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(Working principles and construction of
Transformer)
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A8&GT (Definition of Transformer):

ST IV JB(6 RTRCEEONGP (U,
PRI (1 (ALY (OIEE SN 1 AT
(ARCQINIINANOD 2O A (IO
NG IF IO (O AT JONITO ZNST P




by EWWTIW AERT (Definition of Transformer):

STEINCI SRS TG BT AMH | G AHF06 PCICE ANG

N2 (RO T A SN FLIACE (FAICG ST CW@?ITESIIEﬁ?

ACeTd NS (F PCACET 4w

H—‘E—E\ u—.a\

G STAAIR (RS =T, OIS ATRNF
O PIFAG M G S SIS AP I
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 BISTRINIII FANNEF T (Explain the working

inciple of transformer):

PN P2 WSNAOP FICH RN {6 SBE I ST ORI TSN WA
%‘Eirl 5.d-5 A (MY MR (T 70 2OIfF© FACF BOrTI N (PO ST B0
 SfOR TIMCNBG (FIAF Y FFRI O SIS TR | FLIT BT (- AR o
SN FNOR T 2GR0 R 20T A | FIT 12169 N0 A A S

5 LA AN BT (Primari coil) I3 (@G ALY TS PITAP IS

1 (Secondary coil) <1 |

Laminated Core rr,._ e %
f
41 ' r
W P Y Primary
, a 1 . 3 j ] T |:: / )
; 1 = -
oltage 1 1 d | Load _l'__'l w]
_ “ 4 1 R 4710 AC supply V. AN secondary T~
urce ;"E*—i 5 CL__T__._ PR ] T \\C——-—
Primary -~ e - |F { L Tk N, P
Winding Secondary 0 t\_ - i
Winding -

f5q wg-S



/
| :E|‘§lasa N[ ?IST?ITSI II|EIZI I (Explain the working principle of

1sformer):

A 709 (TCRIAT A0 PCICE ATTIONNS (OIE60 AT FAT SO
OF PACE AfTITONA TR IACIL (S B TN (P NI M
50 RN Ao FUICE AT T OIF FON B | T(e OF FIA
TGS BRGNS TSP NS ST (SI-00 WRE 21 9
% (OICOGI2 QIATPINIR (OIF00 3 @ (SITe00 B8 ARV AP AH
FANT W I | TP OIF PCICE (@G JATIS [ JON

N FACET OO FIAT ARG | JONR JIHOF MG 4F IO
TR JONITO ADCRNINAOD IO BATTY NS FT (|
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EWW Wﬁ ”Ié |a QTTQIT (Explain the working principle

ansformer):

Tl A1, BTN IV JB16 G012, 1 RIS =16 ATl [ oy B A
PCICETL NLT (PIAEH (POP ST BO12 (IPFOF AN JF IO 2O WIP
BB BT AF |

O B ST GO SR pHTNH I ST ACH |

BLEMIISNNOP 2GRN NOr® G FA|

STHTRNS JF(0 NN WA (P R GIRIT OIS TS A |

[ BUICAT kVA ASTF T ST ACF |

TR C\*ﬁl("b\‘a‘( G2 PICACHF AR AR AT ST ] SR TN fNod B!
OF IO 76 (P WA TR 20w HON AH|

OO0 ARG PLACEF G ST @f*f 8 PII0 IV P Ol 5P~ 2|
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CREERIGRPICE 3o (Describe the construction of a transformer):

-

Conservator

Bushing

Current Transformer

Pr ure Relief Device
J Cooler
v
_— =3 %
4‘-_'5 L_Gn-uling Fan

| ¥

P
Tank .x

ﬂ:grxﬁadiahr

Qil Pump

Oil Level Gauge
Connecting Valve
Buchholz Relay

Dehydrating
Breather

Dial Thermometer ﬁ'l

|
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G50 QTN (T SThe] WL STNFCY 519w ©f f[Am e

5@%—(@@@ SMEfS2 ( High voltage winding)
2| (ET-(OI00 SMERMSS (Low voltage winding)
0 | (I (1w 2(SGR6A (Oil level indicator)
8| PAGIACWES (Conservator)

¢ | fMIF (Breather)

W | (FRGIAGS (Radiator)

q| ﬂgl?ﬁ PRI (Cooling fan)

b | GISTRINIE I (Transformer oil)

> | I 2ATI6 (Earth point)

Yo | JHANETHN (O°0 (Expulsion vent)

% | (G™TIABIF (91 (Temperature gauge)

Y2 | I [T (Buchholz relay)

V9| J (Thermometer)

8| PICG (Carriage)

Y | (] RfeT wITe (Pressure relief valve)
Y | T AT (Oil pump)

Yq | RR-(OIF6G If*1e (High voltage bushing)
St | (TT-R12-(OITe0 G I*12 (Low voltage bushing)
Yo | BIIE (Tank)




ﬁrﬁm LN AL ST

N FFEY INNT (RS AT
P (Tank): QMDA 8 QIAPINE (P

BIILTRY WY QAT ATF | 2=ATTS B
sheet) S CREIGEE aﬁt—lﬁﬁmm

Gy NP STTHACR G AT ©IF BN
AT =PI T Wﬁ?ﬁmwm

J O[] ACDT ¥ & -

Corrugated wall tanks

f5q wg-v:
QISTHANES OIS
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(9T (Oil): BTN

N LT LTHNF AHY

INT (RS (AT

< <15<121\‘) (\O¢

ALeT® [RATC]

R[] Pl | { (o~

e g8 TR (

43¢ SR {*9\ IO P G

< ?IT‘T_\‘J(KP N[y
Pyranol and Silicon):




BI&S EWWW NN AT TR HL RS
NN (RSN =TS

Core): s (¥ TTOF @ ToF P AT, & (FACE
| THAICST (P19 JIRAER T AIBNACS et Wb w18
STl AN AL 0O A (FIF JIRAEE T (I 7

0SS) A2Hb® 23, AW JWy e F1ws «p1 (Eddy current
RCGTHPT P18 PO AT | THTOF (FIAT SSNFCA IR
1 (Laminating) afS itz oh1 S0 ) o (et [{fos
IR 2R H0 A3ws/os PR e 0.22 mm, 0.23
27 mm , 0.3 mm, 0.35 mm *¥8 @32 25 NI/ CFe
1o 0.5 mm 32 I 2| WIAHDS (@19 A TF© AT

(Cold Rolled Grain Oriented) Hiffe= 5 I<9z® 231 ! RN
3 SIRTE (1R @32 T (@relfRf#E Pifeee Foe 92 I II2T Lormimation

(™ #1978 FNIET T T Bimisation
5q 72-¢: FETFANET @I



e (Winding): G-I S5 S910eT & @

1 42T 391 2, I 8NIfBL I | GITTINET 82fBe-9
I STl S AFTS A @ IR AKIENS JA

T FAIK oI fucx coft w1 =271 fafue ipfon Tz cofy
TR 9D (PIE T A | @ FCACET A5 ALY @2
3 T3S fod | FCEAET A6 F2AT 92 T A IIfeFo
TG 92 PICACE AN ot o g Fe|




AT T aNItdd LN AN ST
GRD| (Insuﬁ@WW%ﬂa ST TN BSjLer

{ (RS AT | O QROT HFITA (Of7d TN FQ ATENA (M T | 07 I
1N B8 216 2 o =Tk 2 (FTAIR G328 (OIS IR FAT =3
c<|» HCIA TS YLD PATA G (FIAT BAT B@NBCA V(A0 (N

2| AZT18 IG IT ESTHINIEA (FF A3 FOAATD 2AYCAIDS (O
?NW%\ SIEREIER (IR OAT LI OIS AT I
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AT BT aNItad 4~ L ST

M 3e Y IV (RS TTATS
B [AC X (Cons\erva OT): QISTFIICIF (O A 30T TS I A G I

NS SN AR | TS I (AT (991 BiIL < 20O AR @ILKCH SPACS BiF | ©fF

59 M #1290 TIFT AT IR G SART M @ B wighod &6 O
12, OF FAGIFCSEL 0| (ST SO J& (A (0T ARAT AL M I
ST R I IOT U (ST SO A (A PASIACO0F 0O (O B e

‘ Cankiriating Tank

Braathar

5q 92-9: FAGIACELS



Rty Emmmz NN LT LT
7{\151‘5;{ N (RS TCAT:

q| fawis (Brether) TRION 3 AATFCNT e qMRF (AP
WEWWW\WWW&?\WWW|
BITRA food Mo AT HAT TN GArFIs (IS
TN ®F FT V| GISAPINCIT (T T NI o1
fOOT STT 92 20K BT TR A3 STIC ST SAr Ty
& B YF B, F NN (FHIRK I | (STET TS Z1-

I g ST IO S-S G\ <1=-4\fm<1c\-wc<1<1 Ch [(GER G2
B0 AT IS OIF NI {FWIK AT = | {FWICR W0

SITPITGET WP I BT ASTAND T5 AP, T (AR WY
AT O] SR STV _ g AT ST (V| G
JRRCE GITRINNLS % T




AT BISTHaNad 4N AN ST

mf’rs% A (RS AT
&« (Silica Gel): CEARAISER ISR IR LR ERCKE|

AR GFLFIR IS 671 @ eI @y FANCE 23T
ST XF I, TCA GISTFINCE G oo (o AR AAfa fiexice
TS (O v (Slag) @ 1 @2 WM (91 >0 Fl
foret (@reT A AT T AYSTPT Y I QIR S O @9l
{ 9 Pl (@ (e =




ﬁﬁm NN AL ST

SHT TS
X (Bushing): \‘3 R-9d NM@MI{I:ZT 4q

WEWWWE}T (4 ARCEE A =TT 92
QT WS TSN BINIGS (O | IFRBTATS
%0 MUY BILTRT OIFNE BT A1 | 92
T TN SIS A2 G2 FITRANE SRS
WW\TNI Lthd 7{\‘<I'ST \‘DJI<PI<1 HENRNRIR)

S (SIS °TI°<1’I1K°1<1 Ch A CREEI G R R
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AT BISTHaNad 4N AN ST
SR INNT (RS TCATS

55 A2 (Vent pipe): Gt S e o
AICF | SR O FINE G SN 0O A @ A0S
5 U 39 91 AT | @I FIEH FIHTANEA oo
4 AN 519 38 R0 @ FIS (O < ({9 2 T
ST [}y 23

foq -5 ((O0



AT BISTHaNad 4N AN ST

M FFY INNT (RS AT
> | =g 51N (Earth terminal): GeawiEs I oid 909 &

wit g GIfSIe Qe | GIfsAIce i siieds s Seagee! A e
23| QoI IS g 7 A< fNtsret KR w61 11




AT BITTFaNad A4 J4N ST
f7eT (Buchholz relg;:g LY R\ E@%m

| IS (e GRTFRE BIied @ FASIRCSs (I AL SATZCHAF Ty AT

| ST AP FIRTFINICE BAH MCF (S5 212 AMF | @ AR 2 16 acw <=

| SrofIfR<e 5191 8 30T & F16 (PG ST (I ¢ T

@52 fFEFERES= Gt 3peEi froe, T with fFow, (RITG LAl FMHE
m 329 91 291 500 kVA @3 Stk @52 [R¥E GRea=itd AT &y J2eTe

FIET A, CHIEARTT AGFHE, NG 2AT3H ST AGFMercury Test
Switch Cock
o511 e I AT
o To
O Alarm
Conservator Cirstit
Buchholz Relay
Transformer o To  «— +—1 & From
Tank “ k Conservator Transformer tank
_I
ST
—
_ —0 To Trip
/ g Circuit
'@' - Drain
3 Plug

Buchholz Relay



| GISTSINICER 1O & 572 [&i=o9iq (The materials used for

ansformer construction)

STFINI (SfF 0O F-7T48 f&feisitas e of Fagas

Y drod M6 15 (0.22 mm — 0.35 mm 5% 932 4% Hiferew ifFe)
TGS (1938
) e &% @19 (Cold rolled core): CRGO (Cold Rolled Grain Oriented)
(%) =6 &= 19 (Hot rolled core): fiferes MG
IPCETEINS () T (Q) TE6TG

SPYEIDE Mids EMIRSTIG (AM1F, I07, 7, TS, (i3, F13317, @fem, J331, Sperce, PR, Iif), (o=
I

SPYCEBL PHATR SR T AT AN SFF @2 FATF PG

e~ Bea)

e

935.10 @ @716 GifsHieT refee |

(F) U3 T @ (-3 A2 |

(¥) Biet (oIS

(o)) PGSO

QRELE]

(&) GISTFINF OIS |

(&) 33T fieet

(® 3R T

(%) GITIR B

() YT I G (-3 ST




SEINIES giseen (The types of transtformer):

J, P, APPSO, IFGIFIT 438
REH BN fof e FE GV [foy /AR
T | G (HAF157 NTR M A1 =CAT-

hMagnetic

'W&"‘IT%W(According to the Care \ >

ration): _

1.0 S BISTRaNE (Step up transformer) 7 N/ | T.-§ T c
2.CH1 OIGA BRI (Step down oo dinangs 3)[S weangr |
isformer) Vaitage | i B, FARING

C

Step-up Transformer




(}) @I 194 9P (According to the construction of core):
S| (1K 5127 Geresie (Core type transformer)
31 1 512 Greswie (Shell type transformer)
o | A3 (F1K 5137 Gvteawie (Spiral core type transformer)

sy Secomtary
adirgE Winding Primary & Secondary
T iImEIinE

Corea Typer
Transformar

Spiral Core Type Transforme



TIRAT U JTHAT NNYATC] (According to the use or
cation):
RIRYIE m (Power transformer)

| f@mm (Distribution transformer)
| SCOT-GISTeANId (Auto-transformer)

e

PR

Distribution Transformer Auto Transformer

Power transformer



4| Eﬂﬁiﬂlﬁ EWWT?I Instrument transformer);
4f6 ST 72 2B 2, T2-

(P) PO EWWT?I (Current transformer)
(q) WWBWW (Potential transformer)

Toroidal core

Secondary winding

Current Transformer

Potential transformer



W‘T Nafo O YA (According to the cooling method):

| FTOI<{P N VIR Flets E‘I"ﬂw (Normal or natural cooling transfol
| O BIY&S o RIKT Bfels GISTHINIT (Forced air cool or Air blast type
former)

| (O BN@@ (AP ?ﬁ%hm (Oil-filled self cooled transforme
| (OCeT fNIGere AW I Fiets QST (Oil-filled water cooled
former)

| (ote NNGEre BILS Iror BT Fieis FISTRINS (Oil-filled forced air
2d transformer)

| (Ot VNICer® BT ST (O QT PieTs GISTPINA (Filled forced oil

2d transformer) |




RTAN &"ﬁﬁ? [CRL | |\9|@ HTH (According to the set up):

| 2O BIRH GISTwINId (Indoor type transformer)

Indoor type
transformer



RTAN &"‘IT%I? %ﬁ%@m (According to the set up):
NOLLOIS BIRY WW‘I?I’ (Outdoor type transformer)

Indoor type
transformer



RTAN &"‘IT%I? %“’1?1%'%3?@' (According to the set up) :
821G RV V]GO EW[W (Pole mounted transformer)

Pole mounted transformer



RTAN &"‘ﬁﬁ? %ﬂ?%l%m (According to the set up):
WISEANGG GSTHINIE (Underground transformer)

“YEEP 00T

Underground transformer



PP WT@T (According to frequency):
& {3 G aNIE (Audio frequency transformer)
(IS farRraf™1 BISTFINIF (Radio frequency transformer

Audio frequency Transformer Radio frequency transformer



TG LT BT folfs B4 (According to the number of phase):
Uo7 (PO (Single phase)
AfeT (PG (Polly phase)




Y| (IR 51291, (= 5129 @2 133 (11 5129 Gisreswid (Describe
he core type, shell type and spiral core type
ransformer):

5129 Gt 104 (Piesis (ver) (Construction of a core type transformer):

GIRTPIAICES (P19 9[0T SO SRrereTs “ae” (L) wipfos aifsiece (Laminated) Tiices 16 @=t (of1 1 9o SR
fAte B #fHRES F@ AT | (FIERT T (FIeTAg G0 AAbE AfFE (ofF 71 @37 (@I 13 R I=0e 213 8

P SN13fBL F | FEE (I Jervigeid (Cylindrical type) w7t siee3pei (Sandwich type) =i 2

1o BI3Co (FI-(OI0E SR (I [T 13- q FR (+I- Magnetic Flux

Laminated Core

Load (Output)

'
AC Voltage Source
(Input)

| W B W ol )

S

Bustt Jaat .__/' Primary Winding \
Magnetic Core

Core Type

- Secondary Winding

Electrical Transformer DipsLab.com



TS CHOT Mﬁﬁﬁﬂm TS (Construction of a single phase shell type

sformer):

(RS GATRINIES (BILIF TINS WTOIBIF X, TS S0 12 AMH | 7 e I8 Aife
3¢ (FITNG VLTI IR0 Ooy SA2Se FAT T | TN (AP (Ve BIRA I T, FIAY

SIEG SRS WG F ATNINTS FH ALF | VLRS! A T 2 77 () 67

9 A0S O AN FICHF (FITHAT TN | TS ¢ WHNG P T ST 72 OIS Ol I

] FACS AT, TGN N1 AT CFae 67 WMTHA I CFaFER (TTHAR ST A1

AT, (- (OTFE0 Q2RSS (FIF e A2 T2 (S0 SIS (- (OI=60] 8GR

I A XY OO AFF SA2fOL-IF NI AT ATH | FOPQTEAT 22O HINNINOG #6 ‘E’
TS e SR E I G A 1 G]R AISIS [FAAOPUN ([UY =17 ST 16 Gd-b

(<PId C\ﬂr 1 ST JOI (PIF COfG AN E- 9 LT qR09 W ;13|5|C'_‘l|\‘55||3|@ [
-‘ l- ﬂ Eﬂ {:Dre -_Kk Magnetic Flux Path
’ ™, R I S {
| : 1 | Inpatt 'a'nlr.:i.gn i ? i‘—Ji*— H . s Vi
: E—— % (AL Soumce] 1; _E:T‘—“':—H T ;
= e E:i.. Diput Voltage
J ;’/ Shell Type Transformer L ooe




SATRATA (FT9 GISTHINIF (Spiral core transformer):
AT (I T (I 1 QA LA I AW | POFBTE FPHEAR T (Ribbon) I AT

) JRIFAONI WAL ATIGAT BIT Gl (@0 NN T | 9 (FIE JFMCP T2-536 G
TP (T1-STT2G SRS FA1 =Y W B@ (MU X(AT| & Gy A RIS SRLTSTHR AT T
| (I NCHFS NGI© X

| \GE 1 (GNMAI60® WA a5 FN ZT|

| B ANH G PN = |

(NS TSN RERIN Y @Y ACF FRCACLT I2S CHFITA JFONG A A MICHNT 5318 =
PLN ] (RPIIF (onrol I TS, IV (FIF FIH A7 ST AL (A=A (Grain) A AP A | (A2
J¥I (Direction of grain) Ie10® 6 %6 (T MIE ({170 F1 AACR. (12 AWy JAT|

o /_\ O
Primary Secondary
o —o0




Q| (P BIRA ] (%] BIRS GISTeINIGd 0elw] (Compare the core type and

hell type transformer):

FIF BIR (I (VT BIRH BISTHINICD AT N Qe

mafa‘ri‘vf

_gﬂm?mw (PN 51?5% mﬂwiﬁawmﬁﬁ?

