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Abstract: There are wide ranges of transformers for voltage
stabilizer. The autotransformers used in the voltage stabilizers
are designed and constructed under design specifications of
standard assumptions. In this work, core components of
autotransformer are designed using power rating as only input
parameter, nevertheless, taking into consideration of standard
assumptions. The bounded area of the flux of magnetic field
forms basis for core area of electromagnetic induction of
transformer. The core area of the electromagnetic induction and
window area of transformer for housing copper windings, thus,
have linkage with power rating and em.f eguation of the
transformer. Accordingly, we establish a relationship, in the form
of eguation, between core area and window area. The product of
core area and window is equated to the numerical value of the
product that has been determined from the power rating and
standard assumptions of other design parameters. With the help
of proportional relationship, standard as well as from aspect of
desired look of the transformer, between length and breadth of
the core area and similarly for window area, the dimensions of
the core components of the transformer are designed. The
designed parameters are tested for feasibility and a transformer
under the designed parameters is constructed to validate the
experimental result with the theoretical values of the parameters
of the transformer. This design is used to determine accurate
dimensions of core components of transformer of desired power
rating and desired look. This design aspect minimizes waste of
core material in fabrication of core components and help in
proper lamination of components such as E & | of the
transformer.

Keywords: Autotransformer, core area, core components, em.f
equation, power rating, window area.

I.  INTRODUCTION

We often experience power failures and voltage problems
in our daly life. In such situations, sometimes we
experience breakdown of electrical appliances within our
home. The use of voltage stabilizer with appliances like
refrigerators, television, music system, washing machine,
and so on, is very common as it protects the appliances from
voltage fluctuation to certain extent. The specific purpose
behind use of voltage stabilizer [2] is to protect the devices
against voltage fluctuations.
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The electrical appliances are designed to operate under a
specific voltage range  to give desired performance.
Voltage  stabilizer regulates the voltage if the supply
voltage varies or fluctuates over a given range. The voltage
stabilizer  detects input voltage conditions and
correspondingly brings the output voltage to a permissible
range before it feedsto the load.

In other words, the purpose of voltage stabilizer is not for
providing a constant voltage output and instead it operates
the load in an acceptable range of voltage, for instance, with
tolerance of + 10% of the rated voltage [4]. The main
components of voltage stabilizer are transformer, relays, and
electronic circuit. These components are set to perform
specific tasks and in addition, they are designed to work in a
coordinated way so that the output voltage is brought to
desired voltage range. The electronic circuit senses the input
voltage and if the input voltage is within predefined range, it
operates an appropriate relay from amongst the relays
provided at different tapping positions in the input winding
of the transformer. The voltage obtained with the operation
of relay is fed into transformer as input voltage supply. The
transformer adds more voltage if input voltage is below the
desired output voltage range and on the other hand the
transformer reduces voltage if input voltage is higher than
the desired output voltage range. There are wide ranges of
transformer in the market. Manufactures of transformers for
the stahilizers adopt different approaches in design of the
transformers. In this work, we design transformers from the
aspects of power ratings of the transformers.

II. BACKGROUND AND LITERATURE REVIEW

Autotransformer [3] is an electrica transformer where
primary and secondary windings share same common single
winding (as opposed to isolation transformers with two
separate windings). It is one winding transformer. It is
small, lighter and provides greater voltage stability and
tolerances [3]. In autotransformer, a single winding is used
and it does functions of both primary and secondary
windings. Animportant characteristic of transformer is that
it does not and cannot change frequency even though it can
adjust voltage. Frequency, on the other hand, in most cases
is irrelevant to the proper operation of appliances. We
consider autotransformer for the design purpose in this work
and primary objective is to design core components of
transformer such as bobin, E, | , and so on, from given
power rating of the transformer so that we can construct
transformer of desired power rating. The power rating is
considered as theonly given parameter indesign of the
transformer components and it is also used to derive other
design parameters,
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which are required for the design of the components and the
transformer. The bobin, E, | are some of the components of
transformer and these components have closer linkage with
the core area of electromagnetic induction and window area
where the copper windings are housed. The core area and
window do have linkage with length of copper wire,
diameter of the copper wire.

