In(req Sed -

x Thetmal overload relay -
Under 4he overload Condition he mofoy oftaws exiossitve
Stadsr current: TS )| iRrease Jhe heat prduwd o roise the
motsy  tempercdure  Yond  timit -
The ~hermad overos o beley M) get open (irwited dug s
bressie  Temperoture and  dis@nnect Jhe Sator rding. rm e

Qc S‘L-{in)' :
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% Mator resistone stayder

Stator reristance

= |
Wh- : . Stator
T 7
Run start

Fig: Stator resictance starder.

A tadoy resittance startey 1o shown in Ffd. A Staejer
TenctGQhees Gre ept Conneckod th eqch libe ilh 9ories Wwith 2ach
phase Mr\dm& 6% the StQtoyr. Initians o)l dhe sharter resistances
Gre KepY in Ahe 'Start? pofiticy 20 rlhdt 4hp«/ OHMer Abejy mOnxum
resisyance., The Swtch ie durned on 4o (mneck Jhe Jhree phare Q¢

Sppry g the  Stodar winding
Due 4 Narter resietdnce in Series  edch phase winding il

redeve q teduted VaMage - DU Ap teduchon in the Value oF Vj, +he
Q’far-h'n% (urrend it Jimidod Ao fede Valle -

AY Mooy Qllelerate  ~+he Staer fesifapce i¢  leduced 1j '“E’W‘(‘J/
the varable Contact 6F Jhe reatXanie —owarde Yhe ' Run’ pohHidn .
M Ahe tun pofition Yhe Slovter vetidlance is Shored ot and
Fuy (w\eq) Hodoy Valdage ¢ Oplied attass tho Sadoy hﬁhdfha».

The motsy then  GperOclos normmg/_
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T TR R W r
R :R # T | § -" ' o o)
Qyole | p' c O 5
€ way E X
Owitch | potoy
i
Start Ctator

E& star delta Startey

thie tethed i¢ used in the Case oF Motors which are built o

run nsrmmaL with 4 delta- (omnetted STOdor wmdmg Here dhe S¥ator
in Star Coy,rjura:f‘\m of Ak time

wmdmcc};{ oF Ahe moter if (mnected
of- the

6F Ha:ﬁng Thie teducer -Hhe VéHﬂ&jé‘ acrss each W"*\dmg &_F
Itded  va1age. Hence Ahe dirque deteloped betsmes L oF Hhat which
world hawe been  developed iE motoy were directty conneded in de|1q.
The line (urrenl o0 reduced + /3.

When the mofar cucelerode stodsr is Conected in dofto
‘Confiqurodion Ap oppry he Toded VaHage Az dhe Mhdirg&':
The .S}m-ﬂ;:j dorque ¢ teduced ae the forque e Prapsrticnod o Square
oF Stador m'fng and Hhere it Jerk_Whrle J‘w’rchm& Frum star ts
ddta. Typ s 2 s 31,‘ —
srart mode ! e
The 8 rope__ﬁ‘ way Swirch i Kept ih +he &Yarl- mode Fkt. Thie Wn]

Comat 4be R\ B and y' dJetminalf g the statoy Mhdihd Js, eadh
Okher. This Gekr as 4he star peint.
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Stator - i “

Cq) Tn 4he tart mode @) Tn +he Run Mode .

ﬁa D Bquivaled Grwuits For star-deivq Starder.

h is Con | | '

"’T ¢ Juppry s (mnedded 45 Ry and & Hetminole 6F +he Statsy
Wmdina. “Thus in -4he "start™ mode e Statoy N:‘ndin(cf‘. Ggre (omnected
Ho Formn a ar. 1he equvalen Cirwt Fov +he Vekgr mode 1o
ghown in HY- @) -

# Run mode

The +hree ‘pole $X way Switch if thrgun infs the "run" Poti-Horn

Onte +he ™oty Acleletotes.
This wl) Cennect +he etator w1‘Mn‘rﬁJ in +he Fonawr'n& manner .