Ef\“TCaS G

old Y|

| N TG |
| (NATT® JR(G F<1 |
| APICE (RO =
| a’r—c—aﬁ;[rﬁ

8 WF QO (POl

NI A0S AfS

Pl et [1C<P\Yy ¢
00 AT 8 TS SIS S S0 |

%@ﬁ@*ﬂ
A8 AT QTN ((8-CP G

) SISEOEXY

o 8 g

I3

T BIR

SR NRICIIED SRS T FEAE
S RIDIRS R P AT

5%1@ mﬂél%@a;%g%m@—m—m
0| TN G |

8| (NN ARAG P I AT
¢ | NIPICT U W |

W | LT R0 AR & RRIECR
[T ZPM [(TCPG PICHA VN(.'ND P X

qlmﬁ@mm(ﬁmﬁmw

GER |<1:g |<1ng (P IS ANSVF QIS
BIFEINEY)




Q| (P BIRH ¢ (e BIRH QISP NI QeI (Compare the core type and

hell type transformer):

P BI2A G33 (51T B2 GISTFINIR AT A1 GeAI

(I BIZHA T BIR

FCo T FON PN

| SFRIGLTYR(P HARAGR R0 A< b | SNROTYR(F |
(GBI GETRIRIR]

| PIIASTA HETGFI 972 [CH TR BIR™ (Y AMCF |

| PCIRTE TSI A9 STITGB2E

=

AP

Yo | TS (PTG T (I A1 fOG ¥

o | fST57e (UG G (14 I8 16 432 f8-CFroE G
<P 43¢ f8-CPTSE O 129 14T foNG |

A2 YT ATGI6|

Y | (FIF TR =06 (@155 (FIF (Hot rolled core) IIZ® XY |
ore) 140 |

I (FE AR (IS (@15 (FI19 (Cold roll



NIRRT

| G ANICER e fog =i 3904 <11

| 96 FIRTFANICI TS FIPAMET ST 1 TS A dF
| o= (1 5129 GISTFINIES Foageifer 341 241

| ToaTR (*Ie1 5129 Gt Ao=gefifer o1 F41

| (T 5129 @2 (¥fe7 51271 QTS T 2wy BT 12




IR 4N




. AT Aol

- [T T CITNA-9 (WA wY)
.« LY A (R RPI)
> EIRCISHE]

Wiﬂﬂﬂ$ﬂﬁhﬂq BTRICNI (%78

43¢ RIS AT G (E.M.F Equation,
Transformation Ratio &Different losses of Transformer




& YIS ATS T PRI Qe ATKE:

Y. GITRIAIRT 2,99, OF TNBACET SIS |
2. BISTFaNIEA 2 9G¥, OF STNRI [T |

9. GISTRANIET (OITE00 (A8, FICI0 (™8 73 TIAHICN*+
SIRRICREEERI
8. BISTANIA fIfOR AT ST=HTH 41|

& . TGP o0y, OfS IS o, (19 77 QI PR AT [T P

V. BSTHINET 2,99, O STNBFINT ST TN FACO
AT




2.5 | BISTHANIES R ON, I STRBPACNT LA (Define
.M.F equation)

TSTHINEL AN A (SITE08T ATAMH B8 AN FNOHAE FIH TUN S0
I2fH3 -9 AT 20T FIA F{Or® 2AGGTG 2,9%,IF 49 T FI 433
AT YN ST G AP F1 T OUN O 20N I TRNFIY I |

TS 2 N IF TN = E=4.44 dm f N Volt

f=frequency IU‘ E*I ;

N=Number of Turns

in
14TCN, ®m =Flux in Weber - E

al
—




'2'2 | i,iﬂﬂ,kﬂzp 3’1 i\lqbqof ﬁ'(‘fﬂ' (Derive E.IM.F

QAN Vilﬁ%%gnc)mc%@ Vp (F 12N 8w 1

(AR | ORI IS ARYTACIA (Sinusoidally) Syt

AITON (I 1T AIZT WG (Induced) (OTFOG Ep 3¢ Es ST
AN I AfTION TTIFCACEA WIS (SIE00 FIANGL T4
ST ]S HRE (OIEOIGE WO (ANGF TN Sy 2|

Primar y Secondary

Transformer EMF Eguation

rrrrrrr

econ
vvvvvvv




rimary
inding

'VP turns

rimary
urrent

.21 2 GN. A ARSI NI (Derive EMF

equation)

Secondary

winding
Ng turns

Secondary

15 current
e —

|

Secondary
voltage

Vs

TIH/SEN 3TN

Transformer EMF Equation

Cycie -




2.2 2. qN,JF TNHI 8T (Derive EM.F equation)

N p _ zﬂl’s—nﬁ FEET E‘W‘WW Transformer EMF Equation
- D D . N\

e

NS= IR AT B ST4

OMm = @FEI 7w AT ARRS AW FIH m
=BmxA b

f=TErpraf \/

fea -2

fod- 2 0O (W1 IIF (T OI2Y fHETICOT 519 I OF Ol TN (W18 (1 / 4f
(TLHCO) FIH T N X 20O AT N Om (R |

WO, ARTISAI 916 7d= dm /(1 7 4f)
= 4f Om STIEE/CIPS (O




A4 S BN I3 ARFTIOT G Af® B 2,99, IF NGOG Z({|
NG 3N, JF/6I = 4f dm (OT6

I FIF SIRPITOI AfTTON TF, O NG 2, GN, JF-(F FIN TS FIAT Q8 FIE
RMS T TSI 17|

SN SN, FIN TIFI=RMS WTN/5TG W« =1.11

WO.4<, 24 BN 2NOEHG 29N, I 9 RMS W = 1.11x4f dm
= 4.44f Om (oG
O, Y I 8oy 3,49,9%, E= 4.44fN Odm o6

I SN FCAC ASTHE 3,9x,qF Ep @32 517 1224 Np 230 O 212 fy
FEE 2AGOAEG (SIFHS (I

Ep=4.44fNp ®m 1G-------- (1)

SRIF M Gl FEEH 2A0EHS 3,U%,9%F ES ¥32 6 724 Ns 3 o)

O FERCER I CEIT (SIHS
Es=4.44fNs dm (SI56----------- (2



2.9 (SIEHY (8, FIIO (=18,

}EWW C?*TG (VoltageRatio,Current Ratio and
AR HRERNDRAIR)

GISTFINIER AN ¢ eielif|

I8 (SIETH (SR SATS(F (OIoe (Af*e I
CIEEIRCIT

Ar3ife wke cerve Ep= 4.44fNp Odm ©r6-------- (1)

Fieslts wifke eios Es= 4.44fNs dm (&r6----------- (2)
(Dn2)
Ep/Es = (4.44fNp ®m) /(4.44fNs dm)
=Np/NS ------mneme- (3)
E N

E=—t=g AU a=BrsTpara = (318



i’ @e (Current Ratio)

GISTFINES TO QR(TL-d FIHCHT FAATS I
@I 16 @ (SITHT @HST THIYATS oM T
ACF | AT FIET @S 0|
ST Sl GRTFINICER 2996 ATSH G2 SEoHG AT«

EPIRTRCRIN Ep[p =F I,

3 ]s — EP = a
I, E
NI =N,

. ]s Np
S.—=—=—"=q
I, N,



BIF af*re ZTW caf*re (Turns ratio or Transformation ratio):
GISTHANIAD Dol MIHT 2ANOOAG (SIF00; g8 FICI0 8 PIACAF A6
ST S AF0! AR WYHNTS (NN BT | IO BN (8 T BISTFACT*I

(A8 WY AfEfo® 14 (IRSTF “a” B[ (WMNF CFLE k B[N Jo© /1 =7

\TJRﬁ%,Ep N, )
£ —N =a QTN a=RIATACAN (FH*S

BW[WW aﬁmﬁr 8 (TP SIRI AICOoD AL NS OITRF WL AT
C\‘ﬁl("b(\‘a‘(q Q[N ATCOT AN |

' N [
a:P: P:S

S S




A0 T (G BT INIET CHLE (OIF00] 433 B (A8 ST AT 58 T (757 3
GISTFINICE LT o o g ea|

BIF-(TABT ALTINCA &el)-
Ve _ W
NP B \/gNs
or, Vo = N,
V, 3N,
AR (T MW OFCa- J/ v
VI,
Vo, N
= 3 4
o Vs \/— N s
PIE SOI-SSTIT (FO 438 (G0 ST IS (SI=00
(OI-0G|

fFT BISTHANT 3-¢ 20rs 7w Tox ATt 92 4R LT 7 Wie BH-751% 5T @51- (@1, O GICwCa (©
B

@8-97 A9 933 PR (1-¢ 99 TS X



QIR e T sk (Solve problems on transformation ratio):

#28-51 @6 20kVA,1920/240 V, 50 Hz Heeie e G ¢35 SI%e A

GRS A R | (I -

()6 @He

(}) V2 (OI0E 8 (=Tl (SICHE AIICS FIEHCH AT

Ts @i, Ep=1920 volt, Es=240 volt

(@t @i, 5w @f*s,a = Ep/ES =Np/Ns =1920/240 = 8
()@ ©tE 13 s, Is= (25x1000)/240 = 104 Amps

2?12 (SIt0w M2Ce s, Ip = (25x1000)/1920 = 13.02 Amps



QTR @6 TR sTiK (Solve problems on transformation ratio):

oe-3 | b FETEINIE Ay euref¥e @3 57 124y 150 W32 cirsif earsfee «q biv
2247t 900 | 97 2995 2ZHIR (@I @32 FIRCEH A= M@ 300V 8 3A 2 =G5
GRSl (S0 Q2 FIECEEI W F© (9 IS

MEIRIDE

Tl R,

AT exefoe @ 5 swewyr, Vo =150
Gy @R @ Bi 12y, N, =900
B AN erebE, ¥, =300/
3995 Aty s, [, =34

CTFSIfS @Ihw, V. =2

o s, [ =7

CIEEIRIE
Vp = Np = L =a
V. N, [

§
~
Il
N < |.§Y
Il
W
e
S
X
N
Il
%
S
=)
~



2.8 GIETEET 9o s wiferet (List the losses in Transformer)

GIEANT @36 B 437 feIsH | @&y QTS (@I 9949 I ISR FE RS G967 (@31 FIFFIN 75 9709 (I
(TG 8 FoT-(71TC SN (A-77FeT ] (AR IR, O I | AL FITPAINICH Y2 {0 ] A A, IQ-

S| PRI AT 7 (Core loss or ironloss):
(@) «@fS 1% 1 (Eddy current loss)
(¥) for e e (Hysteresis loss)

G2 (PR TACTE AR GFIRTFINICEH - (PIAT (FICC @F2 ACE | I AINIICS SIS (SIebeens - Jfas T
o IAF I ¢ @ 2|

31 FAREA I 2R =151 (Copper loss or IR loss): @bt @tes 8o fyg F@|



R.¢ | FNGEPE 79, @fS G o0, (FIF T A2 FAK T TR
(Explain hysteresis loss, eddy current loss, core loss
and copper loss):

(%) forfe =py (Hysteresis loss) :

SEOIREADE FICED AN G-I o e o5 [ AR I | T PRI T 9919 A A& B A
IR AEH DS AN ATF N SARROS 271 (I pFF (Fad (NI < o490 =71 @ Wi
FIRIAY 8 RERPIPICER T (I TR Y2 IO ¥ T I IS0 FHCO AP ¢ K 9 M IneAIC® AT
G2 OIS N LI T ANSAR JFI© 21 A2 ATSA WGTO2 FRAGERPP 7] =711 ©.CB3ANT I
AT T 200 (LT I (@@, @I @6 57 2Mid G EO™ 79 8 smitds aifsfoe i w15
ARG R 1.6 OF S R AP AN ST |

wdle, fAGERPT &,

F=K,/B,”" W/m’
GqI, K, = §391400; Gt 9% (IS So @32 o 19=1 T o1 el
B, = @R A% FH (@i

f = frewm



2.¢ | FAG R 9, @fe ST o9, (@19 &1 @2 F9419 5o 1t (Explain hysteresis
loss, eddy current loss, core loss and copper 1oss):

ENMISEEGISGEEIERE
S | (P O 91 o1y R #ife 531

> A IR TIERIERE NI R Ny
v | 4fS7 TIfFCE T4 CIFRIFIT FIT0 P Ao~ FF|

£33 [AC1 | 63 b2 UG [ - Bha [

FRSTGLARTST 7157 TS (I =0T ©19Y B 1R T (I ZI 1T 1SR
51 I & TN TG HoAS (S|

RS Tafs I &5 FAHIF BT

FRTECAR™TST «15] ST G5 6 L R B ERNRICITEARIAE
(P, CTNN-NF oGy 56+ 1 e 561 92 1 27|




2.¢ | TTEERP &9, afe IS o7, (19 71 992 F9419 w179 127 (Explain hysteresis loss,
eddy current loss, core loss and copper loss):

(¥) afG FICT0O a5 (Eddy Current Loss):

TYN JH0 (IPOF TARK PCACETI N T AIRRS FIIH AR<
MH O

I3 TOZ (BT g8 Ao 3T 8 (FIF AT Fo <
CRIC]

(SIEOIGIE 1 2T ]2 4 (SIFEIGE AT (FIF JH0 FIIH &
09 CF|

9 R[OS FMIGLH2 A FIIG (Eddy current) ICT|

IS FIFH (FIET foog MY o[z 28T AN &I @EfSEos
JI49188 *(¥

g Ml = S PR



2.¢ | TG EPP o0y, @f SIS o1, (19 9 @2 I 1o eyt (Explain
hysteresis loss, eddy current loss, core loss and copper loss):

(Y) a6 FFH a9 (Eddy Current Loss): _ -

T, (CBENINOG dd (A (A1 T (T, (N JF0 (GIFP “ MY IS FII6 9 O
ASF® S FIF (GABIT e FHCAR 09T S TR TS H | WA Gfs
Ffﬂ_

P=KfB’f

ﬂW,Ke ) ] ALY ﬂ% IR0 (P Ao ,W ALY AR ﬁGl?Rf (CPIH)
. AR EADICE I &l
t = farpafsi
NN g, NOIE
AfG FICAB TS FATCAT OATT:

—

ST NN e FSOUed YR ATSl AT A6 o M 2™ A1 i3

-

(ofd FE IS I 5] FACT 17|




2.¢ | TGP &9, afe IS o7, (19 791 992 F919 w179 197 (Explain hysteresis loss,
eddy current loss, core loss and copper loss):

(*h @ (Core loss):

(1R TP 1 AT 707 2T AfS FIES 707 G2 FAGEP™ o) T2 ok e £, =0, + 1,

G (T 7T (I G &= e A SR GRS (HI-(FTC (AT T (FTTOR (AT S<F
A | IR GIRTFIAEE & (FIR 501 FCRAE FIEHR 0 TNPAfeT 21 9 P ooc g

& Frepae 19 (F10F 2ifos 27 ¥R 9T T @ISR AN TR 771 AR F1H 2AIZHRCS SR
(SICEHETE AR T (ox T LR SRS (SIeebres 251 @ Jfw 20 R FIHAAS -
SIS (S5 (FICT ARRET J1 FACT HCRA FIHAS (FICAT AATHLIS 7| T (I 7 92 AP
(e A-Ias Tofe [ 11 ST, (T 27-3(% A (TS FIES FH 8 @ 2 932 G 97
3 A @ 2

(IR & AN ToAs
Q13 Fifereay@ Areet afGe &6 79 (F19 (97 FCF 93 &1 FAIC! | FRTPAANCER ST HAFE (5% 791 @3 1



() FAR T (Copper loss):

TSR 413K @ Crsifa 8arafee u3 (@ 83T @fron= A O &=y (T &

T, SI(F PAR T JC IFATI & (FTCSH AN TAGYS | (&S IMGTH I AN Q e G
A @ & [2 R a1 fefa s 201 911 o3 SIRCHF 011 STN1go11fo|

Sl 514 &, Proo 2

w2, P oo (kVA)2

& AT TR AN *5 IS G6 (ATF SIS TN FIRTFIANEI (g GoF 8u3fwe-¢

oI 57 1 IR GIowea (S oA api= [, "R, + 1R, Bromeamices qrss KVA-a3

(GQ (TG N 1 [ 0 FATA TS (1 SATTS 1 0 Y GO FC A I 21| SHIRLAHIA, (I RPN & (@ Ge KV,
100W =oita a1 2ce1 1/2 (o1ites, 3/4 (=TT @ f@sjel (eT1TS F941K o1 30 I/,

