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SYNOPSIS

Design ang fabrication of transformers may be done with
various aids. Design by hang Calculation is considered to be
the traditional one which consumes time and man power.

Advancement in technology has 1led to the use of

computer.

In this project an attempt is mage to develop a software
Package in °C'language for design of small andg large Capacity
transformers, A23OV/24V-1A, 50Hz transformer ig fabricated
with design parameters obtainegd from the software. A 200
KvVa, 6600/400v, 50Hz, 3 phase transformers are also designed
using the software. ag the performance Characteristics of
transformers are required to know its suitability for any
application. ap additional software is developed to plot the
pPerformance characteristics of transformer with test data

Stored as a3 lookup table in the computer.
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I. INTRODUCTION

Transformer is an a.c machine that (1) transfer
electrical energy from one electric circuit to another (2)
does so without a charge of frequency (3) does so by the
principle of electro-magnetic induction (4) has electric
circuits that are linked by a common magnetic circuit. The
energy transfer usually takes place with a change of voltage,
although this is not always necessary. Since 1its basic
construction requires no moving part it is often called the
"static device." When secondary voltage of a transformer 1is
higher than 1its input voltage, it is called a step-up
transformer and when the secondary voltage is less than the
voltage, it is called the step down transformer. The
generated energy at power station should be transmitted at
considerable distances for use in villages, towns and cities
located at distant places. Transmission of Electrical energy
at high voltage is economical. Therefore step-up
transformers are used here. Likewise step-down transformers

are used in distribution circuits.
1.1 ADVANTAGES OF COMPUTER FOR DESIGN OF TRANSFORMERS

THE COMPUTER has completely revolutionalized the field of
design of electrical machines. The computer aided design
eliminates the tedious and time consuming hand calculations
thereby releasing the designer from Numerical drudgery to
eénable him to grapple with physical and logical ideas thereby

accelerating the design process.



The wuse of computer makes possible more trial designs,
and enable sophisticated calculation to be made without

intolerabile tedious and excessive time

The advantage of the use of computer for the design of

Electrical Machines may be summed as follows

(1) It has capabilities to store amount of data, count
integer, round off results to integers and refer tables.

graphs and other data in advance,

(2) It makes it possible to select an optimized design

with a reduction in cost and improvement in performance.

(3) It rceduces the probability of error in desian to

produce highly accurate and reliable results.

(4) vLarger manufacturing savings can be obtained by
optimization of design. This optimization 1is economically

feasible only through the use of digital computers.

The hiah rate of perfocrming calculations at reasonable
cost and the ability to carcy out logical decisions are the
most important qualities of present generation computers.
Hence computers have been extensively used in desi n of

Electrical Machinery.

i



1.2 scope of THE PROJECT

It is proposed to develop a computer software for the
design of tcansformer, In view of the Versatability of o
language, the seftware is to be developed in that language.
The input te the Software is the name - plate deta;l s of the

transformer to be designed.

A  test transformer ig to be fabricateqd from the design
data and its pecformance Characteristics are to be checked

with a

GO



IT CONSTRUCTIONAL DETAILS oOF TRANSFORMER

The simple elements of 3 transformer consists of two
coils having mutual inductance ang a laminated steel core.
The two coils are insulated from €ach other and the steel
core. Other neécessary parts are: a suitable container:
Suitable bushings (either of porcelain, oi1 filled of
Capacitor type) for insulating and bringing out the terminals

of windings from the tank.

In all types of transformers, ‘the core is constructed
with sheet steel laminations to provide a continuous magnetic
Path with a minimum air gap included. The steel used is of
high silicon content, sometimes heat treated to preduce g
high Pérmeability ang a low hysteresis loss at the usual
Operating flux densities. The eddy current loss is minimiseq
by laminating the core, the laminations being insulated from
each other by a light coat of core plate varnish or by an
oxide layer on the surface. mhe thickness of laminations
varies from 0.35mm for a frequency of 50Hz to 0.5mm for a
frequency of 25Hz. The joints in the alternate layers are
staggered in order to avoid the presence of harrow gaps right
through the CLoss-section of the core. Such staggered joints

are said to be imbricated.



Constructionally, the transformers are of two general
types distinguished from each other merely by the manner in
which the primary dual secondary coils are placed around the
laminated steel core. The two types are known as i) core
type and ii) shell type. Another recent development is
sphiral core or wound core type the trade name being spiral

core transformer.

In the core type transformers, the winding surround a
considerable part of the core Surrounds a considerable

portion of the windings as shown in fig.1.