R— R, y—r and B—>Y'
ﬁ—a .2 b) Shewe how -+he stator wfndingt i Conneited o form deltq.

* Admnf’raJ_Q_ oF star- delta starter .

¢ Switch: f0 itr construttion is €4a<y:

|. This starter if just g Simp!

. r in cosC |
) cqud ‘—h‘onm power locs in he ooty resistance.
~q.NO addi
. Ditadvantages:
|« ‘The OrNj 41‘1‘4‘0'\(4211""556
a tocty (ra) te- by SEFT o

i L
.¢ Ahot the star+mg vl4aqe i reduced &

7 ir hot pﬁmble A reduce +he
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Vd"’ritje Ij any 0¢her Factor. |

2. Tt ir Dot posrible o Use Jhis -ljpe of Starter Tor 4he star ('P‘nngck_é('

induttion motor . o
2. Imoo+h s"rar-+fr8 does not ake place.

# Awto-traneformer S1arier: (W—lff,S-ig) (4:»1)

3¢
AC Y
suppyy

| I| | I
B I ::-l .
S E o |G U s%a'iarwmd*‘“df
_ . 3 ___-F
star ' 1 . S8 --.-:'"-"i]

(mnected ap 7 [ ©° : -
oudd K 'y ‘.N-\E—v:\f”ﬂ' oj o o
- v
ST Ra+or”

'HET . Auwdox'mer darter

M audotfansTormer [+ USed o oppy a low wmhje Ap +he St
Wl’anng of 4he Hme of Mmﬁng.whu; the motor Speed r‘eache_? ~he
desired leve) , audddransTrmer s dittdnnetted and Mmotoy 1€ Connected.
ditectty a(rors dhe Suppry,

= OyergHon.
The $atoy oF Jhe medgr e (onnected +hraujb Q waqy deuble
throw  Swikch. |
While S’rm—H"\a',-’rh.e Switdy i throwy o "SRarE Side S0 Hhat a Teduced

WH&Je if applied b Nahr.
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The advaMade 0% +hir starder i+ A4hoL reduction in iteg e olun'hé_

-\:‘*qr-}{n&. , Can be done 1o ary oesfired level [17 S'QICL'Hr‘a— Preper *'C"Pf""’(?)g

°F 4he audstransFsimers.

Audy xtmey .
@) Starr mode

] (b) Run mude.
N Bquivalent cireis.
he equivale.r Griwit Tor

+Huw etarp s 3
e equivaleut Girew, e i Sy "G-@ vhereas

i Ahe hin mode e shown |
W in g (B)
s Qd!/qntﬁeo: g ®

W' fadlitig i SlpR ng Cboo‘f’er ' Cost: No powey osp qs in

the  Stator resietance statgr. The Medhad s ver effecti -

9‘*“"1’"‘& I’fl!rqw? Fequitemevds dhye s UseFd rn i S
I+ Maching dog)e 2. MORr Jeneror st 4
- Lmdodime: e

N6t suitable Yor +Hiqh
gh P motore :
Metgro . “hd -igh ¥elage abgie . by
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*x- Retor Resistghee svarter ' (S5, W-1x) (4M)

This 4ype oF Cintrgl i< used in -he s'lfprr'na induction mosz,/ﬂm B

oxternol Vanoble resistance is (omnected in ~he rotor crewt,

|
Ro
Yo— l
Bo—¢ | r?gg: |

Stator

Ffa- Raotoy resmstance Statier

At the Hme oF s’rar—H‘naL Ahie vanable resistance 5 Set o
the highect pumblg value (in +he Start Pasi—hon), s it +he
motdY  current of starting . As dhe motor actelerates, Ahir Yesistana
is Shorted ouk ( twt-ouk) ﬂradua,na 1_,7 mom'ha, +he Vahable contac
fowarde 4he " Run " potition as shown iy F -
—» ol erodion.
Tnitiany 4he getemnally (one(ted Starter resietgnee ¢ keIt in Ahe
staip potioy where it provides Maximum Tesistance. Yue Ay external
retoy resistGnee Ahe effective rofor resistanee increagey.
We Ichow +he eFfect oF fotay refistance on dhe modor Sveed. The
motgy SP€ed detreales with inreate in Resiskance (p,). 56,
inu'—h‘ou:j Hhe motoy Qpced 15 low. Then 3raduoq\17 the ¢xteinay ra4oy

