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COURSE PLAN (2022 – 2023 ODD SEMESTER)
	Name of the Faculty
	

	Designation/Department
	Assistant Professor / ECE

	Course Code/Name
	U20EC304 / Electrical Engineering and Control Systems

	Year/Section/Department
	II / A / ECE

	Credits Details
	L: 3
	T: 0
	P: 0
	C: 3

	Total Contact Hours Required
	45


Syllabus:

	UNIT I / D.C. MACHINES
	No. of Periods: 09

	Constructional details – emf equation –Methods of excitation – Self and separately excited generators –Characteristics of series, shunt and compound generators – Principle of operation of D.C. motor – Back emf and torque equation – Characteristics of series, shunt and compound motors – Starting of D.C. motors – Types of starters - Testing, brake test and Swinburne’s test – Speed control of D.C. shunt motors.

	UNIT II / TRANSFORMERS
	No. of Periods: 09

	Constructional details –Principle of operation – emf equation – Transformation ratio –Transformer on no load – Parameters referred to HV/LV windings – Equivalent circuit – Transformer on load – Regulation – Testing – Load test, open circuit and short circuit tests.

	UNIT III / COMPONENTS OF CONTROL SYSTEM
	No. of Periods: 09

	Basic elements in control system, Mathematical modeling of electrical and mechanical systems (Translational and Rotational) – Analogous system – Block diagram representation of systems – Block diagram reduction techniques – Signal flow graph.

	UNIT IV / TIME DOMAIN RESPONSE AND STABILITY ANALYSIS 
	No. of Periods: 09

	Standard test signals – First order system – Step, ramp and impulse response analysis – Second order system – Step response analysis – Steady state error – Generalized error coefficients – Controllers – Stability analysis – Routh Hurwitz criterion – Root locus method.

	UNIT V / FREQUENCY DOMAIN ANALYSIS
	No. of Periods: 09

	Frequency response analysis- Polar plots, Bode plot, Stability in frequency domain, Nyquist plots, Nyquist stability criterion.


Objective:

	· To impart knowledge on Constructional details, principle of operation, performance, starters and testing of D.C. machines.

· To impart knowledge on Constructional details, principle of operation and performance of transformers.

· To introduce the components and their representation of control systems.

· To learn various methods for analyzing the time domain response, frequency domain response and stability of the systems.


Text Book:

	T1: S.K.Bhattacharya, Electrical Machines, Tata McGraw Hill Publishing company Ltd, second edition, 2007.
T2: Nagrath & Gopal, Control System Engineering, New Age International, New Delhi, 4th Eidition, 2015.


Reference Book: 
	R1: Benjamin.C.Kuo, Automatic control systems, Prentice Hall of India, 7th Edition, 1995. 

R2: K. Ogata, Modern Control Engineering, 5th edition, PHI, 2012. 

R3: S.K.Bhattacharya, Control System Engineering, 3rd Edition, Pearson, 2013.

R4: C.L. Wadhwa, Electrical Power Systems, New Age International, 4thedition, 2007.


Website: 
	W1: https://www.youtube.com/watch?v=xsWNGcZ-jds- Topic 1 to 9
W2: https://www.youtube.com/watch?v=hXLA5sdT9Cs- Topic 10 to 18
W3: https://www.youtube.com/watch?v=sF88DdDCrRA- Topic 19 to 26
W4: https://www.youtube.com/watch?v=luxfw0Ney3o - Topic 27 to 37
W5: https://www.youtube.com/watch?v=fqwYTY9Cxyg - Topic 38 to 45


Online Mode of Study (if Any):
	· NPTEL: Course on “Introduction to System and Control” coordinated by IIT Madras, with 12 modules. Link: https://nptel.ac.in/courses/108/106/108106098/ 
· Udemy: A certificate program in “Introduction to control system” with 40 lectures. 

