Credit: 3
3L+0T+0P

RAJASTHAN TECHNICAL UNIVERSITY, KOTA

Scheme & Syllabus
IV Year- VII & VIII Semester: B. Tech. (Electrical Engineering)

7EES5-11: WIND AND SOLAR ENERGY SYSTEM

Max. Marks: 150(IA:30, ETE:120)
End Term Exam: 3 Hours

SN

CONTENTS

Hours

1

Introduction: Objective, scope and outcome of the course.

1

2

Physics of Wind Power

History of wind power, Indian and Global statistics, Wind physics, Betz
limit, Tip speed ratio, stall and pitch control, Wind speed statistics-
probability distributions, Wind speed and power-cumulative distribution
functions.

5

Wind Generator Topologies

Review of modern wind turbine technologies, Fixed and Variable speed
wind turbines, Induction Generators, Doubly-Fed Induction Generators
and their characteristics, Permanent Magnet Synchronous Generators,
Power electronics converters. Generator-Converter configurations, Con-
verter Control.

11

The Solar Resource

Introduction, solar radiation spectra, solar geometry, Earth Sun angles,
observer Sun angles, solar day length, Estimation of solar energy avail-
ability.

Solar Photovoltaic

Technologies-Amorphous, monocrystalline, polycrystalline; V-I characte-
ristics of a PV cell, PV module, array, Power Electronic Converters for
Solar Systems, Maximum Power Point Tracking (MPPT) algorithms. Con-
verter Control.

Network Integration Issues

Overview of grid code technical requirements. Fault ride-through for
wind farms - real and reactive power regulation, voltage and frequency
operating limits, solar PV and wind farm behavior during grid distur-
bances. Power quality issues. Power system interconnection experiences
in the world. Hybrid and isolated operations of solar PV and wind sys-
tems.

Solar Thermal Power Generation
Technologies, Parabolic trough, central receivers, parabolic dish, Fres-
nel, solar pond, elementary analysis.

TOTAL
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Text/Reference Books

1 | T. Ackermann, “Wind Power in Power Systems”, John Wiley and Sons Ltd.,
2005.

2 | G. M. Masters, “Renewable and Efficient Electric Power Systems”, John Wiley
and Sons, 2004.

3 | S. P. Sukhatme, “Solar Energy: Principles of Thermal Collection and Storage”,
McGraw Hill, 1984.

4 | H. Siegfried and R. Waddington, “Grid integration of wind energy conversion
systems” John Wiley and Sons Ltd., 2006.

S | G. N. Tiwari and M. K. Ghosal, “Renewable Energy Applications”, Narosa Publi-
cations, 2004.

6 | J. A. Duffie and W. A. Beckman, “Solar Engineering of Thermal Processes”, John Wiley
& Sons, 1991
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7EE4-12: POWER QUALITY AND FACTS
Credit: 3 Max. Marks: 150(IA:30, ETE:120)
3L+0T+0P End Term Exam: 3 Hours

SN CONTENTS Hours

1 | Introduction: Objective, scope and outcome of the course. 01

2 | Transmission Lines and Series/Shunt Reactive Power Compensa- | 04
tion

Basics of AC Transmission. Analysis of uncompensated AC transmis-
sion lines. Passive

Reactive Power Compensation. Shunt and series compensation at the
mid-point of an AC

line. Comparison of Series and Shunt Compensation

3 | Thyristor-based Flexible AC Transmission Controllers (FACTS) 06
Description and Characteristics of Thyristor-based FACTS devices:
Static VAR Compensator (SVC), Thyristor Controlled Series Capacitor
(TCSC), Thyristor Controlled Braking Resistor and Single Pole Single
Throw (SPST) Switch. Configurations/Modes of Operation, Harmonics
and control of SVC and TCSC. Fault Current Limiter.

4 | Voltage Source Converter based (FACTS) controllers 08
Voltage Source Converters (VSC): Six Pulse VSC, Multi-pulse and Mul-
ti-level Converters, Pulse-Width Modulation for VSCs. Selective Har-
monic Elimination, Sinusoidal PWM and Space Vector Modulation.
STATCOM: Principle of Operation, Reactive Power Control: Type I and
Type II controllers, Static Synchronous Series Compensator (SSSC)
and Unified Power Flow Controller (UPFC): Principle of Operation and
Control. Working principle of Interphase Power Flow Controller. Other
Devices: GTO Controlled Series Compensator. Fault Current Limiter

5 | Application of FACTS 04
Application of FACTS devices for power-flow control and stability im-
provement. Simulation example of power swing damping in a single-
machine infinite bus system using a TCSC.

Simulation example of voltage regulation of transmission mid-point
voltage using a

STATCOM.

6 | Power Quality Problems in Distribution Systems 04
Power Quality problems in distribution systems: Transient and Steady
state variations in

voltage and frequency. Unbalance, Sags, Swells, Interruptions, Wave-
form Distortions: harmonics, noise, notching, dc-offsets, fluctuations.
Flicker and its measurement. Tolerance of Equipment: CBEMA curve..

7 | DSTATCOM 07
Reactive Power Compensation, Harmonics and Unbalance mitigation
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in Distribution Systems using DSTATCOM and Shunt Active Filters.
Synchronous Reference Frame Extraction of Reference Currents. Cur-
rent Control Techniques in for DSTATCOM.