In the simplified diagram for the core type transformers
fig 1(a) the Primary and second windings are shown located on
the opposite legs (or limbs) of the core, but in actual
construction, these are always interleaved to reduce leakage

flux.

In both core ang shell type transformers the individual
laminations are cut in the form of long strips L's, E's, 1I's

as shown in the fig.2.

In order to avoid high reluctance at the joints where the
laminations are bolted against each other, the alternate
layers are stacked differently Lo eliminate these joints as

shown in fig.1.



2.1 CORE TYPE TRANSFORMER

The coils used are form wound and are of the cylindrical
type. The general form of these coils may be circular or
oval or rectangular. In small size core type transformers a
simple rectangular coils is used with cylindrical coils which
are either circular or rectangular in form. But for large
size core type transformers, cound ocr circular cylindrical
coils are used which are so wound as to fit over a cruciform
core section as shown in fig.5. The circular cylindrical
coils are used in most of the core type transformers because
of their mechanical strength. Such cylindrical coils are
wound in helical layers with the different layers insulated
from each other by paper, cloth, miarta board or cooling
ducts. The general arrangement of these coils with respect to
the core. Insulating cylinders of faller board are used to
separate the cylindrical windings from the core and from each
other. Since the low-voltage (LV) winding is easiest to

insulate. It is placed nearest to the core in fig.3.

Because of laminations and insulations, the net or
effective core area 1is reduced. It is found that, in
general, the ceduction in core sectional area due to the

presence of paper, surfare oxide etc. is of the order of 10%

approximately.



As pointed out above, rectangular cores with rectangular
cylindrical coils can be used for small size core type
transformers as shown in fig.3. Blut the large sized
transformers, it becomes wasteful to use rectangular
cylindrical coils and so circular cylindrical coils are
preferred. For such purposes, Square cores may be used as
shown in‘ the fig.3. where circles represent the tabular
former carrying the coils. Obviously, a considerable amount
of useful space is still wasted. A common improvement on
Sdaure core is to employ cruciform as shown in fig 5. which
demands, atleast two sizes of core strips. For very large
transformers, further core stepping as in fig 5. where
atleast three sizes of core plates are necessary core
Stepping not only gives high space factor but also results in
reduced length of the mean turn and the consequent I*R loss.
Three stepped core is the one most commonly used although
more steps may be used for very large transformers as in
fig.5. From the geomentry of fig 5. it can be showr that
maximum gross core section for fig 5. is 0.552 and for fig.5
it is O.616él where d is the diameter of the cylindrical

coil.
2.2 SHELL TYPE TRANSFORMERS

In their case also the coils are form wound, but are
multi-layer disc type usually wound in the form of pan cakes.

The different la-ers of such multi-layer discs are insulated

N



from each other by paper. The compiete winding consists of
stacked discs with insulation spaces between the coils. The
space forming horizontal cooling and insulating ducts. A
shell type transformers may have a simple rectangular form as
shown in fig 4. or it may have a distributed form as shown in

fig.4.

A very commonly used shell type transformer is the one
known as berry transformer so called after the name of 1its
designer and is cylindrical in form. The transformer are the

centre as shown in section in fig.4.

It may be pointed out that cores and coils of
transformers must be provided with rigid mechanical branching
in order to prevent movement and possible insulation damage.
Good branching reduces vibration and objectionable noise a

humming sound during operation.

The spiral core transformer employs the nerest
development strip of ribbon of transformer steel wound in the
form of a circular or elliptical cylinder. Such construction
allows the coreflux to follow *the arain of the iron. Cold-
rolled steel of high silicon content enables the designer to
use considerably higher operating flux densities with lower
loss per kg. The use of higher flux densities reduces the
weight per KVA. Hence the advantages of such construction

are

R



i) a relatively more rigid core.
ii) lesser Weight and size per KVA rating.
iii) 1lower 1iron 1losses at higher operating flux

densities and lower cost of manufacture.

Transformers are generally housed in tightly fitted sheet
metal tanks filled with special insulating oil. This oil has
been highly developed and its function is two fold. By
circulation, it not only keeps the coils reasonably cool, but
also provides the transformer with additional insulation not

obtainable when the transformer is left in the air.

