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- Teaching Scheme L “Examination Scheme (Marks) ]
(Tutorial [ . L300 ? 50 _ 1o ’

1 Credit:y
;“ Pasasatom e ——— oo CO ............ Obj ec ti ‘fes -

; | To prepare students for undergoingmfééééfch, identify and formulate 'tvhé‘researc'h"'p"r'obléms; state |
- the hypothesis, design a research layout, set a research process and methodology.
- To enable student interpret the results, propose theories, suggest possible/alternative solutions, |

~ | solve, and prove the solution adapted-logically and analytically, conclude the research findings.
| 3 ' To impart knowledge to analyze critically the literature and publish research in conferences,
| 1 journals and to expose students to research ethics, IPR and Patents .
Course Outcomes (CO) with Bloom’s Taxonomy Level

| At the end of the course, the students will be ableto, .
§ COl  Demonstrate a research solution in respective engineering domain using = Apply
. appropriate Engineering research process and research methodology.
. CO2 - Device feasible solution to a research problem in respective engineering  Analyze
| domain based on economic, social and legal aspects using appropriate

| research procedures and practices.

| CO3 | Write research publication, Dissertation, IPR and patent document. | Create

 Module | A s | Hours.

| Engineering Research Process

: Meaning of research problem, Sources of research problem, Criteria and |
H v . N . H
- Characteristics of a good research problem, Errors in selecting a research problem,

. of solutions for research problem, data collection, analysis, interpretation,g

. ;_1{999§_§_afx,._i.zz$159!9?9&%&@913§-
j Research Methodology |
. Problem statement formulation, resources identification for solution, Experimental

| and Analytica] modelling, Simulations, Numerical and Statistical methods in 6

engineering research. Hypothesis and its testing by different techniques: Z-test

LS R

Research Methods

' Uni and Multivariate Analysis: ANOVA, Design of Experiments/Taguchi

£
£

11 ; Method, Regression Analysis. Software tools like spreadsheets.
|

i

I

z
|

Processing and Analysis of Data: Processing Operations, Types of Analysis-
| Presentation and Interpretation of Data Editing, Classification and Tabulation-
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| Interpretation. Analyse your results and draw conclusions.
Research Practices
Effective literature studies approaches, critical analysis, Plagiarism, Research
ethics, Mendeley - Reference Management Software.
v Research communication- Effective Technical Writing, Writing a research article 7
for Journal/conference paper, Technical report, Dissertation/ Thesis report writing,
Software used for report writing such as WORD, Latex etc. Presentation
techniques for paper/report/seminar. Publishing article in Scopus/SCI/Web of
science indexed journal or conference.
Intellectual Property Rights (IPR)
Nature of Intellectual Property: Patents, Designs, Trade and Copyright, Ownership
v of copyright, Term of copyright, Technological research, innovation, patenting,
development. International Scenario: International cooperation on Intellectual 7
p ernationa a p a
Property. New developments in IPR, Traditional knowledge ,Various Case
Studies.
Patents
Patent Rights: Scope of Patent Rights. Various Patent databases.
VI Geographical Indications. Procedure for grants of patents, Patenting under 6
PCT. Licensing and transfer of technology. Administration of Patent
System. Introduction to International Scenario: WIPO, TRIPs, Patenting
| under PCT
Textbooks
] Kothari C. R, “Research Methodology”, 2nd Edition, New Age International, 2004
2 Melville Stuart and Goddard Wayne, “Research Methodology: An Introduction for Science &
Engineering Students” Juta and Company 1td,2000.
3 Kumar Ranjit, “Research Methodology: A Step-by-Step Guide for beginners”, SAGE
Publications, 4" Ed.-2014.
e References
lﬂ Merges Robert, Menell Peter, Lemley Mark, “Intellectual Property in New Technological
Age”, ASPEN Publishers, 2016.
2 Ramappa T., “Intellectual Property Rights Under WTO”, S. Chand, 2008
3 Mayall, “lndustrlai Design”, McGraw Hill, 1992.
4 Halbert, “Resisting Intellectual Property”, Taylor & Francis Ltd ,2007
3 Deepak Chopra and Neena Sondhi, Research Methodology Concepts and cases, Vikas
Publishing House, New Delhi
Useful Links
1 'NPTEL :: General - NOC:Introduction to Research
2 Introduction to Research - Course (nptel.ac.in)
3 Qualitative Research Methods And Research Writing - Course (nptel.ac.in)
4 https://onlinecourses.swayam2.ac.in/ntr2|_ed23/preview - Academic Research & Report
Writing
5 https://www.scopus.com/search/form.uri?display=basic#basic N
6 htips//onlinecourses.nptelacin/noc2 | gel 2/preview - Qualiiative Research Methods
And Research Writing
7 https://onlinecourses.nptel,ac.in/noc21_hsd4/preview - Effective Writing
8 https://webofscienceacademy.clarivate.com/learn
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9 https://onlinecourses swayam2.ac.in/otr2 | _ed23/preview - Academic Resenrch & Report
Writing
10 hitps;//nptel.ac.in/courses/ 1217106/ 121106007/
11 hitps://www.wipo.int/about-wipo/en/
CO-PO Mapping
__Programme Outcomes(®0)
1 2 3 4 ’ 5 6

CO1 3 1
Cco2 N 2 3 ) 2 “
CO3 3 2 ] 1

The strength of mapping is to be written as 1: Low, 2: Medium, 3:High
- Each CO of the course must map to at least one PO.

e Assessment
The assessment is based on MSE, ISE and ESE.

- MSE shall be typically on modules 1 to 3.

| ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can
be field visit, assignments etc. and is expected to map at least one higher order PO.

ESE shall be on all modules with around 40% weightage on modules 1 to 3 and 60% weightage on
modules 4 to 6.

For passing a theory course, Min. 40% marks in (MSE+ISE+ESE) are needed and Min. 40% marks in

. ESE are needed. (ESE shall be a separate head of passing)
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Walchand Colllege of Engineering, Sangli

(Government Aided Autonomous Institute)

R AY 2023-24 s
e e T s
 Programme M Teah (Control System Engmcermg) N WP —
 Class, Semester . F‘YSI Year M. Tech,Seml |
' Course Code 7CS501

Co_ul_‘se Name - Apphed Digital Control
. Desired Requls:tes ~ Control System !:nmns.cnnﬂ

e ~ Teaching Scheme
Lecture
Tutorial

i Course Outcomes (CO) w1th Bloom ’s Taxonnmy Level . _'

Bloom’s | Bloom's
CO ~ Taxonomy | Taxonomy
_________________ ~ Level | Description |
- CO1 An__q!_yg_g various controllcr qtructurcs IV | Analyzing '
- CO2 Evaluate contrgl_lt,r perfo 2 i ithms. V | Evaluating
- CO3  Design a controller to meet gi VI . Creating |
: |
~ Module | Module Contents . Hours |
ot Qs e 2 ; L |
( Feed forward controllers, One degree of freedom, Two degree of freedom, Lag- | 5
Lead controller, PID Controller, Well behaved signal, Solving Aryabhatta’s !
dentity. S S
Controller Realization |
1 Direct structure, Canonical and non-canonical structure, Cascade and pardlk.l e 7 |

realization, PID controller Implementation, Microcontroller implementation Df

1", 2™ and higher order modules, Choice of Sampling interval.

PID Controller

1 Introduction, sampling, discretization techniques, PID controller, methods of |
tuning, 2 DOF controller with integ,ral action, bumpless PID controller, PID

Pole Placement Controllers i

Dead-Beat and Dahlin Control, Pole Placement Controller with performance |

v specifications, Implementation of Unstable Controllers, Internal Model

Principle for Robustness, Redefining Good & Bad Polynomials, Comparing

1-DOF & 2-DOF Controllers, Anti Wmdup Controller, PID Tuning Thtough

Pole Placement Control. =

~ Pole Placement Controller with IMC

Smith Predictor, Internal Model Control (IMC), IMC Design for Stable Plants,

IMC in Conventional Form for Stable Plants, PID Tuning Through IMC, and

_ | IMC design fo unstable plant, LQR through pole placement.

State Space Technique to Control Design

VI | Pole placement, Ackerman formula, controllability, estimators, prediction |
estimators. observability, current estimators, regulator design, combined

| control law and estimator, LQR, kalman filter design.

f
H
i
H
H
]
|

. Textbooks

. KN
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1 D:grrai Control”, by Kannan M. Moudgalya John Wth,y and Sons Ltd., 200?

? “Microcontroller Based Applied Digital Control”, by Dogan lbrahim, John Wiley and sons
Ltd., Edition 2006.

Pl References I
1 “Digital Control Enomeermg Analysis and De:.rgn 3 by M. Sami Fadali and Antoni Visioli Else
\ucr publication 2* Edition 2013.
2 1 & “Discrete Time Control System” By Katsuhiko Ogata, Pearson Education 2" Edition 2005.

L |
COo2 | 2
T | B ‘ e

The strength of mapping is to be writtenas,2,3;Where, 1:Low,2:Medium,3:High
Each CO of the course must map to atleast one PO.

| MSE .shdll be typtca!ly on modules 1to 3.
- ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can
' be field visit, assignments etc. and is expected to map at least one higher order PO.
: ESE shall be on all modules with around 40% weightage on modules 1 to 3 and 60% weightage on
modules 4 fo 6.
For passing a theory course, Min. 40% marks in (MSE+ISE+ESE) are needed and Min. 40% marks in
‘ ESE are needed. (ESE shall be a separate head of passing)
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j To provi 1des the methodolouy nf modullln&, the process a and close loop control.

Walchand Collége of Engineering, Sangli

 (Government Aided Autonomous Institute)
.................................................. AY 2023 24

Course Informatlon

Programme M chh ((,ontrul Systun Englncenno) ___________

: S Code 2 ?LSSO2 .......

: Cuurse Name ______ _ * Advanced Process Control

i Desired }ﬁe_qulsq_tes:_ ) - Control System Engineering

 TeachingScheme  Examination Scheme (Marks) SR
' Lecture | 3 Hrs/week | MSE _ ISE ESE i Total

| Tutorial 1| - | 30 2 o | 100

Credits: 3

_ Course Objectives

To provide the dcmgn of various types of controllers for single loop and multi loop control system. '
To give the overview of advanced controllers used in process control and multivariable predictive
control.

. Bloom’s : Bloom’s
Course Outcome Statement/s - Taxonomy i Taxonomy
]s of 1ndu%mal pmt.essc.s ! L Applymg, :
~ Analyze the problems associated with open loop and close loop v ' Analyzing I
~ process control system. _— g
~ Evaluate the performance of processes with various conventional v - Evaluating
~and advanced controllers. '
Deﬁlgn various conventional and advanced controllers for the VI Creating
e e
Hours

11

11

v

K@
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Introduction to Process Control a
Introduction, Design aspects of a process control system, Hardware for a '
process control system. Mathematical modeling and analysis of processes, 3
Modeling considerations for control purposes, input-output model, degree of |
Modelmg of Process ;
Transfer functions and the Input-output models. Dynamic behavior and |
response of first-order systems, second-order system, Integrating process and
higher order systems. Computer Simulation and linearization of systems. :
Polcs-zcms and thbil L..ffLCt on process response, processes with time delays. i
PID Control S ! .
Dynamic behavior of feedback-controlled process, On-Off Controller, Effect !
of proportional (P), Integral (I) and derivative (D) control on the response of
controlled process, effect of composite control actions, PID controller design,
time delay effects, tuning and troubleshooting, model based design, control
with two degrees of freedom.
' Feed Forward and Ratio Control \
. Introduction to cascade control, feed forward control and ratio-control.
Controller design with steady state and dynamic models. Feedback control of | 6
i system with large dead time or inverse response. Online controller tuning, time
delay compensation and inferential control.




MIMO Processes and Control
~ Multi-input- multi-output processes, degree of freedom and number of
A% - controlled and manipulated variables. Singular value analysis, tuning of 7
~ multiloop PID control. Interaction and decoupling of control loops, relative |
__gain array and selection of loops. Overview of modern control methodologies.
Model Predictive Control '
Introduction, prediction and control requirements. SISO model predictive
control, predictions for MIMO models. MPC calculations. Single-variable | 7

Wl dynamic matrix control (DMC) algorithm, multivariable dynamic matrix
control. Internal model control (IMC), smith predictive control.
Implementation of MPC.
""""" S e R e e - IS B
| “Chemical Process Control - An introduction to Theory and Practice”, by George

 Stephanopoulos, Prentice-Hall of India, 1" Edition 1984.

