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A.F. gfaed 19 (Unit Name) 9Tl &.

. M el SeRM Hicd .
(Three Phase Induction Motors )

, R 3fs TS delo 3% 3t bl SR Hiesd »

(Starting and Speed Control of Three Phase Induction Motors )

; RivTe o SsRM Uier )
(Single Phase Induction Motors)

f 4t ot Risp I 7= ot
(Three Phase Synchronous Machines)

] 3O g g2 s

(Special Purpose Machines)




A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

§]|3IE-1
ot ol SeaRH diedd
(Three Phase Induction Motors)

faw fAroo=ht (Course Outcome):
CO 1 - I TS SSIRM Hedl BT ¢ B,

(Test the performance of three phase induction motor.)

e Ao (Theory Learning Outcomes):
1. 1 &l T AR FSTRB .
(Classify three phase AC machines.)
2. faoien SR Hicvan dearrd feee snfdr afd fHiRme Taaws— &,
(Explain constructional details and working principle of the given induction motor.)
3. ¢ ol STIOT 3t Thel oo Tt Hilfes fiheed UlSaRM UaIwH &,
(Explain the production of a rotating magnetic field with two and three phases.)
4. R Tiisar fSWEA (define) H.
(Define synchronous speed.)
5. 31 ol SSaRI HICYD SRS WRIThbR= 07 A= H=RM B,
(Mention the general specifications and ratings of three phase induction motor.)
6. fGodT HaRMIY Aedl IRBIHT TS (Analyze) .
(Analyze the behavior of the rotor under the given conditions.)
7. SSHRM HIeRN Res fGdean tRiiedd dedga=M (calculation) FI.
(Calculate the given parameter related to the induction motor.)
8. SSaRM Hicx= [y UoRAC AYSY SIhIgd .

(Describe the given method(s) for slip measurement of the given induction motor.)

9. SSIM HIcITA Tlh-fWTT PHaesiea™ (torque-slip characteristics ) e &I
31T SHfGIh R i,
(Interpret the torque-slip characteristics of the given induction motor and state its

applications.)
Uf¥=d (Introduction): 3afac® HIcR § T 31 fSREH (Device) 318 1 o Sallaedhd Toi 1l
(Electrical Energy) Ao ad Tsied (Mechanical Energy) ®-a¢ (convert) ®d. TR al
AhHehd Tol fafdy HHRTST aToRe i Udhd. a1 Aiey S, I@ma (DC Supply) a8

R¥7@ B (Single Phase) 37O 3} WST (Three Phase) T, ¥@RIeR (AC Supply) 3% &
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

Hard. SL. TR (DC supply) T Hd UM Aedal St Hied (DC motors) 3
TEUMATd R T, TR (AC supply) 9 HRd SIIUTAT Hieddr T, HAiexd (AC motors) 31
RBUAE. 1 Alcd Wiewl Sadeiicd SeaRMel URUEER  (Faraday’s law  of
electromagnetic induction) 9% HRdd. T, T JHFI: T4 IUAS 3!, TUH T,
HicdT aTuR 31 YHT dell ST,

Tl Aicd ity RiTa o SearM HAied i 3 e SsaRM HicH
(Induction Motor), RishI= AeH (Synchronous Motors) 30T HTg! TR usl HIed (Special
Purpose Motors) 3R UHR &Hd ofd. a1 Id UhRiuD!, fafay defeaa sffwememad
(Industrial applications) 2 TSl S8R Wi HIddT YHTUN dToRedT SITdT. U gl gﬁ?ﬂ@[
3MIur ot Bl gSaRM Hiewd afey fifud (Working Principle), &@fd eigd 3ffor &t
PRI RN 31T HRUMR SHTEI.

1.1 2 B @t A== FATRITB SR (Three Phase AC Machines: Classification):

Mt e Q?ﬂ A E@ﬂﬂ (Industrial) T HaRd (Commercial) SIBIITST
AT YHTUTT aToRed] Sdrd. Si-thsl Tt BRii=rd FiRifthh = (Classification) STellerSaTO!
&l Sd
1) Ri =9 7=A=T (Synchronous Machines)

R) $EERM AR (Induction Machines) @M 3{f=hIY AR (Asynchronous Machines)
3rE FUIATd.
1. R =9 7==T (Synchronous Machines):
a) R S9vex (Synchronous Generators): R SRex § Hifcd Bieedd His
IRIfET g T Uik TR HRUTMEIST aToRe S, AT Wek qRifETHed STHTG (E.M.F.)
&9 (Induce) BIdl.
b) R I=9 "iew (Synchronous Motors): Righ 9 Hied A1ex e HRUTMN! HIfed hies
e Hed W Safded UraRdl Ad b d GIaRHe F-ac (Convert) HRUITITS! ATURedT ST,
2. 38 RH =T (Induction) lﬁlﬁ’iﬁﬁ?\‘[ (Asynchronous) Tf=:
I CIUAT AR Wlelld G 213y USdrd -

a) WA Pl s8I HISH (Squirrel Cage Induction Motors): & Atex fo=a qrear qop

Tolgd HicaRHe afd SiRd YHTUNG dToRet SR 37-Te] S8R Hier 3fTg. A

e AL U Wiiers Headm (Solid Metal) &9l (Cage) 3l 30T AT S-egd

g0 HeHS el TaR gl

b) TI¥S X 3R FAu-f&r g5a=M Med (Wound rotor or Slip ring Induction
Motor): T e3u=dl Aiel= Jexaed [y Reash stead ot % afen s, ara
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

TRICHA YoRe-gaT e ieHe Sedl Id, AT IUANT Hiexal Wit Wis snfirels
(Torque) Eb_@ﬁ (Control) HIUGMTST HeT SIS, T,
HB B (Key Differences):

a) Ry o= RisvlAg Wie= (Synchronous Speed)RUce Bldid, TR SearM ORI
Rich 19 TWiSUar Urean SHt Wi ce gidrd.

b) Ripa T=iFer Aexaral SRt TRt (D.C. Excitation) TaRIdhdl 3 d, TR
SR TR ST WiFd! (D.C. Supply) Taad .

Q) Ripg Aefi<g gm=d: m—cﬁ SRS Irdt 3o 9 diee Wig (Constant
speed) HTAIDH 3Tg, 3R RAGIFIL AR ST, IR SSRM I=A-T I dgdd
23feTd (Industrial) MO ARSI (Commercial) SHTIHIFHE qTUReT ST,

1.2 R Bl SSR Hiex: FEaRMS f&eed (Squirrel cage induction motor and slip ring
induction motor: constructional details)
1.2.1 WWWWW (Construction of Squirrel Cage Induction Motor):
WRA bl SRR HIcIHE Tleidd YIS ST

a) TR (Stator)

b) ex (Rotor)

Q) WA (Fan)

d) feafeg (Bearings)

Fig. 1.1: WA Bl SSIRM HIexd HE&a=M (Construction of Squirrel Cage Rotor)

a) e (Stator): AT HISR (Core) ATV Hed BTSHRITHE (Metal Housing) 3t BT arifeT (Three
Phase Winding) 3RTd. ¥ ThHT 336 URIBRIR (Internal Periphery) Tdie (Slot) TR oal
STaTd STFOT T WilcHe arifST W deiedT 3RIdId. a1 drfeT Safacamadl (Electrically) SATfor
fisToramett (Physically) 120° TIHE (In Space) 3. T HcgR TS Scied] FIaR™Ta]
(Flux) & Reaed (Low Reluctance) Uty (Path) UIAT@S (Provide) ®RUGMTS! drafeT &t
WS (Laminated) 3T H13RER (Iron Core) fihfeT det oird.
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b)

<)

d)

1.2.2

A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

X (Rotor): BT HIeE e BIUIRT HIT 3§, SN facied gaacidd TASHURE (Electrical
Energy) Hab{dbd Tell (Mechanical Energy) Gdl. Aled 3T3eYe § "H@IcaR (Nameplate)
BIIUIGR=T (Hp) ¥UTd THg dhad 3Rd. INd e TaRieHd IR (Periphery) le
3T, AR DIVlciia! IRITST A9d, TR AT WicHE HIUR dR (Copper Bars) SHded SdTd
31701 T8 RGN (End Ring) Tl U8 &1d IR ¢ Widhe daral SN, Tl e (Eddy Current)
3{TTOT fgee R (Hysteresis) Teb BIOTRT UTaR AT (Power Loss) CTSTARNTS! IR HISR dies
deidl 3. YTl HURRA SR HINHT (Cogging) IFUIITST 3101 Ter HIfOr Aex
XM U IHTET SRABIHR RIS (Transformation Ratio) GUATHTST IR H8aex (Rotor
Conductors) & TR (Skew) deiet ST
B (Fan): IR AHe dIR BIUMRT fge (Heat) SToX €% ¢HR@R (Temperature) Hwe
(Maintain) 3JUITITAT Uh W e Arfte dToy Siigaell 3al S0 TgUHT Hied CHReR
(Temperature) T&T foiffeded (Limit) 39UaM Had gid.
feafss (Bearings): exar 9UE WU f9aig aTReedn $&did. d9d a1 foaies diexar
fORUTMTST ¥y UIRA (Smooth Portion) WATES (Provide) ard.
- fiar Ssa= "ier H¥ea=M (Construction of Slip-ring induction motor): f&U-fRa
SSRM Hledl a3 S UeR S8R A} (Wound-Rotor Induction Motor) TUH S&ld 3iesdd
I e Ry R Sre . a1 firg g Taieia JfoRe—aa (External Resistance)
R Afhened Shevary Iuarft Usdid arge WIS dreid Bl ST SIRd wIfe eld fHasfaor
T I,
a) WeX (Stator): f&TU-RAT SSHRM A TR § WRA ol AIeH] T eIURWT 3.
b) IR (Rotor): GBI TR I HRCARHA 3!, Vic-Aldbes aR Ugell, Jexqd -
ol grafeT Rau Rradied Siigai sRydTd. a1 Rau 79 dsfadT (Conducting) AcRad
(Material) UR[A sAfdcedT 3 dd S0 WRFERT SRIMEE  (Stationary  Brushes)
gdacidhd dicde (Electrical Contact) daidl 3Rdl, ddd el IGANT JRITSITaN
TaCd YoRe-aIed SISUarTa! Bidl.
¢) a9 &9 (Slip Rings): &9 7 a1 Aed (Metal) TR sHfdeiedn 3Rydrd. a1 feaa g
e BId AT d WRART SRIGYIEd Faacidhd dlede HAld. d cc gid e
ACURH T IoReTHE gaacidd UAoll 3ol REd ¢IWR - (Transfer)

HRUAITS! ATIRd ST,
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A.C. Machines Performance (315333)

T3 A3 ReTH (315333)

A AT

Stator

3-phase supply

Slip Ring

i .

Run

Starter
(External Resistance)

Rotor

Brush

Fig. 1.2 f&au-féar $8a=M |e? (Slip Ring Induction Motor)

d) TaHeHd IRE (External Resistance): TRIeAd e (MHTF: ¥R HdCS
fY3fIce (Star Connected Rheostat)) 8 AU fragR er Afche st e Srdrd. e
it 3107 <idh Sheld HRUTTTS! BT RfoRe— &<l (Vary) dell ST,

e) WRMR (Laminations): T8I ®¥eHes (Eddy Current) BIOTRT UlaR AN (Power Loss)
HH! HROINATST ¥R ST IR Glal P13 TH-cs (Laminated) 3RIAT.

f) aAEIFST (Winding): ¥Wex 0T Acxydia arifd a1 dafds wicea arg fewisgzH
(Distribution) HRUTRTAT 301 i HAfeH Wics (Rotating Magnetic Field) TR
DHRUGMIST ST dbeted] SR,
I B SERME Hied UIE, AR Wead 38 WaRM (Parts of Three phase Induction

motor, its material and function):

Table 1.1: 3 ol SSIRM HIeI= UIS, IR A RTA 3 Bawr

3] e wefaa BRI
Ea (Part) (Material) (Function)
1 L A (Stator Frame) 3T Y (iron case) DI TUIC (support) HU] 30T
$CXA0 UICd WM R,
2 | X BISR (Stator Core) | i I (silicon R IEAfSTa 8Ies (hold) HRUL.
steel)
3 | %X anifE (Stator DI (copper) SHITOT Jcfe qufc® wiee (Rotating
Winding) gcics (insulated) Magnetic Field) TR &0t
4 | AR PISR (Rotor Core) | Riferpi- Wit e} ARifSIT 8ics (hold) YO0
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A.C. Machines Performance (315333)

T3 A3 ReTH (315333)

3] i wefvaa Cau]
g (Part) (Material) (Function)
5 | AR aEfET (Rotor DR (copper) 3for e e (rotor current) dUR P,
Winding) S (insulated)
6 |URIY (AirGap) | ------e- Hafed HUlcTa! (magnetic
coupling) THT e} G WHA 10
(clearanace) aul.
7 | U3R gdle-3MI3cde (Air | ---------- BT (cooling) T WU TR
Inlet-Outlet) FRARAATST (Circulation) Hde!
ST
8 | BfeIT %A (Cooling Fan) | IgHaH (Aluminum) | gaT SRIARHHTS! (Circulation).
9 |f&u-79 (Slip-Rings) | BIE®R &1 (Phosphor | SIRTGR RWex Widhed TRe—d
Bronze) IR (external resistance) SISU!
10 | SR (Brushes) @Ia (Carbon) IfoRe= 31foT feau- FRegewa
DR (connection) UGS
(provide) HIUYTA!.
11 | 2moe (Shaft) AEeS T (Mild Steel) | RVexal FUIC (Support) GO,

1.3 INefeT Wifcw wics AY: WisRM (¢ 3fr i owe), Risvi=a |is (Concept of

rotating magnetic field: production of rotating magnetic field (with two and three phases),

synchronous speed.):
SR WRIFAT TIREHE JefdT Jifed Wics (Rotating Magnetic Field) 8 9 (Main)
fORITd 31e. T U HAfCH WIS 3118, o IHox HIRM o Hdd e 8id 3. AT Tl H Wics
a) Uidibel Tt W™ (Polyphase A.C. Supply): Oiditel (Polyphase) (3ft-thol)
Rerme, T Biga i/t (Physically) 120° 3UTE (Aparts) SRIdTd ATIOT Safaeda
120° Bl fSWR=T (Phase Difference) 3f&eiell Hc AT U (Pass) dal Sirdl. T gl
HIsdgR Uedd dhaed Hiled Hiced! aes 99 (Vector Sum) Heb T Relece Hafc®d
TITE TR 8Id, S Wexd 3RISS (Around The Stator) fhd.
b) g-b Ren: Rae-%d (Split-Phase) fdhaT HURTER-TE (Capacitor-Start) HeaR@AT
Remm e, o fSW 3dd aiF dicedld i Tifed Wies (Rotating Magnetic
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

Field) TOR @Rard. AT g AT HAe® Wice Ufit-Thol Wicssdd WdHer (Circular) 9.
I3!S YYH FHed-1 B I 1 Saiiaed Hieadl Iered t-thel arifet gt e
DIeRAD fhHd 120° 7 fSEIsge Fac 7. T4 afST THaR@A Sed T Fig.
1.3 U0 9w Sa-d (Balanced Supply) 3iTg, Udid eiddd el (Amplitude) ¢m
3ddh 3Te, ol Hteh= (Phase Sequence) R-Y-B 3T 3R, TIad ¢Y BT ¢R T&T 120° A
T 38 AR 0B BT Y U&T 120° = T 31Te GUToId UTa 6B 8T R TelT 240° 7 T 3G

flux
by ¢R ¢Y ¢B
Pm
> angle
o M ;
_(bm
Y
Fig 1.3 ¥-WsT WeTad Wisa’M (Three Phase Flux Produced Due To Individual Line
Currents)
BT (Let), dr = b sin (o) = Py sin (0)

by = b sin (wt —120°) = b, sin (6 — 120°)
b = b sin (ot — 240°) = ,, sin (6 — 240°)

TBUH Refece Faa ST fadr i),
br = dr + Py + dp
37T,
Y (Case) (1), at 6 = 0°
U

br = P sin (0) = 0

dy = P sin (0 —120°) = —0.866 Py,

d5 = P sin (0 —240°) = 0.866 Py,
TEUH dex SIIUM (vector diagram) 31t ffesd,
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

0g = +0.866 ¢ B - = - - YC oy=-08860,

br = 1.5 ¢n
BUSId at 6 = 0° I1 A3 THUT et TAR & P UEHT 1.5 U SR oz iiat.
P (Case) (2), 6= 60°
U
dr = & sin (60) = 0.866 ¢,
by = dm sin (60 —120°) = p, sin (= 60°) = — 0.866 by,
dp = P, sin (60 — 240°) = ¢, sin (—180°) =0
QU Sgere} S (Vector Diagram) 3=t fiesa

RU,

br = 1.5 ¢n

U at 0 = 60° IT A1 THUT R TAR dr © Py UET 1.5 TS SR fHes e A ren
SRR (direction) oo SRARFUET FGIhdTSel SRR - 60° FAd! fhralal 3d.
¥9 (Case) (3), 6 = 120°

o
br = &, sin (120) = 0.866 O,y
by = by sin (120 — 120°) = &, sin (0°) =0
dp = &y sin (120 — 240°) = ¢,y sin (—120°) = — 0.866 &,
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

%UE%WW (vector diagram) 3t fiese —

U,
¢r = 1.5 ¢p
UM NFfecc WA ¢ 8 dpm AT 1.5 U 3, UG Al AT AR RITHIGRE 60° S0 A1

s RIMEGEH 120° Td Faidbargs] [hradl 8.

3R TH TR RAeee /IR ¢, & Bol JieaaAT (Phase sequence) SRRGRMA RUce Bid),
W M R TR (Resultant flux) TR BIdl. =T YHR e AcfT Halcs Bics
(Rotating magnetic field) 3/ =gUTdTd.
. Riwi |fis (Synchronous Speed): efeT Hifesw Wit w1 Tie- fthrd, d@ren Riswg
e (Synchronous Speed) 3 UM, Rihg W€ 81 Ns 7 TRIadId d o AOIGHHI0!
deRaIc (Calculate) el SITdl

120.f
Ns = —
P

Y -
' - quarrt Thed! (Frequency Of The Supply) (8¢S (Hz) AE)
'n' - Giadl (Poles) T
. Aex |iE (Rotor Speed): e w1 WA ce BId, ATET e Wi fahar Yagsia e (Rotor
Speed) 3 UM, 8 Nr fdhar N gR g=ifaa S
a) FBRM HIcH: SSRH Aerydl, Al Wis Agdla RigpHg wister w4t srar;
8o (N < Ns)
b) R HicH: Rl Hicxae, Aex Wis 71 Rishla Wi a1 3l Wl (N =
Ns).
. &9 &g (Slip speed): Rau wWis o™ Rig-g We (Ns) 3107 Aex Wi (N) 7efid e,
UH &0 TiE = (Ns - N)
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

SY, Ns = RigHg adis

N = AR e
=4 (Slip): % fau @ [y Wis s Risa T (@ exa i difesd wics) aiar WRsi
(ratio) 3. B WIIAYHT IRHCH (%) T A ol Sild.

% s =

* 100

S (Ns-N) = Rag @is

Ns = Riwig wte
eI g Titean A3 3M18, WU Tt ey (Unitless) Bifcl (Quantity) 31Tg.
A STRERM (Direction of Rotation): i AAfeH Biced! SRR M-Thel THT.
AT Bol RIhTaR (Phase Sequence) 3fadigd 3¥Id. Al SRRERM daUINTA],
SISl FIIH YT HIvATg! G ToraT Riehd Jec HRUl 3Tadh 376
I SR ol RIS R — Y - B 3¥d, dR AT Hifed Bics qaidbargst (Clockwise) STRERMA
fOhRdl. MTI0T SR ol RYHE R — B - Y Al Fgaien 3 R Ui Hilfed Bicg Ulailpargs
(Anticlockwise) SRR fhd.
WRe $o ssa’M HieX s oy f71 ssmM dier: afdn fiiue dfs siviieH
(Squirrel Cage Induction Motor and Slip Ring Induction Motor: Working Principle,

Comparison.):

141 WRA $9 sSWE Hiewd afen fifua (Squirrel Cage Induction Motor
Working Principle): SiegT ¥ arafetran ot ol T, Iy faar S, degr el
T ite TR Bld. B Al THIfed Wits AR Haderdl He (Cut) HIA 0T &rd
Tedd SUAK. (Induce Emf) TOR HRd. AR HedeHe AR IR (¢ Ahes
I, ATHYA FHe Tl (Flow) Bl 8T eR Hie Wd:d UG U HHfed hics daR
HI. T g HAfed WicsHe SexarM (Interaction) Bid. T SCLaRMHeS cleh daR gl
3TFOT 3=T YehTR AR W Bel.

1.4.2 v 81 oM Mew™ af$w fiua (Slip Ring Induction Motor: Working
Principle) : g¥ardian &y Ra1 30T SRIgR TRTed IoRe 4 eR Aiheasd 38 sl
ST, UMD WeR 81 IRIIURA HH! dHec Udl S0 Alek S dHec - HHl Wied &
BId. T SRIorT UeR YoRe~ wWilddl St gid), T Jex WS dred Sifdl. Siegl Hie)
qul e 7 e B, deaT TR Ul XfoRe~g e ool ol 311for Reg i =ife wfdre dwean
SITATd. 31RM UHR gl Alex AR WRA bl HIex UM TfhTT Hd. gadT Xegid a
W B Hiex ey A7 Hiex BU[E G gl 310 W RA Bl Hier TUH Ye dIe Igdl.
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

3a1.1.1 : T 4-TId, 50 BT, 3t Thel S8R HIER 1440 rpm R I 3R, R ey, Riswiw wits
3TFOT Jfex Wi deagaie (Calculate) .
IR :feda e (data):
aTerE T (p) = 4,
T fihehd! (f) = 50 §eol (Hz), SAoT
e WIS (Nr) = 1440 rpm.
Risia1 @ffs (Ns) $erIAe (Calculate) HT:
Rico 9 TWitg g1 A qafe s wicgdr Wis ofe.

120.f
Ns = —
P

12050
4

Ns 1500 = rpm

Ns =

%s = * 100

1500 — 1440
%s = ————Igzii———-* 100

s 0.04 = f&aT %4

RN Wis feear sire:
ex | (Nr) = 1440 rpm
31, 1.2: T 4-UId, 3-Ths] S SaR HIcdT 3T T feaar 38, ! et 50 TEo 3118, TR
Treitd IRIHieH dbeagaie (Calculate) FI.

a) Wod Mifed Bics fbdt Wi Aee g 3R 2

b) &TY 0.04 3Rd, degT Acar Wie favdt 3/ 2

) SiegT AT 0.03 3 degl e Hecd! [Theral el 3R ?

d) ex WIFRT (Stationary) AT ex Heed! Therd! fdd! 3R ?
3R :
X Wics Rispiw Wi e T,
a) ﬁi’cl'ﬂWFﬂE,

Ns = (120«f)/p

Ns = (120* 50)/4
Ns = 1500 rpm
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

b) Aex|fs, N=Ns (1-5)
= 1500 (1-0.04)
= 1440 rpm.
c) TR B it
$s=0.03
f'=s.f
=0.03 x 50
=15r.ps
=90 r.p.m
d) 3ex FHcHl b, (RRART (stationary) SRIdiFAT) s = 1,
'=sf
=1xf
=f
= 50Hz
1.4.3 Ts@mred, fe9-Tsmew ofs SRR (Advantages, Disadvantages and
Applications):
WA $of SR Hledd:
Ts@T=d (Advantages):
a) foaa HHT 3ﬂ%
b) ®H! HeA=T (Maintenance) 3Ta=ad 31T (ReTy o fohdl SR T ).
) diTer We dheld (Control) (P WIS (Constant Speed) IRIUVIM W& 3Tgd).
d) SAHIPA TASNAl Adb-ebd ToiHe H-dc (Convert) HRUAIM SIRd 3IhIRAY!
(Efficiency) R el fiyesd, Twifé ewam Ae).
e) CHRTR (Temperature) Eb_g.ﬁﬁ (Control) TP TRTS 3MTE (FEUNS SR fee gid ATa)).
f) B Hick WIeg A (Size) TEH (Compact) AT goHM 8@ (Light Weight) 31Tg.
g) DU TR IS W (Sparking) Xedl HHT SR,
f&9-Tsm=d (Disadvantages):
a) G3R Wle dheld (Poor Speed Control): TS TSIl dgaidl Ad ATg1.
b) B R WA SR Tl aTuRa.
c) NI I Hie (High Starting Current): B Arg B (Full Load Current)
SgBUN 5 d 9 U< (Times).
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

d) @I Fleewl HHI 3, dog] SSIRM HIC YD DHIC Ud. W Glecsl SR 3,
dagT HAfcd YRR (Magnetic Saturation) gld.
e) TIwIE el (Low Starting Torque): TTfET ¢ids 81 Hd @IS lda (Full Load Torque)
T 1.5-2 UC (Times) 3 e,
ARSI (Applications): WRA &S FSaRME Hied IHMID: 3Hd (Many) I8fedd
(Industrial) 3QIHRA T AR SITdTd. [ARIVG: S1Y Hie WS I D 3HTe, Jeth
WIFET (Self-Starting) FHROI ATTIH 3§ fbal HH AT (Maintenance) HRUTTE TR TR,
313 fowmToflt WRE o SSaRM Hicy Jugad 3R
7 HicH IHId: TTeid [ShT0N aToRed SrdTd —
a) USIRATA U (Centrifugal Pumps)
b) $SRCTd 1% (Industrial Drive) (a1, HwIR deT (Conveyor Belts) ArAfAUTMTAY)
¢ T ISR (Blower) 301 T (Fan)
d) TR g (Machine Tools)
e) oY (Lathe) 3MTfOr ar AT (Rotating) TRMT (Machines).
ey f&1 s Hiea:
Ts@T=d (Advantages):
a) ISP WIH b — A T gl (Heavy) FRI-T ATATAUITIST SUGH,
b) Taic-d YfoRe~Tqe (External Resistance) i e HH! (Low Starting Current)
SR,
¢ Bl HIeR IRd $Re U A A8 Heedl 6 d 7 UT HIE od (Handle) H& b
f&9-Ts@=d (Disadvantages):
a) WRA bl A ga-d sRIY 30T ey g T (Maintenance) HIRE SIRd
3R,

b) IR BIRABCS (Complicated) 3R,

) SR HIIR A (Higher Copper Losses)

d) WRA bl SSaR HIcUET Bt SRR

e) WPRA Do SSa HICIUET HIRE SR (Costly).
SfRIF=A (Applications): f&Tg 71 TSaRM Hiewd ®Tal HWRIHIA 3R, SIY SR cids 31fOT
HH WIS BT MaRAD 38, AT [0l a1 Aied IR SITdTd. HTet SGTeR0! FITIHTU! -

a) forge (Lift),

b) HIBRR (Compressor),

¢) o (Crane),
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A.C. Machines Performance (315333)

T3 A3 ReTH (315333)

d) ®<ead (Conveyors),
e) Bl (Hoist) 3Mfor

f) ST o fEHTon o) aRuad WiE (Variable Speed) 3T hidhe wIc wiad! (Frequent
Start-Stop) 3TaLIEHAT 3[4, 4 T Hiey IR SITdTd.

1.4.3 U {1 ofs WRa oo seaRM AlexHwdia Swirive (Comparison between Slip Ring
(Phase Wound) and Squirrel Cage Induction Motor):

Table 1.2: &Y 371 ofs TR Pol SSRM HieIHN T BRI

Brushes) SIRITHeS dRAR HeAd 0l

HHID

1 | g R enfor s=wges (Slip rings and $HeCI-MA (Construction) WU RiTe
brushes) ¥R HilTTdhcs (Simple) 3.

(Complicated) 3.

2 | AR arEIfET (Rotor Winding) & Tex RJeH e ex IRT (Rotor Bars) JHAY
IEIfET (Stator Winding) IRE 3/d. | 3Rl AT § Aex IR T = (End

Ring) T ST RM¢ Aiabe (Short
Circuit) deiel S dTd.

3 | Ry T St SR Ui AR A | IR IR SIS e Fidhe (Short
T T d oRe (External Circuit) Feares TaeHd Jore— U8
resistance) TESTIU! 38 (Add) & Thdl. | (Add) FHRO T T8,

4 | TRIeHd e U Freumyes wIfén e | wIféT eidh (Starting Torque) HHT 318
(Starting Torque) STd fies revdl. 3TfOT Td AfShah R (Modification) &l

BLEIS!
5 | ey R 3o s sreara ey 1 311 =g .
6 | ey far anfor s=1% (Slip Rings and HHT ATl HTaaH 3.

STaTH 33,

7 | PifRdbcs dHcaRH 3T fqy i a ST 1 S8arm Hica qad dgaRH
SR SR, A Hied! fhad 1Y 30T ke (Robust)3Ted fbHd HHT
YD 3. 3.

Maharashtra State Board of Technical Education
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

HHID
8 | B HICR $axz 10% ITANTHS IR 1A, | 18 DHcaR 0T St fhd Ires WA
&S TSI T HiGAT YHIUNTE dTuRal Sild.
9 | BIWR AN (rotor copper loss) SRd | IeR HIUR AN (rotor copper loss) HHT 3T
3Te, AT ST (Efficiency) HHl | WU SRR (Efficiency) SIRd 3Tg.
3T
10 | e AT~ AYSER TS dHeid (Speed | ex I AYSER Wi Hed (Speed

Control) T 3Te. Control) RTeRT 8.

11

Y WIfET (Starting) Tl SR MMAH | WHRA bol S8 HIeR &t e 7=, f3feim
3iTg, Y ey 1 Ssa Atex aTuRell od | 9=, %, sdieR, fiiféT a=i= . (Lathe
TBUNSIE 813 (Hoist), 3 (Crane)fde | machine, drilling machine, fans, blowers,
(lif)) 3. printing machines)d &l aToRe ST

1.4.5 - F7SaRM Hier faema WRIf&H M (Technical Specifications):

ez ey A-Tol SeaRM Hier (Ray R fdhar WRa P

TTaR ¥feT: : 0.5 HP d 3{F HP (3&T.5 HP, 15 HP, 100 HP, 31

WS F/IRA  : 415V @GP oRHE LSS (standard), A 380 V/400 V/440 V § ST aTORS TG,
Yes =l  :50Hz/60Hz

hogd I&@m ;3

Yes His

: JIeH9R dgdd! (3al. 2-UId —3000 rpm, 4-A1d —1500 rpm, 6-GTd —1000 rpm)

Teqdl B : 2, 4, 6, 8 (SAHITIIR)

PAAS e : UlaR (ST 9 Rlecol AR Saad (34l 5 HP 3415V TIdT AR 7.5 A)
UiaR haex : 0.8 — 0.95 T (lagging) MSTIR T,

ElRgRiugl : 85% — 95% (SATHR d ASTIR Faad).

SR 9 : AN B, F, fdhaT H (F Hikeel! HIAA) (mostly common)

1.5 AeX fRRAwR s Rawy : Wsfea a= I wfezm wfis, Fu, ssg9
SUHTG/HRead! fhardt, Ular WwaeX (Rotor Behaviour and Relations: Standstill

and

Running Conditions, Speed, Slip, Frequency of Induced emf /Currents, Power

Factor):

1.5.1 JeX 57699 3.TH.UE. ©I fibahdt ( Frequency of Rotor induced e.m.f (fr or f)):

fr=s.f

S f— W™ Wied! (supply frequency)
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1.6

A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

s AT (slip)

1.5.2 Hiex I SRaHT AL 5764y §IuI=dT SUHTUW o 383 (Equation of rotor

induced e.m.f. under running condition):

E.x=s. E;
£ E, - JeR $-eg% 3.0H.UW.( Hiex W (standstill) SRIAH)
s — T (Slip)

1.5.3 Jex IRREHT (Rotor Resistance): TR AR Wi Hodlel shac gid a1,
1.5.4 X A9 (Rotor Reactance):

Xor=8. X2
oY X, — e Rarec T Al WRART (standstill) 31T
s - f&g (slip)

1.5.5 X SMASH (Rotor Impedance): Z,, = /R% + (s.X3)?

1.5.6 eX UTaR Waex (Rotor Power Factor):

Ry _ Ry

Cospy, = 2 = —=2——
Zor [R%+(5.X2)?

1.5.7 X e (Rotor Current)

_ Ezr _ S.EZ
I, = Z =
-
/R§ + (5. X3)?
E,

I = 3
JCB o+

1.5.8 FdAd! UlaR (Power Transferred):
eI’

R
Py = IZrZ-?Z
AU dorde AYsH : dHIHler, WEAR®DIU AT Teg-ter (Slip Measurement

Methods: Tachometer, Stroboscope, Galvanometer):

Tred ffaU ToR (Measure) HRUTMTS! YA diF AU 3R
1. THHIER UYS (Tachometer method)
2. WIERDIUS AYS (Stroboscopic method)
3. TiegMIex AYS (Galvanometer method)
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

1. <P AYS (Tachometer Method): THIHICIET ATR H- S8R HicTAT U
e Wied de UoRAT (Measurement) od STTd. AR Rish - TSN A SIS Bt
&I beagele (Calculate) Fell S

Fig 1.4: C@IHIex (Tachometer)

Eﬂ'\‘l’@ﬁ'&'ﬁ:
coiHiex Ay 9 AR Ha:

a) SIS rpm HoR BRI AbHAdhd, Jalaedhd fdhal Hicdea™ Ugd RS fafay caarondm
IR e CohIHIeH Hler Uil Sdgsid Wi Hieell S,

b) R Wi dHeagaic (Calculate) HaT STl BIHGT AT Rish 9 WIS HISAT OTS, Xbdl:
120 * F

N
$ P

Y Ns- R e o,
f - AT foheh T 3iTg ST
p - &1 Tiere T 3R,
o) &0 Hergeie (Calculate) el SiTd: Rihg Wi AYA Sfagsd Wie A-Y H&- Jeid
T a1 RAY dheagae (Calculate) et SiTd:
WS: Ng— N

Ns

S N - &VIT:@&IFTW (rpm)

d) 3{TaT URYCSH (Percentage) RAW: % s = % *100

2. WIGpIU® AYS (Stroboscopic Method): IARDIUS FhdeHe AT isciaear ARy
wigar (Specific Frequency) ®sc UIgd edTaR ORI 3ff&ide (Object) TR
(Stationary) g @FTEL Si@T AT sffsigear ARy widiar dRe crmal S, doal
I UAR dl 3fisslae WRFRT (Stationary) faurdt fdhar el (Slowly) fthrdi=T fagal, R
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

Ricola Tite 3for Sfagerat wWie amdia wre i Mg s U bergae (Calculate)
Pl ST,

TWIGRPIfU® ghae (Stroboscopic Effect): LAY g1 dcics Widra (Controllable
Frequency) ®Tscal @8H, ¥MY Ui (Sharp Flash) TOR &R, SeaT fihRUIRT SHissiae a1 Tei<igiR
THIRIT BIdl, dag] I Wi dIaR dl WRRI-RRR (Stationary) fdhar g fhxarm fag
AT,

9 #eRA< (Slip Measurement): SEARH AT, el WIS (S3Hd M W) g
Rip g Wisten Ricfen 7ifes wicedr We) HH! srdl. Wis Aele a1 fswm=uer ’kau (Slip)
FRUIdId.

A

‘ =
ﬂ(‘
Neon
Lamp

&
—e

Fig. 1.5 E‘I@Wﬁﬁﬁi aYs (Arrangement for Stroboscopic method)

a) oo &% Sfeec (Alternate) RT3C 3T &ieh WITAT WHEA HID et ofrd. AT
JHCE YT Uler=dl BITacE! 3 d. 34l 6 Ul HICIHId], 6 YHE (3 sieh 30T 3
F13C) 3feexc (Alternate) 31Tdd. T & foth SSaRM Hlea AMUcaR S Siid.
T 3119 T HRA TR T (Lamp) fSmar WIdd (Focused) el SITat Sfor
e & B, YU | 3Hiegid Hee Yavl! D1 f3%b Hiew=d Iae SAvaRM A Ace gid
31g.

b) TP fhad Ulge R TH fHfeId dogd hoiedn WHcd! T TAoR Ho! SId, IT el
e (iereT) WA Slares dograr &y wWied 9 g wd. (Ns - N).

o Riwra g (Ns) @t &g (Value) @ D& (f) ST Tiereit TR (p) T MR
deagac bl S,

d) TR FIed Bigar arae AU dbeagale (Calculate) el SiTd:

o= NN
Ng
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

Ts@Ieul(Advantage): WEARD Y g1 Wis AsRHcHIS! AH-®HIcde ergd (Non-Contact Type)
TYS (Method) 318 TEUTS! MICHE B! TaIeAd Als Siedl SiTd ATg!. o dToRuaR o+
0 G- 3MTed 10T pHid HHl HeA-gel STTRahdl 3.

3. TegHer AYS (Galvanometer Method): §SaRM HIcRAY &0 AR HRUMNIR!
TeegIHIeR HYUE JGT TR SITdl. A7 BYSHY A Alhe A To! GIUIRT B HoR HRUARITS!
TeegIHICR dTURTd. AR fhehdl dedgeic B IO T lehHIIad DIHRe He [T
Feagalc Bl oifd. Teg-IHIeal AR AR HRe fdhal Jex Afheathd $-egd wmieed (Induced
Voltage) TSR & HicAd Ry dadfdc HRUIMNTS!T dal S,

g WAy 96 xa:

TeX Hic AoRde: AR FibeHd Tl FIVRT Hic 1 I AU arRaad!. TegHiear arR
SRR (Direct) fdhal Tie (Shunt) YSRe=T AT IT Hicd BAORUT HRUARITST dhell ST,
X Fleed AoRAC: AR AheHed TTIY BN &leedl (Induced Voltage) 7 o
JUIRMS (Proportion) 3 d. 8 @lecsl Aok HRURIS! TeagHIHIeR aluRd Siid. § e HIe
&T0 HeRIcic HRUTGMTS! dictsic (Calibrate) deiel 3. SHTUUT Hifgd 3Te DI A Theb-=at
(f fohaT fr) BT ex IRTETHE S5 10T Hrcd Thebd! 3RTd, Sit I RAURR Res 3.

slip rings

L / motor
=~ D

e APas

® wn—

mV R mV

Fig. 1.6 TegIHIeR AYS (Arrangement for galvanometer method)

TegHIeET AB (Role): Teg-HIcR § T JTIfeg dHic-AoiiT SR;'ﬁ'c’ (Sensitive Current-
Measuring Instrument) T8U[ dTRd STd. AT fSTRiaRM (Deflection) UM UlseR (Pointer)
fdar wigad! (Coil) GaHe (Movement) 81 ®c fdhal GlecsT HoR HRUIAM THTUT 3MTg, of f&qd
& RIS ST T,

&T0 HARIAC HRUARTST aToRa! SR Tesg-HIeR AYS g1 S8R AiexAsid &g
3TIOT R HRe fdhdl AR Flees AT ROTH R AT 3R, Th R e B fbar
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

TSgY Rleed AHIHUU HoR Hed, AT DHeagade HRUIRIS! TegAH ey fStriaRan
(Deflection) ATdR &l SIS, Rhl.
T Y 31=M dedgaie (Calculate) dHelt STd -
= Ir
f
1.7 b: W&, Bo @S, HieqqH efe (Torques: Starting, Full Load and Maximum
Torque & Their Ratios):
SR HicHHid el <184 (Types of Torque):
1. wIfdnerd (Starting Torque) ( Tst):
a) HIe G g (BRI WS fober quf fdeR) TaR gIomT <ieb.
b) T fEHToll I BT TR Tleh SHTIRAD 3 (IaT. H-I3f¥, HUTH) AFATS! 3
eI,
) e RREY (Rotor Resistance), @lecs 0T He fSgaR S{qdie SRdl.
d) PR ot Hiedqed, WIféT el WHIa: Bd Al eldedl 1.5 d 2.5 UT 3R,
2. Pd @IS efd ( Full Load Torque ) (TrL):
a) T AU IS WS U ASR TR il Tl
b) BT Hiedl A d (Normal) TaRfET (Operating) Tidr 31d, SAMTe! <ff fSgmeT dHaat
3.
) IR CIRI HIUNGH HIUIMTS! BT Tl KR~ WU dTuReT ST,
3. WA 2fd (Maximum Torque) (Tmax):
a) T TR Haiel Fard SR el S HieR yiquargdl (Risp 1w wite sriiaR) Tanr fafkiy
AR s,
b) STRY GRS Hf HRUMT FcIAISt HE<aTaT 3118,
o) TEpva Pl Hiedus, HiRHH el IHId: Bd Al eldbedl 2.5 d 3.5 ¢ 3.
TP SHIH (Torque Equation) :

S

_ kS.EZR,
" RZ4+(s.X,)?

B @18 eidb( Full Load Torque ) (TrL):

3 S.EZ.R,

Tr = .
FL 27ng R3+(5.X5)2
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

T — k.s.E3.R;
FL ™ R24(s5.X,)2

¥ n=Ns /60

FeTféT e (Starting Torque) : As s = 1

3 EZ.R,
21ng  R3+(X;,)2

Tsr =

. k. EZ.R,
ST = B52 1 rv <2
RS + (X5)?

HIRTHH STHATS! STIRAP HIIR (Condition):

_ ksSEZR,
0T (Let), r= RZ+(s.X,)?
a_g
ds
d  ksSE3R, | _
ds (R§+(s.x2)2) =0
[ (R3+(s.X2)?) (k-EZ.R,) ][ (k.s.EZ.R;) (25.(X2)?)] _ 0
(R3+(5.X;)?) 2 -

[(R3 + (5.X5)%) (k.EZ.Ry) ] — [ (k.s.EZ.R;) (25.(X5)®)] =0
[(RZ + (5. X2)P) ] = [(s) (25.(X2)*)] =0
[(RZ +(s2.X,%) | — (2s2.(X;,%) =0

[ RS - (s*.X;")] =0

[(RE = (s*.X,") ]

RZ = S.XZ
S =5,
T, R, = s,,.X, oOf sm=% - - - HTRTHH STHATS! TaRTP BT
2
HiRTTH i -
_ ks.EZR,
T R24(5.X,)?

Ry

T (pu) sy = 5

k. EZ
2.X,

a) HieqHH Tldh 9! Ul oy Aexan IR ST Ride~Ier S/aaad 3.

T, T, =
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

b) TR <l Wa: T Wierd! (Supply Frequency) 3T ®lecsiar Sfaaie 9d, g
dl <1 RTuaR fesdl o Reud g R, IR S 3.
o) g R diedqed, o R, TR TEoRe (Adjust) B HIRTHH Tld o RATaR
Ulfgol &1 Uigcehs 3 e,
T M IRMN (Torque Equation Ratio)

. TwIfémn efdb g AfeqHH efd (Starting Torque to Maximum Torque):

k. E5.Ry
T. RZ2+(X2)?
st = 27 2)
- 2
Tm k. E5
2.X>
_ k. EZR, 2X;

T RZ+(Xp)2 T k. EZ

Put X, = Sn=4a,

We get,
Toe 2@
T 1+ a?