In cases where a smooth tank surface does not provide
sufficient cooling area, the sides of the tank are corrugated
or provided ith radiators mounted on the sides Good
transformer oil should be obsolutely free from alkalines,
sulphur and particularly from moisture. The presence of even
an extremely small percentage moisture in the oil is highly
detrimental from the insulation view point because it 1lowers
the dielectric strength of oil considerably. The impocrtance
of avoiding moisture in the transformer oil is clear from the
fact that even an addition of 8 parts of water in 10,00,000
reduces the 1insulating gquality of the o0il to a value
generally recognised as below standard. Hence, the tanks are
sealed air-tight in smaller units. 1In the case large sized
transformers where complete air-tight construction is
impossible: chambers known as breathers are provided to

permit the oil inside the tan¥ to expand and contract as its



temperature increases or decreases. The atmospheric moisture
is entrapped in these breathers and is not allowed to pass
onto the oil. Another thing to avoid in the oil is sludging
which 1is simply the decomposition of o0il with long and
continued use. Sludging is caused principally by exposure to
oxegen during heating and results in the formation of large
deposits of dark and heavy matter that eventually clogs the

cooling ducts in the transformer.

No other feature in the construction of a transformer 1is
given more attention and care than the insulating materials
because the 1life of the unit almost solel - depends on the
quality, durability ~nd handling of these insulating
materials. All the insulating materials are selected on the
basis of their high aualit - and their ability to preserve

this high quality even after many years of normal use.

All the transformer leads a broughtout of their cases
through suitable bushings. There are many designs of these,
their size and construction depending on the voltage of the
leads. For moderate voltages porcelain bushings are used to
illustrate the leads as they come out through the tank. In
general, they 1look almost like the insulators used on the
transmission 1lines. In high voltage installations, oil

filled or capacitor type bushing are employed.

Ic



The choice of core or shell t'pe constructions is usually
determined by cost, because similar characteristics can be
obtained with both types. For very high-voltage transformers
or for multi inding design, shell t-pe contructions is
preferred by meny manufactures. 1In this type, wusuall- the
mean length of coil turn is longer than in a comparable core
type design. “loth core and shell forms are used and
selection is decided by many factors such as voltage rating,

KVA rating, weight. insulation stress, heat distribution etc.
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I11 DESIGN OF SMALL TRANSFORME

3.1 PRIMARY DESIGN

As the first step to the design of a transformers,
the primar- and secondary voltage ratings and the secondary
current rating must be clearly stated. Then decide on the
core matefrial to be used: ordinary steel stamping or cold
rolled grain oriented (CRGO) stampings. CRGO has a higher

allowable flux density 2nA lower losses.

The optimu~ cross - selectional area of the core is

approximately given by:

core area = 1.152 * sgrt(output voltage * output current) sg

For transformers with multiple secondaries, the sum
of the output volt - amp. Product of each inding is to be

used.

The Number of turns on the primary =nd secondary

windings is decided by the turns per volt ratio.

Turns per volt=1/(4.44%10 frequency * core area*flux density)

Here the frequenc- is 50Hz for Indian domestic mains
apply the fiux densit - can be taken as about 1 0 weber/sqg.m.
For ordinary steel stampings and about 1.3 weber/sg.m for

CRGO stampings.

.Clt,



3.2 PRIMARY WINDING DESIGN

¢

The current in the primar - inding is given by

sum of (output voltsg * output amps)
Primacy cucrene - ______ _PFTPUE UOlEs ¥ output amps)

The efficienc- of small transformers varies between
0. .96, A value of 0.87 can be wused for ordinar -

transformers.

‘he proper wire si e has to be selected for the
winding. The wire diameter depends on the current to bpe
Supplied by the winding and the allowable current density of
the wire,. The current density ma - be as high as 233
amps/sq in small transformer and as low as 155 amps/sqg.cm
in large ones Usually, a value of 200 amps/sg.cm can be

taken, on whose basis Table 1 is given

The Number of turns in the primary winding is given b -

Primary turns = Turns per volt =* primary volts.
Y

The space taken up by the “inding will depend upon
the insulation thickness, method of winding and the the wire
diameter. Taple 1 gives the approximate values of the turns
Per square cm from which we can estimate the window area
occupied by the primarv winding.

Primary turns

Primarv winding area = -_________ 7 777 *UFRS
Turns per sq.cm from Table 1



3.3 SECONDARY WINDING DESIGN

Since we have assumed that we know the secondary current
rating, we can find out the wire size for the secondary

winding by referring to table 1 directly.

The number of turns on the secondary is calculated in the
Same way as for the Primary , but about 3% extra turns are to

be added to Compensate for the internal drop of Secondary.

Voltage of the transformers, upon loading thus

Secondary turns = 1.03 (turns per volt * Secondary volts)

The window ares required for secondary winding is

found from table 1 ag
Secondary turns

Secondary window area = --._.._ _ZICDC3TY turms
Turns per sq.cm from table 1

3.4 CORE SIZE

The main criterion in selecting the total window area
of winding Space available.
Total window areg = Primary window area +
sum of Secondary window areas +
Space for former ang insulation
Some extra area is required to accommodate the
formers ang insulation between windings. The actual amount
of extra area varies, although 30% may be taken to start

with but may have to be modified later. The suitable core



Taking into accounts the gap between laminations

while stacking them (the core stacking factor taken as 0.9).

