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DC  Machines @

D.C machines.
Two types: 1. D.C Genewators.
2. D.C Motor.

B Genezator.

Constructional featuves.
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AC wave form. DC wave form.




EMF equation of D.C. Genevatow.

Let,
P= Number of rPole.s‘.
¢= Elux per pole In webers

z= Total nhumber of awmature conductors
= Mumbe? of slots ¥ conductows /slot .

N=Speed of the armatuze h rpm.

a = odumber of pawsallel parts.

a= P for LaP winding.

a= & for wave K)fndinca_

fn!

Duzing one zevolution of +the awTmature n a pole
genevator each conductor cuts the magnettc flux p’
times.

-~ Flux cut by one conductor tn one vevolution= Pg whb.

Since the numbes of wevolutions of +he arymatuze
ts " N" wpm.

 Num benr of Fevolutions pe'!f Seconds = 2
&0,

o Flux cat b(d each conductor per second=

Flux cut bc(f each conductor pev revolution x Number of

sevolution /secord

= pp’ X_’\J—_ = le\l olts
. &0 GO - ¥



g The number of conductors /pavallel Pafh =%/n
Total emf c(]encmi‘ed} ' ;
Egzauevaqe emyf induced pewconductoar ¥ Nlumber 0 conductor [parallel

path
- Pgn % Z

-— —

o] a

¥ = PPNZ  plts.
60A
Fov LaP wound machine, -

the numbes of pavwallel paths = Number of poles.

| t.e a=p.
| \ _ Ponz
| T e

| Eg: gz volt‘q
(o]

|
; For wave wound machineg,
{ the numbes of pavallel path= nMumber of poles.

: {.e. A=2,
| PENZ
| . i volts.
. | SR TS
EoT.: . 0 pe’atfculaw machine P.A,Z ave constant .
- [Eg = g ]

Clagijicsdten e} De . Genor=tes

Self exicted D.C generators.

. y Self exicted D.C %eneva‘toarg ave +those in
whteh fteld  colle: ave - excfted . by -the D.C voltage
generated by the genevator (tself. These generators

. ave fuwther classifted (nto .follo:/oi’ng types.

1 Depend‘inc& upon the wa%} of connection of
! ffetd mindfnc& with the armatuwe mtndm%,
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a) Shunt Wound @Genevator. | ‘

Tu
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Tap Ig
m %
E? ( _,] Rsh Load . VL
B “—’l-ee zz

Z,3% =3 Efeld wIndin(&

A,6a = Brmature rofnd.tn%l.

Pa— Armature mfndinca vesistance in obhmes.
Rsh= Shunt fletd mind‘ing vesistance in obms.
Ta— BArmatuvze carrent N ampheres

Icsh-» Shunt field curvent [n ampheres.

I - Lload cuvzent n ampheves.

Ve load voltage o3 tesminal voltage.

(s
Connected [n parallel with aymatuve mi’ndrma (incluced emy).
The qgenevated emf equation (s given de}

Eqg= Vc+TaRq + BvD+ ARD

In shunt wouna Qenerator, -the freld »oi'nd?n% {

PR, BVvD =2 Brush Voltage clrop

OFD = @rmature weaction dAdrop.
Ta— Tc+TIsh.

Ish— Yo
Rsh.
Output power (P)= Tx v,_] Cpower consumed by load)

Powoew caenezo:ted [FP) :7._\57‘9 o I‘CJ



8

®

| g’ b> Series IJound  Genewator.
s -

Z r44

Tgc = Serles {freld vu'ir)cli.‘ng cuvrent.

Rsc = Sextes freld winding wesistance.

In this +type fteld voind[nca [s connected (n sevies with
armatuze wfndincg,

Heve Ta= Tec=To

C]ene‘aa’ced emf , Efﬂ'—' Vi + Igc Rsc+ TqRa +BVD +ARD.

. Eg= Wi+ TaRsc + TaRa +BVD +6RD. [ Tsc=Ta].

*

§. 59 =Vet+ Ta(Rsc+ Ra) +BVD +ARD

- Compound  Generator.
It consists of both gevies and shunt »oi’ndi’ng, it can
be elther Shost shunt 0% long shunt.

Q) Shost shunt compound caenem‘tov.
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C lasa f:ccmon o{ DC g_enevafov,
D.C. %enezcrrc)ars

'tlfPCS clepenqu

arve classiffed mainly into 2

cpon the way of excitation.

Sepeao.”celcd excited D.C.genewators_
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. DC Genesndor Constsuctional ffea-l—tMe,s ®_

1:DC &‘éﬁtfaxfb's‘ is a DC Madiune ssbhich convents mechanicad
energy wdo elechricod emergy It Works on the principle
0}— ‘meta*s Laws 0‘» &,ledrommanﬂ:ﬁc Trnduchon .
R-c gemmhr/rvmch'ne/mofm Og«vwn‘stsg#tk_g,
j‘a”.owiv\a PWS :
L Magnatic field systen t (Stodonary pont)
The notn ObJ‘ed: of the field syctem lc f» Creste oM U'f\i}oa'm
mogretie field  ioithun uohiel am Oamatine Melales -Eleo\mmajmfs
DN PA&H’NA 1A Cgmpohi_\am Wi the ?gmy\ghﬁ mox%v\d's
TFhe mogratic field system consists of The followsing (Fw,);; :
(@9 YOKE - It oets og Hhe rj-rnme, &5 Hne maf)v\oiic, nodhine 51
Conssies the flur Produced b‘i e poles ‘Tt e C\f\i\M\ﬁCol
1A Ska\Fe, T Shadll modhvones Ahe coet iron  ie tsed for Yore .
Bud, ¥ lorge modhine | feloricated Steel Yoke u used.

(b) PoLE CORE - Tt is cfrewdor in shape Tt is used Ao cormy the
Sield eoils fhrongin  ashidh exuting  curventflows + Sikven
Sred & waed o a moten ol Jor the 190\6 e -

(©) PoLE SHoe Tt gives support to He ,frelal wils ond
Apread out  dhe Jlux (' the M gop. The pole Cores oxe
X,arvu"nod"eal oOne and arnother owe belted 4o the Joice. - T
ASome prachines The yoke %%PD"" (ore. ore h/\.o\aLe_u_F vol th

Aingle coshneg  ond dhe |amaireded pole shoes ane odfoched
1o the pole coves.

d) MAGNETTSING CoIL OF EIELD cOoTL

It provides the no 6 owmpene Furns b extiakion hequired,
to give the foropes flux drongn the  oamoatiae do nduce

the desived ve{m@e,.







@ a

| 2. Prmatuine ¢ Tt s the ro'i-wl-!'ng part of a DL madhine

It is Udrelon n >6|f\0\-P& ond. doonnirated one ond orother -

Tt consists o]L no- o Slots on s externol swygace - Jne
Crmnodure WY\AAY\@5 ove Placed Pn Hhose Slots Qf +h& Curgent

LIl be nduced 1t those coils When the avyoture Totates
th o magnetic frefd. .

Tt is mode opof silicon steel Btampings ¢ ench Kormping
s Seporoded f"rom Cts hexahloouﬁr\ca one loa o Hhin lm{%
OfF prper 0¥ Voanish as an Cnsulodion . These are Placed
one obove e o0ther ,the AHuclbhess Dj Hhe ghm{)]‘h% A
O\'OOUUL' ©-00b mm.

COMMOUTATOR - Tt Colleds the cusrent Jrom the Carmnotwe

Conductors 4t acts as a rechifrer e, it Converts Hhe
Nﬁrﬂmﬁ'\% i~ und - dusectionad urrend - Tt s craudon
M Shope it is modeopof fuigh (Conduching horrd Copper-
Tt has momy segments Y Hpse ore Trsuleted From
each other b‘ao\fl’kfn QAL/er ot Mica.

BRUSHES = The Jundiien of fine brushes is the Colledtion
Of the Cuerent From the Lommudator 4 Suppla it 4o the
&thm! loc\al LAxodt - Jhe bruskm; Ore ma\nujcad'u).ui
11+ ha/k deﬂree, 0:} hondness  Ahese onre housed in the
brash toldevs: Tt is I the Shape of the reckamgulon
block - The brushes one dassified as Cmrbon,araP\mil-e)
dmbon—'arﬂ)k}t& otc.
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e D¢ Grenerator 2
Wotbing  Puinciple o} DC_lneneraor v

DC Geruvodor 6 a m™Moune Wwaeh  Comveds Mechanical
entrgy ko eledwcol enevgy- Jhis envgy coNversien s
bosed en the Pprinciple Of '{)roab.;ch‘on 0§ duana«MlCoJ\na induanced.
emf e, according 4o Foaadoy's  lavas)

4t gtates that " Lohenever a evduder (nds the mag -
“neti’c B'bw?t ;dﬂmrwfc‘.odt«d induced ems viall be beduced )
E. JInds emd  asll cowmne @ A LSend o 5&0»0 in dne
Conduetor |, AL the Conduetor Urnk U Losed. -

ket us Comsider A Angle Ao rectongular AL 77BCP
Totating 1 mognetic field  whith b as Skeww v §g L
The hoo emds of the (i mre Lemnetted to dhe chiprings
A and b skt one Awnsulated e Cadh 8thern amd
ﬁ»\m'fke, Aokt . Conbon brushes one pressed ouaa.ir\bt Thae
zbufaunaé,

‘:[maaiv\e, A e ls roraking n (loccroise darechon-
When the plone o} the coil Is oF right ongles 4o the flux 1€
Tbhan L b wm Po&ih‘w:l. ; the HM?L Linktecd asith the (AL U
MaXimum ot the rode o-k U\An,bg of Foan L(r\\:o\cae A m
Hence there Is reere imduced evd in the il . As dhe terd
Comtinunes 1o wotede | Hae Hate U'b C«’/\Oxmae Uk %Uxx. Un\:o\cbeb
Caereorts SR 1f heokhas  dhe posibon Wo(3) Bt Hais position
the plane o} the eh s poallel fp fe  flust JUV\.ES-J\v\Qrejor‘e
the n Unked  whip the A uw  ZeFo
%Mf\r; e s e Wwoj
52! ' X Piwn
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I the next port of the wevelutien e, fews Ao° 4o 180°
the %{u.m, Rnlced. Aot the e %\a S (AR OV €5
bud rode of thonge 0§ Slurx decreases *Hence the tnduced
enf decreases %-ro«dMoJ\ta wpto the Pos‘m‘ov» no 5 ef e oL
Owmd. i+ Tedumces 4o Zero.

In the next port ofF ~revoluhion (e, Arom 180" Yo 2606 Jhe
Variotion oFf emf s Strvidloo 4o Aot 0F the %W‘S't et s rrevolnhion
PButr b %ouna\M e diredion o} e indumced currend LA
weversed « Froma tais e  tomdude ok the wurrent Lshada
we Obtoin  lyom o oeneredor  Peverses s duretkion after
@Ve“} hols  pevoltions - Jhe curvent wshida wwle-raoes Ahe
reversol In Its divechomn 1S bnowom o Ouo’r‘emﬂ\'\‘r\a Current.

For mating the flow o} Gurrent Unidivedioval ; the slip
Mngs ore replaced by SPUt mings (cormmnudodor ) » Jnese ore
Cyhindrical % shope  ond is wut into two Segments  wWhich ooy
wasudated frew  eaddn oHuA btg a Hun loyer oF Mfeo - Ard. Haie
Concept con be exploaned b\1 gg,FeU«;,\% ¥ ,)C-,‘%(q_)

NoREING OEM—

Jhese one movemeh:t‘wra Ports 1AM Crmakunt vohuch
helps % coversion of PC o DC.

There will be 4o Segments o Split 2ings * Tn  dhe
Consecutive mve{w‘n% o’t oTnaturne  dhe seoomws Mso
Cﬂxomae/s A0 Hor Hae dizredhom D‘b Cirsemt in - exrernod
Lood tivemit  1sil] be same oll though the dizechion of
Current A avenatune  thoanges.

So) SPJ.A'I’ ﬂﬁﬁs/CommuJ’MD?" Trechhes 0\“?7‘“““"\3
Ownent  Info  oUret Cuovnend .
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Q.