. d AIS i ¢ HIRTHH €1 (Full Load Torque to Maximum Torque) :

k. SE5.Ry
TrL _ _R3+(sX2)?
T k. E3
2.X2
_ k. SEZR, 2.X,

" R2+4(s.Xp)? k. E2

Put,i—j Sm = Q,
Hence,

Te, _ _2as

Tm a?+ s?
1.8 eio-fFau H¥aeRffead (Torque Slip (T-S) Characteristics):
of-TroT SSIRM HicT! eldh- AT HaeRRERT (Torque-Slip Characteristics) &1 Hiea ald
3T e (i Wie sfor Siagerd Aex Wiendia wred) gimdia Koz Sawsd
(Describe) HRATd. A & DRacRiedd WaeHox gRIURad (Rectangular Hyperbola) a1
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

BRI 3R 3071 fod i Rom Al FaiRifhhRH Fa 91 Tdha: o (Low) e, HifsaH
(Medium) &g 3fdr &l (Large) .

Torque

- Stable region—.-l--Unstable regionl-l

Tm ________ R e AL o _l
| |
L li | I
ow slip —f—= L
region : - High slip
region
Tus | I
| Talls
| |
| 1
! ! g Slip
S s O S - S"l S = l
Fig 1.7: eTd-f&Iu S¥aefRe®T (Torque Slip (T-S) Characteristics)
TREHRM:
a) @ (low) U = : HFeRReq HEAT (Characteristics Curve) a1 RoAe, Tl

(Torque) BT SIdaUr Ru=AT (Slip) WAIRMS (Proportional) 3¥dl, TR &iemmed
AR (Linear) R&zM 3RYdl. Hiekan Wis @ Yee Wiedn (Rated Speed) STaaur
ST SO T Tleb BT HUT 3.

by WfEaw (Medium) f&I9 Re : XaeRReay wagan a1 Rewe, Siuda dfegmy <id
(Maximum Torque) fdhaT S 813 efd (Breakdown Torque) UTW BId ATal, diodid cids &1
&I RIS dTed ST, WU hRaeREay heg HH! BIUargdl Sraedr a7 e
TR STUAT HiGgi A 2l (Highest/Maximum Torque) TR &

) @ (Large) Rau YoM : oiae e sea a1 ReFHY, U SHSI3 clhdl
(Breakdown Torque) Udiehs AU aTed ST, id (Torque) HH! Bld STTdl. Hiex HH]
e fixd 3foT darfad Tl s (Stalling) STTd TUS 86 USd.

gHid< Uige:

a) &9 (Slip)(s): f&TU g1 elhar hde UISUIRT U SHTe- URITHeR 3], ey &t Ry wis
0T Sfagard Jex Wieadid e wonid [ Wiear Ry TWiegRk feags (Divide)
P [SB1RA (Define) el ST,
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

b) AfaETHH id: Reu= tar Withd Fegar (Specific Slip Value) Hiex g1 @< Afagmd
TfHar (Maximum Torque) TIgHad, 8 U pa-drs Rauen &t 3R,

) TIfET HSIH (Starting Condition): ST f&TT = 1 3T (WU e WAL (Stationary)
3T, degT e Tids BT SR 31 dhdl, U Hiewa HTURRAe Yo efia Hfaemy cidbual
HH .

d) Riwia wfts: S, e = o, o Rish 9 Wisdl eld fIRY Srdl, HRU TR HAfeH
HIcs 30T Aex giean e Rafed Tis (Relative Speed) 84 &L

1.9 WA $ol SR Hlex: ATGY 38 Ular Weod (Squirrel Cage Induction Motor:

Losses and Power Stages):

WRA H 3SR Hiexqd, Welld A grard:

a) P A (Constant Loss): 8T A Glecolar SUS S¥dl WU Al AeUrRd B
AsTdd (from no load to full load) HTce gL, AT G 3T 3MTRa:
1. ISR AT (Core loss): TTd TR PISR @ (Stator Core Loss) 30T Ae HISR A
(rotor core loss) 3943YS (include) 3.
2. AHPHA A (Mechanical Loss): ard TharE ofifor fd&s @ (Friction And
Windage Loss) $7¢%gs (Include) 3.

b) ®RTTH AT (Variable Losses): ITd WX HIUR AN (Stator Copper Losses) ATIUT IeR

PR A (Rotor Copper Losses) 37dGTS SdId. d HieaR (Current) feUe 3 drd, WUH

T RN A 3R FUdTa.

' fex Wﬂﬁﬁw s
iz UIEE] ] Sqau (P2) )
(P1) (P2) Tt = [
(Te) (T)
B Ei [ i
e @i [SIE:
drg (Pra)
(Pgu) (Prcy)

Fig 1.8: UTaR A1 ST (Power Flow Diagram)
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

WRA B S A, Ul Rl (Power Stages) U S UHR Sdacihd T
H-goi (Conversion) AHMHHT THoH Bld d ITFGTS 3HUd. § WAAYHIT T dHal
TS e

1. ¥eX §YC UlaR (Stator Input Power) (P1): 3t-Trol T Wi 8T Wex arfSiar wifén

gdacipd UlaR ol a1 UiaR el Hifed Wite daR HRUGNTS! aroRe Sild.
P, = 3.V, .I, xcos®

2. TR A (Stator Losses)(Ps,): X IrfeT ¥ore~a Adtd SIuR dig 3101 SR A

(BRI 31for TSt Fie i) (hysteresis and eddy current losses) AT ¥} YL
UiaRa1 T T ATHed 319 gil.
3. eX FYC UTR (Rotor Input Power) (P2): ¥eR TR @ MR JaRd UiaR,

13T 39YC UiaR (Rotor Input Power) §d. WcHH T TAfesd Bieeqa gl Uiak
R HedeTH (Rotor Conductor) 379 (Induce) BId.
U, P2 =P1-PsL

211' NsT
P2=—¢0o

4. 3eX A (Rotor Losses) (Prey):XTeR 9YC UiaR ¢ Quit0l HhHdhd UlaRHe H-ac
(Convert) BId 181, JcIAT Wa.AT oRE-TH FIURT HIOR T SAT0T 517 o= 3
%P1 IhacH (Skin Effect) BIUTR TN 1A XeR IR A TUIT.

Prcu=(S) P2

5. oo d UiaR 3adY (Mechanical Power Developed) (Pu):XeX HITR AN TedHR,
IR Ul HH MDA UlaR (Py) HE H-a¢ B1d, Sl AcIHA STSY BId. T SHIRIICS iy
(Associated Torque) TR BIdl, AT UG €I (Tg) 31 TUIAT.

'J%"Ul-_-[%[' Pm = P2 — Prey
Pwm = (l - S) P,
2w N.T
Pu = 60
6. APBPHa a (Mechanical Losses) (Prw):AcXaT 3Td Al ST0YT dbaldl B

UIR A8 &1 JTUIITa! YMUeHED TAWR (Transfer) dall O (3T, WA, UY ). U3g et
UiaR fohaRM, fd8S (Friction, Windage) 30T SR Ao M d @ik HEl e SITdl.
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7.

3T3eYe UiaR (Output Power) (Po): AdHed A TR Aledl faael AobHebd
UiaRAT 3fi3eye Tiar (Output Power) (Po) TEUATd. a1 Uiaxelt Roes eldan JMue cid
(Shaft Torque) (Tsh) TRUIdId.

UL, Po = Pu - Prw,

8. uraxHdid RS2 (Power Relations):

a) P,=+3.V,.I, xcos®
b) P2 = Pq-Pst

€) Preu=(s) P2

d) Puw=P2-Pra

e) Po = Pm - Prw

*k%x

T (Exercise) :

1.

Rich I Witg 311fUr ReY TWis BT (define) BRI

(Define synchronous speed and slip speed).

M el SR HICTd UlaR Loy GRIAUIR] sdich ST BT,

(Draw block diagram showing power stages of 3 ¢ Induction motor)

500 V, 50 <o, 6 U1, 3 @ SR HIER 975 rpm IR ATGd SR Toll 31YC 40 fh@lde 31T
WeXd o 1 fborde g Sfor fibarr 3M1ivn fdgerd o1 T 2 fhorde eifg. R ey
AR HIR G149, MU UiaR, IR dargoc (calculate) 1.

(The power input to a 500 V, 50 Hz, 6 pole, 3 ¢ induction motor running at 975 RPM is
40 kKW. The stator losses are 1 kW and the friction and Windage losses total 2 kW.
Calculate:slip, rotor cu loss, Shaft power,efficiency)

ot Tt SSRM HIex FHefe! Rish 1 WeA &1 ared ATl § IR

(State why three phase induction motor never runs on synchronous speed).

(Compare squirrel cage 1.M. and phase wound 1.M.)

3-Th0l SSRI HIST legl 3-Thel T a1 Sid, degl AT HAfes Wigs (Rotating
Magnetic Field) © UT8aRH &4 BId o TIF 1. T BoR SIAUM (Phasor diagram) HTa.
(Explain production of R.M.F. in 3-phase I.M. when 3 ¢ supply is fed to it. Draw its
phasor diagram.)

3- @ TR Dl TSR HICIHL AR TR I (skew) BT Hoo SR AT HRO FiLL
(State the reasons of skewed rotor bars in 3 ¢ squirrel cage I.M.)

ot - o gea=M Hick= I Wens HfdH T el (maximum torque) fHesfauamard
3P Dol S (derive) BRI,

(Derive conditio n for maximum torque under running condition of 3—¢ induction motor.)

Maharashtra State Board of Technical Education 26



T3 A3 ReTH (315333)

A.C. Machines Performance (315333)

Suggested Learning Materials / Books:

Sr.No Author Title Publisher with ISBN Number
1 Theraja B. L., A Textbook of Electrical |S. Chand and Co. New Delhi ISBN10:
Theraja A. K. Technology Vol 1l 8121924375
2 |Ashfaq Husain Electric Machine Dhanpat Rai & co. ISBN13: 978-

8177001662

Kothari D. P. and McGraw Hill, New Delhi ISBN13:

3 INagrath I. J. Electrical Machines g5 355606405
. . Tata McGraw Hill, New Delhi
4 |Bhattacharya S. K. |Electrical Machines ISBN13: 978-9332902855
. . . Khanna Publication ISBN13:978-
5 |Dr.P.S. Bimbhra |Electrical Machinery 9389139105
5 Mittle V. N., Arvind|Design of Electrical McGraw Hill, New Delhi, ISBN:
Mittle Machines 9788180141263, 9788180141263
.. . . Pearson Education India, 2012;
7 |Samarjit Ghosh Electrical Machines 9788131776025
Learning Websites and Portals:
Sr. . L.
Link / Portal Description
No
1 https://ems-iitr.vlabs.ac.in/exp/speed-control-slip- [Speed Control of Slip Ring

ring/

Induction Motor (VLAB)

https://archive.nptel.ac.in/courses/108/106/1081060

Operation of Induction Machine

on/index.html

2 72/ and Synchronous Machine
3 https://archive.nptel.ac.in/courses/108/105/1081051 |Construction of Three Phase
31/ Induction Motor
https://archive.nptel.ac.in/courses/108/102/1081021 Electrorr_]echamcal Energy_ .
4 Conversion and Synchronisation
46/
of Alternators
https://ems-iitr.vlabs.ac.in/exp/lab-equipment- Familiarization of the electrical
5 [familiarizati machine laboratory apparatus

(VLAB)
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

gfie - 2

(Starting and Speed Control of Three Phase Induction Motors)
fawa fArw=ft (Course Outcomes):

CO2 - TG cHIdST TR H- Ut el S8R Hiedl Wi Held .

(Control the speed of three phase induction motor using appropriate technique(s).)
e fruht (Teory Learning Outcomes):

1. o TSl SSRM HIeHT3! Wied! -ts(Need) 3.

(Justify the need of starter for three phase induction motor.)

2. FSRM A fafdy TR I HeRMd [$CaY SRIhRd B,

(Describe constructional details of the given type of starter for the induction motor.)

3. 3 thel SSRM Hicxw= fafdy Wi <t afdh T Wy .
(Explain working of the given starter for three phase induction motors.)
4. e WIRHY IRSGHT SAUAT 9 I Hewd! fowe .
(List all the components used in the given soft starter.)
5. feowar Aite wied afdhiT Wy o,
(Explain the working of the given soft starter.)
6. SSRM Hic= fafay T Heie HYS TWF FH.

(Explain the given method(s) of speed control for the induction motor)
uf¥=a (Introduction):

%ﬁ-ﬂﬁl%’gﬂiﬂw (Three Phase Induction Motor) Hod: @WETEQF’T (Self-starting) e
3R, SiegT 3t Thol YT SSaRH HIex o7 ¥R (Stator) T [GaT SA! Il AT HIle® BIas
(Rotating Magnetic Field-RMF) ddlR BId 3T AR (Rotor) fir& STTal. AleR go gIarT Hie=t
f%5U (Slip) AT (1) 3T TS WIEH HE (Starting Current) SR FAT0T 4. 3fi-Thot 8a=M
el W AYS U 3t Thol S8aRM Hier 31 YRedId, JRI&d M1 wrfed dusy g%
BV IS g1,

M-l SSRM HICIUTS! WIKR (Starter) 3 Th 3 SfBUHT )Equipment) 31T S AR &
Helo AT IR TIE HRd, S Hiex 30T UiaR ReHST (Power System) JHUM UBIq,
ZHUIRT BT FRRT HC (Inrush Current) HHI BT, TG, HIeIST UlaR BrS2ft (Power Grid)
Ord \rI\ISqu:I os\lcqévl fem (Voltage Dips), BEEAE G @AH (Mechanical Stress) 3T Sfigors

(Overload) WIeRT Ieeq 2Aehdld.
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

He Ud. SR WIEHT =1 3fd 8T HE (High Starting Current) ST RUTRIT HEI@ ATg! B BT ST R
31 HRC Gob Uik ¥d HIHH<d dRal fdRad @is A gidl. Ie tiaR I 9d
3fdi<8 FPIRURM (Unwanted Fluctuations) FHTOT gTaTa. T 3t thot S8a_M Hiexsdl wIei
HC BT Hele HRUATTS! fafae Wi AUgH (Starting Methods) ATURGT STAT. TTCR a1 SR
Had HieR TIE HUI G YA R CTex JId: 39 & H1 .

1. %ﬁwwww (Reduces the heavy starting current).

2. 3RS 3 W@F@Gm?{ﬁ (Overload & under voltage protection).
FHROGTATS] SHTOT YRS IR YARAd HRUGRITS! Wy SMazqd 3Med. WIey [y Trgy o
YA, TS W o ﬁ@,@%@m (Advantages), @ﬂﬁ@%ﬁ@m (Disadvantages) 3o
3fftseh == (Applications) ST ST WTCH g Hie=al WithdbaH TR fHase Sidrd. ot ol
TSRM HICTS] TWICH WIoT T HRUANT GS (e Tl HRUARITS! aTaRe SiTdd.

1. nﬁam%ﬁ’rwﬁnwmm (Reduces the heavy starting current).
2. HIcRd 3NEROTS AT S BIGCSl (Under voltage) TG TR UL,
3. HIc@T IHAT WIS B0 (Safely Start the Motor).
2.1 3t o SSIRM HieX IS8T Werer df ARRIE (Necessity of starters for three phase
induction motors):
T SfBTA=M (Starter Definition): S-Sl SSaRM HICI WIeR & UH B UHC 3HTg o HICIBT
TOfded TSl TSB! Bhele HRUAMNTS! aTRS i, TS Al WIEHT Hie Held He ek
3g?agfﬂ\’rinﬁT@'Cﬁ(Safe) TIE POl .
a) I B eRM Al AR AidbeHd FTegd 3.UA.UF.d RIUSTS (Induced EMF
Magnitude) S8R Hiexad REUR (Slip) fSUS 3RTd. § 7Sy 3.0H.U%. {0 e
HicT #qvmcgs (Rotor Current Magnitude) 34, T HigEH (Running Condition) o
e AT HRC Jo 16 JHT0! ST ST,

SE7

JRE +(sX,)?

IZr o

b) TUT YHATdiol, Aiexdl TS f3RT (Motor Speed N = 0) 3f&dl 3101 ReT HICT (7) 3.
AT FHATBTRICY SS7H 5.0H.TH. I RIS U SR 3437l e H8deR e qiae
G, FHAITOT SR 3. TH.UW. AT GU SR HRC TGB! B
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0 B HeRM STdl Ydbed ¢ Wfhe (Secondary Short  Circuited) w@w
m (Transformer) 3. W@Rﬂﬁﬁ?@@ﬁ‘s’ OG\IQEM @1 ST Srdr
T I FNE idhe FoRAT YdhSIHY JU S HC TA! HRdl. Yl HRC (Secondary
Current) BTol TSI, TRIFRT GETS YW HYA QU SId HC Y.

d) VAT 3 TS SSRM HICIHE, Siegl AT BT SR 3], dog] TR o HY- Gy
SR HRC Udl. GHaTdlo] §1 HC CIC® BIS HcA (Total Load Current) 5 d 8 U SR
3 bl

e) WWWWW | H% e arfeT (Motor Winding) L]
(Damage) B0ATHT I SRTd. ATAYHTY SAHD BT T Bls- GlAcol HH Id. TS

I BN TS SR SpuHc AL FIacoHe] a6 813 Jdhd e el afa
IR GO B3> bl 38 URUMH TTBSTIRISY, HaTdiol HiciA ddoadl dicol fofiie
PRI ITIRYD 3TG.
f) WK B T Y SfBUHC 3R o Hiex TIE HRAM HH Glacsl YR BRI WIEHT Hic
(High Starting Current) S¢I® HRUGTITS! ATRS ST, WIEX Hdc WIEHT HIC Held Hd
R BISTTURE (Single Phasing) TR GEIG WICGR B o Sl
2.2 WY TRU: YA IR Wiy, S13Us, 3l TRIBIHR W, TR Sael
TR, X ISR wdx: DRI %%W 3 afd. (Types of Starters: Primary

resistance starter, DOL, auto transformer starter, star delta starter, rotor resistance

starter: constructional details and working).

2.2.1 UTGHRY ¥fIRE=T WIER (Primary Resistance Starter):

T o o \A}v\, 0
3 Phase ‘
ag. 92 OOO
supply O
J_ o——0 Squirrel
? f | cage

rotor
RUN I START
. Stator of
Starting induction motor
resistance

Fig. 2.1: UTAHRY YfRE=T TR (Primary Resistance Starter)
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Fig. 2.1: TR ¥3e=T wid (Primary Resistance Starter)

a) SSRM UIYAT L] U BIGesl GUIMNIAT , TR dIsfSIT=Al (Stator Winding) Tdd
ol A o f3RE (Three Resistances) RIS A8 Sie ST, oardiol HiomeHe
NERS %W{LGTRH 3do! §d. a1 i‘i?;lﬂﬂéf F{ﬁ?@ﬁ ETU (Voltage Drop) TR BIdl.
W W IHICH STUM Fig. 2.1 Al GRITS! 31Tg.

b) SIRTHIEREIC BId, IR TR T MeRe— ol GGG WI0! HHI HoT oI, Slgl Tex
HfcheHyT Teurord RMRECTAYT (Rheostate) IIRE~T YU HTgd THS A de]
WIS Blaeol 3@ (Apply) S S 30T AR Ao TWe &R Ared.

0 IR WHIHY (e AR WIETAT WIET 2 (Tst) 3N T SIS Tl (Trr)

A oz ):
S, P,=T x Ws
T 81 IISgTS Cidh TR SATT0T P, BT Ns 131 e ITYC 3%
T o< P2
Pe
But P, = — where P = Total copper loss
_ 313, R,
B S
2
s IA

S

TR IR BRC Lyr TV TR HRC B IHR e UHHBIRNT Rees 3MTed.
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12
T « -~  where I; = Stator current
s
At start, s =1 T=T; and I, =1,
Ty o I2

st

st

d) @%T@ET%@WE’I‘& (Stator Resistance Starter) Wﬁlﬁ, deI TR os\lcz ST ST URTIHER
4 S B dl X < 1 3dl. GLaldral Yarg g1 WRIMAeR X =1 TUIRFS 34l TUH SR Isc 8T
JHATGT JUT ¢S RGeS HalRM AL HIGooT AHG BT 30 R,

g = xlg
Ty o (x L)
; (Mg ) d <li
But [ o= —= where s; = Full load slip
of

Taking ratio

2
Tst 2 Is‘C
LS [ S
TeL [IFL] :

X < 1 TEULH, TR YIRe~T WG JraTdial eldh X2 HH! ! g fasgd Id.
wWeR %%IRTH WA ﬁ?:c_(a"I%Trr (Advantages):
a) W Wﬂi’ﬂ@ﬁ 30T ¥ 318 (Simple & Economical Construction).
b) TR ER aﬂﬁT%aaaﬁa%g (Delta Connected) TR T3 qTRS SIS, 2.
wWeR %@RTH WA ?ﬂﬁ-ﬁ@%‘l@ﬁ (Disadvantages):
a) WWWWWWW (Power Loss) grdl.
b) WW@WW e wIfeT el (Starting Torque) FHH Bl
Wﬁﬂmm (Applications):
a) BT SR SIS (High Inertia Load): ¥ex YeRe~ W€l 8@ SARMAI B8 3RoRdl
3tz A1t ARY 3T, fS7e TamRier SRd 1 TT@UaNTe! WY WCIEHT 84T 3.
b) ﬁﬁﬁ?ﬁg (Sensitive Load): U (Pump), DI (Compressor) 3T e (Fan)
JORBNARICE TS BT s ARG (Acceleration) HTARID TS ST IS HIA
AT TR ST ST,
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2.2.2 STOXEE 31 B8 (DOL) WIER:

3 Phase supply

Fuse
Thermal overload relay

> il
/ Magnetising coil

J

”O"O"T" i

-l O

NO=Normally open start
NC=Normally closed stop

Contactor

Contact to keep
coil energised

©

Squirrel cage rotor

Fig. 2.2: STORGE 3TA®TSH (DOL) WIER
SR LS IR TR w%- »4—‘.,3“:4 -
i R S ""‘riiq

Fig. 2.2: STAYGE 3{TST8 (DOL) WX
a) 5 TaUl (5 HP) T&T HHI AT SoRAT &I HURIE! HleuH, WIEHT B BRYAT S

T SAIOT SN HTH DIUATG! WA TIERT B S H& Fcbdld. AT
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b)

o)

d)

e)

THT T3U A1 W] dIR HRA SIS RIaes HH 7 HAdl Texdl I To[h
ISR SISV T ST, UL 3T TS SRREC 311+ BIgH WX (Direct ON
Line Starter) ¥U[1 IS Sl

T} B W 3BT FoO RGeS HH BT T9S asl, d ARG S HRUT @ NGBS
(Overloading), 3{€I&@IGCS (Undervoltage), RiTT& BISIT (Single Phasing) S&Tal fafay
TR SEHHG He MU Alexd TcaRM .

HAHL SARET 3 BTa- wieHHTe [afdy HI<y I HgHRH argde Me.awd
WST (Fuse), yie JgRors Ro (Thermal Overload Relay), Picdc (Contact), Picdex
(Contactor), ﬁmﬁw (Magnetising Coil), "THI-I: TSt 3fuA (NO) 3{Tfor AT
FOIST (NC) Plcde 3. NO Piede AHI: U 3R 301 NC FH=Ia: s
&rﬂa‘rm"wﬁ@m% B&RM (Function) TTOIGYHIU! 3MTgd.

1. Pleaex (Contactor): U E@E@ﬁﬁﬁ Skl (Electromagnetic Switch) S ﬁ&%‘c’
(Activate) HTSTTAR HICIST UIaR TR Hlcde HRIUARITS! oISl Bidl.

2. gfhe FHY (MCCB): SR P dleRaaR feftiT (Tripping) AT 3fi@R@®me
(Overcurrent) TIcaR P«

3. Gﬁ%??'ﬁ's' o (Overload Relay): Picde E’q (Trip) b= Gﬁ@ﬁﬂgﬂé AleToT
e ffe (Over Heating) e‘rvqmragm%amaﬂ?r

4. T 3T XY §eur (Start & StopButton): HlcaeR dOTicba tﬂ%@?ﬂ (Activation)
3o @T—mﬂ:{ (De-activation) H'Tgfff'f P,

5. aﬁ’agﬂw Plcac (Auxiliary Contact): WIE Jeu (Start Button) 3o W
Dicde Fole R SAUITHTST 30T SIS ST USRI PRUGIST dUReS
EIGH

JHAe], AT 3T (NO) Bicae 3T YHGRITS! U B S STd® HIse Uldeme
BId 3T BIC IR BB S HRd. ATD TeRd! YT T s dl. Sdid o arg 38
A d Bisoe! Tl fHesd! St Hicdex 3HH RUdid o1 I,

ST AHS! TSN (NC) T & Sild Il Bis® Fide (Coil Circuit) 30 Bl SARS
B35S SI-TASIgS (De-energise) BId 30T A=l @M & glal.

Rers T fRUdid, Alex o1 Fie dledl UM SR fge FHr gid, S
TIRER (Temperature) fofie Uen Sd ared. 819- %T@?R'ﬂ@' o R (Thermal Relay)
31 BldTd, SaTHes Al 3eRols URIYITIRA Uicde gid.
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Sr3NUe WA TeEiewH (Advantages):
a) 8w fde wIfdT 3ig (Quick Starting Time).

b) WR ST S e WA Iod of. 3. TS WA HIRE HH! 3.
¢ o eoTqUl ATORTd SATOTCT I (Easy to Use).
d) g = ﬂ?ﬁﬂ ®Il TR o QEIE"{[%T (Troubleshooting) Y 3.
e) "Il IR E],@ wIfén el (High Starting Torque) STIRd .
f) IR T 3THR ST 3! (Compact Size).
St W S-Tswgico™ (Disadvantages):
a) S LI TCHD, FIGeS HH g UTaR BT FFIURH (Supply Fluctuations)
Bid.
b) SR WIET CihHes HIexd HITH<Y o JHIH §hd 2.
¢ Thad 3 TIUY (3-HP) Wid=ar Hier IS} TNy 3R,
é’raﬁwmﬁﬁ f>HpaE (Applications):
a) DU TIUI AT SHSHYT HicHAA .
b) PHITIR (Compressor), FRAX (Conveyor), 9T (Pumps), ] (Fan).
2.2.3 &ﬁ'ﬁ-gﬁ‘rﬂﬁﬁ? WY (Auto-transformer Starter):

Three phase star connected
autotransformer

Change over
switch Stator winding

supply = \ \‘ \‘ \ \\
o] o[2] ofs] ’
na i %3 o @) Squirrel
007)~— St
Run &) rotor

Fig. 2.3:&I\1'E:T-§'F\‘I'q°‘\ﬁﬁ W (Auto-transformer Starter)
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B R Sy

3

L |
i
-3

-

Fig. 2.3: &ﬁ-g‘lﬂ‘l‘ﬁﬁ?ﬁﬁ? (Auto-transformer Starter)

WO B HOO BIGCol HH! HIUGRITS! 3 Tol R Hide s eI IER aTuRdT adl. S
WIS HICTBIER W TUAN. SIS BIER Wiexd! Repefcd SR Fig. 2.3 A
qrafae! .

a)

b)

c)

U o iR faa (Change-over Switch), e argfén (Single Winding), <y tﬁ"s'aﬂ
(Tap-Points), C_E’PTEV%\?[ [1lieess| (Voltage Tappings) 3o W\_ﬂ (Enclosure) BIEIRSEICE
3], HREER UICHT! (Construction Parts) HaRT- WG TGYHTU! 3.

Rivre argfE& (Single Winding): 3Tl IHR= U df2rsed U I RiTe argfe,
STt URRT 31101 Heh e <l arifET alg! TUH B .

] W\I%Eﬁ (Tap Points): GE%TIT[@ seHifeue <y UVEEH (Intermediate Tap-Points)
AT, D 3h Gl csl JicTsl HRdl Adrd.

FIed ¢H (Voltage Taps): & ¢U UlScH AHTIT: HATAT Ao RBIGCsl od0
13T FSATZT H S SR, S DI ICS BIGCSTAT 50%, 65% 3TTOT 80%.

T{WﬁTrR' (Enclosure): WWWW@ RER \sllcl\l, qgawdl T3{R-
PSS (Air Cooled) fdaT 3HIgd-H@S (Ol Cooled) .

SicgT R wTe UifgRmaed sRiw, dagl e aiR ST ol U a1 Siidl HRUT Il HHt
TGS 3 § SHTCISaBIHRYTE [GoGaT CUTGR Hele Ho olls, .
SHICICFIBIERATS! ARG SAUMAT ThaRMe Glcs Sl X gR - foodl @acame
BIUIRT $1T (Drop) WIHI® ATHAHE GRATAT TG
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I
<— Autotransformer —<— Induction motor —

Ig,(Motor) x = % tappings
on auto-transformer

d) AR HIeR At Wis & ¢o % TS et fha, degT AetsiiagR g 3 NfRFHE (Run
Position) TTHT STTa. AT, WeR arifST &R WS Flded fad S, HieR Ao e
firE BITd. RS (Relay) a0 [a g @0l SifcIACH ! (Automatically) B ST,

e) TG WBIHY (JTCICIHIHR W T Tl (Tst) T FS IS Tl (Trr)
e RO WR RO G SNSRI HRUANIS! I bBIERATS! aTuRGAT STu=at
ThaRF® U Sfuvel X A,

ORR,
Isc = Y¢S BRI T BIUIRT HICX B
Ist = TTEITE TOT §IUIRT HICY BT,
Ist = x Isc ... HIeX ATs ST HC
R WSS HFH I GRITRIATIHTT, BT T TAG ST WIS HRe AT ST ISIh RS Tal
BIVIRT HIeR WIERT e (HieR) ieard Ue FfRad Rz o

—= 1, (supply)

R o——/TOI—r

’ A Stator
Y °—r62‘0-6\— 1;(motor)
B o—— 0000 —-

1
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

L (supply)

Autotransformer ratio x =
I (motor)

I, (supply) = x I, (motor)
Substitute I;; (motor) from equation

I, (supply) = x-xI, = X’ Lo

Now Ty o< Ift (motor) o< X If(.

_ Int )2
ﬂnd 1 F.L. (F;)

¢
:
3 B oA
ste o xz[ SC } X ¢
TeL. IpL.

Gﬁ'ﬁm WD ﬁ@%ﬁﬁﬂ (Advantages):

a) ﬁmwﬁnﬁ% (Adjustable Starting Torque): aﬁgwﬁﬁvwr&wréwm
AT SIS d Tl S HAl S VNI IS fhar m=i= urdl g Wik Iuanht
3.

b) @I WIS B (Control Starting Current):  TICHT G HICIAT AR HICH]
fofic o= 2r@Hdrd, SaTges Hier 310 gidk RReHaI® 9 HH! gidl.

c) Hiex e (Motor Protection): B lRERS Hﬁm Il [Ratats) (Solid-State
Starters) FHORS (Conventional) AYSUeT s SgoU Hex Ul Jfdhe GN?[,
oS IS YR fHed.

d) B TBRE™AT (High Efficiency): SCiCuhHY MG Hd=Me C-aRial
mﬁﬁa&ﬂ (Two Winding Transformer) ﬁi"'l?’idlé%'il %%Iidﬁ&b &I'I'fﬁ[av_ﬁﬁ?fmﬁ@'
3fferep TfthRrde SRFdTa.

e) Hrae grgsl (Compact Size): &ﬁaﬁqv"ﬁ Hd: 9H giar et SY3HD-
mmﬁﬁa&ﬂ (Dual Winding Transformer) &gl 30T B 3T, ST HHT
dTd SO I HHT 3.

f) @ B (Low Cost): RiNT-aEfen feamea onfor HH HIR IR (Low Copper
Requirement) ?Tl'ﬂé&' &ﬁmﬁm UIEaRM (Production) P HHI GIdl.
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

g) RGeS WS (Voltage Regulation): SHTICFIBIHGAS AMMTA: 2-af&T

TTABIHYUET TG Blacs YoM 3d, TS e e RIoedl 3Ty

(Stable Voltage Output) f¥esd.

h) ® TUSHRER e (Low Excitation Current): STCICrABIHGAT GH-aRfST

IR o-d HHT TaIRICIM $HRC ol Sazdd 3.

i) Bl PR Remade (Low Copper Requirement): aﬁgmuﬂ”ﬁﬁw Wéﬂgﬁ'ﬂ
ST HIR It HH ReTRAC 34, WM WaTd §9d gid AT HeRasdr arR

HHI B,
Gﬁﬁ@i‘l‘ﬂﬁﬁ'\' R‘ﬁ?ﬁ%ﬂﬁﬁﬁﬁﬂ (Disadvantages):
a) B NC-Gfhe He (More Short-Circuit Current) T3 1T 21T 31T,
b) UTIHRT 30T Hh e ardfeT Uhd 3 d (Same Primary & Secondary).
0 ad HEE d 3l Frocs A6 Sugad
SATCIETAWBTHR T AW BRI (Applications):

a) SSRM Hﬁmtﬁiﬁ(lnducﬁon & Synchronous Motor) {R?WIGBQI.

b) BARC (Laboratory) Hel qIURS ST,
224 E’R—@T{ET W (Star-Delta Starter):

3 Phase supply
13 2L ]

;) ;) -]

1
<
Stator
winding 1

1 2 30 Run
deita

TPDT __ /
(@) (@) switch =
o O Star
o ©

Squirrei

cage rotor

Fig 2.4 ®R-3®<l WX (Star-Delta Starter)
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

a)

b)

| — ™
pEEN Sedn sans [
e Immwe]

Fig 2.4 WR-S@el TWIGX (Star-Delta Starter)
ffﬂ\%ﬁ? (Manual), ficHicd (Automatic) T t-sifcidie s (Semi-automatic) o Ael
IUoS 38, IId A PHicdex (Main Contactor), ¥R Picde (Star Contactor), QEET
Plcdex (Delta Contactor), CISHR (Timer), yie oIS RS (Thermal Overload Relay)
3o '&’EWT Bkl (Interlocking Switch) SUTAT HSERECE] (TPDT-Tripple Pole
Double Throw Switch) ¥UIdTd
A9 HIede? (Main Contactor): 81 UTIHII Pi-cdex 31 Sl AleX JRfSToT T qred
gl
TR Hlcae (Star Contactor): &l Hlcdex W ST TR BIBTRITIE (Star
Configuration) AleR IRTSTAT H-de 3l .
@.’E’ET Pleae (Delta Contactor): ez W-Sipre Tt (Pre-defined Speed) 3
HAUTR Bl DI R HICR IRITSTOT SHCT HIBTRRA T S,
TEHR (Timer): TEHR TR 301 SHET RIS SIS (Dealy) TTH HelS Hl.
yHe Gﬂm fror (Thermal Overload Relay): &1 RS AT iR %'C' @WTW
CICER)
$eBIP I (Interlock Switches): & I W HRATd B TR BIcdeR AIQ S

v

SHCT Pi-eae AIQ 613 A d ATal.
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

) T aid W WX 3Tg IO BUHd SSaRH Hic™To! H=d: aToRe oid aH e iius
Uio 390 o (TPDT) a9 3rdl. Raa Yeardior TR TR dfSer sisdl. A
TA® o RGeS & /v3 - HH Bl T HH AS G Bl eore Wi e fofie aed
SR,

d) a9 3T0EM R AU Sicfc e (Automatic) S XThd o YARdd dRd Bl TR I
iR (&8s 3 gIUR e,

e) Vgl Rad U1 AI[@T Ude] !, dogl A8 SR, ToH &l 8ol od. dge
EISRAEIGIGH

f) Il (Tst) ¢ TS BIS b (Try) T 2.

AHT,

Isc =S BIGCOIE SBCT BRI TIeT el Hc.

lrL = STCT HARMIR HO BIS ol hic.

2
Tee _ X2 [ Ise :l‘_ o
TeL. 3

Now the factor x in this type of starter is 1/+/3.

T _1( B ]
Ter. 3{IgL )

E’R@WT WA ﬁ@%ﬁﬁﬁ (Advantages):

a) WP SMITIh 33% T HHI gral

b) TIEC BIS FHGGIT IRRUIdR] ANTS HTH HRd

c) %Eﬁﬂfmaﬁﬂiﬁ (No Heat Dissipation).

d) Wﬁ%ﬁw@ﬂ (Low Mechanical Stresses).

e) SficHeH AASNER FRUGAHS TGS HIH HHI I,
Eﬁmmmﬁﬁﬁﬁ'ﬂ (Disadvantages):

a) ®IS AYAMI LI HRAMT IR I (Transmission Stress) T3> X1,

b) TI3HIUG WA J@-d TR SBCl WX Il Y= BT CTaH SR 3.

o) 9iue WY e ATgl.

d) SISUE WA o -d oIRd HIFH< Y Sdrd.
e) SISNUG WA Jd aNT HIRGDHCS .
f) I el HHI gIdl TR WICHT el USoTe HRdl Id ATgl.
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

g) WWG{I’% (High Cost).
R‘Rmmmﬂ (Applications):
a) O g EA IR SMUTBI Tl SR PO ol SSa_IH HICHHATS! (Squirrel Cage
Induction Motors), WW?@WW JIRS! Srd (SCIM).
b) @‘@W?ﬁ'ﬁaﬂ? (Centrifugal Compressor) WW@W wTeY graRdrd.
o Tord werdin apic St Sral SMfor SIS Pic HH! 3l 2 § AR A 3T,
d) ®ied (Cotton), ths 3{foT %ﬂﬂ (Food & Drinks), TR EGTQPI (Sugar Industries),m
JENTHE TaT TR BT OIS, b,
2.2.5 X IS WIR (Rotor Resistance Starter):

Slip ring
Ro
Brush
Y o— )
B T External
rheostat

Stator Slip ring rotor

Fig. 2.5: ﬁﬂiﬁlﬂ WY (Rotor Resistance Starter)

Fig. 2.5: ﬂ'&?i‘f@l’x‘%’%‘r W (Rotor Resistance Starter)
a) R fhe gftE Hic HH HITITST AR Ffdhe ALl 3 TR HdeS IR (Three Star
Connected Resistances) TS 3TN,
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

b) e YMRET WA FERMSNBAA RATS! Mg, AN A8 AR TSR HleR

(Wound Rotor Induction Motor), oy e (Sliprings), CEIR (Brushes), Qﬁﬂ?ﬁ?m
(External Resistances), Wf@amﬁm (Starter Switch & Controllers) 3Hdld. e
IR wiwa fafay urdy 3 tharH Tl iGd 31le.

IS Iex 8’ HIex (Wound Rotor Induction Motor): TT T8T =T AICIHY e
3Rl ST ARifET SRAdTd of ey et S1fo7 sRIGRM SilSvesy ST,

oy foer (Slip Rings): R ISR SIsvo 37\‘1@%3 K| (Insulated Rings), Gmﬂ%
QERE?fH PR (External Connections) A gIdTd.

§2T (Brushes): Heack O U ozl dicae Had, TRieH® IRRET B AT
hdId.

TRIeH® YRIE (External Resistance): YRR e, GHIT: TR BTN T
IR BT, AR dRIfETHE RIS AL S doT S,

TR %ﬂmw (Starter Switch OR Controller): R Fiheadte e
Qe arifETa Uds ol o1 & {r onfr 51 sfisdigR vadee R Slisoel
IR IO -3 BT oI, T TTCD IR HG3HS fdhal e Sy 2.

X AR~ wIdvd Te@iew™ (Advantages):
a) e AT WA g1 WM elh (High Starting Torque) fHiezaar ar.
b) %ﬁmwﬁvmsﬁwﬁe (Improving the Power Factor) P,

0

E*W'sc:l Wﬁﬁﬁaﬂ (Line Current Harmonics) e gid g,

d) HH WIS HIe (Starting Current is Low).

e) WY 3o dlés s Obg\lcé R AT (Smooth & Wide Speed Control is Possible).
ﬁa%@lﬂ WA @ﬂﬁﬁ@%‘l@ﬁ (Disadvantages):

a) X AfheHed TSoHTT TRICH® AeRe~aHe UIaR 319 SNGATIS HHI ST 3.

b) T WICR Hhad R&U NI SR HIe L& HRUANITS! ATURS SIS, e,

o) Rou & onfir &1 5= RIGAT @Tel Widhe HeA=d (Frequent Maintenance) Taxdd

3.
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A.C. Machines Performance (315333)

T3 A3 ReTH (315333)

ﬁﬂﬁﬂ WA Sifdar (Applications):

a) %'Cﬁ 33%&?7 BIs (Heavy Industrial Load): e ﬁw T g %?ﬂ
IUNTHED ITIRS SITdTd f91Y 81T WIS el 3Mazad 3!, S &1 AT (Mining),
e wic (Cement Plants) 3101 e fH@H (Steel Mills).

b) SIS (Crane Drive): § WCICH b HT3! AT 31Ted, O gal a%] STGUINIIS| azTdH
RIS BT €ldh TIegd P,

c) ufthr afor SR Rew (Pumping and Compressor System): GREEURSLIRIEaE3]
RS SIS, XHATd [ WIE HRAMI 81 b SMaID 3!, Y Pi UY S0 HILRR

Tq1él

d) F-eUR IR (Conveyor System): e ARET WIEH JHG: HodR R
RS ST, fa=Ia: ARt o Hiea g =1 Gefufia Wi clael gzl 3.

fafaer Terdsf H SRS (Comparison between Different Starters):
Fig. 2.1 fafay werdd &t sraRe (Comparison between Different Starters)

3ffel-

AR

o o TR-sael STRGE 314
wRrter e | erwmR ; e T TS
YOS Frges | Do | Do b | o | DO B 100%
(Applied Voltage) | &Hardd Id ' qd
TR DR | i wafd & T A
(Initial Cost)
TR BSIE] DIMIHCS 10 DIMIHCS a9
(Operation)
- WOT | oot | R | Roufer | Reuf
(Applicable to) y Wg' | temm R | SeRATR | deRM AR | TR AR
HeaH
(Maintenance) ol e o e ol
i @ o forcrerm & &
(Starting Torque)
Hiex Uil [ES{RE] ore foretay anfor
(Motor Capacity) @ o e sl o
1 HIeY Tt s e | 5 Tl dar
(Applicable Motor 3 Tt 3-5 U 3 Tgd wid
HP) IR SR
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

2.3 At WIEH: Bra=< f&ead 3 af$r (Soft starters: Component Details and
Working):
a) Wit WICR (Soft Starters) 81 TdH I3Y o1 HICX WIEX 3TE Sl HICR Y& HIAMI GIges I
mew (Voltage Reduction Techniques) IR Hdl. Ao
IR AR Y& IRAFT RGO THI6! a6 BRI, A A WIS R I UTDIo!
dled. $AMD B Glocsy Yo Goaes oo IR HIUdG! Hobitbe o Sl
O Do 2 TSl Ud.
b) TR YITAHT, Y@ RIS WG!3 Ho Sl SUIhe Aled W HHI §ls®. Thal
Tte RIRTGR TEHIST BT, HIedl $YC Blocs Yo i bl Sl
Q) WW@WWWOM@ Regulation) HIUYTS] ITYRST STOTRT B U1
U YRR (SCR) IRWT YHIbSaer ad (Semiconductor Switch). UTIRE=
BRI TSI (Firing Angle) TSoRe &AM AT TWA SIUMAT Glcord WG
BId. SiERPHC WICaRH ! ITIRSTT SUMAT NGBS (OLR) R IRW SR UTE WS

IR AT,
(RUN)
Bypass Contactor
——
0 i O
{0 0
' : '
5ot
r——
Thermal ' |
Fuse/CB Contactor Overload
R of=o 0o o Lo i l ' e
: —NL 3-Phase
Y of—o o:o o-no Induction
?K— Motor
Y o — ° © > ol Lo l | !

