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L Hntroduction

Thie lww ol evrrervating i BENTEY stiled Lhail the evsermy ot mieither e crented moe e destvoyed bud B e
b eopuertid Trom oo T fo other. An'dlocirheal energy dises riot oeeur sl and sl gupust be
stoped, SUIL R B e toosd popuilid formm OF Eneegd. sthed Bocan be svarsporied i neode Lodd -bocstions. Tor
prplrmeiy petabpention o esoirees, Hende the offoms arg mede 10 zenerote o contmuinisly o meet the large
demonda, Bt jo generaie an electienl energy memes to oonyent seme ather form of energy. mma ) m
eBecttical el acdoniing 1 ek of somservatlin ol eEgTR Y,

Comsariars il are unsed e crmtisiousty sl alectiond tput bo mdchaniond alnpul oF vied sef
mre called eledtrie machmes. The prscess of teEaalislson i kaovwn a8 eletirumechamical celergy cuiivesiaon
An clecmie muchune 1 therefore o ik between o cleommical syaem end 0 meochsnical systom. In these
maph e the convenmm e reversdble. Il compyverniivg, [0 Brom micchanddal 1o decetical anergy. il
i hime s apied [ gel ss @ L:Hbll'ﬂ-t.lrl‘ 17t ervpvershon s fromm elecirionl o mectuinkul ensrey. jhe
raichine be dand b el on o mdor.

> Genarator.

'Mm:ha nical

- Energy

Moto _{

Fig 1,1 The Energy directivns in generatior and mittor acthons.

1.2 Magnetic Circults

[n tree Jesaom, we shall soogumm), weth the hoslc comeepis of mmgnete cpomk gnd mctimiile of s lving
il thor-Saven Lw for cillenlating magnetss ekl die o a koo evrmem: disribsiinn olchough femdemenal
ik gasiserial i pal

In & mapmcthe cirondr. e magnetic lines of foree louves the sorth proles phsses through the ontire
pilvudn i resurn the' startiml point A mognete circadl ekoally consists of miatorluls cHaving  high
permeatley such me won, soft steel . These materials offer very semall opposinion o the flow af
magnete fhas,

Bifiee renlly saartirg, Tt s dook ol somie migenetic eaciits shiven in ihe lolinwing (e
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Thi abired Tigores v o mimgeete utaral of regoulon goometre shape gulled com, A ol T g o nuimber
of turw (= Nj of condycting el sy coppery we woupd over the core. Thi woil m called the exciting
el Wheo me cutrenl Bivs throuph the canl, we doalt exjiecl uny mepnetie el or Boes ol [ovees 1o e
predint yide the core Howeves bn preneiee of coitrent I the tofl, magnetic e oos il be produced withi
i coe The sirength Of e k. deépends o the prodect of number of furms (N3 f the el arid Lhe camrent
i ocares, [he gquentty "N cilled mmf (mopnetv-motree forve b can b thoophl o the catbe m arder b
produce an effect i the form of thes @ winhin the care. 1) i somowhor similor o an ekecrien] cmowis
bk when: a mll.!_gu. temiy .:1||1I.-||-L1 Featibae | i 1 crmpreast s prramlieced {effest b it the ..Ir|.|1lt Henee thw
L mngnotie cloutt in dsed i el to productig flus io the cone by applying mml t ML

Abthin ol oy Just e thin oo mpgaetic cireuds miny be us shntle o shotwn dn fore LD with g single
coe anid w vinghe ool or pcomplex ms hpving diTeren cove mmerials, angap and muliplo exonisg oolls
arin figane || 2

1.3 Defndthues amd laws for culeuloting mognetlc Aokd
Mugmetic feldiiee e fodmmentn ] mechaniso Ty which cocegy w comverted (oo onbe form
wnd herin matnm, gonerutons und inmsiormers

We Lotiw (hat and eurrenr corryteg comditioe pnrﬂum @ mragentetic fiebd, A el feld b
charneterired cher by, the magmetle feld intenvity § H §or by, o magaerie flax demyiiy, | # b veowr,

Tlisse Vo veatiirs me aunbectsd !13. i ru_lh: vimijtle relisticm H= g :‘TJ | i

Whero i, = Ex= 107 Him. w called the sheolule permenbiiy of free space &
milur i dimensionlesn quantay dalled the: relative permebbiliby of 0 mediem {orn S '__.--'.
mudberinly, Por espmple (he valiie ol b 1 e I'ru_l.' spuicie of gould b severid ||
iy 01 cave of l'm'urr:_qgwﬂtlmg!:mlh.

Tl sl iy of D miper e Tleld W popeetain @ te current. The diiection of D el field o
fund by neht huod rule or Max well's vorkscrew mle

Prrmeability o the property of 0 mediion thet determines iy magrelic charactiristion. o other sonde.
the comospl ol muensl i tlurn-n:n-'.-uhr:.l carresprinds t the ahibisy o the miatesial 1S pecmils the flow of
magtnrthe fu trough 8

Magiwtic Dol steengeh (H): This & alsoe Koprwe ad Tiekd inremmy, (Wagnese mmensity of meegmeri fleld,
wad 15 representel] by the letter H.' lra mndt 1 pmpere tirms per mater
Ni
H==—
!
Flux densbiy (13 The rotd] mamber’ of Encsof Bace per square meler of the otoniss soticnal s of the
erkl e o e cafbod Do densicy, wnd b represenran] By thie syt B 0o ST ki s el {waeber ji

PR BRI |

fi= g N
The NMux denuty B ol o winple o= o popbioear Roctog ol H geven B e sicoeestizafiin carve, Wodso han
rh, the (e demuty depondn om whar bas happened s the pasy an well pu to e eurrent yalog of
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Mugneto-Mative Force (MMFR The pmmgyl of [Tia deiisety sovup oo the oore p depaisdont upon Nivie
fuctsrs « the current, moosber of Tupns, materpl of the ougeeie cone, lensth of core aod e cooss-sectinnal
b ol the cope. M ciirens aid Ui wwe 1 O] Wire we lss, fhieg H'rlhu'.crmﬂl His the rrmpr.:tr..riu; el bes,
W cufl this prodises of thee tums wnd vureent thie mug et greive foree nme), spilor W the eleetpomive
force (el

MME = NI ampere -

Mn!glnllr Mux (= Flur i anwibbey st (estataon of (he nlngl'mk' fichil, defiened by dts abiliy by imbuge an
ehecntiv fiehd when it changes The Magsetic Lines o Farve producad by o magnen is cnlled magnetic fux.
I8 denotod by o onad Hs Gt és, Wehér.
& = KA

= iyt A

W
= .ﬁ.nﬂrl T] A

Mi i N
W Rebwwumer 11
FINTA

Muggnethe Reluctance (4 |

The shmctem offeredf by g mesnetie cmend (o e moonelse (T o Loown o reloctance,
Mugnetic eébuctange, o magnet e sessstanes, m oo mespaarement o o e anal pads o megnetic cweuty. B
i 1he Fesaslinie 1 nr'r-turr.'l‘l:-..blll.m‘ﬂll It b thiy ahisn i ing mny-n.th. ghEiEy 1 sloses iegaet i
rrerEy. A an electric Tleld canses i ehectre current v follow (e p:uh of least resislance. o e g
Theled coauses mgeuiic Mk o ollow the peih of e mignee electase. i g scalan edensive QuuEicy,
ke elecinea] respance
L=

s A

The conductivny of a conductor is practically consmmt. midependem of the corment. The permanhbiny of mm
h'l'g' I rorane conwlan e an tha Bebuotinge

My =

Permicunce: The dnverse of electrwnl resivtinge S oonduciance whach i b miessurg of cambudtiviiy ol 4
materul Henee: the wverse of relpoasce m Known oy permvssce, P when g represems the -degree al
sl b ettt peamiile thee o of magieie s,

LA

|
e F—_—
= 1

Heshlvml Magntetivm: i v the magnetsm sllwch renmhie m 2 material when the eltective muznetizing
fuatpis Jua been sliived W sere
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Mugnethe Satoration: The Tuun pestiml whoch (B siremgifli of o gugoct coono) B psorgned s gl
III‘.'I[-L_I:I-I..'ILT B

| ABasic principles:

Eloctne machines con b podly clsstlied amo electrostaln mectioes amd - electoomag oet s
mmchiimes. The slecmrustiic principles do pot veeld practical wiachines S comtmernind electric power
ponerntinn. Tho. prenoet doy muchines sy bised on e plectromus ctie pariciphes. Fhousoh ane sees &
Varsely of clecarion) muwehines in o packed, the Takio umberiylng pricciples of all these wo e ko, To
umsderstnml, dgssn ard use these machines the milowing lvws st be stodied

Man will's corlscrew ule! Righi Hand Thiomb Rule:

Thils puhe s s b Bisd {he ditection ol Geld pioduced BY o comducton or oo, Accordbg 10 Uhls
eicle = W owe o a cumeni Careieg comlocior sach thal tharoly epresent s the diechos of cuirent o,
then rodatinn of rest ol the fngers represent the diesetion of fux.”, o = 17 mowoos of resi of the Tmpoes
repites=rA {ha swirent 6 a corl, then e sl sl repreient the direstion of iy

Flemmyg's Kighe-Hand Rok
T Hn-|:| ot yokir np!ﬂ banad with forefinger, secand Hoger, ard Ihm.'nh gt aght ooeles to e anpther. It the
Forpiinper wepresenis e direction of s Gedd, il thae Shuml r-.-;s-n*mnh the dbbreet o ol (s et (e,
the necon Tinger represenss 1he deroction of the iduced emf in the coll”

o This sule B unied B ol oot (he dieection of dvmamiically induced el

r Ilreitdomean] vy
il pabidhie i

muliscat N
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Flrming™s Left Hiund Hule:

“Hold oar i ki fud with orelimeer, seeomd foeer sl tumb gt nght angies woooe oorker. Il e
fere gt representy tlie direction of the leld, and e sevmned fmgier sl of the cment, then b gHes
the dipectl ot wtlon o lapge ™

Laft Hand Ruls

Virudas s Lws of Blectro Mapnetic Induetlon:

Formliy propodsed s faw of Induction m FERE W srates thit o ol meoerie oot fimes (ekdng o
erdl efiemes, shew oy e X il B g odd This ey sy preprortiopsad by ohe vate of climge of Uiesie Tk
(kg Tl o b exprysie] matbenuteally,

PRl Y

Wi ift
Where i = N =Flux Upkage, N=MNoo of o in the coll. @ = flao Gives Gnking af oese e G weber).

The dimection of the mtoced snf can be determioed by the applieation of Lena"s law.
Note tha rmjgalive aign af the exquation ahovewfich i i sccondonie (0 Lene® Law which stafox!

Len's Law:

It stntos thar * fhe dimectiom of Hie indueed gl wied g proafiice o effaee i o iy clisinge
i o finkeeey” Ll i culls wiine shony circudwed, B would prodiece cuittent (e wosl] canse g flus
ot The oigsinal (o chmgse. Boou ianhosons o the ioerris in e ppechanicil svsiems

Tjat-Saviert Low (Law of elecirnpnapnetbc Interaction)

Bkt Kavart b m ol fundasctital i oalle and el o fow s caliulite 8 ord a0 ghven ok yrﬁh
protiitiesny vedtir , Jud b on elemtitn] corrend a5 piveshy

AL
T B Mdcadabal
v 4 ¢
U the sbnpe wd dimensiors of ihe conducior carrying cuivend b know then fld i pluen polel can be

culcubitocd by inteorating the RHS of the ubavia equidiog
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Bttt | Uliiy
fr - . .
whire, lengih indicsizs thai ihe reiagrathon o o be enrrigd oot over (he langth oF ibe conduetor, Howsver, it
ir aften mow gagy woevaluste the fuegra] for caleulatine sl & 2oy podnt die 1o any ebizay haped
ecenidnctir. Dine gets 1 nice cloped form iitoian For faw 28568 Foch Bl
I, Straighe sofluctor canes curtent and o eaiaing fisld 010 daganced from the copdoor,
4. Cwenlar ooil garsies currens and 1o salenlate Tield at o porot oqoaied un The azis of the codl

Ampere’s clircuiial law:

The iebton between e mmpnete fisld oo the slsemie currest can be most compagly exprezsed by
AmpEses Livw, whigh ataies that Ime iotegesl of the magneho el i iong-any Lridictary closed peth s
o)A, 10 the curran) enclnged by the path; Mathemarealy)

b di=1
The valee of this ling jmegeal i called (he magmeto modiiog force, of 0iml ascind the curvy

For eevtem problems parteularly in magnetc cwonit groblems Ampree's cirranal law 5 used fg caicuktie
Fald imstead ot the e fandamamal Bist-Savan o

Comstder o infinie straight eoudueior earrying corrai ¢ pm] we wanl o cileulste fistd 513 [miiit
gimpated o 3 Entance J Eom the condictor. Mow take the closei] park bo bea cacle ol saadins d Ax 3oy poun
om the ercle the magmmde of field sqeagih wall be conseani and deechon of the ficld will be mngenial

Thua LHS of the shove squimtion simply becomes H « 2xd Sa field streagth is i Ej?.i"ﬂ Lo

It gheoall he weied (hai i aerivieg oo the fina] resule bo lojeprailon 18 required and ol oboiped Fojher
quickly. However, onz his 1o chootz 5 smiable peth lookdng orthe distritvation of the correm aml wgoing
thai the megnitedz of the Heid remazm conmant thoonghoor the mmih befors spplymg thud law with
sl vantage

Applicution of Ampere’s cireaitl luw in mugnene dyeoit

Amperes cirvuital law ia quite [Epdy in determining field srength within 8 cote of = magneric mareriz?
Due w appleacion of omf; the vy disode magnsts of he core ame algoed ope afier the other n 2
somewhat disciplined manner. The comtoar of the lmes of force resembles the shipe the matesial The
ntuztim 5 somewhat ermilar te fow of weter ihroggh an achitrery shaped ]:n[:r Flyw path s comsirained o
be the shispe of the bt pipe; For an exampis, look gt che zecriisnl view of 3 ronddsl magueric etenlr wirh
M pumber of tums wiund unifisimly 38 shown below, When e cod eardes 2 cumen! &, megnetic fnes of
fupees-will be crested and they will be ponfined wuhin the core-as the permesblity of the core 15 many
(ardar o thougands) tmes more than sir.

Tahe ihe chofrn part in be 2 cirele ol radieg o Mote (kar the ynlue of 11 will remain giime &0 ooy potan 10
this poth ot directiond will b always tegental (o the poth. Hence by apniving Ampere’s croural aw 1o
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the path we get the valus of H tub:%rir— ¥ iy morraged fromea o be bithe veive ol H 2eerreser withr 3

r
snd b dez regpectively the mmer sml vuter sadias of the tomoddal sece.
= 'Ii'lr:llfll - =
= Mol f9) . ST e)
W L L
Do = % N SV
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H-ﬂl-tlhlu
LA 1 Agsam ptions

|, Laskage fme &fringing offect: Sirictly:speainng 2 the i produced by she mmf will oot be
gonfined o rhe gore. Thas will be-some fuy lines which will pamiplete their parhs targely through rhe
ar. Since the meloctonce fdimcuzded mrhe folliwing sehond or ar o mech highes compazed to the
reluctanes sffeed by the core, the l'_ah.g«: {fnx produced @ rarher mmall. In our Frrueinm b, we
st nepiect lagksge flux and ansume =il ihe fux prodoced will be confined to'the core onky.

———— ’
i 'r!‘ = il | I Fll /
. - ‘

i the magnetio citcndt of figne ak showm sbove fas an orgep For an eacitme cuvent, the flun lnes
Fl'lﬂﬂ.ﬂ'tﬁ._lit show These Fx lines gross the all gEp from the top mrface of the e g e babom
garface of the care S0 the eppet gurfscr behaves Tikea porh po's and e botriim gurface Tike @ souih pole.
Thus s the Dux lnes will ao| be varicod tml confined 1o he coteface siea alose. Some Hoes of force in
fazt will peach the batom surface vie bulged vur corved pathy outsrie the face 2ma of the core. Theae flux
whirh fallow these curved pathy zre calied Eringing floz and the premomenon @ zalled ﬁ'l.halﬂﬂ cifret,
Obwinualy the effecy of fingig will be gnafles if dhe ais gap e guire ymall EFfaey of fringing will =
sopreeiable I the ar giap length |z more. [n shoo the effect 'of frmging i5-t0 maks flwoedensity m ihe g gap
= bit egs 1han m the coceas m the =y game ampont of fux = spread averan zrez which 1 gresrer than [he
core sechonal area. Unlegs ntherwisze spreifeed, we shall negleet the frmg]ng effect in anr following
digeuiinin, Effee of Frimpung S0 redimes \alesn il v h;,- cungidering (he effi | ve arez ll-r jiz be
abowt 18 b 125 h],!,hl:rﬂnn the pose EsT
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Elrutewca iariuan-f

2. In the practesl magnenc circud 1he (hickasss (ver wheh g Lisss of foress aie gpread = v-a) e nuch
smill=s compared o the oveall dmeanions (8 or B) of the core. Under thig conditinn we shill i miske

o-a) and fake e 1o be 1 sverywhese within (he core, The kerngth

g,rtn:r miglake of we caleulvie LAl e, =

nfthe fuz path r:nrirgtp;mdlnl oo the prean recfios = f=2xv, lz called the meap levgih. Thiy ssmomplion
CLLE G ) :
o Celpulsie the mean ‘ength 'moat the fux parh from the given geometry of (he megnetic
cETLIL

»  Apply Ampere’'s cocuns] Bw o cainisie 4 = ?

£y

s Nute, ths H may be assamed to b pame everywhersm ihe core.
e  Calealale ihe magnitude of the Tux deasiy B Bomithe eslithon 8 = [l
» Tatal Hux within thz core n g = A, where A 15 the croas e-ctlonal JIIE..HI'LI':.E'_'-I!.

L, 2Mugnetic hilrrial
Magnotic matenals are clasmifiod hased on the property called permesblicy 2z
I, Eris Mnged e Misrink
2. Pate Magnetic Malerinls
3. Ferro Magnestic Mltzriale
L. Dia-Magnetic Materinks:
Tie mnienmis whege permesbylry 18 below wnmy are callad Dun magoere malenals They as
erpelledd by ragnel,
Ex Le#ad, gold, copper, glags, mercury
24 Pora Meguetc Mateclals:
The matecnls wth-peomesbilicy abeve unay are called Para magreie magsrinly, The fores of
atrraction by 3 magned fowards thess matenals m low,
Fx Coppes Sulphare. Quygen, Platmm. Alamimm,
3, Férro Magnethc Malerials:
The mamtuls with perrmoabiiny (honsandy of el mare than (hat of pspmagnes matenais 2
celied Ferro magnetic materaan. They e very mmuch sizecied by rhe magnet,
Ex lron, Cobal, Micks!
Tormunent Magnel
Permapent magret meana the magneoc mamrerizln which will retdim the magnele propesty pesmanently.
Thig type nf magnets o mamifschred by dimminom, nickel, o, cobal segi (ALNTOO),
Tectro Moegnel
Trgulaiesd siive wened on & bbb e masy aris om) layess in which ey & flowang and a sofy wun
piece placed in the bobhm s called eleciromagnet. '
Thig iz used in afl electrcal machings, tranpformers, eleciiic beliz. [t i alio vied in o machine yged by
coctoss 1okl oo oo filing from eved, B

Pepartmeni of £, CET 865A i
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MMuagmotic Hssivresis:

11 may be defined 32 the lagging of magnetuatam or induction fax dessity (B) behaul the magneirmg
fores (H), It may alnn be defined 2s » quélicy of 0 magnefic gubgrance due tn which esargy is digspetad in it
in 1he everanl oF o meg s s

LE5H-H Characieristics

A 1m|pi.:i|r." migerial i idemiifind and characie: ead by = H “H charactgeiitie. Malerals which ar
eizgefied as non-mapnetle 0l ghioie 2 linear reiationghip Berwieen the Mg dengiiy B and coll eurrent [ oe HL
in other words: they have constant permeabllity, Thos, for exampie, 12 free space, the permeabaliny 48
congeanr #nd ir i g Bur m ron and other ferromagnetsc meterets o & por conszant gz showm i figoe:

Apply AC eitran, fzsyme M i ibe core b2 lnetially men. A surrent meceates, the fur races fhe
math ab. (saturabon curve) \When the corment decieases. the (o traces out 2 different path “bod” from the
ane when the carrgnr increases. When the corren moreasey agam, it traces om pain geb. The: amaant of
Thye presast in the core dapeads not naly on the amoni of cerenr appled o the waindings of the enre,'bor
aliu n the previous Blitory of the (hix in the coie HYSTERESIS |y the dependance onf the prevediing Tux
hivtory and the cesuliing Teilure o refrace fink pahs. '

Tha imitial portiin of the BT curee f ueasly asiraight line dnd cillad bmear pong Afies this 7ong
the uirve gradsally staces devaniing Toom i srasghy Fme gnd entese into The apnlmear zonie, The skpe of e
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cufee dB AT stavte graduelly decrsepng aftér the-Tinear Fons A me comes when thess @ nrseleilly po
merzage in B i spoe of the facr vhat 24 further inoersed. The marerial o2 thon saiil oo be ssourated The
riz= b the value of B in the Uscar sone & much moee then inthe somdinesr or ssuzatian rome for Emme AH.
This cep be asesrained G0 the B4 curve by potng AR ;> AR, fur dame ALL '