T DC Generator_

) S
u{)L)Cshurgf: genemtm supplf&s
+ Calculate +he [nduced

s

Q load o_f 75 €W at 900

emf, If the awmatuze

Pesfstance 066-0. ancl
ffeLcL Fesistance SoOln.

Given,
PL=7-5KnJ
Vi= 200 wolts.
‘&3:?
Ra=o0-60.
Rsh= 80N

So Llutlon g«
Eg= Ui+ TaRa +BVD+ ARD.

wheve,
Ta=TLtIsh
_Ish:_\_/_L’ :&OO R
Psh 20 2:56
:IL:..p_L_ :w-a - 37
Vi ]800 =808
ocn IQ_:Q‘OH
E(J: 900+ (40 X0°6)+0 +0

E: 234 vyolts

Dr. H.B. suresh. g eno.
professor
pepartment of Electrical &

Electronics Engineering
N. College of Engineering

LN
le, SHIMOGA-577 204.

Navu
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& long Shunt compound genevator deliuess a loaal -,
curent of 504 at b5oo volts. and it has asmatuse
Sewfes and Sshunt fl‘.’eld registances of 0-5MN, 0034k ama

Q50N vespectiuety. Calculate the caene'aa‘ted emf ad Iqg.

Bllow 4v /baush as contact Adzop.

qluen,
I=506
V=500 v
Raz0-50
Rec=0-03-M
Rch= 950\
Eca’-’?
Ta=?
BvD=av.
Solutlong~
Ta=ITL+1Ish
Tehe YL = 500 . 5q
Rsh 250
Lu= 5& = 3—%59 =506

whewe, PL=VeXTL
= 500xX50 =a25000

. la =50+ta :528,.
E%-_— U+ Ta (Rat+Psc) +BUD + aRDd

=500+ 53(0-5+0:03) +3+0
‘EE = 599-56 uvolts




0

{4 A 110 volts cOmpouncL %ene'zratow baurnc&l a'amatuag
.shunt,se'ares mrndfnca vesistance of 0:6L, 250, 0-0q L

zespectively. The loac consists of <200 lamps, each vated
at 55w, 290 volts. Flnd the caenemtecl emf anad the
armature current, when the machine [s connectec as
Shost shunt caene'aa’cow.
Gluen,

Ve=aq0vu

PL= 85x200=117000 watts.

Raz=0-6 N

Psh= 05100

RPe = 0-0¢ 0

E%:-?

Ta="?

Solutlon g~

E% = UL+ TscRse + TaRat+ BYD + ARD

rihewe,
IQ,:IL+ISh
It_.:ﬂ"-:lq_o_o_o - 1006
VL 910
Topy = ! _ Ve +TscRsc _ 990+ (100%0:04) - ¢.56 4,
Bsh Rsh Q5

. Tg=a200+ ¢-56=120%-56 A,

oo E(ﬂ - 910+ C100x0-0¢) +(10¢-56 x0:6) +0+6

We vo Ltil




A shunt geneaatoar bas no load tnduced em{ of _150;(
and when {t s loaded terminal voltage decveases +6
ago volts. Etnd T, load weslistance and Ra=0-20 anc

Psh= 100 0.

Glven,
Ra=0-2.0,
Rsh =17005%
E%:JSOU
V= 140V
T=2?
RL=?

Solutfon s«

Eﬁ: Ue+TaRa+ BVD+ARD

150 =140 +Tla(o-2) +o+0
Iq=506’

Ish=Me 140 _q,
Psh 100 ey

Jas=T;+1ch
850 = L%

= At
o=
_140
48-6

[E;a-sg_mj




(2)

A onte DC shunt generato” with lap cmnecteET
aymatuzre has a {felc{ and aq¥mature @esistance of
So00x  and. o- : i

0+ LK I.’ the %6‘1’)83(11‘03 supplies go 190V,

40 vaoites lamps. Calculate the total armature cuzrent
cusaent n each asmature conductor and the enemtec;
emf . Take Ju/brush as contact dvop. ¢
Gluen,

DC shunt caene'rator.

P=q

6=P (lap wound)

Psh= 500

Fozo-a0

DL = 60%q0= 2400 watTs.

\/,=110v

Ta= 2

BuD= 1u [brcush=av.

Eﬂ'—‘?
Solution g~
69: U(_,-{"ICLQO + BVD + ARD.

Ta=Tit+Ish

VL 910
Tch= — = —— =2°26A
sh Csh 50

a) (o]
Pl ER00 s
UL 110

. Ja=244q,

Eg=110+ (24 Xx0-1)+a+0

E;"g =11¢:4 uoLtSJ

Cuvvent In each awmature cuvrvent

+[g o



Calculate the emf generated by a 4 pole,

rwave wounad asmatuve houinc(} 5 slots, with 18
conductors  pew Slots, when dalven at a speecl of 3200 72pM
Jlux pes pole Is 0:16 mIU{wD.

qruen, ' .
P=¢
Nacrber of sSlots=qs5
Numbes of conductors per slot= 18,
N=1900
@< 0-16 X103
aA=3.
~Total number of conductors = z= ¢5x18 =810

SolutZOr)gm
Egi PANIZ
608

_ ¢x0-16% 10° x 1200x210
60 X2

Eq-35-18¢ vo (tS
{




(B

| 6&n 8 pole lap connected asmatuee of pc mach (ne
has 960 conductors and flux pes pole (s qomillcwh
The Qwmatuve votates with a cpeed of aoospm,
Calculate the genesated emf, if the same machine (s
wave connectead , at what speed [t must be dsaiven o
gene’aate Q uol‘taae of 900 v.

qtuen)
P=g
A=p
Z=-960
& =qox103 Ob.
N = @00 3pm.
E%:?
Solution &«
PZrIZ
E T
608
_8x40%107° x¢00x 960
60 X8
volts.
14 H=a,
ou=9
EgsCPOO
PENZ
69' 608
2 xq0 X103 XN X360
q00=

60X

J=156-25 'crpm |




a "~ PC eneaqtor deuelops an eémyf of Q00 volts, m;—,eol,_
dafven at a sPeecl of 1@00Tpm with ftux /pole ofo-oa'wb‘
If the emf s fncoeasect to 2130 volts, at 2900 Tpm,
what Should be the vatue of flux/pole under new
elocumstances,
qwen,

Egjzaocm

C\JZQOOOBPm.

#1=0.09 wb

Ega:ajo\/

Na=11007pm

Fa=?

Solutlon g«

we know that,
Ea: PNz

€06

For a Pe'rttculcw machine, P,aA,2 ave constant.
Eg CNIN]
E((_]n“tfzﬁf\h
Egaae.ca’ama

an 2 @1 OJq
ega = ¢QM3

200 _ 0:0ax1000

Q210 Fax1100




: [

9 -~6n awmmatuve of ¢ pole PC generator s wequ tred

to 9eneva'te a emf o; 520 volts, when 'arguotwr? ata
sPeedavof €60 wpm . Calculate the magnetic flux per
pole, if the awvmatuve has 144 slots with @ colis stdec /slot
and each cofl consists of 3 tuans, the armature s wave
wouhnd.
G’Tuen,

P=4

59:530 volts.

N=660vpM

@=2

o, of slots=14¢.

MNumbes of colflSide /slot=a

Number of tuans/eoll=3.

A=2 (wave wouhd)

Solution &

we know that,
59: Pgniz
6064

Totat number of
asmatuse S
conductorss Olambes of slots x plumbes of cotlslde/slot x alumber of tuwns/coll(.

=86¢.

QXPFX660 X564
Babs——7 -
60 X2

[5=0-0a78 b ]




proy

10.

an asmatuve of ¢ pole DC genevator Is vequlved to. -
geneate a voltage of 800 volts, v hen vevoluing at a -

Speed of 480 TPM. Caiculate the .fLux/pole_, if the armatu:

has 4dag siots with a cotlsides [slot, each cofl conststs BP -

4 turn, wave connected.
Gfuen,

P=¢

E?: 200 o Lts.

M= gg0orpm.

@F=72?
Slots = 998
Numbes of coillsidec/slot =&

tuan=¢
a=3.
Solutfone~

Z=138%X2X%q
=102¢,

PZFNIZ

e

4 X¢ X480 x1084
60 X2

800 =




s

11

- a 4pole DC gene'mfor uns at  a speed of 750 vpm

ancl genersate wvol(tage of a40v. The avmature (s wave
wouha , [t has 792 conductors, ©f the total flax fzom

each pole fs ©0-0195wb. Calculate the leakage co-effictent.
Given,
P=q
N=150 2pm.
53: 240 volts.
A=a (wave wound)
2=1399.

Totai flux [zom each pole=0.0145WD.
leakmje co-effiefent= A=?

Solutfong~
Zz
Eq= Ponz
6oa
x750x79
240= 4%
60 X2

@ =0-01912 Wb.

4z Total {flux/pole
Wovking flux/pole

- 0.0145
001912




13,

The awmatuze of 8 pole, (ap connected generater
develops an emf of Boo woits. It has 00 conductorg,
a‘auns at a speed of 1500 TPM . Ftnd the useful {luxjpole,
if the numbe> of tuwns In each fleld corl is 7900, what .
s the avewage value of emf [nduced tn each cof(, when
the fteld coll (s opened, the {flux dfes away {n o0.05seconcls
Giuen,

P=g

A=P (lap wound)

69:500 volLtsS.

Z=8500
N =1500 zpm.

F=2
(Mumbez of tuyns n each feld coil, et =ga080

ﬂue'ara(ae emf Induced, €=72
+=0.05s¢c.

Solution g~
Eg: P2
6084
_2xE@¥1500 X500
60 X8

[ &=0-0a5wb |

500

Auerage emf tnduced In fteld cofl, e:m-.%

=7200x2:025
0.05

[ C= 600 volts [




@)

13.

.6 Q‘PO(G,lO.P wound D.C geneaqtor has a tsefal ﬂu'x;

of 70 mego,tfnes. Tt Hhoscoado
and wotates with a speed
value of genemted uothe.
G,fuen,
P=¢
A =2
@=70 megia([’n&g.
i 0 B )
Z=aT
(=800 2pm.
Solution &«
q Mecaatfne =90 m wb.

70 megati’ne:-zo xX10 %1073

P&z
6064

Eg:

turns  th the armature
of 800 9pm. Calculate +he

. ¢ X70x10 x103x 200 %2 X220

60 xX¢ .

Eg = 490666 volts




1¢.

A ocs’za“é’éemfoa deuelops an emf of 220 volts, voher};"
dafuen at a gpeed of 10003pm, with a flux pes pole of
0.015 wb. If the speed (s Incveased to 1100 7pm and
at the same time armature qeaction weakens the

flux bx, 5% . Then what [s the induced em.f.




" @

:Q_C Motor

6 330 wlts DC shunt motoyr has a ammatuse vesistance
of o-gn and field gzesistance of 2000. Determine the

back emf , when it glves an output of 7-¢6 kw at
857 of ef{tciency.
Gtuen,

DC shunt motor

V=330v.

Ra=0-gN

Rsh=200 -

Eb=9

Output powvves=7-¢6 K10,

N=857%

Solution s~

For shunt mMoto?, Ep=-u-TIakRa—-BVD-8LD

wheoe,
Ja=T-Tsh
Teh=Y/pgy =220 - quqp.
o T8I~ a 1
= -1

P) _ output ponoer
fnpuf poKes.
746 X103
0-8§F
-2.77kW.

Input po KICT=

rr)Pu:t pOP‘DQB = UL
; 2.71x107
220
" Eb = 220 - 28.%9 (5.8) - o038 4, ﬁq x 39.3{] 4
lEb = 188.9 v = 39.29 4

I:'S' P laz 39.89-1.)




6 Qa0 v DC shunt motor has an armatuve v&cfsfa'n(;"
of o5, If the full load asmatuze cuzzent fs 2084A. lffn'gi
+he tnducect emif.

Gtuen,
V=-Q3A0v

Pa-0.510.
Jaz= 208
Eb=?

