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S Conctructon oF 3(;6 Induchon wotor !

]

§. Expiain +he Working of 3¢ InducHen mptor. state Awe opplicarions (4w)
( 3rmrr&r,,_u9_)

§. Enheb Gny FOUY jpart= oF 3¢ Induchion moteY ond stase 4ho tuncHon of

each Nsted. (4m) (Summer-1013).

Sndudion moteT
Ans:  There are mainy AwWe farts oF @ 94 Tnduchion P

1. Stakoy
2. Rotor -
1. SEOXOY - o n
Stator is skatiomary Ppovt oF 4he motoy, This part s >
; 0 Gro Sletied.
Silicon Steet Stampings (i-e- Ahin Sheets). These Sompings
i statey
Statey hir-d‘rj
Rotoy Corductor.
Terminal Box

3¢

AC Suppty

fig.  Simple diagram of 26 Induction Metor

“There are Slo¥ on the inney Side oF +ho 3tatoy. The Sledr
may be open Aype , Semi-6pan Hpe  of clased H{ve - n ~hese slos a 3¢

i¢ accommpdated (plqced).f'lh‘.; winding s made o Super
rory [,9 Ray or delta conneided The Lhreo

ok indo he Aeminal bex bhere 39

\ N"f\dir:j
" enameled Coppey. this Mr\dfrj
ehds OF Hhis ”:f\dfrﬂ Gre bnught
Ac. Sufpry (an be Conhecred - 7 W

R ey




| PM here are AWo Hper of induchion MOTDY dzpehdffj wpon ~he
Corstruction oF 4he Yotpy. e
a) Squirrel (ge Hpe b) Wound rotsy Hpe.

@) Squirre] (49e 4{jpe rotov:

Skewed rotoy slot

2 f1g. squirret (age rotoy

(' conductor ) .
Squiffel cage Hpe rotor is Simpre and Moot rugqged Consruction.
laminodeq Core With Skewed oY
in these slows and are brazed

The rotoy ConSisks 0F & ey hindricad
Sloxs . ~hick Cotpey bars are ylaced
or Welded 4o end h'f‘jj‘ Thus, +he votoy Conductorr are Ppimaﬂehrﬁ:g{ﬂah(?
short- cirwited . ~therefore i is NOC poss ble fo add any eterne

in +he Totoy Ciruwt

n Steel akmnrf]o.frhe (on9Xru cHon

potoy ic Made OF SiVico
" qquirfe) " and henee (®lled G

oF :
OF Ahis rofor Yooke Iike A (age
W gquirre! Cage Afpe metoy

with S‘\i? Hngg '—

5) Wound tipe UG G M (e _ Qotor Tesistance Starter
oo potor slots

Ryushes

shart ; \:Jni “[—-r—ﬂ;_:_ s\'p T;nﬂf

i

_Fiq: S\ip ring Aype rotor (Wound Hpe T0%8Y).

il . : p | ;
| Tn Ahis Ajpe of induction mohr,{hg rotsy i Wound for Ahe ':;i;f
ELnumbe'r oF poles g Ahot on he statey . dhe votoy if made Lp of lamina

with sletr on he ouker periphery in which @ a(ﬂlfa-‘luywhdllﬁ Ny plft‘(?d;% J
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. -’:k 1‘1?9! 0F 39 Tnduction Maﬂ;

A .
Depending on 49r¢ of rotar Ahere Qe t\wo opes.

24 Irduction Moty

| :
\y %
Squitel cage Hre Wound Yeroy 0r SWprng induchon

moAaY.
X Bquirrel Cage Motar

( Note. Tefer Fig. oF fquirre) Cage Yetor)

: ‘ . r —  Ahe rotoy
Mhen Nighey Startng dsrque i nott he Tequ emeunt

\ i Sh thak he roor
fq constyutted in O k‘f’j simple wanner. Hg. oVl e

dvum is prnded o FOFTY o=
drort are prided n the ToHY dnm of

tho _medoy, WEth @ number 0F

Cirwlay holes  parade) e Abe
~Ahe Mgty .

Selid @rrer e
barr GF¢ Welded o Awg ewnd )—mjp

s o gether | K Vilke @

Cage Yotsy oY /j’c,]uin"e! CaJ{ ptoy.

s Oluminumy bawn are ploced N Ahose holes and
make (ontact between

cm Hhese
_themy. the bap  and Ahe ond Hr:j
hoy is (@ied @
e Shorc cirtited ok end Hng's Ahveretsre Mo

made o ~he Caje 4 pe orov, Aherefore

cage  and

hepce  Such @
The retoy bars G
o Cmnechon (an be
Ap Connect &Ny gf«}erﬂal Yesiokan(e

67(48”\ A0 Ahe Yooy .

Pbofs net PoS‘S’xLle
+ Wound Rotor of Sl Rirg dnduction b0t

SARR Han‘

/ shast

«—
—— Brush el

EK“"Q-""OJ vanabl€
r@J‘{Stﬁ\h (e

Ro-tor winding |
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the Ahree phases are connected in Star Connection i”“may UL
feh\oin'lil] A‘h!’f’e terminal & qre bmujkf a2 G o i SHQ’-.