resictance i reduced s ihCreqse the fpeed Gnd Hnoqg +he fotor
ledistance ¢ brought into the tpypt PosiHom . |
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b ﬁi!Q_TJiGJer oF rofor fesictance starter:
@ "_ Lt redu ces J'mr-‘H!a carrent

2 Tt irprves power Factor

3 It inteaces &}arrﬁnd torque.

9 1t Can be used s Cowtrg) 9peed 68 moor. Hence Sliph'nat motore
04“&71* use Tlétay lesistance Starter .

— Dirad van4aje :

The ony alimowaﬁﬁe i1 AhaL his Hpe oF starter s yrep

0NN For A4he Jli?h}\g, induction MOtor. 1t Cah not be USed o1 Hhe
PQuiIfe) (‘ﬂde Moo

# 3peed Contrs) af 3¢ Tnduckon motor:

3 .
The 3peed Condrg| +echhiquee are clarei Fed Lmicmg For +he -‘%Ii;:'h“ﬂ(?.J
0r oquitre] (aje Motore Qs f)jous:

2‘}7660] Contro) +€chh|'c:|ue.9

Condrol dechnigue Foy |

Huirel Cage motoy Contra] +echnique foy
Wound rotor moor.

— Stator voHaj( Contro ) S,rm,i Vol Cond
- Y 6‘[]4 on T |

— Vanable F (onstant V
— vVaHab'e Ct{”ﬁ-\t} constanC F

= VIFE Contro)
= variagble F, Conctapnt Vv Contro |
- Varigbe (urrehtrcomtaht - Contro)| tonsk -
" Qow’ﬂa)l‘mg, number 4¢ poes - oy th' IE Contro|
- Rotoy ressexance Contro)
= NP power tetovery Syskem
C Cascade Contro) )

~ Conﬁolh‘n& ho-dF yoles.
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In Ahir chopter Wt hate 4o §waty Fonakfiné 9peed Contrs|
method .

a) pole chahghy methoo|

b) Ffequeng o) method

c) By Sator voHage Control

.,[) Rotor resristance Contral.

a) pole chanjina Method
We know thak he $qhchrongus Speed 5 Given b,

N_Q - ‘7-0_F_.
P o sty
80, it ir pesible + chah(jg dhe Sfnchlanous $peed by Changing-

the no: oF poles. “The no- 0F pales (an be thanged bf charging +he
Connections OF Stator wrnoh‘n3 with Ahe help oF meehenicad SimpiR
9Ni~{ckihcj.

We (an change the ho-oF poles in dhe ratio 2:), Qo we 9et tWo
different Speede. The Speed detrpases with increase in +he no- 6F
pajes -

— deah'iaje ;
The fote chang‘m@t 1 eqm‘ldt Ochievable pracﬁcm:(f_

— Dirqd van+65§_r,'

- ’Tb.(--PPE’fol C"‘“'UQS takes place in
potsble 4o gitqin .

= Thee ' are omét & lim)
Hhie methed .