Solution -~

Epb=u-TaRa-BUD-arp
=230 - (0-5 x20)

Eb:a'JOu

A 230 wvolt DC shunt motosy has an asmatuzre wesistance
of 0-50 Qanad a flela %esistance of 150 N.. It 7otates at Q
speed of 2000 °pmM. It takes no load cuvsent of 54 0On
applicatlon of load, Speed decveases +to 900 2pm. Elnd the
asmatuze cuzzent and the towque developed .
Given,

vV=3230v

Ra= 051

Rsh=1795

(o= 10007 pM.

To=58a (0o load cuvzent),

(J=3007pm.

Ta=?

Ta=?

Solution g~

Case 1~ At no load,
ELeF U-TaRPa—-BUD-aRD

1K) hewe, %
Taz To-Ish= 5-3=34.

Tsh= Y/pep = 230/415 =20 .

Ta=58.




obo Ebo = 330" Cd XOS)

[Ebo = 2985 voltsS

Eb:Pgmz
€0A
Eor a perticular machine, €hplgry
t EpLny,
fmo-'JoooarpmJ .
Caseca g At {all load,
M\Jq= 900 Tpm.
Eba=2
e know that,
; € peliv.
e Eb:{'mo
Ebf'(.ﬂJg
_____Ebo :ﬂJ_Q
Eby N

Lt’:‘bJ 90565 uoL‘tﬂ

Ehyz U-Taka-BUD-ARD.

D05-65 -230 -Iq(0:5)

Ta=?
e know that,
Ta = (0-159)@Taz Py
output powes=Ep Ja
=205-65 X487
-[10015 - 165 ‘watts]

e know -that,
x-171
ou'tput poste'ér:

- 60 % output powes

2 [T,

NT

[ T= 1066409 |




4, Determine the wvalue of avmatulre Ttoyque e&tabh’&ff)e&'
by the asmature of o ¢ pole DC motor having 97¢ >
azmatuze Conductors., & pazallel paths wlith a {flux of

40 miliwb, when (t s deawing a load cuvzent of 50A.

Giuen,
Ta=?
P=q
Z=T77%4

g a0 miLiwb.
Jaz=504.

Solution &~
Ta=0-1598 Taz-P/q.

Ta= 0-159% 40X 10 x50 x77¢ ?(4-/Q2

Ta=¢92:-264¢ |




D.C. Motor.

A D.C Motor (S a D.C machine which converts
electsfcal enezqgy into mechanical energy.

This actlon [s based on the parnctple that when
a curvent ca’arcd?ng conductor placed n a magnetic
feela, tt will expeviences a force .

The magnitude of the force s given by,
E=B8BTL memfoniJ

hiheve,
B— Elux denstty in whim?.
T2 Current cawrsied by the conductor h ampheves.
L= Length of the conductoss in meters.

The cdivection of the J[ovce [s cletezmined bet
Flemming's teft hana 7rulte.

It states -thar Ifr the thyee frguves of the left
hand. i.e {ove {nae'ar middle and thumb finger ave stretche,
such that -they ave mu‘t'ua(lg Pe?Pend:cu(aa to each other
2 The Jfove fmge’r [ndicates +the direction of flux.

—The middle f(caev indicates +the divection of the cuzrent
=The thumb finger indicates +the divection and motion of
+the conducto?.

2




vV = appl{ed voitage. T
€p— Back em{. &
T Input Cuwrent. :
a,68- armature winding.
z 2z Fteld voir)din%,
Ta? Aymature cuvsent.
Ra—) Armature wesistance.
Tsh Shunt {fleld winding cuvvent.
Rsh= Shunt field winding wesistance.

Consides a two pole machine with -two conductors.

The direction of the cuvvent In the conductor is as indicated
Ih +the diagmm. The direction of the jorce (s (ndicated.

iJhen a D.C voltacge (s applied to the tesminals of
the motos , curvent flows thaough +he armatuze vufndfng
and {owce wlll be exevted anc &t (s sun in one direction.

Indhen the motos (s at 7zest -the voltage |v=TakRa|. But
when the armatuze stasts 'aotaﬂng +the awrmature
conductors cuts the ma%netfc lines of force and hbhence

the emf will be (nduced ¢n +the armatuze conductor
of a D.C.motos. [According to Favadays law].

The nature of +the (nduced emf (s such that (t
opposes  the applied voltage. tence the emf induced In
+he avmature conductor ©f @ D.C motor (s called as back

| emf (€p). The 7elation between the (nduced emyf and the
i appliecl voltage (s given by
calledd as motor equation,

Mul'h'ph./fnta the above equation by armatuve cuveent Iq.
e gef)

V= Eb-rIaEal' This equation (s

vIa= EpTq+ Ia”Pa

rohere,
Ia™ Input pone? to the ammatuzre (n watts. '

EpIa~ Output powes Of the motor I watts.

I Pa— Loss of powes In the avmatusze winding and vt ls
knownh as Coppe'aloss.




(=)
S

(s also knhown ag

b S The output powes of the maotor
| = Guoss powes. The back emf €h s divectly proportional
to the gpeed. hiheneves the (oad on the motos Increases
su"%;hﬂcd decrseases and hence back emf decreases

speed

Towqu e equo’cf’on.

3 Force F'

T~
(\ ‘/;), it e

| T = Radius in meters.
It is defined as +the action of force acting on a

to wotate (t.

body , which tends
Tt (s the product of +the

«q" at which +his fowce acting.
s hE E®ET.

fovce “F" and the vadiug

L Let,
: Ta be +the avmatuave Torque

F be the Fovce (n N.
@« be +the wadlus of awmature in

n be +the speed of armature n

in NJm.

meter.

WPm_

Workdonhe b\/ the {orce (n one 7evolution, = Force X DEstance.
W= Fxairte Jouleés.

indoskclone /second = Ex 2Ty xnJ
60

But we khow that,

Ta=Fx7.
InJozk done /second= 3—9-";—1-[—'\1 —-@.
0

powes developed by the aimature, €,14 —@

(e

But we knows that, 5
_ PENZ
€b= oA




Substituting the wvalue of €p in above eq"d ,we CJCZD‘_
Ta 20T pPgNz La -

6d 60 A
. oz PAzTa
: QT H.

| Taz0-2598TaZP.  pm
a

The +torque Ta developed by the aymatuve will not
be available {fully at the shaft, of the motor hecause
some  Powes will be utilized n SU.pplcdfn% ;ﬁcti’on and

windage losses.
The diffevence between the avmatuve tosque Ta and

(oss of tosque clue to {feiction (s kbhown as Shaft towque.

o “TFebi= Ta~Tloss.

Tsh= 01598 Ta Zé—) - 60 x Farction and windage losses

arind
P=Tw " e GOP
T=Plw 2 TN
T =Flarny = oo Ealction and wind
= == a
= 2R 96 (oSS,
Staster:
| T Ta I ;
r A > MMM Rsc= Statter weésistance
1‘ | PSC
g‘ : Tsh
: 2 a
\4
| Esh Ba qu\
|
: 22 5
|
|
v
Stastes {s a device which consists of a vesistance

| connected [n <seates with +the asmatuze w?namc& duarrnca the

| stasttng of D.C motor. It [s guadually decieased ,when
the motor qalns [ts  speed.



®

1 Neccesstty of Startes  jor a D.C.mMotor.
e know -that,

V= Ep+Taka
The cuvsent dvawn by the motor witll be,
v—Ep
Pa

Ta=

InJheve
" v (s appltect voltage.

Ep s back emf
Pa (s ammatuve
Ta (s avmatuvre cuvrvent.

m{’nda‘nq vesistance

IWhen the motor is at vest, theve (S no back em{.

tience; Ep=o. :
© The cuzvent dvawh by +he aTvmature poi’r)dincg ;ra:%c.1

Tf the full wvoltage (S applied ac10ss the stationawy

camatuse, then t will drawn very lavge cuvrent. Because
ay matuae vufndfng vesistance is vesy small.

[Tt v=230v, Pa=2N., .:La=230a]

This cuvvent (s vewy hfgh as compaze to the wateq
current Of the motor. This curvent wesults In buwning
of wt’ndin% cause damage to the commutator and the

brushes.
" To avold this, an extva wesistance {s connected in
sevrles with +he armature mn”ndi’n(} dLl'n'nc‘} the stawting

conditlon of the motor [5-10 sec].

v
Ra+PRsc.

Tacz

Which =esults tn limits the S"ta'ﬂ.‘fhc(} cur¥rent to a
SCL-fe value . The S”t'Cl'Zr‘t'{n(} 2esistance (s qmduml\d semoved
: as the motor qains its speed. and [t develops back emf.

ana theae.fo?e current decreases.




Types of D.C Motoss.

D.C Motoss avwe classifted depending upon the way
in which the fleld windings awze connectead to the armatusw

These awe classfffed nto 3 types.
1. D.c shunt motors

2 D.Cc sewles motonr.

3.D.C compoundl motov.

D.C compound motor classified Into 2 types.
) Cumulatévely compounded D.C Motod.

(i) Diffeventtaly Compounded D.C Motos.
which awve may be connected elther s long or short

Shunt.

1.D.C.shunt motor.

» ' ? 6,88 = Armature mindinq

Tsh .22 Fiela winding.

£ 4 T - Input current ;
. Ish— Shunt f:’ela current.
Ta - Avmature cuvzent.
% aa V = Suppliea voltage

Ra— armature wesistance

¥ Rsh= Shunt {field resistance.
Ep» Back emf.

<
A
=
2
K4
m
o
>

In this type of motos the {field windin (s
connected o pmrallel with asmature mi‘ndi‘ncg_

The back emf Eb induced in the awmature

uoi'ncl‘ima £ qfven by
E{): V—Iqu‘BVD-'ﬁRD

whewe,
T = T -Ish
Tsh = e

Reh
P=vI input powes

D= Ecdl‘a Output Powew.



2 D.C. series motovr.

*—_"ﬁ

v e YY
Tsc Ia Y, YY) Sesles ficld vul'nafng_
a Lsc = Series freld curvent.
i Ra Ep N Rsc = Sesies ftetd PResistance
Ao

In this type {freld vo‘ind‘rng (s connected in sewies
with the a¥ymature winding,

The sesies field voir)dfnc‘} carites the a»mature
curvent and hence Tt should have a very small
geslstance. So that wvoltage dwop acioss (t (s very

Small. Hence i+ (s made up of few thick Coppes

turhng.

The back emf fnduced {(n the armatuvre
lzofndi’n% (s qtven by,

+= Ta=dsc .
€Epb= V -Ta(CRat+Psc) —BVD-ARD,
D.C compound motox.

Tt contains both shunt fleld and seates field mi’nding,
TP the fluxes, @y, peoduced by the shant freld winding and
# produced by the sevles freld windi ave tn the same
dizectlon, they aze adtitive and such a “motox & called as

cumu latively corn pounded.
If the a {luxes opposes each other then the mMator

°c sald to be diffeventialy compounded.
Depencif’n% cLpon the way (n which the a

ase connected the compound motor elther long

freld

mtndfn%s
o¥ Shovst $ hunt.




a) Cumulatively compounded long shunt DC motos.

i TscY vy
5C
Ish e
- a
v Rsh Qa(\ M| EpT
N
(==}
N/

b)Y Cumulatively compounded shoxt shunt D.C.motox.

T S Y e
rd
i B f Tsc

Ish

™~

21

~/ | W

a) Diffeventialy compoundec Llong shunt D.C motos.

T Tl oY
) bl 7. 0. ) B4
Tsh v Ta

i
v Qsh Eﬁ @ Eb“
F X —

by Diffeventialy compounded shost shunt D.C motor..
T . Ml N
4\ i ,.l'sc

Ish

Z
~

£
N
_}
xS
%
it b4
W
o
[
(—




For cumulatively ov diffeventialy compounded 10”9
" Shunt D.-C motos, the back emf s qiven by,
Ep= V+TecRse —IqRa—8VD—ARD.
Fiewe ;- La=1¢x Ta=T-dsh
e h:._V__
.. €p= v=Ta(Ra+Rsc)-BVD-APRD. : Reh
Fow cumu(atwe[y or df”ezenﬂdfy compounded showt
Shunt D.C moto¥, the back emf is qiven hy,
Ep= V- TscRsc—TaRa-BVD-App
tHewe,
V—TspRse= V! Ta= I-Ish
= A
. E: - Vi_ i a Jeh= ¥
. Eb TaRa - BVD- @RD. Reh
Chavacteristics of D.C Motos.
The charactesistics of a D.C motor d?€ studied

by keeping the

apph‘ed VO t-tacae

constant.

