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Post Assienment Lecture on Transformer

Losses in Transformer
There are Two types of Losses:

(1)Core)Losses also known as Iron Losses. (Occur in
Core

(2) Copper Losses (Occur in Coil Resistance)

Core Loss
When a transformer core is subjected to an alternating
time varying field, this field will cause in turn
e Eddy current and
* Hysteresis losses
These losses occur inside the core of the transformer.

The sum of these two losses is known as core loss of the
transformer.
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Eddy current loss (Part of Core Loss)

It is I°R loss occurring inside the core. The current is
caused by the induced voltage in any conceivable
closed path due to time varying field.

To reduce eddy current loss in a material we have to
use very thin plates instead of using solid block of
material which will ensure very less number of

available eddy paths. Eddy current loss per unit volume of the

material directly depends upon the square of the frequency, flux density and
thickness of the plate. Also it is inversely proportional to the resistivity of the

material. The core of the material is constructed using
thin plates called lamination. Each plate is given a
varnish coating for providing necessary insulation
between the plates. Cold Rolled Grain Oriented, in
short CRGO sheets are used to make transformer
core.
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Hysteresis loss (Part of Core Loss)

Hysteresis Loss occurs in magnetic material due to
frequent magnetization and demagnetization of
core. Steinmetz proposed the following empirical
formula for quick and reasonable estimation of
the hysteresis loss of a given material.

'Dh= kh Bnmaxf

The value of n will generally lie between 1.5 to 2.5.
Also we know the area enclosed by the hysteresis
loop involving B-H characteristic of the core
material is a measure of hysteresis loss per cycle.
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The core losses are accumulation of
Eddy Current losses and
Hysteresis Losses

These losses normally depend upon supply
voltage and frequency.

In a single phase transformer, supply
voltage and frequency are usually constant
and hence these (Core Losses or iron
Losses) are assumed constant here.

Practical Fransformer @ipmishra



Copper Losses:

There is some resistance in transformer
windings of a practical transformer. The
losses in primary winding are I,°R, and in
secondary winding 1,%R, . Total copper
losses are 1,2R,+ |,°R,. It clearly shows that
Copper losses depend upon winding
current. Winding current depend upon
Load and hence it is variable. Copper

Losses P, are therefore variable losses.

Practical Fransformer @ipmishra



Total Transformer Losses

= |lron Losses + Copper Losses

= Pi +Pcu

Power Loss (Wattmeter Reading)

measured during Open circuit test is loss at
rated voltage and is equal to iron Loss P

Power Loss (Wattmeter Reading)
measured during Short circuit test is loss at
rated Current and is = Copper Loss P_,

Practical Transformer @ipmishra
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A 100-kVA, 24/2.4 kV single-phase transformer is connected to a
power source through a feeder of impedance 24.8 + j132 Q. The
equivalent series impedance of the transformer referred to its low
voltage side is 0.20 + j0.40 Q. The load on the low-voltage side of the
transformer is 80 kW at 0.8 pf lagging and 2200V. What is the voltage
regulation of transformer in percentage?

Solution: Make this Equivalent circuit first

2480 j132Q | 0.200  jo40Q |
ANN—T0000— NW—00000

Load
2200V 80 kW

I
|
|
| 0.8 pf lagging
|
I
I
I

VEO urce @

|
|
|
|
|
|
Source Feeder : Transformer

Load
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The secondary current /5 is given by

80k
|l =
200)08)

The power factor 0.8 lagging, corresponds to an impedance angle of 36.87 °.

=45.45A

Hence, the secondary current phasor is given by
Iy =45.45/ - 36.87°A
To find the voltage-regulation of the transformer, we have to find the primary side voltage of the transformer

referred to the secondary side
V.uree = 2200 4 45.45/ — 36.87(0.2 4 j0.40)
Ve = 22181920.23

S0UTCE

Therefore, the voltage regulation of the transformer is

2218.19 — 2200
= 1 = 1.
VR 2900 x 100 = 0.83%

ic - @ipmishra




The equivalent circuit of a 5.5 kVA, 220V/440V, 50 Hz
transformer referred to HV side is shown in figure.
What should be the applied voltage to the LV side
when the transformer delivers rated current at 0.7
power factor lagging at a terminal voltage of 400V?

—_— e —

1.40  j1.12Q
ANN—TTOTO o2

10
10800 é é 7800

10 o2’
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The following data were obtained for a 5 kVA, 50 Hz, 200/1000 V single phase
transformer:

O.C. Test (L.V. Side) : 200V, 1.2 A, 90W

S.C. Test (H.V. Side): 50 V, 5A, 110W.

(1) Find Shunt Branch Parameters at LV side

(2) Find Shunt branch parameters referred to high voltage side
(3) Find Series Branch parameters

(4) Find No Load Transformer \oltage (V\,) and the voltage regulation of the
transformer in percentage, with full-load on the HV side at rated voltage, The load
power factor being 0.8 lagging?

The detailed solution is being presented for your understanding.

Practical Fransformer @ipmishra
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