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Transtormer

A transformer is a stationary
electric machine which
transfers electrical energy
(power) from one voltage level
to another voltage level.

Unlike in rotating machines,
there is no electrical to
mechanical energy conversion.

A transformer is a static
device and all currents and
voltages are AC.

The transfer of energy takes
place through the magnetic
field.
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Transformer Principles

It has 2 electric circuits called
rimary and secondary. |
p y y Iron core

A magnetic circuit provides  primary
the link between primary and Voltage ‘

secondary. i .
- When an AC voltage is applied .1 R Y

to the primary winding (Vp)of
the transformer, an AC current Vp
will result (Ip). Ip sets up a ,
time-varying magnetic flux ¢ ===+
in the core. H

T o=

A voltage is induced to the | —, s ol
Secondary circuit (VS) magnetic flux secondary
according to the Faraday’s voltage

law of Electromagnetic
Induction.(e=MdlI/dt)



Transformer
 Transformer is a device that:

» Transfers electric power from one circuit to
another.

» It does so without a change of frequency

» It accomplishes this by electromagnetic induction
and

» Where the two circuits are in mutual inductive
influence of each other.



Transformer Core Types

* The magnetic (iron) core 1s
. . core
made of thin laminated steel. 1%
. Cross- = I;Illmnﬂtwl
* The reason of using cectional | =" Steel
laminated steel 1s to area: 4

minimizing the eddy current
loss by reducing thickness

coil

(t) (a) Square core
P, = kh(B,.1f )
* 2 common cross section of core
core 1S square or rectangular Laminated =
nee .ectiona
for small transformers and e 4

circular (stepped ) for the
large and 3 phase
transformers.

coil

(b) Stepped core



1)

2)

Transtormer Construction

2 Type of Transformers:
Core (U/I) Type: is
constructed from a stack of U-
and I-shaped laminations. In a
core-type transformer, the
primary and secondary
windings are wound on two
different legs of the core.

Shell (E/I) Type: A shell-type
transformer 1is constructed from
a stack of E- and I-shaped
laminations. In a shell-type
transformer, the primary and
secondary windings are wound
on the same leg of the core, as
concentric windings, one on
top of the other one.
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Elementary Theory of an Ideal Transformer

1 For a transformer to be an ideal one, the various
assumptions are as follows:

1) Winding resistances are negligible, 1.e. no losses.

2) There i1s no magnetic leakage and hence which has
no ;2r and core losses.

3) All the flux set up by the primary links the secondary
windings, 1.e. all the flux 1s confined to the magnetic
core.

4) The core has constant permeability, 1.e. the
magnetization curve for the core 1s linear.



Elementary Theory of an Ideal Transformer (cont.)

Secondary 1s open and primary is
connected to sinusoidal alternation
voltage.y;

Since secondary 1s open, the
primary draws the magnetizing
current/, only.

/,is small in magnitude and lags ,
by 90° .

The alternating current produces an
alternating flux @ which 1s
proportional to the current and 1s 1n
phase with it.

This flux produces self-induced
e.m.f. in the primary.

The self-induced e.m.f. E; equal to
and in opposition to y;

E,is also known as counter e.m.f. or
back e.m.f.



Elementary Theory of an Ideal Transformer (cont.)

Similarly there 1s produced in the 4
secondary an induced e.m.f. £, 4
which 1s known as mutually-induced

e.m.f.

This e.m.1. 1s ant1 phase with 7 and 90’

1ts magnitude 1s proportional to the \

rate of change of flux and the - > . >
number of secondary turns. _/9 0° .

The vectorial representation of the
effective values of the above

quantities is shown in the right L,
figure.




E.M.F. Equation of a Transformer

e N, =No. of turns in primary
* N, =No. of turns in secondary

e =Maximum flux in core in webers

* f =frequency of a.c. input in Hz

The figure shows flux increases from its zero value

to maximum value® 1in one quarter of the cycle 1.¢.

