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Single-phase Transformer

Efficiency and Regulation
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* Losses In the transformer
 Equivalent circuit of the transformer
* Testing of the transformer

« Example
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Single-phase Transformer Efficiency and Regulation

Lecture-6  Objectives

 Transformer efficiency

 Condition for maximum efficiency

* \oltage regulations for lagging, leading and unity power factor load
 Conditions for zero and maximum voltage regulation

* All day efficiency and its needs

« Sumpner’s Test or back to back test

* Polarity test
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Single-phase Transformer Efficiency and Regulation

Efficiency

* F.L. Iron loss = P, ...from open-circuit test
* F.L. Cu loss = P, ...from short-circuit test
* Total losses = P, + P..

* Full-load efficiency of the transformer at any p.f.

Full load VA X P.F
(Full load VA X P.F) + P, + P

F. L. efficiency,ng =
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Single-phase Transformer Efficiency and Regulation

* At any load (X times full-load), the total losses will be

PT: Pi‘l‘XZPC

(X X Fullload VA X P.F)
(X X Fullload VA X P.F) + P; + X?P,

Efficiency at X load,ny =

 Note that iron loss remains the same at all loads.
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Single-phase Transformer Efficiency and Regulation

Condition for Maximum Efficiency

Output Power = V,I, cos @,

If Ry, is the total resistance of the transformer referred to secondary, then,
Total Copper loss,P; = 12.Ry,

Total losses = P; + P,

Vzlz CcoOS ¢2
(Vz]z coS (pz) + Pi "B 122 'ROZ

Efficiency,n =

V5 cos @,

Efficiency,n = 2
(VZ COS CDZ) + I_l + 12 'ROZ
2
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Single-phase Transformer Efficiency and Regulation

Condition for Maximum Efficiency

d_lz (denominator) = 0

d
d_IZ(VZCOSCDZ +i+12R02> :O

P;
O_ _2+R02=0
12

P; = 122R02

* i.e, Iron loss = Copper loss
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Single-phase Transformer Efficiency and Regulation

Output kVVA Corresponding to Maximum Efficiency

* P. = Copper losses at full-load kVA

* P.=Iron losses

e X = Fraction of full-load kVA at which efficiency is maximum
* Total Cu losses = X?P_

* For maximum efficiency, P, = X2 P_

.. X =
N

S
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Single-phase Transformer Efficiency and Regulation

Output kVVA Corresponding to Maximum Efficiency

Output kVA corresponding to max. efficiency = X X Full load kVA

Output kVA corresponding to max. efficiency = Full load kVA X

P;
P,
e

* It may be noted that the value of kVA, at which the efficiency is

maximum, is independent of p.f. of the load.
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Single-phase Transformer Efficiency and Regulation

Voltage Regulation

e Change in secondary terminal voltage, when full load at a given
power factor and at rated voltage is thrown off, is expressed as a

percentage of rated terminal voltage.

* The change in secondary terminal voltage from no load to full load

expressed as a percentage of full load voltage.

|4 -V
% Voltage Regulation = ’ N'IL/ 2Pl «100%
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Single-phase Transformer Efficiency and Regulation

Voltage Regulation at Different Power factors

* \Voltage regulation for lagging p.f at load X,

X.I;(Ryy cos ¢, + X7 SIn
% voltage regulation = 2(Roz T;Z 02 $2) X 100%
2

 \Joltage regulation at leading p.f at load X,

X.I,(Ry, cos ¢, — X2 Sin
% voltage regulation = 2(Roz T;Z 02 SN §2) x 100%
2

* VVoltage regulation at Unity p.f at load X,

_ X.I5.Ry;
% voltage regulation = X 100%
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Single-phase Transformer Efficiency and Regulation

Lagging power factor o

Here, from the above diagram,

OC =04+ ALF + B

Here, (OA4 = 5
O O
Here, AB = AF costls = [aFR2 cos 2 \%‘
I.
and., BC — DEsinfy — I3 X5 sin 6, :

Angle between OC and OD may be very small, so it can be neglected and OD is considered

nearly equal to OC i.e.
Fo =00 =0A+ AF + O

Fo =0 = Vo + TaRascostle + T2 X2 s51in 2
Voltage regulation of transformer at lagging power factor,

Foa — Ve
Voltage regulation (70) = % > 100(%)
2

ToRocos e + TaXNosin &
_ 2t ZV Chilat— 2 < 100(%)
e
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Single-phase Transformer Efficiency and Regulation

L_eading power factor D

Here, from the abowve diagram,

O = O + . AF — BO
Here, (.4 = 5

Here, AR = AF coste = oK cos s

and, BC = DFEsinfly = I3 X5 sin o

Angle between OC and OD may be very small, so it can be neglected and OD) is considered
nearly equal to OC i.e.
Fo=0C =04+ A — BC

Fo =0C" = Vs + ToRscosf2 — T2 X9 s51n H2

Voltage regulation of transformer at leading ;
F2 — V5
Vo

* =]

= 100(%)

Voltage regulation (V) =

IolRocostfle — T2 X810 6
- S 2 % 100(%)

Vo
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Single-phase Transformer Efficiency and Regulation

In @ 25 kVA, 2000 V / 200 V transformer, the constant and
variable losses are 350 W and 400 W respectively. Calculate the
efficiency on unity power factor at full load and half the full

load.
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Single-phase Transformer Efficiency and Regulation

All Day Efficiency

* The ordinary or commercial efficiency of a transformer is defined as

the ratio of output power to the input power i.e.,

Output power

Commercial efficiency = Fout power

Primaries of distribution transformers are energized all the 24 hours in
a day but the secondary windings supply little or no load during the

major portion of the day.
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Single-phase Transformer Efficiency and Regulation

All Day Efficiency

e Constant loss occurs during the whole day but copper loss occurs only

when the transformer is loaded.

* The performance of such transformers is judged on the basis of

energy consumption during the whole day (i.e., 24 hours).

* This is known as all-day or energy efficiency.
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Single-phase Transformer Efficiency and Regulation

All Day Efficiency

* The ratio of output in kWh to the input in kWh of a transformer over

a 24-hour period is known as all-day efficiency i.e.,

kW h output in 24 hours
kWh input in 24 hours

Nall-day =

* In the design of such transformers, efforts should be made to reduce

the iron losses which continuously occur during the whole day.
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Single-phase Transformer Efficiency and Regulation

All Day Efficiency

* A 40kVA distribution transformer has iron loss of 500 W and full load
copper loss of 500 W. the transformer is supplying a lighting load. The
load cycle is as under: Full load for 4 hours, half load for 8 hours and

no load for 12 hours. Calculate the all day efficiency.
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Single-phase Transformer Efficiency and Regulation

All Day Efficiency
* A transformer has its maximum efficiency of 0.98 at 15 kVA at UPF.

During the day it is loaded as follows:

12 hours 2 kW at 0.5 p.f
6 hours 12 kW at 0.8 p.f
4 hours 18 kW at 0.9 p.f
2 hours No load

* Find the “All Day Efficiency”.
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Single-phase Transformer Efficiency and Regulation
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Single-phase Transformer Efficiency and Regulation

Polarity Test

* Similar polarity ends of two windings are those ends that acquire

positive and negative polarity of emf induced in them simultaneously.

~ o
gl
.\/
AR
DC voltmeter
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Single-phase Transformer Efficiency and Regulation

Summary

 Transformer efficiency

 Condition for maximum efficiency

* \oltage regulations for lagging, leading and unity power factor load
 Conditions for zero and maximum voltage regulation

* All day efficiency and its needs

« Sumpner’s Test or back to back test

* Polarity test
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