Finge mounted on -the sha st .

The 9'ip rinj; ore Made wp oF Gpper OF phosphoy bsvze and Ahere are

dhree bryshes resﬁnj on hem . Erdernal  Conhections o addihmed resictanges

. condiHono
are A€ dihe at ~hese brushes. When Tunnmj under hormod ] :

d k14 metal CGo\ar Which i¢ quhgd Omej

Ahe sl?pdfr\jf are Short- Cinwate
sNip.-Hnge fo redute the

the Shaft and +he brushes are litted Hom the

chamod 1otser and wear,

P £ o
As 3¢ w\‘ndfr\j is Wound On rotoy ~hig Hype OF TOTOT _
d as " Ny '”j 1y pe” becquse Sip

et fﬂl‘ed

n phase Wound oty . T+ is odso (alle

'rinj § Gre used.

x Table oF parts and dheir funcHons

induchon Mmooy .

i | an
tote ~he function oF Fa)lowing parts GF
" 3 - (‘Ainirer—lg, c‘m)

1. S\‘»F-rinjr 2. Fan 3. BruShes and 4. ?ram@

sty pary j waderio FureH 0 i
1. |Stator Frame Cast ivon Supports the (ore, protects inner pary
2. | statoy Core Silicon Stee) Houses Stater Winding

) ey ; A - g d
g | Statoy Winding| Copper & insuloded | 10 prgduce r61oding naghehc Hel

4 | Rotor (ore
5. | Rotor Wif\dif‘ﬂ

oI )
7. Ay inlet oulet

Silicen Stee) Hoeuses Towy Winding
Gyper £ inSwaded | 15 pragquce fotor (urrewk
75 prvde g9Opin yotoy ¢ QLY

-

- oy QIY 07 ooy
Toy O Girel ooy

saingctance| AT
Se resiodine o 10ty ke
' ] cornects
o gh? h‘hjj Phoj"'wdf; fnn2e
r ]
: (i‘\;?lj:: e prw:dg Covnech On l.oewpm
e g resistGhie and S’Hprhnjf-
n. | shokt cgd ron ' 3,#‘?“,:! Fodor
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= T g — . :
i Squirrei Cﬁje g Yoy wound or Shprm(ar Y610y
ND .
L_“‘—'—-._
1. | notor is in form of bare which o wind:'rij |
are Shorted Gt +he ends wth +he -
help ¢F end ar'mg.j
— rushes are used .
®s NO SHPHnJLs or brughee are used 3\1\9rmjf and b
& Bsifople canskiuchon construchon {5 Cmplicated.
G. Exerna) resistances Can not be 1t o posfible 45 connect +he
: otor.
Connected glernal Tesistance Yo he ridi
aihed -
5. ool oF toderate Jsrarting High srarxing dorque (ap Le obtal
frque. o
. S 1 rque (an Le GdJL{J’ f’d
4] Stai¥irg 4srque Can nolC be adjuskc Lo n9 orq ‘
| ad']qg-h'_r\j Ahe €7<’}€I'n0d fPf!S'LQhC@.
7. | Frequed nintenante i¢ net frequenkt mainfenance is hecessary
req[_,dr(o‘ due o abSence OF due o +he USe oF S‘HTh'r:jI ard bruche
jliPHnjj' and bruthes
stey resistance starter can be used .
8 | petor resistante starter (an hel R
be ufed-
: YesTekGng
P Steed  Centre) using rotsY Speed Comirel using rotoy Ye e
sick (an ne Comdra) i€ possible 4o athieve.
*yesiskanee  Corciie)
be uSed
. oY Coppey |oJs
ls. | Less rofexy Cefper \o ¢S Aigh T PP
ne | Aigh effidenyy LW edfidenty
12 Pp)ication S Lodhes, Fans, EPINERA  tranes elevadst,
| Waoker pumps  blowers “efe. Compressels | )itk efc-
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Difecon of PMF ¢

'T'l\! d‘_{l‘f’t.‘ﬂon- OF RMF dqehd.l oh Ahe pl-,a_pe Sl’quen(e- oF fH'_):(
. Ge owpy Lerg Connetted o Ahe Shodnr winding,

-

5

As We have prved  Ane RME rarades in ~Abe Clockwise divection
I+ e phaste ’eq‘uehre i Ry, 8 fe 4he hormoy Jequence 49

potoy statoy
f 4 Rotoy
o :‘ o B . DY
il
L— RMF Yotades
4 hase $ : _
in Clockwse direchion. phase Sequence s |
(Han ed EMF ratodes
(@ ' in #he aniclockwise
drrecﬁ&,‘

@)
= _ _Fﬁ Ditehion or pye
Cwe Bk A6 We, i..nt,crc.hanJ( any  4wo Ph&.fe! o +he ac Suﬂv\j ] get a
hew phase Sequence Sery R8,Y cthen the olirechon of pmf Wil reverse.

Tt Wl Stare teroding in amticodcwise oiedion ay ghoun in Aig.®).