> (;—)%100 = 25W

|
3 (%)%100 — 56 .25 W

°l (2)? %100 = 400 W



2.V 3., GF FAPHCER AN AL (Solve problems on E.M.F equation):

AT F@ifers

(VE, =V, = 4444, IN, 10" Vol P, et et crent dre T 107
. FACO XN T ST (o AFest 107w

(Q)E, =V, =4.449, [N <10 "Volt FACS I

3)¢, =B, x4

VN

(4)612 P _ P _ ]s
Ve N, 1
kVAx1000

p

), =

p

6). = kVAx1000

N



2.V 3., GF FAPHCER AN AL (Solve problems on E.M.F equation):

o -51 @36 1000 kVA, 11kV/440V, 50 c/s Gereawizg Griefs 51 en 200, IR 43R (Fawet 150
IAEFBRGEI T F98 () A FH @60 () M2 30e Siefe 2|
AN
ST AR
E, =11kV =11 x10°V = 11000 V
E_= 440 V
f=50c/s
N = 200
A =150 cm > =150 x10 *m?
@ B,=¢,x4=7
(2) N, =2
(<)
SiEsIRIn
CTFTIRCS TR (ST, E =4.44¢ [N

= 440 =4.44 x ¢ x 200 x50

44
.y 0

_ =9.9x10 Wb
(4.44 x 200 x 50)




2.V 3., GF FAPHCER AN AL (Solve problems on E.M.F equation):

ool @3B 1000 kVA, 11kV/440V, 50 c/s Fs=wimd et ooz 200, @IEd 980 mS cFaea 1
IFBIRBR AT F93 (F) T FIF @ABIG (X) AIITNE A2 I Lm|
EEIBIEH

g, 9.9x107

, = —=0.66Wb/m* ©=)
A (150x107

()
S wife,

E N

_r__ P
ES NS
11000 N,

— —
440 200
~ 11000200

= N = 5000 GBI (8e9)

P




2.V 3., GF FAPHCER AN AL (Solve problems on E.M.F equation):

7% 81 9% 60 c/s GEEawEs Argwiftee 1320 5 @ EirsiRee 46 i SR (I A F13
A AR 8 CIeolf{rs SRS @It AN & F4 )
LIS 376X10

G (ST IICR,

Fgel is‘/ f=60c/s
Wmﬂgm Np — 1320

G RNERAC R RS
N. =46
S T é =3.76 x10° Maxwel
AITHIR AR (SIEve E’" .

p

Csifs wiEfre ente £ =7

S | —444fN §, <107V
= E, =444x60x1320<3.76x10° x10°V
=E, =1322Yolt
E =444fNg x10°V
= E =4.44x60x46x3.76x10° x10°V
=E =46Q07olt



Yy AISTHANIER 2.9, STRIFACNT SIS RS2

Sexs QISTRINAST AN A (S0

AT G- AH (NOFA FIH TN OO
SIS -4 AT =T FIA TGl
NGB 2,q%,JF JF 18 B A3
AT TN STNHI ] AF FAT T
OYN ©OIP 29N, I STNHFIY I |

2 GITSINIHL (OIF09; (A8 Jero fF
JTA?

Te<3 GIRTSINIET AIe¥IfE (St 3L Gl (SIEhed
GATS(F (S0 (@8 0T




TS Frers
5199 60 Hz 2 G araifiee 1320 50 @32 eretRes 92 G-k sz
(IR TS 130 3.76 SR A 22N 8 GRS SRS (oIes e AAfe
I9?
2193 G INET AreNifE 8 EiEeifee 3@ 1200 932 120 515 s, g™
IS 13 7.2% 10° WS T, 0R CIFOIH (©ITos 362
o | GETFANIE 2.99.9% (E.M.F) <9 dfoAma st

8 | GIRTFINTCIR FPPTYCRA 01 Wis |

@ | (ETS-2 J(ad el FIRTFIACEL PATK T -J(ad AR I 12

Y | @f FIES AER TNFIE IF FE (A1 (F-2AWS AR (@I AfS FIES & (SIEH0ed 0 TAIg#11157



4% Fofef oo aTs Sro we! Irorw PN *T5F] WA
(2% www.skills.gov.bd/dte S w51

AT FTS (A1 ﬁlﬁz www.facebook.com/skills.qov.bd

weifsr I I Chapter Three “witat 2R






1P IGIGISE

s AT (IBTA-H_(LyaLY)
WS A (BRI RII)

O NHITH

GISTRINIEA (CTGRAN G138 oY

CEEARERRRIIGE

(Operation of Transformer on No-load &
Load Condition)




& LTI AT I R S =SS

0.5 | GIATSINICEI (NT-(FTG ATCIHCND LI |
0.2 | GISTPINIES (N1-(E1G (SIe00 FIE0, NOLE I 438

(N1 (<TG 21T P STH q=
0.0 | GISTRINIES (NI-(FTNG WIF (0 6F PRI |

© 4| GITHINNLS (N1-(FNG (GTOI AN AN FIN|

©.¢ | FISTHANER CTOYS WIBY FRQAT 47|

©.\Y [671f5Ye [T 8 RO (TToTE WIBT BITFINED (0%
O S3HFNBIY |

9.9 | (AT WIZT [IAFINCIT AN TN FIN |




_____

------

4 SER VRN

9.5 QITTPINCIF (HI-(EG AL (No-load

Operation of Transformer)

BT ANIRT GF M I3 (@00 Y (SIEoG AT
P N ARG (AT (A0 T Qe aNdd

WIZE AR TF,ONF (A]-(EAG

O* condition) (T |

(ORI IR PG N2 ZCAT (-




.5 BISTHIALT (N1-(ETNG AT (No-load Operation of
Transformer)

fea -2
I BT ANIEA GBI (P! (@S A1 | G« IoA1 A A (Ba 72-3) | 2AZTif{ce

=4 2™ Qe R SiEifore giesifs @it (V1) 1= i ifice sisi«y F1E 2<]ifte 30,1
(T FIACET 2% - D% AT ACF | AIRINCS ANTS @ AN PR HI-(FTE FILS 01 R/ ]

TR AT R CIP IR IO (&Il AT [AI (@I @& GIsTeid =% 1|



9.2 (F1-(ENG (SIEoG;, P06, MNOHE FIH L2 (N1-(6NG ATSA

W (No-load voltage,cuurent,mutual flux
and no-load power factor):

@) @-@re eitw (No-load Voltage): GsraieEs Eleesif« Ao (@re-
IR SR (el AN (@S (SIE0e (V) AT 341 =7 37 AR
(ST (-G (SIC0e 0 (9L O g W21 orese (1/))-2 -
(FC (ST |

" e > -
° > T ° ] - T N \»_/) I
[ Seconds Amp meter :
——— e .
w i I '""u (]
! Volt meter :
C) vi E1l | I =0 l i
i
| i |
i

_____ - "Open-circuit test of Transformer® High

rrrrrrrrrrr

—_—

L



Q) - @e 1t (No-load current):

GISTR TGRS (1-(eTS ST AT e qI2fe-q (F 3=y Ao SIS 21T
I, OI(F2 (FI-(FTC BT I | FoA-(oTC SR G AN AIIHNICS (T IS
S1fT® T, (-1 SREW O AW 2% - D% FIEG 2]12© | G2 IIEHE
I3 [, @31 2 =1 2

Q FICACHI 6 FCAD 1 TATH AT 190 FCAABE WIAGIREGR FCAC
(I, Or Iy,) 1,31 AR coTeHeer 90 (IR M (I TR FIHCT 2ifSf
FIEI O3 LT3 Ee I sTEE™ (Wattless) oo I 1w
(I, or I;p)93R ¢y, OF § OF2 (PG AT FACETS AIIRIR (S T Are!
AN FEAT

Tracsfarmar



O FCAAGP AFL FCATD (1,,) I, ML (OIEow
(V] )-43 3 @32 (F(F SR FE 1 A I A | [, TRA1R
TS AT &2 TR R @bt pelb® Fr=AETe 0|

Low voltage side |
w
I‘ m
> TIMD @
I Amip meter
Vo
l Volt meter
*Open-circuit test of Transformer*
foa = -



(o)) Fsepet s (Mutual flux):

a3 PRI I S A OICIF GO FRPIY IeFLR (G AT
TN T3 0T | GRTFINCER AT @ 2002 T A4 (T GRS
(AR TRATN T ©F (I ML 7O W) 9oy @ AfFaw exnrzfee-«
A48 FIHCF2 ORI F134 I | GRS (F1-(TIS FIHACES
WINCAGT2EL FTAANFT-« O F13H b, YT 1 @ R 17 T
aT12fT2-9 AT 3,uw, 0% {2 T AT

Laminated Core

et ¢F'I'"I' - i
1 . { | ,
AC vcltage% §=+~*j ("-}——- Loat
'\..__. _‘__1 {:‘-—_]__,_..
source ¥ Wam !
S 1
| 'f; | {"-—.1.. .
Primary BT i |
Winding Secondary

Winding



(}) I-ceTre Aremg T51$< (No-load Power factor):

S S, GRS 2490 “rewd, Wo= (V) I, cosd,

@A, Wo= @I-ETe 3955 stews
V= -GS (©I5s
[y= (VI-(TS FIES

COSPy = FI-CTIS ATSTE FHEA

IIEL (- ATST FI1FA, COSPo= Wo/(Vy) [y) T a2 by 6 (A I- (TS ANS ;M T8 @riesta | @fb (V) «@<e
47 TS (@1 @72 @I N 90° 93 G (26|

Watt meter

Trarsformer “Open-circuit test of Transformer*




@ I- @S RN 039 fog (Vector Diagram of

ansform on no-load):
TNIES (HI-CTS SR AT 82829 (T A=y AT FIED A_AT® 27,012 (+I-E%
B 01 92 FIEHCR [T [, T &M 311 23|
[CDS 6 FCATTD I TATLH AP 196 FTATTBE ITABIRIEGL FTHATES (1, or [y,)
T S22 (SIes e 90 ° (IR AE @I Fidpae FH Afofoe we|
or I,,,) = I, Sindg, |
[ FCAABE S FCAEDB (1,,) 0,30 A3 (1D

)-dF A G992 (F(X SR I (I A [, TR 09 ATSTH 49 ¢ [
P SIIFo® FCATDGS I | vi

=]y COSd,

eI, @ I, cFRaHm b= L’ +1°

¥




8 GISTFINICET (I-C1® (G d AN €I (Solve problems related t
ransformer on no-load ):

Q4R35

Wo= (V) I, cosd,
I, = I, cos @

No load resistance R, = ;/—1
IH = [y sIn @ VW
No load reactance X, = —1
]ﬂ
- 2 7
/

W
L



©.8 RTINS (HI-CETC (GTod 1< diH (Solve
problems related to transformer on no-load ):

Ns-> @b ¥ @& 10 @fea 500/250 ==t 50 Hz Greesies @i-c@e sirems 200 63
1S (@1e5w 250 (@15, I @re i 1.2 A =6 [, @3 [, @3 9 fefa e

N8 (ST AR,

Vo=200 Watt, ,=250V, [,=1.2 A

et Wo= (1;) I, cosd,

o9, cosdy= Wo/(V;) I, = 200/(250%x1.2) = 0.67
8, = cos ' (0.67) = 47.93°
sin @, = sin(47.93°) = 0.75

I, = Iy sing, =1.2x0.75=0.9 A(Ts9)

y=1y cosdy=1.2x0.67 = 0.804 A (Fe7)



.8 GIRTF NI (+1-(ETC (Grod STl N4 (Solve problems
elated to transformer on no-load ):

7t 3300/240V 9= (o GEeEms 240V @ - (1o Ai30e AR Mo 212 -3 (L=l
B (A @C D 2 A @32 e 60W 8425 F61 (@1- (10 3 o3 f<e @femen (
P (F) (I- (ETC 2SI FIEF (Y) @ T- (SIE0S AR00 8A3[TL O I o7

Here given
) I, cosd, V, =240V
Sho=Wo/V1) Ip = 60/240x2) No load current I, =24
= 0.125 lagging !
No load power W, =60 W
loss of low voltage winding winding resistance R = 0.8 Q
I;R=(2)’x0.8=32W no load power factor cos @ = ?

copper loss of low voltage winding -



©.¢ oY@ SR GErawEs Rt (Operation of
transformer on load condition)

QRTINS AP MCE (IS AL A S 9 (SIte SRS FC (X OEIE Ted
23, OIF FRTFANCES (MO T (FISC GG &0l | GRS (@Te fuee
AIZHITACS FICID B €92 @ (71T FAFR I P Ao 2Cq A7
PR FIES 3G A ©F 947 o7 51l Bg 7= e 5727

i Transformer be: s il
O L
_______ I — . 1 ]
IHIO:W il \f Y |
q . 4 |
I I: d — I I 'E)
Vi El::_n_l N N ) 1 P E2 V2| |
L T | | { l
o 3 R & - B
Me | N (S




foa 92->

ot (e LT A2 | @ SR (HI-(FG D [y ARHIFCS A12® 2301 (I 78 w1 =
| @ SRR W48 FIEHE 3,90, aF  F, RIS A5 (o1t V; a9 (6 F9 |



©.¢ ETCY@ SR GereaEs R (Operation of
transformer on load condition)

foa 72-3

2 712 T5Tq (@ITes AL (SRR T (TS A FICHD [, FIED 21RO A=) @F 71
IR O 930 F13 P e 2Rl g @3 #1993 9foye §,,-93 180° [#3ics =izl
ORI 1 b , F1H Oy, (T 4 IR G G AT o152 Gie=eifa spif~>ia 51+ (I, N, )
95 AT |




©.¢ oY@ S GrTeawicad IRfer (Operation of
transformer on load condition)

Pa a2 ©

) 72 forq (I TOAD 19 (AR RR| QR AW @, G 99 FIRE P, 19 0 AW, O
1N SifK® FICTF 239NaT E; @7 Te ot 0 ¥ £ @F T FAF AL AR

e S St g wfefse st 1 471fee 231 u3 wfefie F1 [ '@ gigsfs
PICRCES (@IS IS | @2 [ (R o7 @36 797 13 ' 918 I #H P,/ 93 e
T g @3 180° RANTS (AT 9T Foice s 311 @2 Argface wfefae e
PGS [ oS A 165 1) @< e ffers 20 (0t [; 2




©.¢ @Sy SR GeTeawiEs a1 (Operation of transformer on load condition)

 50a #1511 XY S HOpie #19H §,,, 2HIEW e =e1 | @itk I EIf€rs FNEe
5 AMSTCAT T O ATV AAITOD U FIEG ({08 A



0.y wifee, f@fSe ¢ IBMAMT oye g GIsFawIe (031 Oy
(Vector diagram of transformer on lagging.,leading
and unity load condition):

- agn

foq 72-¢

QIS (Fig Mo o7yl [}CIo=1 11 228
13feee @feror™ ¥de feitee w13 QA G|l
Tafeee @eron™ U3e Tee FIFeR GsTTad|




0.y FIf, e ¢ BT @ eye g GeeaiEe 59 o™ (Vector diagram of
transformer on lagging,leading and unity load condition):

13fee2 @S or™ a2 o FIFRIAN FFFINEI (STF ST MR QT8

A2 e TR TN RAET (itea ovas

TG B8 @fErorst U2 foicee 13 %[« 18T (ST CIAIAH
T 2,4%, 4T L M2 (SITHT IS (A R (ARG

<M I ArSR FHEA RFE (TI© A& Wiy, CIQ
AR FIED [, (108 V, @F (1R A | TF FIEHCD
CC GITTIF FICO A GIIHM (@*a g ot $H00 2F, T (©39

7 [, 711 fofes 41 200=) @R [ 992 1, a9 (S Q@M ML
JICET [ SATS T |

=1+ KI,

i E

oq 72-v: pifae srewR




0.y It e ¢ BT @ eye g G e$9 o™ (Vector diagram of

transformer on lagging,leading and unity load condition):

e earefee Eferers ¥3e s FIFRAN FFEITIEE (@351 Sy

CRICIEIGIE

(?) fo1f%e e g [T @ tes 6Fas
foa 929 @ G INET [, @ ©ieow V, @ f&ife-q @2t
QAR O ACATE AIIA AR FICED [ 6L F1 AR,

%
DY
92 \
W
\.‘ 12
YV,-E,

oq 72-q: fof%e srewt T ER
(STF ©IIA |



0.4 T, e ¢ AT @ieye Sy GReaiEd (o359 o™ (Vector diagram of
transformer on lagging,leading and unity load condition):

A easfee @ferons ¥3e e FFRIAT FFTFINEL (S5 S

(RTCAT QT8
TR .
RSt
A e T [T @ited ¢vegs I', & A
> AleTE TR RME (@ices (vea Casife eIeos o, - |
|

32 IS [, TACEE A j///lo

vV, =E,

5q 92-b: 3BRH sirezw w57 [T
(ST SN




0.y FIfa, e ¢ BT @ eye g GeeaiEe e$9 o™ (Vector diagram of
transformer on lagging,leading and unity load condition):

A saefee @ferens ¥l e FIFR GRTFINIET (O3 S

(RTCT A8
21 Zg
presence of resistange and Iegkage _ - % “ P
some voltage drop will occur in the primary Ry Xy , Ri
"N -+ T P, — e
lied primary voltage, : ! £
y induced voltage,
an write , that SR &
( Ri+jX;)
le \.}'l K

he voltage drop will occur in secondary

)ndary terminal voltage,
condary induced voltage,
an write, that 8! ‘

R,+jX,) e

[daal Transformmer

ZF
R R IR R i

2

**Equivalent Circuit diagram of Transformer**



0.4 T, e ¢ 3R E@ieye Sy GReaie (o359 o™ (Vector diagram of

transformer on lagging,leading and unity load condition):

fa exr3fes @ferenst u32 s FIFPE FISFINEE (O35 Uiy

Ez

(RICAT QT8
7) LG el 5 [T @rex oFeas
Vi =E; + L(Ri+jX)) E,=V, + I,( R,+jX,)
V,=E +1,Z,, E, =V, +1,Z,
I]_ EE
A = ’ s ~
4 El’.! A2 Xz
Ty — * HETTR . ¥ J ¥ AN T
W p—" =
o ! ‘ Ex Va

AT
s

|

Fig-2 ( When Load is Non-In



, wyifere, oG @ SBMAM (oye o=rg GerrsIcad (o5 ora (Vector diagram of

ansformer on lagging,leading and unity load condition):

52 @Grors @32 forae FIFPR FISTTIAER (B39 Uiy
18

MeTF FTHBF [T @ees oweas
:1(2 Ri+iXy) E,=V, + L( R,+jX,)
141 E, =V, +1,Z,
I]_ EE
o ' . s ™\
e I A3 Mz
e . : AAAN— AT

Ez

IERQ-__ = 1222
$ 1 £2

X

Fig-3 ( When Load is Inductiv



apifere, feifee ¢ SO (oye sy GIeTeaIcas (0% vriay (Vector diagram of
nsformer on lagging,leading and unity load condition):

A 8Mefee @Eor™ W32 o FRPR FFTEIIIET (T3 Sy

(AQTCAT Q18

N ferf®e sitews TEd [T @Ttes oFas

Vi =Ey + 11 (Ri+Xy)

Ez

I]_ EZ
" o T ."—Fk—“.
R x—__ Iy R ¥z
AN T AN
1 I
i _+!" ‘
.I'Ilr]_ K %o ’ U.!