Transformer
& B
Rectifier ' Back to Back

SCR Configuration
(Start & Stop)

Thyristor

Fig. 2.6 TIUe T4 (Soft starter)
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

d)

e)

Fig. 2.6 9TUe TR (Soft starter)
3ff B gsor Hier Iite WIHY, Al Udd oAl g YRR (SCR) 3idl-
WEG DIPIRIATE (Anti-Parallel Configuration) TS AT WTEI@F Gl Ul §
THRHSR §-d1d. 8 TSR disiast EI'T@ET (PID Controller) fdvar HTJaﬂ?b_cﬁW

(Microcontroller) BT Tfthed] AUEH Held DS ldld. HPHdHE GRATGITIHIO!
fGehTR Fidhe (Rectifier Circuit) ATIRE BIToIh Hidre! U Y@ ITY I S,
RIS STIUH Wit WCIexd! idhe SAUM gRaad. ATd WS [dhal dfehe s (Fuse OR
Circuit Breaker), Plcdex (Contactor), yi® RoIs Ko (Thermal Overload Relay),
U Hlcaer (Bypass Contactor), ﬁﬁﬁ? (Transformer), AfFeHRR (Rectifier),
W@FR (Microcontroller), YRR Hraf gfbe (SCR Firing Circuit) 3ffor 3fdt-
WEG YN (Anti-Parallel Thyristers) 3RIdTG.

T WA T B o HaR W0 GHHT0 3178

YRR (SCRs): 8 &I TR T 3fied o HIck Flocoar dheld sddid. -t
e\, Tdd ol A3 G YRR AHRIG: 3E-IRGE BIFpTRIAAS ASo0
SHYdId.
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

2. Hel® |fbe (Control Circuit): § Withe YR BRANTY Helo HRd, Sgddhal
ATISh I CIoR [T PID HEI@R ATURd. ITd e T GG esl AT 0T T e HIa!
“\?{T\Elﬁ(Voltage Monitoring & Protection Sensors) LG [ \’rﬂ%ﬂ

3. UlaR Gfdhe (Power Circuit): T YRR, Alex arifST M1l 6o Aidhe 3Med.

4. SR f&I9 (Bypass Switch): ST AR o WIS IR HRd, IRGT UIREST S
B HICO] AT A TN SIS vgrTd! SR R aruReT ST,

5. WeaRH ﬁmﬁm (Protection Components): gy UieaRE grat gfdbe ECY BUH
3Mgais e 3o Hiifes dicded (Magnetic Contactors) ATIRS SITdTd.

Tite T afb 1 fAfRus (Working Principle of Soft Starter):

Gate

Win ’?)Ulse Wout
vin |/ VAN &
sl p

Fig 2.7(a): It Wi afe fue (Working Principle of Soft Starter)

a) Tl WIRHL PGS DHeIe HRUINIS! ATURGT SITUTRT - UTE WUl YRR, 81 T
Hlo AFCHRR 3Te Sl BRI GGY ATarET I Uy (Gate Pulse) fa@dmaR ad Tdhr
SRR 7 HIcd T3] G B,

b) AN UG TS (Firing Pulse Angle) $TYC @GS UGSl fdhdl UTE AT ST
Y] B 3RAdl. G e Hfeqay o1 iAoy i €Y (AC Maximum &
Minimum Peak Value) g% fohd Sra@am 9quf 360° It S[@eRAT die o A&
TR Bid, BUH STl WRIfh® HIoTaeiars! Y W©Id HRugre! i feosar

RGO Hel® ST BN UoTwl 3ol aTUR & b,

Maharashtra State Board of Technical Education 47



A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

Vout %:

S

= =

Fig 2.7(b): TIte Wi a1t (Working Principle of Soft Starter)
o) AP LS TS 3 G UIRER -GS BIPIRIAHL SIS ST, IS o alg!
SRR HC UB] Hl® B Zdhd. TAH gTh G AL, BN e WoTs SIH
A GRS 38,

Vul

Vin | :: | Vout

Vg2
Vin F\ /ﬁ\ /X /(\ /\ />

e

4 4 74 = =g

Fig 2.7(c): TIte W™ o1 (Working Principle of Soft Starter)
d) HIeR LT AT LT HRUANTS!, BIAcS Hele BRI T YRR TR Wad
TS 3G GIT YRR T dIH TR JTORST SITdTd. YRRl dheaRH elgH Bifidb
e) NlISEIRSI R (Proportional Intergal Controller-PID) aa—@m fdar yay SRe (Pulse
Generate) HRUIMNTS! YU HGoT Th T HRHIHCIGR 3. SATPI-3TIAIGeR (Opto-
Isolator) ATUREH HEIGRGT BT HAURLT dTes s SiTd ST DC T JRATANITS | G hIaR
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

JTORST ST, AP IDH S IONGR TISd BTN Uad YRINTER BRI Afdhea fgd SiTdid of SCR
foR Huagdf tRewrr (Amplify) F.

g) ST Hiek = BId, AT helor Udd SCR HTo! Uad UIegy !, f3RI ik fecaer
(ZCD-Zero Crossing Detector) dTI= ZNYGT SITUMAT 3RT ShIRATAT YR U WSH Bldl.
T Fgcs Ut ufget Bl uay ST 3iaTe! 180° 2T S/aa 3.

h) TA® YR HIRAT AR 10!, BEART UG $T6 HH! 81 GNIGI, Sare YRl
HERM CIeY dled!. YRR AYT TS GIURT Hc AT AT Flaedl dlg SN ATS
Hiear wie ool ared.

i) TP T HIC B WIS U H o1 fd (0° B STeaR), A HURZMHe S Hiedex
IR YTAREER Yuts! STI9RT 65 SITATd. SCR BRINT Yidad BUH Wite TIexd! Sithamut
dled. Hiex YiFdMI, SCR &ale dd Il YW Bloes HHl BRGNS Hafid Jus—

BTN = .

qre R’I’&%ﬁﬁﬁﬁﬂ (Advantages):

a) IR HFTFE 3T (Compact Size).

b) HRIhIhCIGR dliRe Hac! SRR IR 2 T8,

Q) HYG3H, STCHICH T YHL-HICTHICP HISHE IUSY 35,
d) SHTRZFNATS! HHT Giadl Tazgehdl 3 &d (Low Operational Power).
e) QHTY\TW%?F[ 2[R 3T (Energy Conservation is Possible).

f) @ SfRfETHRE.

ﬁ%’m?ﬂﬁﬁﬁﬁﬁﬂ (Disadvantages):

a) I Pixe SR 318 (High Initial Cost).

b) WWW@W (Internal Components Issues).
e w1 Sffeydpar (Applications):

a) @WW(Centrifugal Pump-Cleanliness, Irrigation & Oil Industries).

b) Ei@, QH%IVR@ ST SBI3R (Fans, Exhausters and Blowers).
¢ IR AOTATLSI (Crusher & Grinder).
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T3 A3 ReTH (315333)

TTte W 3T FA=S TIIAHe SRS (Comparison between Soft Starter &

Conventional Starter):

Table 2.2: Gt WIS AT FARS WIIANS BRI (Comparison between Soft

Starter & Conventional Starter)

Rl AR =R FARAS T
. Pl Tl 7 TS
(Size)
(Energy Saving)
‘ TPHIFEIR, TSR | BIaey, TS / e a9

(Components)
I Bl
(Running Cost) ol eld
A PIE
(Purchase Cost) e @l
$cHo gifen
(Internal Heating) Sl |

T A2
(Operation) 7S BT S AR
(Operating Principle)
Jregofafeady 3fTcTHIC ATOT - _
(Availability) sfiefe® PrIRHE

Q. SI3Td
. sifrfeas snfordet- o g
CIRU (Types) LA 2. Szt
¥. e AR

2.4 TS $aI® AYS: WX Flacd o, Ue AR, Ae? R, @fuas rep—=h
$Igx® (VFD) {Speed control methods: stator voltage control, pole changing, rotor

resistance, variable frequency drives (VFD)}.

U= (Introduction): AT @I B Ha (Match) HRUINTS! STIOT TSIl TpRIE=
qTea-arTa! 31-Uhel SEaRM HIcHTd! WS Hele HYS HewW Ul 3Mgd. a1 HYS Hiexsr Wis

PIYIC DHelo HRUTN Had HRdd, Sardes fafdy sieiehe-me ThRric SHuvzM 21 Bid.

e dhelod UHE B WIo eI 318 d:
a) TSI 3BRI=AT (Energy Efficiency): HICR WIS B8 fSHIS Wiad Hadh &, TS Helo

TS TSI o1 dToR HH! gldl, SATS 3HTIRZS B IRe HH! gIdl.
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

b) SH@S WRWBIH-T (Improved Performance): Toig® WIS SHelodes AT aaiea
SRIH RIS gl el Udl.

¢ TRES WY $elo (Enhanced Process Control): UU, HILRR SO T TR
Sfferr Tt , Tie e , Hie YT, BIoes MU IR MR WHcHR HId Bl
Idra.

d) & fI3R (Less Wear): T4 Tie &clo AdbHEH (Mechanical) ICH a® T HH

e) PIEE VAT (Cost Saving): TSI =1 AR SHTPHTSI (Optimum Energy Use) 3T 30T
SIICTZH FHHl H¥ed, TS dhglo NYS BT eH Hie AT = .

2.4.1 R Qoo Belo (AWM Flacd Helo) (Stator Voltage Control):

['.\ll I

stm

(o

A

kV,

Stator

Autotransformer Motor

Fig. 2.8: 3Tel-SFABIHR Jof HE- WX Glacd Helo (Stator Voltage Control)

Speed 4

With normal
voltage

With
reduced 5

7~ rd

voltage _-7 _-
4

~

= Torque

o lecnccca
3

Fig 2.9: 3 el SSa= Hier Tiis-aid HIaeRf¥eaT (Characteristics)
TISTTST AR 3R B,
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

sE2R,

T o = T )
R; +(S Xz)—

3{TAT E2, B WO HhiSRM (Standstill Condition) AENS SSI8 S TH Uk (EMF) 3G dl IO/
FIGeo R [SUS 318,

TQUH, E2 o V
TT o Reu Rem T1al, St Searm Hiexar STRIET R 318, (S ¢ X2)? << R2 31101 TUH SUR
DO IS, FAhd.

e s V* for constant R,

3T SR IO GIGcol X0 GOYUET HH! H6T aR 10 SFARHS HHIUT GIURT Tdh ¢lIS
HH! I, I DO OIS IO TRUINIS! SHE cldh S@Y HRUl HTxTP e WU Roud
OE\;JQQL dled SUldhEA W Tl (Produced Torque) HHIT gdl. ReU ared WU Hier Sl
e d1¢ ed, W I GiGes BT gidl. UM, e HH Wi Hazdd ol el
IBEIUERGH
X Flocwd Helo d Tsgicod:

a) @gm%ﬁ%@ Wx’:ﬂﬁ[%ﬂﬁ:ﬁﬁw&%@imple& Economical).

b) AT SRS TN 371,

0 ¢S WIS U HH Sl Wi o I dhgle Hdl d.

d) Peo Jide Rius 3.

e) W Helo Hidhe dIHac AU FTec dc 3HTR.
X Tlged dhelod Sig-Usgicold:

a) B[GCol HH! AGIAMHD, HICId HRC Tl dradl.

b) ATl HC FBIYD, AR IR fge B3 el

0 BIHYS 3R ASHRHHTS! ITRST ST,

2.4.2 UI® TSI AYS (Pole changing Method):

a) 1 WIS Bl AYSHI UG dfiT (Pole Changing) Hel® AYS UM, A1 AYSHE, W
o W E@- W A U, T fhdl IR <Ry 3 Wis e zrag airg. a1 AysA
Pi~ce Wie dele AR gl
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b) a1 HysHad, Riue fafr=m (Simple Switching Arrangement) HAGdM ¥ex aEfET o
HARM GG ST, TS, WeR Now T 2:1 AT RNAD TG . WU alal
Ripra s (Synchronous Speed) meﬁgﬁmﬁ?ﬁ

AN N N AN

o7 EEE e EEEs e e B
N N ,_/ B, =24 N

w

[
w

Supp!
Supply

Fig 2.10 i@ ST AYS (Pole changing Method)

¢ 3P SRIaRaTyHTY, 3ff Bel arfET = RiTe tholes VIR Ule fhuaM HiRreR
(Consider) FT . Tex AAfSTTT 3t U UTE ey oM. ATUD! GG W @1 ST Ao
forReRT TS 31U SaoT S,

d) m&mweﬁwmaﬁmm@ﬁaﬂﬁrmﬁmﬁsﬁ (Common
Point) 30T fae=aT 3o cfifone) Wi iAo @R sdpdid gRIgeaIH Uie daR
gl

e) SR A AA B} EH HISFHYT TUIRT HT TS! SART GH HISHHYT SURAT HIT TS
I SRRERH DT TR, 33 TR ! STRERM U S TS SHAT0T WIod! STRGRH
U N UIe 9K Bid 316, 319 fag dd &1 had 4 UIe dIR BldTd. U 50 Hz Theb—u!
1T e Rish 199 WIS 1500 RPM 3T

e AT ays ﬁﬁﬁﬁﬂ (Advantages):

a) Bl Ays Riue &n%

b) BIHYS BUG! THRRIE 38 (Highly Efficient Method).

c) Wmﬂm FHH AR gl (Low Power Requrement).

d) Wie helo sReHE RiTe 3fls.

o AT ays S‘Tﬁﬁgﬁﬁﬁ'\q (Disadvantages):

a) m&m‘éﬂgdo;\lo 2 Ta] (Continuous Speed Control is Not Possible).

b) Wwﬁﬁwﬁsﬁﬁw (System Harmonics) TIR BT,

) de8 WIS Held (Wide Speed Control) TTdifg HYS A1 AR,
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2.4.3 Aex AIRe=q B (Rotor Resistance Control):

Slip ring
Reo
Brush
Y = /
B External
rheostat

Stator Slip ring rotor

Fig 2.10 3ex Af3Re=T Sl (Rotor Resistance Control)

Speed With normal R2

(N) 4
N

S
With R',
(R'y> Ry)

» Torque
(M)

Fig 2.11: 31 ol S8R Hier TWiS-elh PiaeRRead
TIGTTST AR 3R B,

sE3 R,
R + (s X;)?

oC

HH U RS WAt (sX2) « R2 30T GO BHS TS b 3 HIKe IO FIGCoHd]
E2 S P 3.
S R2 S

Ry)? Ko

SRMYHR SR AT IRRC dTeaol oR HHT IVIRT <l HHT BId). TRg vieg] HIcavI®
I 390 3l I HICIOT BISdl A1 §d@Td cler YRATdT SRIAL. U Hiek R2 & T AL
BIUIRT 1T (Drop) H&H HT1GUANTS! fodT & ared! <d MO &S s fRR (Load Torque) 4.

T o
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A faRe A ARe~T R2 Yoo, Hic U dred Wurerd Hiedl We HHt gidl.
31 YHR e e~ R2 I6qd, Ao Wit o s fHeaar Idl.
ﬁa’d%r&#r s @ﬁ Ts@gicod (Advantages):
a) Bl Ugd Riue s g (Simple & Rugged Method).
b) F{H@EWW 38 (Smooth Speed Control is Possible).
c) ETJ“\E'IEFF’TE'%H .
d) B UGd SeHITSTC (Intermediate Type Loads) CI3T T 318 A13] A 3Te.
ﬁﬁ%@]ﬂ s Rﬁﬁ Eﬂﬂﬁﬁlﬁﬁﬂ (Disadvantages):
a) VX eReTHed Ui 14 gdl.
b) HICRERI® IS Taod M, WS T8I gaodl,
) BT HT-G {TaRFeh T 3.
d) TPUT UTeR thereR SH! BIdl.
e) T ey Sfthz=ft ot gid.
Wmm@ﬁ f>HpaE (Applications):
a) il (Crane).
b) B (Hoist).
©) HRIY (Conveyors).
%ﬁ@?mmﬂ (VFD) Variable Frequency Drives (VFD):
R Thep=1l §13e (VFD), TUTET BRUTS IS 9136 (VSD) 3RIgI WU, § T a1
g@qﬂ? 3 o Legsi| AleAT UieRk Il er=ar (Frequency) 3rfor o_(ﬂE%G[ (Voltage) da-
Hiea1 Wis 31T eleh belo Hd.
TPAEE VFD d HgRM (S GRITe 3Tgd. ATd AdeBIAR (Rectifier), SIAT &9 (DC Bus)
(Filter-Th@eR) 0T SR CR (Inverter) ST, HCHRM UICH d HaR WO GHHTU 31T
a) AFEWMER (Rectifier): RIUHS! d T JNFHTARIRTT = gidl, ord Jume Tt graR (AC

Power) SIIHZ H-aC (Convert) HoT ITd. § THTIG: SAIGH (Diode) IGGAT TgI-UGH

fFEHTIR (Six Pulse Rectifier) MU = e ST

b) SRIt 9 (DC Bus): AR YacwIgs SNt (Rectified DC), ST SHY SITdl, S BlGco
TSR (Voltage Fluctuations) IE® HRUIMTS! fhder BUH H1H Hdl. I SqHE
M Sl GlGes] HIREE HRUANITS! HURTER (Capacitor) 3T $8deX (Inductor)
SHIdId.
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) F®X (Inverter): AT, TGN SN UiaR TgT THHE H-ac B! i, § SOa-d
g AT o ST, S B SHSHale] (IGBT-3goCS Ic IUIoR CliereR), o 96 9-
fagy ATege S (Pulse Width Modulated-UTSsGgTH) I@HIH dUR HRUINITS! 819 TS A
3T 307 3ih .

d) TS HeIo (Speed Control): TErguA d@WmiHdl fafdT fhe=t (Switching
Frequency) 3{Tfor IRy ﬁl—s:?{ (Pusle Width) EE H=A, BUBS! HIedT W
fTher=xt ST FIGeo Bhele B, SN forar Wie SfYT eid dele gidl. Aex Wis =
BIRST N = 120 F / P 3MTg, 573 N UGl RPM T TS, F WU Hz A et aniforp

/U Alc Uiod! ST
L
l- -------- 1 l_ ----------- 1
KA L Bnn
i i e CL €3
I |
| |
L1 —— I I
L2 " I C : T
L3 : —_— ! Motor
: : e I
: ' : '
| |
- . ferete}
I | - e = .
l_f__zf\__*__? e o
I C DC Bus
(ngi?);eanr\iI:grtee)r (Filter) Output Inverter

Fig 2.12: @RUa® firer—il 15 (VFD)

N~ BN
Lo~

INVERTER

Fig 2.13 ®kUa® fFe—dl g1 (VFD)
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VFD o afdr (Working of Variable Frequency Drive):
a) AC BT DC A H=ac HRUI: JAGcHIAR JUIRAT AC UiaReT DC AL H-ac Hal.
b) DC &Y HUI: DC I DC FIGcd e dd S0 HIe B,
¢) DC & URd AC U H=ad HRUI: I6cR DC UIaReT GRUTS Ther-! 3T BlGcorg
AC HY H+a¢ P,
d) Hex TS HEIS B0 VFD HAICIST RAGGAT AC Tiavd! Theh=ut 1101 GlGesl Ugoie
VFD %ﬁﬁﬁﬁﬂ / foprt (Advantages / Features of VFD):
a) WG@&H IR HH gIdl (Very Less Power Requirement).
b) ZITE]@Q:IGW Sfd (Energy Saving) 3foT Q:l\_rﬁ Wﬁ'ﬂ? (Energy Conservation) IR
Hed B,
c) ﬁ@‘c’ 3o Y s @T‘F 2 3T (Accurate & Smooth Speed Control).
d) VFD HIeR XTC-30 G-I FFardidl 3R HIc HH! HRdld, SHes Ui dlar f$Afs
(Peak Power Demand) W@ﬁ WWWW
e) VFD SRR (Dignostics), Wﬁw PIGIEAY (Communication Protocol) 3o
fS@e-3 UMM (In-Built Protection) d fafay siftarzmarat arg a-drd.
VFD %Eﬂﬂ-ﬁﬁﬁﬁﬂ (Disadvantages):
a) WWW 3.
b) VFD Rifew aed gifay Al o Freard, SarITd! UaRieT fhded siazadmdr SRy
Fehd.
¢ VFD fee fagfor HRATE, SIS CHERER RS W e (Ventilation & Cooling
System) 3{Tdgdh Y.
d) gd Ared VFD 2f R s (Synchronised) HdId.
e) Il IR fhal YT UHes YRS W H Iead b dId ST SHR-N HH 813
Fehd.
Eﬂ'l!'qv_eﬂ% SfFdz= (Applications):
a) TIRITH! RIeH (HVAC System).
b) WW (Conveyor Belt), R (Mixer), bR (Crusher).
c) il &rrfﬁrsﬁ (Crane & Hoist).
d) EE&I?‘F 3TfOT fthey Sz (Trademill & Fitness Equipments).

[ AN

e) ;Ir%ll-l\l&l-l &ﬁfﬁrsgmglw [P & (Transportation & Electric vehicles).
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AT e Helo AYTIAT HIAIRST  (Comparison between Different Speed Control

Methods):
Table 2.3 AT TS HEle AYSTIAT BT

Wt W Figed CRUE Y e I | Uie AT AYS
ITRFETAiIRTe |Tom ey | TwE he- | Ak Albend | Rige Rafhmn
(Operating U B0 ESKCEU THRCH® IR HEA Uo
Principle) R HIEO | = G TG0
Hglo dIUM< | B | VFD TS fRafef afdbe
(Control R
Components)
(Construction)
3THR (Size) PHimac ety IS PHIae
(Advantages) PRC UhRIe
SH-Uswiced fofics  wis | sift® TR &1 fofiics  dis
(Disadvantages) CARES PIRGDHCS CREE|
fFHz= g 311 oY o 38T | % 3N glae | da= RieH
(Applications)

T (Exercise):

1. WK (starter) ot At i

(State the need / necessity of starter.)

2. O STAUTAYIET UIHRT YRS WIER (Primary Resistance Starter) o ®wcaRT STOT
CIEZ R

*k*k

(With neat suitable diagram explain the construction & working of primary resistance

starter.)

3. U SRAMHYTRT SMARdE 319 BIe- wIex (Direct On Line — DOL Starter) ¥ HgaRM
3{TfOT afdhT Ty o

(With neat suitable diagram explain the construction & working of DOL starter.)

4. G SRPTHYMRT STEICFIMIAR I (Autotransformer Starter) @ H—caRM SATOT
IfchTT T .
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10.

11.

12.

13.

14.

(With neat suitable diagram explain the construction & working of autotransformer

starter.)

IYg STHYRd TR-8%el WIeR (Star-Delta Starter o =gaR 30T afdHT Ty FH.

(With neat suitable diagram explain the construction & working of star-delta starter.)

IYg SRIHYRd ex IR TIKR (Rotor Resistance Starter) 3 d-ca&T 0T afda
Y Hh.

(With neat suitable diagram explain the construction & working of rotor resistance

starter.)

ite WIeX (Soft Starter) TEUNS HTI? Flde Wied AT SAfthe (Brae) foe &,

(Define soft starter. Lit the key features (benefits) of soft starter.)

JfeleaHhiHR WX (Autotransformer Starter) 301 TR-8®el WeR (Star-Delta
Starter) It BN .

(Compare autotransformer & star-delta starter.)

Tiue WX (Soft Starter) AT H=AZMS WX (Conventional Starter) T HIURSH

DR, (Compare soft starter & conventional starter.)

o BT S8R HIcR (three-phase Induction Motor - I.M.) T3 T el AYSHHT i
.

(State the need / necessity of speed control methods for three phase 1.M.)

o Bl SearA Hiew=d Wie deiow fafay Augy . Aie! Th TR 6.
(List different speed control methods of three phase I.M. Explain any one in detail.)

o B SeRM AU R IV BRITS Wiev-ul S13ag (Variable Frequency

Drive — VFD) = STIUTH T 30T Taws Iiv.

(Draw and explain the variable speed control drives (VFD) applicable to three phase
I.M.)
BRATS Wieh=l S15% (VFD) TUS H1? VFD ot HgaRH SIUMH Hle] 101 ATl

fafay ST Taw -3 9.

(Draw the constructional diagram of VFD. State the function of blocks involved.)
SSWIIS IR H-aXS WS dhelo TUH U&TVFD &1 dTe 315, T TRTGHRA
.
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(Justify, Why the VFD is better than the conventional speed control method for

industrial Applications.)

Suggested learning materials / books:

Title

Publisher with ISBN Number

Sr. No |Author
1 Theraja B. L.,
Theraja A. K.

A Textbook of Electrical
Technology Vol Il

S. Chand and Co. New Delhi ISBN10:
8121924375

2 Ashfag Husain

Electric Machine

Dhanpat Rai & co. ISBN13: 978-
8177001662

Kothari D. P. and
Nagrath I. J.

Electrical Machines

McGraw Hill, New Delhi ISBN13:
978-9352606405

4 Bhattacharya S. K.

Electrical Machines

Tata McGraw Hill, New Delhi
ISBN13: 978-9332902855

5 Dr. P. S. Bimbhra

Electrical Machinery

Khanna Publication ISBN13:978-
9389139105

Mittle V. N., Arvind
Mittle

Design of Electrical Machines

McGraw Hill, New Delhi, ISBN:
9788180141263, 9788180141263

7 Samarjit Ghosh

Electrical Machines

Pearson Education India, 2012;

9788131776025
Learning websites & portals:
Sr. No Link / Portal Description
By ) o Speed Control of Slip Ring Induction
1 https://ems-iitr.vlabs.ac.in/exp/speed-control-slip-ring/

Motor (VLAB)

2 https://archive.nptel.ac.in/courses/108/106/108106072/

Operation of Induction Machine and

Synchronous Machine

3 https://archive.nptel.ac.in/courses/108/105/108105131/

Construction of Three Phase Induction
Motor

4 https://archive.nptel.ac.in/courses/108/102/108102146/

Electromechanical Energy Conversion

and Synchronisation of Alternators

https://ems-iitr.vlabs.ac.in/exp/lab-equipment-

familiarization/index.html

Familiarization of the electrical

machine laboratory apparatus (VLAB)
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Additional Website References Used:

> Link / Portal Reference Links
No
1 | Fig.2.1 Primary https://www.google.com/imgres?g=primary%20resistance%20starter&imgurl
resistance starter
2 | Fig. 2.2 Direct https://www.google.com/imgres?g=Direct%200nline%20(DOL)%20starter &img
online (DOL) url
starter
3 | Fig.2.3 https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.indiamart.com
Autotransformer %2Fproddetail%2Fauto-transformer-starter
starter
4 | Fig. 2.4 Star-Delta | https://www.google.com/imgres?g=Star-Delta%?20starter&imgurl
starter
5 | Fig. 2.5 Rotor https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.sanjeevanielectr
resistance starter icals.co.in%2Fwinding-motor.
6 | Fig. 2.6 Soft https://www.google.com/imgres?imgurl=https%3A%2F%2F5.imimg.com%2Fda
starter ta5%2FSELLER%2FDefault%2F2023%2F4%2F301853573%2FGL%2FZW%?2
FUM%2F11443302%2F12-5-hp-soft-starter.
7 | Fig. 2.13 VFD https://www.google.com/imgres?imgurl=https%3A%2F%2Fimage.made-in-
china.com.
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gfe-3
RiTe o §sa=H Hiex

(Single Phase Induction Motor)

fawa fArw=ft (Course Outcome):

CO 3- gsfega it Rraara! (Industrial application) RiTd ol S8R Hicw=n
(Single phase Induction Motor) sl &R0,

(Use single phase induction motor for industrial applications.)

e AR (Theory Learning Outcomes):

1.

RITa-The gsou Aledadid s9d Bics Nagifeat I3 (Double field Revolving
Theory) 30T T He<d T HRUI.

(Explain the double field revolving theory and its significance in single-phase

induction motors.)

. R %S dsovE Aedard! foden e wIfd efa e (Self Starting Technique)

SREAEEERUI

(Describe the given self-starting technique(s) for the single phase induction motors)
faetean RITA-hS S8R AT ¢RI (Construction) SIIhTSE HRUI,

(Describe the constructional details of the given single-phase induction motor.)
feciear River e S8avM Hiewe afdh 1 fIfRIue (Working principle) TeRT 01,
(Explain the working principles of the given single phase induction motor)

feciean Ria SR Hrexd] eleh- &g drae RReH (Torque-Slip Characteristics)
TS B0 1107 i SHTeh R TaTw B,

(Interpret the torque-slip characteristics of the given single phase induction motor and

state its application.)

gfR=d (Introduction): RFTA-TS $SaRM HeX (Single phase Induction Motor) &1 Th Hid
(Small), ThaRHd-fwdde e (Fractional Kilo-watt rating) 3t Hiex 3MTg. AT HAfe®w

flhes (Rotating Magnetic field) TR HRUIRITS! g1 AR FaacHilcd searHwl MRTdaR

(Electromagnetic Induction Principle) ST . g1 Alex B (fan), %GRQTCR (Hair Dryer), CIER
RG] (Washing Machine),%VT:R]:q FAR (Vacuum Cleaner), R (Mixer), ITpoRe
(Refrigerator), S TRRR (Food Processor) 30T fhem Srar—ug (kitchen appliances) g2 433)
ORI ST,
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3.1 s 311w Rirer o $8aRM HIex (Need of Single Phase Induction Motor):
RITA-Trl SR Hicy sRAT HRIBG I HTTRIH 3Ted, [a=wa: o off et ufaR
&I (Three Phase Power Supply) Wﬂﬁﬁﬂ[@fﬁsﬁmﬂ (Electricity) 3TaRgHp dl ﬂ?ﬁﬁ
HH IR, B Hex T IUBU, A8 Sefead SM@IHRT (Industrial application) SfTfOT
a9 Qfdeme) g auun, HiRe-YHIdIgun T Hea-q Jaydges Hieal JHIond
IR S, RiTa-%e geavE Aied fafy Sifteresw Wdt te Ufdedhd (Practical) |
ECARIIEES| (Economical) 3{TfoT %ﬁa’a‘?{ @IRI-‘ZF{ (Versatile Solution) Yald pdld ERARUK]
Tl UlaR I (Single Phase Power Supply) SUds 3R
3.1.1 RiTTe 1 §SaRM Hiex H=¢a=M (Construction of single phase Induction Motor):
RATA- o] SSaR AlexHel Udh WRIRT (Stationary) 3101 T IS (Rotating) 31 GIF
T U 3T, R Thol S8R Hievddie WRART UFT TR (Stator) TUH 3Nesddl SIdl
30T AT UFT AR (Rotor) UM SHISEa STl

Housing and Stator
Electrical Connections —\

Fig 3.1 RiTTa-%s §8a=M Hiex (Single Phase Induction Motor)

TSl hc e (Eddy current losses) U HIVGNTS TWeR HISR (Stator core) HACS
ffereT= T (Laminated Silicon Steel) STAQ 31T, WA GIF AR &TSI(Windings) 3T
EC| 31?%"\_:[ (Main) fopar i a”réi@a (Running Windings) 3Tfor &ﬁﬁ?ﬁﬂ a'lg'%"\_rf (Auxillary)
(T ARfE™) (Starting Windings). T dTafe™™l RITA-Te T @ @1 Sided 3MTed.
ST arRfeToHe AR fad (Centrifugal Switch) STISad 3Tg. o< SR WU el
JIEISTSIA e (Cut) BT 3MTR.

TR AEFET (Stator Winding) &1 3RIfdd ST UIRT (Poles) TT3! STesald! 3RId. ATl
31 3T bt SegT Rt BT THY. I (Single-phase A.C. Supply) 3 TRITST (Excite) Bl ST,
degT WeR (Stator) TH HACH Wics (Magnetic Field) TR &, S 3I1ddH IRl Yieal
GO AT dal. Tex arfET ST IS daR dhad STd, o e Hiexdl Risg 9 Wi
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(Synchronous Speed) Rad. i Wts Ns 7 gxigan 9. Rigg Wis Ns I et
(Supply Frequency - f) 3{TfOT Ui (P) Af=dTcidl Rel=M(Relation) Jeitd M faaid 31Te:
Ns=120f/P r.p.m.

S8R A (Induction Motor) HeiTd Rish I Tie fthd ATt av ot a1 Wisuem A=t
HH e fhrd. e 3T Hiean fARUIRT U SRYH df Texd 31d 3r¥dl. eR g1 Rifdewan
(Cylindrical) 3THRIET 3R IArATHIA T (Slots) SR

f&Pd &9 T8U AT AcHY (Squirrel Cage Rotor), T TACHHA  AgHaH
(Aluminum), fhar sroR arf (Copper Bars) TYIAA 3ATd. § I Glal AT defaet g
(Conducting Rings) R HTIHIRT! ¢ Haldl I, ST U 9 (End Rings) 31 TgUIATG.
Tt TaT T fUSHITIRE! (Cage-like) faad UM @1 f&pRa & RUeR (Squirrel Cage Rotor)
31 TEUrTa,
WWWW%@@WW (External Electrical Connection) T, A P
(Current) dd 5@3@@% $SIRM (Electromagnetic Induction) R fmfor g,

Z0

@

O
Vsl X
Copper or
aluminium bars Ena ring

DIuR A} sregfafay and s &
Fig 3.2 a) f&pRd & 15U W TP Hiex b) Ryaifae Rugiezm

(Squirrel Cage type structure of motor) (Symbolic representation)

T Uld RiTd Bl S8R Alexd Reprcier JUMC (Schematic Representation)

Dw—— Single phase
stator winding
Single phase Squirrel cage
a.c. supply rotor fRpza
Rivra w1 Iex
¢ 3t N ] I Shaft
- XTI

Fig 3.3 g Wie fRITTe BT S8R HIER (Two pole Single Phase Induction Motor)
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3.1.2 R ol s #Wie™ afb fRua (Working Principle of Single Phase
Induction Motor):

SiegT RiTTa tol U 3t W@ X argfad o faar Sirdl, degl feexAiei e (Alternating
Current) ¥eR fdhaT T arRfETHed 18 AFTal. a1 AC HReqe Faad (Flux) FHTor g, 81 e
RICTHAT DT feich DRl IO TS ACTAT el He gidl. bRlewl SeidgHiicd
SSARAT FIHTIHTUN (Faraday’s Law of Electromagnetic Induction), JeHE § TH TH (EMF)
Sgd(Induce) BId. IR Tfhe &G (Circuit closed) TTATAR IS HIC dTg AFTAL. AT JeR
Heles (AT SIoT=aT FIaTel Rex TR (Rotor Flux) UG,

B T gsa=M fIRIgaaR(Induction Principle) FHT0r 81, TMes a1 Aiexdl SeaRM
e 31 A9 GUATd Tl T8, T T YUNCHH G <13y d el S{dTd: B TIeT (Main Flux)
RN TR IT GlI-a1 FIaTge Hiexdl fIRUae! $awad el daR gidl. a1 Hiexd e Th Rifa
ol ATefeT Texar 3 ST IeRAR Bl ARl (Cage Winding) 3194, SicgT RiTTd el @i
Wex dfSTaT fadar Srdl, dagl U TR Hilfcd Wics (Pulsating Magnetic Field) daR BId.
WWWWMWWWWWWWWﬁ% (Special
Starting Methods) dTURTAT ¢ITdTd.

3.2 89d Wics Rgifeat f¥3r (Double Field Revolving Theory): S&d Wics Regifedt
fﬁx’dﬂﬂﬂﬁ (Double Field Revolving Theory), ST 3feeHIcT I@™ fgar Sdl, dagl el
JEfETgR TUR BIUIRT HATCH WIS (Magnetic Field) 81 G AT WIEH (Revolving Fields)
T SRISIRET 319, of R 9 TWie= Wﬁfw?ﬁ (Opposite Directions) fihara afor
Sra ARegS (Magnitude) THM 34, U@ REifedt Wicsdn Hafed T 8T UelaRredl
ﬁ@lﬂﬂm e (Half of Maximum Value of Alternating Field), |Uod b1m/2 Idhl GNFﬁ,
1Y §p1m B SreeAfeT TR HiRmH Feg 3R,

AH,
1. ¢of Bl BRAS HUHC (Forward Component) 3 ar &Tﬁaa”mﬁa (Anti-clockwise)
foha.
2. @baﬁﬁﬁm (Backward Component) 3 ar aa"mﬁa (Clockwise) .
gl G SHUHCH Tehal URUITH UM Hob e IR 3.

Hier &= BIdH], & Glval dhUlHcy ThHGBAT [dvg SRRERMA 3R, T FIaad]
T GRUMH R = 0 BT TR Tl 31 S e -3 &g GRiadl. 90° AR, § ag! puHcy
SR AYS ORI 1 d UhTd SRRGRM GRIae ST, AT, ial U UIRUMH 0TSl g
eoifoid TH (Algebraic Sum), SIRCNES] dR 3.
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C1m
(pf Y Ob e PR P1m
i D

R . lh,, D !
f / Yook -~} LI
| C)D:<——0——>-‘ 0, ‘ ,’l : l ) “

. o 27 ) 7

y, \ O )

%R =0 0 = 90°

a) b) c)
Fig 3.4 Tex W 30T /T G HyIMed (Stator flux and its two Components)

S0, Pr = (p1m/2) + (p1m/2)
br=1lm

Bl 0 = 90° IT Sl W Gl SHCHT B 318, 3T UbR, Gl HuHcad
Tad Rl o Hob e Wex FId (Alternating Stator Flux) ddIX gIdl. § ale! g
Wﬂﬁv_{ﬁ ST 30T U AR o'bsokig%lﬂl h ¢ Dl (Get cut by the rotor conductors).
T FAR DTS AR heaeqq 3 TH Uh S Bid! 101 AT AR HRE drgal. 81 AR
PC e AR (Rotor Flux) FHT0T S,

R TAH, THIRAS HUMT (¢f) SRR Se3ac(Interact) B! TN fA-aaldbdTsst el
(Anti-clockwise Torque) AT HRdl. 3T FHds HUMC (pb) TSR Fedc HE& FAIBHATZ
Tlh (Clockwise Torque) fagior al. AR g gIaHT, § Gl s ﬁi?@smﬁ HHIA YUl
SRRARM a9 3 drd. Ud® cldh Jexdl Wd-T SRRERMA  {hardar Uad $Rdl. A
R JUIRT AT Teh = 0 Blall. TV RIS ol SSI AR Yotb et .

3.2.1 91 Wies fU3RY (Cross Field Theory):RiTa %ol 8aRM Hic’ Yo - LIS &1 I9d, §
TSUIEIS! U Gafeh Rigid %o 19 Wics fI3RY (Cross Field Theory) 318

o, RTTe ol SR Hiex 31T 31107 o ex fRR 3[a®T 318 (Standstill Rotor),
ST &1 W1t fGaed STl aradd 8. Weex aeiST (Stator Winding) AT R thel T T Iwr
foaT SR, a1 TR Udh 3fee-TeT e df (Alternating Flux) TR BIdl, STl WX AR (STl

U@ (Along the Axis of the Stator Winding) foraT Hdl. a1 RIS RIHIAR TaRMHeS
R HSFRHE $ TH Th S gl ek 81 Fils Afhe e 8 § TH T AR
HedeHe] Hec Udlied B!, AT JeX Hed! SAGRM (Direction of Rotor Current) Figure A&
FRCCRNIREIES

SHTdT, I W0 %’3 ¥ (Fleming’s Left Hand Rule) dTU=- 3TYU[ X HEFEIAR
mqﬁﬁ?ﬁ SR (Direction of Force on Rotor Conductors) Qﬁ‘c‘zL-‘zldocl\l. R WX TR ds
TS SRR (Upward direction) HTERA 38T AT0T Gifeifeagel! (Positively) aTgdl, @R AU
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So[E heded (Left-side Conductors) TiHT AUe € JTSC (left to right) B Soradl. 3o Wge
SI9@ Heded (Right-side Conductors) T I(SC ¢ AUC TN SITUTAd! IS JASIAR BIUIRT THUT
B = 0 Bl TS <ids AT gId ATal, SO IO e e dhd Tgl.

RRIABRET  grator
LR , winding axis

9 1

Fig 3.5 fRiTTe el $8aR=I9 Hie (Single Phase Induction Motor)

(Two Fluxes separated by some angle) 3TdRgdH HHdId. B Bies fﬁﬁw TR FAddl G
SHUHcTaS [UITTT (Resolved into Two Components) Rdl Ud, T KR dafeTT URRNE
PRI (Along the Axis of Stator Winding) 3rfor R A=Al Wﬁ?’fﬂﬂﬂﬂ? (Perpendicular)
SRIRGRMA BRI

3ATAT 3T faaR w1 B, Aexar f-Faidarssl (Anticlockwise) SRR T
SIS O (Initial Push) faa. AT fRUAMes, AR TeR Fidddll YI&fd: e HRdl, 101 ATged
SO 3 TH T% (Dynamic EMF) FHT0T 814 S0 3 TH TF WS § TH U% fdhal A
TH U% (Speed or Rotational EMF) TU ia@d STTdl. I § TH U df SRR Wi IA5c
88 ¥d (Fleming's Right Hand Rule) GToRs+ 33dcl SIS Xhd. 813 TH T Wex e ds T

ERRL (In Phase with ®s) 3.
I STATS o STRGRM WTatd Fig. AL GRada 3MTg. 81 ITATG WU E, A gRiaa

STl 81 S TH AeHYA Th Hc Ualigd HRdl, STET 1N TgUdId. 8T e HRc wad:dl Rl or

TIR Hal. Or a1 YT TR FaaaT TR a1 90° A $h1 HRdl. T T FARTel b1 Hics
(Cross Field) 3% WU

Uer RUFET (Rotor Reactance) WU SR SIS, IS HRC 1N SHTIOT TART dr & il
YA § TH TH AT 90° HFT (lag by almost 90°) 3T, TGS dr BT Os THT WIS QforRgai
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90° A Eﬂ?ﬁl@[‘iﬁ (In Quadrature in Space) 3T 3ffor E'Igﬂ Toed gl ds =41 90° AR (Lags
by 90° in Time) 31, 3T &I FAITHS AT HUfCH ics TR Bl

[- S

- —— e

Direction of
initial push

Fig 3.6 STINGRI 3{T% § TH TP (The direction of e.m.f)

g1 AT difesr Wiced! SHARRM, Hos fadiedn sMfRisra grrea f=I=h (Direction of
Initial Push) TRETE 3RTd. T, AT AT SRR Tl SIHIIAT [Hesdl, 31 Arges
AR -l aTg el SRR [the ARTA! (3T faiedT HuvHToY), 30T [t e Wl
3.3 R ol SSaRM Hiew=T e wIe e (Self Starting Techniques of Single
Phase Induction Motor):
3.3.1 Wl f&ATST (Phase Splitting): B R (Phase Splitting) & R Tt SSaRI Aexdl
- TATUARITS ATORe! VR TR HehedT 31Tg. A e, RiTa Bl T 5t e IR
Q—WWW S3{Jh T (Simulation of Two-Phase Supply) aﬁ\?ﬂa, S & e Hifed
WW@EW.WWQ@WW IR Hules wics (Oscillating Magnetic
Field) TR &R, & Aexal g Whd ATel. Hiexdl Yo - LT quarat, e s
BITS SHTTLUD 3.

