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D. C. Machines & Transformers (314322) 1.3t 7R smfor @RWTW (32IRY)

gire- |
STt SRR

(D.C. Generator)
fawa fArso=it (Course Outcomes(COs)):
S TR WBIH-e! ¢xe & .
(Test the performance of D.C. Generators.)
fawg Aot sRieR ot fysrdt @ fAsa=ft (Theory Learning Outcomes (TLOs) aligned
to Course Outcomes(COs)) :
1.1 S 8 7= S queiiaigg auid &,
(Describe the constructional details of the D.C. Machine.)
1.2 feoie S . S Re=a1 HTHE awd WY .
(Explain the principle of working of the given D.C. Generator.)
1.3 S.UH.TW. o GHIGHRU fHresar Sifol e St Al SFRexedn URTHIC T 70T .
(Derive E.M.F. equation and calculate the parameters of the given D.C. Generator.)
1.4 T¢It TR S1 dl SRR 3fiosl.
(Identify the given type of D.C. Generator.)
1.5 fadear St B SRe=ar afkreedi=n (characteristics) 31 @,
(Interpret the characteristics of the given D.C. Generator.)
1.1 STt | A (D.C. Machine)
1.1.1 S Fe/Mesd H=e&: ( Construction of a DC Generator/Motor)
St Ut TR Ta 9 IUSRI 318, o AbHdbdl TAsiiel Taliaedhd TToiae) UiaRd Hd. o 9t
HieR TP A=A 3MTg off Talfacdd TASia Hob e d ToiHe FUTdRd HRd. Sf 9l SRex ST Sf 9t
AT He e T8 GaYd B Ale!. TR R, A SF 1 IR0, T-Rex UM fdhdT Aex WUH TR
Jadd! SIS Yehd. T YHRSAT diF G HFT ST, o urel
1. Hifes wics R,
2. SR,
3. HRICT ATOT §7=1 R,
I I STRe SR HIT IS HAfedh Th S0 I, e B ST U1 T, ics higd, SR drgfed,
S9N, TS i, v anfor <mue. &) & A== g W St 1.1 7ed @reht gxifae 3.
Piecd (Contents):
S SReE e wics ReH
o Ty 3101 dis
Uil IR SHTIOT UTe g
e fdvar Taarafdn siged
I SR SR
THR BR
SR &
S T SFRexAd HRICR

SR
TSR
EIR|
RS

Maharashtra State Board of Technical Education 1



D. C. Machines & Transformers (314322) SI.4).wR= anfor @R‘I’lﬁﬁﬁ (32IRN)

Commutator

Yoke Or Body

Pole Shoe

Sha

Stand Or Legs
Armature Winding

Field Winding

Figure 1.1 Main parts of DC Machines

o ST Tve WAfew wics Rivew (Magnetic Field System of DC Generator)

Tifes wics Ried AR fRR YT 3115, & G- HUfCd Tl qUR d. HAfcd Bics Rieqaed o4
W1 fhal i, O HR 31101 Ui e 311foT wics fobar vamafn wisa sraard. St 3 svesa § fafay
YT W qURiTeaR quiF St 3.

o TAfe® BH 30T TP (Magnetic Frame and Yoke)

ST T ST s T4 UIed SHTIUT Ser-Uied [fEd ohal SiTaTd 10T SaTgR AR BId s RHa Higd &d i
QT A1 WU 3Nd@d oild. § Hiedl ARIFI3] HRe Wi fdhdl s Tiad aad 38 A1 a8
STHRTAT ARIHTS! DI ATHIRIG: HRE AT Sad 3.

Tqidpd g9 BT I5ID (Main purposes) JICHAYHTI! SHTRd:-

> 8 UId SRaqUIe HRd 3T A=fi=an sidfd (internal) HITHT A Hed Wice UeH od.

> g HUfCH gaaaardl S Reae—a I1Y U™ (provide low reluctance) &R

o UId HIR 3107 UIe I (Pole Core and Pole Shoes)

Ui HR AT UIet Y Hofed ThHeR fdhal dleegR didar [Mf¥d &dl SAd. Ud® Oid SRAY Ha
SHTT (curved surface) SITd!. T&HT, TId DR ATIOT Y[ AHAR UIds HRE STATURE (thin cast iron)
Sfaed SRATd TN BASIad URR Sidid THHAUUl SRIdTd. TSl HRc A HH HRUANIS! uid
B PHRard.

I SR SHATIOT UV T el @Tet q=ifael 31T,

Laminated
Pole Core
-~ Solid
e -
o Pole core

Rivet
s T
Holes .

Laminated d L
Pole Shoe

Screws

L . /"
~— Pole Shoe -~

Figure 1.2 Pole Core and Pole Shoes
I SR Tl feeied TeTd Se=0H B HRd.
a) § ics fdhal TaTafeT disad quicy @d.
b) T THR IRETaRId (armature periphery) HAfe® Taad THARVUUI (uniformally) THRIdT.
¢) 3 Mifeemafhea HI9-YaRd &3d dle Bq, TR}, Hafess uruan feee—g i gid.

Maharashtra State Board of Technical Education 2
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o ics fhar Taamafes dised (Field or Exciting Coils)

fhaT Ui Hisawra! 31HAS HIWR (Enameled Copper) IR ATORET SITd!. HIee Higed Uld dIRaX
SaedT 3Ted.

SIET SRR PR HIcE dRfSTHYT STdl degl df Uiadl Hicgss HRdl, 301 Fa daR $Rdl. 94
TieTe Bits Hisc AL UHR JRISHD Tead 3ARd & Sie] Tl gk dled), degl gl
Uierel faee TiaiiRe! U g,

FORMER

FIELD
WINDING_

Figure 1.3 Field Winding

o 31t SRy 3THRR (Armature of DC Generator/Motor)

TR S 4 A=A fARUIRT YT 318, STHRTE Ueh MUT ST STaR Aiies Riciex SRyd! e
3R DR TUIATd.

o ITHWRPR (Armature Core)

S SR TR DR SMMHRM SSNABR (cylendical) MR, SR Tae-d YRGS (outer
periphery) TTeTd ST SRITIITIHTO SR aRfSTHE Jagd fdhar wWiie e

Laminators

Air holes Air holes

Figure 1.4 Armature Core

ST SReR fohar A== IR SR Weid I B -
a) 3THR HR WieH Heaes Y.
b) 3MTHR HR HAfeH Wefad TSt Ueh TIUT AN USH (provide easy path) .

S{THTR BT S1 T SFReR fdvat A== fUhRUMRT T 3R, TIRI SR 3c (reversal) Bial, I
R A TR 8IdTd. HRATS! RIfeies - e AT aTiR dhed fexe R d & gidTd.
fOARUIR SR T Wies HTUA (cuts magnetic field), TS 3.0H.TW. ATd 8438 (induced) Bil.
2 S.00.U%. TSI Hic THIR IXd e TS! Hic Ay gIdTd. SRIUGR A1y HH! SRugrat SR
DR YAR 0.3 d 0.5 T TSt T RITIE THCS HRATd. TP AR ali-=Ie BTN SIS
Fd o1,

Maharashtra State Board of Technical Education 3



D. C. Machines & Transformers (314322) 1. A= smfor araw“rﬁ (32IRN)

. arEfEI (Armature Winding)

Z0CS HhedeR AHHIR HRAT WicHS ST JTAMd. HHIR ARST U 7S, ArGel GSMAbR
®R (soft iron cylindrical core) EHRTERIA TACHHIAM! SYTICS HIUR AR Disd 3MTg. MHIR
IEfEm g S It A=f== g2 (heart of DC machine) 3Tg. 3THER a3f&T 8t Tes ST 3118 f57Y) dfar=
IR B,

o H-TFQ%?\’ (Commutator)

3THERYE URUIRT FRICER, BRI GSTNADBR 318, HRICITL HIUR [THFTET (segments) T I
3RAr Sl THABIURE S~Icics SRl faUNTR (segments) TEAT STHR Hisal GZdH T8,
A [THFT (segment) SHTHER HISARN STSeTal ST S0 BRI AU SHSaa 3R,

—Commutator

Segmented
Copper Ring

Figure 1.5 Commutator

BT S A A= Yafd A HIT M8 3foT Wiefid I B Hdl,

- B TOhRUIRAT TR dHS el SRINGR fRR TRied Al shed.

- g 8 I IR hdd TRieHd I8 Aldbend HOR HSdeHUT SIS 3feeHIeT PHeedl
gHSTERERAA (unidirectional) ®HYeHE FOART ®Rd, ST d Mex fhdd Sfee-fen eldbar
SRR ClbHe] TR HRd.

o ¥ (Brushes)

S meimed, HrgeeRsit Gud Ay fRRR Taaed Tfdhe 3 fhumar R e safdesd
HC TWIART (pass) HRUAMNTS! TR ATURAN. SR S RexAd THR BIsaHYd Hee AT
FHRUGITS! SATOT HiexHed TR aTEfST o d! f[adiRd HRUTMNTe! Hg<aqul 31Te.

3 I T=i9, SR HTI: ST fdhdl AhTEe A g SIdTd, HRU G IR fR[d el
(conductivity) TG HRd IO HRIC AR Siiof (wear and tear) HH! ®d; fafRy aRiRdid oY H!
FlecoHel I TRIRT ARID SR, AT HIUR I ATUR STS> bl

o TS BRI (End Housings)

TS BIRAT Bth e I iR Siisaial SRTdTd 30T S3RATe TUicy UaH Hrdld. He gt SR ffor
Y Sl U SdTd R ROR (rear) BRI W8T draes J3iRTem Tuidy dam.

o 3T (Bearings)

TS SIRTHED afd fhar AeR S31RT S9aa STTara. SeiiTe Srf axiiean fteroman onifor fRR yrmigdia
YT HHT (reduce friction) HU! 3MTg. TA: o HIa- T Ieral ATUR SS{RITHT HCEFATS! el STl
PHRUT ¢l YU B0 T (hard material) 3Tg.

e TXMMUC (Shaft)

TP SR SR ST TUTE (breaking strength) TT W (soft steel) S 3178, XM AR
- 3TE] AU YT [THEaR 3115,

Maharashtra State Board of Technical Education 4



D. C. Machines & Transformers (314322)

1. 7=y 3mfor e THRT (33%3RR)

1.1.2 HTTT-BTd STTOT ATHAT: (Parts-Function and material)

R (Parts)

$Td (Functions)

IR (Materials)

- NSt AbTHEd guid
PHECEG

- TRIFT3T TREfU e
BUH &1 Hd

- HAfeh WISt HN Ua
A

PRE AT fohal e T

3R oA Taa
TIRJUITIIS

PRE T fhal FRe T

BISEAN

Blcs digfsial
ABIFHd JUIE USH Hd

HRE A a1 wRe T

Plcs drgfatl

d Tt wite TUR A
e 3R fhd

THATS (Enamelled) HIAR

R DR

- g WiicHHd dredex AHIgH

Ta.
. 3 Hife® Faawndl th
a7 AFT (path) T&H &

fRferepTT et

3R arf&

g o 4 O=iiFd e sie.
3R arEfET & U S
38 1Y el wUiaRor
(conversion) gId. T &I Tt
SR, gifAdh ekl
(mechanical power) fag[d
i (electrical power)
AR gid.

THATS (Enamelled) HIAR

. SRER SRS T @
St el wuiaRd HRd

. e HARITer ST T @
T W&l = uiaid Hd

HIR YHY AGSER

(mica) THHBIDH G SYdCS

« SREAT 3THIR
TS Iy et
0]

T qRAST T

HEIAEIZE

Maharashtra State Board of Technical Education




D. C. Machines & Transformers (314322) 1.3t 7R smfor @RWTW (32IRY)

- gAY fdvar a=iiaed
i ekl
gedidiRd(transfer) &0
T . TR BR, PR, A

ﬁ’a—r\qg_ajr;@ﬂa‘ﬁ W TIrg T (soft steel)
YT YT THA B,

T fthan 3for fRRR
Seifar LT elter gefor it 3= HIe- TId (High carbon
CRIRIE] steel)

112 GISfETH UPR (AT 301 d6): Types of winding (lap and wave):

S ST i Wil [9gd Tadge TUIdRd bl SId. HAaRAT YR, dsfeTd g
o WY ATSFSI (Lap Winding)

U ARSI HSaey IR USHR Shsdd 3Hed DI GHIGR AN (parallel paths) IASAT el
TAZAB 3MTg. SRMUBR, SR AHE P UId IO Z THER FHSae 3R, aR P JHIR (parallel)
Trf 3RIcd, T AR /P dede’ HIfeidhd (series) SIS SR,

9 aEfETH, TR W AR AN (parallel paths) SZad 38, UG A 799
YHRIHAD (positive) 3Md AT IR 31¢f THRIAD (negative) M.

o dgg TSI (Wave Winding)

AR dierdt S faaRTd 9 9T d G IHiR AN fIUNTd Sidid 3’ 3 arsfeme dadex
Sedd SRIATd. SRIUGR, SR AR Z R HedeR S, R YA 7/2 Heac e
Thad GIH THIR AR (parallel paths) ST, IT AU SR WA JHIAR AT (parallel paths)
TR ! TEUTSId G 311G,

1.2 St ¥t S ReR: (D.C. Generator)

1.2.1 TR dd: (Principle of operation)

SRER T ORI 318 O Tifdes SHott (fdhar Rrah) faga Sorded (fdhar =ra) Al SuidiRd dd. SHolt
ORI SEAHGH! Se4%s 5. UA.U. T ST dwaldR STUIRT 318, SiegT ST TATEl Haae
WeE TR HUdl, del SRAHG SSFe 3. TA.UF. I el Sadciiicd SeaRmal
BHTRITIR TR ol 91, § 3.TA.UF b Wide g e dhedede fagd dHee Aafor s,

I T SR STadid, SiegT WIgH HaRgR 3R dTafe fhfda Siid, dag] I Siigad Faa (linked
flux) ST SATIOT 3. TH.U. &Wﬁavar{%?m?ﬁmuﬁr(dynamlcally) ssq&s & S, § TR
IR T 3], UTSH R diex s, Wi 3ioM, W cafz fdhar fs2ia 3om st sRy Y.
TR AEfSTHE SIS ®iccordl (G HITHTAT IT5C 58 HorgR fel o

1.2.2 TRTSY SASCIHATE® SSIRY BT (Faraday's Laws of Electromagnetic Induction)
RIS SAFRCHUTCH SSRMAN MIAIYIR, ST dhedexdl Idad SGAURAT Gad 1 & (magnetic
field) $adl (fhal HSaerdl Jad 1T & gAad Sld) I 5.0H.U%. HedeR A S8 aIdl.

1.2.3 FRAFNET IEe g8 fAAW: (Fleming's Right Hand Rule)

FAftT= TEe B8 U 3 Weed 3R Bl <SR SATAT, oA (first finger) 31T A e (middle
finger) 3R UBR &R S0 3T B! d THHBH IRER dedd (perpendicular) dTa R doi-t
wiced! fomm gxifad, ofeT deder TRMH! farm R e oftl Hem dic Segws S uH.Uw. &

Maharashtra State Board of Technical Education 6



D. C. Machines & Transformers (314322) 1.3t 7R smfor araw“rﬁ (32IRY)

Motion of Lines of
1 conducto;/ flux

=

N —Fr———

3 t Motion N

Direction
of flux

Direction of e.m.f.
(current)

Figure 1.6 Fleming's Right Hand Rule

13 St Se §. TH. T, IHIHIT: (E. M. F. equation of D.C. Generator)
gHGIT
® = /AT (A8R)
Z = 3R Hedexd! THUT AT

= hedex IR Rdicd! T
P = S[ReR Oicte S
A= 3THERHATT THIR (parallel) AN W&
N = YaTeg=a R fAfeaed (r.p.m.) SHERT AT (speed)
E= SHRA HIUATE! THIGR AFHE Se%6 $.UA.UW.
TS 3.UH.UP. Eg = GHIR HITU®! HI0TATE! TehT ANTER JOR el 36036 3.UA.UW. i.e. E

N\ . d kY
IR (average) 3.0H.UH. TS /e = d—‘f &lec (+ n=1)
3T, UhT YAIegRAHE TeloR] dhe/hedex dgp = ¢ P Wh
AR Y1/ dhG = % -. T ARl des, dt = %

TEUH, e SadeHATed §SaRMwl MaHYR,
< TH.U%. SRS/ edcy = Z—‘f = % A

Rrwied 3®-a1d8 Sve™3: (For a simplex wave-wound generator)
JHIR (parallel paths) AT T =2
UehT AT el W (HRTsimed) =2

ST, wvesmy = L0 x 2 = 208 e

60 2 120
R<ie WU-a1$s SFReId I8! (For a simplex lap-wound generator)
TR AN ST =P
U] AN Hede! T (FRsHe) = 5
PN Z Z N
$UH.U%. SRemny = £ =2 T-é’l?c’

60 P 60
FAGTROTI0 TS  TH. TP, Eg=¢6ZON x~ e
oY, Ry 9eg arsfemandt, A= 2
ﬁt@aﬂﬁnaﬁf@mﬁA—P

Eg—i X %xq)z ><— —“’2—"’2 xf e[

ﬁ@l@ﬂ?ﬁ?ﬂ wRiF 9rdt, z, PH@[A@R&H%H U, Ka = ZP/A ST e, SHTedre fHesd
Eg= KgoN%PIFC’(@[QN r.p.ml—'i?f[&l'l%.)

Maharashtra State Board of Technical Education 7




D. C. Machines & Transformers (314322) 1.3t 7R smfor araw“rﬁ (32IRY)

3CTERUT - 6 UTe] RN STHRHE 120 Wil SRIdTd, Yl Tireal 30 hSdeR 3Med, MR
RS g U TS S 31T 30T TP GidgR [ddbRId dhaidl G 0.02 Wh 3T, SHeR 1000 r.p.m G
A 3. IR oFRex AT TSES 3.0H.U%. Flal.

IR N = 1000 rpm, P = 6, Tlcd! TAT 120, Ufd TWie dadexd WAl = 30, ¢ = 0.02 Wh,

U AT, A=P =6

1) 7 EUN dredexd UHUT TReAT e,

2) YeTS{THuE. W E= L

Z TS hgded! THUT T :

Hededl THUT H&IT = TWicdl AW *Hedex/dled! aeiT

Z =120 * 30 = 3600

SRS S.UHTG.:

_@ZNP
" 60xA

(0.02 * 6 * 1000 * 3600
E= = 1200V
60 * 6

1.4 St SR UPTR ST STRIBRMA: (Types of D.C. Generator and it's applications)
1.4.1. 81 I T e UBR: (Types of D.C. Generator)

I Tt T Rexd Tiffarur i ite &Y TaTEE gid aTaR SR 318, TRIge R diF Ugd! 3ied
STTOT 3R YR ST T SALCR diiF &I UHR 3R

1. gH+e e St Tt SFReR (Permanent Magnet DC Generator) - THA¢ HHCHGR Bits Hisd TaIge
Bid

2. YWl THges ot I SFReR (Separately Excited DC Generators)-®Ta! UaRic-d TIdTgi
(sources) e PHisd TaITSC BidTd

3. o URISCS of Il SiHveR (Self Excited DC Generators)-Thice Hiscd SHYcigRd UHITSC gidrd
Th-TRIECS 3 U1 SRed il Wit digaedl UINRMFIIR (connection) Gl dhal ST,
ehd. Yoth TRITSCS S Ul SRR A UHRY 3MTed.

1. RS 9% SF¥eR (Series Wound Generators)

2. ] A1$S SHReR (Shunt Wound Generators)

3. HUNSHS a8 SFRex (Compound Wound Generators)

St S Red auffexur

seperatelly ExC lted

’ % é self excited

serles wound shunt wound compound wound
Iong shunt short shunt
b= =
g +
S S
- = /
e 5 o 3

Maharashtra State Board of Technical Education 8
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D. C. Machines & Transformers (314322) 1.3t 7R smfor araw“rﬁ (32IRY)

. fe Hie St Al W¥eR (Permanent Magnet DC Generator )

SIgT ad I (magnetic) JfdeHed TIRT RITU (produced) HRUANITST TH-C Hicdl aTdR el STl
ST 3= = UieigRR fasRid o it sRama! fRIR (constant) g,

Sl 81 93 iRy Birdae el it e FHfur gIomdt St IS d&d O, griHe Hie SReAl
3N (industrial) MRIHTE JruSd ARG, 3 SRR Had de 3MPRI ITURS SITdTd Sy &l
e} IaGaqHd STa-H! 3.

COIL WOUND ON
ARMATURE
7

STATOR /D

PERMANENT MAGNET/

Figure 1.7 Permanent Magnet DC Generator

- JUvCell TaITSCS St Wl WiFIveR (Separately Excited DC Generator)
§ TReR 3MTed i Hics HUT JeIIREB Blol TRICHA S U1 TG TaNTse bdl oifd. JuRea
THTEeS B Ul SReRd Ufthe Mgt Wreid o gRifae sie.

ol, = 3R HIC (Armature

Ir current)
A
I ‘ Field o | = WIS e (Load current)
L i Separate 1=  *V= fHd ®lee (Terminal
vV g Eg 6“”-“"““5 source of R voltage)
b B ?O excitation | oE = gﬁgé@w
(Generated Electromagnetic
v g Force)

Figure 1.8 Separately Excited DC Generator
&nﬁam%ﬁ@éasi’uz la x Ra
g9, la =1L = | (say)
T, 918 S®lee (Voltage across the load), V = I x Ra
UidR SFRCE, Pg=Eg X |
3TFOT TR @IS aR faaid darel UfaR, PL=V X |
- e TS ¢S SI Al S¥eR (Self Excited DC Generators)
3@t SRR W Bice aRfET TRegRd RGN SURAT FicgR TaRISCS 318, ddl Jeh
THEeS o W SRer TeUMdNd. 3R A Wits Higd TR diefeig TeHGR Jead
3T, WIS Pigd Thar HTHARYE HIfeiohd (series) fhal SHaR=al THIAR (parallel) fdhar ai=rd:
mifehd (series) SAMOT 3iRMA: THAIRUE THIR (parallel) TSad 3R WHd. Bics HIgaqw
YR, T TRTZCS BT W ST exd FfdRun (i) RIS a1des SReR (i) e adh s SiFvex AT
(ifi) PUTHS TTHS SFRCR 3™ Dl 9S> Y.

Maharashtra State Board of Technical Education 9



D. C. Machines & Transformers (314322) 1.3t 7R smfor @RWTW (32IRY)

RTSgord T THT, UIaHe] BIa] e U 3. SiegT STHER [thact o, (8T el 3, UH. T
TSRS Bl AT Pe! SSS P TR Bdl. BT BIeT (small) B HITS I3y a9d arsHYd
qreal 31 AT N e HoTad gl

O TR Aolgd STere, o i SR §.UH.U%. TR $Hd, SIS hieggR fagd UaTe Ut
Jred. BT deadl Wiee Hic MR 3.0H.UF. AR aread] SfoT Siudd TeRmges Yo Jeardd
UIgrad ATe! dudd g1 Thd geT aTe T8,

() R ards 31 At SHvex (Series Wound DC Generator)

I HIRFTRIFHY, Hics e SR dredexyg Hifeidhd (series) STSAd 3MTed, o WYUl ST
faoraT e aTeadid. WUl Hic Bits Hisd dud dredyd argdl. RIS Bhics arsfeT gl dlg ®ee
IIET A WU d TS IR ga~- Al e (turns) f33mg Faa ome. RS wics afemn
Salfaeed YRET GUd HHT TR (SIABSIAc 0.5 Q).

B
>

<
witHeNw

Figure 1.9 Series Wound DC Generator

o Ry = RRIS RS IRRE (Series winding resistance)
o | = RIS WIeS A aIguIRT e (Current flowing through the series field)
e R, = 3THR YRR (Armature resistance)
o I, = 3R HIC (Armature current)
o I =TdIS e (Load current)
o V =cfHqd &lee™ (Terminal voltage)

e Eg=SRCS 5.UH.UW. (Generated Electromagnetic Force)
IS ®Ieedl (Voltage across the load), la = lsc=I_= | (say)
iR S¢S,  Pg=Eg X | V = Eg - I(la X Ra)

30T s ar fadid derelt UraR, PL=VX I

(ii) X ar&s S Al S+ ex (Shunt Wound DC Generators)

I TRCIAL THIRYE THIR SIS dd hies diafat 3. e ardhs S-ReHed hics aiafSTHed
Fleeol YUl TR @lecs URAT 3R,

qa:

e Rsh = Xic IS IR (Shunt winding resistance)

e Ish =3¢ BIEHYH AIEUIRT dhc (Current flowing through the shunt field)
o R.= MR IRAT=T (Armature resistance)

o |,= 3MHIR HC (Armature current)

e I_=TrS ®xc (Load current)

oV =TiHd ®leed (Terminal voltage)

Eg = SRS §.UH.UW. (Generated Electromagnetic Force)

Maharashtra State Board of Technical Education 10



D. C. Machines & Transformers (314322) 1.3t 7R smfor @RWTW (32IRY)

Ish é

I
L Za %ﬂ
L
v [© Vi
A amatTure)  Shunt Field
D Egy

Figure 1.10 Shunt Wound DC Generators

Y AR PRC |, GIF HITIT [TUNTT 3118 - U UM YT HITS HRC Ly, 0T GIRT TS B I, 3R,
YD 1o = Isn + I

| SR STRG 3Rd dogT s 3feh I IFbigeeg UlaR ST oIk 314d. U, YT HIE Hic AT
fIdoaT 8T & qUl I 3R, T I IS VT BIes dTs ST JRRe g JTHId: SIRd (100 Q) Sad
ST 31O 35 (desire) 3.TH.UW. T3 Hidal G =4 aTaRa STaTd.

T/ WieeHYH ATgUIRT BT, Ish=V/Rsh

IS glees (Voltage across the load), V = Eg - laRa

QIR SRCE, Pg = Eg X Ia

30T A aR fadid pad Uias, PL =V X I,

(iii) PUTSH S 1SS 81 |l F¥ex (Compound Wound DC Generator)

RS ardre T Re Y, T3TYC ®lees dle Hicyg AT YHIUM (directly proportional) 3Tg. Ric
&8 SHNCRAY, JH3CYC Blecsl dls dicyg fauld wHTund WHIford (inversally proportional) 31Tg.
gl GM YHRAT SR IS (combination) Geid dic g e Rbd. dISfeTT=al a1 YIS
PHUS S dAT$HS S Ul S-Rex FUITd.

HUNGHS TS S STReHY RIS Wics arefe i vic wics asfSaral 3ied. Uk drefet HaRys
T (series) SaaT ST 30T GERT THTR=AT YHICR (parallel) ST SIdl. T UHRY S Tl SR
T UBHRT 3 YHdld- Tic UT HUNSHS dTdhs S-ReR 30T A1 ]iE HUTSH S AT S SIHReX.

A) Ti¢ TE PUREHS d%HS 31 Ul S ¥eX (Short Shunt Compound Wound DC Generator)
WA SHaHe TRIfAedTIHT

g U X HUSS aHhe of A1 S Isc"ll Ish
TREX SRR 3 HY Had I e
. 5 e ¥ L g Series Field
e BIE L
qISfET=aT TR (parallel) 3Tg. v |0 3
A Shunt Field
D
v
Figure 1.11 Short Shunt Compound Wound DC Generator
RIS Wies Y dIgUIRT HC, Isc=IL
T thicsHYH dTgUIRT HRC, 1 _ VA ILR)
sh — —
. R,
IR B, Ia = g + 1L "
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D. C. Machines & Transformers (314322) 1.3t 7R smfor @RWTW (32IRY)

e Fleesl (Voltage across the load),V =Eg — 13Ra - IscRsc

Uik SFRes, Pg=Egx la

3107 S aR faaRd srefell UleR, PL =V x I

B) W ¥E HUTHS dTes o W e (Long Shunt Compound Wound DC Generator)
TTAHd MHHed SRIAeITHT AT /i HUTSS dlés o Il o ker Ael TT it drsfet & R
WITS ST SR IS AT Qv Il THICR 311G,

A SIL Isc T‘ Ish
L = Series Field

Shunt Ficld%

<
wih el w

Figure 1.12 Long Shunt Compound Wound DC Generator

T/ BiegHY dIgUIRI Hc, ; 1%
sh

R Isc =1L + Ish

TR e I, = RS

IS A ATEUIRT DT s,

I8 ®leeo (Voltage across the load),

V = Eg— laRa — IscRsc = Eg — |3 (Ra+Rsc)......... [ Ta=Ics]

JiaR SFRCS, Pg=Egx la

3HTIOT AR faaRd deiedt UlaR PL=VxIL

o HUMGHS TGS Tvex -Rdied HUTSHS AT fEHERISE FurSs:

I UHRAT St Tl SHCA, T a9 RS arRfSTgR wite TUR od §ld. SR Rt argfémgr
fAmfor BIURT FAfe s Uefay e Bics dISfSTTgR TUR Haedl GidTdl Hed (assist) Hd 3&d, TR
3T SRR FRIACE HUNS S A3 S SRR e ST,

'se t P SERIES FIELD 'ye €3 P seriEs FIELD
A D

3
1 sh Ish ')
SHUNT FIELD SHUNT FIELD
<« <«
Figure 1.13 Cumulative Compoud Figure 1.14 Differential Compound

FWIPe, SR RIS Wite e Wicedl faRiY (oppose) TId 3R AR =T el
TSRS HUMS S TS STReR 3 TUN.

1.4.2. 81 . SR ATRIPT: (Applications of D.C. Generators)

fafay yeren S eaardt fafdy vere S i S ex Sudsy siied. T dfreigaR
(characteristics) fafaey gerrear € ¥ S Rexa St geia Ty omed -

Maharashtra State Board of Technical Education 12




D. C. Machines & Transformers (314322) 1.3t 7R smfor @RWTW (32IRY)

o JUCH TRITSCS SI Al SFved ATHHI-T

ARl TRITZeS S W STReRdl Bics aTgfETT=a TaRiTs XMYI8! W Taie-d ot df Wid

(source) SATTRTSD 3R, TS o HEWT MR 3T Hiycd aTiRa S 3R d. JWcel! Taarses of Al

SRR FTe ST I WreliayHToT 3ed —

1. & fa%qd 9uit (wide range) ST3CYC TBleesl TIR HIUI H&H HTed, d TG

TNTRITCS T 31101 T Arauitied (commercial testing) ATORT ST,

2. § WIS TR Iravaiged (speed regulation tests) aTAR SITdTd.

3. § SReR Bite URITSCRFAT HIUATG! SGarg (any change in field excitation) fRR fRdid

(stable condition) & #xaTd. TULH, o 1 W el sardl a7 FEfd dHa Sirs, Ydal i atel

RAVIITS! G dToRa ST,

o Rl &t sRe it

RIS St Tt TRexd! st e- maffed smed. RS St T Sexa #re) e Wraftersmor

TR

1. GRSt St 4t SRexd! RS anae R s fafay e fefesgmm wieras gleed giéTmmat

draRdId.

2. RRIST St T e P e Al Hic RAUAE! UaRil 3Rd. WU, 3 ®lecdl of 9l UlaR

TIATHRA Ua HRUGME! 3 RIS S-Rex RIS i~ e dig dHie d SIuard ddrd.

3. RS 1 4t S Rear aR St i A afidgd el Bics UM Hic RAUANIS a@id dhal

S,

4. RIS SFRER BT Wi 311eh ArgefTHed ddiet aTuRa Sirdl.

o Y St A TR Afwrp=y

1.3 8 W TR RBR (constant) THAT Flees IR FHRdl. UL, § WA SRIpI-HE aruRa
SITdld:

2.3 St AT STRIP RT3 aTURd ST,

3.hIcS Weieyg Tie S 4l SHveR 8 UHI (light) SHTf0T dISTqRASATITA! (electricity) aToRe SITdTd.