1a® | I
;,:':_I-. et Tavaet g L vt r "N l e 1 ; B i 3
_;:rﬂ o T RN UL 6 ! . R vaeds T S Vi i

L 1§ orth aamt ”W"{' I TN SO ST Y BT i
Ll 'll'l' y i - y !In‘t o i_ ‘_';’-\"‘ # [

SR | .c G SRR R

. -“-—.' 17 ﬂ.’}f‘ gtk &4
F T R T Pl »
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¥ principle of operodion. (5-15)

R Ctatoy
¢ /

Stater e Al

Suppl

i Retaking magnetic Held .

9. Prnciple of operation of induction Motar.

lhen 8¢ Ac SWpY 13 Canneded fo  Stator oF induction Meldr,
Curfent  starts HoWing through  Stodoy Eonductore. Duedp ~+his
cwirent  a rotading magnetic Helol (RMF) of conskant amplitud e £
fotoding ot @ C(astant Speed i Jet vy in 4he Airgap between
statéry and rofor.
The rotating WVagnetic Geld T1oYades at a Steed Called af

Snchroncus  Speed (i),

The Synchengus  $peed Ne = _lz_o?

The TotoY w'mdinj is S’ta'ﬁahar? ot ﬁarﬁrﬁ_ S0 Hhe Fotoding

rnajm)rrc Helg (ud3 Ahe Smﬁonav fotoy  Conductors anol fhclu(war)

emf in Ahe retar Mhdfnar_accmdir:j o Faradeyt \aw of elechemagnetiC

nduttion . 7This  indyced emp Fives Hse o rofor curceud. (ﬂ-:
Ahe Totor i Closed Cinwited | currenk fartr Howe thriugh Yotor ).
The direction 0F Ahe oAty Uifewk is such hokt 1€ Wl oppose

Ahe very Cause hat oduce His curreul . And the Cause behing

pmalucmj e btoy Curend f8 Ahe “Velodie louty 4 Le}wer) Hhe
ro"fod“fhg Fied and ~he mfer.

SRRt =Y S
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90, Ahe votoy (utfert will pow in Suth a direchon —hal he
retor Wl exyenene a force 4ol oteeérode ¢ in Hhe fame  direchnm

a9 Ahat of Adhe w refading magnetic FHeld af shoun i g
Tdealy at no \oad = +he rotor  showd rotate ab +he Sam¢
Sheed Qr 4hak oF Hhe Totafing magnetc Veld ie. Ne. Ruk
ackcany it Votodes at SNy less 99eed ~han No due 1o

fichion and  Windage .

Mo4or an lead !

When Ahe induchon motar ic loaded mechanicany i

Sreed (W) d(lf@(‘._{'pf 48 Yroduce ~he tequi red  amouul oF trque:

The Teduction in +he Motoy Speed () W Stopas Son o ~he orgue
Preducod Lj Jhe motoY (r) ir e.mmy equed ts +he load ferque

(). The PertMCﬁp difterene betn +he Anchnbur 2peed (Ni)

ard Ahe  adual Speed (y) ir knoum as Ship (5).

Geherafion ¢f Horque:

[l g el
i _
m | 0 o

potoY Telodic Potey
L motion
Jastater. Feld ¢. Hux due o oty 2 Effet of interachon
‘ Custera 6F Hed.

Hq Gereicdion OF eTque

—
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*  (@Gn “he Actuay reed N be Equcu d5 Ng ¢ (LM‘:)

At no load, tdeally ve can Say +hat  rotor Speed <shoud
be equal o o AMchnour Cpeed TF Abe mechanical 1oad ir
ORIt Yot (@, actuc) Speed (W) is hever equofts Synchianous

Seed (Ns) . Practicopy - N is alway's fesr Ahan No. (N Ng)

e N become o equal s Ny (IF-U:N(-\!%:? relodive Lelou"rf
betwieen RME and fofor becomes zers. Hene Hhe induced Curfent
in Ahe htoy Conduitor betomes Zerp. For Pradut'ﬁm oF ihduced
(urreut Frlodwe moHon ¢ 'Métant, S6 af induced CurfenC

bewwes zerp, Avrque produced by the oty wal) be e, £

He tofor  slews  down. ~fhis hayjens everhme  Wheh N Aend ¢
A ‘J?({}H)e equod 43 VQ-’T"’(’F(:’T‘OTE%O tetoy  Capn not rotcéte ab

Sinchiomous  Sveed

¥ Conept 6F 3ynchronoys 9peed and Slip:  (W-172)

The Speed at Which Ahe ro'roﬁnj M4 ghetic Held totater
1£ khown 49 A4nchrenoue  opeed
Te s dinoted b Mo o given by

N, b |26 Where F = SAodar Freqb;en(7
Y P = No.oF foler 6F Mmooy

Vsuany no-of foles of Ahe mokr i (mstont S0 ~he Ppeed of
induchon motor Can be vaned by Vaing Ahe SAodoy Frequenqf CF).

_ A R B SR :
i | il SRR 2 .
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* Shp ()
' When Ane Mechanicad load on MO increased, Ahe
Ihduction metoy  sowe down o preduce  tequired Avrque.