The
of D.C motov.

q. Towc]ue v/s

{ollouui‘ng aqre +the 3 Empoa’taryf

chawactenistics

Armature cuvvent (Ta vis Ia) chavacteristic

{s also known as electrical chavacteristics.

2. Speed v/s @wxmature cuwrent (N vie Ta) cbaracteristic
Speed v/s Towque chavactewistics (N v/sTa). Tt is
also known as mechanical chavacteristics

Chavactevristics of Shunt motor.

—
S

<
g

ZzZ




1. Ta Vs Ta chavactewistics.

— e —— S —— i ——

In a D.C.shunt motov, the {teld cuwvent Ish .
ts constant because the applied voltage is constant.
anad hence the [lux P'mduced s also constant.

e knhow that,
Ta=0-159 #Ta Z"g,e N .

For pafati'cula'a machine, P.A.Z awe constant. and

g is also constant.
Ta< Ia.

T ‘ Ta

Ta ;
azmature / ~Tsh
torque baf
in ’

o T
Nm. //" v ,7'[:

Asmature cuyvent Ia- in g —

Hence Towvque v/s Ta chavactevistics Is a stewaight
Line passf’nca 'th'aou%h the om‘qfn, the shaft towque
Tsp, CQlways (€ss  than avmature tovque Ta.

From the cabove chavacteristics, it (s obsevved
that D.C.shunt moTos has medium stasting —to'xque.‘

Hence (t s pot sultable where very larvqge loads ave
faequf?red to be started.

2. N vis Ta Chazractezristics

we know that +the back emf,
oA

For @ pe'at'c‘cu(av machine , P, A,z ave constant.

anad hence ¢ s also constant. .
Sl ol N

For= @ D.C &hant motor,
Ep= V-TIaRa
" VeTqPRa ¢ NJ



=)

As Ia [nCreases, the speed N decveases , but IqRa

d2op (s vesy small as compared to the applteq

voltage - Hence the decrease of speed also less.

Not———— -
N e No=(CNo load speed)
napm
———>Taineg

From the aQbove chavwacteristics ¢t (s clear +hat
change -of speed of a D.C shunt motor (s very small.
Hence a D.C shuntmotoer may be consicdered as
almost a constant speed motor.

N vle Ta'.

N;’—K**\\
N ~

|

Fyom +the above two chazactesistics, we knhow that

Ta V/sTa and v-Tq« N and henhce , speed v/is Torque
chavactevisticc [s stmilar T0 speed vis avmature

cuzrent chavactewistics.

e Tro R 4 7Y

Chazactevistics of EQJ.C series mMotor.
oC

yv
e Yy

TIQ Ise
| 2
i

A

1 o ™
~ Tea

|

L4




Torque vis armatuve curvent.
iWe know that avrmatavze i'orque,Ta:o.159¢Taz£_,,

Forv Q peﬂrcula'a machine, P,A,2 are constant
. Ta o Tad

In this type of motos +the flux ¢ depends upom
the amount of current flowing thyough sevies
{reld V\andfnq CTec)

Fighel Tee

But heve, Te¢=Ia and hence @t Ia.
L Tax Ta

But after satuwvation, the {flux wemains constant.
Ta Iq.

To.

—— 1la

From the geaph, upto point @&, Tas Ta®. Hence
t+he cuwve s a pasabola. &fter saturation TawITg
Hence the tovque is a stratght (lne. From the
above Cchavwactesistice, {t (s cleawr that +the sfavta‘ng
tozque of a D.C sevles motor is wvewry high. Hence
it s suitable fowr locomotives.



g s = o — - -
.

‘.‘ sPeed vis armature cuvvent chavacteristrcs

l “ We know -that, Ep=_PZNZ
i' GOA.
|
|

| For a pezrfculaw machine, P.&,2 aze constant.
| . EpX BN on mez._gﬁ

But for a sevfes motor, Ep= v—(Ta)(RatRsc).
| A N Y=IalBa +Rg )
| Yool
From the above equation it s clear that as load on
the motor Increases, +hewe Qre a jactors which influence

the speed.
a) Qs Ta (PatRsc) inceeases, speed decreases.

I

| -

| b} Qs The = Huk/ & incyeases, due 10 w hich speed rs decyeases
| .

s But {t has been observed that the decvease of speea s
due to flast factor is negtfgfbly small as compazed to

the deczease of speed o™ factos. Hence, Moé—é—
But A< Ia.
el
Ia.
J N
——Ta.

Fsom the above chasacteslstics, we obsesved that ag lead
(Ia) I[ncweases, the speecl decaeases, over a wide 9ange.
HeénCce, D.C. sewies motos (s considesed as ~vasiable speed
mo tor,




At low load, Ta (s very small. and bence spe_eﬂd"_"f‘s
dangevously  high. Hence, if a D.Csexles motor (s stasfed
without anyload, the speed (s very hr‘th ancl t may run
out of the  foundation. tience D.C sewes motor should neves.
be stawsted without load.

Speed vls Tozque.

oo

s O

Faomn -the above chavactesistics (n the p.C sesies mMotor,
(t s cleas that speed v/s Tovque chavactesistics is similas

Chazactevistics of D.C compounct motow.

Tozque v/s aImatuye current chavacteristics.
In case of camulatévely compounded D.C motor,

as load {hcreases — ammatuze cureent Ta also {nceveases as
Ta Incveases, the [lux @o also (ncweases. But {lux sk
semalns constant. The total flux @ is the sum of s and

Dsh.

Hence Ta~ FIa.
Hence tovque produaced also (Inceeases, but at «a fastes
sate thab (n case of D.C shunt moto?, but at a lesse? 2ate

than {n Case of p.c sesfes motor.

& A
@sc
TO.s I Ta
A / (=}
/ LV th [
/ @sh ( 2
Cumulatively ‘ -
s’ Ga
/ “empatndgg \[
—— 3 Ja,




s

z6)

Y

. Increases, +the flux P also increases. The flux @ep is
constant . But heve @Fse OpPPOSES gehn, and bhehce, the vesaltant
flux g,

¥
% In case of di;.{eventm(y compounded D.C motos as Ia
{
\
|
i
|

¢ =¢Sb""¢gc,

As we know that Ta<X @Ia . Incvease of JTa [ncreases
the towque. But decwease of @, dervease the torque Ty

Ta
| d< ~ %%
1‘ ¢§‘1 Df{.ff‘!fnffdf'l/ (ompoundf.'d.
]
? 1o
N vIiS Ta charactesistics.
we know that, N oo Eb [Eb:f?_"\’_z
) 606A)

But,
&= V-Ta (Rea + Psc ).

V-Ta(Ra+ Rsc)
o

.

N

DrHemnﬁ’a! y com pounded

No

| \
!
| Cumu tatively cOmpounded.

——e—r

For a cumulatively compounded motos as Ta (ncTeases
.| the wesultant flux ¢ also (ncrecses. Hence cpeed decreases:
adecieqse of
teve the' speed {s faste? than D.C.shut motor and
Slower than D.C seafes motos.
In Ccase of clifferentialy compounded moto?r as la

inceeases, the fluX & decseases daue to whih speed

- . _LE'EECL §es.

. . =




N vk Ta

Chavacteristics

- Dty{erentially compound ed.

Cumulatiuely compaounded

Ta
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R
!er_qe phase (nduction Motovr.

i ofTh;xee Phase induction motoy (s an AC motor
{
ts exfensfvel((} used because of the followi
aﬁaﬂages. i
- Its construction (s simple.
-5 F
K I:s mgc&ed CS’C?ODQJ and almost unbreakable
: c cost’ s - low and It s hi‘ghlg velgable.
Its efffaenad (s hi’(ah.
__) -
i It wo?ks ‘ with good powvver facfov at wated load
y  Tts maintdatnence cost {s less |

- { {
T s -a self staertm(a machine.
[Tts 1 i
startmc& toac]ue (s lom when load is {ncreases

{ts speed decveases. This s +the disqdvan-mc(]ej

Constructional featuves.

Statow
/,\o\/'JA,o —— N
S == SN indli
7\/ ~ : Stator vumdm%w
/ "c’ “.‘l
EiE
| ‘—T — . stator slot
o |
o Mo /\Q;
/\ 0/ e Steet: fram
S /\O/‘:_*;‘- il / i

Dr. H.B. Suresh.; po.,
Professor
Department of Electrical &
Electronics Engineering
J.N.N. College of Engineering
Navule, SHIMOGA-577 204.



| Rotor.
| a) Squivel cage Rotor.
| | | Endrin
Rotov Bars
b) Phase nound Eotmr.{ T ¢ 'f':'\-‘zf Rotor

y Rotor vuindima ‘

Sl‘tp'vincas | ‘. | H

S-ta'a't'tnca Pesistance N

o am-29WIe HH nQ

n2zetoid
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'pomts. Stator and FRotor.

Thaee - phase Induction motor mafnl(d consists of

Statov.

Tt is the stationary part of an Induction motor
It consists of steel faame , which encloses a halloew
cylindsical cove madeup of thin laminations of silicon
steet to weduce the eddy current [0Sses. It consists of
humbes of slots on {ts [Ioner suwface and these slots
ase unifesm and pazallel to each othes. The 32-phase
statos windings ave placed in each slots which ave
insulated faom each othes and fsom the cove. These
conductoss aze of a balanced 3-phase staw connected
winding 02 delta connected winding.

These windings ave wound  for diffevent numbes of
poles  depending  upop the eequivement of the speed.

a) Squirrel cage_otos.

It (s the 'aotaffma past of an induction motos. It
consists of cylindaical laminated core with pazallel slots
fox CCI'&&'H(!')(& 10tor  conductors. Copper 07 Aluminium baws
ase used as %otos conductoss, Rotor bars awe welded b(({
usfn(& cu endafnc[)s. Thus these bars are shost clrvcult
at both the ends. .%» It (s not possfble to add ah
extva wesistance (n sewles with 9otor conductors.

The aotor slots ave slightly skewed, which helps
in 2 ways.

- It weduces +the nhoise due to magnetic heem and
malntaln the wotos to 3IUn smoothly.

= It weduces the lock[n% t-endency between <tator and
F0To7.




b) Phase wound 3otos ov Slipaing 70toD. Ve
It (s laminated, cylindsical cove havm% umfovm ;
Slots on its extexnal suwface. The 3-phase mmdtn%

which (s star connected is placea in those slots. The -
ends of the stas connected windings aze baought out
and connhected to 3 insulated slfpzfnqs. Hewe there

with wotos clycult This helps to (ncrease the starting
torque of an {inductfon motoy . Bs the motor qains  [ts
speed, the wesistance s qgwadually eut off and votos
mfncu‘ngs ase  shovt  civculted thvough sliprings

|
!
% (s a poovision of ihsurtlng  a wesistance sewies
|

v

, woakmg pamanl

! i pbase

| SuPP"/ ‘4——‘ |/

E’oi'a't't'n% MQ(}th‘I’C
Flux

shaft

Stator vm'ndinca

Rotor

Point condu ctor




When a 3 phase AC supply (s glven’ to
the ctator winding of an inductlon motor, It
produces a wotating fteld of a constant mMagnetic

flux. This magneﬁ’c flux 'zotatfnc& at a constant
gpeect  and this speed (s called as Synchzonus
speed "Nis" and [t ls qiven by, MG:}:’)LJ’
wheve, 'f' s supp}x/ f'aequency

‘P’ be the numbes of poles.

The mtati’ng maqneﬂ’c ftela Sweeps acwoss the
g0tos conductors, which awze <statlonary. Therefore due t6
velative Speed between the 3wotating flux and the
stationazy conductoss , an emf will be induced in the
7otos winding. [According to Fawadays law.]

And hence cuwvent flows -th'aroucgh 0107 concluctoss
The divectlon of the (hduced cuvrvent s such that
(t opposes the flux, that produces the emf. Therefore
to decrease the 92elative motion, the 7votor stasts vomfrng

| in the same direction as that of the votating flax.
But {t always <uns less than Synchzonaus speed. and
the actual speecl of the <otor (s wepresented by !