"4 second.
Average rate of change of flux= ——

1/4
Now, rate of change of flux per turn éeans induced

e.m.f. in volts
Average e.m.f./turn= 4 fD volt

r.m.s.value

Form factor= =1.11

averageval ue

r.m.s. value of em.f./turn=111x4 b =4.44 f0

. cycle .
71N /.
At N
T=1/f
Time



E.M.F. Equation of a Transformer (cont.)

r.m.s. value of the induced e.m.f. in the whole of primary
winding=(induced e.m.f./turn)xNo.of primary turns

E =444fD N, =444/B AN.,........ (i)

r.m.s. value of the induced e.m.f. in the whole of secondary
winding=(induced e.m.f./turn)xNo.of secondary turns

E,=444fD N, =444fB AN,............. (i)
From (i) and (i1) we get, EL_N_ 4.44 fD
E2 N2

In Ideal transformer on no-load, V.=EandV, = E,



Voltage Transformation Ratio (K)

£_N _g
El Nl
e This constant K 1s known as voltage transformation

ratio.

(1) If N)NieK)! then transformer 1s called szep-up
transformer.

* (1) If ~vNiek( then transformer 1s called step-down
transformer.



Transformer with Losses but no Magnetic
Leakage

d Two cases:

(i)  Transformer on no-load:

»  When the transformer in on no-load, the primary input current is not
wholly reactive. The primary input current under no-load has to supply,
(1) iron loss in the core and (i1) a very small amount of copper loss in
primary (there being no Cu loss in secondary as it is open).

>  Hence, the no-load primary input current /,is not at9()° behind V. but lags
: 0
it by an angle ¢,(90
»  No-load input power
W, =V, cos g,

»  Where cos ¢, is primary power factor under no-load conditions.



Transformer with Losses but no Magnetic
Leakage (cont.)

No-load condition of an actual
transformer 1s shown vectorially in 4
the figure. 3

The primary current has two
components:
i.  Onein phase with V. This is known | R o

as active or working or iron loss I
component [/ . It mainly supplies

the iron loss pvfus small quantity of I D
primary Cu loss. “

I, =1,sing,
ii.  The other component is in quadrature
with v, and 1s known as magnetizing E
component [ . Its function is

sustain the alternating flux in the
core. It is wattless.

[, =1,cosg, v

I,=I+1I,

v



Transformer with Losses but no Magnetic
Leakage (cont.)

J The following points should be carefully noted:

>

>

The no-load primary current /is very small as compared to the full-load
primary current. It 1s about 1 percent of the full-load current.

Owing to the fact that the permeability of the core varies with the
instantaneous value of the exciting current, the wave of the exciting or
magnetizing current 1s not truly sinusoidal. As such it should not be
represented by a vector because only sinusoidally varying quantities are
represented by rotating vectors.But, in practice, it makes no appreciable
difference.

As [ is very small, the no-load primary Cu loss is negligibly small which
means that no-load primary input is practically equal to the iron loss in
the transformer.

As it 1s principally the core-loss which 1s responsible for shift in the
current vector, angle ¢, is known as hysteresis angle of advance.



Transformer with Losses but no Magnetic
Leakage (cont.)

(1) Transformer on load: .
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Transformer with Losses but no Magnetic
Leakage (cont.)

When the secondary 1s loaded, the secondary current 7, 1s set up.

The magnitude and phase of /,, with respect to V, is determined by the
characteristics of the load.

Current /, is in phase with V, if load is resistive, it lags if load is inductive and

it leads if load 1s capacitive.

The secondary current sets up its own m.m.f. and hence its own flux @ which
1s opposite to the main primary flux @ .

The secondary amp-turns N, Iare known as demagnetizing amp-turns.
The opposing flux D, weakens @.

Vi galns the upper hand OVerf, and hence causes more current to flow in

primary.
The additional current/, _is known as load component of primary current.

The additional prlmary m.m.f. sets up its own flux cI) which is opposition to®D,
and 1s equal to it in magnitude.

Hence, the two cancel each other.

Whatever the load conditions, the net flux passing through the core is
approximately the same as at no-load.