TS Galdl =1 et offd. A ATefST (Main Winding) 3¢ T T Tl Siiee oild. U
ST Al (Auxiliary or Starting Winding) TRl URAd SIS il SITd, TUT fo=dT el ol
e Fruarad) <t AfSwIsS (Modified) et ST, 8T o R0 WAUD! HIVATE! UChIgIR
YT ST

1. %@ETH (Resistance) - f@ac o Aledwed

2. PHURIE (Capacitance)-PUTIeR WIe fhal HURIeR WIe-HURIex 3 AleTHed
7 qle! aiRfeTmeTd SHIS=TaT B (Difference in Impedance) 3iaR] arsfeTHTd Hical
R dATsfeTAl HeT dad 25° d 90° 7 T 3R TS (Lead or Lag) PRdl. IT GIF HRcaALd
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Bl e (Phase Difference) T DR Tofed B (Quasi-Rotating Magnetic Field)
TIR Hll, S el YHdTd HRUANIS! aAH Cldp U1 HRdl. ool XA g1 T o 31T
e JHifaaer] dRfeme Bho RUdS Hic TR bl Sidl. e R e gwradeyd
Refer AAfes wies TUR il SAI0T HIY Y W B Wehd.,

OA

<

Fig 3.7 RivTar o Ssa=A Hiexndia W f&aféa (Phase Splitting in Single phase

Induction Motor)

3.3.2 S8 I fd & (Shaded pole technique):RSS UId cfa-i® &l U 3=ft Ugd 318 St
RIT-Thel SSIRM HIR Ueth WIEHT STAUITIST ARl SiTd. 3T dAH e Teb il Ia1 arues]
QST ﬁ%{?ﬂ(shading coils) =1 ™M & fa@ i Tifes i (weak rotating magnetic
field) TR el offd. RITTA-Te Hicy 7Ll Wer T TR Hife s wies fufur e, S W84
AR TE HF @d a1, § HSYD G HRUINIG! S S U ¢ faridh aToRel! offd. ITd e arae
QAT HITHED Tl RIUE TaR FHa ST, Sares AT hics TRT yuTa FHafor gar emfor
O g= Bl

AT ROTATION SHADED POLE

’,

Inm

AN

Fig 3.8 S8 W (Shaded Pole)

T YYSHAL, YD Wex TIaaR U Vss HIT SRTd, SaTHe] U RMe-Hihe dbadl HIuR
& (short-circuited copper ring) 3. fgem QfgT ﬁ%ﬁ a1 AfgT 8 (shading coil or shading
band) TEUTATd. &1 ATST Bl UdD UIa 3arot 1/3 FEHFTER (pole face) 3. SicgT TH! Glecdl
(AC voltage) o Sa, deeT damdia Wfee e (magnetic flux) JTed). TaaaHed gIom=an
A ST disd A ST HC (induced current) TR BIdl S a=2ral f9H (Lenz’s Law)
TOR, T Ieardl faRIY ®HRdl. AP Ves UFHHT Faaaed fadd (delay) g1l 3FRISS HFT
(Unshaded part) AEld dd dadx dedl 30T "SS HFT ALhd FIad -k dledl. AT
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TR T WU HIRH (Sweeping Motion) ddIR gId, off 3FRIeS HITTh gq S8 UM S
ST BT U el Ueb AT HAAfeh thics TR Bl § T8I el thics Ac HA BT
SSYY HRUGRITS! STIO ACRAT SRS S HITIh g RS S HIThS ThRIUaTd! G S,

3.3.3 ReTae= AYT (Reluctance Method): Refaeg ¢faie &) tep o) uRig 3raaiell Aus
3MTe, it RITA-The SSaRM=AT S - Wt aRel . a1 AYsHY FRUsd Hifcd
Rage (Variable Magnetic Reluctance) dT dwdldl dlUR s WIEIT M Th SRR
(a3 (Directional Torque) ddiR Fa ordl. Rade~ ot TEren gy Hifesw vaay (Magnetic
Flux) @ faoie Ufde R, Sa1 aryded (Path) Rede—d SHT 374l fdd SIRa #Ufc® vaad yarfed
gIdl. I1 dFHY, W U™ (Stator Poles) fdhdl HAfdd UM (Magnetic Path) 3iRmafcs
(Asymmetric) R fS$ZmE e ), ST Aexar avaiea fe=ii sHgea Hifed Raaed
(Unequal Magnetic Reluctance) S{JHARICIT . ?111135 el dufew fhe Idd
(Alternating Magnetic field Cycle) aX&Tq U ¢ 3 AS ﬁﬁ%tﬁf (Net Unbalanced Magnetic
pull) i g1a. 81 siRmfewa g Ue faw Aefen Hifes fihes (Rotating Magnetic Field) faTor
BRI, Sl AT TIE BRI G .

RITa-the T 4o Te TaifdT Tifes fhes duR gld. Radewmehd sraaams g
fUheS NCT=AT AMTATTeHT HRTIRIT S¥Tead YebR eae BId. ek 81 WUl SRR Refae—4 !
38, fehs STRA 3fcac gidl. 81 STANARMd Wiy (Directional Force) U BT 9T SUTRT ¢
wIfé als (Net Starting Torque) fafor &, Sif el W B,

Stator ¥ X
Rolorw
@ 1~ Minimum Aluminium Ten;m Ry
’ reluctance a 2oy
J g awqﬁlﬁw slots _o
fraac=
Maximum HfRgad
felmﬁm

Fig 3.9 f¥e@e=a dtex (Reluctance Motor)

& Ugd T RifeHd (Theoretical) A K SS B3!S HICY (Standard Household
Motors) H&J ATORG! SITd HTel. Blal 9ed] 8 HYS Res Uied fohdl Sfifarer! fafew diad grafss
TR W (hybrid motor types) AL T dbail o, UM, Rade~ Ugd g Hifed Simc
(Magnetic Asymmetry) dI dIUR dH HADH A Hifed Ragey (Unequal Magnetic Reluctance)
3TUTRA SRR WRi(directional force) TR ®Rd. AT UhUHe Th HRT BICN AE el daR

Maharashtra State Board of Technical Education 70



A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

Bl o Aex el [ERRURE™ & HRUAId Had HRal. 1 81 Sl SHHad SR, 51 BUS
AU ATORUIT RN HIGT AL

3.4 RiTe BT SSaRM Hiewd €3y (Types of Single Phase Induction Motor):
el Wex Hifed T (Rotating Stator Magnetic flux) ddIR U] ﬁll?:ﬁﬂ, IBUGRSS
SSRMH ey (Single-phase Induction Motors) Qe YhRAS ?ﬂm S ST

1. T&dc B $8a-M AR (Split Phase Induction Motor)

2. HURIeR T SSRMH e (Capacitor Start Induction Motor)

3. HURIER WIE HURIeR A FSRMH e (Capacitor Start Capacitor Run Induction Motor)

4. SS UId SSaRM HIex (Shaded Pole Induction Motor)

Il YA HIcR USRI AR & HIvama! fbar 7 ftheg hrauamard! avaier Aus
CIEIIEIGIGE

3.4.1 fTe Wel $8aRM Hiex (Split Phase Induction Motor):
7 <13y AT Hiexd e RiTd el e aiefet (Single-Phase Stator Winding) 317d, Sit A4 argfet
(Main Winding) TU 3icsxga! Sid. JTeafaiRed, IcRHE SHTURE! U ATa (ST 3RId, Sif STRTer]
arfET (Auxiliary Winding) fdaT TeIfém argfé (Starting Winding) T fiesdd! ST, Sfifaerst
mﬂﬁwm (Series Resistance) 3, G\‘JTE]@T%EH siteg (Impedance) EﬂH@Jﬁ
IAREE (Resistive) 3. gARIPbS, B IS 81 Ssfdea (Inductive) 3.
HHST

Im = B IS[STHYA AIgUIRT HRc

Ist = SHIfRIC ATSFETHELT ATEUIRT e
T T Sefaees SRR, Im HYE @ieesl V T SR STA (dm) AT 3T (lags). TR, Ist
PIC Fleeol V XM Tadelaed g4 B (in phase) 3], HRUT fRICR] dsfeT ol UTHBA
A RS T A gAY Th ol B (o) Faf0r S 3nfor afkomet @ &
PICHSS TIR BIUMIT FARITHE (fluxes) GATd Wrof fSTHR=T HHIOT Bil.

B aRfRU Treied PR (Fig. ¢) T TRaqae 3R, IT ol fSHT b U <1gy ot

RN TR fihes TR Id, St Hiedl Y-l HRUAN AGd HRd. & Hiex ergd aref,
T STOT I TR SRIG AT aIiRe STd S &1 alRET J=IH, 1w, 31101 i, 39
ST 3T SiifeRTeR TSFST TF=ATges TUR BIUM=AT g9 Uil UsbAd TR Ul T
AefE Mafew fhes Bid. a1 Afe Hifew fheeHo, Foawdian Had ThT SRR Y
HRUIRT WIS b (Starting torque) FHTOT BTd, ST e Y& HRUATATST GRET 3.
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l

: e Starting winding
M%nm%“m_nqm gatgr Aex Tl argfdu
Fig 3.10 a) Gfdhe STAU™ b) fugie=m ¢) PR STAUH
(Circuit Diagram) (Representation) (Phasor diagram)

et arsfe Ridomed Awpra [Raa (centrifugal switch) = SiSddl 3RId. ST
AR 75% o 80% Ripg Wis (synchronous speed) Moéd, daeT & @'@TRETH g i
(mechanically) ITSdl. IS HTRIR! ST AfcheHyT ISt g, M1 Hex Haz A
ST T WEd. TS Siayers! arEfST & thad YIaRTA! (Short-time use) fSZE et
WG, A aTSfST & Iraa ITuarTa! (continuous use) T3S aidl 3/ q.

WIS, Im @ TS HIe) TN Ist (TTRITRT ARSI He) § el o ST
THHGURE AT (split) 3RITd. WU T Hiexd Rele Bl HieR (Split Phase Motor) 31
TEUTATG. TIch-TS hRaCRRCRT WIehd YA gRaadm Id. % Hd s <l

Y
400 4

300

200+
100# ---------------------
Ryl
ﬁg 1 _spm
o N=N N=0

Fig 3.11 e el MieRi efd wlts FieeRfesa

(Torque-Speed Characteristics of Split Phase Motor)

T Hredqey F’ﬁE’I‘%’[W(Iow starting current) 3T 3o ATg e wIfd ﬁ(Moderate starting
torque) ﬁﬂ‘rwsﬁr

RIS RI=T (Applications) : IT AT AR T § ol Y= gIUMAT ASHTS! (Easily Started
Loads) Bl \_rﬂ?ﬁ, S P, g (Fans), e (Blowers), ‘J’I%Gﬁ (Grinders), @@W U
(Centrifugal Pumps), CIRRREIES) (Washing Machines), Gﬁ%ﬁ Rt (Oil Burners), Kil1iveney

% Full load torque

O\O
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'{@CI'JETZ{H (Office Equipments)dTl ey 1/20 kW d 1/2 kW T TTeR Yorded (Power Range) SUds
SHdId.
3.4.2 HURIER WId SR HIeH (Capacitor Start Induction Motors):

g1 cigy =1 Aredl T i@lﬂ Qe Bol TPRNERIE (Resistance Split Phase Type)
3d. HRP Tderd &I Jfaaer] arsfet =1 RRISHE HURIER (Capacitor) STSAdl 3&dl. 81
PURICIE gfdhe (Capacitive Circuit) U difeT e (Leading Current) Ial. ara afkregrn
SRIHA T A Im TN Ist TT G HcaHdTd Bol 3T o ATGAT ST,

HURICR FfheHs) HAHGEU! Jgdl &1 USRI RIT (Centrifugal Switch) dT ATUR
FH& [SIHdE Bl ST, TTaREH T Y B!, HURIER WIS Hie=! Ia-T WIed Fig a) AL
rEadl 8. AT AT Im HIC Fleeor=dl Ja-d dm DI T (lags) 3R @ arsfen
$Sfde® STTR). Ist HRC HURICIHS GIecoTH ga-id dst DM Je (Leads) S,

TS Im ST Ist AT G dcHAE Hisl b fSH=g AT gial, S AR 90° Ida!
3gar 3Tl 3meRi RFRIT (1deal Case) AFET ST, AT Tholk SIUTH (Phasor Diagram) fohR

b) AL GRIGAAT 311G,
!t.'él.i ! Stanjng‘winding Centrifugal

Malm winding SQUI'"O' e o
A A cage rotor
Fig 3.12 a) fepdfe® STATH (Schematic Diagram)  b) TSR STAITH (Phasor Diagram)
wIfé i (Starting Torque) BT B o (Phase Angle o) 24T YHIUITd (Proportional) SNFﬁ,
3for U 3T CIRU Wﬁ?ﬁ@qm wIfé eld (Very High Starting Torque) At Rarm.
ST Aiean T (Speed) 75 3 80% Rish I Tie =1 Siaes Adl, AT SETwRTel rd 1 ey
I arRfET AfheHyd fexmdac gld. HURTER had WIfcT dat idbeHsd (Only at Start) 3],
?\’ZITH,% YIAT HUYeR WIE Ale? (Capacitor Start Motor) 3 U,
3.4.3 HUfYer WIS 3fs ¥ Hiex (Capacitor Start and Run Motor):
Bl Hick HURIER WIE Hick YR 318, Bhad UdeTd B 3Tg DI Wl drsfei 0T Hufyex
2 et SiHeHed ead . HURIER FIHGEU! Tfhersd SI0ar HrIe [T
3fTe

Maharashtra State Board of Technical Education 73



A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

a) e &ﬁ%ﬁ*ﬁ@’ HURTCT (Overload Capacity) {Iﬁﬂ?ﬁ.
b) JiaR thae (Power Factor) S e,
o) TR (Efficiency) dTed.
d) Hled ! SICINIGECRS I ElLl (Quieter Running of the Motor) R gld.
CIRU (Types):
a) ﬁmﬂ%ﬂ%&ﬁlﬁﬂlﬂﬂ (Single Value Capacitor Run Motor): WW@W
B TRl
b) € %ﬂ%ﬁﬁlﬁ M "R (Two Value Capacitor Run Motor): T UhRId, e q=
HAMT 819 Teg, HUNRICR (high value capacitor) ITIRAT SITdl, SATHS SR IS €lds
ffradl. qur tewar Wis HeTar®, SSwpa RaagR 81 duReR Aidbedyd Hig
TIH T ST, ST RIITQEITrﬂ ar %\'ﬂaﬁlﬁlﬂ (low value capacitor) gfheas Hrad e,
S T SRR TR S,
3.4.3.1 RivTal ¥og HURIeX I HIeR (Single Value Capacitor Run Motor):
T HieHe U I arRfET (Running Winding) 30T T wIfé amgfEn (Starting
Winding) 31d, St HURTexTad RIS STSad! 3RId. HRUT HURTeR AfheHed HIaHRa!
T8, ®UH Ul Aledl IRH-e e HURTER I Al (Permanent split Capacitor Run Motor) 3

UL,

—l &P e AR

Capacitor

PHURICR

Running Winding

Starting '{ﬁT[ alglg I
Winding
ff Squirrel cage
bl rotor

N

Fig 3.13 ﬁl"’lﬁ%ﬁlm T Hiex (Single Value Capacitor run Motor)
Y GFATd (Starting) TIOT AT fRUT (Running) eI XAl Thd HURICR ATIRT ST,

TS AT YAKiraT HIA&H (Optimum Starting) Sleb fHesdl, AT T S Faraq drfemad!
(Optimum Running Performance) gH fied. a1 U&RId 2 d 20 uF HURICT HURICYH IR
AT, HH gl HURICR aTiRedHes, TR IR WCIfeT ld HH! !, Sl X8 elaedT 50
d 100% TR 3L SR T AEFST 301 TWIfd arfET THAR@ (Identical) RIS, TR
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TR e (External Switch) e gt Hiex e i Regd (Easily Reversed) dxdl
qd.
ffRrF==a (Applications): %=, s, Fleest WA (voltage regulators) SATCIHE T
HITIET dT0R el S,
3.4.3.2 € {g PUNRIEx I HieX (Two Value Capacitor Run Motor):
1 AiexAed T g HURICR WIfeT argfe =1 Rifiomed orydl, Iies 819 ife <id fiedl.
T M, EwgTa e =1 Had = Al g g HURTeR Aidbeded daal S, a1 JhRTd I+
3T I afEwt qrgl AiheHe) HIY G, G HURICH dlued ¢ Geg, dURe~
SATd, A it fies Th A SURic=T d9R 81 (sum of individual capacitances). Thal A1
Td die Wed 75% Tdd Wi Medr &1, g Iusdr offl had Hufiex A TIféT arRfeT
Hichered gl

RZITEI,% KlTieaesi wIfénm wReiHg (Optimum starting performance) 3T SfpHe T
RGTHY (Optimum running performance) g1 alg! fedrd. 1 AeR 3= WB’W
317d, Ford IITeT ATl ids SO BRI 0! STaRad 3.
SAfRIHIT (Applications): 1=, &3, Fleeo! Ay TG
3.4.3.2 ¢ TG PUNRTEx ¥ HIeX (Two Value Capacitor Run Motor):

B HIcR G SIS 81 HURICR WIS arefET Aed Rie 7ed S, Same wife

Auxiliary S

aRfer  winding
AT

O
O
)
0
)
7
-

o
o)

it
)
7/

supply

L

Fig 3.14 T &g PURIER I HleRd! Afthe ST

(Circuit diagram of two value capacitor run Motor)

HURICTd G AT Gegol HduarIa!, Yeardial giF buriey uad (Parallel)
T SSd SdTd ST HR T aa e 916 Bledl Sldl, SUldhe- J-THIa! HH! hurie—
qRAT I3, oA, Siegl W [aa §e 3, A% Gl dURied IRad A8 Jied

FMain winding

Rotor e
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ST, AT Tl ThiAd HURTC gl diedT adiadd BURie-ad! 99 (Sum) Sid. e il
qof die Tfiean AR 75% e, AT Rag Igsar , i had HURTex A wifdT arRfeT
gfbeasd Jgql. ZITH?O” J&=drd 37T Bl RS STt P Hs WhiH (Optimum
Performance) |1l e,
Wﬂﬁﬂ (Advantages):

a) W8 Fﬁ'&'ﬂv‘f (Heavy Loads) g3 HRUGT &I,

b) 3fcdd RMTd 3T (Extremely Quiet Operation).

) SIRd TR (Efficiency) SO UiaR e (Power Factor).

d) 25TTh RIS BURICT (Overload Capacity) fa®RId HRUTTT &,

Sferher=a (Applications): Easpard (Compressors), WIUIX @W (Fire Strokers) BRI

Fig 3.15 BURICY ¥CTE PURICR I §SII Hiewdl BoR SKEIH
(Phasor diagram of Capacitor start capacitor run Motor)

ToR STU™ (Phasor Diagram) Fig. (b) T GRIGCATIHIUT 3R, SfthR=t (Performance)
$Hae FEATIN T8 oR d1e fRUTT (Running Condition) GTE BHURTER aR SATEH 3. T,
Il fbaa oreft srardt ot e Tt (Best Starting) 3O ke T HevmaeE (Best Running
Condition) THAIS TTEAT ST FGU, MR TZY =N HIeHED IUAS WICHT eleh AR 50% o

100% T¥d Hd ArS i .
<id - daeRRead @refia fhR a8 qraacd ofe.

.

§ 400

g 300

5 200

w

® 100

Wﬁ;ﬂso

speed s
Fig 3.16 €ld WIS Haef¥Re®d (Torque-Slip Characteristics)
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SfferPper=a (Applications) : T HiedHT g1 eIfeT eld (High Starting Torque) 3, Eﬂ'ﬂ% o1
g8 wIfd Fﬁ@ﬂ (Hard Starting Loads) 13t IIRT ST, T Hiey oy (Compressors),
g3y (Conveyors), BIEER (Grinders), B, s, YhoRed, TR HfsyHy sandigre!
ORI SATdTd. a1 Hicy Haid JTHRId: aiRedT SITun=a] Hicy 3Tgd. HURIe WIe HURIeR A
ey a7 fyfen B, 3TfOT QGR—GERj@lEﬁ (Air-Circulators) Ted I SITdTd. a1 ey 6 foar
Te (6 kW) T Iud 3R
3.4.4 ASS Ui S8R HIeH (Shaded Pole Induction Motors):

g1 <Igy =1 Aler e RRd ol AR (Squirrel Cage Rotor) 30T Wex (Stator) 3,
ST Yierde Uied (Salient Poles) T8USTd Uisiac s UIed (Projected Poles) SRIAT. IT NI RIS S
(Shaded) Pad 31, U TS Tradr fauH HRTER PHIR &8 (Copper Band) S 31,
STE AfST o8 (Shading Band) 31 WU, fHR (a) A 4 UId AR WSS UIA HcaRH
(Shaded Pole Construction) GREad 318, TR fHTR (b) HEY TehT TR 3 ddl HIR AfST o8
(Copper Shading Band) ARCER IS

Salient
pole
Shading
bar_\d -
IS Es

Fig 3.17 (a) 4- U1 VS8 UId Hga=H (b) Tferaw Ui fay QST o'

(4 - Pole shaded pole construction) (Salient pole with shading band)

TR 3T ASS Ui S8R HIex (Operation of Shaded Pole Induction Motor): 3%¢
(instant) t = t ST, FLET (Current) ATEUATET &R HTOT ATHES TG (Flux) ATEUATET &R U SR

3. gI-HLhTJ-TQ 3R (Transformer Action) F@' PR AT TeAed (Copper Shading Band)
6T 3. TH.UW. (E.M.F.) 899 (Induced) BIdl. 81 98 TTE Afhes (Short Circuited) SRTeATS, TT
SUAIH. IS JTd HRe FRAC (Current Circulates) BIdl, S Xdd:dT T AT el cware
TR (Lenz's Law), IT Hcd! SANARM R0 3Rd &1 <t blgl ATAUIS .
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Al "

5 wifes
Magnetic mifes ) tfeaw Magnetic
axis Ufaag axis Ufegd axis

(b)Att=1t, (c)Att=1, (d)Att=t,

Fig 3.18 AT UId SSaRM Hiex wefia Aefdn Mifes wiesd MesR™

(Production of Rotating Magnetic Field in Shaded pole Motor)
TgUH, TS T HTd (Shading Ring Flux) 8T T8 WIdaT (Main Flux) faRIema SRy,
M, AH-]ISS HRTT (Non-Shaded Part) Tl T4 T80T ST (Crowling) BId, TR 2SS
YT (Shaded Part) TRl AT gIdl. A THUT TUfCH ST (Magnetic Axis) -8 8
YIS Wb, 8 TR (b) Al TRITA TR,
ST t = t. T, B d FIdgd] dIeUdTdl &R (Rate of Rise) Sdosoides YT 3], HRUI

TR STaes gy T HieHH gegall (Maximum Value) Tgiadl. TUH dd/de=0, 0T IS
QST A ST BIURT S.UHATP. (Induced E.M.F. in Shading Ring) U ®H! 3. AT
QST 7 Tty FAFISIEa (Negligible) 3ral, 3101 T el fSRERMaR rl BRET
URUMe §1d 161, I, T Wi SRR (Main Flux Distribution) JFWHIH (Uniform)
3 3T HAfew o faqT Uieredr Ty (Centre of the Pole Face) el g TR (c) o
GIREAd 3G,

ST t = t, AT, BRC ATV FIdd HH! Blal . g1 HHT S04l &R YU S s gl

el ST R HIST 3. 0H.U. S gidl. 81 e e gerfde gid) Sfo wd:-a1 teie
At FHRdl. 31T, a1 VS s T dierges i ST waeq &t gioamra! faRie (Opposes
Decrease in Flux) I, TUTS! ATd! STARGR TR ARG (Same as Main Flux) 31Td, SATfOT
TS e TR S5 e gl (Strengthens). TS VS8 U Tl ShifeiT gid, 3for fiifes
3[R ST UNTIAT HHHFT Wbl § TR (d) A SRIdd 3718, g1 uiehar fifes 8%
IS (Negative Half Cycle) TT! Tdd e T8 d. TR Udh CIZUdT i HAled Wies (AT
BId], AT SRR AH-Ve S HIMH G e s HRTTHS 3Rd. AR HIeR WIfe el HHT0 did
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30T ARl AT, eI Tids Ul 3¥dl, St Hdt AIS Slevedl AR 40 o 50% AT 3l

Th-Tits HydeRieay (Torque-Speed Characteristics) QE‘W &W Zofaa 3nmgd.

:
)

g "

g 2004 E

E ;
|

= 1001

it SV AR———

o Pl :

IS Tl ' g

1 » Speed
0 N=N, N=0

Fig 3.19 V3T NI SSRI HieIH! eidh wlis diaeRiResdy

(Torque-Speed Characteristics of Shaded Pole Motor)
fewrgrTel e SufRIdges (Absence of Centrifugal Switch) TT HICId gl 18 {07
Tolgd 3, T07 A7 SI3U=Al HIexdT 34 Halal (Limitations) ST
a) wIfé ey (Starting Torque) HHT .
b) TUiaR haex (Power Factor) U HHT 3.
o IR PR AT (Copper Losses) QST e SiRd SHFIITE@’ TRt (Efficiency)
gy HHT 3.
d) s frgdd (Speed Reversal) B Ho vl 3. Wi Rgdaard! ue sifafvad Ic afsT
339 (Additional Set of Shading Rings) @R,
e) UHI Jdl 3T B guaTd Falel hedl SRR Seadl dd, UU g Ugd S
3T HEWTS! 3Te.
fy ol et gy ofor dier (Size and Power Rating) ¥U <¢iglH 3.
g HIcH FgHT 1/300 T 1/20 kW T IoHE JUTSY ST,

SffRIH==T (Applications):
1 Aiey W% SMdTd, YUl ATl eI el (Starting Torque), TIaR thaeR STIOT Tth Rt |us

FHH 3. 1 Hicd IHId: Biedl B (Small Fans), g Aed (Toy Motors), G{VSEW%I"T
oo (Advertising Displays), fire Uoiaed (Film Projectors), IPI8 T (Record Players),
B (Gramophones), TR E'Iﬂﬁ (Hair Dryers), HIel HIgIT AR (Photocopying Machines)
SATEIATAT AR ST,
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Td ergu=aT Rt ol S8aRE W= SRR (Comparison of All types of Single phase

Induction Motor):

Fig 3.1: 9d cTgu=aT RiTTa ol SSa=F Hiewd! SRR (Comparison of All types of Single

phase Induction Motor):

PHURICI We-
oS Bee BoT Hiex [HURTER ®IE HIeY| $URTeR I Hiex (WSS Uid Hiex
(Feature) (Split Phase (Capacitor Start | (Capacitor Start | (Shaded Pole
Motor) Motor) Capacitor Run Motor)
Motor)
' ?' ! 5ﬁ'g ; SHfRTeRT argfe ifqert TR Uit
T eF W 3107 Tré HURex | IEFETHITRIE | TepT YR
(Starting (Uses auxiliary . ?2?{ (Sta_rt oy ¥ : .
Mechanism) winding with capacitor in series [hURTCR (Start + run| (Shading coil on
different with auxiliary capacitors with part of stator
impedance) winding) auxiliary winding) poles)
o CECRET (TS + 3 gel
PHURIEI IR | ARG offd ATel @ v | @ Ves - start qIIRS SITd T8
(Capacitor Used) (No) . ) (Yes Jony (Yes - star (No)
during starting) and run)
e e ATEYE (Moderate)| BT (High) AT (Very | =l (Very
(Starting Torque) High) Low)
T wWwiH X szﬁg _ (?;
(Running Oig<e qigee (Moderate) Y3 (Poor)
Performance) (Excellent due to run
capacitor)
RGN | oy ey frdm & 5l
(Efficiency)
TR baex | <l d fHeiaH oreh 58
(Power Factor) |(Low to Medium) e
- I gl - PURICR I WIC| Bl - had TIC
T AR (Use| 8 aef&T f&pde | HURIR fetpae
TR B (Yes — B (Yes — |
of Centrifugal |(Yes — disconnects | (Yes . . (Yes
Switch) start winding) disconnects capacitor| disconnects only
+ start winding) start capacitor)
ST N
oo Regfierat NI, freefis ﬁqﬁﬁfslslsil
(Direction (reversible) . (NOt
Reversal) easily reversible)
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HURIER WIC-
-, RTe B HieR [FURIER WIE Hier| HiRyer 39 ey |Jss Uid Hiex

(Split Phase (Capacitor Start | (Capacitor Start | (Shaded Pole

(Feature) Motor) Motor) Capacitor Run Motor)
Motor)
BRI DI
(Construction i ey el o al
Cost)
prece s'_é' f&md (simple) sy PR (Complex)| & Rad
(Complexity)

TR BigTy, | d8M b,
(Fans, washing (Compressors, (Air conditioners, | T&dTe (Small
machines) pumps, refrigerators) | conveyors, heavy fans, toys,
tools) electric clocks)

(Applications)

Rivre e oM Hew™ E@E‘Hﬁﬂ ( Advantages of Single phase Induction Motor):

a) WW(Simple Construction) W?IIT&@F e%nﬁasaﬂq‘rmﬁo—cv (Economical) 3Te.

b) Jeh-TIfcT HAfSfRIST (Self-Starting Capability) 5 & AR de RiTd el TwiTg a1 Shsdr
qd.

c) & Pl AR HICAIT (Squirrel Cage Rotor Construction) XS (Rugged) 30T AC—9-
! (Maintenance-Free) 3G,

d) PIFde (Compact) 30T &Tse de HieR (Lightweight Motor), 81 d dTS¢ de SRIpI-aara!
UG 38,

e) Eﬁq% (Starters) Haﬂ?:f?[ m (External Resistors) dlUz=- g d'ng\lcd PO A 378,

f) BT AR PCTC) fegme=g anfor IfETE (Standard Designs and Ratings) dgul U,

Rivre et g e %ﬂmﬂﬁﬂ ( Disdvantages of Single phase Induction Motor):
a) Bl Hlex 3 ol HiexsT qa-d Wad 60-65% HIGHH €l (Maximum Torque) FHHTOT @,
b) dId TieR thae (Power Factor) ‘v:[ﬁlﬁ 0.4 0.5 3R,
¢ did TP TR (Torque Pulsations) 1}@' CIBERIE (Vibrations) 3Tfor :l\'IJETr[ S B,

d) 3t T Hiew=ar ga-d TR (Efficiency) FHR 5% HH! 3.

e) UTh-XCIET AT3! WA FfbeH (Special Circuits) ANTAI, S B O TZS algl
dledld.

f) WIE 3T G- (During Start-up), &ITTHYT 20-30% 3fePp P (Higher Current) T ST,
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Riwrer me e ( Applications of Single phase Induction Motor):

a) R ol SSaRM dicy SeXHe] GU THIUNG IRl Sdd, faRivd: ThaRHd gradiaR
BleeHed (Fractional Horsepower Field).

b) T Ay A YR e TS =g (Low Power Constant Speed Apparatus) S &I AR
¢ (Machine Tools), SHfC® =g (Domestic Appliances), cfipeaRd ARMRY
(Agricultural Machinery) I IR SiTdTd, fa=isd: f57) ¢ft trol T Tgsl Sucisy e,

) 1/400 KW d 1/25 kW TTsgredT R Bel Hied erael (Toys), 3R STOY (Hair Dryers), &feT
e (Vending Machines) T TR SITdId.

d) qﬁ@ﬁa AR (Universal Motor) HeaT YHTUNR Gidad < (Portable Tools), %ﬂﬂ'ﬁ e
(Vacuum Cleaners) 3TfoT fora gfeudie (Kitchen Equipment) T IRl Sifd.

*kk

T (Exercise):

1.

R0 Tl SR HIex Yoth WICHT BT ATal § TR B
(Explain why Single phase Induction Motor not self-Starting.)

. Riva e SsovE Alev=an fafdy ersw <t fowe &,

(List the different types of Single phase Induction Motor.)

R Tl SsaRM Hiewe i+ fIfRUd (Working Principle) TaIwS .
(State the working principle of Single phase Induction Motor.)

T ol S8R Hiexw el AfCwTel Rad o (Centrifugal Switch) ThaR L.
(State the function of Centrifugal switch in Single phase Induction Motor.)
(List the advantages and disadvantages Single Phase Induction Motor.)
RiTeT el SeaRM Hiea fafay Sfferd=rg |,

(State different applications of Single phase Induction Motor.)

39 Bics Regifed T fU3RT (Double Field Revolving Theory) TaRI& H.
(Explain Double field revolving theory.)

AT Brol SR Aled YeWh-WIfC b (Self Starting Techniques) TFIWIHRA
@

(Explain the different Self starting techniques of single phase Induction Motor.)
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Suggested Learning Materials / Books:

Sr.No Author Title Publisher with ISBN Number
1 Theraja B. L., A Textbook of Electrical| S. Chand and Co. New Delhi
Theraja A. K. Technology Vol 1l ISBN10: 8121924375

2 |Ashfaq Husain

Electric Machine

Dhanpat Rai & co. ISBN13: 978-
8177001662

Kothari D. P. and
Nagrath 1. J.

Electrical Machines

McGraw Hill, New Delhi ISBN13:
978-9352606405

4 |Bhattacharya S. K.

Electrical Machines

Tata McGraw Hill, New Delhi
ISBN13: 978-9332902855

5 |Dr.P.S. Bimbhra

Electrical Machinery

Khanna Publication ISBN13:978-
9389139105

Mittle V. N., Arvind

Design of Electrical

McGraw Hill, New Delhi, ISBN:

Mittle Machines 9788180141263, 9788180141263
.. . . Pearson Education India, 2012;
7 |Samarjit Ghosh Electrical Machines 9788131776025
Learning Websites and Portals:
Sr. . L.
No Link / Portal Description

1 | https://ems-iitr.vlabs.ac.in/exp/speed-control-slip-ring/

Speed Control of Slip Ring
Induction Motor (VLAB)

2 | https://archive.nptel.ac.in/courses/108/106/108106072/

Operation of Induction
Machine and Synchronous
Machine

3 | https://archive.nptel.ac.in/courses/108/105/108105131/

Construction of Three Phase
Induction Motor

4 | https://archive.nptel.ac.in/courses/108/102/108102146/

Electromechanical Energy
Conversion and
Synchronisation of
Alternators

https://ems-iitr.vlabs.ac.in/exp/lab-equipment-
familiarization/index.html

Familiarization of the
electrical machine
laboratory apparatus
(VLAB)
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gfe- 4
3 Ber Rise w2t

(Three Phase Synchronous Machines)

faw fAsa=it (Course Outcomes):

CO4 - I el AT WRBTHY K B,

(Test the performance of three phase alternator.)

e AR (Theory Learning Outcomes):

1.

(Describe the constructional details of three phase alternators.)
3feeR-exd afd T U e o,

(Explain the working principle of alternator.)

(State the advantages of rotating field in turbo alternators.)
factean ot ot Sreeexadl Wie SMftr her=it oI Bl

(Calculate the speed and frequency for the given three phase alternator.)

ool o o Sieexexurel fUa oy, EKIERM Whaex Ul STHUG (EMF)
HORIGT PRI
(Calculate the pitch factor, distribution factor and EMF for the given three phase

alternator.)

A o SfecxexAe dIRUTd AUMATIGIIIge’E RikeHd (Excitation  System)
TRIGIHR 1.

(Explain the given type of excitation system used in three phase alternator.)
Rich 19 Ride~ad Riffth g Taw- .

(Explain the significance of synchronous reactance.)

iR Whaexdl 3 Bl Sfee-exad] IR IH-IAR BIUIRT SHide TR P,

(Explain the impact of power factors on performance of the three phase alternator.)
factear ST SIS o ol 3feex-exd ®leed W= (voltage regulation)
HORIGC PN

(Calculate the voltage regulation of three phase alternators for the given loading

conditions.)

10. 3t Bt Righ 9 Hiewa afd1 MfRyua Ml ufaR haex IR[EHE TRIh R T .
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(Explain the working principle of three phase synchronous motor and its use for power

factor improvement.)

11. RIS (synchronisation) FTRIET 3101 ARITST AFTON=AT SIS (conditions)
TRIS .

(Explain necessity of synchronisation and describe the conditions for it.)
i< (Introduction):
U IOFRHDHS Toll H-doi fSa@Tsyd (Electromechanical Energy Conversion Device)
fdar gofacde @2 (Electrical Machine) St RisolH Tft€ (Synchronous Speed), Ureid
efe Hifew wiosdr Wie (Speed of Rotating Magnetic Field) aTaR &1 @d, faeT Rise4
Tzf (Synchronous Machine) 3% TgUTdTd. Rish i M g1 T AC H2fH 318, oo ot &1
PRUIRITST AC T@H (AC Supply) gt STa=zgehdr /.
Tl d-ao (Energy Conversion) &7 TR, Rih- AR G UHRIA avfigd dredl SITdT:

1. R sFRed (Synchronous Generators): Rig= T St Adh A d Tsid AC

Salfae®d T FTUAR &xd, faam R SFReR (Synchronous Generator) fdrar
3ceXe} (Alternator) TUTATd.

2. Riww ded (Synchronous Motors): St AXH AC Sdfded T AdbHdbd

TS el SR &d, faar Rig=9 Hiex (Synchronous Motor) T8UIAT.
Riep =g A=y a1 3oifdgdd Ular RREA (Electrical Power System) T HiGaT THTUNAR dToRe
CIGIGH S B

a) TiaR SR (Power Generation)

b) UlaR haex Hea=H (Power Factor Correction)

) dIKc Wis AbhHdbd s S™fET (Driving Constant Speed Mechanical Load)
Sgd® ATTHID ATIRIITS! AToReT ST Rish =91 AR a1 $7-TsT AC AR (Three-Phase
AC Machines) 3dTd. el RITTA-Uhel Righ 9 AR (Single-Phase Synchronous Machines)
ST SdId, U0 T WRd M@= (Special Applications) T ariRedT Sirdrd. R
TR (SFReR fdvar AieR) A8 HIREe TS (Constant Speed) = T &, AT Rish 4 Wi

(Synchronous Speed) ¥ UTdTd.
31 WS Wreitel Breger gR faar sl
Ns=(120xf) /P

o,
Ns = RigI9 ¥ (synchronous speed) in RPM
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f = g b3t (supply frequency) in Hz

P = Uil T&AT (number of poles)

R g A== dieahacs] TIRRANIS! (For satisfactory operation), @ JgH! aXI®
feo@ar RSTARIA (relationship) &1 HRd.SR Rigsa A=A & RSz Uresvarg sraera!
B!, AR il P HRU Yidgdd, 301 51 R A 3T Rk (loss of synchronism) fdar
3T&He 3 RihIAgH (out of synchronism) TUH ST SIld. U, 8 WY BId B Rish 14
TR (synchronous machine) & di-kece WIS (constant speed) aR HTH HRUARIST fegms—
Dol 3.

Riswra w=it= afd ffRae (working Principle):
Ry m2fie afd fRue goaemafics gevsfa™ (Electromagnetic Interaction) 3fTfoT
Tifed SexIbTT (Magnetic Interlocking) I1 fAHiaR TeTiRd 3ie.

a) Sl dhede (Conductor) 30T HAfed WIGE (Magnetic Field) di=ard Rofdeg dixH
(Relative Motion) 31¥7d, degl Sedexd e EMF &I (Emf Induced) B1d, 3101 e
FHRUMAT HSaeRar HUfCHh Bigs Th BN (Force) BIAd.

b) WX AT A=A Hafdd WIGSY (Magnetic Fields Of Stator And Rotor) Tha® a1
S0P 8IS UhTd Wie- (Speed) fhRdd, SATT HAfCH Sex@ITdHT WU

¢ I odid SoaciHulcd SeRIIRMA Bld S0 Gk AR § LWedd Bigey Rishd
Wi ftbrdd.

4.1 3 e m (Three Phase Alternators): =gaRM® f$eaw (Constructional
Details), afbw1 fIfRus® (wWorking Principle), @T8® (Types) SfoT wraifveH
(Comparison)

4.1.1 m%ﬁw (Constructional Details):

It SRR (DC Generator) H&Y AT SR 3T (Rotating Armature Winding)
0T TR FUfeHh WIgs (Stationary Magnetic Field) 3/ d. T0T 3{deR-cx (Alternator) T
WIART THER drfET (Stationary Armature Winding) 31foT e Hife® Wigs (Rotating
Magnetic Field) 3rd. fhag aRfEw (Field Windings) Ve (rotor) A SHTOGAT 31T, TR
3R dT3fE™ (Armature Windings) ¥eX (Stator) Hed ST,

AR hos aEfE™ (Rotor Field Windings) @1 TRIe-® SRIT W (External DC
Supply) f&oT ST, St ReT R (Slip Rings) 30T §2 (Brushes) =T A SISo®!
3 dLUTSH &R (Prime Mover) JeI@T (Rotor) Ga T (Pulley) STf0T d&¢ (Belt) =1 HgTAM RUcc
(Rotate) HdI.fBRUMRT e (Rotor) T a1 HATEH BIGS (Magnetic Field) fHfor xal. &
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IR BIGS (Field) STHTR ARSI (Armature Windings) A STATE (EMF) FHT0T . &1
i <fif9d (Terminals) §R 318 fdhar wfdhe (Circuit) &1 IRAST iTdl.

