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©.d GETEINIET (-t g9 (No-load Operation of
Transformer)

GIRTPANICER AP T (FES o (S0 ATA FCI &= G (e
(S0 Ve GISTaitad (¥ O<EE 8 2, 910F (HI-(FIS FioH

(condition) IE | @ TRBY TR @ O[T SRBY FILFI2 I FI-
TS AT




©.> GRTRRNIEE (|I-ee g+ (N o-load Operation

of Transformer)

& S GITANEI GRS (@I @S
AT | GBI H o1 (QTer AT (g 72-) |
AZNCS THAT ~Hopi=1 AeF R
wicifore Argnfe ereoe (V1) e
AIZTHTICS AN ST A2 2, FeT _(@lo
IR 2% - D% AT AT | AIIAECS 2_172®
G AN FIFCRL (HI-CEC FICHG 0| 3R
Ip A I, T M S0 1 EIC2IH 7941 (A1t
I TR (I @/ G719 < 1

s =n == == -

11111111111



9.3 (I-(EC (OICHE, TG, ORI FH 2 (+1-(TC ATSH

F1$9 (No-load voltage,cuurent,mutual fluxand no-load power factor):

(@) @ 1-c@ire eite (No-load Voltage): Geressies o= Al (@ e-
RN SR Qe 2AZHRCS @ @GS SIeve (V) 2 T 2 @ AR
(CIETEF2 (I-(ETG (STE0e 0 19D (O SE Siifos ©iese (V;)-2 «I-
@S (SICTS |

5 Ll
I'GP bLI _
I




©.% (-G (S0, FIHG, ORI FIF W2 (I-ETC ATSE

F51¥< (No-load voltage,cuurent,mutual fluxand no-load power factor):

(%) &1- @ 1S (No-load current):
SNM2BL-9 (A A AT FIED

ANTTS 2,2 AI-(ETC FIED I .
FA-(TTG S FIHTANEL L3NS (@ i

rrrrrrrrrrrr

IS 2ITTS 2T, FI-(TS TR OfF 21 g
2% - 5% IIET 41Te 231 @2
IIEOE [, [, 70 430 311 =7




©.% (TI-(FNC (S0, FICH5, ORI FIF A2 (-7 ATS

R K| (No-load voltage,cuurent,mutual fluxand no-load power factor):

(¥) @I- e 1 (No-load

current):

Q FIECE 6 FCHAED 1 TARA AT 1950
FCAATDCE TIAGIRIER ST (1, or [y)
@, M2 ©IEseEd 90 ° (iR AT FIE
CpAIe FCT ATOFS FCH1 @3 WIACAGIIGL
FCATOR oG eE (Wattless) et |
I I (1, or [)9R ¢y, Or $ 92 ) | — P

(T3S TR FAES AL 0O (FIAT 218 i 1
AN IR

EXL




©.% (TI-(ENC (S0, FICHD, ORI FIF A2 (I-(T AS

F11$9 (No-load voltage,cuurentmutual fluxand no-load power factor):

O FTHANFTE SAFL FCAEDB (1) 6, A2 (SIH
(V; )-93 AN dF2 (F& SN I (I T S AMF | [, TR 0
ASTF A2 [T GG TS FCATEGS I




©.% (TI-(ENC (S0, FICHD, ORI FIF A2 (I-(T AS

F11$9 (No-load voltage,cuurentmutual fluxand no-load power factor):

(o fregm& = (Mutual flux):

a3 PR I SIS OIS bOMTE TRITT IAFLR
(NG ATV AL 3 A0 | FRTFINICES AL @i
AR T AN (T G I BN 27 ©F (FIEA

REICRESIRIERIR]
Laminated Core
| o _¢l'“' = ¥
= I " , I
: |
AC voltage;g Ej jjj‘_ j il Load
source | ),&-_-::: E“}_- I m
P | e i
Primary - ———— e |
Winding Secondary

Winding



©.% (HI-(ETC (SIHe, FICD, ORI I G2 (+{I-(TC S

F11¥9 (No-load voltage,cuurent,mutual fluxand no-load power factor):
(o) g w1 (Mutual flux):
ar+y @ AfFT eAefoe -« 7H2RT FI;CH2 FopAe w5 el 27|
GISTFINICES (- FIECEGH AEO13EL FCHAAG-9 fSopare
T P, I8 I @ ORI F15 Tox 8A3fw2-9 3HTEC

Q’kﬂﬂ’kﬂ$ j :°| l | : | | Laminated Core
/
; .
- I | —
e Vo'“’ger% ! il Load
souree T A
I i | -
Primar;rl s ———— e |
Winding Secondary

Winding



©.% (TI-(ENC (S0, FICHD, ORI FIF A2 (I-(T AS

F11¥9 (No-load voltage,cuurentmutual fluxand no-load power factor):

(9) - sirexie w1$d (No-load Power factor):
Sl i, GIeTeNicss 2995 “iteqs, Wo= (V) I, cosd,

@, Wo= HI-ETS 39495 Arswe
V)= @I-ETS (©IEtw
Iy= EI-(ETC FIES
COShy = I-(ET AT FIIESA




©.% (TI-(ENC (S0, FICHD, ORI FIF A2 (I-(T AS

F11¥9 (No-load voltage,cuurentmutual fluxand no-load power factor):

(}) (I-cetre “hexe T1$9 (No-load Power factor):

Watt meter (" Low voltage side =

&2 EI-ETS ST T8 ﬁ _— -

lg m "N - messe== 3
cosdo= Wo/(V;) Iy) Tnfaie @2 _ &) i :
bo 2T GleTe MeTH W aem | ) @ - B8

" (=) v E=Vy

afs (V) @32 I @3 F4<8t (@i @<e @9 % N, =R
= 90° 95 G @G l | ! O

?
3

*Open-circuit test of Transformer®



0.0 (- (@6 FENE 59 g (Vector Diagram of
Transform on no-load):

ST (-G o1 2Ry 8MRfeR-9 @
I @2 FIEHCE [ [, T 4m 30 23|
Q FIECEGH Yo FCAED A TAH AT 19
FOATDCE MIAGIRIGR FCAT (1, or Ipy)

I, M3 @ieesees 90 ° (R AU @I
Ao FTHCE 2o S

(I, orly) =1, sing, |




9.9 - @TC FTENEs 359 g (Vector Diagram of
Transform on no-load):

S AT SAMHL SIS (1) 0,3 A2 (SIT®
(V] )-93 A O3 (FCE AIZ I (19 7 0 A [, TRAIR
?0S 1SN 4= I R fote wpeibe FroEte I

(1) =1, cosdy s
Torae [, @R [, (CFF @Y I

B (BT




©.8 QST (1-CES (GBS sTidl= (Solve problems related to
transformer on no-load ):

HAAqW8

Wo= ) Iy COS(])O
I, = I cos @y

No load resistance R, = ;/—1

I, = Ip sin g ,
No load reactance X, = [—1

Y7,

Iy = \/fwz +IH2

L,
COS P = =
I



©.8 GISTFINE®I @I-CETS God T Td (Solve
problems related to transformer on no-load ):

792-5> @b @ F& 10 &fea 500/250 ==t 50 Hz GisrawiEs
Ai-ere Aed 200 836, -6 eios 250 (S0, (I (¢TT®
s 1.2 A= [, 93 [, @7 T efar e

YIS (RS S,
Wo0=200 Watt,

V=250V,

I,b=12A

et wifs, Wo= (I;) I, cosd,



©.8 GISTFANER - GTod AN A€ (Solve
problems related to transformer on no-load ):

7%3-> @3 @ @@ 10 &f®a 500/250 et 50 Hz GREsitas ((I-(e ATes
200 &3, @I-@TS @lets 250 ©1F, @ @ F1ES 1.2 A= [, @32 [, 99 914
fqefa =)
AT
wredd, cosdpo= WosVy) I, = 200/(250x1.2) = 0.67
0, = cos '(0.67)=47.93"
sin 8, = sin( 47.93°) = 0.75

IlJ_ = IO S].n(l)o = 12)(075 = 09 A(W)

I,=1, cosp, =1.2x0.67 = 0.804 A (T=9)



©.8 QIS (1-CES (GBS ST1E T4 (Solve problems
related to transformer on no-load ):

o3-3 @36 33007240V a7 &% GEwa@d 240V @ - (SIEbe A3e Aes Mg 212 -3A1se e it
2 19 SR @ @S FIEDT 2 A @32 28T 60W 242 31 @1- (©1te0e Aizced eaf¥e @ferens 0.8Q
3 (@ QI (F) @I @G ST TR () @l- (10 M3 BN2BL 97 I o7

HAATLTS

Here given

Wo-= (V) I, cosd, V, =240V
w943, cosdo= WorVy) Iy = 60/(240x2) No load current I, =24

= 0.1251lagging
No load power W, =60 W
Copper loss of low voltage winding winding resistance R = 0.8 Q)

I;R=(2)’x0.8=32W no load power factor cos 8 = ?

copper loss of low voltage winding = IR = ?



©.¢ ETCYF S G FR (Operation of
transformer on load condition)

STV GFMCP (TG HLTM I S 2 (S0 2R FHCT (T <51 Te
2, OIS RTINS (OIS T (FT00C S7g! &0l | GBS (@1 fuee
AT FIES (T 92 @ @I FHARC IS I AT 2R AZTRCS

%‘P

pe— = P—
lydo# 15 H

- 1 Iy
g=r I‘FJ_*E (
e m—E q

Vi EI:L..- N Na ¢ :

| == i

]

]

1

Io Transformer s - _LEEE_
o B -
‘ ]
T ' R
"._."F_ 'I"'IIE I
1 |
L Q@
Ne o Ne I
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©.¢ oY@ SR GETeaNicEs ke (Operation of
transformer on load condition)

g 72-3

2 ¢ ot CIITes AL (SN AR T (FC GF 6 FICID [, P AL AR G I
IR OE 936 FH P 2= 7Y @2 F19 @3 AYR §,,,-97 180° Rfcs @izl
oA TH G , FIH P, @ UL I 9 AT 72 CIeFelR Spif>1= 51 (I, N, )
G ST |



0.¢ CEIeYe Sg G s (Operation of
transformer on load condition)

Pa a2 @

© 72 ota It foAG 157 (AT AR G/ THA @, b 9 FIAEA Py, I I W, O
AT AT FIGHR 29Na9T F; @3 N8 61 0T A1 E; @ FF FHF A A
AN Feaes et (g wfelve F1Es [ 4717e 221 @ wfefie s [ areafe
JIRHCTA @G SIS I0eT1 93 [ (@I ©IF G0 T 19 b/ 38 3@ #19 p,' 93 I«
T B @7 180° REAATS (AF Gt woice [ a1 @2t Aiznfics wfefse Ifwes
B [, o AT SIS [ a1 e [fers 2w @b [ |




v.¢ CEeYe SgY GereaEs s (Operation of transformer on load condition)

g 72-8

8 =12 Tota I (FICT WY SN A F1H P, FRI 0 <A1 @It IW EIFRIRS FHA



0. e, 1L 8 FET (Toye SAg FITaNI(Ie (ST Sy
(Vector diagram of transformer on lagging,leading
and unity load condition):

s e WY :
1,=1+KI, r \ :
»

NL

e
N

g 2-¢

IR GIRTPANICER (g Y0 O<gl [[ReIo=1 w41 2308
S| 8yrsfeee @ferons »le forew w3 KA GIsTTF|
3 8YsfEe @eron™ 32 o FIFR GTTINT|




0. TR, e ¢ T (oye ey GrreaicEs (o34 gy (Vector diagram of
transformer on lagging,leading and unity load condition):

fqw exrefer @feren™ e foree HIARA FIFTFIANEL (©F SIS (ML T8

() AR Areq= FEA RFAT (=iees cweas
QTR 8T (fErorsT U2 fetee F137 ¥y @AW (ST SN 1
ATGEG 3,9, aF @32 2T (SICEHe IS (MR AR (Y 1/2 I
CTFeIR M IR AT AR AT RIFaOE, ceg | g

G T FIES [, ,©CI5T V, @3 (I AFE| TF IFIEHE
ATSAIR AZCT G FACO (@ GEIRHH @S 7111 ©fF Fh00 T, T (CFF
ot [, @it fofes o1 2GRl 9 [ @32 [, @9 (551 @I e
AR B [ e [ |

>

02

L =1+ Kl

VE,=V,;K=1
foq 72-v: Fpfae srewg




0. T, e ¢ TS (oye ey GrrewicEs (o34 vy (Vector diagram of
transformer on lagging,leading and unity load condition):

e easfee @EfEsns 32 s FHRRAT FFTFINET (S35 T

(TR 20T
L av,
A
(¥) forf®e sftewe Trgs RP*E @ces ¢Fveas ¥ k \ 9D,
f5q 72-9 @ G IS [, @ ©Ive V, @ f&if6e-a Lt I, ,f(\
QRCR| O AT AZHIE IS FICID [ S FAT AR, "'-;f f)IO
Vi
X
>\
%2
\ i
Y V,=E,

oq 72-9: foif®2 e FBEI
(S35 ST |




0.y wifae, @ fSe ¢ TS (oY@ ey GrreaicEs o34 gy (Vector diagram of
transformer on lagging.,leading and unity load condition):

e earsfee @EfEens 3 s FHR[AF FHTFINET (S35 O

5 72-b: 3T AeTw FE7 [T @ex
(ST STy

CRICIEIGIH
v A
. I
- o
() 2 At TS [T (e ¢Feas I, & o7
3B 2rewF T3 [T @1ited ¢Fiq G ©ietw o, // :
V, 932 & [, IV A ¥ 'IO
o
» : I,y
I”| E I g: H:
t E Y Vs =E,
i k




0.8 @R, ffSe ¢ SO (e s GisreawIs (s34 oA (Vector diagram of
transformer on lagging,leading and unity load condition):

A exr3fe @ferorn™ ¥3e o FIFR IFTFINIES (S5 Sy

(AT (T8

Due to the presence of resistance and leakage
reactance, some voltage drop will occur in the primary

winding.

If, V, =Applied primary voltage,

E,= Primary induced voltage,
Then, we can write, that

Vi = Ep + 1 (Ri#iX))

V,=E, +1,Z,,

Similarly, The voltage drop will occur in secondary

winding,

If V, = secondary terminal voltage,
and E,= Secondary induced voltage,

Then, we can write, that
E,=V, + L,( Ry+jX,)
E, =V, +,Z,

21 zZ
A (_H
4 B
R X; ' 3 X
A TTIY ’: AT
Il IJ
1
|.,f }lu
Ro X Vv
Vi \ Es E .
\
0
N /
Ideal Transformer

**Equivalent Circuit diagram of Transformer**



0.b ife,ferfee ¢ ICMAMG (eye sy GRTeIEs (s34 oria™ (Vector diagram of
transformer on lagging,leading and unity load condition):

 earsfee @fErnst W32 e FIFL FFTINIET (S35 Sy

CRIIQIEIGIE
() IR e T8 RHE @ea ovras
xl - El . :l(ZRl+jX1) E;=V, + L Ry#jX;)
=E, +
1 1 1=1 E2 =V2 +|222
> @
21 zZ
A A
- N\ i R
R X. v R Xs
C‘——/\/\/V"——b—’rnf 1T > h . AAN
® 1
1,j——+l..