Transformer with Losses but no
Magnetic Leakage (cont.)

®, =D, -~ N,JI,=NI, o1, =—2xI,=KI,

* Hence, when the transformer 1s on-load, the
primary winding has two currents 1n 1it.

* The total primary current is the vector sum of 7
and 1,



Transformer with Losses but no
Magnetic Leakage (cont.)

* Vector diagrams:

A Vl A I/l * I/l
I, =1
Il (D 2 1
Lt
@, : I [ ,Negligible
0 5 > 0 O
Y ]2
(D2
]2
v Ez v E2
K =1 K =1




Transformer with Losses but no
Magnetic Leakage (cont.)

» Under the assumption: Z, is negligible, @, =,

Nzll :Nllé

:>]£:]1:N2:K
]2 ]2 Nl




Transformer with winding resistance but no
Magnetic Leakage

= An ideal transformer has no resistance, but an actual transformer has
winding resistances.

= Due to this resistance, there 1s some voltage drop in the two windings.
The result is that:

= The secondary terminal voltage ¥, 1s vectorially less than the secondary
induced e.m.f. £, by an amount/, R, where R, is the resistance of the
secondary winding. Hence, ¥, 1s equal to the vector difference of £, and
resistive voltage drop IR, .

V,=E,-1,R,
= Similarly, primary induced e.m.f. E,is equal to the vector difference of J/
andj R where R, is the resistance of the primary winding.

E =V -1R



Transformer with winding resistance but no
Magnetic Leakage (cont.)

4 IR,
]1 A —E1
o\
Il
2
~ ]0
> O >
o
V. D,
Y 12 2 ]2
¥ V Isz !
2 E2
v E2

Non-inductive Inductive Capacitive



Resistance of a Transtformer

A transformer whose primary and secondary windings
have resistances of R and R, respectively 1s shown 1n
the figure.

R,
Iy

Rl
e

a2l s
W R TR NgF
F i
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Magnetic Leakage

Leakage Flux: Not all of the flux
produced by the primary current links
the winding, but there 1s leakage of
some flux into air surrounding the
primary.

Similarly, not all of the flux produced
by the secondary current (load current)
links the secondary, rather there is loss
of flux due to leakage.

These effects are modeled as leakage
reactance in the equivalent circuit
representation.

A transformer with magnetic leakage is
equivalent to an ideal transformer with
inductive coils connected in both
primary and secondary circuits as
shown in the next slide.

The internal e.m.f. in each inductive
coil 1s equal to that due to the
corresponding leakage flux in the actual
transformer.

— &

-

Fa "1
;‘Eb
- }'

S

leakage flux

Primary
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Mutual flux

Secondary
leakage flux




Transformer with Magnetic Leakage

" Important points:

— The leakage flux links one or other winding but not both, hence it in no way
contributes to the transfer of energy from the primary to the secondary winding.

— The primary voltage ¥, will have to supply reactive drop 7 X, in additionto/ R,.

1
Similarly, £, will have to supply /,R,and I,.X,.
— In an actual transformer, the primary and secondary windings are not placed on

separate legs or limbs as shown below because due to their being widely separated,
large primary and secondary leakage fluxes would result.
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Transformer with Resistance and Leakage Reactance

A Z|2
R@_mE\J'Y‘ | X R, |
P — ]| wn %
¢ r :-—3
V . hE E —P 1',"r1
Y ; 7 Y

I'he primary impedance: z -z +x?)
I'he secondary impedance: z, =& +x3)

I'he Voltage drops:

Vi=E+1L(R +jX,)=E+1Z E,=V,+L(R+jX,)=V,+1,Z,



Vector diagram of Actual Transformer

a) L 1s ressistive b)) I, 15 inductive c) I, 1s capacitive



Transfer of resistances & reactances
to any side

The Cu loss by I,in secondary = |, R,. If R;is the

equivalent resistance in the primary which would
have caused the same loss as R, in the secondary,

then

or. R; = - —

Similarly, equivalent primary resistance as referred
to secondary is

#

R; =k R,



Transfer of resistances & reactances
to any side (cont.)