> Three Phase
I—'— AC output
Field S Conductor
Winding h
\ hy
? \\
[ 1 o Three Phase
[ i Winding
N\
n,\ | S DC Supply
Rotor e
o Q
Stator o

Fig 4.1: ¢RI 3HT® 3A@eIex (Construction of Alternator)

PR (Alternator) fafdy WM (Stationary) 30T Tf@T (Moving) UM<y
(Components) 7 FTG®T 3R, 30T TS gedhTal Wd:dl T fAfR1Y URUS (Purpose) 3Rl
W 3@ex-ed dhUH<Y (Components of the Alternator) fao 3iea:

eX (Rotor): e (Rotor) BT 3Gex-eR (Alternator) TT AT UIE (Rotating Part) 3MTg. <
f4fdfewe =AU (Cylindrical Shape) & TR H@T WGl MY HIOR dTsfersl (Copper
Windings) 3rdTd, ST fhgs aRfET (Field Winding) U8 fhos aRfé™ (Field
Windings) SGacIHcH (Electromagnets) 3dTd, ST fhacdrar $fazde df i dufcsd
BI®S (Rotating Magnetic Field) FATOT @rdTd.

e (Rotor) BT U AMUE (Shaft) 3, ST JEE Sa¢ Jo! RIReH (Drive Belt Pulley
System) =0T TeT& fhRaeT SITdl. S |- (Source) Iex (Rotor) fhad], AT UTIsH Ja&R (Prime
Mover) TeUTdTd. 8T UTIgH &R (Prime Mover) HIUTET AR 3R Idhdl — 3al. S9H (Engine),
diex eais (Water Turbine), fd€ eafsa (Wind Turbine) @<,

JFCIACIAL ATURS SITUIR e eI (Types of Rotors Used in Alternators or Synchronous

Generators):
1. Wlo3fe U@ <18y (Salient Pole Type)

2. RifSfSdHe oo T8y (Cylindrical Pole Type)
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1. Hfosie 9i® 218U (Salient Pole Type): 8T 3T X TI8U (Rotor Type) T8 SAHe Higdl
I Wi qGd (Projecting Poles) 3RIdTd. 8 Tiod HAfcd dffHce WIS (Magnetic
Laminated Steel) fdhal HRe 37 (Cast Iron) TN HISRAR THAGSG SRAT.

a) dfosie (Salient) BT 2Teg TUS WIS (Projecting) fdhdT S8R STOST/IHT SRIGST 3T
31 gzfadl, SR WeTe fIR (Figure) ALY TRES 3R,

Salient pole
Rotor

3-phase
AC supply

DC Excitation
Source

Stator

Fig 4.2: Jfesie W@ eT3U (Salient Pole Rotor)

b) YlG3fC THY (Salient Poles) § ®fA-cS W (Laminated Steel) fdvar aiaar dafcsd
UITERS (Magnetic Properties) SRIG@GAT ®IRE 3ATAH (Cast Iron) TR SAG0 31T,
S0l TS| e B4Y (Eddy Current Losses) dH! BIcie.Ul® 26T (Pole Shoes) A&
SR aiEfST (Damper Winding) I1a! Afdeus Wicd (Multiple Slots) 3RTdTd, S g
(Haunting) CTedUgTH Had hRdld.

o flhae Higad (Field Coils) Td® TIodR TST5 S Sidld S0 HdR RIS Hae (Series
Connect) %o STAId.a! hge Hige (Field Coil) Td Wad ST A (DC Source) BT
%@ R (Slip Rings) §R Sig Tuligel (Energize) do! SIId.R&Y AT (Slip Ring) S1foT
SRIY (brushes) § WX A (Rotor Shaft) TR AEE (Mount) e 3T

d) Hfosfe 0o e (Rotor) BT BTol SHTHIER (Large Diameter) 30T WIS RIgs S»
(Small Axial Length) 3/ d.8 @& TS (Low Speed) 301 fifgam @it gy

(Medium-Speed Alternators) & 9IRS STATd, 34l SASUIGR WY (Hydropower

Stations).
e) B8 WS (High Speed) TTd! A1 AHdTd HRUI AT f&ME (Design — Salient Poles)
O IRd WieaR aiRfe&T I (Winding Losses) dTadTd.al USRI fegmeaas

(Design) Sd®! AmH®e I (Mechanical Strength) T¥d &t d 81 TS (High Speed)
g B THAIS.
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2. RifSfgwe e18u (Cylindrical Type):

a)

b)

d)

e)

T TIRUA AeR@T (Rotor) BRY HH WU ad 2 fhal 4 WSH (Poles) 3. al
RS Wie Rifdex (Laminated Steel Cylinder) TRIA §9d0 @1 3L RIS fg®he AR
(Cylindrical Rotor) % flhee arEfET (Field Winding) TTa! T61cd (Slots) SdTd, 3101
1 AT fSoHT RIS Hae (Series Connect) o A UIGH (Poles) A 3 @Ics (Un-
Slotted) 3TG® S, Y &1 WIHIG (TR (Figure) T TRATS e

Armature Winding
Slots

Rotor Field
Winding

Fig 4.3: fiféf$®® 159 (Non Salient (Cylindrical) pole rotor)
PHRUT g UIGY (Poles) HISR (Core) HY dTgR TGS AT, IS TS AH-H[S3{T TS
(Non-Salient Pole) fdar I3E WeX (Round Rotor) 3Ug! BUA.IT UHRHEH BR US
30T Ai-HlS3e UIgd (Non-Salient Poles) 3E@UTHes, T ek SHTHICR (Rotor
Diameter) BT 3dI, T0T AT STRTI® S (Axial Length) 81 Tforsic 0o Rex (Salient
Pole Rotor) U&T SIRd 3.
f4fofswe f&ame (Cylindrical Design) He5 3ifd&% HdbH®H® W™ (Mechanical
Strength), JeRe-T (Robustness), 30T JHBIH Hifcd Foad fSReegz™ (Uniform
Magnetic Flux Distribution) fFesd.

1 UHRIGT BI3R fdSsl S (Lower Windage Loss) 3R¥dl. @Hes § g™-WIs (High-
Speed), FlgSTerd JTIREH (Noise-Less Operation) TTdT AT 3.

? S-S 3fGex-exy (High-Speed Alternators) TTa! f&Sme (Design) Ho® 31,
S P YHe Uiar TZY (Thermal Power Stations) A&l AR ST,
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T (Stator):

a)

b)

o)

d)

WX (Stator) BT Th Iofagd® A (Electrical Machine) a1 2RI UIE (Stationary
Part) 3fdl. 3@eR-cR (Alternator) &Y a1 3HeR AIRfET (Armature Winding) &<t
FHROGTITS! ATIRGT SIIdl, off SIS SUHAUW (Induced EMF) FaT0T &,

PI3R (Core) BT DS €@ (Laminated Steel) fdhdT FivTear dafcd wIfect (Magnetic
Quality) 3IGGIT HRE T (Cast Iron) TRIT TR HOT 3!, STUIdH= Tal B
BT (Eddy Current Losses) dHI gldie. ek (Rotor) ol fhos arsfe™ (Field
Windings) <1 @R, dl T (Stator) 3Td thrdl o AreT fhfSidw ! ¢ (Physically
Touch) ®3d A8l

II3BC, ST S Rel Tex (DC Generator’s Stator) f@?ﬂ (Magnets) IR HAL, o
3TTZTH HUfeH WIas (Magnetic Field) T s,

m W HAR AEfET (Alternator’s Stationary Armature Winding)
WOIEUHU ST SH¥ex= AcfeT MR (DC Rotating Armature) U&T 3H®
3fERIeo (Advantages) o

et MR (Rotary Armature) 3T SR (Brushes) SITA, 30T 81 &G (High
Voltage) R I HI3T @Gedl 31U (Voltage Drop) B,

FRGHYT (From Brushes) BIOIR ha&M (Friction) SMT0T WIS (Sparks) & S
(Damage) RdTd, TS Jid BT W (Lifespan) HH! gId S0 ARITST Feld A=
(Maintenance) ®Td BT,

WIART THTR (Stationary Armature) T JfET UIH (Moving Parts) FdTd, TS
3T3cYe BT (Output Current) ¥T SHAGH (Terminals) T Udqo offd, 30T §RI4
(Brushes) @ IMNEdd 1Y (Losses) TTBS SiTdd.

B @GS (High Voltage) TT3T TR STHER aiRf&T (Stationary Armature Winding)
f&2ME (Design) HRUI 0T FYSE (Insulate) HIOT Y 3.

TR AEfET (Armature Winding) @1 Ao e @ I (Mechanical Strength) &
SOaRMUCH  (Electromagnetic) d TSIRT® W (Centrifugal Forces) 9@
HIUYMTS! TG UHR 9 (Brace) HRdl Udl.

&g 59 (Slip Rings) @1 aTR e Ho SH @iged! (Small DC Voltage) §RT e
flh@s aEfET (Rotor Field Winding) JRI&AUT! TAITgST (Energize) FaT d.

TP (Yoke): TF (Yoke) BT 3GeI-exdl (Alternator) Hald STeXI® HIT 3R o Hb o ® qUIc
(Mechanical Support) STATTS! dTRST SIdl ST fdifd HRTHT T@-des hiezrd
(Environmental Conditions) UTgH YRI&T Sadl, o THUM B Zdbdld.
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feq f&r anfor §=1 (Slip Ring and Brushes):R&a &1 (Slip Ring) 81 31 HulH—<
(Component) 3¢ Sl ¥WZRT (Stationary) SfTfUT AT UICY (Rotating Parts) AreaTed
Sofacdh® TIaR SaWR (Electrical Power Transfer) @Rl 3fGe"exdd, f&su R (Slip Ring)
91 IR S de’l (DC Battery) T e hae aiRfST (Rotor Field Winding) de SiE UlaR
(DC Power) UIgIIqUaTETa! o1 Sl & SR (Brushes) T AgdM gsd, of &0 TR Wiss
(Slide over the Slip Ring) gIdrd. Reu 74 (Slip Rings) 8 ®-dfcd f&¥ 4 (Concentric Discs)
U S-dere SRITd STfOT el MUTaR (Rotor Shaft) SASS SN, HIceued o
St 9@ (DC Supply) SFT U ATST had G 76U {79 (Two Slip Rings) SFTdTd. 8T
SNt e (DC Current) fhee aEfET (Field Winding) YA Udifsd giar 3ffor e=ar
RACTATIR FEGUR HACH BIaS (Magnetic Field) 70T B,

STS IFRBRR (Diode Rectifier): SAIE YaeHRR (Diode Rectifier) 81 T ¢-<fi e
Jfffreaer HUH=< (Two-Terminal Semiconductor Component) 31Tg Sl {GeRATET He (AC)
T GHSTERRMG SIREE HC (DC) AL TR HRALUUD HolTa! g 3721 THT 6 SHSH
(6 Diodes — Two Per Phase) dTtRe ST, S0 ]G DC 3T3cYc @ Ao, § B&Td odl
DI § Had MM eI RS Sd THT DC 3T3eYe INTA!, S HI SfcHaEad
(Automobiles) 30T FeFRIAHET (Submarine).

FIged WYoex (Voltage Regulator): @Gesl WWoex (Voltage Regulator) fhar TEIsR
(AVR - Automatic Voltage Regulator) 81 3{@c-cxdl 33cYc ®iges HlHeR (Output
Voltage Monitor) HRUGNTS! dTORGT SIdl. df A SIUIRT TASIATGHT ®ee (Energizing
Current to the Rotor) 3[&SRe &H& T3cYC Flacs Wgae (Adjust Output Voltage) Hdl.
3G A3TYT (Alternator Output) BIGesl VoA HIsad (Feedback) $o STd. B
AU AR Wi IGoal dil 33U BIoed dhiec (Maintains Constant Output Voltage
Regardless of Rotor Speed) 3dd.

a1 3Mfor 98 (Pulley and Belt): o1 301 §&¢ (Pulley and Belt) § e (Rotor) BT WIZH
TR (Prime Mover) SR &1 o (Engine) fdaT ealg= (Turbine) 27t SISTATITST aToRS ST,
8 X &1 81 WS+ e (Rotate At High Speed) HRUIN Hed BRI, SUIGe daod I
BI®S (Varying Magnetic Field) TR g159.

8@ TS A3AFTT (Drive End Bearing): 31T (Bearing) a1 IUaRT fhaRM &4t (reduce
Friction) HRUTMTS! 30T YBIURA MUCHT STRAId SR Tl e-aWR (Maximum Energy
Transfer to the Shaft) HUARITS! B &1 STl § W& A (Smooth Rotation) R Hd.
afé AfRrae (Working Principle):
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a) Sigl UIEH &R (Prime Mover) S &1 &5 (Engine), Ta18 (Turbine) TG R e
(Rotor) fthRaa®T STl (3T, 3Ud)-FSThdTssl SRNGRIMHS - Anticlockwise Direction),

b) é@ TR EE%TI (Stator Winding) St 3R a'l'{%"'[ (armature Winding) U HTA
P, [ReT Aex Togd HAfcd TdRI (Magnetic Flux of the Rotor Poles) ¢ &dl.
TodCHUCH SERM (Electromagnetic Induction) Je5 3THTR dRRfSTHS (Armature
Winding) EMF S8 (EMF is Induced) Bld. 81 Se% EMF (Induced EMF)
3{GEXATCT Al (Alternating in Nature) 3¥d HRUI Jexd AR 3T ASY Uiod
(North and South Poles of The Rotor) 3THER dIEfST=AT eacd (Conductors) THR
UHHNTHN Th (Alternately) STTdTd.

¢ IS8 EMF o SEREM (Direction) 300 G I8 §8 €6 (Fleming's Right
Hand Rule) =1 Tl 339 Zrevdl.

d) ST X ThRaST Sidll, degT 3MHeR arfea e (Armature Winding) 31-%S ®lged
(Three-Phase Voltage) FHTur g1d. a1 fAfHia wigcotar aRATOT (Magnitude of Generated
Voltage) g ezl WIEaR (Speed of Rotation of Rotor) 30T DC TaRIHECRM HRedR
(DC Excitation Current) 3G&§T 3RId. UMY, Ud® hormed AT gom=aT ®igcora
UIRHTO FHH 344, G0 d THABHIURA 120 Fofacdh o feifiH SR (Displaced by 120
Electrical Degrees from each other) 3.

4.1.3 e-m'ﬁa% CIgU (Types of Alternators):

1. Taf 3fFeex (Turbo Alternator)

2. BAS! 3FecR (Hydro Alternator)
. @dl 3f@eex / SFveR (Turbo Alternator / Generator):
T 1 fdhdaT A eaie (Gas or Steam Turbine) ZMUCST (Shaft) SEGaT ST Iofacd
SRR (Electric Generator) i ATt amoReT SITdl, &T@T edl sFRex (Turbo Generator)
TEUIdTd.Cal SFReY JHTId: WIH Tals-IgR AI6des SRIdId ST dd SHTHRTT diel qRasardl
- O 3Ted.g SFRed (Generators) W IH-AIfod cal-gofacd RIAHE (Steam-Powered

Turbo-Electric Ships) Gt® aTuRes SITdTd.

@B el Oed (Small Turbo-Generators), o 71 eais-UgR ATode Sdid (Gas Turbines), d
UMRAT APU (3fTfaIfereRt Uiar e - Auxiliary Power Units) TU[H dTARe SiTdTd — faziva:
T3RBTHEHTA! (Aircraft). WIe! Tall Svexd U O (Turbo Generator Picture) SrREIS 3178,
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Fig 4.4: @dl SI9ReX (Practical Turbo Generator)
aféem ffRIu® (Working Principle): @&l SFReR (Turbo Generator) 8 IoacHifcd
TSR Rigiarar (Electromagnetic Induction Principle) T &Rl SiagT eaiad (Turbine)
O SolaecH® SHReR (Electrical Generator) it SIS Sid, dagT arbdt Tfdel Sl (Kinetic
Energy - K.E) & Caiadde® Bh-clsUal s38Y (Fan-Type Blades) X 3Gesd. IS,
STREANS R (rotor) fBaT 30T fagga AR (Electricity Generation) g1,
Tdl SReX T8 (Turbo Generator Types):
ol SFIRER dH UBRId JUS I

1. UMR-pOS Tqf SR (Air-Cooled Turbo Generator)

2. BHSIoM-%®S cdl oHvex (Hydrogen-Cooled Turbo Generator)

3. Ticx-H A8 il oFReR (Water-Cooled Turbo Generator)

2. TS APeIAER / e (Hydro Alternator / Generator): 8-S SHREX (Hydro
Generator) § UT0GTEAT AT RAcien Tl TifAd SHoidl (Mechanical Energy) fagga
oA (Electrical Energy) ®-ac HRdId. a1 UiehdT Jald di- HITId gid: &RUT (Dam): St ITogTe
FIST (Water Reservoir) TR HRA.UIB (Penstock): o TTOft caisade Ad, 30T SRex
(Generator): S faggd fAHfor Hal. AT §IURT diaR (Power) B UTUGTI W1 ¥€ (Flow Rate)
0T YZRERR g CaRAH® Jdidie WRa (Height Difference / Head) ATaR SAGEH 3.
PRI (Construction):

a) eX (Rotor): Aex & AefeT 3t (Rotating Assembly) 3T St TS =T AU g
Tl (Torque) UT B, BT HACTSH (Magnetized) HooT 3T, S dl HACH HIoS
(Magnetic Field) TR .

b) WX (Stator): W 81 WA (Stationary) UTE 318, SATHED IeaT el Hafed
hloeqs Gloed segd (Voltage is Induced) gld.
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¢) SITHER (Armature): 3THER 8T W™ UTe 31Tg, e daded (Conductors) 3 Edrd
3TIOT ST 3SfaeRich UISqd (Electricity Generation) gid.

d) BI3R (Core): AR  WeR qIrATG! BI3R (Core) § BHHCS 3T My (Laminated
Iron Sheets) TYA Sdo® ST, S0l Tal hc G199 (Eddy Current Losses) &H!
BIdlo.

e) ATEFEI (Winding): IR aAEFET (Copper Windings) a1 Te=dT AHHGR Wicaqd
fire doT Sara.

gféa ffRIu® (Working Principle):

a) dleX BT (Water Flow): 38X YRR dlcx (Under Pressure) — S @ RUMA (Dam) —
TafE (Turbine) AYT TS! 81 .

b) <Taf$d ASIM (Turbine Rotation): TTUATH HTZAfeH TSI (Kinetic Energy) cais—a
g9 (Blades) fhad.

Generator
=

| | Turbine *~
t-—/Generator Shaft

Fig 4.5: 31'&33[ ar?z‘aﬁ‘a/ T veR (Hydro Alternator/Generator)
) SII¥eR AR (Generator Rotation): Tag g1 SFReI=AT e} (Generator's Rotor) Xt
d) WAfe® Wigs (Magnetic Field): fHRUMRT ex (Rotating Rotor) Tk HiACH HIoS
(Magnetic Field) TR &,
¢) SOfFERIEl SFRIM (Electricity Generation):dT TUCH BIoeq®, Tex dfats
(Stator Windings) & ®Iacs s8q9 (Voltage is Induced) 8d 3f0T gofaeRict SHve
(Electricity is Generated) 8Id.
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f) UlaR AR (Power Transmission): FfHd dis Fewed eafie (Transmitted to
the Grid) =+ fddRUMTST (Distribution) dTUR! ST,

4.1.4 PTAITSI: a1 SATIOT TSI 3f@ex-ex (Comparison: Turbo and Hydro Alternator):

Table 4.1: HIANS: eaf 3T g™G 3@edex (Comparison: Turbo and Hydro

Alternator)

LIEE| <dl 3@eex TSI 3@eex

(Feature) (Turbo Alternator) (Hydro Alternator)

Tfwpz= Y@ (Thermal) T GfaB3R gagIgofdcd (Hydroelectric)

(Application) (Nuclear) UleR @W@icHed aToR JiaR WIFHY aR
g Wi (High Speed) — 3000 | &H! WIS (Low Speed) —

s fhaT 3600 SRUTTH (RPM) HTYROMT: 100 d 1000 RUTEH
(Speed) (R TS - Synchronous (Rpm)
Speed)
AR VS AT | Gidc 31T 313G - Rifdexbe | BICT 301 HIST AN - HG3<
(Size And Shape) | e (Cylindrical Rotor) I% e (Salient Pole Rotor)
P A-Yfe3r< (Non-Salient) — T3 Ui e (Salient
fafdexa®e e (Cylindrical Pole Rotor)
(Rotor Type)
Rotor)
Uioad Hav $H! UIad (Fewer Poles) — 2 3{f¥ gIad (Many Poles) -
(Number Of Poles) | fdar4 Hh B 20 fdoar 3w

R s gRSIoH (Hydrogen) fharaler | Im=aa: TSR BT (Air
(Cooling Method) | 2o Water Cooling) %1 | Cooling), Hel TS T
TS BT (Water Cooling)

sfpRra=dt g Sl (High Efficiency) | dTSIRN & SihamT — AiA®

(Efficiency) — SR Tl @ U AT BTy
mm@m Robust) T o Fifehese HIY, T HIGT
(Construction X . & PR B Th S

. (Balancing) 3{T1axgd
Complexity)
FRIOIF B TTciges Told il HioaT aoHe HI3T o

(Installation) (Reinforced Foundation) ®TTc (Larger Base) O al

TR Tga—He ; 5 UTUaTSiges (Near Water
(Operation ¥R (Indoor) 3 g Sources) — 3w TafaRofig

. GIRIGR T
Environment) SO U B BRI
42Tl TeIACY: el Wigsd 3fsgreu™ (Turbo Alternators: Advantages of

Rotating Field):
a) B ®Ioew 3T Hic sfhfRrde §sfS (Efficient Handling of High Voltage and
Current): 3{THaR ar2fET (Armature Winding) 8 WFRI (Stationary) 3i¥d, @1 8-
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UiaR 3f13eye Aidbew T (High-Power Output Circuits) 3go¢ (Insulate) 30T H&
(Cool) FHRU HIY ST,

b) fEeUfgR & Ular e=IWR (Low Power Through Slip Rings): Tad ArSrT Skl
TRECRA HRe (DC Excitation Current) JeIST (Rotor) GRAST Sildl, AT ey Ry
(Slip Rings) HH! TSUMNE (Low Wear) ITURS! STdTd

¢) 9ex HBMPG WY (Better Mechanical Strength): Rif$f§®e Jex (Cylindrical
Rotor) 8T RS (Symmetrical) 3101 d5-d&~s (Well-Balanced) 3Rdl, Sl §10-TS
TR (High-Speed Operations) JTaT (3&T. 3000 RPM) T 3.

d) SHES PIOT (Improved Cooling): WX W dRfSwl (Stationary Stator
Windings) &1 TSR, g fdar dier oo R (Air, Hydrogen or Water Cooling
Systems) @1 ATUR H YHTGIU H & (Cool) HRT Ud.

e) RIffewgs #ea=T (Simplified Maintenance): TIFRT 3THAR AEIST (Stationary
Armature Winding) @1 S¥U&RM (Inspection) 30T RUSR (Repair) IT3T Tgol Tigird
qd.

f) ®mo UiaR 3TSeYe®T |Ule (Supports Large Power Output): BTSl dc-T Aefe
UT¢d (Rotating Parts) AYF SFIHR (Transfer) ®RIAT TR TIGAD, § OS] W
SFRZM (Large-Scale Generation) ITat 31z a7 3.

4.3 ®its 3f< fire—ul aidt RS (Relation for Speed and Frequency): 3i-Thel 3{Ger-cxAL
(Three-Phase Alternator), fT0T gI0M=T &iGcord! et (Frequency of Generated Voltage)
Bl Az WS (Speed of Rotation) T WIGE UiGw=! W& (Number of Field Poles) TTaR
TS 3.
oc,

N = A WIS JRUTTHAL (Speed of rotation in RPM)

P = BIGS Uigad! I=T (Number of field poles)
dagT, e 3993 (Frequency of generated voltage) WA TEYHIUN 3T

F=NxP/120 Hz
<17 33 N B Rish 19 TE (Synchronous Speed) 31Tg, HRUT 3{Ge-cx (Alternator) a1 Rish I
Tz (Synchronous Machine) 318, SIHH ex (Rotor) AgH! R a Tite fthral.
4.4 arsfE (Winding): =17¢ fics arsf&T™ fs®"wg (Advantages of Short Pitched
Winding), fora X 7 SRz Baeadt RS=M (Relations for Pitch Factor and

Distribution Factor)

4.4.1 =07e-fues arSfETe Sfsw@T=uid (Advantages of Short Pitched Winding):
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33 ATURIG, Rie-fUd HIgH (Short Pitch Coils) ATIRSGAT ST, HRUT AT VOIS BAC
3{Te:

a) PIEOUAS] BNV US Haxyd! aial (Length of End Connections) &I 3,
BUlSId g3ffdeeg arsfet @idl (Inactive Length of Winding) &4t 3Yd. TS HIUR
(Copper) ®H! BFTAI 30T THUI Wald §9d 8. BUH & Sfiimesedr BrEeaR
(Economical) 33d.

b) ZMic-fURNT (Short Pitching) g5 81T flFe=uit 8T (High Frequency Harmonics) g3
BId1d, & STHUW (EMF) &1 QI8TN138 (Sinusoidal) “eReT fagsadrd. @mges Fufur
BT SUHUHS dgBIH (EMF Waveform) 31 Irg4igse WEUM gld.

¢ HRU W fhe-dl gMIFET (High Frequency Harmonics) ¥ §ldid, @@ ®T6R
TS SUIR TS! B (Eddy Current) SHTTOT iRXRT @1 (Hysteresis Losses) GGl
Fd! glara. I SR (Efficiency) dTad.

442 g baex 9 TEIGIA Waexadt RS=A (Relations for Pitch Factor and
Distribution Factor):

firg hae 3R Bige WH Waex (Pitch Factor or Coil Span Factor-Kp or Kc): Ui
TR, ZNTc-Ues Higad (Short Pitch Coils) TTETIT TIRGHT STTdTd. TS HI® daR BRI,
U] B TZSHT gUT B WSS SIS SId, S T Uie fU=ried (Pole Pitch) dTSY T
SARTR A, WU, UTeS HIsd W (Coil Span) BT 180° V&M FHHT STd. TgHT Hig® Uab fdhar
GIF Tl (Slots) HH B! SN,

HearEl gET (Key Point): H130Y ST 316 (Angle) 2M1¢ U Saa1 STTdTd, &1 SITeaT TS
fO=r 317T& (Short Pitch Angle) TUTATT 3O Y ‘o' (alpha) = GIfAST ST,

a=dl 3TT& (Angle) ST HISEY 1< U HHAT AT

-~
~
~
.
-
~
~
-~
-~
i

~
-~
~

180

e —
Actual coil span

P
—

—

(186 - 1)

Fig 4.6: =0T fU=r 3RT& (Angle of Short Pitch)
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PISAY WicTeT (Slots) TETIR FC Fo OId, UM, T WIc, T ey qik.
R TWIe TS (Slot Angle) BT B (beta) 3RS, TR 2T¢ fU= 3FTS (Short Pitch Angle) 8T AgH! &1
Wic Ao ABeue (multiple) 3R,
a=px fIdd Wica HIge e Bo! 38 (Number of slots by which coils are short pitched)
(fdpam)
a= (180°-HIsdl Y& W (Actual coil span))
fa $aex (Kp fhaT Ke): SieeT Bige T g Hot o, deT Ao Reidde STHTG
(Resultant EMF) 3101 o forer digery o= Reigde Suque g ¥aie! g thaex (Kp
fobal Kc) TUTdrd 81 gH! 1 U& AT 3.

_ Wﬁﬂﬁﬁ%"miﬂﬁé@w (EMF induced in full pitch winding)
- ﬂﬁﬁﬂﬁﬁ%‘ﬂ% g'QTI'Q'CF(EMF induced in short pitch winding)

= 2E{ cos (a/2) / 2E}

= 2E cos (0/2)
f&IsgzM Waex (Distribution Factor — Kd): & fUa ®igad (Full Pitch Coils) THTON,
FHIccs disfet (Concentrated Winding) &1 Td&Td BRI dTORS! SId AT61 Udd U@ (Pole)
TS TGS SRIT Td Wi (Slots) ATTRVITH YT HST S, SATHS AT §IUR STATH
(EMF) 3% 391sed (Sinusoidal) =Urd gid. SN dsfenel fedisges arsfen
(Distributed Winding) ¥ UrdTd.
JETERUNTY, AT U 18 IICH (Slots) TN 2 TIAH (Poles) SRIGHT SFTACR .
BU:
WIcd R YIS (Slots per pole) = n=9
Td® BhorTol T6icd IR UId (Slots per pole per phase) = m=3

@1 TS (Slot Angle) B = 180°/9 = 20°

fe=ez $Baex (Distribution Factor — Kd): Sl Higad fSXIsIcs 3Rdld, dogl
=T ReTGce STHUW (Resultant EMF) 30T ®150d d-accs SudHI el Regee
STHUG gil RN FSXEegRM haex (Distribution Factor — Kd) UTdTa.
B thaex gl 1 U& HH 3.

Kp fdar k

Emf with distribured winding

OR

Ky=

Emf with concentrated winding

Phasor sum of coil emf /phase

Ky

 Arithmetic sum of coil emf /phase
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

~ 180°  180°
o No. of slots/pole n

TEU, U1 TR UH (Polar Group) T §IUIRT TeptT (RSiwée) &laed (Voltage) =m*Es
Es= U ®Is® AR8H (Coil Side) A0 SIURT Flges

m = Udd Borrdl ¥1cd R U@ (Slots per pole per phase)

WSS 3l (Figure) ‘'m’ @acod (Voltages), Es, A& Bol fSTh-4 (Phase Difference)
B° 3MTg, TidT G@aex I (Vector Sum) HHT MU § GRIAA.SR m o RIGY Hid! 3RS, TR &l
TGS Qe eI (Tips of Vectors) SIg daR 8IUMRI ABCED d 1 Ul @ a1 HIT §d
S TSI 1 3.

B

AB = Es = 2r sin(3/2)

The arithmetic sum = m Eg = mx 2r sin(3/2)
The vector sum AE=E; = 2r sin(mf3/2)

~ The distribution factor (Kd) is proved as,

. i (B
K. = Vector or phasor sum of coil emfs __ 2rsin(—)
& Arithmetic sum ofcoil emfs T mxzrsin@)
2
LG
T mxsin(g)

JGTERUT 3. 1: 36 TIcH (Slots), 4 GIaH (Poles), RiTTd &AR (Single Layer), -5l (Three
Phase) fdf&T (Winding) ITé! f&¥ &gz Waex (Distribution Factor) &Tar.
Solution:

n = slots/pole = 36/4 =9

m = slots/pole/phase =n/3 =3 and PB= Lo % = 20°
n
. mp o 209%3
sin—  sin
Ky = 2 - Z__ - 0.9598
& - B s 200
msin > 3sin
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

4.5 TgqHTge{ RIREH (Excitation System):
SR (Definition): St gome! Risg =M (Synchronous Machine) =0T ex aEfa
(Rotor Winding) T 3[azdd o WIGS e (Field Current) GRad, 3T YUMG TaAHIZCIA
ey (Excitation System) 3 UG, GI=T 2said A @R, Wi dlsiaT (Field
Winding) I8 ¢ (Current) U & Goad (Flux) FATIT HRUMST Toma! 180rel TRz ez
e (Excitation System) 819, ¢-Wrsl 3{@exeR (Three-Phase Alternator) 8, TaIHIZCRH
ey Ve wioe aiRfSTer 3azde SRREE dHic (DC - Direct Current) JRad, Sa1ded
faggd gfer fmfor exoaraTe! H9fe® Wigs (Magnetic Field) TOR 84
U9 TRY WO GYHATY TR
a) DC URMEezH [if¥ed (DC Excitation System)
b) AC TRIISczM RIREH (AC Excitation System)
) Wich URMZezH Rifked (Static Excitation System)
. DC ugggrsex e (DC Excitation System):
a) T YUMOHeY U dTesT Sl S-ReX (DC Generator) 9TRST SIdl, SUT@T TaAICR
(Exciter) TgUTdTd, 30T Al G BIGS dlsfeira! (Field Winding) S1.. UlaR
TR,
b) BT URICR (Exciter) 3{@e-e=dl MU (Shaft) fdhdl W A= (Motor) AT
SIS b,
¢) TRIgeRdT 313cYc (Output of Exciter) GBI (Rectify) B 3HcHich @Blgcs
ISR (Automatic Voltage Regulator — AVR) §R el bl Sildl, Sl HTazddh
dde ®Iges (Voltage) HTIH RIS SIS A S.
3fgaiesi¥ (Advantages): RiTe 311 R&aas (Simple and Reliable), 36-3% 328 caHlG ol
(Well-established Technology)
f&wsfsaidslg (Disadvantages): Wda TaRITAER (Exciter) IFTA], @®! (Bulky) SRIdl SfOT
He==g (Maintenance) SRTAl
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A.C. Machines Performance (315333)

T3 A3 ReTH (315333)

,_l_\ Field

Breaker

Automatic
0 0O Voltage
\‘/ Regulator
T o gb: s Pilpt
g lsl3 [&3 g
Yo Eiti L ol i
7~ 3f W 32358 £
{ )32 [2[2 |& Feld
i, WS < b Rheostat
Alternator }
O
Fig 4.7: DC TaauTgexM™ ff¥ed (D.C. Excitation System)
2. Tt TRarez R (AC Excitation System):
a) 1 RIETOL Th TH. TRMIR (AC Exciter) AT @A Bigs dlsfeal (Field

Winding) Tt 9iaR (AC Power) QRddl.

b) TN URICeRdl 33ege (Output) JcidTT Iae®m™ad (Rotating Rectifiers)-Tgurerd
SAIGY (Diodes) fdhar YARTH (Thyristors)- Il ERAM fac®A (Rectify) BT
STt 8 Yfaewrod Aex =Mear (Rotor Shaft) SHTGS 3T,

o ol R <1 THI3MR. (AVR — Automatic Voltage Regulator) 7 $ele bl .

Jfgqicay (Advantages):
a) BRR UIaR 3M3eYc (Higher Power Output)

b) Il TRICHwT d@-d e} aliaie R¥Ti- (Better Transient Response compared to

DC Exciters)
f&Hsrsaiesy (Disadvantages):

a) S RE=IUen Hidad. (More Complex than DC Systems)
b) cfeT GRS (Due to Rotating Rectifiers) SRR B14d 813 .

) OIRd Wi (More Expensive) 3 ZTdd.

3. e Taumgez RIwEH (Static Excitation System):
a) a1 RIEHAE T Wfedh (Static/Solid-State) IGTHRR ATURSGT Sl S G
3M3eyeHy TH. UfaR (AC Power) 93 1T €13, AEd dwgd (Convert to DC) B!

AT Bige arRfeTaT (Field Winding) GRadl.

b) U TFIBIFR (Transformer) 3Gex-eTl @IGedl HTTZTH UIaeudd w4 813+ (Step

Down) &l
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

o 1 fACHRRAT 33ege THLIAR. (AVR) GRI BIGS ®c (Field Current) Hcle

11 kV
Rectifier
transformed VWWWWAF
X
Power Supply ?-‘th /\/\ A
To Vr;;l::h o — A F/\A X %
a s, LAs,
SCR cubicle i__-q_—__sf ——————— :
5 t E Fixed :
| Pk s PP | controls !
| 1 T |
| | Voitage |
: . 1. Regulator |
re— Pls
Shunt | __g
e
0
5= GENg é < e
23 v g 8 /
g E | 157 £ 39 / Main
°Se = ¥ €0 '3,}
o s T3 &9 \ Alternator
| X Eg J
| g _<‘ N
0 |0 /
125v + :__] -
Battery -
For Field Field Flashing
Flashing Contactors

Fig 4.8: Tfe® TRIRICR R (Static Excitation System)
Jegaicoy (Advantages):
a) B UHR™AT (High Efficiency)
b) WRe 1T (Fast Response)
¢) HIde f$2MeT (Compact Design)
d) @ A9 (Low Maintenance)
fegsrsaice (Disadvantages):
a) oI REauen Himdad (More Complex than DC Systems)
b) SMR™S HRE (Initial Cost) ST Y b,
4.6 3[6‘&';]'&% '5‘1:{'5[12'07 g (E.M.F. Equation Of Alternator):
HUGATST Hfgcll 38 1, Righ 199 SFReR (Synchronous Generator) fdhdT 3f@ex-ex (Alternator)
UH IOfacHh o Toll dUR HRUANS! SUHTH (EMF) fHfor sl Wret Risa swRex fdhar
SBCIACIITS! 3. TH.U. SFIZI SId=M (Derivation) f&d 3Tg.
Tj%?f :
® = R WS TR (Flux per pole), I8THE (Wh)
P = TiGadt ¥ (Number of Poles)
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

N = RispI9 TS R.dL.ud 78 (Synchronous Speed in RPM)
f = eI SUATG ! fhadf (Frequency of induced EMF) Hz W&l
Z = UqHUI dhededdt AT (Total Number of Conductors)
Zph = Td® thorre! RRISHE Sieoe heded
Zph = Z /3 (®RUT 3 By 3HTgad)
Ul hoderHe] gl QT STAUD! Sasl aTe;
Eavg = do/dt
Uh] HedeTH Uh] o ﬂ?ﬂwmﬁ (One full revolution of conductor):

Eavg per conductor = (Th RAGTRIU & dhec OST Fod) / (A RATGRIURIET Mo
L)
e RAIGYRIUEE He PSST Scd T3 (Total Flux Cut) = @ x P
1 RAIGYIURITS! STTGST €sH (Time for One Revolution) = 60 / Ns seconds
3 Ns = Righ=9 WS (Synchronous Speed) in RPM)
Eavg per conductor = ®P /(60/Ns) ...... (1)
= ®PNs/60

But f = PNs/120
Therefore PNs/60= 2f
Substation in (1),

EAvg per conductor =2 f @ volts

TOYUTEISt B fore aEfET (full pitch winding) TRd RS 38, IS 81 hedex
(conductor) GIT 3131 HSIIB] TSSST 3 S AT 180° THfACHS T+ [ASs T ™
3MTE. WU § Sl $.UA.UW. U SRR e A0 Ul Tad $Hdld, TeUod §
EMF UHHGBHT JUIC Hald. TUH UHT e-vra! (Turn) RIGEe S.UATE. (Resultant EMF) 8
Ueh] Hedexd S JTGGAT EMF U gUT (twice) 3.

EMF per turn = 2 X (EMF per conductor)

—2x(2fD)
=4 f® volts

Tph (Turns per Phase) T80 U@ Wl (Phase) A RRISHE 800 THUT T4
(Turns). dIces ARIST (Concentrated Winding) Tfad ¢RI, 3TYUN 3 UL Al Bl §
Td = (Turns) THT OIS (Pole) 3ATOT Tl (Phase) TTaT TahT RiTTe Wi (Single Slot) A 35S
3{TRd. T 94 T S8 SUAUW (Induced EMF) T Wl (Phase) AEd 3d, HRUI
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

H Td THrE WicHR 3RIAN. WU, TPU STATG (EMF) U &1 §d ==l (Turns)
STHURTET 3@l T9 (Algebraic Sum) 3@,

Average Eph = Tph x (Average EMF per turn)
Average Eph=Tph x4 f®

Ul AC TfdHeH (AC Circuits) A 3{GeIATeT Hifed (Alternating Quantity) a1 RMS
TG (RMS Value) fazYUMTHTET aTaReT Sd). SR EMFIRFNIRS® WRUTE] 3, TR ATl
HiH %hae (Form Factor) 1.11 3.

Form Factor, Kf = (R.M.S.)/Average = 1.11  ............ for sinusoidal
R.M.S. value of Eph = Kf x Average value
Therefore, E=4.44 x f ® Tph volts  ............. (2)

1T (Note): § SIS EMF (induced EMF) & afR& &2 (Equation) 318, St $& U (Full
Pitch) 3fTf0T Bi~drccs <2y dTsf&T (Concentrated Type Of Winding) ITal Ufd Bl (Phase)
Y BIURIT EMF 13T aTURa! Sl
Ul S gdf g $ 38, 3fGex-eR (Alternator) TTal ARG SO AiRfeT (Winding) &t
f&fesgcs (Distributed) 30T =T¢ @ (Short Pitch) USRI 3RId, AHS S5 EMF
(Induced EMF) aR USRI URUMH I,
3T YU fEReGCE (Distributed) ATFOT =MTE U (Short Pitch) THRTAT aTRf&T (Winding) a1
EMF $&3M (EMF Equation) R IUTRT TRUTH UTgaT.
BUH RipY SRex fdhar sf@exAex (Synchronous Generator Or Alternator) Jrald
SRSl (Generalized) EMF $&3M (EMF Equation) d SFROES  (Generalized)
Groteydrl fofgdr aad:

Eph =4.44 f ®Tph Kc Kd volts
Ul §& fUd ®is@ (Full Pitch Coil) 18T, Ke = 1 3/&dl 3M1f01 dhi~i<cs drsfet (Concentrated
Winding) TT3T Kd = 1 3.
4.7 R e (Synchronous Reactance):
ST (Definition): BTde RUGe—T (Leakage Reactance - XI) 3o =R ez Rge=
(Armature Reaction Reactance - Xa) gid1 fiies St U Ad ulRumd gid), AreT Rish 9 Riae=

(Synchronous Reactance - Xs) 3y IBUIdId.
Xs = Xl + Xa

3&:
X| = Bidol RUFE (Leakage Reactance) (GUST 33T Blidbol G (leakage flux) Hes FHT0T
BIURT gy, off Tquf agfévied fd@ gid Ae))
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

Xa = 3R Rar RaeT (Armature Reaction Reactance) (FUTST STHER F&ad (Armature
Flux) 9T G4 Fad (Main Flux) @R gI0IRT UiRoms)
TRTWH3M (Explanation): 81 T HIOHRT Rae=d (Imaginary Reactance) 31d, S 3R
fdhe (Armature Circuit) Ao @Ges 3haed (Voltage Effects) @& YUITRITS! aTRST ST
B BIGcol IHacy G gehies gIald:SHFgdsfd R el Ryaed (Actual Armature
Leakage Reactance) 3ff0T T3R 70 TS (Air Gap Flux) A&l =R RU&&M (Armature
Reaction) g BIVIRT daoRish=g RUae=q (Synchronous Reactance) ¥4l Udd Wl (Per
Phase) A& 3R (Ohms) H& e ch ot SiTd SHTTOT ¢t Righ 99 SFRex (Synchronous Generator)
=T TR ol THGd Afheded (Per-phase Equivalent Circuit) aTIR®! ST,

4.8 3MH=R RY3faRT 3fe UM uiar Haed (Armature Reaction at Various Power Factors):

&I B (Load) 3Bex-cR (Alternator) @1 SIS® Sld, AT fGeITexdl HHER
EfETHH (Armature Winding) ®%e (Current) ATgdl. T HC ] HRUIRT dheacy (Current-
Carrying Conductor) a1 TG (Flux) FHTOT . T, SiegT SR ®ie d1gd, dagl
&1 W9 TS (Armature Flux) FH{0r $Rd. Imes TR ITTAed (Air Gap) T I3Ud Uodd
ST SRITC: STHAR HYCHS TR BIVIRT F&a (Flux produced by Armature Current) 3ffoT
fhoe ARl ® TUR SIUIRT G871 U@ (Main Flux produced by Field Winding)

39 (Note): T TSR (Main Flux) &R 3R T (Armature Flux) @1 ST aRomd grarl —
e T FGaRTd JHTUT TIOT faaRUr (Magnitude and Distribution) §God — @™ 3THR
f¥3fa= (Armature Reaction) 319 TgUTdTd.

