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The mutual flux is

©=4.8
where B, = Maximum flux density

i

A. = Effective iron section = i : .
i ction = K, . cross-section of the core

K, = Stacking factor (usually varies from 0.9 to 0.95)
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Fig. 7.15 The two winding transformer

Note that for transformers having relatively small winding resistance (E,= V) and the value of
the maximum flux is determined by the applied voltage.

The induced emf appearing across the secondary winding terminals is produced by the same flux
that causes £,. Hence, the only difference in the rms values is due to the difference in the number of
turns. That 1s

. do,,
2T S
which gives the rms value of secondary winding voltage
E,=444f® N, «(7.18)
Dividing Eqn. (7.17) by (7.18), we have
By _ i a = ratio of transformation )
E, M

Note that, phasors E; and E, are in the same phase because they are induced by the same

anging flux @ which is also termed as the mutual flux.
* IfN,> N,, the secondary voltage will be greater than the primary voltage and the transformer

is termed as step-up transformer. !
* IfN, <N, the secondary voltage will be less than the primary voltage and the transformer 1s

termed as step-down transformer.
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7.4D Transformer Phasor Diagram at No lLoad
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| To sdentify the secondary o el emf E. ' the phasot d‘.ﬂ-
which as cxplained above must be in phase with £, The amplitude

ul .l‘ will be £ 'a

lo & count for the fact that all the flux produced by the primary
winding docs not link the secondary winding That s there 1s some
lcakage flux at the primary winding and this lcakage flux is denoted
by @, This is actually the difference between the total flux hnking
the primary winding and mutual flux (D) linking both the windings.

The mutual Mux exists only in the iron so mvolves a hysteresis
loop of finite area. The reluctance experienced by the leakage flux is practic by €
cyclic vanation involves no hysteresis (or lagging cilect). Hence m the phase
leakage flux must be placed in phase with the primary winding current. This

reaction voltage (~£, ) which lags ®, by 90 degrees. Therefore, the prim
then provide a component equal and opposite 1o {-f”_] which is called ¢
drop and is given by .

¥ Jd

-

|-

This equation shows that phasor £, must lead [ by 90°. 3
The phasor addition of the above drop and primary winding resistance
drop £, associate with the mutual flux yields the primary voltage V, a8 :
| h=R 1, +iX,\T, + E LT
quﬂnli':.:l;nmﬁ!u: iﬂvml;umw s
7.4E Transformer Phasor Disgram at Load

In order to arrive at the phasor diagram of a transf *rad o S
resistive load connected through a switch in the secondary circuit as she
of the flux is us indicated in the figure with the flux increasing. By Lenz
in the secondary winding which instantancously makes the ter b o
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An Ideal Transformer :

canslormet 18 the transtormer having the lollowing characteristics -

e Josses are soro (No ron loss, no copper loss)

The prman and secondary “IIIL“"F. resistances are zero.
e ke hage luxas zeros Theretore all the flux produced by the primary winding 18 coupled 1w

he socandan

\ sl current as required to develop flux inside the core. This happens because the
scrmeabiliy of the core 1S very large.
e aviernal voltage applied to the primary, V, is same as the primary induced voltage E,. This is
ecause the primary winding resistance is zero and so there is no voltage drop across it

E, = V,
smilarly the voltage induced in the secondary winding (E,) will be equal to the load voltage V.
because the secondary resistance is 2ero.

E: - v:
¢ mnsformation ratio for an ideal transformer is given by,
E'I v"

R:E—I=?1




9.8.1

power losses. In order to have a transformer with zero loss. th

The voltage regulation is 0%. That means

of the load current. Irrm

: ety e 100%. This is because there are no logg w
Efficiency of an ideal transformer is 10070 [ R 508 laking
s the secondary voltage will remain g, Placy

Ideal Transformer on NO Load :
9 8.1(a). An ideal transformer is he -

' is as n in Fig. : . :
An ideal transformer is as show 5 e following conditiond EhﬂuldLh%hq

Conditions for an ideal or lossfree transformer :

1.

!‘-..I'

The primary and secondary windings do not have any resistance. i.e. winding ree

primary secondary should be zero. e
The losses taking place in the core 1.¢.
There should not be any leakage flux.

hysteresis loss and eddy current loss should pe 2zt

V, leads I,q by 80°

Primary current e G
required to magnetize $V,=-E
the core
i BE  Magnaty
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E 4 lags Ipgq by 90°
(a) Ideal transformer on load (b) Phasor diagram

Fig. 9.8.1

Operation and phasor diagram :

An ac voltage V, is applied across the primary winding of the transformer. As the load on ik
transformer is zero i.e. R; = o, ideally the primary current I, = 0. But practically a small cure
called the magnetizing current I . flows through the primary winding,

The magnetizing current is used for magnetizing the transformer core. As the primary winding ¢
assumed to be purely reactive (R = 0) the magnetizing current lags behind the primary |
voltage by 90°, as shown in Fig. 9.8.1(b).