4. 3CRACYHA TGS CRH SUITITA! ATouR.

o UGS S A TR S

HUNGS ST Tl TReR WIad SR I-aHed aTaRd SITdrd:

1. 38R HUSS SFReIHE THAHRM Flﬁfxﬂlﬂiﬁ?r Fleco SIUd! HRUTS (compensate voltage drop)

Wﬁ&mmﬁeﬂﬁrulsmlw SI9d Glecwl [RR IRUAT Uaeil 3¥d. BUH, 3’ HUSS

SR AR A1 (long) TFAERM ATS-gR A8 GRAVANTS el ST,

2. TR HUTS S SFRET TR DC HIeHHT 4ol QRAUATITS! el ST,

3. TR HUTS, S SFRER UHIRI, diel RASURIS! SATIUT 5l UlaR HaT SATG NI aTuRa ST,

4 TSRS HUGS SR TR 31 AfeS IS bl il o1 HiadT YHIUING sglecsl S1d 3for

f®R (constant) HC 3MITH 3.

158t Wl T Re= HeaeRfe® - Sex-d ATV Taled: (Characteristics of DC Generators

-Internal and external):

I T TREAT AT (speed) TTISH RGN AR BT SITdl. =11 IR, SFRe! HRIGH (capacity)

ufaeRM, Tfid Eiecsl ST Al A=A SaeigR fEa SiTd. § dae MTeiaraR asb (curve) W& aTd

oo oA, S € @ e ddeRRed UMM, a1 HRaeRRed ol O SFRed ddd

(behaviour) T IS Ry g=faard.

S 4t SR T IdeRRe® Jeld JHTUl 3T d:

Maharashtra State Board of Technical Education 13



D. C. Machines & Transformers (314322) 1.3t 7R smfor @RWTW (32IRY)

. 3T Tlhe HITERITD (SNUTR) [paT TA=H P

BT 3{TCRT U AN-ASR (E,) SRS 3.TH.UF 30T Hice TS a1 Wies HIC (1) THRd M. arar
- TRIA Fd 3! WU, I ATHR Gd UHReAT S W RT3 YRE 38 77 o
IR TRITEes fhar Ieh Tases 3.

o ST DIFENREH

S SRS $.TH.TW, (E) 3101 SR e SIR= 3 1R, SR Ruaere, 3ifF-as
Tfed TR I-dredR Faaque HH! 3dl. dge dre sl R S-kes §.TH.U%. (E) 8 -
TSI TS 5.UH.UW. (Eo) UeiT HHT 3Rya.

o T IR fHar dis deaeRiesd

TRICd dYde e fdhal dre HaeRed g1 efiad @iee (V) 3N dls & (1) Aeid 3iaa 31Tg.
3R ST RIS wice YRRe~e efifad @leed TReS ®leeouel HH 3R, TN, Taye-d

O

PRICRCH B § S0 DRACRRCD HAl WA @lecsl SueT THH THTOT 3.

A) St RS T vel deaeiResd

S RS SR, e fid Rieed dis Hicyg dled. BRI, S He dled dMT, Bies Hc
T ared. quift, weT ARy wuld=ar udies, < d Gies dlsw aididg HH! 8ld. § 3MHR

fuaRrTear ferermf3in yyaes g,

@_GG, ‘ Eg — 1. O.C.C. curve
[ o Far Armature 2. Internal characteristic curve
[ - {wi-;\ﬂlg_f' el B Reaclion Drog 3. External characteristic curve
. PR L 3
- r ) !
1 y -~ Ghﬂr. % R
| /#ﬁﬂ-ﬂtnal v —— 'a {ﬁﬁ * HSGI-I
" / Drop
<
o Load Current

Figure 1.15 Characteristics of DC series generator

o ST RS S Re= SiuA Afdhe HaeRfes (Edl)

3t I RSOt SiRiRT Ric SHRe’ THIUE [Wdauul e Hics diafeig U bl oiig, Jdhd.
® AI-3S 3.TH.TW. T (Eo) 30T Bics HIC (1) THENT Fd 3R,

o S RS S ReT=AT S HYae e ® (E/1a)

8 AISaId SFRCE §.UH.UW (E) 30T 3R e (la) Aefid YaY gxiad. smier RuaRge I e
WWEanﬁfmﬁ 378

o B W RIS s TRIeHa HaeRfes (v/1.) fdar dis sveRfes

TRICd PaeReD hd crH-Td slees (V) T TS e (1) TrTdiel Tay griad. SR YeRe=
FIees 31T (1aRa) TS V BT E U HHT 3Tg.

V = E-la (Ra+Rsc)

B) S} xic SR IaeRfes

St v ST ReX Tt Siiue Afthe HyaefRfes @A) fbar (Ed1y):

3 T Tic SRe=1 iy gfdhe ddeReds (0.C.C.) fhar Hieras™ HRaeRied (Eo/l)
WIS Al WAAUU! THITSE o T el URTRUT Tnegs U Pl offd. B feaiea sirdten
(RPM) TR TFRCS A1-A1S TBleedl (E0) 3T Bies e (1) Traraid Hed Jae gxiad.
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. ST E TRETH SieTd PRIERED
TR TS SRR Hae Had 3, ART SRS §.TA.UW. (E) 3R Ruar=ar uRumme ufd
UId (pole) HH! HTeiedT TIdHes HH! Bid. U, Al haledl RUdid -k e 3.GH.UW. 81 A-dis
SFRCS 3. UH.UW. Uall HH 3Tg. JraT URUTH WU, Sfavid o R fdhid el dard.
o ST R Tl Taed DHRaeiiRed [hal dls hIaeRRed
? A @lee (V) SMUTEIS Fe (1) e Sa gd. Je AR Yot WA T uredges arewl
faga Aofardt Eleet Siaceiaes fRR e,

V =E-laRa
TR USRI e TRexdl BRG] WU VT Hics dIgSTgR BIcE He JHEINN (control) H&-
mmwmmﬁﬁ(constmt)mmwwm%.%@?55

AT HRUMR G- AR dXaeRReH 30T TaRie—d hRacRRed Hade- W0 JHS] .

@A °

uf o —~ ] Armature Reaction

o g2 ‘ Drop

o= QO +C

460 ‘

o= Ohmic

=9Y5 D

o .% > Voltage Drop

Sac Internal

S5 E Characteristic

<08 External
Characteristic

0

Load Current (I, )

Figure 1.16 Characteristics of DC generator
C) AUl TaTsCS St Ul T eyd HaeRed
IR TaTscs S il SFRexAd, Bics alsfat MR Afetdel Wad of ¥ [RasaRl Sisad
3Td. UM, T TH @leed YA d ¢ haedl JedTadid HIeE He FHEIN (control) T
AT el W1, Whd. YUl TRIECS Sf Ul SRS Y& FHIDR0I Y STgd.
fifTd Eiees iR, Ve = IRy

E;,=V+ LR,

V= ILRL
I, = Ip
L]
Voltage Internal
Characteristic V=¢C Iﬁﬂa @éﬁ
W =
e S— / ] | E= OFRCS 5.0H.UW,
1l IR £ xterna 3”%? 3
S~ ™ Characteristic| la= SN
- P Ra = 3R 3R

Characteristic

vy Operating Point

=1,

Figure 1.17 Characteristics of Separately Excited DC Generator
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g 30T TRICT PRI RRCD SR SI¥eR YDHRITHTIT 3HTed. YR TRISCS Sf Ul S-Rexdl
D) I &/ HUN:S FTAeIAT IaeReH
S W HUGH S TR Fleeol HIHARIS! e ST RIS afET gt odia. § Al Hicdg

P RREPH e die R cfifaa Slecwar RIS aEfSm=n sifalRed uRkumrg e
TARCTIRET 3MTed. 8 Al HUNGS a8 SRed Tae-d dRaeRReH § CH-d cleesl 3N drg
PR G 3R,

] OVERCOMPOUNDED

=1

g _____________ FLAT COMPOUNDED

=

|-_

E UNDERCOMPOUNDED
8 SHUNT GENERATOR

COMPOUNDED

FULL LOAD

|
|
I
|
1
I
DIFFERENTIAL !
1
|
I
I
|
1

LOAD CURRENT

Figure 1.18 Characteristics of DC Compound Generator

o R RS et 3a% TuRING Fd 3&8d P Al HIcAT AIE g HTd @icesl ¢dId dled, TR
o R AN o= sab TUEING Fd T B A e AR T Bleed fRR -, T
SHYCRdl TRic HUNSS UM, S Ul HUNHS S-exd Wie HUIGHS HIde e RIS bicgHe
NI YfeRe—~ SIg U ol ST,

o SR RS Wi arRfEmme =i Ten it 3fd W 3¢S HTd @lees Al-dIS BIeesTua Sl
3T, R TR 3SR HUSSS Foed oIl

EC IR IR

1. 81 8t S sRyad fafay TR @re feraT.,

R. Ueh TaITECS Tie SHRex ¥¢8 eiHd ®iees fadRid HRuaTd SR 8IudTe 3 SR 1.

3. <31 4t RRISorRex amaTTed aif$T uRiRdld FRR glec sl Tid UM TRl ST, Wdhd Alel.” TWF
D,

4. U 313 01 S1.4T. 778 A& FHAde ATHR e TR AT 500 R.ULTH. 250 Flee=l i
FleeoaR 12.5 3gH UfABRET R JRAd]. 3R e~ 0.24 3gH 318 T Wics e 250
3{IEH 3MTE. SHTHR FC, SSITE 5.0H.UW. 30T Ufd Uidt el ST,

5. 81 Ot i fafay yrr e snfor areht fore,

6. S W e SRR Fet AR ITuRS SraTd. WY 6.

7. 81 I Ric SRR 30T AleR Afd R feral.

8. RIS wice arEfe 3M1ftr gic wice arsfém gdia e fergr.

9. 8 TITT SRe=dT THTRA 120 TWic 3T, Udd Wicdl 40 hodex ed. THR arsfeT g U
IS 3TE AT YD TG [ahRId ol Taad 0.04 Wh 31Tg. SFRex 1500 r.p.m R Iraiadl 318, R
SReR AT SSES 3.00.UW. Flal.

10. 1 I RIS Y= digeRRed Y@Tel.
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Waqm'g'ﬁl%? (Reference Books):

1. SAifdgdmd coHidiol vol -2 (THT 30T St At A=fi=), eRrer off. T, ISBN-13: 978-8121924375

2. @@Wﬂ?ﬂﬂ%{ﬁ?ﬂﬁ (Theory) 3O HERRT (Performance), @[Eﬂﬂl?ﬂ; @—%—Wﬂ?‘m, ISBN -13:
978-9350142776

3. 3afdedhd R T, . YT, Wl fgd Tog bR, -1at it ISBN-13:978-0070669215.

Hifgd! bawues (Information Websites):

1. https://www.electrical4u.com/types-of-dc-generators/
2. https://www.tutorialspoint.com/electrical machines/electrical machines applications of dc m
achines.htm
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gire-11
3.4 gt

(D.C. Motor)
fawg fAsa=iY (Course Outcomes(COs)):
1.3, Hied WHIH e B
(Test the performance of D.C. Motors)
fawg Aol sRieR ot fysrdt affr fAsa=ft (Theory Learning Outcomes (TLOs) aligned
to Course Outcomes(COs)) :
2.1 813, Hiexa afd fiftue Wy .
(Explain the working principle of D.C. Motor.)
2.2 fecen uRfRUdd do STHTE THIHRUT A A1,
(Apply the back emf equation in the given situation.)
2.3 fedien aifterrer wrdt Tefdd St Tt mer Sfeftreem wg e,
(Select relevant D.C. Motor for given application with justification.)
2.4 fedrean 1.3 Aez=n e, a"T(speed), 3{13cyc iR 37107 BTiera( efficiency) 0TI X,
(Calculate the torque, speed, output power and efficiency of the given D.C. Motor.)
2.5 fecean €t Tt He=an fafay 3 feor g Ty &
(Explain the various speed control methods of the given D.C. Motor.)
2.6 foare yeRe S I Mievurdt Wi ot sigdig auia .
(Describe with sketch the working of the starter for the given type of D.C. Motor.)
2.7 feoien sreurdt St dicxd! ¢xe Juar= Ul quiH .
Describe the procedure of testing a D.C. Motor for the given condition.)
2.8 SIRICY S U Alexd B A8 THSIGT .
(Explain with a diagram the working of the brushless D.C. Motor.)
2.1 3.4, Hiex: SITuR== dad (D.C. Motor: Principle of operation):-
31 T Oiex 3 T S84 311 o fazd St 3 AifAds Ioiie TUidRd . § ARl SR dalaR
BT B, ST 3 TGTa 3MTg P “HIC BT H8deR add (magnetic) 30T Iafacd BiesHd dad
DI TH BRI STHTA". ATOT Y B TR B 31T,
o T @ (Lorentz law) TF Hl &I GEDHIT &FTT HRC AIg AUIR Hedex daed T B
3{IHAT!. SIgT FATICP PC HSFEIHYT dgd &1 o Hedel THIadd U Jad g & TR P,
2 AR G & SRS} gedbredl Biee YaTe I, g biid Bq (har 7Rl ered
1 BRI o= (fdraT dhedexd! 7T T STt AT HaadT AR e T U,
o TRATHRTRIT STeUT gTaTET 99 (Fleming's Left hand rule):-
Tt f4a9 S 3-Tsiel Tl it 19 o1 Jadbid f[dbRid bl gidl.dadbid &A1 Hedea
glerarcid fa=m T3 STl STeaT gTardn SHTaT, Ud IO Hery sicidn aTaR HRd.
SR 3RTAT, Ay dle 1O STl gTdTe! UYH dic 90° 2T BIHIGH UhHDH IR A Sl srid ok
A Sic Hcl (G- aRiad. TUH Sic Jad g &R fa=T aRifad 3MfiT 3iTeT dhedear B HRURAT
WIRfT fomm eifadl (gt 2.1 Ted gRifaeaTymT).
B HIeuaTal HiHdT, F= BIl Newton ... (1)
B = thicsdl HAldH Tefa SIRIET (<Xl fdbar 1)
I = ST HYT HC (A)
| = Bieg HY bl disll (m)
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TMotion (Force) |
A

—>» Motion
Field

lCurren I

Figure .2.1 Fleming's Left hand rule
o 9% 3.TH.UW ATOT AT HE<d (Back emf and its significance):-
SIGT S Hiexd SR fihRd, AT SHTHR ar8 ST Jah g &FTd fOhrdTd. U7 SMTeara Jigd Mg
DI T PHRC dEA -UIRT Hedex Jabd &ETd !, degl U SUATH URG (induced) gl 3for
SUATK o S T Hiexa SHTHR argfed A& URd gid T 32,2 T eRifderyd d& SuHuh
TR UIdId.

Figure .2.2 Back emf and its significance
§P SUATD 1] dhaied (applied) Blecoral faRTe HRdl 30T § Al SIAAIAR RiG ddl ofs, Uahd,
STd U STATH =T 3/ 3178 &1 d AT TR HRUITAT HRUMG faR1Y FHd." 3O I7 YeHRUlTd,
T STHUW (G0, §h SUHUW) AN haledl Rlecolded daR dal SiTdl.
b STATTHT ThiHe,
_ @PNZ

Ep = oA e (2)

DI, P =3 I A UieT W&

Z = 3{THER Heaedl THUN T

O = J9HHY ufd Ui T

N = RUTTH Ted SeR=! et

A = 3MTHTR SIS JHIAR HFTHET ST,

dog 1SS WIdl, A= 2

g T IIdl, A= P (Uicad T )

S STHUG HeU g4 N hoted Elecsiiel HHt 3.

3R Afdhe 3hI Fedes ®ieed, = V - Es

OR, R 3MHR YR 3¢ R,

TR e = SR Ffhe 3hIN Maa® FGlees / 3R YgRe.
I=(V-E)/R o 3)

o 9% SUAUGY Hewd (The significance of Back EMF):-

IF SUATHY! IURYCH & A §ad. Hiex T Joh-wgaiie’ AR U, AegR 3awad e

I RId HROANTS! Had TR STHTR B HIGUINIS! HIex §dd.
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D. C. Machines & Transformers (314322) 1. A= smfor araw“rﬁ (32IRN)
3R BT (Armature Current) (Ia),

lg=Vf 4)

Ra
P S TH U U Hie=dT TR Haiftrd 3. S 3 Hicrarid YR S[AMd HHl HedTaR , ST <l el
UM, 9 § TH U @idl dled. Gl Shds SUATK SHHER HC HH! 51U YRaTd BIsdl. Cld
TR e TN JHIOE 3MTg, O daredTdl IRy Bisudd o HHl giad. 3= YHR, Hieat Tl
fafa gea.
THIDS, SR < T HIer 3 TS Pefl Tieht R HR AT Bl Eiat. 97 it e, §b S THUH
e ot B o 3 SR Fee AN 2. AR HicH dIe e ASd SaRadhdl
quf eRuarTe! Tl dTed.
o 3MHER VM (Armature Reaction):-
TR VR T SFTaRId 3R Wicsdl YHTd GRifdd. Ul Rsaid, R IR I Bics
TRTRIAR I 3MTHTR TefeRT=dT THTATE Tiaffied id. R Bics {8 SR dreaegk duR & oiTd
ST T HYH B L. 30T T Bics a1 Uiedgk TaR ol ST,
TR RTINS T Hics TRIRTER WHTd TSI,
a) TR RUERFH T4 Wie Faay fagwd (Distorted) BIdTd
b) 3R RUGRHH A9 Hics TaaRTd URHTI HHT Hd.
T SR Jab 1 AT AT HIUd! dagl STHR Hadered STHTW URA (induced) BId. 93 TH
3fef 38 Of THER Hedex Ty ATS-TeT JHIGR gadrd 30T U, &l WiH Hel ST o el
R BTG AT6Id. MNA (TSI deRd 318)) 3fef TUH TR Bl IS, Adhd SaTeT Sof SHTHER
HSaeHE PHIUde! STATHG TR Bid el HRU d TR AT JHIR gadld. SR g

THUATAT SIS Saedl SITdTd HRUN HTHER HEdeHed Hicd Iacdl a1 &g gid.
ST GNA (Geometric neutral axis) TR IS e daad 3fef BU[H gRHINT Fd SIS Y.
TR ffehaaT UG 3Tl 3 HE TRTe UhR WP Bl 8.

GNA MNA GNA MNA
3 >
g v
- 19
3 »
N 4 — S
> P
I >
v v

Mam field flux

(@

Distortion of main field flux due to armature tlux - Anmature reaction
©

Figure 2.3 Effect of Armature Reaction
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D. C. Machines & Transformers (314322) 1.3t 7R smfor @RWTW (32IRY)

fIaR &, HeaeHe DHIUdTal Hc aed ATal Mg 30T had Wics drefaT 38 (S
Ufe e 3Tl 3.0 AEl TS 31R). T1 Rudid, Bics Uleere Hilfes Teiad A= ThEHI 31707 Tier”
g Ffidig s/ard. 'Jafesd oo i (MIN.A) TIsiafes ged Sffea (G.N.A) died
.

TPl 3.b SHTHR HRCHeS HTHR TR Als~4 GRildd. Bics UIed S1-Tlgss SdId. 3Idl, Siegl St
it T 2T ST, AT Ce T TR (SR S AOR BIVIRT Teia ST wies arefés aur
BIURT TTa) ThId a3t IURYT ST, SHTHER e O it Teaaaiad JURSHIS gidl 3for
S T HIcS G f$¥ed dHdl (G Mepell 3.c Hel <xifaa 31Te). a1 sthaear St At wfimed
3R Ry wurdr.

2.2 1.3 Hiedd UPR, Tidh: MR cidb, WU 2P, 9 g uiar (BHP) (Types of D.C.
Motors, Torque: armature torque, shaft torque, Break Horse Power (BHP).)

3.4 v uerR (Types of D.C. Motors):-

31 It Aiced Tfferr dick Afhensd hics AT SR STYRTAR ol ofld. a7 STYRTER, S
I A Wreid G YR aifdHRor ddl S -

o el tegeS S W Hied

o Ih-THIRCS of A HicH

1. AWcdl TRITECS St Ul Hiex (Separately Excited DC Motor) -

T 81 T Al HAfed Wics arRfSTal SRS 3 Ul Saifdcd RasurAl Wad Ay de- Juioid
&l S, fae ured! Taarges S1 H Aiex |BUrdrd. 3l ¥ Juedl Trges of Ul Aied HaR

SUH exifaq.
w Ir {\-
[ll

+ +
- - ,
[ — e

Figure 2.4. Separately Excited DC Motor

YR TaT3es Sf Il Hied 7Td! T @lee sl 31101 thies dHic, Fgurerd ARHd Hifed Taaaear
AT 3. TUIY, YR THITSCS Sf Tl Ay ARG ITANTHS SHiUdd aTRedl STdrd HRUI
T Bics IoTTa! S T Uiaed STl Tl Tasadhdl 3.

2. Ap-TFATSeS B Al Aied (Self-Excited DC Motors )-

T USRAT 8 I Hiear qufcd Bics arsfeial I Ulak TWdYd Iford b Sid ST
S{THERE YRIST bl Sdl, fodll Jeth-Tadgcs ot dl HieR WUrdTd.

Hice RS MR AT HRM UHR S Mg AR AT, Teth-Tarsces ol It Aiedd
WA o TPRIAE R0 ol SiTd-

a) RS @A

b) e ST AR

Q) HUNES of It Al

a) 8w S 3t AieT (Series DC Motor)- &1 81 T Ae Wicg aiRfS iR argfE=ar Aiferdsd
SSdd 3d SUlhe YYUT 3R HRe Wies dTefSTHYA SiTdl, fod Rie St dt Hiex wurdrd. st
w R € T Are roRH SR SRifaa.
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D. C. Machines & Transformers (314322) 1.3t 7R smfor @RWTW (32IRY)

R,
Leppp L
/5
a ’v,‘.

Figure 3.5 Series DC Motor

i1 S ¥ Aiexan S1adid, hics arefeT Wyl SR e arge -id, AT o HHT cia] oTs aRRd
SIS SRI SOl T SR~ [ H Sd.

RIS St 4 Aiexurdl Wrdia Fret Hewra! sifiead (expressions) 3Mgd —

TR e (Armature current), la= Ise=Is

31, 1.. RIS Wiee e (series field current ) 3MTg 30T I, Wi I (supply current) 3Tg.

@ ®lees (Supply voltage), Vs = Eb + Ia (Ra + Rse)

312, Eb 5 EMF 3T,

Ra 3ITHR gfdhe I3Re=T (armature circuit resistance) 318,

Rse RIS Wits e (series field resistance) 31Tg.

b) Tie I Al AR (Shunt DC Motor)- ST 81 I Hiexd Hics ST MR refeT=a IqiaR
SIgdd 3d WUldhe UHUl [RAST Blee s TR AN Bid, fol =i St Hie WUrdrd. 3l & i
&t 1t e SaRM S/ gRifad.

!_\'/J i l\'
L,
R sh 0 ‘ /\.

Figure 2.6 Shunt DC Motor

Tie 3t T AT, Tic Bice ARSI UIds dRd 3d de SRl SaTde el 3o UioRTY 3R,
31O AT GRAST faz]d UaTeTal thad Uds YT AT SiTal SATOT STehiaT SHTHeR argfSTHe S,

e St It Hiexdl H1Et At THEHR0 QIeAvHT R d:

TR P (Armature Current) , la= Is— Ish

I Wieg Hc (Shunt Field Current), Ish=Vs Rsh

W &gleed (Supply Voltage), Vs = Eb + la Ra

¢) HUTSS St H HIeX (Compound DC Motor) - HUTSHS S T Hiex &l 3= Aex 38 WHE Uddh
TUfeH Uidar (Magnetic Pole) TIcs dTafaTd (Field Winding) GF I¢ 3RIATd — U RIRISTHE (Series)
3ATFOT TR WRATHL (Parallel) TR A& ST (Armature Winding).

HUTS S St Tt Hiedd (Compound DC Motors) T G UHRIA SUTGHTSH drel SiTd —

> Tic-Vic HUNSS 81 Ul HIeR (Short-shunt Compound DC Motor)

> TNI-YE HUNES S Gl AR (Long-shunt Compound DC Motor)

o TTC-TT HUTGS 3 H AeX (Short-shunt Compound DC Motor) &1 3=f Hlex 318 M Had
Tjc IS aTefST (Shunt Field Winding) 3THTR aTefSTr=aT (Armature Winding) URa@He (Parallel) 31T,
SR BT AT, o AL SRIAT TR,

Maharashtra State Board of Technical Education 22




D. C. Machines & Transformers (314322) 1.3t 7R smfor araw“rﬁ (32IRY)

I\'h ) I\'-" /m\ 1.\'

Figure 2.7 Short-shunt Compound DC Motor
3{THER YT (Armature Current), la = Is — Ish,
RIS Wics dHRe (Series field current), Ise = Is

. . V=s-IseR
e Wieg HIC (Shunt field current), Ish %

T Eleeol (Supply voltage), Vs = Eb + la Ra + Ise Rse

o TNI-RIE HUTSHS 31 W HIeR (Long-shunt Compound DC Motor) g 31t Hiex 318 samHed Te
BIe dISfST (Shunt Field Winding) RIS Wics arRfST (Series Field Winding) 30T 3R argfEm
(Armature Winding) Greiearg! URaad e (Parallel) 3id, S $1 3Tl ¢ T GRAdA 318

[\'ir 1\'

R\'h

Figure 2.8 Long-shunt Compound DC Motor
3R Fe (Armature current), la=1s — Ish
IS Wwiee ®ie (Series field current), Ise = la

TfC Bicg BT (Shunt field current), Ish = R‘i_:l

T Gleedl (Supply voltage), Vs = Eb + la (Ra + Rse)
o B A MR efdh (Armature Torque of DC Motor) - (4] (Torque) LU RG]
SfeMadeaT el e HIHE (Turning Moment). § Taki (F) 3107 fOhUaTeaT SHeTIRET ekt &
YT A SARTAT (1) OMHRIA Ao SiTd, T

alh (Torque), t=F*r (D
Tldh (Torque) W-‘Fﬁw@{ (Newton-meters) (Nm) IS NESIGH
31 It "Hiera e (DC Motor), 3THER=AT BSU=AT (radius) r 3iARTER 3RIAIT TS HadeaR U TR
ekl (Circumferential Force) (F) Eap] P, ?TIH% TR fRugrl Roudr 3@d. Id SR
Wﬁ'ﬂ% (Armature Conductors) W%ﬂﬁ?ﬂﬁm (Torque) SO THRR <efdh (Armature Torque)
(ta) TRUICI.
AT,
P = Oierdi! & (Number of Poles)
r = 3R B (Radius of the Armature)
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| = U® hedexd WHIE diel (Effective Length of Each Conductor)

Z = 3{THeR Hedeud! THUT U (Total Number of Armature Conductors)
A = GHIGR AN G-AT (Number of Parallel Paths)

i = TP HedeTd Hc (Current in Each Conductor)

B = Y 1g TR ITdlT (Magnetic Flux Density)

¢ = U UIqHeTd TTa (Flux Per Pole)

Armature

Figure 2.9 Armature Torque of DC Motor
U,
TS hedearid ad (Force), F = Bil
U] Sredex- s ad ol eld (Torque) = F x
=~ UpTl TR el (Total Armature Torque), Ta=2Z x (F x r) = ZBilr

. .. 1Ia
TBUH, Uddh dedexddid dic, i= —

A
Tifedh I RIS (Magnetic Flux Density), B =

@
a
27l

oY, a = TR e U T TR &, r=25

|
cTaz=zZxExBxixr
a A

|
:inx—f\xlxr

2Trl
P

Ta=—= ¢la Nm ... (5)

2mA
THHR0T (W) At Sifieradien St T Aiexa 3R €l (Armature Torque of DC Motor) TUTATd. faeiedr
3 T AT, (Pz/27A) § TRIR 3.
U, Taw la ... 6)
U, 3 & Aeas (DC Motor) fawfa SR 3R <idh (Armature Torque) Ud® aiaaed
TRTRTEAT (Flux) 30T 3THER SHe=hT (Armature Current) 3T THTOT SR,
T4, Y It Al g STHTW (Back EMF) WYY el Sra:

Ep = 2PNZ

60 A
P%Z = 6°*NEb (D)
FHIBRT (W) 30T (\9) T, 3MTearer fHed!
Ta= i X (60;% )x la
Ta=9.55X == Nm  ....(8)
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o Il Aled MR Evig (Shaft Torque of DC Motor) —

TTex RMIEER (Motor Shaft) ST HTH HRUIMTS! ST ST Tldhall (Torque) TTUE Cids (Shaft
Torque) WU, § Tsh = GXITAA S, 3Gt Q0 UMHE Tl Tehed-T WY . HIe= SHaRAE
fa®R1d BIUIRT TR fdhal U €1 (Gross Torque) Ta RMFEAR SUAS Tl HRUT ATdl Hlal HFT
TrexH e 31 @ (Iron Loss) 30T fShaRMd @ (Frictional Loss) Y& 16 UTd a1l STl TS,
TMUC Tl Tsh 3MHTR Tl Ta UeHT HTaIIT HH 3RAL. Ta - Tsh TT BRBIAT ARE Cldh (Lost Torque)
U,

Ta- Ten= 9.55 x

Iron and frictional losses
N

Shaft
Torque
(Tel)

Armature Torque
(T;\]

Figure 2.10 Shaft Torque of DC Motor
MU Sleh Tsh Jood SUYad 3M3cYe Hesd. SR Hlexd 7Tdt N r.p.m. 3¥d, ..

dfened 3m3eye (Output in watts), = ZM:ZSh
Tsh - Output in watts N-m
2t N/ 60
T =0.55 x JWRULIMWALS Ny (9)

N
o 8% gIN Ufax (Brake Horse Power) (B.H.P.) - RITUC €[dHS (Shaft Torque) fa®Rid Saear g
UTGRET (Horse Power) S 814 TiaR (Brake Horse Power) (B.H.P.) TUTATd. SR HIeX N r.p.m. 37T fthd
31T STIOT RMUE €eh Tsh e Hier (Newton meters) 3R,

@,
gfd Bt shaial &1 (W.D./revolution) = ™I (force) x  ThiAed dardl iR (distance moved in

1 revolution)
=F x 2nr =2n %X Tsh J

= W.D./minute = 2N Tsh J

21N Tsh
W.D./ sec. = “605 Jsor watts

21N Tsh
= H.P
60 x 746

_ 2mN Tsh

60 X 746

or BHp=ZEDE (10)

60 x 746

1. T 230 V, 4 DTS IIHICIHARa = 0.5 Q 3MTg. 3MHIRBIC 25 A SAAdGHIcTHATHSTHTHRNET,
STR3THTR 320 HEICITEAUAS S AAASMUSUTFIRIRT / U 50 mWhb ST TGO,
Solution:-

Given: P=4

V=230V

Z = 320 conductors

Ra=0.5Q

[a=25A

d =50mWb

Find back EMF

Eb=V-IaRa=230-25x0.5=217.5 Volts

Useful output power H.P
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Find speed N:

®PNZ
Eb=
60 A

_ Eb x60 XA

P®Z
217.5 X60 x4

" 4x320 x50 x10~3

2. 250 VRICHIEITAS 1000 rpms3IflT 5 A, SRRt Re~a 3 H 0.2 3T 250
Q3{Ted. 50 ATTIHHTIAIE B eTaRITCd NTUTH RIS AR R TR lea dl 3%BHAGATHR.