E2

Fig-2 ( When Load is Non-Inductive)

e




0.b wife,fefee ¢ TG (oye sy GReIEs (s34 oria™ (Vector diagram of

transformer on lagging,leading and unity load condition):

A earsfee @Bt U2 FEe FIFPR GFTrawEe (857 S

(TR (=18

(%) T sireT T8 7 [T @ies Feas

V,=E; +1,( R;+jX,)

Z;
N
4 N
R. X

E;=V, + 1,( RytiX,)
E, =V, +,Z,

e

Es

i.)_

0

E2

X2

VI o 11X)
i i iRy
hZ, -Ef
|I'2' = Klrg
| = "I
| e
| s
._—‘E‘E ¥ .Flﬂ
Iz
Vi
i‘;}RQ - lJl2z2
M
X

Fig-3 ( When Load is Inductive)



0.8 @R, fSe ¢ SO ey Sy Gisreawes (s34 oA (Vector diagram of

transformer on lagging,leading and unity load condition):

At exr3fee @feror™ ¥3e o FIFR IFTFINIES (S Sl

CRICIEIGIE

(o) ferfSe srexg Tge [T @ces oFas
Vy=Ep+ 13(Ri#iXy) E,=V, + L,( Ry+jX,)
V,=E +1,Z; E, =V, +1,Z,

% 7,
Q——"V\/\/\—Ilo-—" 113 i, : J A}{-\-M—T—’Fm\—.‘
| =
I.J: 1,'
V: Ra = Xy Es é £ v,

**Equivalent Circuit diagram of Transformer®*

I2

V,

jaRz = el !222

*
X

Fig-4 ( When Load is Capacitive)



0.9 ST SRER FEEAIER T A€+ (Solve problems related to
transformeron load condition):

AT e

1.1 =1+, )

S
2.1, =—
a

3.1, =al,

4.1 :\/(10)2 +(Is ) +21,1, cosb

S1 /-0, =1,/—-0,+1, £ -0,



©.9 (@TCYF S FITFINIE 1K W1 (Solve problems related to transformeron

load condition):

o-0: G GETFIAES AT 8 ErFeld 822 7 2716 722 I@Ew 800 ¢ 2001 727 0.8 =rifae sitews @
EIeifd @e 3t 80 A 2, 9239 0.707 =mifae sirexis T3 Ai2NiE FIES 25 A AT @F 13- () @I-ES FIED

(Q)TI-(ETTS STeTF FITH

Here given data,

N =800
N =200
N, 800
= N = 200 -
Secondary load current I, = 80 4
Pr imary load Component Current IS, = Ia—s = % = 20

Secondary Power factor, Cos 6, = 0.8 lagging
= 0, = Cos '(0.8) =36.87°
= Sin 6, = Sin (36.87°) = 0.6
Primary Current I 5 =254
Pr imary Power factor Cos 6, = 0.707 lagging
= 0, = Cos '(0.707) =45°
Sin 6, = Sin(45 °) = 0.707
No load Current I, =?
No Load Power Factor Cos 6, =?

We Know That
Ipé—é’p =1,£-6,+1; L-0,
1,£-6, =Ip4—6’p —[s £-0,

=1 (cosf, —jsiné?p)—]s,(cosé’s —jsiné,)
=25(0.8-30.6)-20(0.707-30.707)
=20-j15-14.14+j14.14
=5.86-70.86
=5.92/-8.35°
Noloadcurrent], =592 A
No load power factor cos, = cos(—8.35°) = 0.99 lagging



©.9 (@TCYF S FITFINIE 1K W1 (Solve problems related to transformeron
load condition):

o4-8: a6 400/200 V Fees (v Gsreasis 0.8 difae #iewe 8 Ciesi[ @ S 50 A FH_ER I (-GS
P @ (- ASF FTHBI @ 2 A ¢ 0.2 =i 30 i3=ifa IS @ 2T 2ewx w5 oy 41

Here given data, We Know That

V=400 ’

V¢ =200 _ — — —
N /-0, =1,/-0,+L £-0,

v, 200 . R ' o
Secondary load current I, = 50 4 N IO (COSOO ‘]Slneo) +1s (COSOS JSIHGS)
Pr imary load Component Current IS, = ]—“: %: 25 4 = 2(02 B J098) T 25(08 - JO6)
Secondary Power factor, Cos 8, = 0.8 lagging =04 - J196 + 20 — _]15

= 0, = Cos ' (0.8) =36.87° :204-J16 96
=  Sin6, = Sin(36.87°) = 0.6 ' '
No load Current I, =2 4 = 26.53/-39.74°

No load Power factor Cos 8, = 0.2 lagging
= 0, = Cos " (0.2) =78.46 °

Sin 0, =S8in(7846 °)=0.98 - Primary power factor cos@p = c0s(—39.74°)

.. Primary current I/ =26.53 A

Primary Current [ =7?

Primary Power Factor Cos @, =? =(0.768 lagglng
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Texs G G MCE 99 @GS 2 (SICHS 2T FC O A12S
(T (FCY VT GIRTaItEd (F SEIR 38 T, O (- (@IS o
(condition) I @ T LR @SR AT FIEFN2 AT HI-
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TR
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*Open-circuit test of Transformer*
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1o ARDTS

33 AR (ARFA-D (LLAWLD)
» Y 2 (ERQFIN)
SYCEIEY]

INIES 3,4, G, NP, FRTICHH (@16
3¢ ffew g9 wopaI(E.M.F Equation,
ransformation Ratio &Different
osses of Transformer)
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S| GRS 2,9%,9% AN Jewig(Define E.M.F equation)

GISTPRNICIS AN G (SIC0e AT
Ge o ORI 13 I ToF

SAI2fro2-¢ FLAE @ A qHTe
3HOG 3,9, GF T I8 FF €2

(< TN TP T AR ST O
OICF 2,4, aF ANFAY IC|




S| GIETENICER 3,9,a % ANe«cee Meewis(Define E.M.F equation)

MYFNS 2,4, T FAPLY T
E=4.44 &m f N Volt

i
, ®m =Flux in Weber I”. EtIg‘ ,
f=frequency ——=

N=Number of Turns \




2.31 3,4, 9% FANFY N9 (Derive E.M.F equation)

QLI SIS (eiceve Vp (@ 39 Se €11
gz | Fepne w8 Mpree (Sinusoidally) s

le(?qq\é.{ (< | Primary Secondary
winding winding
Np turns N turns

Primary
curren
P

Transformer EMF Eguation

ol

IR

9

)
r
-

s \_/

\\




2.31 3,9, 9% FANFY N (Derive E.M.F equation)

43 g7 98 (Induced) cicstw Ep @32
Es 334 T2 Sl Ao o01FR wifke
(SICTE FJIACES
SR GRL SIRE (OICEhE Seyd @ ed W3y

Tran=former EMF Eguation

Cwcle

Primary
winding
Np turns

Primary
current

= "

|

Primary
voltage

%

Secondary
winding
Ng turns

Secondary

.'5 current
—

|

Secondary
~ voltage




2.3 2,9%,aF AN 43 (Derive E.M.F equation)
T/ SIS

Primary Secondary
winding winding
Np turns - Ng turns

Transformer EMF Eqguation

Primary / Secondary
current I I current 1 Cycle =

A

Secondary
voltage




G,
Np= AT FHEE 51 A2t

N S-= iy woe B e

1) = ==z vy faw a<ifs
AW FIH

=BmxA

f=frpeats

2.2 39w« % ek 9o (Derive E.M.F equation)

Transformer EMF Equation

Cyrle

oa 72-3



2.2 39w« % ek 9o (Derive E.M.F equation)

foa- < 209 (91 T @, 512N MAfRees 519 ©eis a < S Transformer EMF Equation
T (SR (1 7 4f CTTD) F19 @ T X7 0
A F dm AR

Cycle

Toud, F 3 Ao v 7= dm /(1 / 41) I
=4f dm i

R/ 3 (15 — \/
=g




2.} 3,9%,9%F Aqwad 9w (Derive E.M.F equation)

Q2 AfS BItd 1 ATRROER &y A4S Bt 3,9, 9% ITEHe ([
NG 3,99, 9%/CIH = 4f dm =5
I 319 13 HAfTRO T, T 3, 9N, 9F-(F TIN B 0 9 I RMS 1= svestt I3

SEE] TN Figs=RMS ssae 9 =1.11

w3, A4 Bt 2HGETS 3,4%,9¥ @« RMS w9 = 1.11x4f dm
= 4.44f dm oG
e, TN T BN 39N, 9%, E= 4.44fN dm (oG



2.} 3,9%,9%F Aqwad 9w (Derive E.M.F equation)

I AT FRCET TAGTC 3,9%,9%F Ep @32 51+ 312451 Np 28 o i23ifs
IR ITOEG (ST (S

Ep=4.44fNp dm ©G-------- (1)

3 I CIEoIfd FEER TS 3,4q,9F ES @32 GiF 722t NS 33 9
Es=4.44 f Ns dm S1°5----------- (2






2.9 (SICoS (JF*8, FIET (@S, FIFTFACNH (=18

(VoltageRatio,Current Ratio and Transformation Ratio)
E

7@1% @s (Voltage Ratio):
N
GRS AN € O SifKE (16 e SASF (SIoe -'-FP=FP=G

s

QLA a=GTTIC @f*e

=Np/NS ------------- (3)



2.9 (SICoS (JF*8, FIET (@S, FIFTFACNH (=18

(VoltageRatio,Current Ratio and Transformation Ratio)

e’ @8 (Current Ratio)
BT ANIES SO @269 FIECHT IA2T® &F

| G JIED (@S I



2.9 (SICoS (JF*8, FIET (@S, FIFTFACNH (=18

(VoltageRatio,Current Ratio and Transformation Ratio)

it @e (Current Ratio)

ST Sif G 375 21eWF @2 ACHHG #ATe oI | Sefie

E I, =E.I,
. IS E
[P

= = ad

E

N

, S Gife, GRTRIICER Soy e epif~»xre Gi T eidie,

N I = N_I

p
o ]s P
IP



2.9 (SICoS (JF*8, FIET (@S, FIFTFACNH (=18

(VoltageRatio,Current Ratio and Transformation Ratio)

GBI @fAe 31 Gt @fie (Turns ratio or Transformation ratio):

GTFINIEE OOl MY SASET (SIE0E W32 FIED 8 FCAEI AT

ST M Q0! [HME ST GG beet | BT BI (@6 1 GIRTeaca=i=

AfFfbeIg @FetE “a” 7= (9 @heg kK 7111 3fow w4t 21
Ep :Np _
Lo N

da Q2 a=5=Faeri @ e



2.9 (SICoS (JF*8, FIET (@S, FIFTFACNH (=18

(VoltageRatio,Current Ratio and Transformation Ratio)

GBI @fAe 31 Gt @fie (Turns ratio or Transformation ratio):

GIRTPRNICHR AI3NIE @ G AT AL SATS ©itns




2.9 (SICoS (JF*8, FIET (@S, FIFTFACNH (=18

(VoltageRatio,Current Ratio and Transformation Ratio)

93 Peis (T GRTFINIEE (Fa (SIC0S G392 biF @8 i
AT Y 1 (F& 97 GFCg GISTFIANEHL LI TAF (o7 I

BIF-CCH6] HLTACH -

VP — Vs
N p \/?N S
or & = N,



2.9 (SICoS (JF*8, FIET (@S, FIFTFACNH (=18

(VoltageRatio,Current Ratio and Transformation Ratio)

G2 (C501-"61F ALK CFla-

VP _ Vs
V3N, Y,
V N
P _ \/? p
or V N

BT (P (IE5eT ) = Ly awe @B el e eiese V, =V,
(SO | V3

g G 3-¢ T8 IM TS AT QPR HHCT A 7 9L BI-B1 (6T (B5-
(=B, O(J CTCH(E (SIT0S €32 BN

@8- T 92 AFE | (1-¢ 99 TS A



2.8 GIFTFACT (@¥e s 311 siNidi= (Solve problems on
transformation ratio):

748-51 @6 25k VA,1920/240 V, 50 Hz ficeis (76 GRIFINIER o9 ©iGH 311
AR P (R (I F-(F) B @S (%) 23 (SITHS 8 (& (S0 H130S FICACEES AT |

g8 @I, Ep=1920 volt, Es=240 volt

(@)erEt eife, 5 @*e,a = Ep/ES =Np/Ns =1920/240 = 8
(})CET ceIeee M3 s, Is= (25x1000),240 = 104 Amps

212 (eicoe AR FE,Ip = (25%x1000)/1920 = 13.02 Amps



2.8 GIFTEFACTN @RS e sk (Solve problems on transformatio
atio):
FN8-3 | GG GISTFINICHA 22T e3fL @ GBI 7122yt 150 932 eI eaafee

&3 51 12251 900 | @3 Z99b AIEIF (@It 32 FIRCEoF W+ 1@ 300V ¢ 3A
R SICHHG EIFI (S0 2 FIEHCEE N F© (9 F|

R RIEN BE
@0 5 14
£ T = o { <70 N :150
3 @‘s‘rﬁﬁ\aﬁmf{\m P V. =—=300x6=1800V
2[€ 3 Gﬁ\ \ﬂqmﬂ\m N, =900 a

1l5 2R (10w, v, =300

2955 2SN SIS,
I,=34

p

CIFeI} (CItte, V, =2

{(PSI FICID, ]S=‘7



2.8 GIFTEFACTN @RS e sk (Solve problems on transformatio
atio):
HAN8-3 | G0 FIRTPANCEHR 2N SA2BL 9= G 514 150 @32 cieifs exizfee

a3 51 1225t 900 1 @3 2996 AEIE @it 32 FIEEE W+ 1iFw 300V 8 3A
e GG FTFDIE (SIT0E G2 FICHCHS W F© ([ 1|

SIEEIRCRID Vp:Np:[S _,
Ve N, ]pa_Np_IS()_l
A G, N. 900 6
-
3 oD, V, =—2=300%6=1800V
a
1
. . ]S :a]p :6X3:O.5A



2.8 1 G NIEs w9nd oiferet (List the losses in
Transformer)

GRTRNIE @0 TR 4901 o133 gy QTS (I 93 T ISR
GG G253 (W2 | FIFTFANT o IS (HI-(FMC 8 FeT-(F11C SREZ (F-Ipe]
] (LT T, I I LR FIRTFINICE 12 K0 797 0¥ AT, I9A-

&1 31 & &1 (Core loss or iron loss):
#) afe s 91 (Eddy current loss)
(¥) fere e 51 (Hysteresis loss)

3 (F1F AR AR FTFINEE - GTS a3 AE | O AiewEee
RIS (SIEHeR 2P1-3Ga TR @- 77 IAFH I3 8 @ 2



2.8 1 G NIEs w9nd oiferet (List the losses in
Transformer)

GRTRNIE @0 TR 4901 o133 gy QTS (I 93 T ISR
GG G253 (W2 | FIFTFANT o IS (HI-(FMC 8 FeT-(F11C SREZ (F-Ipe]
] (LT T, I I LR FIRTFINICE 12 K0 797 0¥ AT, I9A-

3t I“R =1 (Copper loss or IR loss):

G RGIHCERRERCCR RIS



2.¢ | TAGERP 79, @S FIED o3, (19 o 92 F41K Je 9195t (Explain
steresis loss, eddy current loss, core loss and copper loss):

(%) foTeEte op (Hysteresis loss) :

SEGIRAGE FIED AT® L3P OFd o€ M Ao 3| T pI
T AP AED ATGTS T SAEFAE FAE S ([ATo A ATF
ARAMO® 27| (FICH 7T (Flad (Y s AE 231 @ AT NS

8 REFFIFACT T (@I TRFFE Y2 TS ¥ 7 BI TS5 S!
08 A @ I IF e IveTce A I OIS T ALIICER T

g e =

THE SINE WAVE
EXPLAINED!




