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Preface

Welcome to "Electrical Transformers, Understanding Transformers:
A Student Reference " This book is designed to serve as an essential
reference for electrical engineering students and professionals alike,
providing a thorough understanding of transformer principles and
their practical applications in the industry.

Transformers are critical components in electrical systems,
facilitating the efficient transmission and distribution of electricity.
As technology evolves, so too do the demands placed on these
devices, making it imperative for aspiring engineers to grasp their
underlying principles and operational nuances.

This book begin with an introduction to the fundamental principles
of transformers, laying a solid foundation for understanding how
they operate. We explore various types of transformers, each serving
unique functions in different applications, and delve into the key
parameters that govern their performance. The calculations and
tutorials included will enhance your problem-solving skills, preparing
you for real-world challenges.

Additionally, the diverse applications of transformers in various
industries, highlighting their significance in modern electrical
systems. The challenges faced in transformer operation, providing
insights into maintenance and troubleshooting were also addressed
in this book.

This book aims to equip you with the tools and understanding
necessary to navigate the complexities of electrical transformers
either for the

student embarking on your journey in electrical engineering or a
professional seeking to refresh their knowledge,
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INTRODUCTION TO
TRANSFORMER

e Source voltage is applied to the
primary winding

e The load is connected to the secondary
winding

e The core provided a physical structure
for placement of windings and a
magnetic path so that the magnetic flux
lines are concentrated close to the coils

e Typical core materials are : air, ferrite
and iron

BASIC OF TRANSFORMER
PRINCIPLES

e The basic transformer is formed from
two coils that are usually wound on a
common core to provide a path for the
magnetic field lines.

e Schematic symbols indicate the type of
core.
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Air core Ferrite core Iron core

Small power
transformer




TRANSFORMER PRINCIPLES

*The transformer is based on two principles:

. first, that an electric current can produce
a magnetic field (electromagnetism)

Il. second that a changing magnetic field
within a coil of wire induces a voltage across
the ends of the coil (electromagnetic
Induction).

The parts of an ideal transformer

Pl_‘lma::n'y Secondary
winding / winding
Np turns / Ng turns
Primary w— g, Magnetic i
»

current

Secondary
current

Is

_|_

Primary
voltage

Secondary
voltage

/
I

Transformer
Core

e Changing the current in the primary coil changes
the magnetic flux that is developed.

e The changing magnetic flux induces a voltage in
the secondary coil.

e Current passing through the primary coil creates
a magnetic field.

e The primary and secondary coils are wrapped
around a core of very high magnetic
permeability, such as iron, so that most of the
magnetic flux passes through both the primary
and secondary coils.



OPERATING PRINCIPLES

e Transformer action is based on the laws of
electromagnetic induction.

e There is no electrical connection between the
primary and secondary. The AC power is
transferred from primary to secondary
through magnetic flux.

e |If an ac voltage is applied to the primary coil,
magnetic flux will be created.

e When the magnitude of the applied flux
changed, then the generated flux changed.

e This changing flux will link the primary and
secondary coil and induce a voltage across
the secondary windings.

e Thereis no change in frequency (output
power has the same frequency as the input

power).
Transformer Core
lea O
P I: €
/\; ”_‘i' i Secondary
Primary o 0
Supply TH
I
Neaiary |
ums

Scan to watch the video




TYPES OF TRANSFORMER

e Center tapped transformer
e Multiple winding transformer
e Auto transformer

L

>

LENTRE-TAPPED

https://youtu.be/Wg-QEDR3wOg



A.CENTER TAPPED TRANSFORMER

* The center tap (CT) transtormer 1s equivalent to
two secondary windings with halt the voltage
across each

» Center tap windings are used for rectifier supplies
and impedance-matching transtormers
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B.MULTI WINDING TRANSFORMER

Multiple-winding transtormers have more than
one winding on a common core. They are used to
operate on, or provide. different operating voltages

(a) Two primary windings (b) Primary windings in parallel (¢) Primary windings in series
for 110 V ac operation for 220 V ac operation

C.AUTO TRANSFORMER

* In an autotransformer. one winding serves as both
the primary and the secondary. The winding 1s
tapped at the proper points to achieve the desired
turns ratio for stepping up or down the voltage

O O O
-
Variabl¢
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(a) Step-up (b) Step-down (¢) Variable



