zafwa (Electrical)
zawivee (Electrician) - et off %o Aew

e 3.3.131 & 3.3.139 @ mw=ifta Rt

swur wew & R (Principle of induction motor)

II29T : 3 16 & ofd | N9 M=forfad & w3 T sivr
o 3-% YT {ieX HT i TaT=

o TRTET THHA A IAF T H AR F1 HHT F O FAT

foret sreor A=y Wi &t ST9aT ot e IXOT Aie T T ITART agd
rferss 3T STTaT & i 3 HieT 31  ¥=ET T €, aRETe
# wforg 7€l &, g FH & ST Tl 7 =1t o Afvreraor st
gl

T %\ 9w wew # R (Principle of 3-phase
induction motor): a& DC Hiex & a9 fraia a2 #1f Fedt
T &1 f 7% € & 919 qmane! Ied # gEa 67 |/ @
g a1 I8 UF I U7 HIA & H9 Far | {6 ff 9= Aex
DC witex & f3ra &, area § ST AteX &7 e, faga e q &ex
& ST ALY BT & I8 We¥ JEa T &7 Wex & forF Far € ar
qfRuTHa T ST TeT AT A ad Ioaw 8t aar © | gfF
e ATAH! T A ST ST LT TRTeAT G I ST & %
ATeT Y & FHTLT, Ve # fagd a1 Ieae Sl & 7 o &g s
¥ FAfIT ATeX & 919 S0 Arex (induction motor) T@T =T
el

3-%H TRUT HieX Y Wex, W& THEaT &7 aTet see¥"ex &
e ST 81T ¢ | st 3 g # aviq fe @ i Rew § 3%
AT greT Trefd graht &7 (rotating magnetic field) Ierer
faFarT STTAT € | ST WieT &7 e AT At A tAd AT arar i
& STt % fireredt & SR & ST &7 &taT & a1 e et argfe
AT AT & ST 39 T & GC=T &1 ey & o 7w avs ooy
# 4T gaTfed FeA | gl 96 H#dr €|

FIT FX o Fig 1t d¥8 901 e #T =¥ Hies FolTh aresl
faem # gw =T 2| Fig 1 % @AW Ve & arvet Tfq Jrad
faom # &7 STt & | T & T gw AEw # AN # 9 e
# I fa. a1, a1 7 gy & R Fig 2 % 1A 39f® &1 o}
| g T ATt #1 uF fog 7o giar & Fifs T e T
311 T & oY T &t € gafory g7 e ATerehl § U oy If
TEEET # Bfas  #t ave g yared a6 2|

Fig 1

ROTATING MAGNETIC FIELD OF THE STATOR

RELATIVE MOTION OF THE ROTOR
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HFAA & i & (AW % FFAT Fig 2 7 Te arreit gIeT Ieas
T & # e arArad feew # et | e S fF Fig 3 #
famama o & fo Rex gt & T Tex g &7 A gfafwn
T TROTHT UF o ST ST & ST TS Forae A (2o & AT
FT TA FIAT & | 37 THE WX TR ReX A0 e i
FT ATAL FA U AT {9 & FAdT T&aT &, TeT & M &ex
# TefdT g &7 A JeEwTed Ad F AL FA St |

Fig 2

ROTATING MAGNETIC FIELD OF THE STATOR
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RELATIVE MOTION OF THE ROTOR

Fig 3
ROTATING MAGNETIC FIELD OF THE STATOR

LN3313113

ACTUAL ROTATION OF THE ROTOR

E

afg Tex &t iy g 1fy & T I 8 T At "ed &
Trefe gt & @t afy T e Tfa F &t et Tfq w7 et
STt forEs woeT e § #7 o aTo aa Iaw sl
FAUTITH &9 & A< 87 I A of (o6 Ae<, WL Al A T grashid
TR 1 I T AT X o dl e T &L & ai qraer afd
I BT A &e | Fg [Fo qTo a4 T °RT FaTed ALl i |
T TR ST A g AT 6T 72T ST | ST: ST AieT Hf LT
FAT T TeATford ATeT I 8T 9t G & | 9 & Ale 9 Ars
STAT ATAT & aT WX HT TTeA, AT aef ITd HeA & oy qiEy
FH B AT & AT ATIeT T a8 SATAT & AT AU & Ieasr EMF
T 9T A F% ATt © foed aRumEeT gerget W ag Sar
gl



e F gu ¥ {90 @@ (To reverse the direction of
rotation of a rotor): e & TEE T &= 1 TR B @1 qATS
F % i ¥ iR Flt 21 aft Rew 7 g a grEEw
&7 &1 o ager & S At e & gua A fow off a7 s
g, Tafe aws F %7 diFEE & aea F forg meY @ & ¥
AT AS & Fig & oS A6 | g&ef &F et ¢ |