Solution:

=815.62 rpm

Ish =250/250=1A
la=5-1=4A
[2=50-1=49 A

Eb1 =250-4%x02=2492V
Ep=250—-49x0.2=2402V

N2 24-0 2 D1
1000 249.2 097 @1
N2 =944 rpm
3. TSI Hiex 480 VAR 110 A%ﬁerrrﬁaw"c'aﬁ MRgfHeufaRIy 0.2 Q3. AR 6-
T 3ROSR 864 hedeITgU-BIdeh A 3Ng. UfdUIdwRIaT 0.05 Wb3iTg. TUMTHRT (i), AT

(speed) ST (ii) &Wﬁa@ﬁaﬂﬁaﬁwm

Solution.

Given: la= 110 A
V=480V
Ra=0.2 Q
¢ =0.05wb
P=6
Lap wound
7= 864
To Calculate: N, Ta

Eb=480-110x 0.2 =458V,
Ep = 2PNZ

060051;6 X N x864
458 = —ove
N =636 rpm
Ta=—¢Zla
Ta=-x 0.05 x864 x110 x ||
Ta=756.3 N-m
2.3. E1.4. diex Haefiiiea - wis-miwR e, Tid-3mHwR Fie, |is-eid. (D. C. Motor
characteristics- speed-armature current, torque- armature current, speed-torque)
1.3 diedd T 1 IR 3iTed, Tie dicd, RIS diey i1 Hurd, s Aied. e 31fir RS diesys
ST ST, S YA Uleiedl HIRAR SRATd. S1.4T. HIkd! SRIGHAT AT I RRED Hagoiae
3Gl STd, ST TR DracRRCHR BUrdld. S1Hl. Hic! diF Hewiiel dde R JIeiieryEro)
38 d:
1. T ATFOT STHER Pie HYaeRiTe® (Torque and Armature current characteristic) (Ta/Ia)
g S, A= R <l Ta ST R HIC la WA Hd 3R, ITel Hiewd afaesdd
D RIEH e TUrdd.
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2. wlts 3for MR #ie H¥FeRRED (Speed and armature current characteristic) (N/Ia)
B SR, Hrezam T N ST SRR $3e la SREH= H4 318, § YU Hew@R HRacRied 3Tg BRI
d Sgd® doT AR b Rara! Hier MasamT Furfad gcd SRid.

3. Wit 3for efd BeaeRE® (Speed and torque characteristic ) (N/Ta)

gl ST, Hiexzar wWis N 1T 3R €fdh Ta GREAFET Hd 318, ATC AHHDHA INFCRReD Gad
TRV,

o Xic HiedT deaefiffead (Characteristics of Shunt Motors) —

Bicg Hec (field current) Ish RR 38 HRUT Bics ARIST U WM ®lees (supply voltag) TIRIT
Siedd 38 o fRR e Tfed 4R S, WU, e A did Harg siem fRR (constant) 38,

a) Ta/la PIGERREP (Ta/la Characteristic):- I HIfgd 318 P o141, ACIH,

Tax ®la
TR RR T @leesiar (supply voltage) AT ST, T (flux) @ FRIR (constant) 3TaT (3MTHR
fuaR goféa s&).

r 3
'
4
T S Tacx la
T ,"\
/, Tsh
P4
4
d
I
4
-~ >
0 e

Figure 2.11 Ta/la Characteristic
UM, Ta/la IfRTeeg § SNRISFHE STUMRY TRes I 3R, S M (32) A AT 3R, WMUe el
(Tsh) Ta U&T ST 3l 3T A STeS AR SRl 3R, ThTaH (curve) WY 38 Bt AST R &

HRUTHTST U SIRA PR AT, AT, Ve Aex AIod URTR & H& 14,

b) N/la RN RED (N/la Characteristic): 1.3, diexdt Wis N @reitasHm et ST

N %
Tic AlexHed, YA fRU TR (flux) @ 30T &6 3.0H.TW. Eb (Back emf) STaesurd fRR (constant)
3T, TS, THAR HC Faad M e Hied! T (speed) FRR (constant) & (3dd. R AL

qcdh XU AB).

F 3

'f

)

Y

o oo o o e o - -

o —_— 1,

Figure 2.12 N/la Characteristic
T R (load) dTedl, degT SR AU (resistance) 30T STHER RTERFYS Eb (= V - la Ra)
3{TIOT JaDH 1T & (flux) & HH BT, TUT, & T Ja-Id Eb fdbfrd SR THTOMd BT i, A YR
JTeedrar Aiexd ITd! (speed) TSI HH! 8Id (KT AC).
¢) N/Ta B¥@eRREP (N/Ta Characteristic): 3T 83 T grageayEy, fafay SR dcwra!
N 37107 Ta o G SMCIRId e g (BT Ol © G Id i Al el dleed WS drat Bl
Bid.
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r

hf \

Figure 2.13 N/Ta Characteristic

o Teaeieeay 3T RS ?ied (Characteristics of Series Motors)

R Aiexme, fihes arsfe ( field winding) MTOT STHER (armature) T SITOTRT fagd (current) UaT8
THd 3. Hickadd AbHDA IS (load) dleedr, HerAdld fae[avars dredr. amges, RS
Hiexqe saRAdTd fagavars dee Ju 1 Taad (flux) aTad SHIMUT 3T (vice-versa).

.
>

a) Ta/la HYGERITTET (Ta/la Characteristic)

3{TOT STOTC! Tac @ la

Tafed TgRRATHd, @ o la so that Ta o I
PN

'f[:a

A

B
|

o —

a

Figure 2.14 Ta/la Characteristic

e TR (magnetic saturation), d ®IEe Sl AT Ta « la.

3R UHR FaD 1T el Td, STHTR Tl AT SHTHER HRe DRI AT JHTUNT 3Tg. SR la gUIT 3Rd
T Ta STaBIaes ARY 3TE.

TEUH, ab 1 il Tdd (upto magnetic saturation) Ta/la 95 (curve) T URTSIAT (parabola) 318
(3t 2.14 AT ahian UFT 3iQ). JUI, Jedig Aqia =@, <ld (torque) UT TR Hel
(armature current) Y&feid 3fTe. WM, dabId Gl FaR Ta/la I (curve) T TS T 38 (dshidl
YT AB).

8 UIfed ST Whd $I Ieh 1 URFYS (initial) YA (WU e 1T Aqiad Tdd), Ta «12. e o
3T 318 &1 S 1. RIS Hiexan wifé efdh Je Hiexaan ga-id U iR 3ral (o1 Ta o 1a).

b) N/la PIFERFEP (N/1a Characteristic):- RIS Ale=l T N @reitavHT; feeft Sr:;
N o2 where Ep =V - la(Ra + Ree)

SIGgT 3MTHR HYC dTad!, dagT 9 §.GH.UW (back emf). Eb, la(Ra + Rse) STUHes HH! gidl, A% TR
(flux) ® dTEd!. TG, AT FRUT 1a(Ra + Rse) 31U T A& 3! AT ot gaiierd dHRal A,
1 &

N
®

= -

oL e IRt N

Ia

IRMHR, 96T YYaddudd, N/la I (curve) 3Nt 2.15

e GRIAedTIHI0l gWREA® (hyperbolic) ANT SFERUT 0
. {-ilidda"idﬁ, I (flux) © fRR g &I'Iﬁfa'rf( speed) ared. Figure 2.15 N/la Characteristic
Maharashtra State Board of Technical Education 28

--—--————r-—




D. C. Machines & Transformers (314322) 1.3t 7R smfor @RWTW (32IRY)

c) N/Ta IR RED (N/Ta Characteristic): R Hiew= NiTa dfkreg W 2.16 Aed gRifaa 3G
g WY 38 &I RRIT Alex (Series motor) FHH TR I <l (Torque) fafor Hea snfor Iae (vice-
versa). 3 BId BRI TP ATEaUITITS} HTHER B (armature current) qTequl 3aRgH HT%' EIRAS
PC (field current) GETE ST, TS TRTRT (flux) Tl SMTTOT TEU it (speed) HHI BId (N o 1/D).
Tleh BT S 39C e,

ot

L 4

G et T
Figure 2.16 N/Ta Characteristic

iii) PUTEHS HicHd HYFe¥ReaT (Characteristics of Compound Motors):
RS fresta Sifie THTd SRId. HuTdh € Hiedd gF T/ UHR 3M13d:
a) FHACR-HUNS S HITH: 1 TR, Rk fihce, i fhead 31 Aoigd #d (Had ).
b) fEHIRTA-HUS S Aied: T1 UoRTd, RS fihes, e fheewn favg &1 o
a) FYAfe® $UNHS Hicudl ddeiikedd (Characteristics of Cumulative Compound
Motors):
o Ta/la HYFERE® (Ta/la Characteristic): SO YR dTed Sl d¥aY RIS Bics dled Ug

e it A fRRR G, A, THU FART dTed! 30T WU 3THR 2l dlgd! (+Ta o< @ la). §
1A &9 &1 fciedT 3R Heewre!, RS hieds sgddfce HUds Hiexdl cid e Aexl
Jad SR 3T, S Bt 3MTepat 2.17 Al ST 31T

&

S5
THT ‘@Qo - - .l

"o —] e

Figure 2.17 Ta/la Characteristic
o N/la YGRS (N/la Characteristic) :- ST 4R dTed!, Ufd Ui Fd c@id dled!. A,
Hedl AT (N « 1/0) HR ITGerde HH! i, S BT 3N 2.18 HeA SR 3118, § TeTd Uadl oIy
hd DI Al SISATIHIY, a2 dlald JHTUNG BT B0 HRUNYT 3d SATdes Jic HIeIAl
TTATUET 97T HHT Bl SRMIDR T CE HUNS S HIexd dTaH HIHH Jic Alexuem Hey 3.
A

0 —_—]

&
Ll

Figure 2.18 N/la Characteristic
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e N/Ta ®¥FERIE®H( N/Ta Characteristic) :- 3ddl (2.19) A& dggdlce HUSS Ald N/Ta
AfRTeey ERifa og.

faaren SR Hewa!, WWWE@WW&HWWWWW&H
HHT 3.

0 s o P o

Figure 2.19 N/Ta Characteristic
b) EHIRT Hurds Med=N AR (Characteristics of Differential Compound Motors)
RIS wite, Yic Bicew fRIUTT e, HickaR dls (load) ATeIdT TTeRT (flux) HHT BIdl. TS
Hiexdl 97 Sacselacs fRR gl fdhdl dle digediarier diad! (BRI, N « Eb/d). I HRUMS, A1
JTEHTERISR HIeR Tl (torque) ATGUAT Tl HHT Bid. 3R Al ARG aTRId Aeid. TR d 94
IR S YUl fRR Tl (speed) SUARITE fESZH Il OIS, Wehd ST, AT SUART U
3T =N Hrafare! Haffed THTONT Seedl. 3= Hiexdl U HIdT $lad (drawback) U A8
TG TART HH! e, o SRR IogT T Hiex SaHauo! firuard ugr 3rad, shodda
<t g gepR fSgms dafell .

L Seres AT Cormg.
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o’ =3 / - -~ o
A ZI= - ey
— INIT. Camp. o ! T Cum,
o ,/ ____..--"' Clamip.
[
L —
= - = la

{ah (2]
Figure 2.20 Characteristics of Differential Compound Motor
2.4 a7 fdzor: & < <ie snfor wiferet Hiex-wera 3nfor SRR @eld (Speed control: D.C.
shunt and series motor- flux and armature control ):-
e Al Tl eSS, Xehd
1. TR 0T Ugd
2. TR Held Tsd
3. Flees (g0 Ugd.
UGd (U T dheld BYS) dRAR dTORa! SiTd HRUT dl AT 3107 Tk 31T,
2.4.1 3.3, Tie Hiew™ A =101 (Speed control of D.C. shunt motor)
1. FeY 991 U (Flux control method)
B I IR TR T8 B! T d TG, AT AT (N o« 1/d) I I3, Kbl S0 WU
AT FI dheld U TUIdTd. a1 UG d, Teh G IRESd eRe (SaTal Xie Hics RARc e FUrdNd) Xie
hics aTgieTT HIferahd Sad SITdl, ST &I Mg 3 T GRITAd 38,
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Ish [L
< x * 4
Speed sith
X~ field rheostat
in field circuit
Ao Vv NT
\R_ Speed without
field rhaostat
£ in field circuit
> - :
. >
Field 0 > 1,
Rheostat
Figure 2.21 Flux control method Figure 2.22 N/la characterisitics

T Bics NARCT T Bies BT Ish 30T ATHS FAd & HHI DRI, A, YU il av o
T FTUE SR dTeq, b, S DI 3Pl ) T TR 3Te. YA, 81 U 3:2 1 YHIUM
T ATGAUaTE! TRATT G, T o S0T STRRURGT SHTOT WRTe HRICI AT Hrard.

. th‘l'dﬁ(Advantages)

1. B U YT 31f01 IR Ugd 31Te.

2. Bl U WX Ugd 318 SR Ish T Jel- del Hearge Yic Bics RARCCHE QU HH! UlaR il
EIGH

3. T UGIgR dhad a7 FE=0T TR Are R s 3.

« @I¢ (Disadvantages)

1. Thad TTHET QTTUET ST o 68 bl HIRUT THUT Thics Aldhe YSRe— Rsh - TE Hics argfat
IIRCqUEN HH Bl SRS, Ldvd g,

2. ATUGAH H@adT Jum=aT HHTA avTel Hafal 31Tg. HIRUN SR Tele U SR HT ST, TR HRICRM
3% WIS B,

2. THER Held Ugd (Armature control method)

B UGd SHaRAe IUAs FlecoHed dad h&d, 9 5.0H.UW (Back emf) 3101 ULTT Hiexdt Tt
(speed) TETCT ST, Tl § SN 33 AL TRITAITIHIO THeR=HT Hiferdhd Ueh R NUd SIe4 Re

(ST e leR ISR TUIdId) Tl ol S,
Ish lL
< g < P& ? WITHOUT
I, CONTROLLER
R RESISTANCE
c
WITH
v N {CONTROLLER
Ren o RESISTANCE
L "
»—i 3 3- 0 —I, =
Figure 2.23 Armature control method Figure 2.24 N/la characterisitics
NoV-la(Rat+Rc)
Y, R = HeleR JeRe

PR YRS Flees S AU, §% 3.0H.UW. (Eb) HH BIdl. N o Eb e, HieaT oil
HH gl fireadT JURT wat o df 3Rl S RC = 0 TeUTS! ATHRI ovTTRi Hefird Syl TU, 81 gsd
o ATHIRT ATTOET HH! 377 63> b, SR BT 3Tt 2.24 A GRITIT 3T
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o die¢ (Disadvantages)

1. PeloR YeRe-~aH e HIGdT YHTUN GlaR arl SiTd SR AT of $THeR He la ST,

2. T ASTIR HIGUT YHIUIT Seald! BIRUN AT dheloR Aere-qHdId @lecs SIaR 30T e ASgR
TR0 Shraied SHTHER HReaR AT S,

3. Hied 313cye 1T HrieTar B gld.

4. 1 UgiiHod T AT TRIS Bid. a¥iel dicaides, 81 Ugd i Hic= a7 Rafid Suarrdt efd
JTORE S,

2.4.2 3t WY RIS e a1 =101 (Speed control of D.C. series motor)

31 T RiisT dicwia o a0 (i) T it Tgd ST (if) STHOR-SRe deid UGd alde- Ui
Bl WIS Ahd. G Ugd Sgdeh dos] aTuRai Sild.

1. AT detd Usd (Flux control method)

1 gdld, RS AiexgR Id1fed deid dgadl Siral 1 &drges av dgadl Siial. Faegdie dad
FTeid YR YTt el §I13> el

a) WIes ST@<X (Field diverters):- U1 Ugdld, T @RUTA IR (SUTA Wics SRR FUIAd)
TPl Y T GRITGTVHT0 RIS hics aTefST=ar SR el SITdl. JrdT GRuTH Fore! as el
Flel U RIS wite dRfETHY T B0, WS Biee HHGR Bid 301 a7 dredl (<N o« 1/d).
T AUIRT afd HH! 377 dF 3R ol S exAYTd A B Aaed SRId! (WU, SR 3o
3. 3t fresadt JURT Fafd HHT 9 g1 Hiedl JHER a SRId). A, B UGd had qHEd
AT ST AT &3 !, RIS Wies SR UGd Igdd IBT ¢aRI HIHTd aTuRa ST,

Diverter
M_,

Figure 2.25 Field diverters

b) 3R SR (Armature diverter):- I JMULT HH 37T HBauarret, e RRNTad
IRRET (STTET 3R AR UM 3ddl 2.26 AL SRIfIaIAI! TR TR (parallel)
SISdm Sl SR A3 dHeedl Blg! HRT Jie dxdl, ST HHGR Hc HH! gidl. 3Mdl feae
AISIIST, SR la HH! TQAT, TR TAN (flux) @ TG TR (+Tox @ Ta). N o< 1/ ST, HedT A HHT
Bl SR SRR SSORE B, I YT HH! HIUTdTal a7 fesadT Idl.

- -W:iw-t-

3

Diverter

<

Y

> 3
Ll . Lag <o -

Figure 2.26 Armature diverter
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2. U $Ad Wies FAAAUT (Tapped field control):- 7 UGdid, 3l 0 T R
TicS Al Tl BT HH! B TR HHI bl SiTd! (30T TS o dredan o). e s
WItS RS HIUEE! U TS Ffhe B vl TS Toad HH gidl M0 37T dred). Hics
IISFET=T qUi e-iTg, HieR ATHR T ATeld 3107 SR WhIes e HHT el SITdTd, STHIRT aRTTUET STRd
CUR ISR

Figure 2.27 Tapped field control

3. WIts BIged YHIAR B (Paralleling field coils) :- B Ugd ITHIG: T Ay =dT STedid araRat

ST, 37Tt 2.28 ALY GRIATIHIU HIcE HIg@Td TIGH B, 3 RRUR o YT ol Si1S, [ehdTd.

rAnab

Diverter
[ g -0 0 5~ 0
)] (i) (iif)

Figure 2.28 Paralleling field coils

4. THER-IFIRET HeId (Armature-resistance control)
T UG, 3Tl 2,29 AL SRITITIHT, Th Ruad fIRe~T (variable resistance) 9 ¥quf fiexa
et RIS SiSdl o). e SHaRAE 3T Giecs] HH! gl ST AT e HHT gidl.
RNTEA IReTa YT Feod, A THSUET HH HIurde wis fadr At <. R died=n
TS HeId HIUTAMIS! &1 qaTd B HYUS ATURE ! il SR} AT HSHED WIS W= 3R (poor) 3,
R RS dicdiurét dre qe@ 16!, HRU d TRuGd Wie e raqel aRd Srard. Rk
IR UlaRAT AN 3 SRIGRIRTST BR 1R 16T, HRU AT SRIGI-qe, dheld 9T
] AeC-ATS HISTTHE TS HH HRUITITS! ATURAT ST 30T SegT Aiex BaA-ars Bl o SRId
dgra ol HYTHYT (intermittently) ATUCT S,
RSG
—fmm——/\/\/\:\r- I—R +

[

> 3

Figure 2.29 Armature-resistance control

Maharashtra State Board of Technical Education 33



D. C. Machines & Transformers (314322) 1.3t 7R smfor @RWTW (32IRY)

2.5 TETEH, WIS TagHhdl, g-Ulse wred, -uige wrdd i BiR-ulge wed

(Starters, necessity of starters, two-point starters, three-point starters and four-point starters)
31 Tt ey Aewm-eIfc AieH 3RIdTd, SiegT S U HiexaT SR i hics arsfeTar v e,
AT AT o 8. AT, S I HicHar Y& exvaIé HIvdme! sifaRad fSasad! srazaddl
T, W B TP W& ST 18 o oifoeep Hiezel siegRails 31Ul Wé AicheURE qrequarara!
IR ST, HITHAT3T 2-UTec, 3-Ursc ST 4-Ulse WCHURY fAfdy ThRd WicH Sudsy 3gd. Il
UHRAN LIeHHE TBI: HRc-[HeT Sliaredl I¢ el hy Wie Jcex g 3!, a1 diF
LI T TR I Glees bigd (NVC) 3B,

o TCTATT! STIRIHT (Necessity of Starter):

FHATIaT, SiegT Hiex FRUR 3R7d), degT 3EeRyed HIUIaTE] 5 3.UH. U0, Ial. Aes, SR HieR 3¢ At
(mains) STEaH Telt, TR MR TEH SHTHR IeRe-aHes U IRA HLC (la = V/Ra) U, a7 SR
Hees THR diRfET (Armature Winding) STRd TR Blsd ST AEfeT WRIEE! g1 ahd.
(Variable resistance) SIS STTqll, SATEl WTCR WUIT. A1 3o W dicHes WTaid 81 g dhdld:
a) TR SWTAHes 3R oI

b) ST T BRI (Commutator) 30T SR (brushes) WRTE 81 I,

¢) ST AR Al Sedd! 3T & AR-THE SR Glecs! SIU g1 Xbdl. ITal YR 3T gidl ol
QTSI SISl SAR UGV B [TUg Wehd AT HIg! (AT THIUH, <l HTH HUAN THR
&S X@ard.

IR (starting resistance) BUAT) SIS Al IR A7 Uhad AT (MO AT Eb drgdl), 8T
IR gBED HH! Dl Sal 0T SiegT Hiex Juf et Wi v dagl af quitst Sig erdar Sl
I IRE~Td Hed ATYRUM: 3 3R B W Hee YUl al8 dicdl 3.4 d R UT Faffad Sy,
2.5.12- UTse WIEH (Two-Point Starters)

3H-Ufge Widk ([T 2 Uide wWid?) S At RN Hiex = SRUGRITST aTiRa Sid. diH-Ulse W=
TaYd ®1d St Tt RIS Hiedl Sa /I SR euRgd aradul 315, § SR HTfeldhd had JoaTd el
I8! IIRCT SlgH I WIS SHTHR Hedl YRI&d TeaTadd Talfed & d HRd. I o Uhsd
ST BT IR T8 HH! el STl

o B¢ (Construction):-

3Tl 2.30 AED GIH-UISE IR (two-point starter) A a1 GRATE 3118, ITAT GIH-Ulge WIex (two-
point starter) TUATA ®HRUI had GIH Ulscy T3] HaRMYIE! dlgR BIad SIIdld. Ad G- DHIge
3T, 3figRars feu digd (overload trip coil) 30T gics-3H1H Bigd (hold-on coil), T fBi-fAafAd
3T (spring-controlled arm) 3T XfSRex (resistor), S 3% fauTTEe fAUTTele 3Rl GWH
IrRageTyHTor St T RIS Hiex (DC series motor) LTEX=T A 3107 B foidHed Seaie 3rd. 3ol
3fTHeT Hg3ctt OoFF fRudiaes oN fUdHe gaq &l a1 SHar Sisadt (BT Hiex didarad]
3T fohaT doTqRasT Wied ATedT QT IRd OFF FUHE U] Fehdl. L AT F Wi g foig
3TRd S [RAST 30T Hiex TR (terminals) T8 SSad 3RAwd. F e § Wics agfe (field
winding) 3ATfOT 3TH=R arEfET (armature winding) =T ATfdd i GaTSHT T dc 3T,
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Resistance

Resistance
Contact

Arm D.\‘G;\'\Dn

Hold an
coil
F Shum/'

Field

@ Qverload trip
oy *

Figure 2.30 Two-Point Starters

o HTAYUIE (Working):- A dedl, Wi 3TH (starter arm) OFF fRUcfid $/dMT DC diaR
W@ (DC power supply) TTe] Bl ST, AR TR $HRC (armature current) Y01 wIeR fee~a
(starter resistance) T ATgdl, AT AT Jod HH! YIS Jearudd Hafied gid. TTexd! {hRomy 3
(arm) 88 g8 gsueTl R OFF f¥Udlaed oN fRUdiee W Hall Sd. a1 HAT (arm)
gTeTaTeies, STHTRET (armature) HTfeTdhd TGIUMRT XeTex SRS (starter resistance) 8@ 8@ HH!
BIdl 30T 3R FRe (armature current) 8 8 dTadl. ST XeIeX 3MTH (starter arm) ON R
Uigad, degT YUl Tk IBRE (starter resistance) ST&R TSl ST AeX WM TTaR YTI0aT
IRATd B, ST FDR A PRISTT0! = BIel.

2.5.2 dF-UT§e WIET (Three-Point Starter)

1 UHRAT TIER (starter) YE (shunt) 30T HUTES HieH (compound motors) IR HRUATIS! HiGaT
THTUTTER ATURel STl

o PRI (Construction):-

HT 2.31 ALY WREUMTHS ISV Yie HAlexdIa! (shunt motor) diH-Ulge T (three-point
starter) TS 3T GRITT TR, TTAT dIF-Ulge WICR (three-point starter) TUTATd HRUT AT i
<I9S (terminals) L, Z 30T A 3dTd. WIEHE (starter) 3 fAURTHED faHTTee TIrfén ¥egre—g
(starting resistance) 3RTC ATOT A SMHER=AT (armature) HTfAIdhd STISael 3l I YRR
(starting resistance) SfUT Uf$eH (tapping points) 3 WA (studs) SO STTATd. TTERT (starter)
I <9 (terminals) L, Z 30T A 3/ Ulfaifeeg @8- <fHd (positive line terminal), XfE Bics
A (shunt field terminal) 30T 3HER e (armature terminal) ST 3MAId. 3THTR
(armature) 3T /e Tics ATSfST (shunt field winding) SR e (terminals) GRa&aT= FRIfcE
SIHAAAT (negative terminal) STSad 3RIATd. Fi-&lee ReitoT digd (no-volt release coil) e HIE
gfhersd (shunt field circuit) STSae! 3Md. gaadl (handle) T Rde iiaRars Rl diga=n
(overload release coil) ATEHIIT <fHHd L @ Sieddl 3Rdl. gsadl (handle) GERT Yde WRRA
&= (spiral spring) fa¥s fhal Sf0T Jeardi=ar TURFEREM (operation) Tdd TSR (stud)
U HRdl, ST Al TSt foRM Td® esawed (stud) STTal dauay IHIYe e YRe
(starting resistance) FHH B,
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—i— No-volt release cail

Over-load —
release
cail

- -t e S e e S AN S . e e e

A e e m e m - —m—————————-

'f
Supply

Figure 2.31 Three-Point Starter

o HIAYUTET (Working):-

1. g& IRUGNS], 53¢ (handle) OFF T ST St T [RaaT (d.c. supply) I Hal S,

2. 5d (handle) 3{TaT UsaTeT=T fARM UfeeT TSP (stud) OIS SId. S o Ufeedn Tws=T (stud)
Tuehid d, Te WIS agfet (shunt field winding) 3¢ RASATRI Siieee 3d, R Iyl wrfémifgre—
(starting resistance) TR Afdhe=dT (armature circuit) AT d SHSAQT ST,

3. S §8d (handle) 8% 8 3ifdH Wa® s (stud) TR Pl SId, WIS IIRE (starting resistance)
TR AfdheHeYH (armature circuit) CTHTCTHM HH! gldl. 38 (handle) AT A-@lee Reiol Higagi
(no-volt release coil) YEHIITTET YR & SITd, ol Xe Wies dHegi (shunt field current) energized
BId.

4. SR RAST @lee (supply voltage) ST EiSd T fdhal SR Whics 3o (field excitation) I
§¢ T, TR AI-s@lee RS Bigd (no-volt release coil) demagnetized B M1 88 (handle) f&iTea
(spring) 3MeH WRd OFF A Si1d. SR Al-&glee Reliol dIsd (no-volt release coil) aTaRelt el
T, TR RasT Wied Fed, g8 (handle) 3ifal SaR (stud) RS 3. SR R RasT gAaidd
T I, T A (motor) AT TRASARIT ASal! Sizd, S HHAR HRE (armature current) ST
YU dled.

5. SR HIeR (motor) ST HTRd (overloaded) 3/ (fdhal G Igadl 3R4d), R ol RAGUIIT SR e
(current) U3d. 8T HC (current) 3NaRaIs Reliol dIsa< (overload release coil) ampere-turns argad
3T SR C (armature C) Wod, S Al-Glee el HIgd (no-volt release coil) ic-Aidbe
(short-circuit) 15d. Al-@Iee HIsd (no-volt coil) fSHIeZS BId 3101 8 (handle) f&ITER (spring)
OFF Ryt Tad SiTd. MR TSR, Hiex (motor) TUISTY RISATIH f&eh-ae (disconnect) Bid.
2.2.3 BR-UIEE WIS (Four-Point Starter)

o H=CARM (Construction):- 4 Tis¢ WX (4 point starter) ATATIHIUG 4 T TR TlscH
(operational points) 3/ dTd, ST &:

a) 'L’ A8 <fHAd (Line terminal) (QRa&ATAT UiSfc g dl SiTeaa).

b) ‘A" 3THER fHFT (Armature terminal) (TR AEFETET (armature winding) SISea).

¢) 'F Wics fHAd (Field terminal) (Wies aEfSITar (field winding) STSaa).
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d) SrTarEe N (No Voltage Coil NVC @ Sisaia),

4 OT3¢ T (4 point starter) STadTd @&f0fd %R 8T 318 &1 No Voltage Coil (NVC) 'L, 'F* 3TfOr
‘A" SfARad ‘N raredT e efHiFAagR (terminal) TAAU0 RSART SIS 3RId. S, Bies
T dXeHe (field supply current) HIUTdTe! 9ad Sed™ NVC =T (NVC) HTIGHI PIUTe! HRab
TS Y. 3= UbR & JAHT bl UIfgel bt 1 sglecs Disd (no voltage coil) TeHId Teh Holgd B
(force) TUR &Hd S F/IT=AT (spring) Wi (force) favg, 99 TaRwHa uRFRAUT (operational
conditions) E&AAT (handle) @T=aT 'RUN' YT SaUay QAT 3T, 3T 32 Hed GRidedTsHTor
YT UTSe 'N' AU NVC =T (NVC) HTETHIIH ST e (current), NVC =T (NVC) HIferdbd shigaied
fRR YRR R (fixed resistance R) T A YSORE (adjust) e ST,

Parallel connection

Starting of NVC and field
Resistance No volt coil
OFF il /
Soft iron s

piece Brass arc

Starter handle
Spring

Over load
release

r.N

[ L N 3 A® ]

Triangular
iron

Lever

Figure 2.32 Four-Point Starter

o HTAYUIER (Working):- 4 UISe (4 point) 3T 3 Uige WIER (3 point starter) aId HdHE
ToifaeTyaT RRusd ¥3Re=T (variable resistance) 3190, 3 fAHUTTHED Thid 90 garc! gd
STecd THM ST, 31 fauTT=ar Wudh i T g (studs) UG ST d OFF, 1, 2, 3, 4, 5, RUN
TgUH cRifde SIdrd, STk §8d (handle) 97 déad Starting current Fifd wroardt dgareht
(manually) fohUar Aidhas 3.

qRI3T fGal STal 311 §8 (handle) W8 HHi% 1 IR Bdd Siid 3 AN, dfde (circuit) Juf gial
0T A2 e (line current) XCTCRHYT (starter) aTg AT, AT fUHd STIUT U bl BT PHRe
(current) 3 HITHED fAUTTAT STEd, 3 AFTaTTe fSgHY (points) ATgd STad.

