
Industrial Management & Entrepreneurship	 Semester 6 
Course Code BME501 CIE Marks 50 
Teaching Hours/Week (L:T:P: S) 3­0­0 SEE Marks 50 
Total Hours of Pedagogy 40 Total Marks 100
Credits 03 Exam Hours 03
Examination type (SEE) Theory

Course	objectives:	
 Understand the basic concepts of management, planning, organizing, staffing, directing and 

controlling.
 Identify various types of supporting agencies and financing available for an entrepreneur 
 Prepare project report and decide selection of industrial ownership. 

	
Teaching-Learning	Process	(General	Instructions)	
These are sample Strategies, which teachers can use to accelerate the attainment of the various course 
outcomes.  

1. Lecturer method (L) does not mean only traditional lecture method, but different type of 
teaching methods may be adopted to develop the outcomes.  

2. Arrange visits to nearby plants, start ­up ecosystem, incubation centers or MSME industries 
to give information about the industry culture and demand.  

3. Show Video/animation films to explain functioning of various machines  
4. Encourage collaborative (Group Learning) Learning in the class  
5. Ask at least three HOTS (Higher order Thinking) questions in the class, which promotes 

critical thinking  
6. Adopt Problem Based Learning (PBL), which fosters students’ Analytical skills, develop 

thinking skills such as the ability to evaluate, generalize, and analyze information rather 
than simply recall it.  

7. Topics will be introduced in a multiple representation. 
8. Show the different ways to solve the same problem and encourage the students to come up 

with their own creative ways to solve them.  
9. Discuss how every concept can be applied to the real world ­ and when that's possible, it 

helps improve the students' understanding.  
10. Individual teacher can device the innovative pedagogy to improve the teaching­learning. 

Module-1	
Management: Introduction ­ Meaning ­ nature and characteristics of Management, Scope and
Functional areas of management ­ Management as a science, art of profession ­ Management & 
Administration ­ Roles of Management, Levels of Management, Development of Management 
Thought­ early management approaches – Modern management approaches.  
Planning: Nature, importance and purpose of planning process Objectives ­ Types of plans 
(Meaning Only) ­ Decision making Importance of planning ­ steps in planning & planning 
premises ­ Hierarchy of plans. 

Module-2	
Organizing	and Staffing: Nature and purpose of organization Principles of organization ­ Types 
of organization ­ Departmentation Committees Centralization Vs Decentralization of authority 
and responsibility ­ Span of control ­ MBO and MBE (Meaning Only) Nature and importance of 
staffing­­Process of Selection & Recruitment (in brief).  
Directing	 &	 Controlling: Meaning and nature of directing Leadership styles, Motivation 
Theories, Communication ­ Meaning and importance ­ coordination, meaning and importance 
and Techniques of Co Ordination. Meaning and steps in controlling ­ Essentials of a sound 
control system ­ Methods of establishing control (in brief). 

Module-3	
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Entrepreneur: Meaning of Entrepreneur; Evolution of the Concept; Functions of an 
Entrepreneur, Types of Entrepreneurs, Entrepreneur ­ an emerging. Class. Concept of 
Entrepreneurship ­ Evolution of Entrepreneurship, Development of Entrepreneurship; Stages in 
entrepreneurial process; Role of entrepreneurs in Economic Development; Entrepreneurship in 
India; Entrepreneurship – its Barriers. 

Module-4	
Small	Scale	Industries: Definition; Characteristics; Need and rationale; Objectives; Scope; role 
of SSI in Economic Development. Advantages of SSI Steps to start and SSI ­ Government policy 
towards SSI; Different Policies of SSI; Government Support for SSI during 5 year plans. Impact of 
Liberalization, Privatization, Globalization on SSI Effect of WTO/GA TT Supporting Agencies of 
Government for SSI, Meaning, Nature of support; Objectives; Functions; Types of Help; Ancillary 
Industry and Tiny Industry

Module-5	
Institutional	 Support: Different Schemes; TECKSOK; KIADB; KSSIDC; KSIMC; DIC Single 
Window Agency; SISI; NSIC; SIDBI; KSFC.  
Preparation	 of	 Project: Meaning of Project; Project Identification; Project Selection; Project 
Report; Need and Significance of Report; Contents; Formulation; Guidelines by Planning 
Commission for Project report; Network Analysis; Errors of Project Report; Project Appraisal. 
Identification of business opportunities: Market Feasibility Study; Technical Feasibility Study; 
Financial Feasibility Study & Social Feasibility Study 
Course	outcome	(Course	Skill	Set)	
At the end of the course, the student will be able to : 

1. Explain about the management and planning.
2. Apply the knowledge on planning, organizing, staffing, directing and controlling. 
3. Describe the requirements towards the small­scale industries and project preparation.
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Assessment	Details	(both	CIE	and	SEE)	
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) and 
for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A student 
shall be deemed to have satisfied the academic requirements and earned the credits allotted to each 
subject/ course if the student secures a minimum of 40% (40 marks out of 100) in the sum total of the 
CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) taken together.  

Continuous	Internal	Evaluation:	

The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any two
Assessment methods for 25 marks.

The first test will be administered after 40­50% of the syllabus has been covered, and the second
test will be administered after 85­90% of the syllabus has been covered
Any two assessment methods mentioned in the 22OB 2, if an assignment is project­based then
only one assignment for the course shall be planned.  The teacher should not conduct two
assignments at the end of the semester if two assignments are planned.

For the course, CIE marks will be based on a scaled­down sum of two tests and other methods of 
assessment for a total of 50 marks. Internal	Assessment	Test	question	paper	is	designed	to	attain	
the	different	levels	of	Bloom’s	taxonomy	as	per	the	outcome	defined	for	the	course.	
Semester­End	Examination:	
Theory SEE will be conducted by University as per the scheduled timetable, with common question 
papers for the course (duration	03	hours).	
1. The question paper will have ten questions. Each question is set for 20 marks.
2. There will be 2 questions from each module. Each of the two questions under a module (with a

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module.
3. The students have to answer 5 full questions, selecting one full question from each module.
4. Marks scored shall be proportionally reduced to 50 marks.