—

e

**Equivalent Circuit diagram of Transformer**

H'_".

Ideal Transformer

f.tx v
¥
Vi 1R,

;12_1 bo-Ey

;3J= K!_g

N
|

szg P ji‘zi
y E:

2

Vi

1
5 / ;.-J'[' o

Fig-4 ( When Load is Cap:



SIS S TN 19 1€ (Solve problems related to
1sformeron load condition):

THIRTIBIGE:

1.1, =1+ )

|
2.1, ==
a
3.1, = al

4.1, = \/(10)2 +(s ) +21,1, cosb

50,40, =1,£-6,+1, £—-6,



(Y SR GRS i N4 (Solve problems related to transformeron
1d condition):
GG FRTPINIER AN 8 CraelE engfEe s «Ans 72yt e 800 ¢ 2001 729 0.8 =ifie hseme F$E

1T @Te 1 80 A 2%, 934 0.707 =mifaie sresiw TS A3 IS 25 A MW  @F F9- (F) (I-CC IEH
(FTTS NS T

oiven data,

00 We Know That
200 — ’
V) 1 £-0,=1,L-0,+], Z—0,
N0 1,/-0,=1 /-0, -1, /-0
ary load current I, = 80 4 0 0 P P * ’
ry load Component Current IS, L % =20 = Ip (COSQP —jsin Hp) —[ (COSHS —jE
lary  Power factor, Cos 6 = 0.8 lagging = 25(08_ JO6)- 20(0707'JO707)

o Jem e (08 =360 =20-j15-14.14+ j14.14

—  Sin @, = Sin (36.87°) = 0.6 _
y Current 1 =254 =5.86-30.86
ry Power factor Cos 6, = 0.707 lagging —592/-8.35°

= G =Co 010D =85 N loadcurrent], =5.92 A

Sin 0, = Sin(45 ©) = 0.707

d Current 1, = ? No load power factor cosd, = cos(—8.35°) = 0.9

ad Power Factor Cos 8, =?



(Y SR GRS i N4 (Solve problems related to transformeron
1d condition):

¥z 400,200 V Freea s Grrawg 0.8 drifae e S8 E cleel[ @ F1@s 50 A FRRAR IE | @I-ETre
@ (1-(FC S8 T8 IAF 2 A 8 0.2 Fifae I i IR’ @ ANy srtews T59 1 31

data, We Know That
/-0, =1,/-0,+L £-0

ﬂ: /
lozaodocurrent L =504 =],(cos0, —jsin0,) +Is (cosO, —
ad Component Current Is' = 1—“: %: 25 A4 = 2(02 - JO98) T 25(08 - JO6)
Power factor, Cos 8, = 0.8 lagging =04 - ]196 + 20 — ]15

— 0, = Cos '(0.8) =36.87° — 204 - J1696

= Sinf, = Sin(36.87°)=10.6
rent [, =2 A4 =26.53/-39.74°

ower factor Cos 6, = 0.2 lagging
— 6, = Cos " (0.2) = 78.46 °
Sin 0, =Sin(78.46 %) =0.9%8 - Primary power factor cos6 = cos(—39.

1rrent Ip =9

wer Factor Cos 6, =? =(0.768 lagg

.. Primary current [ =26.53 A



RILRGHED

N3-S TITTHINIT (NI- (TG AT B2

Oads TTHANNGd GFMIF IF (F6 Y (OIo e
TS B W ARG (LT ({0 AT GRS (T

W S8 TF,ONP (- (7S BIG#I (condition) =T
4 ST WS, (FGRIRN TIZE WEIS_TIM AT (AT
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MERGICSICAEENEIIES (Equivalent Circuit of Transform:

Magnetic Leakage and Leakage Reactance of Transformer)
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Y IBSTFINIED TG THF6 G (O[T GINATY (The

juivalent Circuit and Vector Diagram Of Transformer):

WW% (Equivalent Circuit of transformer):
TSR G O AN AT Telree @ [RfON AP FIThem
“alculation) STEGTOIF 3¢ OIOTOING FAK GNS JISTHINHL TN TR0 TIII |
O] P06 ATZNF W (TF IR OO BITH XS NI 142 SHoF [P
Development) &N fNTE (AT (AR

Fi

1 IE
A A
P ™y - ™
R ¥ v, 3 X,
-\. = A = =
I-\_"—__,-W“_ﬁ, | I- ] |J' L L J -I' T'-ml’-\' r
2
1 = |||
= I
S —" =2
— pa—i-
=t ||| ==

|
11 H’:l = -]
v]_ f ‘ \ E 1 ‘_ ! }% EE I""'Il.l

3 sl

ideal Transfamme:

— (1{{l |'|[|~|;|_;|
FLE
B

J"

**Equivalent Circuit diagram of Transformer™*



8.5 IBISTHANAL TN SfHFG 43 (O OIATH (The

Equivalent Circuit and Vector Diagram Of Transformer):

9 (F) 72 fora GTeawIcad Tox SEER @fEre™ 8 Toipoys I AR (@I0a9 I120F MR TR TAER (%) 72 fora 413
DI NG FCATABNYR AT AR (I-(ETC FICICHH AT (FEC FICACER 9T Y73 FH REM (- FCHAABAC
2 To0a A3 BICT 9ety A6 ML AR SFACICR, 43 A6 EFSIE BINS (e T

i—’ |
T ®

IR —
1

ldeal Transforrmes

**Equivalent Circuit diagram of Transformer**

(<)

Where,

R; = Primary Winding Resistance.

R,= Secondary winding Resistance.

l,= No-load current.

|, = Magnetizing Component,

|, = Working Component,

This |, &1,, are connected in parallel ac
primary circuit. The value of E, ( Primat
obtained by subtracting vectorially |, Z,
The value of X,=E; /l;and Ry=E, /I,
that the relation of E; and E, is E; /E, =
( transformation Ratio )

V=R +ihXy) =F

E,=V, + 1,( RytiXy)
E, =V, +l,Z,



8.5 IFSTHANIRL TNQAT SIHE I3 (OB GIIATN (The

Equivalent Circuit and Vector Diagram Of Transformer):

El_ :
N -.I.-
F- Y o Ry ¥ (JRICA, E, /E, =N, /N, = a ( transformation Ratio )
SO -
R J /
l-I“I.
i V2 = CIV2
Rn = o E LA 4 n /
= %SHEEE vi | B 2
' 2 I r ¥ X 2 — a X 2
/
1, =L
, = —=
a
' 2
Z, =a 7/,

|§~—‘J-(’<I) Equivalent circuit of
transformer referred to Primary



8.5 IGISTHANIIA STNQ SHE I3 (O GIIATN (The

Equivalent Circuit and Vector Diagram Of Transformer):

RD] x:ll

A |"'_ N
|1 I H: Rr:‘._ M H_‘ x.lz-
— AN AN (TTT—TTTT

L |l X=X, X =X +X, =X +a’X, =X

Hil_? | | H 5,=R, :Re =R +R2 =R+d'R, =R +

5] ~%-(91): Equivalent Circuit of Transformer
in terms of Primary Side.



8.5 IGISTHANIIA STNQ SHE I3 (O GIIATN (The

Equivalent Circuit and Vector Diagram Of Transformer):

Loy
Br. Xo =X, =X, =X +X, =X +a’X, =X,
Z / /
v, |8 Ry :Req =R, =R +R, =R -I-CIZR2 :Rp +¢
lh= 15 | ZO] :\/(R01)2 +(X01)2 :Ze :Zeq

fo@ N2-(F): Equivalent Circuit of Transformer
in terms of Primary Side.

4

Equivalent resistance in terms of primary,= R
e
/

Equivalent Reactance in terms of primary, = X .

4

Equivalent impedance in terms of primary,— /
e
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2| GTHINCID TGS ANB6-GF LT (Explain the
quivalent circuit of a transformer):

TSTHEINCAD ST SFE 72 40V, (TN

| TP N\DeT] BIEIY (Exact equivalent circuit)

2 | <1°IQI<T-IE AN\D] MIETY (Approximate equivalent circuit)

V) PGS Q] ﬂTﬁﬁ? (Exact equivalent circuit):

:
j

<
Y
)
=]
' &
m
Py
O
m
]
<
M
or»0r

foF ws-¢: 12 SW2Ge [T FISTeaNgs AI2NE &
TSI TP6



T (NI-(ATG FICACHA TI0 BATN T GH10 |, [N TR X, 8 WK BHAH |, NN- 2GR0

BIT™ R, ( AYAIY FCL, QIAPINICIS WW&?@W\WWWQIN A |
zr:@—cm v, c)w(mwzl TR A £, I N TS T S
1, =
AN 7, ;
_ _ - - II " ::..-'-_ : o ._I..
N, E, /E, =N, /N, =a (transformation Ratio ) ) i e W ﬂﬁ_ '
Il ¥
IRk J] 1
O QS I ONR 2NGOAG (IO = i i Hl_t_IF 3
O SNQT Wﬁzﬁﬁm (S0 = av, | l ;
O TR Wﬁm = I
4 a
a’Z, R, = a’R,
[§S w\gmwﬁ@w o -
» — d 2
2
[8S wugﬂswﬁ@é@%‘}m P
2 = T
T STweT] Wﬁ?ﬁ%@ﬁ i @
Z, =a’Z7Z,

: L
SRR G ?%W,



T=1fR 3rgery M6 (Approximate equivalent circuit):

7 M6 fags

7, L

J - .'I.
| R Ay R W
e AAA e T e e A AT "

! ‘ \?
R ﬁ _1'. ::l_.i F'I_= F.I "I'I. E
4 l Pkt L 4
o FRIFIR TG ARG @@ FCHES A2TF e @i cersiy @Rrer™ €3 TeRo™IE 213 Hie
T RCACR| STAGT O G ARG AFATNGIRHC A1 S A0 AN Qe ARG 013 2|
V

eaa RO:;/—1 m:onl—lfm

w H



G I S (1-(ETC PIHCET [ S FX 2 CNRY (-G FCAAHAT ST IR (NAFOIE AfIEE TP B O

R k
M , e e
I 'y R, 5, V. - N
, AMA—AAA—— Tl , R X
rh 'y 7 .: I1-._—‘--}d “»f"‘-;;lv"— ' 1 3

X, =X, =X, =X +X, =X +a’X, =X +a’ X,

=Ry, =R +R, =R +a’R, =R, +a’R,



8.9 | AIEINRH M Y GrreaEe e @erer™i (The equivalent
resistance of transformer as referred to primary):

T,
O @& %e 8o (Primary resistive drop)= %,
[ e @@ g9 (Secondary resistive drop)= 7, R,

ndary resistive drop in terms of primary= a/ R, @4, a=Transformation Ratio

resistive drop in terms of primary= 7 R 4+ 47 R @I, 1
PP sTUS -

=1 R, +aal R b
— Equivalent resistance in 5
terms of primary =I1,R, +al R,

2
=1,(R, +a’R,)

— ’ _ 2
=1 R, [R, =R, +R.a’]



I Mt BHIeR® Geeawies e @ferersi (The
lent resistance of transformer as referred to
{ary):

T,
¥ dee @f&oe w5t (Secondary resistive drop)= 1R,
| QI @f&%e 84 (Primary resistive drop)= I,R,

ary resistive drop in terms of secondary = 1%, @<, a=Transformation Ratio
a
resistive drop in terms of secondary = P I,R, A, I _ g
S S a
IP
;R IR,
— Equivalent resistance in SRR
terms of secondary I R
= I, R, + ——*
a
R
=1 (R, + —) "
a R, =R +—L]
" [ e  T's 2
= | R a



8.¢ | TR INIEEE W< feficee (Magnetic leakage of
transformer):

9 2AT3NIfR e A2BLE @fS SRRAITR A0 T&@ A (@ FIH 9 (8 27 o7 741 @itaa fowsn fucx 2ifzs 2w ereifsz s
. g 9 o WY M 2R1fRe 20 @3 DS ARG 9 T @ T TR TS 1 I

IR GBI @ IR0 WIAEGTTe @F1efd (m.m.f) T 8 foree w9 139 41313 eqrzfee @ e A2 Srom 0 ¢
3 s # (g, ) 70

(IR ST BItR SR WA GICNTS (e e 38 fofee 19 99 Cely eq3fee (AT foae A2 Seo 3 (N
e 191 (g, ) T

s?ﬁm%ﬂﬂ?vavsem?%e-ﬂszﬂwi‘.ﬂwwﬁmwmﬂm (e,) e (e,) 1 Emmcas a2 cafife 3t wbar
s T 23|

€Lp €
G AT (e RIebrs] qAgcHe Lo 7 a2 =
p N
ff'iﬂ.
f, .a-——i——-—h-————_ j
ks _+j1:l T . T— I lll —
& 7 p v A | A l..
== ‘== AN SO <= ST
W *E—;mE‘.'ibl ¢L*¢‘i’ \-I® ;-{‘_LL ! i_ :IL-:’F 'zl
= fff— =y Beaial i
Iq____*_____;




Tt fercrees =pif<dt (The disadvantages of magnetic
<age):

7 e iRt (Disadvantages of leakage flux):

QM foree FIH 2 v RPeIE ey 424 F X

TG FICHS A @S FIIT @32 TG e Afwns 3w i)

P FICHL TS (NG T AT IiF AT @ S0 S FIAFINCE 150! 8 IS FCH AR

7 #1319 R4t (The advantage of leakage flux):

TR AP FIH *B-TR6 FIEFGE AHS AT AR I A
T I FAIAI TATAS

SR SJra=*E Fifere 6= (@ TI9 T4 2|

s 8 EIFelfs sAM3fTe 3w S ere=renafee ¢ eoiEffee (Sectionalizing ai
rleaving)



Q| FRTFNIES AN ¢ O Meces sweey foee Kan<ens (Equivalent
sakage reactance of transformer in terms of primary and in terms
f secondary):

) SN fce FRfe G seey focee fazm<sonst (The equivalent leakage reactance of
ansformer as refered to primary):

T4 enife,
Wi fzpsoe o4 (Primary reactive drop) = X,

<eifs farebe 84 (Secondary reactive drop)=17 X,

T3 (eIfERcs el fan<ie B9t (Secondary reactive drop) = ¢/ X;

543, AR e weaees GG Rapefbe edt =1 X ) +ad X,
=1 X, +aal X, i

Equivalent leakage I (X +dX) I
reactance in terms p ,P s
of primary =1,X, (X, =X, +a*X,]



FSTEINICAR AR 8 Gy s3ces seey forcee fRan<eonst (Equivalent leakage reactance of transforr
ns of primary and in terms of secondary):

NS Argfss wese ey 3==epist (The equivalent impedance in terms of primary):
ﬁa

/

!
quivalent resistance of transformer in terms of primary, r = R, +R =R, + a’R,

4 !
>quivalent reactance of transformer in terms of primary, X, =X +X =X +a’X,

tal equivalent impedance drop in terms of primary, [pZe _ \/ ( [p R )2 +( [p X )2 _ Ip \/ (R )2 +(X

. ,_ ' 2 ' 2
Equivalent impedance L, _\/(Re ) +(X,)
of transformer in terms
of primary




8.4 GRTFANICIA A3 @ Ciaelfy 3o« eey o fy<onst (Equivalent leakage reactance
of transformer in terms of primary and in terms of secondary):

IS eie=ifse e geisize e foieee fruieonst (The equivalent leakage reactance of transform
ed to secondary):

1,
q fefoe »5 (Secondary reactive drop) = IX,

frrefe v4 (Primary reactive drop) =7,X,

X
17 (eifrre ArzfsR farse v (Primary reactive drop in terms of secondary) =+
SelfsE e Son SR o e odt _ ;o 1,X,
S S a ]
IX [—==a]
— ISXS + ( . ) IP
a.a
I (X X, )
— +— "
g (X, =X +X_§] =Total equivalent reacte
/ a in terms of secondary

- IsXe




.4 | GISTPANICRS AW @ Ersifa s13ces seey foree far<wonst (Equivalent leakage reactance of

ransformer in terms of primary and in terms of secondary):

TR Ceoifss e sreer 3=t (The equivalent impedance of transformer in terms of
lary): . .
y) {/’M; = 2
Y, " " R \....E:___.
fuce @G Tger @ferers, R, =R+ R, :Rs+a—§ § Z X A
L4
e o g e e, x =X, +X, :XS+X_2P /“i
a
C_‘;—/ [«

e smrgen s e, 1 2, =\/(ISR6 )+, X, ) =15\/(Re )+ (X, )

A :\/(Re ) +(X, )

Re”)2 + (Xe")2 = Equivalent impedance of transformer in terms of secondary



STEINIEL N9 (o7, ferder MEeoi=1 @2 Iesi-ag 131 sTdi (Solve
lems on equivalent resistance, leakage reactance and Empedance)

S IEGIE
!