The relationship between core area and magnetic flux is
taken as an aspect for the design purpose. The nature of
induced e.m.f discovered by Farday and law of nature of
self-induction are important nature of laws that help develop
the design concepts of the core components. Whenever flux
of magnetic field through an area bounded by a closed
conducting loop changes, an em.f is produced in the loop
and its magnitude is equal to the rate of change of the flux

a¢

e = i where, ¢
=[ B.dS is the flux of the magnetic field, B through the

area, dS. Accordi ng to principle of self-induction, when a
current is established in a closed conducting loop, it
produces a magnetic field. This magnetic field has its flux
through the area bounded by the loop. If the current changes
with time, the flux through the loop changes and hence an
e.mfisinduced in the loop. The em.f isinduced in the coil
due to the change of its own flux linked with it. If current
through the closed conducting loop is changed, then the flux
linked with its own turns also changes. The magnetic field
at any point due to a current is proportional to the current.
The em.f induced in the coil when the current in the cail

linkages. The em.f is given by,

changes, isgivenby, e = N % , where N is number of
turns of the coil. The principle of self-induction, the
magnetic flux and bounded area have built design aspects
for core area and window area of the transformer. The
relationship of the induced e.m.f, bounded area, magnetic
flux isestablished by E.M.F equation of the transformer.

A. EMF Equation of Transformer

Flux &
®

Sine Wave
& = . 5in wt

-

Figure 1: EMF Equation

Lets,
N; = Number of turnsin primary windings.
N> = Number of turnsin second windings.
@,,= Maximum flux in
the core, in Weber, (@,=Bn.A.)
f = Frequency of A.CinputinH,

Induced em. f. inacoil of N turnsis given by
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e=N Z—f volts (or webers/sec)

As shown in the Fig. 1, flux increases from its zero value to
maximum value ¢, in one quarter of the cycle, i.e. in 1/4f
second.

Therefore,

average induced em.f,

L T
Voy OT Egpy = Tfo4 edt
4
=4f [P Ndgp

= 4 f Ng,, Weber/Sec or Volt
=4fNAB,
where, A:iscrosssectiona areaof the coil and B, is
maximum flux density linked with the coil.

If k is form factor of transformer, then kfz%,
AV

therefore, Vaus= 4 ki f N A. B -- D

1. METHODOLOGY

In the design of the transformer, output power rating of the
transformer is considered as the main design parameter.
From power rating and em.f equation of the transformer,

MNumerical Value of the
Product of Core Area and

Stack Width and Stack
Thickness

Core Arca,
Window Area

MNo. of Turns

|

Input and Output
Tapping Positions

l

Testing & Validation

Figure 20 Flow Chart for Design and Testing

we derive other design parameters of the transformer. Flow-
chart for determination of the design parameters and testing
& validation of the transformer isillustrated in Figure 2. The
core area can be expressed in terms of stack width, a and
similarly window area can also be expressed in terms of
stack width. The window area where copper windings are
housed is expressed as product of 0.5a and 1.5a, that is,
window area = 0.5a x 1.5a. The gross cross sectional area,
on the other hand,
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is expressed as product of stack width and gross stack
thickness, that is, gross cross sectional area, Ag = a X
bg. There is no standard proportional relationship between
stack width and gross stack thickness, however, in order to
have apparent look of the transformer, we can take value of
gross stack thickness as 1.5 times or 1.6 times of stack
width.

A, = 0.5axi=0.5a>1.5a
Agg=arh,
A=8x Ay

a = stack width
b = gross stack thickness

by

! 1.5a
o
r"
- a
e
"

u i.5a

BOBIN E

Ficure 3: Bobin and E

t=1.5a

Thus, gross cross sectional area and window area of the
transformer can be represented in terms of stack width, a.
From power rating and em.f equation of the transformer,
we can determine numerical value of the product of core
area and window area, and this numerical value is used to
determine value of stack width.

E and BOBIN

Figure 4

With the value of stack width , the sizes of the components
such as E and Bobin are determined.