Suggested	Learning	Resources:	
Books	

1. Principles of Management, P. C.Tripathi,P.N. Reddy, Tata McGraw Hill,
2. Dynamics of Entrepreneurial Development & Management, Vasant Desai, Publishing House.
3. Entrepreneurship Development, Poornima. M.Charantimath, Small Business Enterprises –

Pearson, 2006 (2 & 4).
4. Management Fundamentals­Concepts, Application , Skill , RobersLusier –Thomson
5. Entrepreneurship Development, S.S.Khanka, S.Chand& Co
6. Management, Stephen Robbins, Pearson Education/PHI, 17th Edition, 2003

Web	links	and	Video	Lectures	(e­Resources):		
www.nptel.ac.in
https://onlinecourses.nptel.ac.in/noc23_mg74/preview
https://onlinecourses.nptel.ac.in/noc23_mg70/preview
https://cleartax.in/s/small­
scaleindustriesssi#:~:text=Small%20Scale%20Industries%20(SSI)%20are,50%20crore
https://www.startupindia.gov.in/content/sih/en/startup­scheme.html

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning	
At the end of the lecture/presentation, numerical exercises are to be taken up to solve
problems related to the topics covered. Additional problems are to be given for practice and
also as assignments under each of the topics covered.
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TURBOMACHINES	 Semester V 
Course Code BME502 CIE Marks 50
Teaching Hours/Week (L:T:P: S) 3:0:2:0 SEE Marks 50
Total Hours of Pedagogy 40 hours Theory + 8­10 Lab slots Total Marks 100 
Credits 04 Exam Hours 3 
Examination nature (SEE) Theory 
Course	objectives:	

Understand typical design of Turbo machine, their working principle, application and 
thermodynamics process involved.  

 Study the conversion of fluid energy to mechanical energy in Turbo machine with utilization 
factor and degree of reaction.   

 Analyse various designs of steam turbine and their working principle. 
 Study the various designs of hydraulic turbine based on the working principle. 
  Understand the various aspects in design of power absorbing machine. 

Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies; that teachers can use to accelerate the attainment of the various course 
outcomes.  

 Adopt different types of teaching methods to develop the outcomes through PowerPoint 
presentations and Video demonstrations or Simulations.  

 Arrange visits to show the live working models other than laboratory topics. 
 Adopt collaborative (Group Learning) Learning in the class. 
 Adopt Problem Based Learning (PBL), which foster students’ Analytical skills and develops 
 Thinking skills such as evaluating, generalizing, and analyzing information. 

MODULE­1	

Introduction: Definition of turbo machine, parts of turbo machines, Comparison with positive 
displacement machines, Classification, Dimensionless parameters and their significance, Unit and 
specific quantities, model studies and its numerical. (Note: Since dimensional analysis is covered in 
Fluid Mechanics subject, the questions on dimensional analysis should not be given. However, 
dimensionless parameters and model studies may be given more weightage.) 
Thermodynamics	 of	 fluid	 flow: Application of first and second law of thermodynamics to turbo 
machines, Efficiencies of turbo machines, Static and Stagnation states, overall isentropic efficiency, 
stage efficiency (their comparison) and polytropic efficiency for both compression and expansion 
processes. Reheat factor for expansion process. Simple Numerical on stage efficiency and polytropic 
efficiency. 

MODULE­2	
Energy	 exchange	 in	 Turbo	 machines: Euler’s turbine equation, Alternate form of Euler’s turbine 
equation, Velocity triangles for different values of degree of reaction, Components of energy transfer, 
Degree of Reaction, utilization factor, Relation between degree of reaction and Utilization factor, 
Problems. 
General	 Analysis	 of	 Turbo	 machines: Radial flow compressors and pumps – general analysis, 
Expression for degree of reaction, velocity triangles, Effect of blade discharge angle on energy transfer 
and degree of reaction, Effect of blade discharge angle on performance, , General analysis of axial flow 
pumps and compressors, degree of reaction, velocity triangles, Numerical Problems. 

MODULE­3																																																																																																																												
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Steam	Turbines: Classification, Single stage impulse turbine, condition for maximum blade efficiency, 
stage efficiency, Need and methods of compounding, Multi­stage impulse turbine, expression for 
maximum utilization factor, Numerical.  
Reaction	 turbine: Parsons’s turbine, condition for maximum utilization factor, reaction staging. 
Numerical. 

MODULE­4	
Hydraulic	 Turbines: Classification, various efficiencies. Pelton	 Wheel – Principle of working, 
velocity triangles, design parameters, maximum efficiency, and numerical.  
Francis	 turbine – Principle of working, velocity triangles, design parameters, and numerical 
problems  
Kaplan	 and	 Propeller	 turbines: Principle of working, velocity triangles, design parameters and 
Numerical. Theory and types of Draft tubes. 

MODULE­5 
Centrifugal	Pumps: Classification and parts of centrifugal pump, different heads and efficiencies of 
centrifugal pump, Theoretical head – capacity relationship, Minimum speed for starting the flow, 
Maximum suction lift, Net positive suction head, Cavitation, Need for priming, Pumps in series and 
parallel. Problems. 
 Centrifugal	 Compressors: Stage velocity triangles, slip factor, power input factor, Stage work, 
Pressure developed, stage efficiency and surging and problems. 

PRACTICAL	COMPONENT	OF	IPCC	(May	cover	all	/	major	modules)	
Sl.NO	 Experiments

1 Performance analysis of Pelton Wheel  
2 Performance analysis of Francis turbine 
3 Performance analysis of Kaplan turbine 
4 Performance analysis of centrifugal blowers 
5 Performance analysis of centrifugal pump 
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Performance analysis of Axial Fan and Radial Fan 

Course	outcomes	(Course	Skill	Set):
At the end of the course, the student will be able to: 

Apply the Model studies and thermodynamics analysis of turbo machines. 
 Analyse the energy transfers in Turbo machine with degree of reaction and utilisation factor. 
 Classify, analyse and understand various type of steam turbine.  
 Classify, analyse and understand various type of hydraulic turbine.  
 Understand the concept of radial power absorbing machine and the problems involved during its 

operation.
Assessment	Details	(both	CIE	and	SEE)		
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 50%. 
The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) and for the 
SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A student shall be 
deemed to have satisfied the academic requirements and earned the credits allotted to each subject/ 
course if the student secures a minimum of 40% (40 marks out of 100) in the sum total of the CIE 
(Continuous Internal Evaluation) and SEE (Semester End Examination) taken together.  