      Link: https://www.udemy.com/course/introduction-to-control-systems-for-engineers/     


Course Plan:

	Topic Number
	Topic
	Reference Detail
	Page Number
	Mode of teaching
	Number of Periods Required
	Cumulative Period

	UNIT I D.C. MACHINES

	1. 
	DC Machines of Constructional details
	T1, W1, R3
	25
	BB
	1
	1

	2. 
	EMF equation
	T1, W1, R3
	26 - 33
	BB
	2
	2

	3. 
	Methods of excitation & Self and separately excited generators
	T1, W1, R3
	35 - 39
	BB
	1
	3

	4. 
	Characteristics of series, shunt and compound generators
	T1, W1, R3
	59 - 120
	BB
	3
	4

	5. 
	Principle of operation of D.C. motor
	T1, W1, R3
	169 - 173
	BB
	1
	5

	6. 
	Back emf and torque equation
	T1, W1, R3
	205-226, 141-143 
	BB
	1
	6

	7. 
	Characteristics of series, shunt and compound motors
	T1, W1, R3
	143 - 151
	BB
	1
	7

	8. 
	Starting of D.C. motors , Types of starters , Testing, brake test and Swinburne’s test
	T1, W1, R3
	155 - 169
	BB
	1
	8

	9. 
	Flipped Learning -Speed control of D.C. shunt motors.
	R3
	171 - 172
	BB
	1
	9

	Outcome of Unit I:

CO1: Understand the principles and characteristics of motors.

	UNIT II TRANSFORMERS

	10. 
	Transformer Constructional details
	T1
	308 - 310
	BB
	1
	10

	11. 
	Principle of operation
	T1
	310 - 329
	BB
	2
	11

	12. 
	EMF equation
	T1
	310 - 329
	BB
	2
	12

	13. 
	Transformation ratio & Transformer on no load
	T1
	308 - 310
	BB
	1
	13

	14. 
	Parameters referred to HV/LV windings
	T1
	229 - 267, 272 - 297
	BB
	1
	14

	15. 
	Equivalent circuit
	T1
	450 - 477
	BB
	3
	15

	16. 
	Transformer on load
	T1
	520
	BB
	1
	16

	17. 
	Flipped Learning -Regulation & Testing
	T1
	521-524
	BB
	1
	17

	18. 
	Load test, open and short circuit tests
	T1
	524-526
	BB
	1
	18

	Outcome of Unit II:

CO2: Know the concepts of transformers

	UNIT III COMPONENTS OF CONTROL SYSTEM

	19. 
	Basic elements in control system
	T1,R3
	423 - 444
	BB
	1
	19

	20. 
	Mathematical modeling of electrical and mechanical systems (Translational and Rotational)
	T1,R3
	369 - 374
	BB
	3
	22

	21. 
	Analogous system
	T1,R3
	349 - 361
	BB
	1
	23

	22. 
	Block diagram representations.
	T1,R3
	374 - 377
	BB
	1
	24

	23. 
	Flipped Learning -Block diagram reduction techniques
	T1,R3
	380 - 383, 
	BB
	1
	25

	24. 
	Signal flow graph
	T1,R3
	387 - 395
	BB
	1
	26

	Outcome of Unit III:

CO3: Identify the various control system components and their representations 

	UNIT IV TIME DOMAIN RESPONSE AND STABILITY ANALYSIS

	25. 
	Standard test signals
	T2, W3, R3
	23 - 24
	BB
	1
	27

	26. 
	First order system
	T2, W3, R3
	113 - 114
	BB
	1
	28

	27. 
	Step, ramp and impulse response analysis
	T2, W3, R3
	93 - 100
	BB
	1
	29

	28. 
	Second order system
	T2, W3, R3
	139 - 167
	BB
	1
	30

	29. 
	Step response analysis
	T2, W3, R3
	109 - 131
	BB
	1
	31

	30. 
	Steady state error
	T2, W3, R3
	37 - 55
	BB
	1
	32

	31. 
	Generalized error coefficients
	T2, W3, R3
	55 - 57
	BB
	1
	33

	32. 
	Controllers
	T2, W3, R3
	57 - 58
	BB
	1
	34

	33. 
	Stability analysis
	T2, W3, R3
	64 - 68
	BB
	1
	35

	34. 
	Routh Hurwitz criterion
	T2, W3, R3
	71 - 72
	BB
	1
	36

	35. 
	Root locus method
	T2, W3, R3
	72 - 76
	BB
	1
	37

	Outcome of Unit IV:

CO4: Analyze the various time domain parameters 

	UNIT V FREQUENCY DOMAIN ANALYSIS

	36. 
	Frequency response analysis
	T2, W5
	239 - 260
	BB
	1
	38

	37. 
	Polar plots
	T2, W5
	277– 306, 317 - 340
	BB
	2
	40

	38. 
	Bode plot
	T2, W5
	351 – 363, 373 - 398
	BB
	2
	42

	39. 
	Stability in frequency domain
	T2, W5
	398 – 403, 411 - 440
	BB
	1
	43

	40. 
	Nyquist plots
	T2, W5
	493 - 498
	BB
	1
	44

	41. 
	Nyquist stability criterion
	T2, W5
	498 - 499
	BB
	1
	45

	Outcome of Unit V:

CO5: Analysis the various frequency response plots and its system


Course Outcome:

	At the end of course:

Students should be able to do:

      CO1: Understand the principles and characteristics of motors.
      CO2: Know the concepts of transformers.
      CO3: Identify the various control system components and their representations.
      CO4: Analyze the various time domain parameters.
CO5: Analysis the various frequency response plots and its system.


Course Outcome Vs. Program Outcome Mapping:
	CO
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO 1
	1
	-
	1
	-
	1
	-
	-
	-
	-
	-
	-
	1

	CO 2
	-
	-
	-
	-
	1
	-
	-
	-
	-
	-
	-
	1

	CO 3
	1
	-
	1
	-
	-
	1
	-
	-
	-
	-
	-
	-

	CO 4
	-
	-
	-
	-
	-
	1
	-
	-
	-
	-
	-
	1

	CO 5
	-
	-
	-
	-
	1
	-
	-
	-
	-
	-
	-
	-


Content Beyond Syllabus:

	· Constant M and N circle. 


Assignment:

	Batch Details
	Register Number
	Total Number
	Mode of Assignment

Written/Seminar/PPT
	Topics

	Batch 1
	810421106001-810421106022

	21
	Assignment I: Seminar
	State the construction, working principles and operation of DC machines.

	
	
	
	Assignment II: PPT
	Explain the Second order systems.

	
	
	
	Assignment III: Written
	Problems based on block diagram reduction techniques.

	Batch 2
	810421106023-810421106043
	21
	Assignment I: PPT
	Explain the Characteristics of series, shunt and compound motors. 

	
	
	
	Assignment II: Written
	Explain the Block diagram representation of systems

	
	
	
	Assignment III: Seminar
	Problems based on bode plot.

	Batch 2
	810421106044-810421106064
	21
	Assignment I: Written
	Explain the construction and working principles of transformers

	
	
	
	Assignment II: Seminar
	Explain briefly about signal flow graph

	
	
	
	Assignment III: PPT
	Problems based on polar plot.


SIM Questions:

	SIM 1
	Questions of Anna University with Year mentioned (12 Q+12 Q+ 12 Q)
Refer annexure I – enclosed

	SIM 2
	

	SIM 3
	


Submission Details:

	Phase 1(Before AT 1)
	Phase 2 (Before AT 2)
	Phase 3 (Before AT 3)

	Assignment 1
	SIM 1
	Assignment 2
	SIM 2
	Assignment 3
	SIM 3

	01.09.2022 – 05.09.2022
	13.09.2022-15.09.2022
	06.10.2022 – 10.10.2022
	20.10.2022 – 26.10.2022
	07.11.2022 – 09.11.2022
	15.11.2022 – 17.11.2022


   Prepared By






          Verified By
(Mr.T.Boopathy / AP)





(Dr.K.Visalatchi / HOD)
Approved By
ANNEXURE I
SIM Questions:

SIM 1

1. Explain briefly about the construction details of DC Machines.
2. Briefly Explain the excitation techniques of DC generators.
3. Derive the equation for back emf and torque.
4. Explain the Characteristics of series, shunt and compound motors.
5. Explain the types of starters and testing.
6. Describe the Speed control of D.C. shunt motors.
7. Explain the construction and working principles of transformer
8. State and derive the EMF equation of transformer

9. Differentiate and explain the transformer on load and no load operations.
10. Construct the Parameters referred to HV/LV windings of transformer.
11. Explain the regulation and testing of transformer