A. Stack Width and Stack Thickness

If N number of turns of the cail fills up K,, times the
window area A, then

Kw.Av= N. a5
where,

as is cross sectional area of copper wire, A,= axt
=0.5ax1.5a=0.75a (inwhichais stack width) and N is
number of turns.
Let, N; = number of turns of the primary windings and N,=
number of turns of the secondary windings, then

KW. AW: Nl. a + N2. a -- (2)
Again, if Jisthe current density in the coil, then

Iy
a =-—
17y
and, a, =172 ,then
KWAWJ =N1-Il+ N2.|2 == (3)
From Egn. 1 and 3, we have
Ku- Aw-J = 4K;fAcB  4Ksf AcB
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_ P+P,
T 4Ksf AcB
Therefore,
P, (1+21

Av A = =

" 4Ksf AcKw JB

Py (1+55)
Py
4K f Ky JB

P1= Input power, P;
P,= Output power, P,
Then,
Po (1+55)
_ Pi
Ac Au= 4K ¢f Ky JB
P, (1+ %)

= s @

4K¢f Kyw]B
where, A. = axb isthe actual cross-sectional area of the core
which isrequired for power transmission of power rating, P,
; a is stack width and b is stack thickness. The other
parameters to be used in Egn. 4 are K, = 0.3t0 0.7, f= 50
Hz J= 3to 5 A/mn?, B= 0.9t0 1.3 Teda.

The gross cross sectional area A of transformer of power
rating, P, is given by

Aoy = ;‘—f - (5)

where, & is stacking faction and it is normally taken as 0.8.
The value of Ay is generally determined for a given power
rating and it is used for calculation of stack thickness, by. To
have an apparent look of the transformer the gross stack
thickness by in terms of stack width & can be expressed as
b= 1.5a (or by= 1.6a).

With given stack width a, we can calculate gross stack
thickness by

by =22 - (6)
From Egn (5) and (6)
Ac
Acg S_f
= ax bg = ﬂ
0.8
= b=12a - (7

B. Estimation of Stack Width

In Egn. (4), we take values of other design parameters as-
i.  rated output power, P,
ii. efficiency of the transformer, n
iii. formfactor, K= 1.1
iv. window factor, K,= 0.3t0 0.7
v. freguency, f= 50 Hz
vi. magneticfield, B= 0.9to 1.3 Teda
vii. current density, J= 3to 5 A/mm?
With the given rated output power, P, (in VA) we can

_ P,
determine the current, | (= V—o).
[
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With output current, 1o and current density, J ( to be chosen
from 3 to 5A/mm?) we can determine cross-sectional area,
ag Of the copper wire. The standard wire from SWG table
corresponding to as, is to be chosen for output windings.
We have to use similar process for selecting wire size of
cross sectional area, a4 for input windings. From Egn (4),
we can caculate the value of AxA,, and let the value of

Ax A, be represented by x.
Then,
Ax Ay = X
= A.x0.75a°=x [ A= 0.5ax1.5a= 0.75a7
X
= SAy = 0.75a2
X
= 08xAg= 0.75a2
= axby, = S —
0.8 X 0.75a2

= a :4/£

With the value of A; x A, (= X) obtained from Egn. 4, we
can determine value of stack width.

C. Number of Turn per Volt
From Equation 1,

-—L _

" 4fAcBky n

104
Turn per Volt, Ty = m ,
where, f= 50 Hz, unit of B= 1 Tesa = 10" Weber/cn?,
Form factor, k= 1.1
In calculating N for power transformers, we should take B=
1.3 Teda and k=1 (for sine wave) for primary winding and
B= 1 Tedla and k=1.1 for secondary winding.

D. Current Density, J

It is an important parameter and standard value of it must
be within 3 to 5 A/mm?. In other words, from perspective of
design, the ratio of the current (in Amps) and cross sectional
area (in mm?) of the wire must be taken in the range of 3 to
5, because a value beyond 5 may damage the coil due to
overload.

For example, if atransformer of rating P,= 500 VA draws a
current of 10A, then a standard enameled copper wire of 12
SWG of cross sectional area, a.= 2.642 mm? can carry
current density, J of 3.8A/mm?, which is within standard
value of 3to 5 A/mm?.