(armature) ST,

2. GIRT YT ics argfe F (field winding F) T argdl.

3. ATFOT faRRT HNT TREUMEHS e~ R (protective resistance R) T Hifdldd Al @leedl digd (o
voltage coil) YT qrgal.

4.3 T YTIR! 19 0TS 1 fafRIy soa®ies T Wics Afdbersd (shunt field circuit) VTG
Sed JTedrd Al ®leedl BIgaH (no voltage coil) HIUAIG! d&d 8Id T8l HRUT Glg! Fhe (circuit)
UHUBIURIA Waa ST,

5. 717 31 31T 3R B A Blees BIgagk (no voltage coil) ST (handle) TTUe 3T TRAR (soft
iron bar) 3RIAAT 3aaeAC Gd (electromagnet pull) Id 33t 3deT SIRG 3/TdT &1 8d (handle)
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AT RUN TR RTTe, foball TRIT hieiatt (spring force) &l (handle) =T Gos OFF fRUdid IRa
JUGURIA A, Hices RARCe (field rheostat) FT USSR (adjust) el STl ATl Ut = Hl.
2.6 T 9P dis ove, fafdy yerRa @Y, 3BRIERT (Testing: Break load test, Different

types of losses, efficiency)

2.6.1 §% 9IS AU (Break Load Test):

B U Tel U S8 ST ATd SMTehelt 2.33 H SRIGCATYHTO Hie JTRAR (motor shaft) STaeied
qIex-H TS Yaital (water-cooled pulley) Si& AT STl 5 &8 (brake band) AHS! &< (wooden
block) A Jaldll U Udh g oad oildl. dedT Udh Jac BT §a-9 S (spring balance S) =1 AgRAT
ATl SIS e STl 3101 GaRT /ige fAafad ao W1 (suspended weight W1) AT SIISTdn SRTd!. AleX
1. 3R 30T Aiexasia YR forean quf die Seudd (full load current) Tigrad 18T aradd STHRITOIT
BT ST,

y: i,
Py Y
Motor__ [ R
shalt lx_ " Y
N s

iy s L— =
. B
S Y Pl i
“r::.- L '.'S "r"u"i

el i

Figure.2.33 Break Load
JHSll, W1 = suspended weight (Fdfad asm) in kg (faret)
W2 = reading on spring balance (8T sfa=aid ara) in kg-wt (fdbail-aei)
The net pull (A€ ) on the band (UT) due to friction (ayon) at the pulley (el is (W1 - W2) kg. wt.
(fhell-a%) or 9.81 (W1 - W2) newton (-IC).
SR,
R = radius (f<4M) of the pulley (Jei) in metre (i) And (3or)
N = motor (HIex) or pulley (Jeih speed (Tell) in r.p.s. (revolutions per second - revolutions per
second)
Then (R),
TMMUE Cleh (shaft torque) Tsh HieXgR fa®Rid (developed by the motor) = (W1 - W2)R ...kg-m=9.81
(WL1-W2)R ..N-m
Motor output power (HIeX 3I3CYe UlaR) = Tsh x 2z N watt
=21 x 9.81 N (W1 — W2) R watt
= 61.68 N (W1 — W?2) R watt
HHS, V =YIdal Blecs (supply voltage);
| = HIeXgR Udddl Hed dle He (full-load current).
R, E?El,'c'tlvﬂ? (input power) = VI watt.
_ Output _ 61.68 N (W1-W2)R
"~ Input VI
a5 X (Simple brake test) Tad T8 ACHATS! (small motors) TORE SIS [, HROT HIGAT
Tre=T (large motors) STEcd, SiaR (brake) 0T SIUMY IWIAT (heat) HIGT THTUITE Y 60! HAT0T
3.
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IR 3T3YC (motor output) AISTUATT TURE! Teb HIUT Ul T UTS! Uit idball (pony brake) ITUR &R,
S U WY 3! 34.(a) AL GRIFAA 318, T QR JarHIad! (pulley) TSTeSdaT SRIal 0T &l
Glg! Tl o BT 9= S1 (spring balance S1) 301 S2 (spring balance S2) @1 SIgdd 3R
Rrege@a (swivels) AadH GRS AT (tension) THEINIA dbell SIS, Kbdl. Agioidhd, JaldR
(pulley) wffeiar (tangentially) SR} HIRT By (force) a1 BT Sag=an (spring balance)
QST (reading) HRHBITTGT SR
SR R ettt 341 (pulley radius) 3Rd, @R GalaRid el (torque) Tsh = (S1 — S2) R.
R o (= 27N) ot S T (angular velocity) 3, TR..
TR 3T3CYE (Motor Output) = Tsh x @ =2 N (S1— SR ...m-kg. wt.

=9.81 x21N (S1—S2) R watt.
TPt 34 (b) A TRITITVHTY Hier Y (motor input) HISTAT ST, Xehd!. HRIGHT (Efficiency)
YT 1y = output/input TT H&HUTAT STINT B Dl Sl dbd.

o ofo— @) Pan
- N
s ™ M N
oy Y )
2 &‘/ e o]
o B

FE

) /ﬂ\

1
R=
=

®
Figure 2.34 Break Load Test

2.6.2 fafay yR= @ (Different types of losses)

AT BIVR T SHRCITL Ay RBYT 3T, o WA 3

1. HIIR A (Copper Losses)

2. 3T fdhdT HR A (Iron or Core Losses)

3. Jif® AT (Mechanical Losses)

1. IUR A1 (Copper Losses) :- 31 Tt A=, fafay aRfém=a (winding) UfRiumes iU die
TEUTSI HIOR @ (copper losses). HIUR AMAT 2R AN (12R losses) S/Td FUIdTd BIRUI g dic areieTe
IRRE (resistance) A dTGUMAT HReHeS (current) Bldd.

) T a=iHed IR T HIIR AN WIS SR

o IR BIR A (Armature copper loss): I.?R,

o FRIST flhcg IR €19 (Series field copper 10ss): 12, Ree

o ic fthes BI0R A (Shunt field copper loss): 12, Rsh

2. 3T @1 (Iron Losses): St It A== 3HeR=AT (armature) HIRA (core) R HAfcH
flhegae (magnetic field) THRUATHES BIVIR A UM 3TT @ (iron losses). B dic STHAR< hIRAE
(core) BId 3edTHes, T DR T (core losses) GdTd TUITT.

3T A1 (iron losses) fhal R AT (core losses) G UHR 3MTed, o UM fgxe SR Al (hysteresis
loss) HTfOT TSt e Ay (eddy current loss).

o fRXIRIT A (Hysteresis Loss): St AT HRA=AT THERAT (armature) HRAL (core), THAR
(armature) ATTaTTeAT QIiRET=AT (polarity) HUfC e Uler=dl (magnetic pole) ETcil SITd AT HifeHh
flseea (magnetic field) SACHRGS (reversal) BIUIRT HR A (core loss) WU 3R ard
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(hysteresis loss). [GXcXRIT @ (hysteresis loss) TTeid gHaR A (empirical formula) fa
ST

TR A1 (Hysteresis loss), Ph=kn BL6 f V

a?), kh E@ﬂm%@mm (Steinmetz’s hysteresis coefficient) 31’[%

Binax HIRTHH TR SfRIET (maximum flux density) 31Tg,

f Tifew Raggad! fPheo-u (frequency of magnetic reversal) 3MTg, SfToT

V 3THR HRd Fiegd (volume of armature core) 3Tg.

3 Tt Al R @ (hysteresis loss) HH! HRUTGMTS!, 3R HR (armature core) 3T
TCRIAURA (material) §99d STd SO CeHCHAT BRI SR (Steinmetz’s
hysteresis coefficient) e (value) FH 3Td, ST & Riferep = WId (silicon steel).

o TSI ®¥e A (Eddy Current Loss): SicgT 81 Tt HRAA=T 3R (armature) Tid=T (pole) HAfesH
flheeae (magnetic field) fhRdl, degT SR (armature) HRAD (core) EMF &M (EMF
induced) 8Idl, S TSt HH (eddy currents) ThRdId. a1 TS SRS (eddy currents) BIOM=AT
UiaR Qe (power loss) T8! e @ (eddy current loss) T8UTATd. T8l e @ (eddy current loss)
STV} feaT Sr:

TSl e A (Eddy current loss), Pe=ke B2, A2V

Y, ke UUIRHIAICHT B (constant of proportionality) 318,

t AR 69 (thickness of lamination) 31Tg.

TSl Hic A (eddy current loss) SR FI&G-G=AT (thickness of lamination) W3RaR (square)
A SIAl. A, 81 AN HHI HRUANIS!, SHTHAIR HR (armature core) TTAS HARIARTT
(lamination) Sdd STd Sf UTdes AR THHBMI 3gaics (insulated) dhatdl ST,

3. Uhfdd @Y (Mechanical Losses): 1 T A=A fha= (friction) SAfOT fdSSHe (windage)
BIUIR TIaR QA1 (power loss) T8UST Habi-ard Al (mechanical losses). St It A=A, fThaws arg
(friction loss) 31T flFaR (bearing friction), ST fFaRM (brush friction) TATE! WWEUT 31!, TR
&S A (windage loss) fhReT STH=R=AT (armature) T3R fTFaRMHS (air friction) Bldl. Ab-Ha
AN (mechanical losses) ARI=AT TSR (speed) AT 3RAId. JUT § dic fadedr Wiewmad!
(speed) STaGTRG ST fRUR I,

« SRIERT (Efficiency):

31 I Al SRR (Efficiency) BUN 33U UlaR (Output Power) 3101 $99¢ TfaR (Input
Power) 7 TUMRR 814, WU

3PRIURT (Efficiency), n = % x 100

- Output x 100

Output+losses
31 T dicxd! SRR (Efficiency) AT Taffties SRTd SiagT:
RRUTd A9 (Variable Losses) = di=ce @iy (Constant Losses)
2.7 3t It Aed: IunhT, wrae 3nfor @i (DC Motors: Applications, Advantages, and
Disadvantages)
o St W™ UM (Applications of DC Motors):
1. Zdfaed Radb e (Electric Vehicles (EVs))
2. =g 30T &3 (Fans and Blowers)
3. Safde® ¢ (Electric Tools) (3aT. f$& (drills), TTeT (saws))
4. HIRTY (Conveyors) (HeRTd ST (material handling))
5. JSIcaT (Robotics) (U (actuators))
6. 3ficHIEIZd IIIUR Aed (Automobile Wiper Motors)
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7. TRIAIA 3URUl (Home Appliances) (3al. iR TR (washing machines), GadH AT

(vacuum cleaners))
8. TdeITy! RIEIRT (HVAC Systems) (W (fan) 3101 4T (pump) STORR)
o 313t AR wrag (Advantages of DC Motors):
1. 1 I Hicy TR A8 .
2. g Hicy 31 T RIsUIeR ATadId IS o Sadei-id SUBRUIHE (electronic devices) TR SIS,
QehdId.
31 4t Al 18 UR (heavy loads) ITETIUARITS! ¢a-- RIETHATST (traction systems) T 3R
31 I RIS Aicdued 3= wIfc™ el SR,
St It A 7t Freiomeh favga 9oft <ara.
31 3t zfc Aed 3R deid (armature control) 30T fihee dreiaara! (field control) TaiH 3MTg.
3} I A Siae g, yieo, Iacot 3nfdr 3ar Tt dar.
1 I AicH gHINRTIRT Tad S,
o I At A e (Disadvantages of DC Motors):
1. 3 Tt Hicdt geardrd! fhad SR 3Ry Xdhd.
2. SR (brushes) 3T HIRICAT (commutator) SURYTIS THHTA Wd SIRd Al T GRAR
é@lrmao—ﬂaﬁanﬁ
3. SRIGHL (brushes) TIfHT (sparking) ST &1 Tt Hicy Whicd (explosive) TN didHEG™AS
gAY (hazardous conditions) IrdadT Id ATala.
4. 71 ITG T RMUCHE (shaft) S0 (vibration) B 30T STHTRT (armature) JHIH B3> .
5. HIexd diol RAVINTS! H-agexd! (converter) STaIdhdT 3.
2.8 S St HieR: I9AT, SRV, VAN, WG S1foT @i (Brushless DC Motor:

Construction, Working, Applications, Advantages, and Disadvantages)

SIS St 1 Aex (BLDC) 81 T IRH+C Tl Rish I gaifdca Hlex (permanent magnet synchronous
electric motor) 3MTg St SRREE Bc (DC) fdoigR aTerd MO off Adbfed HRICTH Rtauasit
(mechanical commutation system) Saidcidal delcs BRI AT (electronically controlled
commutation system) ATURd. HRICIH U TG a1 el Hc 9aqd ACAS AcYAA Tl
(rotational torque) 0T FHRUTRY Ufshar, S STRET FHe HeHD (direct current motor)
HRICITS! HIa =T AT, el s=1erd St Y Hiex WUard. BLDC Hied 1 cUiissd IRAFE HiT
e (trapezoidal permanent magnet motors) 38! U,

o HEHM (Construction): IR HIVIATG! getfaced HICIYHUE, R S1 Il HIcXHH d@id GF
- T ST, TUTS! ¥ e (stator) AT AR (rotor).

© N o 0o b~ w

Stator

Permanent 4 Hall
Magnet Rotor Effect
—> Sensors

I ]

Figure 2.35 Construction of Brushless DC Motor
a) ¥eeX (Stator): STAS! Al AT Wexd! (Stator) T ¢-Thel $8FRM HeR (Three-phase
induction motor) fdraT Rish 9 AIexTRE (Synchronous motor) 3. § TfeRIsie de Wiie (Axially
cut slots) STAT TFe KA AHARFURA (Stacked steel laminations) Sad 37d. siTael It
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TeaqeTd arRieT (Winding) URUR® SSa-H AIeRa (Induction motor) qad dls a7 3.
Suars! It Aegae 9 Wex aEfET (Stator windings) SRIATd ©f ¥R (Star) fhar 'y HREHS
(fashion) (RICT UiSCIRIAR) Siecd SN,

b) eX (Rotor): STES! AT HieT JexdT (Rotor) U HIAAGET! gadbiHT (Permanent magnets)
AT 3T, I FenfSET (Neodymium) (Nd), THRTH Hidlee (Samarium Cobalt) (SmCo)
3TfoT FAeNfSfPrrm, hrge Sfor dRA=AT (Neodymium, Ferrite, and Boron) (NdFeB) fBrsfeTdaRd
gt gt T (Rare earth alloy) 98 aTRa STTdTd. SUANT THR, Yat ¥eAT (Number of poles)
GH d 318 Tdd 95 Thd SaHe IR (North) (N) 30T ST (South) (S) 4d TeidRauol daad
3T, Y A (Rotor) STe:id URHER dadia SR

¢) M= F=_H (Hall Sensors): Seaa! I Aexded (BLDC Motor) SR (Brushes) TN,
FHRICIA (Commutation) Saac el (Electronically) MR ddl SITd. Aex fhrauamdl, Te=m
(Stator) TEfET (Windings) TerT fafRI¥ HM TASIES (Energize) HRUI AT 3R HTMOT e
(Rotor) T (F@US e Ard (North) 30T |TSY (South) UIe) SEIEHUU! SITUA Ul TIRIH 318
SOIde- e fafRIy Te arfEwran (Stator windings) 3IHTUI TSIES Bl Jad. U= TR
(Position Sensor), ST ATHIRIC: BId =R (Hall Sensor) 3/l (S 81 sthde=dl (Hall Effect) dwaTaR
BT el - TGOS [Igd UaTe aTeohI=dl G A SHIOT Jeoh 1 Q=T Tidl Seied] dIgahld Glecordl
TR AT oY), et fRudt nevarardt it I gafaesma RaHed (Electrical signal) ¥UiaR
FHROGTITS| ATURET STl 9gad STudal 9t Aled (BLDC Motors) T gid 9=ud (Hall Sensors) ITaRdTd
ST Jtexd R (Rotor's position) STUGUIATST T (Stator) TS (Embed) dhaidt SRdTd. Jexdl
e (North) fdhaT T3 (South) Uid T s SiTdl Bt ATe! ATaR faded gid 9-a<aT (Hall Sensor)
3T3eYe (Output) HIGH fdhaT LOW 3. TiF ST (Sensors) FaTaid Wi &, TSI SNl
(Energizing) g oY FfEd &l SIS v

o HTAYUITE (Working):- ST 3RIciedt St it Alex=n (Brushed DC motor) fauia, diuast I Aeza
(BLDC motor) $RICTH Saiaci-and! (Electronically) FEifd &l SITd. siuas! It Ale fhrauamrel,
W IS (Stator windings) ThT fAfRTY HHM TSI (Energize) HROT AT 3T,

DI TS (Winding) TSSO SHHM TAGIZS Bt Ssd 8 JHSH BUgrana! Aex=! (Rotor)
Ryt (Position) STV 90 AT 3iTg. Jed! fRUT (Rotor position) I}eHE (Stator) TS (Embed)
P BId Shde -l (Hall Effect sensors) ATUR @e- SITUTGH i, S stdde! 4 Alegqe
(BLDC motors) dF gid =% (Hall sensors) el (Stator) AMH-SMfET (Non-driving) IdTe
WSS Had . ST e (Rotor) BT ¢ (Magnetic poles) Bid J=a<r=T (Hall sensors)
Saeg SITdTd, degl d HIGH fdhar Low Riud (Signal) <ard, 1 g=fadrd &1 N fhar s ¢a I
AR SI1d 3G

1 dF 8ld IR Rue@=n (Hall sensor signals) ITISHT=AT STYRIER, HRICIAAT (Commutation)
3gH HH MY HaT oe Udhal. dlude! Al Hiewd (BLDC motor) B ot ST 3/ciedT af It
AleTqRY (Brushed DC motor) 3.

SR e 81l Hiekd’ (Brushed DC motor), Bigdd HAbAdd HRICCX (Mechanical
commutator) 0T §RITET (Brushes) aTIR & HHAT-Gd dbdl old, dR dTds! 4t Hieww e (BLDC
motor), d 3® HIgad ST (Feedback sensors) AToR & Ui &l S, SIegT T er dised (Stator
coils) GRIST TWIAIGR TASgS BIdwd, degl d geideHIc (Electromagnet) SdTd 30T TSR TqHEA
BT Wics (Homogeneous field) TR ®RUAN JRAT HRA. ST QAT Aid (Source of
supply) DC 31aT X1, Rafeiies cUgised SMBRMET (Trapezoidal shape) AC ®lee adbid (AC
voltage waveform) TR gidl.

gaacHYC WX (Electromagnet stator) 30T TRHE T e (Permanent magnet rotor) JrATdd

RIRYATGTAT YT, WX (Rotor) RO A1 Sadl. 3l 2.36 A eRIfAeamy@m, samded Hiex
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¥R (Motor stator) aiTaiTeAT RITHT W= HTYRTAR Jxioid 3. HIGH 3o LOW Rifrea=
(Signals) ¥UTd arRfeToran Rafie, Teftd agfeT ARf (North) ST A8y (South) UieT TUH
Current, |

TS Bid.
v

Figure 2.36 Working of Brushless DC Motor
QA He Jexd (Permanent magnet rotor) A (North) SMTfOT |T8Y (South) Uid Te=T (Stator)
JIIad (Poles) 3@ATE 8IdId, SR ACX fhRd. HIeR €id (Torque) FHIUN R HRUT SR
PRI TS SiegT Ard-13Y (North-South) fdhaT Tr3y-A1 (South-North) 3/@EHE (Alignment) 81d)
30T U= BRI (Repulsion forces) (WU SicgT ARE-ARS (North-North) fdraT T13Y-a18Y (South-
South) 3{eTSTHC BId TR BIdId. 3T bR, IR dlidhdlgsl SANGRMAY (Clockwise direction)
ol
o FRA9 3 Hied= wrae (Advantages of Brushless DC Motors):
1. HI&9 & (Carbon brush) 30T A e HRICER (Mechanical commutator) TS SR
It Hicd (Brushless DC motors) ST 3fgciedT 31 Tt ACHUET (Brushed DC motors) STRd BRI
SHdTd.
2. SRICN S ¥t Hiew\ el (Brushless DC motors) 3olf g HH! gldl.
3. HHI ST AT ST ATeaTges SIRTe S 4t Hiewd (Brushless DC motors) ST SR 3.
4. SR IV TR eI RIS S 9! HiexdT (Brushless DC motors) ST Td &HT 3,
5. SO Sf AT AeH (Brushless DC motors) Tid TOT U daqul &1 &I,
6. Tl (Torque), AT UM (Speed control), TiaR 3¥TYE (Power output) SIS STaId SRIC St T
ey (Brushless DC motors) 3TH HAUGR SdTd.
7. SR 31 Al Hed#d (Brushless DC motors) JadeiHifcd e (Electromagnetic
interference) FHT 3.
8. SIRICIY 1 Tt Hied=n (Brushless DC motors) S8 UG (Dynamic response) 3 3.
o RO St e A (Disadvantages of Brushless DC Motors):
1. SRICN 81 T Alexidl (Brushless DC motors) T fohHd S=T SRTced o1 T HICHUET (Brushed
DC motors) SR 3.
2. T HRICIFIST (Commutation) TENTS SaaciHdb deler (Electronic controllers) AFTAT.
3. SO S W Hed (Brushless DC motors) SR S0 Hde=id 3R,
4. fayaig TORIA YRYd HRugrret i1 gurdl Sfor ggrTean Maeur Jormdtet (Cooling
system) SISl 3.
o gAY 31 W Wed= IuahT (Applications of Brushless DC Motors):
1. SR 3 Tt HiedT (Brushless DC motors) ITANT Saifded arg-He dhal ST,
2. SRICN SF T AeH (Brushless DC motors) S (Drones), J&E (Robots) 30T SR 3@ Aaifcd
JUHIUIHE (Robotic equipment) ATORT SITdT.
3. SIS UY (Infusion pumps), RfedeR (Ventilators) SACIARGAT 3 dGHII IUHIUTAL
(Medical instruments) S=TCRT 1 ¥ Al dT (Brushless DC motors) SUTRT oal ST,
4. SITd SMIIOT HIAEM SHURRHS S=ICY of AT Al (Brushless DC motors) G (Fans) 30T T&R
FHSITRAL (Air conditioners) ST IR ST,
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5. T S I8E (Hard disk drives), HISl/Slals! waR (CD/DVD players), WL %+ (CPU fans)
SATSINIREAT 3 Saiaei-d SUBRUIHL (Electronic devices) SR S 41 Aled (Brushless DC
motors) ST el SiTdl.

-G (Self-Learning):

1. 1.3, Arexd g fURgd Wy &

2. SRICIY St Ut Aed B MPHaTg JHSIgH T,

3. TR 1T gTardT o i,

4, WIS MaRgehdl . diH-Ulge W afdhi Ty &3,

5. St Tt RIS ATex CaRM IEMATST BT ATURE i) TT H.

6. S T Aicxue fafdy IR Araq 3101 d B4 HH! ol oifd,; Ydhd & WY B

7. St Tt Hiedl s e ARk #rer.

8. 1 Ul e Hiewa’d 9 o WY HI.

0. St Tt RIS Aexa a7 fAg=um=an 3 g Wy &,

10. IR Wh a9 fafay Yerear St It Al quH &,

11. T 1.3, fen=f= 1000 rpm aR3MTA™IGER 250 V FAAB . THTA SRR 0.5 Q31T,
it~ 250 Q3T8, TS aRHICGUHATAUIRATHRIAATEYE 4 A 250 V.

eIGUAARIENTCHIS, 40 A TR 250 V. THIRNUTRMBITS 4% HHHITH.

e ureaqRa® (Reference Books)

1. Saifaedhd caHidsl vol -2 (T 3101 ST Tt A=), ARSI off. Te., ISBN-13: 978-8121924375

2. Salfde e d ORI RIGid (Theory) 31101 HTARRT (Performance), S il TWT; TH-ob-liRAT, ISBN -
13: 978-9350142776

3. Zolfaeed AR TU. &. UeTar, Han fed Tsgdhe, -dT faeal! 1ISBN-13:978-0070669215.

gt Hhawuss (Information Websites):

1. https://www.electrical4u.com/types-of-dc-generators/

2. https://www.tutorialspoint.com/electrical_machines/electrical_machines_applications of dc_m
achines.htm
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gfre- 11
Ria B e =IwTHY
(Single Phase Transformer)
fawg gt femsi= fAsa=i (Course Level Learning Outcome)
RITd thoT g =T HERRIET (performance) TXe .

(Test the performance of Single phase transformers.)

fawg fAreht sRIeR ot fysrt afs fAsa=it (Theory Learning Outcomes (TLOs) aligned

to Course Outcomes(COs)) -

3.1 RITTA-Bs] T IFR HeaR-d quRITd o &,

Describe the constructional details of the single-phase transformer.

3.2 RITTE-BST TR IHR=T HIHT dcd TP B

Explain the working principle of single-phase transformer.

3.3 U IHR SUHTW JHIERUT fiesar SfT feeiear uRfydmat tRmte==h TomT &,

Derive the EMF equation of transformer and calculate parameter for the given situations.

3.4 f&ceaT A& WIaR (criterion) STUTRG RITTA-Thol SFIGIHREl TR il

Identify the type of single-phase transformer based on the given criterion.

3.5 fe oo QI IHRAT ATaTedl Wieasid e 31 T,

Interpret the name plate rating of the given transformer.

3.6 faaiedT SFIm IR UHRIITS! Al-are/3HH-ars fUTRITS! HolR 3MTddt JHSIa .

Explain phasor diagram for no load/on load condition for the given type of transformer.

3.7 fadiedT ST IR TR XgaRM S1foT Tith Rt o 7o off 3t / Ta 3t sftr seree dre
(SR

Calculate regulation and efficiency by O.C. / S.C. tests and direct loading for the given type of
transformer.

3.1 ufg, F=eaRM , UId - B ST |ifeed ( Introduction, Construction, Parts- functions
and material)

3.1.1 9= (Introduction)

TTABIR U RR fERTEY 31T o Saifdedhd Tsiia Ul AieHe guRdl dimede A fTheug
TR B, § AfheHd Eleeol UIae! dled [dhal HH! de Udhd T Hewl Ude el Jaftid e
fdbar a1e .

3.1.2 TFAWIHR H-EEa=M (Transformer Construction)

(mutual inductance) STfOT TAACS el BISR 3. G Dlged ThHdbid g 0T Tl HISRULYA
gCICS 3. U1 HIsH gul Scllacdhal sieedl offd ATeId. aulft, d HleRTdd Faffed srced
HIA- HAfCh FadgR Siedd Srdrd.

AGIRISHUT IR JURAT ¥4 CFIBIHGHE, Tl d-Rraayd HIeR TaR $d od of
HHITHH TIR-TIUE Yad HAfed UIy U o, TiaHe gra uffafafed efor o fee R aia gior
JaRISD 318, & sIvaNdl, ¥Id 3= Rferd = I (high Silicon content) SHfde difgst SAfor
JUMT IUAR (heat treatment) GEId bl UTgol. DISRAT GHTATIU! WfHC B, TSI-HC A HH
DT SIS, Jd!. AHAR THHBIGR PISR - WE M-I gAFIT HICgR fhal JEHRTARIT HIRTZS
RGN IYAIE Hdl SIS Jhdd. 50Hz =T Thebara!, A= siret 0.35 mm o 0.5 mm Tdd
Saad.
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o PERMIIR, T TR

a. ISR TIY TFIBIAR (Core Type Transformer)

b R CI8Y SFIWINR (Shell Type Transformer)

g1 F UHRAT TTABIHY A AHCS TId PSR AU THRT 0T Jhes! His UaH
(provide) Fdlt STUATH U [ 311G

a. PISR a%q @R‘Iﬁﬁ'\' (Core Type Transformer)

PIR- TRY TUHIHAL, ARRfSTol HISRAT UG a1 Bl oid. I SFahHIAT! aTaRedl
SUIRAT Hised SaMABR (cylindrical) 3Ted. 3= UHRd FIBIAR A8 HTHRIAT 0T HiGaT
TR I HINT! T 813 AHdTd. DIl HTHRTAT USRI, HISR BRI ST SRd
STOT ATORAI P SSTNTTHR 3MTed. 3Gl 3.1 TGN SHRIE YHR GRITddl, Tl [hal SMATBR
PHIS R UDHR 1SS HRAI [ HUIBIH HISR fGURT (section) fire s¥ard.
TSIAHR Bl (circular coil) SIS, TRTEH TifAd AHA (mechanical strength) SRITATAT BTRIGT
3R, TSTTHR HigeHe (circular coil) TS YR 3RAT ST TAF W HIIG, HIUS, el A
TG AT HadH THHGUNT Sgacs 3dld. PSRN eHid ISR - U SrhiHRl
YA HGRT (arrangement) WTel SRIfAe 318, -calees (Taca!) T 3= ®lees (Taa]) il
GIG1 3MTareh! 3.2 AL TRIMAA 3Med. HH! Glecs Alg ol HISR T T Saed] SITdld HRUT d SIARH
HRUI Fatd A TR, TRIHBIHRT THTAT (effective) DR & (TRAT) TR ST SRIARAT ARG
HH! Bl SIS, Wb,

Lore

L.V Insulation

7 m——y: o LFT e TS
LV i | - rH.V Insulation — e bt i r.
I i SN
{ 1| ||
e ‘ | '
i) L] . |
Rl A AR L S Al
Figure 3.1 Core Type Transformer Cruciform Section
LY. Winding
Cdmiluting 1y Winding
e s i =
F R N
I —) )| |
“-*- 5 t“_ _'__ v

Figure 3.2 HV- énd LV windings

b. V- TMSY SFAWIHR (Shell-Type Transformer)
JA-CRY TR IHRAE, HISR ATefSTored] U SRId. HISRT HIH-a1SsS SRdrd Uy
AfecelR &% TRy Ued Yo atad] WeUTd dlé, S SRIdTd. Hiee-oieR fewaaa fafay TR
SO HRUATTS! BTG AR Hal STl TY0f e fSts Aed HIsed e S
TG Wb haldl (3 ST, AT IYARM T gRISed HiaT SO YT oy daR
BT, R B IHRHE JTeAT T SHR S-Y Ahd! [l fadid (distribute) B g&Td
S D). el [T 3Tl 3.4 Aed RifdedT 3R,
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————————————————

i : !

; L — A

[ERkd SELLE LT Va : - I

1 : ,; ; 1

't (=i o S

EE T |1 1 | 1 I
S g e i) @

------ === 1 1 T

1 Il !

Figure 3.4 Shell Type Transformer in rectangular form

o ISR TTFY ATOT AT Y TFABTHR ST AT

Table No,Comparison between Core Type and Shell Type Transformer

HUgS PR Erécr (Core Type) o Erécr (Shell Type)
(PARAMETERS)
AT (Definition) TIE[ST HISR=T THIGAT. PISR ARSI Hiddl.
STH= /G (Lamination | T USATEAT (strips) TR, 3 STTO1 U =1 Afe Ugdiean
Shape) (strips) =0T
1 BT (Cross IR, STHRId &Wﬂ]?cﬁ .
Section) FHATHIH 1T fH TS
DIR RSRR SR HH
(Copper Require )
(Other Name) Rrcifgdma arsfén
fofa (Limb) aH &=
%RH@QT:I (Insulation) SIRS At
TR (Flux) DR ST fofdar JHA g (central) fof A% a waiay
faafva (Sfesge) & qTg- AdTd 3Tfor sro=An folg g
3{e/T TRToRT SR,
arsfe IERY AT Ahed) arsfem Teadl (central) fofgar Saa,
(Winding) SISAT (side) fefdaR dad S,
s Ifhe a TH
(Magnetic Circuit)
g (Losses) VIRd A
/YT ik HoI
(Maintenance)
Tifae gl (Mechanical U NIES)
Strength)
3T3CYL (Output) DA S
BRI UCRIRCR SffReFard gt SR 3B,
(Natural Cooling)
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3.1.3 TABGTHYY YT - aroRadt At 3ot & (Parts of Transformer — material used and
function)

o TFUGIHRE dF BT HIT 35 d:

a. UTGHRY AIEfET: Soifdcha TRkl SIS ST Scfdgdd iR UIRT ST Hifed Taa daR
b. BIR; T TIHRT ARISTTGR TR dhaed HACH FIRIAl U1 &d. § SAdeHifcd Faaadrar ol
eae~ U1y UeM &Rd, Ydhes! diRfSTNg aivs Hifcd Tidhe daR HRd 0T UTaast STir Jdhet
c. APeI IS B AEFET BT R[N SSRMYS 3w5d (desired) 3T3TYT Fleedl
e .