The clifference between Ahe 3Inthadnoue Syeed (Ng) and he
Qdued Syeed (N) i¢ Khoum QS J.‘ﬁP notr

The 7. Alip is Gen as,

Ns =V op v
5
Ne

g ST

The aunad Speed N Can be Giwen LT

N = N!(l_—9>

va betweery 0 and 1 tor ~he motonng

The value of lip Wl
Orefcdion . At  SYand ¢l (ﬁaﬁmar\!) ChdrHen N =0 hence S=1

Whetea? &t N = No , =0
he Sy detfpases Qg Ahe modty N€ed  Thereq ses .

Numercale on SNp £ Ainchiznous Speed .

(D 4 40l and ag Induchion mefoY oferodes tr) 4 3L»+>p17 whose

\ RS [(N[oF
Fequenty 1S 50 Hz | ‘
I- “The _Zyeed ok wWhich majneﬁ( tield o6F Ahe Satoy £ tommhau_

| i g oL 1206 rym-
2- Detetmine Ahe perenioge SNy fF 132 S ro’rcmn& m

Qﬂh‘-
G““Ph.' P:4
F=-Sonz
N = 1200w
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3 BYnchnnous St€ed -

Ya e oy of A 5T ' |
e I U Y T

=g e bied
:IPI : z' ' | i ' ‘-
5 ,.-Téf-ff;h*‘{jc SMp ;
[ - N 2 hj ‘.
/08 = ___'f_____..)(?ﬁﬁ
Ne
= 1f£66-120 .
= ) 0ID

"

o

o>

X
1

7

(@ A € Pole, 8 phase induction motoy Sferodes Foro a duppry

whese T'rtqueh_rj je fowz cm:waie

- /3-(nthmnouﬁ Jr(ed of 4he Moty
2 The Speed ofF the rofoy Uhen the SVip i€ =4 0.04.

Lo|n
e
f S . . *
_0)"6!'\- P: € ) | \
B
F=%0Hz
S, = O'o"’ .l_}.] )—QE 1\.'\‘ |Il“‘ _L (ll'( " l_j_h"_}_t_i "’l’ll,,,l

/j’"hclw TLLUES J’P{gd
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BT
& A PGHicW ay !aad ic 43 be drven at about Foo ttm . Whot 'j
 SNuwg ke Hhe nhumber OF prles For o Hhree phase induction, motor

SR,

I F=66H7Z %< F= &D Mz -

(@twate Ahe Qctucd Speed in each Case [F Ahe rated <iip
Zon:
Oren' lg‘ = 7006 ¥rro
B - 604 (le-4 %)

Rnd: 4. p=2 iF F=Cohz, N=2

1'!’47'.-

2. =2 ¥ F=50Hz, N =4

1. p:2 ¢ Fz€6Hz, N =2

- 20F

Ne = . 8
P

.‘_r: '__Qf__F_-:. M :\O'Q-E
N 00

P = 1o0-2§ 6 1o

—

2. Aduc) Speed N= ¢

Ne = laoF V26 €O s gt
g = = F20 kM
16
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g
Achtoy Sveed Nz ?

N = (1-5‘) N_g
= (1-0-04) X #s0
F, = F204pm

SRS 1o RS - 750 pm ‘

@ A hree phase $0Hz \nduthion motor vune at 960 rpm o FA)
lead - And humber 0f poles dnd Pmm'hf:je e)ip. stode method$

Fo’( NQQIMrE}f\M OF S‘HP‘ (451,; g.-12)
So\n .

c\lfh'e EF=-SO0Hz
NV = 960 bm
Find: 9 and #s

) NO- 6% poles P L=
Here No iS5 not Given Lo Aiume Ng = 1600 vy

N__c - ‘ZOF ' !
P p A
120 550"

e

000 =
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*- Equcx:h'f?n oF rotoy inrduced emf Fﬂ?quenr/’ urrenl reactance

. 'MPedane and ftoy emF Uhder <iargshl) and runnindt Cord ihon

;\:—_ Eﬁ]uﬂbﬁon 0F 701y jnduced emF Frequchtj} (,r,,) (.911", Pfequehfj)

A Ahree Yhase W\age 70 induced i Ahe TtV Mna-‘ng dlue

b dhe lelodiie telodty ketween BT and niodhng  magnetic Held (MF) .

The trequenty  of Ahis told2ge 15 dependevt m Slip S

r S d Where Fy = Vo¥o¢ frequency

oo Slodor Brequent.

Fy = F When 9:| ie. When N =0 ) Le. ok SYand sh)) Cond Yo
( Shoiomry (ond'rhion)

=0 When $:=0 Nhen Nn=No.
Ae Ahe Preqwmj 6F the 1ot0y induwd viltege v prpirtimod

45 ONip, it s @ed ac Np Frequenr

% Tnduted em¥ in Ahe rofoy.