9 B R g AT T &7 (Rotating magnetic
field from a three-phase stator): ST #iex & TR=Te,
e # T Frasi & 0¥ Ao #ear & | 9or #iex & Rex
# 7 % A aeww 120 fra o) i At @1 & Fuew
Wa¥ HIE T 36 THR TG AT ¢ FF 373 gy 19 aferde =ex
fohee Tiel 9a & | T ®e T &1 i St AT T & sremare T &= et
2 | AT & firer TEER AT & HIROT T T ol AT o BT
I FHEHT ST G €T § UF VAT VST Fraahid &7 I
FA T, A B T & ReX S & A= AT 8 | FAa 7 I8
et & IR g @' FEardt @ s gedr i
"TAF® " FeaTdl & |

gt s A T Ra s g giar & & uw a% |
ST TRTSAT & FHHTTAT 4707 Sy &7 3o ageran €| Fig 4a &
TF T WX G A1+ ot W TSl fawas % € | 7% arEfer
3T Iier IXOT Wiex & forg quiieft 1€ &1 Fig 4b & i %ot anefe
T et ettt AT o @ foaw % g 9wy 120°
& ST I & | AT GTRTeA % @Y THIT & e TR Fr
87 60° % STFY § U7 & HIgsHd § greg I F¥ €& 2|

Fig 4b ferfr (1) 7= %1 ¢ | 9+ @ o Famee R I
S FG0 | 78 TR F¢eE 1 aarers 7 1 e 2|

Fig 4b ferfa 1 o= 57 e a7 aEfear & ade Y areerfores faomsnt
& Fig 5% f&rfa (1) = fRemar i &1

Fig 4 /~\

2 B

(@)

BLPAY 18
| | | |
| | | |
| | |
| | |
| |

SINUSOIDAL WAVE FORM OF 3 PHASE CURRENTS
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gfauT & fog +ve Fe &1 +ve o g1 T -ve e # fawg (¢)
% foree grer qutar mam 2 | AT Y, AR B, ot Y, AR B,
F FOMHS [T TAT | AFad & Hieh G (A HT STA0T
Fd 8T Fig 5(1) 7 I 9T §TXT ST FoAere T TIROTTHT ool
faamar o €| Rex Fie § gEET AT T FEHT gat H AT
#r fewm & Furtar o 2

Fig 5(2) & feafar 2 ov srefisrs s & 60 faega fsft smi o1
Fie | g 2 o Fe | oawrs 7 #e |, %o 2 | Fig
5a ® F F¥E FT FFATHT FA 9 {37 w27 & & et F
R,TY,# Fie =T & A T Feeil & X R, AR Y, & Fe
FTET Y 3 T T 8 | 3aferg Fig 5¢(2) # 7R g ga
"X HiS # 7% frfy ww & | awaa # fafa 2 ferfy (1) §60° 77
TE 2|

Fig 5

POSITION POSITION

POSITION POSITION

@

POSITION
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3T FHTT HILOT HT JTART FIA U ST fob &mer & ar & ferfa
3,4,5,637, REE T & F ya® 60 Ay Rfr omt T
T TR ®eX f 60°Tt g7 ST & ST Fig 57 gwrar
T & | feafa (1) & f&afer (7) 1 staerts &3 a¢ I e &f Srar
g, & Te™ Fiees & TAE agde | §f 9iel a7 e § HE F
FaY qRfy § graae 87 uF T T Far 2 |

I & T &1 1T & 5 aft uw Rex wie § 3-% fer arEfem
F 120° % fagra fft &7 o1 X 1@ & i & o | SAtsT
ST AT A ATl §IRT ST TROMHT et &7 Ul s |
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o =1 T Faa &7 qAAT © 98 gARIoE AT FeATdl 8
AT 72 JT AT A, Tt i der 9w s Fw7ar @ ek
fore wex &t guefoa faar smar 2|

ECE N, = gt = r.p.m. &

120F
——rpm

=P

SEt P ®eX # ygai #f @@ 9 F' garg & sgf 2|

3-%w Rreedt M ST Aew & G - &AW, O, Wex wngha, a g @ qe@gel § A
(Construction of a 3-phase squirrel cage induction motor - Relation between
slip, speed, rotor frequency, copper loss and torque)

IS : TH 1S & A | v FRw=fofaa & s T g
o 3-feEd AT 9o AT & |@T=AT # qUEA FIAT
o T Rreedt AT 3901 AieT Y @3==T q A qaQrEw

o e, T, Tew gl e am W, Tl F AU T AR Gl q4qr |

e HLAAT & ATIR I A F6 G0 Aled 1 (60 f&Fw
STAT €, §9 ATIR X &7 &7 TH6K & |

— fieed fis=r =T Atex

— et s=or wtex

fireredt fisrr a@tedt # Tex agalRey s g eidar §, Jaf+
feera 7 Atext &t Tex & AT g giar & & ar at '
# I &1t & ar 6 Seer §| e wedt & Tew arEfew
F fax, feam o1 % areaw & amex fAwe 2la 8, 7 femfa fer
gl & ATy g% | wd 2