3.2 TP BT a7, STATE THIHU], Gleeo S-AWBTHR ¥=0T, T4 =M (Principle
of Operation, EMF Equation, Voltage Transformation Ratio, Turns Ratio)

321 mmﬁﬁ (Transformer working principle):

CTIWIHR HTH awd (working principle) UM G A carHicl RIFSd SSa-M of HIA- HUfed
ENERERCICIC R

TTABIFRAY G S8faces IS ST of Iafaeamal [aHad (separated) BIdTd, TR HAfeawmesedr af
AT~ TTUgR Sedd SRIdTd. TIABIERT afdTT owd STl 3.6 T THS .

Laminated Core

|
[ Secondary

Primary

V=T =TT

Figure 3.5 Single Phase Transformer

araw‘ﬁ?a%n (Transformer working):

STIWHIHRT afdhTT dcd (working principle) RIS 3aiae HAfe s SSaRI-H HIAEER SUTRA 38,
aﬁr«r&mswtﬁaﬁﬁw Safaedhd I HRAE UITERT 1101 Hahes] dTefat 3iTg. HISR
AR =T Wa=uId 9THid 3gd. il discade SRd Rg3fd s8dc—g 3Tg. AU,
SAfdchd CrIBIARAY TRIhIHRM fohaNral g fdhar i aRfET war Jgs ssaRM
BEIEHNCI

Magnetic Core
vy

i PO N—

Applied |
L e NN .
(o ) Allemating L ] > -
I'\_\__;,-l] Currenl of— j_ = @
Supply o DL 4 - =
YT : .
/ | 1 s

— - - —

]’rim.‘lrj.' : Sémndﬂr}r
Winding - Winding

Single Phase Transformer

Figure 3.6 Single Phase Transformer working
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RIS HIAYTIIR (Faraday’s Law), TS YU Ig Uiad [eich STl Seailell &R (Rate of change

of flux linkage w.r.t. time) deaexAd fdhal HigaHeNd SSIH STHUW X STREE FHIUG (directly
proportional) 3.

o TTHBIER SATIRIE-

a) UTIHRY arsfeT RTe - Urorean Ra&uRl Sigdrd, TH! dic Al dTg drTdl.

b) TTIHR! Tl HRcgR HISRAL T (Alternating) TIaT dIR HaT I,

¢) TY! T DISRGR Vel AR ST S S,

d) RIS SAFRHATCH SSRMA HIHTIR & TH Tidd Yoh el dlsfSTHE Glecolel 3 88 B,
SR Y& S Pl3a Hithe a6 e R AMHL BT aTgd ST 311 YR fIRga Soif v g Yavest
Flsared TAfeH! STIHR Hell ofTd. T B QRIS (supply) TR Higad faar Sirar snfor igu=r
& TEed SIS, W,

USRI, Th CAWhIER Wil GRIfdeiet TR &l

1. U1 HidheHYd gaRAT AfdheHed gafacd UlaRd Crawe.

2. e dld HIVTATE! SGaiRiar fagd It (Electrical Energy) THIWR.

3. SARIUCH SSIRITAT A TAHR,

4. TF SAifdedhd Hidhe RIFHA SSFE~IGR SIS,

3.2.2. TFABIHY STHATE THIHIUT (EMF Equation of a Transformer)

URIER] 1SS RITTet - TroTea QRASUTRI SIS T, THI e AT dTg AT STIOT 3fee=eT el TR
BIdl.

HHG,

o=¢m sinmt

N, ZMHQMW

Nz=@ﬁﬁﬁﬂ%ﬁm€ﬁm

@max = BIRASE HRTHT T, JaTHE (Wb) = B * A

Bm = HIRTHY Uiy Sf=ct, Wh/m2

f = 3feeAIST SIYC P! Thep-dt, H, AL

El - URIHR g8 e.m.f 4 R.M.S. G

E2 - 9hedl S e.m.f I R.M.S T

3Tt 3.7 T SRIATIHE, HISR T ATl [ JedINd G U6 Igufsr YA
TR Yo (Value) Gre 0T dTad, o ¥4 e} Adbe Aed 3118,

Cycle

Figure 3.7 EMF equation of a Transformer

IEUH, FAa] qqmmmﬂﬂzﬂ?—;‘x
4

= 4f Brmax WhIs
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o U Y TelaRe SdTal ax U TS Soaeiied SSaRMHl SHEUR QlecHe

SS9 O §.TA.UE.

o UM, WK S8 $.TH.TB. [C=4f Drsvolt

o SR I ¢ SR IS8 8! 9Gad 3d oY, $844 3.0H.Uhd 3R.TH.TH. T (Value) 1H hacdg
TR H\F“ﬁ (Average value) USRI ch = UTtd Pl ofld.

o T1H ThaeR = SRUHTY. HcI (RMS Value) /wﬁq@ (Average value)=1.11

RUH,. 3.0A.U0./c-9 o 3R.TH.TH Jed (RMS VALUE)= 1.11 * 4f @max = 4.44f @max

o U UR) ARIETHY SS9 3. UA.UW o 3R.UA.TH. T (RMS VALUE)

= (3599 3. TH.UG. / -19)* UTGHR} e iadt WE
U,
E1= 4.44f NyBaye-------— (i)
= 4.44fN1B oA
- YA, Yha<] AL S80Y 5.0A.U% d 3R.UH.TH. §I
E2= 4.44F Ny Brax === (ii)
= 4.44fN,B oA

* T HIERROT (i) SMTOT (i) 3R Tfsed AT
E _ %: 4.44 £ Opax

T 31 3T TR B! UTIHRT 30T Yhexl el cHuHe §.TH.UW./C-1 IHH 311G
S AT 3eRf(ideal) TRIHIHRAL,
Vi =E; 3TV, = E, S V, efHd @l 38,
3.2.2 @ﬁﬁr @R‘I‘W‘ﬁﬂﬁi‘iﬁ (K) (Voltage Transformation Ratio)
IR THHRUTHY e Hesd,

Ba_ Va_ Na_
Eq Vi Ny

1 RN Flees! FIBIARH =M BUH @@ S, § SRIBIHe dhes! w@lecs] ST UHst
lecord TUNTR U TR (define) ol Sl

o TFAGTHRA WM (K) TOR, TRAGIHE TTed TSR 3Ted:

i) WU 3T SABIHT

V>V, fhaT No> Ny SRTaTa K > 1 SRTced STt Rl XU 370 SrIhIER 3R TUTdrd.

UTIHRY T el ga-d 3 (high) Ydhex @lees] (e d, UM g A1d XU 37 37Tg.

Y

Primary Secondary

i) WU SIS -ABIHT
Vo < Vi BT N, < Ny SRTAd K <1 3ol SRImIERAT T 8137 SRIhIHR 3R UK. Uaast
GlecoTUeT Yh sl Glecsl BT fHesd, WUT A1d ¥} S13 315,

LY

Primary Secondary
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iii) a1 ¢ a1 TRABTER
K=1fBarv, =v, fHarN, = N, 3eed g HRe a9 ¢ - SR IHR UL g UrdTd.
o TIC ¥ (Current Ratio)
3TE (ideal) TFABIFRYTSY,
$YC VA= 3T3CYE VA
V1|1:V2|2
fdar, 12— _1:_1

%Ufﬁr or><c3\f5ﬁos|ccu1 T IHRI RN S YHTOT SHRTTd. I 372 S/ $1 SR 3100 Sleest
JIGdd aR HRC T YHIUNT HHl BId.
L/I, T SFABIHR HRE ST 3 TEUTdTd.

3.2.4 1T ¥=IT (Turns Ratio)

YA} e 9rat,

Ei=4.44f NiOmax .......... (1)

A el THadraT,

E2= 4.44f N2 Omax ............. ©)

FHIBROT (1) 30T (2) TR SFABIHRT T ¥R = E: x: .......... 3)
%%gﬂﬂﬂﬁﬁﬁﬁ*&hwmaﬁ ® ST UTIHRT T 3107 Yeh <t - ivrd Ui
QU GRUTA (define) TS e,

STERL:

1. 250/3000 ®IeT, 50 Hz, RFTA Bol CIBIARAT HISRHY HfGqHH FIaT Sfucid! Geg, (Bm) 1.2
Wh/m? 3T8. STHUW Ufd T 8 RIee e, 0T B

i TR ST Yt Ty

i PR &ABD

Solution:

feea:

E1=250V

E. = 3000V

f=50Hz

B =1.2 Wh/m?

SUHT S / THE=8V

E: = N, * STHTH SSIH / T4

N1= 250/8 = 32

N2 = 3000/8 = 375

E2 = 4.44fN,BmA

3000 = 4.44 * 50 * 375 * 1.2 *A

A= 0.03m?

2. RFTE Ol U IARHAE TeaT UIHRT SIS 300 THY STTOT T W<t SIod 750 T 318,
PI3RAT HiRHH Ta SfRICH B (Bw) 1 Wh/m? T8, TTUHT &R
(i) PIRT A< HIY Y &7,

(i) Yh 3 SSTH STHUD

Solution:

feda:

Ny = 300, N, = 750, By = 1 Wh/m2

‘]'sﬁﬁ R

E1 =230V, f=50 Hz
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(i) PIIR 7Ic DI VG &1,
E1 = 4.44Bm A f Ny volt

_ E1 _ 230
4.44xf*B;y Ny 4.44%50%1%300

A =3.453x10°m?

(i) Shed TSy STHUH

Ez /E1 = N2 /Nl

E, /230 = 750/300

E, = 575 volt

3. R S ST IHRAS 400 UTGERT STIOT 800 YH ST T-1Y 3R, BISRT -c P 14-Ua=d & 40
3{T]. SR UTGFRY €19 500 V aR 50 Hz TRASATRI (supply) STrSaiat $Rd R, TOMHT B
(i) PIeRATT T SR HidHH B (i) sl 88 SUATH
Solution:

feoa:

PISRT I HIG-YaRM &, A=40 = 40x10

UTIHRY -9 =N;=400

JH S T =N,=800

flpehal, f = 50Hz

UHRI @leesl =V;=E;=500 V

UM T

(i) PRI AR Taay SRR |, B,=?

(il) Y S 3. THUB. , E;=?

Ei=4.44 O, f N1 volt

500=4.44 xD x50 x 400
IR B 3T HATCH FId, ©,=500/4.44x50 x 400

®n=0.0056 weber

As O =Bn x A

i) Br= ®n/A= 0.0056 /(40x10)= 1.4075 Wh/m?

II) E,=4.44 ®, f N> volt

E,=4.44 x0.0056x50x800

E,=994.56 \/

3.3 AT UPBTR SATIOT SAWTHR T We<d (Types of losses and the significance of
Transformer Ratings)

TS (ideal)SFIBIAR HEH @Y Bl ATa! TgUleld el arifetor sigfied YeRe 94!, Hifles
fotohs g1 16T 0T U™ |1d 1R SO HISR AN ATeld. AU, § A&Td Udal O3 [bd Bt
AR 3T TFABIAR S0 RIHT TR,

3.3.1 TFABIHRHAS &1 (Losses in Transformer)

Zafdedhd TTABIR T fRR fSRRY feM, TBIHR AL Tifid (mechanical) AT Id ATEL.
I ITRAE $ae fagd araedn (Electrical Losses) faaR &,

DR ARG 39ge UlaR MU 3f¥eye UlaRALd TR UM Ay, Sl 3Ye UiaR
TP TR QRIAE Offd, degl T UiaRdl ®lel YT SRIhIHRAS] HISR Al HRUTS
HRUTMTS! JTIRAT STl UM SFahiiRedl HisR ATa fRwe g offt Tet e Ay, a9d 31Ye
Ulqedl ®Tal UTT PR @i AL STl 301 Uraes] St Ydex! ariféomed IWMd=l Weard
TRl HRUT AT ARTSToHE Hg! Sidiid MR 318, Ufeedl ATl HISR T fohal I did WGordTd
ST GH=TaT SfigHId AN fdhdl HITR AN UM, SFIBIERHL UG Th A gial ol 3¢ U],

N o d WCaeR T -y SHeaexyg A AT gid! oaTdl ¥ A 31 TUrdTa.
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. m\, e HTUR A1 (Copper Loss in Transformer)

PHIUR AN TGS I2R T 3MTg, TTIHRT SIS d 112R, 3118 ATIOT Hehex! aTof o 1,2R, AN 3118, ST 1 SAT0T

I, § CFIBIERT UTIHST 10T et Hee 3Med SMf0T R1 ST R2 8 URAHST 10T et ardfeord

PR A ASHE Taerdl.

o TFBIHRASE SIS A (Core Loss in Transformer)

TR R @ 311fo1 TSl aie A1, B Qo SRt IR ISR HCaRFYIS] aToRed SITom=T St

Tfed uremiaR dea et fESS-aR Sfaded SR, TUH C-uhHRALd § A1 RRR 3MTed Sfor

e PRCR AT ATRId. TR CFABIRANA HISR AN SATe CRIhIHRAA 3 WU

3fiesEd Sid o 99 dredre! fRR T SIS, Wb,

o TABTHYAS fEve¥RNT @1 (Hysteresis Loss in Transformer)

- R AT TR IR BIRAE TieoIRH=al Redayes Bid. § A1 3= wlegd IS,

Tafew Regdad e ST reia SIRIE e aTaR Sade 3.

o TSI ®e A9 (Eddy Current Loss in Transformer)

TG IHRA, T e TR JAfSTTe QRIGAT STl ST Sfee’-eT HICRIRNT Fidd de Hrdl. o]

BT TRTe b es! arifeTRiT fefeh gial, AT Td Sy SUHUK IR Bl TR AT Tefad] gl HRT K

DR a1 omaH a1S! fhaT TFABIER IRSAT SR Hedeet YIRN ¢Ed Sear oidl, S

YIS SSI0 SUATD Bisd, 30T ST AT TG HRc Saaq, Abdld. T Hedl Tel dc 3™

TEUTATd. 1 U8! ScHe, ST WeUTd dlel 3ol faatard (dissipate) B15d.

B A1 HH! HRUYMTS] DISR BRI o Rifcresi- Wi Uldes REGHT aTuR el Srell.

332 WWW (The significance of Transformer Ratings)

TR IS aR SFBIHRT Safdedd Uik 3T3eyce MY (specify) HRUATNITST dal ST,

ST fESTEH § el SITIRRMATS A Saedl ¢S @ieedl 10T Hee ITaR TR dbard

3R, SUCHH! CFABIHRA FHTICaR VA (@lee- 3MUsR) fhal KVA =1 Ideufd auH od ™

T IHR ST TEUH HaTed Sifd. TR T Guid HiaqHH BT 30T GleesT 3R Jdhd Sif

TFBIHRAR QRIS AN (apply) Pl 9S> b, Fallacmd AR fSgmg SN sfiuRemweRa

Uh Hewdlal HUlH=< TS AR 3G Sila HIOT TR drodH Jiardid dey. UM,

WWWWWW B 916 TR AIeR Saaed 3rd.
TFABIRAS G 48T THRd Aid 3134

1. %ﬁuaaamm&hm(m)w% | (BC) TR I 3.,

2. RR 919 {h a1 DHISR AG-8 V (Flecsl) aR Sfaciar 3.

g o THU A V a9 | SR AT S ST dee Uik WhaeR o) dasd Awdl

TEUMOTd CIAthIHRd T AIRaR Saae SRTd HRUT AT B V 30T | TR AT SR ST Argar

AT T AT TG I 1HRT T § hRiY (KVA) AL SRIfaad 3Id dhesegred (kW) Tar.

TRIHTIR T § Fleewt 301 B (VA ) 3 Al e FAiEy (specify) Fat 3ie. ale!

SIS, TIRIERT 10T Yebe! VA T 0 3.

3.4 TFAWIHIGR A1-as 3Mfor 3ffF-als 3% , Bok S/, ferderdt fR¥de=a (No-load and

On-load test on Transformer, it’s phasor diagram, Leakage Reactance)

3MEX (ideal) SFAHIER UM ST

(i) T+ fIrRe=g e

(i) PIUATG! feTdh ol HC -ATa! TS, THTH TIa Glg! arafaTolel Siiad.

(ifi) PIIRAL PHISR AN WU, Ta! B 30T fEe R g el
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3417198 éi; Eﬁ; (Transformer on No-Load)

ST 3Tt 3.8 T GRIATIAR CABIER HIUATe! AlSar B HRd ATal, AT Yh Sl eid SHIT-
fehe el SR, ST 3 3T T8 B CAhIER] Yeh X! dToaR HIUIdT! QIS ATl ST TU,
b <] Al P Y A, UIER] arRifSTHE Hl-ale B A1ardl Th BICT BRC |o 3Te S UIIHR] dic
TTET=AT (flow) JHR 2% d 10% 3Tg.

BT HC HISR A, BRI 3Nfir TS FHie and ST URHR! e SH! THTNT SRedl SR drd
AT BRG] TEIEER 3R, Al-ellS UR—IERT $YC HRC I, B Vo2 T 90° IR ATe1 o o TR 90° U
FH T (0e<90°) TN 3.

@EWU\I%R, Wy = V1locos @g

I-618 FReaHA S HUIHE SRIT:

o tfdee fdhar Hoerfsit HuH= I, fdhdl Iu

g ®Ieeo V, U8 90° 318, § PISRUL Td dUR Hdl.

|m= |oSil’1(Do
o Ufdess fdhar tiar FHaH= 1w, ST afdh T HuH—< U cld fiadd oild.
? Bleeol v, T o 3118, § 3T+ a1 (iron loss) SO UTIHRY e ed S} THIUNG Sfdel HIu%

A T H.

Wy = locosdg
cos®dp = |W/|o

YT, 1o B L ST I, AR SRIST TG, T 102 = (I + 1w?)

Figure 3.8 Transformer on No-Load

ThoR SIIUTH T8l WTelid G, Aigardd:

1. HACTHSNT S 1, FIEHE hoHe 3(Tg.

2. TR SATFOT Yhe! arif ST Segy SUHUK TRfaial 90° = o1 &,

3. TR} HIUR A1 galard (neglected) 31T SHTUT Jeh <! dHRe A I 31§ BRI I, = 0.

4. DS V; TS STHUE E, =41 M 3101 Iefe [ATed 318 HRUI raiadid T, - deae,
0 3T,

5. Ufdeag HUHT I, Blees V., I8 o HIedl Srdl.

6. TUCTATNT BRC I,y SHTIOT AIHTT B 1, T BaeR SRSl U A1-A18 HE . T,

|02 - |m2 + |W2

_____________

- <>

E2

Figure 3.9 Phasor diagram of Transformer at No-Load condition
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3.4.2 CTAGIHR I-NS
GGl TFIBIER IS boiedl fRUCI 38, dogl TFIhIHRE! Ybedl 3Mipdl 3.6 HE GRIAUIIER
AT el old. dis MRes, Sefdee, HURTEIR fdar fauid Waie (combination) 3/ & d. HRc
l,, TR Yebas) arfSTT ared). Jdssl ded (1,) Hiegs § <fia ®ieed Vv, 3T dls
TS TR ATAGT 3. Y BT AT FleesT AT Bl 3T ST WRUTR A
), YHS IRC |, TS YN TN V, g BoHed 31T, SR AS ssfdeeg 38d a¥ o A1 (
lagging) TSd 311 SR dre pufdfes &@aa??rg%’ (leading ) ST,
o UGS, TAHIRAT YH SR SSad STd, dagT |, PRe Jhes! arSIIgH argd.
o YHS BT |, YheY! TRfSTaR HICHIEE B N,l, T Hd ST & ! (force) TFAHINR
DIRTL IR O, VT HRd. AT HRIGFER, UIHT DHcges TRl ¢, T Tefaddll (@) iy
Hd
o IR O, GBI GARTAT (@) ORI Sed™, SHIhIERGT UIRUMH Tefekl ST grar ST al Ty
ST SUHUW, E, HH HRdl. AW, V; I AICTS E, UeT HfF 38 30T Jeg RAsAT (main
supply) Sffdfer UrIHRT BT BTed 3. B 1’ §R GRIAd Tl 3MTe, o bl HRe (1) T8-Ue faRiyTd
378
o B 3MfARad e I, THTHTW (magnetomotive force) Nyl TR @Rd 3101 &1 Rl (force) IR
@y’ U B O D, AT HRICTSA U 3T 3101 faeg A= 3118 URg Wi & =1 AR 3HTe. el @y’
& THUATD NI, o5 SSUH BIUMTT T b, Tl TE, PR,
o JRTUBR, HARTT BT I’ & Yhex! arfST He |, a1 [SHUCTTRIT THIT T, B,

AsD’=D;

N1l2* = N2l

N,
I2’=—=1
Ny

12’=K I2
TEUd, Seg] SR IHR 3ii--aS 3R, dag] UIaHR arafSTHed F Hee SRIdTd; Uab |p 3] SO gerT
I, 3178, SN I, g 3fE1-Thot 3MTg SATFOT Hidege 1, =1 K de3T 3115, THUT U] B (1y) WU I, 30T
l,” RBeR SR 31T,

h=h+T

oV, STOT 11 =0T thol At TRh CrathiHR el UTERY STordl UlaR thaeR SATd @, adl. Jdhex arerdl

OeR thaeR ST IRl Siealedl die e ThRIAR A S,

~ w

Figure 3.10 Transformer On- load
3.4.2 a eI} STIT (Phasor Diagram):
o T4 ArSHTe! TaH WU TIa (0) .
O:ﬁme%&m@oﬁ ﬁﬂaﬂ%’
102 = (Im? + 1o?)
o TS HUFT I, °, S 1, T SHET-TroTHed 31T 0T 1, o1 ol ASGIR BRI STl »
o UIHRI BT, 11 B lo SIUT 1> < ke SR 3T,
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L=1I+ I

l1= /1(2,+1§

o TR TS SSfdeg SRA W, I, § 3T 0,7 E, AT HRd, BoR SAUH 3.11 (a) Aed e=ifIara 3iTe.
o TR TS YA 38T @R, E, T WorHe I, ToR ST 3.11 (b) Aed TRifdaid 31T,

o SR TS HORIfeE TS 3/A TR, 1, § E2 AT 3T b, o1 P, ok UM 3.11 (c) HEd gxifaaa
3.

« 7 THATER TGOVl TAGH YUarTa! fafay $Ta gaiiar s Tied eRa &1 E, § V, T SRR T8,

(a) Inductive load | (b) Resistive lcad (<) Capacitive load

Figure 3.11 Phasor diagram of Transformer on different loads

3.4.3 fordor f¥ade—T (Leakage Reactance)

o 3 TRA tRA N 3N B UgH_} ISRl Sheaa Id v et g SHd shisd. U,
FAERI, B U &I IO RIS 3T,

o YUY, UTTHRT T TR dOR BT - of Yhes] T-Hadl SISUIR ATel, AMRIYHIY, BT Hlal Taay
TIR B - S YTTHR) el SISUIR Tgl.

o RIS Oy 3 3.8 A TRIACATIR PHISRUTS AT SIS AT HAfcH Afohe Hd . 8
Jdrest Ty oy, T HAfH Ffchedl Siied ATg!. § UAFR! A U e.m.f, ey S840 HRd URg Ah el
e g1,

o RIS @, M 3.12. A SRIAITIHTO, HISRUGSH §aqd S Ard HAfed Wfthe Td Hd. &
IEFET 0, T HAfCH Wihee SIed gl § Tdes! A 3.UH.UW. ey, AT 649 Hd U] TAERHE
e,

o I TS ST HH ASHR, UTGFERT STOT Yeha<! SHUSR-T AgH SR, U fefdhol TR A70g
3.

o TR Slogl WIS dTefddl Sidl, degl Ul 31T Yehs<l ardfSe Higar YA e dige Ad
3RIATd U, SIRd UH.UH.UW. IR gidl, Sl feidsorean ANTaR B R ferdrordl Ueiay dTradal.

o Tifew forpol SQAl SRIBIER STt 3.13 AL SRIGVHIO UaeRt 0T Adhes! alal
HihcqHe SISaedl sSfdce Dlscays SHER FUBIIRAT RN YHR FAJE 35 PI i
S.UH.UG. IER raBERAHT Hafid dids wage Udd ssidce dlsaresd HF 3Hd. X, =
ewa/l1 0T Xz = eps /1,
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" f
A
L Y & B RTA NS D1~ TIIERY forohet wretey
L1 | o} 1 prosaey 1 B L Al Pl terd
Y B HE / - | 'ﬁi ; _ I:LO-'\EI Q)Lz_- ST
|| 1 I‘ ‘\' LW €L1- squ (;”quil}
/N Nz\d ! 5\ g .
Leakage ‘\\ : _/) Leakage o2 W 'sLQ'HLTfF (@m
Flux \ ------------ Flux
¢’Ll ¢L:

Figure 3.12 Magnetic Leakage

o X3HOT X, SIhH URGERY STO1 Hebast ferchot Rde—04 WU i ST,

X1 o 1 X2
—— g | e
I c‘——l—-_.
.--’"FJ -_H'T“-..

1 | | d

S |

Figure : 3.13 Leakage Reactance
35 UG IgRe=ad ST RUTFe-0 Aidd wiivd guged |fde (Equivalent Circuit
of Transformer with equivalent resistances and reactances)
351 H‘H‘g’@ﬁﬁ]ﬂ (Equivalent Resistance)
Uiaedhd CraWhIHR Hed, STUeaTel aTg (ST Rfere—1 AeiTd Yol ATaRIdH 3], G TS Tora e G-
U] HIUTATE! UhT ATSSTT e SR (transfer) dal O3, Tdval. TUMT (calculation) Fay 3Mfor Tt
PHRUGMST AT ThaR U] fbal Yebast doell TFAWHR ohdl SIS, Rdbd. 3Tdhdl 3.14 L
SRITTITIIR CrawhiaRdT iR Xfere—q Ritee YgRe—q SIg- &euT (imagine) HaT ST,

R

1 RZ
o—AM— o — A —o

o 0
Figure 3.14 Series Resistance connected to Transformer winding

EQ

R, = TR} aEf& IfeRe—g

R, = Q& sdl arsfem ¥ere=g

ST, ST TRHRT arefeT AL Sffaiad YeRed Ry’ WIeX (introduce) T Yohax! Ao s UTIERT
TSI AR TIWR (transfer) HRal. BT A IR 3R YHR SIS AT 3Tg DI UGHR] B
I, AT AT IR Ry’ §R MY Uil UlaR g1 b el e |, dTgH (carry) AdMT Joba<t AfaRke—q
R, GR YNYciedT UfaR Sdeh! 3.

R,

112R2’ = 1,2 R,
R2’ = (I2/ 1)? Rz
Ry’= RY/K?
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R, Ry’
—AAN—AN, >

< o
Figure 3.15 Equivalent Secondary Resistace at Primary side

39,
K = CFIBIHRM R = 1/ 1
R, BT YIS} STo[@l IHG (equivalent) Tdha<l QRS 3MTg SATIOT Y STl 3.15 T GRifdel T
318,
RS 3l 3.15 T SITIITIHTO TIIERT ST HG 4 (referred) SRIhIERGT SHbidee JfeRe~
U Rey;
Re1=R1+R2’
Re1=R1+R2/ K?
IV, ST Tahrest STofaT Ui (referred) UTIHRT ISR TAWR (transfer) & b,
12°R1y” =11°Ry
R1’ = (l1/ 12)* Ry
R’ =K% Ry
Tarest Hafiid THged Afdbe (equivalent circuit referred to secondary) ETeid g T
iAo 318,

R Ry
: WV—MA—o

o O
Figure 3.16 Equivalent circuit referred to secondary

JH S T e ffd TrawHIHET THUT RS Rez 318,
Re2 = R2 +R71’
Re2 =Rz + K? Ry
3.5.2 g fordet fRUde—T (Equivalent Leakage Reactance)
SISt arafEToran forbot e 81 3Re—g THTU B IUITE! UhT aTS (ST S SR Shell STS, Xebl.
3Tt 3.17 AL SRIAITIHIU Glg! arAfSToral HTSHRT RUde- Sieal 11dl 317G,

.'-{1 x?
o Y Y Core Y Yy o
o 0

Figure 3.17 Imaginary reactance connected to both windings

39,
o X; = UgHY AT ferdhel Rilge—d
o Xo=Uhedl arRfST feihs RUae
UTER] aTe (ST W id (referred) THIE (equivalent) Ydhex ferdret Rae X2,
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X2’ = X2 | K2
3Tl 3.18 AL GRIAITIHT, UIHRT SIS Hafid (referred) It IHRET UHUT FHG
(equivalent) UG Xe1 37T,

Xe1= X1 +X2°
Xet = X1 + Xof K2
YO, Yh <l Tad (referred) T (equivalent) TTHRT feraret g~ X1? 31T%;

X1’ = K? X1
3Tl AL 3.19 GRITTTIR Yo el CahiERdT THUT gl (equivalent) REFe—T Xe: 31Te.
Xe2 = X2 + X1’
Xez = X2 +K?2 X1
1 x 1
o YA Core Core Yy A
| >
o 0 o )
Figure 3.18 Total equivalent reactance referred to Figure 3.19 Total equivalent reactance referred to
Primary side Secondary side

ST, A aRe— 310 Ride~ SiIgH SrawhiHRal THded SRTS -~ QTe.

3Tt 3.20 HH GRIFAITIHIU URART T 4d (referred) THI (equivalent) ST Ze; 38
Ze1 = Re1 + Xe1

3T 3.21 A SGRITAATIHT Yeh Sl TE T (referred) THI (equivalent) TS Z.,37Tg.

Ze2 = Re2 + Xe2

ze'1 ze2
" ——
R, Koy Core Core
ROZ Xr!
[+ 0 o 0
Figure 3.20 Figure 3.21

Equivalent Impedance referred to Primary side Equivalent Impedance referred to Secondary side

3.5.3 @WW gfbe (Equivalent Circuit of Transformer)

TP YA Tfthe § SrAWhIHR Hidhed Mthad UfafTeIcd (representation) R saTHE YfgRe—4
3{TFOT ferarot Rae—a AT ST’ (external) SRTTHTH GedHT hdll SITd. CFABIHR 3H THI
3R} TTAHIHRER SMYUTRG AR 37 YU AfheHd, TuedTa AI-ale Hicd f[aar &ol
TIH 3MTg. N-TAIS BHIC (I) B IHTT HU< 1, AT HAfRfRT = 1, fda 1, T Raer I8 31T,
-A8 HRedl qihT HUF< HG3R ISR R, AYF Sl 0T AU FHUlH< YR T8FA Xo
T ST,

TR TH Hdhe Ml 3.22 T GRITITIHE fRe~ 3N1f01 Ride—~iw ¥g -dls HuiH<
g 30T BTg R,
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Z1 Z32
f ! Ideal f !
R4 X4 Transfarmer R;: Xz

LT

L

2

v, Ry s E, Ez

| i

Figure 3.22 Equivalent circuit of a Transformer

3, Vy = U IR @l
V, = TS ®lecdl Vi=E1+lhh Zy
Ex=Vo+ 122>
F-are ARET R, 3T S0 HIeR ar g=ifaar snfor afdh = 1, 81 HIoR a9 Radl. A-arg
SR X, A- TS Dlgerd UMY HRd S0 HATAT UM 1y fhdT Im, BT X0 HYT Srell,
o TAd Tfbe UTaHst aTerEat efitd (Equivalent Circuit Referred to Primary Side)
IR ST Hafid (referred) THGE AfdbeHe, STIU Ydhex! STo[d A Ul TR STaT
TR (transfer) Hl.
TR} STore e i Qe $sqd STHUS (Eo);
Secondary induced EMF E referred to primary side
E>’=E2/K
IR} STl Hefid ddes! ciid Gleedl (A8 B, Va);
Secondary terminal voltage (load voltage) V- referred to the primary side
V2’ = Vo/K
TR STef=T Haitd Yehedl YeRe— (Ry);
Secondary resistance R> referred to the primary side;
R2’ = Ro/K?
UTIHRY SIS Heiid daes] RuaeT (Xo);
Secondary reactance X referred to the primary side;
X2” = Xz IK?
TR ST HafHd (referred) SrIHIART IRaldd (simplified) 3@ THJe Hfdhe 3Tl 3.23
A gRifa T oTs.