(@ &t Sendstill (W =0):

g0 1w A TS E

The Yotov induced emF per phgse QX MYand sH ) (cﬂnﬂmy)

i Qiveh by,

E, = eftir hoh=ge per phase.
This equadtian i sipilar o Ahok ofF hransTiimer Lihere e

Aecmdqj W\"\T(ng s prpotional Ao e Aums roo of e Lm'ndfrtj-r,

Hente, inducion motor 1 Hhafore Ko as cthe Iotoding. ransfomer.

i
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& Induced Viltage under runm‘ha (ordli o © (Eay):

Whon ke Yoty Gelerades — Ahe refaﬁveqj elotity betwten ~Hue
PMF  and e RYor  dotreases. This W) redute 4he duced valtoge
in 4he mtay Mﬂdu’na.f%e rptey induced \@Hﬁde per phase undey
hining (mdrtion is Yiven 57,

Eyy = Rofor induced Waltzge  per phase in hunnin g Condition

ful €,y (T\/g—y\l) fe. ~he relotire elogyty 4

By o No e Snchnngus Speed .

E?.T - (M_(»"N.)
€ N
Eay 5%

Ea
Ezy = & E‘Z/J

Where B = Induted Wfor velfaqe yer phase ok Handot)).

# Rotor Resietance:

bet Ro be the Wiy refistance per phase ok Glandshll  and
let Fy Le 4he Frfquew 6F 1By emF.

There is no eFFett oF mhtoy T*reqwm?r on Ao ntor resictance,

Hen 4he Iotor resistehu temains (mitaut at Rot-2|phase
irrespectine ¢f e Ipeed oF 4he T.m.
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* Rohr peactance:
b he RiOY reactance Per ph

et Xq

Yoty frequenty at S¥nd o)} ie Fr=F

e o E Ly afphgse. | Where B STRMorfretien s
p 9. —

Trn Ahe mnnnr\j Cordvhion ~he FWQuemj oF rofoy \aVege i

_-SF. Hence Ptr readance in Ahe mnhmg Condhen KXoy

Fx
i Fiven by
iy = 2 b5 Lg
= 2T SFlLo
= & (oW L)
:S)(Q,
Kag = 8 Xo

~this indicedes Hhot Ahe btoy heactance s d‘!rech 1 porticnal
A3 91‘\7 §. It if maximum ot stand sH)) (¢=1) and  fedlces it
increase in SPeed (due b reduction in ©).

» Refor Tmpedance :

(6) At Stand $H))
(The Yodor impedance per phase Ok Frands¥il) i+ Fiven 17

Zg 3\1(1:1' X, ) 2| phase

Nhere g, - Retoy Terishance per phase and

Ko = Lakage reactance oF 4he rotoy M‘hdinab ber pPhase
ﬁ g ot Srandeh)) -

id
(L
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(b) Under unning. Condition o

“The Todoy iMredance under mnnmd Cordi oy 4 Gk lj. |

Zoy = (ﬁ: '1'-9'1;(29’) ) phase

A e frequency oF tor induceq Witge (&)

. 1€ depen dewlc ™
b

o cthe labege reactance of b it (s oo degend Y.

Thaefore  +he By impedance W | chche -t Cka@je in Speed .

»*  Ro¥or fewar Factor!

(@ At Standstll.

The rotsr Power Factor b Stand ¢ diven Lj;

Cojcfﬁi = s

-_—

22_ 9_
N[

st Hhe, impedance. tnangle ot Qtandshill is thoun in Fg.

- |
Zn
Z |
XL A < X‘l = Xz.‘, i
de _ Eoy E
@ Fay retor at Standshll Bl e running. (oni-on
= i l (e It. 3.0 4 ,;,‘.“1-:,‘-” \ ?‘_l-:' Ty Ad 1 o f | .I . i :
(4) P.p. under vunning Condition: | |
ﬁ L I'. \.;
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* RO%Yor (urrent !

Ahe rotor currel magnitude is equal ds dhe rato OF

.- \nduted rofer W\"rﬁje per phare and he Wfor W-?Qdﬂhfe.l

(@) Rofor (urcent ab Qandshil):
yen oL arandsil) i Fiken '51 A (ﬁl‘OWU equcd'lﬂ,’

dhe rofor cur

Eo Eqt
T = R

3 )
The eqw‘mﬂut Grewg of ~he Yofoy ok Mrand$Hi) ‘plmnmngf

Condidion 15 qs Shown in (ﬁgi

Ro X

M AT e T L SRR T T CFramrans

Eay =
SEqo

@ At shand SH 1 (b) under mnnina. Cmd.-ﬁt?n

ﬁggam _equi-vaim' o) ggham : H

(b) Retor Curent under mnnmar iondihone= s it by b

SRl

The To%0Y turrenf undzr ruamnaf Conditions 19 3""“ L?’
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X Numer(al -
il e
sovz 4 pole induction mMOTOY has a p oF 47 .

© 99
(acwlode: 1+ Sheed 0F motoY
2. Freqt-lﬂnfj ¢F rovor emf 1 F Ahe Y610Y hat Q resistance
ot 10 gnd Sunderill reactance of 4o calewlode Ahe IO
p.f . 0k $Yangeriil £ ok @ Syeed 0F V440 N
—ht
Son’
ks
m P - 41' 7‘(1 = 44
=502 Do | L
o =4 = O-GL,
Brde 1 4% i =k
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—> Measurement 6F F, Tor Jquirrel Cage mafor !

chaft | -Squirre) ~shoft-
—1L ] cage
T.m.