' “Process Dynamics and Control " by Dale E. Seborg, Thomas F. Edgar, Duncan A. Mellichamp, |

' E.Marlin, 2 Edition, McGraw Hill publication. -
2 “Process Control System — Application, Design and Tuning”, by F.G. Shinskey, McGraw-Hill
~ Publication, 3" Edition, 1988. — S
” 3 g"":‘l'jrocess Control Instrumentation Technology”, by Curtis D. Johnson, 7" Edition, Pearson
 Education, 7" Edition.2003. . :
_______________ A SN s ket Einks| o)
1 https://nptel.ac.in/courses/103105064
2 https:// aféﬁ'i"v;::nﬁt'é'lm.aEi_g_.-f'_coilr 5'35‘.? 103”0” 1031011 42f .............................. )
___________________ CO-POMapping
_____ . Programme Outcomes (POs) R
| POl | POz | PO3 | PO4 | POS | PO6
col i 1 |
Cc02 A TR ——
coa | - 1 2 | 1
co4 G DRI WA N NN T
The strength of mapping is to be writtenas1.2,3;Where, 1 :Low.2:Medium,3:High
_ Each CO of the course must map to atleast one PO. -
i e =R RTINS S o Assessment = bl =58
- The assessment is based on MSE, ISE and ESE.
- MSE shall be typically on modules 1 to 3. '
ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can |
be field visit, assignments etc. and is expected to map at least one higher order PO.
~ ESE shall be on all modules with around 40% weightage on modules | to 3 and 60% weightage on
' modules 4 to 6. = =
For passing a theory course, Min. 40% marks in (MSE+ ISE+ESE) are needed and Min. 40% marks in |

ESE are needed. (ESE shall be a separate head of passing) |

Structure and Course Contents for F. Y. M. Tech. Control System Engineering Programme. Dent of Electrical Engineering AY 2023-24



Walchand College of Engineering, Sangli

 (Government Aided Autonomouis Institute)
AY 2023-24
Course lnformanon

”'Progl am me " M. Tech (Control System Engmeenn

Class, Semester

CourseCode  7Css3
- Course Name ] Op’umal Control
~ Desired Requmtes ~ Control System bngmev.rmz

' 3 | Tn provide the basic concuptq of optimal control.

First Year M. TCCh_ Seln__ I =

MSE | ISE  ESE

‘Course Obje

2 To provide the methodology of designing LQR and LQT optlmal control.
3 To give the overview of optimization in Lomtramc_d and non-constrained controls.

' At thc__end of the course, the studu._.n_‘_[:_, will be\ab__lq_tp__ !

CcO Course Outcome Statement/s Taxonomy |
. — . Leve
- CO1 Appl) v anoufg__g_oncupts of optimal control. _ I
'CO2  Analyze the systems using LQR and LQT optimal umtrol ) v
CcO3 Design of optimal controi in constrained and non-constrained VI
. L 1L U
....... T " . Module Coﬁﬂmtﬁ s e
Introduction to Optimal Control
! | Classical and Modem Control, Optimization, Optimal Control, Plant, |
. Performance Index, Constraints, Calculus of Variations.
Calculus of Variations and Optimal Control
Optimum of a Function and a Functional , Basic Variational Problem. Fixed-
11 . End Time and Fixed-End State System , Eulcr -Lagrange Equation D;tfcrmt
- Cases for Euler-Lagrange Equation ,The Second Varation, Extrema of |
' Functions with Conditions ,Direct Method .Lagrange Multiplier Method
' ,Extrema of Functionals with Conditions , Terminal Cost Problem.
Linear Quadratic Optimal Control Systems
lII ' Finite-Time Linear Quadratic Regulator, Riccati Coefficient, Finite-Time
- Linear Quadratic Regulator: Time-Varying Case, Infinite-Time LQR System.
Linear Quadratic Tracking 'iyetem
v Linear Quadratic Tracking System: Finite-Time Case, LQT S);szem: Infinite-
Time Case, Fixed-End-Point Regulator System And Frequency-Domain
______ Interpretation. _ e —— e
' Constrained Optlmal Control bvstems
i | 5
' \Y% ' Time-Optimal Control of LTI System, Solution of the TOC System, TOC of a '

Structure and Course Contents for F. Y. M. Tech. Control Svstem Engineering Programme. Dent of Electrical Engineering AY 2023-24

TR

zDouble Integral Systcm Fuel- Opumal Control Systems Energy -Optimal

Total
100

Bloom’s |
Taxonomy

| Description |
. Applying '

 Analyzing
Creating




~ Pontryagin Minimum "Princip'le | ]

RO TR
\ ~ Programme Outcomes (POs
o - e e "

PO4 | PO5S  PO6

' MSE shall be typically on modules 1 to 3.
" ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can
' be field visit, assignments etc. and is expected to map at least one higher order PO.
| ESE shall be on all modules with around 40% weightage on modules 1 to 3 and 60% weightage on
' modules 4 to 6.
For passing a theory course, Min. 40% marks in (MSE+IS E+ESE) are needed and Min. 40% marks in
! ESE are needed. (ESE shall be a separate head of passing)

\
¢

Structure and Course Contents for F. Y. M. Tech. Control Svstem Engineering Programme. Dent of Electrical Engineering AY 2023-24



Professional Core
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Walchand College of Engineering, Sangli

(Government Aided Autonomous Institute)

I AY2023-24 -
s i L P PO S e s e Course lnformahon A - 1 T S T NS S —
Programme M Tech (Control Systcm Engmecnng)
- Class, Semester ~ First Year M. Tech, Sem

s b
~ Applied Digital Control Lab
~ Control System Engineering

LAl  LA2 | LabESE  Total

:Practlcal _ : _
30 . . 40 oo

| e _ ool

1
2
3
 Bloom’s | Bloom’s
CcO Course Outcome Statement/s ~ Taxonomy Taxonomy
| _ R  Level  Description
- CO1  Experiment nn closcd ]oop__qystemq using controllcrs - ' M Applying
CO2 Analyze various types o ital controllers. IV Analyzing
- CO3  Design pole pldtt.]'ﬂtl‘lt controllers for various clectrical bybtt.ms Vi . Creating

- Llstof E_xperiiﬁenié / Lab _Actiifi&il_es;’Top'ics

List of Lab Activities:

1. Understand the popular controllers and their specifications
2. Design the PID controllers
3. Design pole placement controllers with performance specifications and also PID tuning through pole
placement controllers
4. Design pole placement controllers through IMC.
5. Understand terms like stability , calculation of system norms , H2 solution and Heo solutions
6. Design the kalman filter, LQR and understand state space technique

Enbmeenng 19% ...............................................................................
TorkelGlaw and LenndrdL_]ung Control Theory- Multivariable & Nonlinear Methods, Taylor &
Franc1s Pubhcaﬂon London & New York 2002

Structure and Course Contents for F. Y. M. Tech. Control Svstem Engineering Proeramme. Dent of Electrical Engineering AY 2023-24



~ CO-PO Mapping
__________________________________ _ Programme Outcomes (POs)
POl PO2 = PO3 = PO4 | POS

i ;

There are three wmponents of lab aSSCbSlllt.rl'E LAl, LA2 and Lab ESE.
IMP: Lab ESE i is a separate head of passing.(min 40 o), LAI+LA2 should be min 40%

Assessment L. Basedon  Conducted by | Typical Schedule
' Lab activities, ‘ Durmg Week 1 to Week 8
LAl - attendance, Lab Course Faculty =~ Marks Submission at the end of
| journal | Week8
- Lab activities, * Dunng Week 9 to Week 16
LA2 attendance, Lab Course Faculty | Marks Submission at the end of
_ journal | Week 16
- Lab activities, ~Lab Course Faculty and | Durmg Week 18 to Week 19
LabESE  joumal/ | External Examineras | Marks Submission at the end of
performance applicable | Week 19

i Marks |

30

40

|

Week | indicates starting week of a semester. Lab activities/ Lab erformanuc shall include pcrformmg, |
experiments. mini-project, presentations, drawings, programming, and other suitable activities, as per the
- nature and requirement of the lab course. The experimental lab shall have typically 8-10 experiments and

 related activities if any.

N
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Walchand College of Engineering, Sangli

 (Government Aided Autonomous Institute)

______ AY 2023-24
i Y o _ Course Information

' Programme ) M. Tu.h (Control Systcm Engmet,rlng)
' Class, Semester ~ First Year M. Tech, Sem I

Course Code _Tesss2 g st e e ]

Cou rse Name Advanced PI’OCLS‘; Control Lab '
- Desired Requ151tes - é___Control Systun Eng,lnec,rmg,

~_ Teaching Schéiﬁe ........... _ - , el Examination Scheme__(Marks) i =t
Practical 2 Hrs LAI LA2 | LabESE Total
o Week I
Interaction | - 30 30 40 100

Credits: 1

Course Oh_]ectwes

1 To prmlde the foundation level knowledge of Process Control.
2 To provide the basics for ITldtht,mdtl(.dl modLl of the process.
3  To provide the knowlcdgu of various types of controller for smgie loop and multi- loop control system.
4 To provide the knowledge of advanced controllers used in process control.
5  Provide the knowledge of multivanable prcdlutwe control
| Bloom s Bloom’s
CcoO Course Outcome Statement/s  Taxonomy Taxonomy
| | Levl  Deseription
Col Determine the model of process by performing experiments on ' N - Understanding
| ~ Process Control System | S
co2 . iques for various controllers. | 11} __Applying
CO3 Evaluate the performance of given Process Control system. \'%  Evaluating
' CO4 Demonstrate the use of advanced controllers. - M  Applying

List of Lab Activities:

Step response of first order system (single capacity system).

Step response of multi capacity process (coupled tank system).

Closed loop computer controlled pressure control system.

Tuning of P PI and PID controllers based on process reaction curve and Ziegler Nichols method.
Closed loop computer controlled level control system.

Closed loop computer controlled flow control system.

Tuning of controllers for level control system.

Tuning of controllers for flow control system.

Study of cascade controller for a flow control system.

O Study of PLC and its process controlled applications.

S PEE e e e

| George btephanopoulos “Chemical Process Control - An introduction to Theory and Practice”

__________ ! | Prentice-Hall of India, |* Edition 1984. : :
R = R R s
i l - Thomas E. Marlln ‘Procebs Contro] - Demgn Processes and Control System for Dyndmu,

/yy &)
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5 - F.G. Shinskey, “Process Control Systcm — Application, Design and Tuning”, McGraw-Hill
| Publication, 3" Edition, 1988.

3 Curtis D. Johnson, “Process Control Instrumentation [LLhI‘lOlOL}’” 7" Edition, Pearson Education,
~ 7" Edition. 2003,

co-p 0 Mappmg
Programme Outcomes (POs)

_________ ~ ko [ o2 P03 POs  POS | POS
_________ cor ) T N N I A
€03 | — — I NS N
cos | | l | D

| Thcrc are thru., wmponnma of !ab asscssmcnt LAI LAZ and Lab ESE
- IMP: Lab ESE is a separate head of passing. (min 40 %), [..Al +LA2 should be min 40%

Conducted by Typical bchedule Marks |

Assessment . Based on
" Lab activities - During Week 1 to Week 8
LAl . attendance, Lab Course Faculty ~ Marks Submission at the end of 30
. journal | Week 8 ]
Lab activities, During Week 9 to Week 16 ; |
LA2 attendance, ~ Lab Course Faculty ~ Marks Submission at the end of | 30 |
- Lab activities, Lab Course Faculty and = During Week 18 to Week 19 ;
Lab ESE journal/  External Examiner as Marks Submission at the end of = 40
_ performance applicable - Week 19 '

Week | indicates starting week of a semester. Lab activities/ Lab performance shall include parformmg

experiments, mini-project, presentations, drawings, programming, and other suitable activities, as per the
nature and requirement of the lab course. The experimental lab shall have typically 8-10 experiments and
related activities ifany.

,qp
e

-
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Walchand College of Engineering, Sangli

 (Government Aided Autonomous Institute)

AY 2023 24 .........................
Course Informatlo“ .........................
. Programme ................................ M ...... ;I:th iy Systcm Engmccrmg)
Class, —— _— Flrs___t X{,ar T T_l__:th, Sem T
Course Code J¢sss3
”Course Name o '__('?_ptiir'l_él Control Lab

Control System Engineering

| TeachingScheme | ___ Examination Scheme Marks)
Practical | 2 Hrs/ LAl LA2 ' Lab ESE Total
| Week 7 | | |
Interaction - 3% | 3 | 40 _ 100

' Créq_i_t_s: 1

. Course Oh]ectwes L
1 To pmudc thc baqlc concepts of optimal control.
2 To plO\ ide the mcthodoiogy nf du,n_nmb LQR and LQT optlmal Lontml

) At __t__hy___cnd of the (_,Ul.ll’bt_,__the _b!ud(,nts will be able to,

.~ Bloom’s  Bloom’s
CO Course Qutcome Statement/s Taxonomy Taxonomy
“Level  Description
m | Applying
] 0 v . Analyzing
co3 5es:gn Ufoptlmal Lomrol in constrained and non- consnamt.d : VI = Creating
_ Systems. :

____________________  List of Experiments / Lab Activities/Topics

List of Lab Activities:

8 experiments based on following using Matlab simulations-

1. Controller Design Based on Parameter Optimization.
2. Optimal Control Based on Calculus of Variations.
3. Optimal Control with Input and State Variable Constraints.
4, Dynamic Programming.
5. Linear-Quadratic (LQ) Optimal Control problem.
5 Textbooks R
l.. .....................
1 _ N
- 2 — -
1 | https Honlmccou_rscs nptcl ac mfl'l"chl ee48;’prev1e{§m -

)
s
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COPOMapping
Programme Outcomes (POs)

o | PO1 PO2 : PO3 PO4 2 P05 |

Themstrength of map'ﬁi'ﬁg is to be writtenas] ,2.3:Where, l':an,Z:Mediu-mj:High
Each CO of the course must map to atleast one PO.