! n
. . . . 2 2
equivalent resistance of transformer in terms of primary,R, =R +R, =R, +a R =a"R,

!

equivalent reactance of transformer in terms of primary, x, =x AX =X+ a’X, =a’X

"

e

equivalent impedance drop in terms of primary, Z, B \/ (R ’)2 +( X,)z — 27 "

. . . " ' R R
equivalent resistance of transformer in terms of secondary, R, =R +R, =R + _é’ i
a a
equivalent reactance of transformer in terms of secondary, " : e
X, =X+X, =X +—F=—
a a

" \/ " 5 " 5 7 ’

equivalent impedance drop in terms of secondary, Z, =\(R, )" +(X, ) :?

!/

Copperloss, P, =1 "R, =I"R, =1 'R +I 'R,

cu



STFIACEL ANy (@EGror=, e Rt e I™er=- g stepiie s (Solve
)lems on equivalent resistance, leakage reactance and Empedance

6 100KVA, 2400/240 volts, 60Hz (1-¢) @& Gee=Es
=042Q, X =0.72Q R, =0.0038Q X, =0.0068Q | sz ¢ creweify 5 fiefa 1

@ X, ) Z,

Equivalent resistance, reactanceand impedancein terms o
3 r

R, =R, +a’R_=0.42+(10)° x0.0038 =0.42+0.38 = 0
>nData ,
¢=100kva X, =X + a’X_ =0.72+(10)* x0.0068 =0.72 +0.68 =
)O V 4 ! !
y Z. = \/(Re )2 +(X, )’ =+/(0.80)% +(1.40)* =1.61Q
2400,

240

(), X, =0.72€L R =0.0038Q X, =0.0068C2

4 4 4

nfesistaneReactancandImpedancen termsof primaryR, X, Z, =?

ntesistanceReactancandImpedancen termsof secondaryR, , X, ,Z, =?

e ? €



FENICIR TNl (& oy1™1, forcse [MRpeost @2 3iersi-a3 1311 €9 (Solve problems on equivalent
ance, leakage reactance and Empedance):

6 100KVA, 2400/240 volts, 60Hz (1-¢) @& Gee=Es
=042Q, X =0.72Q R, =0.0038Q X, =0.0068Q | sz ¢ creweify 5 fiefa 1

@ X, ) Z

e

3

>nData
g=100kva

0 V
%
2400

=201 10
240

Equivalent resistance, reactance and impedance in terms of Sec

" R, 0.42
R, =R, +—=00038+ = =0.0038 +0.0042 = 0.0080 ¢
a
: X, 0.72
X, =X, +—F=00068 + = 0.0068+0.0072 = 0.0140
a

2. =Ry +(x.) = J(0.0080)" + (0.0140)" =0.0161¢

(), X, =0.72€L R =0.0038Q X, =0.0068C2

4 4 4

nfesistaneReactancandImpedancen termsof primaryR, X, Z, =?

n " "
ntesistanceReactancandImpedancen termsof secondaryR, , X, ,Z, =?



8.5 *ogdl @ferons, fAuwoy™ ¢ 3ferst g sitw! (Define percentage
resistance, reactance and impedance):

ros4l @feorst (Percentage resistance): Wos4 GEfEo11s1 I90e HelfiRE S5 @
RS @EGFB0 Bt Aowal M0 @BU (SICHEE AATE 21 ST I 9lR, o4l

%}W{,%R=%x100

o4l fFwetnst (Percantage reactance): *es<1 Rpsbist I AT S @
TCS IO B *odl R @6 (SIEHEd AATE A7 FACE | O], o

5173}'1"‘5{%)(=%X100

w4l 2>ersT (Percentage impedance): osar o551 o1 HelkF I @92
RS ZFATHIS BATE *o4l AR ([T (SIEHIETR ATHATT A3 FACE I | Gl Aol

m,%2=%x100



8.50 | o dl @ferer™, o= 8 =1 v AN The Equation
for percentage resistance, reactance and impedance):

! !

| o | IR, 1R,
ercentage resistance in primary side %R = x 100 = x 100
p p P
< : < IsRe ]SzRe
dercentage resistance in secondary side %R = 7 x100 = Vel x 100
s

S S

ere 1 =Primary full load current

4

R _ = Equivalent resistance in terms of primary

€

V, =Primary Voltage

[, = Full load secondary current

"

R _ = Equivalent resistance in terms of Secondary

v

V. = Secondary voltage



8.50 | o dl @ferer™, o= 8 =1 v AN The Equation
for percentage resistance, reactance and impedance):

4

2. Percentage reactance in primary side %X = ———x100
p

IsXe

/

or Percentage reactance 1in secondary side %X = % x 100
where I = Primary full load current

X e’ = Equivalent reactance 1nterms of primary

V, =Primary Voltage

[, = Full load secondary current

X e" = Equivalent reactance 1nterms of Secondary

V. = Secondary voltage



8.50 | o dl @ferer™, o= 8 =1 v AN The Equation
for percentage resistance, reactance and impedance):

3. Percentage impedance in primary side %Z = —2——x 100
p
. . . [ Z

or Percentage 1mpedance 1in secondary side %Z = SV £ x 100
Again %Z = /(% R)? + (% X )°
where [ = Primary full load current

Z . = Equivalent 1mpedance interms of primary

V= Primary Voltage

[ = Full load secondary current

Z . = Equivalent 1impedance interms of Secondary

V. = Secondary  voltage



TR

24-y: G INICER e HIEHT N9 I S2AIT FACAT W2

Teds
S| SO Hifered Mot (19 9219 I |
3 AN 8 CFelfy eI cF Faw S Erexeefee ¢ Thrffee |

AN-: MO OISO ICo F A2

Tos Welfke 10 W3 FFERie GG Taite *owa1 21 @ET (SIeEbEd
AATT 2™ FA@ ) 9, %R = % X 100

AM-0: FISTFINICH NG (@ferByicats o0 31 2% (2

Tesg GITPINIE o SRR @EBist AF | @ FEICERL N (@I (o
S (13| SISO 9T IO @GBS HIHP TONCS ANY (O T T
| O T Y AT S ML T RO FARNI F1 I F1H ATFg ¥y 9
ISACS A1 FACS 21 ToF IS @ MY K07 ¢ &ibe aAf ey i sare
Al @ FIECET @F-(PIAT 9F IO @GBS SIFF 91 AN O BN S
A




SRR
S M2 eNI3fBL R FRIFINICEH ANQeT G (ST SIATT & F(F I T
| GIRTFAIICRR TNQe AHE & FCL Il |
o | GF6 FRTFIAE AN 8 CIFTIER M TNYeoiE @Eroie A9 BE gie b

HGIPICT (MG |
8 | GIRTFRNICH AN (s GAIeE® srgey @ferers), feae Ryatist @32 3IefeR ¥

QIR I )

¢ ol @S or™, o™ @R IF=e™1 F1? G INFIe ol 39

v @36 25KVA, 23007230 volts, 60Hz (1-¢) & Gsrraies Nafeie s
(- R,=08Q, X =320 R =0.009Q X =0.03Q

Ol (T (I K8

() 2SI GICT STNety @ferByi™i, Teety RO, H9ely I~ ey

(¥) CTFTIR DI NGy (S B119T, ety FRAIFOI=T, Qe 3oy

(*) AR ¢ EIFIfdd M ©ItE B9t T2

() I 7
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o IP R GIFIISE

e it CIfTT-S
(LYAWYY)

LY AN (AR GPI)

5 NHITH

GISTSANIER 8o AfF6 (670, =6 Ao (67 932

(S0 (F9™9 (Open Circuit Test, Short

Circuit Test and voltage Regulation of
Transformer)



4 YT TS T Frewar

GINC® ATIC]S

| GRS ANICER Qo ARG (670 I (- GTod (IR

| GTEF IR *16 A6 G0 I S=en= (Gros i

| (STF T S F<|

| @ ATF6 (575 8 *G AIfF6 (G76 F=AFS AR AN (T
Qe TcGRICERIR:a]

| (STCHE (9T 281D, Tifei @ f@ifSe SAeTe FIFEH TAFAH I
| (STCTHE (FTETHCR AN FFYS TN AL KA



> FIFTFANEI @ AP (6% AT (+1-(ET® (55 (Open Circuit Test or No load Test of

anasformer):

ST 23- (S0 Meb (A (@Y W32 (FI-(SIEoS M2 (0 AT JALLF
Ao T@olfs AT @ G INEE @0 (SIEow AAe M @ G0 F9 W
ST GTFINIER 8o AfF6 (676 I @I-ES (675 I

Watt meter

“Open-circuit test of Transformer®




> FIFTFANEI @ AP (6% AT (+1-(ET® (55 (Open Circuit Test or No load Test of
anasformer):
1. The Wattmeter measures the iron loss (consisting of the hysteresis loss and the eddy current loss ) of

transformer because the cu- loss is negligibly small in low voltage winding and nil in the high voltage wi
under no load condition.

2. The Ammeter measures the >
no load current |, which is very I W— H
small ( 2 to 10 % of rated load mpmes

current). Vo
Volt meter

*Open-circuit test of Transformer*




> FIFTFANEI @ AP (6% AT (+1-(ET® (55 (Open Circuit Test or No load Test of

anasformer):

3. The voltmeter measures the normal voltage which is applied in the low voltage winding.

"W is the wattmeter reading and
he applied voltage and [ is the
ster reading , Then

1 I,Cos @,

DO= W/VIIO

L = is the magnetizing component
load current, Iw is the core loss
onent of no load current, from the
r diagram of no-load transformer.

Vylhand Ry =V, /1,

ot Xo)

Watt meter “‘l

2
i
=

Volt meter

B
&
i

*Open-circuit test of Transformer*



@.> GRTFNICER T MG (6786 It (I-@Te 3% (Open Circuit Test or No load Test of tranasformer

ST TTHG (575 (ACF A OAPTYR8
3 (570 (A faferfie wey Arew wrws
(IS T W =W,=VI cos,
FI-ES FIES ()

arcstare wis (Lu) = 1o S10 6,
safbe s (I,)=1,cos b,
&7 T @5y (R, )_I_

(1K o1 (o (X,)=

N|§

W

C

@1-GTS e FyER COS ) =
170



@.> GRTINICER 9t ARG (670 It (i-cere 6% (Open Circuit Test or No
load Test of tranasformer):

ST MTFE GTE AW Y2-(SIEDE AT A AT | O FST G SR
OIS 32 ATIHIF CHACH IHCHETE FIHCE (F1-(FTG FICACHS AT 42
IV T, ([BT IR 3% (A D% | 9F FCA

IR, SR AT (19 e AT (P10 TAER 913 92 FH 92 S 1
5T | (IR (FBS M2 (SITHe & ol Fope #19 (dm) 2Afedt 2
@R ACR ARIR (MHTHSIR NeEe 3R 0 TN | Joare eNGRAGE
WY (19 7 N S



¢.x GITINICEE b AIfRo 675 At 3oy (676 (Short Circuit
Test or ImpedanceTest of tranasformer):

GISTEINICER AFUCE (AN (TI-A12C ) 26 S O 2CC (SfAMIFA AR ([WBT (SITH Y7 FH
(SIS (G (OICEoE D% (A 10%) M2z M (@ (676 11 2, S =I5 ARG (G5 = 37

QTP (ET-(STC0E TS (NI FAF OfF I SIFGE Tl *6 I (@2 | 3-(SIoS AT3e SAGRGE, =HifsGiy,
(SIEBTGTR IAATS MG T QS (ST A (St @0 AR Y9 AN /I NN 209 (SIeos Jiw w4t
2| GRTFRNICRR Gl (@GS FIE5 YNGR 2112 20 i (oIebe e T4 29411 @ SRR SAHAGH f[foe 5154513
AT o1 RN 4= =1 IS @ F0ey A=y (57 AR (1= 704, ¢F 701 ACH, ©I8 ©F Sro! 41 2|

Watt meter l_ High voltage !Ht_J
\\ Short-circuit
' /;\ 5 N roztooo
} 1 m | \i/‘l' HQ\ 1 : 3
T Amp meter
Vi

Volt metaer

/
|

i Low voltage side |

*Short - circuit test of Transformer*



€.x GIRTHINICER o A6 (676 A1 3= (5% (Short Circuit Test or ImpedanceTest of

tranasformer):

e f2fe e omem W,

V. E
— Z — SC — SC
" ]SC ]SC
_p _ W
I () ( ]Sc)z

= Xy =\, (R}

. = #GIFE AN, A &1 MG
AIEG, ST

= AT EBIsT, 8
=G (SIS, 8N

= ATy 3fHers, 8]

=] R, Watt

Watt meter I- ngh\l' ’Iﬁe—J
\ S|
| : ;

m o
l 7R
> 111 [ A

Yolt meter

“Short - circuit test of Transformer*



o (39 oY wes(Draw the vector diagram):

%1 g (-@Te s £y 710 ogfoe T 2w @7 % IS 1 R A g2 wie
3f&e FCHAB(/ ) T AL @It 90° PR @ @i Nege #7197 (4,) o+
4F3 (TS SR FC| Y AR 0O @I 26T ozt v N [{aw (1,) @ embeEm

less) 1 Tan<be Sl 0| TS ogx enfee FCAEE £, AR ©IF® ), @3

S S A (@1 o (FREe@hm o7 @12 afS FiEs o) 3 A (£,) FH1R 0@ 28T 2
T G B F9AEED I 2|
omponent I, = I;Cosg, Vi

rrent Ih = Iz + 12

1g component [, = I, Sing,

1
or Cos @y = Iﬂ
a

power input P, = V;1;Cosw, ; i B 4



© (&34 ogY wiesv(Draw the vector diagram):

5-AfEG GTod (53 TS :
Rl Il Hl }{.;
. X WA —— AW
Re R, (i Xy
ANN—ANN—— [l I
[ ID Ilg le ! 13
1 vl El: Ez u]=ﬂ
0
l:2 Fig-1
L
V = Full-load copper loss, V, = Applied voltage, |, = Rated —A—
urrent, Ry, = Resistance as viewed from the primary, Z,, = Total . L= 1, JRA e
npedance as viewed from the primary, X,, = Reactance as : " Ll
iewed from the primary
W=1,%Ry, i Vy
1

“ Roi=W/14?

1

Z01=V1/ l;

X01=\’(2012- R012)



=39 oy wiess(Draw the vector diagram):

R IR RIS R ERIRIRIEE:
Ry X3 Rzi Kzl
MW —— T —— - —— T ——
E;=E; V=0
£
Fig-1

L2

Is

Fig-3

Voltage drop Vector

A

Fig- 4

Impedance Vector

ly



8 ®GIFE @ QT AFG Gro FiF® TR A4 (Solve problems
slated to short circuit and open circuit test):

TR G eTs
[ _ [ _ VSC
p  Tsc
SC
' 5 KVA X 1000
R, =Ry, =R, +R.a [ orl ) = v
’ P p
_ _ sc
Re T ROI T 2
]Sc Working component [, = I,Cosg,
7 ’ _ Z()1 _ Vsc No load current I, = 12+ 12
e
]sc Magnetizing component [, = I, Sing,
/ / /
2 2 |
Xe = \/(Ze ) — (Xe ) Power factor Cos g = Iﬂ

]

No load power input P, = V,I,Cos,



TG 8 ST FHE (GT% 7>iFe ST sTdE (Solve problems related to short circuit and

1 circuit test):

@36 Fiee (v 10K'VA, 500/250 V, 50 Hz G=a=itas fHafeiiie 3 itz 12t — i3z @feress 0
ifs o™t 0.5Q), atg=fs o=t 0.4Q), eiesifs o™t 0.1QQ, SiRe =6 JifF6 gy AT T

CACISES ST
I W i, GT-(SIT0T AZE *5 I AR SR FFe I@AS AT ICC L& T TR

!/

R, =R, +a’R =02+2°%x0.5=2.2Q

X, =X,+a’X,=04+2°x0.1=0.8Q

272 =R +(x)) =22 +(08) =2.340

e, g 10100

V=1 7.=20x234=46.8V

=20Amp

NI 22, P, =1,"R, =(20)’x2.22 =880watt

Here
Rp = 0.2
Xp = 0.
R =0.5
X, =0.]
Vp=500
V. =250
50
a = —
25
f =50F
V., =7
P,.=7?



