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Basic Course
Information

Course Title Electrical Machine - I 
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2 hours (Mid Exam)

3 hours (Semester Final Exam)

Level 3rd Semester
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Continuous
Assessment Plan

Quizzes Assignments
Presentation

Altogether 4 quizzes may be taken
during the semester, 2 quizzes will be
taken for midterm and 2 quizzes will
be taken for final term.

Altogether 4 assignments may be taken
during the semester, 2 assignments will
be taken for midterm and 2 assignments
will be taken for final term.

The students will have to form a
group of maximum 3 members. The
topic of the presentation will be given
to each group and students will have
to do the group presentation on the
given topic.



Assessment
Pattern

Bloom’s
Category

Marks (out of
90)

Mid
Exam
(45)

Assignment
(15)

Quiz
(15)

Attendance & External
Participation in
Curricular/Co-

Curricular Activities (15)

Remember 05 05

Understand 05 05 05

Apply 10 05 15

Analyze 10

Evaluate 10

Create 05 05

CIE – Continuous Internal Evaluation (90 Marks)



Assessment
Pattern

Bloom’s Category Final Examination

Remember 15

Understand 10

Apply 10

Analyze 10

Evaluate
10

Create
05

SEE – Semester End Examination (60 Marks)



Course Learning Outcomes
(CLOs)

Explain the aspects of construction,
principles of operations and applications

of electrical machines

Execute performance analysis of electrical
machines.

Design electrical machines subject to
specific requirements.

Conduct experiments for analysis of
single and three phase electric machine

performance.



SYNOPSIS 
         /
RATIONALE

This course covers common electrical machines such as DC motors, DC
generators and transformers, which find widespread applications in electric
power generation, transmission, distribution, and energy conversion. This
course will teach the students about construction, working principles,
application and design aspects of these electrical machines.

By completing this course, students will:
Develop a strong theoretical and practical foundation in electrical
machines.
Understand the working principles, construction, and operation of DC
machines and transformers.
Analyze machine characteristics and performance under various loading
conditions.
Prepare for advanced studies in power systems, renewable energy, and
industrial automation.



COURSE 
OBJECTIVES

To be able to apprise the basic operating principle of Electrical
machines like DC motor, DC generator and Transformer etc.

To demonstrate the performance indicating parameters of electrical
machines and learn to manipulate them.

Equip students to evaluate and design electrical machine systems for
optimized efficiency, performance, and reliability in modern engineering
applications.

These objectives aim to prepare students for advanced studies and
practical roles in electrical engineering, focusing on power systems,
automation, and electromechanical energy conversion.



COURSE 
SUMMARY

Serial
No.

Course Content Hours

1.
Basics of AC/DC, Definition, History, Importance of transformer,
Operation, Types, Construction, E.M.F Equation. 05

2.

Transformation Ratio, Impedance & Power of Ideal Transformer,
Equivalent circuit, losses, Magnetizing current, Transformer ratings
Open & sort circuit test, Phasor diagram, voltage regulation,
maximum efficiency, All day efficiency.

15

3.
Parallel operation, center tap transformer, Types, V-V connection,
T-T connection, CT, PT, connection diagram, inrush current etc.
Basics of 3-phase transformers, Connection of 3-phase transformers 

15

4.
Definition, types, Constriction, Essential parts, winding types,
EMF equation of DC generator. 05



COURSE 
SUMMARY

Serial
No.

Course Content Hours

5.

Hysteresis loss, Eddy Current loss, cupper loss, magnetic loss,
mechanical loss, stray loss, constant loss. Power stage of dc
generator, efficiency, condition for maximum efficiency.
Demagnetizing, cross-magnetizing effect, separately excited
Generator, No-load Curve for Self-excited Generator, Critical
Resistance, Critical Speed., Voltage Buildup of a Shunt Generator,
Other factors Affecting Voltage Building of a D.C. Generator,
External Characteristic, Voltage Regulation, Internal or Total
Characteristic, Series Generator, Compound-wound Generator. 

10

6.