SN _ Assessment
There are three components of lab assessment, LA1, LA2 and Lab ESE.
IMP: Lab ESE is a separate head of passing.(min 40 %), LA1+LA2 should be min 40%
Assessment | Based on — Typical Schedule Marks |
- Lab activities, ' During Week | to Week &
LAl attendance, Lab Course Faculty | Marks Submission at the end of 30
joumal | Weeks |
Lab activities, | During Week 9 to Week 16 |
LA2 attendance, ~ Lab Course Faculty | Marks Submission at the end of 30
| joumal o Weekl6 L
Lab activities, Lab Course Faculty and | During Week 18 to Week 19
LabESE |  journal/ External Examiner as | Marks Submission at the end of 40
- performance applicable | Week 19

Week 1 indicates starting week of a semester. Lab activities/Lab performance shall include performing

experiments, mini-project, presentations, drawings, programming, and other suitable activities, as per the
- nature and requirement of the lab course. The experimental lab shall have typically 8-10 experiments and
related activities if any.

) %)
/WJ/%\R&
L
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7 B B
% Walchand College of Engineering, Sangli 1
‘r(, A (Government Aided Autonomous Institute) ——————
AY 2023-24 - v s
pe e — ——— [ Course Information R .
P“_’g'.'_a_““m?ﬂ | M. Tech (Control System Engincering) e s ]
9!?,55;.5.9“,‘95@' . l First Year M. Tech, Sem [ ‘ T .
Course Code | 7CS511 "y, R .
LI L — l Professional Elective-1 Advanced Digital Signal Processing |
| Desired Requisites: | Digital Signal Processing Bt e
. Teaching Scheme ‘ Examinatioh-Schemé (Marks) ¥ .
Lecture 3 Hrs/week | MSE ISE T ESE : Total
' Tutorial - l 30 ‘ 20 = s 100
1_ | ‘1 Credits:3
B S CourseObjectives St e
" 1 | Todevelop skills for analyzing discrete time signals using transforms.
| 2 To make students familiar with methods of digital filters design. =
\ 3 | To develop basic knowledge of random signal processing. . "
B . Coursc Outcomes (CO) with Bloom’s Taxonomy Level . ol
| At the end of the course, the students will beableto, . I -
5 | Bloom’s Bloom’s
. CO | Course Outcome Statement/s | Taxonomy Taxonomy
| I | Level | Description
"CO1__ Apply transforms to discrete time signals foranalyss. ML | Applying |
‘1 CcO2 | Analyzg the properties of discrete time systems and random signals | v Analyzing
‘ | processing. 2 , S
. Co3  Evaluate digital filters, structures and discrete time random signals. |V | Evaluating
|
ILMpdule ]l fa A Module Contents : Hours
| Discrete time signal and system
‘] 1 Classification of signals, operation on sequences, properties of systems, 5
. convolution sum, sampling process. s«
\ 1l Discrete Time Fourier Transform 7
| DFT, FFT, DIT FFT, DIF FFT algorithm, circular convolution. | "
Digital filter structure
review of z transform, transfer function classification, iir and fir filter
n characteristics, complementary transfer function, inverse system, digital two- 7
pairs, algebraic stability test, block diagram representation, equivalent
structures, fir and iir digital filter structures, all pass filters, lattice structures, all
| pass realization of iir transfer function. .
Digital Filter Design il T
1\Y Butter worth and chebyshev filters, [IR filter design, impulse invariant method, 6
e, | bilinear transformation, FIR filter design.
Discrete Time Random Processes . e
v Review of linear algebra, quadratic and hermitian form, random variables, 7
| random processes, filtering random processes, special type of random processes. -
Signal Modeling i
VI Least square method, pade approximation, prony’s method, FIR least square 7
B livemeSltes.
Textbooks P e T )
1 “Digital Signal Processing ** by Sanjit Mitra, Tata McGraw Hill Publication, 3rd Edition, 2008,
2| “Statiscal Signal Modeling”", by Monson Hayes, John Wiley 2002 .
3 “Digital Signal processing ", by Rao&Gejji, Pearson Education, 2¥Edition, 2008.

Structure and Course Contents for F. Y. M. Tech. Control System Engineering Programme.
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- RRRT—
- b i References
Discrete Time Si ocessing” '
I 2 Edition, | 9»69 ;lgnal Processing”, by Oppenheim Schafer, Ronald, Pearson Education,
r__g,.-. ' *Dg?'ft;e[?gnall P 7'0<jessi.ng"_, by Ifeachor, Jerris, Pearson /l:'_ducalion, > Edifidﬁ, 2002. _,#-_f
igital Signal Processing: A Modern Introduction”', by Ashok Ambardar, Thomson, 2007. _

e
ST ik L
L,,L_l_h.“l’_s,:/[npt_‘ﬂ;ac;m»'Coursgs[‘lrQS{rlrer/v108_71Q]0(_)2/ ' pmmestn .
O RS LT TR
' ~ Programme Outcomes (POs) ﬂ’

L

oo N [
| 3

e | |
,,,,, AR — D o1 T e
; The strength of mapping is to be wdttenasl,2,3;Where,l:Low,2:Mcdium,3:High

 Each CO of the course must map to atleastone PO

= - R— B

| PO1__| P02 | PO3 | —PO4_ [ _Pos [TEES
|

R . e Assessment o e
The assessment is based on MSE, ISEand ESE. EEmmm— !
MSE shall be typically on modules 1 to 3. |
ISE shall be taken throughout the semester in the form o

be field visit, assignments etc. and is expected to map at
ESE shall be on all modules with around 40% weightage on

f teacher’s assessment. Mode of assessment can

least one higher order PO.
modules 1 to 3 and 60% weightage on

modules 4 to 6.
For passing a theory course, Min. 4
 ESE are needed. (ESE shall be a separate headof passing)

0% marks in (MSE+ISE+ESE) are needed and Min. 40% marks in

__/——;
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Walchand 'Coiiege of Engineering, Sangli

(Government Aided Autonomous Institute)

AY 2023-24
_____________________________________________ Course Information
_ P__;j_ogl amme M. Tech (Contrg] System Engmcennu)
. Class, Semester | Fust \ruar M. Tech, Sem I
- Course Code - 7css12
: Course Name Professional Elective-1 Mulnvanabk Control
. Desired Requisites: Control System tn@nnennb ___________
i, Weaehing Seheme —TH (70 7 Examination Scheme (Marks) e |
Lecture | 3 Hrs/week | MSE ~ISE Total
Tutorial _ . 30 20 50 1 100
.......... . Credits: 3
f Cq_y[se Oh]ectwes
1 To pr0\ ide the basic wm,upts of Multivariable Control.
2 To provide the methodology of deslgmng Mu]n\ ariable C ontrol.
3 To give the overview of centralized Multivariable controllers.
Course Outcomes (CO) with Bloom’s Taxunomy Level _____
At the uld of the course, the students will be able to, ) _
; Bloom’s = Bloom’s
cOo Course Outcome Statement/s  Taxonomy  Taxonomy
R ~ Level  Description
CO1  Interpret the basic concepts of Multivariable Control. _ I | Applying
' CcOo2 Analyze the centralized, decentralized and decoupled control in ' v | Analyzing
- multivaniable control system
CO3 - Evaluate al;_,onthm‘; for centralized, decentralized, and decoupled v Evaluating
"~ control in multivariable control system. |
| Module | Eiedulc Contents o Honirs
' Multivariable Control
I . Introduction, Process and Instrumentation, process variable, Behavior, control ‘ 5
aims, modes of operation, Feedback need, Model based control, Modeling ;
. errors, multivariable systems, implementation issue. f
Linear system models
1 . Introduction, objective, and modeling, first principle, state variable, linear 7

model, /O representation, system &subsystem, discretized model, equivalence
. of representation, disturbance model, case study-paper machine head box.
Linear system Analysis
Introduction, linear system time response ,stability condition ,discretization
111 ,gains and frequency response , system internal structure ,block system structure, | 7
Kalman form, [/O propcrtiea model reduction , key issues in MIMO system |

; Solutmn to control problem
. Control system design problem, control goal, variable selection, control
!

v structure, feedback control, feed forward control, two degree of freedom -6
- controller, Hierarchical control, control design issue, case study — ceramic
~kiln.
' Decentralized and decnuplcd control |

v Introduction, multi-loop control, pairing selection, decoupling, SISO loops with | 7

' MIMO cascade control, other possibilities, sequential —Hierarchical design and
! tuning, case study —steam Boiler, Mixing process.
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' Centralized closed loop control -
State feedback, output feedback, rejection of deterministic, unmeasurable | E

" disturbance, Augmented plant, process and disturbance models, case study —
LR QEPIBIL ... ssicnssivsiiin o gramsiasim sl st
...................... — . i
2 I Mu!tnrarmbfe Control”, bv Z. Bubmckl springer int. 2005
3 | “Modeling with Control”, by B. wayne Beguetle,PHI 2008. |
) - “Modern Control System -State variable anah?es by M. Gopal TMH Publications, 2010. '
i
i
L —— -
e Pt S e o
1 |
_____ - CO-PO Mapping
| ~___ Programme Outcomes (POs) I
| | POL P02 | PO3 | PO4 FO6 |
| co1 . I
L02 | | | :
£03 | S _: UL I B
The strength of mapping is to be writtenas1,2,3; Where, | :Low,2:Medium,3:High
‘Each CO of the course must map to atleast one PO.
e TrTTE——— A g

The assessment is based on MSE, ISE and ESE.
. MSE shall be typically on modules 1 to 3.
' ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can
- be field visit, assignments etc. and is expected to map at least one higher order PO.
ESE shall be on all modules with around 40% weightage on modules [ to 3 and 60% weightage on
- modules 4 to 6.
| For pdbsinu a theory course, Min. 40% marks in (MSE tISE+ESE) are needed and Min. 40% marks in

N
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Walchand College of Engineering, Sangli

_ (Government Aided Autonomous Institute)

AY 2023-24

Course Information

Programme M. Tech (Control Sys(em Enbmcmng_))

' Class, Semggter ?l‘llst Year M. Tech, Sem |

Course Code | 7CS513 -

Course N ame Professional Elective-11 Systet'n Identification

Desired Requlsltes } Eﬂng_ineerin_g Mathematics

. TeehiRg Seheie e "
Lecture  3Hrsiweek  MSE | ISE ESE | Total
(Twtorial | - 3% 20 50 | 100

Credits: 3

S .. Course Objectives e
- To make students familiar with estimation of parametric, non-parametric models and notions of |
. model quality.
2 Todevelop skills in students for choosing model structures.
'3 To make students develop trdnsfer function and state space models. -
Course Outcomes (CO) with Bloom’s Tamnomy Level
At the end of the course, the srudunts will be able to,

Bloom’s Bloom’s

CO Course Qutcome Statement/s Taxonomy  Taxonomy

. IR el EVEL ! Description

col Explain fundamental aspects of system identification. 1 | Undt.rstand |
coz Apply sxﬁtem identification for pr ng dynamic models. | [T ; Applymg
CO3  Analyze models obtained from system identification. A _Analyzing

. Mndule FerT I Mm:lule e — : - Hnurs

LTI Svstem -
Introduction, Step-wise Procedure for Identification, Models and classification, |

' Non-parametric, parametric models, state space descriptions, Sampled data )
quttmb IR £ 38 A i s o " { S, - SE {
_ | Random Processes i

1 | Random variables, Covariance and Correlation, Auto-Correlation and Cross- | B

Correlation functions, Moving Average models, Auto-Regressive models, |
. ARMA models, Spectral representations.
| Estimation Theory
111 i Introduchon to eqlmation Properties of estimator, Estimation methods, 7
Mndels and Prcdlctmns
. General structure of LTI models in identification, Quasi stationarity, Non-
v parametric models (impulse, step and frequency response), Family of 6
! Parametric models, Predictions, One- step ahead prediction,Infinite-step
i ahead prediction. _
lnput—Output Identification
v . Estimation of Time-Series Models, Estimation of Impulse/Step (Response)
Models, Estimation of Frequency Response Functions, Estimation of Parametric
. Input-Output Models.
DescribingFunction _
VI Describing function method, jump hysteresis, sufficient condition forexistence
and nonexistence of periodic orbits, Describing function fornonlinearities,ideal |
 relaywith hysteresisand deadzone. : —
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T | | | | g
~ The strength of mapping is to be writtenas 12,3,Where I:-Low,2:Medium,3:High
Each CO of the course must map to atleast one PO. |

ARSI P S s i o Assessment
The assessment is based on MSE, ISE and ESE.