We have
core area
Gross core area = ——________ Sg.cm
0.9
In general, a Square central limb is preferred. For

this the width of the tonge of lamination is
Tongue width = Gross Core area cm

The stack should not be much less than the tongue width
but may be more. However, it should not be more than one and

half times the tongue width.

3.5 ASSEMBLY

The windings are wound on an insulating former which
fits over the centre limb of the core. The primary is
usually wound first, then the secondary, with insulation
between windings. A final insulating layer is provided over

the windings to protect them from mechanical damage.

When this wires are used their ends must be soldered
thicker for bringing the terminals outside the former. The
laminations are assembled over the former with alternate
laminations reversed in assembly. The laminations must be
held together tightly by a suitable clamping frame or by

screws (if holds are provided in the laminations).



3.6 SHIELD

It is g good practice to use an electrostatic shield
between the Primary ang Secondary windings to Prevent
disturbances from passing through to the Secondary from the

Primary. The shield ig made out of g Chopper fojij which ig

Other. A wire soldered to the foil s brought oyt and

Connected to the ground,

v
e A



Iv. DESIGN oF POWER AND DISTRIBUTION TRANSFORMERS

4.1 INTRODUCTION

DISTRIBUTION AND POWER TRANSFORMERS

The transformers used in power Systems may pe divided
into two categoriesg depending upon the type of service,
These are

1. Distribution Transformers.

2. Power Transformers.

DISTRIBUTION TRANSFORMERS
Transformers upto a rating of about 200Kva, used to Step
down the distribution voltage to g4 Standard service Voltage
or from transmission voltage to distribution voltage are
known ag distribution transformers. They are kept in
ObPeration 413 the 24 hours a day whether they are carrying
any load or not, Energy ig lost as iron losses throughout
the day while the Copper losses account for loss in enerqgy
when the transformer is loaded. Therefore distribution
transformers should have their iron small gas Compared with
full 1o0ag Copper losses. In other words they shouilg be
designed to have maximum efficiency at a load much lower than
full 1o0ag (about 50 per cent). Owing to low iron loss, the
distribution transformerg have g good all day efficiency.
Distribution transformersg should have a good Voltage
Tegulation ang therefore they shoulg be designed for a smalil

value of leakage reactance.

g



POWER TRANSFORMERS

They have @ rating above 200 KVA ang are used jip
generating Stations ang Substations at ®ach end of 4 Power
transmission line for Stepping up or Stepping down the
Voltage. They may be either single Phase or three phage
units. They are put in Operation during loada pPeriods ang are
disconnected during light 10aqg periods. Therefore bower
transformers are designegd to have considerably greater
leakage Teactance thap is Permissible in distribution
transformers. As in the Case of power transformers inherent

Voltage Tegulation jg less important than the Current

This design Principle is used to design the distribution

4.2 DESIGN DETAILS

4.2.1 DESIGN oF CORE

For the construction of the core we are using Special alloy



4.2.2 CORE CROSS SECTION

In small core type transformers rectangular section limbs
with rectangular coils are used. But in large size to save
the materials and hence the cost the cross section used is
circular. Because it has minimum periphery for a particular
area and so the windings have minimum lengths of mean turn.
Still there are some spaces wasted. To wuse that space
effectively “cruciform' core is used. By this length of mean

2

turn and consequent I“R losses are reduced consierably. For

large transformers more than three stepped limbs are used.

For shell type transformer simple rectangular cross

section is used and coils being rectangular.
4.2.3 CALCULATION OF CORE AREA

The voltage per turn is calculated from equation Et= &JQ,
where K is a constant, Q is the rated KVA. The value of K can
be chosen from the table and hence the value of Et
determined.

Et
Now, flux O/m = ————mv
4.44¢f

Therefore the value of flux in the core can be
calculated. The area of the core is found out by assuming a
suitable value of maximum flux density BM.

O/m

Net core area required AE = -—--
Bm



and

Gross core area Agli = —--- + Ki = 0.9

4.2.4 CHOICE OF FLUX DENSITY

The value of flux density in the core determines the core
area. Higher values of flux density gives a smaller core
area and therefore there is a saving in cost of iron. Also
with the reduction in core area the length of mean turn
windings is also reduced. Thus there is 3 saving in
conductor costs also. But with higher flux density, the
iron losses become high resulting in considerable temperature
gradient across the Core. High flux density necessitiates g

large magnetizing current which contains Objection harmonics.,

The value of flux density to be chosen also depends upon
the service conditions of the transformer. As a distribution
transformer has to pbe designed for a high all day efficiency,
and therefore the values of flux density should be low in

order to keep down the iron losses.

