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Basic Course
Information

Course Title Electrical Machine - II 

Course Code EEE- 0714-2203

Credits 03

CIE Marks 90

SEE Marks 60

Exam Hours 
2 hours (Mid Exam)

3 hours (Semester Final Exam)

Level 4th Semester

Academic Session Winter 2025



Continuous
Assessment Pattern

Quizzes

Assignment

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)

After completing this course successfully, the
students will be able to -

CLO 1 

CLO 2

CLO 3 

CLO 4 

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 is essential for the students to learn basic principles and the
operation of AC electrical machines such as synchronous generator,
synchronous motor, three phase and single-phase induction motors. By
understanding these machines' theoretical foundations and practical
applications, students gain insights into efficient power generation,
transmission, and utilization. Furthermore, the course equips learners
with the skills to analyze, design, and troubleshoot synchronous and
induction machines, fostering expertise crucial for electrical engineering
and energy-related industries



Course 
Objectives

 To learn about the basic electrical machines, their operation, and
applications. 

To understand the basic principle and operation of electrical
machines like synchronous generator, synchronous motor, and
induction motor. 

To become acquainted with the applications of these machines in the
electrical power system.



Course
Summary

Serial No. Course Content Hours

1.

Synchronous machines- types-constructional details-types of
armature windings- double layer -integral & fractional slot – lap –
single layer – hemitropic, whole-coil & mush windings - (developed
winding diagram for assignment only.) - Principle of operation -
synchronous generators - EMF equation-winding factor- space and
time harmonics - flux density distribution and their analysis-
armature reaction in 3-phase and 1-phase alternators - leakage
reactance - synchronous reactance - pharos diagram under loaded
condition - load characteristics. 

15

2.

Voltage regulation of alternators- methods for finding regulation -
emf, mmf, Potier methods-salient pole machines - two reaction
theory – regulation by slip test- reluctance power - short circuit
conditions-concept of transient and sub transient reactance’s -
parallel operation of alternators- synchronizing methods - two
alternators in parallel – governor characteristics – load sharing -
synchronizing power- operation on infinite bus bars - torque angle -
maximum power – power angle diagram – methods of excitation -
automatic voltage regulators.

15



Course
Summary

Serial No. Course Content Hours

3.

Synchronous motors- principle of operation- operation on infinite
bus bars - phasor diagrams constant excitation and constant power
output circle diagram - V curves and inverted V curves for motor
and generator operations - hunting and suppression - starting
methods – synchronous condenser – applications of synchronous
motor.

15

4.

Design of synchronous machines - specific loading- choice of
specific electric and magnetic loadings – output equation-
classification-turbo alternators- water wheel generators- -separation
of D and L- main dimensions - short circuit ratio and its
importance in design.

15



Course Plan
Mapped with
CLO

Week
No.

Topics
Teaching-
Learning
Strategy

Assessment
Strategy

Alignment
to CLO

1.

Basic Principle of Alternator Operation,
Details about Stationary Armature,
Details of Construction, Damper
Windings, Speed and Frequency

Lecture,
Multimedia,
Group
Discussion

Feedback,
Q&A CLO 1

2.

Armature Windings, Concentric or
Chain Windings, Two layer Winding,
Wye and Delta Connections,  Short
Pitch Winding, Pitch factor/Chording
factor—Distribution or Breadth Factor
or Winding Factor or Spread Factor

Lecture,
Multimedia,
Practical
Example

Feedback,
Q&A 

CLO 1
CLO 2

3.

Equation of Induced E.M.F, Effect of
Hormonics on Pitch and Distribution
Factors, Factors Affecting Alternator
Size,Vector  Determination of Voltage
Regulation

Lecture,
Multimedia,
Practical
Example

Feedback,
Q&A 

CLO 2
CLO 3



Course Plan
Mapped with
CLO

Week
No.

Topics
Teaching-
Learning
Strategy

Assessment
Strategy

Alignment
to CLO

4.