A magnstiring Iolensity 1] mecedoed, e relalive permeability. [l increades arul then dristd o
drop off. Honoce wluctance remam- consfant ntally (Lmear Zoms), (hen- starie moreasmng amd foally
becomes mfiniely targe [ Saturation Zene}

The polnt o which the curve stans berding or the Unear rone emils |s known g3 knee poini. in
gotual magnelic materialz. the [lug dors mot drop 1o zeeo When the mmt seturns - be geve, bal ehete = 3
semanent’ Beadual o, To redoca the flox e geee, nmnommf in the reyesse direcoion called the covralve
Jerree il e appiled,

Crenprstary and mistery deperd on maznetie Tiug o pmduse wo'tape md toiguee, 2o they meed 33
myuich flox 85 posgikle. 8o, thay ajiErdiE mear the kide of ihea snguietizisfon eurve (lux nor Hasarly retaed
(ol sl This adn-licants 35 ol gives pecoloy tekavinars |0 mhackines.

o iy B alinear Non livear sendSaturation
SEeT I T| 290 e o begins
_-.:
i AB:
HL‘-:III-.I-\- E ﬁ,ﬂ |.
W 2 Koot |
L o peiidmt i
Camume, 1 }
w1 L r
B, ';
aHl E
..... . - ; >
o H (Am)

Figure 1.7t A tvpieal B H curve
TTE!‘EJI Hyveeziin hHlF h.\'r_r:ﬂﬁﬂlﬂm.- 15 Apgiied

1o » ferroimbgnety madssal, very lrge mimbess of 1my mE@goets maghsse Dipoiedy aie presenl at rthe
sromic/mojecular Evel The matera! hirwever <doen nat show any met megastic propeny doe fo mandom
digritusting of rhe dipoles and eveatual cangellathon of their effecis and the ret magnese field iy 2o

Pepartment of £X, CET, BESA (]
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Magneric domora wrrpniafiom in g woted sirechury Befire dee predence o 8 murynesic fiphd

U presmnce of an el Azld H, thess dipsoles d1art alignmg themielved aloal the Jrestlon of ife agplied

field. Thos the more and mere dipoles zet aligned (resuling (ol mose B) an the 1 Lo, sopem in the
excabng ool ir ncrensad. At tha inkisl phese. watrezae Wi B s prectcalfy proportiosal o HD Howewer e
of thiz alignment. gets: redhuced afier 3 definive valne of H o5 number of randomly digsribmed dpoles
Berréaies. Thi 18 relleened m the ponlinels rone a3 ﬂu:.w*n in figure. Obviously & we further mersags ]_L »
pme will eume when almem all the dipnies yill i:t aligred Under turh cicunstaness we should ot
earect iny rme in B even T 1 i moregand aiud 158 core 8 -galil 1o be sadurated A (B ssuration 2uie, the
chiraotertsti becomes stmog paralel wthe T o,

Differem 'rl'EIl:‘I‘.:.i-iI. will bave duffesem B-H curves and if the Lhﬂi'ﬂl::l.l:‘]f.t—}:! -are ploned cn same
graph piper, oie ¢in raadily Uecides which of them in besmae chan the othér. Ot cam agily conelnde (ht
CROGO dreal 14 bente tver the ofher, g1 filg proluced b CROO seels the highest f3r samie ppilied feld H.

Fivm the above discussion It can be-sald that there 8 no poinl in cpenitlag a Bagnetc cacull Jdeep
i satuFannn zone 3@ baceuse large excitmg coarend will ot gatra overhead on the scurce sapplying
pirwer i the eoil Also any desbe 1o merease B by even o small smoant m e zone wall eall Tor targe
incrdsas |n (ke valne of the currenl In cade oF (mntforinses and rormling mechines opscnting poinl A chirsean
cluge o rhe hoee point of the B-H characteristie m order to use the magnelic matesia) o U8 rue poteniial,
To dagign s congrant value of Induiceance. 1he apesating palnl-ahould be chogen in the liresr wone.

Y ‘f._;—-"_ T Rl el

'll_
1
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L Basic Requirement lor prolaction of indoved emf:
Allthe gene=itong work un the praneiple of Jymamically biduce) emf
o

dur
e "|I||'_
L 8= 5 Jd!

Wheewr =Ng =Flux linkage.
The chamges m Aug sgsociared with (e comfuctor oom st only when there exssmg 3 selacye mopun
berween ihe conducior and the Tho
S0, ganerating sction mules the filllnwing Bagie compananrty. 1o exist,
|, Magnets feid
£ Set vf conduciors
3. A retarive spsed herween 1he abave twa (To achieve & time rara. of change «F flux acroas rhe g
of grrmdpictire )
The relative mothen can be schieved by three different ways
|. Enher the field or the comiselar wall be sratonary ond btherwill solase in apace.
» o5 D Machine, Bynchronony Maciine
4. Borh will atarmonary bur the e of Scwill be nme varpng:
« .8 Teanfformes
5. Eubi=r the Geid ot the candoetor will mtate and natere of floa will be time varying,
o = lpducton Mochine '
If ihe =2 indoded by 2% methiod | b Enown 33 stabcally frndiead e, wihere 2g the others e Jmown 2k
dynemically indueed snif
L6 IStatically Indoced Emf
Errcally tndneed #mf iz of pwo rypes. They ars
| Self mdupced emf
2. Mutoatly mduced erpf
Sell Induced eml
Zell indycraon ig |hat phanimenon whete Dy A chinge m (he aumenm in 8 soidochse induced-an gl m the
comdaciys ma=l. Le when s copdution @ given cnszend, fux will be produced, amd if (he Sasen 18 chunged
the flux alza d:ihg]::_:uf:rr]'rs;lna |aw wbm'rhrr:::c?aug-:ufﬂu am et il be indured. This de
callad seif imducton. The nduced ‘smf will be giways opposiie w direction w the applisd el The
oppoding =ml (hiz producsd g called (he eolintes salof self induction
Uses of Sclf mdectn
|, in the thunrmsoent tobesg for MATHNG PuTRaHe.
2 In lighluing areesier
% Inauby- fransformers.
4 [nsmooth choke which 18 nsed o welding plaa

Mutmally Indpced ENT
I i the eectomageetie ipduetion produced by one ciroud o ihe nencby seeond emenits dise o the
vesible flin of the firn clrewlt cummg the condurur of the seoomd cireul, thar means when tws coils or

Pepartment of £X, CET, BESA ¥ |



Elrutecmi iarhuan-[

Cenulies Ao Lepi maar 10 -sach ofher dnd oF curred! 1§ given o one cogull snd |t @ cheaged, e Jox prodoced
due {0 thae cument which 3 Zokeog both the enild on ezourz cutt both the goils, so emf will be prediced 1
beoth the cirowire: The srodueten of et i socond ol 4 due 1o the vartation of coment m firs el known
&8 mutiad induetiog,
D5z

I. k= med mipmton cotl whioh @ used m molo car,

2. 18 alio wped in meductange furnece.

3 IE e For (he prineiple of ranifrme:

L IDvmuwmically (nduced EME
Dyngnucalty mdm:_n_d ganfrane an enf induced in g conductor whan the conductor Moves norass 3
magnele lidld The Figure shows when 3 conducior wilh the lengik °F moves 81 2 lmear rpeed v ih 2
magnele fieki N wi'm', fhe indused woltzge m the scnductns can be phraized with the help of Fradag’s
Tawr ag ahown in The following aquntinm
['-:ilf-: iﬁ
&
whee B, [, diel o aze mgally perpemdiculas. The polacky (Duectind of the iniuped volinge i I:u'.-
delermined from the so-cilled Fleming's Highp-Hand Bajle. Azsiiming he momber of turmy {=M) w be oy,

i & ® |8 =
' ®* @ |® # B
» .8 @ |8 @

2 ® B | ® W &

In the-éxample showr sbove, Oy one conductor s taken and the fux "cit” by ihe ghime il the aormal
drectam th ased for thecompuronion of the emf, The second comdactor of the ram may be pssymed 1o be
far away of wnmoving: Thie greathy simplifies the compurarion of the induced volage. For 2 condoctor
meving At & coiistant velocity o the Indoced emfbacemes s proparsoral 1o the aniferm fir dedsiry. This
tvpe of voliage ls cafied Apeed el for rotafivnal emf). ' '
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H the copdicior, beld sod mintwon aie ool gormssl o esch other (hen Ihe muleally  oormgl
cogaponenid dre 1o be taken for the cumputaton of the voltsee. Henoe 3 more complete fecomuily will be-ag
o llows

e = (03 BH copf

Wheee:8 - angic betwesti the condusin: and the drpctim of (.4 8)
The mduchan of voiages m 2 wire mavimg m & magnete figld s fundamental 1o the aperanion of all rypey
o pemaralors

LT Electromagnetic Foree (1} ,
A currene carmymy enndurton presen m i ariform magnetic field of Mo demiicy B, would produce & foee
bir i conductar! wive fenown a5 Lacensz forcel. Degaadear gpon the dirsction of the gutroonding magsiic
Treld, che Tares indoced i given by, '
F=i(|»8)
whars:
1~ Repessense ihe comenr fowm the eouduens
| - Length of wire, with dirmorion of | dafined to be n the dreevion of carent fow
8 — Magnntle field density
Where: & § and ¢ @i sotunily perpealleniar. The duection of the furce cin be determinel by nging rhe
Fleing's Lef Mond Rily.
1f the current carrying conducion w posmon at an aogle ra the magneoe fiold, the formutn 16 modified m be
18 followy: -
F = ilBsin &
Where: 8- anple behweern the conduvtor and the disection of the magriedic feld.
In summary, this phenomenon s the base of an alectric molor. where wnjue or mienonal fores of the
metor i the efferr of rthe st fiald current snd (he meagnetic fleld of the mtor,

e
. | £ | 1
i T i b 1 .«’ f

- -

i i i 4
K X i #

|+t ,-

i ik

Blerromigeeit fiece. () Cntrend samying conicing sioving (o o megnesi field, (7) Farce dieertion
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From |h.- alsie fugues it :rmha et} el I]:L=I-I. the diveciion nfium pmdmﬂunhe ieveraed iy
rnmm! thie current directon Rowe or Geld But dot both.
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D.C Machincs
2 Uniroduction

The sieam ape wigntied the begmmiag of an mdusra) voloisn, By the spd of the 18%enury, the
research on electnc charges receiyeda grear bonst with the imeenmipm of starege batteries. ‘Thic emahisd the
reseaeth Wik onmoving charges or carens 1) Wi sooh discoyeeed (inl B20) hay (hase 2lsetiic olimensare
alan fssociated with magpetle Teld ke a load glone. This ‘ed fo the lavenllon of aneferiromagner. Lindly o
year later was the foite caered on W carmeni cacying conduchor pleced m the mpeneiie feld mvenisd, This
cen pe rermed 22 the hirth of a maror. A bererundergianding of the mter relanonghim between ciecine and
IR cirenits was oliramedwilh the mumerarien of dwy of indwetson by Famdsy in 1531

Trarallel ressarch was euiilmsmpuran |y being Jdore s et & Baias uf EBREY L rechurgs the haltarieg
in the form of ad.c. souree of constant amplliude {or de. generars ). For abow thiee decades the resarzhon
d o morg pnd doo gensraiorg progeeded on independem parhs. Durng ineaeoond feifaf the 19 cenfury
thene two puihs merged. The mvennion of 0 eommutator puved the wayfor the bigh of 3¢ geaesntoes and
mintore These mventione geremated great interest m thegeneration awd e nfr-Jl‘:i;I-jﬂ ENEEY.

Other nurfil machines ke aitermames. transformerand indyétion morots came (nto eximeoce ahmoat
anempararily, The sviluring of ihesamachines wan very quick. The d.¢0 fv'wab AyRIHT Wal phised Tar m
predvrrpman) place a8 0 preferred syuem Tor wpe; with the nvallabiboy of Barrenes for torgs, d o pemeratons
for comyersion ofmechimical energy mic eleorocal farmuand de moton far gelting mechanicd] oarpiin

“finmelectroal shicgy

The limiationg of ihe de sitem biweves becaine more and more Jppareniss 1hs power demand
inoreased. In the cass of d.coeyirems dhe generaring sfators el (heboad oonteni have to be uzar o gach ather
for =fficiens ranpmipsinn of energy: The inventznot mdection machines w the FERGs uled the yoake i favar
of a5, wystams mainly due tothe advanings yFfEel by nenen rendes, which could step wp or STEp deiwn the
AT buhnght-'-'et: Al SLRRLENE puihier 2 tuzau:ﬂr.-ly Wigh afficiency, Thile & . synlem Lol gver i theprefecred
aydiem for the genesatm rangmsson And wiblizaion of elecitcal energy. Thed.c gyutem, however could
not be obdfteraied due oo the able popport of bameres Foriberdiec. momre have exotllem  conoml
charsererais. Even roday theodia muotpe remainz ammdssiry. siandid s fap 28 the oonirol aspecry ars
concerned. In the lower 5:111.l.'=rl|:|.'|:|1 smckalzy |n TEgoneTative syaters the doo. machines sl have & major
IiF.

In spite of the apgarent diverdlly in 1he charpoterstios, (e undedlymz priociples of bk 4.0 dnd de
machmes 3w the: same. They use the sichmmagretr prmoapleswhich can oe further smpified ar the low
freqoency fevels ar which rhege mach mes are wyed

When' i comluctor moves in i mogeelic feld, voliags = mduced i ths conductor [(Generator nothing,
When = catrenr eming condusior 48 placed in 2 magnets field, the conduotor eeseriences 3 mechanica!
force (Mator action), The wpove Two ogeErnon IRkes place gpnalmnenusly frcespective of the pyee of
maching. bence moloring and ganeraime acfion W ike wo gides of & ¢oln 1= the same machine can
uf.t:r.d‘: i baath Tiside .
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The DC mnchine can eperale both s gepergtor and 4 3 moior When # apecales 35 3 generiior, the inpyl to
ihe mizchine | mechanical power sod (he ourput 1o eletmieal powss. A prime fwover totacss (he somatse of
the DC machine, and DT power i generaed m the mactime. The prome mover an be 3 gay torhme; 3 dicag)
gnging. or gn eiecreal motor, When (he TC magchine operdfed 43 a mofor, The mpet 1o the maching 3
edscirical power anil the oitput & mechanics power. If the armature & comected 1o 2 DC nupply. the moter
wiﬂlk.mlupnrnﬁmluilu:qu:zndmhlhn_ﬁ:[}ﬂmc]:u:lz:ulnndnmh:ssamﬂhrdnuui
EEI].EIEH‘.EIT

22 Geagral Concepis of Rolating Machines:

There ger varmus inds nf rarEting electrical machmes eoeh 20 O C machines, Indoctae machines,
E_l,rr-rhmnuuﬂ wischines ele. and they can ron elther 83 mcior ar 83 3 generatos Although mode of sxciamon
may vary in the abae tyEs | :ifmat:h.ln.u.ml mmlmrﬂnndl:.r I.I.'Injr iy e different, beowever these mechines
watk o (he bagiz of common mulﬂlyln; pringiplas.

When a.generatior or @ ttns sumi ot & constant speed, we can sy wich convietn {Fom Mewson's
laws of ratational miotkin) 1&al (e griving ﬂ:rqim apd the mﬁmrng it Test bie nurmesieatly- squal and
kCHing 1 eppate direcT iy,

201 Tepes of Torques _
Wirh respest ro elecerical Wiashine generally there ane ten types of torque Gnown as,
| Eecttomagoelc Topque’ Hreracrmm forgue
2 Reluetznee Torgue,

Elertromagnetic Tooque:The mizmctan of two.setr of magnets’ magnets fisld one produced by stator
whiding currents 2nd the other by mior winding urrsntp we respongible far prodiction of slectrmmagnetic
forue fi @ riﬂhig*aﬂ-thint




Reluctance Torgue: Thiz tnrgue-produced fdow to the preseisce of veriable rsfuctance in the path, Reluctance
tryue of alipament digue 15 ssparienced by 3 Terramgnstic obpes paced I an extersal mageslic finlil,
which camiry the pbieot i Ine ug with the edlernal magastic field.

A0 getisrmal hﬂgrreh: fiald imluces s wiEenal magnete f@ld m the ﬂ-l:;lﬂ ata} bacauce of fiy forgie
15 prodoeed. The torque i exeried wi the olgect eo that it wies o posttion Mmeelf o grve mimimim elsciErce
for the magnatic finx. It is alén known ag Saliency forgne hecauge it cavses due ro the siliency of the
machine.
Rarmple Reluctance motor,

fﬁ“—

.‘.\-‘1_ .r-"'
-—
(303 Pt

222 Gendralyr moile

In ¢age of generator mode, flie dnving torges a5 obtamned By primg saevers A diess] 2ngms of waler
isibiing ox Ghedm furhine coul] be selecial 2s piome mipvers Ln ]Flb-m'i'l[l.l'j. malas are weed 4% pebne mo Ve
The direction of retation of the genrrstor |2 sume as the diregtion of the prims mover turquE

A laded elecirical notnting machime. always prodiices electromagoeiic (nme T, due fo (he
intezactirn of soior tisld snd armature cErent. T mogetherwith small fivconal torqoe {4 the opponag torgue
un gpanentnd mode. Thas oppoging torgoe i callad the oad tongee, Ty

IF e wania o daw more elseiieal pawss ow of 1the gsnedmior. T (hones To) Incréaaes due o murs
armanre merenr, Therefore,; prame mover forgie mus igoreage (o balance T for preedy speed operainn with
moie fuel miyke

223 Motor musde
I case of motod mode, the doving-lomme i@ he eledromageetic ermue, T and divertion of ool ation
wihll be along the dirvetion of T, Hare the apposiig tonque will b= due o mechanicil bad (3och as pimgs,
lift, czane, blawer et plt oa'the ahiafy gomd srmall frctiomsl terque. Lo 'thid case alse the appoting tomgue 4
called the foad mrgoe Ti, For meady speed opemtion, 7, = Tonameneally and acsg m opposite direction, Ta
JumrngTe
= I n 2 soring 25 a2 menr, elacoromagnenc orque T acts along the doeeon of the rogar, sotanon and
tha lugd t e T: 3ecs in the oppagiie direction of yorsnon. iT
Ty= Tyumotor ssms dteadily a conutEnt speed:
T, = To, matny will seseleme and
T. < Ty movor will decelesais

»  Owithe otfitr hand, i the rsdchoee i85 acting 85 0 generaror, the sims oever jutgue Teacis aling the
dmeerinn of rotation while the elecoromagnetic tomqee, T, acts in the oppoptie dmection of rotation
| ferd 2l during rrEcaent Gperaidom i
T = Tuthe gencrator rune seeadily ub congiang
Tan=T o 1he peaprgrnr will doceisrpre and
Tawe Ty the generacor will deeslerats.
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() Mot maods () Gengiaior moide
Divediom A tormes i varing meshine

13 Compoon uniceciving principled of milaling inachine

Electromagnenc - mgae i mny sotatmg machmez o prodered deée to micraotem of stajor and
LT pn!r.s-, it & shown that the nember of pnles of stapor and rofor mmsgr be equal and rherelatme
spesd berwesn the (wo ss7s oF Tield niugt be geeo. Stator and salor polss s gresfe( h-pppamg EhFrEny
thiririigh the gtager ooy and the rutor coils
#Abuve tug are ezseihally oommon toeall mtatieg mechinss gach as D00 maching, mbuchon machme i
synehronong machine
Explanation:

The prodechicen of ciwr'uma;n:h'n rorgue can be considered w be intrrEchom between two se
ofmagnets, one prodoced due tocarrent in the. stator windings and the other produced dos o Tofarwinding.
The rojor being Eee 10 e, I ¢an oaly maove aboge the diecion of the mesultanrioergus,

Ler us firpt argene thar windings 2re sg wound har borh grator end rotor gpeoduces samemomber of
poker when they cirry current. At dhown below borb statorand rolor prodpess dnumbsécg ofpulas sack. [ can
sasify be s=en thae sotor pole Ny i3 mpelisd by Ng-amd airooted by 54, Theserwo forces being sddirive
prronliises fosque in the clnek wise digectivm In the same winy, ofher sotogpales experience tunqus along the
zame chock wite drection confiming thar 3 resalant tergoe Smoduced.

la) Tavijees are addltive {b) Ristay experiences feto lorue
. n mi, of whan ni, of
Spater pules = Rotor poles Statar poles 2 Roter pales

Figuie | Dligaiiion o {hles o fe@ting machned

Fowawer, of statne winding produces 4 poles sl rofor wimding pro 1 polas, he regtlianttorgus
eaperignosd by rotor will be 2eno iE shdwn gbove. [Tehe My is repailed by Ny andatreacied by 55 trymg io



prisdtce tongne in the clnck-wite ditaction; while- 5. 15 anirsesed by Ngand repelled by S rrying 1o prodoce:
mque i thecounter clock wage firecion. 30 it forque st _

S @ sialing eleci=al mackine cannot winh with difleeat nubes of goles i dtatir ekt The
condilinn that game wuinber of polps shoold be squal to the rotor nomber of poleis actually- @ necessary
conditing for pedduerion of steady elecirimagnatic /e,

What 13 the sufficient cendition than!