The usual values of maximum flux density Bm for

transformers using hot rolled silicon steel are:

Distribution transformer - 1.1 to 1.35 wb/m2

Power transformer - 1.25 to 1.45 wb/ﬁz

Lower values should be used for smaill rating transformers.



For transformers using colg rolled grain Oriented Steel

the following values may be used.

For transformers upto 132 gy - 1.55 wb/m;
For 275 RKv transformers - 1.6 wb/m

For 400 gy and generator transformers = 1.7 wb/m%

area in the window to the tota: window area. 7Tt depends upon
the relative amounts of insulation and copper pProvided, which

in  turn depends upon the Voltage rating ang Output of

Rw = 3o /(30 + KV) ang for transformers of  about 20 Rva
rating gy = 8 / (30 + KV). The vValues of Space factor for

intermediate ratings can be interpolated.



4.2.6 WINDOW DIMENSIONS

The leakage reactance is affected by the distance between
adjacent limbs. TIf this distance is relatively small, the
width of the winding is limited and this must counter
balanced by increasing the height of the winding. Thus the
windings are long and thin. This arrangement leads to low
value of leakage reactance. If the height of the window is
limited, the width of the window has to pe increased in order
to accommodate the coils. This results in short and wide

coils giving a large value of leakage reactance.

The height and width of the window can be adjusted to
give a suitable arrangement of windings and also to give a

desired value of leakage reactance.

The area of the window depends upon total conductor area

and the window space factor.

total conductor Area
Area of window Aw = ————_____ 7 " 7°°°

2ap Tp
= e for 1 phase transformers
Rw
4ap Tv
= e for 3 phase transformers
Kw

Area of window Aw = height of window x width of window

Hw x Ww.



By assuming a suitable valuye for ratio Hw/Ww, the height

and the magnetising current, For transformers using cold
rolled grain Ooriented stee] the area of yoke is taken equal
to that of the Core, The section of the yoke can either be
taken gas rectangular or it may be Stepped. 1In the case of
rectangular section yokes, the depth of the core. Thig depth

of the core is equal to the width of the largest Stamping

For rectangular section Yokes,
Area of yoke Ay = depth of yoke x height of yoke

= Dy x Hy.

Where Dy = width of largest core Stamping

Ay = (1.15 to 1.25) agi for transformers Uusing hot
rolled steel,
Ay = Agi for transformers using grain Ooriented

Steel.



4.2.8 OVERALL DIMENSIONS

For the overall dimensions in transformer pProblems, we

use the following Symbols.

& - width of largest Stamping
d - diameter of circumscribing circle
D - Distance between Ccentres of adjacent limps,

Ww - width of window

Hw - Height of window

L - Length of limb

Hy - Height of yoke

H - overall height of transformer over yokes or Ooverall
height of frame

W - length of yoke or overall length of frame

We have the following relations for single phase core

type transformers.,

i

D=4 + ww Dy a
H = Hw + 2 Hy W =D+ 4
Width over to limbs = p + outer Diameter of h.v winding,

Width over one limb = outer Diameter of h.v winding.

we have, for a 3 Phase core type transformers,

D = 4 + ww
Dy = g
H = Hw + 2 Hy

W = 2D + a



Width over 3 limbs = 2D + outer diameter of H.V winding
Width over one limb = outer diameter of H.V winding

Dy = b; Hy = a; W =2 Ww + 4a; H = Hw + 2a
4.2.9 WINDING DESIGN

Number of turns in primary winding Tp is
Voltage of primary winding Vp

Voltage per turns Et

Number of turns in secondary winding Ts is

If the tappings are located in the middle part of the h.v
winding, then the number of windings turns must be even to

ensure symmetry

Current in primary winding

KVA per phase * 15



For distribution and small Power transformers upto 50

KVA, the Current density g = 1.1 to 2.3 A/mm2

For large power\transformers, Current density varies from

2.2 to 3.2 A/mmz

For minimum IZR loss the value of Current density in each

of the windings should be equal.