Uses of D.C. Generators Motor Principle, Comparison of
generator and motor action, EMF, Condition for maximum power,
Torque, Speed. Series, shunt, compound motor, performance
curves, losses, efficiency, power stages, Factors controlling motor
speed, Rheostatic control method, Electric braking, Stater: Shunt,
three-point, four-point, Thyristor controller starters.

10



COURSE 
PLAN
MAPPED
WITH CLO

Week
No.

Topics
Teaching-
Learning
Strategy

Assessment
Strategy

Alignment
to CLO

1.

Working Principle of Transformer,
Elementary Theory of an Ideal
Transformer, Construction of
Transformer, Core type Transformer,
Shell type Transformer

Lecture,
Multimedia,
Group
Discussion

Feedback,
Q&A CLO 1

2.

Equation of Induced Emf in a Single
Phase Transformer, Voltage
Transformation Ratio,Transformer on no
load, Phasor diagram in no load condition

Lecture,
Multimedia,
Practical
Example

Feedback,
Q&A 

CLO 1,
CLO 2

3.

Transformer on load, Phasor diagram of
Transformer on different types of load,
Transformer with Winding Resistance but
no Magnetic Leakage, Transformer with
Resistance and Leakage Reactance

Lecture,
Multimedia,
Practical
Example

Feedback,
Q&A 

Assignment

CLO 1,
CLO 2,
CLO 3



COURSE 
PLAN
MAPPED
WITH CLO

Week
No.

Topics
Teaching-
Learning
Strategy

Assessment
Strategy

Alignment
to CLO

4.

Equivalent Circuit of Transformer, Open
circuit or No-load Test, Separation of
Core Losses, Short-Circuit or Impedance
Test, Transformer Rating. 

Lecture,
Multimedia,
Group
Discussion

Feedback,
Q&A 

Quiz #1

CLO 2,
CLO 3

5.

Regulation of a Transformer, Percentage
Resistance, Reactance and
Impedance,Efficiency of a Transformer,
Condition for Maximum Efficiency.

Lecture,
Multimedia,
Practical
Example

Feedback,
Q&A CLO 3

6. Mathematical problems on Transformer
Practice
Problem

Class work CLO 4

7. Mathematical problems on Transformer
Practice
Problem

Class work CLO 4



COURSE 
PLAN
MAPPED
WITH CLO

Week
No.

Topics
Teaching-
Learning
Strategy

Assessment
Strategy

Alignment
to CLO

8.

Generator Principle, Simple Loop
Generator and EMF Equation of a
Simple Loop Generator, Parts of
generator.

Lecture,
Multimedia,
Group
Discussion

Feedback,
Q&A ,Quiz

#2

CLO 1,
CLO 2

9.

Iron Loss in Armature, Total loss in a
DC Generator, Stray Losses, Constant
or Standing Losses,Power Stages,
Efficiency equation, Condition for
Maximum Efficiency

Lecture,
Multimedia,
Practical
Example

Feedback,
Q&A 

Assignment

CLO 2,
CLO 3

10.

Armature Reaction, Demagnetising and
Cross magnetising conductors,
Compensating Windings, No. of
Compensating Windings, Interpoles or
Compoles

Lecture,
Multimedia,
Practical
Example

Feedback,
Q&A 

CLO 2,
CLO 3,
CLO 4



COURSE 
PLAN
MAPPED
WITH CLO

Week
No.

Topics
Teaching-
Learning
Strategy

Assessment
Strategy

Alignment
to CLO

11.

Paralleling DC Generator, Load
Sharing, Procedure for Paralleling DC
Generators, Types of DC Generators.
Characteristics of Separately excited DC
Generator, No load Curve for Self-
excited DC Generator

Lecture,
Multimedia
Group
Discussion

Feedback,
Q&A 

Assignment

CLO 3,
CLO 4

12.