2.¢ | TAGERP 79, @S FIED o3, (19 o 92 F41K Je 9195t (Explain
steresis loss, eddy current loss, core loss and copper loss):

(%) frwEteT «p7 (Hysteresis 1oss) :

a2 AN GO 2 RAGEPM 707 | T, CHINNCS IF INCATRIT et
200 Al AW (@, (P G0 57T AR PGP ohy T s dfofve
SR I (OFA0F 1.6 OF ASCIR A FIATH AN OF |

Ky = g3 91247T; @ff 373 (IR S @3 AR Bo fSe )

B, = @& I F3 @A
f=  fogaf



2.¢ | FAGERM 7, @fS SIS 79, 19 71 ¥R 441K o7 9 (Explain hysteresis
loss, eddy current loss, core loss and copper loss):

A @ 0T F19918

S| (RIE O At o9 eI i 531
QI IS A TS IFIFNOT |
o | @1 FIFE T29 GIRFIRIN FIES M Ao FE|

G ERISIE

PG AP o T© (¥ R O T ©© ({3 (I 1T 2ASH
1 (@ AN 8 TP 0O FoB J|



2.¢ | FAGERM 7, @fS SIS 79, 19 71 ¥R 441K o7 9 (Explain hysteresis
loss, eddy current loss, core loss and copper loss):

oG Fe go1ks

NG ER™ T T @M 31 @9 Teoly ©© @ 3= AreTE
o I 2T 8 IPYE 0 Foa® (|

o FAICIE SATHS

e 7oe1 Jt Biferew 7o 2R F41 21



2.¢ | fOTGERET o9, @f SIS o™, (19 o™ @2 F41 oo 19 (Explain hysteresis loss, edd
core loss and copper loss):

(}) @fS 315 71 (Eddy Current Loss):

IR 96 QAIToF pAEE FECEH N1 M 2<12® SIS AR 3o AE
©2q O3 59 GIIPrHae ARRISS 27 ¢ IR *MAF T4 IR 197 T
F 38 2 €2 @ (SITHEE S (I GF 0 FIEHD KOS 29
_fow FIE5cwr2 e it (Eddy current) Ie14fS sicss

1 foon MG 471TTe 26H 3T (I @fEroys 93 A48T W@ @

3 38 I(H, S AfS FICFD o7 0T




2.¢ | fOTGERET o9, @fS SIS o™, (19 o1 @2 41 (e 1T (Explain hysteresis
loss, eddy current loss, core loss and copper loss):

(¥) @f® F1e5 701 (Eddy Current Loss):

T, (HINCACS O T (AP (M2 I @, (I 96 G M afe deas
1 B oM AfSe 1w w5 @il @32 P ez s sy

| Sifte @fE FIET - Pk 2R

K = g3 3124711 @fo 737 (IR e, ifeiv 9y @32 FoeE
.)@W@?@%WW|

f= fFeaf
I NRICRCE R E AR



2.¢ | fOTGERET o9, @fS SIS o™, (19 o1 @2 41 (e 1T (Explain hysteresis
loss, eddy current loss, core loss and copper loss):

(¥) @f® F1e5 701 (Eddy Current Loss):

GfS FILB T FHAIAIL TANS
(1 (O 7 @S T o] T T




R.¢ | TRAGEREPT 9, fS FIES o, (19 o1 G2 FAK e 397t (Explain
hysteresis loss, eddy current loss, core loss and copper
loss):

() g (Core loss):

(IR T I AT 77 @ S IIED 91 @32 FAG R 077 92 | widie
PR P=P+P

& (I P (I GRTFINCEE G5 (M e A IR FIFFINEHS (-G (AT
P (IO (ACPIC ST G2 ACF | FIH GIFTPIACER @y (1 o7 Fepiet
\ FIFHT I AT 271 e Pocg’

& SR F (FICH AfO® 23 U2 G T (@I AN FTFYF T e
\:i 3 AN AT AR (SIEbre ARACER TAF oq I w1

i S (SICHIed 2T @ I 20 FISpe FERe 2h1-3% 96|




R.¢ | TRAGEREPT 9, fS FIES o, (19 o1 G2 FAK e 397t (Explain
hysteresis loss, eddy current loss, core loss and copper
loss):

() g (Core loss):

S (STEDe (AT ATITO I el FCH FIHAS (FIAT A0
T T (P 7P I3 AME @32 (IS 2HA-Jae Tl (o S|

3, (TS 21-3% 20 (1S IS 3N 8 @A 27 @32 OF Sl +4A19
I &&=

J o PAIAS SAS

212 HAfeage oo ANfNEGe X6 7= @19 (OfF T G2 % IR I
GISTFRNIER SToi AIfFG (G5 7T @3 o7 A=A 07



2.¢ | TGP o1, @fS ST o, (@1 77 @2 9419 @1 147 (Explain
hysteresis loss, eddy current loss, core loss and copper loss):

(¥) ¥ (Copper loss):

GRTTINIES A3 ¢ el sasfe ug @ o3 @fersrs A o &y
(Y o R, O F21TR o I FATH o7 (SIS AN Y | (@110 I AN

iR TR &, Poo [

w2dt, P oo (kVA)?



2.¢ | TGP o1, @fS ST o, (@1 77 @2 9419 @1 147 (Explain
hysteresis loss, eddy current loss, core loss and copper loss):

(%) ¥ 1 (Copper loss):

Q FIF ACT AT =5 ARG G5 (AT sirex T FFFIAER (Fq T exizfwe-g

I & T P2 CTCHCq (VI PATH o = I R +1 R G INIE @ kKVA-
&?WWW?T@T;TW??WFW{GCﬂﬂﬂﬂ?ﬂ?ﬂﬂ?f‘(ﬂﬂﬁmlwmﬁ
@It GEreaEd @% KVA 0 100W 9t &1 36 1/2 @ies, 374 @ iee @ fzejd @ iee

(%)2 x100 = 25W

3 (%)2 x100 = 56.25W

ol (2)>x100 = 400



Y| 3. GF MNP IS TN (Solve problems on
E.M.F equation):

ARG FqieTs
(DE,=V,=4.44¢, N, x10"Volt

(QE =V.=4.44¢ fN_ x10"*Volt
3¢, =B, x4

a:Vp:Np:L ¢mWW@WCW®T2nW
v, N, ANFIANE  10° T 9 FACO A
)1 _ kVAx1000 S @ W STERIE (ST A
v, 107 IR 9 FHCS AT
kVAx1000

O, =—

S



Y| 2.GN.GF FNPACER AN AHI (Solve problems
on E.M.F equation):

79 -9 936 1000 kVA, 11kV/440V, 50 c/s GSFaNEd Clieelis
BI1eent 200, @I 28m=md cvawa 150 SRR [Ad F93 () ™
T AR (¥) AT A0 G

E,=11kV =11x10°V =11000 V

E =440V
f=50c/s
N, =200

A=150cm?* =150 x10 *m?
B =¢ xA4=7
N,=?



Y| 2., AF FANFICER TN AL (Solve problems

on E.M.F equation):

o -0l a5 10 OkVA 11kV/440V, 50 c/s GREFINET el
Srt1er 200, RIER 43R cFawa 150 1B RGRI 4 738 (F)
R T (S () AN AZCeF GI72ATT |

1 S, GBI GAR (ST, 1y 4as 1y

—=440=4.44x¢ x200x50

=g = 440 =9.9x10° Wb
(4.44%x200x50)

9.9x107
(150x10°™)

B, =P -

i = 0.66Wb/ m’
A



Y| 2N GF FNFACET IS AN (Solve problems on E.M.F equation):

o 9l @3B 1000 kVA, 11kV/440V, 50 c/s G==wiEmd et bt 200,
IR 282 md Fawe 150 IEBRGE Adw F98 () T TR @460 (2) 2T
M EICERODE IS

11000 N,
— =
440 200

— N =11000x200 _ 5600 Tyms
P 440




.Y 2. GV, QF AP I STATLI (Solve problems on E.M.F equation):

(IO S AN (T 1

f=60c/s
N, =1320

N, =46

¢ =3.76x10°

=7
p

E =7

S

o 81 a6 60 /s GFTTFINIER Atewiftee 1320 5 @ eiwsif€es 46 5 itz
RIRI ARG FH 3 76x10° VIR U A3 ¢ CrRwifHce =ik e

Maxwel



Y| 2. AY, OF FAPIER N1 AT (Solve problems on E.M.F equation):

o 81 @6 60 c/s GFTFINET AlewifRee 1320 5 8 eiwsif€es 46 5 itz
FERATIE FH 3 76x 106 THSETA I AR ¢ EsifEre SR
(CIo e AN (9 41

AN SR @It T E, =444 N ¢, <107V
= E, = 4.44x60x1320 x3.76 x10° x 101/
ORI SIS ©ITs = £, = 13222 Volr

E =444 fN ¢, x107°V
= E, =4.44x60x46x3.76 x10° <10~V
= E_ =460.77Volt



> FIFTFANES 3,99, 9T FASACEN L& 7S ?

Tas8 GIFTPINICIS AN A (SITHE AT T
fepaia 5 T2 Tox enizfes-a AT 2@ daE
UBTS IABTHT 3,4¥, 4T IF 8 I G2 ATF T
STAFA T AP I 2 O O 3,4¥, T
TIFF I |

R FRTFANIER (SIChS (@6 70 6 2

a8 GRTEINIES AIewifY (@It w U2 ISl (@IEoEs
GO (S0 ([@f¥8 I




qiTe Fiers

> 193 60 Hz ¥ Greasicg arssiface 1320 595 ¥ Eicrsifzee 92 51 @iz
(IR TR F1H 3.76 STRIF I A3 8 GEsif{Nee SiR*s @it sAfse
F9?

196 FRIATINICET A 8 EsifEe gdi@m 1200 932 120 it S, 7™

SRS #1371 7.2x 10° [IHASTE 2,9R G (SI58 792
o | TEFINIER 2.99.9% (E.M.F) si0i599 gfesm s

8 | BT AT TPPTCRS 91 Wi s |

@ (G- JGa S0l GRTPANICEE FAE 27 -Jfad A SR F12

Y| GfS FIES TER TNFI I B (A (F-20S RIS (G601 GfS IS o3 (SIEHIS 09 T |




4% FfBaf T (UTe TSI wareT Ao Sl et sfinaEs ¢izw
www.skills.gov.bd/dte fef&t wg=

NAH T F19 (71T % www.facebook.com/skills.gov.bd

sty Yeis I Chapter Three “oiEt 2@







IRRTEARITAICE
9@, O, SIS SRA
B PG (TS GFII)
& Al 2NBHE5




CIPEABITISE

w8 @i -S> (Lvawy)
u¥ oK (SETLPIE)

O LI

GITRANICRS (PSR G2 (FCY@ ST rygeifers
(Operation of Transformer on No-load &
[.oad Condition)



& LI A0 I il sieee A9k

9. | ISR (F1-(FTC SATCIH QI

9.3 | GETEANICET (I-(EIS (SIEoe, FIE5, ORI I A2 (I (&6 ANSAL T
A IFAT

9.9 | FIFTFIAEI (I-(F1C S3IK (034 bg a9 |

9.8 | TRTFINEE (- (GTD I ANLH P |

©.¢ | GRTFINICER CCY@ SR I LIF|

0. [T, 1L @ BT (Toye O=egT GISTFIIER (B8 ST PP |
0.4 EOYF ST GISTFAN G TN AN F9|



©.d GETEINIET (-t g9 (No-load Operation of
Transformer)

GIRTPANICER AP T (FES o (S0 ATA FCI &= G (e
(S0 Ve GISTaitad (¥ O<EE 8 2, 910F (HI-(FIS FioH

(condition) IE | @ TRBY TR @ O[T SRBY FILFI2 I FI-
TS AT




©.> GRTRRNIEE (|I-ee g+ (N o-load Operation

of Transformer)

& S GITANEI GRS (@I @S
AT | GBI H o1 (QTer AT (g 72-) |
AZNCS THAT ~Hopi=1 AeF R
wicifore Argnfe ereoe (V1) e
AIZTHTICS AN ST A2 2, FeT _(@lo
IR 2% - D% AT AT | AIIAECS 2_172®
G AN FIFCRL (HI-CEC FICHG 0| 3R
Ip A I, T M S0 1 EIC2IH 7941 (A1t
I TR (I @/ G719 < 1

s =n == == -

11111111111



9.3 (I-(EC (OICHE, TG, ORI FH 2 (+1-(TC ATSH

F1$9 (No-load voltage,cuurent,mutual fluxand no-load power factor):

(@) @ 1-c@ire eite (No-load Voltage): Geressies o= Al (@ e-
RN SR Qe 2AZHRCS @ @GS SIeve (V) 2 T 2 @ AR
(CIETEF2 (I-(ETG (STE0e 0 19D (O SE Siifos ©iese (V;)-2 «I-
@S (SICTS |

5 Ll
I'GP bLI _
I




©.% (-G (S0, FIHG, ORI FIF W2 (I-ETC ATSE

F51¥< (No-load voltage,cuurent,mutual fluxand no-load power factor):

(%) &1- @ 1S (No-load current):
SNM2BL-9 (A A AT FIED

ANTTS 2,2 AI-(ETC FIED I .
FA-(TTG S FIHTANEL L3NS (@ i

rrrrrrrrrrrr

IS 2ITTS 2T, FI-(TS TR OfF 21 g
2% - 5% IIET 41Te 231 @2
IIEOE [, [, 70 430 311 =7




©.% (TI-(FNC (S0, FICH5, ORI FIF A2 (-7 ATS

R K| (No-load voltage,cuurent,mutual fluxand no-load power factor):

(¥) @I- e 1 (No-load

current):

Q FIECE 6 FCHAED 1 TARA AT 1950
FCAATDCE TIAGIRIER ST (1, or [y)
@, M2 ©IEseEd 90 ° (iR AT FIE
CpAIe FCT ATOFS FCH1 @3 WIACAGIIGL
FCATOR oG eE (Wattless) et |
I I (1, or [)9R ¢y, Or $ 92 ) | — P

(T3S TR FAES AL 0O (FIAT 218 i 1
AN IR

EXL




©.% (TI-(ENC (S0, FICHD, ORI FIF A2 (I-(T AS

F11$9 (No-load voltage,cuurentmutual fluxand no-load power factor):

O FTHANFTE SAFL FCAEDB (1) 6, A2 (SIH
(V; )-93 AN dF2 (F& SN I (I T S AMF | [, TR 0
ASTF A2 [T GG TS FCATEGS I




©.% (TI-(ENC (S0, FICHD, ORI FIF A2 (I-(T AS

F11$9 (No-load voltage,cuurentmutual fluxand no-load power factor):

(o fregm& = (Mutual flux):

a3 PR I SIS OIS bOMTE TRITT IAFLR
(NG ATV AL 3 A0 | FRTFINICES AL @i
AR T AN (T G I BN 27 ©F (FIEA

REICRESIRIERIR]
Laminated Core
| o _¢l'“' = ¥
= I " , I
: |
AC voltage;g Ej jjj‘_ j il Load
source | ),&-_-::: E“}_- I m
P | e i
Primary - ———— e |
Winding Secondary