GG @ ST MHG (GT% 7>iF® ;17719 >0+ (Solve problems related to

rt circuit and open circuit test):

1 @36 Fieeist (ver 100KVA, 1000/100 V, 50 Hz G==«=1ts 6o fqaffes w2y sire3m ¢l
6 BB E_=22), P, =1050/ TT QT ALCE A1Y | (IF F98 Agey @Eroyis, Fyrgm e 2f~srep

3 T IFATS AT LS YLI& I AR

100x1000
s oo v, [ =1 = ~1004m
© e e T T000 &
R =t _ 1901050
12 (100
7 B 22900
1. 100

N

X =2 Y =Ry =022 (0105 =0.19%

Here,
KVArating=100kva
v, =1000V
V. =100V

| a:\;j _ 1100000210
f =50Hz
E_ =221
P_=1050W
R =2
X , =9



SIoE (@iE ew! (Define voltage regulation):

AT (SIS FACO AT | FIFFIAE P @GO 9F &= @ (S0 B9 0 AR | (-G
S T4 (FTIC 7T (VB (S0 TATE T (<G (SITHT T Sl FAET (SIC08 (T “1 S T

' (OJCETH LIRS ot FREIE A< 1 27| _
% VR = VNLV V n x 100
FL

Here

VR = Voltage regulation
Vi = No - load voltage
V., = Full - load voltage

GREISELIR RS [CERGI WAL ERECE Rl

@eg 12514, TEHP SR, IAFGERS s> 29517 | G4F(NF (ETCR 2MSF FIEF 7l T8 27

@TS (5T T, 3TN (BT, FIFTraw | 2ol (¥ O (7103 3DFHS (ST TFS| @ YA (@1 ANST FHFF i

S (F11G3 FIIHIPIGF, P FCo=R 395iM| Qo TS FFEF 1o |



Y| (OIE0E ([ 281, aiifae «e i srexie TS 7N<w<d (The equation fi
oltage regulation at unity, lagging and leading power factor):

) TS “tewi® T1E7 (Unity power factor): Gfafs ices aviq aft 203 21t | f5a 28T stes wEEa fog M
1 (AT AT,

"

&oe B (Resistive drop)= [ | R ,

mefbe B9 (Reactive drop)= [ X,

srerist g (Impedance drop)=/,Z,

st ACD (273 13,
AD® = AC* +CD* =(AB + BC)* + CD’®
:. AD = [(AB+BC)* +CD’

VNL - \/(VFL +]sRe )2 + (IsXe )2

oo R =22V 1100 P

VFL



b | (SIEDS @ 3T, afifae e fofee sireae Fs e << (The equation f
oltage regulation at unity, lagging and leading power factor):

it sttemw w199 (Lagging power factor):): 3o @ies @rig @b 203 e forg A strems 85Ee o3
TCT EACR
7 (AT AT,
"
e w9 (Resistive drop)= [, R,

!

wfbe 9 (Reactive drop)= [ X,

F?>=AC*+CF*
F?=(AB + BC)* +(CD + DF )’
F = /(4B + BC)* + (CD + DF )’

= \/(VFL cos@+IR, )V +(V,sin@+I X, )’
VNL B VFL % 100 oq ¢ -aifoIe 2ire s T84

VFL

oltage regulation %V.R =



b | (SIE0E (I 261D, wiifae «e feifee srewe FgEe e« (The equation fi
oltage regulation at unity, lagging and leading power factor):

f=ifSe sttexs w5189 (Leading power factor): sn#ifie iites ¢vig @it 2 A1 | fog [ifSe 2Mex FEES (@3
T AR fog (AT 1R,

&f%e vol (Resistive drop)=7 r "
mebe 8% (Reactive drop)=1, X,

il fager ABE 20® #i13, AB = AE cos 0 =V, cos 0
BE = AE sin @ =V, sin 0
wfagw AFD e sz (D = BE =V, sin 0
AF?* = AD? + DF?
AF?* = (AE + DE)* +(CD - CF )’
AF =+J(AE + DE)* + (CD - CF )’

Vi =\/VFL cos@+IR, V' +(V,, sin0-1X, ) fog 712- oo srewe F1Ee

Voltage regulation %V.R = Vi =V x 100

FL




b (SITEEE ([ 36, aifae «e e “resie Fs e JN<esd (The equation f
oltage regulation at unity, lagging and leading power factor):

% T3 (Approximate Formula)z=t eiceow @oe= (V.R) s

" "
A @6 IR e s ot =/ (R, cosdt X, sind)

Vii =V =1.(R, cosft X, sinb)

SIRIEN
" "
Vi =V, I (R, cos@+X, sind
5%V.R=——L x100= (R, ° )xlO<
Ver Ver
TICes (3ed (+) B2 @32 Fiifibe @Iees @ved (-) B2 I 41 =) /'4
YT T T© I T 003 T [T Tew I [Rdfve 2 F / g

b.Xa
|z.R= Cos8
*J F / o

E 2. X2 =28 ] \.Ia .
o ] /8 CAN
l2.R: |

Iz

| #
Vo, /)8
l2.R2 Cos 6

l2.X2 Sing ﬂ




€.Q1 (SICEHS (FAENR AN STFYS A TN (Solve problems
related to voltage regulation):

(%7 arfers

Whenpowerfactoris unity,V,, = \/ (Vi +1,R, )+ X )’

Whenpowerfactoris lagging,V,, = \/ (V. cosO@+1 R, )+ (V. sinO@+1 X, )?

Whenpowerfactoris leading,V,, = \/ (Vi cos@+1 R, ) +(V,, sinf@—1 X, )?

AgainNoloadvoltageVy =V, +1 (R, cosf+ X, sin6)
: VNL — VFL
Voltageregulation%VR = x100

FL




€91 (SIS (F9[ETTE A FFYe 31 SN (Solve problems related to voltage
regulation):

3% 25k VA, 2400/240V, 50 c/s 9= & GEEINHcE *6 AfF6 G5 T [y Siafie o2 #raew ¢oitars
2V,P_ =380W,I_=10.44
foI2 2SI T MoF T @Y Nl T4

P
R, =% = 380 ~=3.5130 Here
rF 72
7, =-—<= =6.923Q =
© 7. 104 V, =240 1
4 4 4 V
X, = \/(Ze ) —(R,)? = \/(6.923)2 —(3.513)% =5.965Q a = LA 2400
Power Factor, cos & = 0.86 lagging Ve, 240
= @ =cos " (0.86) = 30.68 Rating = 25 kVA
- sin(30.68) = 0.51 3 E L= 72V
Primary current, 1 = 252:0100 =10.42 4 P, =380 W
No - load voltage according to primary, I, = 10 .40 A
"V =V, +1,(R, cos @+ X, sin 0) % VR =7
= 2400 +10.42(3.51 3x0.86 +5.965 x0.51) = 2463.18V
-V 18 — :
.. % Reg = Vi %100 = 2463 .18 = 2400 x 100 = @wa = 2.63%
Ve 2400 2400



¢.91 (ST @I A 1Y@ ST 49 (Solve problems related to voltage regulation):

oo 25kVA, 2300/230V, 50 c/s 9 @S GRaIE BIGTR fHagets
SQ,XP =3.2Q, R =0.0090Q2, X =0.03Q

9T ([ I, T2
7 FIEF TS0 2
1 771%9 0.866 fifee = Here,
Equivalent resistance in terms of primary, R, =R+ a’R, =0.8+(10)*x0.0090 =1.7Q V,= 2300V
Equivalent reactance in terms of primary, Xe, =X, +a’X,=3.2+(10)*x0.03=6.2Q V. =230V
3 V
Primary current, 1| = 25x10 =10.874 a :_ng
V. 23
Power Factor, cos@ =1 | Rating = 25k
€ =cos (I)=0°
= 0 =cos(l R, =0.8Q
s.sin@ =sin(0°) =0 X =320
No - load voltage in terms of primary, P
Vi =V €050+ TR, +(Vy, sin0+1, X, )’ K, =0.0090¢
= cos 6 + + sin @ +
NL ( FL p e ) ( FL p e ) XS :003Q
= \/(2300 x1+10.87x1.7)> +(2300x0+10.87x6.2)* =2319.45V O VR =9

"% VR = MXIOO = 2319;35062300 x100 =0.845%

FL




¢.91 (ST @I A 1Y@ ST 49 (Solve problems related to voltage regulation):

+f6 25kVA, 2300/230V, 50 c/s 9= @@ GETFaIEs SIGHR fAages

82, X, =3.2Q, R =0.0090Q2, X =0.03C

9T ([ I, T2
1 T B I
1 1153 0.866 f=ifSe 37|

Equivalent resistance in terms of primary, R, =R + a’R, =0.8+(10)>x0.0090 =1.7Q

Equivalent reactance in terms of primary, X, = X, +a”’X =3.2+(10)"x0.03 = 6.2Q

3
25x107 _ 16 g7 4

Primary current, [ =

Power Factor, cos @ = 0.866 leading
= @ =cos ™ (0.866) = 30°
~.sin 8 =sin(30°) = 0.5

No - load voltage in terms of primary,

!

LV = \/(VFL cos@+1,R, )+, sin6-1X,)*

= /(2300 x 0.866 +10.87 x1.7)* + (2300 x 0.5 —10.87 x 6.2)* = 2283 .25V

o R < Y Vi 00 - 2283252300

V., 2300

x100 =-0.73%

Here,

v, =2300V

V. =230V
Vv, 2

a:—p:_

V., 2
Rating = 23
R, =0.8Q
X, =3.2Q
R =0.009(
X, =0.03Q

YWVR =7



AT

o%3-> FIETFANER NGATFE (6% (&4 T4 T

ULEERURICE ) L
TG @RTEI™, 97 (Re) Copperloss, W, =P, =1"R, =1,
' Regulati
srgey ferarar, ez (X)) Efficiency and Regulation

TGl e, 82 (7))

AN3-3 GIRTFINICIR ST A0 (GTDH N SUGTAGTT ¥y K o W™ FF 9 52

ST HIHE GTTH TN 3-(SITH AT G AT | ©F QO] FIHTFANT SR ST G2 2T SHHICH

AT TR -GS FREET AR 332 T 28, @GS FIACET 3% (R/TF 5% | 93 [, ° R, TOR Af
(FIH SO Q1 Y42 TN G2 BT Tl 5@ | (PR (FEC ML (SIEHSH &=y Al Rt #19 (¢,,,) Afodt
2| (TR 71 SR (TEHSIE fSpate iR I0fa AT | Joare snbiRAbR xy 1= &7 fAo= Fe|




s &

b SIIETNR GIRTPINICES (W 1-(FC (GToF (4T ST

PN *T AR G% eI T4 2 o1z 3091 11

1 To0ag MY FIHTFNET @G (@ 1e (Ot (@i N9 Jwfe 3¢t 3¢

7 orag L5 Gt TR0 (FOR (SIEoe (@ N3 Awfe 351 36

$7 fotad NN GRTINEE FATS @Ied (©1Ebe @ e ey dwfo g

5 10 kVA, 2300/230 V ==t 6 A6 Grod ot W s 3eers
137V,P,, = 192W, I, = 4.34A fefa scars

8 =ifele ANSTR FHEEE (SITHS @I

)% %2 SNSTT TITE (OIS @I

A NS FNER @6 @I
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AN1rd Afofos
e afst it s1-9

(LBAWYY) N
LY AN (RARGII)

YUY ST

STV ET el 8 Noad AG[®

(Efficiency and cooling system of
Transformer)



4 YD ATS (Y PRI

GINC\® ATJ(]3S
.S | FISTRNICRT vt fefeg o sraq «I==|

.| GISTFANICER (FIF o191 @2 A TICF Foifke S @ <oy [azemg et
.9 | IS TS FNS (el w21

.81 ANSTF FIT (I AN WO ATRROF T F© LI

¢ IPTIET TACs wper 8@ A MG wFoit T SRt

L\ | WTFS], HE wFel @ F g wFeld A1 T 41E1 |

Q| FISTHINICER MoAF a4 A Fie12-a9 AREATS! 1A F

b | GITRIAICER MO AT O Il S|

.S | GIRTRANICRR (O G2 dF JHI_fel i =)




L. | GRS vl fefeag «iffe< 3 (The formula for calculation of
efficiency of Transformer):

ST (I 3996 R @ = (reT 7 WSG96 2w o7 *ifeF sftem = A
3G QI SIGEAE Topg *Ie T 2SI MY, ©F-3 ANSTF oP1 | @ G655 «32 3795
ArSEHH Sirecs wwel (Efficiency) It S=ii=y (e (60 GRTrais w5l
SAPET @ GF AT 5% WO 95% 1T O AIH | 1T GO (FA WG (FIF o @32
K o1 | THOIE (3 oF5g ‘T (7)) F ofze I W @2 @it Wowa E 247
< A

Output

x 100

iciency ,717% = F—
npu

B Output

- Output + Losses
B Vicos 0 x100

~ Vlcos 0 + Copper loss + Core loss

x 100

Input - Losses 100 = (1— Losses

Input Input

Again, 1% = )x 100



2| BRI (IR &1 @32 FATF A0S deoifke Ied @ [Rewy Rz (The
1ctors affecting core loss and copper loss of the Transformer):

S @ &9 (core 1oss): @it RAGE 8 i FET e AN AP® | @ 7 (FI-(eTre
o3 1%-3% sifs<eo 7511 @it [Rfen [Raw g et 1 @ 5 -

(F) “ftewa F51%d (power factor): K o™ AeTT FFRTEF MR AP Tl
(IS & O ST TR WA ([CC |

@R A= W, =V,1,cosb,

"W, oc cosb,

() cerebw (Voltage): erete s F0e (31 o01 Afties 231 @« - Core loss oc
gl (PR T (SITHER INTos AfFSe 27

(o) g (Frequency): 93 T4 rpair 899 [Hon 3@ 1P 3% (it hre
I% A @ QOIS (FTH & (FIHL AT L ¢ ARIAEL TR (o1 I



L. | G (@I o @2 T TACF Feifs g a3 [{iwy Rz (The
factors affecting core loss and copper loss of the
Transformer):

R A 7 (copper loss): it Rfex R o=t geifks 2201 @+-
(¥) “rew TE (power factor): 5 o1 ArSAR FIRT R A Teoiifes
gfie FAF T T ST FNEET W I I

1
cos &

) csrow (Voltage): oibe sifiqe Fcst ol o191 #ifsf e 271 7%= - Copper loss
wdieconstant KVA#1e:e @+ (SItebe Ji% 0T S o0 FAE|

(o) TP (Frequency): raRe*w FReaSicas FHEfE §o 44 o7 fHeg
IR A
(@) &% (Load): Tites SoiF F41F a1 [HoaNa | (@S Iece 241 79 IS RIS (@S
A A & I |

A 1= Copper loss oc



.0 | TRTFINICER A vl fefeg sifiwsw The Equation for maximum
fficiency of the Transformer):

&% F3mwee *9(Condition for Maximum efficiency):

! "
Copper loss, W, = ]sze or I °R, watt

Core loss, W__ . = Hysterisis + Eddy current loss = W, + W_

core

Primary Input =V [ cos @,

Input — Losses VI ,cos 0, —losses

Ffficiency , 77 =

Input VI, cos 0,
2 /
N VI ,cos0 -1 "R, =W,
VI, cos 0,
IR, 74 IR 4

core 1 p e core

Vplp COS 6’p Vplp COS 6’p Vp COS Hp Vplp COS Hp




20 | TRTFIAICES A& wpet 9otz 1fiws= The Equation for maximum efficiency of the

ransformer):

1% F3wwers *$(Condition for Maximum efficiency):

rentiating both sides with referenceto I,

4

Re WCOI"e
-0 — + 5
Vp COS Hp Vp] , COS Hp

1aximumefﬁciency5777 =0

p

!

] Re + WvCOI’e _ O

. _
COS Hp VpI , COs Qp
!

R /4

e — core
2
cost, VI cosO,
' VVCOV@
2
Ip
) !
Re = VVcore

maximum efficiency, Copperloss = Coreloss

IR W

core

V,cod, Vi, cod)



b, 9 | TRTIFINICER A& %ol 4otz stiesd The Equation for maximum efficiency of tk

Transformer):
S 2 R e — W core
S w F3wwels KVA Load( K
W load at maximum efficier
s \/ R g We know that for maximum effi
e of transformer, copper loss is e
\V/ core loss N ’
low  both sides  multiply by 7000 I ) R, =W,_ .
s x V s Vv S > w core 1 r u
1000 1000 R Ji k.
e P iscurrentin maximum effi

ISXVS _ VSXIFL % Wcore
1000 1000 x I, R

Vs X ]FL X Wcore
1000 [, R .




b9 | GIFTFIHICER S 7%o! (e Mesw The Equation for maximum efficiency of the
Transformer):

< Vs . Vs X ]FL x Wcore _ Vs X ]FL x Wcore
)0 1000 x I, R 1000 [,°R.
w
4 Max — K VA rated X — "
IFLzlie
w

1 = KVA X coe 2

Max rated \/Full load cu loss (2)
Wher ¢
4 . ]s><pz

M 1000

B V. x 1,

A —
rated 1 O 0 O



SIF FIE RS A wweie #f¥99d (The variation of efficiency with power

OT):

G306 FITTSINIEE WoFd o] 77

~ Output

n = (-

n = (-

t

= (1 -

Input

0-99
_ Input - losses | Losses )
Input Input t
I - 0-98 -
osses ) >
V I, cos @ + Losses . g
Losses |V I ) 5 o0.97}
cos @ + Losses [V I g
0-96

B Losses

0 025 05 075 1.0 1.
Full Load —

cos 0 + X

)

NS FITF ARIOEAI AN AL TFold (@ 2770+ 7 o @6 oq 8o mew
ECR 1T (M Y (@, [Rfen @Tre [Kfew Arews FeE vwele fog 23|




| S es wvel @ Mt e v T3 Sk (All day efficiency and mention the form:
| day efficiency):

STEIIR 300 A U (24 951F) Aimd 9jfee @& s st faa GTeasiE@d 290 a=if
@ N A vt 0|

S* GISTRANICRS ATV 126 FIRAIR RS A AW HL IS AT | @ IS 8 ToT ef (SIe
R GHRSIIES ACF | T GF (FIE T A1 TA ACF | YN (FICAT (I TN 93 A3
5 211-3% 20T ©UH2 (T 707 FH-[X¥ 30O A | O(F, 92 LKA 21-J(% Y7 F92 UG | &) (I
AN <71 7| FY G TR ARCEFF @ISR A AT AP & 2417 797 ([ 2R) AR
AT A FHA-QH W (WY @S {8 THI AN AR, (GRS AT FATH a8 A A
G~ GISTFINICIR T (B FATK o0 40 IAH©! [ 1 o1 2| GF 4IPS THFO! (I FACO X
N WSl (I 12 (¥ @b TR (38 TBI) AT J2S @Iferg e AT A G aIess
IR PISKURICEAC OIS

output in kWh
input in kWh

7 efficiency, I,y gay = (for 24 hours)