Therefore,

10
J= a—A/mm2 = 3.8 A/mm?
S
where, a is cross sectional area of the copper wire. For
power rating, Ps= 500 VA, V&= 230 V AC, the current is
2.2A and cross sectional area of the size, ag is given by

2.2/] mm?.
E. Determination of Weight of Copper

Lets,
Ni= No. of input winding
No= No. of output winding, wherever applicable
Ne= No. of charging winding, wherever applicable
Then,

Retrieval Number: H6767069820/20200BEIESP
DOI: 10.35940/ijitee.H6767.069820
Journal Website: www.ijitee.org

828

Weight of copper
_NjasitNoaso+Ncase

103

X §x L grams

where,
a4 is cross-sectional area of input coil
ay IS Ccross-sectional area of output coil
a is cross-sectional area of charging coil
S is specific gravity of copper in gm/cc
L is mean perimeter of core cross sectionin mm
F. Design Feasibility

Let A= a x b be actual core cross-sectional area of a given
transformer of power rating, P,. And let N;, N, and N be no.
of input winding, no. of output winding and no. of charging
winding respectively. The basic concept of feasibility is to
see if these three windings, wherever applicable, fit into
window gap which has an area, A, = 0.5a x 1.5a = 0.75a% If
it fits then the design could be considered as feasible. The
steps for the feasibility check could be as follows-

i. calculate cross sectional areas of coils such as ag,

asp and ag:
ii. takewindow factor, K,= 0.3t00.7 and seeif K,,.
AWE (Niad"' Noaso + Ncasc) - (8)

IV. DESIGN, CONSTRUCTION AND VALIDATION

We design a transformer of power rating, P,= 500VA as
per design aspects of this work and the transformer is
constructed using the design specifications, primarily to
validate the result.

Given parameters:

Output power, P,= 500 VA
Presumption:

Efficiency,n = 0.9

Frequency, f= 50 Hz

Magnetic Field, B=1.3 Tedla

Window Factor, K,, = 0.3

Form Factor, Kf = 1.1

Current Density, J= 4A/mm?
Input Power and Window Area:

Py _ 500

Input power, P, = ;" = 55 VA= 555VA
Let a (in cm) be stack width, then, Window Area,

A= 0.5a x1.5a = 0.75a

Determination of Core Area:

P, (1+ %)
AcPu = 4Ksf Ky ] B
1
~ 500 x(1+5-)
= X 100
4x1.1x50%0.3 x4 x1.3
= 307.56 cm*
= AXxA, = 307.56
= (S xAg)*(0.5ax 1.5a) =307.56
= 0.8xax1.5ax0.75a°=307.56
= a=4.2cm
Then,
by = 1.5a
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= 6.3 cm( by istaken as 1.5a)

AXxA,, = 307.56
= Ax0.5ax1.5a=307.56
= A= 23.24cn?

Calculation of Total Number of Turns and Turn per Volt for
determination of tapping positions:

In calculation of actua number of turns such as Total
Number of Turns for the A.

C primary winding, Nacp and Charging Winding, Nacchc
wherever applicable, the actual core cross sectional area, A
is used. If the maximum input voltage, V; is 260V, then the
number of turns for this 260V is given by-

E x10%

" 4XkpXAcXBXf
_ 260 x10%
T 4 X 1.1%23.24%1.3 X 50

(a= 4.2cm)

NAC P

=391 turns
Total No.of Turns

Maximum Input Voltage

TVAC -

=391/260=1.5 Turns per Volt =

=
Determination of tapping position for the desired output
voltage:

The desired output voltage is derived from the copper
winding (the single winding, as it does not have secondary
winding) by tapping from it. The number of turns (say N,)
for the tapping position of the desired output voltage (say
V,) serves as secondary winding. Number of turns, N, at this
tapping position corresponding to V, (say, 230V if desired
output voltage is 230V) is calculated from maximum input
voltage, V; (260V in this case) and its corresponding number
of turns, N; (391 turnsin this case).

Ni _ N
Vi W
391 _ N,
260 230
= N,=345

=

This output tapping position is named as 4™ tapping position
and it is the point from where output voltage is to be taken.
It also serves as input position for the input of voltage range
200 -230V.

Determination of input tapping positions for input voltages
of varying ranges:

The other input tapping positions are determined with
reference to output tapping position which has N,=345
turns, V,=230V.