Winding



©.% (HI-(ETC (SIHe, FICD, ORI I G2 (+{I-(TC S

F11¥9 (No-load voltage,cuurent,mutual fluxand no-load power factor):
(o) g w1 (Mutual flux):
ar+y @ AfFT eAefoe -« 7H2RT FI;CH2 FopAe w5 el 27|
GISTFINICES (- FIECEGH AEO13EL FCHAAG-9 fSopare
T P, I8 I @ ORI F15 Tox 8A3fw2-9 3HTEC

Q’kﬂﬂ’kﬂ$ j :°| l | : | | Laminated Core
/
; .
- I | —
e Vo'“’ger% ! il Load
souree T A
I i | -
Primar;rl s ———— e |
Winding Secondary

Winding



©.% (TI-(ENC (S0, FICHD, ORI FIF A2 (I-(T AS

F11¥9 (No-load voltage,cuurentmutual fluxand no-load power factor):

(9) - sirexie w1$d (No-load Power factor):
Sl i, GIeTeNicss 2995 “iteqs, Wo= (V) I, cosd,

@, Wo= HI-ETS 39495 Arswe
V)= @I-ETS (©IEtw
Iy= EI-(ETC FIES
COShy = I-(ET AT FIIESA




©.% (TI-(ENC (S0, FICHD, ORI FIF A2 (I-(T AS

F11¥9 (No-load voltage,cuurentmutual fluxand no-load power factor):

(}) (I-cetre “hexe T1$9 (No-load Power factor):

Watt meter (" Low voltage side =

&2 EI-ETS ST T8 ﬁ _— -

lg m "N - messe== 3
cosdo= Wo/(V;) Iy) Tnfaie @2 _ &) i :
bo 2T GleTe MeTH W aem | ) @ - B8

" (=) v E=Vy

afs (V) @32 I @3 F4<8t (@i @<e @9 % N, =R
= 90° 95 G @G l | ! O

?
3

*Open-circuit test of Transformer®



0.0 (- (@6 FENE 59 g (Vector Diagram of
Transform on no-load):

ST (-G o1 2Ry 8MRfeR-9 @
I @2 FIEHCE [ [, T 4m 30 23|
Q FIECEGH Yo FCAED A TAH AT 19
FOATDCE MIAGIRIGR FCAT (1, or Ipy)

I, M3 @ieesees 90 ° (R AU @I
Ao FTHCE 2o S

(I, orly) =1, sing, |




9.9 - @TC FTENEs 359 g (Vector Diagram of
Transform on no-load):

S AT SAMHL SIS (1) 0,3 A2 (SIT®
(V] )-93 A O3 (FCE AIZ I (19 7 0 A [, TRAIR
?0S 1SN 4= I R fote wpeibe FroEte I

(1) =1, cosdy s
Torae [, @R [, (CFF @Y I

B (BT




©.8 QST (1-CES (GBS sTidl= (Solve problems related to
transformer on no-load ):

HAAqW8

Wo= ) Iy COS(])O
I, = I cos @y

No load resistance R, = ;/—1

I, = Ip sin g ,
No load reactance X, = [—1

Y7,

Iy = \/fwz +IH2

L,
COS P = =
I



©.8 GISTFINE®I @I-CETS God T Td (Solve
problems related to transformer on no-load ):

792-5> @b @ F& 10 &fea 500/250 ==t 50 Hz GisrawiEs
Ai-ere Aed 200 836, -6 eios 250 (S0, (I (¢TT®
s 1.2 A= [, 93 [, @7 T efar e

YIS (RS S,
Wo0=200 Watt,

V=250V,

I,b=12A

et wifs, Wo= (I;) I, cosd,



©.8 GISTFANER - GTod AN A€ (Solve
problems related to transformer on no-load ):

7%3-> @3 @ @@ 10 &f®a 500/250 et 50 Hz GREsitas ((I-(e ATes
200 &3, @I-@TS @lets 250 ©1F, @ @ F1ES 1.2 A= [, @32 [, 99 914
fqefa =)
AT
wredd, cosdpo= WosVy) I, = 200/(250x1.2) = 0.67
0, = cos '(0.67)=47.93"
sin 8, = sin( 47.93°) = 0.75

IlJ_ = IO S].n(l)o = 12)(075 = 09 A(W)

I,=1, cosp, =1.2x0.67 = 0.804 A (T=9)



©.8 QIS (1-CES (GBS ST1E T4 (Solve problems
related to transformer on no-load ):

o3-3 @36 33007240V a7 &% GEwa@d 240V @ - (SIEbe A3e Aes Mg 212 -3A1se e it
2 19 SR @ @S FIEDT 2 A @32 28T 60W 242 31 @1- (©1te0e Aizced eaf¥e @ferens 0.8Q
3 (@ QI (F) @I @G ST TR () @l- (10 M3 BN2BL 97 I o7

HAATLTS

Here given

Wo-= (V) I, cosd, V, =240V
w943, cosdo= WorVy) Iy = 60/(240x2) No load current I, =24

= 0.1251lagging
No load power W, =60 W
Copper loss of low voltage winding winding resistance R = 0.8 Q)

I;R=(2)’x0.8=32W no load power factor cos 8 = ?

copper loss of low voltage winding = IR = ?



©.¢ ETCYF S G FR (Operation of
transformer on load condition)

STV GFMCP (TG HLTM I S 2 (S0 2R FHCT (T <51 Te
2, OIS RTINS (OIS T (FT00C S7g! &0l | GBS (@1 fuee
AT FIES (T 92 @ @I FHARC IS I AT 2R AZTRCS

%‘P

pe— = P—
lydo# 15 H

- 1 Iy
g=r I‘FJ_*E (
e m—E q

Vi EI:L..- N Na ¢ :

| == i

]

]

1

Io Transformer s - _LEEE_
o B -
‘ ]
T ' R
"._."F_ 'I"'IIE I
1 |
L Q@
Ne o Ne I



oa 792->

S 72 To1g (@iees L0 121 @ SRR (+ -3 FICS 1) ABHRCS 2_1RS 21 (I 38 F19 e
b,y | @ T GIRE FISTIF 3,4N,90F  E; wicdifore S 1o V) 99 6r F9 |



©.¢ oY@ SR GETeaNicEs ke (Operation of
transformer on load condition)

g 72-3

2 ¢ ot CIITes AL (SN AR T (FC GF 6 FICID [, P AL AR G I
IR OE 936 FH P 2= 7Y @2 F19 @3 AYR §,,,-97 180° Rfcs @izl
oA TH G , FIH P, @ UL I 9 AT 72 CIeFelR Spif>1= 51 (I, N, )
G ST |



0.¢ CEIeYe Sg G s (Operation of
transformer on load condition)

Pa a2 @

© 72 ota It foAG 157 (AT AR G/ THA @, b 9 FIAEA Py, I I W, O
AT AT FIGHR 29Na9T F; @3 N8 61 0T A1 E; @ FF FHF A A
AN Feaes et (g wfelve F1Es [ 4717e 221 @ wfefie s [ areafe
JIRHCTA @G SIS I0eT1 93 [ (@I ©IF G0 T 19 b/ 38 3@ #19 p,' 93 I«
T B @7 180° REAATS (AF Gt woice [ a1 @2t Aiznfics wfefse Ifwes
B [, o AT SIS [ a1 e [fers 2w @b [ |




v.¢ CEeYe SgY GereaEs s (Operation of transformer on load condition)

g 72-8

8 =12 Tota I (FICT WY SN A F1H P, FRI 0 <A1 @It IW EIFRIRS FHA



0. e, 1L 8 FET (Toye SAg FITaNI(Ie (ST Sy
(Vector diagram of transformer on lagging,leading
and unity load condition):

s e WY :
1,=1+KI, r \ :
»

NL

e
N

g 2-¢

IR GIRTPANICER (g Y0 O<gl [[ReIo=1 w41 2308
S| 8yrsfeee @ferons »le forew w3 KA GIsTTF|
3 8YsfEe @eron™ 32 o FIFR GTTINT|




0. TR, e ¢ T (oye ey GrreaicEs (o34 gy (Vector diagram of
transformer on lagging,leading and unity load condition):

fqw exrefer @feren™ e foree HIARA FIFTFIANEL (©F SIS (ML T8

() AR Areq= FEA RFAT (=iees cweas
QTR 8T (fErorsT U2 fetee F137 ¥y @AW (ST SN 1
ATGEG 3,9, aF @32 2T (SICEHe IS (MR AR (Y 1/2 I
CTFeIR M IR AT AR AT RIFaOE, ceg | g

G T FIES [, ,©CI5T V, @3 (I AFE| TF IFIEHE
ATSAIR AZCT G FACO (@ GEIRHH @S 7111 ©fF Fh00 T, T (CFF
ot [, @it fofes o1 2GRl 9 [ @32 [, @9 (551 @I e
AR B [ e [ |

>

02

L =1+ Kl

VE,=V,;K=1
foq 72-v: Fpfae srewg




0. T, e ¢ TS (oye ey GrrewicEs (o34 vy (Vector diagram of
transformer on lagging,leading and unity load condition):

e easfee @EfEsns 32 s FHRRAT FFTFINET (S35 T

(TR 20T
L av,
A
(¥) forf®e sftewe Trgs RP*E @ces ¢Fveas ¥ k \ 9D,
f5q 72-9 @ G IS [, @ ©Ive V, @ f&if6e-a Lt I, ,f(\
QRCR| O AT AZHIE IS FICID [ S FAT AR, "'-;f f)IO
Vi
X
>\
%2
\ i
Y V,=E,

oq 72-9: foif®2 e FBEI
(S35 ST |




0.y wifae, @ fSe ¢ TS (oY@ ey GrreaicEs o34 gy (Vector diagram of
transformer on lagging.,leading and unity load condition):

e earsfee @EfEens 3 s FHR[AF FHTFINET (S35 O

5 72-b: 3T AeTw FE7 [T @ex
(ST STy

CRICIEIGIH
v A
. I
- o
() 2 At TS [T (e ¢Feas I, & o7
3B 2rewF T3 [T @1ited ¢Fiq G ©ietw o, // :
V, 932 & [, IV A ¥ 'IO
o
» : I,y
I”| E I g: H:
t E Y Vs =E,
i k




0.8 @R, ffSe ¢ SO (e s GisreawIs (s34 oA (Vector diagram of
transformer on lagging,leading and unity load condition):

A exr3fe @ferorn™ ¥3e o FIFR IFTFINIES (S5 Sy

(AT (T8

Due to the presence of resistance and leakage
reactance, some voltage drop will occur in the primary

winding.

If, V, =Applied primary voltage,

E,= Primary induced voltage,
Then, we can write, that

Vi = Ep + 1 (Ri#iX))

V,=E, +1,Z,,

Similarly, The voltage drop will occur in secondary

winding,

If V, = secondary terminal voltage,
and E,= Secondary induced voltage,

Then, we can write, that
E,=V, + L,( Ry+jX,)
E, =V, +,Z,

21 zZ
A (_H
4 B
R X; ' 3 X
A TTIY ’: AT
Il IJ
1
|.,f }lu
Ro X Vv
Vi \ Es E .
\
0
N /
Ideal Transformer

**Equivalent Circuit diagram of Transformer**



0.b ife,ferfee ¢ ICMAMG (eye sy GRTeIEs (s34 oria™ (Vector diagram of
transformer on lagging,leading and unity load condition):

 earsfee @fErnst W32 e FIFL FFTINIET (S35 Sy

CRIIQIEIGIE
() IR e T8 RHE @ea ovras
xl - El . :l(ZRl+jX1) E;=V, + L Ry#jX;)
=E, +
1 1 1=1 E2 =V2 +|222
> @
21 zZ
A A
- N\ i R
R X. v R Xs
C‘——/\/\/V"——b—’rnf 1T > h . AAN
® 1
1,j——+l..

E2

Fig-2 ( When Load is Non-Inductive)

e




0.b wife,fefee ¢ TG (oye sy GReIEs (s34 oria™ (Vector diagram of

transformer on lagging,leading and unity load condition):

A earsfee @Bt U2 FEe FIFPR GFTrawEe (857 S

(TR (=18

(%) T sireT T8 7 [T @ies Feas

V,=E; +1,( R;+jX,)

Z;
N
4 N
R. X

E;=V, + 1,( RytiX,)
E, =V, +,Z,

e

Es

i.)_

0

E2

X2

VI o 11X)
i i iRy
hZ, -Ef
|I'2' = Klrg
| = "I
| e
| s
._—‘E‘E ¥ .Flﬂ
Iz
Vi
i‘;}RQ - lJl2z2
M
X

Fig-3 ( When Load is Inductive)



0.8 @R, fSe ¢ SO ey Sy Gisreawes (s34 oA (Vector diagram of

transformer on lagging,leading and unity load condition):

At exr3fee @feror™ ¥3e o FIFR IFTFINIES (S Sl

CRICIEIGIE

(o) ferfSe srexg Tge [T @ces oFas
Vy=Ep+ 13(Ri#iXy) E,=V, + L,( Ry+jX,)
V,=E +1,Z; E, =V, +1,Z,

% 7,
Q——"V\/\/\—Ilo-—" 113 i, : J A}{-\-M—T—’Fm\—.‘
| =
I.J: 1,'
V: Ra = Xy Es é £ v,

**Equivalent Circuit diagram of Transformer®*

I2

V,

jaRz = el !222

*
X

Fig-4 ( When Load is Capacitive)



0.9 ST SRER FEEAIER T A€+ (Solve problems related to
transformeron load condition):

AT e

1.1 =1+, )

S
2.1, =—
a

3.1, =al,

4.1 :\/(10)2 +(Is ) +21,1, cosb

S1 /-0, =1,/—-0,+1, £ -0,



©.9 (@TCYF S FITFINIE 1K W1 (Solve problems related to transformeron

load condition):

o-0: G GETFIAES AT 8 ErFeld 822 7 2716 722 I@Ew 800 ¢ 2001 727 0.8 =rifae sitews @
EIeifd @e 3t 80 A 2, 9239 0.707 =mifae sirexis T3 Ai2NiE FIES 25 A AT @F 13- () @I-ES FIED

(Q)TI-(ETTS STeTF FITH

Here given data,

N =800
N =200
N, 800
= N = 200 -
Secondary load current I, = 80 4
Pr imary load Component Current IS, = Ia—s = % = 20

Secondary Power factor, Cos 6, = 0.8 lagging
= 0, = Cos '(0.8) =36.87°
= Sin 6, = Sin (36.87°) = 0.6
Primary Current I 5 =254
Pr imary Power factor Cos 6, = 0.707 lagging
= 0, = Cos '(0.707) =45°
Sin 6, = Sin(45 °) = 0.707
No load Current I, =?
No Load Power Factor Cos 6, =?