L. | WS, (I wpel 8 il faag wwei sSTenie ST (Solve problems on
efficiency, maximum efficiency and all day efficiency):

TR
Efficiency, % = Output x100 .
Input . output in kWh
o All day efficiency, I],) gy = - o (for 24 hot
input in
= utput x 100 P
Output + Losses
B VIcosd x100
VIcosd + Copper loss + Core loss
Again, n% = Input - Losses 100 = (1 Losses) <100
Input Input

KVA, =KVA W o

rated Full load cu loss

) !
IR, =W,

core

. For maximum efficiency , Copper loss = Core loss



b.b | TS, IS 1ol @ Sl fueas wiveik st ST (Solve problems on efficiency,
maximum efficiency and all day efficiency):

-5 @6 H5OKVA, 4600/230 V GSTIIET 8o @32 *5AF0 G706 3 A e stew s

S e E_=230V,P_=285W,I =424
= E_=150V,P_=615W,I_=104

 @6s KVA, 0.8 sirs3ie S8 e

JES Frwe o KVA

0.8 sirexF TIBE AR vl

I{1=(8

 @Ge KVA, 0.8 iexs T3 GReaiEs Sieo9s, — —

N dendl P _=50x0.8=40kw

P =285W
FCENHFAEE T p — 615 W
TS 1, =104

b T=285+615=900w=0.9kw

e T P, = (40 +0.9) = 40.9kw

e % = D100 = 40100

in

=97.80%




b.b | TS, IS 1ol @ Sl fueas wiveik st ST (Solve problems on efficiency,
maximum efficiency and all day efficiency):

-5 @6 H5OKVA, 4600/230 V GSTIIET 8o @32 *5AF0 G706 3 A e stew s

S e E_=230V,P_=285W,I =424
= E_=150V,P_=615W,I_=104

 @6s KVA, 0.8 sirs3ie S8 e
FAEH e o KVA
0.8 #eTa FIBE AW® ol

ng WvCOI'e
WW’ KVAMax — KVA X

e "\ Fullload cu loss

=50x%, /& =34.04KVA
615

A wwets 0.8 sews TEE GreramEs oresss, £y, = 34.04x 0.8 = 2723 kw
TR T TFoT (FIF o9 =F9AF &7
b =285+285=570W=0.57KW

b G eww P = (27.23+0.57) = 27.80kw

- %n:@xmzzmwloo =97.95%
27.80

in




L. | TSl D el 8 J e wvelk sTiis 1€ (Solve problems on efficiency,
maximum efficiency and all day efficiency):

-3: 36 5KVA, 2300/230V Gsresias @1 o1 40W @32 T @ S o 112W 1 @it 24 <51 faufeifas
G 327 (L8
1.5 9+ @ee 0.8 e FgE 1 <ot
1.25 9= @ite 0.8 ez T8 2 961
@GE @Tee 0.90 ek T8 3 6!
wémawﬂemaz@%ﬁHGW
-(EITe @3 ANSTE T 8 T0!
-S4 901
AN A g weer AT 371

BICE
Outputenergyfor 24 hrs.=(1.5x5x0.8x1)+(1.25x5%x0.8x2)+ (1x5x0.9%3)+(0.5x5x1x6)+(0.25

=6+10+13.5+15+10
=54.5kwh

Core loss for 24 hrs. =40x 24 =960 whr = 0.96 kwh



L. | TSl D el 8 J e wvelk sTiis 1€ (Solve problems on efficiency,
maximum efficiency and all day efficiency):

-2:2-u | @36 SKVA, 2300/230V G==aaeds 19 o1 40W @32 e @i Foii a1 112W 1 aft 24 <61 fRafeifas ¢
8
1.5 9+ @ee 0.8 e FgE 1 <ot

1.25 *F iice 0.8 siterra i 2 w1

@G0 e 0.90 =irersie TFE 3 0!

?é@m gFF e SL%W?N 6 51

4—-@{11@ OF ANSIIE FIEE 8 <61

-GS 4 w51
IR0 A g wve! el 41
14138
Copper loss for 24 hrs. = ((1.5)% x 0.112x 1)+ ((1.25)? x 0.112x 2)+ ((1)* x0.112x3)+ ((0.5)> x 0.112 x 6 )+ ((0.25)* »

=0.252+0.350+0.336+0.168 + 0.056
=1.162 kwh

put energy for 24 hrs.=Output energy for 24 hrs.+losses for 24 hrs=54.5+0,96+1.162=56.C

| day Efficiency _ Output energy for 24 hrs. 54.5

— x100 =
T aiDey Input energy for 24 hrs. 56.622

x100=96.25%




STV Aroaie<d 91 Fere-as ganee! (Explain the necessity of cooling sy
ansformer):

| (Qifed (IR belle STY U9 RS 4519 o151 Totol S0 ST (AT AF | @ AT 30

-4 AT o1, Ty o1 @ TRfen 499 Tifee oi2ee wiq@fas o 395ifv| @ hiefe Tatel

S SIANTGI T AP SRS (AT FAHS! T AW G2 FIAHCH 29 TS S A

TR (¢ @ TS9P ARSI ATOT® T WeIRkF A AT T S | aery [[fen
ISR MroIeee T | T FISTFINCIH FAUHS! & A G2 ORI FINFN FAC




SN Moaesd swfox 39691 (Describe the methods of cooling system o
sformer):

PN AONF I AGTOHYCRA (T (AT RCeATe
ﬁ?ﬁ SURNEIR T%R (Natural COOling): _i_;_;:;;__;_;;_;;;;;;zzzzz;z;;;:—::a:—;:;.f';;';—:a

™ [l
G GISTRAaE 2 IGCND G T 58 Taiof oifsge \ .
g =fS30H #e ¥ [T Awfore Heifeeis ol 2@ -
%S e T3 KVA @02-99 Fismra<ia 319 F1K &
Pl 1| (T TSI QISP GO S, ©F IS
AT Q0 1T =T

\h JERENENANRRERRARR
-

Fig. 3.3 WNatural cooling in transfor



SN Moaesd swfox 39691 (Describe the methods of cooling system o

sformer):

A MoA I oG S 901 (rl 2eee
To1ger e gt $ieie (Forced air
1Q):

517 @I QT 2 SN 2T T @ st
P19 G2 P W4 My 2]1T® 0 SR
T ([ 0 AW @32 TSR A (FIF G2
T 24 I FIFTFINLCR IO I A
sJof GENPTH (TN 0T JJARNA Rt 96
FBRAT AT CTATH @ T8 A T ) 93
RS @R Qe 0T AHILNS IS ]|

AD A

Main
transformer
Iron co
tank | =" windin,
msulat
Fan = F
~ B B g —Fa
~- 1 7




BTN AMoaresd #mfes 941 (Describe the methods of cooling system a

sformer):
PG MOMP R G SR o1 (AT RCe8 A~
JafEe e e (Oil immersed self cooling): E

}///// Conservat

- —

5 GISTRANICRS (F1H 932 IO o513 TP oiexet-a ffeers
o GISTANICHR BILChe 3R U MOy Fooce (@ere B8 1 +Ar3st | Core

TP | G SATIAT AP GISTFINTR et 7=t ARy A1 o (eiee _ _
T (PR G2 FCIA U A T O TS I (W ST T @3 TR M wmdmgs{
Tank

|

]

e

T QAP (0T A2 OO BlF @2 A2 ISl I (o Radiator
AR BILCE AT A1 G ATZAT I (a1 AT 70 et *

F | T T GV [N [Hee (ST M 919! 21 @3 2w

¥ (Thermo-siphon) 3|

[

g — - -
T

1

g ————

|




BRI Moaewe “%fox 361 (Describe the methods of cooling system o1
sformer):

GISTRINICHE MO AR SITCIA I (T U1

(feare bisige et $fek (Oil immersed forced
ooling):

(IR G932 FECE (O HNfeer® AF 932 FHTFINES
[ CoCTq Wdy @b wiig wieers (Copper tube)
A AT | RS 0O @ FE 74y e ot A1

QTS FAE 271 249 1T 2N 99 745 ey o=ifee
& ST | T @ (e BIIMCP AF (0e ITTT A
032 fCET I3 0o TATH B AT | T GISTIS
13| O RO IC ST U (FIEFIR I O
2 R O GISTFANCEE 70 (9e 7f3e 20 e
<1 A |




SN Moaesd swfox 39691 (Describe the methods of cooling system o
sformer):

Radiator

PN Mot 2GS o1 (AT T8

Fans Direction of

™ Oil flow

“fee sy e 7t $feie (Oil immersed forced

ling):
) lng) Wir

TN e a1 (Fins) <219 6 <[
e T | @ RFPPIR 199 (90 ©f® AT @32
S G THHICA 8T AT ¥ e BEI St
@< (Fins tubes or radiator) ©sits e .
TGS &) HHIEN® 3T GITICES B IR Oil Natural Air Forced (ONAF)
> FII J]2T I 21 @ TIE AGHAS T T Cooling of Transformer
(R (3P &R 341 [

I
i
|
|
|
»




SN Moaesd swfox 39691 (Describe the methods of cooling system o

sformer):

PN Mot 2GS o1 (AT T8

e et @t owfe (Oil forced water forced
WE):

© QISTPIAICH AT NI (O AFETHH FT T @32

(9 Mg g e 2129 AT, (AT 93 (9T ¥ FCH 92
< AfF 2[R I 2130 oo 2RI 179 (oA ol I
STEANI B 2 ST

g Conservator

Core

} ‘ Windings

n |—

Tank

—
Oil Flow

Wa



b5 | GIRTPINIER (oo U432 @ 911 3949t (Describe the Transformer oil and its
properties):

Tad codl (Transformer oil): GRFINREE 36 AT &= GF A (T (08 I T T, OIS
PN (0ol AT S[Ce I 149G oo Qe (oe | e (oeiie GEENT F(F I SHAH 41 2192 (O@Td
NETE A 22 | 9F AN PG (R FITIAES (I G2 FEAACE o1 2| 9F o7 @I IS QA
TFINICES S G2 BILTR Ned 3ei Jfw <1

SN (o0 RS 43 1 sj=rsj= AP Sfe=s
| SIS SHITH FLFTAN 0O |

| T T3-S * G o (|

| @7 T IR 4m (Sludge) (=R 1

| (RICAT OeiT AP |

| 3 SISICE ]S A

| SRy *CO (A

| (IR ST 2vid AFCS AFE |

O IS5, I 8 ATPIF QI g S & A© 3|
> 10T o™ 999 (0.85) 283 i

2 IR foitif ¢ & TeTE 2ol 3 AR



e (Evaluation):
-S: GIFTFEE (O TS F1?

S48 FITSINIR (O 44 IS R GISTRANIEI (I U2 I I8! il @F
1K G0 IS (A GITFINICIE P G2 GITFR NCH Yo Ji% o1

§-3: GISTFANIES (OEd Hifere F12

73 GIRTRANIES (O IroITR A7 Od Sf¥esas e [kfgn
[ (TS O cste i 1 (Sludge) % 23, ©Its Ffere =

-9: GIRTPINCE AANMER 1! I00 1 1?2

ST GRTFIATN 200 T A (24 9517) Aidd 9jfee aifers a1
I THCe TSI 3996 IS ST IR fueas wvs! 0T

output in kWh
input in kWh

_day efficiency, I, gay = (for 24 hours)



JIfeg et (Home Work):

-S| (MRS (F, A TPz GITFINEHI (I @ FATHAN I S|

3| BT, toce ffeas et $fere (ONAN) swfog It wie |

0 | TSI, (o i sioigee et Ffeie (ONFW) s%fog 3¢fw1 wie |

8| GIRTFANIN (O 1T @ JHI_fepR oY)

¢1 936 20KVA, 2200/220 V, 50HZ Gisrrasis (6% 3 [ afeiiie St e ¢oiets

semARs &8s E,_=220V,P, =148 W,1_=4.24

> 7 0cC > 7 0C

I G (553 Esc =86 V, Psc =360 W, Isc =10.87 4

o3y fefs 35 0.8 =hifole sArea TFR () To1 TS WL (%) T (ETCC FIHFANEI vt ey w12

Y| @3B SKVA Gereaiad @19 o1 S0W @32 Fo1 @e s e 125W 1 @t 24 <51 faaferfie @ e 727
78

7.5 KVA @ite 0.85 21eie TS 2 <61

@G0 @ee 0.90 e T8 E 5 6!

4 KVA ¢te 0.95 e T3 6 <61

2.5 KVA @it g 21eis T3 7 901

(HI-CCe 4 <51

FINAGI A g vl 4oy 311
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Ao fagTe afst Caf*1I=T -

AT (@152 YvaLd
A LY

(COINTANGT: RTABIZIIA
(133 form 2N
2f&fmfas



ACATHANTS

WYITHS o4



=

GINTS ATAS

. o o BroTwaNnad fafesx wre=r
T WA ICO ATAE

. fafeq =@ AT A fS 5T
QNS AT



fox (o GraTwauE

Holtd Il THNlI YV, fHuw

ot fY-ceor eWRfE: 4z
NIYTTH STON H41 IV igoiTe, s«aEm

foxfe fSTeyer cror BrTwavd a3

A



- Wiading

!
; Theee I
i Winding

o (o7 SRS 97 YT 51fo®
foN (Fo GroTsaug






BTHT] €T3
(PB) (PIK

STRRGIYTAT (T T™ITOT (N3
ONF BTN T4l TV OIS mzraﬁl
(@[ TgETe Sifsen e (off
THI AIRNIT STRISGITH O F1H
(Fad g7 ey gafze =
TP OIATS AT Fral



WIS FAT
(Y) (AT 932 22 (OIFoGT SR G:

BITwaNtad oWRfS: 9 ®R

STOIEF FUIA AMNF | AT INTHH



WILTATT TS
(51) YL 5

AF0 A (ATF WA FCAALH

B | G BFICG ATIFVO (TRITTHT
(Learoid) CAANI] 91419 B 49T ¥ |



G B ¢« emEfE: R
ATSH OINTS ARFS (ST WTHT FIA
F41 =

(&) FAGTATOGA ¢ OIANTAT A<
(Oted WMo~ Ja  ATH, ©Y-
PITEFA Wfolde (O  ATRTAZ

WLTT FAGIACOOE HTA  CH|
WA SONNIGr I CATH

IAGACOOT CATH (O BIILTH BTH



O Lic D
SINNTET IMNH-IATO FAGIATOOLA
AFe (Srtad WITeNaS 3

Wam@mseﬂmwzrw
TN 9 WYTTH IrorA AT 8 (I35
A o fquie I« M1 fqure
AOITHAT QAT A MR G
Sife1=pT (ot 1= T a1 I



W\Waﬁmww—rﬁsqﬁr
AT X IQTAT  (ATTHAN Q)
feamfog tofa 3|



SN cwor TrTwaNay fafen

wror = fe =0
Bushing

Cairrand Tranalomser
-'"I.F'rﬂ ura Belief Covice

il Lavel Gauga 'I:W..ll.ir
Connecting Yalve J||I y: A A

Derydrating | *Jf

=2 I -l
ermromeler P‘h.li__ _ .

il Pump




ﬁwmﬁﬁ

w1 foa

Cofbdndetor Tank

WLOG

Connecting pipe

SILICA GEL BREATHER Baeather

faqura

o w ()




SN CFOT QITTHANITAT AT
Aafos

(&) SOIF-561 ATIT ( Y-Y Connection)
(zr) (GFOI-COGF0T T ( A-
Connection)
(5Y) YOTH- (G061 JTITS (Y- A Connection
(N) (Go0OI-30IF ALTHTY ( A- Y Connection
(®) 8T (Geor ar fe 1“— ST ( Op
delta Or V-V

Connectio

n
?:'E qT 1%'% ASTATYY ( Scott or T

Connection)



SN CF T BISTHANTAT HLTISY
(D) SOIF-3014 ﬁﬁlﬁg( Y-Y Connection)

“ .
’ | ’
; | X
SOI9 e TITéY N




SN CF G BITHANTAT HLTISY
(W) COOI-COBTISRUTIT (A

Connectio
U

ATHT

COFOT STSTITSY




[ )
(

Ll
L,
tion
nne«i_1 ‘
Co
LZ

L3
L3 j
N




SN CF T BISTHANTTAT HLTISY
() OB ST (A

Connfction
1

| )

: HZ_; ]
|

) | k

ERUIE ¥




TN (Gor T & & AT ( Open delta Or V-\

CognectionF‘\g S 'li% ﬁ
QITHANEd

oSN (0T AFIA1T 3T L
IO QAr4r Il
I‘Z LZ

|
AR AT I



STAN (GF0T (V-V)NZ Ot TS

A-A LT fo7 (F& 1S AT _"§/33VLIL
V-V (© &1IfTs @& FIE0
A-A FLITR (FX FIECOS L,
AN R, FHFER @A é_

I I :

L, L,

R L g_ L

g ; 3
Vi wdie [,(V-V) = I,(A)
| I,(A)

A STETRTSY 00088884 T Ip(V-V) = =173




STAN (GFOT (V-V)N@fore ATSHF
@& IS, [,(V-V) ——L\/3 ‘[ SRR
V-V (S {7 (F& A8 Tq="\3 X2 (SITH&x A2 FI
= \/3><VL>< M FIED Wi? $_

= V3XV, X (& IS Vi
Yy IL - IP [ﬁ m] L— —

= \3XV, x II;}?) ‘-% $

=V x1,(4)




STAN (GFOT (V-V)NZ Ot TS

Oo
V-V o o7 e sttewra= V, x 1,(A) [ T @iie ]
WIAIR, A-A (S 57 @& e = \V3xV, x I, (A)

VL?P_I) " @ i_
A ST ‘é gv-vmrs

V-V atemm  V, x1,(A) 1
= — =—— =0.577=57.7"
A=A #MSTT — \3x Vv, x1,(A) V3
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%0 a1 fB-f6 ST ( Scott or T-1
S AP SR {9 20O, AD = AC Sin 6

=100x% Sin 60° = 86.6
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4 LTI TS AT R Siee [

b.d | S[(GT- G I T

k.3 | GIOTEING TS 2 FTIFHS ATSART AL FI|

b0 | S[CBT- GIRTFINICHR <l € SRR 332 I/ S|

b.8 | 12 82T RS FISTeaNI<cF Sb!- G oIS I
b€ | S[(GT- GRTFRINICE GRRIES 51

b.b | SCGT- GIRTRINIR AR TiE STt {3 S|

b.q | OG- GIRTHRINR € TS QITras N&y ALy s 319




k.S 9b1- GereaN@d 39041 ( Describe the Auto-transformer):

SGI-GTT N N G5 JTOFNLT GIFFaNE, TH N (FIN1g G I A @
g w2 2T ¢ CUFDIE TOH2 T FHA AP LR IR @92 GF=Ife Ty

IEETS IER QP @ AN HLYS ACF | G I 13 SR GITPIACES
(O |
i G A x LB A
Z‘_'_ E —
= | Ny — N
N1 :_ _E r "\’ i : @ Vv, - F
== |n2z . ! | LI
4 — - la — 14 VvV, o
12 - = I ‘ s
— : (i
r | v |
B "

5q 72-> SGI-GHTFaNE



1 9et- GreiEs 3904 ( Describe the Auto-transformer):

f5a (foa 92-) 3990 ®ever V; s+ eqi2f¥ AB (@ wiifoe 2R, @ie BC 92t 32q@ SR Cleeifl
Ieee IV, faferfie 3 (A Arsw 13-
]J&f )J2

Vz :Vl X—:le—
N 4p N,

S——=—=a----- (1) [a = Transformation Ratio of transformer]

forg [; I 826 99 AC ©i2eH 1fee 20 @32 (I, — ;) 1S BC ©igee 49112 20521 @ S SiG1-
GETEa g2 8oL e GereaEs wror o1 w9zl AC 5 g2y @32 BC wigs el Ree a1

<P

iz

Wl

R ER

AR A iy
4
(1]
{ YA 1)

oxgar




.S 61- GTeawicas 38491 ( Describe the Auto-transformer,.