Since the actual speed of the 7votor of an
ihductlon motor  is always less  than synchronous
speed, the (nduction motor is called as Asynchronous
nlotor.

The diffevence betrween the synchronous speed
Ns of magnetic flux and the actual speed N of
the wotor (s calted as slip speed.

S[fE.CSJ.
Tt is defined as +he watlo of Slip speed To
the synchwonous speed.

a - f\J “'N
Faactional slip Bo—g

Ns
MNlg-N

Ns

7.8= X100




Frequency of Kotor current

Let,
P be the nhumbes of po!es.

f be the .f'requenC\f of ac suPPlL,,

S be +the {¥actional slip.

f' be the fyequency of (nduced current n wotorw
Ns be the synchzonous speed of stator flux.

N be +the speed of the wotor tn zpm.

hWihen the wotor (s at west, the fwequency of w~otor
current fs equal to supply fvequency. But when motor
(s 'aofatfn%, the fsequency of the cuvzent Induced in
the wotor  conductors s puoportional to the slip speed

’ I
P

But we know that,
Rig= 1204 @
p

Dev(ding eQq@ by eq@,

=N 12080 P

T\Js P 1201(
- Y
Ng ¥
But we knhow that,
r\Js"f\J -
Ng
O
£
U= &t

wWhen motor {s at »est,
wie know that, fi-sf
J": Ng=O ’ [ N=0].
Ng




"I~ Squirzel cage induction Mmotox.

*

’ Hduantages.

It ts stmple In constructlon, sugged and can withstand
Youqgh handl(ng.

- Malntanance cost (s less.

= It has bettez efficlency and power factor.

- Stmple stav ;- delta gtaztos IS suff{lcient o stast the
motov.

Disaclvantages.

- It bhas low smzﬂnca torque.

“*The powes factor of sta'aﬁnca is low.

—The sta'arﬁnc(} current s hi_’(ah ancd [t has no smooth

vunm’nca.
STt s not possi’ble to add extravesistance [0 the vwotor
clrcult.

Phase wmouncl E’nduc’ti’o__r) motor .

—

ﬁgg_an;t_q?cs.

- It has extevnal wesistance In the wotos ciwcuit, which
can be wused as a Sstavtor.

= Tt has hf(ahew starting torque and lowes starting curwent
- Extewnal wesistance can be used +to contiol +the speed
and also to ([mprove the powesfactos. The motor (s
smooth 'arunni’nca :

- It can be built of wvewvy high capacity

Dtsaduanmc{}es.

-¥The gize of  the sl(pzi'n% induction motor of the same
capacity is mose than that of squivsel cage induction
motor.

STt s costlles as the construction s complecated.
- Maintanance cost (s quf’et hfgh_
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e know that,
@g = Pm sin(e-120°)

&

B Sin (0-260)

i

CCLSGQZ“ When =0,
@a=0. ¢8: 'ﬁ/{’@M ¢C:'J§/.o Qfm

¢E:\ Pa> + A+ 2P Fe COSO

=] 0% + 0.1¢+ (-1-499) 0-5

= 1-48Fm
B,=150m

case 2 i~ KWhen ©=60,
@a= Fmsin6o
@ = A3/a P

@a= @nm Sln (60-120)
@Be= Pm <in Geo’)
Ka= a2 Pm

@e = BmSin (60'-2407)
Be = ¢M sl (180°)
Pe="0




@FJ @a + P> + 2Palg COSO.

i

) rl
&/, Pm Pa

¢E:\H"—E- %)34' [:?- %Jia[ggbmj [g;ﬁm C0S€O"
Be= 1-5@m

ease 3:- KWhen e=120°

Ba = Pm sin120°
B = o P

@a= Pnmsin(e-120°
Fe= Pm sin (120°-120°)

|¢e= o.]

De= B SiN(2120°-240)
Be= B Sl (-120)

Bhdm
\@a
64 \ \\
= .._\\\ X :
LT e e L \Qe
-‘B/;¢M Qc

¢2=J Ba+ Pg” + 0B COSO

Be= (20" B 42 £ 6] E ] coscc

Fe= 1-5F




. fase ¢ - When ©=7%0

¢ﬂ = ¢M sini1go’
@a =0

QB: @M sin (f.l 80™-1 20)

Fa= @ sineo” -
¢B-"-' 3/0@‘*4

B

ﬂc-: ¢MSEH (180'—340.}
¢C= P sin ¢-60°')

¢e=‘l B2t D2+ 2P @ COS ©

7| (S [E 02 Fa][Bon] coseo

Bo= 1 -5¢M’{

From the above discussion, we c¢onclude that as ©
varles , the %wesultant .f{ux ales wotates with the same
angutaa velocity and which s havf’ng Q constant

mqgni'tude of 15@m



é‘ipph‘caﬂ‘ons of Squf*nel cage {nduction motor.

-—~)Sc]uf'nre[ cage ihcluction motor (S widely used in
almost all industzial applications.

= It (s wused, robeve moderate sfa’erft‘n% tosque (e
'arequfa'ed with normal Sta'artl‘nca current.

2 It (s used (n fans, blowess, centaifugal pumps etc.

2 It (s also used wheve high torque and (ow current

(s 'zrequf'zred.

2SIt (s used (n convayers, compressors, creshors, goinders

p'ar['n‘tfnca machines, dﬂ'[[t’ng machines etc

Applications of phase wound induction motor.

= It s used wheve hrgh Stavti’ncg torque and low smwﬂng
cursrent (S qrequt'?red.

=21t (s used in Ilifts, cwanes, elevators, compressors etc.

Si’gni’.ffcar)ce of Slip.
e know that, slip s=

Ng-N\J

Interms o{ speed ,
Mg g

the actual speed of rotor N’ fs given by N=Ns(1-S),
Duv‘in% the s-ta:arﬁn% of (nduction motor. i.e
when the motor Is at aest, the speed N s zero.
The $lip 8=1.
This {s +he maximum value of slip.

&s we know that at any @hstant Ns is not equq)
T A Cf\Js#I\J)

Hence S (s not equal to zexo. (S#0). nWhich fs
possible in (nduction motor. So, slip of an tnduction
meotory can not be zeso at any cixcumstances

Peactlcally motor opevates in the slip wange of
Po‘int 0-01 to 0-05 (17.to 57). The slip Cov'ercspondi'n% to
full load speed of an induction mote is called as
Jull load slip.



s

Q"Neccesf‘h/ of staztor for an induction motor.

3-phase Inductfon motor Is a self stasting
machine . But at the time of stawting, it dvaws huge

current about 5-1 times +he full (oad cureent and

produces only about 2:5-2-5 times the full load torque
when tt (s divectly connected to 3-phase AC supply.
This Large inttlal (nvugh cuvrent (s due to the absence
of back emf. This lazge cuvvent causes an effect on
the oPe'mtfon of the motor. Hence stavrtor (s vequi’wed,
In case of phase wound {nduction motor wesistance
cah be added » the wotor circuit. But {t (s not
possible in case of Squirvel cage induction motor.

Di”event method of stavt?nc& Squfnel cage induction
motor Qve,

1. By using Prlmary wesistors.
2. By usfng Auto transformes.
3. By using star-delta startor.

Star - delta startor.
Du'arfn% S‘ta?ﬁn(a condition.
s I

Line@

Tu= Line curient

2 )

N=Neutral
V= Line Vo[‘tacae
Vph= Phase voltage

Iph= Phase curvent

In stary connection,




Du:ainca wnning cond(tion.

Line@ |\ TL

Stax-cdelta gstavtor.

In delta connectea wt'ndn’ng -.

Ipb: L

13
and

V.= Vph

() W

AR B

Run
(Delta)

Cs

? Aa

# /

Stawt
(staz)

5

_.\._,

———gxalteh

Ba

3 phase

AC
supply

—-E 5 1 Sitator

Byq

wtndtng



Stav-delta starytos is wused n a 3-phase induction
motoy . The above dfacamm vepresents  the wivinc}
arrangement  of Star-delta stavtor. Its operation s

vesy stmple and in this method +he motor (s stawted
with {ts wi’ndi’n(a connected (n starz and +hus ‘the
voltage applied acvoss each phase will he Y johere

@ -] 'ﬁ
Ve 8 Lline voltacae.

lkdben once the motor gqains Its speed, the
statos mtndfn% connections que changed from ¢tar to
delta bl{ usfnca the switch. . at +this +ime +the rated
vottage will be oppli’ed across the po(ndmc{}. The
satlo of line cuvvent at the time of motor
Sta'ar“ti‘hc& will pe equal to /3

From the ffquve Its observed that, motor s
sfa_zted by Puttfn(& the switch on the stawt sfde ang
when it attains the speed, Tthe switch (8 changed
to wun side.This method of sfavﬁ‘nca (s cheeper one
and hence ft s used.




.. &8 3 Phase:q'POle’ 50 Hz induction motor wuns'a.{h'

1440 zpm. Find the slip speed, Fractlonal slip, {requen,
of wotor curzent, pewxcentage slip and how mangy
alttryation will the »otor voltage makes pes minute,
Given,

3phase {nduction motos.
P=q

f=50Hz

N =1440 7pm.

[\Js"‘l'\..l:_?
Ns—N\J =S=9

Mg :
pl= 9
/. S-:?

120f
Ne=
)

.5 Ng=[9500 vypm.

Slfp speed= Ns-N=1500-1440

I:GO 'arprn_|

Fyactional sLi’p =MNMs7N - _ 0-04
Ng

/. Slip = 0:04 x100 =

Frequency of the wotor cuvrent =f'-s5.4
-0-03 X230

=2 Hz’

RAXGCO0=-920

290 altration will +he @otor voLtacae makec
pev minute.
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._zl__zo & 13 pole , 3 Phase alternator tﬁ) at a speed
of 5090 ¥pm, supplies power to an € POEL‘ABPMSC
(pduction motor. If slip of motor at full is 37,
Calculate the  full load speed of the motos.

Altesnater data. Induction motor data.
P=1a POle P=g Pole
g = SR P S=37.

0= ?
| Solutton.
From the alternator datq,
qa0{
g =
i
- 500X19
' 120
= 50 Hz.

From (nductfon motor dataq,

; — Os—-NJ
Ng
Ng - 330f - A20%30 . 7507pm .
P 2
. 750—hd
0-03 = e

N= F97:5 vpm.

3. @ 6 pole (induction motor aunm‘n% {zom S0 Hz supply
| hbas an em¢f (n the %otor of frequency & 5Hz.
Detewmine the wvalué of gitp and speed of motov.
Glven,

P=cpole

f =50Hz

S'= .8 5Hz,

§=72

N=2

Solutioen

Ng=220F _ 120Xx50 _
P ¢

I \
Pi_ 8--]0 LT '.\
=8 S-’—'_{_l. = ;.‘.}_f)_'_ -0-05
£ 50

10003pm.




Vg

- 0.-05 X1000-1000
N =950 ¥mp

; a 3 pbhase tnductlton motey (s wound 'fO?f 4 pole
and (t (s supplied {0 60 Hz supply. T—'.md
synchyonous  speed, speed of %otoy when Slip 47,
20t07 cuvvent frequency When  wotor wuns at a960vpm.
Given,

P=¢

f-60Hz

Ng=?

nN=9 wohen S=4v7.

-f"::? when Nz2800.

Solution:
ng=-320f - 190x60 _rass TPpm.
P &4
Q= Ng—N
Ns
0-04 = 1800 ~-NJ
1800

N= 1728¥pMm.

fl=s. ¢
:__M . _f
Ng
- 9800-1300 o ¢4
1200

= 0-33 X60

fl= 99.9g|tz.
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IO I -

(nduction motor operates {30m S0 Hz

L)

- 'supphd. Ftncl speed at which magnette fleld of stator
ts 'aotatlng , speed of the 7otor, when slip s 609,
frequency of vsotor curvent which slip is 0.03 and
frequency of votor curvent At stand still.

Gtven,
P=4
f=50 Hz.
Ng=2
N=9 when s=o0.04
f':§ mahen $=0-03
fi=9 when N=o.

