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INSTITUTIONAL VISION AND MISSION

VISION:

e Development of academically excellent, culturally vibrant, socially responsible and
globally competent human resources.

MISSION:

e To keep pace with advancements in knowledge and make the students competitive
and capable at the global level.

e To create an environment for the students to acquire the right physical, intellectual,
emotional and moral foundations and shine as torchbearers of tomorrow's society.

e To strive to attain ever-higher benchmarks of educational excellence.

Department Vision and Mission
Vision:

To create Electrical and Electronics Engineers who excel to be technically competent

and fulfill the cultural and social aspirations of the society.
Mission:

e To provide knowledge to students that builds a strong foundation in the basic
principles of electrical engineering, problem solving abilities, analytical skills, soft
skills and communication skills for their overall development.

e To offer outcome based technical education.

e To encourage faculty in training & development and to offer consultancy through

research & industry interaction.



Program Educational Objectives (PEOS)

PEO1: To produce competent and ethical Electrical and Electronics Engineers who will
exhibit the necessary technical and managerial skills to perform their duties in society.
PEO2: To make students continuously acquire and enhance their technical and socio-eco-
nomic skills.

PEO3: To aspire students on R&D activities leading to offering solutions and excel in
various career paths.

PEO4: To produce quality engineers who have the capability to work in teams and contribute

to real time projects.

Program Outcomes (POs)

Engineering Graduates will be able to:

PO1: Engineering Knowledge: Apply the knowledge of mathematics, science,
engineering fundamentals and an engineering specialization to the solution of complex
engineering problems.

PO2: Problem Analysis: Identify, formulate, review research literature, and analyze
complex engineering problems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences.

PO3: Design / Development of solutions: Design solutions for complex engineering
problems and design system components or processes that meet the specified needs with
appropriate consideration for the public health and safety, and the cultural, societal, and
environmental considerations.

PO4: Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data, and
synthesis of the information to provide valid conclusions.

PO5: Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and modeling to complex

engineering activities with an understanding of the limitations.



POG6: The engineer and society: Apply reasoning informed by the contextual knowledge
to assess societal, health, safety, legal and cultural issues and the consequent
responsibilities relevant to the professional engineering practice.

PO7: Environment and sustainability: Understand the impact of the professional
engineering solutions in societal and environmental contexts, and demonstrate the
knowledge of, and need for sustainable development.

PO8: Ethics: Apply ethical principles and commit to professional ethics and
responsibilities and norms of the engineering practice.

PO9: Individual and team work: Function effectively as an individual and as a member
or leader in diverse teams, and in multidisciplinary settings.

PO10: Communication: Communicate effectively on complex engineering activities with
the engineering community and with society at large, such as, being able to comprehend
and write effective reports and design documentation, make effective presentations, and
give and receive clear instructions.

PO11: Project management and finance: Demonstrate knowledge and understanding of
the engineering management principles and apply these to one’s own work, as a member
and leader in a team, to manage projects and in multidisciplinary environments.

PO12: Life-long learning: Recognize the need for and have the preparation and ability to
engage in independent and lifelong learning in the broadest context of technological

change.

Program Specific Outcomes (PSOs)

The students will develop an ability to produce the following engineering traits:

. PSO1: Apply the concepts of Electrical & Electronics Engineering to evaluate the perfor-

mance of power systems and also to control industrial drives using power electronics.

. PSO2: Demonstrate the concepts of process control for Industrial Automation, design

models for environmental and social concerns and also exhibit continuous self- learning.



MODULE-1

Representation of Power System Components

Course Objectives

1. Tointroduce the per unit system and explain its advantages and computation.
2. Toexplain the concept of one line diagram and its implementation in problems.
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1.1 Introduction