CIE	for	the	theory	component	of	the	IPCC	(maximum	marks	50)	

 IPCC means practical portion integrated with the theory of the course.  
 CIE marks for the theory component are 25	marks and that for the practical component is 25	
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marks.  
 25 marks for the theory component are split into 15	marks for two Internal Assessment Tests 

(Two Tests, each of 15 Marks with 01­hour duration, are to be conducted) and 10	marks for other 
assessment methods mentioned in 22OB4.2.  The first test at the end of 40­50% coverage of the 
syllabus and the second test after covering 85­90% of the syllabus.   

 Scaled­down marks of the sum of two tests and other assessment methods will be CIE marks for 
the theory component of IPCC (that is for 25	marks). 

 The student has to secure 40% of 25 marks to qualify in the CIE of the theory component of IPCC.  

CIE	for	the	practical	component	of	the	IPCC

 15	 marks for the conduction of the experiment and preparation of laboratory record, and 10	
marks for the test to be conducted after the completion of all the laboratory sessions. 

 On completion of every experiment/program in the laboratory, the students shall be evaluated 
including viva­voce and marks shall be awarded on the same day.  	

 The CIE marks awarded in the case of the Practical component shall be based on the continuous 
evaluation of the laboratory report. Each experiment report can be evaluated for 10 marks. 
Marks of all experiments’ write­ups are added and scaled down to 15	marks.  

 The laboratory test (duration	 02/03	 hours) after completion of all the experiments shall be 
conducted for 50 marks and scaled down to 10	marks. 

 Scaled­down marks of write­up evaluations and tests added will be CIE marks for the laboratory 
component of IPCC for 25	marks.

 The student has to secure 40% of 25 marks to qualify in the CIE of the practical component of the 
IPCC. 

SEE	for	IPCC	
1. Theory SEE will be conducted by University as per the scheduled timetable, with common 

question papers for the course (duration	03	hours)	
2. The question paper will have ten questions. Each question is set for 20 marks.  
3. There will be 2 questions from each module. Each of the two questions under a module (with a 

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module. 
4. The students have to answer 5 full questions, selecting one full question from each module. 
5. Marks scored by the student shall be proportionally scaled down to 50 Marks 

The	theory	portion	of	the	IPCC	shall	be	 for	both	CIE	and	SEE,	whereas	the	practical	portion	will	
have	a	CIE	component	only.	Questions	mentioned	 in	 the	SEE	paper	may	 include	questions	 from	
the	practical	component. 
Suggested	Learning	Resources:	

TEST	BOOKS

1. V. Kadambi and Manohar Prasad, An Introduction to Energy Conversion, Volume III, Turbo 
machinery, New Age International Publishers, reprint 2008 

2. M. S. Govinde Gowda, A Text of Turbo machines, 1st Edn, 2024, Iterative International Publishers 
(IIP), ISBN: 978­93­6252­884­1. 

REFERENCE	BOOKS	 
1. Principals of Turbo machines, D. G. Shepherd, The Macmillan Company (1964). 
2. Fluid Mechanics & Thermodynamics of Turbo machines, S. L. Dixon, Elsevier (2005). 
3. Turbines, Compressors & Fans, S. M. Yahya, Tata McGraw Hill Co. Ltd., 2nd edition, 2002.
4. B.K Venkanna, Fundamentals of Turbo Machinery, PHI Publishers
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Web	links	and	Video	Lectures	(e­Resources):			
 https://www.tlv.com/global/TI/steam­theory/principal­applications­for­steam.html 
 https://www.turboindustries.com/ 
 https://www.aeroprobe.com/turbomachinery­industry/
 https://www.mr­cfd.com/industries/turbomachinery/ 

https://youtu.be/GIvV6XWaG­A
 https://youtu.be/_6FLj3Zpumo 

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning
1. Visit to Thermal power plant/Hydroelectric power plant
2. Visit to nearest pump station.
3. Video demonstration of latest trends in turbine manufacturing and pumps manufacturing units.
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Theory	of	Machines	 Semester 5	
Course Code	 BME503 CIE Marks 50 
Teaching Hours/Week (L: T:P: S) 4:0:0:0 SEE Marks 50 
Total Hours of Pedagogy 52 Total Marks 100 
Credits 04 Exam Hours 3 
Examination type (SEE) Theory 

Course	objectives:	
1. To understand the concept of machines, mechanisms and to Analyze a mechanism for 

displacement, velocity and acceleration at any point in a moving link.
2. To understand the force­motion relationship in components subjected to external forces and 

analysis of standard mechanisms 
3. To understand the theory of gears and gear trains. 
4. To understand the undesirable effects of unbalances resulting from prescribed motions in 

mechanism. 
5. To understand the principles in mechanisms used for speed control and stability control. 
6. To compute the natural and damped frequencies of free 1­DOF mechanical systems and to analyse 

the 
vibrational motion of 1­DOF mechanical systems under harmonic excitation conditions. 

Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies, which teachers can use to accelerate the attainment of the various course 
outcomes.  
Course objectives: 

1. These are sample strategies, which teachers can use to accelerate the attainment of the various 
course outcomes. 

2. Adopt different types of teaching methods to develop the outcomes through PowerPoint 
presentations and Video demonstrations or Simulations. 

3. Chalk and Talk method for Problem Solving. 
4. Adopt flipped classroom teaching method. 
5. Adopt collaborative (Group Learning) learning in the class. 
6. Adopt Problem Based Learning (PBL), which fosters students’ analytical skills and develops 

thinking skills such as evaluating, generalizing, and analysing information. 