Solution Al '-1"?‘304" =|1500 ¥pm
8 = Ns —NJ
Ng
o.oq:iS_M
1500

N=1440 apm|

fl=f.8=50%x0.03 -1'SHz

| fl=8 p=Ns=N o 50 =|50 Hz
Nlg

8. The stator of 3 phase Induction motor has 3slots/pole/phas
Tf the supply [requency is 50 Hz, {ind the number of
statar poles, total numbes of glots i the stator, also
calcutate the stator flux.

| Given,

| nJumbes of s(ots/pole /phase =3

| £=50Hz

P
Totat numbes of slots=?
Ng =2
Solutlon:
f we know that, p-an

P - humber of slots/pole/phage
P=3ax%3

- [P=6]




7o

Ng = 2207
P A
:_1_2%2&5@ =[1600vpm

. Total number of slotS =3x6x3

[54]

a6 4 Pole 50 Hz Inductien motor has a slip of I
at no (oad . When {t is loaded, Slip is &.57 .Find the

change in speed feom no load to {full load.
Gtven,

P=4

f=50Hz

§=27. at no load

g=a-57. at full load

change in speed=7?

At no (oad,
Ng=J20f _ 120X%50

D 2 =1500'arpm_
Ng
0.01= 1500 - No
1500

No= 1485 zpm,

at full (oad,
1500 N3
1500

0095 =

Nq= 14625 apMm.

Chancae N speed: NJo—NJq
=135 rpm
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{27 Sqnch'aonous éreneratov/ﬂltcmﬁtor,
| Constauctfonal features Of @alternatos.

| 3 phase $ |

i ac <

| Supply ¢

Rotor

——Shaft

Flela m?nd[n(}

3phase ac mfnd(ng

Shaft

Ftela coil

N

—— e’
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Smooth cylindrical type 'arotov/ Non-salfent pole type 20407

— —

*\ - NMon-sallent pole

0 é\)
o
P + shaft
2

. o i i
: TS — Field coil
(@\/
\J“’)

9500 -3000 wpPM
An  electzic machine which gencsates the
q[teanat[n% voltage o3 cuvzent {s knhown as @Alternator.
It wosks on the palnciple of Favadays laws
of eLectzo-magnetfc induction.

It maldly consists of a pavts, stater and yotor.
In case of DC cc)enewa‘tow, the awxmatuze (S the votating
past where as the {fleld system s stationary. But the
asrangement [n the attesnator (s just weversed. In an
alternator , the armature mi’ndt‘ncas are mounted on the
stattonauJ part called stator. and +the fteld vurr;cli‘ngs

aze mounted on the nrotating part called as Rotor. Hewe

the magnetic fleld system Is votating.

Stator.
It (s similar to that of stator of 3-phase
(nductlon motov. It consists of cast fvon fwvame , wohich

supposts,., the taminated awmature cove haurng tts slots

on tts 'Inpes suwface, for housing the 9 phase ac
wfndinta.

pOS N
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Stlicon steel (s the mateslal used for the avmature

~cove. The Statos cove (S (aminated to 7veduce the

eddy curvent (osses. The Slots Paovf‘ded on the stator
cove of & types.

Open type Semiclosed type.

"potor.’

It is the votating past of an alteynator. The
'aotati’hc& feetd system (s exclted feom a sepevate DC
source knevon as exclter, which (s mounted on the
shaft of +the alternator. The fleld system of the
altesnator 9otates with (o the awmatuze vange. The

sotos of an aQltewnatos ave of 2 types.

1.8alrent poLe type ro0tov/ onjectf’ng pole type sotow.

This type of 3wotos s used in slow and medium
speed alteznators. [300-600 spm]. It has la'arcac number
of P-aojech'ng poles. These votors have lavger diametes
anha shost axial lencath. Poles ave laminated to minimize
the eddy cuvgent [osses. The altesnatos with this type
of %0to? (s usuau% driven b%j an engine and t
sotates o©n hozizontal axis.

2. (Jon- sallent pole type 30to7/Smooth cylindslcal type 7otos,

This type of wvotow f{s used in high speed altesnctor
[1500-30003pm], such wotowss have +two oy fous poles”
and ave laminateq. It has smallea cliametes and Q
tazge axial length. It s wusually %otates on aewtical
axis.




I/\Jozrkfng P'ainc[ple of alternator.

3 Phase -
AC € ‘ I
s o B otor
/’O V\“
' P SN
>k 4
l J / AN Stator
o d|
P _ _15 =5 —— Shaf+
T z = | !
[ i ‘_T-_ 0 Field vol‘ndmcc)
) "O".";
\ < //

o iy ephase ac vuindfn%

By s

Wlhen the wotor (s dwlven by a palme mover, the
statos windings ave cut by  the macar)eﬂ‘c flux , which
ave produced by the wotow poles. (e The flux Sweeps
aczoss the statos conductors. Hence an emf will be hduceq
(n the stator conductors. [according tO Fazaday's lewn] .

The frequency of the Induced emf s given hy f:%,
and (ts atvectlon can be found out by flemmings

vight hand wule. The emf generated [n the stator conductor
(s taken off fsom the winding b(d sultable connections.

Qd\j_aj_fﬂges__}?f @_Lfe'ma’fv. ok} sta’ct’onau/ armature.

4. The +erminal -vo('mge of an alternatos can be increasad
to a lavges extent then DC generator.
2 Commutoagon (s not wequived for an altesnator.

3.1{ wvoltage (s move, the powes deltvered by the
altesnatos (s (cnrge, s compaze  to DC generator.
4.The asmatuze conductors awe placed (n the statfonawy '
part, bence (t i¢ possible to accomodate moO¥e numbes

of a¥mature conAuctors,




&)

S

‘_‘._;."'3.50&/ cooling  system can be pvovided due to the

staf(onm"c& armatuze.
¢ . Insult (oh problem is less because of Sfatfonmcd

asmatuve.

|
1
\
L
|
|

Frequency of Tnduced EMF,

A
| - emf
S S U
; \//r‘\ | o \r?\\ - “/Fn ’
|
| é’\fs IR
g e=wt >

(onsider a s‘ingle conductor placed in the slot
| of the statoy, which is as shown Iin fiqure.
li Let +the Pqtoz wlith alternate Noxth and South
poles wotates with an anqular veloci’t% w {n clockwise
divectlon . Positive half cycle of emf {s tnduced in
the conhductos, when +the no¥th pole ‘N’ sweeps acvoss it
meqo:tive hqq’ cycle of emf is induced tnh the conductos,
when the south poles 'S’ sweeps QcCross {(t. Hence ohe
cycle of emf s (hduced in the conductor, rohen one
pair of poles sweeps Qcvoss g

. Numbes of cycles of emf (Induced tn the conductor
inh one 'arevoluttor;_—.:f:_

woheve, P (s the numbes of poles.

Let "N" be the speed of +the wotos (n zpm.

Numbes of wevolutlons /sec = %

The frequency of i(nduced emf is nothing but the
numbes of cycles /sec.
= No. of cycles of em{ (nduced/vev x No of ¥evolution /sec

. P D . _ PN
- /éxéo & R _F_-J_Q_O-HZ




EMF equation of @lternatos,

Let, p be the numbes of poles
z be the total number of stator concluctor /phase
n be the speed of the zotos In vpm.

f be the fsequency of induced emf i Hz.
@ be the flux/pole in webess

The flux cut by one conductor [0 one wevolation =Pgwb
: o s

Time taken fowy one 'zrevolu.ﬁor):% gcec =dt .

o & dg
em ced duc ==X
ﬁve'm%e f tinduced n one conductor i

S P¢ - NP¢ VO[tS
6y 60

(n the statov conductor/phase

- NIPg
c0

The avezage emf tnduced
xXZ VOlts.

Wle know that,

100 .
A 2LEAL { i

Subgtttute the wvalue of N In above eq, we get
Average emf/phase = 129f py o
9 f P P ¢Ao

“|Eph= 2f & 2z -vol‘tsl

Fos & sinusolidal volmge, the ams wvalue of tnduced
em.f /Phase, Eth af¢§ y A a8
Eph =299 fdz ~olts

But we know ' that =z=a7 (.- atuwsn= aconductors)
wheze, T (s numbes of tuwns,

Eph= 444 f@T volts




EZ)

The above equation I[s dewslved by assuming

the followfng  polnts.

1. The stator winding fs full pitched.

2 The emf fInduced In vavious conducto¥s awe equal.in
magnt’i—ude and does not bave any phase cliffevence.

3. The conductors/pole/ phase ave concentyated In q
single slot.

But &n practice, the colls ave short pt’tched and
aze unf{o’amud distsibuted n all the sglots.

L EME tnduced tn an atternator (s weduced by small
quanﬂﬁd.

. EME eq” (s modlffed as {ollows.
|Epb =2-22 fdz kpkd ~voltg|

wibeve,
kp— Pttch factos.

ka— Distaibution factor.
wi’nd{ng Factor.
Pitch factor :- Cchoardfng factor) /kp/Ke.

1 full PH‘Ch= 180" e
1 Slot angle = 30°e =

sela]2]ss]s]c|7]e]9]

02‘ Ql: 300

lg0°%

The pltch factos Is alse known as chovding factor
o¥y collspan factor.

Consider an altevnator with 36 slots and having
6 poles

Full pttch of +the statos winding = %G_.:e; s lots/pole
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wheve, , (s shortpltched angle.

If the a coil sides ave placed tn slot number g
and 77, -+then the mf'ndfnc& s said to be full prtched.
If they ave placed fn slot numbes 9 and g -then it
(s showst pitched by one slot.

By usfn% showrt pltched w:‘ndi’n% the qenemfed
voltage will be slf(abﬂc& veduced put it has some
advantages.

1. Saving of copper 1o end connection.

2. The wave form (s sinusoldal.

3.There s an [ncvease ([n efficences of an altevnator.

Pitch {actoy s deftned as the watio of wvector sum
of emf induced per coll O the a*affhmaﬂc sum of the

emf hduced pe? coll.

Distatbution factos-[Breadth factor] Kd.

In an Ac generator coll sides of each phase ave
not concentyated (nh a sfrxa(e glot. But fhecd ave distyibutad
over sevesal adjacent glots under each pele. The coll
gldes in the adjacent slots ave displaced bg the slot
angle and hence the emyf [hduced (n +hese coll sicles
unde» each pole ave bavfn% a phase diffevence of
slot ancale 8

Pistaibution factor 1s deftned as the zatio of
emf ftnhduced ©nh a distsibuted winding to the emf
induced th a concentrated winding .

- &inhD
Hd = _aﬁ/nsfnp/a

B— Slot Cmcale —-)L;;)_Q

n— numbes of slofs/polefphase

Whewe,
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}ilotc:
In stay connected mi’ndi‘nrﬂ CY),
Vi
Vi ke Ti=X
Ph 2 . L Ph

In delta connected voi'ndfn(a (A)
VPh:VL . Tph= =

E{ffcfenc% of alternator.
It ts defined as the watio of output power

to the Input power [n watts.

A Owtput pones
input powroeT

output poyoey
output poroer + Losses

"=

Losses.
stator coppe? loss,
Rotoy coppev loss
stator cove [o0Ss
Rotovy {yon loss
Fzi{ction and kufndt'nca loss.

Note.

[p watts

Input POVUQ?I to alteynatos - Mechanical POVUE'ﬂ +Electrical poner 1/p to +the {feid

output PON(_’U ) jnputpomea — LoSSes
input POVDE’?' {nput ponoer

mfndfn(&.




| s & pole 3 phase star connected alterna’tos. -
has armature with 90 slots and 3 Conductozs/s'fo'jts
It 2otates wbkth a speed of 2000 vpm. It has o
_flux/pole of 0-5wb. Calculate €E€EMFE genewated / phase,
Line voltage, Uf the n»ofr)drnca factor is 0-97 and if the *
coll ts full pltched.
Given,

P=¢ @ =05 wb

Numbes of Slots =90 Ey= 72

Numbes 0] condactors /slots=79. |
NMs=1000 vp™M
Solutlon:

" Total numbes o] Stator conductors = 96X18 =1080.