R4 X4

el
| pp— |
jo=or|

o

\"F Ro Xo |E4

L 4 w
o

Figure 3.23 Equivalent circuit of a Transformer referred to Primary side

e Aibend, 3l 3.23 W SRIIATTaR U YeRe= 3nfor Ruge=aydf A-ars sur<
RfSRE= R, SHTIO RUFET X,) TRIHR Bl W13, b,
T, TRTATBRUMATST (simplification), STHUT URIERT 3101 Heh et XfRe—y 31101 Ruge=y siig Wb,
Ro1 = R1 + Rz¢
Xo1 = X1 + Xo¢
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o I% 2
. < IQ W
™ Iy |
v, Ro Xo V./K Load
\‘; - )

&m 3.24 Simplified equivalent circuit of a Transformer referred to Primary side

IV, ST et ST Haiid (referred) 3faTs THged Afdhe (equivalent circuit) Te

Il 3107 § Aidhe Wreid 3fdal A gRifad 38,
|1.”‘S Ruz XOZ Izl
E:\. - L o
\flo
I Iy ‘
KV, Ro Xo AP Load

L 4 b l
O

m 3.25 Simplified equivalent circuit of a Transformer referred to Secondary side

ER)
Vel FTof=A A hid Rt YfeRe—;
Primary resistance referred to the secondary side;

R1’=K?R1
Tadrext ST Herid Uraest Ruae;
Primary reactance referred to the secondary side;

X1’ = KoX1
TEU[d, THUT ISR 31Tg;

Roz=R1”+ Rz

3T T Ruge— 3ire;

Xoz = X1” + X2

3.6 Fleed WYARM MU TFRT=H, srRee AifET, siRfiTasdt e |, 3ifa S TihRu=d
3TROT SRR (Voltage Regulation and Efficiency, Direct Loading, OC/SC Test, All Day
Efficiency and Applications)

3.6.1 @leesl ¥gARM (Voltage Regulation)

SR ST IHR FRR AW Flecolig Al dhal SiTdl, ATedT Sdid tRHIeHHed g0l R lecol SIuHes
(OTTART SIT0T Hahest XeRe dud Sefacs RUdeq Al BIUIRT Glecd i) ¢fH-d @iecsl Saad.
ffTaadia Eiee $1u R TS 3MOT et UiaR thaeRar Suid Sfaae 3.

AT Blecora AgHld RR T Flecorg, 1 -ASURHA Fd -AledR ¢i-d Glecoddd Sad gl
IR Glecsl WA= WU iewEd oild.

TS, AT UIaR SFAWBIHR 31U Wfdhe dhardl TR, AT 31 /T &1 alve Tavest efart siaaar
TEt. A1 URTRY, TFItIERD Yares! T Glecs & A Yhes! 844 SUHID E; 3984,

SIcgT SiegT SRR Yahes! cH-aRl d Als Siied oildl, 4] Ydhes! AfheHYT X¢8 IRC I
YaTed Bidl 30T sglecs ST gial. a1 IR, TR aefE cuid IREYr GAaded $d dls hec
Fled. Y] ALl Blees ST 1,2,3MT8 S Z, TFABIHR! Jdhex] JHTe~T 38,
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STl SR AT G ST TRI, B IUTTRT oS CleTe] GRrI celeoTal FISHHTY Beiel SRt R Tl febal
forett ee chiTeamed glecd v, fHiesd o tie Ydbedl glecsl E, U&T HH! 3R 10T § SRIBIHRAS
IZZZ@@G{W&H%’.

. QFH'QT\Iﬂ?T:QT ool i‘!gﬁw TRHRE (Expression of Voltage Regulation of

Transformer)
HTT,
E, = I-01S Yh e efH-d slecol,
V. =pd mwmm
T, e YA =
mmwaww, TIFHARIT =

%@@aw(@):ﬂ*mo

% S TG (STSF) = E2 2 4100
WWWW@@HW
oaﬁéa%gﬁmfzv—w*loo

_ 12R2C05d)2 +12X25ind)2

- « 100
2
%@éﬁi‘ﬂ@?ﬂ(@[@ﬂ)z%ﬂ* 100

2

_ 12R2COS¢2—12X25in¢72

(per unit)

* 100

V2
o TFABGTHI AT Gleedl WA= (Zero Voltage Regulation of a Transformer)
I Bleed VYR 3 Jiad Hd P ArAT A-9A18 Glees 30T Gd-als @leco” TH HIUTG!
TR ATG!. AT 3 ST Pt Rleeol WYL YATHT SRR 3118, § A 3MGY bS] [T
38,
3.6.2 TFABTHTE! TG (Transformer Efficency):
TRIHIHR BT 9wy ik St Al axe™ watd Ag@rdl gal daR Sxdld. SrathiaRd! Tth e
T WHIH-gaR ATOT TRATER STaRae TR $d. TRIhIHRd! ThRITT, TauTeRuMgor 95 - 99
% =1 Yufie 3R, Sdd HH! ANTUE HIGAT UTaR SABIHGATS!, THRITT 99.7% ! SR 3 Xdhdl.
TR 3G 31T 3T3eYe HISHY dres TR dhal SITd ATg ! HIRUT deHie=a ara-iT 1 - 2%
=1 T (error) ATHAT ®R1AT ANTAIL R ThRITIT=T M= (calculation) &R, 37T STTOT T
T BRI DISR 0T ICS HIWR Al TUMT HRUNATS! AR ST, SFABIAR HISR
AT FlecolaR A 3Rl T HIIR AN TFABIER UIHRT T Ydhed! arfeTmeid died
AT A, WU Hie< Gleesl MU Thehel uRRUMT TABIR 3ifRe HRUTMTS!
U RIT 8w 9T
TP TR 33eye SfdT 39Ye Giavd Uik UM URHING dell SId, ard 9d e
AT (ThaR Watt Tel fdvaT kw Ted) TisTc SITdTd.
o mm (Transformer Efficency):

3MITYE YR
= $IgC TR

0, p— -q-\llaT *
o | = e s 100
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o/ T — SUSCRCIRIGR *
T = st ST 100 T
o I] _ Val,cosP, * 100

Volycos®,+Pi+Pc

EDS

v, = et efHd wleew

L= 5d A8 Yh el dhic

cosd)fmtﬁa?m

Pi = 3T+ A1 = 3R Al + TSt dieand

Pc = Hd dle HIR A

SR x 81 P QIS 3 (fraction of load) 3R R T SfRITAR TAHIHRT! ThRIT WTeid daUTgR
IFSIRSIGH

xVyIl,c05P, xVyIlc05P,

% Ix= - *100 = : > *100
xVol,cos®,+Pi+x2Pc xVaI,cos®,+Pi+x215Res

PII A TS AT (fraction of load) TRITIHHTN ( in square proportion)Tead.
o UfeHH TBRESAT 3t (Maximum Efficiency):

feoiedT AEaR It IHRE Tt RIT-HISHTION GTaR thdex Weld YaY R ad dal ofldl.

VoI, cosd, Vocos®,

" Vylycos®,+Pi+I2Res  Vycos®,+Pi/l,+I,Res
HTA Bl V, e i< 3015, 3 UHR feaiedt iR haex Ira, TR gt dls #ie I, &R
Tt TRIT iR s, 31=1 YR fEATHCT T g @RUSH I, =1 HauTH fsthRaRiue s 3nfr
T F3RT Fied THI (equate) & HiRTHH oS fHesfaar Id.

d P,
d_Iz = VzCOSch + E + IZRes = 0

far 0-Zi4 R, =0

I
fdar 2R, = P,

%n 4 PIUR AT = 3T A9
n T RIT=T I AR 9ed (value) U HRd T Al
- Jax WWIzmﬁWWWWHmXﬁ
RIERIRSIGH
3R UPHR, HIR A (fha1 RUST ) BT 31 ard
(har RR @) =1 JHF 3¥d d@l ThIHRE]

{
{
I
!
]
]
'
|
A

ol o e
Figure 3.26 Maximum Efficiency
_ Wicosd, . _D.
Ilmax— Volycos®,+2Pi (Smce Pc _P')
T, 3M3TYC BT I, T eI (value) TR T IHRD! TR HieRHH 31d o WTaravHTor fael
Res

SR x 81 Hd A1 KVA T 3T (fraction) 3d SATAR CFABIHRT! Tt HidqHH 3118 R 7T
PR AN = x 2P, (S P, Hdl AIS PR A 3Tg)
WEVWZ Pi
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P;
ﬂ@lﬂﬁQi%lﬁlQ:\m X2P.=Pi=x=

Pc
iR Tt RITT Haifeid $3Tye kvA
=x*w6ﬁ€kVA=wEﬁ‘s’kVA*\/§

s
TS PR A
3.6.3 3iTa S TG RIE=d (All Day Effeicency)
Safdedhd Uiar RRCHA, Tra%hERAUTd s feauraT avaTe Hiamaeid e SRl e 3Hid s
TR TEUS ¥ AT UpUT 3MTSeYe TSl SATIOT T TSl Tt T[UeR.

. W_?xaw&ﬁawkwrmﬁ
3t S T ¥ I 39 kwh T
ER

= pd dls kKVA *

kWh = fabaiide 3faR
3.6.4 CFOWIHIE! ¢ (Transformer Test)
ST R ¢Xe PHIVATE! ATSAR SHTIUT HIUTATe! UiaR Wae R, SIhiHRd! b RIg-T Sfor
AR Hledl Id

SN GIH Ul Ted:
1. SR AfSTT e (Direct Loading Test)
2. ISR AIfeT ¢ (Indirect Loading Test)
o 31UF ¥fdhe T (Open Circuit Test)
o ¢ Tfthe ¢ (Short Circuit Test)
i) TFABIHIGY SRNGE @IS ¥ (Direct Load Test)
T UG CFUhIERARY STIRAE TS ¢ ¢Id Tged Sld PRUT s SRRTT ¢ HRRN Siieerdl
3{Te. faR1 I8 d B dISHe, A8 IaadMI S1YC 30T $3cYc ard HISToard! sedre fafde diex
TH 3ed. 3MPpdl 3.27, SERAE WIS LA CFUBIARY H-aRM GRIfdd.  SAedra
TIRIHATIR TYC FIees TGAVIRITS! TIIHRT GRUD GR FHac dhalah 8. TrahiiRal Jdhex]
IR fid s U o TS SIS ad 3HTRd. Hidhe SAUTHHY GRIMAeTIaR GIecHIeR, 3HorTeR
3{TFOT Fetiex UTaeRY aTo] 30T Vet SToER Siedd 3MRd. Vy, 1y, STOT W, UTaHR dTefd ara- GRifdd
3T V3, 1, ST W, Deba<t ST ara g=ifaa.
ufspar (Procedure)
« 4 UYH, idhe SRIMIAY RIAeTIHI0 ¥4 HISUaTd LT Hride B UC 3T TR B,
o T RSITHIST, Yahe:t ST 31U ST,
o ¢ TH UiaR W 319 B 30T FleeHIeR V, §R SFABIERG A A8 Jdhed! &leedl E, BU Alc
DR,
o 3Tl T TS Hride B AT Fd TS He J3UAd 25%, 50%, 75% 3TN 100%e LHHD AlS
dledl.
o UAD LHHD, UIERT a9 V4, |y 30T Wi d T (VALUE) TT Hadvast d1ed Va, I, 30T W, o
T (Value) A 1.
o AP WAL, YR} IS $7YC Slecsl di-e< Jgd 301 $7YC Fleedl dhie~c HRUIMNA!
o Hd RTEHR, o ol R s B 1707 AT T UlaR oG .
o 3T HMUTHS Weilel CTATIR ST 318, BT ST RFTe-Ie W IHRE! UhRITHSI Flecs
iﬂgﬁmaﬁmmam
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N B ® Ntoas

A.C.Supply
a;
Variac Transformer
Gf@cﬁ 3.27 Circuit diagram of Direct Load test on transformer
. (0)
, EIBETCIC Yhed a9 % %
$pHIB TR glees
V1 1 W1 V2 I2 W2 i"g@l’-‘ﬂ:{
« TR (Efficiency):
quwlwwwwﬁrwgaﬁwwﬁmm
TTIWIHRAT §99¢ UfaR = Wi = V4 |y
TIHIHR &R 3T3CYE UlaR = W= Vs, |,
ﬁmm 3 Y P} TR e T 3T,
TOHTER Th Rt = RUECH AR

FYC TR
0 T _ ST AR
A;’Fﬂﬂv‘lﬁvqﬁo‘m_ 100
o Fleedl WA (Voltage Regulation)
Jdhest Al Al Bleed = E,
IRy de R IHedt Flees = v,

R,
WA TG (graph) TRRITTTST WarH foeg SrawIFRYTe! A $ie fdhal $3eye UiaR
TRATSY 3T,

Y

Efficiency

Regulation

X
Load Current or Quiput Power —

Sﬂ'cjv_cﬁ 3.28 Efficiency and Regulation Vs Load current or Output power

e o &1 e fRUhid SR iR AUHHTdd dleid! c@id Al ad. SRRaS AlleT exe dHT e
IR TR R 311fYT leest TR NYTAATST aToRE! o7Td. B 2¥e 3o ST CahiHaarat
D! ST AATE! HRUT YANTRICS T HIGHT &Hdd ArS ST SN cie H13! HeTTedl 3o aliR Suds
e,
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i) STSTINGE @IS ¢¥¢ (Indirect Load Test)

T4 T Afdhe UTHTEH (equivalent circuit parameters) SO U3, fafae difeored et e
RGBT 3T B0 T 3R, § Aihe WHed erqwiaR=ar 3iud |fde (OC) 3for 2ie Ffhe
(SC) <X 3T aTI%- GHde Ffdbe URTHICH (equivalent circuit parameters) HTed SITdTd.

1 IRTHICHGR, HIVATET TlaR thaex (YT d4d PIUTG! Al8 R crabhiiRe! ThRIg-ar3ior
AR HgoTuu! (AfYd B Y. TFABIHRE URTHeH YvaT 8 Ugd STSRRae alfet Ugd WUH
TR UIdld.

1) SFABIHRER 3 dfthe ¥ (Transformer Open Circuit Test)

B S I IR 9 Ffdhed Rie (shunt) fhaT 1 @€ s URTHIEH (no load branch parameters)
TMYTATS! el ST, T S T URUIMH 3= AR AT A1 A1 HRe Jed (values), ST Jra
TMUHYE (calculation) Al @I s WRIHeY YT = Yl

g1 ¢ G WA T YId HRd (b B Hdbes! SIofd dls ¢iii-al Jal (open) dadt SITdTd for
ZYC Rlecsl gORAT STS[dl A ohdl Sild. 81 ¢ HIUNdTe] AlS 7 3ddl dhall SIld Sfed, AT e o =l
s ¢ TUe! A9 fad Td.

3Rt ¢ BRUD, si-wHieR iy derfier FREHCHGR CAhIH=AT Ueiad! STefell (STFHR) TUL) Tt
RASARN (AC supply) STedl! S, Jare<! a9 fdhdT Taet aTe] <fi-d Jof (open) 3Med ST FTe!
UTIHR} SIS RleeHICR SrABIHRY SSS Glecd arad, 3{CTHICR Al A8 HRe ardd), deHIex 3992
TiaR <l STIOT ERUGET AR SRIHIFRER A1 (apply) SIIed] @lecoHed Sad HRUANIe! Bl SiTdl
OIHEH X HaledT Thehdiar ¥¢ dhald Gleesl AN (apply) Hal ST, TRIhIHE! 3R ¢ (OC test)
IR (arrangement) T 3Tl A GRIA! 31T8.

I e e e e e e e

@_E_H_n’m L |

i H

] ]

] )

n n

: :

1 1

Single Phase i__(_:___m_.‘:-. _i

AC Supply Wattmeter V
—u‘_. Open
~ 2
WVariac LV Side HYV Side

W 3.29 Circuit diagram for Open Circuit Test
ST SFIBIHRAT RITA thel GRaaT (supply) fadm STl degT UaeRid ¥ee @iees @RUGHS Jad
(change) T THIISTT (adjust) A STTd. TTXCS @IeeolaR, 3-HIER U deHiex ara ddd .
QI (test) AYT, ¢S TBIeeol Vo, ITYC fdhdl A8 HRE I, 30T STYE Uiar W, fHresd.
SIgT ST IR WIS aR 9d] dag] IS PRe [dhdl UHRY Hee WIRT Aa 3Rl I 3¢S Hecdl
3 d 5 TP, A, U arifeTHedid HIaR @ 70T (negligible) 318, 3T SeHe, TR
IS TFHTIaR S Fleeolar 3HURT Bl STTd STUIh e SR ol T BISRA 3. 31T fdhdl
PSR AN ¢S FlecoldR M, Al AT 3fHid CFIBIHRGR 3+ A qRATANIST 39Ye diaR
PIeal (drawn) STTd.
Wo = 3T
U Hidhe e HYH A A1 e URTHICH! TOHT ol SiTcl.
ﬁ?ﬂgqﬁ?m, cos®o = Wol Vo lo
Tdhel Ui WhaeR T AR, Al a8 ulH=< e Ui oa Srard s
TR U= Al A8 BC, Im = lo sin Do
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PISR AN DU Al A8 BRC, lw = lo cos Do

T, HOfe T =T (branch) U&=, Xo = Vo / I

PISR AN UM (represent) HRUMRT feRE, Ro = Vo/ I or I

ST TFABIHR Al ISR 3dl, dagT Tie fdhar JHR tRIHIewgR (shunt or parallel) FTeard (drawn)
PR XS ICHN GAR 2 d 5 Tah AeT 3Rl SRATIHR, 3T ¢ G HH Hc lbeHyd aig
Yohd. SUBRUMGR (instruments) T BIUATRITS!, &lecl, dee 3T ki (power) HISTHTT HH
oS JTS[el Bl S0l STIRISD 3HTg. HTIOT ¥, HHT ATt (range) FRe DS ST A IoF 3=
fasd 0 e 38, Aeasd SR HREl GidR thaer JUd B! 318 il FHId: 0.5 2T Wl
3T, TR AT HH! Jearg (low value) BT FRUANTS!, TAUNE de Hiex Fasd 3R, ofiefl ¢ gR
T T e Tfhe (equivalent circuit) WTel TRifad 3178,

>

Io

Ic T

-
&
g

o

b
L=

Gﬂ?rﬁ 3.30 Equivalent circuit of Open Circuit test
2) mf{ﬁé gfhe & (Short Circuit Test on Transformer)
Jaged Se Zo, fdhdl Zp, (equivalent impedance), THUT arRIfST fRe—~T Ry fhal Ry, (total
winding resistance) 3{Tfor Wﬁl%ﬁﬁ?ﬁfﬂ Xo1 T Xz (total leakage reactance) JrREA JHJ
gfdhed (equivalent circuit) RIS s TR 2evaraTadt g ¢ve Halt oird. avd, Uraas) fhar dar e
T (referred) TTABIHRSAT HITTATE! 3(w5d (desired) TS AT THUN @lecsl ITGR HITR AN i
HRO! T 8. T ¢ A, Ul Uacs! arifST offe araRgR e dall offd SATIOT gERt a1, T80t

o e e e e g
®_,=_‘\I_NYY\ L
o
1
1]
L] ]
" "
: :
1 1
Single Phase L_G___m_}i-. A
AC Supply Wattmeter
- V Short
_ﬂ‘yg—._ Circuited
3
Variac HV Side LV Side

&m 3.31 Circuit diagram of Short Circuit Test on Transformer

g ¢ [, TERY fohal Taag! arifET st 3.31 A GRITATIHT GlecHleR, 3foTHIeR, deHieR
3T FRUBGR T [RaaT Wit (AC supply source) STSAd 38, TT ¢XE A1 HH! Gleeol ¥ fobar
AT 3G HH! T YeRe~aqes JU HIdT B (high current) HTad! (draw). 3R1T 3 (high) HReHeS
iRl Sftr TIBIR ST (burning) SWA 819 dhd. WUH, I« Hee Haied (limit)
FHIUGMS], UTIFR aiRfST Sl Flecoig SRl (energized) MUl AAH 3R O TRIBIAR
TOARIAE Y¢S HRC IR HRUIRIS] IRY 311G

G 3 HRUMSS e Afdhe cxe Taaa! aTa (high voltage side) el STTd. Ufgd TUM!, Y¢S PR AR
H&H (apply) ¢ Ffche Te Uda SiTd AT Taes! STo[d Y¢S e Tag! (low voltage) SToUeT GUud
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HH! 3. WU, Tda! ST Ja-d Y¢ 8 Hc Tdog! aIo[dll (PH! Pic Jeardes) Jgoqul U del
S,

WIS, SR Ueieg! ISR HISHTY $REHE (measuring instruments) e - Taeg] il e
B R Yehs<] AU Flees I BId. UL, T STSHET PRe YaTg (flow) YU SR §id! Taeg!
SIS gad (VA T RR /e ST IUHd e TR @0 HRUNY 3.

I RE XM, [RUP (Variac) TBER TG0, I paied] GlecsTedl 5 J 10 TGP MITHIGR HH! GlecsT
AT (apply) HRdl AT URIHERT 3101 Yhes! arRife™ el Xee e Udlled 81 Tbd of 300l
3= Tftear fAYeruT (observe) H3= X! 32T (FTel I3Y Vel - WIeRgR TS BHall S1d). AT LS
Hedl, BITCHICR (Vse), SOTHIER (Isc) 30T TEHIER (Wso) dTE (reading) YIS .

g1 ¢ Y, HRcdl Udlg IS Jedral (value) SRIAT 30T U 1 el B BIRY HHT 3RId 3101
Y¢S YATEHAT 3 1 5% Tadb 3¥d. U Xsaid, UIHRT aRif$TaR AN dhaldl sglecsl JUd HHl 3G,
SRR D3R el UTdadt (level) GUd HHT 38, ATEGTd F19Y (negligible) B3R TN 31Tg.
TgUH, |8 T MAT (shunt branch) TH® e AfcheHe (equivalent circuit) SR (absent) A
S,

DR A Flecold B R, 8 A BRT HHI 35, TUL, deHex ar (reading) Fqui
TFIHIH Bdl AlS HIOR Aredl IHH UiaR arg fhaT 12R arg gRifad.

Wy = Bd IS DHITR a1

X BT (test results) THIe Afdhed (equivalent circuit) RIS sia tRrdied FfEd @,

A IR~ Taes! 9] Aafid (Equivalent resistance referred to HV side), Roi=Wsc / Isc2

A STE~ Taa! 15l Hafid (Equivalent impedance referred to HV side), Zor =Vsc /lsc

T fadel RUde— Taee! aTo] aiid (Equivalent leakage reactance referred to HV side), Xog =

V (Zoa? - Ror?)

3101 T Widhe UfaR %haeR (short circuit power factor), cos®@sc = Wisc / (Vsc*lsc)

1T AYF U (obtained) THI Fidhe Wrel gRifad 3R,

r'y ’ VVV
I
= Req Xeq
Short
Vsc circuit
v

m 3.32 Equivalent circuit of Short Circuit Test

® & ©1d & URiHTed=an TUHYdl (calculation) TETEM ¢ dTa (test reading) &IOTT TS
(IR} fdraT Yadrast) YPie dbal 3MTg ITe! Suild M0l HTaRAH ], THST SR CFIBIHR W$U-3T
TR 3R aR U1 UTgER] fdhal @l sgleesl &9 (LV side) RITE HRdl aR Adbex! a9 (T a1
IR U T (Short Circuit test) B,

32T URFRUAT Roz, Xoo 3T Zg, TIRW bl Hafda (referred to the secondary) URTHIEH
TG fHedTd. SR d WO-8I3h ST 3Rd @R Roy, Xot 30T Zog 3RIT ORI g fHesdrd
PR Hier Y=l Taa! S1eel Sihedd 3Tad.

3R T T (Open circuit test), Yfc JRET IRTHICH Tda! SIS=AT Wa&Hd (shunt branch parameters
referred to LV side) SfTTOT TERA <% | (short circuit test) Taaa! STo[HT e Hd fARiel XRAT URTHICH
(series branch parameters referred to HV side) f@aa. ®uHa, gl Taqed fheard!
(meaningful equivalent circuit), 9d TR THT fAfRIP do@s Taid (referred to one particular
side) RN ATTRID 3Tg.
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o 31 3for T . arvaTe g iRt 7o
ARG g (practical transformer) HITR T SR AN § & UHRD A1 AN gid. AT

TGS TIBIHR dTIHH dTed of IWTdl WU faaferd (dissipate) gd. dd a1 araqes, TR
RO Y Uik Ydediar faala (distribute) dde 3m3cycan RIS A6l. B,
TR TR RITT aH R feet S

W H:&I'IBE'EJ,'C'EITHT(kW)

$YE W (kW)

n= J3TYT UIAR(kW)
3T3TYe Ul (kW)+are

n- JT3TYC UIR(kW)
JT3TYC TR (kW) +PI3R AT +BIIR A

PIRANT TR RR AMRTHS BISR AN (Poore) 1 ASUNT B Ar8UAd FRR Gl BIR A
PR Wh3RAR AT Sl 10T IRIFET B Al e o B AISHE Faad SR HIR Al

[ REEIRRE RIS

faR &1 &1 SFIHhIHR KVA ST ©S° 3118, diedl U i (fraction) x 318 30T Aredl UiaR haeR
cos® 3Tg. HTT

33TYC TIaR (KW) = xS cos®

T, Hd dI8 HIUR A Py, 3178 (since x =1),

T DGR A9 Ufd e AT = x2 Py

UM SRIh Gl Uh RII=iTag,

mm:\:ﬂ', 1] = xS cos® / (xS cos® + x? Pxcu + Pxcore)

R UHRITI=r THIGRUNG, HISR fhar SaH ag ol Bd dre HIaR Ay St 3nfor Tt
ATAVIIGR 3HTGe5dTd.

. i‘qﬁm%ﬁm (Calculation of Regulation)

et wefd A3 (fixed) BlecorTa!, Ydest eH-d @ieesl Al AeUNd Fd dreudd fRR daar
SITUTR 781, ® fefdhol STie = <01 Slee sl SIUHes 31Tg ST URHATUN (magnitude) ST S0 UlaR thaer
I R AT 3. UM dR WAL faedT Uik thaera e sl ®lecoHed Al TS UREH Bt
Aewid J&d .

T SR IRUIYT &l I1d fos Tdhed! Flecodid 960 ST CRIHIER TR Haiedl Y¢S Bleeolar
31T fAfEE (specified) TiaR thaexar Bd @I UREH A1 A8 Udd FRR TR} lecs! U8 HIH o).

% ieed JWYARM, %V.R. = ((E2 - V2)/ V2) x 100

lecol S19aT SCTAL (terms) Blecsl SWIARM ol {f¥aaR (expression) faeh 3.

% V.R = ((I1 Ro1 cos @ +/- 11 Xo1 sin @) / V1) x100

fopar

%V.R = ((12Ro02 cos @ +/- 12 Xoz2 sin @) / V2) X100

T YT TFIBIHRY AR e bl AR 1o HhaedTd! FPRIHD (positive) g IR
ST 31707 fAfST Uik haexad! AHRIAD (negative) g aTaRd ST,

3¢Texul (Numericals)

1. gfd Ular waeraed 15 kVA TR AfRTHd TFBRITSTT 98 96 SIedT SawGTHR “3ifd
TR Mt 3fdr Wreiiauam |is 3ire:

12 hours — 2 KW at 0.5 p.f. lag

6 hours — 12 kW at 0.8 p.f. lag

6 hours — at no load
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Solution:

o 3{I3CYC = 15 *1 = 15 kW,

e YT = 3{13CYC / TR = 15/0.98 kW

o TNIY = YT - 3M3CYC = (15/0.98 - 15) = 0.306 KW = 306 W

iR TR Sreu™, HTUR AT SATIOT 3 AT THT THIVIE fAYRTET STl

o TEUM, 15 KVA AT HIR @1 = 306/2 = 153 W,

o 3T AN =153 W

o 0.5p.f AT2KW=2/05=4kVA,

e 0.8p.f. @12 kW =12/0.8 = 15 KVA

o 15KkVA T HITR Y = 153 W.

o 4KVA T PHIR AN = 153 (4/15)2 = 10.9 W;

o 12 hrs AL HIUR AN = 12 x 10.9 = 131 Wh;

e 6hrs 7 HIUR AMN = 6 x 153 = 918 Wh.

e 24 hrs ¥ THUI HITR Y = 131 + 918 = 1050 Wh = 1.05 kWh

o 24 hrs U 3T @Y = 24 x 153 = 3,672 Wh = 3.672 kWh

o 24 hrs G 3I3CYC = (2 x 12) + (6 x 12) = 96 KWh

e 24 hrs T YC = 96 + 1.05 + 3.672 = 100.72 kWh

-, 3ITeT S TIBTRIT= = 96 x 100/100.72 = 95.3 %

2. A10KVA, 500/250 V, RITTa-%oT e-aw IR+ @reitd oxe fere fear:

Tl &% (Tl "ISS): 60V, 20 A, 150 W. IS UTaR Haewar 3MfUr 1.20 35T Yul-as deedr

TR TfbRre=dt 34 0.80 dt.uw. av yui-dts efefRre=dt fAfda ww. dfemm efrRe=i

U G B,

Solution:

o U9 UESER YUI-aIE HRe = 10,000/500 = 20 Amp

o WU X B TA.&1. AeSDH g YU 3Tl 3175, T, JUl-als HIWR A gie! .U, @l =
150 watts

(@) 1.2 3R qui-aie e HieqHH TfthRu= 3R,

o AU UG, o1 Hafdd (corresponding) HITR @M = (1.2)2 x 150 = 216 watts

o TiRTHH TUHRITI A1 SR A9 = HI3R A = 216 watts

o Tdfd 33TYC Uld¥ = 1.2 x 10,000 x 1.0 = 12 KW

o TEUM, Hfeqqd Uit Rt gf+dt 4l U, 1. = (12)/(12 + 0.216 + 0.2160) = 0.9653 = 96.53 %

(b) ui-as TARIE=T 0.80 UF.UW. &R

o JUl-dISd 3T3eye UraR * 0.8P.f. = 10,000 x 0.8 = 8000 W, fRR HI3R &Y =216 W

o YafId BHIR N = 150 W

o TPHUI Y =366 W

TgUH, TG RIT= = (8000/8366) x 100 % = 95.63 %.

3. A10KVA, 1 phase, 50 Hz, 500/250 V ST=IWBIHR @Teitd eve fraTa fear:

3} ¥ (TaRgh a1 250 V, 3.0 A, 200 W

T3t ¥ (TAR) T19L; 15V, 30 A, 300 W.

0.8 WRIT . vw. &1 quf disar TfpRIe=dt snfor Yga=m=h 7or 1, g

Solution. TTtATRIT-AaT UMY, T, &, A8 saR, Yol dre Heed TTUMHT dhall Tifgol.