How to find Critical Resistance R? How
to draw O.C.C. at Different speeds?
Critical Speed,Voltage Build up of a
Shunt Generator, Condition for Build
up of a Shunt Generator, Other factors
affecting Voltage Building of a DC
Generator

Lecture,
Multimedia
Practical
Example

Feedback,
Q&A ,Quiz

#3

CLO 3,
CLO 4

13.
Mathematical Problems on DC
Generator

Lecture,
Multimedia

Feedback,
Q&A CLO 4



COURSE 
PLAN
MAPPED
WITH CLO

Week
No.

Topics
Teaching-
Learning
Strategy

Assessment
Strategy

Alignment
to CLO

14.

Basic Principle of Motor, Comparison of
Generator and Motor Action,Back
emf,Conditions for Maximum Power,
Armature Torque of a Motor, Shaft Torque,
Speed of a DC Motor, Speed Regulation
Torque and Speed of a DC Motor

Lecture,
Multimedia,
Group
Discussion

Feedback,
Q&A 

Assignment

CLO 1,
CLO 2

15.

Characteristics of Series Motor, Characteristics
of Shunt Motor, Compound Motor,Factors
Controlling Motor Speed, Speed Control of
Shunt Motor, Speed Control of Series Motor

Lecture,
Multimedia,
Practical
Example

Feedback,
Q&A 

CLO 3,
CLO 4

16.  Mathematical Problems on DC Motor
Lecture,
Multimedia, 

Feedback,
Q&A ,Quiz

#4
CLO 4

17.  Mathematical Problems on DC Motor
Lecture,
Multimedia, 

Class work CLO 4



Study Materials

Reference Books

 M.G. Say

Nagrath I J and Kothari D P

P.S. Bhimbra

Performance & Design of AC machines

Electric Machines

Electrical Machinery

Lecture Slides
Corresponding lecture slide will be
provided to students within beginning of
the course.

Multimedia
Associated multimedia files/ links will be
provided for better understanding



WEEK 01
PAGE 18-23



Working Principle of a Transformer

A transformer is a static (or stationary) piece of
apparatus by means of which electric power in
one circuit is transformed into electric power of the
same frequency in another circuit. It can raise or
lower the voltage in a circuit but with a
corresponding decrease or increase in current. The
physical basis of a transformer is mutual induction
between two circuits linked by a common
magnetic flux. In its simplest form, it consists of two
inductive coils which are electrically separated but
magnetically linked through a path of low
reluctance as shown in Figure.



 Transformer Construction



 Transformer Construction



 Theory of an Ideal Transformer 
An ideal transformer is one which has no losses i.e. its windings have no ohmic resistance, there is no
magnetic leakage and hence which has no I2R and core losses. In other words, an ideal transformer consists
of two purely inductive coils wound on a loss-free core. It may, however, be noted that it is impossible
to realize such a transformer in practice, yet for convenience, we will start with such a trans-
former and step by step approach an actual transformer.



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 core is
used with cylindrical coils which are either
circular or rectangular in form. But for
large-size core-type transformers, round

or circular cylindrical coils are used which are so
wound as to fit over a cruciform core section as
shown in Fig. 32.8(a). 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, micarta board or cooling ducts.



Shell-type Transformer 
In these case also, the coils are form-would but
are multi-layer disc type usually wound in the
form of pancakes. The different layers of such
multi-layer discs are insulated from each other by
paper. The complete winding consists of stacked
discs with insulation space between the coils–the
spaces forming horizontal cooling and insulating
ducts.



WEEK 02
PAGE 25-29



EMF Equation of a Transformer 



EMF Equation of a Transformer 



Voltage Transformation Ratio (K)



Transformer on No-load



Transformer on No-load



WEEK 03
PAGE 31-42



Transformer on load



Transformer on load



Transformer with Winding Resistance
but No Magnetic Leakage



Transformer with Winding Resistance
but No Magnetic Leakage



Equivalent Resistance 



Equivalent Resistance 



Magnetic leakage in a transformer refers to the phenomenon where a portion of the
magnetic flux generated by the primary winding does not link with the secondary
winding but instead passes through the air or other paths outside the transformer core.
This unlinked magnetic flux is termed leakage flux.