_MM/\ ~ /r_;{ b Measufewent OF Fo bov a
- - quirre) (0ge m.
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Tn Squ?ﬂ"el Cajq T.m. S1ip h‘njj are abfent. o it i ho poscipie - -
ds Connect Ahe milnval+meder olfrec+.7 ar We did For Ny h‘nJ Y- -

bul i ¢ S0mekimes ppssilly o pick bp S0MC Yoy induced \'Ui’raﬂé
i We comnect Hhe milivoldmeder Qctoss dhe ends of tha  MoToY SO

as Shouwn in Ghbove Jﬂ‘g-

Vhen  meaSure Ahe FHqugng of votoy Pmf Fo GO in Prewou_e

method ond  Calculade § 4Af

F* Stroboscopic method':

pifc
Lkhite Segment '
\ s
Rlack = Motor
gment: /TN
Veon Rlled ® oo
S4reborcopic 2T

) Seqmented difc
(33 Lamp

(b) Atrangement For Siroboscopic measurement=
6F Slip,

In Ahis medhod we doke a Greway disc and paicl it ath
0ytemote hblaik Qnd While  Segmenks G shoum i (ﬁj@j
The dodou ho- 6% Seqments (whide plus black) Showd be equod o dhe ho-0F

Pales (P) OF Ahe motar. foxr 0 4 pole MOy Jie odcy no- 6F Seghnotd bi)
be 4 (2black and 2 white) 65 shoun in Fy. @)

They, we hoave 4z wmounl  Hhis dicc on 4he Shaft of +ho motoy
ar Shown in T';‘(c],(l;.). O Ahe dicc W) tolode @ the Sime Speed OF
dhe motar. “This FO’?Gah‘ha- disc 1¢ Ahen ilumincded Lj G neovy Flled
st s gcopi ¢ Lamp Fm me S1de G Shotm jn a@*j, (b) .
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- We tan (onnect Ahis lamp efther Ao a Cembined ac plus dc Supp &
: Q_E\ jhﬁwn n |:15 (¢ or phpf o an Gc¢ 314:,:17 ar Shoun in ﬁccj(c”)

21 K”ﬂcr
20V z Meon Igmp
S6HZ . ;'E\- FHasher once 226 ; Meah lamp
AC W\ per cycle o Q¢ Sew E_F{le"w!‘
ey (56 Hme s per sec) N Auice per
' Cycle
Vde (160 +imes
\ er Se
© Cumbined Suppry  (ac plue d¢) per sec)

(@) on)y ac supyy.
Ag: u \
1 L rplj Cornedione For negn 3+roborcoprc Lamp.

The 1amp w1 Hech only Onte per (vele OF AC (Ge. 50 Hme o

ber Se(omd ) TF ~he Cembined SUppy 15 uSed . Bu it w) ) Hash
e per Cyele  (i-e- 100 Himes per Setond ) iF Fn\*j ac —WPIU s used -
The Hashe® ¢r nepn !amP m!l Faul on 4he To”ra:h"& dicc 1F b
Speed oF Ahe disc s equad Ao Mynchkonou s syeed N, Hhen
cicc Wowld oppedy g%omnarj. BuE it Ahe Speed ¢ Jess Hhan W
dhen  +the oisc &Ppoarr Ao rofade flowg badewards.

Counk A ne. 6 White egments pe onpy q Ared Poink per mintde

ﬂnd dl'ln'O{Q it L'f 4he No. 0F lines Seeﬂ. (2 ih (4se GFQPOIQ mam) .
Find the Gpparest backward Sveed in ) and calcd ade s)ip 4+

oW <! i
Fﬁ, ow hgg ) ’iﬁs‘; % SH:P N = Ng - N
Ng

<100
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x Loffesr in Induction Motor:

Losses in Induction wiotoy

Qonftant |p3sed l
‘ Vahbakﬂe |03J@f

! 1 S s
Core osseL Mechan'tal |osses A - . f—
l b lose

y b
310yor core Retoy Core
lose 1058
! y
Mittion losSses ‘f\‘?hda‘jg losSe o

at +he beah%a,
ﬁa clgssiFicodion GF lofSes in inducHaon Motoy.

* Variable Losses .
vaHalle lofses are LGJ’FCQJH, the Covper [psse0 Which indude
Ahe Sodoy Copper 1029 and totoy Copper looS . The stadoy (opper [66C i€
sportionod Ao Hu fquare bF stadoy (urrent  Terpechirely and rotor

COTPQr Vags is PmPUYJ{‘lGT\OJ +o ’H"lﬂ ‘?quah' oF rb'mb' CU-I'[€U‘.C'
fs Hhese Wirewts o€ dependont an the load e Copper looses
valy with Cmfgje in Yoad. Hence huy tre (odigd a9 vanable |o95es,

x Conctant Josses: ) Core losses:

The Core losSes are aco (Wied a9 4ho ipp Josser and ~he

7 ihclude
e dtodoy Core loer gno —he Ftor Cere lass . |

- rThe  Core ossos ore made of histeresis lose and eddy Current” losses- -
- We can Treduce the hysteresis 1pssen L7 SeleL—f-fﬂgq Hi\jh ])ermeab.);}a,

motened For Ahe Core. Thy eddf (urred losses ran be reduced Lj
L{_Qiha +he  lamincded Coreo instear oF 56174 Coves.
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<~ (i) Mechanicas [05ses @

) They are Cmstant losses Which include Ahe Rsction and
_ }‘*hdqao bosces.