Operation of Salient Pole Synchronous
Machine, Phasor Diagram for a Salient
Pole Synchronous Machine, Calculations
from Phasor Diagram

Lecture,
Multimedia,
Group
Discussion

Midterm
Quiz #1 CLO 3

5.
Power Developed by a Synchonous
Generator, Conditions for Parallel
operation of Alternators

Lecture,
Multimedia, 

Feedback,
Q&A ,

Assignment
CLO 4

6.

Synchronizing of Alternators,
Synchronizing Current, Synchronizing
Power,Alternators Connected to Infinite
Busbars, Synchronizing Torque, Effect of
Load on Synchronizing Power, Alternative
Expression for Synchronizing Power

Lecture,
Multimedia,
Practical
Example

Feedback,
Q&A 

CLO 3
CLO 4



Course Plan
Mapped with
CLO

Week
No.

Topics
Teaching-
Learning
Strategy

Assessment
Strategy

Alignment
to CLO

7.

Parallel Operation of two Alternators
Effect of Unequal Voltages on
Distribution of Load Time Period of
Oscillation, Maximum Power Output

Lecture,
Multimedia,
Group
Discussion

Feedback,
Q&A CLO 4

8. Mathematical Problems on Alternator
Lecture,
Multimedia

Feedback,
Q&A

Quiz#2
CLO 4

9.

General Principle of Operation, Method
of Starting of Synchronous
Motor,Motor on Load with Constant
Excitation, Power Flow within a
Synchronous Motor, Equivalent Circuit
of a Synchronous Motor, Power
Developed by a Synchronous Motor

Lecture,
Multimedia,
Practical
Example

Feedback,
Q&A ,

Assignment

CLO 1
CLO 2



Course Plan
Mapped with
CLO

Week
No.

Topics
Teaching-
Learning
Strategy

Assessment
Strategy

Alignment
to CLO

10.

Synchronous Motor with Different
Excitations, Effect of increased Load with
Constant Excitation, Effect of Changing
Excitation of Constant Load, Different
Torques of a Synchronous Motor, Power
Developed by a Synchronous Motor,
Alternative Expression for Power
Developed

Lecture,
Multimedia,
Group
Discussion

Feedback,
Q&A 

CLO 2
CLO 3
CLO 4

11.

Construction of V curves Hunting or
Surging or Phase Swinging, Methods of
Starting, Procedure for Starting a
Synchronous Motor, Comparison
between Synchronous and Induction
Motors, Synchronous Motor
Applications

Lecture,
Multimedia,
Practical
Example

Feedback,
Q&A, Quiz

#3 

CLO 3
CLO 4

12.
Mathematical Problems on Synchronous
Motor

Lecture,
Multimedia 

Feedback,
Q&A CLO 4



Course Plan
Mapped with
CLO

Week
No.

Topics
Teaching-
Learning
Strategy

Assessment
Strategy

Alignment
to CLO

13.
Working principle of Induction
Motor,Construction of Induction Motor,
Squirrel-cage Rotor, Phase-wound Rotor

Lecture,
Multimedia, 

Feedback,
Q&A ,

Assignment

CLO 1
CLO 2

14.

Production of Rotating Field, Rotation of
Rotor, Slip, Percentage of Slip,  Analysis
of the Relation between Torque and Rotor
Power Factor

Lecture,
Multimedia, 

Feedback,
Q&A 

CLO 2
CLO 3

15.

Starting Torque, Condition for Maximum
Starting Torque, Effect of Change in
Supply Voltage on Starting Torque,
Torque under Running Condition

Lecture,
Multimedia, 

Feedback,
Q&A CLO 4

16.

Analysis of the Relation between Torque
and Slip & Torque and Speed, Full-load
Torque and Maximum Torque, Starting
Torque and Maximum Torque

Lecture,
Multimedia, 

Feedback,
Q&A ,

Quiz #4
CLO 4



Course Plan
Mapped with
CLO

Week
No.