When stator amd mnnrmmn:—frrp-nl:i are-same znd I!:jlr.ilm 4 Suppose the melative positon of the
golee shiwn, @5 af o partelatingrsnl of (e 5ay L We San earily secognlm 15 Frenre o, which the
meagniliude oI ke lorqueptoduced will dependt i this methn, Stratgth of stator & molor podes It Jefinkely one
facter amd theother factor (s the welaiive pomron of #l@ros amd sotos poles: (which edsentiaflly means the
didgranceboraeen the meracnng poles) 1f the meachme kas o prpduce # define smoont af e for allime.
o Grme Tt gugtAined apEEmtn, b refaiive praaitiom of the nainr end roior et pasiirne siwn rewein Janae
ard shiakd aot Al wirh fme. Alisonniive wiy of expressing (hig ie 10 saythe refaie spevd betwess (e
starar gnad rosor fiefds thould be zéve Witk respect o @ trationary obisrver,

Summarizmg the above we can conslude thas 2 miwleg elsgincal taﬂh-rt ean  pridisssEnly
elzcrrnmaguictic turgue only whei the following swo conditinng a:z aafigfied.

«  Simvor wnud vowor nimber of podes mist be @mme

. T‘r::tﬂ:m:kluml:ﬁamhmt.mctdmaﬂnib:ﬂnmiEWU lelds with refpect mw a

BIAn0 i Ty DREryR,

2.4 Shaple Wop generstor and AC o DO
Let ur zongidor & gimgle um eagtangular sospercoll ABCT moving zbour w8 oW &5:3, 8 MEENENC
fetld provided by the permases magoets of elécmumagneti The (Wo ends of the coil we joined to two slip-
rtivgy ar discs “w wnd “§which e insulated from each other @nd from dhe contml shafl Two collecting,
bienghed (ol carbon b eippes] presa agamat thit ghip rings o Sollet the ouwrmeat induesd in the eoif awd convey

o -t the exlemmal load resistamcs R

tmagme the coil to be mizemyg. melnclkowse doectom: Ap the coil assomes saceessive posifaong ) the
A=l [ finz
lm.l.:dwﬂhﬂnh:ngﬂﬂm: EnEHFmﬂucrdmehmhﬂmuwruunaﬂum:rﬂlmhhmgmﬂhuimljg =

i -I-I-r"J,

When the plime of the ool @ at nght_angles to the lines of fiux, then, the direcbon of veloatty of bath
yidas a7 (he cedl iy namaflal to the direction of the fiald linee gn. thers in no suning for the fald lives Than
fluce lnbiages with 1he 2ol are mintmorn Llencs: there i oo inducsd ZNF ke coll Led w8 (Ake 1kis no emg
on wesiica| powition of the coil as ihe stzaing position. The angle of metarion of ome will be meagmed fiom
thug popition 5w can determune the frg point fangls 73
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As the coll gontrmaes roraring Fuiﬁn:r the rate-nf r.hlng: af fhix linkages fand hence mdonoed EMF m it
meteanas, umil poithio & W reached af 90 dmgrees, Faps e cojl plane i horizontal Le. parall=] o the linas of
flur #Aa seen, the rote of chamge of flax fvknges fy moomiey, Hence, mizimom S8F induced 1o the cod at
K} degrees and the dirgrtinn of cusreng Mo i3 ARXYCD a5 thow in Fig.

Iy the next guarter revolution Le. from 007 jo (80°, the rete of chynge of Thox Unkages decredie),
Hence, the inducad EMF decisases gradusiiv till in piEtion 3 of e call, ¢ redicad t0 2810 valie

I the next B mvnlotos je. frem 180 1o 360 degrees, the varatnine @ the magnitude of EMF are.
gimilar o Theas in rhe firgr hatfrewoluthon ban it found that rhe dirsction of the induced curcent o from D 1o €
ati] B te A Hence, the path of eucens flow o alioap DOTXBA which i2 oy the sevesse of the mrevious
direction of fow. Therefore, we find that the cumem o the resistive losd, B orhat we obexin from skich =
fimnie gEnaTalur reveises its directlon afier every hall revolutiio g5 shown in Figs Such-& curment andergaing
pEriodic TevRTIAlE I KW B8 gliernaring Crienl

Ir 12, obvomby, different fom o dises corem which contimpoirely fh:nlu . one am] the Lame
directiin which we need Lo generate Smm e DU genersime. 8o, we should make gome madification tn ges
hintdirecelana] euerrent in £he T ir dhonkd be roed e sILErRATING CETEM Gt oaly ceverses it ditéctan. it



dokg not even Eeep iis magmrnds congtant while Nowing in any noe direction.

AEdS
241 Conversian [rom AC o DC:

Foi mukmg the How of comrent unsiieshona: i the oremad cmoul, the sh nogd Sre rejxaced by
sple ingy which shown in Fig. 3.7 The mplurmgs are mede ont of p conduecting cylmder which iz cut o own
halvez or segmentd indulsed from aach diher by 3 thin akeet of med of gome ofher i latng material As
hefore, (he coil suds are joined 1o thess segments on which rest the eachon of pugpes Siushi,

Err‘ushﬁﬂ
Twu segmenis (ol rimgs In Emple genetarudaen. Wetmy vegmenis fplit rings n Prosicil ot oo,
I o 2220 that m the ficst hall sevolotson cament Nows aone ABXYCD e the broah No. 1 m conzaot wich
segmant ancts =3 the prgave.ond of the supply and b as the negative ond. Tn the nexr Holf reynlation, the
dbreotipn oF (he niiced cuscent b the el hag revecaed, Bup af the zame dms, B8 posdng of jegmsmg e
and b kave slgo revergad with (he regull thi beogh Mg | etomes n tpuch with thay gegemenl which id positien
f.esegment f in thiy case, Heoce, the cucrent inihe load regigtanee sgain flawy fom X o ¥, The waveformof
the currenn thangh the sxeenal corcyin, Thio curenr rs oedivscrional bur nor getimoug. ke pure ditscy
chirrenf,



Tedhotihd be moted thid the podsion ol brughes i So armanged thut the chakgsoves of segmantd @ nd & S
cing tush so (o afhae takes plece whes the plane of the cotatmg coil meet nghe anglad to tha plane of the flux
tmeg. Ir w po becaoss i tha peginion, the nduced EMF in the-coil 5 zem

o
8

FEES
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242 Conclusinins
% frrespecrive of the Type of Geuerator, the narwe of induced e is sways A.C.
b Feequenty df the mduced mfupmw;-u]:
C}E‘M-‘rﬂh':;
: N
Revi Fap=—n
vifee=rp
= { oy e 1) (Rew i Segd <2 o X
wefey Seg) =z
FN
= Cyclptd K¢ - —
:'m L3
=
>\ 73

e The unrwre of indycsd emil s ghwape AC where &5 0 can be converred o DUC i the wliigu ek

by some mchanical arrangement known s commutsing.
AC Generninr + Commutaio =D Genssalor

d. The direction of cumentf indeced el m ihe conductoes undes apch, pole rernam same. || reversen when
it chamges From ane pae Tli-mlﬂil;:?. For which it = koo as pretdv-sratnmey ool

e Althoogh the omtpot wavetorm i ansdivecional, o stlll puisacing. Let ds congider howe we can moe
clotely apironmate WA do. wasetorm Using two culls ednnected to four sactwatiz that todate m the
mg;unmﬂm;l aszhowi A the cuils porate, The emcl that ag ponlies acooss 1the [oad 2 2d stown aa
tig balnw Thie waveform approcnmazes more clogely to 3 direat conatant yohags
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Ul Ermmebiend 1 3 doue aectivn commuesiye wnd e ware s

LiUaneroting uod Motoring Actlon:
L5 D.C gracrator:
All Geoerators: gro based on'the same prmciple of Fasday's Law of Electromngnetic Indoctin Lek

the grmndues of 8 DC Geneegror driven by o prme moves in the oloekwide dirgclion and the somer gl &
exeitest i peoduce Ihe maros potes aa thown Thete will be mdueed wolizge m each armafuss combueior, The
dirention of the mdured oage win be ssceriaimed hr.u;:-plpmg Flaming's rjgﬁr.ir.m'p:i' raie. Al the conductors
uneder 1he Lnfluppes uﬂhﬂh Pude e 08 direcled induced -'tlJﬁ#. while (he conducionm under the inflpenss
of Sputh Pole have CHeduced voliage s tiem For 2 losded generator e direcion of the armature
current will be sime 35 (ha of (he indoced sallapes. Thus, Band ) slse mépregeni the dizsetion of the
cuTents \nthe l;q-q:lr_mtm

We knnw 3 caren nnﬁn:mlﬂmw p-tcﬁl b @ g hete Tield exporances Turce. the direstion of
which can be ubriihad by ayplyiog Memlg'r left hond sule. Applying thiz rule 10 (he 2rmature coiducioug,
v note thiat solur sxpeniances 0 lorgue (T in the cuunber cladkaace Jdisestion [1e., oprpodiie te the dizection
af et} farowhich, T 9z known 85 couniEr fogue. Az dizoessed earker, for seatdy mpeed nperation Tie=
Ia



IMirection ef rotation DMrection of retation
— —

L5200 mator:

At Electrie motfar il wne which gonvar(s slectng enesgy into mechanical energy. TExacting is toaed on
the prmcaple (hal whes 3 currencamnng condigior 3 placed m 4 magnsnc field, W expeotwcey
mechamsal foree whore Srection m gven by Fleming s Ledl-hand Role and whoss magniude is given by F
= HifNewtom,

Let the extenal supply is grooan to & DO motor i gieh 3 masnen i the conductosd inder the
iintiuence of Nafh Pale hove cirrrent 1009 dissceian, whiile the ennduziire widger the influeace: of Sooth Pale
kawe cumeenr i) deecupn. Tee dusction of e axperignced by each comducior can be found ol
aplying Firmng v fefi hand rule: As 2 result, the condugtors start noying m counrer clockwise ditection;

W bnow when & eondogtor reenlves mound & magnesio Aeld an smf iy indused, which can be faund
il g applylap Flemingy righy kand rde. Appiving tha rale tothe armasiees eonductors il @ found that the
induced emf acts in pppodie diectan of te sugply wolliage, for which o is koo 35 tognier o back emf

2.6 Mechanleal & Fleetrival Degreen
It arectangular conlrotnzed relaerve w2 magnetic feld, anematmg voliage will mduece mithe coil Ler
s conkh e the firgr figire, wheee the vectangular eniiis sdad (o o» magoarie feid cranesl by 2 pols. For ons
complete moaton of 360°he toil willlink Nasth Pole flux sod then sontk pole fux and process sepeats:
Therefore, ons cyris of emf willbe [tdlice whin (k2 codl maites nie eomplees mimlon (Le, movas by 360,
To bive maxtmumvolages iduced i ke coll, the coll g skould be 1807 meaning (Bat whea moe col! dide
will peunder the canigr of the Normh Pole, the aiher coil mde shimild be wnder the ceier of e Snuth Prle-
thid Engie=g mmigdbrmiien fdeced volzgs in the cail
MNow conpuler the zecond gencrerny having 4 poles 23 shown i figuez B In thip case obwiously

gollepan shoull et be mide 180%mechanical a2 the [nduced vallope ascross the oull will be rens
Farmaximum indoced volage; conl span shauld be made 0" mechamical, wiich ensme thae when oneoc! side
will be anides the cenizr oF the Nonh Pale, the arher 1] gide should be under the center ofilie Souh Pale

- Adne pete for ths 4-pole machine, rwo cycles of emf, will be peaccaie when the coilmakes
3t mechavianl moverment {sne crymplete mtation), The dotarmee botwean the cenme of thalMorth Pole snd
e congecutive South Pale i defined all 1B0%electrizal Heice the coil dpan shoukdbe 180%slecrrical and die
cycle of emf will b mduced when the coil moves by $ifrlecmicall Ler Hoand Gadenote elecroral and
mechsnical degrees respectvely il e dml G denole electrical andmechanicel spesda respecrively than ihe
relabomghip betwoen the clecingel and mechancal degreesand between the elecince! dnd mechonical speeds
it
wka= - EI'.-"

4  Wehaie P Mo, of Poles



Tt 1§ infarefting 1 pote thar, whatever iz bappening under & par of ped=, same thing happemmundee other peir
of poies as wall Thus In genarm] fura P pali imschine, 0 aufficieor 1o aaleethe mochios bissd o pii
af pole. '

@ N ¢ =
:-; o _&. | I'ﬂ' |-_-_. : 1
—_— " 4 — =l e |
L .-"'1. ik l Ty [1 < "— # |
— r ___I__-E 1 E—.'_- .____‘. ==
|y - 1t i
A 3 |uie prlrubin Ay d-pude praeraten

(. Spmeane bt manufictured & machine such that suitor wisding produess & pales e the rotor windings
proiduces d poles Can thiz machine wordc? ' : '
Solution: Mo mesdy tngne e be produced nince unmberdy of poles are differsnr for goor snd sopor The
machioe will nor wosk:

Q. T romnng mechine, sratir prodiess 2 poles wad (5 frvimid ) Trate o a spemed of §0D0 TN WTh TESpR
& starioundsy abgeryer while hie rogr i ;dentﬁ_ el i it Folimd ty piats 88 8 gpead of T300 o vl
respect (o d sratumnssy whdeiver in the sime (diection 29 thirl of the mafor Beld. Can this inichine produce §
ey ciectmmegnehic Tingne !

Solution: Rofatve spesd beroreen rthe two flelds o8 3000 - 1500 = 1500 mpm, hence oo gready tnngoe In
prevdihls:

Q. 16 & iuteimg machine, st prodides £ poley sod i found worobsle st = fpeed of 3000 Tpim wAih respect o
& siivnary obkerver whils the ehtor aise produces 4 poles and i found 10 rose-at 5 spead of 000 mm wish
respect I o STADEY Obsarvar ohe dame Siescrion ag thar of e sane fiedd Can thig machine prodoes g
-sieady electmmagned fmos !

'-rrh'lﬂnﬂ' Yz it will, ines sumber nf;lﬁhﬁ-ﬂrlm: and the refstlve masd hatveen 1he fixlds Is alan g

D lnn mtmlug maching, framr produces 4 poles and b8 foand 10 rotste ot d spiees o 300G | Iprm with respect
& dratnacy ubuerves witdls the rooor aito prodsess 4 poles and 5 fouad (o tnate 3t g zpeed of 3000 rpm with
TLARECY 10,3 mahinary ehsever i the opposite directon 25 thee of the stgtor Beld. Can this mechine produce
& 'll:nd;.r =~1un’:|:m1m;1.-rzt-: rvrigne?

el N, sinee (he relitive dpead belwesi the Wi Hells & 080 rpm.



3. Constructlnm of DO Machines
Ay disduiled sarlier BT mackine 18 bagel oo producton of dynameally inliesd eml, bt achieve
relative velooity bebwesh the flua end 223 of congduciond, oie s !:.unm:rf:and oiher iz roistmg
The rwomejer paris arm:

L. Stavionary part I deaiguad mithly for prodocieg @ mignstie Tug

2 Rowmong pars I s called the armatire, whess all (he energy conversuin. taiees plaoe
The gtﬂinm_jl parts and rom@ting parts ars sgpareted friom eich ather by an air gap of length around Z— 6
L1154 8

o [Ewen though for the gentsatitin of an em® in o conduetor x refarive movemant betdsen the leld and
theeonductiy, winld be enough, des to pm':imaJ eonalderatioms of commiitszan, & ruu:'rﬁg
conduster/ aFmature configuratiem s selected for D.C. machines

# T bove a large voliage auipur, & number of conductory are carmected wigether in-a ¥pecific manses
v Torm wowinding, The windimg @ called arnoes windtme of ¥ e mackie and the parr on which
this winding s kept iz called armafioe of the machme. It iz the one whese all the enezgy convemion
wahes place

e The rating of'z Marhine s the rating of 12 armanue.

s The megretic field iz prodeced by @ corrent earrying windimg witich is calisd feld winding.

&  The rafang of the field winding daround 0.5 (0 3% oF 53 armaniee suing 85 88 Ranctiol isanly Lo
praduee the pecsssary Tk m spacs.

= The conductors plicel on the gromiure are roizied with the help ol zome eareenal device. Suck an
sutemal device iF called 2 prime mevver. The commonty used prime movers ore disge! engimes
siehn Engloeg, stesm tuebl ey, wesss iurbies sl

3.1 The mujor ports com be idestifiad o=,
i1 Magneiic Frame or Yoke
Uiy Pyle-corss sl Pole-shoms
(i) FeldCoils
Liw] Agmative Core
{v) Arnzrove Windings
(viy  Commilladar
(vil)  Hruibhes and Dearings

Of thesz, the yoke. the pole-cotes: the armatuee corednd Bir gap Letween the poles sod (he irmatare
cote Tirm rhe magos s crcu i whareas The cegl fum, [he alegimicad civcul.

A sectemal view of 3 4-pole DC machme = shown w figue 500 The lengrth of the machms 1=
wrpﬂidtu'ln.r s the paper Stalos g gu:ir.-lmlmhm of praleeied poles with eopls walned avee i

Blecdrion! M itng | {hyyvermmt of Bl inbys! Drgtieeriep:
Callpgs aEnpinsertup and TerluAlfgy
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Figure 30| Sectons] view of BO madime

311 Frame/ Yoke:
Frame (v a tollow cylindrral an-fammated solid shuctirs on whith (ke main poles and

lutterpioles are bolied and it forms the sapparing sriorare by comecring the frame ts the bed plate. It
pnotecsw the mazhice from aithosphesc elemanty sal provel] the nestssmy mechanical streagih. T
pravAlesa lbw reloctance magnetic path for Mme fm the maim poies and mierpoles:

To provide |ow reloemnce pach, of magr be made ap of pome ferrommgrenic materal. It s
[nrqm*u-d by uding cagy ieon bacanse I iz o cheape Fue larﬁ;a machiies oofiedsrasl or cagl sreel, ig
urcdd wihich proyides fagh permealubiy i, low relestance sod gves good mechancal srength,

Cadt fron 75 antursred by o fluy deptiny of 08 'I-'i’&h"m? wharsas saturaiion with eagr pesl 1

aboul 1.5 Webim®. S0 for the same magnstic Mux densidy the couss ssction angs heedad oF eaal stesl 4
|=gs than cast mum henee the welghl of the mee ne e,

112 Maln paless
1t hEn 1wo mijor pEts

1. Folezoss Polke body

= Pole zhop
Pale covel Pole body: Solid poles of fabricaied sieed are Sitened to ihe Fame by means of bolia
E:TTEIE.:“:F npitle Sxdy et yminated iwhessas Pols shoes == laminated. St mes pole by and pole
shor At formed from the seme laminztions. Pale core bagsically hooseq the field. wmding-

Pale shoe;
+  These we formed by siacling thin dtes] dheets of thekneds | tol5 mm (o reduce sy oo
e
*  The wigdih of Pale ghor is [arger than the pole care tn increase the eross-section area by reducing
Ihe seluceante of the mggnetic path, 2o that (be Tux/pule Wikl be mae hod o support (he
Xk lieg eouls (o Treld coiigs,

Blecsrinn! Ma Ring: {hyyvermmt of Bl inbys! Drgtieeriep:
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o The pole shees are chamisred 70 a5 ti have a l!!g?qﬂy mereased @i gap (abewt 5(0% more) st the
it te peduce (he effect ol @msiure reactlon. ' '

« The palr Fced of the maching are sucved m provide #§ onaform aic-gap widl and (0 glve 8 uniform T
-Fh:E.iljl sverywbers undsy 1A facre gnd 1o inainssin 8 waperoidal maf dismbunoe mesgace,

o Eachpule sehaves Lie o magnetis M o 5 sole. whep esrfes

Salid Pole Core

. Why ther= s logr due e eddy cumrent in pole shes wheteas mucin pole
po? -
Angt A shown e fgure, (e armatire sasfice o mat 2 stoesth ane, rather
cuntinsng glati ond feethes apecthere Which sesulty i varigble selucisnce
pritih v the freld s

Wirth the change w pegmon of gleis wirL the pole ghae dup o
eotatinn, the rélncancs geen by a paicnlar, pusition varien. As the feld Ghes ;
s Lo follow bow reluctance path, the flus densiy in the pols varies wihich
regults an emf o mdncethees. A5 3 MEUL & CILTEAT AR M) CircaiEe, inown, o
a4 edily current. S4 wa rednse s effeet these s nminared

Lamingted, Pole Core

Fole Shoe

Figore 3.2 Fickd Polen,

3.1 Field windings:

Por mattane rated below S00W, permaneot magnet == pole are preferred, whereas inthe oase of
wonnd fiell machines the firld winding rakes the foem of 0 conceomic ool wonnd anmal the maidg
pules Theee carry the pacliation custeal anl produte the mam feld [o tbe machine Uke 5 belercpolae
srrugrure. Thug 1he poles are creared slecrromagnetically _

Far the 4-pole machine we ghall have 4 coils. Thase cols can b commecipd o sesien
wrnaiely mwo recminaly marked with By and Fizan be brought oot When these coily will cerry somes
12T currenr, aleerngte poh and Soul Mol vl he goapjed

I shomy winding {#rge momber of tueng-of smail oross section copper candurctor i9 used. o the
cxse of ueries winding » FEw Tutnn oF heavy crome ssction eonductnr & yrsl. Thi resisance oF such
windngs i@ 1w and 18 comparable b dmaiure fealitance. ' '