* Leakage reactances can also be transferred
from one winding to other ;

X

X, =—
‘-I k- ¥ L]

Total resistance referred to primary is Ry =R; +R,

Total reactance referred to primary is X, =X, +X,

X, =k'X,

* Total impedance of transformer referred to

primary Is — -
o =VRe +X,,




Transfer of resistances & reactances
to any side (cont.)

Similarly, total resistance referred to secondary is
/
R, =R, +R,

Similarly, total reactance referred to secondary is

X, =X, +X,

Similarly, total impedance of transformer
referred to secondary is

P 2
Ly = \/Rf}z + X2



Transfer of resistances & reactances
to any side (cont.)

Impedance referred to secondary



Equivalent Circuit of a Transformer
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B) Equivalent circuit of transformer



Equivalent circuit of a Transformer referred to primary/Exact
Equivalent circuit

Ry X h |2 R’ X2
AAN i o T —a ATATLY L 3+
qu.]
-
W, o2  %{ BB=E Vo 2] EJE.=I1/l.=K
=1 %2
T 7
4 4 L

E: = E/K, Ry’ = RaflC, X' = XolKZ, Vo' =VulK, 7' =7, 1K°
C) Equivalent circuit with secondary impedances transferred to primary
R; =R2/K2 ’X; =X2/K2 ,Z; =Zz/K2 Ez =E2/K =E1,V2' = Vz/K

z=7,+2,|z,+z,) _(, . z2,\z,+7,)
Yz, 42,47,
* Where, Z, =R, + jX, and Z, = impedance of the exciting circuit

Vlzllx[Zl+ Zm(ZﬁZ')j

z,+\z,+7))




Approximate Equivalent Circuit
* Transfer exciting circuit as shown in figure:

l4 = x4 . R, My

- *'-,l'llllg'l'lll .i—-.-—h.-:—---—h . 1'-.-':' i
I. [ {
l, —13[_3
1I'II| r'll-. lI|-:':-. E:. = E-| z"
T Ve
{ 11 |: [
-5 = .

D) Approximate equivalent circuit




Approximate Equivalent circuit with secondary
impedances transferred to primary

|4 Roi= Ry#+RY Kor= Xaq + X3 |2I

> "-.,.""'.,.-*'-_.-— — T T >




Equivalent Circuit (cont.)

* Neglecting the exciting circuit:

Zy,
A
&, 2
I, = [é
\ ] v, Z,




Why Transformer Rating in kVA?

» Cu loss of a transformer depends on current.
» [ron loss of a transformer depends on voltage.

» Hence, total transformer loss depends on vo/r-
ampere (VA) and not on phase angle between
voltage and current 1.e.total transformer loss 1s
independent of /oad power factor.

» That’s why transformer rating is in kVA and not
in kW.



Percentage Resistance, Reactance

and Impedance

Usually measured by the voltage drop at full-load
current.

Percentage resistance at full-load:

%R = IROI x 100

1
2
= %R = 1Ry, x 100
1]1
2
= %R = UL x 100

2]2

% R=%Cu Loss at full-load
%R=%Cu Loss=V,



Percentage Resistance, Reactance
and Impedance (cont.)

ii. Percentage reactance at full-load.:

L,Xy

%X = x100

4

1, X,

= %X =——=x100=v_

VZ
iii. Percentage impedance at full-load:
IZOI
4
1,Z,,
v,

iv. 5o, %Z = |(%R* +%X?)

%7 = x100

= %Z =—=x100




Percentage Resistance, Reactance
and Impedance (cont.)

* NOW;%R:ﬁxloo Slmllarly, %R:[2R02><100
1 2
R, - YoRxV, _ %CuLossxV, R, - Y%RxV, _%CuLossxV,
[,x100  1,x100 L,x100  1,x100
[ ]
Now, %X_]I)/(leloo Slmllarly,(yX_IIi(leOO
1 2
:>X01:%X><V1:vx><Vl :onz%XXszvaVz
I, x100 7, x100 I, x100 71,x100

» Percentage resistance, reactance and impedance have the
same value whether referred to primary or secondary.