¥ power Staqes 0F 8¢ Tnguchion hetor :

’ﬂ’)g rﬂ'v\/fr How df'aﬂl’am For a Ahree PhCi.f‘(J mduc—hg‘h moor 5 GF

fohowd '

S1ador R Gnd i

EBlectricay power delivered
Yo 4he rofoy (P,_) = WeT.

| | v
ROYor Cepper loss Groes mechanical

PowWer Jehercded
e = = (e}l 1 poter

(Py) 2 BT :(5—9)‘)2,

. ‘I%L

C&Pp@r losspr

_ F‘HK’HOT\ and Mﬁdcg(l q'\'ol’f Mech.
losses Power aveyleble
at 4he Shost

(hage power) = Pyt
NG Powier. How diagram Yor induckion mesy

From  dve alove Hg- performance Paramedert of a-hree phare motoy

Can be de,’rerm'.ngd al Pkllowe:

The do401 power Suppliey g +he

Medsy M?\dfnﬁ— 0F 4he wWodor i
i?i = 3kq Cos’@‘]j @ )
_
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Where d, 39 Ah Gngie beleen E, and Ty 7he npil fower 1 also

Jhe Jum oF jowler cehvered b wedsr T010Y (p,), Core los* (Peore) Gnd - -

Ahe $1QUOY Covper fore (Peu).
P‘l = PQ, + (Pcor€+ P(‘u) —_— @
The elethicad  Power delivered Js Ahe broy i€ gU6 khown gf

dhe gop power (Fowcr pagring, boen Medoy Ay y6ioy JLranH +ho air 3oP).
It 1S 8“.”] Lj

bog = T = We T = PTNs T, f@
3 €o
Where g = Anqulay  Syhchrmou?® Sted  rod|cec %

T = Torque wdured L1 Ahe PDTaY.
PZ 2 ' Pm + E_’ I —— ) @
Where 7 = Grrees mecham (o) power SWLPUL ¢F Fhe totor-

| Re10Y Copper lose.

P = BT = ﬂf@' Where
&o w = Aclua) anquar Ipad

o “a’o\d-}g(?(.
WLatitustiog. . Yalues oF Bo ond B, g Egn
T o 5 +6,
tho o8y Copper lore i3 Jrres L7 ?C = p,-p
’ - 2 m .

-~ Rotoy  Goppey (o510, f:: - WeT - T
-+ (b-)j"‘h)) T - @

13
Bud Ship & = v =t
"~ ﬁ_._-——'—'_'_"
we

(We-w) - 8 wg )
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Substtunng i eqn @) e get,

fm = B fo = LgT-CwsT
o & [T8) T ———1D

= (-9 7% __——_—@D

Nr P Pohy Lty S @

Pa EOY input

"

(!—Q)Pz

Py
'P}R 2 [f=

R
Thi ,

= fquadion showr Hhat Ahe vory eLhuen
Varies it fhe Valwg or Sip ‘s

"f oF induttion gy
N3 hehe with h Seed ot ho

Métor .
Ne = V' or aos For & =6 i-e. N = Ng
Grd NR=10 Fror 32) je. N2g e Sardeti )y
The het Motoy eH%‘u‘enj i" Gren Lj
Ny = et ULctPl.ut ot Sha,H; _ Pout
Mt dethscod Ihrurfb mofkn’ } s

@
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The Power How in induckian moter (an be Shown in Ahs block

diagram  fgrm QS below’ ‘ ‘
PQ, Pm
Acilp Elevtrical (rose ¥l i
— impul power mechan (ol OLS‘Z( lf;_l(m
p; ts rotor pover puc. pover
(shape power )
Stator Mo four
(pper £ el &
\ron [ore Mhdaj@
\ofsep

(Metkanu‘col
loffes )

Fq: .
__:1_ Pover How diagram in dh blege, dffjmm Form

Gross tehanicey Yoty oWput pewey
Pm = (."j‘) PQ..

RO18Y Copper Jpsc AN

Rotoy grose ovtput (-9 P 1-8

RW Cﬁ?]’(’r 'of_p < PQ-« =

* S‘””"‘G[j OF anajysis oF power How diaqram ir Qs followse,

L Bledrau input Ao mstor fi=2E 1 Gigy
2.

Eletthiced Power s rotoy e = We'T = B Me w"T

| | €
3 Grn” Mech ani cpy WLPUL  poner P = BT = 27N

. . m - ) €5 T
4. Rotor Copper loor PC =8 Py -

b . ROW eF’Hth\{j r?'l: (l__g)
o Modioy bty p 4, P, ;

————— A
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R EF_ﬁ‘u‘eng ot an _Induction Mator:

\
1

The ooy e,FH'denU i< defined qe,

%My = T %100
L §
/e
! At m, totod Getper 1oss ic equod
! fo Aztal hn fosr,
n“ ________FM
ax e
5 H > 0UpLE oF MO toy

_fig: vanation in eFFidenj oF induction mogr.