PRACTICAL TRANSFORMER

e Power Transformers

e Distribution Transformers
e Instrument Transformers

e |solation Transformers

e Autotransformers

e Toroidal Transformers

e Three-Phase Transformers

e Single-Phase Transformers

e Buck-Boost Transformers

e QOil-Cooled- Dry Transformers




1.Power Transformers

Power transformers are primarily used in high-
voltage transmission networks to step up (increase)
or step down (reduce) the voltage level. These
transformers are designed to handle large
quantities of electrical energy and are typically
used in transmission networks between power
plants and distribution systems. Power transtormers
are most effective when operating at full load and
are used for voltage regulation across long

distances.
Subcategories of Power Transformers:

a) Step-up Transformer: Converts low-voltage,
high-current electricity into high-voltage, low-
current electricity for eftticient long-distance
fransmission.

b) Step-down Transformer: Lowers high-voltage
electricity tor distribution to residential or
commercial areas. It is used at substations near

end users.

Applications:

Electrical power generation and transmission
networks.

Substations in power grids.



2. Distribution Transformers

Distribution transtormers are designed to provide
the final voltage transtormation in an electrical
power distribution system, stepping down the
voltage used in transmission lines to a level
suitable for consumer use. These transformers
typically operate at lower voltages and are used
to distribute electrical power to residential,
commercial, and industrial consumers.

Key Characteristics:

Operate at low to medium voltage levels (11kV,
6.6kV, 3.3kV).

Function under varying load conditions.

High etticiency in partial loads.

Applications:

Electrical distribution networks.

Supplying power to homes, otfices, and industrial
tacilities.



3. Instrument Transformers

Instrument transformers are designed to scale
down the current and voltage levels for
measurement, control, and protection in electrical
systems. They ensure the safety of measuring
instruments and provide isolation from high
voltages.

Types of Instrument Transformers:

Current Transformer (CT): Steps down high
current to a lower, measurable level. It's widely

used in ammeters, relays, and protective devices.

Potential Transformer (PT): Also called a voltage
transformer, it scales down high voltage to a lower
level for safe measurement in voltmeters and

protective relays.

Applications:

Electrical metering and protective circuits.

Control systems in substations and distribution
networks.

g# \What is Instrument Transformer | Current Transformer and Voltage Transformer

CT & PT

~ Definition > Specifications -

Watch on I8 YouTube

https://www.youtube.com/watch?v=Ik2r-TiImy5Y&t=128sg



4. |solation Transformers

An isolation transtormer is a transtormer used to
transter electrical power from a source of
alternating current (AC) power to some
equipment or device while isolating the powered
device from the power source, usually for safety
reasons or to reduce transients and harmonics.

n transmission and distribution systems, isolation
transtormers are employed to adjust voltage

evels by stepping up or down, ensuring that
voltage and current capacities match between
the coils. A crucial role of these transtormers is to
mitigate voltage spikes in supply lines, which
could otherwise disrupt service or damage
equipment if they reach the load.

When placed between power supply lines, an
isolation transtormer helps diminish voltage spikes
before they impact the load. Additionally, it
prevents grounding issues on the secondary side,
thereby reducing ground loop interference and
minimizing noise etfects in the load equipment.

~ What is an isolation transformer?

Watch on B8 YouTube

ihttps://www.youtube.com/watch?v=9]00rMAFi2c
10




5. Auto-Transformers

An autotranstormer (or auto transformer) is a type of

electrical transtormer with only one winding. The
“auto” pretix refers to the single coil acting alone
(Greek tor “selt”) - not to any automatic mechanism.
An auto transformer is similar to a two winding
transformer but varies in the way the primary and
secondary winding of the transformer are
interrelated.

The advantages of an auto transformer include:

For transformation ratio = 2, the size of the auto
transtformer would be approximately 50% of the
corresponding size of two winding fransformer. For
transtormation ratio say 20 however the size would be 95
%. The saving in cost of the material is of course not in
the same proportion. The saving of cost is appreciable
when the ratio of transformer is low, that is lower than 2.
Thus auto transtformer is smaller in size and cheaper.

An auto transtormer has higher efficiency than two
winding transtormer. This is because of less ohmic loss
and core loss due to reduction of transtormer material.
Auto transtormer has better voltage regulation as voltage
drop in resistance and reactance of the single winding is
less.

Watchon B8 YouTube

https://www.youtube.com/watch?v=To2AEgeeFVwe bit of body text

11



6. Toroidal Transformers

A toroidal transtformer teatures a core shaped like a
torus or donut. The primary and secondary windings
are wrapped around the entire surface of this toroidal
core, with an insulating material in between. This
design significantly reduces magnetic flux leakage,
making the toroidal core an optimal choice for
transtformer cores.