.. number of conductors /phase = 1980




\--—'—/

A, ) (=3)

A Iternator

has
e 6 Pole (3 Phase star Connec‘t’ed aL‘ten'na“t'or

armaturve with 9go slots and 12 conductorsg per slot.
It wotates with a speed of 2000 wpm. It has a {lux
pes pole of 05 wb . Calculate the emf generated pev
phase , ltne voltage if the wfndfn? {factor is 097 and (f

the cofl & full pitched.
G{Euen,
Star connected alternator.
P-6
ndumbes of slots = 90
umber of conductors =19
7= 90x12 - 9080
Zph= 1080 _ g4,
s
M= 32000 TPM
Z -o0-5uwb.
Eph= 2
Ec=7?
ka=0-917
bp:ﬂ_
Soluttons~
we know that.
Eph= 2-33 fdz kpkd
Bblt) _ Py

-_— —

790
_ 6X1000

a0
=50#Z,

. Eph= 2-29x50%0-56 X360 X1X0-97
[Eph: 19380-6 U’

Eph =

Ec
3
EL: EphX(g

@?33569-39\,]




a 3 PhaSe Q pole altesnator bac delta connected {—
roinding with 320 a¥mature conductors pes phase. ,
The {Lu‘x; pe¥ PoLe is @0 miliwb anc eotates with the

Speed. of 800 Tpm . The wind[n? {acl’oar s 0-98 Calculate
the Phase and line uo(tacde_

Gtuen, y
3 phcuse delta connected alternator.
=2
Z2=330
g -ao0x10° wb
N=g00 vpmMm
kKd=o0-:98
Eph=?
EL=7

we knhow that,
Eph = 2-28 f@gzkpkd
But

_ Pty
7 4920

_8x800
720
= 8333 Hz.
.~ Eph=2-98x53-33% ¢0 10 X320 x 1 X0-98
[Eph=19¢5 - 2036 u |

In delta connectfon,
EphZEL
,:[EL: 1485 *2096 VJ




* -

é 3 Phase 16 poLe S(fnch%"onou&‘ gene'm,toa bas'_a,
Stas connected mfndfng with 446 glots and 10 conductor
pes slot, flux pea pole 30 mllfwb, speed fs 3159pm . Eiid
the fvequency , phase and lfne voltages.
Glven,

3 Phase <ctaw connected alternatod.

P= 16

N umbes of slots = 1449

Numbes of conductors /Slot =10

hamber o{ conductors - 2¢ ¢ x10 = 1440.
Total numbes of conductoss/phase=Zpn :Qi‘f.cl: ¢80

o =30 10 3wb

N = 375 pm

-1

Eph=?

€L=2?
Solution:.

£

o)

—_—

20
~16 x375
20

l-f:SOHL }

Eph: Q-22fH2
- 9-2a%50%x30%x109 x4g4

Jepb—‘ 1598-¢ uoL-tS‘)

1]

(Na

E’ph 5 —(1%5
EL= EPh x i3

Ei- 27685 volts




.

A 3 Phase 6 Pole alteznator has Starconnected
mfndtn% with 300 asmature conductors per phase. The
flux pes pole fs 30miltwb. and [t sotates wlth a

Speed of 10007 pm , The voi‘nd?)f)? factoy s 0.9 and col

{s futl pltched. Caleulate the ltne and phase voltage.

Given,
3phase stav connected altevnator.
P=¢
2ph=300
& =30 %107 wb
N = g2000 TpPM
Kd=o0-9

Solutionw

we know that,
:—m-
f 190

_ 8 X1000
a0
= SO Hy.

Eph= 2:92f@ 2 kp Rd
= 9°99 x50 X30 X103 x 300%1 x0-9

Eph= EL
P =
EL= Eph x 13

[EL= 1557-29v]




(&)

5& a 3Phase Star connected alternator dwfven at a
goo apm, [s vequt'ared to geneaate a lne vottage

|speed of
of ¢6o wuolts at 60z feequency on  open efycult. The
stator has two slots pez pole per Pha&e ancl ¢ conductons
per slot. Calculate the Numbes of poles and conductors pes
" |Slot.

Calculate the numbes of poles and useful flux pes pole,
if the winding factor fs o-66. BOlso calculate the Output

kua, tf the cuzzent 1n each phase fs 50 Amperes

Gtuen,
3 phase stav connected alternator.
o =900%pM
E=%60v
£ =60tz
Cumbes of slots fpole/phase=a
ONambes o{ tonducfd"r@ /Ls-lélt: qL,"
p=9 . “ iy
=9
kd-6-6¢
Output kve=9 ,Uf Iph=-504.

Solutton o

_PN
y'aao

Px3900
120

~Total number of slots= axgx3.

GO =

- %]

.. Total numbe® 04 sStator conductors = $8%X¢
=193
a9

nlumbes of conductoss pe= Phq‘39=zph= =

=6¢9.




Since the mindfn? Is connected I Staw,

EL
Eph e

HE

=lo65-58 vol'@

We know that,
Eph=Q-23fFzkpKd

Q6558 =9-DIX60XP X 6¢X%X1X0- 64
[#= 6-0473wb|

we know that,
the output powey o{ 3g arternator.
P=13v T cosd watts.
p=Bu.I_va. |

Hence output Kua veading of alternatos,

1000
" Sihce wfndfng fs connected 1n stav,
.Ipl:)f- I'|T,'-' 50.A .

_ 4B X460X50
1000

P=-39-83 KVA

P
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Genevation of 3-phase EMF.

Stator

Rotoy.

Dr. H.B. Suresh.,,; ..
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220"
no"( \] 5 Eq €p= Epm SN (Wt-120°)
120° €e= Ecm &ln (wt-2407)

Eb



The electrical machine which genevates 3phﬂié-

— R

|

i. =
’ ‘

4

-

vol’cages s called an alternator. It mainl\/ consigts i

of statoy and votar . In the gtator, +the 3 vufndings

ave placed and connected %ogefheﬁ elthes as star
yofndfng oy as delta connected mfndi’ng.

-

Let @a', BB8' and cc' awe the 3 independent colls,
whiech awve electartcalh/ di‘splaced by 120° wolt h vespect

+0 ohe another . Wlhen +the wotor %otates @nh the
clockwise divection, +the flux pwoduced by poles
swoeeps ccyoss the stator conductor and bhence an

emfs ave induced (n all the 3 yofndrngs, whitch have

a pbhase displacement of 120" with respect to one
anothey, The , wave form of +the ~voltages generateq

" ave vginoseldal (b nature

Bs,  the humbey of conductors ({(n each mfndf’ng

aze same, tMaximum wvalues of the emfs Enduced in
each of the uofncu'ng ase same.

Phase seguence.

The phase sequence of <the 3 phase supply f(sthe

ovder nh which the maximum values of the emfy
fnduced tn 3 diffevent wi’ndings of an Aaltesnator.
In the above case, the phase sequence (s @aBc.

I the 2otor wotates [n anticlockwnoise civection,
then the phase Sequence (s ACB.

Advantages of 3 phase Aac system.

1.Fov a qliven slze of a machine, the polyphase system

celivess lavge'a outpu’t_

Ex$¢ A J8pbase Induction motor has a vated output

which s 45 times that of the s?ngle phase
ac  motor of same slize.



:é.The povoey cleltvered b\f the Simale phase system s

L

pulsuatfnca in nature. .. It Pmduces Qa putsuatz'ng
torque. Hence mMotors Qze not steady n thelr
operation , efflclency decveases. But 3 phase motors
have ‘an uniform torque and its opevation (s
Smooth and steadcd.

. Pavallel opevaﬁ’ons of ei’ncale phase alteinators ave
not smooth as compazed to the parallel operation
of Sphase Qlternator.
4In ovder to transmit the same ameunt of Pomer
at the same vot'mqe, the polqphose system requives
less conductor materfal than the si‘ngle phase system,
S Theve s a economy (n the use of copper. The
ancate phase (hductlon motors ave not self sfa'atfng,
whewe as polnfpbase motors ave gelf \g-t—ag—-tfn%.

TIntew - connection of phases.

—_—

There aze two methods of (nhtevconnection of
phasevs.

Tﬁ_ev Qave,
1. Stav conhnection.
2 Delta cConhnection.

q. Star connection.

————

If +the similar ends of the phasess ave
(ntesconnected , then [t is called as gstay copnection
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Va, s, Ve ave the phase voltages C(Vph)

Ta,1p. I awe the phase cuvvents C1ph)
I, is line cuwrent »

Vag, Vgc, Vae ave the line voltages.

Consfder @ star connected 3 phase 4 wive systen
which  ts as shown (n {iq@.

From this, {t Is clear that, each Line is connected
to one terminal and @t is in serles with 1 phase



., current cawvyied by the line is same as that

of the curvent [nduced n each phase.

. Line cursent = Phase curvent.
IL= Iph

In owxder to obtaln +the welationship between Lline
and phase voltage, consider the phaser dfagram
shown 1n fi’(a@.

The voliage between line i and line B Is the phases
diffevence between Va and vg.

Fzom the wvector dfacamfn,
Vag= \\n v Vg (Phases diffevence).

Vag= 200 —@) .

Fyorm the AonM,
onJ

COSQ= —==
oM

ON = OPV1COSO .
Substffufi’ng tn eqQ"@.
Vag = 20M C0s@

Vi= X \./Pl') COS 30
V=2 'Uphe-@’/Q

V= '\/ph.-rj
Ve
\/ph = =
e

"iTotoit power = 3 X Powier /phase
= 3 X Uph Iph COs(
=3 X ML oS @

I3

:ﬁ'ﬁ':r\-jg—L-I,_ cosd

P =13 T _Cosg.




7. Delta connection.

e L
V= \ph v
— 2 @
Tg V= \ph !
: 343 *.'__@ -{1{@
Ia vk
-IG/ \ T ——1
¢ / |
/ /
/ o ¥
/ o ;
P
sl ool ).‘J
o/ >Ig
fiq@
I, ‘3

let us consider a clelta cohnected mi’ndi’nqs, wohich
(s as shown tn fiq®
From +the {fcgu'ae, it is clear +that each Pofndi'n%
{s cohnected acvoss Q& [(ines . Hence voltage fnduw ced
ir each mfndfm% (s avallable ® across +the Unec
.. Phase volfo.ge-—-u‘ne vo(tage.
Uph = Vi

To analyse the welationship between the phase
cuyrent and Uine cuwzent , conslcler the phaser cdiagram
shown v fig®. |
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From fiquee {t Is cleaw that, cuvsent Ip (s the
phases diffevence of curvent Iq and I,

., Line cuvyent Tq9= Phases diffevence

Iq= Iqv Ic

Tq=aond —Q).

Fyom the AONM,

[@]\V!
08®= ——
cRge oM

. ON =0MICoSEe.

S‘ubsfftutfncg eq"@,
Ia= aomMcose
Tq= QTc COS30
T.= 9 Iph- B/2

I= Ipbﬁ
L

Iph = —

il

. Total power = 3X povoev/phase
= 3 X Uph - Iph - COSY

43

P= E-VL'TL-Cosg

of Ta and I,

watts.



Measurment of 3 phase power.

Z =Load
Wy and Wa= Wattmeters.




a star connected load as shown in -]'l'%@.

Wi and W, are connected in the

Consider

The & wattmeters
ctrcults . T+ consists of & ¢olls, cuwrrent coll and

. vo(tafae coll.
The current coll cawries Lllne current and vou'o((}e

col( connected acyss a Llines, to mMmeasure -the Line
uoltacae.
.. The 'aeadi’ng of wattmeter,
nq= VacTa cos (Vac, Ig) =@
St’mf(a'aly
Wa= Ugc Ig coS(Cvac, Ig) -@
Wheve,
cos(Vac.Ta) (s the cosine of angle between linevoltage
Vac and lhe cuszent T, Stmilavly €oS(vac, Tp).

Fsom the wvector di’aca'mm, cmgle between \ge and

’ Is (s (30-9)
| and the angle between Vg ahd Tg & (30+¢)

‘ We know that,
Vac, Ygc aze line voltages, Ta,T; ave the line cuyrents,

Substttuting n eqM® and eq"@.
inda= VI, Cos (30-9) —

W= I cos(3o+@)—@

Fidd‘ing eq"® and eq"®,
Wg+l,= VI, (Cos(30-¢) +cos (30t+¢))
= . I (cos30cosg + sinapétn¢+cosso cosg —si’n}vésfn;a’)

gt = VLT (3-47%605_;3)
a+ Wy = J3. VI cosgi(-—g©




This shows that & wattmeters ave suffictent
to measuse 3 phase power.