[Losses 1n a Transtformer

Jd  Two types of losses

i. Coreor Iron Loss:

» Itincludes both hysteresis and eddy current loss. Because the
core flux in a transformer remains practically constant for all
loads. The core 1s practically same at all loads.

Hysteresis Loss = W, =nB,. fV watt;
Eddy current Loss =W, = PB.._f°t° watt.

» These losses are minimized by using steel of high silicon
content for the core and by using very thin laminations.

» Iron or Core loss is found from the Open Circuit test.

»  The input of the transformer when on no-load measures the
core loss.



Losses 1n a Transformer (cont.)

ii. Copper Loss:

» This loss 1s due to the ohmic resistance of the
transformer windings.

Total Cu loss= IR + LR, =R, = LR,

YV VY

So, Cu loss 1s proportional to (current) or (kVA)

\ 74

Cu loss i1s found from the short-circuit test.



Efficiency of a Transformer

B Output
7 Output + Losses
Output
. utpu
Output + CuLoss + [ronLoss
_ Input — Losses 1 Losses
7 Input Input

» Efficiency is based on power output in watts and not in volt-
amperes, although losses are proportional to VA.

» Thus, efficiency depends on power factor and maximum at a
power factor of unity.



Condition for Maximum Efficiency

» Culoss= 112R01
» Iron Loss = hysteresis loss + eddy current loss = J/,

» Primary Input=} ] Cos ¢,




Condition for Maximum Efficiency (cont.)

o W,

The output current corresponding
to maximum efficiency is




All-day Efficiency

The distribution transformer have their primaries energized all the
twenty-four hours, although their secondaries supply little or no-load
much of the time during the day except during the house lighting
period.

The core loss occurs throughout the day, the Cu loss occurs only when

the transformer 1s loaded.

Output in kWh
N ati-day = Input in kWh

(for 24 hours)


All day efficiency
Large capacity transformers used in power systems are classified broadly into Power trans-
formers and Distribution transformers. The former variety is seen in generating stations and
large substations. Distribution transformers are seen at the distribution substations. The
basic difference between the two types arise from the fact that the power transformers are
switched in or out of the circuit depending upon the load to be handled by them. Thus at
50% load on the station only 50% of the transformers need to be connected in the circuit.
On the other hand a distribution transformer is never switched off. It has to remain in the
circuit irrespective of the load connected. In such cases the constant loss of the transformer
continues to be dissipated. Hence the concept of energy based efficiency is defined for such transformers. It is called ’all day’ efficiency. The all day efficiency is thus the ratio of the
energy output of the transformer over a day to the corresponding energy input.


Examples

JEx-1:(a) A 2,200/200 V transformer draws a
no-load primary current of 0.6 A and absorbs
400 watts. Find the magnetizing and 1ron loss
currents.

(b) A 2200/250 V transformer takes 0.5 A at p.f.
of 0.3 on open circuit. Find magnetizing and
working components of no-load primary
current.



Examples

JEx-2: A transformer has a primary winding of
800 turns and a secondary winding of 200 turns.
When the load current on the secondary 1s 80A
at 0.8 power factor lagging, the primary current
1s 25A at 0.707 power factor lagging.
Determine the no-load current of the
transformer and 1ts phase.



Examples

JEx-3: A 30 kVA, 2400/120-V, 50Hz
transformer has a high voltage winding
resistance of 0.1Q and a leakage reactance of
0.22€Q). The low voltage winding resistance 1s
0.035Q and the leakage reactance 1s 0.012Q.
Find the equivalent winding resistance,
reactance and impedance referred to the (1) high
voltage side and (11) the low-voltage side.



Examples

JEx-4:In a 25 kVA, 2000/200-V, single phase
transformer, the 1iron and full-load Cu losses are
350W and 400W, respectively. Calculate the

efficiency at unity power factor on (1) full-load,
(11) half full-load.