Custom Toroidal Transformers

"ﬂ"'.-

ToroidalS =
Transformer®<t

how it works

Watch on (B YouTube

https://www.youtube.com/watch?v=TPXtiJaSiKA

12



7. Three Phase Transformers

A three-phase electrical system in used to generate
and transmit electric power over long distances for
use by offices and industry. Three-phase voltages
(and currents) are raised or lowered by means of
three phase transformers as the three phase
transtformer can have its windings connected in

various ways.

Three Phase Transformer Connections

3 Single Phase

Transformers
° o
Core A ¢ ® _
A A Primary Configuration | Secondary Configuration
3 Delta (Mesh)  /\ Delta (Mesh) A
&> 1€
1n ;
.- P Delta (Mesh) /\ Star (Wye) Y
CoreB '3 ce =
B= § E Bs Star (Wye) Delta (Mesh) /_\\
P 1 C - Star (Wye) Star (Wye) Y
r-l |
® ® . Interconnected
Core C ) e aan .
i é it =3 Delta (Mesh) &
Ce Cs
g Interc:nnected ) Star (Wye) Y
° 3 p. otar A\

Transformer Star and Delta Configurations

Star Connection

A B ° A
r .0 1 l
1 1 1
- F— a
C! : b c 3 e N
9 c b
L § 7 —s
e C
A B C Delta Connection
o ° e A
1H 1 14— A
: \ —  a ,I_*h b
a = b c J

e
[ %
[,__—'
(L%
[%]
m




IDEAL TRANSFORMER EQUATIONS

For an ideal transformer, the Py, .., is equal to the P
the power input is equal to the power output.

Secondary? or

Pout = I:’in
Vil =Vl
/1, =V, /V,
B — P N ;i _
[-::-uf — [m Efficiency Rating
n= Pout /Pin = Pout / (Pout+ losses)
n= Vsls xPF

(Vsls x P.F) + copper loss + core loss

Scan here to understand
the equations!!!

INDUCTION LAW

*The voltage induced across the secondary coil may
be calculated from Faraday's law of induction, which

states that: dPd
Vi = Ny—
> ° dt
where Vs is the instantaneous voltage, Ns is the
number of turns in the secondary coil and @ is the
magnetic flux through one turn of the coil.
*Since the same magnetic flux passes through both
the primary and secondary coils in an ideal
transformer, the instantaneous voltage across the
primary winding equals to:
dd
V N, —

P " "P {¢

14



TRANSFORMER CONSTR

UCTION

e The transformer consists of core,
surrounded by at least two series

of coils.

e The core is used as to aid in linking
the flux from the primary coil to the

secondary coil.

e From the principle of mutual

iInduction, when two
inductively coupled an

coils are
d If the

current in one coil Is change
uniformly, an emf (electromagnetic

force) is induced in the ot
e |[f a closed path is provic

ner coil.
ed at the

secondary circuit, this induced emf
at the secondary drives a current.

e Dots are used in diagrams of
transformers to indicate the
current polarities for the windings.

e Dotted terminals have the same

polarity.

15



TRANSFORMER DOT NOTATION

Phase dots on same Phase dots on opposite

[~ end of coils f ends of coils

|

°
-+
o

| |

(a) Voltage are in phase (b) Voltage are out of phase

DIRECTIONS OF WINDINGS

e The direction of the windings
determines the polarity of the
voltage across the secondary
winding with respect to the
voltage across the primary section

e Phase dots are used to indicate
the polarities.

W
)
)
)

Y ® %o

16



DIRECTIONS OF WINDINGS

Typical circuits illustrating polarity for voltages
and direction of currents of an idedl

transformer
AL NN, B A NN, B
O O - O
2l e 2l s
Vi =& Va ¥y = 1 = Va
o | o o | o
V2_ N L _M Va_ N, L __MN
Vy N I, N, V; N, I, N,
(a) (b)

iIl--- NI:NZ --12— i—-—- N].:NZ ﬁI-----
o ) (- -
L s 2L s
Vi S|l E Va Vi Sl g ¥a
N2 _ N L _ N Y2_ N L __MN
vV, N, I, N, Vi N, I, N>
(©) @)

STEP-UP TRANSFORMER

‘A transtormer that has more turns on the
secondary than the primary side of
transtormer will increase the input voltage.

STEP-DOWN TRANSFORMER

*A transtormer that has more turns on the
primary than the secondary side of the
transtormer will decrease the input voltage.