3 3T TEHIX & IX0T AT T (G 30 qeF & gaT f& °9=or /e
FT FATY TeT Ffere ax R F3ar € | e wfawry 3= 8
& TRfAE qerur ot S 9T STt €, 9 STal F ded &
T FHH TEAT & FIO AT qATIO FH & AT 8/ Tg 39 favw
TR & ATS oHH TRFT qaTger 3= F AT qATo T
wifew, et Trex gfaxiy @rfén & awa = aeg T & aug
e T'e T =ifew| wfe Tex afRuy & vfawry @ €7 & 3=
TET AT e ATH et stft gRil TR =Tel 37 2T
T geIaT Y 9T R | A JE HeAre &F A € & afR=e
HFRIT | e &7 Iy &7 L&A1 A1y |

feaafir wiext # & a0 savawaren QL Fear a8, o
TR & FHT Jrest Sfaiy sier 9ar € 9 I & aww 5|
sfa<ry &t ger foram s 8| 7ufy a7 feed fiewr aed &
AT AT € | T AT STATIHATH Teh 31T W< § AT AT ST Thel T
2, o stew fioed fiser ex #ed 21 39 st fiewr Tex
# oy afdd S & 3t & ST I 2|

ST /i F1 WX (Stator of an induction motor): ferafar
HieX & we¥ 7 feael i #ie & R # #i1g < A1 giar |

SR HIEX FT "X, I Hof ATee¥Aex & UL Jrahid &7 &
T AT | JieY % R anr sia ©@eX § fiF %o aEfer
@Y St & S fF ugfora ema #e § a9 ||l | e g8 sidr

| I8 Wex Taat AT AT Sd & a %7 # fihe gtar & st &
Fig 1 # femmar mom & | %7 angfe aeeaw 120 3 feft & srme
I¥ T AT & Y qTeY W AT IeeT § SATford & ATl & S
f% wlex % T 9 ST EOIT 81T & | 9 Re¥ & d %o qteest
EIT AT T ST €t a8 ®ex #ie § Wl g &7
I F a7 2|

Fig 1

TERMINAL BOX

3PHASE WINDING
LAMINATED STEEL CORE
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Rreredt fiw=T S<or wiew w1 WX (Rotor of a squirrel cage
induction motor): ST #iex T Tex Fig 2 # f3@mr @ &
o ¢ Al a2t € | 7afy 78 damw sngfa &1 s &
Tgford #E & g7 X EldT & Sy s & JHHiae Jres 88
SO A § L g2 Sl & | ¥ Aretw S AT HE F A et
a¥ uue AT gy ergufad @ ATt €| a<t welAt # & Ao o
7 uve 7 I & ST ST & S a5 AT 3o FT gE Sidr & 4
% Fig 3¢ fawmmar mar & | st wefiat # = 3¢ fiw uve f{ar
F2 T THHIAIH & a9 S & S We HIS F ard g7t T & |

e AT FAR ATAT AT TTEE TATE & A1 g &7 & 721 7
FHAT & T WS | We & A & BT T % HTLT aleesT
ST & ATAT & | 37 BT & FF I1¢ W F TAHH T e F
Atew &1 fEdftae & amr & Srar ST €| g Arew 1w F fraia
TR TR=Ter BT & 31X R #t 43aT § 3 uve {41 39 yhe
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Fig 2

COOLINGFINS

CAGE-TYPE ROTOR IN PART SECTION SHOWING
CAST ALUMINIUM BARS AND END RINGS
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7T 37T & ST fio 7 frere, gafere 5o wtex #t foes
fasTeT S=or #ex #=d 21 (Fig 3)

Fig 3

ROTOR BARS
(SLIGHTLY SKEWED)

END RING

ELN3313123

DETATCHED VIEW OF THE SQUIRREL CAGE MOTOR ROTOR BARS

TeX BT Ve #iT & Tafee TaT S, Fif =i #t I o1g
T T ATt & oraer gfoiy wie & F7 gia1 8 | 37 S I
YT TR gidl Tedt & | Jafy 8¢ e &1 9w & THHT
# 72 giclt, srfag <t fawfam gt @1 7 safo e smar @
e fohee 7 ek aWeET 9aT 8t a9 a AT saern § gEaiy Y
ot 7 I & gk |

= JrEw (End shields): a7 st smaxwr 5= end shields
Sft F8d &, FT F ST ATHE HT AT AT & | TT el & qTT
faafar fbe &5 2id @ | wie, Wex %Y & |79 &S AT aieal &
qry FAT g3 sl 2|

e fimedt e 9vor wew (Double squirrel cage

induction motor)

T "= 9 TR FF (Rotor construction and its
working): 36 ITe% ST & &t de g ¢ e arest 7 sl
fasTeTr e & ot % Fig 4 # fwamam o & | e &1 are<y fisrr
3= ST aTet oTg S fider # 9% § 997 ST § 78 B e
far grer oy afere et @ | st fisr fe wfater are smers
S AT & SST GRT a1 BT & AT 08 R gRT gt &t
2 | arey fosTer a6t afaere S=7 3 ufaena w9 giar & st safis

fisTer &7 wfa<te 7 ST © T Wex FiS H TeIE | o
S & BT TTaLre &7 T9er gfaera tfee gtar & |

Fig 4

OUTER CAGE HAVING HIGH
RESISTANCE BARS

INNER CAGE HAVING
LOW RESISTANCE
BARS

ELN3313124

ROTOR OF THE DOUBLE SQUIRREL CAGE MOTOR

W &% w9 YeX AgRT @eX AR & qar eidl & gaferg
ATefe fosTer 1 Sefore sfaena sifees etar @ it &=y & yare
# srfers arer TTedT € | 56 T Wl F AjafkE w1 § agd w4
Fe vared iar 2|

wIfET & qug T o &7 stferdas 9 are<y ({1 # & yarfeq
gtar & fSraeT y& gfaery sTfa etar 2 | 36 I=7 Tl & H1e0
IE IoA WIET TAYU T A § a0 Biav ¢ |