We Know That
Ipé—é’p =1,£-6,+1; L-0,
1,£-6, =Ip4—6’p —[s £-0,

=1 (cosf, —jsiné?p)—]s,(cosé’s —jsiné,)
=25(0.8-30.6)-20(0.707-30.707)
=20-j15-14.14+j14.14
=5.86-70.86
=5.92/-8.35°
Noloadcurrent], =592 A
No load power factor cos, = cos(—8.35°) = 0.99 lagging



©.9 (@TCYF S FITFINIE 1K W1 (Solve problems related to transformeron
load condition):

o4-8: a6 400/200 V Fees (v Gsreasis 0.8 difae #iewe 8 Ciesi[ @ S 50 A FH_ER I (-GS
P @ (- ASF FTHBI @ 2 A ¢ 0.2 =i 30 i3=ifa IS @ 2T 2ewx w5 oy 41

Here given data, We Know That

V=400 ’

V¢ =200 _ — — —
N /-0, =1,/-0,+L £-0,

v, 200 . R ' o
Secondary load current I, = 50 4 N IO (COSOO ‘]Slneo) +1s (COSOS JSIHGS)
Pr imary load Component Current IS, = ]—“: %: 25 4 = 2(02 B J098) T 25(08 - JO6)
Secondary Power factor, Cos 8, = 0.8 lagging =04 - J196 + 20 — _]15

= 0, = Cos ' (0.8) =36.87° :204-J16 96
=  Sin6, = Sin(36.87°) = 0.6 ' '
No load Current I, =2 4 = 26.53/-39.74°

No load Power factor Cos 8, = 0.2 lagging
= 0, = Cos " (0.2) =78.46 °

Sin 0, =S8in(7846 °)=0.98 - Primary power factor cos@p = c0s(—39.74°)

.. Primary current I/ =26.53 A

Primary Current [ =7?

Primary Power Factor Cos @, =? =(0.768 lagglng



A1 T

2%3-> FTTIATEI (HI-(ES AT F1?

Texs G G MCE 99 @GS 2 (SICHS 2T FC O A12S
(T (FCY VT GIRTaItEd (F SEIR 38 T, O (- (@IS o
(condition) I @ T LR @SR AT FIEFN2 AT HI-
(TS AT |

#AN8- TN fFepaia #1% F1?

TR

G3f6 FRR I SUrAIe OIFR bR I ITILME (WG AN oG i3
011 GISTRANICER AN @ SN0 0T AT (T (B1FF IR TRAT 2 ©f (FICEA
BISie

TSI AW 9o @ APy e3fo-a 7T FHF2 Oy F19 =1
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Jfeq e
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*Open-circuit test of Transformer*



B ESIIRITISE
O3, Q3 G SR
b 35T (2T L)
&l ARG A6




1o sifdfofos

38 G GIRT-S (LbaWwY)
WY 24 (ER LI
8 ST
QTR TNQet) AlfHG, AP o gagferme e

(Equivalent Circuit of Transformer, Magnetic Leakage and Leakage
Reactance of Transformer) |
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8.5 | GRTFINICIR STNQe AIfHF6 G2 (ST ST TACF LI

8.3 GITPINICIA ANQeTy ARG @ G T

8.9 AR M(F IS G Qe @erorst oz T

8.8 ICTPTIRT (P YAISE® G To9ely @erorst vz w4

8.¢ | TRTFINICIR TAHLS TS STCF LI
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8.5 |GeTraIEa 9y AF6 @2 (vF« vray (The Equivalent
Circuit and Vector Diagram Of Transformer):

GrETeRIcss Teen A9t (Equivalent Circuit of transformer):

GISTRINICIR G217 O Al-fNrw1g Tetree ¢ [Rfen g9t FregperiH (Calculation)
AGOI(F 3 SIGTSITS FHAF G GIFTFINEI NG AH6 TR | ANgen AFG 23T
w21 CTFelfy Tex BICH 20@ #1193 MfFEe e (Development)sfiao N @it

Qca Z:§ I 21 ZZ
i & N\ - o
R'. x | R X
——MAA—— /T , NN
Iy L r

>

<
F
]
[ —

**Equivalent Circuit diagram of Transformer** (33)



8.5 |G TraIEs sTwet AifHo «Ie (o$9 oriay (The Equivalent Circuit
and Vector Diagram Of Transformer):

TR () 72 ToCa GRTPAwItd SO FEER @ErorsT @ 3051 IR RN (@I 12 LT TR BAES (%) 72 Bea 2rg=if sisce
G ANGS FTAHABIYR AT AR (HI-(FC FICHACEH AT (FEC FIHACEH Q1Y 432 N RY (1-(FC FCHANIHACE v M
(1) 72 Torg ArZNfR BIct gy AEE AT AR AFFASIE, @2 AfFE eI BIele (et 117

21 22
f_A—\ ’ \
R'- }:__ |', 2 XJ
4 AN e » L ] T} /TBI0N
= ||| =
V Ka z X EA E_; ¢
5 £ = ;-5 2
EEEN -
=
==
v ‘ | ]

Y
Ideal Transfommer

**Equivalent Circuit diagram of Transformer**

(%)

Where,

R, = Primary Winding Resistance.

R,= Secondary winding Resistance.

l,= No-load current.

|, = Magnetizing Component,

l,, = Working Component,

This |, & I,, are connected in parallel across the
primary circuit. The value of E; ( Primary e.m.f ) is
obtained by subtracting vectorially I, Z, from V, .
The value of X, =E, /I, and R, = E, /I,. We know
that the relation of E; and E, isE; /E, =N; /N, =a
( transformation Ratio )

Vi - UIR] -'-_)‘I].’\']-:' = Pj

E,=V, + I,( R,+jX,)
E, =V, +l.Z,



8.5 |GmTr=IER sTNge s e (w37 wrias (The Equivalent
Circuit and Vector Diagram Of Transformer):

Z: Zs
§ i
Iy B ¥, v | B Xr (AT, E, /E, = N; /N, =a (transformation Ratio )
'_—l—'".. -'"'-.-"".,." YT 1"‘;.—""'.-"" A i Z
- ._ - ,
‘r_J V, =al,
Rs n :l'._:‘.? E'.<E '.I" E /
Vi 1 "5 5 R, =a’R,
!
i _ 2
¥ __L > : ¥ X 2 a” X 2
’ B ]2
I, = —
a
' 2
Z, =a°Z,

|§él-(zf) Equivalent circuit of
transformer referred to Primary



8.0 |G sTee A6 e (w37 wrias (The Equivalent
Circuit and Vector Diagram Of Transformer):

AT Tl XX =X =X K, =X X=X, X

L]q X, v. |8
g B Rom ok <Rk R vam =8 sk

foq 72-(): Equivalent Circuit of
Transformer in terms of Primary Side.



8. |GETraaIEs sgeny MiFE @2 (w37 oy (The Equivalent
Circuit and Vector Diagram Of Transformer):

p ~ / /
4 3 _ _ _ _ 2 _ 2
o X, =X, =X, =X, +X, =X, +&’X, =X, +d’X,

R,=R, =R, =R+R, =R +a2R2:Rp+a2RS

<
ro
cwon

Zy :\/(R01)2 +(X01)2 :Ze’ =Z,,

foa 92-(9): Equivalent Circuit of
Transformer in terms of Primary Side.
!

Equivalent resistance in terms of primary,= R
e
!

Equivalent Reactance in terms of primary, = X ¢
!

Equivalent impedance in terms of primary— /7
e
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St S
KI‘R.—"-{_ '_ 1:_:,: R ]
2o\ | KV, A
KXy -~
AR o (AT O TR 1, R, |, X, (STITCR SR V,, (F (@11 FAC E, ATSA AW 932 SFASIA |, Ry
|, X, (SBFTCS AN E, (F Qo FHCA V, AN | AANGeH A (S0, (@ eraiisy, Rureorisis
AIZAI (O CUITIRC® G2 EFSIH S AN FRFACHH (@18 ‘@’ HI2UF IR YIRS 1

fo@ 72-(%)



8.3 | GPTFAICER >gety HH6-aq ey (Explain the equivalent
circuit of a transformer):

s1 3% sger MfF6 (Exact equivalent circuit)
3| PR TN9e AFG (Approximate equivalent circuit)

(5) 318< strgew PG (Exact equivalent circuit):

AN—— AN

Vi

) -

> 3
L -

& &

m _—

=

m

N

<

M
[ |
O P O F e
I—|

fo@ w2-¢: 3 @AM [¥E GrerewIas A2 ¢ ey MFo



fora 11T FreaeBs qfb Totiext axr @6 |, e Tor8n=1 X, @ o« Borest |, J9-321eS (@feri= R, (F APt S, G IS

AT AIFE 92 TATLATH SIS SR AN | SRS (SIow V, (AT |,Z, Rt Fa1 E; @ A #e qr| 92i-

E,

X, ==L

1

(YLTC, E, /E, =N, /N, = a ( transformation Ratio )

IZCRGEIRIE

AIATICS 7Y Gl 2T © (e1tvw = ak, = E;

u

AIRNFICS 70y Gyl Bl (o1ebw = aV,

ATZHITRCS TN Gl FIED = —2

AEAITRCS STrgety ereesiz o=, Z, =a°Z,

ABNITHCS MAeTy Gl @fersy, le —a’X

2

AINRCS TQen Gy Srer, Zz':aZZ2
AIRAITCS AT (M6 AT, 7 = 577,

. Tl

R &3
£
Red XSp
L
A
/ ) a
R, =a’R,
X, =a’X,
;oL



(¥) TR reey AfFG (Approximate equivalent circuit):

TGl NG fwgels
2, £
: \ ]
Iy A X v R X
t | ! \ -
RE XeFp=g o |8
¥ | >
\
¥ & £ + by ¥
Tl fora FIRIFIR AQel HFCE (FI-(3TC FCHIET TR e (R EIe=IfE @ ErEis a2 ITereo=s A3 bret

FIEH TR CACR| NG IOACS IR AFE ATRAGCIEHR FH SHeoi A Tgety AFEH WC©12 2

v, "
O GTRCq Rozl—1 ﬂaaX():I—l?@n
w u



Rg] 531
I TN TN . -
0 > AAAN AAANA r:|| O i N
. ‘ 5‘ > (el Y
[ f
3 3 * 5
" Rz 2% Vi V. |8
| —J Vi o
Y
‘ Il': ! L 4 |1 - I’)
\' ‘|1 I‘z v <+ -+ 1

X, =X, =Xy =X+X, =X +a’X, =X +a’ X,
R,=R, =R, =R +R, =R +a’R, =R, +a’R,

Zeq:Ze =Zy =R, +jX, =Ry + jX,



8.9 | A3 e grsfse Grereacs ey @ferenst (The equivalent
resistance of transformer as referred to primary):

SIEl G,
13y e @f&%e w9t (Primary resistive drop)= %,
eleeifs s @feee ¥4 (Secondary resistive drop)= 1, R,

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

Total resistive drop in terms of primary= | p 4+ 47 R p— 4
P tp sThs =
1
' =1 R +aal R P
. . . p P p s
R = Edquivalent resistance in )
€ terms of primary =1,R,+a’l R,

. 2
=1,(R, +a’R))



8.8 CIFDIHH (T BINER® Gt 9ey (@&roy™ (The
equivalent resistance of transformer as referred to
secondary):

o i,
TRl R @fafoe vot (Secondary resistive drop)= 1R,
A3 e @& v (Primary resistive drop)= IR,

Primary resistive drop in terms of secondary = /%,  @=iw, a=Transformation Ratio
a
Total resistive drop in terms of secondary= = I,R, A .
N N a I
" ;R IR, p
R = Equivalent resistance in BRI
¢ terms of secondary I R
=I,R, + —*
a
R
=1, (R, + —) " Rp
a —
. [R, =R, +—]
= ]s R a



8.¢ | GeTeIas Wb foicew (Magnetic leakage of
transformer):

GITPANICER 212N SN2 @i SRR MR Y& FACE (T FIH O 8 W O 746 (IR fooq e
PRITT® T EIRSITRR A AL 211 372 P71 IOTCR N4y M 2]11TS 27 @32 WIAHDGE TATFG 377
I @ G P2 S F15 BN SR 51 @7 IR0 HEieive @iefe (m.m.f) T
8 e I T4 N3N e:3RL (AF e 22l Teom B0 (97 O Ot 2awify s w4, )7

| ¢,
/ vl cchuntiotebon s bl Iy
] |H|:I|-'. : Il-'n il = I =
el 1 1] [
et ﬁ e § LIy i
y ¥ .;-"_';"-u i ¢||.|. ¢|| ?E..I_h-‘ Y ﬁ ‘.: ! __1_. 1: ':r:'|: :I
Praad i 1 | ; W Y.l
I ;ﬂ'_" : ﬂ i ' J“"' i # ! 2n
Wt o i | s L I ] Y r
J_"'L_"TT:' b d E"_T#I "'-?-lT: i NN W f u_.T'n:.:'.-" ™
e . 2t i bl -
., i " i S




8.¢ | GeTeIas Wb foicew (Magnetic leakage of
transformer):

HI]1E, CIEFSIfE SRR BIts S NGIenGe @eis T 78 s #7157 1949
I Q2L (AT FoIPer AL TRAN I (F O O Gl foleee #H  (4,) =)
a3 foree 9 TR ¥ T 83¥-9 TR SRAS 3.9%.9F 7T F@ TK N IWF (e,)
8 (e,) |GREFINIET G2 (IMHE I WOACE WG o =1 2201 Ar3Nfy ¢ =i

FECET e Rt IAFs v Ry b
- S
p Ip T /flilel“

; 7 .
R I i l.-'———"'"'—————‘l G

£ == & L A ARy

w fEEe WiEgt | v @ L KD |

n e | : I'll':r:"'l"z —H

S A g




8.v| W< feicrces soyf<dt (The disadvantages of magnetic
leakage):

fecee w1 wry<st (Disadvantages of leakage flux):

S| IO QM o F19 20 ©© [P AMST 424 I T

R} ToTeer IR FIRCE @fS T G2 FRAGEREP o7 AT Ji% A

o | fole TR T GG SO 2T @ #1177 @ e el FEwa=iE vl ¢ ISR I AR
fecew w3 gk (The advantage of leakage flux):

QTSI ACTS 213 =6-IF6 I NS A4S A2 I A

fortee Fi5 I BaAts

S| THOHINF s R¥E Pifere M6 @ G2 41 2
I AR ¢ Eeely eI N o ere=rensfee ¢ Thefetes (Sectionalizing and
interleaving)



8.4/ GISTHANICHR 22N ¢ eIy Mees sweey foee fan<onst (Equivalent
leakage reactance of transformer in terms of primary and in terms
of secondary):

(@) grEfs e FsEe FrresNiEs ey foea Ko™t (The equivalent leakage reactance of
transformer as refered to primary):

SIEEIRIE
arsfy Ryt 4 (Primary reactive drop) = X,

celfs e 4 (Secondary reactive drop)=17 X,

IR ceiffrs errelfa fanele g9t (Secondary reactive drop) = 4-/,X,

wed, IR e s ans febe et =1, ,X, +af X
=1,X,+aal,X, [[s

— Equivalent leakage =1 (X, +d°.X) 1,
reactance in terms Py '
of primary =1,X, [Xe' =X, +a’X ]



8.1 GRTPANICER A3 8 CFslfy AM3ces seey o zmeonsi (Equivalent leakage reactance of transformer in
terms of primary and in terms of secondary):

(¥) GRS 13wifes e gy 2>ensi (The equivalent impedance in terms of primary):
ST eife,

Total equivalent resistance of transformer in terms of primary, Re' =R+ RS' =R, + a’R,

Total equivalent reactance of transformer in terms of primary, X, =X +X, =X, +d’X|

So, Total equivalent impedance drop in terms of primary, ]p 7 = \/ ( ]p R )2 +( ]p X )2 _ ]p \/ (R )2 (X, )2

' 7 '\ "2
Ze = Equivalent impedance L, —\/(Re) +(X,)
of transformer in terms

of primary




8.4 GRTPINIGER AR ¢ Ciaelfy sraces stwe foicew frneon™ (Equivalent leakage reactance
of transformer in terms of primary and in terms of secondary):

(o) GreTRaNIcEs eTeroifes fee gEis sgey foces franesist (The equivalent leakage reactance of transformer as
referred to secondary):

ST e,
cresifs frneibe 9 (Secondary reactive drop) — I.X,
arewfs e be wot (Primary reactive drop) =/7,X,

I X
ceeIfRe ef3ecs 2i3wifsw Rarshe v7 (Primary reactive drop in terms of secondary) =%
a

O, EIFIE e Tox S GNis b g _ 1,X,

a

[S
I.X, [7-=al
a.a

=1 X, +(

!