PORTION OF' THE WINDINGS

Core then the insulation between the Core and +the high
voltage windings ang also with the low voltage shoulg be
high. Thig in||reases the Cost as well as the length of mean
turn. So usually high voltage winding ig Placed on the
outside. Tappings or pProvided on the high voltage winding

because it jg convenient to tap the winding on the outside.
4.2.10 RESISTANCE oF WINDING

Let Lmtp, Lmts = length of Primary and secondary windings
reéspectively in meters
Yp, Ys = Resistance of Primary andg Secondary

windings respectively in meters

Yp = e and



Total fZR loss in winding Pc = Iélrp + Iszrs

Total resistance (per phase) of transformer referred to

Primary side

2
Pc Is
Rp e = rp 4 ———
I z Ip
Tﬁl
s = rp + —————_ rs
Ts

Per unit Resistance

Er = Ip * Rp / Vp

4.2.11 CALCULATION OF LEAKAGE REACTANCE

The estimation of leakage reactance is Primarily the
estimation of the distribution of leakage flux ang the
resulting flux leakages of the primary and secondary
windings. The distribution of the leakage flux depends upon
the geometrical configuration of the coils and the
neighbouring iron masses, and also on the permeability of the
latter. The most common arrangements of the core and
windings are core and shell type. In these two cases the
field is sufficiently Symmentrical and geometrical and
therefore considerable simplification can be made and the
value of total leakage reactance of transformer (per Phase)

referred to primary side.
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and per unit leakage 'eactance Ex ig

Primary voltage

Per unit impedance

Ez =J(Er)2 + (Ex)2

4.2.12 CALCULATION OF REGULATION

calculateq by drawing the

Phasor diagram gat
lagging bower factor

Cos o/
Vp = (Vp + Ip Rp Cos o/ + Ip Xp Sin oy) +
(Ip Xp Cos o/ - 1Ip Rp Sin oy)
4.2.13

CALCULATION OF LOSSES

If pc be the specific iron loss and pPC the specific

IR
loss at full load in

W/Kg the total full load loss is

Pl + Pc = (Pi Gi + pc gj ) x 10‘3kw

=xs / (Xs + pPc + XQ'pc)

Which will be 4 maximum when ds

-——= = 9
dx

- g
2 Lo



) 2
or when (Xp + Pi + X" Pc) S = Xs (S + 2X Pc)

that is when Pi = X2Pc

. . . . 2.
So that the efficiency is a maximum when the (Variable) 1I'R

loss is equal to the (constant) iron loss.

If a transformer were required to work on full load all
the time it was in circuit pi would naturally be made equal
to pi when x = 1 and the maximum efficiency would occur at
the full working load. In practices such a loading is rarely
obtainable, and the load for maximum efficiency is less than

full load.
2.14 CALCULATION OF EFFICIENCY

The formula for efficiency of a transformer at any power

factor CosO/ and load X (KVA) is given by

X (KVA) CosO/ + iron loss + X (load loss on full load)
Where

KVA : total KVA rating of the transformer

X ¢ fraction of full 1load KVA at which

effeciency is calculated

The 1load loss occuring at any load is proportional to

2
square of the current and hence equal to X (load loss on
full 1load). Maximum effeciency shall occur when iron loss

equals the load loss.



. ] 2
(i.e) i1ron loss = X (load loss on full load)

t X (full load gva) where

X is found from the relation

iron losg

X e
losses on full 10ag
4.2.15 CALCULATION OF NO LoAD CURRENT
The no load Current 7o Consists of two Components

(i) Magnetizing Current Inp

requires the

Let le,ly = length of flux path through core and yoke
respectively (lc = Hw, 1y = W)
atc, aty = mnf / metre for flux densitjiesg 1n core ang Yoke
respectively

I Total Magnetizing mms



But the magnetizing is not sinusoidal and therefore the

peak factor Kpk should be used in place of 2.

Im = ATo (Kpk Tp)

Let the iron losses be Pt the loss component

It = Pi / Vvp

The iron losses are calculated by finding the weight of cores

and yokes.

No load current of three phase transformers,
Total magnetizing mmf required for the transformer =
3 atc lc + 2 aty ly + mmf required for joints.
Total magnetising mmf required per phase
ATo = 3 atc lc + 2 aty ly + mmf required for joints.

Magnetising current per phase Im = ATo / (2 Tp)

Let Pi be the total iron loss for the three phases.

It = Pi / 3 vp
It is not wusual to calculate the no load current in
transformers as in a normaly designed transformers, the no
load current would be below 5% and a considerable variation
can be made in its value without affecting the transformer

performance.