Module­1
Introduction: Mechanisms and machines, Kinematic pairs­types, degree of freedom, Kinematic 
chains and their classification, Kinematic inversions, 
Velocity	 and	 Acceleration	 analysis	 of	 planar	 mechanisms	 Graphical	 method: Velocity and 
Acceleration Analysis of Mechanisms Velocity and acceleration analysis of four bar mechanism, slider 
crank mechanism. Mechanism illustrating Coriolis component of acceleration. Angular velocity and 
angular acceleration of links, velocity of rubbing.  
Velocity	 and	 Acceleration	 Analysis	 of	 Mechanisms	 (Analytical	 Method): Velocity and 
acceleration analysis of four bar mechanism, slider crank mechanism using complex algebra method.

Module­2
Static	force	analysis: Static equilibrium, analysis of four bar mechanism, slider crank mechanism. 
Dynamic	force	analysis: D’Alembert’s principle, analysis of four bar and slider crank mechanism. 
Flywheel: Introduction to Flywheel and calculation of its size for simple machines like punching 
machine, shearing machine. 
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Module­3
Spur	Gears: Gear terminology, law of gearing, path of contact, arc of contact, contact ratio of spur 
gear. Interference in involute gears, methods of avoiding interference, condition and expressions for 
minimum number of teeth to avoid interference. 
Gear	Trains: Simple gear trains, compound gear trains. Epicyclic gear trains: Algebraic and tabular 
methods of finding velocity ratio of epicyclic gear trains, torque calculation in epicyclic gear trains. 
Discussions on applications of gear trains. 

Module­4
Balancing	of	Rotating	Masses: Static and Dynamic Balancing, balancing of single rotating mass by 
balancing masses in same plane and in different planes. Balancing of several rotating masses by 
balancing masses in same plane and in different planes. Discussions on applications. 
Balancing	 of	 Reciprocating	Masses: Inertia Effect of crank and connecting rod, Single cylinder 
Engine, Balancing in multi cylinder­inline engine (primary and secondary forces). Discussions on 
applications 
Governors: Types of Governors; Force Analysis of Porter and Hartnell Governors. Controlling Force, 
Stability, Sensitiveness, Isochronism, Effort and Power. Discussion on applications. 	

Module­5
Free	 vibrations: Basic elements of vibrating system, Types of free vibrations, Longitudinal 
vibrations­ Equilibrium method, D’Alembert’s principle, Determination of natural frequency of single 
degree freedom systems, Damped free vibrations: Under damped, over damped and critically damped 
systems. Logarithmic decrement. 
Forced	vibrations: Undamped forced vibration of spring mass system, damped forced vibrations, 
rotating unbalance, Reciprocating unbalance, Vibration isolation, Critical speed. Discussions on 
applications. 
Course	outcome	(Course	Skill	Set)	

At the end of the course, the student will be able to: 
1. Knowledge of mechanisms and their motion and the inversions of mechanisms
2. Analyse the velocity, acceleration of links and joints of mechanisms.
3. Analyse the mechanisms for static and dynamic equilibrium.
4. Carry out the balancing of rotating and reciprocating masses
5. Analyse different types of governors used in real life situation.
6. Analyze the free and forced vibration phenomenon.

Assessment	Details	(both	CIE	and	SEE)	
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) and 
for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A student shall 
be deemed to have satisfied the academic requirements and earned the credits allotted to each subject/ 
course if the student secures a minimum of 40% (40 marks out of 100) in the sum total of the CIE 
(Continuous Internal Evaluation) and SEE (Semester End Examination) taken together.  

Continuous	Internal	Evaluation:	
For the final CIE, average of best two tests for 25 marks and for the Assessment (min. two methods),
there are 25 marks. Total CIE is for 50 marks
The first test will be administered after 40­50% of the syllabus has been covered, and the second
test will be administered after 85­90% of the syllabus has been covered
Any two assignment methods mentioned in the 22OB , if an assignment is project­based then
only one assignment for the course shall be planned.  The teacher should not conduct two
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assignments at the end of the semester if two assignments are planned. 
For the course, CIE marks will be based on a scaled­down sum of two tests and other methods of
assessment to a total mark of 50.

Internal	Assessment	Test	question	paper	is	designed	to	attain	 the	different	 levels	of	Bloom’s	
taxonomy	as	per	the	outcome	defined	for	the	course.	

Semester­End	Examination:	
Theory SEE will be conducted by University as per the scheduled timetable, with common question 
papers for the course (duration	03	hours).	
1. The question paper will have ten questions. Each question is set for 20 marks.
2. There will be 2 questions from each module. Each of the two questions under a module (with a

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module.
3. The students have to answer 5 full questions, selecting one full question from each module.
4. Marks scored shall be proportionally reduced to 50 marks.

Suggested	Learning	Resources:	
Text	Books 

1. Theory of Machines Kinematics and Dynamics Sadhu Singh Pearson Third edition 2019
2. Mechanism and Machine Theory G. Ambekar PHI 2009 Reference Books

Reference	Books	
1. Theory of Machines Rattan S.S Tata McGraw­Hill Publishing Company 2014
2. Mechanisms and Machines­ Kinematics, Dynamics and Synthesis Michael M Stanisic Cengage

Learning 2016
3. Machines and Mechanisms­ David H. Myszka, 2012, Prentice Hall,

Web	links	and	Video	Lectures	(e­Resources):		
https://archive.nptel.ac.in/courses/112/106/112106270/
https://nptel.ac.in/courses/112105268
https://archive.nptel.ac.in/courses/112/104/112104121/

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning
1. Course Seminar
2. Term project
3. Assignment
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CNC PROGRAMMING AND 3-D PRINTING LAB	 Semester 5th
Course Code	 BME504L	 CIE Marks 50
Teaching Hours/Week (L:T:P: S) 0­0­2*­0 SEE Marks 50
Credits 01 Total Marks 100
Examination nature (SEE) Practical Exam Hours 03 Hrs
* Additional one hour may be considered for Instructions if required	
Course	objectives:	

 To expose the students to the techniques of CNC programming and cutting tool path generation 
through CNC simulation software by using G­Codes and M­codes. 