17




PARAMETERS IN TRANSFORMER

. Vi
Voltage Ratio: = —
Vs
. N;
Turns Ratio: = N,
| I
Current Ratlo: = —
14

Transformer Ratio

N Vi D
Ny Vo I
Efficiency:
n = Pout
P;
EXERCISE:
A transformer has 800 turns on the primary and
a turns ratio of 0.25. How many turns are on the
secondary?
Solution
n = Ns/ Np

Ns=Npxn=800x0.25=200 turns




POWER LOSSES

A practical transformer ditfers from the
ideal transtformer in many respects.

The practical transtormer has:-

*lron or core losses - eddy current and
hysterisis losses

‘copper losses - in the resistance of

the windings

Iron or core losses

* The magnitude of these losses is quite small.
This losses due to eddy current and hysteresis
loss in it.

Copper losses

°Is the energy loss in the windings when the
transtormer is loaded.

Total copper loss, Pc = Ip2Rp + Is2Rs

Hysteresis

‘The alternating tlux causes changes in the
alignment of the molecules in the magnetic
cores.

‘The change is energy consuming and heat is
produced within the core.

‘The energy loss is referred to as hysteresis
loss, the degree of loss being dependent on
the material used .

19



efficiency of a transformer can be
defined as the output power divided by

the input power.
That is efficiency = output / input

Transtormers are the most highly
efticient electrical devices.

Most ot the transtormers have full load
etticiency between 95% to 98.5% .

As a transtormer being highly efficient,
output and input are having nearly
same value, and hence it is impractical
to measure the efficiency of

transtormer by using output / input.

A better method to tind efticiency of a
transformer is using,
efficiency = (input - losses) / input = 1

- (losses / input).

output (1n watts)

etficiency =— :
Input (In watts)

EFFICIENCY OF TRANSFORMER

20



TRANSFORMER
APPLICATIONS IN INDUSTRY

Transformer
applications in
industry
Reference:
OneMonroe

CHALLENGES IN TRANSFORMER
APPLICATIONS

H3" Scan me to understand the
- challenges in transformer
applications

21



EXERCISE 1

A doorbell requires 0.4 Aato6V. Itis
connected via a transformer whose

primary coil contains 2000 turns to a
120V AC line. Calculate:-

(a) NS
(b) IP

SOLUTION:

Ve NG 6 N,
lp *'\'p 120 200
N, =10turns

22




EXERCISE 2

The transformer in Figure 1 has a
turns ratio of 3. What is the voltage
across the secondary winding?

1:3 o

l’;,ln

120 V rms
| O

Figure 1

The transformer in Figure 2 has a
turns ratio of 0.2. What is the
secondary voltage?

5:1
O
‘FI:':H'E 1
120 V rms
O

Figure 2

23



EXERCISE 3

A transformer has 500 primary
turns and 3000 secondary turns. If
the primary voltage Is 240V,
determine the secondary voltage,
Assuming an ideal transformer.

NPFE ‘ |%“c

0\’\)1\0“Given: Np=500,Ns=3000
S Vp=240V, Vs=?

Vp/Vs=Np/Ns
Vs=Vp X Ns/Np
=240 X (3000/500)
=240 X6
=1440V

e

24



EXERCISE 4

An ideal transformer has a turns ratio
of 8:1 and the primary current is 3A
when it is supplied at 240V. Calculate
the secondary voltage and current.

NPFE | |%ﬂc

oWN
ut
OV Liven N=8:1, Ip=2A, Vp=240V

N=8/1=Vp/Vs
Vs=Vp/8
=240/8
=30V

Vsls=Vplp
Is=(Vplp)/Vs
=(240X3)/10

=24A

e

25



EXERCISE 5

An ideal transformer, connected to a
240V mains, supplies a 12V, 150W lamp.
Calculate the transformer turns ratio

and the Current taken from the supply.

0\,\“\0“
S Given: P=150W, Vs=12V, Vp=240V

P=IsVs

|Is=P/Vs
=150/12
=12.5A

Turns, N=Vp/Vs
=240/12
=20
’ - 1p=(Vs X1s)/Vp
"\ r' =(12 X 12.5)/240
=0.625V
n y




EXERCISE 6

A 12Q) resistor is connected across the

secondary winding of an ideal tfranstormer
whose secondary voltage is 120V.
Determine The primary voltage it the

supply current is 4A.

JRRE 5

Given: R=12Q0, Vs=120V, Ip = 4A
Is= Vs/R
=120V/12Q)
=12A
turns, N=Is/lp
=12/4
=3
- Vp = (Np/Ns) X Vs
=3 X120
u\ r =360V

27



EXERCISE 7

A 15Q) resistor is connected across the

secondary winding ot an ideal transformer

whose secondary voltage is 240V.