S S We & A1 qedt & e Argir #40 g et & | fa
AT X ATARF ot F1 Theraned (X = 2nf L) T2 Tar € A
THE T IqT H TS Tt AT4T FH S AT SAT W FLe
FT AfAFAR AT oG AT oy 79 yarfed gtar & Jafs
aredt e &1 wfawry stfes & st 21

3 TR AR Goey #1 e qfaere 8 & 98 oyl 3=
FIA | I BT & A o A1 B A @ & oy @
giar e | Fig 5 ® e %ot Rrere <t foo=y s=or Atex &7 fawga ge

= feEmEr @ 2|
Fig5
FRONT END COVER
STATOR ROTOR
BEARING
SHAFT
TERMINAL -
COVER 2 =~
MOTOR FRAME
FAN BLADES
&
FRONT END COVER &
°
far]
PARTS OF 3 PHASE SQUIRREL CAGE INDUCTION MOTOR é

& a iex == (Slip and rotor speed): &9 Teat & 9
% ¢ f Ieor wiew &7 Tex qefdw g a7 & w7 &
THAT &, T IS WX § FHEA &7 & A1l & JLay Il I
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TR T AFAT 8 | TE FAA WL & LB ST B A1 4 FH A1
I FAAT & AT(eh Ve AT e JHRHIT &7 Hl FE qab AT g0
fo aTo aa IoTw FXAT T | TR Ve 9T FATfed &f q% AR
TeX EHA HF WU ST e IcTA F G |

T o 9X TeX gHAT & WX AT FBATAT &, T AT H &
HIe AT Fed & | TAFTF AT a Ve & AT 9Tl & T
& ferw = e & | ferT =mer wfa fame 9w =% i g e
& S efET g #7 7 Ve T & A S @l 2, &
AT F TLEY gl 2|

S f&TT AT T JeaHTiord AT AT (3= & & F9UrAT SAAv © av
7E foeroe T Feardt 2|

ggfery, foremars /o S

aa faea & (% slip)

_ NN 400

NS

= JAFIICIE AT ST e § Jraar &7 & gl |
N = eT & drdfa®s goEe rp.m. | ity
et fisrer =T wrewt &t T 2 & 5 of @t &1ar 9% et
2l

SELA

UF URUMIET F WX 6 T & € A 50 Hz ¥ wer ermgfa
T, TeT e TI60 r.p.m. T I T&T & dt AeX # Ffqoa
ferT s #

sret N,

fear &
T = 6
N, = e =mer = 960 r.p.m.
F = wemr gt = 50 Hz
N, = qeHTier® el
- 1205
P
_ 120x80 _41660rp.m.
6
N, -N
% slip = SN r x 100
S
_ 1000-960 . 100 - 4%
1000

Te¥ § IqA A T ZAST WG (Generated voltage in

the rotor and its frequency): S& & Tex ©aX FIRT Hif

FTedT & AT Ve ATAH | dleest T &1 AT & ¥ IH qtees

F & WX qees Fad & | T e atees &l AT Le Ta

g (f) 7 AT % qomsher &t e Agfr Fed 2|
;W Aleds AT ATg T

f = fremers aesT x &e amgf

= NSI:ISerf(or)

SR faa=w & 8/ I8 A1 g7 fa I o |0 Wex fammw

SaeT | & € 31 forT 37E & e et & gafory e syt

TET STfT % o St & | T Aiex I= =ATel I FAT A §,

ferT #7 & adr @ Y e sgh Hft & et 2|

SRR

TF 3-%oT I¥OT A 4 aiel & forg amgfe &t 7€ @ sfie 50 Hz
TS & T & | J1d #X a) Riww e, b) st feora 4 wfaea
gt at Tex & wfa T F AT ¢) e gl

120f

WWTF%:NS: T

= 120: %0 _1500rp.m.

o8}

b wew # R wfw = N,

gferera ferg =%X1OO
S
N x Percentage slip
NN, = 100
N X %slip
= N,-—=~———
N ® 100
= 1500-%
100
= 1440r.p.m.
c Tex argh f = /T x e sy
—NS_erf
= N

S

1500 - 1440 x 50
1500

_ 60 x 50 _oHy
1500
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IgETT 2

TF 12-pole, 3-%T ATee¥=ex 500 r.p.m. 9T =<l ¥&T & X &
8-pole, 3-%T IXUT FieX & 91f*h TaT™ *X =T 8 | afe drex &t
Tt @t T T 3%, € ar /e & oA | A1l A1 Y|

AT & N = Ate & arefas® = T
TR AT = ATeeIAeT & AghT

o 12x500 g0,
120

S Aiew # e e N

120 x 50
8

=750r.p.m.

Ns - N, x100 =3
N

S

% slipS =

750 -N,
= 750

x100=3

3x750
750-N. = 100

=225
N = 727.5rp.m.