 To educate the students on the usage of CAM packages. 
 To expose the students on the usage of 3D Printing Technology 

To make the students understand the importance of automation in industries through exposure 
to FMS, 

 Robotics, and Hydraulics and Pneumatics. 
Sl.NO	 Experiments	

1 Manual CNC part programming using ISO Format G/M codes for 2 turning and 2 milling parts. 
Selection and assignment of tools, correction of syntax and logical errors, and verification of tool 
path using CNC program verification software.	

2 CNC part programming using CAM packages : Simulation of Turning simulations to be carried out 
using simulation packages like: Cadem CAMLab­Pro, Master­CAM. 

3 CNC part programming using CAM packages : Simulation of Drilling simulations to be carried out 
using simulation packages like: CademCAMLab­Pro, Master­CAM. 

4 CNC part programming using CAM packages : Simulation of Milling simulations to be carried out 
using simulation packages like: CademCAMLab­Pro, Master­CAM. 

5 Internal and external threading : Write a CNC program to create internal and external threading 
on a cylindrical block(s). 

6 Simple 3D Printing Model : Creating Simple 3D model (example cube, gear, prism etc ) in CAD 
software and 
printing the model using any 3D Printer (FDM/SLA/SLS printer) 

7 Assembly Model­1: Creating an 3D CAD model of NUT and Bolt (example size M12x50), print the 
model using any 3D Printer and Check the assembly 

8 Assembly Model­2: Creating an 3D CAD assembly model containing four or more parts (example 
Screw jack, plumber block etc) print the model using any 3D Printer and Check the assembly 

Demonstration	Experiments	(	For	CIE	)	
9 Robot programming: Using Teach Pendent & Offline programming to perform pick and place, 

stacking of objects (2 programs). 
10 Pneumatics and Hydraulics, Electro­Pneumatics: 3 typical experiments on Basics of these topics 

to be conducted. 
11 FMS (Flexible Manufacturing System): Programming of Automatic storage and Retrieval system 

(ASRS) and linear shuttle conveyor Interfacing CNC lathe, milling with loading unloading arm and 
ASRS to be carried out on simple components. 

12 Simple strength testing of 3D Printed Parts 
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Course	outcomes	(Course	Skill	Set):
At the end of the course the student will be able to: 

 Explain the knowledge of G­code and M­code for machining operations. 
 Perform CNC programming for turning, drilling, milling and threading operation. 

Visualize the 3D models using CAD software’s
 Use 3D printing technology 

Assessment	Details	(both	CIE	and	SEE)	

The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 50%. 
The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) and for the 
SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A student shall be 
deemed to have satisfied the academic requirements and earned the credits allotted to each subject/ 
course if the student secures a minimum of 40% (40 marks out of 100) in the sum total of the CIE 
(Continuous Internal Evaluation) and SEE (Semester End Examination) taken together

Continuous	Internal	Evaluation	(CIE):  
CIE marks for the practical course are 50	Marks. 
The split­up of CIE marks for record/ journal and test are in the ratio 60:40. 

 Each experiment is to be evaluated for conduction with an observation sheet and record 
write­up. Rubrics for the evaluation of the journal/write­up for hardware/software 
experiments are designed by the faculty who is handling the laboratory session and are
made known to students at the beginning of the practical session. 

 Record should contain all the specified experiments in the syllabus and each experiment 
write­up will be evaluated for 10 marks. 

 Total marks scored by the students are scaled down to 30	marks (60% of maximum 
marks). 
Weightage to be given for neatness and submission of record/write­up on time. 
Department shall conduct a test of 100 marks after the completion of all the experiments 
listed in the syllabus.  
In a test, test write­up, conduction of experiment, acceptable result, and procedural 
knowledge will carry a weightage of 60% and the rest 40% for viva­voce. 

 The suitable rubrics can be designed to evaluate each student’s performance and learning 
ability.  

 The marks scored shall be scaled down to 20	marks (40% of the maximum marks). 
The Sum of scaled­down marks scored in the report write­up/journal and marks of a test is the 
total CIE marks scored by the student.

Semester	End	Evaluation	(SEE):		
 SEE marks for the practical course are 50 Marks. 
 SEE shall be conducted jointly by the two examiners, one from other institute as external 

and one from the same institute as internal examiner, are appointed by the university.
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 The examination schedule and names of examiners are informed to the university before 
the conduction of the examination. These practical examinations are to be conducted 
between the schedule mentioned in the academic calendar of the University.

 All laboratory experiments are to be included for practical examination. 	
  (Rubrics) Breakup of marks and the instructions printed on the cover page of the answer 

script to be strictly adhered to by the examiners.  OR based on the course requirement 
evaluation rubrics shall be decided jointly by examiners.	

 Students can pick one question (experiment) from the questions lot prepared by the 
examiners jointly. 	

 Evaluation of test write­up/ conduction procedure and result/viva will be conducted 
jointly by examiners. 	

 General rubrics suggested for SEE are mentioned here, writeup­20%, Conduction procedure 
and result in ­60%, Viva­voce 20% of maximum marks. SEE for practical shall be evaluated for 
100 marks and scored marks shall be scaled down to 50 marks (however, based on course 
type, rubrics shall be decided by the examiners)

 Change of experiment is allowed only once and 15% of Marks allotted to the procedure part 
are to be made zero.
The minimum duration of SEE is 02 hours 

Suggested	Learning	Resources:	
	

 https://nptel.ac.in/courses/112102103 
 https://onlinecourses.nptel.ac.in/noc19_me46/preview 
 https://nptel.ac.in/courses/112103306 
 https://archive.nptel.ac.in/courses/112/105/112105211/ 
 https://onlinecourses.nptel.ac.in/noc20_me50/preview 
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MECHATRONICS    Semester 6 
Course Code BME515A	 CIE Marks 50 
Teaching Hours/Week (L:T:P: S) 3:0:0 SEE Marks 50
Total Hours of Pedagogy 40 Total Marks 100 
Credits 03 Exam Hours 03 
Examination type (SEE) Theory 
	
Course	objectives:

1.  To acquire a strong foundation in science and focus in mechanical, electronics, control, 
software, and computer engineering, and a solid command of the newest technologies. 