12. Write short notes on Load test, open circuit and short circuit tests.

SIM 2

1. Write the differential equations governing the mechanical translational system as shown in figure and determine the transfer function. (May/Jun-16) [image: image1.emf]
2. Write differential equations governing the mechanical rotational system shown in Fig. below. Draw the electrical equivalent analogy circuits (current and voltage)(Nov/Dec-16)
 [image: image2.emf]
3. Draw the equivalent electrical analogous circuit for the mechanical system in Fig using force-voltage analogy. (Apr/May-17) 
[image: image3.emf]
4. Write the differential equations governing the mechanical translational system as shown in figure. Draw the Force-Voltage and Force-Current electrical analogous circuits and verify by mesh and node equations. (Nov/Dec-15) 

[image: image4.emf]
5. Write the differential equations governing the mechanical translational system as shown in figure. Draw the Force-Voltage and Force-Current electrical analogous circuits and verify by mesh and node equations. (Nov/Dec-14)

[image: image5.emf] 

6. Find the transfer function of the system shown in fig. using block diagram reduction technique and signal flow graph technique. (May/Jun-15) 

[image: image6.emf]
7. Simplify the following diagram using block diagram reduction method. Also derive the transfer function of the same using signal flow graph. (Apr/May–17) 

[image: image7.emf]
8. The signal flow graph for a feedback system is shown in fig. Determine the closed loop transfer function C(S)/R(S). (Nov/Dec-15) 

[image: image8.emf]
9. The signal flow graph for a feedback control system is shown in figure. Determine the closed loop transfer function C(s)/R(s). (Nov/Dec-14)

[image: image9.emf]
10. Derive the expressions and draw the response of first order system for unit step input. (May/Jun-16, Nov/Dec-15) 

11. Draw the response of second order system for all case and when input is unit step.(Nov/Dec-16, May/Jun-15, May/Jun-13) 

12. With suitable block diagrams and equations, explain the following types of controllers employed in control systems: a) Proportional controller, b) Proportional-plus-integral controller, c) PID controller, d)Integral  controller(May/Jun-16, Nov/Dec-15, Nov/Dec-12,May/Jun-11, Nov/Dec-10)

SIM 3
1. A unity feedback system is characterized by the open-loop transfer function, G(S)=K/(S+2)(S3+10S2+49S+100) Using Routh-Stability criterion, calculate the range of values of K for system to be stable. Determine the value of K, which will cause sustained oscillations in the closed loop system. Also determine the frequency of sustained oscillations. 

2. Derive the second order system. 

3. Draw the polar plot for t he following Transfer function G(S)=10(S=2)/S(S+1)(S+3)(N/D-11) 

4. The open loop transfer function of a unity feedback system is given by
G(S)=K/(S+2)(S+4)( S2+6S+25). By applying Routh criterion, discuss the stability of the closed loop system as a function of K. (Nov/Dec-13) 
5. Draw the approximation root locus diagram for a closed loop system whose loop transfer function is given byG(S)H(S)=K/S(S+5)(S+10). Comment on stability. (Nov/Dec-12) 
6. Sketch the root locus of the system whose open loop transfer function isG(S)= K/S(S+2)(S+4).  Find the value of K, so that the damping ratio of the closed loop system is 0.5. (Nov/Dec-12) 
7. Derive the expressions and draw the response of first order system for unit step input.
8. The open loop transfer function of a unity feedback system is given by G(S)=1/S(S+1)2Sketch the polar plot and determine the gain and phase margin. (Nov/Dec-16, May/Jun-14)
9. Plot the polar plot for the following transfer function G(S)=15/(1+S)(S+3)(S+6)(Ap/May-17)
10. Write down the procedure for designing lead compensator using bode plot. (May/Jun-16,May/Jun-13)

11. With neat steps write down the procedure for construction of root locus. Each rule gives an example. (Nov/Dec-16, Apr/May-17)

12. Draw the Nyquist plot and find the stability of the following open loop transfer function of unity feedback control system. G(S)H(S)=K(S+1)/S2(S+10) If the system is conditionally stable, find the range of K for which the system is stable. (May/Jun-15) 
6