Causes of Magnetic Leakage:
Imperfect coupling between windings: The primary and secondary windings are not
perfectly aligned or coupled magnetically.
Core material limitations: The magnetic permeability of the core might not be
ideal, leading to some flux leakage.
Design constraints: Certain designs prioritize other factors (e.g., cooling or
insulation) over tighter coupling, increasing leakage flux.

Magnetic Leakage



Magnetic Leakage

Effects of Magnetic Leakage:
Voltage drop: Leakage flux reduces the efficiency of energy transfer, leading to voltage
drops in the windings.
Impedance increase: Leakage inductance (due to leakage flux) increases the
transformer's impedance, affecting performance, especially under load.
Reduced efficiency: Since not all the magnetic flux contributes to energy transfer, the
transformer operates less efficiently.

In some cases, magnetic leakage is deliberately increased (e.g., in arc welding transformers)
to limit current and stabilize performance. However, in general power transformers,
minimizing magnetic leakage is desirable to ensure efficient operation.



Magnetic Leakage



Transformer with Resistance and
Leakage Reactance



Transformer with Resistance and
Leakage Reactance



Transformer with Resistance and
Leakage Reactance



WEEK 04
PAGE 44-48



Equivalent Circuit of Transformer
The equivalent circuit of a transformer is a simplified representation that models the behavior
of an actual transformer, considering its various electrical characteristics like losses, leakage
flux, and impedance. It allows engineers to analyze the transformer under different conditions
using standard circuit analysis techniques.



Equivalent Circuit of Transformer



Transformer Tests (No-Load Test)
The Open-Circuit Test (No-Load Test) is a standard method used to determine the core losses
(iron losses) and magnetizing current of a transformer under no-load conditions. This test is
performed on the primary winding of the transformer, while the secondary winding is left open.

Objectives:
Measure the core losses (hysteresis and eddy current losses).
Determine the magnetizing reactance (Xm ) and core loss resistance (Rc ).
Estimate the no-load current (I0 ) and its components.



Short-Circuit or Impedance Test



Short-Circuit or Impedance Test



WEEK 05
PAGE 50-53



Regulation of a Transformer



Regulation of a Transformer



Efficiency of a Transformer



Condition for Maximum Efficiency



WEEK 06-07
PAGE 55



Mathematical Problems on Transformer

Mathematical problems related to transformers will be practiced and solved during classroom sessions.
Problems from the prescribed reference book will be addressed, and additional practice materials will be
provided to enhance understanding and proficiency.



WEEK 08
PAGE 57 - 68



Principle of a Generator

The working principle of a generator is based on Faraday's Law of Electromagnetic Induction,
which states:
"When a conductor moves in a magnetic field, or the magnetic field around a stationary
conductor changes, an electromotive force (EMF) is induced in the conductor."



Simple Loop Generator(Construction)



Simple Loop Generator(Working)

The working of a simple loop generator is based on Faraday's Law of Electromagnetic
Induction, which states that an electromotive force (EMF) is induced in a conductor when it
moves through a magnetic field. In a simple loop generator, a rectangular conductor loop
(armature) is placed within a uniform magnetic field provided by permanent magnets or
electromagnets. This loop is rotated mechanically, causing it to cut through the magnetic field
lines. As the loop rotates, the magnetic flux linked with it changes continuously, inducing an
EMF.
During rotation, when the loop is perpendicular to the magnetic field, the rate of flux cutting is
maximum, resulting in the peak EMF. Conversely, when the loop is parallel to the magnetic
field, no flux is cut, and the EMF is zero. This periodic change in the magnitude and direction
of the induced EMF produces an alternating current (AC) if the loop is connected to an
external circuit via slip rings and brushes. Thus, the simple loop generator converts mechanical
energy into electrical energy effectively.



Simple Loop Generator(Working)



Parts of Generator



Yoke



Pole Cores and Pole Shoes.



Pole Cores and Pole Shoes.