   2. To understand the evolution and development of Mechatronics as a discipline. 
   3. To substantiate the need for interdisciplinary study in technology education 
   4. To understand the applications of microprocessors in various systems and to know   the 

functions of each element. 
   5. To demonstrate the integration philosophy in view of Mechatronics technology 
   6. To be able to work efficiently in multidisciplinary teams. 
	
Teaching­Learning	Process	(General	Instructions):	
These are sample Strategies, which teachers can use to accelerate the attainment of the various 
course outcomes.  
     1. Adopt different types of teaching methods to develop the outcomes through PowerPoint 

Presentations and Video demonstrations or Simulations. 
     2. Chalk and Talk method for Problem Solving. 
     3. Arrange visits to show the live working models other than laboratory topics. 
     4. Adopt collaborative (Group Learning) Learning in the class. 
     5. Adopt Problem Based Learning (PBL), which fosters students’ Analytical skills and develops 

thinking skills such as evaluating, generalizing, and analyzing information. 
	

Module­1	
Introduction: Scope and elements of Mechatronics, Mechatronics design process, measurement 
system, requirements and types of control systems, feedback principle, Basic elements of feedback 
control systems, Classification of control system. Examples of Mechatronics Systems such as 
Automatic Car Park system, Engine management system, Antilock braking system (ABS) control, 
Automatic washing machine. 
Transducers	 and	 sensors: Definition and classification of transducers, Difference between 
transducer and sensor, Definition and classification of sensors, Principle of working and 
applications of light sensors, Potentiometers, LVDT, Capacitance sensors, force and pressure 
sensors, Strain gauges, temperature sensors, proximity switches and Hall Effect sensors. 

Module­2	
Signal	 Conditioning:	 Introduction – Hardware – Digital I/O, Analog to digital conversions, 
resolution, Filtering Noise using passive components – Registers, capacitors, amplifying signals 
using OP amps. Digital Signal Processing – Digital to Analog conversion, Low pass, high pass, notch 
filtering. Data acquisition systems DAQS), data loggers, Supervisory control and data acquisition 
(SCADA), Communication methods. 
Electro	Mechanical	Drives: Relays and Solenoids – Stepper Motors – DC brushed motors – DC 
brushless motors – DC servo motors – 4­quadrant servo drives, PWM’s – Pulse Width Modulation. 
 

Module­3	
Microprocessor	 &	 Microcontrollers: Introduction, Microprocessor systems, Basic elements of 
control systems, Microcontrollers, Difference between Microprocessor and Microcontrollers. 
Microprocessor Architecture: Microprocessor architecture and terminology­CPU, memory and 
address, I/O and Peripheral devices, ALU, Instruction and Program, Assembler, Data Registers, 
Program Counter, Flags, Fetch cycle, write cycle, state, bus interrupts. Intel’s 8085A Microprocessor.
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Module­4
Programmable	 Logic	 Controller: Introduction to PLCs, Basic structure of PLC, Principle of 
operation, input and output processing, PLC programming language, ladder diagram, ladder 
diagrams circuits, timer counters, internal relays, master control, jump control, shift registers, data 
handling, and manipulations, analogue input and output, selection of PLC for application. 
Application	of	PLC	control: Extending and retracting a pneumatic piston using latches, control of 
two pneumatic pistons, control of process motor, control of vibrating machine, control of process 
tank, control of conveyer motor etc.

Module­5	
Mechatronics	 in	 Computer	 Numerical	 Control	 (CNC)	 machines: Design of modern CNC 
machines – Machine Elements: Different types of guide ways, Linear Motion guide ways. Bearings: 
anti­friction bearings, hydrostatic bearing and hydrodynamic bearing. Re­circulating ball screws. 
Typical elements of open and closed loop control systems. Adaptive controllers for machine tools. 
Mechatronics	 Design	 process: Stages of design process – Traditional and Mechatronics design 
concepts – Case studies of Mechatronics systems – Pick and place Robot – Automatic car park 
barrier. 
Course	outcome	(Course	Skill	Set)	
At the end of the course, the student will be able to : 
CO1: Illustrate various components of Mechatronics systems. 
CO2: Assess various control systems used in automation. 
CO3: Design and conduct experiments to evaluate the performance of a Mechatronics system or 

Component with respect to specifications, as well as to analyse and interpret data. 
CO4: Apply the principles of Mechatronics design to product design. 
CO5: Function effectively as members of multidisciplinary teams. 

Assessment	Details	(both	CIE	and	SEE)		
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) 
and for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A 
student shall be deemed to have satisfied the academic requirements and earned the credits allotted 
to each subject/ course if the student secures a minimum of 40% (40 marks out of 100) in the sum 
total of the CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) taken 
together.  

Continuous	Internal	Evaluation:	
The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any two
Assessment methods for 25 marks.
The first test will be administered after 40­50% of the syllabus has been covered, and 
the second test will be administered after 85­90% of the syllabus has been covered
Any two assignment methods mentioned in the 22OB , if an assignment is project­based then
only one assignment for the course shall be planned. The teacher should not conduct two
assignments at the end of the semester if two assignments are planned.
For the course, CIE marks will be based on a scaled­down sum of two tests and other methods of
assessment for a total of 50 marks.

Internal	Assessment	Test	question	paper	is	designed	to	attain	the	different	levels	of	Bloom’s	
taxonomy	as	per	the	outcome	defined	for	the	course.	

Semester­End	Examination:	
Theory SEE will be conducted by University as per the scheduled timetable, with common question 
papers for the course (duration	03	hours).	
1. The question paper will have ten questions. Each question is set for 20 marks.
2. There will be 2 questions from each module. Each of the two questions under a module (with a

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module.
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3. The students have to answer 5 full questions, selecting one full question from each module. 
4. Marks scored shall be proportionally reduced to 50 marks.
Suggested	Learning	Resources:	
Books 
1. Mechatronics System Design by Devdas Shetty and Richard A Kolk, Second edition, Thomson 

Learning Publishing 
2. Company, Vikas publishing house, 2001. 
3. W. Bolton, “Mechatronics” ­ Addison Wesley Longman Publication, 1999. 
4. Shetty and Kolk “Mechatronics System Design”­ Cengage Learning, 2010 

Web	links	and	Video	Lectures	(e­Resources):			
https://nptel.ac.in 

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning
 Quiz 
 Presentations 
 Group Activity 
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Automation	in	Manufacturing Semester V 
Course Code BME515B	 CIE Marks 50 
Teaching Hours/Week (L: T:P: S) 3:0:0:0 SEE Marks 50 
Total Hours of Pedagogy 40 hr Total Marks 100 
Credits 03 Exam Hours 3 
Examination type (SEE) Theory 
Course	objectives:	

 Explain the basics of productions, automation system and manufacturing operations.      
 Solve the simple problems on mathematical model. 
 Explain CAPP and MRP system and analyze the AGVS.  
 Understand the inspection technologies and shop floor control.  
 Explain the modern trends in additive manufacturing and automated factory 

Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies, which teachers can use to accelerate the attainment of the various 
course outcomes.  