IqTE¥T 3

TF 400V, 3-%, 3113 Tt 50 Hz frers <t fioy e &t g i
7T ¥eg #fte 720 r.p.m.2 | 1 FX

e wfte

T e TX e e

¥eT AR faed &

wrfdT & qua anfors gfawra feora

LT Al I AeX AGhT

w=IET & 7T &l Aex AgT

- ®O O T T QO

120 x f

a e e N =

120 x 50
8

ES dis W

=750r.p.m.

(o

=750-720=30r.p.m.

Iy 307"52J°O

d wfér % awe s =91er g @ ST gaforg sfoerd ferT 100
sfoera &ni |
e YT A8 T Aex Ay f

=4%

(f x percentage slip)
100

o 50x4 o
100
f T % o | T 100 Tfaera & | 3afory 39 &7 § Ue}

argitT ®eX g & e it f (at starting) = f = 50 Hz.

e amm Entwat (Rotor copper loss): e am etfaat 3 ofts
T &Y & St TexX | TeX FLe T e Tfa<es & HTer eidt
2 | fireredt fisr wiex # Tex vfadiy sdu @R gar 8, Tex
Fie feaa, TR ST S "X T Ue alees H A star
g SiY e oy F Sxfors gfaend ¥ fsfw @ear &1

AT = AteX g fAwHa aage
P.= X # fawfaa g2 ot

R

P = =ity ot % &7 # aRafdd gg dex # whw
ng = gIfe® i r.p.m. #

n = WA inrpm. ¥

aa Py = 2nn_ Twatts

P_= 2rnnTwatts.

P, -P_ & &= sfwe # Ae am e A
P.—P, = X aw et

e T et =2nT(n—n)

Rotor copper loss
2nT

=(n-n)

Rotor copper loss (”s - nr)
2nn T =

= oo feaa
Tex am gifat = e G x e &t 3ge
arfeh
=S x2nn_T.
YU (Torque): ST ATEX & IeTd aergui e+t DC ATeX &
FAW et & | DC #ieT # aorqul T Tie Fae F A= g1
% U & FATIATAT ST & | AT THC A7 AeX | qogof
weX | T Ifq e, Ted 91T 3 e ufth qors & o

HATATAT BtaT & |

T THN AT I,

AL FATATAT = LT FAFE X ST &RT AeX M o7
AT E, Y& AR @

Q @ 9 € A E | F quIgarl €

S fereT® @ @

R, Tre¥ gfaziy

X, ST % q0T R sraerr § Tex wforE wfeana

SX, e yxfor gfcema frmrees a3t 9w S

K aRomd Sqaid & St ®eX g e & dF A &

S
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E, ¥ex & S« f4. avo &« ot SKE, % T ©
I, S wiz?

Cos0 Tex =rfth Tk

Z, Tex gfcarer &

gu i fafdr & faferfaa srfem oo ara &2 @ 21
Ta @1,Cosb
T & e g7 7 @ a9 2|

SKE,’R,

To——1 2
R,% +582X,?

Rotor copper loss
Fractional slip

Ta

Starting torque a

R22 + X22 as fractional slip S = 1

W&l X, Tex FAA % a0 R e & 9o wferama

(Inductive reactance)# |

HieT FATO A 70T (Motor torque calculation): =% Seor
AeX # W@Wex Faq T e # IR F¥e & e & 7T T8¢
ST @FaT € , gAfoy aarge @ T =K @, 1, Cos 6,
TERTRE FHHI 78T & s Atex F aerrgor s = s
7 | 37 tfafRes g afta St 3 2t aefiseor #1 ITAT
ST HhaT 2 | 3A9 "iex & fufq ol 7 o wfq fome sma &=
GET RS

21 x torque x Rev/min
60

frfq afts ae & =

(60 x output watts)
(2n x Rev/min)

T (R Hrew)=

_ (9.55 x output watts)
- (Rev/min)

Hrex &1 ofve #t fafeer & araw (hp) ® +ff = G smar 21
39 HeH | ATITYE 1 Tk Hl a€ # &H H¢A & (o7 746
(1 hp = 746w) & o {3t SITaT 2|

S HieY wfte #t Afgw o7 wifeh § & FLAT @AT & v are §
STIege itk &1 gt & forg 735.6 & um fFam sran €1 (1 /few
3 o1fth = 735.6 watts).

SELA

uF 5 hp freredt fis=r Atex 1440 r.p.m. T g9 & &, #iex
FTRT 3T qAYYN B e HeX ’ &eh Hiorg |
wTT 7 #fgw vy ot © forma steeye wfts ate #

hp x 735.5
5x735.5 =3677.5 Watts.