[ Xe’ =X, +£§] =Total equivalent reactance
' a in terms of secondary

X
=IS(XS+—§’)
a

~I X,



8.9 GISTRANICAR AN ¢ ETrifa 3o« eey o o= (Equivalent leakage reactance of
transformer in terms of primary and in terms of secondary):

(%) FRTFINEE CTeerelRe 'wee sgeny 2e5ist (The equivalent impedance of transformer in terms of

secondary): e e

/ e

SIREIRQIC " R
TSI S (NG ST9ety @ Sroys, R —RS+RP =R +—

a

Grlfs fiee (s ey s Faes™, y | =X3+Xp" :XSJFX_;

a

it e g g s, 1.7, =R Y+ (1x, ) =1 (R +(x.)

:\/(Re P (X, )

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



8.t | GIRTFINIHS ANQel (&, feftrer [Reost a2 3™ieysi-asg sl €= (Solve
problems on equivalent resistance, leakage reactance and Empedance):

AT s

Total equivalent resistance of t'ransfo,rmer in terms"of primary
R =R +R =R +a'R =a’R

Total equivalent reactance of transformer in terms of primary,

"

X, =X X, =X, +a’X, =a’X,

Total equivalent impedance drop in terms of primary,

7 =|RF+( Y =7



8.1 | GIRTRANICIR N9l (Jeror=, fere MIetist e Iey=i-ag e i (Solve
problems on equivalent resistance, leakage reactance and Empedance):

AT FG=<Ae

Total equivalent resistance of transformer in terms of secondary

4
" ' R R
’ R =R+R =R +—L2="-"¢
e s P s a 2 a 2
Total equivalent reactance of transformer in terms of secondary

!

" ' X X
X, =X+X, =X +—=—
> a a

Total equivalent impedance drop in terms of secondary,

!

" " " Z
Z, :\/(Re Y +(X, ) =a—;

!

Copperloss, P, =1 R, =1°R, =I1°R +I R,

cu



8.b | BTG 19ety (Aferoyisy, ferer [Mietyist @2 1eysi-a3 I3 s (Solve
problems on equivalent resistance, leakage reactance and Empedance):

#9-5: @6 100K VA, 2400/240 volts, 60Hz (1-¢) s G
R,=042Q, X =0.72Q R =0.0038Q X  =0.0068€2 | arznifa o cresify 5ot et w1

@ R, =X, ) Z

e
Equivalent resistance, reactance and impedancein terms of primary

AT ! 2 2
R, =R, +a"R, =042+ (10)" x0.0038=0.42+0.38 = 0.80Q2

HeregivenData ,

kvarating=100kva Xe = Xp + aZXS =0.72+ (10)2 x0.0068=0.72+0.68=1.40Q2
V, =2400 V
V=240V

V, 2400

Vj =40 Y

R =042 X =0.72Q,R =0.0038Q2X_ =0.0068C

z. =) +(x.)) = [0.80) + (1.40) =1.610)

EquivalentesistaneReactancandImpedancen termsof primaryR, X, Z, =?

! !

" ! !
EquivalentesistanceReactancandImpedancen termsof secondaryR, , X, ,Z, =?



8.t | GISTRANICAR SNQeT) (Heroya, foase RRyrebist @2 I™eyi-a3 ST 0149 (Solve problems on equivalent
resistance, leakage reactance and Empedance):

#9-5: @6 100K VA, 2400/240 volts, 60Hz (1-¢) s G
R,=042Q, X =0.72Q R =0.0038Q X  =0.0068€ | arznifz o et 5t et w1

@ R, & X, ) Z

e

ANTLT8

HeregivenData
kvarating=100kva
V, =2400 V
V=240V

Yy = 2400 =10
V., 240

S

Equivalent resistance, reactance and impedance in terms of Secondary

" R, 0.42
R, =R, +—2=0.0038+ oy 0.0038 +0.0042 = 0.0080 Q2
a
" X, 0.72
X, =X, +—2=0.0068 + oy 0.0068 +0.0072 = 0.0140 Q
a

Z, =\/(Re )2+ (X, ) =+/(0.0080)> +(0.0140)> =0.01610

R =042 X =0.72Q,R =0.0038Q2X_ =0.0068C

! ! !

EquivalentesistaneReactancandImpedancen termsof primaryR, X, Z, =?

" !
EquivalentesistanceReactancandImpedancen termsof secondaryR, , X,

’

n
Z, =?



8.5 *rowal @erorsy, fzyreors ¢ 3™er™ @3 sitwt (Define percentage
resistance, reactance and impedance):

(@) ol @Eers (Percentage resistance): sos @Erost @10e Frel e FIES @
FPEfRie QG5 BoE *oPdl AR @GS (SIEEER AATT AP I | FLR, o4

caﬁ:r%ﬂw,%R:%x 100

(%) o4l Tyiserst (Percantage reactance): sossl RIS IS el FIET @2
PRI RAIFOI™ BT ol AN ([FEC (SICHEE ACHTT AT FHCE | SR, AowT

%W%X:%x 100

(+) *feat 3™ (Percentage impedance): *owar 3eis Ie1s Aelfke FIES @2
Fpafire 2T Boite Mot iR @GS (SIEHER AT 2™ FAE 0T SR ol

W,%Z=%x 100



8.50 | o @fErons, o= 8 3~ens1 v Jaesw( The Equation
for percentage resistance, reactance and impedance):

/ /

ST R, I,’R,
1. Percentage resistance in primary side %R = x100 = -2 x 100
VP VP[P
IR I°R,

x 100

or Percentage resistance in secondary side %R = SVe x100 = -
s

S A

where 1 = Primary full load current

/

R . = Equivalent resistance in terms of primary

€

V, =Primary Voltage

I, = Full load secondary current

"

R . = Equivalent resistance in terms of Secondary

€

V. = Secondary voltage



8.50 | o @fErons, o= 8 3~ens1 v Jaesw( The Equation
for percentage resistance, reactance and impedance):

!

I X
2. Percentage reactance in primary side %X = pV %100
p
: : [.X
or Percentage reactance in secondary side %X = SV “—x 100
where I = Primary full load current
X . = Equivalent reactance interms of primary
V., = Primary Voltage
[, = Full load secondary current
X . = Equivalent reactance interms of Secondary

V. = Secondary voltage



8.50 | o @fErons, o= 8 3~ens1 v Jaesw( The Equation
for percentage resistance, reactance and impedance):

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

or Percentage 1mpedance 1in secondary side %Z = ——x 100

Again %Z = /(% R)*> + (% X )*

where [ = Primary full load current

’

Z . = Equivalent 1impedance interms of primary
V = Primary Voltage

[, = Full load secondary current

Z . = Equivalent 1impedance interms of Secondary

V. = Secondary  voltage
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w8 @i (- (LLawd)
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GITSANIER B ARG (675, *b AR (G5 W2

(SIC0S (A9 (Open Circuit Test, Short
Circuit Test and voltage Regulation of
Transformer)




& ST 2T Iy IR S-S 21098

€.S| GITHIACE ST MfFE (675 AT (I-CETS Grod 18-

¢.X | G =6 FfFE &% I ™5™ (T (191

€91 (5T ST L FH|

¢.81 QA AIfFG (56 @ *G HfFE (76 AR A FANLIHS =71

€. I(SIT0E (9T el

€. Y| (SIEHE (FYETHIHT 26T, Fife @2 1oL ANSAR FIEEI TSI Il
€.Q1 (SIEES (FYETHINT A STASYS AL TALICR L1



@.> FITTINEF Qo AIfFG (5% A (FI-(% (G5 (Open Circuit Test or No load Test of

tranasformer):

GISTFINCI 23- (S5 M3h (WA @Y 932 (@TI-(SIEoS A0S AT ALLF
AT TS FLT I FIFFINEI @GO (SIEhS A3 M @ 6% I 2
S GITEINER 8o JfF6 G7% I @I-@TS (G5 IE|

*Open-circuit test of Transformer*




@.> FITTINEF Qo AIfFG (5% A (FI-(% (G5 (Open Circuit Test or No load Test of

tranasformer):

1. The Wattmeter measures the iron loss (consisting of the hysteresis loss and the eddy current loss ) of the
transformer because the cu- loss is negligibly small in low voltage winding and nil in the high voltage winding
under no load condition.

2. The Ammeter measures the

no load current |, which is very I
small ( 2 to 10 % of rated load
current). Vo

*Open-circuit test of Transformer*



@.> FITTINEF Qo AIfFG (5% A (FI-(% (G5 (Open Circuit Test or No load Test of

tranasformer):

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

4. Let W is the wattmeter reading and
V, is the applied voltage and I, is the
ammeter reading ,Then

W =V,I,Cos @,

=~ cosdy,= WV, I,

And I = is the magnetizing component
of no load current, Iw is the core loss
component of no load current, from the
vector diagram of no-load transformer.

IIJ. = IO Sil’l CDO IW= IO COSCD(),

Thus,
Zy=Ry+j Xp)

[ —
Watt meter =

*Open-circuit test of Transformer*



€.> FRTPANIER S AIfFE (678 1 (1-c@e 675 (Open Circuit Test or No load Test of tranasformer):

* Q12 AIfFE (576 (AP A OAPTYRS
93 (575 (A fAnferiie oey snewr Trws

"R T W =W,=VI cos®,
.« -G IS (Z,)

. wmEte ews L) = Lo Sin 6,
(I, )=1,cos0,
4

. IR @RS (Ro):I
w

o QYfFe FCED

%
()(o):]_1
7

C

. EI-CTS e FET COS 0, = ——
170



@.> BTG 8o AH6 (678 A1 (+1-ce (676 (Open Circuit Test or No
load Test of tranasformer):

ST ARG (GTBH T Y2-(SIOS H1IG o AT | ©F RIGT FISTFIAH SR
TIPS 2 ATV THAINR ST I (H1-(@TS AR AT 973
I T, (F6C FIECEOT 3% (AF D% | 9F T

I,’R, O AR (@19 FEE AR (@1 T 91z 492 FH 2 ot w1
5CE | (FICH (FES AAIS (SIEHSE & Weike HOR1el 197 (hm) AfowT 27|
&F1F O™ AR GBI Fepaie FI3R 0 TNgifoF | ok eAGHRGR
¥y (I P ™ F|




€.x GIRTPNICER 36 AfF6 (675 1 3=t (6% (Short Circuit
Test or ImpedanceTest of tranasformer):

GISTRAAICAT A TACE (AHIFAS (FAI-12C ) 26 FC &) AIS (SR AR @B (Sl I FH
(SITS (AW (SIBE 5% (A 10%) MR WM @ G F1 27, O =6 ARG G76 =1 =)

QTG (@-(SIEoS G (AT F241F ©fF I SFIfGR Tl =6 I @2 21 >2-(SIT0e AT3® SAGHRGE, SHifNbr,
CSITBTNBTR IS FLG T G0 (SFRAIF A (DS @0 (F AR Y3 A N N+ 20O (SI6@ Jw w1
2| GISTRANICEE ST (RS FIEG SITAGICR 21T 20 WF (S0 6 1 2211 & o< $GHRoR RS 575512
o{1R o1 f=AIC <=1 =21 e @7 FTdy Sy g SA1el (@19 #197, ¢F 07 (=, ©38 ©f Seort Fa1 2|

Short-circuit

Valt meter

L —
| Low voltage side

*Short - circuit test of Transformer*



€.2 GRETRIeER o6 ofH6 (675 1t 3yt (676 (Short Circuit Test or ImpedanceTest of

tranasformer):

STGRGE Rfes @ wome W, @t P

Ze — Zol — I/sc — Esc
]sc ]sc

Re — ROl — 2
()

X, =X, =@y -®&y

Q9IH,
W, =P _ ==57fF6 shrews, 41 o1 e:G

=71 °R, Watt

Watt meter l ngh \'Dﬂaﬂﬂdﬂ?
- Short-circuit

T Amp meter

Volt meter

) ,f’l

; Low voltage side J
*Short - circuit test of Transformer* E—————————



¢.9 (539 TigY s&+(Draw the vector diagram):

() FI-CETC IO (ST ©IANe

fAe (=59 ota (I-@Te SIS £y 791 3J5® w1 2=l 99 76 s 1 RfREes Qe | 424w oz
TATBIRfe FTHAB(] ) 1 3M2iE ©rebred 90° P (¥ @I e #1371 (¢,) o 314
992 1, 9% @0s SEH | Y AL WO @A AT a2 @ A [Kew (1) @ ewibeEm
(Wattless) 31 ffanebe St s 11 f@dy wigd e se>iews £, MR @©Iedw ), 99 M

OF3 (TS I3 T @1 7 (RSP 97 W32 OfS FIEH ) F@ A (L) IAIAER O ANSTT 4=
I R G e T 797 T
Working component I, = [;Cosg, w1

No load current Ip= +IZ + 12

Magnetizing component [, = I; Sing,

I
Power factor Cos @y = Iﬂ
0

No load power input B, = V,I;Cosq,




¢.o (537 oA wies(Draw the vector diagram):

() *5-MFE GToe (551 Trias
Ro s
L e
AN AT [T

=
[ awen |
v
(Susininlll W

W = Full-load copper loss, V, = Applied voltage, I, = Rated
current, Ry, = Resistance as viewed from the primary, Z,;, = Total

impedance as viewed from the primary, X,, = Reactance as

viewed from the primary

W=I1,%Ry,
“ Rog=W/I?
Zo1=V4/ly

X01='\I(2012- R012)

Ry X1 R X,
——AN Ji111) N ——
"‘J‘] E1= EII '1.|r1r=ﬂ
L
Fig-1
%y

= | R Xy
AN e/ T

owvon




¢.0 (&3 T wes(Draw the vector diagram):

() WG-ARFG GTH (STT S
Ry X Ry X
F—AVW a1 Qg 5
Vv, Ex=E Vi=0
O
Fig-1
Ty
W=l 0
LRy
& (B ]
I
L]
| B I
L
1
A IRy B -I

Fig-3

Voltage drop Vector

My

| Rt -|:"'"E'-' B- —."I
Fig- 4

Impedance Vector

FI1



.8 *GAIFG @ Qo MfFE (GTT 3ifFw 1R i€+ (Solve problems
related to short circuit and open circuit test):