1

A complete diagram of a power system representing all the three phases becomes too complicated for a system of practical size,
so much so that it may no longer convey the information it is intended to convey.
It is much more practical to represent a power system by means of simple symbols for each component resulting in what is
called a one-line diagram.
Per unit system leads to great simplification of three-phase networks involving transformers.
An impedance diagram drawn on a per unit basis does not require ideal transformers to be included in it.
An important element of a power system is the synchronous machine, which greatly influences the system behaviour during both
steady state and transient conditions.
The synchronous machine model in steady state is presented in this module.
A 32 power system is symmetrical if impedance of all 3 phases are equal.
The 32 voltages/currents are said to be balanced if the three voltage/currents are equal in magnitude and have the same phase
angle between them.
To plan the operation, improvement and expansion of power system thorough analysis is required
e Hence it is necessary to model the power system network.
e Itis very difficult to completely model and analyse a large interconnected 3@ power system.
e But due to symmetry of system and balanced voltages a 3phase symmetrical balanced system can be reduced to a single
phase system for analysis purpose

A power system mainly consists of generating stations, transmission lines and distribution lines. Generating stations and distribution
systems are connected through transmission lines

A three phase power system is said to be symmetrical when the system is viewed from any phase is similar. Three phase
voltages(currents) are said to be balanced if three voltages (or currents ) are equal in magnitude and have the same phase angle difference
e with respect to each other
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Fig 1.1 power system network

1.2 Single-phase Representation of Balanced Three Phase Networks

1 The solution of a three-phase network under balanced conditions is easily carried out by solving the single-phase network corresponding to
the reference phase.
2 Figure 1.1 shows a simple, balanced three-phase network. The generator and load neutrals are therefore at the same potential, so that In = 0.
3 Thus the neutral impedance Zn does not affect network behaviour. For the reference phase a

E,=(Zg+ 21,
4  Thus the neutral impedance Zn does not affect network behaviour. For the reference phase a. The currents and voltages in the other phases

have the same magnitude but are progressively shifted in phase by 120°. Eqn.1.1 corresponds to the single-phase network of Fig. 1.2 whose
solution completely determines t he solution of the three-phase network.
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5 Consider now the case where a three-phase transformer forms part of a three-phase system. If the transformer is YIY connected as shown in

Fig. 1.3(a), in the single-phase equivalent of the three-phase circuit it can be obviously represented by a single-phase transformer [as in
Fig.1.3(b) with primary and secondary pertaining to phase a of the three-phase transformer.

If the transformer is Y/4 connected as in Fig. 1.4(a), the delta side has to be replaced by an equivalent star connection as shown dotted so as
to obtain the single-phase equivalent of Fig. 1.4(b).
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Figure 1.2: Single-phase equivalent of a balanced three-phase network of Fig. 1.1
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(a) Three-phase Y'Y transformer (b) Single-phase representation of
three-phase Y7Y transformer
Fig. 1.3(a) Fig. 1.3(b)

10 On the delta side the voltage to neutral VAN and line current IA have a certain phase angle shift* from the star side values Van and la (90°
for the phase labelling shown).

11 Inthe single- phase equivalent (VAN, IA) are respectively in phase with (Van and la). Since both phase voltage and line current shift through
the same phase angle from star to delta side, the transformer per phase impedance and power flow are preserved in the single-phase
equivalent. In most analytical studies, we are merely interested in the magnitude of voltages and currents so that the single-phase equivalent
of Fig. 1.4(b) is an acceptable proposition. Wherever proper phase angles of currents and voltages are needed, correction can be easily
applied after obtaining the solution through a single-phase transformer equivalent.
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a 1 N2V 3 A
Iy Lo Iy
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IU n N
(a) YIA transformer with equivalent star connection {b) Single-phase equivalent of Y/A transformer
Fig. 1.4
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1.2.1 COMPONENTS OF A POWER SYSTEM

1. Alternator

2. Power transformer

3. Transmission lines

4. Substation transformer

5. Distribution transformer

6. Loads

1.3 Steady State Model of Power System Components:

a) Modelling of Generator and Synchronous Motor

—* 1z “*— Iin
1=<s iXs
Ra Ra
¥ Eg X Fm
Fig 1.5: 1® equivalent circuit of generator Fig 1.6: 1® equivalent circuit of synchronous motor
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b) Modelling of Transformer:

Ryt =Ry +Ry, =Ry + K2  =Equivalentresistance referred to 1°

X

Xgl :X1 +X3 = X1 + W . =Equivalent reactance referred to 1°
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C) Modelling of Transmission Line:

R '.
e X2
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Fig 1.8: I type Fig 1.9: T type

d) Modelling of Induction Motor:

I I R x
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Fig 1.10: Equivalent circuit of Induction motor

R,- ( 1_—1) =Resistance representing load

S
R = RS + Rr =Equivalent resistance referred to stator
X :XS Jr)(r =Equivalent reactance referred to stator
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1.4 One Line Diagram

It is a diagrammatic representation of a power system in which the components are represented by their symbols.
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Fig 1.11: Single line diagram
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Table 1.2: Power components and symbols

=| Busbar (substation)

Power Component Symbol Power Component Symbol
@— =| Generator % Circuit breaker
Transmission
@ =| Transformer _— .
line
_®_ =| Motor —_— Feeder + load

1.4.1 Impedance Diagram

This diagram obtained by replacing each component by their 1® equivalent circuit.
Following approximations are made to draw impedance diagram
1. The impedance b/w neutral and ground omitted.

2. Shunt branches of the transformer equivalent circuit neglected.

1.4.2 Reactance Diagram

e It is the equivalent circuit of the power system in which the various components are represented by their respective equivalent

circuit.

e Reactance diagram can be obtained after omitting all resistances & capacitances of the transmission line from impedance

diagram

Department of Electrical and Electronics Engineering, Mysuru

Page 10



0 I VI

X1 Xjso0 X1

Fig 1.12:‘Reactance diagram for the given power system network

1.5 Per Unit System:

It is defined as the ratio of actual value of any quantity in any unit to the base value in the same unit
Per unit=Actual value/Base value
Let KVAp,=Base KVA

kVp=Base voltage Z,=Base impedance in Q
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1.5.1 CHANGING THE BASE OF PER UNIT QUANTITIES

Let z = actual impedance(Q)

Zp= base impedance ()

Z Z Z* MVAp
Z =
pu Zp = (K P = (kV} )?
MVAg

Let KV} oig; MVA p o1g represent old base values

KVp, new . MVA , new represent new base values

— Z* MVAb oid 5 (1)

p .u old
( KkVpb old )2
Z = IVIVA
Z — p .u . old b .old — (2)
( KkVb old )2
Z*FTMVA )
Zp,u _rneww - e.new % (3)
o (KVb new )?
MVA
= (ka old )2 b .new
puen 7 . MVA
p .u old (k'v'b new )“ =k b .old
Page 12
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1.5.2 : PU Calculation of 3 Winding Transformer

common

Fig 1.13: 3winding transformer

Zp=Impedance of primary winding
Zs’=Impedance of secondary winding Zt’=Impedance of tertiary winding

Short circuit test conducted to find out the above 3 impedances
Zs= Yo[Zst+Zps-Zpt]

Zp=Ya[ Zps+Zpt- Zst]

Zt=Yo[Zst+ Zpt-Zps]

Z s = Leakage impedance measured in 1° with 2° short circuited and tertiary open.

Z pt= Leakage impedance measured in 1° with tertiary short circuited and 2° open.

Z s = Leakage impedance measured in 2° with tertiary short circuited and 1° open and referred to primary
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1.5.3 ADVANTAGES OF PER UNIT CALCULATIONS

e The p.u impedance referred to either side of a 1® transformer is same
e The manufacturers provide the impedance value in p.u
e The p.u impedance referred to either side of a 3® transformer is same regardless of the 3® connections Y-Y, -Y

e P.U value always less than unity.

1.5.4 PROCEDURE TO FORM REACTANCE DIAGRAM FROM SINGLE DIAGRAM:

. Select a base power kVA, or MVA,

. Select a base voltage kVy,

. The voltage conversion is achieved by means of transformer kV,, on LT section=kVy, on HT section x LT voltage rating/HT
voltage rating

. When specified reactance of a component is in ohms p.u reactance=actual reactance/base reactance specified reactance of a
component is in p.u

(ka Jold )3 MVAb .new

_MVA

b .old

*k
p .U . new p .u .old (ka new )3
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Course Outcome

At the end of the module, students will be able to:
*1.Apply the per unit system for one line diagram of power systems. [L3]
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