MSE shall be typically on modules 1 to 3.

ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can be
field visit, assignments ctc. and is expected to map at least one higher order PO.

ESE shall be on all modules with around 40% weightage on modules 1 to 3 and 60% weightage on
modules 4 to 6.

For passing a theory course, Min. 40% marks in (MSE+ISE+ESE) are needed and Min. 40% marks in ESE

g
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Walchand College of Engineering, Sangli

 (Government Aided Autonomous Institute)

w ) AY203-24

____________________________ . Courselnformation T
Programme M Tech (Control Sysn.m Eng;ri;'e}::w) """"""

Class, S - o M. Tech Seml
Course Code S 7Css1l6

? Course Name Professional Elective-11 Robust Control

" Desired _ﬁequmtes é__"Ellg_ineeﬁng_ Mathematics

| P = . ............... . .. ........ eI Scheme Yo » .
Lecture 3wk  MSE | ISE | ESE | Total

- Bloom’s | Bloom’s
CO Course Outcome Statement/s Taxonomy Taxonomy
B ~ Level | Description
COo1 Explain basic concepts of robust control. i : Undgrstand
CO2  Apply robust control design and stability analysis. oI Applying
CO3 Analyze the Ho-Control. N v | Analyzing

~ Module Lo o Module Contents . Hours
T —— T ———_
Introduction to Basic Concepts, Systems and Signals, Stability of LTI Systems,
Controller design. Loop shaping, Closed loop Transfer function loop shaping,
Linear Fractional transformations. i
Stabilizing Controllers !
11 Internal stability, stabilizing controllers, Stabilizing Controllers - State-Space | 7
Descriptions, stability analysis in frequency domain, system norms
| Limitations on Performance |
m . Limitations on performance SISO and MIMO systems, sensitivity, time lags,
| uncertainties, phase lag, performance requirements imposed by disturbances and
i Uncertamty and Robustness i
v - Introduction to robustness, Uncertainties and representation, Configuration,
- Types of Uncertainties of System Components, SISO Robust performance and
Stability.
' Robust Qtabllltv and Performance
v . General control configuration, representing uncertainty, Introduction to
Stability and Robust Performance Test, structured and unstructured
| uncertainty, SSV, mu-synthesis and DK iteration.
| Controller Dcs1gn
LQG control, H2 and Heo-Control, Heo loop shaping,, Hee loop shaping design, |
mtroductlon to model redur:tlon techmquec. balanced realizations, hankel norm |

|
|
|
|
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1| “Essentials of Robust Control”, by Kemin Zhou, Prentice Hall Publications, 1997,

“Robust and Optimal Control”, by Kemin Zhou, John Doyle, Feher-Prentice Hall Publications, |

o

1% |
____________________________ i e Refereneeh s 0 00 0 00 !
| | “Robust Control Systems ", by P. H. Petkov, M.M. Konstantinov, Springer Publications, 2005.
2 | “Multivariable Feedback C unr}'ofm'.’, bySrgurd Sko écstad. lan Postlethwaile, Wiley Publications, |
2008,
T
I |
POCOI e e e
co | 1 __
COo3 : I I il .: —— |
The strength of mapping is to be writtenas1,2,3; Where,1:Low,2:Medium,3:High '
__ E'c_gt_:h CO of the course must map tq____z{_rieas__;[ _ql_je_PO.

| 3 = _ Assessment G

| The assessment is based on MSE, ISE and ESE.

' MSE shall be typically on modules 1 to 3.

‘ ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can

- be field visit, assignments etc. and is expected to map at least one higher order PO.

| ESE shall be on all modules with around 40% weightage on modules 1 to 3 and 60% weightage on
modules 4 to 6.

| For passing a theory course, Min. 40% marks in (MSE+ISE +ESE) are needed and Min. 40% marks m

? ESE are needed. (ESE shall be a separate head of passing)

5
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Walchand College of Engineering, Sangli

(Government Aided Autonomous Institute)

AY 2023-24 -

| HEE R Course Information

Programme ~ M. Tech (Control System Engmecrmg)
~ Class, Semester - First Year M. Tech., Sem I

Course Code B - 7CS514 -

Course Name ~ Electric Vehicle [L;_[}nology

- Desired Requisites: ) -~ Electrical Machines, Power l:lc:t,tromus

| dHsiweek  MSE | ISE _ ESE Total

: Tutoru_:_ll r - ' T o [ 50 . =
' ~ Credits: 3

A To dev elup basu, knowledac l't)ldtt.d to architecture of Electric Vehicles.
2 Toprovide knowled% related to design aspects and dynarmr.,s of Elcc,tru, VLh]LlLS
3 The course aims at enabling students to understand the motor specifications and charging
__standards for Electric vehicles.
T Course Outcomes (CO) wit
_ At the end of the course, the students will be able to,

oom’ s Taxanamv Level

Bloom’s | Bloom’s
CO Course Outcome Statement/s Taxonomy | Taxonomy
f — Level  Description
CO1  Explain the architecture and features of Electric Vehicles I Undﬁlgdnd
' co2 Ilustrate varinus"mpoingies of Electric vehicles for different II Applying
| ~ design considerations : |
- CO3 Compute the \e‘m(,]c dvnamlcs for Electric \LhiL]L syqu.mq 11 Applying
SUEE R e R R B BT
- Introduction to Electric Vehicles
I . Background of Electric Vehicles, Electric Vehicle System, Components of 5

Electric Vehicles, Advantages of Electric Vehicles, Efficiency, Pollution
Comparison with conventional vehicles, Fundamentals of Electric Vehicles
Types of Electric Vehicles and Architecture of EVs

Concept of Electric, Hybrid and Plug-in Electric Vehicles, Typical

configuration of Hybrid Electric Vehicle, Topologies of HEVs: Series, Parallel |
. and Series-Parallel Configuration, Topologies of Plug-in Hybrid Electric |
- Vehicles, Fuel Cell Electric Vehicles, Solar Powered Electric Vehicles

|
A
Design Considerations for Electric Vehicles i
|
|

11

Introduction to EV design fundamentals, Aerodynamic Consideration,
Rolling resistance, Transmission efficiency, Consideration of vehicle mass, |
Basics of Electric vehicle chassis and body design, general issues in Electric |
vehicle design '
Vehicle Dynamics

11

Roadway fundamentals, Vehicle Kinetics, Dynamics of Vehicle Motion,
Propulsion power: Force velocity characteristics, Vehicle gradability,
; Velocity and Acceleration: Velocity Profile, Distance traversed, tractive

v o

&/
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Motor and Engine ratings, EV and HEV motor requirements, Three phase AC |
machincs for Elc(.tric vnhiulus Induction Maz.h:'m,b SRM machines, PMSM

Electric Veh:cle Chargers and Chargmg Standards
|
VI EV charging: requirements and Classification, Charging standards for Electric | 7
| vehicles, Introduction to AC and DC chargers for EV systems, Working of
Electric Vehicle Supply Equipment (EVSE), Fast Chargers for EV systems

L fextbooks T
1 | Igbal | Humm Ez'ecn ic and Hybr, id Vehicles: Dewgn Fumfamentab CRC Press, 2003.

) ' James Larminie, John Lowry, * Electric Vehicle Technology Etpfamed Wiley , 2nd edition,
__________________ 2012 . . B |

| — P R —————— wsnsnsnama — References - e ———— VSV L L
; I ' Sheldon Williamson, Energy Manaeumm Strategies for Electric and Plug -in Hybnd Electric
L | Vehicles °, Springer-Verlag, 2012
) ' M. Ehsani, Y. Gao, S. Gay and A. Emadi , Modem Electric, Hybrid Electric, and Fuel Cell

| Vehicles, CRC Press, 2005.

' Useful Lmks

CO-PO Mapping _
| Frogramme Uuteomgs (POs) .4 -
PO1 PO2  PO3 PO4 POS  PO6

G2 2
co3 | 3

The“stréﬁgth of mapping is to be writtenas 123Whuel :'Low,'Z:Med_ium,B:High
Each CO of the course must map to at least one PO.

................. §§_gssment

| The assessment is based on MSE, ISE and ESE.
' MSE shall be typically on modules 1 to 3.

- ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can

 be field visit, assignments etc. and is expected to map at least one higher order PO.

| ESE shall be on all modules with around 40% weightage on modules 1 to 3 and 60% weightage on

- modules 4 to 6.

' For pawing a theory course, Min. 40% marks in (MSE+I§E+ESE) are needed and Min. 40% marks in
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Protfessional Core (Theory)

Courses
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Walchand College of Engineering, Sangli

(Government Aided Autonomous Institute)

AY 2023-24
e TR PP RS SE| RHEIR Cou rse ]nformatlo“ .....
Programme N - M. Tech (Control Systu*n __Eg_gmnenng)
 Class, Semester ~ First Year M. Tech, Sem T
 Course Code B
Course Name _ PLC and Embedded Con‘rro]
- Desired Requisites: - _lnarrumentatmn Tr,t.hmqu'.,s Mu,rocomroller and Apph{,dtluns

Lecture | 3lhs/weck  MSE E | ESE
Tutorial - 30 0 s
|  Credits: 3

Total
100

3 It intends to analyze the pen‘ormam.e of automation wqtemq emplovmg PLC and
- Embedded Control

At the eud of the course, the btudents will bc able to,

- Bloom’s | Bloom’s
CcO Course Qutcome Statement/s  Taxonomy | Taxonomy
. ~ Level | Description
col Interpret features of PLC and Embedded Control Systems used for N Applying
_ ~ Industrial Automation. .
' CcOo2 Use ladder logic programming technique for various PLC m ~ Applying
~_applications.
Cco3 Evaluate the pufomwnu of PLC network LOI‘IﬂQIlI’ﬁtlUl‘I‘i PLC v Evaluating
- functions used for different application
Mndule : Module Contents . | Hours
' " Introduction to PLC
| . Introduction, Advantages, Disadvantages, Parts of PLC, PLC Input module, 5
PLC Output Module, PLC Architecture, PLC Operation, PLC as a computer,
- PLC memory and interfacing, Power Supply for PLC.
Laplace Transform and Its Applications
I Definition, Transform of Standard functions, Properties, Transform of 7
erivative and Integral, Inverse Laplace Transform, Convolution
Theorem, Applications to solve linear differential equations, Laplace :
' transform of periodic functions. :
' Fourier Series
N ' Periodic functions ,Dirichlet’s conditions, Definition , Determination of | 7
Fourier coefficients (Euler’s formulae), Expansion of functions, Even and |
odd functions, Change of Interval and functions having arbitrary period, |
 Half range Fourier sine and cosine series.
Fourier Transform |
v | 6

| Dtﬁnirion Fouricr Sine and Losinc Integral, Fouricr sine and Coainc trdnsfurm, ;
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The assessment is based on MSE, ISE and ESE.
MSE shall be typically on modules 1 to 3.
ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can
be field visit, assignments ctc. and is expected to map at least one higher order PO.
ESE shall be on all modules with around 40% weightage on modules | to 3 and 60% weightage on
modules 4 fo 6.
. For passmg a theory course, Min. 40% marks in (MSE+ISE+ ESE) are needed and Min. 40% marks in

VI

W

' Partial differential equations and its Application

Partial differential equations, Four standard forms, application to one
| dimensional Heat equation.
Statistics

Correlation. Linear regression, Curve fitting (a) Straight line (b) Parabolic curve
| (c) Logarithmic Curve.
"""" CEEEE T T T eathboke R T
John W. Webb, Ronald A. Reis, “Programmable logic controllers”, principles &
 applications, PHI publication, Eastern Economic Edition, 1994.

- References .................... S—
John R. Hackworth and Peterson, “PLC controllers prugrammmg ‘methods and
_ apphcdnonb” PHI, 2004.

_ Useful Lmks

| https://nptel.ac.in/courses/108/105/108105062/
https://nptel.ac.in’/courses/108/105/108105063/

' https://www.sanfoundry.com/100-plc-programming-examples/

CO-pPO Mappmg
Prngramme Outcnmes (PO%)

PO1 |  PO2 PO3 PO4
oi _ —— |

PO6

e | — -
The strcng'tﬂ Hf‘”ma'ppin g is to be writtenas1,2,3;Where, 1:Low,2:
Each CO of the course must map to atleast one PO.