 Adopt different types of teaching methods to develop the outcomes through PowerPoint 
presentations and Video demonstrations or Simulations.  

 Chalk and Talk method for Problem Solving. 
 Adopt flipped classroom teaching method.  
 Adopt collaborative (Group Learning) learning in the class. 
 Adopt Problem Based Learning (PBL), which fosters students’ analytical skills and develops 

thinking skills such as evaluating, generalizing, and analysing information. 
Module­1	

Introduction: Production system facilities, Manufacturing support systems, Automation in 
production systems, Automation principles &strategies Manufacturing Operations: Manufacturing 
operations, Product/production relationship, Production concepts and Mathematical models 
&costs of manufacturing operations. Problems on mathematical models 

Module­2	
Line	 Balancing: Methods of line balancing, Numerical problems on largest candidate rule, 
Kilbridge’s and Wester’s method, and ranked positional weights method, computerized line 
balancing methods. Automated Assembly System: Design for automated assembly, types of 
automated assembly system, Parts feeding devices, Analysis of single and multi station assembly 
machines.	

Module­3	
Computerized	 Manufacture	 Planning	 and	 AGVS: Computer aided process planning (CAPP), 
Retrieval and Generative systems, and benefits of CAPP. Material requirement planning, Inputs to 
MRP system, working of MRP, Outputs and benefits. Automated Guided Vehicles System: 
Applications, Guidance and routing, Industrial Robotics: Definition, Robot anatomy, Joints and 
links, Robot configurations, Robot control systems, Accuracy and repeatability, End effectors, 
Sensors in robotics. Industrial robot applications: Material handling, Processing, assembly and 
inspection. 

Module­4	
Inspection	 Technologies: Automated inspection, coordinate measuring machines construction, 
Operation &programming, Software, application &benefits, Flexible inspection system, Inspection 
probes on machine tools, Machine vision, Optical inspection techniques & Non­contact Non­optical 
inspection technologies. Shop Floor Control and Automatic Identification Techniques: Shop floor 
control, Factory data collection system, Automatic identification methods, Bar code technology, 
Automatic data collection systems. An Introduction to QR Code Technology	
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Module­5	
Additive	Manufacturing	Systems: Basic principles of additive manufacturing, Slicing CAD models 
for AM, Advantages and limitations of AM technologies, Recent trends in manufacturing, Hybrid 
manufacturing. Future of Automated Factory: Trends in manufacturing, the future automated 
factory, Human workers in future automated factory, Social impact. 

Course	outcome	(Course	Skill	Set)	
At the end of the course, the student will be able to : 

CO1: Explain the basics of productions, automation system and manufacturing operations. Solve 
the simple problems on mathematical model.  

CO2:Explain CAPP and MRP system and analyze the AGVS.  
CO3:Understand the inspection technologies and shop floor control.  
CO4:Explain the modern trends in additive manufacturing and automated factory. 

Assessment	Details	(both	CIE	and	SEE)	
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) 
and for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A 
student shall be deemed to have satisfied the academic requirements and earned the credits allotted 
to each subject/ course if the student secures a minimum of 40% (40 marks out of 100) in the sum 
total of the CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) taken 
together.  

Continuous	Internal	Evaluation:	

The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any two
Assessment methods for 25 marks.
The first test will be administered after 40­50% of the syllabus has been covered, and the
second test will be administered after 85­90% of the syllabus has been covered
Any two assessment methods mentioned in the 22OB , if an assignment is project­based then
only one assignment for the course shall be planned.  The teacher should not conduct two
assignments at the end of the semester if two assignments are planned.
For the course, CIE marks will be based on a scaled­down sum of two tests and other methods of
assessment for a total of 50 marks.
Internal	 Assessment	 Test	 question	 paper	 is	 designed	 to	 attain	 the	 different	 levels	 of	 Bloom’s
taxonomy	as	per	the	outcome	defined	for	the	course.

Semester­End	Examination:	
Theory SEE will be conducted by University as per the scheduled timetable, with common question 
papers for the course (duration	03	hours).	
1. The question paper will have ten questions. Each question is set for 20 marks.
2. There will be 2 questions from each module. Each of the two questions under a module (with a

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module.
3. The students have to answer 5 full questions, selecting one full question from each module.
4. Marks scored shall be proportionally reduced to 50 marks.

Suggested	Learning	Resources:
Books 

Text Books:  
1. Automation, Production Systems and Computer­Integrated Manufacturing, by Mikell P

Groover, 3rd Edition, 2009, PHI Learning.
2. Automation, Production Systems and Computer­Integrated Manufacturing, by Mikell P

Groover, 1999, Prentice­Hall of India.
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3. CAD / CAM Principles and Applications by P N Rao, 3rd Edition, 2015, Tata Mc Graw 
Hill.  

4. Additive Manufacturing Technologies: Rapid Prototyping to Direct Digital Manufacturing,  
2nd Ed. (2015), Ian Gibson, David W. Rosen, Brent Stucker 98  

5. “Understanding Additive Manufacturing”, Andreas Gebhardt, Hanser Publishers, 2011  
Reference Books: 

1. Systems Approach to Computer­Integrated Design and Manufacturing by Dr. Nanua  
Singh,Wiley, 1996.  

2. CAD/CAM/CIM P. Radhakrishnan, S. Subramanyan, U. Raju, New Age International  
Publication Revised Third Edition 2007. Delhi.  