Constder, eq® - eq"@,
hg-Wa= V. T, (€OS(30-g) = COS(30+¢))
=\ .TiL Ccoseo cosd +sin30sing - C0530605d+310308m¢5)

A T2 Gl JNY

Wa - Wa= v T [(2: 1/s-Sing)
Wq - W=V T Sing —@.

Devfdfng eq"@ bH eq"’@,

g —Wa _ veIosting
Wa+y 3VLIL cosg

M e ﬁ/ﬁ —t‘an¢’
POLE i 28

%
. Fg=tan? I3 _“,)i___'l]
. i1+ W

This shows that powesfactos Qn(a[e_ can also be
deteymined usi’nq 2 wattmeters

Effect of powewfactor on two wattmeter veading .
We khow that, ¥

Wq= VLI, COS C30-¢)
o= VLT, cos (30+%)

case1¢~ IJhen $=0 , cosg=1
Waq= Vi I €0S(30-0)
- ﬂ@/ﬂa \./_LIL’

I/\JQ_Z \/LILCOS (30“"0)
=B/avi 1,
The wattmeter readfngs are +tveé and equal
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| casea: when =60 ,coseo=1/a

Wq = VLT CoS (30-60)
=d3viTL

Wy= VLI, cos (30+60)
=0

One of +the wattmetes 3eads zewo.

case 3:- lWhen @g=90 , C0s890=0
| a= U T,.Cos (30-90)
= J/& Vi IL

nJa= o I, CoS (30“"90)

= =4
one of the wattmetey 2eads -—ve.

Froy the above discussion , we can conclude
that, fov power .faC‘tOZF lyi’ng between 0-0-5, one
of the wattmeter reads -ve .when powerfactos s
0-5,0ne of the wattmetes weads zevo . when power
factos Lles between 0-5-1, both wattmetes readings
are +ve. nhen poroesfactor (s a, 'aeodf‘ngs of both

the wattmeters awe equal.




1. W hen '--3-p-ﬁag€ balanced fm'p;dences are Cona‘elg‘lfrd
(n star , acvoss 3 phase, 415 volts, 50 Hz Supphd_
The line cuvzent dwawn (¢ 204 ,at a lagging
powexrfactor of 0-4. Petezmine the parametesrs of
impedence In each phage.

o

C—f,fve,n,

Vi= ¢15 volts.

CoS@ =04

f=50 Hz.

T(=306.

Parametes of Impeclence=2
Solution:

(oad (s connected n star,

Uph =YL - 415 _ :
pr=te =415 gy ]
Iph =T, =20n,

.‘.Impedence -PQ"&' Phase = th: U~E"’
Iph

ﬁpT: fl’.I'SBJL?

hie know that,
2R
sp = \E.
Cco Z

’/\Je ﬁ:f’)Ol/U thatj z= EQ{_XLQ
x t=2z2-p2
=143-5304 - 53 g

XL = 10-98

XL=allfL
qo0-9g - a(Ir)(50) L

L= 0035 Hen?yl
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a a3phase , 400 ~volts motor Ttakes an input of
40 kN at 045 powerfactor lagging. Find the weadings
of each of 3 single phase wattmetes connected to
measuze the Input POWET.

Géven, |
\/L:Q-OO\/
p=40kiA)
COS@ = 045
Wig=? '
Wao=2
Solution:
WatWa= g0k =@
ke know that, #-+ani 3 kJ:IFIUQJ
kJ:I""wQ

1]

cos?(o0-45)
6395

But _-‘.¢

K]

otan 63-.95:.-_% (11— 109
Sg == 4587 =@,

FIa+1a =40

Wa —Io =45 81
D =85:81

Wi =429 kind

Wla= 40-42-9
Wa= -2-9 kAl

If the veadings of the 2 wattmeters in 3phag
balanced load a» €36 and 22¢ watts, the latter
%eadi’ng befnc& fc obtained aftey +he =eversal of
current coil connection. Calculate -the powes and
poner foc-tozr'."

Glven,
W1 = 836 watts

Wa=-224 watts [ current coil connection (s wevesed]
p=2
cos@ =2



P= 619 watts. s 836+ (— 224)

o [0 (7 6
k7 + 1D

€12

| =tan? (43 x 1733
@ =171-5C.
L|cosg=0-316.

Solution:

F P=loq+Ws P=w vy
|

|

|

4. & 3phase star connected load dryaws a line curvent
. of 956. & (oad kva and kw ase 20 and 16

| vespecﬁ’ve{cd. Find the @ wattmeter veading use to
. measuze 3 phase powier.

fwven
Gre ’8tar connhectecl (oad,

LI=D5A
Kva =6
Kuw=1¢
Wiq=72
g =2

Solution:
Wg+, =16 —@

Kk

| e know that, C‘O‘S(ﬂ:ﬁkw - b '~ -—0-8
i kK wva 20
| .
| - cos?(o-8)
! = 36-9%6

cz: tan2 I3 [_M___ﬂ_:'___.% Y

lq 4+ L0

1¢

+ g 0T 6:-92 =@

LO:H'%:.\ =1g
k_’)g'-' Q: 693
Q1= 22:93
Wi=11-4¢ 2N

5wl =le- 11-94¢

Wa= 454 kind



@& staw connected load consists oOf 6 -0 2esistance
and . inductive weactance {n each pbhase. 64..suppi¢d
of 440 volts at 5oHz frequency is applied +to +he load

Find the (ine cur¥ent, powes {actor and powes consumed
by +the (oad.

Ggtven,
Ve=440v
f= "GO H=z
P=6JSL
Kp= Q_.(L
Sotutlon: z=TR%rx 2
=l 3¢+64
i I S

Tmpendence per phase

Stnce the load (s starvw, .
: i # (W} h:_‘- - .ﬂ'ﬁ'_Q o .
P I3 A3
\/ph
TIph

~frph=25-4 4

Iph =TL
M= abaga.
; -Rr =
..Cong ?:J_ga —06.
& =53130 .
. P:J‘é’ VoI COSﬂ
=13 x 440XD5-4 X0-¢
= 614 .48 n.
& delta connected load consists of wesistance of
100 and capacitance of 100(F In each phase. & supply
of g¢iov at SOHz - feequency (s applied to load. Fing
the cuxvent, power factor and powes consumed by the

zph =

i idey Rdge of  stAY,

load.
Lven
b ’E::J,O_ﬂ.,
C =100 p.l:
V= 410V
_f: ‘SOHZ.
Solution: %e = 2 = d

AFCEC ax314aX50X%X100¥10° ¢
' = 31-8¢_N.




Zph= [R2¥xc2 " | | i
= [C10)7+ (31.8¢)° S
=33.37.N.

In delta connection,

Uph=V = 410v.
Zphe Vph x
Iph

Iph :_!Lh
Zph

L]

L @P=T79-56.

P=NeTL COSﬁJTQ-
=45 a7k iA)

7. Q& wattmeters aze connected to measuvre the nput+

to a’ 3¢, 1aHp , S0Hz tnduction motor, whfch works at

an efficiency of e57. at a powerfactor of 0-8. Find
The veadfng of & rwattmetess
Glven,

12 HP

--r:SOHZ

Cos@ =08

Y =85

=72

Wa=72

wie khow that,
qHP= 735.5 watts.

e Oufcpu‘t‘ poner = P= 13 X“185-5
- 836 watts.

aJowd, Y= outpat ponoc?
ihput powes

883¢ '

< lnpat Wew =
et 6.25

=103€3.59 wattg.

Wg+indg = 10383 .52 —xD),



%)

8.

COS@g = 08

g =368¢

& = tan213 [ —”—JL"E—EJ
kO3 + 1A

tan(36-8¢) %X 103%3.52

3

= Wi~y |

Wi—-Wa= 449¢.57 —@.

Wa+ina =10383-52

g —-Wga =

4494 .51

Wy = 14.87%.09¢

Wi = 7439- 04 watts

Wia=-9944 471 watts

A delta connected load s awanged as shownb in
{’rguwe‘ a suPplcd 415v, 50Hz (s a opplied +to it.
Calculate phase cuwwent, lihe cuveent and total pones.?

& 349"\: \ g+j4.q.
N <
AN
Given, Solation:-

ML= 415V Z:m

f= 50Hz ={ga+16

p= 80 7 e 9944 ~l-

X = G0 ,.

Iph:‘,? 'ZPh= vpb

P=? g

T=2 Iph=MPb _ 415 _ 4. 349
Solution 2= zph 2944

I i -
Iph—— —E
To= IphX13

= ®0- 365

P=J13 W ILCOS¢
=13 x ¢-15 X 80365 %0-89

— 5941313 kW



‘ N .
| 9. a vua-t’cme-tets Qre connected to measure q ..
. powen O-f 3 phase clrcuit, zeads as skl  and 1 KIIU-:'

2eadinqg befn obtailned after +the veversq
power factor,

The (after
of cuvvent cotl. Calculate +he power,

| total volt ampeve, veactive volt aAmpere.

qwen,

g =S kind
Wig=-9q ki (veversal)

Solutlon &~ P=mq+ s
=5-1
=q rial

o = tan 13 [ e —w"]

Wi+ kJa
& =tani3 (/4]
=68.9¢.
[Cosg = 0-359]

sing = 0.933.

. Total volt ampere =13 VL.

e know that,
p=J43 v I Cosg

J3w T, = 4%0-359 =[27-14 KvA.

= 13 v I sing
=4a7-14 X0-93
:ETDesg KVAR|
10. Each ©0f & wattmetess connected to Mmeasuze the
toput of 8F circult wveads asokhl. What does each
ts 0-geg, with the

. Reactlive volt ampeze

veads, rohen power factor

thsetsument
.t.o.t-al g Pbage POP\JCT rEmafnfh% unchang ed fn alteUed
cond (tion.
Glf\/en}

W= Q0k W

l/\_)g =20 kL K).

Wa=? Wa=2 when cosg=06-96g
Solutton: g +Wa= g0k —@.

COSy = O Reg

D
o rame [2222)
g+ 0a

Yy



o"—'r — _,_.-._.]

Tl:;:ls. a 3¢ feedex cawries <2 balanced [oads powc;z
¥ ‘absoabed bcd each (& measuzed bfo‘ 2 wattmeterg
and t glves the following weadings.
T load — W13=96kiIn, W3y =160 kWl.
o load — W3=90kN), Wa=48 KN,
what {s the combined (oad on +he feecle» and
the comblined powerfactos?
Solution.
Combined load onh feedey- I load + O load.
=(Wa++0a) + (Wa+Wa)
=39¢.

Power {actor of 15T load.
2 .ﬁ]
#i1=tan=i3 356
=tan™ (-0-433)
@, = ~23-44
cosSg,=0-917.

Porwes factor of &°9 [pad.
=tan=I3 ,_4._-9.}
Pa 3 138
5 = 37‘79
COSFy = 6884

.. Comblined powerfactor on +he load,
d = Bﬁ’*— Bo '+ 3¢ goC08 (g, ~71)
=1 Co381)%+ Ca7-19)2+2 €23:41) (21.19) C0S(-23.41-27-19)

¢ -]

ot 64 q) 5_0' 9&4




91|

Wq—0a

+an30. =08 237 gt

W+ Ko

ot ke =40

Wi —¥Jda = 13-33
2Ky = 53-33
[101= 26 6 KW |
’ Wa = 13-33 K@

8 .colls - each havfnca Qa
of 0.-0& henwy, ave connected

3 phase ac supply. (alculate the Line

vesistance of 100 and
tnductance in star acvoss

440 volts, 50 Hz ,

current and total POWET c(onsumed,

qfven,

Petm. 00

L=009H

V= ¢40v

f = 50Hz.
Solutfon:

Lload connected ©n star.
Wph =de, =340 o wea Lol

43 i3
o= DITEL
- ax3.14ax50X0.02
=6:88q9 ..

Zph=_{R2+ x>
= J@o0)*+ (6-084)°
=11-97-4L.
ZPh: Vph
Iphb
Iph= 254-03
2 (57 I o
=235

Tph =T

[Tz 215 4]

q)

4
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