Topics
Teaching-
Learning
Strategy

Assessment
Strategy

Alignment
to CLO

17.

Torque/Speed Curve, Shape of Torque/
Speed Curve, Torque/Speed
Characteristic,  Equivalent Circuit of an
Induction Motor,   Induction Motor
Operating as a Generator, Power Stages
in an Induction Motor, Torque
Developed by an Induction Motor,
Torque, Mechanical Power and Rotor
Output

Lecture,
Multimedia
,Group
Discussion

Feedback,
Q&A ,

Assignment

CLO 3
CLO 4

18.
Mathematical Problem on Induction
Motor

Lecture,
Multimedia

Feedback,
Q&A CLO 4



Reference Books

M.G. Say P.S. Bhimbra A.K. Sawhney

Performance & Design
of AC machines

Electrical Machinery A Course in Electrical
Machine Design



WEEK 01
PAGE 19 - 26



Alternators



Alternators



Stationary Armature



Construction
Stator Frame



Rotor

(i) Salient (or projecting) Pole Type (ii) Smooth Cylindrical Type



Damper Windings



Speed and Frequency



Speed and Frequency



WEEK 02
PAGE 28 - 37



Armature Windings



Single-layer Winding
Single Layer Winding in Armature Winding refers to an arrangement in
which only one conductor or coil side is placed in each armature slot of
the machine.

It is one of the simplest forms of armature windings used in electrical
machines such as DC machines, alternators, and synchronous machines.



Concentric or Chain Windings



Two-Layer Winding



Concentric or Chain Windings



Concentric or Chain Windings



Wye and Delta Connections



Pitch factor/Chording factor



Distribution or Breadth Factor or
Winding Factor or Spread Factor

 3-phase single-layer winding for a 4-pole
alternator. It has a total of 36 slots i.e. 9
slots/pole. Obviously, there are 3 slots /
phase / pole. For example, coils 1, 2 and 3
belong to R phase. Now, these three coils
which constitute one polar group are not
bunched in one slot but in three different
slots. Angular displacement between any
two adjacent slots = 180°/9 = 20° (elect.)



Distribution or Breadth Factor or
Winding Factor or Spread Factor



WEEK 03
PAGE 39 - 42



Equation of Induced E.M.F



Effects of Harmonics on the Pitch and
Distribution Factor



Factors Affecting Alternator Size



Voltage Regulation



WEEK 04
PAGE 44 - 50



Operation of a Salient Pole Synchronous Machine

The operation of a salient pole synchronous machine involves the
interaction of its rotor and stator magnetic fields to generate or consume
electrical power. The machine consists of a salient (protruding) pole rotor,
which is typically used in low-speed applications such as hydroelectric power
plants. When the machine operates as a generator, the rotor is excited by a
DC current, creating a magnetic field. This rotor is driven at synchronous
speed by a prime mover (e.g., a turbine), and the rotating magnetic field
induces an alternating voltage in the stator windings through
electromagnetic induction.

In synchronous operation, the rotor magnetic field rotates at the same speed
as the stator’s rotating magnetic field. The salient pole structure causes the
machine to exhibit anisotropy—its magnetic reluctance is not uniform in all
directions. This results in two components of the electromagnetic torque: the
synchronous torque, due to interaction between the rotor and stator fields,
and the reluctance torque, caused by the alignment tendency of the rotor’s
poles with the stator’s field to minimize magnetic reluctance.



Operation of a Salient Pole Synchronous Machine

When operating as a motor, the salient pole synchronous machine is
supplied with three-phase AC power to the stator, producing a rotating
magnetic field. The rotor, excited by DC current, aligns itself with the
rotating field and runs at synchronous speed. To start, an auxiliary method
such as a damper winding or external prime mover is used because
synchronous motors cannot self-start.