ATSA FGfeTs
I =1 = Vs
p  Tsc 7
sc
, , KVAx1000
R, =R, =R, +R.a [ orl, = v
’ P p
_ _ sC
Re - ROI - 2
ISC Working component I, = I,Cos@,
7 ' _7 - Vsc No load current Ip = 13 + 12
e ~ “~01 — I
sc Magnetizing component [, = I; Sing,
! ! !
2 2 W
Xe = \/(Ze ) — (Xe ) Power factor Cos @y = II—

1]

No load power input B, = V,I;Cosq,



.8 *BTHE ¢ ST AHFG GTo > ;11 14+ (Solve problems related to short circuit and

open circuit test):

#43-> @3 Fees 7w 10KVA, 500,250 V, 50 Hz GmEawiEs Mafeis 39 =itz 334 — 23w @ferenst 0.2Q
e @fersrst 0.5Q, 2igwifs =t 0.4 Q, etz [Ramtist 0.1 Q, iz 5 A6 e Afawias sa-iife

F9 7 MR @@ T

AN G2 N I, @O0 A1 =6 31 QR G 7P TGS 22N MICe LI FA1 R

AT &2,

R, =R, +a’R =02+2"x0.5=2.2Q
X, =X,+a’X,=04+2"x0.1=0.8Q

22 =RV + (X)) =22 1 (0.8 =2340

1

W, =1,Z.=20x2.34=468V

P, =1R, =(20) x2.22 =880watt

p

/

I

SC

- 10x1000

500

=204Amp

Here |,
Rp =0.2Q
Xp =0.4Q
R, =0.5Q
X, =0.1Q
Vp =500V
V.=250V1
_ 500
250
f =50Hz
V., =7
P =79



.8 WGAIHE 8 ST FHEG GT% AT e i (Solve problems related to

short circuit and open circuit test):

793 31 @36 Prees e 100K VA, 1000/100 V, 50 Hz Gi=aitad (G fNaferfie oy sires ¢oice |
5 MG GBs F_= 221, P, = 10500 TIE QR AR A1Y | (7 <8 ANl (i1, Frsist @<z 2freyisi|

NS e TGS AT A® A& A ATR

~ 100x1000

argmifics sRifRe Fws, [, =1, 1000 =1004mp
P 1050
e ISC2 (100)2 :
e' - ESC :2 =022Q
I 100

N&

X =@V Ry =[0227 —(0.1057 =0.19%

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

— & — 1000 ~10

V. 100

f =50Hz
E_ =22V
P_=1050W
R, =2
X , =9



¢.¢ eIeoe @YeEs Atwl (Define voltage regulation):

(T (T GRS AIRHE CIeve M1 (@2, GRS @S I Seet et SR Ereelis
GIfSIE (SIthe FNCo AT | FRTFINT FCE G@SOI™ @F & @ (SIE0e B9 0 A | (-1
S Fo (G G (G (SIS BAE Fol (I (SIEHS T Sl S (SIE0S @ “Teq T
43 (FOJETN LS Mol fIEIR 2R 31 27 Vi —Va

% VR = 7 x 100
FL

Here

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

(SICEE (@AY S O 47091 (@TCed T o S|
S| FfEBe @eg G137, IR AR, TAFNGETG =7 To50 | QX[ (@S 2NCNRF FIEF AuT 364G 2|
3| BTIHE (T8 (GIF I, ITTIFAT (WG, FITeawd| G2l (@ S (1163 3TIFHS (IS 9@ e | @ 4901 (IS ST FEF e o

o | IS e Feifne, PmtE Fresa 29| T srema T15e ol T



€. Y| (SIS (I B[, wifsle ¥ f@fSe srew Tgee 7 << (The equation for
voltage regulation at unity, lagging and leading power factor):

() 2o “reww w189 (Unity power factor): Gf&fe ites cveg b 2031 A1t | f5eg 38T sitewms FEee g (i 26|
fo@ e T3,

"

@f&foe w4 (Resistive drop)= / | R,
frnebe v (Reactive drop)= I.X,
3frerst st Impedance drop)=/,~Z,

fager ACD = 13,
AD?> = AC* +CD* =(AB+ BC)* + CD*
:. AD = /(4B + BC)* + CD*

VNL = \/(VFL +IsRe )2 + (IsXe )2
%V.R=M><IOO foq =12- TEMAH Arexw T8

FL



€Y | (S0 ([T 20D, aifae «ge fSe sfrews g iN<ws (The equation for
voltage regulation at unity, lagging and leading power factor):

(¥) wuife Arews #1199 (Lagging power factor):): 39sibe (@1tes ¢wg 4t 20 A | 5ig Tiifie e TS (939 g

@A TR
oa (A 13,

"
@f&ee vt (Resistive drop)= { | R,

!

fam=e Bot (Reactive drop)=1, X,

fage ACF 2t 113,
AF? = AC* + CF*
AF* = (AB + BC)* + (CD + DF)?
AF = /(4B + BC)* + (CD + DF )

Vi = \/(VFL cos @+ IR, )V +(V, sn0+I X, )’

Voltage regulation %V.R = Mx 100 foq a2 -amifele Arew wg

FL



€. b1 (SIToE @I 26, wifae e f@fSe shexe Figes 7w (The equation for
voltage regulation at unity, lagging and leading power factor):

(<) feifee srew w14 (Leading power factor): siiifiibe (1ites ¢viq ait 2 AT | foig @2 Arewns #1$Ee (o5 oa
(MR AR o g (AT A3,

@ f&foe v (Resistive drop)= ISRe"

far=e w4 (Reactive drop)=/, X,

sl fage ABE 309 #4113, AB = AE cos 0 =V, cos 6
BE = AE sin @ =V, sin 0
a7 fags AFD zrs oz~ CD = BE =V, sin 0
AF?* = AD* + DF?
AF? = (AE + DE)* +(CD - CF )
AF = /(AE + DE)* +(CD ~CF )*

Vi = \/VFL cos@+IR, )V +(Vysin0-1X, ) foa 72- fifde Arems F1e

Voltage regulation %V .R = Vo =V
FL

x 100



€. Y| (SIS (I 3B, wifsle @32 @fSe sree Twn$s w7 Nwd (The equation for
voltage regulation at unity, lagging and leading power factor):

* JIRPIR T (Approximate Formula)zst eicebe @ojremi= (V. R) faws

BERFNICE G IRk e v oo =/ (R, cosf+ X, sind)

— — + .
G Vi =V =1 (R, cosft X, sinb)

Vi =V I (R, cosdtX, sinb)

VFL VFL
3TISMS (@ Ited (Feq (+) T ue FIBiTe @ites &veg (-) BT I 341 = g
(SITHY ([T T TS F 2 002 T&F [Te2h Tex It Rafve 23 2 g

x100

---| kR:CosB =
3 LN
! ]

E

IR

I.X: Sind




€41 (SIE0E (FYETHIE AN ST=HY@ T TN (Solve problems
related to voltage regulation):

P oparfere

Whenpowerfactoris unity,V,, = \/ Ve +1,R )Y +(,X,)

Whenpowerfactoris lagging,V,, = \/ (Vp cosO+1 R, ) +(Vy, sin@+1 X, )’

Whenpowerfactoris leading,V,, = \/ (Vy, cos0+1 R, ) +(Vy, sinf-1 X, )’

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

FL



.91 (S5 (F5ETR MR T>YS T MK (Solve problems related to voltage
regulation):

os-9: @b 25KkVA, 2400/240V, 50 c/s 9= & GRTTINAE *6 A6 (570 IR [Nw SiHfie ©f TS (o1ceTs
ESC = 72V,PSC = 380W,ISC =10.44
0.86 =Ifsiz e FHEE MoFaT @™ [Hefx T4

EEIEIBE '
R, = Lo _ 1382 - =3.5130 Here
L 104) V., = 2400 V
) 72
Z, =—=—"—=6.923Q _
ATy V. = 240 V
X, =(2.) —(R,)? =J(6.923)° — (3.513) = 5.9650) 4 = Vi, _ 2400
Power Factor, cos @ = 0.86 lagging Ve 240
= 6 = cos ' (0.86) = 30.68 Rating = 25 kVA
. sin(30.68) = 0.51 E - 7V
3
Primary current, I = 252:0100 =10.42 4 P_ =380 W
No - load voltage according to primary, I, =10 .40 A
% VR =7

WV =V +1,(R, cos @+ X, sin 0)
= 2400 +10.42(3.51 3x0.86 +5.965 x 0.51) = 2463.18V
Va =V 2463 .18 — 2400 63.18

%100 = x100 = ———x 100 = 2.63%
2400 2400

"% Reg =

FL

10



€.91 (STEES (oIt A0 ST T 1€ (Solve problems related to voltage regulation):

g=s-8: 436 25kVA, 2300/230V, 50 c/s ¢ @& G SIGHIR fugets

R, =0.8Q,X, =320,R =0.0090Q, X, = 0.03Q

(SIE0E ([T (I S,

() S FJTI 6 2|

(?) “rexE T8 0.866 ferfee 33|

TR 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
25%10°

Primary current, I, = =10.874

) Power Factor, cos@ =1
=60 =cos’(1)=0°
ssinf@=sin(0°)=0

No - load voltage in terms of primary,

SV = \/(VFL cos@+1,R ) +(Vysin0+1 X, )°

= \/(2300 x1+10.87x1.7)* +(2300x0+10.87x6.2)> =2319.45V

o VR = Y g0 2 23194522300 00 () 64504

V., 2300

Here,
V,= 23001V
V., =230V
%
» 2300 10

v 230
Rating = 25kVA
R, =0.8Q
X,=3.2Q

R =0.009002
X, =0.03Q

YVR =7



€.91 (STEES (oIt A0 ST T 1€ (Solve problems related to voltage regulation):

gns-8: @b 25kVA, 2300/230V, 50 c/s 9F &F& G-I SIEPR fAagas
R, =0.8Q, X =3.2Q,R =0.0090Q, X =0.03Q2

(SIE0E ([T (I S,
(3) “eF FHTI BT 27
(?) “rexE T8 0.866 ferfee 33|
AT Equivalent resistance in terms of primary, Re, =R, + a’R, =0.8+(10)>x0.0090 =1.7Q Here,
: : . ' 5 5 V,= 2300V
Equivalent reactance in terms of primary, X, = X +a°X =3.2+(10)"x0.03 =6.2Q
55210° V. =230V
. X
Primary current, I = =10.874 :Q _ 2300 _
@ Power Factor, cos @ = 0.866 leading V., 230
= 0 =cos ™ (0.866) = 30° Rating = 25kVA
~.sin @ =sin(30°) = 0.5 R =0.8Q
p
No - load voltage in terms of primary, X,, ~390
SV = \/(VFL cosO+1,R, ) +(V,, sin@ —-1,X, )? R =0.00900
= /(2300 0.866 +10.87 x1.7)* + (2300 x 0.5 —10.87 x 6.2)* = 2283 .25V X, =0.03Q
% VR :Mxmo _ 2283252500 x100 =—-0.73% %VR ="

V., 2300



o3-y TSR 66 (5% (4 41

144

Beq3-9aIE, 2", 2
AN (GBI, S (Re) Copperloss, W, = F,, :Ip R, =1,R,

gy cafersi, ezor (X)) Efficiency and Regulation

TGN AT, 82 (7))

AN8-3 FISTFANICHA G AIfFG (GToH AN SAGRAGER 5y 1 01 fAen= w7 17 (62

ST THG (GTBT AN Q3-(SIC0S AT ST AT | O RIGT FISTFIAE FREYE TTFHS G2 AT THATC
AT A TI-(S FIREET AR 432 I ¥, @GS FIRCET 3% (AT 5% | 93 T [, ° R, TOR AR
IR TR QI 332 I G2 TIoH! FR1 50| (I RBS 20T (S0 &) Wl gt #7137 (§,,,) 2fowt
| IR 1 AR FIGTHEIR SOy FIER 091 AN | o1z eNGRGR 1y @19 o o |
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S| MTHG SIATHNR GIFTFIANER (I-(EMC (GTHF I ST

| GRTFINICER =I5 G (G5 P 311 2 oaprR 3601 341

0| (&FF oraq ML GRFINIET @G @0 (SIeoe @i e s%f® I¢4r S|

81 (59 folaq NN GIRTFINCHR IVFILS (@IS (SICHe @Y el Awf® ¢4t St

¢! | (5T Tolad LN FRIFINEHI TS (@IS (SIEte (@9 el Awfe 51 S|
b1 @36 10 kVA, 2300/230 V GereasiEs =6 M6 Grod ©ibT e (e 2es

E,. = 137V,P,. = 192W, I, = 4.34A) Refa ars

(&) 0.8 =it ArSTT FHTE (TS ([T

(%) 90% %L sewd FFW (SIEoT @A

(°1) T AT FIFE (SIE0S ([T
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CEIRITIISE:

ER8 @i (AR (Lwbawy)
WY F] (TGP

LY ST

GISTFINI @S Tl 8 MoAeds 2%fo

(Efficiency and cooling system of
Transformer)



& LI AT It g siHce 2A1K<3

b.S | GISTRINICEE wpe! el ifafos Jrag Q==

b.3 | FRTEANICER (1 &1 @2 FAI PACF dolfe F @9 [{eapy RIpg Qi
b, | ST TSI AP (7ol Fa|

b.8 | ANS FIFEH A WO ATRO TAF® =T

Y. ¢ 17T TG el @ M s wrord el SHsa=|

L.\ | RS, AR TPl 8 FFT M TFoid iR AN (IFT

b.q| GV AOANFE It FieT2-a9 ARSI T F<

L. | GITFIAIEE Moaea A% O I+l T |

b5 | FISTFINICER (O @2 @F 9fI<fel I S




LS | G vl el iiffes 5@ (The formula for calculation of
efficiency of Transformer):

AFSTHG I 275 PR @ *Ife (e 27 SiSh+5 R 1 i srewt T A1)

3G QI SACHAT TopF =T T STew A, ©f-3 AN 1| @ =56 @I 3795
AR wrer2 vwel (Efficiency) I Siey (A (G0 GRTe==IEs v
SPGT @ 97 AT 5¢% 20O 55% 1T AW AT | IR QTS (I [N (19 707 @2
S T | TFOICE [ o1 3610 (7)) Wl fofee T 27 @32 @t o1 21w o

A W AT
Efficiency ,7% = Output x 100
Input
Output

x 100

N Output + Losses
B Vicos € x100
Vicos 8 + Copper loss + Core loss

Input - Losses €100 = (1— Losses )x100

Input Input

Again, n% =



L. 3| GIRTFINCE (I o1 G2 IR PICE Feife Sea a3+ [{eaoy Raemz (The
factors affecting core loss and copper loss of the Transformer):

S @R (core loss): it IAGERH ¢ Uit FIIESG FER AN 4091 @ 7T #HI-FTS
B 1%-3% e 2711 @b f[ifon 3w 7=t Foife 2311 @=+-

(¥) AeqE T1Ea (power factor): (F1F =h AST FIRT R N AAYATOF o
(T o1 S 2SN FSEL N ([T |

R TA= W, =Vl cosb,

- W, oc cosb,

() @I5w (Voltage): (©Ite5s A7 F2eT (19 % Af<f$s 271 @+ - Core loss oc V?
gdie (@R & (@b AAaifer kS o)

(o) g™ (Frequency): 93 W9 TSR T [Hog 361 PEfi 3w (ol opis
3@ A1 @ YOS (P T (FIEHF O K99 @ AT T o1 S|




b.Q | GRTEINICE (FIF o0 @2 IR PICE Feife Sa a3+ [y Raemz (The
factors affecting core loss and copper loss of the
Transformer):