Determine 1T

ne primary voltage it the

supply current is 8A.

Ul
50\' Given: R=15Q, Vs =240V, Ip = 8A

u\’
|

Is=Vs/R
=240V/15Q
=16A

turns, N=Is/lp
=16/8
=2

r - Vp = (Np/Ns) X Vs

=2 X 240
=480V

28



EXERCICES 8

(a) Illustrate the parts of an ideal transformer

(b) A50 kVA, single-phase transformer has 500
turns on the primary and 100 turns on the

secondary. The primary is connected to 2500V,
50Hz supply. Calculate the following :
1) The secondary voltage on open circuit

i) The current flowing through the windings on
full load,lp and Is

1) The maximum value of flux

oLV -

A) The p: Tt ﬂg an 1deal tEncfomer

f"'irrm-1 d]nﬂ:]q-:.h'n
Cer o dlins "y

Ta Lp (9) (s ()

-l ‘ o0 1 ——
— {r—%l _1'} 1- = x 7 3 -r Loovdl <:?
ure I:_l"-:-\jl E "' i ;;T F.,_ a._:L_[ el ".‘.f {{_‘-I HP ‘u'r (Jl}
O Bl G

(ﬂ-ﬂ_@.n b
F%H f'ﬁ‘mfb P l;> = GhkVh = I,Tﬂﬁ[i'ﬂ"-"ﬂ A r“'i.f' ‘?ﬂ'fl"l"l.'-l;f-r' L
?ﬁl*‘tm‘ﬂl vul"l-nﬁi_-'f l"-"rf = AXpOV

; Np Ve H
ey, 2 B8 o

Pimasy tums, Np = 500

PrIman

E.EF-.F{GVLP:IF o
thhd.ﬁ.t-*j -t;-.ww..,ws_-lﬂ'ﬂ T UP x Ns
Caleulate Np
B Vs = UFK% Si et o
f re)odod 4o Hha pu
- _L!l_ﬂi Q 4] h‘*-".r'ﬂﬂ.l'\-j
Sbo Voltaae Ly e transfower
= Shoe\/ Emf {};:UA:\-I[T'E-"-.'_.
=
— ?"'":““'m"j Cuvrew) | .:[P S \ E:'F'= 4‘-4-4=1E3ﬂk;¢ma! E
‘v’F -
= Splk
2500
= 204
=
£ Euyﬁ*n"!, IE = s
-5 swepncle™y Vs
- Suk
D o
= looA
=
— MAYK rau P -B“‘ﬁ F @m = UF
4. 44 H%p
= 25 v —
(4-44) () (Se0)
_ 0.0225 Wb
=
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EXERCICES 9

A single phase ideal transformer contains 3000
circumferences at primary coil and 800
circumferences at secondary coil. Primary coil is
connected to 240VAC, 50Hz supply. Calculate:
I) Secondary voltage
i) Current on secondary coil if the current on
primary coil is 5A.
i) Transformer power on primary and secondary coils

oLV -

G\':"M'r"-'
NF, - 000 *-||-'IL'.rrﬂu1r. y
MNe = §po N Y
\n""P_* 14':: ]'-.llllf'lf_ % NB US
{ -SHs s e

CaleuleA Toms - -

F’?fﬂﬂr‘..lﬁkﬁ wﬂujﬁ Vs = L % NS

N
£

p
5

s S:g{p-,.__ﬂ.{.;_ﬁ,j f‘uH"-E'l-"l."'f _-:[3 - VF'I:P

Vs
= (240)(g)
cq4
= |8-JFE5A
=

f“) _Tmh!?{:ufhnd.a Pﬂuh-'ﬁ' o .P.m.-cﬂl." Fh{l"'n.:'lv‘bj Ancl .F'E't"!.l‘l-thb:.j Ceils !

F HO I?wf
«35) (240)

= 200 Wa4d
—=

?}f: o _..IE‘V'E
= (1e3s)(64)

= l200Wstd
——
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Undersfand/ng Transformers:
A Student Reference

Transformers are critical components in
electrical systems, facilitating the efficient
transmission and distribution of electricity.
As technology evolves, so too do the
demands placed on these devices, making
it imperative for aspiring engineers to grasp
their underlying principles and operational
nuances.

This book aims to equip you with the tools
and understanding necessary to navigate
the complexities of electrical transformers
either for the student embarking on your
journey in electrical engineering or a
professional seeking to refresh their
knowledge.