TR 3R UHTT Had THTR dTefSTHe dIgun=aT HRewdl THIUMER (Maghitude
of Armature Current) 3a& e ¥d], TR dledl UldR Hhdex (Power Factor of the Load) BT 3(Tg,
Tave! dl SAGEA Sl SATdT YU B UlaR haexad Aaxdl (Nature of Load Power Factor)
3R RR3farTar grum=ar uRumHrET 311919 (Study of Its Effect on Armature Reaction) &%,

1. gdY ufaR aex B3I (Unity Power Factor Load):
a) U W3R IARCE I (Purely Resistive Load) faaRId =1 Sl 3icex-ex (Alternator)

T Seaal g IO SImE UiaR Hhaex (Power Factor) e (Unity) 3MT8. SiagT Eph

(SSYTS STH.UW.) laph (3MHTR ) ATgd! 30T Gledl UlaR haer gi+e! 38, I Eph

3{TOT Iph § WoIHe (In-Phase) TG,

b) SR ®f (Main Flux) 8 fhos agfe™ (Field Winding) fFHfor &oT1 3/, S Eph TR

FHROIY HRONYT 3], TR Eph BT &f =T AW 90° 7 I (Eph lags ®f by 90°) FHal.

ST, S SHTHTR BC (la) 315 o U MR Foa (Da) TIR Bl Ga 3 la g "gHd

THT SRNGR 3dTd.

Maharashtra State Board of Technical Education 105



A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

¢) oR SIUM (Phasor Diagram) 3%+ ¥ 8Id ! Main Flux (®f) 30T Armature Flux
(Da) TTTd 90° AT ol [STHR-T 3.

Main flux

0 o
| s
'aph 103
Armature flux ETT [SiR e Se e  s
Time
Ep,, ;

Induced e.m.!
due o ¢

Fig 4.9: gf-dl ufar WwaeR I8 (Unity Power Factor Load)

d) T MFIHY T FoRTd dghIR (Waveforms of the Two Fluxes) GRIGHS
3T d. T Jeg W RIaH fGud P1:STedT Sl YT (Left Half of Each Pole) - &gl TRoad
THHSB T faRIY HAd (Oppose Each Other) 30T IofedT 3ieaT UFTIA (Right Half of
Each Pole) — Gl UoRI THHDHT TR HRdld (Assist Each Other) UM, TSR
e TWRRT TSR (Average Flux in Air Gap) RR gdl, Ju @ faavor
(Distribution) fogsd.

T (Note): IFET TIaR TR TGN GleaAT IR R R3famges FHiur
BIUIRT 81 f$¥e1aM (Distorting Effect) $i9 HHCASHT gthde (Cross Magnetizing Effect)
TBUH @S Sl

e) SN TRTAT TR SIS, GeI-edl 0 Giocodd ARl ge (Small
Drop in Terminal Voltage) Bld.

2. f3RY 3T ufaR Wae B (Zero Lagging Power Factor Load):

a) SR ESR ssfdcag @IS (Purely Inductive Load) 3@eeral (Alternator) SSSaT 3RS,
@ laph (Armature Current) — Sif Eph (Induced EMF) Hed dgTdl 31Tg. d Eph &1 90°
= AT (Lags Eph by 90°) 3{¥dl. 81 37T 3178 UTaR e 31TS O (Power Factor Angle
).

b) Eph 8T & R Of (Main Flux) =T 90° = AR 394l IR ®a (Armature Flux) &1 la
(Armature Current) =0T SRR 31d. 8T Y&t BER SIUTH (Phasor Diagram) @
JEHI (Waveforms) HYT TRITST ST,

0 W SHUHaE G BT da I Of 1 GIa! oI UhHb AT AHH [d%g SRR
(Opposite Directions) 3Tgd.
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

0 &
Iy ¥ Main flux
%
Armature %0°
flux

g . Induced e.m.f,
" dueto o

Fig 4.10: Zero Lagging Power Factor Load

d) T (Note): T8, 3R TSR (Armature Flux) 8§ 8T TOHT (Main Flux) &1 $-00

e)

(Cancel) HRUIMET T B CISUAT URUMHTGT SHICHIRZAT shae 3 3MTHER
fR3faqa (Demagnetizing Effect of Armature Reaction) TUdTd.

gl YU & TR (Main Flux) &t gidl, I <o &igcs (Terminal
Voltage) A& U< §Id. 1 Uc el OraR Waex (Unity Power Factor) SISUEHT STRd 3.

3. T3RI FHEW ufar Baex SIS (Zero Leading Power Factor Load):

a)

b)

SR U W3R HURICE BIE (purely capacitive load) GeRACRIST (Alternator) SISSST
3@ SO Tl UlaR Waex (power factor) IRT SIS (zero leading) 3@, TR Eph
(induced EMF) &5 HTUT GIUTRT 3THER & laph (Armature current) Eph =1 90° =
El,% (leads by 90°) 3{&dl. 8 3T U UiaR HhaeR 3o @ (power factor angle @)

3Te.

92 Armature flux
0 9
g0 I Main
flux
Eon
Induced e.m.f,
due 10 ¢,

Fig 4.11: f3RY SIS ular Baex SIS (Zero Leading Power Factor Load)

Eph (EMF) 1 T U&a Of (main field flux) =T R0° = HFT (lags by 90°) 3{¥dl, R
laph 3TTOT AT AT GIUIRT da (Armature Flux) § T8Hd THM SN (same
direction) 3RIdTd. ok STAUM (phasor diagram) 30T d&HIR (waveforms) WSS
TP TRTOS 3.
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

¢) ThoR ST T IGH IR A § WP BId B! IR FORT ((a) ST T-T GO (Of) §
GIg! A SRREME (Same Direction) 3Ted.dMes § Glvel UhHHDBH Aad (Assist)
HRTd, o T PSRy L a1 (Addition in Main Flux) 98 3707,

AT (Note): 3R Rafarrar s/ uRome f5Y oifeR vod, &7 FoaIol g
(assist) Pdl, ST HACTARNT Fhae 31 AR RSfaRM (Magnetizing Effect of
Armature Reaction) ¥UIdTd.

d) 1 TUCHRINT ghae Job oI FoaIH a1 Bid ST AT 3THeR T8 SRd EMF
$SYH (Greater EMF Induced) BId.aRRumd}, SIfET diak Hhaer Jleurdt efiiie @acd
(Terminal Voltage) A% dT& (Increase) 8Id.

e) SMAUE UlaR Bhaex BIY (Intermediate Power Factor Loads) UM f3RI ST 9
fIRY SIS afe e el SR RafaRm, SR oredrdt uikias! wi HierfiT
gWhac (Partly Cross Magnetizing) Sfifor UTiRigel Idem@fsi Ihae  (Partly
Demagnetizing) fdrar SITET Srewra! UTRiae! HUer™siT (Partly Magnetizing) 3T s
GRUIMA (Combined Effect) GRadd!.

49 FGed WGOIF: IHNGE BIfST AYs 3Mfor Risp-a srfie=w AYs (Voltage
Regulation: Direct Loading Method and synchronous impedance method):

Sf=M (Definition): TERT 3fGexAex (Alternator) fdhdl RishIHY SFReX (Synchronous
Generator) @ ®Ioedl $o3M (Voltage Regulation) TU TH-® ®I@c (Terminal Voltage)
A GIURT dle, Sl B8 YUl &fdae (Full-load rated value) X[AR UG SId, UG
Gl WIS (Speed) 30T IS HIC (Field Current) HTIH STST SITdl.

ST TGIA: TR Rl WO UM A-B18 (No-load) T F-818 (Full-load)
T <0 BIocodTe Ja0, Al To-0ls ®IacsH HRTOST 3L,

IR gie glagcsl gaM (Per Unit Voltage Regulation):

{(Voltage at no load) - (Voltage at full load)}
Voltage at full load

Per unit voltage regulation =

Eph- Vph
Vph

Eph- Vph N
Vph

ST BIocs TG & 0 % 3Hd, IOl IS BIIGUTIR HIUdTG] Biocs! iU gid el
TIETd, BIGcs WO foTdd B! 3o fddd I,
aed BIaeT 3T Fracd WY (Factors Affecting Voltage Regulation):

Percentage voltage Regulation = 100
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A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

1. OIS Heedl &g (Value of Load Current): STRd 318 HRC IGATN, S0 SIS
(Internal Impedance) BI@CS SIU SR Bldl ST TSR dTadl.

2. TleR Waedl /iy (Value of Power Factor):
SfTRT UfaR thekex (Lagging Power Factor): @Gesl ST dled!, WgoRH WRIE §ld.
SIS UlaR e (Leading Power Factor): ®lecs S1d B4l gldl, Hel el fAnfes
RECHERERRICE)
At ulaRk Bhaex (Unity Power Factor): H&IH WS

3. OISdl CI3U (Type of Load): YRREE (Resistive), Sefacag (Inductive), 3ffor Hufdfes
(Capacitive) 1€ AT HYSH FIGCol ST YHTTId BT,

4.9.1 ST BIFST AYS (Direct Loading Method):

a) SRRaC Bl <X (Direct Load Test) A, 3{@ex-ex (Alternator) &1 RisolHa dWte
(Synchronous Speed) = TTGAS SITd STTUT ATET THAG @IGedt (Terminal Voltage)
T 3¢S KoY (Rated Value) Td SCaaT Sl (V).

b) TFR, BIS M UHR IGGS] SIdl B X AheHS SlesGdl STHIEX (Ammeter) STT0T
gicHier (Wattmeter) &R fGS@dT UiaR haex (Power Factor) &R ¥¢8 &g qaIqadl
KIGIGEH

0 THR IS TOIO HH HST Sl 3T S@er-edl Wis I Bios TadrsezH (Field
Excitation) fRR 3ac Sid. 312 URRUdId, @ex-ed Al-6l8 Flacd (Ea) Aigaa!

ST,
d) I igdoadl gagerdl dTIR He @locsl WgeRH (Voltage Regulation) WTSte YA
DIES SIld:
Percentage voltage Regulation = % * 100

Maharashtra State Board of Technical Education 109



4.9.2

A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

+ I
[ Field \
\_Rotor )
| ()
- Rotor # Stator o/ B
O
R ——— Thyristor | F
Controlled )R
Y — 110v (V) Field (DC Setup for
B DC winding M LOAD TEST
POWER J OF ALTERNATOR
N —— suppLY

Fig 4.12: STAYaE B ¢x¢ Tfthe STYT (Circuit diagram of direct load test)
&Y. 1 STRGT BIS ¢ Whad 5 kVA U&T HH! &Hq $8H GeI-edral (Small Alternators
of power rating less than 5 kVA) T 3.
Rl snfis aus (Synchronous Impedance Method):
Riwg gafie AYS (Synchronous Impedance Method) fdaT STAT® AYS (EMF Method)
U= HIGAT &HAAT 3Gerexd (Large Alternators) ®igcs SGRM (Voltage Regulation)
fAfRgd o 9. g ugd MR RUSRF=T (Armature Reaction) URUTH Tl SRIATRSFRI
@ (Imaginary Reactance) G2Ig aTuRTd Idl.
AT I:
\Y = Ea—laZs
=Ea—Ta(Ra+jX5s) ...(1)
FHATIBT, BT Righ ¥ SENS (Zs) ATo! SId. TR TE S-Res SUATS (Ea) ot
RMGY WS JHIBIUMGR Dleo! SIS0 UHR Ea SO V IiAT HadH Rlacs ISR
(Voltage Regulation) ®TedT Id.

Riwia sufis—g AsR¥e (Measurement of Synchronous Impedance):
Riw g e (Synchronous Impedance) df fHd SRAUANITST WGIG arEual (Tests)

PR YaQdl Sdre:
1. S ¥eRe=g ¢ (D.C. Resistance Test)
2. 3fu9 gfdhe e (Open Circuit Test)
3. ¢ Tfdhe & (Short Circuit Test)
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1. .. ¥feRe—g ¢ (D.C. Resistance Test):
a) THOT PR § WR-Hacs (Star-Connected) 38 30T Bigs dARfST (Field
Winding) 3f--9fes (Open-Circuited) 3MTg. 31T, Td® Sieoadl oA ®
S IR (DC Resistance), @IcwF f§S (Wheatstone’s Bridge) dma=d fdar
Jfier-digeHier HYS (Ammeter-Voltmeter Method) dTd=- HioTl.

o L

Supply

Field
winding

Rotor Stator

Fig 4.13: S1.31. If3Re=T 3 (D.C. Resistance Test)

b) YAOST A AT BAYS (Resistance Values) IT TR (Average) Rt T8UH ddaT
STals! Rt 91 €6 2 3 UH, Tdd hordl o141 3R (DC Resistance per Phase)
i,

€) X PRAF HBeAR (Alternator) IR (At Rest) 371, HRUT THT. hidecg e~
(AC Effective Resistance) g S8, Yf3e=T (DC Resistance) U&lT SR 31d, T HIRUT
&P+ 3Whae (Skin Effect) 31Tg.

d) UHT Bhorra T, Shideag MeReT (AC Effective Resistance per Phase) ST I@HHIO!

BIEH] 9IS, B

AC Resistance=DC Resistancex®dex (Factor)
e) B WaeR 1.20 d 1.75 =0T G- 3!, 30T df 3f@e-exal Asaar (Depending on
the size of the alternator) 3{ao 3,
2. 3Ny gfbe ¢ (Open Circuit Test):
U gfdhe X (Open Circuit Test) HRUANITS!, BI8 THAGY (Load Terminals) U9 dao
STATd HTMOT 3{@ereR (Alternator) & AT Yes Rish-g e (Rated Synchronous Speed)
IS SITd. Ffdhe SEUM (Circuit Diagram) 370+ Hfdhe <cTa! WA TEUHTO! S,
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o R

N (»)
. ® ® ¢
v
DC Field g C> Y
Supply winding ¢
. | oB

Rotor Stator

VY

Fig 4.14: 3ffu- Hfdhe 7€ (Open Circuit Test)

a) goardiel, BIge HC (Field Current — If) TR AT HAT STdl. MR, BIoS B
T dTedaT Sl AT Yde Wured 3fiu wfdhe <fifFe ®iges (Et) HISie o,

b) WIFS HIC FAUT dleddT SIidl PI, Al G XS BIGeslUal (Rated Voltage)
25% 31w BGest (Voltage) AT & 6.

¢) TH W% (Graph) HIGST STal, S U9 Ffdhe tel @idges (Open Circuit Phase
Voltage) (Eph = Et / V3 ) 31101 BIa8 ®c (If) Jramaed Jeay grRade! sidl. fHasum=n
T I RREH FH& (Characteristic Curve) T 3T Tfdhe HRaeRRERT (Open Circuit
Characteristics — O.C.C.) ¥gUIdId.

Air-gap line

.
‘, o
‘
/’i‘l
)
i
h
)
‘
;

open-circuit voltage o

>/,

d) O.C.C. d W¥Y (Shape) TG HICHIZE & (Magnetisation Curve) TRE 3.
SIegT a1 gl XIS HIT (Linear Portion) A16gd TaRICS Bl ST, dagT ATeT TSR 110
B (Air Gap Line) TUIS W4, Sit U faf3ry afires gzfaq.
3. ¢ Ffbe 2 (Short Circuit Test):
TN Fihe ¢ (Short Circuit Test) HRUAMNTS!, THAR TG (Armature Terminals) dF
3™ (Ammeters) =T HEHANT ¢ Fibe (Short-Circuited) %S A, S &1 R
(Figure) H&d GRAAS 3G
a) @I (Alternator) I= HIUATYT, BIGS He (Field Current — If) SR HH BT
Uil U 3fHeR (Ammeter) 91 39T (Range) &1 ¥¢e @ o8 oY (Rated Full-Load
Value) U&fT 3Hfd% 3RTE!. MR, 3fGex-exal RihHg W8 (Synchronous Speed)
EIRCRASIGH

Maharashtra State Board of Technical Education 112



A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

oO— : O
2/
DC % Freld /-\\ Y
Supply winding A/
() B
Rotor Stator o/

Fig 4.15: =0T¢ Tfde ¥ (Short Circuit Test)
b) TH®R, HIGS B (If) TN dIead! Sdl A Jde LUAE R Hic
(Armature Current) AISI®T ST, BIAS BHe 3720 Uldes I9dd dTeddl Idl &1 3THR Hic
T XS TGN Qu40% Td TS THh e,
0 Ud® LU, BIos Hc (If) 3 i frier AfSwrar IRt (Average of Ammeter
Readings) BT STTd. AR, T UT% (Graph) ST SITA, SATHE 3THRR HIE (1a) SO0

BIos BC (If) TATNE HeY GRAdS i,
1,
SCC
d) TRt 8 daeRRed Fic Tithe diaeRRed (Short-Circuit Characteristic — S.C.C.)
U 3ol SiTd, 0T 81 TR W (Straight Line) 3¥d, SRt &1 fTRAL (In the
Figure) QRO 378,

4.10 3@eAed RiwmHrgRA: sfhfazM, AR 3fvs Hfe==a (Synchronisation of
Alternators: Definition, Necessity and Conditions):
4.10.1 3B (Definition): 3fGex-ed RighHZIRM (Synchronization) §1 T Uitk 3T
NHY AU 3fGex-ex (Alternator) o Sofaced dHRaeRdd (Electric Characteristics)
faem gofdech e RIS (Electrical System) (3aT. IS (grid) fdval gERT 3fGeRAeR (Alternator))
2N e dS SdId, WUl ST RS (Parallel) SISl 50,
4.10.2 TR (Necessity):
a) ¥Cd® UTaR YW (Stable Power Supply): RIsHRIZRM (Synchronization) Te5 JUMRT
PR (Alternator) JUMOHE Toaeduad  (Fluctuations) fdhar fSo=my
(Disruptions) fHT0T Ha gl
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b) @IS ASARIT (Load Sharing): 3MF 3GeIey (Alternators) A Iofacdho fSHIS
(Electrical Demand) T SRI&H dTey (Distribution) T Ad.

) SPISl SRR HURIAT (Increased Generation Capacity): 3@ f&HTE (Demand)
A Jue el 3ffdfkad 3fGe"ey (Alternators) SSdT IdTd.

d) €SI (Redundancy): T 3{@eeR (Alternator) He-=T (Maintenance) fdar RUsR
(Repair) TT3! &G AT SR @Iy (Alternators) HRRT Jgald, S TlaR
W1 (Power Supply) Gaid gid ATgl.

e) RReyvs sofde®d® WA (Reduced Electrical Stress): Td 3@e~exy (Alternators)
TGS U UM URIFHCY (Parameters) aR AIGGATHS SfHUHCH (Equipment) aR BIOTRT
01 ST I,

4.10.3 HBfSIT (Conditions):

a) 3PO efi-o @Gew (Equal Terminal Voltage): 0TI 3/@eex (Alternator) o
e e ®Igco (Terminal Voltage) I1¢ SR (Bushar) &1 ®ldcs (Voltage) IR™
39T,

b) HH WP (Same Frequency): JUMIT @eex (Alternator) I Thie=d! (Frequency)
faeH™ SHER (Bushar) fdhdl 1E 3fheeR (Alternator) 2t a1 Uiig.

o) SMUSfe®® bel f@=T (Identical Phase Sequence): AUMRAT 3{Ger-cR (Alternator)
ot e &= (Phase Sequence) (3al. R-Y-B fdhdl B-R-Y ) [dg@M UUMoRE™
ST,

d) 3iRY WS f&W=T (Zero Phase Difference): SISUN d@! JUMT 3fGeI-cR
(Alternator) =T @Ged (Voltage) 0T SHER &lgcsl (Busbar Voltage) AEE Tl
3fT& (Phase Angle) ZTaRIA! X ST,

e) Rufiox agwid (Similar Waveform): 3meal TR Jum=ar 3for a6 ST
3BeexY (Alternators) ¥ @B (Waveforms) THURW SHTAd.

411 ot B RigpHg A AR i sifzE@ls e RIfifsed—a (Three phase
synchronous motor: principle of operation, significance of load angle):

4.11.1 fIf9U® 8IfF STIRIM (Principle of Operation): 3t Tl Ri®AY Hiex (Three-Phase
Synchronous Motor) ¥eIHE (Stator) Ui HAfCH BIGS (Rotating Magnetic Field) TR
P of JASTAT (Rotor) HAfcH WGl (Magnetic Field) $eXae (Interact) HRd HTOT ATHS
e} (Rotor) @ R ¥ WieH (Synchronous Speed) A,

PR f&e&H (Constructional Details):
¥eeX (Stator):

Maharashtra State Board of Technical Education 114



A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

a)

b)

o)

e g1 el TR UTE (Stationary Part) 318 30T fifowi4 Te=n (Silicon Steel)
S R (Laminated Core) ATTEA SAG ST 3, ST TSI HRe (Eddy Current)
30T fRee R B19™ (Hysteresis Losses) HHT BIdTd.

I1d ot BT a1SfS™ (Three-Phase Windings) 3{dTd, S IR ¥R (Star) fdhar Saer
(Delta) ddcs 3 Tdrd 31 AcfET TAfeH WiGs (Rotating Magnetic Field) TR
PO FSASH Poses 3.

W d1sf$ (Stator Windings) 3o (Insulated) 3T SUldhe+ d 8- @ISl
(High Voltages) 301 ®cq (Currents) 98 H& D dlo.

e (Rotor):

a)

b)

d)

e)

3Jex g1 HiedT AT UTE (Rotating Part) 38 31T GIF UHRIdT 31 Tl Hfode Uie
(Salient Pole) fdar Riofge (Cylindrical).

Jfode Uie A (Salient Pole Rotors): TY Yddh Uidar UISifaeT Ty (Projecting
Poles) 3RIdTd, TR Bies diafe (Field Windings) STdoadT ¥dTd, 3111018 1-wdis
(Low-Speed) ATIRTITS! AT SR,

f4Sfgdw® AR (Cylindrical Rotors): T WY Riofgwa TRWBY (Smooth Cylindrical
Surface) 39dl AU WICHAL (Slots) WIS AR (Field Windings) S¥aoodl
3T, S HFG: -8 (High-Speed) HAlciHe IR ST

R BIGS ARfE™ST (Rotor Field Winding) DC TiaRk (DC Power) GRA®! STd, Sif
TRSA® DC IRided (External DC Source) fdhal Alex zMeaR s¥aoadl DC
SAYeERDH S (DC Generator) &,

SHR AEfET (Damper Windings): JeIHed THITAY 31 Z1ehdTd, of WIfe? €l (Starting
Torque) Gdrd 30T 3{TRIGRM(Oscillations) HHT BT

aféa fAfRIU® (Working Principle):

a)

b)

Taol T ot ol giF Uigd Rish= Alex (Synchronous Motor) 3118, AT GIF e
UIad (Rotor Poles) — NR 30T SR 3118 d, S Figure-2 A& GRAAe 3MTg. WX (Stator)
TH® g UIaadTa! adE (Wound) B @T 38 — Ns AT Ss. Tex arRfST (Stator
Winding) T 3-Tal AC W@ (AC Supply) fa@T SIrat 3M1for ek wics asfET (Rotor
Field Winding) @1 DC @?Q\_rf (DC Voltage) fe®T ST

TR arsfET (Stator Winding) Teb e Hafc® fthas (Rotating Magnetic Field) TR
P, ST e (Stator) =T Hiad! Rish 9 TS (Synchronous Speed) = fthRd. I1ex (Rotor)
o1 fdo®T DC @Ged (DC Voltage) T ¢-UI@ fhae (Two-pole Field) TR &),
Shyefd e (Rotor) T&= Bid AT Adfd df R e, a1 3/ad, T Regiford ®ex
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d)

UI® USR (Revolving Stator Pole Pair)- Ns - Ss 3fff0 U W2HRI e U6 USR
(Stationary Rotor Pole Pair) —NR - SR 3{RIcdTd 3{¥dIa.

T UehT &7 ¥ OIod (Stator Poles) Figure-2 (Figure-2) THT0! RYUd 3MTgd. T a1
Ns 30T NR & TIGd ThH® T RUS (Repel) HRATT ST Ss 30T SR @@ UG (Repel)
HRTd. TS e (Rotor) TR f-aIdmargs] SFRERM (Anticlockwise Direction) Hel
el (Torque) FAATOT Bra.

Three ©
phase
supply,

Figitre:2 Figitre:3
Fig 4.16: Rispra w9 afr fAfRus (working principle of 3 phase
synchronous machine)

8% AC I I& (AC Supply Cycle) FR, Iex UIad (Stator Poles) @i Mo Re
(Polarity) 3®cd, TUT AR UIH (Rotor Poles) = TIoRET (Polarity) d 18d, ¥ Figure-
3 (Figure-3) T GRIAe 3MTg. 3TAT Ss ATOT NR ThHHBIAT 3¢ (Attract) HRTd 30T
Ns 30T SR THIS THUBIAT 3Iddc (Attract) HRAId. TS AcR (Rotor) FSIhdATZS
ST (Clockwise Direction) A fohRudma T Hal.

PHRUT TR UIGY (Stator Poles) Tad &idl WSRCT (Polarity) IGod 3RIdTd, TS o
RAeR (Rotor) BT 34T THT SRR AU R U1 SERRMA  Hadrd. Uuf e
(Rotor) 9 SR (Inertia) SR SRIGATS o §&d ATg! 30T IgUH It eidbs (Starting
Torque) X 31! TUIe, R HIex (Synchronous Motor) Bl S&Wh-elfeT (Self-
starting) ¥l

Jfegieo (Advantages):

a)

b)

c)

=9 Alex (Synchronous Motor) Hi-ée WIE (Constant Speed) fhd, WM fRR
3107 3rfeh TWits A,

R dlex (Synchronous Motors) §gdd daT g ThR[A = (High Efficiency)
TSRS (Excitation) #cle &, Rid-g Hiea (Synchronous Motors) ST
UiaR e (Leading Power Factor) fiyaaar adr.
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d) o1 HieHe FHH i U (Torque Ripple) STd! 30T o $1fi JResId ATerdd, ST
Ao e asRH (Mechanical Vibrations) & gIdrd 3107 fRR, =1id ORI R Bldl.

e) RispI Hiex (Synchronous Motors) fafder Ieiaed fagga WreR (Electrical Power)
3O 3TN T RR (Industrial Machinery) SATGATHTS! AR ST

SfRIBIT (Applications):

a) Sgd® 9ol [aggd Sl (Electrical Energy) A& A& &l (Mechanical Energy) &-ac
HRUGRITST s Aex (Synchronous Motors) aTURdTd.

b) RIS HIeR (Synchronous Motors) 3 3NENRTE TAATHHE IR AT HRUT
e SR (Efficiency) 3O fRR oA AT@ivdrt &dT (Capacity to Operate at
Constant Speeds) 33

c) e Uishar Jfaem (Chemical Processing Facilities) & UU (Pumps) ATidudRITS!
R Ale} (Synchronous Motors) AToRedT STTdTd, ford) fRUR o 3axad 3.

d) i AR (Synchronous Motors) Hi-IRe e TIgH dTerdTd, ATHes A3l FHIUMGR TSR
Higerf R (Air Conditioning Systems) TTa! fayTaTe SMTOT HRIEH TIR™T 3.

e) RighI¥ AR (Synchronous Motors) &I “eadd (Communication Networks)
A TR Ao e (Timing Mechanisms) R HTSS HRUATRITAT 31101 SR TR
CILRSIRSIGIGH

4.11.2 S & (Load Angle): B 3@ (Load Angle), SIS TlaR 3fTT& (Power Angle)
<H® TgUIdId, g1 e HAfedh flhae (Magnetic Field) 31O Iex=m el dafesw
f%®s (Rotating Magnetic Field) aM¢it® 3fT& (Angle) 3/dl. U, 318 31T& (Load
Angle) BT T @S &R (Field Flux) 301 Redde TSR 710 %R (Resultant Air Gap
Flux) amefie STS (Angle) 3/l

lra F
E
=
1.Xs

la = Armature or Stator Current
Fa = Stator mmf in phase with la
Xs = Synchronous Reactance

ra = Stator or armature resistance
& = Load Angle

Fig 4.17: ®¥S 31T® (Load Angle)
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ors 3o Rafftse—a (Significance of Load Angle):

a)

b)

o)

d)

SicgT R SHRex (Synchronous Generator) A8 A& TiaR ¢ (Mechanical
Power Input) UI8H &R (Prime Mover) gRT dledal Sdl, dgl HIge Uiay (Field
Poles) § Wex TUIGY (Stator Poles) fhaT 7oa (Flux) TefT 4 STTATd. M 31 SiTe
(Load Angle) dTea.

WIS 3T (Load Angle) AEGATIS FoacHATe® i (Electromagnetic Torque) g,
HRU Rish 99 7=fF (Synchronous Machine) Al 3daeHifed €ldb (Electromagnetic
Torque) BT UTISH &R <ld (Prime Mover Torque) 3T ORI @al, M1 ST &1 <ids
(Torque) Glra! eleh-T Tgfod HRdl, degl A e ® g1de (Mechanical Input) Sofacd®
3T3eYe (Electrical Output) 7ed H=ac BId.

WS B8 TS (Load Angle) TEHIT UlaR 3T3cYe (Power Output) dTedl. Rishd
SYeR (Synchronous Generator) 9T UlaR 3T3CYC (Power Output) TToTe JAM G
EIGIH

P=(EfVtSind)/Xs

IRT TR, TS § (Angle §) ATEHAN UlaR 33T (Power Output) dTEdl, SR
BIgs TR (Field Excitation) SfTfOT SFReR efH@ @IGest (Generator Terminal
Voltage) fRR 39 @R, T8UH BIS 3T (Load Angle) BT UTAR 3ATE (Power Angle) 38!
T

4.12 YiaR WaeX sHEHeTa! R HiexdT aiaR (Synchronous Motor for Power
Factor Improvement):

SiegT Rip AR (Synchronous Motor) 1-818 (No-Load) RUdid 3l SfeR-TRRISCS
(Over-Excited) 31d, dagT fae1 R de=R (Synchronous Condenser) TgUMATd. 3gR-
TRITECS R Ak SIfET ®He (Leading Current) TRAd 30T HURIER THT (like a
capacitor) BT HRd, ST UlaR WhaeHed JURUN gld.

a)

b)

o)

Risp 9 e, Bios aRfETHE! Wad DC AN aTiReT ST, A AC YC I0H
o ¥ eR Tolgs] HRUGMTS] HRe RAd], ol U0 GlGcorIad §4-hol 3RId!. S
OiaR e g g,

DC THHECRM 9agd TIdR hack SR Hrdl Udl. TRIEezM dedady didR
thaex BRI gidt 7 SifeT udfd sod!.

Sl DC THIHTSCRM dad, d@] Bigs dlgfet SieR-Hicsss giard. JrEl RS
PRUMTST Tere! Udh 3ffdRad Hic hulHe fHesd!.
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d) BT P IO RIOCIsT B8 Hdl, S TS BifeT UlaR Waex AT gral fdhar

Rifeees UlaR o Bl
AC
system
Coupling
transformer
N
1
Slip rings
Y
2 | o
D— ——
_D_ 2

Back-to-back
converter

3-phase field winding

Fig 4.18: RispI¥ HievaT UTaR haex sHIEHEHTS! aTuR (Use of Synchronous

Motor for Power Factor Improvement)

e) Sefdeg ol Rufdees UlaR HPH Bl (GHIT UlaR Thaer), R HURICE DI dl oFke
H (@IS TlaR WaeR). Rish Y Hiex a0FH, DC TRNEeRM SoRe dHe- Hyul
R UlaR tharex GURAT I,

f) Bad UldR Bhdex JURTINSE! diRe!l SUR R AR RivHa de=R
(synchronous condenser) U 3Nego! STd.

g) RipHT HR dled RooHH SIS Sal SO UiaR haex YURG!. IS SIeTqL
IR SUIRT HfaRed Fie wHt gral.

h) TROTE, 9 fo@ St giar ST el AT id. SigT Rith Y e~k TWAo] RO S
ST SiTdl, AT ol et de Ul 3nfor Rifdes dul-e Sl Hral.

) MM UPHR UlaR thaex JURST STTdl. Aol s o Rish Y da~owdr arR fa=iv:
JiaR ek URUANITS! o1 ST,

*%%
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A.C. Machines Performance (315333)

T (Exercise):

1. RrepI9 gafle=a (Synchronous Impedance) 30T Rispi U&=~ (Synchronous
Reactance) T fhgA &I,
(Define (1) Synchronous Impedance (2) Synchronous Reactance.)

2. 3GARACY (Alternator) Irdl gfede Ack (Salient Rotor) 301 Rfdfgde Jex
(Cylindrical Rotor) gl SRS &I,
(Compare salient Rotor and cylindrical Rotor for alternator)

3. of-%S RIpIY Aex (3-Phase Synchronous Motor) 3T afdi IfRIU@ (Principle of
Operation) THSTGH .
(Explain principal of operation of 3 phase synchronous motor.)

4. TSEegaM WaeR (Distribution Factor) TUMS &1 d SUTH (neat diagram) g TR H
h.
(Define and explain distribution factor of a winding with neat diagram.)

5. 3@eIexdl 5.UH.UW. 3B (EMF Equation) SR1ST &I
(Derive the EMF equation of alternator)

Suggested Learning Materials / Books:

Sr.No Author Title Publisher with ISBN Number
1 Theraja B. L., A Textbook of Electrical |S. Chand and Co. New Delhi ISBN10:
Theraja A. K. Technology Vol Il 8121924375

Dhanpat Rai & co. ISBN13: 978-

2 |Ashfag Husain 8177001662

Electric Machine

Kothari D. P. and . )
3 Nagrath I. J. Electrical Machines

McGraw Hill, New Delhi ISBN13:
978-9352606405

Tata McGraw Hill, New Delhi

Electrical Machines ISBN13: 978-9332902855

4 |Bhattacharya S. K.

5 IDr.P.S. Bimbhra Khanna Publication ISBN13:978-

Electrical Machinery

9389139105

Mittle V. N., Arvind
Mittle

Design of Electrical
Machines

McGraw Hill, New Delhi, ISBN:
0788180141263, 9788180141263

Samarjit Ghosh

Electrical Machines

Pearson Education India, 2012;
9788131776025
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Learning Websites and Portals:

ST Link / Portal Description
No
1 https://ems-iitr.vlabs.ac.in/exp/speed-control-slip- [Speed Control of Slip Ring
ring/ Induction Motor (VLAB)
5 https://archive.nptel.ac.in/courses/108/106/1081060 [Operation of Induction Machine
72/ and Synchronous Machine
3 https://archive.nptel.ac.in/courses/108/105/1081051 [Construction of Three Phase
31/ Induction Motor
https://archive.nptel.ac.in/courses/108/102/1081021 Electromechamcal Energy_ .
4 Conversion and Synchronisation
46/
of Alternators
https://ems-iitr.vlabs.ac.in/exp/lab-equipment- Familiarization of the electrical
5 [familiarizati machine laboratory apparatus
on/index.html (VLAB)
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gfe-5
e v 7=

(Special Purpose Machines)

fawa fAsa=it (Course Outcome):
CO 5- S3fcaa e I3t WRId que! A== gol.
(Use special purpose electrical machines for industrial applications.)
e Aol (Theory Learning Outcomes):
1. feoieun egu=ar Weia guisl AR~ HeaR SIen3d &l .
(Describe construction of the given type of special purpose machine.)
2. feciean Wera gus A=t afeh T fOf=iue T .
(Explain the working principle of the given special purpose machine.)

3. WIS 3ffRIBTH (Special Applications) TT3t Rde Were gd Af=T Rydae .

(Select relevant special purpose machine for the specified application.)

uf¥=ra (Introduction): W& YW W2 (Special Purpose Machine) &1 fazivd: feame

HoodT HRITT 318 ST WIS T [dhal AT HRUIMS! SaoU Hadl SdId Sl Hra=H 0
AR A0 TR ol 3d Agid. Rive mRit-g=a 3o e, WS YU 7Y reaciiac
(Productivity), 3fTfOr SRt (Accuracy) dTeiduarTdl Widfther 3ffwdhzM (Application),
U fhdl TSR SI3-18! dhcH-faae(Custom-Built) o! STTdTd.

g TRl IR Higdl YHG WeaRM 9idl del o), foRiva: sficmifes
(Automotive) SGaIaT (Electronics), BHRGCHGY (Pharmaceuticals), T ST (Packaging)
30T HYBNAT (Manufacturing) JRRET sexc e, f5) 81 WIS (High Speed), TOrRiieH
(Precision ) 3ffor Yool (Reliability) Hewarl 3R,
31T B HH PO WG U TR Hgdyul YD Soladid. SSKIS TSR
(Automation) 3TfOT FTE HYWhaaTThs (Smart Manufacturing) dTedTe HRd SRIAHI, WIS
5.1 ggde Aier, RN Rode~a diex, wuHe T Ri v diesd (fragaey), ¥R

Hiesd. (Universal motor, synchronous reluctance motor, permanent magnet

synchronous motors (PMSM), stepper motors.)
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5.1.1 gfegdd Mex (Universal motor):

gRigdd Hiex € TP U gafded Hiex o o Tt (3reeAfen die) fhar S
(STREE HC) TWIaR ITad. 8T TS 11 dHimide (Compact) fSSET4e @ Im=Ia: Uidad
UlaR ¢ (Portable Power Tools), fHRR (Mixer) RSN BRHUsios MRS 30T
gy FARAA (Vaccum Cleaner) dloRa! STd.

>
i
/7
/,

' /6
| \l RS
\ A .

c<

Fig. 5.1: e diex (Universal Motor)
afd ffRTu® (Working Principle): ZH@H® Hic 81 TR §R WIS 81011 Hiflcs Bios
(Magnetic Field) 3fTfor Iex (3MH=R) (Rotor — Armature) HE® HIC TS BT HSdeyH
(Conductors) TG SoaciHdlcd Sex3iaRM (Electromagnetic Interaction) a1 FUfRu@aR
b D,

1. ®E B! (Current Flow): SiegT AleR@T ST (DC) fdham Tt (AC) W[ (Supply) fa@T
ST, degT dee fhae arsfe™ (Field windings — stator) 3107 3THR AEfE™ (Armature
windings — rotor) T TS gidl.

2. TWAfe® gev3fa_ (Magnetic Interaction): s aEfé™ (Field windings) T Hife®
BIgs (Magnetic field) TR HRdld. 3THIR Haded (Armature conductors) S HXE Bt
HAd, d T HACH Bigs Alad gexside HRAId 30T SR BN (Lorentz force — F =
BIL) IR 3R o= U B (force) faAT0r g,

3. =M (Rotation): BT B (force) 3MTHTR BT e HRUANIS! HRUTYA Bl BRI
(commutator) 8 gFRad &Rl ®i el (torque) HTIH THTd STARGRIH g, il TH! Hie
HId SRR Faod 34 .

4. Tits HeI® (Speed Control): BIGe (voltage) AL TSl He- fhal Fdaci-db Hidbed
(electronic circuits) a1 AR HE WS (speed) HI® Hal dLHE, JHEUG ALY
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(universal motors) BR g W 7 e HRAM (WURUG: 20,000 RPM THd), I god

(tools) T3} TIPS 3.
gigd® Hiex™d H=gaRI (Construction of Universal Motor): ZR@Y® Alcxd HeaRM
SRft RRIST Alex (DC series motor) ARWT 3R, TUT Hlo! [ARAY TE@ Hoo AT SUIdHE
dt Tt (AC) 31fr SRt (DC) GIe! YR d1g 2Mehd. 8l U RiTTe-Uhel [eR (single-phase
motor) 3fTg 37Tt g1 Tie &M Tl (torque) SUATITS! fSET Foo! 3, AT o Ulcad
&Y (Portable Tools) 3TfUT gT3¥gIgs SGRAYTHS! (Household Appliances) a1 3.
gfgd® Hie™d A9 urdd (Main Constructional Parts of a Universal Motor):

1. ¥eX (Stator — Field Poles 3 Field Windings): ¥cR At 3fHesS It 31 HR
(Laminated Soft Iron Core) 3107 ¥fe5de (Salient) UIgH (Poles) 3dTd. YA GraHiadt
e arsfé™ (Field Windings — Series Wound) d13€ 31dTd. IT Aa (S YA Hic Tl
FOAN T HACH WIFS (Magnetic Field) TIR dHRdTd.SE-29 (Laminations) T aToR
T 3TIREM G BIUIR TSt e 34y (Eddy Current Losses) HH! HRUARIS! BT
EiGIH

2. 3eX (Rotor — Armature): e fhdl 3THER (Armature) § DC HieR THIUR 31d, SaTHed
TR TSN (Armature Windings) a3 € HRUTNITS! W1CH (Slots) SRIATd. o ThT M
(Shaft) IR AT3< (Mounting) 3fd IO TR R TR Hoadl Hilcd Bigs g8 cc Bid.
TR BR (Armature Core) F&T BHFCS 3], SUIGE T TBH aR TS HC o
HH! gIdlo.

3. ®Ree (Commutator): Th RfGSIHe ATHE HIIR T (Cylindrical Segmented
Copper Ring) St e MIE IR AST (Mounting) 3RTd. Tt arsfer Al S@eAfcT die
W1 JHSRRES <l (Unidirectional Torque) A H-ac¢ Hd. T ATIOT ST {TIRH
el UHIRWIE g Hd, HRUT o T Drer-UIaR R Aehe dic geod.

4. P § (Carbon Brushes): & ®Ia fdhal UIge §=9 (Carbon or Graphite
Brushes) & ®RIccR ATHEC R U HoOO SN, o Jcied HHAR T WA Aldhe
(Circuit) IrMH® FSfdch® Picae (Electrical Contact) Hdrd. IT fewoft Thar gos
Joslded] HeA-g 13T Sl

5. H/ETSHRIAT (Frame/Housing): TRICH® B RITT (Casing) ¥4 3o UICH-T ThH ad.
% BRE 3T (Cast Iron) fhal 80-KY WIRe® (High-Strength Plastic) IR S7d0S
319, [aRI9d: UIdqo oy Al diHl B¢ d SauaTol.
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TSEicud (Advantages):

1.

g1 wits HURIEL (High Speed Capability): IH@He Hicy BR 81 Wed d1Q ddid
(ATYRTTG: 20,000 RPM fdhaT g 31fe), A ey (Blenders), TS& (Drills) 3ffor
TR F0 UIAREAT BRI aTIRG! SiTd.

P IS amEede (Compact and Lightweight): 810 UlaR-g-de Y20, § U@

il 3 SRt SEiar sifuve (Operates on Both AC and DC): SR A1aTd faad,
regde Hicd 3@exA e (AC) 3T STEREE e (DC) alglaR AT .

B W& b (High Starting Torque): JREU® HicY g1 WRIAT Tl TIegd Hd,
Rite ®=¢axM (Simple Construction): Hlcd HgRM RiUG 3¥d, WS
TG B! W TS,

Tt Helo (Speed Control): RiTe Soai-® Helod aae- WIS Ugsl Hele Hrdl adl,
S TR 3n1for Rife A=iaRe stedamHe Sugad 3.