~ Assessment

»
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Walchand College of Engineering, Sangli

(Government Aided Autonomous Institute)

AY 2023-24

Course lnformatmn

 Programme |

 Class, Semester _ First Year M. T?&h_z___ﬁsem m.
. Course Code | 71C8522 _

| Course Name - Non-Linear Dynamical Systems

! Desired Requisites: Control System Engineering

i Teachmg Scheme

| Lecture | 3 Hrs/week MSE ISE ESE |
- Tutorial T 30 _ 20 | 50 |
: ) Credit__s__ 3

1 To make students familiar with features of nonlmuar dynamical sy‘;tcms ........

2 To develop skills in students for analyzing the behavior of nonlinear systems.
3 To develop skills in students for ev aluating nonlinear system.

At rhe cnd of the course, the students will be able to,

Course Outcomes (CO) with Bloom’s Taxonomy Level

Total

lU(}

Bloom’s
Taxonomy

_Description
Applying |

Analyzing

Evaluating

_ ~ Bloom’s
CO Course Outcome Statement/s - Taxonomy
| CO1 | Classify features of nonlinear systems. S oo
' CO2 Examine. behavior of nonlinear systems through various v
| . mathematical tools. — S -
CO3 - Recommend step by step approach for investigating the dynamics of v
7 | nonlinear systems.
Module | Module Contents
| * Nonlinear Dynamical Systems
i |
: - Introduction, some features of nonlinear dynamical systems, first order systems, |
. second order system, equilibrium points, classification of equilibrium points.
* Differential Equation Solution
| Lipschitz functions, locally/globally Lipschitz, existence/uniqueness of
11 solutions, Cauchy sequence, Banach spaces, Bellman Gronwall inequality,
Stability of equilibrium point, Stability in sense of Lyapunov, Asymptotic
| stability, Lyapunov’s theorem on stability, Global asymptotic stability, linear
| systems.
' Advanced Stability Theory
[II | Extension of Lyapunov’'s theorem in different context, converse Lyapunov
- theorem, instability theorem, equilibrium sets, LaSalle’s Invariance principle,
| Barbashin and Krasovskii’s theorems
- Periodic Orbits
v

o

| Bendixson criterion and Poincare-Bendixson criterion, Lotka predator prcy

. model, van-der-Pol oscillator, Linearization.
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Interconnection Between Linear System and Nonlinearities

Signals, operators, norm of signals, finite gain L2 stable, passive filters, 6
dissipation equality, positive real lemima, Kalman Yakubovich-Popov theorem,
memoryless nonlinearities, loop transformation, circle criterion, limit cycle,

. Popov criterion.
Describing Function

vi Descnbing function method, jump hysteresis, sufficient condition for existence 4
- and nonexistence of periodic orbits, Describing function for nonlinearities, ideal
| relay with hysteresis and dead zone.

R O VR P |

_________________________ _ LS TR e ST e
| Shankar Sastry,“Nonlinear Systems:Analysis, Stability and Control”, Springer,New-York, 1999,
2 M. Vidyasagar, “Nonlinear Systems Aﬂﬂ{]’.ﬁ‘fﬁ".’, Prentice-Hall, 1993
1 . https:/nptel.ac.in/courses/108/101/108101002/

CO—PO Mapping i
Programme Outcomes (POs)

POI  PO2 PO3 PO4 PO5 PO6
ot | ] ] 3 |
co2 | ] 3 | |
Cco3 | 2

The strength of mapping is to be writtcnasl,2,3:thrc,l:L0w,2:Mcdium,3:High
Each CO of the course must map to atleast one PO.

| i et Eipens ASSESSIHEI“:_
- The assessment is based on MSE, ISE and ESE.
MSE shall be typically on modules 1 to 3.
ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can
be field visit, assignments etc. and is expected to map at least one higher order PO.
ESE shall be on all modules with around 40% weightage on modules 1 to 3 and 60% weightage on
modules 4 to 6.
For passing a theory course, Min. 40% marks in (MSE+ISE+ESE) are needed and Min. 40% marks in

)y ®
A%
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AY 2023-24
_____________________________________________ Course Information
Programme | M. Tech (Control System Engineering)
Class, Semester | First Yuar M. Tech, Sem II
' Course Code | 7C8523
! (_?ourse Name . mecsslonal Elective 3: Adaptive Control
' Desired Requisites: . Applied Dlgltal Control
Tenchmg Scheme e e : ____I*;_gammatmn bcheme (M'élmrk'is') et
 Lecture | 3Hrs/week ~ MSE ~ ISE | ESE ~ Total
Jutnist | Lo 0 2 50 100
| Credits: 3
i ~ Course Objectives
| | This course pm\ rides the basic LD]]CLpr of modemn control tu,hmquu, for controller
| design - B
5 It provides the methodology of design control optimization in estimation for
~ Adaptive control.
3 It gives the overview of adaptive control design algorithms.
~ Course Outqgmgs (CO) with Bloom’s Taxonomy Level
At tht. end of the course, the students will be able to, )
Bloom’s  Bloom’s
coO Course Outcome Statement/s Taxonomy Taxonomy
_ N Level  Description
: Ccol jhell'?;ize modern and adaptive control techniques for controller v Analyzing
CO2  Evaluate various ___z__adame control algorlthmb V. Evaluating
CO3 Design various adaptive controllers like MRAC, STR and LQG. VI  Creating
- Module R TR Module Contents e Hours
Identification
- Introduction, least square estimation. time series, ARMA process, prediction
I - and error models, statistical properties of parameter estimation, frequency 5

domain interpretation, noise model, Identification of heating tank, maximum
likelihood estimation.

Minimum Variance Control
. K-step ahead prediction error model, ARMAX, white noise model, ARIMAX

i model, minimum variance controller, control low for non-minimum phase | .
| system, minimum variance control low, generalized minimum variance
- controller, ARMAX and ARIMAX model, PID Tuning through GMVC

control.
Model Predlctlvc Control

~ Model predictive control-introduction, generalized predictive control, noise X l
Ll model, ARIMAX model, gamma GPC, model derivation, optimization of . 7 |
_ objective function, predictive PID, dynamic matrix control. | [
' Adaptive Control Schemes | |
- Adaptive control- introduction, adaptive schemes, adaptive control problem,

deterministic self-tuning regulators, pole placement design, continuous and
direct self-tuning, minimum variance and moving average controllers,
| stochastic self-tuning regulators, neural network and fuzzy adaptive control

I | scheme.

v

A
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MRAC
Model reference adaptive control-introduction, MIT rule, determination of

\ adaptive gain, lyapunov theory, model reference adaptive system using 7
lyapunov, application to adaptive control problem, relation between STR and |

Linear Quadratic Gaussian Control
Linear quadratic Gaussian control- introduction, spectral factorization, |
VI | controller design, simplified LQG control, performance analysis of controllers, 7
' state space approach to regulator design, linear quadratic regulator, kalman filter
| design.

- U T
. Kannan M. Moudgalya, “Digital Control

TMH publications, 2007. ]

—_—

References

POI PO2 PO3 PO4 PO6
cor I I - |
o2 f 2
COo3 | 3 1

The sti’ength of map[;ing 1s to be wﬁttcndéijj;thre, 1 :Low,2:Medium,3:'Hiéh
Each CO of the course must map to atleast one PO.

MSE shall be typically on modules 1 to 3.

ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can
be field visit, assignments etc. and is expected to map at least one higher order PO.

ESE shall be on all modules with around 40% weightage on modules | to 3 and 60% weightage on
modules 4 to 6.

For passing a theory course, Min. 40% marks in (MSE+ISE+ESE) are needed and Min. 40% marks in

. ESE are needed. (ESE shall be a separate head of passing)
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Protfessional Core (Lab)
Courses
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Walchand College of Engineering, Sangli

(Government Aided Autonomous Institute)

AY 2023-24
Course Information
| Progt amme M chh (ControlSystem Engineerin )
Class, Semester - First Year M. Tech, Semnmr ...
Course Code oo gessmo
- Course Name ' PLC and Embedded Cumrol Lab _
Instrumentation Techniques, Electrical Measurements Lab, |

Desired Requisites:

- Microcontroller and Applications Lab

Practical | 2 Hrs/ Week | LAl
Interaction . |30

Lab ESE | o
40 100

Cr_édits: i

At the end of the gpy@g_"_:{h: studentg “{111 be able to,

. Bloom’s | Bloom’s
cO Course Outcome Statement/s Taxonomy  Taxonomy
L. S . Level  Description
| CO] Execute r.xperlmt.ms based on PLC sy&tcms o _ I Applying
- CO2 | Construct basic control systems using PLCs. | v . Analyzing
- CO3 | Design ladder logic programs for various PLC applications. _ VI | Creating

List of Experiments / Lab Activities/Topics

List of Lab Activities:
There will be ten to twelve practicals covering PLC-SCADA. These experiments are carried out in simulated
environment by drawing the ladder diagram, programming and simulation, writing ladder for representative
industrial automation systems and simulation study. Developing GUI and linking it to the ladder diagram.

A mini project is to be carried out based on the skills acquired during practicals

1. Use different components of Relay and PLC logic.

2. Implement ladder diagram for ON/OFF and latching functions.

3. Design of PLC program for motor reversal control.

4. Illustrate stair case lighting using PLC programming.

5. Implement PLC program for building automation.

6. Design of PLC program for various arithmetical functions.

7. Devise the PLC program for traffic control system.

8. Design of ON/ OFF control mechanism using PLC timer functions.

9. Design of basic applications employing PLC counter functions.
_10. Design of basic applications employing PLC analog inputs.

Textbnoks e S e
| John W. chb ‘Ronald A. Rexs “pr ‘ogrammable Iog:c controllers, prmc:plee &
| applications™, PHI publication, Eastern Economic Edition,1994.

| John R. Hackworth and Petersom “PLC controllers programming methods and applications™,
J_PHI 2004

1
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The stren gth of mapping is to be written as1,2.3;Where.1:Low,2:Medium,3:High

', Newnes , Edition V1, 2006.

CO-PO Mappmg

PO2

Programme Outcomes (POs)

Each CO of the course must map to atleast one PO.

r\ssvz:li‘iment

Terc are three wmponems of lab asscssmunt LAl, LA2 and Lab ESE
| IMP: Lab ESE i s a separate head of passing.(min 4() o), LAI'+LAZ2 should be min 40%

Assessment  Based on .

~ Lab activities, |
attendance, I

_ journal
Lab activities,
attendance,

LAl

LA2

journal |

Lab activities, '
journal/
performance |

Lab ESE

Lab Course Faculty

Lab Course Faculty

Lab Course Faé'ﬁ'ity and
External Examiner as
applicable

Marks Submission at the end of

~ Week 8

: Durmg Week 9 to Week 16

- Marks Submussion at the end of
- Week 16

During Week 18 to Week 19
Marks Submission at the end of
Week 19

i Typical Schedule
- During Week 1 to Week 8

_ Marks

30

30

40

- Week 1 indicates starting week of a semester. Lab activities/Lab pt,rforman(.c shall include perﬂ)rmmﬂ
experiments, mini-project, presentations, drawings, programming, and other suitable activities, as per the
nature and requirement of the lab course. The experimental lab shall have typically 8-10 experiments and

| related activitics if any.

N
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(Government Aided Autonomous Institute)

- AY 2023-24
______________________________________________________________ Course Information. i
_ Programme ) ‘ . M. Tech (Control System Engineering)
Class, Semester Flrst Year M. Tech,, Semt =~~~
Course Code _ _ }'CSS ?2 _________
Course Name ) Non Linear Dynanncal Systems Lab
Desired Requisites: C(Jntml System Engineering

- Teachmg Séheme e Exammatwn Scheme (Marks)
Practical  21rs/ Wu,k LAl | LA2 . LabESE | Total
Interaction = | 30 L300 | 40 100
T M—, s s
SR ~ Course Objectives i
1 To maJ\f. studnnts simulate nonlinear system for analyzing its pmpel‘fiu;
2 Tu develop skills in programming for detcmunm;__ stability of nonlinear system.
3 | To make students understand the behavior of Periodic orbit through programming and simulation.
Course Outcomes (CO) with Bloom’s Taxonomv Level
At the end of the course, the students will be able to,

Bloom’s Bloom’s |
co Course Outcome Statement/s Taxonomy = Taxonomy
B e e ——— . Level | Description |
Cco1 Demonstrate the properti:.s of nonlinear syqtt.mq using simulation. I1I ~ Applying I
CO2 | Analyze the stability of nonlinear system using programming and | v ' Analyzing

| ' simulation tools. ; | |
CO3 | Evaluate the behavior of periodic orbit using programming and v Evaluating
| simulation tools.

muf Experiments / Lab Actwmes!Toplcs

- List of Lab Activities:
* Lab activities/Lab performance shall include mini-project, presentations, drawings, case studies, report

writing, site visit, lab experiment, tutorials, assignments, group discussion, programming and other suitable
_ activities, as per the nature and requirement of the lab course.

To simulate the effects of various non-linearities on system using MATLAB

To simulate linear and non-linear differential equations using MATLAB

Constructing phase portrait of linear system using MATLAB

Constructing phase portrait of non-linear system using MATLAB

Study of limit cycle using MATLAB Simulink

Simulation of predicting limit cycle using describing function analysis.