= This method i idem\:j Sultable For 4he quirre)
Sitable For he Shping- Ihduction wotors,

Stepe- oo Contro) s hot

Ted ho- 0F Speed Valups dhar are achievable by

(@90 LuL not <6
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' ! W-14,8-15 D)
1) Hequency. Contre] Method e )
" ) y U
* Or (v|f Contye| Method)

2¢ vahable v, Yariable

/' Fﬂ’qteen\(j ac va\*‘:je
oC

o nc oot LT aywe 707N tnducion
Cohf+ﬁh‘t75 Converdey . \-IJ | inverter — o ? 2 netay
(‘Oﬂ-ﬁan‘t F ¢ bank =

HJ'. (‘dﬁ.ﬂ:aht’ VIF Contro) Methoo
T (Ffeqwhg Conrg| Me-h‘\acf)
We Know H4hat +he aduay Speed N ir Given %j )

N = Ng ( I-S‘)
£ Ny = [20F Where Fj = Stdor suppy Frequentdt.

90, we can d\arﬁe dhe actuod Speed N by chang
Dpeed. Lt Synthienpue Speed N,
Suppry ﬁ?ﬂqeng F- 90 we tan (ontr
Prequeng F.

Butr only (hahj@ in

'nn@L +ru Synchppnous
Can L@ Chdfﬁed l?j Chahg'm& x*'Gj'UY
0] 4he pecy Lj Chqnging, .!upply

F Keeping Vi Constant™ hae an adverse efge
ke O 909 Mux bedwse air gap pug ir gren 4.
R T ¢ )
d F._’)

90 ojr 9op Frnx (pq& £ PRPOFHmA s tha roctio (v,
feduced by keepi

ha v, COnJ"tht_ 4hgr) thero i¢ 0 PeSs
oduredion . Hene 4y, ratio (v, [,

Loth the Sladyy Bitage V, and Fro

hecessary lfecp +he oyr 909 H
Henee thic Maethog

,Fl)' LT
'bf|i+7r ¢F Core
) if kept (onstant ljj chahjr‘nj
quency A, _c'fmw—rqneoufU. Thie |-

wx (0netant.
d ar Constgat 1) Cont). 1 1o aus

G drve. (y FD).

e o
khowin go Varable fregyen
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—> Operation. -
The aC inpul oF (mstant vortage and Cmstant mqqmg-i,f,f
Opied v an Ac 45 9C Converder which i¢ reckiFer.
At +he OWput oF AC 4o DC Converder e g¢t q DC Val-’ra36’- .
A @paditor bank is USed 45 reduce 4y ripple Contentts in Hhe 9¢
::eﬁ:\z r'+;hiji j: Z::i: e f’f?'ied ﬁi#u inpul" oF an inverder.
iC Orwt Whidh Conrers  the DC witage

ity a : :
&P vanalle \Pblh‘\j@ Var qble Frea,ueng Ac Wl‘fﬂj(’-

frh‘. - .
i Vch:je 1 Gpplied A5 +he dater wlndin& OF 4he motr. Thys
we get 4he Conetgnt VIF (ntrg|.
- Advantaqge;
I+ 3m00th Control of Speeq

2 ‘Hfﬂﬁf HWX temaingd (omstant 30 ho ]aomlgnﬁj 6F Core SO0duration
| & It 15 possible 46 et a msYanl  manirum dorque af. Il Ahe peeds .
Yight Fom 0 4o 4he rodted Ipeed .

|~ Diradvan@jg :

.. Contre) Cirqwit < Camp)i (ated
v- Lt i5 nat possible i yse the (WEpuE 8F Hhie jhverder For any
Uther opyicodion.

() Mator voltage Control: ( $45)
Tn 4hi® H9ye oF Coentrol | 4he Matoyr f—reqqen\tj is maindained ConeYanC
and my the Statoy '-’ol'rcge it Vaped p Vary the Speed OF induction mator.
The orque 1¢ POPOFinal b the quare oF Stadoy Supprf Meltagc V,

as fllows,
’T v

Ks Eo Ra

P2 4 Coxa)™
but €; is the rotpy induced
the Statsr Suppy lajrage v,

emF at 8YandeH)| which i PrPéFHmal 4o

LR L AR
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- I-e. E'J. <V |

2 2
o “‘ T O< ts Vl R?—
_ e Wi
2L
Rt ($%2)
Th Ahe Qtgble reyigvy ofF Hrque- slip charadenshcs Hhu Valwe oF s e

low, Hence we can negect +he ( mc?_)'L tetm ih the abore expressiny .