Due to the sinusoidal magnetizing current, a sinusoidally varying magnetic flux IS pl'ddll?’di"
the iron core. The flux is in time phase with I, as shown in Fig. 9.8.1(b).

Due to this varying flux. emfs are induced in the primary (self induced voltage) E; and s
(mutually induced voltage) E, respectively. "

E, = -V,andE,=V, i""’“‘
The magnitudes of E, and E, are proportional to the number of turns N, and N;MW
The secondary induced voltage E, will also oppose V,. So E, also appears in p}mgoﬁw
with V,. The magnitude of E, however is dependent on the turns ratio N / Nj.

E, and E, appear in phase with each other and in phase opposition with V;. "

Power input on no load :

The input power to the ideal transformer on no load is given by, _ | Jyﬁj
Py = Vil,cosd, where ¢, = Angle between Vland[mwhid:liﬁw :
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, V. L. cos 909 = (W
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pul poWes to an wdeal transformer on no load is sero The output power is zero and

¢m
rhus llt. 10 losses aking place mn the weal ransforme:

e A%

deal rransformer on Load :

ome load is connected between the secondary (e
n : h

id 1o be loaded or on load.

he rmunals of the transformer. the

. I &
: i ;1:~_-T1."H'|h.[ 18 S

he load on the secondary. a linite secondary current starts flowing. If the load is (R + L)
: - :

will lag behind V by an angle ¢, as shown in Fig. 9.8 2(b).

Lenz's law. the secondary current 1, will oppose the cause producing it Hence 1t

magnetic flux. This is called as demagnetizing effect of | 3. |

agnetizing. the flux is weakened and it reduces the amount of self induced voltage E, .

jon in E,. the difference between V, and E, will increase and the additional primury

nue 10 ¢
' ypethed 1
As per the
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current i'_ called as load component starts flowing as shown in Fig, 9.8.2(b),

' : N,

]: = I:- :'iN_I::Kl: ; ‘_‘)H"’

The current | =K I, and it is 180° out of phase with the current I, The net primary current I, 15

of l: and I, as shown in Fig. 9.8.2(b).

the phasor suim
l: = I:"r Iﬂﬂﬂ Fv e

. 11 (Net primary current)

Vs ¢
Transformer Load I, E,=V,
E; '
(a) Ideal transformer on load (b) Phasor diagram
Fig. 9.8.2

Thus due to load on secondary side, the primary current of the transformer increases (o supply

e additional power to the load.

The angle between V, and I is ¢, as shown in Fig. 9.8.2
Cos ¢,

(b). Hence the primary power factor is

Wh : - .
Y oey Primary current increase when the load current 18 increased ° S
: : . y nerea
Vhen the transformer is loaded, the load current I, will start flowing. Due 1o 1

cu : 1
. _ent, the secondary ampere turns N, I, will also NCrease.

This INcre: illi se the fux ¢,
' ased secondary mmf (N, 1,) will increa 3 { flowing through the primary

Tilig flux g | urren
-5 Hux opposes the main flux ¢, set up in the core by the CUrt=re. 4
"inding. Hence the secondary mmf N, I, is called as the demagnetizing ampere tums.

set up by the secondary current.
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Equwalant Circuit of Transformer :

«  The equivalent circuit of a Iransfnrmcr 1S as Ihown in Fig 9.12.1. “ CO! l:lf anﬂ le :

esistances, fixed and vanable reactances for primary and secondary mﬁﬂumm
well as the no load components.
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Fig. 9.12.1 : Equivalent circuit of transformer




Single Phase Transforrmes

--:| .n Circuit Referred to Primary Side :

nts on the secondary side of the transformer are transferred to the primary side

| s—Components

' Uransdise rad
from sacondary
10 prirmary

7=

=
-

Fip 9.12.2 Equnalent circuit of the transformer referred to the primary
i, Felddedi
and Z. are the values of R,, X, and Z, respectively when transferred to the primary side.

R X
11 alues of these components are obtained as follows |
The Ve | :{‘ o
R, = [-{—-f X _-R-r and 7 —El-r where K=N,/N, (9.12.3)
2 R N

i F )
e voltage E- and current L, also are transferred to the primary side as E, and 1, respectively

The eXpressions for E_and I are as follows :
: ' E
f v

E, = ¢ and I;=KI: ..(9.12.4)

1122 Equivalent Circuit Referred to the Secondary :

The other wav of drawing the equivalent circuit IS 10 transfer all the quantities {rom primary Lo

secondary.

The equivalent circuit of the transformer rcﬂ':rrcd to the secondary side is as shown in Fig. 9.12.3.
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Fig. 9.12.3 : Equivalent circuit of transformer referred to the secondary

The components R \ R and .‘—x are the components which are transferred from primary to
condary side,
The - .
Hansfer expressions for these components are as follows :
R, = K'R.X =K*X,,Z, =K'Z, AN

1

i

R =R X rEn (9.12.6)
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