Study of Cart mounted Inverted Pendulum system.

Stability analysis using MATLAB. - =
Coding for constructing phase portrait of non -lmcar system. i

L W= Oy A e LT (e

Textbooks i

1  Jean-Jacques E Slotine & Welplng LI , “Applied Nonlinear Control”, Prentlce Hall, 1991
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Useful Links

1 ' hrtps://nptel.ac.in/ courses/108/101/108101002/

COl ..... —t i . i R R _
Co2 2
CcOo3 | 5

The srrcngth ofmappmg is to be writtenas1,2,3; Where, 1 :Low,2: Mudlum 3¢ nglf
Each CO of the course must map to atleast one PO. .

| There are three components of lab assessment, LA1, LA2 and Lab ESE.
' IMP: Lab ESE is a separate head of passing.(min 40 %), LA1+LA2 5h0u]d be min 40% |
i Assessment ~ Based on Conducted by | ) al Sq]}__edule - ~ Marks
. - Lab activities, Du_rmg Week 1 to Week 8
‘ LAl _ attendance, Lab Course Faculty Marks Submission at the end of 30
journal - _ - Week 8
Lab activities, Dunng, » Week 9 to Week 16
LA2 attendance, Lab Course Faculty Marks Submission at the end of 30
- journal [ - Week 16 f
Lab activities, | Lab Course Faculty and Durmg Week 18 to Week 19
Lab ESE journal/ External Examiner as Marks Submission at the end of | 40
| ~ performance applicable Week 19

| Week 1 indicates < arting week of a semester. Lab activities Lab erfommnu, shall include pufurmmg '
| experiments, mini-project, presentations, drawings, programming, and other suitable activities, as per the
' nature and requirement of the lab course. The experimental lab shall have typically 8-10 experiments and

| related activities if any.
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......................................... Co“rse l“format.on T Ty R T
- Programme N .. M. Tech ((,ontroi Systun Englm,mng)

Class, Semester ~ First Year M. Tech, Sem 11
~ Course Code  7C8545

Course Name - Seminar

Desnred Requisites: Control System Engineering

i T T e S T W

Practical | 2 Hrs/ Week LAl LA2 .~ LabESE | Total
Interaction | - ] 30 30 40 100

_ Credmi_'_fs_:_ _'_'l -----
Course T S
§ To undcrstand ll1d11btf1d1 plOb]ems

. Course Outcomes (CO) w1th Bloom’s Taxonomy Level
At the t.ncl of the LOLII‘bt thc students will be able to,

- Bloom’s I Bloom’s
co Course Outcome Statement/s Taxonomy  Taxonomy
— . - Leve | Description
CO1 | Chose, Formulate a clear problem. _—— ~ Applying
- CO2 | Select and apply appropriate engineering methods and tools. for VI Creating
| - solving the problem. _
CO3  Develop the project and its results following an established projcct v  Evaluating
. methodology. __ B
CO4  Present the project rcsulta - _ IV Analyzing

o i LiscolExperiments (L ab ActivitiesfToples. = . o
~ List of Lab Activities:
~ The Industry project will involve the selection of appropriate real time industry problem by understanding the |
- working of particular industry application. Formulate the problem, select design and methodology to find the
solution. Construct an electrical system by using appropriate hardware software tools. Each student should
conceive, design and develop the idea leading to a project/product. The student should submit a soft bound
report at the end of the semester. The final product as a result of Industry project should be demonstrated in |

phases at the time of examination. :

Thiw will hclp student to undcr*;tand stmctured manautmmt in indushy ﬂustainablt development, with |

ey o T
1 To be used based 011 @ele{,ted pl’OjCLl

iE L __ Referenc_es 4
1 : Industry 4 O fourth Industrial Revolutlon ‘guide to Induqtry 4.0

_ Useful Links
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~ CO-PO Mapping
Programme Outcomes (POs)

POI1 | - PO2 PO3 PO4 PO5 PO6
CcO2 2 . _ 2 i
C03 " 2 | |

The stfength ofmdpplng is to be writtenas1,2,3; Where, | ‘Low,2:Medium,3:High |
Each CO of the course must map to atleast one PO.

Assessment

There are three Lomp-(_)-ne_ms.of ldll;;{;étf‘;bfﬁe‘h.t LAl, LA2 and Lab ESE.
- IMP: Lab ESE is a separate head of passing.(min 40 %), LA1+LA2 should be min 40%

Assessment Based on ) Coq_ducted by Typlcal Schedule Marks

Lab activities, During Week 1 to Week 8

LAl attendance, Lab Course Faculty Marks Submission at the end of 30

journal | Week 8

' Lab activities, During Week 9 to Week 16

LA2 attt.ndam,c ~ Lab Course Faculty Marks Submission at the end of 30
- Lab activities.  Lab Course Faculty and | During Week 18 to Week 19

Lab ESE journal/ = External Examineras = Marks Submission at the end of 40
| performance applicable ' Week 19

Week 1 indicates starting week of a semester. Lab activities/Lab pt.I'fO]’mallCt. shall include perfcmmng
experiments, mini-project, presentations, drawings, programming, and other suitable activities, as per the
ndturc and requirununt of the lab course. The experimental lab shall have typically 8-10 experiments and

s
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Semester- 11
Protessional Elective (Theory)
Courses
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(Government Aided Autonomous Institute)

AY 2023-24
| .. I Course Information
- Programme . M. Tech. (Control System Engineering)
. Class, Semester . First Year M. Tech., Sem 1T
' Course Code | 71CS532
Course Name PTUfE‘iSlUndl l:lcmve 4: Robotlr.s and AJ

Desired Requisites:

Teachmg Scheme
Lecture | 3 Hrs/week

| EbE ik . Total
Tutorial | - =

50 | 100

Credits: 3

Course ()b jectwes '_ '

3 | __I} also p_(ov;qgs the du;lan of various [prS af robot LOI‘III‘O“(.I’S
, ~ Course Outcomes (CO) with Blnom 's Taxonomy Level
| At t_l_lc end of the LOL]I'SL the students will be able to,

_ Bloom’s Bloom’s
- CO Course Qutcome Statement/s Taxonomy  Taxonomy
5 - Level Description
ol _Analyz_e varlous models of robots and their dynamics. v _ Analysing
- CO2  Analyze prohlcms associated with open loop and closed loop robot v Analysing
! control system . . .
- CO3  Design various conventional and advanced controllers for robotics. A4 . Creating
(Modwle - -\ Module Contents = s e, He
Introduction
| |
I  Introduction -- brief history, types, classification and usage Position and 5

orientation of a rigid body, Homogeneous transformations, Representation of
Joints, link representation using D-H parameters, Examples of D-H parameters
. and link transforms.
. Elements of robots — joints, links, actuators, and sensors

I | Different kinds of actuators — stepper, DC servo and brushless motors, model of
- a DC servo motor. Types of transmissions, Purpose of sensors, internal and
cxtema] SEnsors, COMMON Sensors — mlwdcrs tachometers btrdiﬂ gauge based

| Kinematics of robots ;

Introduction, Direct and inverse kinematics problems, Examples of kinematics |
of common serial manipulators, workspace of a serial robot, Inverse kinematics |
i of constrained and redundant robots. Degrees-of-freedom of parallel | 7
mechanisms and manipulators, Active and passive joints, Constraint and loop- |
closure equations, Direct kinematics problem, Mobility of parallel manipulators, |
Closed-from and numerical solution, Inverse kinematics of parallel manipulators |
[ . and mechanisms.

o
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f Veloci\ty and statics of robot manipulators

~ Linear and angular velocity of links, Velocity propagation, Manipulator
V. Jacobians for serial and parallel manipulators, Velocity ellipse and ellipsoids, | 6
- Singularity analysis for serial and parallel manipulators, Mass and inertia of |
- links, Lagrangian formulation for equations of motion for serial and parallel
| manipulators. s = e i
' Motion planning and control
Joint and Cartesian space trajectory planning and generation, Classical control
concepts using the example of control of a single link, Independent joint PID
\% control, Control of a multi-link manipulator, Non-linear model based control 7
schemes, Simulation and experimental case studies on serial and parallel |
' manipulators, Control of constrained manipulators, Cartesian control, Force |
- control and hybrid position/force control, Advanced topics in non-linear control |
- of manipulators.
Al in Robotics

VI Models of flexible links and joints, Kinematic modeling of multi-link flexible 7
robots, Dynamics and control of flexible link manipulators. Advanced control
using Al techniques, Fuzzy control, Neural control, Adaptive control and
| implementation issues. _ i
Ashitava Ghosal,” Robotics: Fundamental Concepts and Analysis’, 2nd Edition, Oxford
| University Press, 2008.
2 | Mittal R. and Nagrath L, ‘Robotics and Control’, McGraw-Hill publications, 2017.

__________________________________ : aEReidreges Sl -
i Craig..” Introduction to Robotics: Mechanics and Control’, 3rd Edition, Oxford University Press,
Useful Links i
| .

soi T —von T
..... T _ S
CO3 2 I

The strength of mapﬁing 18 to be wﬁ;ﬁéna'sh?.,B;W];crc. 1:Low.2:Medium,3 :High
Each CO of the course must map to atleast one PO.

I E g e R, LanseesTment o o e el Sl
The assessment is based on MSE, ISE and ESE.
MSE shall be typically on modules | to 3.
ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can

' be field visit, assignments etc. and is expected to map at least one higher order PO.

" ESE shall be on all modules with around 40% weightage on modules 1 to 3 and 60% weightage on
modules 4 to 6.

|
|
' For passing a theory course, Min. 40% marks in (MSE+ISE+ESE) are needed and Min. 40% marks in
|

A
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(Government Aided Autonomous Institute)

AY 2023-24
| =PCFTRNEE X ... Course Information
 Programme _ . M. Tech. (Control System Engineering) -
- Class, Semester ) ~ First Year M. Tech., Sem II
. Course Code | 7C8531
Course Name - Professional Elective 3 : Modern Power Electronics
- Desired Requisites: . Power Electronics
Teaching Scheme _ Examination Scheme (Marks)
Lecture 3Hrs’week  MSE  ISE ESE -  Total
- Tutorial 5 - 30 20 50 100

Credits: 3
SN Rt _ Course Objectives : _
[t is aimed to impart skills of analysis for different types of advanced converters and shunt active
| power filters.
) Make the students acquainted with control strategies of different types of advanced converters and
 shunt active power filters. .
3 To make aware of research avenues in the field of power electronics.
| Ll Course Outcomes (CO) with Bloom’s Taxonomy Level
At the end of the course, the students will be able to,

Bloom’s = Bloom’s
CO Course Outcome Statement/s Taxonomy | Taxonomy
| S . ~ Level | Description
co1 Interpret configuration and working of various Power Electronic i Applying
___ converters. | | .
. CO2  Analyze various Power Electronic converters and systems. _ v - Analyzing
Co3 Evaluate various power electronic systems using power electronic v Evaluating
. converters.
1.7 LT B Module Contents ' ~ Hours
' PWM rectifiers
| |
5 I Advantages & disadvantages of three phase thyristor converter, Single phase | 5
; and three phase VSI PWM converters working, types, Control of PWM
' | rectifiers, analysis and application. Three phase CSI PWM converter, control |
| | and applications. | W
i - Multilevel inverters .
| | ‘ |
5 Three phase two level Voltage source inverter, various PWM ;
I | methods, Multilevel Voltage source inverter, Types: Diode clamp multilevel | 7
inverter, flying capacitor multilevel inverter, cascaded multilevel inverter,
| applications of multilevel inverters, comparison of multilevel inverter. Control |
| . method: Multiple carrier PWM for MLI ; | |
| Resonant pulse inverters = | |
i | Series resonant inverter with unidirectional and bi-directional switches, parallel | 7

| resonant inverters, voltage control of resonant inverters, zero current and zero |
| voltage switching resonant converters, two-quadrant ZVS resonant converters, |
| resonant DC link inverters and control technique.

PN
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' Photovoltaic Inverters

v Photovoltaic Inverters structures derived from H bridge topology such as HS 6
inverter, Heric inverter, REFU inverter, full bridge inverter with DC bypass,
inverter structures derived from NPC topology such as neutral point clamped

. half bridge inverter, conergy NPC inverter, three phase PV inverter.
Matrix Converters and Z source inverters

Vv Topology, working and control methods of Matrix converters, Various circuit 7
topologies and control of Z source inverter, Application of Z source in induction

| motor control. :’

Lok Active power filters

Power Quality Issues due to power Electronics, Introduction to active power
\4! filter, types of active power filters overall control of shunt active power filter, | 7 i

control of shunt active filter based on SRF theory. Control of shunt active filter

based on instantancous power theory. harmonic compensation & reactive power

compensation.
£ i SR ........... T g_xtbnoks S : &
f ! M. H. Rashid, “Power Electronics: circuits dewaes‘rmd(.fppfuamms‘ Pearson Education, Third
4L S—
References

[ ] B. K. Bose, Mudem Pou er Efecu onics (mdA(, dﬂ\'i’S P“IPL Ne“” Delhi.