LT X ks \/,"P«'L

pa"
LT o kS v,©
Ro
bt Re is Constant and k 1o ales Conctant hence,
T SVtL

In Hhis Hpe oF Spoed Cntral the Stodor prpv vatj< V, i3 Tedued
Fom V, (1oded Valw) Ao XV, Where X <) . Heng Hhe totor derque is
diven by
2
T % S(xWw)

Rg- @ showe A4he 4pical dorque Sped Charackershio Foy VaRuS

Values oF "'
n Nonnakised moter darque

O — =z (100 stodor w\‘rvje)

r— St 1 0

0 R ] o 04 € o-g ' > Speed -
Mete dhak Npzay g 5y, 2lip

F"g u)"ﬂqu Steed characterodict wth Vanable slodoy valtaqe.

a s R e
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The point g% indersection with 4he load dorque line Would defing
. slable operading prints fe Ak PO af khich bt MOtor orque te
Qual +h he load Torque.

As Can be een tom ﬁa.@) he Ipeed Clrreiponding 4o Opcrw"“‘a'
poivt “A" (tor loov. Sodor VoHﬂJe) ie- N, ir higher Ahan A S¥eed
C“"“Wndihgr ds Ahe Operating poink g (for Fvo. 0F Ahe roded Stodoy)

Vﬁlfhzje) je- No -

Tn Akis Way Ly \ml’jif‘a—
The motBr Speed . vtk increase in Stoder VidRge

+he Sodoy WH?::‘je rt id pouiblc s \.‘ay
dhe Wotay Speed

Wi]] intrease -

— Applifations:

This Aypes of Cndre) Produces vey )0/ 3\~ar—h‘n<t}, torque,
Fanse, blswere and (enifuqed

ard thtrepre

i¢ breferred T Ahe Oppricodione Such Af
pumps  Whert  dhe Har-h»,\a, forqua  requivement” is NheT high-

d) _Rofr resistance Contro) = (€-15) (4v)

Speed (anirs) u.(‘fna- Fodor vecickante Cowlro] i Qs 2hown in J)‘J.
The vanagble Totor resictance if Connetded s te  rotoy Jrhrnujh
A g”f”"’ﬁ’ and  brushee . 3¢ Ahi® 44pe 0F Contra) is uSCRM mj Yox
the -('HPh‘na e Mmooy -

— DU
Z 1 I -

Stotor Slip ring rotor

@) Ipeed Comra) WIN ecternos htor resigtance.
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..,...» we haw odrmdy 41t (ussed +he ebfect oF chatje-lh -!Iu ryex . @

:'.*f!{iﬂﬁhte Re on +he dargue Nip char adter o es -

©h Vol of (WHG@ Np S Coireimolind Ao ke MOximum erque
Wreases With intrease in the Valle of R, Gnd ke torqua Sip ch?
Joon Shifting fovade a3k er shown in Hg. b)

4 TPrque

_\_m N Eg_ih(lecd‘ed

= m—— e

1
AS R, intreaoor
: N decreq ses

T ,

) ; N, &L N)y

L -
0 My Ny Lhy 8= | i Sy
N=nNg N=0

3Peed detreqees
9B Torque -9l characteredic.

TF we R8UMe  thot fhe l644 Torq e

T 78 eomstant Ahen Jhg
Opera—ﬂn& M of the _I

AU mitar shirp Fram A do B Ge shevn
In 'f-rg. L) . S0 “he modor 3peed ckawgr Fom) N,
18 lees -than N, - Thu® Ahe

Yotor resiclance Re.

0
Peed detregee, Wth  hreace in ~the

DisAdvantaqes:
J
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