“These pnilt may k2 conoscoed o gened o nrder thar congecomve poles prndoce _oppndie
polaricied (v, Mo5-N-51 when exeibed Fom a dousce

Magneile Clrowit af 4 pole DE machine i1 thowa fn fiz. béldw

Blecdrion! M itng | {hyyvermmt of Bl inbys! Drgtieeriep:
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Figue= 1.3, Magnenic ciocu of & 4-pale Machme

3. 14 Inter-poles:

These e small sddbional poles bcpied (n betwsen (Be maly poles Evprened 1o the yohe by
balie. Thess can be dolid. o lamimated just a8 the mam poles. The width of the tp of the miesoale can
be zbout a mdor iind pEch. The mier poies could be of tapered sectinn of of unifosm crosd szotsaom,

3.1.5 Armalore cores

e

ol ity TR e
Fagurg 3 4: pracnoal DUC mashing Avramers

Blevivrtnm Ma itnzd fagrermmi ol B! Drmtaeen/ep-
g 7 Enpiusertup ad Tepluidlegy



Fiwy Mo
Fa fgami

Fignred 5: Avatare Core

»  Ruopatme mernber of the mackine whete (be cundoctord fte located i3 called the aomature

« N izeohd cylindrscal or dome-ghoped gml ole ez of seversd thin croaler silioon stz plees of
thiekress abeut 0.3 w6 mm with ssmber of Shits ad teeth punched 11 fm the core

o Thess flots boose (hs srmoivee winding

= 01 nlse provadeg o low relgctonee path o e flug from Nepole o S-pole, for which high
permeable matennl 15 chosen

® Circular plates are nsptsted fromm each ofher by (e warnigh aoating fo redoge eddy carren
listed

#  Armatare core 18 provided with axial ducts of dis-Som fo L) mm wwith an mieeve! of Som
t0em o facilitate engy remava! of hear from the aematare winding;

o Censeally open aorz are wesd sad they are shawed 1o avold vikeatlon,

LA Comammtators _

11 iy 2 Tiberm of wptating gworeh placed beatween armarre And brugh. Thie fiserion oF rha commutaee ig e
faetlirare coliectlon of cusrenr from the ssmature conductor: B gofs a8 an misfaces between the machine
and -exizrmal circuit i igof cylindrica] sreceure and it ol op of Wedge-shaped segmengs: of high-
conductivity hard-drawn ordrop forged coppe:

Hﬂ] 1 ASumaping couwn
& 2 Irvgivl g nigis

A Laaptrmadl et e
1 4 Flez=y
i 2 Ll A L’ & A glmlarng ek

Trgure 1.3 Commutator Segmeni

It eodrsiats ul copper segments tightly f@stened together with micamicamiie miEtng Sparstes:
of thicknoes B Emmand dielecone swength of 30V-40Von an imulsizd base, pech dan each copper
degmenl b % o elebiread ideatity. The whols Commutarer Toeme a rigid and selil agsembly of
l-ﬂlh!!tﬁll copper etrpd and eantoiste ot high zpeeds

Blecdrion! M itng | {hyyvermmt of Bl inbys! Drgtieeriep:
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Each Commitane segment o provided with 1 v’ whers fhe wnds of the avmature colls get
conngcted Cuctent cullecting beudhes res on ihe tusfios of eommatatee

The number of zegmens i= equal W the number of armature coils. Each commum@ior segment i
crfnEcTesd] to the srmaiiie conductor by meang of & cupper I'lnng,.r T BT (ot meRe k. T o prevem them fTom
My vut wsder: the action of coitriluge forced, (he segments kave Vigmoved, thes gooveéd being
ingnlated by criical micaniie rings '

It péneralor 1 §053 38 8 meobinical reciiler whoch conver) the nbedenly AC waltage o 1he
armature coily o DO wakiage. Whereay in 3 motor it acts 2g & mechamical myerier winch sonvera the
sdepphad DC to AL i (e Arrafurs corlly,

¥ =i pextam = -
HI'-'LL " 'I:"I'Ir'":: |r-_|__ B ]
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Figur2 3.6, Armature showing comomurrtor, bruthes & aomature esmimals

LT Brugh oo push holders

The function of Biushes iy 1o colleel cumead fopm communiior, 18 slually mide of cirbin o
grephite and |y in ik shape of 3 rectangnlar block

 Marmally elagee-graphite i uged ap beupl: maierial The acynl compugision af the brugh

drpands on (he peopberal speed of the Commiiaior nod the working volage’ ousent. The hirdnsss of
the graphite brush w=-aelented 1o be Jowes than that of the Commutstion, (ephite brunh works a3 2 solid
luhrican reducing fricrinnal eneflicient. More number of relstively sowalles width hrushes s prefecsd
i place of large P beugkes

The britah holdete provide ghots for the brished 10 be plared. The conrsetion Bish balder with
3 Brumh am) Postionmy of the sk on the Commautaios from the boush = daken oot by means of
fleribie pigiail, The broshes are kepr pregzed on the Commutnior wah the help of 3prings. Thes 5 fy
engure propes coninet between (he bradhes and the Commatator even ondes begh speedd of apesdlion.

S
[ gl

[T

Figwe 3.7 Bomng a0 By Toder
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Qrkee ymghaivical pass End covers, Fan and shafi. bassngs form ofbee empuoetant mechinical Al
Small miochenes employ ball bearings g both ends. For larpes machoses tollar bearings aze used
expecizliy ot (b Eriving end. The bearings are moanied preda- i on the shaft

3. LE Armatire winding:

Two types of windings mostly empioyed for the armatees of 00 machmes are known 38 Cap
Winding and Wavg Winding, The difference berwesn the ron in mersly dus m rhe differear arangement
of the el conoeshiond # the fonl vo commuass enl of armsis Thffu]]ltudﬂgﬂﬂni huweves, apply

s bath types of the windimga:

ThoniBle layer 1ap or wave windicgs ate genernlly used for atmarure. Esseznally.all ile gronarire
cuils are cormected i perees forming a closed armetuee comule. Howeves s the colls are disitlbated, the
L =iThe 1] mmag:: ztting In. (he clotead path (5 pero Ihl:l::h}l SOmTY T ::I.mﬂatmg_ curmeet in the
arpralure.- The y.irlchnrsa af twa comseculive cioils gre temminnzd on o (HESCrEmMLEENT ta.g;man.'r;
Stationazy casbon brighes wie ploed phvscally dnder the cealer of the staior paled Woching he

I'-I:HE-E{H.E E‘:L'I'I'I:I.iII.i.ht;itl'.l-i' smeEnrT

Nurmber of paifle! parie in aemaaee, a=1, fo LAP wding,
it a =2, for WAV E windig,
| Lap Winding | Ware L
yl@li@:_ufﬂﬂ"a}lﬂ_pmh (A} = poles (P} Numher ﬁ!pﬁ!ﬂﬂ:lpﬂﬁ!ﬁ HL'I!: 2 {:lw:l;ﬂ
Fumber of beush 5218 requoed & eyual 1o Humbe: 0f breah $=43 roquired {6 always

nu.mTJI:: of poles _ equal o fwo
Preferabis frrhagh carrenr. bow volrage Sreferable ’nrh';}l purrend, Jow purrem

;. Capecily gemeralons Capanivy gEntrapors
Mormally used for geistators nf capaciny FPreferred for genasatne of caprcity [£28

. mare than 500 A - Than S00.A

o Koer Palnts:
o Tn DO machuez gl fhe armatiee sofs nr connected i zeriag, foe whoch B i known a8 senas or
close winding,

# Bn rhrhmh,'q;]juﬂ: preience divides the coll mio muliiple pucallel pathe. So for 3 wave
winding stways T hrushes are used, whers 35 {0 Lap winding eo. oF beughes ste same s thet of
i ni, bf poled. Hencs, (he oo of paiilel peths © eguai 1o the no of broghss.

o Moo of coild g parealiel gath are siways same, whaeess the coils chaagis their pagition from
nnz pamalle] path rother.

*  [yecusn of cument o8 ool geis myvested when i passes:a !Euu.h.

¢ Dwecoon of comear i a copduetom also gets revermed 13 @ maves from ans pale to annther, for
wissh ib circutt sesrmgentaton brurhes are placad it the ilur-]:h]-a.i' TogIN,

o Awiage valus of vultags ln ench coil Srespactive oF the purallzl path remaing same. Wheresy
[he latAneanea s voliage in & cil depends o it cdrant posizion w.rl & pole

Blecdrion! M itng | {hyyvermmt of Bl inbys! Drgtieeriep:
Callpgs aEnpinsertup and TerluAlfgy



¢ The ITE.F"I‘LL-Ih ol corremt tn wach pamalled parh s vame, but the magmitde nl'mlng: ie e
i =2t gull, dependiug cn 1 podiio

e For kmplek wave winding atways rhera are 3 brothes, wrheresd for simplex iy winding 1 @ the
o af poks

2411 urrzngsanem| ivownve winding. i1 grrumgeenemt in g winging

*  Arnoaiureowindung s a0 desighend Tha, when curreny cacilales, o produced sams numbar of
poles a1 infield

Fignre 2 B: A 2-pul= Be Mackine

* A armiatore winding designed for 2 poles sanond be uzsd in a4 poli iachine,

o I general o Jarge mamber of drmamime cois e dsed and the grmature 13 in moson, Thesefate, if
wr taks 3 spap shat of vhe ermature 3t any srhitrary time, we woold capert ball of the coil niden
will be mmdes the Nomh Poke miid renmrinng bnif will be andee Geth Pale. 5o diseriiiem of
emife and thair joladlies lo mpace will remain gnchanged However, pogliiong of (ke coils watl
change 2= armalure &8 rtaning. Statorary obaetvers at posiions A | snd A3 will shways conciude
e peelarity ar Ay -and +ve potary acg, no matts which jmctinns are pEssing thrauagh A and

Az

.I- F i i -

--. —-
. s v .
"l VAL = 3 -

T | & =
‘-i .r'_ . _'.
- . "
54
e o e
b 1 == H-llr:'lrlll.:'l:.:-:- =
Figure 3,5 Arrmafoshabing wi callp
Blecdrival M tng | Dyprrmm of Sl ihhpa! Drgtneeriep-

Cnlfags o Enpiesertop dag Tarlah'egy



4, InC machine Armature Winding

Armamre winding of a TC maghme ia alweys closed and of double layer vpe. Closed windmg
edzenriailymeann that all the conls are gormected m series formmng a cloted cmeant. The panctond of the
ermmecutivemils are temmwinaled o copper bare caflad ﬁmmﬂl:.ﬂnr.m:gm:ﬂh_ Each snifmmatatos segment
Is impuctaredfmom the adjacont degmems by mica imenEmi. o

4.1 Tenminalagics in Armatare Winding;
Frr mrasvnable undsrstanding of Emaure winding, =t osfim gt soquanmmed with the fullvwing
termtn | nginy. o . . .
Conduetor; Activek ngih of winding wire or sty i adlol, which (2Ee par i siergy conversion,
Turn: Two comgscarive semies condectors formea nm, The two tormenisced mside separate slos an the
armanne perphary approgimansty o pola piich aparc These conductors be nnder appogire polew so thne
emf induceil ia rheturn 1s additlve
Clalls Trid & sedbunel of oures plsced o van specific skre
Cail-side:Set of 2onduciors Tom & single conl ploced dn's skoe
A eoll consats af twiem] s:des, wpper or Inwer coll sides placed - m twm differanr slons,
approsmanely & pote proh apas 1RO eierrcal) o mezmize mdoeed voltage
«  Thir sserpindly mesns 81 8 givan fme ong ool side s undee ihe center of the Mo Prie, the
vilser conl] gide ghuuld be undee the esntes uf the Sourth Pule

Lhic
n.'uuiﬂd::_ Multi y
! A1 | Wy
bmﬂfl f cuitl l:nl{ £ 11
5o g

_  Frgweedd Bingde mos & Muln mem coct.
Cail span: It is the ypacing beraeen the two ool mides of a coil,

«  The pocing la evpressed (o berme of nuther Of shote betyween the sides

o TS i e toal romiboe of sloig and 7P i the toesl number of poles then, coil gpan iy S/P.

o [Fuir 20 slotzs 4 poles winding, eodl span in-§. Lal the-ploty be nombered secipdly a2 1, 2, » = =,
301 oo ol skde @3 plaoed in siol nomber 3, (he other codl gide of ke eoil muet opcopy aini
number 8 f= 3 -+ 5).

Over-hong: End ponlon of eoll cosrecting the fuo conducioes urenll pales ks called overkung
windizg.
o Mo emfs muluced i this past, ¥ only allw b= ouoetd (o fow from ode eonducter ro anoether,

Elrerical HI'I"I'I'FFI ﬂmfﬂl‘lrﬂ"‘.—ﬂ;&ﬂm
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Ih‘.-l-l-l-u I‘_Ilﬂ;.l/t'.-..#‘__ (T e Eriirmd i e
"= Mrmetii A /J""\.‘x
i I-— i alibui
S i
N A W .ln: ¥ il -
i
i

|+ st |

Figuee 4.2: -"-rrn-uhtrltﬂ'r'il .

Leughl of smawhiue = I,
-||H1’|1|H.IIH-IILH' LR ]
A Ehanrer s pels = wllp

Valesplich:lt v the periphicsai istznoe betweei
twn adjacenn pales of & machine, Geasmlly, o
18 mEaaurad o terms of pumber of aroEnre
sluts per pal I (here dre 40 elott and 4 poles,
then poie plich s did= 10 sinte. It s ahewye
180" slepirical

Figued T d Pole Armaiture
Full Piteh Coil: ifihe eotf spon e exactly equal 16 a pole pich (=tlotfpole) then o i il
tiched cull Fora full pich doil il one codl gide =under "N -pole Otk heans be umdler *5°- pole dlwiys
Thort Pitched coil/Chordud coil: it the coil span = not eqoal w @ pole pach (usustly Jes= enly)
then & s gelled Fhote pirched anil

F BN E
LY AN
180" _FI-EE'_'-u:l

|

il Smm el Bpan)
Fgure 44 Full pebchied endahiet pitched Evil

N ™Y
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Develnped dingram;

ligreml of dealing wich cuieaslir Jigposivhin of the oig, i 3 alwal sdvamrageoug 10 work it the
develiped deagram of the armanure sty and the comimaitais sepments - Ad shown i figure 7, imagineg:
rhe- srucoue 0 be cur swdaliy giong the line XX'0 gnd unfolded algwg the duecpomp ghown, the
resulllog fgare &5 Kinrwn s develpad disgram

1.-;11L'|‘| L EERERELLS LA =1k
il iwal o e st e maEeTie

£
: '. 1L .5 L 6 R

b b3

T De==loged disgnun sho=mg slot |

8

vatts 1 i 190
A L .

_I": ™ i o . L] LW LK}
T H Elrvieliopd dingimih slpmatog colbeii i) ook

Fjpured 3 Actunl and deseloped didgrmen o armaries snd St sepmens,

Concentrated colliln ifis type of eoil, all the orns FOAMER
heiong o e el placed m same |ocatmm o m *r
alotn enly. B Machine feld wioding, Tromsformes WIRE ENDS

=
¥ ‘J‘
-

cnili ars sxanyle of this rype of windlog.

Fegare 4§ Crnprragted O
Disiributed Coil: The lurns of ihe codl ate
iminemly dusimboled oves [he enimes easumiaencs,
and alen miformiy m all the alore, A Armarnire
windings a2 dlgripwred in fanim,

Figure 47 Giprribued Cuil

Elrerical Hl;'!n'rrl ﬂmrqﬁﬂi_f;ll'lﬁgq:lﬁm;
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Single-Layerwinding: Winding having eoe eool ride in eack sht

Tigire 4.8 Singls lope coil@Doubis Tayer ooil

Dol Layer windiag: Wnding o which esch slol huies rwe ool midey belonping 1o twedifferent
eoiliis kenwe 2 double layer windimg,
«  [hymiceily one cafl gile iE placeéd i the Iower mestion of (e glof witls the uilier iz placed above
I, 1o bemng mrove mecEanical grenprh o i e
« o the " ghot, coil gide m the wpper deck o mambered as ‘A" and the ool side o rhe lowes deck
1 nunﬁrrr.'_} as ‘u" In the 5"' shit oppes ooil wide i mrnbered a2 S and the lower ool githe o
numbeied 5/
¢ |n'the windmg dagram. ipper codl szl Is sthevwn with fiom Bne while the lawer coil zide i=
Ehown wWilh Jasked e
« II'S" i he no. of 2lotd in & machine fhon owmbes of coils Is gm'r zingle fayer winding, Whersiz
it is S fou double luyer winding .
o [0 ke develspod disgrem the Upper’ Cod Sle presel i elot number 1 12 ghvwn by fem Loe gnil

named x while livwes coil side & shivwn by'e deshad Tioe (gt beside the apper cail side) and
mambd 45 5

| :,I:—' |!.a -,E,
lof el 1ol o o] EH E I
BUAT I

I’l*‘z;-ésgr

I
Pigure 4 b rienrsnd Top view of usgle & Gouble Layes Col
Mumbering o ¢oil: For = donble tyer wding i one coil gidewiTl b= in tho opper decke then the otfhoe
grde will be m the lopee deck. Suppose 5= 20 ond P =4 1hen goil gpan 5§ 5 _
Lei the Lpper sell dide of this cod be placed i sbio pombes 6 the other ol sidenmdr be in the lowes
deck of plot nomber 11, The coll showdd now be ideotificd-as (511" o edhervrords coll sides of a call
ara nurmbesed depedding of the giot nembecs in which these g placed

Elrerical Hl'l-'h'rrl quﬂm:-;l&ﬂﬁm;
Crificge W Enginerriag wne Trshaniig



Slut angle! Sipt Fitch: Amguiar distance covseed by 2 glot s slot sngle. 1t o messied i elecimenl
agree
Tata! electrical ongle : » 3607

Haconglely) = Neofsfots- %

a
a r.rfﬂmaurpatﬁ=a-

f-Ln'IJJ.T Lﬂnn-l'j.._-.'.-l:lﬁ]]., hm‘ilﬁ‘t]nﬂ]ﬂ'}lj m“

Stophex fod BEdilple Winidiog:

- hnohone armature winieg s, there sve agveral sots of completely ciozed and mdependemt
windings. f thare 1s onty one:ser of closed winding, s called sinplex winding, If there are rwn guch
wirdlings oi the same amadtne, i 5 callsd duplex winding and 50 on. The mnmpH.:L:; affects (he
burmhes of pwalle] potks in ihe dmature. For o given voinker of srmabuce Aoty et coils, 24 the
muitmlioiy inciages, - the monber of pagaliel paths 0 the srmange mresses: thereby mcreasing the
currens ranng bor dectessing the volinge raning. _

| dirnplex Inp ool ing, (e mmber of oaraliel nathy B2 equal to the e ta duplex Top w iiding
e pele 1y bwiee to thit of & paraliel garh, In genera! fumbets of paralle| i aee

A=met ] for Wave windilg
=m*p, fop Lap Wihding

Where, mebdulipiexng
Commutator pitch: Av ducuysed cadier, the free ondy of the call sidey -Tfimﬂ (e 5 1) Are o
bsterrminared on lu tyo Fpecific commutstor gegmenis The separation of coj! pideg of 8 ¢ifl in reemg
ofmienbes oF commulator segmaizis anlled (the commutatie gitel Oy, In Taet the value of y, Jedilssthe
types of warnding (iap or waved which willoesall,

In cage of lap windihg ¥ =+m
Wit winging, r,-mfm* I F B T e
Where; ¥, ip the comrmmangr pirch; mis the vidar of the windog,
Fotm=| nn.-gl:'l & dfmpier Wity
m=2 §lves dupley winding ate.

F, =m, gives § sultiples winding of ordes m.

The mgn tefecs o the dizstien oof progespunof - the windmg. Positive fign 46 wsed fin
“prngressive wmding and {he negstive nign for the' reprngrazsfee” winding.

o G o Commutator segusent, twe ooll sxdes (belonging 10 two different oolls) temnnate. 28 being
s jogal number of coil sides, number of commytpsr segments mudl be aqual 1o S, is squal o
number of slorg Corminutator sepiments cgn afin be numbersd 83 1, 2 = =+, 20 in iinlér
ileistely s elealy, '

s  The commudaior sgmeni 10 which goe €0l lerminated, B tesl co! ##at Som (bal pompoustaies
I.I:FTI.ETII:

[y A— Firprrmpeent o Bierrrics’ Engmesrog
Crifigge 4f Enginerriag ang Tasfnmliyg
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Figure 4 10 Coanmiemibue Segrmwnd
Progressive Windlug: Y the sarimg end of the loop e canmected 1o the first commutatar segment and
amfing 8nd motnneciad 10 Thal commutalor segment thal 18 bocatad aexr o the pravinks ong, thea o 13
progressIve _ . Jincing:
Retrogressive Winding: 1f the ending 2l {a comnected o the oommmurator segmenst st s behind the
previoug one, then thar iy resrogiggsive windneg

"'-L'-u 'h"n
"r‘_'h w
- = N
N " N
L . j i
r’r-'-:_]r'l pmiym b § Frmtr DQImZRIYN |
al L ton b
L L
LN g
(] i
LN i
.F‘.-'.r ..-:-"*
-l":r' "":"'
J eyl ga

Figaare 4 H:prqgmm.;i:ﬁ.mnmﬂ Canl

Back phich Yy Disance hatween twio il gidegal the il a0 the back oF the commizior 1§ callad
Liake poteh, Tio1@ eyl fo the agmber diference of the condaciors gommected 10 5 given segmeal of the
-E'-l.'I-TI'II'I'I'lIJ'.i_.ETI-_I'.