M. B. Patil, V. Ramaydnall and V. T. Ranaanathan “Simulation of Power Electronics circuits”, |

2 .
- Narosa publication. ST |
3 Remus Teodorescu, Marco Liserre and Pedro Rodrlﬁucs “Grid- Converters for Photovoltaic |
) and Wind Power Converters™, A john Wiley and sons Ltd., first edition 2011.
4 | NPTEL lectures on Advanced Power Elq;:__trgnug?_"
i Useful Links
1

- CO-PO Mappmg
Programme ()utcnmes (POs)

POl PO2 PO3 PO4 PO5  POG6
coi | — 1 s
coz L
COo3 f s I

The strength of mapping is to be writtenas1,2,3; When. 1:Low,2 Medtum 3: ng,h -
Each CO of the course must map to atleast one PO.

SRR TN A R f Assessment
| The assessment is based on 'MSE, ISE and ESE.

| MSE shall be typically on modules 1 to 3. .

- ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can
be field visit, assignments etc. and 1s expected to map at least one higher order PO.
ESE shall be on all modules with around 40% weightage on modules 1 to 3 and 60% weightage on
modules 4 to 6.
For passing a theory course, Min. 40% marks in ('MSE+ISE+ESE) are needed and Min. 40% marks in

/f@gm{!”?
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Programme
 Class, Semester
. Course Code

f Course Name

Walchand College of Engineering, Sangli

AY 202324
Cou rse Informatlon
First Year M. Tech, _S_un 1’1“__
_ Profussional Elec_tive 3 Artiﬁcial lntulllguncc. in Industrial Automatiqr_l__mm_

[)esnred Requlsnes

Teaching Scheme Examination 'S_clleme__(Ma_rk's)_ '

| Maintenance.

|Lecture ] 3 Hrs/week ~ MSE ISE ESE Total
 Tutorial ] = 30 20 g M o 100
| | Credits:3
: Course Ob]ectwes
1 To identify potential areas for automation and justify need for automation
v __Study the concepts of Artificial Intelligence.
3 Leam the methods of solving problems using Artificial Intelligence.
4 Apply the concepts of Al to attain industrial automation
Course Outcomes (CO) with Bloom’s Taxonomy Level
At the end of the course, the students will be able to, B
Bloom’s Bloom’s
CcO Course Outcome Statement/s Taxonomy  Taxonomy
| ~ Level  Description
- CO1  Understand basic Al algorithms. _ - 1 - Understanding |
CO2  Identify appropriate Al methods to solve a given problem. IV Analyzing
- CO3  Acquire knowledge about A/ ML/DL techniques in lndul.trml .
i 111 Applying
dutuma'[]on i
- CO4 Undustand the levels of automation. _ I ~ Understanding
Module Module Contents Hours
Introduction to Artificial Intelligence
I Introduction - Foundations of AI- History of Al Intelligent agents: Agents and 5
Environment- Reactive agent- deliberative- goal-driven, utility driven, and
learning agents. :
Machine learning
Supervised leaming— Classification Methods-Nearest neighbor- Decision
1  trees-Linear discriminant Analysis - Logistic regression- Support Vector 7
Machines Unsupervised learning: Clustering- Clustering Methods-Partitioned
based Clustering - K-means- K-medoids; Hierarchical Clustering -
| Agglomerative- Divisive- Distance measures. |
' Neural Networks . ;
' Structure and function of a single neuron; Artificial Neural Networks (ANN); 5
1 Si_ngle-layer networks; Perceptron-Linear separability, Training algorithm, 7 |
' Limitations; Multi-layer networks-Architecture, Back Propagation Algorithm |
(BTA) training algorithms; Recurrent Networks; Feed- forward networks;
| Radial-Basis-Function (RBF) networks.
Typical applications of ANNs
v Classification, Function Approximation, Forecasting, Control, Optimization. - 6
| Reinforcement learning, Basics of Deep Learning-CNN-LSTM.
| Applications of Artificial Intelligence
V | ML and DL models in Manufacturing-Health Monitoring- Predictive 7

-
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Automation
Introduction - Automation in Production System, Principles and Strategies of
Automation, Basic ¢lements of an Automated System, Advanced Automation

V ' . . : :
: Functions, Levels of Automations. Flow lines & Transfer Mechanisims, ¢
Fundamentals of Transfer Lines. (SLE: Analysis of Transfer Lines).
Automated
.............. T
1 Rich dnd Knlght ‘Art1ﬁc1al lntelhé,eme” _____ %_rd Edition, Tdtd. McGraw Hill, 2014.

e i S=S 5SS e PR R Y hE AR T ey s
_ References il

' Tan Good Fellow, Yoshua Bengio. Aaron Courville, DEEP LEARNING - The MIT Press

(18 November 2016).

- Stuart Russell and Peter Norvig, “Artificial [ntelhgenw A Modem Approach”, 4th

_ Edition, Pearson, 2020. -

R1chard E. Neapnhtan and Xla Jlang_., “-\rt:f'ual Intelligence -With an Introduction to

Anuradha Srllll\-’dbdld“hd\"dn Vlncy j.oscph Ma-..hlnt, Learning”, Wiley, 2019

Wolfgang Ertel,” Introduction to Artificial Intelligence”, Second Edition, Springer,

Rajiv Chopra, “Deep Learning”, Ist edition, Kﬁanna_[’ub]ishing House, 2018.

Deepak Khemani, “A First Course in Artificial Intelligence”, McGraw Hill Education,
2013.

T Lml\s L Ty

| 1 ~ NPTEL lectures on Machine learning and Dup Learning.

cotOMmie T
Pmﬂramme Outcames (POS)

POI | PO2  PO3 PO4 PO5 PO6
o1 il N | , —
cO2 3
CO3 3

The strength of 1 mappmg is to be writtenas1,2,3; Where, 1:Low,2: MLdlllrﬂ 3 ngh
‘Each CO of the course must map to atleast one PO.

Assessment

‘ The assessment is based on MSE, ISE and ESE.
- MSE shall be typically on modules 1 to 3.

ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can
| - be field visit, assignments etc. and is expected to map at least one higher order PO.

" ESE shall be on all modules with around 40% wei ightage on modules | to 3 and 60% weightage on
! modules 4 to 6.
- For passing a theory course, Min. 40% marks in (MSE+ISE+ESE) are needed aind Min. 40% marks in
| ESE are needed. (ESE shall be a separate head of passing)
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Walchand College of Engineering, Sangli

(Government Aided Autonomous Institute)

; AY 2023-24
| e Course Information
Programme _ - M. Tech. (Control System Engineering)
' Class, Semester -  First Year M. Tech,, Semtut
- Course Code - 7CS533
_Course Name _ Professional Elective 4 : Neural Network and Fuzzy Control |
Desired Requlsltes Electrical Machines, Instrumentation, Control System hngmwnng
Teaching Scheme | ~ Examination Scheme (Marks)
Lecture 3Hrsweck  MSE | ISE | ESE.. |  Total
Tutorial 30 20 0 100

| Credits: 4

Course Obj je ecnves
1 Thls Lourbe prowdcs the basic concepts of Neural Networks and Fuzzy Control
2 It provides the methodology of design Neural Networks and Fuzzy control.
3 | It gives the overview of genetic algorithms and applications development.
| Course Outcomes (CO) with Bloom’s Taxonomy Level
* Al the end of the eourse the students will be able to,

Bloom’s Bloom’s

CO Course Outcome Statement/s Taxonomy Taxonomy
b TR  Level Description |
- Co1 Explam Neural Networks and Fuzzy Control. 1 | Under&tandmg
- CO2  Apply genetic algorithms and uptlmlzdtlon in NN, fuzzy )
applications development. m ~ Applying
Cco3 Analyze NeuralNetwurl\s and Fuzzy Controller algorithms. - v A.naly;?_ing
ERRETEe ModuleContens [  Hours

- Neural Network
I Neuron model & architectures, Learning rule, Training multiple Neuron, 5

convergence, Performance surfaces & optimum points, Taylor’s series &
directives & minimum values, Quadratic functions, Performance optimization, |
Steepest descent, Newton method, Conjugate gradients.

| Supervised Learning Networks

1I fAdaIine network, Mean square error, LMS algorithm, Analysis of 7
| Lunvergence MLPs, back propagation Choice of netwurk an,hitedure,

i Unsupervnsed Learmng Networks

m - o - , . 7
. Associative learning- simple associative learning, Unsupervised Hebb,

| Modifications in Hebb, Instar and out star rule, Application to control.

_ Fuzzy Logic
-\ | Fuzzy mathematics, Fuzzy mapping. Fuzzy relations, Implication rules, 6
Mamdani & Sugeno models, Fuzzy rule Base structure, FKBS systems, FKBC
| PID. ]
: Fuzzy Controller Design

éMamdani techniques, Takagi Sugeno Model, PDC techniques, Stabilityé
| Analysis using matrix inequality, Application and implementation.
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? Genetic-Neuro-Fuzzy System

Vi Optimization, Genetic Algorithm, Theory of GA, Processes involve in genetic 7
optimizations Applicdtions of genetic algorithm, Neural-fuzzy combinations, |

" e b e

1 M T Hagan, I1. B. Demuth, M H. Beale, “Neural Nemwkl)eugn" PWS Publications, 1996

2 ___I__l__mot_hy__J_ 10ss . “Fuzzy Logic with Engineering Applications™, Pearson Publications, 2010
|  References
L | S Drmn]\ox “Fuzzy (,onrrol” ]'(._)Sd Pubhcatlons 12000

2

3 Slmon Hayhm Neura! Nem ‘or rks and Leanrmg Mm hines™ Pearsnn PHI publnatmm 2009.
S——— PP Useful Links = = e

1 ' https: r’/on!mccourscs nptel.ac.in/noc21 _gc()?z’plcvmw

Prngramme Outmmec (POs)

POl | PO2  PO3 PO4 ~ PO5  PO6
o | N - — _ i
co2 ! | 2
CO3 | 2

The strength of mapping is to be writtenas1,2,3; Whel’t 1:Low,2: Mcdlum 3:High
Each CO of the course must map to atleast one PO.

| Assessment

' The assessment is based on MSE, ISE and ESE.

. MSE shall be typically on modules 1 to 3.
ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can
be field visit, assignments etc. and is expected to map at least one higher order PO.

" ESE shall be on all modules with around 40% weightage on modules | to 3 and 60% weightage on

| modules 4 to 6.
For pdssing a thmry course, Min 40% marks n (MSEilSE FESE) are needed and Min. 40% marks in
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Walchand College of Engineering, Sangli

(Government Aided Autononious Institute)

AY 2023-24
) 1 Course Information

Programme M. Te(.h (Co trol System En;:mc.c_nm._)
~ Class, Semester _ - First Year M. Tech., Sem II

- Course Code | 7C S534

_ Course Name _ Professional Elective 4: Modem Signal Processing I

Desured ReqmsnteS' Digital Sl_ngr.ll_ Processing
. _ Teaching Scheme | ~_ Examination Scheme (Marks) I
 Lecture 3Hrs/weeck ~ MSE  _ ISE _ ESE... Total |

~ Tutorial | ] 30 20 ﬁ 50 100
i Credits: 3

This course prowdes the basic Lunu,pts of least square algorithms and its applmatlons to ddﬁpt]VL
 signal processing. _

-2 It provides the methodology of the adaptive filter theory and applications.