The salient pole design offers advantages such as better torque
characteristics at low speeds and high efficiency in applications where the
machine speed is relatively slow. However, it exhibits a non-uniform air
gap, leading to a more complex analysis of its performance, including
considerations of direct-axis and quadrature-axis reactances (d-axis and q-
axis). These reactances impact the machine's voltage regulation and
stability, making it essential to account for them in operational analysis.



Phasor Diagram for a Salient Pole Synchronous
Machine



Calculations from Phasor Diagram



Calculations from Phasor Diagram



Calculations from Phasor Diagram



Calculations from Phasor Diagram



WEEK 05
PAGE 52 - 53



Power Developed by a Synchronous Generator



Parallel Operation of Alternators



WEEK 06
PAGE 55 - 61



Synchronizing of Alternators
Synchronizing of Alternators refers to the process of connecting an alternator to a live electrical grid or
another alternator already in operation. Synchronization ensures that the incoming alternator operates
smoothly in parallel without causing disturbances to the system. This process is crucial for maintaining
system stability, sharing loads, and ensuring efficient operation.

Conditions for Synchronizing Alternators

Voltage Equality:
The terminal voltage of the incoming alternator must match the voltage of the existing system or running
alternator.
Frequency Equality:
The frequency of the incoming alternator must be the same as that of the grid or running alternator.
Phase Sequence:
The phase sequence (order of phases: R-Y-B) of the incoming alternator must match the phase sequence of
the existing system.
Phase Angle Matching:
The phase angle of the voltage waveform of the incoming alternator must align with the voltage waveform
of the system.

These conditions ensure that there is minimal voltage difference between the alternator and the grid to
avoid circulating currents and mechanical stresses.



Synchronizing of Alternators

Methods of Synchronizing Alternators

Three Lamp Method:
Three lamps are connected across corresponding phases of the alternator and the grid.
When the lamps darken and brighten simultaneously, the phase sequence is correct, and synchronization
occurs when all lamps are dark (zero potential difference).

Synchroscope Method:
A synchroscope is used to display the difference in frequency and phase between the incoming alternator
and the grid.
The pointer on the synchroscope rotates; the alternator is synchronized when the pointer is stationary and
pointing to the "12 o’clock" position.

Automatic Synchronization:
Modern systems use automatic synchronizers and sensors to adjust the voltage, frequency, and phase
automatically.



Synchronizing of Alternators

Procedure for Synchronizing Alternators
Start the Alternator and bring it to rated speed using the prime mover.
Match the voltage of the incoming alternator to the grid voltage using field excitation.
Check and adjust the frequency of the alternator to match the grid frequency.
Verify the phase sequence using the three-lamp method or a synchroscope.
Wait until the phase angle difference is minimal (synchroscope pointer is stationary).
Close the circuit breaker to connect the alternator to the grid.

Importance of Synchronizing Alternators
Ensures smooth and stable parallel operation.
Prevents circulating currents that can damage the alternator windings.
Maintains voltage stability and frequency in the power system.
Enables load sharing among alternators.



Synchronizing Current
Synchronizing Current refers to the current that flows when an alternator is connected to a power
system or another alternator without perfect synchronization. This current arises due to differences in
voltage magnitude, phase angle, or frequency between the incoming alternator and the running system.
If these differences are significant, the synchronizing current can be very large, potentially causing
severe mechanical and electrical stress.

Synchronizing Power
When an alternator is operating in parallel with a power system, its rotor aligns with the rotating magnetic
field of the stator, maintaining synchronism. If the rotor experiences a small displacement or phase shift, a
torque is developed due to the difference in phase angle between the alternator's internal voltage and the
system voltage. This torque produces synchronizing power, which works to restore the rotor back to its
original position.

Synchronizing power is directly proportional to the change in phase angle (δ\deltaδ) and helps maintain
the stability of the alternator in the power system.