Fromt phich (¥ ): Distgoes heiwesn fnieh ofa eof god the marimg of seieoil, whichars coneseted 1o
TEME COTmULELOT segment. it ealled Fami plich.

Resultant plich:Dijrance borween marmmgof own cnmsecutiee coils is calied regutiont pich (Y
Frv Ly Winding: Y, =¥a- ¥
Far Wave Winding ¥, = ¥y + ¥

Elrerical HI'I"I'I'FFI ﬂmfﬂl‘lrﬂ"‘.—ﬂ;&ﬂm
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[, 3 & 3= Cammuisod Segmants 18 x—= Commulamnr Seprmekl
Figure4 12 Froms gnd Back Tirgh
.2 Armnture winding: General procedure
I. Type of winding (lap or wave), totnl smmbae 0f skats § pod toral immbes of poles P will be given,
2 Caicnlare eofl gpan {= 5T,
3, Calcudsie commutator pitch v For Tap winding 5 = 21
b i

i fon wave winding g, =

4. We have o comjilele the wanlings showing the poslnoamg AF il pules hoglndg, mmeechnneston of

thecoils. through comommaTor Repmedis using approprine  nombering of glofs, ol aides nmd
CUMMEELTsegment i

3. Finally 1 deseude any plage the staiihnary biruankets (L 0 £RMETL OO MUTHITALOE SETVIANIS.

4.2.1 Lup winding
Lat, the (otal mumber of fluts =3
The rotal number of pokes = F
- Total . of gommueitor Sagmeals = 5.
Toeal no. af conlg =5 fdoukle Eajtrwmd.ml]
Commutator Fitel ¥ =+ | (uimaias ap- winding)
Example:
Suppose we wait s make o lap woding for o 4 pele DUC mechie bavig o totsl wimber ploty S
= 1A
* 5o ool 4pan F 16 =4,
s CZomoaror prch of a progressive lap windiog 5y, =+1,
= s the coif span w4, the fing coll haw wdes | and §° (w1+4) and the identificabon of the ooil
can be expoessed ag (1 -5 )
* Letos ierminete cold mde | on commatitor gepment | The gueshor unw o owhers fo leommate
eonl gide 57 7 Since the commmatt prch: ¥ I8 +1, 3" to be ternymated on commmstar
segment & (= v+l )

Elrerical HI'I"I'I'FFI ﬂmfﬂl‘lrﬂ"‘.—ﬂ;&ﬂm
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Pn!‘l-l.',. =miture winding all toils are 5 be conreied in series Slluﬂmﬁyﬁmr.mi (2% )

'd'rrsl:-ﬂ atwrt fronm comumanatio segmen 2 and tha coil mde 6 termpnasted on segmem, 3

is called Hi: win:lm,g_
«  The winding proceeds Fom lafr W right doe to our aguimiriog bl v, ==+1. Sich 2 windiug 5

called progressive mmpled lap windmig. [t 'can be camly shown that of y,i= chosen to be -1, the

winding wanld have sroceedad from right o dofr giving rise tn o retrogressve jap wonding.

1 can b vean thar the gacomd oofl 2- & g i the Tap o thefirst cofl | =5,

One oan ynake firgr = windmg table @nd:-then go for aoreel winding.

. Winding Talte
Cofls | L-n:'mm:l.'mm"ll:int:d
. Yherecails w veuminare.
E | 12
v L5 3
= | 34
45
g | 54
5T 8T
T T
g B2
13| 9.10
T T T
L Ll |2
106" § —_ =123
i ¥ U N .
o LNER
L 15,15
L I8,

hnice (he whnding

. Th:dnmw &Iwufmwhu 16 iﬁ;-:al '-.u'r!.h L'm_.- mﬂnnmnrnt mgrrmr 1: gwm l:¢1nw

|___| F ﬂf Fu Al ﬂ_,_:F RN

L E ol T I < e T
; | -!: ; i | o | | |
e - L B 1 !H:: |14r|l LU ] (g 08 P
! : !

i !1- & 5|!,-r ! Hly | H!E'.! LL!HJ. EIRE !15' )

I
I [ l ;
(Wi 3T 3TeTs T8V alalw{veTo]n o]
Fugure . 153: Developed dugeam of the ihimuy Showing alu rull Bdes & omeumms sgmenll
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* As explamn above ko uton wiih the coil 11-59) will stan Eam catnnurated sepmen |l
rermunare a2, (he secnad eofl (24) will srert from commuitator ssgment 2 and teimilizte 2t 3

zhown In Hg below.
| ; R |
1 R Gl N e T 1 T B l-t|14 My e
SR i R R NS TR HE S R
] i
U | | |k A
e | ] | :. T | T S T 3 | = | (Lh if -4 | £y | LE | al |

Fipaes o |4 Swrving o Lup windisj
The compléie progresaiye lap winding refer jo the winding tabie o shown i figued 15
o T Bx up ihe position of the, brushes, =4 g asdume he logtant when tiots 123 amd 4 are unles
the influsne of the Mort Pole which abyjousty means shits § 10 8 s urder Sours Pule, glots 9
to |2 are under Noish Pode atid glote |3 o 16 tndsr Seuth Pola. The poles ars ghown with
shivled areds sbowe (heactive fengihe (ool ndes) of ihecails.
o Conmerng ganessror e of poron and deschion of movion from Iof oo rghy (e in
clockwiss direcirm of maation of he gomaal n‘.::iﬂlr.r:Eru:HJ' armars], we can agply aght hand rile
ro fhiw the dissesinne of amf in 2ach sall side by srrows as 5'Imu-|| in fignre 4 15
e  The cmft in e firsrfour endle 0180 265 4. Fand £ 0y o the eloekwise directicns with coll
zidde B=ve nod 1 ove Ih (he tame way. 508 498, 1250 vl 16 4vs pnl 5 b2 -ve | 3002 4o aiil 4

ESE Y =
2 T TrEAT) i) -
i _I |- i |'—. '.—.
il nfa 10 1 e g i
W e e 7 l VRS | . .
140 BN )l 3 * RN EA R
l U S
) < .:-."-: i b S
| | |
[Lall'@ [= Jin| & w]ls] il A |
™ o
=) I~
II|.|1| | | =143
Fignra£ 13 Comglels stmples propressive lRp wmiling
E{rn'ﬂ:l'l'ld'l;hrl Firproreeni of Diprrrss! Ergmrsrmeg

Crificge 4 Enginerriag and Trshnmig



.J_u :_t.: 1260 g

qe ;h; un--‘_t.-'-uﬂ;"é’

Figured 15 gl esinmesslians,

« Theeefire, two -+t brozhep may be pisred: on The commmmrkaior gegment mombers 5 @t |3, Tan
nymibis of ¥ brughes s b glaged om commatator yegment pambecs | od %, Two armatude
permimaly A2 and Al gre h—lﬁgh'r il after shariing the -++e I.'Iln‘rr:a topether and the -ve bushes
tpgethes reypectively

«  Thus in The armatire 4 paraliel pathn exiat acrass A2 = Al Caeeful ook at the winding skow
rhat physseal Ppesitions of the broshes: see Just bekow the conter of the poles: Alpy worllwhile to
note that che-separitinn botween the consetuttye =va and the -ye brsbes 15 ome poie pdch (164
=4} m term Mmmul.?ﬁri:g'lmm

o Infat o a P opelar marlune uAing 1.11 wmd:.hl;. number of paralie] paiht 3= P. Theeelomr, m 2
lap winding number of hrish=s muie Aleays be equal v (b8 mumber eFpiofed,

4,22 Wave winding:

In thie wipding rhe coil sldey af3 cul iv wot termingted [n adfacent commwrainr S=EmenE, L,
vt 1 Intirmad v, is cebected [ be clusely ecual to o pole plich s teemy of commutaro: JEEmenE.

WMiathemaricaly, ;e,ui‘

Lat ug altemul o mike 2 'ﬂnm wian g wish ik qﬂlﬁt?rtlun:- §=16anl P =4 Ghvidusly.coll span i3
FEm y, =8 The ﬁm i g (1 ) and i terminidiied on edmmilLiar n-gmme 1 and & The zeeund euil
(U ~£3) i e be mrimmected (n senes with |he firsi mnd s be termimated mn commstatprsepmenis 9 and.
I{ie. 17). This we fid the winding gots closed just after rsversing anly (e colls sndit 15 oot pustible
ks arry on with the winding. Cur inshility v compleia the wave winding will persist (25 racaiug 4
:mlh"rp-ll: of P. 1t u becanse of ths resson exoression for commutntor pitch ¥, 18 mindfied toy, =1in£'

Tn ather weords nopmber of glofz gheol] be gock {het ?-'f:: ~ghuzald be sminpis of #1010 can he ghawn thar

i sve gign b tuken the resull will be s progredaive wmr: witiling anil if -ve wgn isieben (he meEul will
be refrogresrive Wave Winding. - -

Elrerical HI'I"I'I'FFI ﬂmfﬂl‘lrﬂ"‘.—ﬂ;&ﬂm
Criffege 4f Enginerrag and Toshnnlig



Exnmple _ -

We lmve sen (sl &7 4-pole wive winding., chitice of 3 = 16 & oo geeal Led as chopse nlmber
of glore gabe | 7 gnd proceed ag follows: '

Mo of poles, P =4

Mo 6f sk, 5= 17

Windisg peoch, P,.—.i'n'}ﬁm.w 41 for propresstve Winding
Syem 11 =9 '

Coll'spap = 5/ = 4

_ Wmdme tahly

Cisi | Coammmigme segment
| whatp could i ermipgto
- 110

134 | 1032
s . 41 i
1145 | 11,3
L] 3 )
| 125 | 24
A a0
1317 | 135
3 | & 38
| -1 W E -
B £ 15

p . = 157
2 TO I
LEBS 16,8
ST b1
F&H‘-,‘ Lr4

243 2.1

= Following similar pracedure iy Lap winding, the coll {1-3%-will pan fom comnmitstor segmsat
| afdd termonste &t B0, The: seeond el (10-12% wall stan from commiifator segmenr 1 z0d
ermanzze o2 gu shown w fig, 417 below.A Jouk m those owo codle suggesis thar the winding:
progressny hie Ewave - honce (e unm e 1l|-'||1d'irr|r.

f | i
el 2k |-r al s | i S Y
L#:-:r.::li'l |_I_| | 1 M T Y VY S AT
IIII '
'#,.11 |11|'1"||1
IJr D e S - = A e T AT ™ |

i
- | |
=  Figwe4 iT: Suning s Aplex progressive wavr winding
The complets progressive wave windimg refer to the windimg tible is shown i figoe 418,

Elrerem’ Mefree 4 Frprrmpesi o Zirrss’ Eegmesmeg
) Crifigge 4f Enginerriag ang Tasfnmliyg



il bran':ft J.|-|:-l'-|. [Firzction of peiathin i sroiure

E.:

I":.' 'ih-_-r-

I g | g | al] = i i s | » Illhjllll] r|L|]l1|

=Y
|-— Cowmmanrps Frch - # sezmesn —_

Aleit)

Figurz4.18: Complshe simpise prgrmmive e windng

Tn 0x op fhe peadiop of the brogies, assamning
plotd | o4 amd % o 12 1o be mder Nomh Fols;
sliste 5 1o 2 mad 13 1 I8 o be under Sourh Bole,
Singe ST 5 pol an ineger glor 17 hsa been
sgaurned (0 be in (b heateal Zong 1 i intedseting
womate hat pobagity of e mduced smif moveisss
after nearly half of calls :E-.'Irlﬂ:'i'ﬂ'ﬁ:d- So numhers

of st nrr,uupmuﬂr paih;mm.mmy : ["_:": |':J D ( ,_'_’, ..|r ( "L )
A% 3 pair of brugh Jividss the Sriptor tnt e _"'4_ T T N Wt N
paralle] mothd. TFrom the #iection of emfs -ve { =3 J ™ .a"_l:"_ \ -ﬁ_ | P
brugh can be placed on commueater segment 2 0N Y 4 e :l' . T:,i . __J
and the eve brish can pogitioned wonching ———
cummutdior segneits 13 and 14 ( (O :

Figiars 4, 1 Wi woding ool ceansceinng

n » sve winding since mumber of pasaile! pathe are 2

theavetically a par of biushes 15 sufficien

tor armature sdspsndnnl of the pumber of pokes of the machine Howsvar, e eelstivaiy loge
arfratlire curmenl one ean por addithingl broshed ook that tursl nimbers of bruzhes afe squal o P
ey eedicing the st of the brusqes. Fur the 4 polas wanding thit vee gee consdening, addilional
e hnuhmb: placed oyer commuorator i:lm:'n.l:l.l& 5 and another - ye brush can be placed over
commItater ssgmEnts 7 & | &8 dhiown with dotied boges In figure |6,

Series ponmpelion of 1) the il |5 2l .nhuwnﬂ_gum 18,

Elrerieem’ Mavkee §

Frprrmpesi o Zirrss’ Eegmesmeg
Crificge iyf Ergineering wms Terhnmliy



4.3 Eguphzing Connegtivnw/Equnlizer Bing:

We knrw (fal (e armiamure cirenit (b Inp winding 0F s molek potar machine hag asmiaiy garaliel
paths ag the mumber of poled: Becanss of wear m the beanngs, wiheshon andior other reasans, (he-ar
gaps m = genesatnr bocgroe ynzqual and, therefore, theflax per poles beonmes unesjual This causes the
wolthges ofthe different pails o L noequal Wih uosqual volingss in hese pacilish pathe.ciroubining
eyrraey will Ty evei 17 oo girrenl o sapplied g sxternal logl ifiheys cutrenis are laree, tome of
the brusbies will be required to cary = grestemurrent &t full load than they wers d=gigned 1o £amy and
g wil] canse spEiIng.

T reliove the brashes of these clrenlatng ouersats; polme oo the armonme thetace ar the spme
proteriial asé eommcled lugethies by means of eopper hars call cqualiver ringy

Thus referring to Fig£20. the ool -8 and 13-20 vocupied the dnme penion relatve to the
|mries: therefore (ha-pwa coifg are gonnacied (o (he fampequalizer ring, The equatipstd provide & Tow
restsramee path fur the crculannpenrrent. A a resul, the coouluting gurtem due o the shatn differsaoes
i thewnlizges of ihe vaoou paraliel paths passes throggh the equalizes oegs myieadof preamg troagh
=R T

This redoces sparking Bquatizes ringe dhivuld be usd voly on weindlings in which the sumiber of

godds isa-migHeie of the momber ofpuisg.
Note: Egualirer tings air ool used iv wave winsling beceise thers iz noimbalancs o the voltages of e
by parallel packe, Ths 2 doe to e fact thatcondeptars moeach of e twoopiihs pass undecall W and 5
pokes snocossivelylenlike a log wndmg whers all ennductors i any paralisl path lie under nne pamt
frinigd)

Ap gy b d i Bt TR b ST T il eyl
Figare-470 Aimnrare wanding with Lqealizs fing

[y A— Firprrmpeent o Bierrrics’ Engmesrog
Chificge 4y Enginarriagang Tnshanlig



44 Dummy cofls audl dummny cuanmninior segimenis:

g v the regerctiong posad by lap gmd wave windings on the ¢hiice o murmbernT pliss amd
commuEns segmeis g rncocal Uifficaly ordes. Each machkine with 2 cestampole number, wolidge
and power faNngs: may, mmaquire & parmedas sember of ginfs md commetaine segments for & proper
Jegign Thus each machine way be milor made lor 2 giveuspecificaron. This will requre socking aml
handiing many nze of armaire and comegiiais

Sivmetimes due Lo the maf-avallabiity of = sultable shit mamber o commutatin doe i frred to design
e winding in an armamra readily aveiizble-m stock. Swchdesigne, obwvimisly, vaolste the symmotry
prditions &5 armaruee gloid aml commwistor segment may oot maich. T oone 15 asnsded wrly
appeeoinme Solutions then the dengner chonmit the durplus ol o stpluy compurtor segment 2l
pamplete the desigin. Thie 12 caliadrha vue of s "dummy” .'u._l_i_i.lje corjln-ape pipeed N the sqmemre alofs
The gurples ciodl ieekzoirically dgolated and taped Tt sesved o provide machsmical balnge amding
ceotrifigaifoeces. Simlarly, o the cade of surplus commuaiys seEment twe ddisceny ovmmsiang
segmenrs are onmnected together and oezied az 3 gmgle segmen Th;;qq:tdl:ddumanj*m[lhnd
iy eammimutatar ssgmants.

1'; i

T sl

Elrerical Hl'l-'h'rrl quﬂmﬁlﬁﬂﬁm
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5.1 EMF Equalion
L5 us grmgider 2 D C penerais whime field teil i easlied iy procfuce a flox w-r:mt;: glyrnbitinen
ulutyg the gir gup and the grmatore 5 diiven by pprrme miver sl conpiant gpasd

T2 e Eetumne
™ Mo or poles
I Bpeed al which ilsven mosng
@ flux pir poke iniwh.
£ Tatal mumber of somatare condicliom
= Mo of slots = No. of conduetomidito
A ThE number af parallsl pad in th armuonse slrcult
| Digmeter of the machine in meies
L fength uf the maching m maen
E=Ereml inﬂmd.tn.m_ﬁrpmﬁ]"]ﬁ poth in nimmEtne

[ genesil, the magminle of the volisge Gom ose comlucios o aaoiber 14 lkely 10 very g3 ok densty
aligrriasieo 18 waperondal m nzere. Therefore; inel everzge voltage soross the brushes i caloutaed on
thie badig of aversgs Tz densiry P

5.0.1 Method-1: {Usng BLY Ciiesil)

Average flux dongicy By = ;.:tm; ﬂ’a

The @ngenial velocidy, v e :l;__n

Tnduced yolmage i #-4mgle conducor (Eisshione) = Bafiv = 1.Il L'”"" 1.:;&

Mumber of gonductney peessnt (eagh rasstie] ath =}

Generated o muf. Eg= e d, genesared inany one of the parallel paths Le. &

Theielire, tutals vallags ippearing armss the brudhey Fp="0 f}

Thug viliage imluced actngs ﬂtmm.'rlum_El— m KoM

Wiers K, 10 knowm iz sttt consinng of a DO 1n&d1u:u: and gyen by K = %
Acniid the acmatie, & voliage will he Etheriie s long Thers u_l:r fome flux per pale and the machins

nms wirth snmp ppesl Therefore imespective of the fao thar the machine & aperanng &5 generarar or ng
muolir, armnitine had an mduced volage m il given by, ":—;‘-E}I This emil & called Sack ey for mbtos
OPErALOn,

Dleciviral Machiie | Deparswent &f Dlertritel Exgsering
Ciillpge of Fngin g und Tecmulige



.12 Method-IT:
2
Avarngs 2, mt. gpnenadiconductor = gvoll (va=1)

MWow, oy linksge per comductor m ane revelugmd @ = Dpwh
Mo, of evolubony'second = KAD

&l
Hencs, Time for ona reyolution, v =""17 secand

Hauce, pecanding w Farsday's Laws of Elsctromagnesic Induction

Inducad vidmae in & slngle condusting [Emmien) === = %‘

Mimber uf gofiluctiny peesent n mech paraiiel pak =;
Gromerated 2 m. . Eu= om.f gonecamsd in any tmie of the samlie] pathe 1= &

Therefore, togals yeltage appeanng acruss the brushes £ = B2 (%)

Thus volisge inlueed pross the mmitss, B="0" E} = 0N

Fur 3 simphnt ware- wound generalor:

Ner. of papulieh paths =2

Mo of condurtam {m sertes} in ane path = 22

EM F. genesnied Ui any ne of the paraliel athy 1. B2 {:} = B
For a simplea Loap-wound generalor:

M. nfparailel paihe = P

Mo of consluciopy (1 senes) 1o coe path = 270

M. gédm-m i 'n-nr-n-nn iof the pag allel pEThe ie E=-*'—-"'¢"II g}
En pesneral

SR [ﬁ]

Whem A=2, far Wive Winding
=P, foe Lap Wiinding
EAF — 'ﬂi'-ﬁ"'l" F
T 6 'LA.I =&

zF

Wiherd: E*_::[:-A

Efreirival Machiie | Deyarwwent o Elprtrive] Engmeering.
Ciillpe ol Fupipemop uod Tecmufige



) E:'f ';?INHFI
Pur cunsiiu] gpesd dpecglion - N, =N,
E_XNp I
KN 1y

.13 Brush Coatact Drop (Vi
B e voliage drop over e brusk Sonee eeEtance wihah cisttent pazsas fromi cotmirnior
-segmenis o brushew lts value dn;_xndh tm the amomnt of corrent and fhe valle of contact rematanoe
Thiy drop i neuaily small and lneludes brashey of both polantey  However, In practics, the brmh
eoitaet deog 3 aggumed o hive Following constant walugg fir all loada.
* 0.5V for metal-graphite briigh=a.
#  ZV for carbon brughss

5.2 Claggiticatlon of D Macldne:

The field cirogit and e armaiyre crecgll can e-unfercunmeciad e vanous wiye o peovide &
wide vardery of performince chicactesigicd, which iz an outitandmp advianizge of DC machingg.