Armature Core



Commutator



Brushes and Bearings



Armature Windings

The armature winding of a DC generator is a
critical component responsible for generating
electrical power through electromagnetic
induction. It consists of a series of conductive
wires (usually copper) wound on the slots of an
armature core, which rotates within a magnetic
field. The armature winding is where the
electromotive force (EMF) is induced when the
armature cuts through the magnetic flux. There
are two primary types of armature windings in a
DC generator: lap winding and wave winding.



WEEK 09
PAGE 70 - 78



E.M.F Equation of a  Generator



E.M.F Equation of a  Generator



Iron Loss in  Armature



Iron Loss in  Armature



Total Loss in  a D.C Generator



Total Loss in  a D.C Generator



Total Loss in  a D.C Generator



Power Stages



Condition for Maximum Efficiency



WEEK 10
PAGE 80 - 83



Armature Reaction and Related Concepts in
DC Generators
Armature Reaction refers to the effect of the magnetic field produced by the armature current on
the main field flux in a DC generator. This interaction distorts the main field, causing a shift in
the neutral plane (the plane where no EMF is induced) and leading to problems such as sparking
at the brushes, reduced efficiency, and uneven magnetic flux distribution. The distortion can be
classified into two components: demagnetizing and cross-magnetizing effects.

Demagnetizing Conductors:
These are the armature conductors that produce a magnetic field opposing the main field flux.
This opposition reduces the overall magnetic flux, decreasing the generator's voltage output.

Cross-Magnetizing Conductors:
These are the conductors that produce a magnetic field perpendicular to the main field.
This causes flux distortion, leading to a shift in the neutral plane, which can result in sparking at
the brushes.



Compensating Windings
To mitigate the adverse effects of armature reaction, compensating windings are used. These
windings are embedded in the pole faces and carry current proportional to the armature current.
The magnetic field generated by the compensating windings neutralizes the armature reaction in
the pole arc region, ensuring a uniform magnetic field and improving the commutation process.
Number of Compensating Windings:
The number of compensating winding turns per pole can be calculated as:

Where:
Nc : Number of compensating winding turns per pole
Ia: Armature current
Ic : Current per turn in compensating windings
Z: Total number of armature conductors per pole



Interpoles (or Compoles)

Interpoles are small auxiliary poles placed between the main poles of a DC machine. These
poles are connected in series with the armature winding and carry the armature current. The
primary functions of interpoles are:

Neutralize Armature Reaction: They generate a flux that counteracts the cross-magnetizing
effect in the commutator zone.

Aid in Commutation: By inducing a small voltage in the commutator coils, interpoles reduce
sparking and improve the smoothness of the commutation process.

Interpoles are essential for maintaining the performance and efficiency of DC generators under
varying load conditions. Their combined use with compensating windings ensures stable
operation and prevents issues caused by armature reaction.



Interpoles (or Compoles)



WEEK 11
PAGE 85 - 94



Paralleling DC Generators
 In a d.c. power plant, power is usually supplied from several generators of small ratings
connected in parallel instead of from one large generator. This is due to the following reasons: (i)
Continuity of service If a single large generator is used in the power plant, then in case of its
breakdown, the whole plant will be shut down. However, if power is supplied from a number of
small units operating in parallel, then in case of failure of one unit, the continuity of supply can
be maintained by other healthy units. (ii) Efficiency Generators run most efficiently when loaded
to their rated capacity. Electric power costs less per kWh when the generator producing it is
efficiently loaded. Therefore, when load demand on power plant decreases, one or more
generators can be shut down and the remaining units can be efficiently loaded. (iii) Maintenance
and repair Generators generally require routine-maintenance and repair. Therefore, if generators
are operated in parallel, the routine or emergency operations can be performed by isolating the
affected generator while load is being supplied by other units. This leads to both safety and
economy. (iv) Increasing plant capacity In the modern world of increasing population, the use of
electricity is continuously increasing. When added capacity is required, the new unit can be
simply paralleled with the old units. (v) Non-availability of single large unit In many situations, a
single unit of desired large capacity may not be available. In that case a number of smaller units
can be operated in parallel to meet the load requirement. Generally a single large unit is more
expensive



Connecting Shunt Generators in Parallel



Connecting Shunt Generators in Parallel

 (i) The prime mover of generator 2 is brought up to the rated speed. Now switch S4 in the
field circuit of the generator 2 is closed.