(60 x 3677.5)
Torque (Newton metres) = (2 X314 x 1440)

= 24.4 Newton metres.

et s \ewt w1 awttwewr (Classification of squirrel cage motors)

I : T IS & d A o fawferfaa w1 #ed I g

« 9T Jiewt & fafiw ot 7/ A, B, C, D, E e F % 3T yo=A &t e e & = & a6 w30
- fafte war & feed fiswr wiewt & =i o, =il ar g /e & gomr )

-t FreredY fisrer #iedl &1 & 7% & A, B, C, D, E &i¥
F faga st & sgaw Romda far smar @ s ot
AT 7 Wil &1 JHOHT FFar Smar @ | 7 feed
fiser Svor Atex e Tex § oy @i gar €, @t A #iex
FEATAT & | 3T FHTOT T A HIeY T FAT & IUANT T SATAT
g FIT% g T HT WA 1% ATHT ST & F W F8e T
feera off amaT=r a2

T ST H & 9 famy fesde Ad D aw amr feed s
HieX & T FTC T & a1 & IXor 7efiat & aoft e s
FEA H T &

e e et & =t

(T AT F AFER)
it g {eTE BT e

Fergor &T=T

A AT AT T
B AT = qT
C 3= A= T
D 3= A= I
E = AT =
F = = qT=

AT Y (Class A motors): 37 Hiexl T aifievr fAw Tex
TRy gfote 7 gfoema & sgar fFer @ 2| g@a a1 dex
FE, Pl AledsT I ATHIAAAT: Bl TS FLE F1 T2 IO ElaT &,
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T gae Wi Fie, A e wfawty & w1 aga afus
Bl €| & 9gd &9 G (s < 0.01) a1l afs T= Ffe=fora
I & STl IR @I F¥e Y agd FH ATa9Har eidt & U8 e
aRferfaat & #te I el | §9 THE # 7leT F U B
#Y @e=T Fig 1 ® guiidt € &1

Fig 1

LOW LEAKAGE FLUX

MOST POPULAR TYPE. ROTOR BARS
CLOSE TO THE SURFACE GIVE
RELATIVELY LOW ROTOR REACTANCE.
SLIP IS LOW.

HIGH USEFUL
FLUX

ELN3313131

CLASS A MOTOR

B =i #ie¥ (Class B motors): = &1t & forg ST g+
aTeft #iex gtdT & et werfdr arh 7 wrfén w3 off arm et
€| 57 AT 1 wfie WEIA FH AT & T & qof WX &9 9%
5% & o & AT & | I8 1A & 15% T LT etdh & gtar
& STt &9 ATl ATell ST ST AieXl &7 2ial € | 31d: arafasar 98
2 fF 7 At &t TRfAE aT FW gt € S fF g e 7
# T 600% &t &1 (Fig 2) ® &t B &1 #iex & < 3%
F HEEAT FIET TE T

Fig 2

HIGH LEAKAGE FLUX

DEEP AND NARROW ROTOR BARS
PRODUCE HIGH REACTANCE DURING
STARTING. SLIP IS LOW.

MEDIUM
USEFUL FLUX

CLASS B MOTOR

C it wite¥  (Class C motors): @ B & ga1 # & C areir
Atel &7 @I e 1fd gtar &, wifdn #ie amm gidt &
AR Bt @re 9 0.05 & it F &7 9 Fadr &1 e A W
T aTd T 200% BTaT & ¥ Alex F 37 T o
foherT StTaT © T3 8 P AtS X W€ BT At & | 37 a9 A A
Aoty < a¥ Faae, WS a7 (conveyors, reciprocating
pumps) @ FEIN & forg Iai &t et & | (Fig 3) ® a3t C #iex
F WeX BT H HLaAT fIwrg T 2|

ELN3313132

Fig 3

HIGH-RESISTANCE
WINDING

HIGH LEAKAGE FLUX

MEDIUM LOW-RESISTANCE WINDING

USEFUL FLUX

THE OUTER BARS GIVE BETTER STARTING.
AT NORMAL SPEED, MORE CURRENT FLOWS
IN THE INNER WINDINGS. SLIP IS LOW.

CLASS C MOTOR

ELN3313133

D =t wite¥ (Class D motors): & fasiva s=7 fer arg @i
T T TATHA AT AT FL aTat Ared v & | TRomTeE=T
T AN T 3= (FeAT 1 & I WIS &[ TETAT 3177 a9 ATelt Aie
& FH ST & | T, T % T & [NET | g0 @IS Tk o
e a1 F1 300% =T & | (Fig 4) & &t D wiext & ex og &
HTAAT qEIEAT TE 2

Fig 4 LOW LEAKAGE FLUX

HIGH USEFUL FLUX
THE ROTOR BARS MAKE THE

USEFUL FLUX HIGH. SLIP IS
HIGH AND EFFICIENCY IS LOW

CLASS D MOTOR

ELN3313134

E =°f wte¥ (Class E motor): T ‘E’ #ie¥ & e & §¥== T
(Fig 5) ® gorteft ¢ & et werfd b fwr 7 s feor off
A &y 21

Fig 5 LOW LEAKAGE FLUX

HIGH USEFUL FLUX THE BARS ARE A LOW-

RESISTANCE WINDING PLACED TO
GIVE LOW REACTANCE.
SLIP IS LOW

CLASS E MOTOR

ELN3313135

F @it wie¥ (Class F motor): i ‘F’ #iex & TeX & §¥==r
(Fig 6) @ famrE % & formet wrfd e sy garget e 1
#e 7 e g g 21

Fig 6

MEDIUM
USEFUL FLUX

MEDIUM LEAKAGE FLUX

THE BARS HAVE LOW RESISTANCE
AND ARE PLACED TO GIVE HIGH
REACTANCE

LN3313136

CLASS F MOTOR

S Wiee T s@er § et € ar 9§ aWg X 9T At
AT, AATE SGRT & TH AT & | T T Ve TAAT I&
FIAT & Al Wex ATgh qraer T 92 a7 fEaqw &fe aw 9w &t
STt € | AT faeft feo efie uv, Tew w¥e f A smgfa € a9