Parallel Operation of a Single Phase

Transformer

J Conditions:

.

2.

Primary winding of a transformer should be suitable for the
supply system voltage and frequency.

The transformer should be properly connected with regard to
polarity.
The voltage ratings of both primaries and secondaries should be

1dentical.In other words, the transformers should have the same
turn ratio 1.e. transformation ratio.

The percentage impedance should be equal in magnitude and have
the same X/R ratio in order to avoid the circulating currents and
operation at different power factors.

With transformers having different kVA ratings, the equivalent
impedances should be inversely proportional to the individual
kV A rating 1f circulating currents are to be avoided.



Transtformer Parallel Connection

Vl —a 2 VZ
_|_
R} i
; /0]
e ik :
8 —o- — 2
: :
2 2
e B 3
B — :
= S
a §E — A
E
e L —




Transformer Parallel Operation

¢ Case 1:Ideal Case
» Two transformers having the same voltage ratio.
» Impedance voltage triangles are identical in size and shape.

Load




Transformer Parallel Operation (cont.)




Transformer Parallel Operation (cont.)

¢ Case 2:Equal Voltage Ratios
» Two transformers having the same voltage ratio.

» Impedance voltage triangles are different in size and shape.

» No-circulating current.




Transformer Parallel Operation (cont.)

* Multiplying both sides by V,,

* Where, V,Ix10- =S-the combined load kVA.



Transformer Parallel Operation (cont.)

¢ Case 3:Unequal Voltage Ratios

» Two transformers having different voltage ratio.

» Impedance voltage triangles are different in size and shape.
» Circulating current.




Transformer Parallel Operation (cont.)
E,=1,Z,+V, E,=1,Z,+V,;
V,=1Z,=(,+1,)Z,;

E,=1,7Z, +(1A +IB)ZL;
E,=1,Z,+(I,+1,)Z,;.....(ii1)
E,—Ey=1,2,-1372p;
l,= [(EA _EB)+IBZB]/ZA )
 Substituting this value 1n eqn (111)
EB :]BZB +[{(EA _EB)_I_]BZB }/ZA +]B]/ZL ’ 1/2:]%

[y = [EBZA _(EA -k, )ZL]/[ZAZB +Z, (ZA +Z, )]9 { EZ,+E ./,
el

[, = [EAZB +(EA —Ep )ZL ]/ [ZAZB +Z, (ZA +Zp )]a Z/ +ZL(ZA +Z;
[=1,+1,=— 2% Lol [
Lly+Z, (ZA +ZB) < Z,+Z/,



Transformer Test

The performance of a transformer can be calculated on the basis of its
eqguivalent circuit which contains the 4 main parameters:

1. Equivalent resistance R,,(or R,,)

2. Equivalent leakage reactance X, (or 2;,)
J. Core loss resistance R,

4. Magnetizing reactance X,

These parameters are determined from the following tests:

a) Open circuit test
b) Short circuit test



Open Circuit Test

A
""""'r::,:x ra
F 1 “wj‘“"-"’ T :
1 W pe E . ; Vo=Ea
I l.\-|-) - = [ :
Low Vaoltage winding High Voltage winding

Open Circuit Test

» As the pnmary no-load current | is small, Copper loss is negligibly small in
primary & nil in secondary. Hence, wattmeter reading represents the core
loss under no load condition.

« Core loss =W = input power on no-load = V,|,cos@,
== cosd, = WIV.1,)
Hence, I, =1, cos &, &1 =l;sin &,

Also, X, =V |, &Ry =V/ |,



Short Circuit Test

This test is conducted to determine:

1. Fulldoad copper loss
2. Equivalent resistance & reactance referred to metering side.

A
"'""f’_‘nl @ :
LV 5 Ju\'ff?' I -
supply 2 5 B
High Yoltage winding Low “Yoltage winding

A low voltage (5 -10% of normal primary voltage) at comrect frequency is applied
to the primary winding & is continuously increased till full load currents flow both
in primary & secondary. Since applied voltage is small, flux linking with core is
very small & hence, iron loss can be neglected & reading of wattmeter gives
total copper losses at full load.