3 Itis intended to design of Kalman filter and implementation issues.

__Course Outcomes (CO) with Bloom’s Taxonomy Level
At the end of lht coursu the students will be able to,

Bloom’s Bloom’s

CcO Course Outcome Statement/s Taxonomy | Taxonomy
 Level | Description

- CO1 Applv the least squm algorithms to addphvc swnal processing _ 11 . Applying

C()Z _ Use of Embedded processors for DSP applications . 11 . Applying
- CO3  Analyze adaptive and kalman fi filter. _ RAY . Analyzing
~ Module  Module Contents - Hours

- Statistical Signal Processing Algorithms:
1 | Steepest descent algorithm- wiener filter, w-h equations, basic idea of steepest 5

dcsu,m d]gorithm alg E,mithm dppliud to wicncr ﬁltLr btabi] ity of steepest descent |

‘ Least Means bquare Algonthms

Least mean square adaptive algorithm-LMS adaptation algorithm, statistical
11 LMS theory, comparison of LMS with steepest descent algorithm, adaptive | 7
prediction, convergence of algorithm, robustness of LMS filter, h-infinity |
! criterion, upper bound of step size parameter, transfer function approach for |
| deterministic input. :
| Recursive Least Means Square Algorithms:

Normalized LMS and recursive adaptive algorithm- normalized LMS

111 algorithm, constrained optimization problem, stability of normalized LMS 7 !

algorithm, step size control, convergence '

process, RLS algorithm, weighted RLS algorithm, update recursion,

 convergence analysis, robustness of RLS algorithm.
Kalman Filter:

v I Kalman filter-introduction, recursive minimum mean square estimation , 6
Kalman filter problem, innovation process, estimation of state, Kalman filtering.
initial conditions, Kalman and RLS filter , variants of Kalman filter, extended
Kalman filter '

| S—

A
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' Digital Signal Processors:

\' Programmable DSPs-overview of embedded systems, DSP processors, 7
architecture, instructions, pipelining and memory management, controls,
 Interrupts and event managers, Texas instruments chips-6713 applications
DSP based Motor Control:

vl | DSP for control applications- DSPs in control applications, Texas instruments
| chips-2407 , architecture and instructions, interrupts and event managers
- ,peripherals, motor control application, induction motor and PMBDC motor |
control case studies. ) I

A
- 2 1
3 | B. VLnkataramam M. Bhdbkar ngrammmg with DSP?” Tata- M{‘(Jraw Hill publication,
EEE . N
; References
|  Texas Instruments DSP manuals-2407 and 6713 proccssors
~ Useful Links

1 | https:/mptel.ac.in/ LourSLsﬂ{)le[)S!lOSIOSl53
_ | https:/nptel.ac.in/courses/108/105/108105064
eleamlng vtu.ac.in/, nptel.iitg.ernet.in/

Wi

CO-PO Mapping
Programme Outcomes (PO';)

BT W TP [T o PO
ez | _ 2.
Cco3 | | 3

The stféngth nf'rr'iapp'ing is to be writtenas| ,Iij;thre, i":tow',Z:l\/é[ediunL&High
Each CO of the course must map to atleast one PO.

Assessment 2 8
The assessment is based on MSE, ISE and ESE.
' MSE shall be typically on modules 1 to 3.
ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can
' be field visit, assignments etc. and is expected to map at least one higher order PO.
- ESE shall be on all modules with around 40% weightage on modules | to 3 and 60% weightage on
modules 4 to 6.
For passing a theory course, Min. 40% marks in (MSE+ISE+ESE) are needed and Min. 40% marks in
_ ESE are needed. (ESE shall be a separate head of passing)

2
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Walchand College of Engineering, Sangli

(Government Aided Autonomous Institute)

AY 2023-24

: ) . Course Information
. Programme | M. Ted1 (Control System Engmcmng}
- Class, Semester _ ~ First Year M. Tech., Sem II
- Course Code - 7CS535

Course Name __ Professional Elective 4: ]llgh Performance Electrical Drives

- Desired Requlsltes Digital S:gnal Processing

Teaching St:heme |} ~ Examination Scheme (Marks)

- Lecture  3Hrsjweek ~ MSE  ISE | ESE. | Total |
 Tutorial S T 1 30 20 W N 100

1 | To provide fundamental knowledge in dynamics and (.ODH{I'O] of Eleetric DI’IVLS

2 To justify the selection of Drives for various applnauons

3 To fa]'nl]lﬁl’lZL the various St..ml&.{}lldll(.tﬂl' t,rmtrn]lr.,d drwcs employing vanous motors

| At the end of thc LOLII‘SC the SIUdLH(b will be abl:. to,

~ Bloom’s  Bloom’s

co Course Outcome Statement/s - Taxonomy  Taxonomy |
: | R _ Level  Description i
- CO1 | Mlustrate different power electronic converter also identify about I Understanding |
il . multi quadrant and hoist operation of electric drive | '
| CO2 Analyze and find the operation of half controlled and fu]ly Analyzing

- controlled operation of dc drives, also build the speed torque v

| _ characteristics of de drive. o
' CO3  Illustrate, identify, recall of different chopper fed de drives also v Analyzing
_ analyze the different inverter fed ac drives.
|
. Module Module Contents Hours |

Dynamics of Electrical Drives !
Steady state load Torque speed characteristics, Multi quadrant operation of

I drives, Types of Braking-(a) Plugging. (b) dynamic/theostat braking and (c) 5
chemrdti\fe brdkino Starts,rs Typical wmml Lircuits for shunt and series

DC Drwcs
Speed control of DC series and shunt motors — armature and field control, Solid
 state speed control of single phase and 3 phase DC drives with the following: 7
Half wave converter and Semi converter, Solid state speed control of separately
excited shunt and series motor drives
AC Drives - Three Phase Induction Motor Drive
Basic principle of 3 phase induction motor drive. Solid state control of 3 phase
induction motor: i. Stator voltage control -3 phase AC voltage controller and |
soft start. i1. Stator variable frequency control voltage source inverter- PWM
111 drives and current source inverter drives, cycloconverter fed IM-drive. iii. 7 =
Stator voltage and frequency control - Basics of V/f drive, scalar and vector or |
. field oriented control of drives, V/f sensor less flux control drive. iv. Static i
i | rotor resistance control v. Slip power control — Static Kramer and Static |
Scherbius drive.
| AC Drives - Three Phase ﬁvnchmnous Motor Drive
| Control of synchronous motor - Synchronous mode and Self mode. Self-
IV controlled synchronous motor drive employing load commutated thyristor 6
| inverter, closed loop control Self-controlled synchronous motor drive ;

| employing cycloconverter
Structure and Course Contents for F. Y. M. Tech. Control System Engineering Programme. Dept of Electrical Engincerine AY 2023-24
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Drives for Advanced Electrical Machines
Drive for brushless DC motor, Stepper motor drive, Drive for switched
\'% - reluctance motor solar powered pump drive, DC drives with chopper control 7
for electrical vehicle, Induction motor drive with voltage source inverter
' control for electrical vehicle. f
' Synchronous motor and SRM Drives
- VSI fed synchronous motor drives, true synchronous and self-control mode,
| open loop and closed loop speed control of Permanent magnet synchronous
Vi machine, brushless DC motor drives. Switched reluctance motor drives, torque 7
equation, converter circuits, operating modes and applications. Solar panel VI
- characteristics, solar powered pump,maximum power point tracking and
| battery-operated vehicles.

; ! Textbooks
1 | B. ‘Widrow, S. D. Stearns, * 4daprfve Signal Processing”, Pearson Education, 2001,
2 . Simon Haykin, “Adaptive filter theory™, Pearson Education, 4th Edition, 2002. :
3 B.Venkataramani, M.Bhaskar, ng;ammmg with DSP;", Tata-McGraw-1ill publ;adnon, |
2004. . |
SRS References =
1 Texas Inatrumentb DSP manuals-2407 and 67 | 3 pm(_e';qorq o
~ Useful Lmhs .....
1 h‘rtpt; //nptel.ac. m courscw’l 08/1 ()SII()S]US] 53
2 | https://nptel.ac.in/ c,ourscsz‘!(}&fI(}SIIOSI()SOM
3 | eleamning.vtu.ac.in/, nptel.iitg.emet.in/
CO-PO Mapping
__________ Frogramme Quteames (POS) o
PO1 PO2 : PO3 : PO4 POS PO6
cO2 ' = |
cO3 ' 2 I

The strength of mapping is to be writtenas1,2,3; Where 1:Low,2:Medium,3:High
Each CO of the course must map to atleast one PO.

. Assessment

| The assessment is based on MSE, ISE and ESE.

' MSE shall be typically on modules 1 to 3.

ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can
- be field visit, assignments etc. and is expected to map at least one higher order PO.

. ESE shall be on all modules with around 40% weightage on modules 1 to 3 and 60% weightage on
- modules 4 to 6.

| For passing a theory course, Min 40% marks in (M‘SE+ ISE+ESE) are needed and Min. 40% marks in

o
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Semester- 11
Open Elective (Theory)
Courses
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Walchand Col‘lege of Engineering, Sangli

AY 2023-24
e e B Course Information
- Programme B | M Tcah (Control System Enﬁmu,nn_g) ______________
- Class, Semester First Year M. Tech., Sem T ,
- Course Code _ _ ?085_06 g
' Course Name . Open Elective I: Control Tu,hmques fgy Electrical Drives
Desired Requisites: . Modem Power Electronies ;
_____________ Teaching Scheme _ Examination Scheme (Marks) gy
Lecture [ 3Hs/weck  MSE  ISE. | ESE .. Total

_ Tutorial : - 30 20 - 50 | 100
i Credits: 3

tknowl:.dg,u in the area of advanced c.ontml techniques for induction motor
and syndm}nous machines.

At tht. cnd of the Loui;SL thc students will be able to _

5 Bloom’s  Bloom’s
CO Course Outcome Statement/s - Taxonomy  Taxenomy

| o _ Level  Description |

CO1 Explain various concept used i m A(, and DC drives. I ~ Applying |
- CO2  Apply control techniques to AC and DC drives. - | 111 Applying
- CO3  Analyze control techniques for AC and DC dnvgs . v  Analyzing
- CO4  Evaluate various control schemes of AC and DC drives. V. Evaluate
- Module Module Contents . Hours

Basics of drives .
Types & parts of the Electrical drives, fundamental torque equation, speed

I torques characteristics DC motor & Induction motor, multi quadrant operation |
of the drive, classification of mechanical load torques, steady state stability of
the drive. constant torque and constant HP operation of the drive, closed loup
speed control.

DC motor drives

Methods of speed control, starting and breaking operation, single phase and three |
1 phase full controlled and half controlled converter fed DC drives, Multi quadrant |
operation of separately excited DC shunt motor, dual converter fed DC drives, |
crr(.ulatlng and non — Llrculatmg mode of uperatlon -.hoppur control of D(, ahunt

Induction mntor drlves

Speed control methods for three phase induction motor, VSI fed induction motor |

drive, constant torque (constant E/F and constant V/F), constant HP operation,

closed loop speed control block diagram., CSI fed induction motor drive, speed |

11 torque characteristics of CSI fed drive, closed loop speed control block diagram, 7
comparison of CSI fed and VSI fed induction motor drive, Stator voltage control.

Chopper controlled resistance in rotor circuit, slip power recovery using
converter cascade in rotor circuit, sub synchronous and super synchronous specd

control, Kramer speed control. '

ﬁgv\“‘“/
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Modeling of Induction Motor and PWM Techniques :
abc — dq transformation, transformation from stationary reference frame to
synchronously rotating reference frame and vice versa. Equivalent circuits of
v induction motor in dynamic dq stationary and synchronously rotating reference | 6
frame. Permanent magnet synchronous machine dq equivalent circuits. The |
rhren, phasc Six step bridge mvu.rter thrcc phase PWM inverter, PWM techniques |

|
Vector Control and Dlrect Torque Control of Induction Motnr | :
Vector control of induction motor, DC drive analogy, equivalent circuit, phasor | '
v diagram. Direct rotor flux oriented vector control and indirect rotor flux oriented | '
vector control, stator flux oriented vector control.
Torque equation of IM in terms of stator and rotor flux, direct torque and ﬂux _
control method (DTC) and self-commissioning of the drive. - | o
Synchronous motor and SRM Drives ' :
VSI fed synchronous motor drives, true synchronous and self-control mode,
open loop and closed loop speed control of Permanent magnet synchronous
Vi machine, brushless DC motor drives. 7
| Switched reluctance motor drives, torque equation, converter circuits, operating
modes and applications Solar panel VI Lharac.teristics qo!ar powered pump, i

_ maew s — T
1 | Q K. Dubcy Fundamcnra!.s of Electrical Q{_gyes Ndrosa pubhcatlon 2nd edltlon 2002
2 B. K. Bose, “Modern Power Electronics and AC drives” . Prentice Hall of Indm Pvt. India, 1986,
|
e
s Re[gl__‘_gy_ces .................................................
1 Peter Vas ‘Veaor Control of AC machines™, Clarendon Pw;s Oxford 1999. |
) | Ned Mohan, “Advanced Electrical duves—AHm")M.s control mzdmoddmg using Simulink”, John §
| | Wiley and sons, 2001.
@ 3 |P.S. Bhlmra. “Power Efecnon_;_g_g _______ __an edition, Khanna Publishers.
________________ Useful Links
| 1 NPTEL wggg_ lcctun.s on Elu.tma] Drives
| e T R e e
| . Programme Outcomes (POs)
.~ PO1L PO2  PO3 PO4 i PO5  PO6
o I
cos | e
CO4 ' : 1 ! 3 !

The strength of mappmg is to be writtenas| 2.3 ‘Wht.rg 1:Low,2: Medlum 3: ngh
Each CO of the course must map to atleast one PO.

2 Thc assessment is based on MSE, ISE and ESE.
- MSE shall be typically on modules | to 3.
| ISE shall be taken throughout the semester in the form of teacher’s assessment. Mode of assessment can
 be field visit, assignments etc. and is expected to map at least one higher order PO.
' ESE shall be on all modules with around 40% weightage on modules 1 to 3 and 60% weightage on
' modules 4 to 6.
| For passing a theory course, Min. 40% marks in (MSE+ISE+ESE) are needed and Min. 40% marks in
| ESE are needed. (ESE shall be a separate head of passing)

oMo
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