120f'
"N p
120f
aIso,NS=T
TF F gAY § WA 9T,
% =N,S\l—;N:S f = sf
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3 RO "X # gHeww a3 (Insulation test on 3 phase induction motors)

I : T IS & id A o fawforfaa & e I e

o 9 & AT WiE F AT AN T FRAGET qhreror # i 7 srawewar san

o THATE T | T FRIGE I H ATRAFAT TqTHT

o 9 & AROT AieX F AR T TRETH TR FA F fog FuiRa R ™ NLE. #iw i B.LS. #iT @ AWERT a0

ST 7 T AT & 3 fad s a1 At & o=y U g wifers
& | 7 gafory FeT star @ {3 e agd Swaift @ weg ga wer
gefeaTd & gehdl €, AfE g ATILATEY BT & A JAH g S
B Gl & | aga ATUF geeaTd At faga #iet | &tt & F ofiehe
TR & HTIO il & S fof AieY & 9o 9T & STareld Wt
FY AL TAT(RA BHl & | SHHT T FHIXT YAV T FAATL ST
g, Sf% Wiex & g 9arf & @9 g & grar 2|

AT AT & HUL ITATT AT SAT TGS T AT % A1 JTART
EAT AT AT Tgford Fie & @it & ITANT GAT SAvT qare
frforfaa #or & sfera &t ST 2|

« ATATESA W THT 8 & (Ex. g=TE # faga wuiA)

o TEET T I AT F AATELT § IJTAH B & (IITELT
TETEfaE o § faga i)

*  ATATER § I ATTATA (SISO ST AferdT Her 7 g
i)

o HOH & @ % F & FILO IoF ATTH T HIAT (IITELT
qeTel 9 faga Aefid stet adelt &ar & wer shaa e
FHfeT &t 21)

o ATEFET T FaAT T YA, TR T AA 6 F07 STHT &1 ST (IIRT0T
HH< o, da Hia 7 TEEAF @ A1)

o HE QI B AT

ST AT FT & ST €, A YA AL &7 A o AT
& A faega wofiw F amer S A v fordbst &R @t 1 afe
Tt T It fafer & sef 7 gy man &) at oo S v T
gaeaTs fava s w3 dar 21 afT #ig %9 & awsd F o
g, dl S® GAXATE T AT o T € | T forhst e AT
STl H +ff STYE TSHF T F 3 § AT T TSATH Iq e
FT 30 ¢ AT N Fage ITaeon a7 e qormelt 9% oft w9 <o
2 | zafor Ui fagga #ie 7 38 FAaw stavEs qw fRuifa
frar € o sgete ToRw & AWw & fAuilRa #a 2|

Torega Wiew & ggeter wierier & wdveror it fafer sie s fomge
#tg g fRuika wfawta #1 79 (Method of testing

insulation resistance of the electrical motor and the
recommended value of the resistance as per National

Electrical Code): faga @tex & aR=mem & @ & {4 560%
AT ATy & T FAr Afard €, 399 qw gAfvad
g o1t €, fF JieT & 9T ared A 9Tl WHT F {ie] & o
Teq & fafeq arg s & @t F1 fords 7€ €1 IR aviA
& Freon & R afETed F S e gy e

g HHAT &, ST TE AT & J1aT & % F v & arg
A TTARTE T T faharT I | #1E o Atew s aR=mes
H BT IHET ATE § UF a1 (a1 A& &1 7 A1 ¢ | 3gaAve
Sfeter & & AT SRV F1€ | ford S =1y % o7 off T
A S AT & FH S Al AT AT BT F@T HT AT HEAT
=rfey o Aex &t frfa & guw et

Rt sttw =t wdieror afomw (Condition and accept-
able test results): NE #i€ & AT T® %1 AT3(STT T HH
& &9 T el aiEfET § % AN & i v gfawry &t
HTIT ST =1RT | 39 %1 & forg 500V a1 1000V &79ar & &9
ATET HYeX ITANT FEAT A11eT | a1 F awey @ fawg #t @ter
& =TT |

FASIY SYAT & HILT FHEAT &H A & (o7 GATAH TIT &
GATAF W T %7 & S 3gaAe Tl H1 719 AT T a5
7o % STATE AT AT W U W SAET & FH 81 87 ARy |
T ST & forg ATeT &Y 91fth T aleest &1WaT & STL 9 AL

o i & e

20x E
T TR R = 15007 op

REII Y
R, 25°C 9 ggeiwr Sfa<ier 1 A1 W0 ofter #

E Shor & tor 3 iy atedsr
P wter 41 KW § ¥ie mifts

gfe gfa<ier &1 7199 25°C & &= qrawT 9 &= @y ar saq
25°C & A el T a1 Ay |

TR TR ATIH o {org AT &9 (General instruction
for the measurement of insulation resistance): &t
farger wie 1 ggetrr afarer ATt & 7t & HTeor srfa (10
& 100 ATSTIET % 1= &) TE § A7 ALY | 9] T8 araH=
F THT F FTT ATeF TATET T & 31 U A a qamw
FHfea & | afe fareft Wiex &7 aIHe aear &, at e Sy
AN & Fear € | 7% 91X a% Wi 7 8 o #49 &F Sar 8 | afy
39 fawr § &ig 9ieT 97 &F S aT Aie< AT & gamT arfev |
ST & 15 ARG ST SAI AL HT 7T AT 67 07
F ST AT & | FoRelt Y sraear & 3HeT AT UF W ohET § FH
@ TE g TR