8 | Dynamic Voltage Restorer and Unified Power Quality Conditioner 06
Voltage Sag/Swell mitigation: Dynamic Voltage Restorer — Working
Principle and Control Strategies. Series Active Filtering. Unified Power
Quality Conditioner (UPQC): Working Principle. Capabilities and Con-
trol Strategies.

TOTAL

Text/Reference Books

1 | N. G. Hingorani and L. Gyugyi, “Understanding FACTS: Concepts and Technol-
ogy of FACTS Systems”, Wiley-IEEE Press, 1999.

2 | K. R. Padiyar, “FACTS Controllers in Power Transmission and Distribution”,
New Age International (P) Ltd. 2007.

3 | T. J. E. Miller, “Reactive Power Control in Electric Systems”, John Wiley and
Sons, New York, 1983.

4 | R. C. Dugan, “Electrical Power Systems Quality”, McGraw Hill Education,
2012.

S | G. T. Heydt, “Electric Power Quality”, Stars in a Circle Publications, 1991
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7EES-13: CONTROL SYSTEM DESIGN

Credit: 3 Max. Marks: 150(IA:30, ETE:120)
3L+0T+0P End Term Exam: 3 Hours
SN CONTENTS Hours

1 | Introduction : Objective, scope and outcome of the course. 1

2 | Design Specifications 08
Introduction to design problem and philosophy. Introduction to time
domain and frequency domain design specification and its physical re-
levance. Effect of gain on transient and steady state response. Effect of
addition of pole on system performance. Effect of addition of zero on
system response..

3 | Design of Classical Control System in the time domain 07
Introduction to compensator. Design of Lag, lead lag-lead compensator
in time domain.

Feedback and Feed forward compensator design. Feedback compensa-
tion. Realization of
compensators.

4 | Design of Classical Control System in frequency domain 08
Compensator design in frequency domain to improve steady state and
transient response.

Feedback and Feed forward compensator design using bode diagram.

5 | Design of PID controllers 06
Design of P, PI, PD and PID controllers in time domain and frequency
domain for first,
second and third order systems. Control loop with auxiliary feedback -

Feed forward control

6 | Control System Design in state space 08
Review of state space representation. Concept of controllability & ob-
servability, effect of
pole zero cancellation on the controllability & observability of the sys-
tem, pole placement design through state feedback. Ackerman’s For-
mula for feedback gain design. Design of Observer. Reduced order ob-
server. Separation Principle.

7 | Nonlinearities and its effect on system performance 03
Various types of non-linearities. Effect of various non-linearities on sys-
tem performance.

Singular points. Phase plot analysis
TOTAL
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Text/Reference Books

N. Nise, “Control system Engineering”, John Wiley, 2000.

I. J. Nagrath and M. Gopal, “Control system engineering”, Wiley, 2000.

M. Gopal, “Digital Control Engineering”, Wiley Eastern, 1988.

K. Ogata, “Modern Control Engineering”, Prentice Hall, 2010.

B. C. Kuo, “Automatic Control system”, Prentice Hall, 1995.

VUl A |WIN|

J. J. D’Azzo and C. H. Houpis, “Linear control system analysis and design
(conventional and modern)”, McGraw Hill, 1995.

7 | R. T. Stefani and G. H. Hostetter, “Design of feedback Control Systems”,
Saunders College Pub, 1994
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7EE4-21: EMBEDDED SYSTEM LAB

Credit: 2 Max. Marks: 100(IA:60, ETE:40)
OL+0T+4P
SN Contents
1 | Introduction to Embedded Systems and their working.
Data transfer instructions using different addressing modes and block trans-
fer.
3 | Write a program for Arithmetic operations in binary and BCD-addition, sub-
traction, multiplication and division and display.
4 | Interfacing D/A converter & Write a program for generation of simple wave-
forms such as triangular, ramp, Square etc.
5 | Write a program to interfacing IR sensor to realize obstacle detector.
6 | Write a program to implement temperature measurement and displaying the
same on an LCD display.
7 | Write a program for interfacing GAS sensor and perform GAS leakage detec-
tion.
8 | Write a program to design the Traffic Light System and implement the same
using suitable hardware.
9 | Write a program for interfacing finger print sensor.
10 | Write a program for Master Slave Communication between using suitable
hardware and using SPI
11 | Write a program for variable frequency square wave generation using with
suitable hardware.
12 | Write a program to implement a PWM based speed controller for 12 V/24V DC
Motor incorporating a suitable potentiometer to provide the set point.
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7EE4-22: Advanced Control System Lab

Credit: 2 Max. Marks: 100(IA:60, ETE:40)
OL+0T+4P
SN Contents

1 | Determination of transfer functions of DC servomotor and AC servomotor.

2 | Time domain response of rotary servo and Linear servo (first order and second
order) systems using MATLAB/Simulink.

3 | Simulate Speed and position control of DC Motor

4 | Frequency response of small-motion, linearized model of industrial robot (first
and second order) system using MATLAB.

5 | Characteristics of PID controllers using MATLAB. Design and implementation
of P, PI and PID Controllers for temperature and level control systems;

6 | Design and implement closed loop control of DC Motor using MAT-
LAB/Simulink and suitable hardware platform.

7 | Implementation of digital controller using microcontroller;

8 | Design and implementation of controller for practical systems - inverted pen-
dulum system.

9 | To design and implement control action for maintaining a pendulum in the
upright position (even when subjected to external disturbances) through LQR
technique in an Arduino Mega.

10 | The fourth order, nonlinear and unstable real-time control system (Pendulum
& Cart Control System)

11 | Mini project on real life motion control system
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