PIAGe TS BiX 81 Uia¥ 3M8eye (Compact Size for High Power Output): 3R
FH 3T3CYC 3SR HIcHH Jod, JHGUS HicH FH-Id: M S¥dTd, o ST HH!
3@l fHTUT BRIGRIR 3.

fEaussicow (Disadvantages):

1

8™ He&=9 (High Maintenance): JH@de HlcxT SR (brushes) SO HRICT
(commutator) 3RIdTd S f3edTd, e didl Hafid S 3ol WS dr 3azdd 3.
ATgdl SITURRE (Noisy Operation): SR 30 HHRICRANE AUHHS Hiex ATIRIT
SIRGR g 0T &Y (Vibrations) FHTor g,

3NERBITET (Overheating): SIRA B8 (load) 30T HE (current) G A TRH GIogTET
HipT aTed], [aRIva: SHddIe JRGA.

o1 T Ra=d (Low Efficiency): ZH@® Hicwd! b qo-d ®HT 3Rd BRI SR
(brushes) 30T HRICEIHS (commutator) Thar 3n1fdr fge FHwTr BYe.

FOTRITIATC® $eWe-T (EMI) (Electromagnetic Interference): SRIGHENS WIfHTTS
RITAX BISHXA (Shorter Lifespan): FRIST0aes 31 IWHS AeId SIS HH! Bldl.
Y3R |8 WGSIM (Poor Speed Regulation): B SEoadrar Hiexdl Tis HIddT THTOTT
JEodl; IOdID WIS HeloRIEa™ W W eTd A6l
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SfFHIT: (Applications):

1. FTHUBIGS WTA-8Y (Household Appliances) A JH@H® Hicwdl Higdl JHIUMER
IR HST ofdl. BAH FOHY (Vacuum Cleaners) T g-WTS ¥a&M (Suction) a1,
S8y YT fra™ (Blenders And Mixers) B 81 €l (Torque) 31T akigs i
(Variable Speed) I3 § HIcd SUgad 3RIATd. 18 YRR (Food Processors) Aed Hiide
30T 8T RPM HIe! TRST 31d, R 83 S (Hair Dryers) Aed 86 aoi 30T 8-
TS TR T3T (Airflow) 3{Tazae 3ral. RifegT T=M (Sewing Machines) T8 3 Wi

2. UIaR g9 (Power Tools) S &1 f$& (Drills), A28Y (Grinders), ¥4 (Sanders) ATfOT
Tofaed Tiol (Electric Saws) T 81 Cldh 30T TS dhele HTazTd 3], IO e
gFegfo el R IUYH 3.

3. UUI® $3R fEFTEAH (Personal Care Devices) T &I T/ ATUR T oIl SOTaed
21a9 (Electric Shavers), fd@u™ (Clippers) 3101 ®T! ST fdhal Soic Ale aaHe® CUSRIN
(Toothbrushes) A JAEH® HicH ATRGAT ST,

4. Sfferifee Sf@da=A (Automotive Applications) A&ig! ®Igl SOl Tiem amR
3fTeesdl. 3arexuny, fdsziiae arm™ (Windshield Wipers), Uica® &R ®agRT (Portable
Car Vacuums), 30T JT HISGUANE W@ %= fdhal soI3Rf (Small Fans or Blowers)
AL g HicH JTURS ST,

5. $8ReT® Y (Industrial Uses) TAffed THTUNG 3¢ avl, 3 3Tl gHcgsie Alcd
I BT 1Y §ob o, g1 Tie 3101 Sexflice SR (Intermittent Operation)
HTTZTH 3. Tad TG 7 GV, U 9B 1acd] aTRGAT SUM=l S8 HR-uHed § ey
CIERCACIRIGH

5.1.2 Risp9 Raee=7 diex (Synchronous Reluctance Motor):

R Rege—g Alex (Synchronous Reluctance Motor) & T Ti3ud! TH! AR (AC
Motor) 3{Tg, STt H¥fe® Raide— (Magnetic Reluctance) T AaraR SR 3. 81 AR 3av
FHaRHdA AlCHUE d@! 38 HRU fa=r Jex AL (Rotor) HIUATG! <rUd arifaT
(Windings) fdraT tR\-e TUTH (Permanent Magnets) HdTd. AT &1 Hiex Arell, Aoigd {01
HHI HT= AU 3.

R fraee—a dica s=e’M 3 afda fAfRue (Construction and Working

Principle of Synchronous Reluctance Motor):

Risp Rade—a Aex™ 89 UIéH (Main Parts of Synchronous Reluctance Motor):
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. WX (Stator): Tex 8T T AH 3t Thol SSaRM HIex e (3-Phase Induction Motor Stator)
IRETE 3. a1 ot Bl feResges afén (3-Phase Distributed Windings) 3&dTd, ST
WPFCS Wled (Laminated Slots) W& daciedl 3RdId.siegT ATl 3-Uhol TH! W@ (3-Phase
AC Supply) faar ordl, degl & Ui dUfcd Wics (Rotating Magnetic Field) TR
HRATA AL (Lamination) ged Ts! dhic @Y (Eddy Current Losses) &H! gidld.

. Rex (Roton):ame Rishy Raae— Alex AR HicHuel die! 3Rd. Jcxan diede uied
(Salient Poles) 3rdTd 3101 4l ©ifice Riferes = W (Laminated Silicon Steel) UR[H SHdcidl
3.

Taaq SR (Flux Barriers): 3 fa9% T3R Sf@dS (Air Cavities) fhar vaaq sad (Flux
Barriers) e} BARFAHE & fhal Ud dHed §dd iidid. diged HAfcsd SRS
(magnetic anisotropy) TR gld.

a) d-3ifRg (direct axis): HH! Refae-5a1 AN (HACH TeTad ITd AR SRR UL Gf).

b) g-3ffea9 (quadrature axis): STRA Refae-aam AR HAfCH Taay AT ered).

AR PIUATe! arifeT fdbar BT (windings or magnets) THATAIICR fhdl BRI
fY@de=a €& (reluctance torque) TAR BIdl, ST Aexal b Hifed Raaegen ffeqash
ﬁ?\’mm (Types of Rotor Construction):

a) SR dBACE SH™ICUG AeR (Axially Laminated Anisotropic Rotor): SRid
AR SITRT 31T FSXaRMH (axial direction) ¥ deiel S, ST 3ee-c TR
SRE™ (alternating flux barriers) 3fIdrd.

b) feact oS AR (Radially Laminated Rotor): qe+ HH! IURS STral, ArHeE
ETa v SREY (radial flux barriers)3IdId.

¢ ITHCS e (Segmented Rotor): HAfeH T AMH-Hufc®w AcRawTd (Magnetic And Non-
Magnetic Materials) HRT Ueha He-] g S,

. XM 38 I3RS (Shaft & Bearings ): e T AMFEAR ARSE (Mounted On Shaft) el
3l ST gl eIbiaR 93T (Bearings) 7 TUIC fed@l STAIYMUE gR AdbHdbd <l
(Mechanical Torque) egdd UigrIdaT S,

. PferT RREW| (Cooling System): SR AICHYHUE, IS JGIh (Fan) fdhal TRe-d HiciT
&9 (External Cooling System) Giﬁ*ﬂaﬁ

aféw fAfRIU® (Working Principle):
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Risp g Reade=a Hier A Siegl W did S0l U ol TASIgl (Energize) dall
ST, AT T Wer ot AR SR ek Uiaar Th Rade= eid (Reluctance Torque)
TIR Bl T Cleb Acxal =1 T Werd! f51d avmfesd Rade=a (Magnetic Reluctance) atd
T 3. SiegT e AT AT Refde=T gIsi'A (Minimum Reluctance Position) @R Tigtedl,
AT T eI WroTall Toh fa et ST, 7RI ThR Hieh(Rrad Urol TaRITSCRM (Sequential Phase
Excitation) §R X g8 e e 3fedl Srdl 3T Hiexd e JceHd Wi fafor gt .

B TRITSCZH TR ex TR I=94 (Rotor Position Sensors) T AGH Hed Bot
S, § IO el 3w R iy d dat JEIo thole! Ueigel Hrdld. e Hiex
DIvTe! fSted Ram SE=gam ez (Continuous Rotation) FHRd .

Axis of
pole !

;  Reference

Fig.5.2 R froae—g Az (Synchronous Reluctance Motor)

T Hieal WIS (Speed), Jexar AT IUM=AT 3fars cidhar (Average Torque) A&
I, BT €I ATavTeH Urol heedl Hidieds aR (Magnitude of Phase Currents) Ao & 3.
9=y T5Ur, a1 Aiekay ¢l Fafur givamnd! sican G el dey 79dl. e Rida
Relde~ diek A8 had JHSANGRMS dic (Unidirectional Current) aroe-Tg! TR
fedaar Ad. Hiexa fthrugra fqiar (A1 SquaMITdl, dacs el TaRITgeaM Hieh-g (Phase
Excitation Sequence) SG®T STdl. SR ol TRITSC HRUGTET HH 1-2-3-4-1 3T 3907 7@, TR
TR 3Ht-Foiharsdt (Anti-clockwise) fha. 3T SR HH Id¢ BUN 4-3-2-1-4 &1 @1, R
<t Foimarsd (Clockwise) STRGRMA fhed.

TqIfRTar, g AR Kok SfdhTeT &l (Regenerative Braking) JUE Hd. SR e
T Reaeg UISizM i HEAMdR B! ol Teigs $oT 6], TR A TR SR
Tlh AT hRuare fa% HTH SRl ATST i eleb (Braking Torque) WU, STt e
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Tt B Rl AT Al Ah S TS (Mechanical Energy) & Soface® Tsil (Electrical
Energy) A&l a¢ gId. Bl S0l URd UiaR W (Power Source) 8 IS B! Sild.
STERERM T ATIAR TS 0T RIGe! YUNat 3118, g1 Hiex syfies sieifie aara snfor fafay
W1é SfftFepzmae HigdT JHIUNER ITuRS! S, o< Redeg diexded (Switched Reluctance
Motor) T e ThT ol JRifSTT S84 81 AeAT fRUGIaR (Rotor Position) IGEH dGod
3, RO T HlexHH IR HM0T AR g [aHe fdde diad (Salient Poles) 3RIdTd.

@I AR M Wekd UIgd U0l THHSGRIT J@Bod S (Fully Aligned
Position),dagT HAfew Widhe At Rode (Reluctance) Tald HH! 3Yd, 30T @S a1
ARG s8de- (Inductance) HIGTHH (Maximum) 3.
(Non-Aligned Position), d&gT Hdfee® Reae~d (Magnetic Reluctance) Jalfid 3fd, SMfor
I 1 R s~ fE-ET (Minimum) 3.

RVeR TR 3T 6 (Theta) TIR Bl 1 1 §Sde—g B2 §0d & DT P GRITS
T 3R, 39, 0 BT DI 8T Wb MR (Reference Axis) 3MfOT Aer Uie 1 =1 ifRyste e
Gziadl. g T iR o1 UbR Fasadl oig &t df AH-3/01s UIfsiRMeT (Non-Aligned
Position) gzfdd.

7 Risp I ReTae=g HIcx HEd AcRST TH U Hg1 U d (Six Poles) 3HTed, oS Siegl e
T uf T (0° o 360°) TUl Fxdl, AT TS Thord! Sede—~ Ugl 9e8] SIRdid ofRd & &g (Peaks
- Maximum Values) 37101 9gT desT fb T & (Troughs - Minimum Values) T34, & 3& gid
PHRUT AT UIGH THABURE 60 FSUT (60° Apart) SRIdTd.

gr] fa%g, Wexd UIad (Stator Poles) & 45 F&UT (45° Apart) 3IGAMS IR o
Seag MHISGHE Udh ol fRIUC (Phase Shift) fag= a4
B 2 (Phase 2) I S8dc~0 MBS ol 1 THIUMG 38, U o 15 fSUHT (15°) g0do0! e
IR, ol 3 3AT0T S 4 (Phase 3 And Phase 4) il §8ac~4 MBS Bl 1 T go-d IhA
30 f&3ft (30°) 3M1fr 45 fSUT (45°) e TPaoo! 3Te.
Bl ol SiEoaHc (Phase Displacement) g gFRRad &xd &1 RishI9 Relae~q Ay g WY
30T Hfeg3rT 2id (Smooth and Continuous Torque Production) HT0r g, St Hiex=a
FHRRIEE Sid Hew@TdT e,
31N DR, R Rade—d Hick 4 $8ac-d fYT AR NfIRA Fiardte 5 Koz

e TR T JT YT Foliad) ST [afdy thormele sedcy debhil Ae

RiftT el TieRM BRI dad.
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R Rode—g Aievd Tsdidsd (Advantages of Synchronous Reluctance Motor):

1.

81 TGRS (High Efficiency): Risia Rede—a died (Synchronous Reluctance
Motors) 8 THR™ERA (High Efficiency) M [RIVG:URRRE® GIgIaR (Partial
Loads) I 3T, HRU AHY AR HIUR GIY (Rotor Copper Losses) Bid ATgid
HRUN JeAL IRFST (Windings) THaTd 30T It fE2MST B HISR S (Low Core
Losses) gARad #d. THesaT Hiex U-ol 3bRIde (Energy-Efficient)SMior ®1T eH
a9 fHHR™ARIR (Cost-Effective in the Long Run) 3&dTd.

. TRUHC Hiews! 18 A8t (No Permanent Magnets Required): 3T Hieal qafd HIaT

BRIET TS i Rede=a Alexa@T Y8R 31 URA-c W9y (Rare-Earth Permanent
Magnets) SRTUR ATgld, ST TN rEdld 301 S Y@/ o T8 3{STuil 3R

IAMS & AR FHHMUDGS (Economical) ST TATGRUGRE  (Environmentally
Sustainable) 30, TRH"C Hic RiHHY HicH (Permanent Magnet Synchronous

Motors) &1 J&-d.

. Rius 3fs T Aex F=¢ar (Simple And Rugged Rotor Construction): i Y

Rodeg AleHN e 8T BfH-cs WIodT (Laminated Steel) STSGT STl AT ATHH
arsfE™ (No Windings) 3101 H9EH (Magnets) Edld. ATHes UISaRM UishdT id! gid,
fourerdt Trar & §1d, St Wex Ddbfde Toedl Hogd offr fazawa
(Mechanically Robust and Reliable) §d 3fTdl feHifET Sefcae TRy
(Demanding Industrial Environments) A

@1 HeA™ (Low Maintenance): I} §219 (Brushes),f&d 71 (Slip Rings), Jex
gt (Rotor Windings), 31101 Ty oade Riswa Reode~ dicver Afge
T (Minimal Maintenance)®TTdl. T SHTRRFS HI (Operational Cost) HH!
BId oMU Wfed Seva@®y (Service Intervals) SIRA SRIATd O 13 CIH HIRCO!
(Down Time is Costly)3iTg 3121 YHH-™Td! § BR IUgdd 3.

g fromfafeddt (High Reliability): Riue fEgme st deRUM SO (Wear-
Prone Components) THaae Remfafadl (Reliability) dTed.Risa Rode~ Al g
HH HE g 30T Ho o1 IR YT dex IWRBIH- <drd.

TS YHS WHIH-T (Good Thermal Performance): IeR S99 (Rotor Losses) THdTd,
I g ge&a: Wer (Stator) A AT Bld STt $@ HRUI WY 3. IS Hied
Yo WIAfGel (Thermal Stability) JURA 30T Wiak HuRicran it aiTeT aaR
(Better Use of Power Capacity) gIdl.

Maharashtra State Board of Technical Education 130



A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

7. WSS gIsouzil HAFRT® (Compatible With Standard Drives): RisoiHd Rodeg
o] Was [Uae The-ul g3as (Standard Variable Frequency Drives) aToRe=
IGadl dd, Bad IR dHelo ARG (Control Algorithms) SRTATd. TS
UfFIRET Sz 9 Ak dhele RRERT (Existing Automation And Motor Control
Systems) A g ST (Integrate) HRT Ud.

8. FEM-HeA! s a (Environmentally Friendly): T 3R 3 ACRIGT (Rare-
Earth Materials) fdar 8dl AcaY (Heavy Metals) dTURS Siid ATgld, e Rihld
ogeg Hiex 3w IHNHSA! (Eco-Friendly) 3did 301 WReAe® fSgmesa g
TYhaaaT Uidcdy (Sustainable Design and Manufacturing Practices) it g&iTTd
SHdId.

9. B UiaR SfRIEY (High Power Density): T8 &R go-d, Ritpa Reode~
AeRSRmaiaR f8fd@R (Power Deliver) &% Idhd fazivd: 3iifipARss feams—~
(Optimized Designs) T, TS &1 HICY WY dHRe-s YB3 (Space Constrained
Applications) 13T T 3.

Rigl a1 Rege Hie featsaiewy (Disadvantages of Synchronous Reluctance
Motor):

1. @ WRfET efd (Low Starting Torque): Ri®wHT Rede~a AeX (Synchronous
Reluctance Motor) @1 JTHTIG: Y@ WIS HUfafedt (Self Starting Capability) =TI,
SRM HIex THI0 (induction motor) ot T1fET 2idh (starting torque) TIR = X1
181, fIoT UTRe+o dheiox [dhdl 37gc (external controller or inverter) Tt TRST 3/d, o
RICTM = HRUAINIIS! (to initiate rotation) TIxT® 3R, TS T SAGT 314 e
(direct on line) TfET G a4 (direct-on-line starting applications) TT&T T ATET.

2. PIMDF Pelo e RP™s (Complex Control System Required):RishHY
Rode~ Al@T IFY HRNTS! Aihfedhes dHeld cfaiad (sophisticated control
techniques) ®FTAId, S &1 flhge-3fikUce @cle (Field Orianted Control)fdsar
SRRTC Tldh Held (Direct Torque Control). e Sl RIH (drive system) 31
FIGT BId 30T WRBTES Fgey (specialized inverters) THT 3T Aex TIRFRH
T (rotor position sensing) T TRST UG

3. <fd e mfdr 1Es (Torque Ripple and Noise): dfte 0o fS&m=- (Salient Pole
Design) 3T Haifes Rodew Ae 3aM® dgoaiges (Abrupt Changes in Magnetic
Reluctance),Rigpa Redeg Alcqed faRivd: &t WeR 8@ efd s (High
Torque Ripple) &g Idl. T 3iifea® Afasl (Audible Noise) 30T ETISRH
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(Vibration) fHfur giamg, o S=ifees fdhar MRS Ut (Sensitive or Precision
Applications) ITdl AHERIH 3= b dld.

4. ¥ UTaR $ae (Lower Power Factor): TR¥-c HWic Risg Hicd (Permanent
Magnet Synchronous Motors) fdal $8&M Hied (Induction Motors) =T T&-d
R RNodgeg Hiex IM=Id: &1 UldR HhaeR (Lower Power Factor) I8 1 &,
g Rifdeeg UiaR S (Reactive Power Consumption) digd, SUMges ey
TSHUT TR (Overall System Efficiency) Ted Shudd TaRic-o IUTAT gR GUROT
ERISIGEIRA

5. fofirts sfigr®Is HURIET (Limited Overload Capacity): Jexd! Hifcd J&RIH
(Magnetic Saturation of Rotor) eI 81 Tl BISS] Bid DIBTaLITa! graresuarn
&AAR HATal uiod. B, RieHa Rodew Actd iexore e (Overload
Tolerance) HHT 31Id, WS gdl SIC! fdal SIS SHHG BI8 dhalR-T (Heavy-Duty
or Highly Dynamic Load Conditions)dral ot arg a3d =g, S wid farw fegms
TR Ude Srd 8.

6. 4 U914l Y@ ARl (Not Suitable For All Applications): 3/ fg=m
30T RIS eldhadis Hafal (Limitations In Torque At Startup) dTdes, Rishid
Rodeg Ay 1 Uodarg Aé! arg A1l fo1Y aRAR TU-%IE Iadhad (Frequent
Stop-Start Cycles), STARae € ®Ha_M (Direct Grid Connection), fdhdl 3[M® Brs
§G® (Abrupt Load Changes) Bldid Sfeé®@Md Hiex @cléd (Advanced Motor
Controllers) HdT-I.

7. o9 HH3R caHIo! (Less Mature Technology): ST Tt ST dlad So!
Tiel, Ricp I Reaeg Alex 3oe] Se%id Yuid: URITUd AAgT (Less Mature in Terms
Of Industrial Adoption) 8aM HIcH fdhal UHHC e Rith-Y Hiewdl go-d. IS
W3R UIcHd waiied Iussyd], Sl URMET dF, ot grR 3HRMe desm
PISIRICT (Higher Initial Setup Complexity) 3 e, Sa5q XTI

8. 8 SHR™® @ Wik Heie siPude (High Initial Cost for Control
Equipment): SRt Risol9 Rode~1 Alcxd VX deRM Riue o1 seHfee
(Simple Rotor Construction And Economical) 3@! oY, SfE®@ JEE S -
(Advanced Drive Electronics) 3fTfoT GifST2I I (Position Sensors) Tl Ta=gand!
G THUT RIRCHHT 3aR3{T@ BIRE (Initial Cost of the Overall System)dTed.
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R Rode—g Aievd Sif@da=a (Applications of Synchronous Reluctance Motor):

1.

U 3fg =g (Pumps and Pumps): RisIHd Rede=a Hiex § TfCwRETe U (Centrifugal
Pumps), TR g (HVAC Fans),3(T0T s313Rf (Blowers) A& HIddT THTUMGR ATIRS
SITdTd, f57d @te Tdd fhdr Wie! dgodl. I 8™ Thar=t (High Efficiency) 0T @1 Hea=q
(Low Maintenance) IS T HICY3T S  3HW@H  (Continuous-Duty
Applications)TTa! U Iugdd oRdTd, faRIa: SR IYNTATST o Teil AT (Energy
Saving) R B& digd BT

. 8¢y 3iTe=M (Industrial Automation): 3ficics Hgthaare RIReHT (Automated

manufacturing systems) A& Rigpa Rede~g Ak aTRSG SdId B3 (Conveyors),
3fauey (Actuators), 30T eI TR (Robotic Arms) =T 3 HE0TTS!. AT e
i~ (Fast Response) 3TfOT RE® i el (Reliable Torque Control) § &HT HigH
dcle RIRC®T (Modern Control Systems) 301 luawl-d%e 3ffcl@=M (PLC-based
automation) T & SCIT (Integrate) HRdT 0TI ST S-Tdal.

. daHCIs® HRMI (Textile Machinery): 81 Hicd UM (Spinning), dIf@T (Weaving),

30T STRIT W29 (Dyeing Machines) T8 ATURS! SITdTd HRUT AT FY STIRRT (Smooth
Operation), ®IMde AT (Compact Size), 30T Toll THRI™T (Energy Efficiency)
<drd. wHt Algel (Noise) 30T BRASEH (Vibration) YR IdTGATH! UGN ST ST
SHTFOT JHTURCRST SRTHGTID DIHBISET 3IHd Wl

He=ft A= SfsuflR@ €89 (CNC Machines And Machine Tools): 8 URieH
BT o P W 5 (CNC lathes), ST T2 (Milling Machines), 30T
UEeY (Grinders) ALl R4 Rode— Alex AR SAd RO AHS 3H WIS (Speed)
3TOT Tfeh &el® (Torque Control) Fdd, S eRe HRMHIT Tow=4d (Tight Machining
Tolerances) 30T RUtefafsdl (Repeatability) Tt 3azge 3.

HUGT (Compressors): RipHg Rodey Hiexal aR dledl YHIUNG  hoRIH
(Refrigeration) 3701 TR HUzM RIRCRT (Air Compression Systems) A& gidl, o1
RIINTEE e 3HRIA (Variable-Speed Operation) & dvTaved dle R &
UhREN & $Hdl Id. UIiese a3 ThRI= (Partial load efficiency) &t 3=t
YUTSTHE Teb HIST BIICT 3.

gofae® /3HAY (Electric Vehicles): ST g TRHC Tl Righ 4 Ay §ddb {40
T, Ripa Redew Ak @1 IR g3fdcd ®sHGY (Electric Vehicle) 31 grafss
®SHGY (Hybrid Vehicles) 8 g% ONOT 38 HRUI AT g™ THRIH (High
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Efficiency) X3R-31f HeRg®-ht fS3Me (Rare-Earth Material-Free Design), 31 9
delo RReRT (Control Systems) g TARTG! HTARRY &l Ad.

7. diex dlede Wied (Water Treatment Plants): ®IFRIGS (Municipal) 301 Sefcds
dicR diefie BRIfGE (Industrial Water Treatment Facilities) A&l Rish M9 Revaeq diex
RS S U (Pumps), 3ffoieey (Agitators), 30T sB13R (Blowers) Ir@duarTa!. a1
e Yoafafedt (Reliability) 301 &1 =T (Low Maintenance) ® 32T fhfewa
SIPIRCAR (Critical Infrastructure) A& R Hgwld 3.

8. NP oWR® sf@ude (Agricultural Equipment): SRIRM U (Irrigation Pumps), 34
g7 fRAfeRT (Grain Handling Systems), 31fOT 3ifees Wisd (Automated Feeders) A
Rich I Rede=q Hiex IR S,

9. B3 3T dgS 8%l (Food and Beverage Industry): UdfoiT (Packaging), Siefo
(Bottling), 3ATOT HIRARIT &1 (Processing Lines) T Rish-g Rede—g Hiex arRke WA
FHRU i S fSR (Hygienic Design), Td¢ 3iTA¥M (Quiet Operation), 3Tfor
fORiIo Feie Rfe™ (Precision Control Systems) 2t HUCT® ST BIAGRIR 3.

10. Toif Aflfew s8I (Energy-Sensitive Industries): S¢T ¥ed (Data centers), ¥H
fafdE€™  (Green Buildings), ST ®wEGRHS HGhaddT  (Pharmaceutical
Manufacturing) JR¥AT TSl H3IazH (Energy Conservation) R & GUIRIT 3T T
R Roae—g Hiex 91 IR dTed! 3Tg HRUI d IS HIReH (Operational Costs)
S HRATa ST TReAfAfSt MaH (Sustainability Goals) T8 HRUATT Hed HRAN.

e Wi RisI<14 HieX (Permanent Magnet Synchronous Motors — PMSM):

qriHic Hie Rig=g AR (PMSM) g Te ergudt Rish 9 Tt #lex (Synchronous AC

Motor) 31g, SIHL X (Rotor) A dTEfe™ (Windings) Tasll TH+-e HdeH (Permanent

Magnets) 3dTd. § H9cH Tsh RRR TUfcd Wige (Constant Magnetic Field) TR &Rdrd, @R

TR (Stator) A -l ARFST (Three-Phase Winding) 3T STt T8I 9@ 1T (AC Supply) =

Tod. 81 AR W fher-aiait gt (in Synchronism with the Supply Frequency) 81d,

TEUISId ek WIS 31T Aexmed &Y (No Slip) Bid ATeY. UH-e Hire Rishid diex =t afdned

UM g1 TR (Efficiency), 810 UidR SRACTH (Power Density), 3107 3fg& TS (Speed)d

UIfS)2M &¢l@ (Position Control),Sardes a1 HeHdl dWR SAHHEG WRWBIH~ (Dynamic

Performance) 3Taxa® TG GBI AL H@T Sl Iae 0Ny, sofaed [Ihad
(Electric Vehicles)J&1feaT (Robotics), TIROY R (Aerospace Systems), 3T sienfiiss
3TEHZA (Industrial Automation).

grie Hic Rish Y Hiexd H B4 <18y Sfied:
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1. ghY-AIdes UHHe Wie RiwFg Miex(Surface-Mounted Permanent Magnet
Synchronous Motors): HIcH xR ATSC Hoo AT

2. séifvaik wiHe Wie RisT MeR (Interior Permanent Magnet Synchronous
Motors) : HICH A T A3S SN, S g1 Wie 1 elmara! (Torque)
3 TS TPRET fied. uHHe Hie Rig AleIdT Th 37X (Inverter) 30T
HeloR (Controller) I TaRThdl 3, SATGR TH YRA3UTd TaRITA IO HICIAT
SHRITUTS fAE=0T (Operation Control) & SITd.

Frame (ﬁm)

\'lul(!f(}?:'ti)
\‘.’indiug@Td%’T)

®)

Stator

Permanent

(q\a%}é(

)

pM (dEH)

Rolor(ﬂm
ering(a\?'fﬁ'r[)
Shaft (XITHC)

&

Sator
Winding

Fig.5.3 T¥+ie Wie RisY Hiex (Permanent Magnet Synchronous Motor)
qiHe Wie RiwpiHa dievd $=edI (Construction of a Permanent Magnet

Synchronous Motor):

Ur-c H¥c RIY Al (Permanent Magnet Synchronous Motor) d ®c®haM
Dl-cgrR13e Rl Al YU JHH 3Hd, T Ub HegwdrEl BRe 3fFdl df WU e
HRHIA. BRI RIHHY Aedre] AR Bias arfe™ (Field Windings) 3R, @)
Ur-c e R 7ed UH-c H9ed 91 (Permanent Magnets) dToR el HUfcd Bigs AT
PRUGTS] BT ST,

Ur-c Hded go UdRe-o UaI™Eca (External Excitation) Sffor feu /9 (Slip
Rings)d 3Tazg&dl 79, § TH-c W9y IHMIa: 81 UiHsifafedt (High Permeability)
IR ARIGT URH TIR Do SIdld, S 1 GHRIH-HleoGe (Samarium-Cobalt) fdar
fafSfmg-3mRA-aRA (Neodymium-Iron-Boron). Titet, fAAfSARg-3maa-aRiA § gafd
HHIUU! ATIRS ST HRUT AT fbHd B 38, HUfCH T SIRA 3T 30T d Jgouul Suas
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BId.TH+e T R g Ay, giHe Hiey Ackar I9a0 S1did, 30T § HHe 9 390
ST TR T HIEId HEhRA G Y@ YR [AHRTS SiTd:

1. ghY-ArEes tHHe Wi Risv9 #WieX (Surface-Mounted Permanent Magnet
Synchronous Motor): T1 THRIAS T el 33eR by IR THae SIdld. g &l
3ifde et 3rrd ST ot &1 SIS H R T qTURS! Wi WY Y (Smooth) SH1T0T Tfthzie
3{URZH (Efficient Operation) 3Taxdd 3.

2. s8R uyHHe Wie RiHIT THIeX (Interior Permanent Magnet Synchronous
Motor) a7 UHRIAS HIC AeR ISR 3HTd JHIAY S Sdld. AT g Ah b S
¥R (Mechanical Strength) dTed, ®IGs HHI HRUATAT HAT (Field Weakening
Operation) &wdT fiesd, i 31t i SIS (Torque Density) W 81, S ot
T MBI GBI Tdl, S B Sofacd drg-me! (Electric Vehicles),3fdd
JUged S0 UH-c T RisHaHIeR =1 I1 il YHRIAL, TH-c HdedT aiuR Hiexan
DHRIGHAST 31 JYRT!, TS g1 Hicx e fazaq-1y, Hergg 3Mfor Hrie o,

RUAE Hie R Hievd ¢ UTeH (Construction Parts of Permanent Magnet

Synchronous Motor):

. ¥ex(Stator):
WaRM (Function): 3 Thel T8 I Td fagarer i Hafes hae (Rotating Magnetic Field)
TAR BId.
PRI (Construction):
a) TSl B¢ B9 (Eddy Current Losses)@H! HRUGMS! BiHHCS 3O ®R (Laminated
Iron Core) T ATOR &1 S,
b) 3t Thol TSfET (Three-Phase Winding) e ¥@1cH A8 SHAG®! 3.
0 S8R HieX YHIUE (Induction Motor) Ie=h AT 3.
. e fay wuse fl"ﬁm (Rotor With Permanent Magnets):
WaRM (Function):®I=<c HUfed fhde (Constant Magnetic Field) FHTT #d.
PRI (Construction):
a) ORI I HIUGMS] S Wl AR HR (Laminated Steel Rotor Core) ARG
S,
b) TRU-C HUTH (Permanent Magnets) JexaR Tha SRIdTd.
SIgW (Types):
a) IhY AECS UHMc Wi Ri%Yg Hlex (Surface Mounted Permanent Magnet

Synchronous Motor): HICH AeTAT GEHRTTAR THAGS ST
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b) ARTR THiHe e RiBHTHICR (Interior Permanent Magnet Synchronous Motor):
TUCH AT T THAGS ST, SIS i (Torque) TNTST fEesdl.
. T (Shaft):
R (Function): A& @ TASH (Mechanical Energy) ®1sds Uigradd!.
FH=¢aM (Construction): FTeE e MU (Solid Steel Shaft) JAeIST ST .
. Bfe RIeH (Cooling System):
HaRI (Function): Wex g Ay FHfor giomt g1 (Heat) R Ha.
CTEW (Types):
a) TR TGS (Air-Cooled): HH d TeqH UlaR AT da!.
b) @8-S (Liquid-Cooled): 10 HrdemdTa! fhar SNeEfies aroRTETa.
. 93 (Bearings):
WaRM (Function): e ZAMUCHT JUAIE ¢dTd d [hug Had HRd.
=AM (Construction): Hiex B3R Glgl clbiaR TURASH dfe fdbar Jor w3
(Precision Ball or Roller Bearings) STdo 3&drd.

. ¥ far 813 (Frame or Housing):
WaRM (Function):3c-® TICHAT Uicde Hrdl.
FCERIT (Construction): HRE T, WIo fhal AFIUTH IR S0 0; B Hell IR
DIGTTS! b= (Fins)3&drd.

. ORI (Sensor):

e (Function): el TSR (Rotor Position) 2N ST HISdd HloUd! AR
EiGIH
CISWT (Types):

a) TS (Encoder)

b) RIATFIR (Resolver)
yrfde Tie Riwa Me™ af$a flifkae (Working Principle of Permanent Magnet

Synchronous Motor):

griHe Hoe Rig-g Aleg! Th H-a=Me Ry AeX (Conventional Synchronous
Motor) UHTOE §fe FIRITGER B . a1 Hiedd GarI- Wex (Stator) AL fAmfor grom=
i dufcd wigs (Rotating Magnetic Field) aR adq 3. § i HUlcH Bigs Th
ToaeHIice BN (Electromotive Force) TN @d ST @ SiRteR AR R Tt
(Synchronous Speed) aR 1o
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SicgT $1-TheT Tt W (Three-Phase AC Supply) 8T ¥eR arife™ (Stator Windings)
o1 fCoT ST, degT TeRSHTI e Iiedr HUQAT TSR TUHed U AT Hifed Bias AT gid.
fg fromt Tt s Wige VR e YA HIT 1 TR Foadl HIe Hifed Bigs Aad
22T BId. I1 $eXa_M HYH U iy (U glalexd HUfed Uiy § el A Hifed
Bige Higd Bid gl SO I A {BRFST SN, Tes AcR 30T WeR 7 ardst
Risragzrae fihdrd. uur, gaHe Hie Risg [iex 8§ e AH-Uawb-eIieT (Non-Self-
Starting)HicR 318, UM of Wd:g1 I& 81d lel. TUEH, IT HIee] Uh TReA® Hhelox
(External Controller) ®FTal Sl ®RUge flhep-dt UlaR FWMA (Variable Frequency Power
Supply) GRAd!. B HSIoR KT feadl ST 3Ye UiaR df fThe—u! oIot diedd Sidl, ST
T IR Wio! TS UHSd! 30T 2act al Rish-4 TWis R 3 gral.

B Tyl ufohar WY SHRGIEH (Smooth Acceleration) TTaT STazT® SRTd 30T G
qHiHe Hie Rit -9 HiexoT i UES dele (Precise Control), 8T Th R, 0 HiRRe<
Tl (Consistent Torque) BTN, 312 S8 RIS, HTCIHITC T, TN AR TREAT B TRWBIHT
St BT HIGUT YHIUIGR aTUR T SiTcl.

RE Wi RipHY Hied Tsaicad (Advantages of Permanent Magnet Synchronous
Motor):

1. BT TBRRRT (High Efficiency): TRH-C Hic R Alcy Qqud UhRRIC SRIdrd
PHRUT AT P S84 81 lel, AT e A HIUR 314Y (Rotor Copper Losses)
BId TIRld. HH! d ORd B18 alg! IR 38a_H Hied (Induction Motors) TefT TivTa!
Uh Rt firesd.

2. B UiaR SARIEY (High Power Density): HH JT8ol § goMId SR €l (Torque)
fired), o Sofded ®sdad (Electric Vehicles) STOT JASIfCRT (Robotics) TREAT WA
DITRCS HSHI-ATS! HgaTd 3.

3. o Wisay de¥ WWIH-T (Better Performance at Low Speeds): TRHAE i
Ripg Alcd & WiedR YGI gAc(® ard, f1eR Newm Ram™, WHe $eo a
R g guRd!.

4. THTId ¢ SARMIRI (High Torque-to-Inertia Ratio):ames SIA-TH® R~ RS
glal 30T TRIONZH/SIORRM GadR gid, of ReH Az écle e (Precision
Motion Control Systems) A& SUJad 3Tg.

5. forarge onfr WY Hei® (Precise and Smooth Control): 3% TS 30T UifsRM
%o (Speed and Position Control) SFTOT SGHI-NTS! MG o B AT
TAA, Asifea, 3for ufeaed (Elevators).
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6. ®I3R HeAT (Lower Maintenance): Il SR fhdl HIce™ (Brushes or
Commutators) RIdTd, TS f3rel HHT gId 0T AT HH ST,

7. 9ex YU WWBIHRT (Better Thermal Performance): e HRC SO THGIHS Bic
HH! SFRE Bld, I YHe TRRRRR (Thermal Efficiency) dTed Sfor wmeh Hfe
ey (Cooling System) T 3.

8. e AWM (Quiet Operation): TRHE Hie Rish Y Hicy WHTId:HH! Arget Ifor
ISR (Noise and Vibration) FHT HRdd, I T &1 TH Rew, gofacsd

RUe Hie R dievd fSatsdaicsiy (Disadvantages of Permanent Magnet
Synchronous Motor):

1. 0 3HR™® ®e (High Initial Cost): TRHA"C HUSH (Permanent magnets)
faRITaX3R3MY W (rare-earth types) (TSNS - neodymium) HEFT 3RIdT.
THU HICR HIC g1 SSIRM HICY fdhal 528 Sl Hiey Y&l SIRd 3.

2. feierasz™ @t @ (Risk of Demagnetization): SR #X¢ (Current) fdaT WU gra
TR (High Temperatures) Jes Iiex HUcH f$HUT 819 G, SHS REGIH oI
FHTIY WY B, TS [qU I JATaRUNd IR HRAMT UHS HAoie Hicson Ydd
P04 AT,

3. PG Helo RIRERT (Complex Control Systems): TREFC Hie Righ 4 AT
AGIUINIS] Bige-3NRICE Hele (Field-Oriented Control) fdhar I=R/A=ReGT
JSTMNGH (Algorithms) SRTATd, ST g3 R 3Hfdd BRI 9 TGN Blid.

4. TC G 3G (Magnet Supply Issues): ¥3R 31 T SUBIA (Availability)
311for fpacht frsnaifefedss il T 3+ 33get 4o UHTIAd 819 JehdId, PRUI SgAH

5. ITANTE A-aR I I A6 (No Direct Starting From Mains):®Tg! SeaRH
TICHYHT, IRA-C Hie R HiexaT 3¢ TH T (Mains) T+ = &l Id ATl
MATT SR CR/IBE (Inverter/Drive) Sa=TdH 3.

6. eTHY Mgt TP (Risk of Overheating in Rotor): SR eR ST HHT 3G
T TRA-C Hie R HieHed e HIoT IiTe! THd HRUT HICH siawd SdTd

7. ET"T ﬁ'ﬁ?ﬂ'ﬁ% IR F=4 (Safety Concerns with Strong Magnets): TRH-C
T 4o HghaaiT § Hed X Ui FHfor gial. 8§ Aoy trimdied god fdhal
T ST SFURAUT 3T d e 2.
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WRUHe Wie RiwpHa dled if@da=a  (Applications of Permanent Magnet

Synchronous Motor):

1.

gofaed 3 grRIfIS ©FH Y (Electric & Hybrid Vehicles):

PMSMs B €fd SfRIET (Torque Density) 30T TBR™E= (Efficiency) THT Hiide
U odTd, SAHeS o EVs (Electric Vehicles) 31fUT grafss dfewe wrdtamaal sea.
$SReT® STz 3 Jaifead (Industrial Automation & Robotics):

st TS (Precise Speed) 3MfdT USRI &¢l@ (Position Control) fied, S CNC
TR (CNC Machines) 311 Jsifed 3R (Robotic Arms) ITdT 3TaxT® 3R,

. T2F g& (Machine Tools):

PMSMs d7Td7e] WIgH (Varying Speeds) aR T 30T b SHURZ H&H Hld, o
BT (Lathes) TfOT fifST 7=f=T (Milling Machines) I1at aiv 31Tg.

Taigal Riffes (HVAC Systems):

Toll UhRER (Energy Efficiency) 30T &R WWiH-T (Quiet Performance)
e, HVAC FRcaAeh® SR (Compressors), %=d (Fans), 30T G (Pumps) JTaT
Y 3Tgd.