Magnetising Volt ampere Ep 4.44 £ Tp Bm AT

Il

Magnetising Volt ampere (VA)m Ep Im

i

4.44 £ Tp Bm AT ( ATo )



= 4.44 £ Bm ATo Ai/2
Now ATo = magnetizing mmf per metre x length of iron path

4.44f Bm Ai atm 1i

Weight of iron = Ai 1i x 7.8 x ld% if the density ofiron 1is
assumed as 7.8 x lO3 kg/nr?
4.44 f Bm atm

Magnetizing volt - ampere / kg = —=—ce—-mcemm_____

-5
0.4 £ Bm atm x 10

Magnetizing current
Magnetizing va / kg / X weight of core

Number of phases x voltage / phase
4.2.16 TEMPERATURE RISE OF TRANSFORMERS

The losses developed in the transformer cores and
windings during conversion are converted into thermal energy
and cause heating of corresponding transformer parts. From
its source the heat is directed, due to thermal gradients, to
the places where it may be transfered to a cooling medium
(i.e) to air, or water, depending upon the method of
transformer cooling. Heat dissipation occurs in the same way
as in electrical machines (i.e) by way of radiation and

convection. The path of heat flow is :

(i) From the internal most heated spots of a given part
(of core or winding) to their outer surfaces in contact with

the oil.



(ii) From the outer surface of g3 given transformer part to

the o0il that cools it.

(iii) From the o0il to the walls of 3 cooler, for instance
of the tank.
(iv) From the walls of the cooler to the cooling medium -

air or water.

In section (i) the heat is transferred by conduction.
In sections (ii) and (iii) the heat is transferred by

convection of the oil.

and radiation.

Temperature rige in plain walled tanks

The walls of tank dissipate heat by both radiation ang

convection.

Total 1loss
remperature rise 0 = ---oo.__ 2727 10%

where St = heat dissipating surface of tank. The surface, to
be considereg in applying the above formula, is the total
area of the vertical sides plus one half area of the cover,
unless the oji] is in contact with the cover in which case
whole area of the 1id shoulg be taken. The area of bottom of
the tank shoulg be neglected as it has very little cooling

effect.



For transformers of low output, the plain walled tanks
are large enough to accomadate the transformer and oil have
sufficient surface to keep the temperature to rise within
limits. But for transformers of large output, the plain
walled are not sufficient to dissipate losses. This isg
because volume and hence losses increases as cube of linear
dimensions while the dissipating surface increases as the

Square of 1linear dimensions. Thus an increase in rating

Modern oil immersed bower transformers with natural oil
cooling and a plain tank may be produced for outputs not
exceeding 20 - 30 Rva transformers rateqd for larger outputs
must be provided with means to improve the conditions of heat
dissipation. This may be done by providing corrugations,

tubing or radiators where feasible.

4.2.17 DESIGN OF TANK WITH TUBES

If the temperature rise as calculated with pPlain tank
exceeds the specified limits, it can be brought down by
provision of the tubes. The provision of tubes increases the
dissipating area but the increase in dissipation of heat is
not proportional to area because the tube SCreen some of the
tank surface preventing radiation from there. So there is no
change in surface as for as dissipation of heat due +to

radiation is concerned. But the increase in dissipation of



heat is more than what is justified by the increase in
surface area. The circulation of oil is improved due to more
effective heads of pressure produced by columns of o0il in
tubes. An addition of about 35% should be made to tube area
in order to take in to account this improvement in

dissipation of loss by convection.

Let the dissipating surface of tank be St.
It will dissipate (6 + 6.5) St = 12.5 St w/c
Area of tubes = X St

Loss dissipated by tubes by convection = 1.35 x 6.5 X St

8.8 X st w/c

Total loss dissipated by tank walls and tubes

Il

12.5 st + 8.8 X st

St (12.5 + 8.8X)w/c

Total area of tank walls and tubes = 8t + X St
=8t (1 + X )
12.5+8.8X
Loss dissipated = e W/ -c
X+ 1
P1 + Pc

Temperature rise with tubes = e m e
St (12.5 + 8.8 X)

1 12.5
X = ———= (Pi + Pc - —~—=- )
8.8 Sto
Pi+Pc
Total area of tubes =1 ( —-——-—- - 12.5 Si)
Sto

Let 1t and dt be length and the diameter of each tube

respectively.

e



1 Pi + pc¢
Hence number of tubes nt = —_______ { ( ~——— - 12.5 st) «
8.8 dt 1¢
Pi + pc
——————— - 12.5 st) }
O

The inner dimensions of the transformer tank are fixegd by
the active dimensions of the transformer and clearances
between windings ang grounded parts of transformer.

Width of tank Wt = 2D + pe + 2b ( for three Phase)
=D + De + 2p ( for single Phase)
where D = distance between adjacent limbs
De = external diameter of h.y winding
b = clearance between h.v winding ang tank
length of the tank Lt = pe + 21
1 = clearance On each side between the width
Height of transformer gt = H+ h
where H = height of transformer frame and
h = clearance (height) between the assembled
transformer and the tank
This includes the clearance at the base, oil height above the
assembled transformer Space for terminals and tap Changing

gear. 1 and h are given in the tables.