3| ¥ e (copper loss): ait [kfex fax 7=t geife 2201 @w=-
(@) “fteqs 1E9 (power factor): FHE eH SR FRFEH AN THIgAIfo
i’ FATF &7 IS 2GR FFERI A I I

1
cos ¢

() oo (Voltage): (S5 #If3d T 9419 701 #If7f¥® =11 &+ - Copper loss oc V?
wefirconstant KVAASIE &= (@It Jia FCeT FAF o0 SN
(o) g (Frequency): foRaRe= GrreasiEs PR SoF F919 o fog
PEAT
(@) @e (Load): (@ITed $oF F91F a1 [oame | (¢TS IS ce 2419 &1 0T K1 T
A T o P

FAR = Copper loss oc




b9 | TRTFANIER A& wwel [Hefeag 1w+ The Equation for maximum
efficiency of the Transformer):

T F3wwe *$(Condition for Maximum efficiency):

Copper loss, W_ =1 sze or IR, watt
Core loss, W
Primary Input =V I cos 6,

= Hysterisis + Eddy current loss = W, + W_

core

Input — Losses VI, cos @, —losses

Efficiency , 7 =

Input VI, cos6,
) !
N Vp]p COS Qp —]p R, =W, .
Vp] , COS Qp
2 ! [
— ]P Re Wcore 1 ]PRe Wcore

Vp]p COS Hp Vplp COS @p Vp COS Hp Vp]p COS Hp



b9 | GRTFINICER WS wwe! foftz= 1=+ The Equation for maximum efficiency of the

Transformer):

di Fvwee #$(Condition for Maximum efficiency):

Differentiating both sides with referenceto I |

’

an _g___ R il

IR W

core

_ e + 2core
dlp Vp cosﬁp Vp]p cosc9p
dn 0

For maximumefﬁciencydT =

p
/

-R

. e + core — O
. 5
Vp cos «9p Vp[ , COs Hp

4

R /4

:> e — core
2
Vp COS t9p Vp[ , COoS Hp
W
- e
R
P
2 !
- ]p Re = VV;ore

. For maximum efficiency, Copperloss = Coreloss

V,cod), V1,co9)



b0 | FRTFIANICER S wwet [eftzg 1w+ The Equation for maximum efficiency of the

Transformer):
] N ’ R e = W core
S| Fvwes KVA Load( KVA
W load at maximum efficiency):
[ — cor’e'
* R We know that for maximum efficiency
e of transformer , copper loss is equal to
\V4 core loss 5 ’
Now  both sides  multiply by 000 I ) R, =W,
[ s X V s V s x W core 1 P = WL”,
1000 1000 R Ji R
S P iscurrent in maximum efficiency
[ s X V s _ V S X [ FL X W core
1000 1000 x I R

_ VSXIFL % Wcore
1000 I, °R .



b0 | FRTFANICIR S wwet [9eftzg w4 The Equation for maximum efficiency of the

Transformer):
]s X Vs _ Vs X ]FL % Wcore _ Vs X IFL x Wcore
1000 1000 x I, R 1000 [, R,
w
KVA Max = KVA rated X == "
IFL ’ R e
KVA = KVA X \/ Wewe  _____ (2)
Max rated Full load cu loss
Wher e
1 |4
KVA , ="
1000
kva = Vs *!n

rated 1000



b8 1A T EA MM wwolk A9 (The variation of efficiency with power
factor):

930 GETFINET ol v 77

0-99
_ Output  Input - losses (1 - Losses
7 Input Input Input 1
Losses ke
= n=(1- ) €
V.I_cos 8 + Losses . g
Losses |V I, G oo.97 |
=1 = (- )
cos @ + Losses [V I, :
Losses
_ 0-96 !
Let X = VoI 0 025 0:5 075 1:0 125 15
SXS Full Load —
n=(- )
cos 8 + X

ASTH T F ARTOEF AN A wFelF (T #7794 77 o7 @3 fbg S me
ERIGTS (M2 A (¥, [Rfew @ice [{fon Arews T vrore fog 31



L. | ST faess wel @ i s warers T Sas<ws= (All day efficiency and mention the formula of
all day efficiency):

(I GIETRAIE 200 A e (24 9519) AP 5JfR® G=ifes A S e GRTeaices 3995 @ifes
SATSF AR MR v3Fel 6|

TSIEIRG* GIRTFICHE AN T FIRHAIR FAI3CNS AR M HLYS ACF | @ IS 38 To1 A (SIEH
GIRTPAIRT AHIEZerS ACH | T GF (T 707 U2 A AP | YA PIAT (FICAT A 93 TS
(SIC0E - AT ©LN3 (T 707 F-(JH 0O AT | O(F, 93 499 -4 Y7 FN3 WG | IS (FIF &
TWIZ T < 21 Y I IR AR @R A TRIF A @ 2 o9 ([2R) ARA
(IS AT AN FH-E@H | (WRY @G {8 O AN ACH, GG O FATK 778 AN AT |
IIEL G RPN T (FT1C AT 707 407 FAWHo! (o T T | 97 4F© 15! (IF FACS 20
SR vl (@1 413 N1 @b AR (38 T6IN) AR 9J2A® G=Ife= S =1 s Fea=E=
2 S IAS TG AT

output in kWh
input in kWh

All day efficiency, 4y gay = (for 24 hours)



L.\ | ST, I el @ I e wver ST €9 (Solve problems on
efficiency, maximum efficiency and all day efficiency):

TR
Efficiency, n% = Output x100 .

Input N output in kWh
All day efficiency, I gay = —— (for 24 hours)

Output input in kWh

= x100
Output + Losses
Vicosfx100

N VIcos@ + Copper loss + Core loss

Input - Losses %100 = (1— Losses
Input Input

Again, n% = )x100

w

core
X

Full load cu loss

KVA, =KVA

rated

2 !
1R, =W

core

. For maximum efficiency , Copper loss = Core loss



LY | ST, I 7Sl @ ! s warers STt K= (Solve problems on efficiency,
maximum efficiency and all day efficiency):

oy @36 50KVA, 4600/230 V GHTFIER @9 @32 576 676 I A s oftew (s

SR e E,=230V,P,_=285W,I =424
Al E_=150V,P_=615W,I1_=104

@) @G KVA, 0.8 “1e1s 5[ FNwwo!
(%) &S Frwe o KVA
(*h 0.8 e FIIFE A& T
TS
@) @GT KVA, 0.8 A1ewa T30 GIe<sas Ses7b, _ _
Broree T G =1 P =50x0.8=40kw

P .=285W
BEFNIER IS T4 T, b _ 615 W
I sC
FEASTES 1 =1, =104

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

s 2 P, = (40 +0.9) = 40.9kw

whrwa, % = k100 = 20

in

=97.80%




LY | ST, I 7Sl @ ! s warers STt K= (Solve problems on efficiency,
maximum efficiency and all day efficiency):

oy @36 50KVA, 4600/230 V GHTFIER @9 @32 576 676 I A s oftew (s

SR e E,=230V,P,_=285W,I =424
Al E_=150V,P_=615W,I1_=104

@) @G KVA, 0.8 “1e1s 5[ FNwwo!
(¥) AE® FIrwet & KVA
(*h 0.8 e FIIFE A& T

FAATYIN3 KV A KV \/ I/Vcore
‘ — X
(%) TS TR, Max “ed "\ Fullload cu loss

=50x%, /E =34.04KVA
615

(o1) TS e 0.8 ~ewa wEE FeweeEa anesas, L, = 34.04x 0.8 =27.23kw
SRR IS TFO (FIF & =I4F o
NG =285+285=570W=0.57KW

IS 295 ewa P = (27.23+0.57) = 27.80kw

el Yoy = Lo 100 = 21:23X100 _ o7 950,
P 27.80

in




b.b | WS, AT wEFel @ T fueas wspeie ;e K (Solve problems on efficiency,
maximum efficiency and all day efficiency):

79-3: @36 BKVA, 2300/230V Geresiwd id o1 40W @32 T @e Foi a1 112W 1 @t 24 <61 faferfie
(TS 94 (8

(@ 1.5 9= =iee 0.8 “rsre w15 1 w61

(2 1.25 94 ¢iee 0.8 Arers 6 2 <61

() &GE ¢@ee 0.90 “Mers FEE 3 o

(q) O (@S 9FF ANSTNE FEE 6 o1

(&) -EIS G ST FEE 8 T

(5) (FI-CICS 4 01

LEIRICE
Outputenergyfor 24 hrs.=(1.5x5x0.8x1)+(1.25%x5x0.8x2)+ (1x5%x0.9%3)+(0.5x5x1x6)+ (0.25x 5x1x8)
=6+10+13.5+15+10

=54.5kwh

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



b.b | WS, AT wEFel @ T fueas wspeie ;e K (Solve problems on efficiency,
maximum efficiency and all day efficiency):

A-3:4%-w | 936 BKVA, 23007230V Grereiems @9 a1 40W @32 3o @e 4 a7 112W 1 aft 24 <51 fRafeifie e 124
I3
(@ 1.5 9= =iee 0.8 “rsre w15 1 w61
(2 1.25 94 ¢iee 0.8 Arers 6 2 <61
(5) BT @iee 0.90 e FEE 3 ot
() ?m‘@nw 9T enem?rair@HG T
(@)4—-@{11@ OFF ANSTAR FEE 8 o1
() T-CICe 4 <61
AATYS
Copper loss for 24 hrs. = ((1.5)> x 0.112x1)+((1.25)> x0.112x 2)+ ((1)> x0.112x 3)+ ((0.5)” x 0.112x 6)+ ((0.25)> x 0.112x 8)
=0.252+0.350 + 0.336 + 0.168 + 0.056

=1.162 kwh
Input energy for 24 hrs.=Output energy for 24 hrs.+losses for 24 hrs=54.5+0,96+1.162=56.622 kwh

All day Efficiency _ Outputenergy for 24 hrs. 54.5

= 100 = x100=96.25%
Input energy for 24 hrs. 56.622

7] 411 Day



L.q| GRTFINICER Mo 91 Fere-a9 genearre (Explain the necessity of cooling system
of transformer):

AT (Ao (TR 519 T @ [RfSR o1 o1 Tat! P AR (TS AT | @ TR 0”
B2[TVL-q AR o7, {F== 71 @ [feq I T AL TGS 77 97| @ TG~ Taif
ST ST 1 AFCE SHRS (R FAUHOT FCH I G2 FIHCN 29O TS S A
QRTINS (a8 4 TSMTF ARSI AfO2® T Felfe Nara Au<s ALt o= | ey [fon
AGTSCS GIRTPANT MoMBHe FT 2| QTO FRTIFINCTH FAUHO! (@ AT G2 FoIRFONF FRAFT FAC©
AN




L. b | GIRTRRNICER Moaaed Awfog 1041 (Describe the methods of cooling system of the
transformer):

I G Momese Anfo e o1 (1 *e=s
S| Freifk It Fivte $ieie (Natural cooling): = A i —

@5 =15 FATRFANIR U3 THOTB GITFAIcas oy 778 Gorot #ifkazn \
NS g =3 “Itw «3e [ smfors FeiikeTei® ot @ |
[ @ % MERTe 1 KVA @02-93 G 9! 0 &)
IR T 2N | (T TSI G MO S, ©F AT
ST AL G0 I8! 2|

7 I

[EEREREERERERRRAN
T
—_—
PP PEEEEER) N, 1
Vg SN
~—f—

Fig. 3.3 Natural cooling in transformers



b.b | BT Meaesd swfoq 3ot (Describe the methods of cooling system of the

transformer):

fC BT aICes MO AGTOT YIS 901 (3T e

31 ©w sisige e gt S (Forced air
cooling):

JI7ST o @I TIT AR [ W T @ !
IO (I G2 IEE N4 M 21T 20 A=
e MO ([T [ W 92 ST 7T (FIF G2
I TeT9 724 B FITPIAACR I F( A
oINSl QTP (LI (oo [N Rewae 96
MG TSR ACF CIRI @ [IE 92 PR 2| @2
AG1S AR G2 GIBe A0 ATHN® HFI7© 3T |

] | L1
Main
transformer .
Iron core with
S |_——— winding and
nsulation
F
U O O | __—Fan
~a T | %




L. b | GRTRRICER Moaiwed swfog 941 (Describe the methods of cooling system of the
transformer):

TG GRTPaIC Mo =9l AHSYCRA o1 (A1 RT3

o | o fwifeae e $fee (Oil immersed self cooling):

g &IOS FRTFINIER (F1F G2 I 7513 TP SEe-a fefeee
ACF | G FRTFINICIS BIeFe A2 e M st s BT 1 A3t | Save A
STISICAT AT | @ AT TN FITPAAR S QT AT w1 o)< ¢=iee

GISTPAINIE (P19 G2 TR IR SN 7 ORI (e I N YTl 7 92 A

S| @ FN YT (e AR (OO T @2 A0 191 ©I R (o Radiator
GIRTRANICS BITLT AT ¢ | A9 ST o191 (e O AL ™A o181 2
o e T TR T FRee e Nres (o0 MRy I =23 92 *wf®
ACAT-312eH (Thermo-siphon) 3|

|

J

S ————

,
1
(.
L}

- e - —
- = -

f--'_---'

Tank

.




L. b | GRTFRNICEE Aroaiaed swhos 3¢9 (Describe the methods of cooling system of the
transformer):

I GTeawIEs Mo se Anfo e 91 (M *C=Ts

8| o faafeee vioye et $iere (Oil immersed forced
water cooling):

9 I (1T 932 FEE O [afeer® AT 92 GRTFIAE
THAT A (ST T @6 ©iNie F« (Copper tube)
IS PN ACF | T2 00 @ [T w4y Ay ot onf
THH1C! AT FAC T 7249 1%t <Aif e w45 facy a<ifze
T O T IS | T @ (A BIAMEF AT (0 I8! (A
e T @32 AT 1A% (oF B9 O Wit | T G|
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L. b | GIRTRRNICER Moaaed Awfog 1041 (Describe the methods of cooling system of the
transformer):

Radiator

G GRTPaIeas MM e AR S0 o1 (AT ]38 \ Tank
Fans s Direction of
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J I I Core
¢ ¢ot fawfeers sroge et g4t $fere (Oil immersed forced =1 (!
air cooling): N 2\ 4 A ‘
— | | Winding
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b.b | BT Meaesd swfoq 3ot (Describe the methods of cooling system of the

transformer):

G GRTPaIeas MM AR SR 901 (AT ]38

b O (@S et @t #wfe (Oil forced water forced
or OFWFE):
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b5 | GIRTFANICR (oo W3R @7 91 36t (Describe the Transformer oil and its
properties):

GewaeE (o (Transformer oil): FETFINIRGE o1 AL & @7 T (F 099 JIRNF F T, ST
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I3+ (Evaluation):
A-5: G (O IS 2

g3 GIRTPANI (o0 A4 FIq R GISTHAANEL (FIF G2 FRS IT 41| G
I G5 I (AT FISTFINICIE SO G2 B FH TP Ii% FT
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T (OCTR o (s w1 (Sludge) % 27, OIS AfEe e
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input in kWh

All day efficiency, Iay gay = (for 24 hours)



JITeq e (Home Work):
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-8 | GIRTFINE (O I @ 9IRfepTNR oY |
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