SGT-GIRTANICRR SCGG GIfAAICE (316 LY@ FAT 2 O SCHF FIG [, 202 271 @3
5 AR T G ToF 8N3[TL-9 (A FIHACEI T F SARS Ao 1 @Ih 9i2* sifEoe
A A C (O T O 8RBL-9 (FT1 IO 24K 912 &b B B (2=
T (@S FIEEES T 9 Oivd ey AfGhs erREe e @w ey AT | O Fi9 93—e
ite BC wit9 opif~»iaa 61 AC i7e sif~>=aiq i gk ! 51 3|

5 N, =1,) = N o1,
N,(I, =1,)=(N, = NI, ----- (2)




>.> 96T- GETEaEd 94 ( Describe the Auto-transformer).

21 A (@, HG-GRTFINER FRFIRm (@#e 13 exe®e a7 5 @ es e &

S SEY SIS (oIt 812fBe 13fha B AL SIS (S1eve ©f 2 M,

VAC _ NAC

VBC NBC
-1 OB V) 432 Vig o @42 (@& Sfey A [y,

ZélB:VAC_i_VBC

VAB:I/AC_i_I/BCZI_i_Q:l_i_%
VBC I/BC I/BC I/BC NBC

Vg TG (O100@ @32 Vi SIEE5 (SIT68 192 SITMR ST G
Q' RIIPEE ) N

L ey e —— (3)

I/BC NBC
~(3) S ML A @, AGT-GETFAHICHR GETeaa== (@ y3 ex2foe a3 5
| (T & foq 72-8 SCGI-GISTFANI




>.> 96T- GETEaEd 94 ( Describe the Auto-transformer).

SG1-GETFRNICES Fo019 (et (Copper Savings in Auto Transformer):

ow that

1t of copper of any winding depends upon its length and cross-

nal area. Again length of conductor in winding 1s proportional to its

r of turns and cross-sectional area varies with rated current.

ight of copper in winding is directly proportional to product of number
s and rated current of the winding.

'herefore, weight of copper in the section AC proportional to,

(N1 — N )@y

and similarly, weight of copper in the section BC proportional to, _""lr"g I: .Ig — fl ]

oq 92-¢ SGI-GETEINR



>.> 96T- GETEaEd 94 ( Describe the Auto-transformer).

SG1-GETPRNICES Fo019 (et (Copper Savings in Auto Transformer):

refore, weight of copper in the section AC proportional to, (N7 — N3 )14

| similarly, weight of copper in the section BC proportional to, _‘h'-'_? |" j'_:, _ Il ]

weight of copper in Auto - transformer W, =1, (N —N,)+ N,(I, = 1))
=W, = N~-IN,+N,I,-N,I
=W, =l N+N,I,-2I|N, -------

: .V, N, |1,
. we know transformation ratio, = ===
V2 NZ ]1
NIII - N212 ““““““ (5)
m equation (4) and (5) we have
=IN+N,I, -2 N, =2I,N-2IN, =2(I,N~-I,N,) --------- (6)

oq q2-b FGI-GIETFINA



>.> 96T- GETEaEd 94 ( Describe the Auto-transformer).

GI-GETRINICS F9019 (e (Copper Savings in Auto Transformer):

Similarly weight of copper in two winding conventional tranasformer 1s

W, =NI+N,[,=NI+NI =2N]I ------- (7)
Weightof copperin auto- transforme W, 2N —N,I)
tof copperin twowindingconventiomnl transforner W, 2N,
/4 N.
= = :1——2:(1—1)
w., N, a
1
=W, =(1=—)xW, ------- (8)
a
: 1 1
rsavings=W,, —W, =W, —(1-—)xW, =—xW,
a a
: 1 1 : : oL :
persavings=—xW, =—x(Weightof copperin twowindingconventioml transforner)
a a

Thereforethesavingin coppermaterialdependson thevalueof (1/a.)
Lower vale of ['a' |moresavingin coppermaterial fod 7R-q SIBT-GrER



L QTG ATSTN U9 FIPEGE SRR 199t ( Explain the terms transformed
yower and conducted power):

rimary and secondary windings of autotransformer are connected
ietically as well as electrically, the power transfer from the primary circuit
condary is in the form of induction as well as conduction.

1t Apparent power=V:zI2
rent power transfer by indUCti0n=V2(Iz - Il) =\2 (12 - IZ/a) Again we know transformation ratio
=V2I2(1- 1/a)=V1li(1- 1/a)

r transfer inductively Pygnsrormea = INput Power x (1- 1/a)

r transfer Conductively Poonaucted = Pinput= Prransformea
=(Input power)- (Input power)(1- 1/a)

=Input power [ 1- (1-1/a)]

=Input power x 1/a




>0 (G- GIETraIcd AR ¢ wpyfiddTg (List the advantages and disadvantages of
yuto-transformer):

O =
412 (Advantages):
TS QIS A3 O Gy FoATH O FH I |

Frirmary
site

813 T Ty T2 OIF I ¢! I A s 5737

OF FATHO! TIPS (@ G2 (OITT @Y I gk ot O
afb SIPIC (G, T FH G | 5

B Le
Np
STRFBLTH SCAFCT BGiifoHR AP ST Bt AAfid e - i LA
T3 (SIEoe e TN Te I
(T-SIco e At IR I R | E
ATS FEATY RGP G2 NG LT AFT G e N U

T JIR & (I IPCETER S - T



>0 (G- GIETraIcd AR ¢ wpyfiddTg (List the advantages and disadvantages of

yuto-transformer):

32 (Disadvantages):

> (57 TG AR 7770 T U2 IS SHATAS (SIS &)
FA A AT

TR 47 23 @RIeT Fe w1 A AT

T ATINITHCS Q2 (S0 AE [T AR AT 719w J71
S PRI ARG G2 MNAGFII YT AP NN
AT SR AT | FIK G2 YT It S G AT

O =

Frirmary
site

Vp )

5q F2-d0 HGI-GETFINR|



».8 13 @NI3fB2 RIS GIEeaacE SG!- Gerersid g9Es (Convert the two winding
ransformer into the auto-transfer):

i3 R @@ G 0kVA__
oo (Step down) It ¢t et f | 1 !
P UP) SIGT-FETRAICE o T T i %HF b
7 ota (Pa-ss(by)) errenfal fofee gl i " i
wef¥e [f# % 20 kVA, 2400/240V @)

AN I 2R 9B T @IS s - ‘
@-(ON5E M3ce @bl cremfabre ol g

5t ST O CBo1-SN SCHT-FATFANE *—‘ gl
GRS AR AT FHE oA 240 v%
SCGT-GIRTFIIE 2fR9® 3 3

(¢)

5@ -5 (a) (e Fofee b w2 ez RIFAE Gz (b) 12 ez RFE GereaTa AG-GHFINE
o199 (C) WfSibe (oeffafbg sieearst (d) @Fie o7 —Siio SGT-GRTeaie|



».8 13 @NI3fB2 RIS GIEeaacE SG!- Gerersid g9Es (Convert the two winding
ransformer into the auto-transfer)

20 kVA

. .
s etz (Additive S WY [ S E—
Arity): AR || 20V Input ? F
© (AR J2rt foq sy(c) 2 foa i i ¢

=1 RN & AL I BT (@)

o Y faes @ f9oe uee (e s s . T

A1 T @fefos i T U, = A400V

0+ 240 = 2640V @R}, = | 2640V

OVi mvg l 2400V

) 92 focq serwa (Common) BT Y

I ST I [~ 2R1T® 20— (©)

1 IR oG, FIEFEINET @ ¢o91-

SCOT-GIFTFINICE SRS R @ S=RET Ba-5s (@) IR Bies aof 12 el R frerrae (b) 1
© ICACR| @ SFET SGI-GFANE RI¥E G SIGI-GeTrwIcE 3419 (C) aftfbe cii=ifste s

67 19 S(GT-GITANI
\ (xfBe Searatay Sifee 3% AT o



».8 13 @NI3fB2 RIS GIEeaacE SG!- Gerersid g9Es (Convert the two winding
ransformer into the auto-transfer):

() ARGre s (Subtractive polarity):
32 (A) 72 ora ARG AR oy AL @RI =) (D) @ (C) BagE T GIfsags IAFH &2

e ¢ [ed Mt @02 o= 120 fog wiee 41 R
GTF(E I 83T UT FIEG I bIfNAER [RoAA® M 27ifee 2021 @t G0 BHA-TIos SG-GFINE | @

T KVA @ s s 3% s eeq V, = 2400 — 240 = 2160 V 2R

© c& Y 1,
| COrueprut : P— N—
] , — e -
e 2400 V = 240V
3 -
[ = Ea _ -
Inpaut = ::_: 2160 X e R [I
1 s || Y L,L B L 8%
r:.:l- Eq I
| ¢ -',_E- =
4 4

(b) 1, 1,
{c2) (¢)

oq -5% (@) RGOS (HIHG AL &=y 12 @13 Gisrrawts (b)Fu= GifsA1et Sofg e e A2 (C)
< GIfsEIe e e @ed 1|



».¢ OICGT- GETeawicad i9Ri9 (Uses of Auto-Transformer):

b fufeiie Site JI7© 2T, -

S| P FREA GFINR R e I7ze 37|
3| TEFERE*R M3 (S1=6e WHIS 20 FHHT &=y JI7© |

HOGsEer
Feeder Transformer

rdain

Lransiormer

HasIGI-GRraI (OIC5E W61 5=



».¢ ool G aNcdd <929 (Uses of Auto-Transformer):

¢t fAfeiie site 7o 37, I0-

TG o (TG 2V (5T 932 PHCFNA (W63 56 e

IS IWNOTF FACEHEII AT FHI- B 1E I

i T
I .
- I"+E-:
Ty
. a5

SYNCRIOnOUS |
s 1111 A
A

Auto Transformer

fSas BRI (57 Bifbe %o

Thirme
Fhiass

Supply

Three Phase 'l ;l il l | | |
Supply ; =1 ™ |
P [ty
Motor
o8 AGI-GETFITIT AR o (F& T

A0S



».¢ ool G aNcdd <929 (Uses of Auto-Transformer):

@it fawfaie Fite 7 3, I90-

1 1B fod O ™ @F i [HEGIE 218 Gy «J2 e
7O TAIE G I92© | JLR INEHIER To @b 129 41 T

PRIV
. Positive outes gt
DL 3-wire T
supphy , balance I
PPly : 240V + outer S |
5 i T P.D =240V
l':l '\.I |IIII :ll" I
o ) l' i Comman or Neutra: LR LR 48DV
t
240V l
N + 20V - inner PO =20V
f
Balancing Wegative Duter n-!-r'-*
':E"l reacenial

foqs foq w7 B IrEsg



».¢ ool G aNcdd <929 (Uses of Auto-Transformer):

@S faferie Site IJ97© 3T, I20-

R IR e

foqs efxmm<



».¢ OICGT- GETeawicad i9Ri9 (Uses of Auto-Transformer):

¢t fAfeiie site 7o 37, I0-

58 PG A JIQF AT T

! 240V Amplifier I\

' 4 watts)

Inverter Charger Autotransformer

oas @fSe SEFEHEH



b S(GT- TR s st sk (Solved problems related to Auto-Transformer):

ARSI FqI<fers
: KVAx1000
y line current [, =
4
lary line Current [, = KVAx100
VZ
. V,I
ating = —=-2
1000
: : vV, N, I,
dormation ratio, a = = =
V2 N2 Il
1 1 1
ormed Power > Ptransformed = I/lll X (1 o _) = Power Input X (1 - _) = Pinput X (1 o _)
a a a
cted Power, P =P —P

conducted input transformed



b S(GT- TR s st sk (Solved problems related to Auto-Transformer):

29-5: GG OCGI- FIFFINEL AF @©eoe 116 v @12 oieeifs eicos 80V -9 4kw &Tte @<
AST T AIRAR FE | ([ F18 (F) GIHTTFANC 2ANSH (1) TS ASH |

n

1
1sformed power P =P, . x1-—)
a

transformed

1
=4000x (1— E) =1241.38W  Transformation Ratio a =

=P

input

=4000-1241.38=2758.62 W

—P

transformed

ducted Power P

conducted

Here given data
Primary Voltage V, =116V
Secondary voltage V, =80V

VvV, 116

vV, 80
Input Power P, =4kw =4x1000 =
Transformed power P, . . =7

Conducted Power P =9

conducted



b OG- FIsTaae ST stipts s+ (Solved problems related to Auto-Transformer):

-2: 9 SCBT- Frerwaieas MR 2300V 1212 209 460V @ 51199 35t 100K VA (@it si<=1g 31
(1 O (T (]9 <A

) 12 87IfSL U Afefb FITT W32 @It @2
) KVA @6 9299 igiEw Gk o1 9o 21|

1
agein portionV,, =V, =V, =2300—-460=1840V

urrentl, = 100:610000 =217.39 Amp

~ 100x1000

2300
in portion'bc'l, =1, -1, =217.39-43.48=173.91 Amp

rrent = currentin portion'ab'=1, =/, =43.48 Amp




b OG- FIsTaae ST stipts s+ (Solved problems related to Auto-Transformer):

-2: 9 SCBT- Frerwaieas MR 2300V 1212 209 460V @ 51199 35t 100K VA (@it si<=1g 31
(1 O (T (]9 <A

) 12 87IfSL U Afefb FITT W32 @It @2

) KVA @ibe 14 €I Gareaie i 5<92© Wla

nauto - Transformer connectedin Two winding transformer
vltage V, =460 v
irrent I, =173.91 Amp

V,xI,., 460x173.91

iIng in two winding transformer = = =80KVA
1000 1000




b OG- FIsTaae ST stipts s+ (Solved problems related to Auto-Transformer):

-3: QP SCGT- GrerrRacEs M 2300V 51212 209 460V @ o181 0O (SIS FFRAR T (AN O A
I A

) 12 87IfSL U Afefb FITT W32 @It @2

) KVA @2 92 €= Gerea=is i1« 57z 271a

Solution

2 (@R T, MY 73 S3fBe

TN QT SCBT-GIT e 25%
@ KVA 3912 M7 | 91-

T AL 210 AfS51e ol
VA G-I S TE<1R 7T,
20 kVA 3314 SA <1865
[T G|




.Q S[GT-GIFTFANTE 8 FHce~*=iel Frareaieas Wy s (Compare between Auto-transformer
nd Conventional transformer)

s ¢ A e AZNE ¢ Geifs 51736 e ez AT, AT 9F B
ISKISESER] AR W32 TR0 i R 3929 F7
aTS AR W3 EFsis Ters =

PGPy 8 NG ALY FT T R19TS AIIATR 932 GFsIfa ¥y e rife
S 2@ T A

10O (OICF0S B9 3 Q| T OF (S0 o1 4o @

GREESGI 8 19T (SI0E B (A 3| T T (SIHS
47 WSl (@A) G SICEl =

OT® FAEI AT T At €| QY WFO] QAR |

b | GTS FAER AR AT @
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Renaas SAffEfog 38 200 A1 @ QoIS e G 7 JIF AT 38 2 1

S(GI-GITINL (PTG AP0 I A8

S[(GT-GIFTFINE N G0 QISR T T (RN G G5 P 1 @IDL AP G AT 9
2N TPl TNIE 1S (| AL FIFFINES B (S0 O e @ s @32 @
(ST OF ME N FIED 2] @ ST 0 I | AGI-GRTFINEI GRS (I
I AT g 28T GETTae 20 @32 i ST 23R 200 FORHERT A 21 2T
OIS T, T AN 28 92 PO AST AN AT | FIC&L (AR A, SG1-
GIETPANICE FHATG FEE IR FHL ALY FISTEANCEHH AN 9 & L0 TN | Q]
S[(OT-GIFTFINIE QRN FE GO W
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