If V. is the voltage required to circulate rated load currents, then

Prff: - 2 - | 2 2
Z o :I_:'FF =1, Ry =Ny =Ly — &y

1 a




Transformer Regulation

¢ Loading changes the output voltage of a transformer.
Transformer regulation is the measure of such a deviation.

Definition of % Regulation

Vno—load | o | Vload |
| Vload |

*100

Vv =RMS voltage across the load terminals without load

no-load

V 10aa = RMS voltage across the load terminals with a specified
load



Auto Transformer

It 1s a transformer with one winding only, part of it been
common to both primary and secondary.

Primary and Secondary winding are not electrically 1solated
from each other.

Its theory and operation are similar to that of a two winding
transformer.

Because of one winding it is compact, efficient and cheaper.
It 1s used where transformation ratio differs little from unity.

It 1s also used as an adjustable transformer for both stepping
up and stepping down the input voltage.



Auto Transformer (cont.)

Step up Auto Step down Auto
transformer transformer



Auto Transformer (cont.)

¢ Saving of Cu

Volume and weight of Cu oc length and area of the cross-section of the
conductors.

Length of conductor oc N

Cross-section oc |

Weight oc IN

Wt. of Cu in AC section oc (N,-N,)I;;

Wt. of Cu in BC section oc N, (1,-1,);

Total Wt. of Cu in Auto-transformer oc (N;-N,)I,+N, (I,-I,);
If two-winding transformer perform the same duty, then
Wt. of Cu on its primary oc N I;;

Wt. of Cu on its secondary o N, 1;

Total Wt. of Cu oc N, I,+N, L,;



Auto Transformer (cont.)

:(NI_N2)11+N2(12_11)

Wt. of Cu 1in Auto-transformer

Wt. of Cu in ordinary transformer N, I, + N,I,
2 N,
=1 - NNll =1—2£=1—K
] + —2x 2 2
N, I,

> Ww,=0-K W,
So, Savingof Cu= W , - W =W, -(1-K )W, = KW ,

Saving of Cu = KW



Examples

JEx-5: A 5 kVA, 2300/230-V, 50Hz transformer
was tested for the 1ron losses with normal
excitation and Cu losses at full-load and these
were found to be 40W and 112W respectively.
Calculate the efficiency of the transformer at
0.8 power factor for 1.25kV A outputs.



Examples

JEx-6: Find the all-day efficiency of 500kVA
distribution transformer whose copper loss and
iron loss at full load are 4.5kW and
3.5kW respectlvely During a day of 24 hours, it

1s loaded as und

CT.

No. of hours Loading in kW | Power factor
6 400 0.8
10 300 0.75
4 100 0.8
4 0 -




Examples

J Ex-7: A 600kVA, 1-ph transformer has an
efficiency of 92% both at full-load and half-
load at unity power factor. Determine its
efficiency at 60% of full-load at 0.8 power
factor lag.



Examples

J Ex-8: Ex: Two 1-ph transformers with
equal turns have impedances of (0.5+)3)
ohm and (0.6+710) ohm with respect to the
secondary. If they operate 1n parallel,
determine how they will share a total load
of 100 kW at p.f. 0.8 lagging?



Examples

1 Ex-9: Ex: Two 2200/110-V, transformers are
operated in parallel to share a load of 125kVA
at 0.8 power factor lagging. Transformers are
rated as below:

A:100 kVA:0.9% resistance and 10% reactance.
B:50 kVA:;1.0% resistance and 5.0% reactance.
Find the load carried by each transformer.



Examples

J Ex-10: Ex: Two transformers A and B are
operated in parallel to the same load. Determine
the current delivered by each transformer having
given: open-circuit e.m.f. 6600V for A and
6400V for B. Equivalent leakage impedance in
terms of the secondary = 0.3+)3 for A and
0.2+71 for B.The load impedance 1s 8+76.