T YHUTH,

o TUI-@IS He= 10, 000 /250 = 40 amp

TU.1 X =30 A HiC UA. &1, IR8AR
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o 2R TN U1 AISSAl 40 A TR = (40/30 )2 * 300 Watts = 533.3 Watts
T Holed] FleeoTar, - A (3111, SEURE)= 200 Watts

o TUi-@IS 3T3YE 0.8 P.F. AT = 10,000 x 0.8 = 8000 Watts

o TEUM, THIRITT (1) = 8000 / (8000 + 4733.3) x100 % = 91.6 %
ARG, T it RRTST MaRe- S1fo1 Riae~q IRTHicwd Teid (evaluate) T, T
Hg Hal TR,

o RS s, z = 15 /30= 0.5 ohm

o RIS IR™RE, r = 300 / 30x30 = 0.333 ohm

o R RUae=T, x =v0.52 — 0.3332 = 0.373 ohm

3Tl PSR,

o p.u. XICIRM JUT AISaR 0.8 TR UL.UW. & =

40 /250 [0.333 x 0.8 — 0.373 x 0.6] = 6.82 x10°p.u.

Sl BlecHe WUIART 8ld degl 8 3118, 6.82 x 107 x 250 = 1.70 volt

3.6.5 RATS Bl TABIHRA BT

1. T8 3107 HSTed S

2. I faya-igar

3. Sacsuldes (nearly) WS NIISSd wlecsl 30 He

4. qafad(flexible) Blecs TUNTR

5. TTIERT SATFOT et Aidhed avaies (isolation)

3.6.6 RITTa bl grABIHE die

1. Ui ol Ueh dhisd A HIBT MHR

2. 3-9R Reqaed 3iqferd die

3. 3-Thol ST Ja-d B UhRIg-T

3.6.7 Wﬁﬁrmﬁﬁﬁ érﬂ'u'tﬁ'ﬂ (Applications of Single Phase Transformer)
1. Ol dISTqRaaT - faaRu (distribution)

2. ST eIy

3. et A

4. TgH 3% S13a&@h(Industrial Drive)

5. guiey ey

6. ¥lc dISfeT

7. Safacd Yed carM ey

U¥ (Question):

1. TFAWHIAR HISRATS! BN Trht Fasa el o anfor F12

R. O] TR IFRER 31 Tt QRAST el SITd! deg] BT glal?

3. TSI Hcard HH! HRUIMTS! DI Ugd aruRet SITd?

4. 3T 3T A0 LY ST TABIHRA! g1 B,

5. U 3Rl CRIBIHR TURS! HRP?

6. TR T FRIeHL 37, hewgHe ATe!. e g &1, (Justify)

7. TR HHS §fSi fdhar ST as SR SR 387

8. 3T Wfdhe ¢ AL TA! a9 MU TOT /T Hfdhe ¥ d TeTea! STl /ITC b 3187
9. RITTA-T S T IHRAS 400 TIRART 31107 1000 YHeX! -y SHTRd. HISRT "¢ HIY-Ya=Md & 60
T 2 3178, SR UIGHERT AR fET 520 V @R 50-Hz GRAGUTRN Shisd el 31d R (i) PI3R A Faey gad
TRTH T (peak value) (i) Tdest ATeiST sSdc ecsl HIall,
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10. ThT 25 KVA, RITH-Uhol CTITERAE] TTIHRT GR 250 -1 Sed S0 Tohe<l dRISTGR 40 T
TR, UIFRT 1500-@ee, 50 Beo! ARl SIgad 318, TUMT B,

(i) PA-ArSaRId UTIHRT S0 Yl He, (i) Ghes! 3.TH.UW, (jii) PISRAL HioRHH T

11. 1000-KVA, 110/220 V, 50-Hz RITTa-Thel SFIwhiHR THRITT, 0.8 ffST 0.uw. o) sl pat-drsar
98.5% 30T 98.8 % Ha-alls giict Ul.uth. aR 3MTg. FAf3d &e;

(1) 3T AN (i) PA-AIS HIUR AN 30T (jii) FST .0, Hed HiaHH Tt RIg=T.

12. TH1 CRIBIIRAD 1.5% HIIR-ANT 3HTg ST HA-ArSd oxe U 3.5% R3fdea-317 318, Ta-
IS TR o 0T 1. 1 ULTE. ST (1) . G.TW. (i) 0.8 TR UL.UW. AT (i) 0.8 faIfs ot uw.
e ureaqwaad (Reference Books):

1. Electrical Machines, Bhattacharya,S. K, McGraw Hill Education, New Delhi ISBN-13:978-0070669215
2. Electrical Technology Vol-1I (AC and DC machines), Theraja B. L. S.Chand and Co.Ltd., New Delhi
ISBN-13: 978-8121924375

3. Electrical Machines, Kothari, D. P. and Nagrath, I. J., McGraw Hill Education, New Delhi ISBN-13:978-
9352606405

4. Theory & Performance of Electrical Machine, J. B. Gupta, S-K-Kataria, ISBN-13: 978-9350142776

5. Principles of Electrical Machines, Mehta, V. K. and Mehta, Rohit, S.Chand and Co.Ltd., New Delhi
ISBN-13: 978-8121921916

ATl Hhawuas (Reference Links)

1. https://youtu.be/gmcriudYBWO0?si=ea5SalG9RIM7aRTm

2. www.nptel.ac.in

3. www.electricaltechnology.org

4. www.electrical4u.com
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gie- 1v
M B SABTHT
(Three Phase Transformer)
fawa fArea=it (Course Level Learning Outcome) :
QAT SRR AT 3fF Trol ST IAR aTaRor
(Use three phase transformers for different applications)
e ORI (Theory Learning Outcomes) :
4.1 S I IR HrgaRHSC R Ui .
(Describe the constructional details of the three -phase transformer.)
42 AT B HRATIHR ST
(Identify the given type of transformer.)
4.3 Tediean itht A TR fafde e aui Sfipdierg v,
(Describe with diagrams various connections of the given three phase transformers)
4.4 faoiedT 3@ I TS T ARG TRItIER fHasT
(Select appropriate transformer on the given application)
4.5 TIPS URaTd S{URRFHTe! RepraRey quid o,
(Describe the requirements for the parallel operation of the transformer.)
4.6 3 TSl TFIIERER faeied ¢eed TSR quid &,
(Describe the procedure for the given type of test on three phase transformer.)
4.7 TABIHEN ‘&' haexd He<d WY Rl
(Explain the importance of 'K' factor of transformers)
4.1 9= (Introduction):
fIg[d Iordl SIRRM HiGaT YHIUNGR HYROMU 132 kv {Har AEa ot Fleeoar 3 Bl
. JHIG: SFAMRM 110, 132, 275, 400, 750 VAT 3@ @lecoldk & SITd. & SHLCS Blecs]
TTAHRE AR &leed W dledUda! 3 Thel SraBhIHR HaWd 3Med.dle Haid, SR
IS 6600V, 4600V, 2300V B 3 Trol IR fdaRUT (distribution) GIeesl 440 V, 220 V/, TOT 11
kV T HHI el ST,
M-S TR § 3-Te UTeR RReTT S 10 HRUAMTS] fSSe dheiet Uap fa=I fas]d Suavvn og
g7 MBS CFIBIER A THMd HRAR UHEAd diF RITA-Ihel SrI®iiR Sard, arges fag[d 3ot
HTRIGH (efficiently) Withed GReI grATHCHd oid 10T RReHA® Udd TWl WWdaqul gl
?i_gﬁ'l_d (balanced) B Fleed I, JHH IS &HITTS! ( for same capacity) GIERCRIESED
(seperate) RITA-S CFABGIR ATRUIMAT qa-dU® -Thsl TABIHR giHe a8 ST 3
fPmrIaRiR giHe BId1.2N Bol lecsl HTIOT et %V?{LWWT& Fl'q;UfB?ﬂTﬂﬁ (industry) I Tl

T 1HR TR,
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412 zﬁ-ﬁmamw‘ﬁwmﬂ%%ﬁq: ( construction )

1W:Tn:n1alﬁ -
conmections HY bushing
Thermommeber Terminals

I conneciions
LW bhushing

Flang«e

I_.r::l_...
IL Bucnioitz Header

=l=-:-'

]
Illl1

Core-folts

) :=:|'1:_ .
Lr___._,—-—"'cﬂ"""g‘:-

Figure 4.1 Construction of a three-phase transformer

. i R (3 limbed core) - e ool arefST (UTaERT 311 Jdhax), ﬂdd)nlq (magnetic)
YaTerTe! it Retae~g AN Squarh gfaer <.

« 3% ATSSIN (3 phase windings): TIHRT d Ydhed! Aidhedsd fag[d Sl griTHe SRUarITat

ATE ST SHS U YA IR §.8H.TW (emf) o ITa JaH B,

o T E1/AA & RS (HT/LT Bushings):g J&fid thol ¢TI S_Iacs TUIC IO dra=Ta
e UG HRUGNTST 3o,

o gTare ¥ (Buchholz Relay):8 RIS (initial yTiecedl STadId A Rrd ad 3for iR
(serious )¥pICH AT hlecwadl STadld feu Riyd dd.

o HIRIdE(Conservator): HTGRGR CAHIER CIdh A TRA/G TS SaeT sisad , fadR
STTOISHTa TTGR U B, 3T UBR SH IS I & dIR BI0ar Ulse giel.

o HIAT ST (Cooling Tubes): "1 fdraT Ferii=am SRR TRA A US BIUARITST Seth
fdan A var .

« HgX(Breather): ST A ¥ AT daTd! UIA@! B8R & o daTedl JEHTRTERIA HAvdeR

T T T BTGl gadd Tl (humidity) XS T,

412 TAWTHY 48 HIUYTEAT UGt (Methods of cooling of transformer):

o TR FaRA(Air Natural (A.N)):-a1 YR HIcHT A8 HIRESAT (dry )THRAT CFIBIHRETS
TR ST, ST R AT STo[EToT URERTA gaT U8 HRUINTS! dToRa! ST, T UhRd HiciT
25KVA =T T Taa ST IARATa! ang 311G,

o T3R BITS (Air Forced (A.F)):-a1 UHRd BHiciT fhfrd SR I S Redl UhRe
TR A 3T, SUTAT f[agSHTE & AledUaTITa! §ad Sl JEHNTIAR HIT UrSd Sifd.

o 3fTgd Tovd U3R AR (Oil Natural Air Natural (O.N.A.N)):-30MVA =01 & wiaea
CTIHRETe! I YR HI T aTuRa SiTd. - 1HRE! Gy IeHT1 C-AhIiR crh e daaedl sisd
quftT! gSfacl SiTd. SiegT TFIhIER AIS Bid! degT ATt T HR TR §IdTd, HITAHH @R
HieHT A &3 dard YT HichT e ST,

o 3fgd ORd USR WIS (Oil Natural Air Forced(O.N.A.F)):- T Ugdld -IhIHRaA fafqy
YA I TFIHR 0.N.A.N THTO AR 1o e 8T, Ty, HieiT Ud AR SiTdTd of gt iR
ATl fhaT STae e STTard, a1 STy HIe g1 S IHR SIaITedl HieiT cqads HaiRid dall
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STd.8 U BIoamal &) JURAI.BiciTal ol UGd A6l UIdR C-ahIHRATA] dToRel Sifd il d&fuid
THTOTE IWTdT A0 81 QR SR droaH IRavarrdt adie a1 UREERU SHTaRad 8.3
HTARA: 60 MVA AT d=a SRS aTaRd SiTd, SaTHe SaRawd - gdl HIcTag siae SSlddl
ST PTedTHes o SR TR A Idl SR S BT ahdTd.

o 3A5d WITS TSR WIS (Oil Forced Air Forced (O.F.A.F)):-a1 UHRY HieiT 60MVA TRId
AT TTAHIHRATST AR SITd.SRIhIAR CTHIURT Udh dTe] HaR aTaal Sl off dqesTRiT T
RATEY TSGR SIS SR, det TUTeAT WM RIhIERAYH HaRA ad fhad S g ad
FR HRAT 3HTd ATacied] UBATAT A= 4 bl Sild. 8 YaRe Y 3107 UlaR WFHH IR 3
T SIS SrAhIERATS! AToRA ST,

o 373 IS dlex BITS FeiT (Oil Forced Water Forced Cooling (O.F.W.F)):-a1 TR HfeiT
WWW@WW@EWWWMW
3T daIrt SWIT € UTuTd CRIHhR. il STTd. 4 HRUMR GTofl HTg- Bl SiTd SHATFOT ool perTe
U8 Hd TMd.UY qUEA gic TRICORAYT dd hRaua YR UIed SId.g 9o ST SRicied
T HRATS! ATORT ST, (JGT. SRS W RHHE)

413 o9 Rt B AW IR @ (Bank of three single phase transformers):

1 9TfFT ( three seperate) THIR RITA-IS TRIHIAR AU b ReH TR Hall ol
IS, 30T S1=T 3-T S STABIHRAT i CAhIHRd! 9 U e S,

4.1.4 Nbs graBH RIFTEgfe (Single unit of 3 phase Transformer) :

—t .

o 0 o
IR[

i I,

| pnnna

Figure. 4.2 Single unit of 3 phase Transformer

DR 120°3ARTR 3MTed AT A RBTH U UhHep a1 Guehid 3MTed. AT forgi+ TR derar aegyrht
IR, 1Y 371707 IB A1 << Tl reHgR 01 SI0TRT teTad dTg- il HIVIATa! &UNIR +1Y+ IB= 0, TS
T T TRTeRTd! RIS cTel I 3116, AT A U Hledl arl e USUIR T,

o M-Be TIHIHRY BTIS:

a) ST ®REWar(Space Efficiency): - Thel SrIBIERAT RIS HH! SN ANT,HHT ST
3RS YT T TTeT=T faal ST =i <ret Ufasine! BraeRik omed SiY S wiftrmar
38,

b) FH! geI SMTfOT HH 3THR (Lower Weight and Reduced Size):

c) ¢-ToT TFIBIFR ATHIRIC: B ST 30T i T e RITTa-thel ST 3w dféra
3R, B e SMTOT RATYAT JaH 3T ferep fHwrasik saa.

d) 3= BRI&Har (Higher Efficiency):

T Iord THAH HH Bl TS Sl W aaid 0T TaiaRoi BTie 81 Yehdrd.
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e) fPwIaa=iR (Cost-Effectiveness):

d 1ol faeRomdt Ueh b hradRiR Iurd S

f) WW@ (Lower Transportation Costs):

3 Thol ST IHRI o SIfOT STHR HH! STedHes dTedd Td HH! gldl, HRUT o ATedl RITG=dT
f&epTuft 01 1T 1.

o M- grABIHA dle:

a) T PR Jqaiad: (Common Core Dependency):

oDl ST T U Jeoraiig dieT TUMS SR St HR<d] BV U] geHe Blee

T, e Ul gfie S8 Ug Wed. SR AT Ue G $R 37 $1f1 Tt et faers
SRIGR GRUMH H= Kb,

b) GE&IAT Sd @d (Higher Repair Costs):

ST dH-Thol SrahiHRAe] foers fdhar iee Bid, govddl Wd g+ STRd 3R A dIaRINd: SR dTd
¢) W3R gfaewdt fbad (Cost of Spare Units):

d) - TFIBIERTTS! WeR ey Uul i faRiy fegmeages snfor faemm giea=h ddrdd
U TR HETT 3R . JTHes HTdd! ST SgHTeiaT THUT W dlg Ul

4.2 ?ﬁﬁﬁmmﬁﬁl@ﬁ (Working principle of three phase transformer):
gt dF ol Iwrg <9 ol SRIwhiHRed UTufie argfSeit e Sl degl df dRu Te uaf
T 0 FRaAdheaRSTRl TSRt HR FAaIHe! 99dd AN UGH $HRdl.agdd
TR ey] dIsfeTRI Shed WA Sardl QYugdd Udig' fdhdl T Tad wgurdid ATfor St
FAFEDh Sl ATsfSTRIT SIS STd ATe! ATel Tildel Tl TUIATd. daR BIVIRT Uiy Saald SR
(Tt =TT ad Iedd 3RId), RIS SdeHilcd SeaRMA FUHIR EMF Sdhex asfemasl
R Bl 1 STATH AT TRER URd STATE' UM T IRER URA STATE S Wldhai e
P STATE TRYT SR, YS! ATefed sig Hfdhe SedTy, 7T AT URR URd HRe argal SATfr
A TR St Tl Afdhe (UHRT) TYA =1 AidheHe (Hdhe) SxiaRd dall oird.

421 g‘R‘I‘W‘I"ﬂﬁnWW SEradn (Identify the type of Transformer)

1. US U¥es eRuwiH(Pad mounted Transformer):

U8 ASCS TR, 81 U agH "HUcHedgs, cHR-Yh, Us-ANSCS" SRIMIAR 3R il
VSTTS-YW (ST, & Tgdd Io8T A, Biciel HHg 3N fIUTT FARTARE -
AT ST IR SRS Al-AhIEd Uaid FUH aTuRd STTdTd.d e feedT T SRidrd, S il
STSISTS[AT dTerId (eRde d I U Aad HRdld.

Fig 4.3 Pad mounted Transformer
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2. GERRM eRABIHR(Substation Transformers)

? AR UG TSdSId o] [SSS-4g Siecl ST, od Hif-e R STOT SRR JUHRUI T I
IR I R 3ed 3T o saraer faeaiRa AfET emaard) WRarh Svarandt sTer e B
Uhore Jd1d.a7 HRUMYS, YaRIH FIHIHR MG oS e HFd Rifid o Sidrd of
AHATS! G 3R,

Fig 4.4 Substation Transformers
3. TId AI¥e dad =awTH™(Pole mounted Transformers)
0Id 3¢S THRAWMIHR, AT Gy, die f[aaRumaret S fag]d-auiiean JidiaR a¥aed bR
3R, YHARI: RTe-%o gy T diUdd SReues, d el Harfl UFTId seward oY
I IR 11 s/ et ST, HicaT saraiies i Sienfiies ez diH- toladid SruanTars!

Fig 4.4 Pole mounted Transformers

4. THRYACS SFABIHH(Encapsulated Transformers)

T SIS aTefeT quigut areg S SuiaRit e+ dedd SRidMd, , of HaR fiarar St Aredrs
i YARMURIA TREU HRUGRITET HAR AU IR BRGNS aiefet] Hidd! 8% ba old.g
TTABIFR HAR TRV I T TR ST AT ST SR SHiaTaT SATfOT 6107 T Wuehd U3, JehdTd.

B B

Fig 4.5 Encapsulated Transformers
4.3 1S TIAR HHERM: 2026 (HTT 1V)-1977.(Connections as per IS: 2026 (part 1V)-1977.)
o ol T IERA S YT RMaR fader fafdy arsfe o 3Ry b,
AU BRI UHR DI avHT0 3R :
Star-Star (Y-Y): gl ddferd 3fl-thel dle UraeRt 31fo Yhedt SIofH! shsdd S¥dld degl T YhR
H-aRM AR S,

Star-Delta (Y-A): GH: U 313 GIecoldIa! aruRd Sird.
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Delta-Star (A-Y): IT YRl SIS U WA @lecs dledUaTTa! dToRe! ST,

Delta-Delta (A-A): g1 ICA SMARID AHd ST fg ol Feic BRI S¥AId degl AT YR
PR AIIR Sl

4.3.1 Star-Star (Y-Y)SISAT 3-l S-ABIHIT HERM ATH:

3-5S] TR IARA Y WR-ER HHa-M:

e
C—gé_c
ailin

Figure. 4.6 Star-star connection in a 3-phase transformer

® HaRM T8, 3 @Iecsl ¢ HIYTS! Fatd [hhRIaRIR 3¢ HRUT U ol dTgfeTd! TReT Sfor
AP SYARD THTUT b T 38 HRUT ol sglec sl g wlec o] Hhad 1/43 38, 3MTdhdll 4.6 &
SRIAITHTON, 3 CRIWh AR deb TR 30T Ydhe! qia! dTo are 31Tg.

o YOS -, BR IR RRSHUTS! TFAHBIAR aTR0! R[S 3T,

o maﬁ@memfsﬂmﬂﬁﬂﬁ%@ 35

o Tool T ST ARADRC UHHBHT THM S, AFSTTe HIS e arg- T1d ANTAd; AT Al
o TSl lecdl 1/43 U AT Slecsl e, Uil 3for Shet WIdt SHaxadh drsfSTrt de Hl
3R, TV frraasii.

o IS I ST TR 8 HARM GHYHGRBYU B B

4.3.2 WR-SEIFAFRS 3-ph TFABIHIET AR ATHdl

A j a
B j é_' >— b
A
-

Figure 4.7 Star- Delta Transformer

| . .. r.e.0
*  XEED ! % —— 43483
E.Fl‘ b
| & = e . T
. AT | B, { BTy
F _'_"—__-:I
R ( SR T T S

Figure 4.7(a) Star- Delta Transformer
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Figure 4.8 Phasor Diagram

Il YHRAT SR T IR AR -] e T /act g oY Glecsl @ialt JHTord
SR 3118, 3Tl 4.7 T SRITITIHTT UIaeR] argfEi MSS S YCaNE TRBICS SR UTTHRT 30T
JdHedrs Glecomed ORR Td® SFIBIERT TRad- IR 143 UT TR ITHsT Sfor
Hadresias wiecomed 30° Rt 3T AT 312 Y-ATIHITR 8 Y-Y fhaT A-AdH=l THicR o’y Jrdhd
e,

4.3.3 SWI-TR FATRES 3- ol TABTHIY BRI ATFdi(Connection diagram of Delta-star
connected 3-¢ Transformer)

TTeld HRUMeS [SRESIRM SRIhIERETe! T UH R S-a=Ie U= G SiTd:

) ol IUASIdges RiTa-Urol a $-Uhel gl YRaa] HRUl I B,

ii) 37 ggeran TR 31 Wlec IR TRET Ioi-d el SiTdl

2
i N
VL g
8 d 8 —

Primary connection

Figure 4.9 Connection diagram of Delta-star connected 3-¢ Transformer

° TFITI'a':

1. S UHRT SISl e, T STHIMBHS BIVIRT [t ST 3.

2. U} SHTFO1 Yoh et ATRAIGS Sglecsl ST T8 dHReade 30° Safacdhd bl RITE 3.

3. S HIRMYS UIHRT STS[el TgT ohiy HaRH IR dToRdl Ad.

4, YH e Iy YgaAT SUAIAHes, o 3ph 4dRR YU IRITST dTaR0l ] 3Tg.

o ?ﬁ%:

1. I YR HARMAL, Jdhex! Glecs! TR T8 T ATgl. A § HaRM LR-ER fdhdl
S-S C] HdC s C-IhHIT JHIGR ATAau! e TG,

2. 1 HaRRl Gefid U uw aft omg @ urufiies wieesredt Yeufd g &leest 3007 gafda

-~

SITA1.3-5] SRl FHIR HRAMT IS THRT 3Gq, AHdATd HRUI CIHIAR Ydh eyl Flecdl
TR SIS §-U50l 30 SIS TR, TGV, ST I7 sedidhs aef fda urfe.

3. 1 IR Y Xl ol RIUE 7 Rl gU=aT SR IR Yehax] SRISR THIR e, TH™T
3G Xhd.

4. AT HRC o] HReH RIS S ATSfSTTal hSaex DR HIST Sl
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4.3.4 THY 31U S&eT R (Open delta connection of 3 transformers):

Qe R R R T T e T L L T e T ()

V. ]

& ]
Primary Connection Secondary Connection

Figure 4.10 Open delta connection of 3 transformers

TG, Y. qUTiY, SRR I, TRIhIHRU®! Udh SRR STedT™, AR hee! SRqWhIAR g
PTG CTH AT STl ST G RITA-TS SR IER aToRe 3T-0hsT STt AR T Sadt it Sarell
"3Y-SeeT H-aRM" TEUTdId.
§¢ STl HaRAYE, Y-The UIaR 318,

Peiosed-detta = VEFLIL = VEFLEI;:}! = EVLIph
3NT-See] H-aRAYE, I-The UiaR 318,

Pﬂpen—de!m = 1"'I'EI"FLI = EVLIph

qTS HYC thol BC R egudd RG0! HTALAH SR, ST AT ST WRIE 8IS .
1

':Pawn—dcim = v_ﬁpriascd—dﬂm = 57.73% of Psced—deita

SR YHR HT-Seel HAaRMTE It 2/3 fhdT 66.67% A8 TR 57.73% Tdd A 3R, dahdid Tl
TG IHRAL TS AT RAST Y= STUIRITS! AU IE SUTT U SUH-Seel H-aRHdl
IR AESESIH

4.3.5 W ol d G ol TUTaR0T (FBIC HATRI):

A TS d G Uhol S UTARUMTETST dTUR SiTd Sieg] G ol TG d oI o HIgdT XfeT=ar Het aiuRed]
ST S T Al FUTTS! HIdT YR diF TOaiaR THH JHTONd faaid s sisd.

IR HFHae TG0 g HRIY 3T3eYe Glecsl UHURW 3Md. GG ¥C dad g

Teaser transformer

i g‘ gl

Bo

Main transformer N, E

Load
2

Figure. 4.11 Scott connection
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Figure. 4.12 Phaser Diagram

HII ik

a) THic BRI G RITA ol SFABIAR aToRe 3f1-Te of 3Tt faar oot o gt
FUTRUTHIS! dTuR SiTS, Xehl.

b) Y-S o ¢-TrsT FUIRUMTA | Thic HaRM MHaHe GRITIIHT 3R,

¢) T3¢ '0' VYB &R 3Te! HEOHTT 3%

d) QT EH Bl AIgH oI Bt AIGAT ST HoraTdl YRAST Bl Sl degl T H-1aR-dT dliR He,
Ja-e die RUTHTS! 3 HId UR diF holdr JHM WHIUITd feResge el Srara.

e) U] TSI e R SRR V3/2 N1 ST10T & C-IWhHRETe! N1 3RId. Gig!

ST RS Adhax! aTg el TReAT N2 3Tg.

f) SiogT UTTHRY ATSFITTa ofiF thol WwTg bl SfTd! degl ewiv U S0 R 3Hd SSaRM

P OTR Y e arsfer™ e GH-Us emfs URd oral SITdTa.

0) 3R g A B} TR It THR= WTUfies AR AR &leest Vi = V, e UIerd A1 @lecsl
3T B T IR Yh el A URA RIeedl VoudHTe S V=TT a1 o N1:N2 = Heferd
3{Te.I1 HATCHes, TR TR UTUfHdmara! FHasdad e N1 R V3/2 N1 3fTeq.

h) ATeS SR TFIhIERALNT U T+ Flee G ¢ IHR JHT0 §1d 31701 aRome ¢ier

ST HReT gy HRTHE glecs] B4 C-IhIHR YHIUR URd 81d, BUST V2T = V2M. itheR
JTPHciiae- U0 GF dleid 3T3CYC @lecs UhHIRY TR,

441 TeResgR@ erawiR fasvarard fa®w:(Criteria for selection of distribution

transformer):

o IfET:KVA IE 1S 2026 (MTT 1)-1977 T UTEH o ISl 415V RIREHA TAHIHR JTURUITRITS!
1 AIS Yh et Fleedl 433 Fled 1A, Glecs JHTRI: 1S 585-19627 TR 3Td: SR Jod, favy
HRUNRIER qUR! SRS, Lehd gl

o TY(Taps):AT AT TAGBIER M HYV d@l Hh-Afbe <Uag UeH &d S faRy
THRUNTRIAT SiegT 3-8 <F o MG ol SiTard. HY STS[el Y& dhaled SHith-Hfdhe Cuuma! A
T +2.5% SITOT -5.0 % SHATAL. S-S <T JoRieT SIaad, U 16 UA=ATNIE 1.25% T TRUTHE 3R
. disiiea U g <0 § TruthiiR arddedl Som=T REH=ar IRRIGER fAfdy oa
EININ

o FARM fg (Connection Symbol):GH EFET TAHIAR UTUTAM 1S: 2026 (HFT 4) -1977 TR
SEIARAY SIS SRATAd. THIR IR SMAIBATIAR 3P DM {28 ( Dyn 11 fdhal Dyn
1) Ffés e oma.

« 3RIEA(Impedance): 3RS FAdsdr Ydhat deaild ReafioRd Iuasy T ofor Feifda
Flecol Y Il fqaR HR0T AT 3R,

o TARM SaRM(Termination Arrangement):HV 3T LV A& SReTaRM=AT UGdAR
ISR IR, had Sy fhal a9 b 3 Uhard.fo1Y o1 HUrS € U dhad Sidy aioRa
AT, H I BRI SSYSBT 7 U FIBIER T [Sh-ae HRUI JaAH BRGNS SABIHR
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1. 7=y 3mfor e THRT (33%3RR)

IR SATTOT Shaiet ST (ST o (TP R0 AU TG, Gl HTaR SRIcTed] THITSS
o 48 PHUI(Cooling):TT TeTHE JHIAY RIS CAHIHR JMHFI: 3 TF T T, T T 3R

4.4.2 YR IABINR fAasvarEardt A& (Criteria for selection of power transformer):

o I (Ratings): kVA AT IS: 10028 (HTT 1)-1985 THTO! 3RATd. TFAHIHR WM 3R HRUTS
FROGTS! -1 TS Jdhes] Glecs ATHHE FlecolUeT 5% SIRd SRTd. SFIh AR JHIR dTeard
ST, lecord UHTUTIS : 10028 (HTT 1)-1985 7T €3.0.8 ST €3.0.%.8 Aed feeied HTiaRi daigar
s mifg.

o TU(Taps) Y o1 R 31t aRe ard 9 HV ST 3iiH-are <u dory [AfEY Fal drfgeld. 3iith-
gfdhe Tuardt aries Juft it U et ST ot + 2.5 T 3N1for -7.5 Tads =T Jufta ST,

o HAERI fa=g (Connection Symbol): G AEfET TRIHIFART SR el Seel/RER (Dyn) 0T
WRAAR (YNyn) 7 SiSaid 3Td.STRd @lees] a3 WRACR (YNyn) fhar ©R/SeeT (YNd)
ATIS : 10028 (HTT 1)-1985 TR WY fEd SIS bl

o ZfRE(Impedance):T& el Hiee Add 30T Flecol (ST AR U3 SRIHIFAR HidaTeT 3Iaa
I

o ARE =ERI(Termination Arrangement):HV 30T LV <A@ gelaRM=l UgdigaR
IS H3CSISR YR, Hadl Siaty fval 99 ST 3 ADhdId WY B HUTS,S HReld bed didd
IR A Y HId HRFAL HSYS] 7 Ul FAHIHR cfHi-edqd SR dreul gay
FHUGMTS! TFIBIER efHTd ST Had Siay e femfadt dar RSy o SR 3. (1S:
9147-1979 < UgT). ddIdl HAIRTHE RIS SS SR beedal Siadld, d7ed fSpfact der
TS 8.

o U PIUI(Cooling):TT T THIAY 3R SFIBIHR AHRID: ONAN, ONAN/ONAF 3IfoT
ONAN/ONAF/OFAF 3(Tgdl.

4.43 Yiax IATiOT FEReeR™ e=rwieR aefia wre:

D. C. Machines & Transformers (314322)

Table No. 4.1
Sr. No. Rating Voltage class Type of cooling
1 Up to 10MVA Up to 66KV ONAN
2 12.5 to 40MVA up to 132kV ONAN (60%), ONAF (40%)
3 50 to 100MVA Up to 220kV ONAN (50%), ONAF (62.5%)
4 Above 100MVA Up to 400kV ONAN (50%), ONAF (62.5%)
4.4.4 diax 3for feReeger graw ik adia vre:
Table No. 4.2
Sr. No. Ry OTeR TRI IR fSReIRM grawieR
A 400kV,220kV/, 11kV,6.6kV, 3.3KV, 440V,
! 110KV, 66KV, 33KV 230V
2 giaR 3T 3 (> IMVA) FH (< IMVA)
3 PR 3T S|
4 s qof e qof de/T 50-70%
5 SIQITH U] 3= B
TTGAT &HA BT B B SR g &
AU TGS 35 30T ST SO Y 0T
6 YT : c
THTI: AT DA AR QM d: Frdol-dh fehoft
CRENESIGH 31T
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- ST R Ul ST STt HidqqH
7 PRITR 100% A& ST o | SMBRTARNT ol aie=am 50%
SRR T g1, Sfaes fiesd.
AR TSR SHRTAR R | offd S RITAR SR
° PR 3ATe HRO! MARTD 3T

445 3% -ABHIA qu=iia:

a) CFIBIHRT KVA T

b) URIHRY 3101 Heh el wlec oI sglecsl X

c) HV 3Ly axe

d) CFIBIHRT AR fTheh-<t

e) CFIBIHRET % e

f) TRAFMARY dI9HH dTe.