D hiachines @e usmally clssfied sccordmg o the way m winch ther feids are exoned Tt
may be divided mro

() sepaetiely exciled geiiermhig and

(b) Sell-encited penerabis

(a3 In = geparstely exciticd gensranr Dizld winding 13 seerg:zed from & separgss voliage snumos |n ardar
w produce Tk m the machine So logg the machme npesatet o uplatuzatsd condition the flux
];ml.iull':ﬂ_ will be proporiemal o lhe field curent
Field exclianon may 2hin be provided by permanent miggnely. This may be connidered as afirm of
eajararely excited matling, the permansal magnet providutg the sepntare hat condtant Soeirafin,

A depemately exciled démolor 18 8 moter whode fiell easgwt 1 sopplied foom 8 separste
congranl-vnllaps power supply, white 3 sl doomator i@ & motor whises fizid ercuit FELE 11 power
Jiragily grross the armapire eermunale of the motor,

When the gupply volage o & motor izassumed conztant, tleee ks wo practicnl differenee m
behavior berween these two o macikines,  Hnless atherwnse specified, whensver the behaaor of 2
shunf marnr in-degeribed, the sepamtely sxciied motor 5 melided tho

Dleciviral Machiie | Deparswent &f Dlertritel Exgsering
Ciillpge of Fngin g und Tecmulige



(b} Sel-zucited Mackings aie those whose fisld oofle are ausrgized by the comant pecduced by the
machies themselves. There are (hrse 1ypes of sellexeued generviors named accordmg 1o The:
mamnes Uit which their fleld ool for windmgs ) se comected to the armanoe

i) Shomat fiehd ool hag targe nosnber of e, small croee gactiomial aren. ahd cannecad In paraliel
acruss the armaruie, hence the neme shont winding, Dus 1o bege yombec of miens, dmall cposs.
secannsl oreg of has high resistance s, i @her only & smaoll coment (ess than 3% of the iz
TN B uTesnf )

(lly Sevies Debd coll Mg low rezisience, fewee numbers of o with Targe croge giectpon] areg atl
curnecied elilies in setied With the aomvatuwie of the lin= 11 iz meanl fo be connecied il edrizs with
tor arreature and naturally tn be designed for ffed anneluse curfenl
At no foad Fiehd earrent e very amall; however, Tield gers sorengrhesed a8 lid b conmaciad
Vartathon m loead enlizes the snmitirefield durreni e vary

(il | v chenpopmd machoew ihe Held pules 3 exmied by oo coila, both sericd Geld eofl and shont
GEeld. If the shont wandeng 9 copnocied scross the aomatire, i G koooen 53 3 heet-d oo
maching. In an alizmanve conseciom, the shuar winding 15 connecied acros the Zenes:
commection of ammamie and series wanding, and the machine 15 koown i@ lewg-shont machme.
There s no simifican) differemee berween fhess b omnectone If sorlzs col! (g L=t aline
withaal any ponmection, fhen it becomes 2 ghant maching: '

I compuind mochine, the shunl field iy sronger thin the denes field, Seres field cml
may be conascred in pech = way thay the mmf produced by it 2uds th= ghunt field inmf-then the
maching (s said 10 be camlative composnd machine, atherwniss if the senes field mnd acts
apgogitien with fhe ghunt Field mmd - thei the machine i zaid (0 be differential compoind

Hased on degree of compogndmg sgam comulatve omnpoond machine machines can be
elngsifind 24

L. Creer Comprsmiling (%o o Vi )
& Flag Compownding (Vg o= Ve e

3. Uader Compuutiling (Vg g <y gon -

L]
" :mh-m#- '*‘;J:é 2EmEy P

l gy Pk :
SHiEE ML ] i FIELE
-
LA FTRE DAL I EETEH N TAL T s

A zheogtar b nommally melided e the drgudt of rthe shimt saubing th contmol the fisld corent aml
thiessby o vy the fiald mmf

Elecirizal Machsie | Deyarmment &f Elertrivel Enpasering.
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'r-l' = ‘:llh.

L

E, LR, V=V,
=15, IR 1K =Y,
L g '
=1, =0, $TEK, -ﬁ'-.\.l'.'l',} ]
B w B P VLB R ALY,

f.=4
'ﬂ EH = i!‘t "Hi
= LE =V, - LR -1V,
SV =E L HIIR A IM)
-!*.u. = Py = BB =V,
B =R 41V,

WF



Q = Lﬂ.‘.- 'ﬁ':“

-:.-'r,fﬁ, £R, 1, =V1,
=E|l, =w. VR 1)

oo =Bl B VLB = TR ALY,

E=V, <K=V,
= Ll =V - 1R, -1V,
SV, =B VIR A 1Y)

P = P iiimtt= 'ﬁ-’f‘ =Vl
fim BRIV,

| ELsl
v

=t

bR |

E e RV =V

= E, =R =RY-1V,=V/,

#r_,r. =jt§ I;_-J;Ji'ur, )+ f_ﬁ

Elecirical Mocfitge | :Im: b fiud



A mily sl

Ei'::lrl '".r.l.l:ﬁl- + 'H'I-"-]_FE

= LE =V - LR AR -1V,
VL =Bl LR B0+ L,

TR
II-,:*-' 'L'Ji- ""E:
.E'; -J‘t&.'*ﬂ._l-"yn:‘:
= 'FI.FEI - 'F:T.R! *'.'F.HJ'I-."I'H nvl"l
=S =V TR AR YLV,

i i =":. *'I-n
i_l'
T ==k
R,
B =V (R4 R~V
SLE=VE -BR +8)-1LV,
Wl =Bl L AR AR 1Y,

Culleps o Eingineering wnd Tecsmuligs



el i
L/
=g
By =L R =L R =% =1,
'.!..-='- Ve R E LR W
A&

Start St Mot

he=1,=1,
E=V iR “LRV,

Jhohb Belkey,
[

!r&tnnﬂﬁnqﬁ-rhhﬂmun?n:r
nuMmmdhr:mmﬁmmﬂmh&WfﬁﬁMMhﬂﬁ=
applied voltage. This conditivn iz, kowvever. sol realized bl pracice, becade in that o3ge carrent Wollkil

:hmwmw c:a;tmnrrd'ﬂ:innm;m M:n:qﬂvn:. hﬂﬂmﬂmmwﬁh;wdhm

el

e el el S0pacceai.
241 E*rumﬁn;ﬂm of Operationg

E -4k =V,  (Neglaning Val..oinl)
S E L, - 1R, =¥,
=, =E,T, -~ I'R,
‘Differeniiuting the above cquation with respeet 1 1, andl eruating (o Zaro, we ger
EP' :
—t e f, =AU R ul
Fr 0

IR,
Replacing L, in ciaation (1), we gst

T e T
ﬂﬁpwwﬁmw



%:'I-"r —» Camdinam for Maxomom Power
EAZ Motoring Mode ol Operation:
R IMeglectmg W) o TR
SE =V, ~I}R,
B, =, - TR
Diffﬂrmn.umg the shave equation with respect o F, and eqoaning 1o zem, we get
aF

e =2 R =0

_N
IR,

Replacmg !, In nquaﬂnn rI'}, we get

1'1
B EH'..

v
= F, =1~

-
oL

== 1f 1

1!
=E=1

Ep

E]:-_. Cond tian fir Mazamom Prier
L

Efficiency durmg Macomuim guower:
Al Vv
[ IT— | . T
BT T (R T
R |
-"'.='F.-f.=2£
—FLEE"—‘-:H'HH.:EW-

Herce machmes are never operated a1 max) mom, outpat power conditon a5 1018 only

30%, and ather half is loss, _
All the machines are designed 1o operite oearly s oived condition with beier efficioney,

Elecieliie! Maciitee§ Diegarswent of Electrival Engreering
Ciillpe ol Fupipemop uod Tecmufige



Fealpr-axiz: 1 g e line jnining'ih: cenfeis of N3 poles

Magmetic neurral bxis (MLNAE dofined s the “awc ofong Whick o dayf 8 prodliecedin the
aratieconduerurs™ beomgse they proe pacgllel o the Ees of fuw O 0 & he axd which 5
prrpendicilar io the rexalidnr fitne pessing thremgh the armarnre

Th= mn_gn:hc meulTa, plane cEn ilm-:.‘n.-Enl:tl ug "the p.!n.nl within the machins whety the Ty r:f-l'n'.ﬁz
sbir wisd |y erae iy parallel 1y the rnﬁgnm-.ﬂur P, sl emTinduced (o The condugtors in the
plaee i ermetly Tedn.

Ciedhmetric mouirs ] wxis I'E'Hﬁj [t = thr aviz winoh & Flacnri goomririceily e ghfmr.:aﬂy in fhe md:
way between Twe adjacent mAin peles. With fo cuoest in the armmfuresondictors o oo losd, the
BMLAL coinuides with G, M. A,

b= LA,

Bl avis: i1 6 an megwory wxs #long which the braghag are plated.  Broshes are go placed thar the
coil ||.ru;!r.-i'ga_.jﬂ.11.; commutation” passing the beush should along the mpgnetic nevtmal plans
Armsture reaction:

In on unbonded dc mechine spmutue current i yimighingly sooll und the Tux per in the
machine iz pefablished by the sl produced oy the Seld current alons. The vriform distribution of fhe
lines of force geta upset when armature foo oleies gucrent due 10 BSading,

It iz defined op “The «ITect of magnetic fald sot up by drmaryre cogeent on the mam feld fox
disribution & kniwn as Armature Resction”.

Th= aromriire rn.ugnﬂ]i fi=ld hagrora effeem:
-a) Ir demagnetineg op weaksns the main ux tnd
o) It cosr-magnetiees or distors the main field dmfrimitaon

Cage=1: No Luad operation _ _ _

When & o machise opemier absolutely undee no load copdition, smmanue curent s o,
Undez such & condivion T, devefuped ip 2eo and runs st constant no losd apesd. In obeence of spmetuye
correni[i ), The Tiux per pole g, idgude the machine © selely decided by the Teld ¢ureenr god Tines oF
force and yniformly discibeted uoader g pole 0z shown 1o fgere The pevtral plane i dis machine 2
easrily wertical
It ig seen thar,

() The o is distribuled symmedcically with respect o the polir axis

(B The magnetic neurmataxs (M N4 comoides swith the grometrics! meurral axiz (G0N A )
Hepshes are always placed aloag MM A Hence. MM A & alss cailied “axds of commuratiin’ or “brigh
it becauar reversal of coment in armsture conduciors tekes place acroas this o, Yecior FE whwh

represmez, Doth mEgmtuce snd drecton. the mm! sfproduemg the mam {lux; winch = orthogenel o
ENA

Ermon! Mucivre - Beperewent of Hecirive! Sxgrmrering
§ Aidegr o Engineering-ard Terinniogy



KN A colrzides

Caze-1l: Conmidermg Armorure flox alene

Fig below shows the Seld (of fux) set up by the smature conductors slone when tarying
worreat, thi field soils being noexcited. Lot the eurrens direcnion @ dumrunirﬂl i venducton undes
He-gole andupymords™2* n Lhoae wder S-pole. Theiormotire mmd ['drpl:nilmg an the strength of the
RrmaalUre current} 8 shown sepacaiely both in maguliude and dleection By the vecior 7, witich Is parallel
i the brusk axes

Fiolation
"'-’-__"""p__ MAA (o1 GMA Y

Cuge-111 Loaded operafion

Under wcrual Jnad condmings, the o mmf sxes g fieneousiy 1 the gonerstor. §r mzeen, ino
the [lux fhrouph e aomtuee 8 oo Shger umﬁ.‘:tm wnd symmetrion! abiout ihe pole gxls, cafber @ hit
been distated The finx per prle g, d"li-'t'lupl:'d in the mashine & devided not ealy by the mmi of the
Brld winding =lone i the srmaere mmd 88 soom- &@s the anmature sarts camymg coment. Hy
superpodng the oo lood, fisld fbes | Fla) nod the armatuge feeld [dnes 17 we con get the =qulant feld
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lines peticraand the now position of MMA which i :abinys perpendiculis to the resuliant mmd vector
ME Sh5wWI Abve

|n genenal, the neutrib-phme shiffs in the dirsction of motion for_generatur and opposie o the
directin of matign for a3 motar. Farthermare. fhe amount af the shifl depends us the amount of mtor
cwrteqt apd benes on the losd of the macking.

Az (he machine = foaded. the neiral-plone smfla, pnd [he cotls-undecgoing commutation kave = voltage.
actogs them. This resall i rI!;Hllﬁili'iEﬂleT o flevw befvinen the shorted segments wmd Inrge mpariey =
e brasfes The epd remull uum,gml.!ymitn;m thi brushes, which g mn!muﬂmiﬂrg:ﬁ'ﬂ.t
Thig i & very gatlous probiem, ginoe i leads W0 drastcally reduced brueh Hife, piting of the vammaiater
zegments, and higher mamienence vosts: Motics that thepmblem cinrmlbe fied sven by paoomg the
bches aver the fll-load 'nemmal plaos. because then they woukd spack at po Joad.

—

.

| A ——
|

= = L LT
P il |. "
= gmesrgy Mol Fsaeopnml s semumee supd
UL

Th= T geon o be coawd=d o e rrailing peds 1o bur wengened oz theansd oun o1 the Jedding pule tips:
(the pale tip, which 1 firss et during rotation by oometere eonductors, i kmown as the Ieading pole rin
and the nthes mrm:l.lnn PRl tip). Consaquem.y. fux densiiy upder nele meTesges in ope half of the
poiF and decregses ubder the other Wl the pole H e increased Qua density cswsss mg,nﬁj.
saturaten, thie oet effect is & redoction of flux perpole

‘Mos mochines: opersre ar flux densiies nesr the fowee pons. Thesefuze. a: locetions on the pole
gurfides whare th2 rotar mmi adde ™ the pole mmf, only 3 sl werdsse in fug seours But #f
Wiestings vn the pole surhioes whese the molor munl suhirscts Gom the pole mme, (heee 08 liress
decrease in flux. The net-resull istaed the total sverage flux underthie entie pole fade = dooreanid.

The [iun weshening caupeg prohiems in botl gensretors ond ootols- In genesmmors, the effect of
Oux weakanme 1 eimply o teduce the viliage svppiiad by the geasrator Sy uny given lad In motoss,

Errmnd Mocivref #m#fwird.&?,mg
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ihe effect. can be more seripue  When the o i 3 mgtor i dooregesd. #s-gpeed increaser. Bt
increnseng The seasd of 0 motor can merease B2 joad, remlisg in mors fox weakeaing

Datermgpant offvet of Armature reactinong

Since it is the Tux per pole whick derides (e el grmeraled ond the datdue produced by the
reachino, theee will b= no effoer S8t a0 fir ne the pecformancs of the mechine i2 contarnad dua'to
atraTEe sEnctinn. When the maching 8 bGehrly or moderstely [opded Howewer at saoed apmomuge.
cumrent the core gote soterared, In othor words thene will be o pet decrease 1o flua per pu-l: {AJ:ln-uT
1=5%i1, this will reduces thie emf a5 well o8 wrgne developed affecting e pecformnnce of (he
el ! ; i
Apart o this, doe-to distonio iathe fux disribation. thete will be-sors amounl of lox presenl
aling the qeas Toruah auist of vee mciune, Thil conses commutain, @ifeule In extooms coses,
the neurrel-plane shuft cen even fead o Movhaver o thee commmitanes segrumon near e broshes,
The ake naear the brusbes ina maching Is surmaly junized as o resul ol the sparking onhe brughes

Flashovar orriry wivea the woliops of adjacens commitatue seomenls gets fbrge =nouph (o Asstain

;g ate - the joniped air above them: I fashover occurs, the rﬁu'itiug’ BIT =3 even mieE the

commusareT s spiface _
Howege, the per fhix reduces bus the maamum value of the fiuxe densiry (S mcreases, wiuch
increazss the ran lags, 15 iron lnus propomiom | o8, .

| i
} 71
iy AP :
|"#,a- R
A e Y
A . ol
1= ; il

.
B .
et i

4t the lux denery incioases ai (he trailing pole ti; of the fwo gides af & coil endecgo these poinis:
an =mf inducen which may large than 3040 V (dielecurir sieengih of commumror -aegEmem
ingalalond, This may colie & Tashever m commulatar.

To coppengate the raducthon in fax dee 1o Uesmpgnetirrriom addilioral meeng wee peovided in the
field wingding whichi ineresses the weight mid enst of the mechine. '

Ermon! Mucivre - Beperewent of Hecirive! Sxgrmrering
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BIMEF disteibution due (o the figld colls acting alpng

@H'@]i@fsg

T T ErSpep——

v

i
¥ N |
| (S, o

MMF distribution due v srmaturs eontdactors along EArTying cHrTenty
The armature hag b digrilbuwied winding, The mmf of sack coll s shifinl I» space by the mumber.
of glotd: Fur a Rl piichad edil, sach coll produces o reciangudiar mml digiributitn, The gumof the mm
dise 1o Al corils would sesul oo sepped mnangular owave forme 0F we megleor shommg and hove
uniformiy spered colls on the mofacs. ﬂ'n.-n the mf dismibartion due o thewrmaiore working alons
wold lie o trangular diginitartion in spmée sinee all he conduomrszary cqual crrenis

Ermnd lﬁ.ﬂ;h‘mf’ Bepurewre af Kecirivod
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Taotal mml and ey of 2 loaded maching
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In this Bgove pote st the ammanire mmf distribution i3 trisngeler in nstore snd the Ty density
dariburion dus 1o amataro curten & obiained by dividing syewtuze memf with the seluctence of the sl
gzp. The relucianee ' constan and small o the palne regian. Thie means that {he grmmture. Fus density
will simply’ ﬁ,}ll-;mr the gragture mmi gaifesn, Howeser, the rmluctancs in the g-axis/miss polar region is
A lasge piving e o emall cesulingt Mg o Ltpuh:u'jf same 29 the mam pole behumd i the q-axis,

Pairt to be eited heze &= 1hat fhe lnes of farces gors concenttated resr the eading pole 1ip snd
raredied near te mrallmg pole. Alse nore the presence of some fux tn the g-sxis wih o pulariny anme a9
A pade alead,

Procoss of pedlueiing Ao tore Besotben:

Forsmall Machines (Up To few ik winls) po Specisl cape 5 tohen 10 0v0id The omrefuie resclion
elecin, However for large maches, to get o of the ] efiects of semsiuce eochion oo cen uee
SohpEReange winime, eter pales of btk

Ermnd Mochine ! Bepurewre af Kecirivod
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Eifect of Brush Shifi:
The: st appronch 135en by mochme designers was simple: [T the newral plens of the machine shifis;
why not hift the beushes with it m ondes 1o srop the Sparking, This meshud @ good bat these g several
pnhirm.l_
= The neutrol plaoe msoved with every cheage i load. and the shill doection revisses when the
machine goss from mater opnpation 16 generntor oporafion.  Thersfore! sommose ki fo sdium-
tha hrushes svery Thine the ned changed
= Although this method mny have siopped the brosh-spasdkting. o acrually nggravered the fiox-
weikening =ffect of the srmmturs reaction in the mezhine

—G.N.A

‘k‘_’NH "l'u“ A
Fa ¢ /%ﬂ
With the shifi of MIN.A,, say thropgh =1 gagie § prashes ere also ghifiedto By shong the new positign
of MM A Dus o thes brush shifi, the aemapurs conductars and hence arawiare cuerest ip s=<digoribared,
All conduciars fo the Sefl of rew position of MMA. bui beiween (He 1wy brushes carry corrent
dowrrwards amd thoss 1w the mighy cary current opwiinds, The armmtuee mmf i found m b = e
dirgetm of the nEw poairipn of MUM.A (or bruss meigh The Sermatiee mml i Agw repregented by the
vectar Mg Fy can now be respived mio W edtanguliy componastsl Fy parallel o potar s amd Ve
perpendicular to this sas, We fnd that:

1, Companemt Mg s rpghr Emgles tp the wactor £, ropreseniing the mam mnd Dipediuses

digtorthan In the miain Fald and iz hence called the croze-mugnetising ordistonting component
{0y Th= vonpinenl Fy & n diescl oppeadian of My which mpregends the main mmlll exertd s

demagnefizng nfluence on the mam poke fux Tleope. 32 called the demmpeetzmg or
wERle TN SOTIRONRAT,

|
L]
I
i
I

It should be moted that buth disrorfing sad demagpetzmng ofzos will meoreass with incresss In the
RrfEEfure curren|, '
For gereanors; the yushes acs shiffed in the digsoin of eotanon, Tormongs, the hrushes wre
_thifted againg the direciion of futation
A apnn 22 the brushes are moved, (e :nmrmlimiﬂ'n-.‘mirrnvn_.mmh!g_lhﬁ: is lres spacking;:
Heowiver, [fhe [nad floctstes, the armetise mmf rises and falls spd 50 the neviril 20 shifid back apd
forth betwesn 132 oo Josd and full load poafions. We would thaeelore v (o move the broghes back

Ermon! Mucivre - ﬂmﬂ,{.ﬂw.&?,.mg
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mad ferth to obfain parkled commutationn. This procedure is npé practics! and afher means gee tzed o
regofve the problem For smell DC mechines, bowser, the boashen are 501 10 an wsermadine posifion
fo enstire reasonibly good commitiation sl afl loads

Cross magnetising Ldemaynetizing AT/ pole:

Al goaductory lying within angles S0 = SJACN =38 &t the top and botim of the armalre
sre cHITYING cTend nsech o direction 8z to send the fhix facoogh the armaiwe fom rgh fo 1l 1 s
ibepeconduczors which act in diregt oppoaition wo the man field and arehwnce callad thedemagosrizing
Aol lrd condudiors.
Now capsider the srmisining sammatere condicton lving belween sngles 40D snd <CO8 These
confuctiars ¢hmy surrent in duell o direoticn o8 ty produce o Dux a1 tight ongles totle main Diyx This
reguits in dmtorten of e mein: Beld, Hence, these conduetors arsknown ag cooss-magnsting:
oondugzars and consrEule distortng ampere-canductos.
Slbee armatuiE demagnerizng smpere-tarne e geuimalized by edding =stre amgste-lumoe the main
field winding, it is essential 1o caleulerd Theis nernbe;,

g R

Let Z=tomal mumber of srsture evnductors
Joo cutrent jn =ech srmatuce eondiuctus

ff = ? For Ways wonm! Machme
] ¥
fy :Fﬂ'- F-nrl.a;r witnmd Mae hine
fl,, = forwapd lend in mechanicsl o nmn:rerfin:hl it Aagriar dﬁgﬂ&i .
Totnl number of gromure condyciors in nogled L4000 nd SEGD IE—EE-!E

360
Tofnl number of promtire jurns in these u.!gh:.: i ‘jf"' o = " = wd
Je 2 360
Demgnetizing Terng par Poie: ;:é wZ
Ermon! Mucivre - Beperewent of Hecirive! Sxgrmrering
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o &
Demigastsmg vy - Mms e pole = E:?d = £,
&, - -

AT’ . T T ? — [ _L

#pEr pire =2 50 360" 4
Thr conturiors .wmg brtween sngles (L A0D and L0GF 2re movwn 2pdEtortng or orSS-Magorizmg
comiuciare. Thew niimber 18 foamd ng:
Total asmerure-condpctoeypole (Boh crnss and demegnetizing ) =,}E

Toral apmsrure-tutnd’pols (Bath cross nnd demganerizing) =_ 15’

magn:l':nugh:ﬂupnk—i—y— ¥Z= .;_.:r : —ﬂﬁf—
2r 360 L2m 3e0 )
s 1 8
i W = i II = r _| — .rl __.-L
Cruss-magnetzing Ampsrenngpole et pole=1 [---—;LIll Jﬂ{JJ

Far newtralizmg, the demagnet ring «Fect of armaiure-resotion. an exfrs namber of turmémay be out on
oach pole: '
AT

Wi, of extms tumspole —‘r" fy =Ficld Cuarent,
a4
o [Ithe Jeakope colfckent & it given, then moltiply esich of the sbove expetssions by 4.
o [flead angle i slven o elecineal degress, i should be convesied nfo machanical degress by fae

|
followng velation: 8, = iﬁt.