Alternators Connected to Infinite Bus-bars



Synchronizing Torque



Effect  of Load on Synchronizing  Power



WEEK 07
PAGE 63 - 68



Parallel Operation of Two Alternators



Parallel Operation of Two Alternators



Effect of Unequal Voltage



Maximum Power Output



Maximum Power Output



Maximum Power Output



WEEK 08
PAGE 70



Mathematical Problems on Alternator

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 09
PAGE 72 - 82



Synchronous Motor



Principle of Operation



Principle of Operation



Principle of Operation



Motor on Load with Constant Excitation



Motor on Load with Constant Excitation



Power Flow within a Synchronous Motor



Power Flow within a Synchronous Motor



Power Flow within a Synchronous Motor



 Equivalent Circuit of a Synchronous Motor



Power Developed by a Synchronous Motor



WEEK 10
PAGE 84 - 89



Synchronous Motor with Different Excitations



Synchronous Motor with Different Excitations



Different Torques of a
Synchronous Motor



Power Developed by a Synchronous Motor



Power Developed by a Synchronous Motor



Power Developed by a Synchronous Motor



WEEK 11
PAGE 91 - 97



Construction of V-curves



Construction of V-curves



Methods of Starting



Methods of Starting



Procedure for Starting a Synchronous Motor



Comparison Between Synchronous and
Induction Motors



Synchronous Motor Applications



WEEK 12
PAGE 99



Mathematical Problems on Synchronous 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.



WEEK 13
PAGE 101 - 107



Induction Motor



Induction Motor



Construction



Construction



Squirrel-cage Rotor



Phase-wound Rotor



Phase-wound Rotor



WEEK 14
PAGE 109 - 115



Production of Rotating Field



Production of Rotating Field



Why Does the Rotor Rotate ?
The rotor in an electrical machine rotates due to the interaction between magnetic fields and current-
carrying conductors, which produces a torque. Here's an explanation of the process:

Magnetic Field Creation: When an electrical current flows through the stator windings (stationary part of
the machine), it creates a rotating magnetic field in the air gap between the stator and rotor.

Induced Currents (in Induction Motors): If the rotor is not rotating initially, the relative motion between
the rotor and the rotating magnetic field induces currents in the rotor conductors, following Faraday's
Law of Electromagnetic Induction.

Lorentz Force: The interaction between the induced currents in the rotor and the stator's magnetic field
generates a force (Lorentz force) on the rotor conductors. This force acts tangentially to the rotor,
creating a torque.

Synchronization in Synchronous Motors: In synchronous motors, the rotor already contains a permanent
magnet or an electromagnet. The rotor aligns itself with the stator's rotating magnetic field, causing
continuous rotation.

Energy Conversion: The torque produced by the interaction of the magnetic fields and current causes the
rotor to turn, converting electrical energy into mechanical energy.

In summary, the rotor rotates due to the magnetic interaction between the stator and rotor fields. This
principle is foundational to the operation of various electrical machines, such as motors and generators.



Why Does the Rotor Rotate ?



Slip



Relation Between Torque and Rotor Power Factor



Relation Between Torque and Rotor Power Factor



WEEK 15
PAGE 117 - 122



Starting Torque



Starting Torque of a Squirrel Cage Motor



Starting Torque of a Slip Ring Motor



Condition for Maximum Starting Torque



Effect of Change in Supply Voltage on Starting
Torque



Torque Under Running Conditions



WEEK 16
PAGE 124 - 129



Condition for Maximum Torque Under Running
Conditions



Condition for Maximum Torque Under Running
Conditions



Condition for Maximum Torque Under Running
Conditions



Relation Between Torque and Slip



Full-load Torque and Maximum Torque



Starting Torque and Maximum Torque



WEEK 17
PAGE 131 - 137



Shape of Torque/Speed Curve



Current/Speed Curve of an Induction Motor



Induction Motor Operating as a Generator



Induction Motor Operating as a Generator



 Power Stages in an Induction Motor



Torque Developed by an Induction Motor



Induction Motor Torque Equation



WEEK 18
PAGE 139



Mathematical Problems on Induction 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.