)] HVWLVWindingswaWﬁTwm&w

hy CrAHIEREl Aisd HHID 30T SfIhH®

i) CIBIFARY goi

j) U doref defid mfgdt

k) TTEHITR ddex 7T

) Pl UhR

m) SYARE

n) FafarEAE

0) PR ol

p) AT ao

q) freras qer gam

446 Amorphous ®R fIaRul TIWIHYY WTAG(Advantages of amorphous core type
distribution transformer):

a) CIUIHT BRI aledd HRUI URUING ST ga-d dd g0 aArdg75% S gid.
b) Amorphous ITHHHE Iod faefd UfRIUDH T 3rd TUH HH R A gid

¢) MG AcRuane RERd &1l UM gd, IS RAST HcAl UddH DM
JeBIoRUT 10T fEHACTSRITHE Bt Sruf ara Sird.

d) SEHY YTqHE SHIA=™ U SH-RM 3R, TRUMH UM T81 HRedid HH!.

e) YIDIY HYc HHI BIdl.

f) ITH 3NGRAS &

g) I fayg-iaan

hy I Tic Alhe &

) /U W Bl

451 TFABIRET GHIGR HGREGl STaRADl(Necessity of parallel connection of
transformers)

o fayrgar argauara.

o UH CRIHIAR MG AN, IR TFAHIHR dIoTRAST §& ¢q Adhdrd.

o TRIGISMRICT UGH HRUGRIS]

o SO AISTAT ARTH YUl HRUGRITS! THIAR CFAWhIERd! ST FHRAITSIT dhelt SIS R

o TTYIA TG HH! HRUGNITST

o RIS AT - ST SEHTAHTST SFHBIHR STeTe ddl Adrd.
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RIS TIdUh BHH! BRI

3oll A HH BRGNS,

o TIOHIRY ERANST TSRS,

45.1 3 ph SAWBIHIET JHIGR MTRIAEATST 3¢t (Conditions for Parallel operation of 3 ph
transformer)

a) Qe ST @ieedl XS THARW 3RO AT 3R,

b) TIHAR!/ p.u. SIS GRHATUNT A SR,

¢) TIUGIER ASARST X/R TONTR THM 314,

d) CHABIERG! gadl THM SRI0T SHTIRIS 3.

e) UTTHRY 3T Yh s} BlecorHeld Trol fAIRITTT THF S0 aRTH 3.

f) crera Bl Weg JHM SRe TIfge.

. W@WWWW( Phasing out test on 3 phase transformer):

THTolT 33T X TSI HRUATE I § 3R B HR AR Sacied] arz-reT (Hafdd cuar Uil
3TIO1 g&H) 3ficsul,

5

1- I
_—
low voliage
D source

=i —

e LI [ —y gy ) —

=uhidi —

it

Figure. 4.13 Phasing out test on 3 phase transformer

U WA UTfies ST g o Siaeuarre! &) Aol 3-ph TFAhIHRER Pl Sild.

3TFdid aRIdeATIHTl dURaY T Jiesd], A 94 Wil it g&ad el =Ii¢ |idhe oad
3R d.WI® AT o HH Flecordl S U [RIST fadl Il TeegAIHIeR YbeargeT &
el Shiedd S8 o Wic Afdhe dbad ATl 3dHdld arRadedIyHIT RId 'S sheddl 3R, Sl Tl
% d¢ Fxal, AT TeegHIeRd [d&qur U8 ANTd. AU TegHIeRdl SaR AbSxIarg-reT
TR Hrige BT ST UfehaT TrgT 1. e IHIcRAe] SRl ofRd fq&uT gRIauR e § Adhedt
TSl T 318 o UTUTHe TSITeT ST TRl Sl 31 ARt d&fid 3.

B uforar IdRa mnufire argAfET Tdt TRl et o, g O T RaaT aTReH A dell S,
. T SHTaAe URd emf SR SR 318 o Hisa<dl ITd TR 3RId SATAT YRAST Sgadl
3.

—a | = =
= 14
i AC,
i o

H.AL

T
R

z
I

o - e
- i e ) P

e Lv ¢ L“_;})
b i =

LI
i

1

Figure. 4.14 Phasing out test with DC supply on 3 phase transformer
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46.1 q’lﬂ’fﬁﬁé‘x‘ﬁ(The polarity test):
SHIBEUITS! § T el WiTdl.

V&Y

N (Vo) N
=+ =+

® H @

2

Az : Subtractive Polarityi a

Figure.4.15 Subtractive Polarity test

CTA
\VC/ =z

4 —

Ay

Figure.4.16Additive Polaritive Test

Auto I \fc | I
Transformer L |
Single ] L ‘ A _l 4 A
Phase _ AW
P | L= |
Supply =] "x_Va J - ‘ ‘ = '\\_Vb,x'

Figure.4.17 Transformer polarity test procedure
o ReffImmm Gffed HUTE! ThT oredl TR} e ar @leedler (Va) 3 Jbsst erar
g1 BleeHICH (Vb) Hac B
o TR UHRY HTOT Yeh AT GRAEIM RlecHICR (@I SISl
o SHCICAHIAR TR TR STSIQl Hla! s lees] amal.
o FleTHIC (Vo) At Held dUNY, 3T %’ULW CHIGRSIS] (additive ) fdar aon ( subtractive )
PISIRGIREIR
e GIX additive polarity — Ve Va 30T Vi akiST grRadel i,
e G} subtractive polarity — Ve Va 31T VoA e gRifder difgs.
TERERT: FleeHIeR Ved TGlecord HHIA HISHIT Va (TR arsfa) 0T vb (Adhel argfa) &
SRISTUET SR 3Td ATl Bl &l 3T el YalidaM, Va T vbdl akis ard Ad.
SR CUHTST H Ufehdl 5T .
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4.7 T STRIAAR UYTG (Effect of Harmonics on the Operation of
Transformer):
o PRAN: THME dfeRHAE R 3ftT TSt o a9 dleadid.®RAN o JHI RIaT
FleeoH e IURRUT STHIMETaR ST SR,
o BITR AIY: FHID HICHS DIR AN 6. AN TID Al B SRIcTed] gHI-aaaR ST
IS YHTA ac YSRCHAR AT SHIA.HIIR ANTIS 0T TG T AT FABIERT §Ic
Wiy TR BIaTd.al SFIHIHST fheexad U Braal 81d ATg! HRUT flheex AUROIO TH
RRcH=a ST Sedd .
o ATUN Elecol SR IYARMAR dT0] aTeadd.
o HR BUT : TAHAM 3N Fleed gHRT TgH HRAY HU JTeddrd.
o TPRIE JUAT : FERH faRad TS Flecoe HR TR Bid.
4.8 m "K* geHTd Wt (Importance of “K” factor of transformer):
AW IERET B-thdeR HHIP (1, 4, 9, 13, 20) BT STHIMD BHRc YHIUTET U Hobd 318 Sl CAHIER
AT BT Shacdredl TV S Ua W& 318§ Hed dTIHM dle Haied IRGH SFAbhIHR gTHI-d
yarg fard! TUTEIOl gTdTes bl § FUfiRd Hd.8 T 1 d 50 Td 318, F-thaexd Jod 1 3Rad
TTABIER Thad $E1d Al BIdIe YdhdTd T 50 ¥ Hald o HAR GHITT g+ dee Yabdld. aiied!
F-haex AETTS!, FHiFTIHe UM fakad I Te HRUAN TeH SIqUaNIe! SrahiaR
faRva: f3gmgT Fa TfRSd TUENRY R FATS IS 3R s T IuHR T Hied
WS AR @8 8. I THRY HR gHIS YaTg U0 dRdld SO SRIhiAR SIRd TRH
BIAId, SIS IR T8 B3 b, olg] SrABIHRAYT AMH-AHER A8 Rad SId, AT b-thacy
SO IHY el HisdT a1 Higd AN AT ARy fSmg—qes a1 UeRAl dgdgR daR
D g YaTgieal TRH THIGHT S gard.
T (Exercise):
1. 3 Thol SRR dTaTTes YT forgT S11fdT e U ST WY &l
2. 3 ol CFIBIHRET BT RiGHd WF B
3. fqaRur TRIwm IR 3M1UT UTeR TrawhieR FHasuarTd! A aret &,
4. 3 Tl TTHIHRE! Tl 3fT3edte HRUTT I I, e Gidhe STum=a HedH Il driugad
TP H.
. 3 ol TR IARGR Yd1 Tt Je=1 I, e Tfhe SraumT=ar dady ol Sritgd! Wy .
. TRI IR K 9edhTd Hgw Wy Hl.
7. CTFAWIHT SRR IR THTT T .
e ureuqRa® (Reference Books):

1. A Textbook of Electrical Technology Vol II ...B.L.Theraja... ISBN-13 -978-8121924375
2. ElectricalMachines... S.K.Bhattacharya...IV Edition....ISBN-13-978-9332902855
Hifgedl Phawuss (Information Websites):

1. https://www.elprocus.com/what-is-three-phase-transformer-construction-and-its-working/
2. https://testbook.com/electrical-engineering/three-phase-transformer

o u
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gfe -v
fa=iy IE=T gAwTHR
(Special Purpose transformer)
fawg fArsa=it (Course Outcomes) (COs):
(Use relevant special purpose transformers for different applications)
o Aot SRieR oot fUsrt @i fasadt (Theory Learing Outcomes (TLOSs) aligned to Course
Outcomes (CO’s))
5.1 AT U R=aT faRIw 32T (special purpose) TFITTHRT BH-ic & duRNe g Jui- .
(Describe the constructional details of the given type of special purpose transformer)
5.2 T U R faRIY S R AW IHRd afdh T o (principle) TE a1
(Explain the Working principle of the given type of special purpose transformer)
53 faoT e T R faRI S RT T It (R AT = 1,
(State the applications of the given type of special purpose transformer)
51 3fiet eFABR:  Rivre onfor oft Har siiet TruhiiRa H=eeM, afb Sfor f@B=r (Auto
transformer: Construction, working and applications for single and three phase auto transformer)
3{TeY TIHIHR 81 T TTAHIHR 318 Sl tii-es HRAR ddS 3dl. 3iTel TIhIHR Hel Uhd argfaT
T A RASAG (from supply) T BT ST SATOT IARA HFT TABIER fHAGR (action) W Hall
ST, 3i7e] TR Gleedl Wgeiex WUH ST .
511 fthe STAUTHHE 3iiel S-AWTHYY WBIHRUT (Explanation of Auto Transformer with
Circuit Diagram)
IR SFAGERAS, TRHRT Sl Adhet asfen fagaeseal UdHdbidgd syaics (Electrically
insulated) 3RIAT TR 3Tt 5.1 Aed RITTTIAR e aesedT (Magnetically) STEad SRdTd. el
STHIERAL 3l 5.2 He) T IaR UrgHe 3Mfor Yeb e} argfE gaesia did gafdeedb el drde
3{Tgelt 5.2 L GRIAAAR C ige 39 U daciel ISHL! arsfet AB, 0T Y e arsfet CB WU
BT IA. T Flees AB T fEal STl 31f0T g cB A Siisel S, < fhas fbar aaea
Y Y. ST AC T Flees, AB TN T TS Hdl 9] BRAL 3fTee-Ted (AC) FiaT I
Far oirdr, oo, arsfeT AB Hel STHUW E1 URGT (Induced)BIal. I1 URA STATHET U HIFT ISt
HfcheHe oda ST,
Let,
V1 - U S@rdis slee
V2 — Gdesl glecdl 3hig Als
11 — USRI e
12 - WS I
N1 — A TOT B G - Tl e
N2 — C 3TfOr B ¥R -e=i e
AR AI-elIS B, Tidbol Refde~g S0 G,
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Iy A
C kb
Vi N,
L
N2 Vz o]
A
D
B D
Figure 5.1 Two winding Transfofrﬁef Figure 5.2 Auto Transformer o

V1 =E1 and V2 =E2

EIRH‘W‘I"&QHW (Transformation ratio)

V, N, I

Ko = se
Vl Nl I2

JH S ACTIR-T (AT) TRHRT THSR-HA faeg 3™, 12 HC 11 =7 faRiTd 318, ddhres!
Flecs MIZHERIUET HHT 3178, WU 12 HRc 11 V&l 3 3Tg, IO BC T diguIRT uRumHt e (12 -
11) 3MT8.

BC HENd AT = ®3e x e

I
Ampere turns due to section BC = (I, — I;)N, = (El - Il)x N;K=I1N; (1-K) ......... @Y

N
Ampere turns due to section AC= I;(N; — N,) = 1N, (1 - N—z) = 1]N;(A-K) .......(2)
1

THIBRT (3) 31T (3) § xifaa &t faumT BC 3nfor Ac Aefe TriieR-e=f usfes =T Tdfera

HRATd of TRIHIHR fohd afeTeed offg.

o UM G ATEfET SFABHR=AT gemd Sfict eF-Ib A HIRE! §9d ( Saving of

Copper in Auto Transformer as Compared to Ordinary Two Winding Transformer)

PHIURT ao Heaeel Alal SO hIY-HaRd SAB ST YHIUIT 3RId. Shededl disl oy G
THIUNT 37 30T HI9-Ja-H Hic SfYT =i =1 WA IR THTONG (proportional to the
product) 3. &ﬁﬁmﬁﬁmaﬁ?

Wa= weight of copper in section AC + weight of copper in section CB

Therefore

W, o< I; (N; — N,) + (I, — [N,

W, « N, + I,bN, — 2I;N,
I SAhIERAE] HI0Rd THUT doH,
W0 = UTSHR] dTSfST HIuRd ao + Ydhex] dTeiST HIuRd aor-
W, « [N; + [N,
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3HTeT TR TERAE SHTOT AT T TERAE] hIORe dT-Tel ST,

W, LN; + LN, — 2N,
W, LN, + LN,

OR
W, LN, + LN, 2I;N,
W, L N; + I,N, LN, + LN,

|2

—3 21,N, /N,

o ool 8
o [N, /I;N; + LN, /I; Ny

=

OR
W, = (1 -KW,

PR TId = YA CFIBIERAD HTGH AT HIURT ol - el TIBIERAS HTaTH
S HIURT Fol.
Saving of copper=Wy — W, = W, — (1 —K)W, = KW,
PHIRT F9d = K * T SFABIHET (Two Winding) GF aTefSTRTe! $a<ad HIuRd goid
TEUH TN R =1 YT IdT (approaches unity) 10X aad dTed. T8UMH Siegl o o Hed YadTedl
(unity) SRISRTY 3RTd degT 3iTel TFWhIHRET aTuR el SiTdl,
o 3fial Wﬂfl’ﬁ?ﬁ PG (Advantages of Auto transformer)
1. S Gfae
2. IS CRA
3. T T I G ATSeT ¢t HReT Ja-d BT diel
o 3fial gr-‘auo“lﬁ-‘lﬁ R (Disadvantages of Auto transformer)
1. bl 9 U} s 3geics g,
SR QTR el TR IHRE a0 3o @ lec oY HH! s lecs] YRUATTe! Hal T SRd 3o Jdhedt
IIFET o STt ST oR Y01 UTSHRT S lees] Y el e rH-al SATag dd of STReR 30T SUHUATS!
IS e,
2. Haes qaftad f3HTof aTuRa SiTd f1Y $7YC ®lecoHYd 3T3TYC Gleedl AY UTSY TR T,
o 3l gr-‘auo“lﬁ-‘lﬁ SRIHIH (Applications of Auto transformer)
1. e ool S 8aRM HiexaT (squirrel cage induction motor) TR 50 T 60% Td 0T s lecs] GUIIS!
TTER WU ATRAT ST
2 TS IR dhaeiall UISTIRE GUIIIST, T lec of S 11 G o BRUIRITS AT SUANT B el S,
3.8 Blec o YR T G uilet TR S,
4, JIeR CTrERH, FE IogRM R, 3iifesn RREH 3firied Hed @iid aTRd S,
5.1.2 3 ol STEIEFIWINR (3 Phase autotransformer)
Ay

m— ) PO
output voltage

3 ~ phase input voltage

3 ~ phase autotransformer
Figure 5.3 3- phase Autotransformer
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o 3 3fiel m" STRIHRA (Applications of 3 phase auto transformer)
1. 3 Tl 3ffel T iHY S Rived, Safdedd Ular SRR Ried 31 Yed Reqqed Aiaa

YHIUITA dTOR ST,

2. SlegT FEREeGTA TMEAd Tlecsl HH! BId dogl & 3ict TFABIAR baaHdld el SIU G
DHRUGRTST AU b,

3. SR ool S8a—M Hlexal (squirrel cage induction motor) FRATICT SIRA PHRcd! RS SR TS
Flees] AGUIRIAT (significantly) T 8ld @ § 3fic! TRIBIER AR & IR @lecsl
JEIUYNIS AR STl

5.2 FgHE GrAGIAHY: e, aid Mor B Hie grawiaR for iR

QFH'QTIﬁ'\’ (Instrument Transformers: Construction, working and applications of current

transformer and potential transformer)

521 Wﬁ?@w ( Instrument Transformer)
XgHe SIHTHY AC Rremme) f3=]d UHTOT (Electrical quantities) HISTUATETAT 9TOR SITdTd, TUMS!

FI, Fe, UfaR, UfaR haex , Tid=u), ufaR RIem=T (Protection) TREOTTST TRefh R ggHe

TR IHR STl TR ST, SR HE CRAthIH Heryd B TUrs AC RieH wleest $1f] bie XU

I3 U,

UiaR Red &lecs 3101 dic ol dad QU SRd TR, 31=M 3= add glecs! AU dHee AUt

TISHTT I (measuring instruments) fESTET R0 U HAT0T 30T HEFT3HTR. AHNIG: HIS0am™

IE (measuring instruments) 5A 31107 110 v ATST &S el ST, SREHE FABIFR AR AT

faga uRaTura JieHTg a8 AT WU T bg (measuring instruments) RTeRT diel SIS, Q.

Wﬁ?{mm (Advantages of Instrument Transformers)

1. AC TR RieHal 3o @i T Fie, AT TIABIHR A T T AISTuare JreH  araeH

T ST, v WU 5 A, 110 - 120 V.

2. TCHT TR AU, HISHIY WTeH JHTO dhelt ST, YdhdTd. SaTes HISTHTT AredT fhd

aﬁﬁ’r?ﬁ?r

3. ICHC TUBGIHY 3o Flecord UIaR Wide 3T @8 T HAIoHY Iudvul e oz
BT, TS AT SATIOT TREOIMTAD Hfehe (protective circuits) HISTUITITST ARTORT fagd

ST SATTLIDH AT HHI Bl 3T SffTeTedn TR MY g ¢a.

4. THTE TTABIHRGR UlaR ReHR 3 AISHT JTeH Sied! Siig, YT,

« SgHE GFABIHEE THR (Types of Instrument Transformers)

s?&ﬂ?muﬂﬁ#a‘ﬂumaﬁa

1. Fe TBIR (@) (C.T)

2. tﬁ%@[&?ﬁﬂfﬂw @) (P.T)

1. ®YE EAWINR ( Current Transformer) (C.T.)

T TFIBIHRET TR Uik R Hiedl KU SIS HRUGNI! dal SIidl, Suldhe o a8 el

3ffer (Ammeter) (WU 5A ammeter) R HISTA ST, Xhd. HC FIHIARGT Uh AT HHaRH

3Tt 5.4 AEd SR 3T
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7{_

3 - phase A.C.
Supply power conduclor ~+—— current ----*= B
bl 413
_l_ W
Ground Connection LY o [ Switch closed before
(for Safety) e To—4 disconnecting Ammeter
AN

0-5 A Ammeter
Figure. 5.4 Current Transfomer

H.&. = Ut 1 U S e 3. Fefiwm et R TRt S aruRe ST, UTSERY arefe tia)
Hfiheug RIS 7e Sisad 3d BUH, aral RIS SrRaHhiER ¢dld odld. daest Ae Higdl
TSI aTEfST 3 d. Yebe) arsfeT de Sirfierar Sisad 3rad. frftean /RS (resistance) AT
AH S R I Eleeol CTBTIRITS e T efifqa 31 (ground) FAT ST T TS SYATH
oo Tar Fretar HHI gld TN I GlecoTIRI SHUREd WREUT ¢EId Bld. el R 3 @lecdl
TTBTATS 3Tl 5.4 A GRIGa VAT 3fteR fevamae Hruargdl, Yl fag 's' gR Jdasd
¢ Afdhe dal oirdl.

5.2.2 UiefRrere e-aw iR (bt &) Potential Transformer (P.T.)

GieRISd SR IHRET TR UlaR RIeH= Glecoldl 1Y S13+ HRUTHTS! 6l SITdl, Suide dgH
T FleeHieR WU 110 — 120V FlecHIgR HIGOl JFT 3T, TIRISIA TIhIHRY B
3Tt 5.5 GRfaa T8,

3 -Phase )
A.C. System ’

fuse

PT
0-110V
Voltmeter

Figure.5.5 Potential transformer

0. 3 UReRian Sifid o= Sdrd. MISHRT arefST JAMHFId: A8 30T 37 GRe Sead S,
TBUd, BT AT FHiaR (parallel) TFIHIHR ST TUMI. UL.E. Ades] argfeil GlecHIeRI
FHaC B 3P, FlecHeId A6 IR SR, TUH UL.E. o Ydhes! acseias U+ Hfdhe
fUia S B4, P.T = Ahe<a T fifa, 31 oreit Sid e 3ifore’ean QRifdad! W 8.
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o 3t anfor dt. & adhd B3, (Difference between C.T. and P.T)

1. 7=y 3mfor e THRT (33%3RR)

PIE TABIHR TiefRISId eawBIHR
(CurrentTransformer) (C.T.) Potential Transformer (P.T.)
o ? UTaR Tfhedg GHIR (parallel) ShSaa
? TR idhegs REIS 74 Shead 3ryd Y
TSR} e B UIaR Withe Hicar SaaqH TSR} FC BT ahex! §a-(burden)fadiad
3 d 3.
;}:;%W TS VOIS Yh e U efiad RIS S et o o
el e S e B e At @mﬁﬁﬂmw@mqﬁﬁﬁﬁﬂaéﬁnw

5.3 JMSHIARM CFOWBIHY: ®=eed, dfkred smfor frd== (Isolation transformer:

Construction, features and applications)

5.3.1 AR eFIWIHR (Isolation Transformer)
TFIHIR § Ueh FRR fas[d 3=¢Hc (static electrical instrument) 31 S Thieh~T TH 3d THI Gleedl

IS UL dTes bl ST, G dTSfSTT dasbiaesean (magnetically) Sigeie SRIdTd, Safdgdal feid

THHBHIUNH fqHad He theeTaRA drTd.

TSR SFIBIHY 1: 1 21 T IRINE dIR 6l SdId. 3 SrAhIHY $hde JHH Y ST
33CYC FlecoIol IR dHd Said 30T d $acs SMEHCRENS! aiRd STdld. SRR
TGN @lecs WIsdy, cif~ysic RafT onfir Algy diea ao[@ cii=Ac gIoamagd iy

HRAd. HTCICTIBIHY avIesdl ¥d CahIHY SEHICRM YeH $HRdId.

Primary Secondary
Side ] side
Winding Winding
< b C )
d p C
d D d D)
d = »)
d P . C
c P Isolation D
d P v "
g P Transformer g X
jm p
d j : D
g
»)
g 5 q
Input Voltage with Noise Output Voltage without Noise

Figure. 5.6 Isolation Transformer
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o JATSTIARA mtﬂ'ﬂ% (Benefits of Isolation transformers)
&rrs@ama:atmﬁ@ 3RS TS 3HTed-

1. 9a (faulty)SUHRUMIRIT aToR&G A D (Users) RET.

2. YRI&(safe), [AYTTE (reliable )3MTOT 3@ (accurate) HISTHTT UL,

3. USE U TS UINTSI,

4. GiaR e Ha1 H18] U ScR fdhaT IdRd RITHURA S8 icic HR.

o STSHIAYM SABIHIY UART (Applications of isolation transformer)

1. U ARSSHYA TS IUDHRUN diTes S,

2. Flecol WISay HH! B,

3. B feapTufei fewTey WU &1 .

4. BT faHdTaR (distortion) HRTd(load) TRE0T .

5.4 Rivrer Bl AR TwidR: s=eer, afdrmed snfor sif@Rm=r (Single phase welding
transformer: Construction, features and applications)

5.4.1 ST eFIWIHR (Welding transformer)

JfET TTABIHRET TR I @leed, HH! BIC AC UlaRAl HH! Glees], I e TR
FRUGNTS! Bl STdl. TFIBIHRGR STGd BHI Gleed, 3o HRC [aed el IR dfeeT 3adeiS
STFOT T FhUIaHed Ueh dTY (arc) FHT0T x0T Hal ST, ST SN (0T 81 Sames T
faded 3o des s9d

o AT T=AWTHRE H=E& (Construction of welding transformer)

1. 3fcET TIBIR § Th LU SIS CABIER 38,

2. gTd UTSHRY ATSfeT 3¥aid Uh dadb I (magnetic) PR 3HTg S UTdes(thin) T8,

3. Yhed! RIS HHI T T I h1-TaRMd ARG 3.

4. TTZHRY SNfOT Vet Aia a1 YR ATSfSTe afce T SrathiHR o WU SIS ¢ IHR TgUrdd.
5. YheX! AT SATICYCHYT HHI Flees U I I W@l § AC ST TFIBIERT HCEH
3Te.

6. DC AftET TFIBIFRAY THTd JHH UHRY aefe 3¢ Had DC 3H¥eyce N quars! i
RfFBIR Aebsdt I Siell. DC AfeET B IHRE Dhigeh el St 5.7 Hell exifdat

3R 3T AC AT TR Sl 5.8 el I o

/_C-:Jm

Electrode
arc

\_ Pieces o

be welded

d.C.
supply

Welding transformer

Figure 5.7 DC welding transformer
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Qi ,r-”‘"-'-"["“'*"" }
il SNz Bridge Reelilier

T

High AL
Yoltge

Al

—s

i Soochang

P e

7

e

Figure 5.8 AC Welalfng transformer

o AfET AW IHRA ST (working):

1. 8 U XU SIS TRIBIAR I Ahes! I HH Bleeol 3HTQ O STaedUN 15 to 45 BIee 38
30T I e Ged HTed St ST ary 200 to 600 A 3T,

2. bl I wleds AT (control) HRUIRITS! Yhs<) Je5UNaR Ul SR ATgR AfcETTa!
S Yhas! de e Tad.

3. g CIUT 3@ 3 e [RaduRit Siedd 3ied.

4. SIgT I HC dTed deg] HIcdT THIUNG 2R T dradTd S1for Irdr fAafor 8.

5. 7 3 WY Saideled! ¢y fadesd Sffor afed r=ar qaeaineiid $faR 4R,

ST er=awiH faRiv afkrsed (Special features of welding transformer)

1. B U® WU S SFIBIAR T8 o afcd™ Ufhd= (process) ARTUIIIAR FId (source) @leesl &HT
H.

2. TTIRARI ArRfET o SR SNIf0T Yehast argfeid e HHt TR,

3. Y3 e AU T T8,

4. Ah el Fleeol AT BRGNS Vbl AL 3 U HTRd.

5. Qe TR IR AT SR WU S8 SFABIHY T Ja-d BRI HIST 3RIdl RO argfaT
T ot 3T

HTE AET:

UISHRI @lees - 230 V, 415 V

Jah el glecdl - 40 d 60 V

Y] BT - 200 To 600 A

55 U CFOWINR: ®=eeH, dfRred anfor fRrd== (Pulse transformer:
Construction, features and applications)

5.5.1 U&d e-OWIHY (Pulse Transformer)

TR SIBIHR 81 U AN UHRET SRIBIER 31T Sl hHId BHT faghdiae (distortion) 3afacdd ued
TIR HRUGTS! TSR bl Sl

TR CFIBhIHR I B YHIdSdex [S@Tsade! RiTd diR ®0l did Saidchd HTSHIaRH gl §
3{T3. TRISSA-MHRTE TR TFIBIAR 3Tdhdil.5.9 HH R 318 ST UISHRT 3107 Yoh <! TR
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Figure. 5.9 Pulse Transformer

P FE Yhd. RifdeH-AaRa Yacwrrar dd Rud TrawHR=n 1:1 UIRRGR fddr 96,
dl. SCR AT Tad R 3-aEfST MUTRT ThIHRGR UM SR RIS foex d HaRH §
fFCHRREA BIfeeT Hedl Ufdsidid(oppose)®Ul 3Tg . TY, SRS ‘D’ AT ATWR 71 PR Idg 14 UM
BT STl 30T 1:1:1 TS TFAHIHR SCR T Hdld U HHI0T HRUGTITS! aTURaT SiTS, [ehdl. 3-aTg i
TR TFABIHR 3 5.9 T GRITIdT o8, a1 iRl a1 3o HRA&H Bl dd. Hafefi
o USH CT-HWIHTE! af¥rsed ( Features of pulse Transformer)

T I IHRA SR AfReed 3R,

U I HY BRI A8 3MTed.

TR SFIBhHHE 3o SR Glees TR,

U@ SFIBIHY S hieh-4t av HId HRdId.

I AP S THTUI 3olt TR e Rl

TR I IHR SGARH AT fa=07 Ue .

RGeS T TS TERURIT TREUT HRUGITS! TR SRIHIAR 3o S~ T Hal.
forhot S ae~ HH! HRUTNITS! URT ST IHRAED 8¢ dIR(closed core) 3.

. U SrbIHaHe I THfaferet ST 3= tefeds SfRIET (high permeability and high magnetic
flux density) PR 3.

W@R‘I‘lﬂﬁﬁ[ SfRIP== (Applications of Pulse Transformer)

S e oo o

a. U ORI gfdhe

b. WA fRafi sifweras

c. TSR

d. ST 8IdIaul Widhed (Data handling circuits)
e. TSR RiEew

f. fefored saae e

g. HUYUT (Communication)

h. HUTS Y TYF (13RS Fldhed.

T (Exercise)

1. TRTQ 3M1On 3t Tt SfIe IR Thaue P THSIgT I,
2. AR THaE MUARMA SABIHR TP FH.

3. &, T b FfiEl siiua Tfdhe &1 813 70 § WP B
4. HCICTABIRT BI0E! IR BRI fergT.

5. ARYd Wh e Ued ¢ahIHR FHGIg Ji .

6. 3HTcl TFAWIER TOT G ATSfET SrABIERHTd TR .
7. AT I IERT qURI (specification) .
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8. TS ¢ IERd 3Wfoh g fergT.

9. §RgHE BT Brge, frer.

10. .21, 3o 4t <t Aefier Wb fergT.

e uteayTa® (Reference Books)

1. Electrical Technology Vol-Il (AC and DC machines) by Theraja B. L. S.Chand and Co.Ltd.,
New Delhi ISBN13: 978-8121924375

2. Principles of Electrical Machines by Mehta, V. K. and Mehta, Rohit S.Chand and Co.Ltd., New
Delhi ISBN13: 978-8121921916

3. Electrical Machines by Bhattacharya,S. K McGraw Hill Education, New Delhi ISBN-13:978-
0070669215

gt Hhawiss (Information Websites):

1. https://www.electricaltechnology.org/
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