Commutating Poles (Interpoles);

The hesic jdeg here is tha i the mirage @ the wires undergoing commeration com 22 mada to
zeio. then there will be oo spaking ot the Spushes.  Additiona] sl poles callsd luger poles or
urenvutetine podéy are provided i betveesn two maln polkey o mediom pnd Jates machines tug:l fid of
the commuration groblem ariging oot of armature resction.

These parrow poles carey wind ings ther aze copnacted jn aeriey wih the nmmonere. The numiber
el Twrng on the windmes @ 1o dedigred that thess poles develap n magneto-mainie fores pofl. #itml and
opposite tu (he magnelo-mitive Sece iy of the armusfuse in she laber-polar region I the cancellation
iExazt. thep t=re will b2 a0 spacking sttite brushes As the Joad cuprenl variss, the Twi magneto-moilve
forces rige nnd Il vogekey, eoirtly oppoiing each otbes of sillimes. By oullifying the ormetiize-mm{ in
thie way, the flux in inter polor regson &= glweys zevo znd .eo we no longer have jo shitt (he broghes. Tn
prectize, the mmf of the sammutating poles |s made aligindy greater than the armurhire mmf, This greates
o gmull Fius in the aestrgl zone, which pids the commitution prodess.

Carefla! Inupsclion of (he figures monlipned reved] (hat (ke polarily of the inles palo should be
same oa that-of me main pole abead m case of gansrator and should be same as th of mam pole bohind
in cpes of motor

Flg. ghiws how the commutating pales 0F 4 2-pale maching, Clearly, the dlrecton of ffie cument
frowang thraugh the windings Indicates that the mmT of the commulating pales acts opposite (o the minf

Ermon! Mucivre - ﬂmﬂ,{.ﬂw.&?,.mg
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af the srreatore and; theretore, nodralizes s otfect However, the neatmlization @ restrighed o inder
polar Zone oaly whees commuonion takes plice The deoned fug dimributon under the main poles;:
unfarfunalely, semmms the same.

i

']
F.‘. ._':l-l C
reari | '

Tnpgrpeie produees wn A, thar cpposes the newr, of the srmenee

Compensating Windings:

Theze are ased for [arge Guraer current machines which are swbjzcted to farpe Mucmartions of lood Le
rolling mill motors and furbo-generators ee. Thele functiop is o newtrallze the crogs-magnerizing effect
uf wrmiliure reaelion Under (he polar rezion,

The bugic ides of pullifying armature mmf is baded om o very simple ficl W kaow that & megnetic
field & produced in the viowity when n copduntor sarries carrepr. Neturally asother condurias carry ing
sarme currenr bur i rhe opgosae direcron F placed wm close prosominy of the firgt condugror, the
restiltunt field in the viciniy wil! be clote (o Zero, Addilonn | windlng called CumtEETanNE Winding i
p-Ja.l:lu.I on the pale faca uf the machine 2nd canneched in series with the yrmaes circult inoauch a SEEN
that the dwectlon of carrent in carkpeassting winding s oppasite o that in the sfmere conducior
directly beinwe tle pousahies,

Tn the absence of compenasting windings, 1He fur will be suddenly shifimg backweard and farward
with every change |n lond. This shifiing of flwe will nduce staticully tnduzed AT in the semature
suils, The magnifude of (his EMF will deperd upon the este of changess in lodd and the amount of
chanse -IF may b< 30 high a3 to stiie an aoc betvien L condevulive commliaioy Scgineaid ioinss the
tap-of the Tics shestz soparmimg them This may fisther develop mio 2 Mash-gver somnd the whols
ennymiitator theretry shoricirenning the wholearmanore

Dhveing ™ thedr cost sl the gom tekzaup by them, the compensating windaigs nee used n 1the case
of lirge machines which ase subject to voleat Buctustions o load aml alsg for generstors which have to
deliver their full-lozd cutput 38 congiderably low induced wvoltages

Ermon! Mucivre - Beperewent of Hecirive! Sxgrmrering
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Pasitite, of Campennaling Winding
No. of Compunsating Windings Turns '
Mo of armstue conductarsole =u;
Ho. of I:zmtufa l‘m:iﬁm';'m?a'—Ti | | .-
Thes, N, of arustuse-tums instredintel; under oue pole - %_. F:EEF!FFF'I - g_;.u%
{ p= curetit in wach atmaiuee comltlenn:

I
= -I'a Fie Wave woune Miachin=

fy = iy Far Lap wound Machine
s d

Then, No. of sresature ampefuma'pobs for campensaimg winding <. T amp-turngipoky = §.7* —E-I'-—

ip

=

Luterpale

i
Comprivaiing
cull
Mlaku el ¢l

O

Tater pade & Cutnpeasating ool comesiiing
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Commuototion:

Il we conrseiraie ol attention to o smgle confuctor. we ommediately recognive thai the
dirsctwm of cumem raverees 38 1 moves Foip the mituenze of one pole o the Milnener of the nee:
oppomEn pole. This roverea | of coment m the conductor i called comavimaninn,

Tae currenls in (e collt coparestad 1o A Spush ore elther all towatdy thebeysly | posaive brish) or
sl dirested away from the brosh tnegative bruabh Therefire, current i eoill will reverse 25 the coil
pérses 3 brushh This revetsslol curtent 8% the coli peases & broshor brughaxii is called commmeanion,

N
= "F"_ *a =

2
LR L

Dauring no load opesstion wheh the conducior resches the magmeiic metral aix of the geoxis.
the induced wolage in nis zeroas there = e fun s presept in the g-axa. Alss any codd present in thiz
position and nndergoing commutation. will ger shom cwenited by the commutator segments and
brughes. Tn oiher woeds we see thil svery eall will be shost cleieied whemeyes @ Undergoss
commutarion and fortunately at thet time indoced eof in the -:n]lh:'l.'u_lg ey, no covulstnpe cumpent will
be prmsent & lesdt during no-loadeondition, Bot as Jigrupsed eartipr. flux in the quadrahire axis will,
neves be mees when the machine 18 lopded, | fence call undesgomg commuraton will bave coronlarng
curmen| mmmng prohiem;

The brash width iz squalto the width of cnecommurmor segmear 20d ong mica msularion.
The briaf period during whith coilmmaing shor-girenited & brown ag edwnmantrion peshod (T,

T the vuerent =veriel iethe changs from + | to oeew and then Lo ~1 I8 completed by the ead of
short cireuil oremmmitation periad. then the commatntion i ifeal, 1T carrent reversal s ot completehy
iiar rme, then mpeEcking = produced berween the bmgh wnd the commurator whicoresule: in progessive
damenge i both and Koowe 48 peoar commraianon

In ¥ig (2} coil B |z about to be shorickeulied becouse brugh io abowt 1o come In touch with
cummltator s2ament n’. Ir issssumed At each ool carrien 200 A, so'thit brush codrenl 40 A Priod 1o
the bepinnemgs] shert cevuln, coll B belungs w ke group of cuds lymz o the dof of the beush

andearmes 20 A from kefi Tuiﬁbt.

Lo Fig (h) 1l cuireent though coll B hes cedueed downfrom 20 A [0 A, As apes of cigiiact of
the heuah s foge with sagmant b fhan withssgment 2, # 1eceiies 30 A Trom the Tormes. (e fital
se@in being 40 A

Pig it showsihe ootl B m the middle of # ¢ shorrc reur perped, tiw brush corract areas wirh the
rwustgmehiy ‘b7 and "a" ave squal. The oditent theough it bas décreased to 2etu, The tevcurrenss of
value 20 A each pags b the brush duetly fom eodl A eml C

frecmon Mo f ﬂmﬂfw.&?.-m;‘
§ Aidegr o Engineering-ard Terinniogy



[n Fig {d. coil B baz beeome parr of the group of coile lying fo the righl of the mragh,Coil B
nirw capnes 10 A n rhe reverse divection which combines with 30 A supplied byooid A o make up 30

A that pasges from segment *a' (o the Seugh The other 10 A Esupplied by eofl © wnd passis Trom
segment B L the brish, sgain giving = lelpl af 404 ai the bmizh '

' Fig (=Y depicts the momenr wien coll 8 is almosr st the end ofcommuestion ar shon cirpuit
period. For uleal commuistion, vireenr Theouph 3 has revarsed and casving 20A moeppusise dimcrion
Ag the current varies st guniform rEie ee f BC 5 3 mighl lines then ¢ = oreforred o a8 linear
O MTILST T

Loy, in acrusd practice it may &2 hopped, Be call willcasiy 15A enly (sayilostend of 304
die o (he preduction of seifamdoied em® in (he Coil which IE knoan isrepclines Vollnze: The
regctence voliege opposes Lhe change of cument m feen:l undergemp commiEtEm: The resull =ty
the cheage of corrent i the coliocenrs more slowly than it would be wndes iden] commuratiun
The curve BIC {ditted curve) sepresents the dhange 1n anment widn self-indunmance oF the coll is 1aken
into aocouwnt 5 15 Seen fhai, m that rase. oument o ool E hag reached cnly B valuz ofKF — 154 the
revenserl doection. henve the differesce of 3 A (20415 A) passes 31 manark. So, we conclude thai
sparicing af e brushes, which esulle in peor commatabionis due to the nabillly of ihe cutrent in the

shart-circanted coll fo reverse completety bythe end of ghort-girenit period (which is usnally of the orden
of LST0 gevond),
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Cnlewlatiom of Reaciance Viltnge:
Beactanss volisgs = Coefficenr of seli-mducrance * Rue of chnngs of coprent.

The rima of short emeai (or commurstiongeriod T) = aqual fo the tine required by the commussmr o
move 2 distanesreiua) (o the u-ru.m[:rr:rml thicknes of dee biuth mines the tebaess of onemsulering

=ivip of rice

Let Wy bruzh widsh in cim|
W= mics thicknass in om
w = periphein] spoed of commutator (6 enas

W - I't'n

Comemmtptem pacod, L= -"Fgecoml

Let the curnt in the coll undergoing commurstion change from + to -! (Ampefas) tering the
commutution. [I*L s the inductance of $he coll, thenrenctence voltage is given by

Reactanee voftags, £ = L};:'r f.?r Vol

Wirciricol Mot Depurvwrt of £ erriie | Ergerreeg
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Characteristics of DO, Generators:
Warlous Charscterstics of o DC generafor are given o
i. Open Cirenit Charaereriatic (O0C) (B4R

It 15 also known e magnetic charactarisnic or no-lond chametesisties. It shows the tefrtion borwean
e nislivdd Attt el E. and the field i exeling cvazenl frar a Gxsd speed,
iL Ivternal oy Tainl Charoctevistie (K01, )

Tt gliest the relaiion between the scrually mduced el Fg in the atmature and fhe srmature current
b
il External Charsemerismic (/1)

It {x alss kpown sz perfsrmapts cheracleriatic of scmctimes voltsge-regulating curve B Eivid
refation botvween thettermine] voluge V; and the losd cursm . -

Characterisiics of @ separately excited generator:
Mo laad ar Open cireuit ehaprnceeristie (OCC) No-laad exouravion Charmetepiaiie:

I shows tlie fefrtion Betwosn e polosd generared mmf [ ermature, B0 andd 1w G=ld or exceing
currenl iFal & given Mived spesd.
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Utminsctjon of Sspdimrely sxesisd gensraiic

In (hig typs of geoeatar feld winding iz exolied Vram g teparale source, hoace Teld curren| i
independent of armatore ietminal vobltage. The genemstoris deiven by a jrime merver al led speed. say
"o pm, With gavatch ©§ in opened condition, field o mecned via a poremrral dnodze conaection from s
‘separate d.o sobpee and Beld curzent in greduoslly incréssed- The Geld eurrand will esiablish the flux {9/
per pole. The wolmerse ¥ connected acioss the armaturs terminnis of the machine will mecord 1he
peaecated emf | m = K@, Lel us gradienlly riss [He sxciling currenl /s g0 (hal the sy of (he
figld Inmrraany wh.u:h Increases the flox
It may be ndiled tsal even when thems @ ag fisl) corsent, & sanall voltsge (OD), aboutd fudth of
rved value 3 genersred due o resafual flux. When the soinmg ( Teld] current @ relatovely senll, (he
flux i wmill and the ta m the machme s unsaturared. YVery Utle simf 15 needed to satablish the fhux n
tha cum, us the pmimr_l;llli":r af ¥ir s eommmn:, the flue increases in direct PIOATRA te the exciring
currege, 55 tha O3.C.C follows 2 straighr lae '
Hovesves, gt we coalinie o Gae e siciling curent, the cod 1o the O2ld and the acnaliecs
beging ro satuzete. A derge mursase in the s = now tequied t produce 8 small mesesss 0 flux The

Db vk’ A e/ Deowrmmnt of Dtipu! Exylnuermy
Ghutlegs uf Maplpsiring arg Tirhusiogr



maching s nay said (0 be eatusaicd, Wheh sefurarion eeis In, ¢ practially beeomes constant snd hesce
£, o0 becomes conganr. In grhar words; 0,.C,C - follows the B-& characiecisiic, henee tus chapaciacuric,
it sametimas tlso cilled the magneriaron charqeoesilite of e machine.,
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Freizl dhuyend h‘
M inac nf & wpaiely excited proeraior

It is imporzant te note that  ©.C C s knovn ot o cestain spred A, 0.0.C ar another speed b3 san sasily
be predicted It Is becmme for a consrape field curmen, rsiie of the genermed voleges. hesomes the mtio
of the sp=edn an shows bélow ' '
: Ej b _ Induced emfar H_,
Eyy Tnduced emf ar W,
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Therefore poimts on O.C.C 8t sy cap be obmjned by mukiplymg ordinstes of Q.C.C =ty with the
:ﬂh:g v nhould be puted thal ©.0.C. fir o Higher spesd would L sbuve this curws and for o Jower speed
woabid 10 bl B,
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laternal ond Exteran) Characieriztics ol separatcly eadited generator
Exrernnl characteritic sssentinlly dencribes how the fermmal Yoliage of o generator chongeds for Varying
Lopd current [ 3t 3 cormant speed.
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LEl us conpider o soparately exoited geaeatoe that = deiven st constunt speed and whose freld 5
exriitd 16 produce the resulinal flus. The wduoed voltage Eols genemsted auross b annimure termmuonls
wiltime lued resistante conmected novuss A4 /( ¢, with £ opemed),

¥o for =10, I = Eshoeld be the firg point on the boed chamcteristle. Now with '8" la elozed
nnd by Escrersing A Formn mfihitely laege valoe, we oan Increas the load =0 88 e umature el
currend B pradfually and nofe the volimetes cending. Volraerer reads the peermmnl voliage and is:
expegted to decrease due to yerious diops sach es armamure resstance drop and bagh yohage drop.(In
an un-compensated gerasitin the tndgeed velage B, also decrenszs alightly with Ineceaging lond,
becatse pole-lp sotusatun tenls to Jdécesase (he Geld Dwe Whils sutlsg down the ieddings of de
ammeter * Al -and the waltmeter V. vne rmust 2oc thet the speed remairnis cangien| st rated wmiue Henre
the load charactesssnic will be drogping 1n nefure

[fwe subtenct from Sy the values of voliage drops due to ammamee resction fior differsnt boads,
theen we gt the valus of E-jbe eml oumaly induced inothe armaturs upder losd conditlors, The
variatim of acmal induced =mfwith load = kaown 2= Uie ftermil characterisric.
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Charactéristics of o shunl generalor:
Mu=lopd Curve Tor Self-excited Genersior:

The D.CC. ¢f no-load samrated cupves fof seliexcited -genemtors whedlser zhut of segisz
coraected, ape obigined i @ sl way The flald winding of the genscntor (wherther shum or setes
woand )] & disconmected from the machine and comecred to an exviernal soaree of direed comment.

The ficld o raciting euretenl f = intreased by eullable steps (sacting from szre) sad the
correspupnding values of Epare meagured.

Vuoltage builds up:

Before lnadfme n shum: peoesator: § = alowed 3o bulld up 2n volape. Loy us discuss how o DC
shumi generatss adjum mseli 1o reach the zsed yoliage, amd wihat me the othes Somors that nthience it's
15 process of bullding ep of The volmge
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Suppose there exisd some reastial feld Thepefure, if the pegctaly; i driven ot raled speed. we
_thatld sxpect = amall yoliage ﬂ"“”{‘_}m be inducatl accoss the smattire. A thes small voltage will

be directly applicd: szrops the ficld gircunt a2 7 15 connecied 'in parelict wikh the ermarure, n grmull ficld
clrrant Wil circlale whach resulis an addithunal Rt 1T it 5o Wappens that (hig addilsomal Tlux alds the
abready meintinzresidunl fik, lotgl Fux now beeemes mers gaecating mers voltzge This maee voliezs
will drive mome figld correm gererating more l.rc:-h'n];z- Soth feld comem and ermatore gEnersted
vl e grow cuminfarisaly,

This gruwih LII"T’I:I-IhAgu andl the fins! valoe (o whoch o will setle down cen be undﬁﬂl‘amlhf the
1w 2lts shown, (e cormespands 1o the 30 C al maied speed and oleamed by cummesting the generatur
in separarely exeped fashion The othes cpe & the V-l charecteristic of the field cireult which is &
srrwight e passing tHrough origin 8ad it5 slops repiesents the fotd fisld circuit retistance

Inttmlly voltage mdfuced due to resuhiad x5 obtaresd fom O.C.C amd miven by “od®. The
field corrent thos: produced can be obrained fram Tield: giregit resistance: ling end given By “op” Inthis
way voliage blild up process Lominies along the rair case The final stable dparming poim (M) will be
the puint of kntersetion bétwenn the 0.C.C nnd the fiebl resistuncs Tne "
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T et clirrnt | i
Wiy pavimt “M* ig thy stalibe poing m which the machine Trublds mp”
Dt s process of woltage hulld op feld cucemt coplinuagsiy En:-:ﬂus.:an.%ﬂ = 0. Nyw,
the genemied oom.t i the wrmmtore hzs 1o meijl"tht ghmio deop {:R.s In the winding and o avercome
thee opposing seif-induced en ¥ in the Geld <ol ¢ ;,_L b freld culy hanre l;lju'rrnhi: se|{-inductapee

By i:rR:-h- + .E
LE fhe peneraied eml & in exvess af the nJ:Ltn.ln
drug {p &4 onermy would cominue heing stored i the
Eeld pules For sgample. corresponidleg 10 fisld current
O, the geasrated el B 40 Ol ol this. AF roea to !
supply ohmie drmpy by Ry smd BC goes 1o niercome ssif-
mdueed =m. m the ol Corssemdmg 1o fr= (P,
whole:uf the genernied em.© is used o ovemome the
hinle drop, Notir i left 6 overcitie L% Hauce no
chmgy s sfoied i the ok fickde Conpsrguently, thers
I fo foriber inceense in pole Oux and the geneiated
emkE
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Effects of Varintion of spred on valuige baill ap:

Supposs 3 slumt gederator bzs ol up voltage =i @ certeim specd. Wow i the spesid of the grime
mover §s reduced withou! chenging field resistance [7), the devednped volizge will be lesz 2a becanes
the OLC.T ar foswer spesd will come down. Aa b cosult the: volkage toowiieh the maghune beilds up
reducez. dor 1o the pomt of mtemectinn. If speed b fiovher seddoced f0 8 cortam ormniond spead (), the
present field cespmance [ine will beeame tangantind to the O.CC = H Fus any speed below N, o
volinge buill up b possible lna gy genarmiue
Effocts af Varation of ekl vesiatumes on valtage build up:

If field cirvust resstance = incrsased, finsd volfage decresses as the point of itersection shifts.

tivurnrel [eft 1 the fald resmtarics i inceeased firther the V-1 fine interieet the OCC & yoarting poim.
bence the mizchine filz 10 buillup The fi2ll cleoun resistapes Lpe which & wib the O.C.C &
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cifled the cefical Nield repigtapee. I the field circuit resistance i myre than the crifcal value, the
moachine will & 1o sxci= aad np volrags will be induged  The renson being ng ponr of miemecrion 9
potuible m thiz onye

Bl
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How tn Find Critical Resimunes (8 Firan QOO0 i platted from the given gatn, Then 8 {angont i@
degwen e s inmial pogtinon. The skope of this curve gives the cegiosd resisance e e gpead gt wihich
ibe dain was ohinmed

Hiow te Find Critical Speed (Vg . OLC.C. i plonted Fum the given dafa. Then, a taingant 1§ drawn
iy snitei-podion Deaw s Lee cosespands (o shiint Geld tesisiance R,

Curie

vy

fC fi] R .
okl 2 Y e il peas | W
AC  FullsgesdiN) " AC !