(ii) The prime mover of generator 2 is brought up to the rated speed. Now switch S4 in the field
circuit of the generator 2 is closed.  Next circuit breaker CB-2 is closed and the excitation of
generator 2 is adjusted till it generates voltage equal to the bus-bars voltage. This is indicated by
voltmeter V2. 
(iii) Now the generator 2 is ready to be paralleled with generator 1. The main switch S3, is closed,
thus putting generator 2 in parallel with generator 1. Note that generator 2 is not supplying any
load because its generated e.m.f. is equal to bus-bars voltage. The generator is said to be
“floating” (i.e., not supplying any load) on the bus-bars. 

(iv) If generator 2 is to deliver any current, then its generated voltage E should be greater
than the bus-bars voltage V. In that case, current supplied by it is I = (E − V)/Ra where
Ra is the resistance of the armature circuit. By increasing the field current (and hence
induced e.m.f. E), the generator 2 can be made to supply proper amount of load. 



Types of D.C. Generators

The magnetic field in a d.c. generator is normally produced by electromagnets rather than
permanent magnets. Generators are generally classified according to their methods of field
excitation. 

On this basis, d.c. generators are divided into the following two classes:

 (i)  Separately excited d.c. generators
 (ii)Self-excited d.c. generators 

The behaviour of a d.c. generator on load depends upon the method of field excitation adopted.



Separately Excited D.C. Generators



Separately Excited D.C. Generators

Self-Excited D.C. Generators



Series Generator



Shunt Generator



Compound Generator
 In a compound-wound generator, there are two sets of field windings on each pole—one
is in series and the other in parallel with the armature. A compound wound generator
may be: 
(a)  Short Shunt in which only shunt field winding is in parallel with the armature
winding . 
(b)Long Shunt in which shunt field winding is in parallel with both series field and
armature winding



Compound Generator



WEEK 12
PAGE 96 - 107



Characteristics of a Separately Excited
D.C. Generator



Characteristics of a Separately Excited
D.C. Generator



Characteristics of a Separately Excited
D.C. Generator



Characteristics of Series Generator



Characteristics of Series Generator



Characteristics of Series Generator



Characteristics of a Shunt Generator



Characteristics of a Shunt Generator



How to Draw O.C.C. at Different Speeds?



Critical Speed (NC)



Conditions for Voltage Build-Up of a
Shunt Generator



 Voltage Regulation



WEEK 13
PAGE 109



Mathematical Problems on D.C Generator

Mathematical problems related to transformers will be practiced and solved during classroom sessions.
Problems from the prescribed reference book will be addressed, and additional practice materials will be
provided to enhance understanding and proficiency.



WEEK 14
PAGE 111 - 126



D.C. Motors



D.C. Motor Principle

Working of D.C. Motor



Back or Counter E.M.F



Back or Counter E.M.F



Voltage Equation of D.C. Motor



Power Equation



Condition For Maximum Power



Types of D.C. Motors



Types of D.C. Motors



Types of D.C. Motors



Speed of a D.C. Motor



Speed Relations



Speed Regulation



Torque and Speed of a D.C. Motor



 Efficiency of a D.C. Motor



 Power Stages



WEEK 15
PAGE 128 - 134



Characteristics of Shunt Motors



Characteristics of Shunt Motors



Characteristics of Shunt Motors



Characteristics of Series Motors



Characteristics of Series Motors



Characteristics of Series Motors



Characteristics of Series Motors



WEEK 16-17
PAGE 136



Mathematical Problems on D.C Motor

Mathematical problems related to transformers will be practiced and solved during classroom sessions.
Problems from the prescribed reference book will be addressed, and additional practice materials will be
provided to enhance understanding and proficiency.



THE END
FOR YOUR ATTENTION

THANK YOU