The motey eHfienty  dues pot temoin  (onslont | i depend«
o ‘ z
" Ak load Prlied en Ahe Mooy . foy exampie 4he efidendy

1€ low Wheh the trotoy o mhhih& on Mo 10ad Lecaute Ao Cyrret

drawn by Hhe oY is smg). Jp——
The erfidenty increaser wWith intrease in load On Yoad uptp G Poind

M Qf Shewn in P'g

“The MmO Mum Qﬁ’l"uehfap 5 oliQined when Ah, Asdal Copper losg

1S equol p 4he Horas iton loss

¥ Numenco)

@) A S00v, 8¢ 50Hz induction motoy develoyr an Owdpul of 1S kW

ot 950 rpm . IF 4he iNPuL power factoy s 0-8€1093ih3.rmeckam‘(o~l
loSsee Gre T30 and +the 3todoy |osses 1500 W. Fing:

1o the Slip 2. The 1oty Copper 1049

3- The motoy jnpuc 8- -The line (urrent. (v-19) Cam)
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2,_1:;"_
@1@_}_ Vi = sobV
Prrr-ra'r ol W
N - 950 Fpro
pp = Cot¢ = 0-§6 109>

Nech ap; cod tosd = 730 W,
Slodgy \osSes =1500W.

Hnd> V. Ship 2. Retor Copyer |bfs
e : . )
3. Moty inpul 4, The Vipe cuirent:
=5
.= |26F 20 X SO _
M z TR AT oz Vegs ke,
i 6
¢ & bar b = 1000:2{9,. = 0:05 = &,
Ng 1000
koo ol pul = Pout + mechani'cal lefs

- 15 kw -+ 780 W

= 15798 bW

Roder Copper Josf:

—_— B S e

Rotay Copper Yote S

Rofsy Owtpud =i

' 0.05
v Retor  Copyer lots = X 1572 lew
1-0-05

= 827.894W

sedoy logses Rotoy losses Mechahical |045es

Roter

e . r outpul
— 1500w : "( g27-gqu T 1 F20u bet outp
o] J, oy

input (.

.lglF:W-
F9* powie Hew dizgram .
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from PéWer rigw diagram,

< Medey  input Pl = 1500&190%500—}-&2:,!.33
' 4. = 12651.gjw
= 18- 058 kW
P'h -
; \[E IL'VL C/o_i‘d
4 :_g-ﬂsgxlog
\J2 x 06 x 0-8C
I, - 24. 95 A

@ A 20 HP Jhree phase  zg Hz 4 Psle inductin rdfoy has g Ful load
SIP CF 4. . The it  and wmdclje loSSes are 566 Wotte, (@l(wWie

the Yoloy 2R doss and YoW¥ speed.  (w-14) (4m).
Jo0in:

C’T”e’?: Hp - 20,

: F - BoHz
P =4
g =¢v = 0-04

TicHon and windq\c]@ Jes0 = 5000

Find 4y Rty 120 1ess (Copper Yoor) =
1) Refor Speed (ny - !

| # Retey Speey (n) -

Ng = JebF o VORR g
p 9
N = (1-9) Ns
B
. = (1-004) x50

[N = 1440 rpm |
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Rotoy IR )oeos (E;y}m Cc[’]ﬂ'pr]oﬁry-

et owpud” power Pt = 200P 5

— 20XK4¢
-~ 14920

. kotoy ¢ = :
Prer losy = Pt — Fricton and """"‘"‘Ue e 00

= 14g20-500

Mﬂrw& looc = !4;;0 f

# Induction Metor as q Transformer :
we tr;ﬁw dhott 0 AranSBrmer qu- ’Swa M*\din&f ?h"'rﬂG'rJ

and 3(?1'94’\ng Loth wihd.n(qp Gre maJheh(aJJ CsUprod Ao each
tther. When thar& IS Connected Ao dhe ac Suppiy, emf gets 1 hduced
inta Ahe S‘ch?ndarj Qe per 4he PrintGple oF Induckion

The induction gty qlo aperotes on the principle oF induction
because hen An, 3dodoy wmdmda, e (nnected Ag dhe Jhree Phase
ac Lﬁlmj? . Qn 4 VaHfiﬂe ff induted o 4he otoy L’V'\Y\offh&_
30 4he inductoy, modor & (alled Qo the rm‘aﬂ—irac +HansTsrm ey

We thow that,
By 2 Stoday amf Per th’-e. and

1 E, = Potsy emf per phase at Srandetl| (N=0,%=1)
Hence Similay  Ag 4ho  SYeH ¢ ArandTsrmer we can define Hw

Aronstar modhion  RedHo (‘t;) as e Nowd:
; Where Ny = VO-0F Yodoy f’rwn&/phaje

. Ny z NSty tume/ phase.