3" tapping position-
N2= 345, V2= 230V

N1 _ N;
hn
Ny _ 345
5 —L=I2
200 230
= N; =300

The 3" tapping is input position for the input of voltage
range 175-200V.
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2" tapping position-
N2= 345, V2= 230V

Ny _ N
h 12
Ny _ 345
175 230
= N;=262
P———
Last Tapping &)
4" Tapping
>
3™ Tapping
Primary Side Secondary Side
2 Tupping
1" Tapping
- -

Fig.3: Tapping Positions

The 2" tapping is input position for the input of voltage
range 150-175V.
1% tapping position-

N,=345, V,= 230V

N1 _ N2
Vi |
= Nl: 225

The 1% tapping is input position for the input of
range 120-150V.

voltage

A. Design Specification of Voltage Ranges

Imput (hutput

1 5 W "
gl e Wl i voutage | Ll Lhatpet
i {1, "
lapoin Villag:

T

Py = h Ak 1E " Bk T
L RE 4 150 I |§4- 250

Tahle 1; Inpat and Chatput Yoltaze Ranzes of the Desizn

The transformer designed as per specifications stated above
has to produce the output voltages (voltage ranges)
corresponding to the input voltage (voltage ranges) as
illustrated in Table 1. The theoretical/expected value may
differ, because of standard assumption, from the actua to
the extent of 5 to 10 percent. The expected and actual

output of the voltages at various inputs and output tapping
Table-2.

positions are illustrated in the
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Input
, | No.of Actual ) .JI’H‘“”'I
Experi | o - S Tiepuse Voltage
ment ! 3”__j w _M“UH'I Tapping | Range for
No. NI Voltage. Position | the tapping
(Input ) i ) e appnE
posiiion
391 252 Sth =230-260
2 300 185 3rd =173-200
3 3491 160 Sth =230-260
Output
Experi ;:T”:'r Expected | Actual Output
ment N - Cutput, Output, Tapping
No. T V2E V24 Position
{Chetput)
345 222 217 4th
2 345 212 208 4th
3 345 140 144 4th
Result
Experi o R o
ment Difference V2E-12A Variations
| 5 2.25%
2 4 | 509,
3 5 2.25%

Table 2: Validation of Result

B. Design Feasibility
Po=500VA, Voltage, V,=230V, therefore, Current, [;=2.2A,
Current density as per presumption in Eqn. 4, J=4 A/mn?,
Window factor as per presumption in Egn. 4, K,, = 0.3
Cross sectional area of the copper wire, as = 1/J= 0.55mn?
and for this value of aswe can take copper wire of 24 SWG.
Maximum No. of turns, N= 391
Then for Copper Wire of 24 SWG,

Nx a; = 391x0.55mm’ =22cm’
Ko Ay = 0.3% 0.75 x 4.2x4.2 cn? =3.9 cn?
Theoretica
condition for SWG of
design Results Copper | Feasibility
feasibility as Wire
per Eqn. 8
KX Aw Nx ag Feasible
KX A, > Nx ag 24 SNVG | asKyx A,
39cn? | 2.2cn? SN a2

Table 3: Condition for Feasibility of Design

For Copper Wire of 19 SWG,

a=1.016mm?, then current I=a;x J =~ 4A

Nxas = 391x1.016mm’*=3.9cn?

KwXx A, =39cn?
In the above design, we can even use copper wire of 19
SWG, which has cross sectional area of 1.016 mm? as
design value of K,, x A,, > experimental value of N x as.

V. CONCLUSION

There are some standard proportional relationships among
parameters, such as length, width, and thickness of the core
components of transformer, for example, the parameter such
as length, thickness are constant multiple of the width.
Nevertheless, the important aspect here is to find value of
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the width, which is further used to determine other
parameters. The proportional relationship, except standard
proportion for certain parameters, may vary and under this
condition we can also determine dimensions of the core
components from perspective of desired look of the
transformer. The flux of the electromagnetic field and its
bounded area are important parameters for e.m.f equation of
transformer. In addition, from the em.f equation, desired
power rating of the transformer and proportiona
relationship among the length, width, thickness of the core
components, we can determine, for example, the value of
width, in other words, stack width in this work. Thus, with
given power rating we can design accurate dimensions of
the core components of transformer. This work gives a fair
idea as to how to design core components of transformer
economically and yet based on the size, desired look of the
stabilizer we can do pre-fabrication planning for dimensions
of the core components of the transformer.