V. ALGORITHM AND FLOWCHART

5.1 ALGORITHM FOR DESIGN OF 230/24v-1 A TRANSFORMER

The input data is first stored in the memory, (i.e)
primary voltage, secondary voltage and current. Now core
area is calculated and the primary current, primary and
secondary winding area, number of turns in primary and
secondary, tongue width, core size and stack height are

computed with standard formula.
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5.2 ALGORITHM FOR LARGE CAPACITY TRANSFORMER DESIGN

Transformer KVA rating, frequency, flux density, emf per
turn, current density, window space factor, primary voltage
and secondary voltage are given as input data. Emf per turn
is now computed. Now compute net iron area and window area,
Primary & secondary turns, primary & secondary current and
primary & secondary core area with standard formulae. With
these results calculate primary and secondary resistance.
From the above results we can find the area of the
circumscribing circle of core material, window height g
width, yoke height & width and overall height & width. Now
plot the diagram according to the given data and print the

values of overall dimension.
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5.3 ALGORITHM TO PLOT PERFORMANCE CHARACTERISTIC OF A

230/24v - 1A TRANSFORMER

The fabricated transformer is tested by loading it up to
125% of the rated. The test data is stored as a lookup table
in the computer. Now a software is developed to calculate
the efficiency and regulation of lookup table. So this will
plot the performance characteristic of the designed
transformer. This performance plot enables the designer to
check the suitability of the designed transformer for a

particular application.
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VII. TESTING AND PERFORMANCE CHARACTERISTICS OF SMALL

TRANSFORMERS

7.1 FABRICATION OF POWER SUPPLY TRANSFORMER

1 phase and 3 phase power and distribution transformer
can be designed using the developed software. Given the name
plate details (ie.) input voltage, output voltage and o/p
current of a transformer, the design parameters core area,
primary current, primary window area, secondary window area,
primary winding, secondary winding, tongue width, core size,

stack height can be obtained on execution of the software.

Power supply transformer find wide application in
INDUSTRIAL and CONSUMER field. The software package can be
used to design single phase or three phase transformer.
230v/24V transformer 1is most widely used in various

application as in Timer circuit and counters.

Given the input data of 230vV/24V with 1 amp secondary
current the software lists the following design parameter

values.

The design output from software
The primary voltage = 2245 volts

22.5 volts

The secondary voltage

The secondary current 1 amps

i

The core area 5.472 sg.cm

The primary current 0.120 amps
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7.2 TESTING OF TRANSFORMER

The software developed enables to determine the
effeciency and regulation of fabricated power supply
transformer. An additional software enables to plot the

performance characteristics of fabricated transformer.

The power supply transformer fabricated is loaded and the
parameters necessary to calculate the efficiency and

regulation and various load condition are tabulated.

The connections for the testing of fabricated power
supply transformer is given as per the circuit diagram. The
primary voltage is gradually increased to the rated voltage
230V by adjusting the auto transformer. The output from the
auto transformer is given to the primary of power supply
transformer. The output of the secondary of power suply
transformer is 24V and 1 amp. The primary voltage, primary
current, input power, secondary voltage and secondary current
are noted at no load condition. Loading of transformer is
done by varying the rheostatic load. The transformer is
loaded gradually and for each load condition the primary
voltage (V1), primary current (Il), secondary voltage (Vs),
and secondary current (Is) are noted down. The output power,
efficiency and regulation are calculated wusing software.
Performance characteristics for output Vs efficiency and

output Vs regulation are plotted using software.



VIII. CONCLUSION

The greatness of any existing system depends upon its
adaptability. This software package is in such a manner
that its versatality is enviable. The software package has
been formed in keeping in mind the requirements of the

transformer designers and manufacturers.

The software is flexible enough to give design parameters
of any power or distribution transformers. A 230vV/24v,
transformer has been successfully designed and its
performance characteristics are obtained using an addit%9nal

software.

The software can be slightly modified for the design of
current transformer and welding transformer. This project
provides a software which minimizes the time and man power

for design of any transformer for any specific applications.
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Table 13 WINDING DATA O ENAMELLED COPPER WIRE(® 200 Amp/Sg,cm,)
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TABLE 2

TABLE DIMENSIONS OF TRANS FORMER STAMPINGS

Type No, Tongue

width .

(cm.)

— P

T LB A

Window
area

(sg.cm,)
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1e(E21) 3.810 10,891
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