Qﬁ"%ﬁ 3 Eﬁfcﬁﬁ (Elevators and Escalators):

PMSMs Ty, Reae 3l S HRz-ag fTRssl Wie #cle (Precise Speed
Control) 3dTd, o Tfdeeed (Elevators) 30T Tbded (Escalators) TTa! 3Taxde 3178,
frquae Tl RIe™T (Renewable Energy Systems):

fde Tafls (Wind Turbines) Sfor 8™@SI SHRed (Hydro Generators) A& 8M
TR (Efficiency) 0T SRIRaC-SI8E (Direct-Drive) &HANITA! ATURG! SITd.
WY IS fSh=a (Aerospace and Defence):

g0 (Lightweight) 3101 Re—E® PMSMs UAV TIU&2M (UAV propulsion) S3IfoT
TUSRBIRE 3faguey (Aircraft Actuators) A ARG SIdld, o ®AIU HelRd
(Demanding Conditions) H& TH I

I® 3+ gofag® ¢axM (Rail and Electric Traction):

PMSMs BT €l (Torque) SdTd TFOT o-Rfees Sfdh (Regenerative Braking) &1 Tdie
M, ST 3o1acd ¢ (Electric Trains), <& (Trams), 30T Al RRERT (Metro Systems)
A RS ST,

B BT (Home Appliances):
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@1 AgS (Low Noise) 31 Tsl TftbRide (Energy-Efficient) PMSMs aifiT A=i=g
(Washing Machines), fiFS (Refrigerators), 30T TR S$==¥ (Air Conditioners) Aedl
TR YR
10. Afs®® f3BEAY (Medical Devices):
S 3T SrIe TR PMSMs MRI T3f=T (MRI machines), e e Jaicd
(Surgical Robots), 301 &feded (Ventilators) A& AMURS ST,
5.1.4. U HIeX (Stepper Motor):
LW AR (Stepper Motor) & T eIgTs! 52169 (Brushless), Rish = (Synchronous) Sofacd
TR (Electric Motor) 3MTg, St SBfdcd® UGUY (Electrical Pulses) T fURSS AdbAdbe
TegHc AY (Precise Mechanical Movement) ®-d¢ @xd. H-d=aH® HIeX (Conventional
Motors) ¥dd fhdrd, T ¥R HIcR (Stepper Motor) f&&hic W (Discrete Steps) A8 fihvd,
e UIfeiRM (Position), Te (Speed), 301 SfaRIGRZM (Acceleration) e 3fgeh =0T
(Accurate Control) ®dT dd, 4 Bledd R (Feedback Systems) = RS ST -Tal.
Ud® gofacd® gl (Electrical Pulse) fd@aaR, foen 2t (Shaft) Tt HiREd &M
(Fixed Angle) Thal, SAT®T XU (Step) UG, TS, & TUR AR (Stepper Motor) 3D e
(3D Printers), CNC H2fiF (CNC Machines), J&ifcad (Robotics), 3MTfUT 3ifeiAcs slgﬁ%?ﬂ
(Automated Instrumentation) RIT 3/ TIRIHT (Precise Positioning) 3101 geRTgit
(Repeatability) 3Taza® GG AATHE IUANT TSd.
B TR AR (Stepper Motor) SHaCHATCSIH (E lectromagnetism) T dwdleR BT &,
Y Wex (Stator) ALE Higad (Coils) fafRY IHAM (Specific Sequence) TASIZS
(Energized) BT SITdTd, SIS ¢US e (Toothed Rotor) &I 3 Nd glard. fadt gToare
TR SRR (Stepper Driver) AT SUBRUNGR Held dhol oiid, S LT R (Stepping
Sequence) 3TOT TS (Speed) Bad!.
LR HIAT 3 TISY 3Ted, S Pi:
1. THHe T (Permanent Magnet - PM) TR Hiex
2. BRUFe RSaeT (Variable Reluctance - VR) TR AR
3. BHNS (Hybrid) WWR HIeR St PM 31T VR gl afmees Teid wrdrd)
TPHI8Y (Encoders) fhar wies® I (Feedback Sensors) RIamd 3fiu=-&d fAd=0r (Open-
Loop Control) UATEAT &HAYS, WUR HICY 3fHd HIZM Hele RIREWIH3! (Motion Control
Systems) fPBTIARIR (Cost-Effective) SUTT 3fTa.
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TR AR g Idh FoacHD PSS (Electromechanical) 3f@udc g, St Iofdcde Toad
(Electrical Pulses) &1 f&&pic A ® WA (Discrete Mechanical Steps) Al =a¢ @d. fodt

T 3fRIAR (Angular) FRITES AdHd® TH< (Precise Control) Xad HRUIITS! B! Sild.

@ gt
(Eb‘vr%ﬁ) Ball bearings
N
Coll
(winding) (ﬁt‘(
&
Rotor
(steel core)
Stator
Magnet WQTE iz
(permanent magnet)(IH-C HATH ) )
Flange (‘?fl‘%ﬂ
(aluminum die cast) (FIEHTE 3@
PR )
Fig.5.4: WX HIex (Stepper Motor)
TR AT WSS Urey JHIIY SdTd:

1. WeR (Stator): Tex g1 Hiedl TRICH® TR UTE 3L, I1d 3 JodeHaied [afeto
(Electromagnetic Windings / Coils) M@T®R S Higdadr 3¥drd. a1 fdfews fafiny
SIHAM (Specific Sequence) TASISST (Energized) w1 ST e RO HifcH
flhee (Rotating Magnetic Field) TR 8Id. I eR UIdY (Stator Poles) 1fUT fdfSws T
Tie=aT XU 3o (Step Angle) 31T REGTEM (Resolution) 34,

2. e (Rotor): AT U e 8T ZMIER (Shaft) TIGST Sl TUR HIeT YHRIIAR

R diF YR 5T 3

a) UHHE Wie (Permanent Magnet - PM) ﬂazaﬁqﬁﬁa’ﬁ?@ﬂ(%rmanent Magnets)
3ATd of WeR UIaazl Aefgd Hafed d@ (Magnetic Field Alignment) &RdTd.

b) ®Ruae ffeaeT (Variable Reluctance - VR) ex: 81 WUe 3@l (Soft Iron)
3 A ¢US (Toothed) 3R, UUT ATd HUCH 9dld; df HHI Rede~d (Minimum
Reluctance) =07 dxdleRk TRRAd gidl.

¢ TS (Hybrid) AeR: a1d PM 3101 VR gl YR AfTseatar JHazT Sd;
Ur-c HUeH 10T gAS XA 3T el (Precision) STUT €l (Torque) OIS,

3. Q3RS (Bearings) 31 RMMUT (Shaft): AT el cidbiar 93T (Bearings) fooe

AT S Wi HHT gld HAT0T {0l IResId BId.2MUE (Shaft) ezl Seod
3 A e e HIZM (Mechanical Motion) ®le@s (Load) S @1 ISR (Gear), I60
(Pulley) fdhaT OIS TF (Lead Screw) ®s UT&ddl.
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4. TSI (End Bells) 3R F@ (Covers):HIeIBT W& Haard (Protective Housing) &
BSOS I, ST AR, WeR, AN J3HES 3 dId. § Had Hieks! ASC (Mount) HRUTR
Hed HRd 0T TS U e febal THAHTIRE WeaRM Gd.

TR diewd afdb1 (Working of Stepper Motor):

W HIeR (Stepper Motor) & HF H9 UICHURIT S00! 3¥d: WeX (Stator — RR
THCH® TIC) 30T AeR (Rotor — SIS AT UIE S MU TSoaT 3. TeHe
SGACIHACH (Electromagnets) 3T, Of ol (Phases) JUH SrEdTd. JrHId: ¢ fdhal IR
ol IR (Two or Four-Phase Configurations) aTuReT SITdTd. e 81 3T3CYC AT
(Output Shaft) STSSST 3T M1 TG THAT TASH (Permanent Magnets) fhar Tifes 01w
U (Magnetic Pole Pieces) 3fdTd.

ST TEIE! ol (Phase) TASZS (Energize) Ho! oiTd, degl df U HAfed e (Magnetic

Field) TR $Xd, ST e Il SRR fbfad fdl. St Ui ol faR1y srapum

(Specific Sequence) TASTZS BId, Il e f&®pIe W (Discrete Steps) A fhrd g,

ol TROTISIRG! SHHART M0 TRH Hele Hed QoIS ST 2R g
1. TohUgrN SRR (Direction of Rotation) IS¢l fhdl U B! SIS Jdhd.
2. U IS (Step Size - U YIS UGTHN BIVIRT S0 Heghc) TN &l Ud.
3. TP AAHL YD W YdGaN Uiferz RSIGYRM (Position Resolution) R,
3HTFOT A= gIodToar e 3k dele Hesadl Ud.
Tsgicod (Advantages):

1. 3g® WM $Helo (Precise Position Control): XWX AR f&¥hic W (Discrete
Steps) A& fthvd, A Wigdd RRSHREAR 3d Jadc fHesd.

2. 3UF-®U IS (Open-Loop Control): YT fdhal Shiexd! TR ATG!

3. B cld S |Wsar (High Torque at Low Speed): 3D fifex 3ffor CNC H=i-aRE
NS H-ATST ST,

4. Adtefafddt (Repeatability): AlcX JGI-G=I THE BlpHdR 3F URd dd -
ISR BRCRR,

5. f3foree RdivavTs 98 $eX%¥ (Digital Compatibility): AT®IGEIGR, Arduino, PLC
SAEIHId Hgol Hide Bl Ud,

%ﬂmﬁﬁﬂ (Disadvantages):

1. Wi fee Ui 819 (Heat Generation): RFRT SRIAMTE! #ic Sdgae iR fge
BId.

2. ®H =T (Lower Efficiency): TTdQM ®ic ddadies Sofagict aruR 3t R,
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3. gra-Tisar efdb HH ghal (Low High-Speed Performance): SIRd W€ el &4l 81d
EiGI

4. Y9 9 QYA (Resonance Issues): ARy TWig IoWed S0 9 G UieoH
Ao 81 2.

5. TGOS FGI U fiH 8 APl (No Overload Protection): Bied® THGITHS
W &py gIuar Fedl 3.

SfFHIT: (Applications):

1. CNC w=zfi 3mfor 3D fifexf (CNC Machines and 3D Printers): €&9 (Tools) fdar fife
89 (Print Heads) d i GIfRIHT (Positioning) IMUTd-dhele Ufdaiara.

2. fiiewt anfor ¥ (Printers and Scanners): flic 88 (Print Head) fhar TR Wi fadb M
(Paper Feed Mechanism) T 3{ddh STGATG dheld HRUTATITS.

3. JdifeaT (Robotics): SIged (Joints), 3R (Arms), IO (Grippers) 30T SaoR R
(Conveyor Systems) A& BIGaTo NITA1.

4. SR Here FAET (Camera Control Systems): UA-IC@e ASEH (Pan-Tilt Mounts),

A (Zoom) 3TV BIHY (Focus) TIT 3= TN G-RIGTH SIUTRY BTo s,

5. Afgwre IuHOl (Medical Devices): Rifts tq (Syringe Pumps), s&s &\%rﬁ?rqglﬁ(Blood

Analyzers), 301 $¢& ¢ad (Dental Tools) A Y& EIGATG TR,

fafaes ergu=ar Aied= FIWRSH  (Comparison of different Special Purpose Motors):
Table 5.1: fafay EEREL el SRS (Comparison of different Special Purpose

Motors)
Riia Rogew iz e Rig
S giede Hier (Synchronous HYex (Permanent WU Hiex
(Universal Magnet (Stepper
(Feature) Reluctance
Motor) Synchronous Motor)
Motor)
Motor — PMSM)
- ~iod e udiaeR | RigHg fefoes
el HeX T HieY (Synchroiiﬂus AC e
(Type) (AC/DC Motor — | (Synchronous
Single-phase) AC Motor) Motor) (Synchronous
gep Digital Motor)
< 3 e Aex - | THHC HUTH ST
138 5_ Roaeg AR (Rotor with | ¢y fbar Fieays
e dectd TRTFE permanent e (Rotor with
(Rotor (Wound rotor . )
. ) (Salient rotor magnets) multiple teeth or
Construction) | with commutator .
with reluctance magnets)
+ brushes) .
variation)
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“”'“w”m V| e e Riw
N gfede Hier (Synchronous Hex (Permanent WU e
(Universal Magnet (Stepper
(Feature) Reluctance
Motor) Synchronous Motor)
Motor)
Motor —- PMSM)
e | wEma |G WS ey,
(Power Source) (AC or DC) (AC, typically (AC, typically 3- controller/driver
3-phase) phase) )
. ISPV -
& éﬁﬂﬂ's'?rrr@s TR/ PHISITE / s
(Speed . Taied (Limited) ) (Excellent —
Control) (Poor with AC, (Excellent via open/closed
good with DC) inverter/encoder) P loop)
‘ﬁﬁl’fﬁﬁﬁ?’ 31T (Not 31 (Not WW dele (Intrinsic
(Position ] . (Requires encoder
suitable) suitable) . step-based
Control) for precise control)
control)
HrgYe d SRd
iRt GRS
. & (Low) (Moderate to S (High) (Low
(Efficiency) . to Moderate)
High)
. . N HH! WIS g
Ti% dfdred aq.wr%ﬁ AISe < 814 Tl (High T (High
(High starting (Moderate
(Torque) torque) torque) torque) torque at low
a a speed)
B — T BFTdl
(Yes — wear and
39 (Brushes) maintenance 18t (No) 18t (No) 18t (No)
needed)
HeaH .
(Maintenance) 81 (High) 31 (Low) 31 (Low) 31 (Low)
FRAIPIR | UT, B, SSRege EVs, Jaifeay, 3D fifed, CNC,
SAferdpa= (Hand tools, grgagsl (Pumps, | HVAC, CNC (EVs, | J&ifea (3D
(Applications) blenders, fans, industrial robotics, HVAC, printers, CNC,
vacuum drives) CNC machines) robotics)
cleaners)
PIC (Cost 3 (L 'S W (High TSt Low
(Cost) (Low) (Moderate) (High to Moderate)
Argol 9 NI 1 d Alse %4t ST (Can be
(Noise & 81 (High) (Low to 3 (Low) high — depends
Vibration) Moderate) on control)
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5.2 PR Siced 3 afdh 1 fIfRua 3w foriar S8aRM Wiex (Constructional Details

and Working Principle of Linear Induction Motor):

TR SearM Hier 81 Uh er3UH 3fGexAfeT e (THT) HieR 3R S VMo AR
(Rotational Motion) Basit fo=TIR WX (Linear Motion) AT &3d. € Hiex H9=M et
&M (Rotary Induction) HIex THIUE HeYd dw@iark &1 &d, U0 df 3FRIGS(Unrolled)
HOo! AT TN [ HeaRMd W [G-R IR HRUIRIS] JGHo00 3.

foAR s Al 7Y Wer, U0l U] I8eo od, Foc dalacd We (Flat
Conductive Plate) SHAGST ! 0T ATST FSfdcdh YW fedaHaR dl <afdT Tafes wige
fAT0T Bl AR, SIS bl e Wld, g1 FHG: Th W Hsfaed We (G Pl
Sregfiifram) ora onfr Q) uTRiSia® 9o T SR,

HL. § HCH AT HARH Bigs Tl fS-aR B (Linear Force) 81 Uh [OHSR HIZH
TR Bld, o YheIol fo-oR HIxF- ¢ ghod.
g1 Aiexd B UIeH W ayH! 3gd:
1. UrgHERY (@E?) (Primary (Stator Equivalent):
a) © U SR HicR Hefld W YA ah hdl.
b) IR (Structure): ATHE WHACS 3 DHISR SRAMd, SAHS HIWR fhal fegfad
¢) WaRM (Function) : ST ITaT 3-Thel T fGaT ST, degl o e dieier [o-aR #afed
Hics T #xd.
d) STHR: YT § TRIC fohal U8 Hd a3,
2. HsRIE) (Secondary(Rotor Equivalent)):
a) THML 3 A SSHRM Hiex e AR THTON 31,
b) ¥R (Structure): JHTI: § U WIC delded Wc 34d, o fgHad fdbdr HIiaR

IR SFacid 3. St Hefl grer an hrigdfes Aeiad @ &t Wid) ddadd $/&d

Sl HAfcd UhRF= dred.

) WaRM (Function): ¥t He AU BIUIR TSI PRy, HACH Hics SRISR SCIARM

B fofHeR yre Fafor s

3. W3R T (Air Gap):
a) AR} 9 Yhet Y Sga0 TSR 11U Saetal Sl
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b) USR U HH! S ThRIA=T 101 FAfeew HURRT (Magnetic Coupling) R,
o) TaRwar A A Aefid TSR TS & JH HS 3RAd, TS UhRE= o4l 1%
.
4. UiaR @A (Power Supply):
a) USSMIUH (LIM) o3-S THT. [RaaT el S, Sl H-a=Hd SSaRMH Hiey JHIoE
SR,
b) Thler=at AT Blecol TR HiexdT WIS 30T 3RT facig Sl

Bar Sb-;‘::h Esd (9K TNCS a9 TS @e Iz IS aTeT
' T ﬁ:“_’]
2 Stator (T Cut and Open out Flat
»” ‘ [
N ‘ﬁ
— Roter I o )
REEAEe) ’ ‘

<)

Reaction (Rotor) Plate

N N

............
(070 070 0 0 0 s 0 0 0 0 0 0 0 0 0 000 0]0

Fig.5.5:foraR §8aRIM Hie’d ®H=¢a=M (Construction of Linear Induction Motor)
forftaR gsa=M Hie=lt af$r (Working of Linear Induction Motor): & SAdcHNRHICH
SRR (Electromagnetic Induction) 3TeTRT BRI HIUIRT AR 3178, Sif ASKHS A Taoh
Je fafTR (Linear) A9 A0 630, fRoFHRR S8avM Hieg! -a=d S8av- AeX (Induction
Motor) JHTO 3Rd, JUT <t U] dle! FRIA (Unrolled) & Tic (Flat), TR aeRA
(Linear Structure) Seacidl 3.

foritR SeaRM AicxA’ G g8 UFT 3(YdId: UAHERT (Primary) 3101 dhedt
(Secondary). TTIFRY 8T H-a=Md HieH T Wex (Stator) THTO BT Hdl, TR JH S 8T e
(Rotor) TRGT HTH HRd!. TR AH-CS 30 ®IR (Laminated Iron Core) 3Rd, ST
of1-Thol ATEfET (Three-Phase Windings) Sacial S1dTd. SicgT a7 dTg e T 31-Uhel Tt (Three-
Phase AC) JRA&T ohdll SITdl, degT TRHRIA didiak Udh o) caielT AdHfed Wics (Traveling
Magnetic Field) TaR gId.

B alelT AUAfesd Wi TR 9 Ydhas! JrAmdiad TSR T (Air Gap) Hid R SOl
Hh ST TR HRd. Fehex] gl AgHAaH fdhdl HIRURLT sHacidl T Wic hafded Wic
(Flat Conductive Plate) 3Td. TRTSS @l 3T Saiaeafedh SSa- & UHIUl (Faraday’s Law
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of Electromagnetic Induction), 8 HUHfC® Wite dadd. TIHCH Hics Job Yheaed Tst
Hcd (Eddy Currents) ToT giara.
2 TSl By YA WD T TP B dUR HRald, o TaaEHy fHafor
BIUM=T B CafoT HARTed it TRER fohdl rd. dRed BN MIfRIUeI8R (Lorentz Force
Principle), a7 TRER foh a1 URUMH W& T Yo SX1ar U AR 4% WY (Linear Thrust Force)
St Tt QRaaT 3T 3R, a8 ufthan g Mg S Jeb et ardeyuf fafar
Y g, A1 7T Wie T qRasura flhe=iar (Frequency) TTOT Hieaeiid Tiesr=AT (Poles)
§ A&/ U0 HgwaTd 318 & Jdra<idl Tt WIS "gHId cafelt Tomfed Wice =T dmmuel
YIST HHT SR, IT TS BRepTel U (Slip) TUrdrd.
5.3 Rivre 3nfor s9o Arsss fFMsR 8@ HieR (Single and Double Sided Linear Induction

Motor):

5.3.1 RivTer ArgS s fafveR $8a=M Hiex (Single Sided Linear Induction Motor):
RiTer Argss ffHeR gsavr Hicx 8t U IRy crgu=l Hier 3R St golacHAfed
SSHRM T TN AR B SRRTE fIfRR e Fufor ad. Saw=mat et dex= faudia,
R Argee fAfsR SeaRM Hiek T At AIRM AovHdhd Jye- iR TIRMAEE (Linear
Motion) @+dc ahail Sffd el IR ¥Te-aTs- WY (Straight Line Force) T dhell ST,
Rivre ag3s fofter s Aie= af$r (Working of Single-Sided Linear Induction

Motor): RiTTE WI5sS fo-ieR SSaRM HIER g SoacmHeed searmal URTeR S/ #3d,

S ARG AU SSHRMA HICUHTOE 3d. T7F, § Ui HIZH 7 ¢dl SRR fo-er Ji=H
TR Hd.

a) WRHRIST UlaR W ¢l (Power Supply to the Primary): ST AlexaT it-Thol
JFAET dee [GoT Sdl, degT UaHR! arifeT T8l dHie Tl gldl. TIHR] el Foc,
FEACS 3 HISR Al WHE HIR fhar degfad aEfén s, S a1
IS TH U1 Bldl, degl U cgio] HUfcd Bigs iR Bld of el Jialar
TR ST,
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N
N
N

W, +2% !

r A
5

Fig.5.6 RitTa A1gss fteR SSa=M Hexd WaR (Structure of Single Sided Linear

Induction Motor)

b) cEfS Hifed Wiasdl fbuaM(Creation of a Traveling Magnetic Field) : 3i-tst
DHRC YRIHRIAT GEHITIER S8R Hog B0 HAfedh Bios TR Bl § HAlcH Bios
R0 Te 3 Wb, o T@T Wi g IRifeT= 0e fUe @R S[aoe Siid. § BIos
U= ATET, TR Hie=An foleR Sifaq¥assT TRavd Sild.

c) Uwest (RUERM We) $evsiax™ (Interaction with the Secondary (Reaction
Plate)) : el YR bl 3d, St AEMIG: ATy fbar SIuRe! woe
DHefaces We 3, 301 BTl 93T A WIo 2T rd Wulde Hifds bR
Je. 1 YhsdHd arifST fhdl 3ofacee HRM 4. Sl THYT TR GO
RfoT Tifed Wivs Jdheal JEHNTE Wbd, d@] dhed! Werad Iofaed
HICH (YS! IIcH) TSI BIAId. § RIS’ I HIh FoacHicd SSRM JUR g8d
B SGGUIR HUfCH Bios Sdaal hedeie Hc daR Hd.

d) fofteR Wi WiseR (Production of Linear Force): S&@T Ydheide] TSI Hicy
qOR BId1d, AT < Wd:d HACH BIoe TR HRAld. &g O 19K, § HAlcHh HIos b
Bioee! k1Y HAl. Tekdb g JUMT cRoT HUCH Bige 3 Jheidd s
AOGT BIGS TS SeISRMIS Th BRI B HHIUT Bldl. 8T B B A st
WeaR B B! AT [T TRfoTT Hifed BioeH SR ehad], 3 TSR
fe-teR HizM fFmior g,

e) %9 dH=M (Slip and Motion): T ATRFAHL Ydhest HATCH BlasHl THSUel
YISl HH Wi Wbd. a1 Weqdte mael [6u Kurdrd. 8 eU ®ie Jdd ™
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IRC feahg dadl.

f) HfEY3T WM (Continuous Motion): STTdd T UiaR Tz ot ord, dwdd
cfoT HAfed Wi Uad d1g Agd. A YhSue Jdd Hic segd sidl Sl
A ol fo-1eR Tz FHHfor gi.

Rivte Arsss foIeR Ssa=1 Hicvd Tsdicwid (Advantages of Single-Sided Linear

Induction Motor):

1.

Sravae f-eR MR (Direct Linear Motion): RiTo Wges fF-ieR 8@ HiexHed
Sffaftad AhHee HMHT G e Wb (Lead Screws) fohar Jedt-g-fofleR dagcd
(Rotary-To-Linear Converters)) df TRl 9, RO d I ISR ARM A, § HA3R
f4Re®T (Conveyor Systems), Hsd =T (Maglev Trains), 30T f&-13R Sfdegued (Linear
Actuators) TRIREHT BB TTT ERT AT

Rue Adfee =& (Simple Mechanical Construction): &t FfAT Ucq
3G e St Bid, Ab b HILdRIsc! (Mechanical Complexity) &H! gid, 3fTfor
AT DR Al gld.dbedd (RIRH We) Aidl, wie Ace i 3d ard arifeT fobar
PSR T 4.

g Rerafafedt a sgRfafedl (High Reliability and Durability): ®-a=Mo SRl HlcH
(Wear) 9 flhaRM (Friction) ged BIUIRY Ao qurer! 2redr & 3.

BT 3O fiETser Sf@A® R (Fast and Precise Acceleration): RiTe WRes f&-eR
SeRM ik A §A JIRGRM (High Accelerationand) 301 Sl3faioaM Ycd
(Deceleration Rates) Ucdhd fHesadt ddid. g1 WS 2ead¥ (High-Speed Shuttles) @
$eRege 3ficmzM (Industrial Automation) TNIREAT 3P d GGG QIOAIG TRl
faferme Iuga.

B AT (Low Maintenance): T3/ fhal 96GcH URW i de-a%s HIMIHed (Contact-
Based Components) THGATHeS HeA—T HTazadhdrd HHI g1d. Sl [dhdl 8131 (Dirty or Harsh),
a1 TRcTe AR Ao e e e FUTedM TRE gidid; fad Rie aEas fomier
TSR HicR BRI 3.

PTT TR (Quiet Operation): RFTE WEss foeR FsarM Hie3rdd nddd H1
HRd, A Y Aies R TRod 38 (G 8Ikuce, USRI, 3iifhy fafaew) em=m
fp1o Suga.

Maharashtra State Board of Technical Education 150



A.C. Machines Performance (315333) T, 7=fi=T ReiH=T (315333)

7. Ty fE5msa 9 W fafed (Flexible Design and Scalability): RifTe agss forter

FSRM Hick 31 fafdy SIS HAAIE! Ma=ad SRRl o (Length) , UTdR 3G (Power

Level), 30T B8 HURICT (Load Capacity) TUR fSSTE HRdl Id. HIddT capara! fdhdl SRa

TTeTT3! Weol W @3 (Scale Up) &l Id.

8. geu® WX dicaeed UM (Suitable for Contactless Operation):Hea {AfeH

Sfgezm) IRE Sffpzae R gRes i8R SSRM Alcde AbMHd dicae
19 &1 $F 2AHd, TS TharM 301 Toil o1 w4l gid.

9. ¥fUs fwui=T e$H (Rapid Response Time): SodcHAc® B S RiTe Ases

JUR.

10. 3ffafedt g sife 31 o1=f HfE==7 (Ability to Operate in Harsh Conditions): RiTe

Tess foHleR TSRM HIex S, de, fdhar HRifkie (Dusty, Wet, or Corrosive)
TGRS 31 UG 31Tg, o7 d-ad==o Ay TN 3.

Rive agss foHIsR ssa=rM Hier ¥ f3uUsaided (Disadvantages of Single-Sided

Linear Induction Motor):

1.

B3R TBRIE=A (Lower Efficiency): RiTo A5ss [G-1R S8aM Hier o ThRI=T
IEF: A SSRME Al go-d Bl 3RId HRU JEE fuq Hilcd dfdbe
3 HATCP FoaUD! HIST HRT §Ad BXIdl, SUMHS dldbe Foay dTedl d Uil d% Bid.
g1 REfdes TR ST (High Reactive Power Consumption): Hifc® Higs TR
PGS fARINA: HIGdT TR T ST WRYY Rifdeg Uler SATd.Ies UlaR thaex
WIS B! 30T SHTIRIH Pixe dled], SR dl duU=ie (Compensated) T ATa! aR.

A1 WA Agi=d(Presence of Normal Force): TSI 30T Yhesl damed Tk
Tolgd Sfcfaee B ([(IHe BN daR gidl, 5l A4 dfegccs (Non-Levitated) fRiferd Aed
flrar fdhar fasR aTeq Twdl.ae fakad qUIe fdhar Iw=M (Suspension) Riferd
RIUEEGIGE

TR T Af_fRIRE (Air Gap Sensitivity): RiTe dARes FoR geRM HAlex
HHART YT 30T Vet TS TSR 10 aR fdd G 3d. SR TSR 70 J3T
fohar Sfafld sRie dR 3Re HH! gl U BNy dledrd, SARIS! 3d HBISHE HaRAD
3.

A1 feRfes T (No Regenerative Braking): est 8= Hicd yHTD, RiTe A5as
fOeR SSaRM Hier A g YoiHRfca i (Regenerative Braking) (0TS HTe-icd
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TS ( Kinetic Energy) TRA Sofacd® Tell HY FHragc $HR0) 2 Bid lel. TS
SleRI® =M (Deacceleration) TXHIM Teil Th R Haffed W&d.

6. IS TGS (Heating Issues): TIFRT dRTETY A Add Hic Tl 8Id SIS G
TREA BId. I YHR FHGT 7 Ha YHS TERURRH (Thermal Expansion), 3=goRM
SHSIS (Insulation Breakdown), fhar Aler BT HH! SIUATET SiehT 3,

7. Sifdeeg ¢Hdl HIwe (Cost of Active Track): UTIERT (3ffdcag) U SUH aRITSTRT Sfor
DR AT 87 YUl ¢ Biaiar SHae] ofidl. Arges fazIvd: BT f$xe sffwdhary
(3T, H1od ¢=) AL SRS B dled.

8. BN WiISaR U JIU (Thrust Drops at High Speeds): U SRk WIER, Jhasl A
TR BIUMAT TSt ey ARl USdId, I UE HH! gl A RiTe dRes fo-leR
RSN STd TG,

9. PIOHN Hele RPrRACH (Complex Control Requirements): gl SOHITHL,
faRIvd: SiicazH fharAaifieay ad, RiTe A5es [B-eR SSaRM Hick UIdt 3w UifoRH

10. die 33t RefRia® (Not Easily Reversible): AR SERGRM G601 2 TR, T0T
TSt trot Ryge-g g™ _1dt ST fobal e Riftew sfesie wr1dt &1Ta & U I
SR Ak Regd Sugmuear $fied S e,

5.3.2 TIO HISSS B8R §89-M Hiex (Double Sided Linear Induction Motor): S§0 U288
ISR SSHRM HIeR &1 Th 3T B3R AR 3T Sl Solacd e T (Electric Energy) 3¢
fO-R A e HIRMEE (Mechanical Motion) FUTGR &xd, 30T § SoacIHAlCH SSRMHA
OfRTe & enuRd 3r’Fd, Ha=Fe A AedyH0 gl T1d) fhrugiast e o i
BId 3101 Arges TSR (Gears), TBT (Srews) fdhdT d@cHd! (Belts) TRS HIRId a1, 9@ W3S S
OISR TSRM A U el (o g4I Uh hsfaed We 3d) G URHRISAT A8 $dool
3. T UERISHT 3t ol Sf@eATeT e A TR fA@! S, a1 Uil gR ddeel gial
SIS Ta HRURT HAfcd HIogy dUR gldid, W Hifced Hufe (Magnetic Coupling)
3P TS BId ST TR BlopeT (Flux Leakage) HH! 8Id.

T YT HRUMAT HACH Biaay 30T Yeha<iHed i g $eg%s #ied (Induced
Current) TG IRERIAIGHS Uh Holgd MU dots ISR U (Balanced Linear
Thrust) TR Bd). IS SIS AIZSS BIHSR SSHRM HIeR § 8 B (High Force), ¥Y
foffTR H=M  (Smooth Linear Motion) 3ffdr A HIdae  3fTRIE  (Non-Contact
Operation) 3{Ta2a® GG ITANTHS A= IUGad 334, T T HhaH Hod o
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(Maglev Trains), $8Rca® 3ffe= (Industrial Automation), 3T B-TiE Tr=uuie R
(High-Speed Transport Systems) TrHed gldl.

STG-UI3SS B3R SSHRM HIexd H=¢aH (Construction of Double-Sided Linear

Induction Motor):

SIO TI3ST BIMSR SR AR 81 T B3R HieR 3MT8 St sodciifcd SSaRm
LN ¥ A fS-IR HizM ({0 HRuard fEgms ol 3/d. 8 TRY Hd=He A
SESRM HIIRYT ST di] ST U5 IR SeRM Ak I RS TAfcd Bios
TSI Gig! dTol ST S, S e 3Re, diTe! bR i do~s Tules
3[¢aT(Balanced Magnetic Attraction) fiiad.
SIT-UIZSE BIFSR SSRM Al d &I °Tdh:

. WS () - g Sfdea |arssd (Primary (Stators) — Two Active Sides): 9@ U5eS
BMSR SgRM Hiex 7L S UHR) aRifET SrdTd w1 Vb es) (R Weyeal arel aToHT
3TGRTT A, AT TAHRIS el SiHcs A HISRHY SHaoad RN, T ard 3fi-
ol JEfETY (@R fhar Sfagffam) egdrd. § <F Red ter M-t Tl tiR J@Eer
TSGR 311 RighHIES U0l (Synchronized) BT #RdTd ST T cagioT Hifed
. AP (e We) ( Secondary (Reaction Plate)): GIF UTAFERISIA AL 3a00! Ydha!
Bl T oo dhafded We (Flat Conductive Plate) 3i9d, St Igd feglfay fdbar e
TG00 3Nd. dANTel HAf®d WRWBIH Ul AdH®e T (Mechanical Strength)
e quarTdt Jhed=n Am Tedr Ko We fFar s Hier foer Jran & ue iR gew
3d, TS I BHIUde! dRITSTN [dhdl ofacho BRI AUdId. O@l gl KeuHYd
TIC® BIGe Gl SIRERMA TaN $Rd, 4T YdheHed T8l ®eed (Eddy Current) faT0T
BITd.

. 9UId R (Support Structure): AR ¥4 ged UHI Holgd hHR SIS I
SOl 3d ABTHC (Alighment) IWS! BTG, RAdH oIS UGHRT 30T v e! TiTd TR
T 3 FAHAIG; § T GgH S0 A 390 A 3 d iU Hed SIhIRRIE HIRRH
(Efficient Operation) T1g IS,

. Wifew Afdbe (Magnetic Circuit): STE TRSS B3R 8- Hic Al Hife®w Wfhe §g
a1 Samu THRHS (Symmetrical) 3/d, HRUT glal UHIS ThHa SR HA.ATHSD
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Hofcd kg HUl giald, e UHR™RN (Thrust Efficiency) dled 30T STS[eT STom=at
TR B (S BASRM fdhal Fsfeae (Misalignment) FH{0r &= 21dd1d) &4 giara.

=) (o)

Primary Primary

Ferroma te (R ©T ) Primary (ITa=R1)
(c) (d)

Fig.5.7: S9® T3S S G-18R $84M HIex (Double-Sided Linear Induction Motor)

SIG-YIgSs ISR s8a=M Hied afdw ffRyus (Working Principle of Double-Sided

Linear Induction Motor) : S§0 UZ8S B3R S8R HIeX &l &M B UTeT- a0 0! STd

St YhSAAT Glgl dIol Saoo! A (o T84l Udh dhafded R3[RM we (Conductive

Reaction Plate) 3fId.gH WY JRIFETY (ed) ST YheAl qial ol UHHBIHR

3. T Yebsl (RTRM We), St Fedr fagfifam fhdr BIu sHade! s/d snfor

BHARME A SR TN S ASYHATO BT I,

a) UHY arfE$T Wit IWr (AC Supply to Primary Windings): Glval ST URIERT
JRIFETRAT 3t B SfFexAfET Hie oot I, a1 IRifEmmya yarfed gom=ar seqe

b) FSYFE HicH 51 A st (Induced Currents in Secondary): 1 cfoT HACH BIGS
(Traveling Magnetic Field), ThRTs'ST &1 3{1th FodcHACh SSRIATIR (Faraday’s law of
Electromagnetic Induction) Sdext R3faRM WeHe TSI dicy AT $Hd.g TSI dicH
Wa:dl U JUCH BIGS TUR HRATd STt UIERIAT HACH BIGSal Sexdrd.

C) T I SRR (Generation of Thrust Force): TRHARIAT ¢RI HACH HIaS STOT
qh e Seg%s HUCH HIGS NG IRER HAGHD Ud B8R UK BN adR gIdl.
BT IRC Ah el (fhdl TR SOOI B1e) e GiaH SRR WY I3 sH ol
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TI¢ I5eS fOfeR @M Hiewd Usdiewd (Advantages of Double-Sided Linear

Induction Motor):

1. B ¥¥ W RIS (High Thrust Force Density): HiexA®) Yol alal SToHl
YRR aRIfST Sqares Halde Toad 3ieid glhdcidol (Effectively) ITURST Sl IS
Bl

2. Jo-vs HAfC® BIAY (Balanced Magnetic Forces): ST0-UI3S8 HIMBTRZHD <]
WY ATGUIR SR |

3. Fveg¥s S1%< wad (Reduced Leakage Flux): TACH Toad Gl JEId: UTIHERIN SIOT
Jareta A gaffed gdrd, AMHes HUlCH Sidel HUT gId SATIOT Hiexd! THUT ThRE-=a
Jrad.

4. B TS g%haed (Lower End Effects): 81 RAfcH® (Symmetrical) f&3ms U8 shacy
(End Effects) HIeaT €Idhiar gIUIR JHT 30T B o aguad (Fluctuations) ! R,

5. Pledeod TIRIM (Contactless Operation): ¥4 B3R ISERM AICYTHIUN, SIS
HEST ISR STRM HICGE S Fbad 10T WIR UGHRIS Ti<ATd HIUIdg! el Wi
T BT B HRd. IS ABHDHE [a0R 38 TR er@al Idl, A= azadhad uc gid
STTOT WUl HONe T S18%aUA (Lifespan) dTadl.

6. BH-TS HUAfSE (High-Speed Capability): & Alex CRIST HACH HIo S WA
B WIS IR ORM IR && hd, AT df aTdM IR TR sazded ool
St hRNTS! I 3.

7. Fofoda® f&FSA (Flexible Design): I1 Hied! Biel AR dRIFSTY dléqd gl
Seodl Id.

90 9isss fofsR ssa=M Hicww fe$uUsdaicwiy (Disadvantages of Double-Sided

Linear Induction Motor):

1. DS AT HIREB! HEaRH (Complex and Costly Construction): SIE AZeS
S AdheA ag! ol g a7 TR JifETy 3axad SRIdld. ares
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TGHENRT (Manufacturing) 30T 3Es3T (Assembly) 3ffI% HIEsET (Complex) BId,
3107 are Uiy Bore RiTe WIges faval et Hicta goqd godTdidl dite i A,

2. gf~pss de 3-8 WS (Increased Weight and Size): G UTIHRIS SGAM WU HieR
D! (Assembly) SIRd g&! (Bulkier) 31101 84T gid. ST fdHIult T (Space) fdhar de
(Weight) & Hewar! 3¢ 3, {32 81 T AiaT Hafar o= 2l

3. W3R Ty Jf¥fef@dY (Air Gap Sensitivity): S9@ Uges fSMeTd WHIHY § UgH
RIS 311 Ydedt We (Secondary Plate) FATNG TR TT=T (Air Gap) SHYdR U
TG 3. Ta! SToAT UHTHT STTOT HH TSR 1T GV H310T S ST AT 3
Ooh e dheled! (Mechanical Control) TRST Y.

4. TS ghaed 3T TbRIa=d &89 (End Effects And Efficiency Losses): Sl 86
2SS fegmeTge Rife Asesw god US Sthaed HH! aldid, dhig! o Yuigol SyeTd ad
eI, fa=Ivd: 8 Hlex SYA. IS AH-gHABIH 3R (Non-Uniform Thrust) 3ffor
TR @19 (Efficiency Losses) 813 2ddrd.

5. ISR UTaR WwaeR (Lower Power Factor): 3R BIMSR S8R HICHYHT 890 Al3sS
S THEEl WAl Headf® (Magnetizing Current) Hieal Rifaee HIAH<ges
(Reactive Component) S8l UiaR hdex (Power Factor) dHl 3Rdl, Sl Solacdho
URIRIER (Electrical Efficiency) TRUMH & 21,

6. dic fefu=M Idw (Heat Dissipation Challenges): &F UTGHERIS dd gie AT
HRATd AT Heh S<l Th URieg e G g1 FSRIURM THTEIU R0l {TazT P 3R,
fRIva: BIfCg3 gA-UlaR Sff@ha=aqe (High-Power Applications). drmal fazy
BT SRS H (Cooling Arrangements) SRTAT.

7. HATgel 3MOT FRISI (Noise And Vibration): SRI Bicaeed TR (Contactless
Operation) A®H®H® fATR (Mechanical Wear) HHT 3[dl, T SodcHACHd HRITID
Aisol 311 rsRA FHU 818 2. 7 URiieH siftewma=ame (Precision Applicatio)
ffafad ST AgRigR (Damping Measures) $Hel® &R1d BTG,

5.4 f&I3R Ssa=—M Hiewd Sf@dH==T (Application of Linear Induction Motor):

a) WI®d ¢=d (Maglev Trains): HATCH (Magnetic) 3fge=M (Levitation) TG (Trains)
TS (Propel) HROGTATST TfOT §dd Bfgee (Levitate) STUITITST ATURS SiTd, SATHS
B AT ST fTheRMod gadica (Frictionless Transportation) X1 gIcl.
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b)

d)

9)

h)

Fu? R (Conveyor Systems): AERTS TS (Material Handling) 3TfoT
JHICACS HodR JdGCHATS! (Automated Conveyor Belts) a1, faiva: Hqthamiia
(Manufacturing) 30T Uab ol 8¢S (Packaging Industries) ATORe ST,
TS MESS /IPGH (Automated Guided Vehicles): I3ReTHT (Warehouses)
3{TFOT e el (Factories) ATORGAT SUMAT S M8 Re® G (Automated
Guided Vehicles) ITdl Y 3101 Hicacd WUGIM (Contactless Propulsion) W&
H.

JHq Utk WG (Theme Park Rides): J&X B (Roller Coasters) 3T Sa”
I (Rides) Tt e 3101 WY =01 s quamTd] araRes Sird.

o RfewT (Launch Systems): T3RHIUC dheuacy (Aircraft Catapults) ST
firode o= Rifergme) (Missile Launch Systems) 3 3{qBRIM (Acceleration)
UGSt aTURe ST,

AdifedT 3 3ITeIA=R (Robotics And Automation): JUIfcd TR (Robotic Arms)
30T 3red! BTS~THE (Assembly Lines) g @1H3R QIR (Linear Positioning)
31O TS WTdT AR ST,

gsfcge aRMH (Industrial Machinery): Tl AR oftl SR Sefkge
gf@udcas (Industrial Equipment) dhelas ISR HIZM (Controlled Linear Motion)
TTZID SUMAT B3R SHagUeHT (Linear Actuators) ATGAUINTST ATIRS Sl
Ufdded 3 T&poed (Elevators And Escalators): &gl W Rikewyel ¥,

UfthRr ®féwhe (Efficient Vertical) fdhaT Sao18s HegHedra! (Inclined Movement)
CIEEEASIGH

*k%

T (Exercise):

1.

3.

LW HICX (Stepper Motor) T HIUATG] IR MG hI-d! foxe B,

(List any four applications of stepper motor.)

RpY R@deg Hiex (Synchronous Reluctance Motor) @ afdhl, SHU(neat

diagram) Ig ST BT .
(Describe the working of synchronous reluctance motor with the help of neat
diagram.)

@U@ AR (Universal Motor) @ H=aRH d dich T oI B .

(Explain the construction and working of Universal Motor.)
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4. f&eR 8 Al (Linear Induction Motor) o 3tz forgr.

(List the application of Linear Induction Motor)

5. UHdc Wic RPIMY A} (Permanent Magnet Synchronous Motor - PMSM) 3
BRI d dlchTT LRI .

(Explain the construction and working of permanent magnet synchronous motors

(PMSM).)
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1 Theraja B. L., A Textbook of Electrical |S. Chand and Co. New Delhi ISBN10:
Theraja A. K. Technology Vol 1l 8121924375
2 |Ashfaq Husain Electric Machine Dhanpat Rai & co. ISBN13: 978-
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Sr. . _
Link / Portal Description
No
1 https://ems-iitr.vlabs.ac.in/exp/speed-control-slip- [Speed Control of Slip Ring Induction
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4 .
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Sr.

No Link / Portal Description
- ?;xislzilallxreir?:t-il|tr.vlabs.ac.m/exp/lab-eqmpment- Familiarization of the electrical
on/index.html machine laboratory apparatus (VLAB)
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