REFERENCES

1. Engineer Experiences (2014): Calculations for Design Parameters of
Transformer| Engineer Experiences. Retrieved from http://engineer
experiences.com/design-cal culations.html

2. Electronics Hub (2015): Voltage Stabilizer Working and its
Importance.  Retrieved from https://www. e ectronicshub.org/
voltage-stabilizer-working-and-its-importance/

3. Electronics Hub (2019): What is autotransformer ? The complete
information Guide. Retrieved from https://www. electronicshub.org

4. Electrical Technology (2016): What is Voltage Stabilizer & How it
Works. Retrieved from https://www.el ectricaltechnology
.0rg/2016/11/ what-is-voltage-stabilizer-how-it-works.html

5. Hughes, Edward.(2016): Electricd & Electronic Technology,
Edinburgh, UK: Pearson Education Limited.

6. Sawhney, A.K. (2006): A Course in Electrical Machine Design.
New-Delhi, India. Dhanapat Rai & Co.

7. Theraja, B.L., & Thergja, A.K. (2002): A Text Book of Electrical
Technology, Volume-l. New-Delhi, Indiaz S. Chand & Company
Limited.

8. Vladimir, Lebedev. (2007): Transformer Basics. 2007. Electrical
Insulation Conference and Electrical Manufacturing Expo. |EEE,
2007.

AUTHORSPROFILE

S. Saratchandra Singh, holds M.Sc Physics
(Electronics) degree and DEMS (Post BSc- Dip
Course in Electronics Mtce & Servicing from CEDTI
Imphal). He is Founder Proprietor and Chief Design
Engineer of M/s. S.S. Electronics, Impha, an ISO
9001:2008 Certified SSI  Manufacturing Unit. He
received National Award, ‘Special Recognition Award to Outstanding
Small Scale Entrepreneur’ in the year 1998. He received NEDFI Award,
‘Outstanding Entrepreneurial Initiative in the North East Region of India’
in the year 2015. He has 30+ years of experience in design and
development of Inverters, Stabilizers, Transformers, Solar Hybrid Inverter,
Solar Power Plants and Electrical Home Appliances. The current project of
the unit includes Solar Microgrid Power Supply System. The unit’s
reliability and performance ratings are- ‘SME 4’ (the moderate credit
quality) by NSIC-ICRA SME Rating Agency of India Ltd. in the year 2015
and ‘SP 3C” MNRE Grading by Brick Work.

Anish Thingujam is an undergraduate student. He is

currently pursuing his B.Tech in Electrica and

Electronics Engineering from Karunya Institute of

Technology and Sciences (Deemed to be University),
[ m Coimbatore, Tamil Nadu, India

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



I nter national Journal of Innovative Technology and Exploring Engineering (1JI TEE)
BEEH Je JALLESS I SSN: 2278-3075 (Online), Volume-9 | ssue-8, June 2020

Dr. M.SP. Subathra received B.E and M.E degrees
from Thiagargar College of Engineering, Madurai
Kamragj University in 1995 and 1997 respectively and a
A 4 Ph.D. in Electronics & Communication Engineering
K G '\i from Karunya University in the year 2014. She is
> Associate Professor in the Department of Electrical and
Electronics Engineering, Karunya Institute of Technology and Sciences
(Deemed to be University), Coimbatore, Tamil Nadu. To her credit, she has
publications in reputed International Journals and in number of conference
proceedings. Her areas of interests are Power Systems, Renewable Energy,
Bio-Signal Processing, Machine Learning and Optimization Techniques.

. S. Sanathoi Singh, received B.E. (Electronics &
Telecommunication Engineering) degree from Pune
University in the year 2009 and M.B.A. (Marketing &
Finance) degree from Manipur University in the year
2012. Heis Manager at M/s. S.S. Electronics, Imphal,
Manipur, India He has to his credit experience of 8
yearsin the field of design & development of Inverters,
Power Stabilizers, Multiple Battery Chargers which are commercially
marketed under the brand name ‘POWERPRIDE’.

Retrieval Number: H6767069820/2020©BEIESP Published By:
DOI: 10.35940/ijitee.H6767.069820 Blue Eyes Intelligence Engineering
Journal Website: www.ijitee.org 831 & SciencesPublication

Exploring Innovation


https://www.openaccess.nl/en/open-publications