100 Tafeeed : TaR AT (NSQF @Y - 5) = 3w 3.3.131 & 3.3.139 & gwifva Re=ia



Zadr o #, st it geenTasT aRmEEt 9T & Oy e
T % W 1 X FC TATed Bl & I8 qAT ST Jorredr
oY g AT St gl Fie w9 & ST warted # A
T E HH TaTer I HY | FH(1T GLEAT iehal A T, TR
farior, sreiforshot @fthe S oY o ®ree Rt &7 ST f3ham
SraT & et @1 a2 @ & 3 qifua wiex wfa<r it supply &
ST T TAT 2|

TH TH TS qF (% TFIT TS| ST o ST 7 § TUTTAT bt Tfcrare
IAaw 7 & | 7 fAeforfaa swi & st O S @ 21

— WET WA T 37 TAFEIS & 19 T Fee gl AT H g
9 TG FY

— ST TR U AT H ITART FT Y A 37 F gl ATeAD
(ECC) & a1 ¥ &I STre+ & T diee 9 7€ T ST %7
& @Y Stied & forg o ST @ 3 92 7 Jiee FoadTess g
il

— o geEgle SfARTe Ht FAT-HE SAAH TEHAT AR ATl
7% forhet saTied 8t O fel U gReTeHE JOTTe! 318 Al
TR=TeIT Y HIeY H AwE & AT HY % |

AT TETOT & I FRIEN T Y stravawar (Neces-
sity of continuity test before insulation test): sr& aEfeT
T %W % ST SYOIT Srrer T Tverr O Strar €, at anaetia
T § W AT TF T B & G 7 A< e arsfer &
oF Y & AT St At €| g T S A § anfew &
i segarer afater &1 areror T AT & at & # O Wi,
uF AEfE & R F avr A A gEd e gadl aEfe F uw
o & 1 LY et €1 g9 @y srEenet § g€ /AT Sar @
o AT it sraeT wET € oY Angfew ot et & i wEedr
TAEd el e i v e FaERr s T A e e o
arsfew % faft wor 1 wfoter stfare & stafs gawn W o &t
T 2| e gege gfaty e Y frueeEar s e
% forg e frgtfRa fam o & & s=gerom wfaty oo & oot
HieX aTEfeT Frt wevgel averor far o | e g glafeaa
g o % arEfE o=t gtem § € o ¥ A w7 sHe
+ff @&t 21

F gl T (Continuity test): AT &t w et are
% Ty 2% ofFT T ITART Fig 1 & Sgam faam siar & | adwa
zfime & fors @ter 3 =nfeu|

3 AT FT TS AT TF T F a1 % A F Ay H SrgAr
=1fey =T gaer f=T Fig 1 & oiger efifqa U, & s | amg
FT Fgol AT gAY A & A1 TF & 18 TF 3 Ars | o
AT & S & AT AT THT 8 A q€ i U, g
ST f% Fig 1 & qorttar @ & | g6 T 9= argfe & srer ot
ST faFaT STTAT @ | ofey 7 THTiTe 8T at efieat & fi angfer

F HIIGL! Hf Fardr ¢ | afT JF e F feF efimat & &=
AT AT TR & & a7 78 /AT ST foh argfRar & = agayr
gl

Fig 1

LAMP
— s I
Po— = —o -+ SHORTING
|_ Wyl Uy | vy LINKS
REMOVED

CONTINUITY TEST CIRCUIT

A FRGA qieer @t @WE (Limitations of lamp
continuity test): 38 TEET & FaA FEILE HT A ST T
T Y AR F et & e ergu S & S AL &Y wrar | g6
forq stigw Wiex ateror stfee sr=et &, foraw e afaty I
BT & St srfere ypar & aryy, A #v wfa<ry w1 ww%ar 2 |
AT ST SR Hiew # A argfE #r afaty e g Aoy
STt ST agd W AT &t Hehal € AR Ferer Uk AT w7 qhe<rer
FH B A T8 INaT & fF A § agafad 2|

FER & d ggATE T (Insulation test between
windings): 4T {3 Fig 2 # fa@mar mar @ & &7 &1 us efifme
ot off aEfe & uw efifmer & &7 StteT 97 & 59 Fig 2 &
U, % AT ST I 7 gaT fiae et o angfer & o e
# Sifs Fig 2 & W, steT & 2|

ELN3313141

Fig 2

ELN3313142

S A S8 HIALTRA el T FATAT AT &, AT AR T ISA1%
TF WM e & AfAF ST AR | UF W AT & FH qSATH
aEfeT & @ FANMRE AT qoiar & O guw wA @
ATTFHAT 1T & | ST THTT 77 AT % e gegetor wfer<rer
AT ST 2|
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