A shunt gencruior doves by o prime asover oanoet budd wp voliage O o Tills w0 comply any of the
conditang ixted below,
| The mochine must bave some reridunl fmld) (17 ot then e -."_m exglic the eld sepmrarcly 'I#Itl'i
=omE tonstant cunrent of 8 spark/are can be ryested nepors thie feld mominaln. Now emoval of
thig curren will lesve dame amaunl oF rezidual Ninld, |
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2. 'For the given direclion of refanion. Field winding connemtion should be guch thel the idsidual
fluy 15 sicengrhensd by the fad curent in the godl (1§ due o this; o vehage 5 being bl up,
revierde (he Feld teominal connection, )®

3, The speed of aperatun of the machine mmast be nhove the ool speed

d. |f excired ot no Joad, then tota] firdd girecdt rez@mtapce mmst be less thon the crmieal feld
IBSIEIANDE,

3, If sxoited on load, then nz load resistance should be murs than 3 certein mmimum valee of
= e "n!."h.i!':-'h.h given by meernal charectegisrie,

*Mote 1T ihe field consect o is peverged It may wipe off e reejdosl magastism
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Internal sind Externul Charactenistics of shunt geperator
Barernal characienstic essentially describes how the rermunal volfage of n geosrwor chonges foc varying:
boad murrent Jyat @ conatant speed.

Ly us cunpider o shunt geeeator driven o consmm apeed and whose sweitarion i sdumed 1o
peodisce the reguitant Mok 4o 28 the pated laduced emf The Induead voliags £, |s pencratad acposs ' ths
armatist rermanald withno Jead cesniance connscied aoposst [ue,, wih 8 opsntd]
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Witk switch '3 in epen condiion, the geaeratur i practzally ynder rg doad condltion gad ficld
cuerent & premy small, The volmeser reading will be mo (uad indured emf £y or £, L0 other wonds, £,
amd (3 = 0 i3 the Ilm‘-mnumrh:lmddamﬂnﬁhc

To lood the mrhin# "8 moelosed and the losd resisrences decroaged so thar ¢ delivere loed
cwrrent fy. Unlike separately eacited motor. here 1 £ £, In fact, for shunt geaemton, L~ 5= b So
increage of I will mean ncrease of fa an well. The drop in the terminal voltage will be coased h'y

(1l the wsual 1.8, dnep and beush vo s doop

(it Dwe o the demzgnetizing =fect of somature reaction armature.

() Apnt Som these, in shoar geperator, Fald currant is decided by the temlagl vokags by

virtue of 18 paraflel connectaon s (eominnf volimpe decivasss. Oedd currend hence o
ki Aecraages cwemg addinons] frop in rermarel volrsge,

Crver the portiem “aé " where the lond earment o comparstivaly small when sxternai lnad resimranes s
sersaged, §f regulrg in inereased Lowd surren 7 empentad acgoqling 0 Ohim's w. Thede comdiims holif
-good till poist b eched This poinl. i Eaown s bedkdown point. Mlowetsr, Jue 16 laoceass m bisd
curtend. 178 aleo decreased doe o the esuse 1) as mention: ghove Bud affer the pitvtion fad ) I |oad
reswrEnee I8 degreased then, the tosrenr B increosed momepiarily. Hur due o the seveso srmarure;
section for this heavy curoent and incosided fa Re deop, the teominil voliage 3 desstically reduces. The
effect of this dresris redertion in J seeuliz w1 legg load cureent [0 athey wordn, fier I:uﬂuwmn-ml
(e termina] voEsge ¢ decreasen mope fapidly thin the Bed 2cimranoe. Hapee, sny, further decreage in
ioad resisinnce ectunlly causes 3 Wedrewse in Jond catreal. As load resistence 18 decreased heyond poia
&, the curye turns beck till when the generator inacnustly short- cieutted, @ cots the clrent a%is af poist
e Hese, terminal lmh:ugg V' is reduned to mees, IEi:ugJ_} t]i-_r: wotld be Frme walue -:'r:'E'E due to reavlumi
magrnetiEm

Internal Chinracteriztle: barsrnal chazactaristic aives tie refation betwean £, and Ty Honce, thiz cutve
cin e ohtnmed from external chsracteristics cutve IT beush: cantagt rediseance &= pssumed 1o be
congtant, then srmature woltage drop & proportional 1o the armatare: current. 18 we add the symature
wallnge dn-ps tw (b rerminia) voltags we gl (he [nteens] Phiracteriste

Al
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Exiernnl Charpcteristice of seies Genorator:

|n this genmenaros, &9 the Geld winding = in 9ecies with the ammuities, i casry il acmatiee currsai
L Azl e incressed, flix spil bence grn=maled somE abeo increamed ft will br poticsd that & f=ries
genzpator liss sising ‘altage chanacoes Bty 4. with Inciesss in loal, 5z valiage & aleo Incseassd, Bl
W geén (hit af kagh loada the Voltige sigrs decreaging e 1o ehoeisive de-mignilsmmy «ffecty of
wrrmgiiie figetion In facr, perming] soliage slamts deermaging-as load current & increased g shown by
ihe domed cupve. Fog 8 -lond auerem GO the vermienal velinge @ sedyced 1o gero 2 shiown

IFI __-.:I__I_-f-' e
bl
oy G e i
r“f;"'
.r‘jﬁ’-;
Comspound generatr
L
i il
it fioled
Sbmnnit Tkl Larion My
! = 2
The pompound genermios wad deyetloped o arevent the temminal soliege of 0 D grnermms from

deeeeaping with increasing ksl

In & compound gesedator, seces fisld coll ctrend g load dependent. Therefare for a

curyelatively compound pensrator, with the mofeazs in joad, fux per pole fepensssy; This inesecses (e
- geaeraied eml and fermonal voliage. Unliks @ shunt mosgr, deperwding gn/ioe sirzngth of the aeries fickd
maf, rermingl volisge at fall kad cureent muy be sume or more thin the no ed yoltige. When the
permiing! voltage AL red cuprest 18 dame that of o bad condition, (ea i 1 called 3 leve] componnd
generalor. [Thowever, terminal vollaze @ maied curent s mare tham the voltage 5 no losd. it = called a
aver compound geasrator. The load ohasecterintic of 4. cunasiat e compound geoermor will eameraily
be above-the load chamstenstic of a glunt geaerotor, At |uad cumrent ugher than the: mred curment.
rermmima] vultnge stuns decrensing dus to sateralion. somsire seaction effect antl moee drop in armaruee
“and series il renistances, '

To underztend the: usefulidss of the series-coll In & compoond ‘machine let uE underinje the'
following gimple culculnriong: Supposs as 3 gtunn gasemior (senes coil nor coneegred) 300 ATipole 15
necezsory to gzt no lead ferminal volings of 220 ¥, Lat the termimal voliage becomes 210 Y ar raied
simatize curen) of 20 A To resinge the terminal woRage o 2207V, st socistion needy o be rajsed
such that AT pole teguired 12380 a2 20°A of rated currear. Al o level cumpolnd gendratut. the 2am AT

) b b Adior e quw.ﬂnrﬂuﬁm
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[380-300 = 50) will be provided by serics fiokd Therehre, number ot sekies furng: per pole will be REZ0
=4 Thus tn a compound genespior eeries feld will aurcaatieoily provide the exim AT o acrest the
drop in lesminal soltage which ortheratise i inevitable for ashunt genemior

Lt i Aiffren il compaund genersior the hﬂqfuf the sevipe firld arly oppesie to the shunl field
As & result, the tenminal voliags falls deesricslly with incressing load. Differeirial compeund generators
were [rmely used n DO sec weldes, Beciuse they tended 1o ling the shest-cooull curmenr aml o

siabilize the amg duning the welding prowess
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Arwsire curend
Valtage Begulation:
Volisge reguletion of a g-n:miwr & drfined as the che

and fiill luad. eapressed uf pecentage of the rted Juad volmge.

N Ow e cotiphesizadid
X1 Eaund Sitisfgsbuiuilind

Sognmarely sxiched

" S encdid

FiarRemmsinna] |y Saimpesiinisd

nge m rermuns! voltnge betweren nu—lue.l:l

[Vt ee smull tien the generator is sa:d 1o Save pood regulation ool o the change m volage js:

large. then |t hag poor regulation
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Application il T.C. Gengraings:

|

Shunt seaermios with feld eagularors are wned for opdinery Sghting and powes supply
puspusns. They e alsy used B charging bitterley bevause their tecminal yoltages ace almoes
connEat o can e jeept cungtar.

o Beries pepdraliorE ate nbl gsed o powes Supply becieee of (heir rizing chirhcterstios

Fhovwsver. thee Gamg chargcierste pnkes them @dable Jor bewm used 28 bowvsters m cermam
Trpen of distnblitlon 5yatems: particularly n ke eevice.

o generarars: The clmuletively-compound genarmor s the neost widoly wsed d.e

abnereIar becauge its sxterns| chispacterisie can be od justed foy compensating the valisge drop
in the line resistance Tlenve. such gensmtors are used for motor drving whicli sequire d.e.
mupply At constan volisge, for lamp loads and for boavy power service sach 52 clectric r.uﬂwnll
Tne dlﬁaﬁmurmmpwnd genewior his an external characteelgit slmilar (o that of & ghoet

- gereraton but with large demupnetionton armatuce reacilon. [lence. B i widely zed in orc

welding where istger voliage drop in desirsble with increise in current.
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C Muotor;

D,C. Motar Principle
& nchine thut camverts de elecirical power fmoe mechaniun! powe I8 known 2z 2 e malur s
operation ix bazed on the principle that when a curvent. camrying candugtor 35 placed i & maguerie field,
fhe conducte: siperrences & meckancal foree The doectn of this fusce & glven by Flemmz's el
hand rule and magnirade wgnen by; F = il Mewrons
Baxleally, there 15 no conatructional diffirence betwesn a doe. mator and & 4o genemiue, The same d.c
rriachine ciip be tyn 0a 4 peeeclor or matar, '
Werking of DLC. Mojor
When the terminals of'the moterare coanceled (o an external seuees of d.o-sopply:
o tha flold magnets nee ewdired developing alteenate Boand § pokes:
. The armaiure conducton cpry curmeatn,

/‘I‘W
I/ \

Al condietins under N-pole carry currenes L one digeetinn while all the chmductory pndes S-pule camy
currenis in the oppasite direction. Suppose the Zonthictars under N-pole cammy curmenia info the plene of
e peper apd these under S-paje carry’ currents out of e plane of the papor. Smed esch azmario
comfuelon iy canyog virranl sl 8 pleced i the magnetic feld, mechanival forde st on 4

Appiying Fieming s keft hamd rule, it i ¢ lesr that {oree ench e B texiling o motaie
tiie apmgure inanticlockwize directinn, All lipmse foroes add iogether 10 produce b drivipg turgee which.
gats the arpupturs noinding. When the conducior moves from one side oFa brush o the other, the currenf
i that combuctor i revetsed and a1 fhe same tome 1 comes wnder the mfluenee of new sole which is of
rppemie polory.: Comequently. the deeenon of forme om the conductor semamns the =ame

Az snon ax the srmature stams moteting, dynamleally (or motinaslly induced emf & producsd
i tho srowature copduetifs Tie dieeting of this fndbced sm L con be frund by Flemings Right -haud
Rk, lo obrwends Le, in dibect epposition to the dppled volege This s why § = koown as backemf
“Ex’ or coupter e Tin velue in the zeme 35 bor the motiwnzlly mdueed emf in the generstor e

Ey= 'p:-a'-l' E)v-‘.ﬂ:l;'l. The applied voEage V hee to be force corrent throogh the grmafure conduciors
sgannst thin back em { "F;" The skeoric work dope ln overcoming this uppositon B converisd min
moechanical spergy developed in the armatuze Byl = «T, ),

Ermon! Mucivre - Bepuriemes* af Hermive! Egrarnag
§ Wi o Engineeringard Ferinningy
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The srmarure-and field coils are connected in pazallel | o d wslmnt motor and the paraliel combmanon
15 smjpiied with wll:u;g'_} Fody. doamal fpare respectively the corrent doawn, fom sipply, the srmutiree
cusrent apnd the field curene repeciively. The following equatjons cin be written by applying KCL. und
KVL in the field ¢irewdt and VL in the dmiatute clieni

I, = 1 =d iipplving KOO

9
I', = R—Lan-.:!-.""-T_mEl:-lnt-;n'.m'l

=7 .
[ =- ey WD d Tk (TRRTINE et

Hoor motor moves from e stendy sinfe opormiing pami ti annther steady opemting poimt !

How the mutur ls sell regulbaiing in manire”

Chintiative Analveia:

L=t 0g 3s3iime the motor o8 abdo olehy. under mo-1o0d ool iLon wich ssseplialy mears Tp= 0
and thete e Fiction predent. THis Whin supply  switched on, botl J, (= ) and ¢ will be ssisblisked
. . ; "

doveloping T As Ty = 0, molis shiuld pick up spesd dus |6 proclemation. At mubtoy mpeed nependes
srmmalive currenl decreases sloce hock eml £ piees. The valie of T} olio progesaively deceenses Bur s
lang T, is-jresent, sceelezstion wall contimde, incressing speed fnd boch emf & time will come sehen
csupply volsze amd By will be same makmp sematire caten O Eea, Now T, btoomss 2oro and

neeelernnnn stops and motor continues o o stendily a9t constand speed given by N = ﬁ and Crawing:

o wrmatete eurreat Nate thae lnput powes to the armiore i rero ond mechenion] outpal povwes s zeto
mt well - -

Lel ns bring o lime rasfioy 1o Vhe prevons digeugaion. Lel oz nor neghect frictionil lorone during
peveltraiion grewd from rest. Ler us aléo assume frctional forque To be constent and equal 1o Te How
(ke finnl operating peint will be decided in this oase? When supply will be switched o T, will be
developed and machine will acesierme If o= T, With time T, will decveass a5 1, decrerses
Fvenrgally, & tme will cormie whan T, becomeg equed 1o ¥ il enodar will gontinge 4o ren &0 pondmand
srossly oo fond speed A The moier m the final:stendy srare hawever will conringe (o drgw o definne
amomt of arrammre coment which wili prodacs T, et snough to balance o,

Suppuse, the mutor k& runnlng sesdlly st v foml speal Mg, devwlog oo load amnanige Jio and
producing tongue Tia <Ml Mow lmagmrv a condtant lpad iague i mrldtn'r:q' |H':pu!lhi an The shaft of.

the motit ¢ 1=, Shiro gpoed srnmwt clamge imsrantsreously, at 1 =0, ), 4= E 1—-.rr|=11.dl'.l:f—tl =

Ermon! Mucivre - Beperewent of Hecmrive! Sgroermg
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!'.,-. Thu, 8t (= l:l- , Sppnlng tonque 3 [Ty + Thgo < Ty Ther=foes, the motor thewld start decesentiog
draveing mpbs amates curent and develoging murs T, Fliel siesdy nplmmng puint will be prached
wien, T,= Ta,+ T wnd motor will non sl b new gpeed lower thian o load zpeed Nyt drawing f,

- gregter than fhe no joad tuent fp
Cluamntianive Annlys
Suppose thay the Joad an the shaft of ¥ dhumt motar s mcieassd, Thenthe bed momgue Ty will
exceed the mduced fofyie Tu in tlemydhine, and He mobcr Wil e o skow doen. When the miotoe

slaws down, i3 fndieed smi baek smd 1E, — KN ) redices, g the agmerure ¢irens f_T L= ':Lift) {is

ihe molor Inecsndes. Az the armaties cur-en: siges. (he mdiced forgie m ke motor Wiorelses (1T =
KL, 11 2nd finolly the metlieed] morgue Wall squal the Jogd Torgue 2t a [ower mee hamce ] seeed of metanon)

‘Targne equanian:

By the lerm [orgus i mann| (e tarrting o fwristing momenl ot & feroe abeut an a1t s meaguied by
the pioduct of the furce and e mdius ar which 1his fozce acy. '
Whenever irmaiure camiag comenl in pregence of Ao, conducior sxperiences forod which gies:
e 10 The slereomagnene worque T, Dbviousty T, will be developed buth m metor and generarer mods
of opemation. It may be noted that the diFechion of condicior cocrents reverses as we mave fom me
pole ro the other. This emmures unlSnectioml fomue o be praiduced
L=t Arpamurs comeit= J,
Currenr flowing through nach copductor 1 = 4{"
tetal I'Iuh .E:.'

Avarege fuxdonsry 8, = gl

e, B0

. _
p:tn,..l il

TForeeon o sifgls rondustor =B, o [, # L =

b 4 gy

Torque on o single conductor = el
Jetal electyomagnetic topgue developed, r,=§5‘ b, »2 = %:. @,
Te = Wiy

Where, K 15 bnown ag twmue constant snd given by %

For o shionst mschirie, ws the Fux almust mmain constas 1, ® 4,

For a genel moching The Thiv o divectly proportionat i pomanee Cirren) se
T,e ), Ithe vore I8 sarogated
T it Ifthe com s imsariratad

Tluiz we see that 1he soove squannn 18 ofice agam applicable both for mesnr #nd generator mode of
opermiion, The diectzn ol the slactomagoetic tarque, T will be nloog the drection of rotalan & cage
of mietor operarion el -n-,‘rpn:-miirtnﬂr direretion i rattmn in caze of generator operstion.

As we kmow, B = --v { :1 drvisting this eguation with the wogue sguaton we will get

Ermon! Mucivre - Beperewent of Hecmrive! Sgroermg
| widege af Evginmerogand Teinniogy



Shaly Torygue

The toaal grogs ioeque; a5 csleularsl abdwe, b nol ivallable st the owput St dolog vésfol wod,
Becilse A contim amdlaT i UiEed foo suppiving won aad froton bozges o the motor, The worire
which ks available for daing useful work & known as shaft torque T It [5 6o colled becomes @ &
availabile a1 the shafl, The difference ¥, - T & knewvn ig Ingt (omque.

Fﬂl" = ﬂ.l;_‘u
irF; II"d,- =_-:_:“
Speed Equition: '
The voltage eonaten of Do mwilte = given h:r
psﬂ :
& U
w K a
A .
By~ - Ly
Combnnma above eguations:
Vi = loBlg. = Ke BN
F - .|',1 H.. H-‘
= Ni= =—
Td KB

Lt the machine 1§ aperating of constans ioed and exeaaton, ifihe load on the machine now changed.
fhe abute mquntoms cir be witen Ay

M_Eu 9 Bl

Ny By B in

1 B b
and ===ty
- PR ]
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For s shunt and geparately excited myior;

Ny Ew
Ny Ewm
il ;‘1: =:—-;1

i na

As 1he Bux abmost remams comstant, (ol changed mtemmonziiy o3 oy de-magnetzstnm

For seties Mobir:
An1he field end scmnture cument are tie sone! @ o [
Ve Epi % Epr laz
s T . — L tan—
Ny Eey By By Aay
Ty by b B
and 1= e =R
T by he i
Speed Regnlbstion: '
The t=rm speed regulntion refers m the chisnge o gpeed of 9 motor with chings i apofied losd 102g0s,
glher condimiong remiaining cosstont _
Tae gpred regulateon is defined a3 “The chanpe i apead fram pe load o rated loud, expresaed uy
pervest of tive rated load tpeed”.
Blospeed - L ageed L o0s

®p 3pe=] reguiaidin = i
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