Web	links	and	Video	Lectures	(e­Resources):			

http://lavalle.pl/vr/book.html 
https://nptel.ac.in/courses/106/106/106106138/ 
https://www.coursera.org/learn/introduction-virtual-reality. 

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning	
 Course seminars
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Supply	Chain	Management	&	Introduction	to	SAP Semester 5th  
Course Code BME515C	 CIE Marks 50 
Teaching Hours/Week (L:T:P: S) 3:0:0 SEE Marks 50 
Total Hours of Pedagogy 40 Total Marks 100 
Credits 03 Exam Hours 03 
Examination nature (SEE) Theory	
Course	objectives:	

 To acquaint with key drivers of supply chain performance and their inter­relationships with 
strategy. 

 To impart analytical and problem­solving skills necessary to develop solutions for a variety 
of supply chain management & design problems. 

 To study the complexity of inter­firm and intra­firm coordination in implementing 
programs such as e­collaboration, quick response, jointly managed inventories and strategic 
alliances. 

 To understand the usage of SAP material management system 

Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies, which teachers can use to accelerate the attainment of the various 
course outcomes.  

1. Adopt different type of teaching methods to develop the outcomes through Power­Point 
Presentation and Video demonstration or Simulations. 

2. Chalk and Talk method for Problem Solving. 
3. Discuss the case studies and how every concept can be applied to the real world ­ and when 

that's possible, it helps improve the students' understanding. 
4. Adopt collaborative (Group Learning) Learning in the class. 
5. Adopt Problem Based Learning (PBL), which fosters students Analytical skills, develop 

thinking skills such as the ability to evaluate, generalize, and analyse information.	
Module­1	

Introduction: Supply Chain – Fundamentals –Evolution­ Role in Economy ­ Importance ­ 
Decision Phases –Supplier Manufacturer­Customer chain. ­ Enablers/ Drivers of Supply Chain 
Performance. Supply chain strategy ­Supply Chain Performance Measures. 
Strategic	 Sourcing	 Outsourcing – Make Vs buy ­ Identifying core processes ­ Market Vs 
Hierarchy ­ Make Vs buy continuum ­Sourcing strategy ­ Supplier Selection and Contract 
Negotiation.  

Module­2	
Warehouse	 Management	 Stores	 management­stores systems and procedures­incoming 
materials control stores accounting and stock verification Obsolete, surplus and scrap­value 
analysis­material handling transportation and traffic management ­operational efficiency­
productivity­cost effectiveness­performance measurement. 
Supply	 Chain	 Network	 Distribution	 Network	 Design	 –	 Role ­ Factors Influencing Options, 
Value Addition – Distribution Strategies ­ Models for Facility Location and Capacity allocation. 
Distribution Center Location Models.	

Module­3	
Supply	 Chain	 Network	 optimization	 models. Impact of uncertainty on Network Design ­ 
Network Design, decisions using Decision trees. Planning Demand, ­multiple item ­multiple 
location inventory management. Pricing and Revenue Management. 

Module­4	
Current	Trends:	Supply	Chain	Integration	­	Building partnership and trust in Supply chain Value 
of Information: Bullwhip Effect ­ Effective forecasting ­ Coordinating the supply chain. Supply Chain 
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restructuring, Supply Chain Mapping ­ Supply Chain process restructuring, Postpone the point of 
differentiation – IT in Supply Chain ­ Agile Supply Chain ­Reverse Supply chain. Future of IT in 
supply chain­ EBusiness in supply chain.	

Module­5
Introduction	 to	 SAP ­ SAP Material Management, Procurement process, Organization structure, 
Enterprise structure, Master data management, purchase Info record, source list, procurement 
cycle, purchase requisition, request for quotation, purchase order, inventory management, invoice 
verification, service management, transaction code 
Course	outcome	(Course	Skill	Set)	
At the end of the course, the student will be able to : 

1. Describe the framework and scope of supply chain management.
2. Build and manage a competitive supply chain using strategies, models, techniques and

information technology.
3. Plan the demand, inventory and supply and optimize supply chain network.
4. Illustrate the emerging trends and impact of IT on Supply chain.
5. Apply the basics of SAP material management system

Assessment	Details	(both	CIE	and	SEE)	
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) 
and for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A 
student shall be deemed to have satisfied the academic requirements and earned the credits allotted 
to each subject/ course if the student secures a minimum of 40% (40 marks out of 100) in the sum 
total of the CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) taken 
together.  

Continuous	Internal	Evaluation:	

The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any two
Assessment methods for 25 marks.

The first test will be administered after 40­50% of the syllabus has been covered, and the
second test will be administered after 85­90% of the syllabus has been covered
Any two assessment methods mentioned in the 22OB , if an assignment is project­based then
only one assignment for the course shall be planned.  The teacher should not conduct two
assignments at the end of the semester if two assignments are planned.
For the course, CIE marks will be based on a scaled­down sum of two tests and other methods of
assessment for a total of 50 marks.

Internal	Assessment	Test	question	paper	is	designed	to	attain	the	different	levels	of	Bloom’s	
taxonomy	as	per	the	outcome	defined	for	the	course.	

Semester­End	Examination:	
Theory SEE will be conducted by University as per the scheduled timetable, with common question 
papers for the course (duration	03	hours).	
1. The question paper will have ten questions. Each question is set for 20 marks.
2. There will be 2 questions from each module. Each of the two questions under a module (with a

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module.
3. The students have to answer 5 full questions, selecting one full question from each module.
4. Marks scored shall be proportionally reduced to 50 marks.
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Suggested	Learning	Resources:
Books

1. Janat Shah, Supply Chain Management– Text and Cases, Pearson Education, 2nd edition 
2. Sunil Chopra and Peter Meindl, Supply Chain Management­Strategy Planning and Operation, 

PHI Learning /Pearson Education, 6th edition. 
3. David Simchi­Levi, Philip Kaminsky, Edith Simchi­Levi, Designing and Managing the Supply 

Chain: Concepts, Strategies, and Cases, Tata McGraw­Hill. 
4. Ballou Ronald H, Business Logistics and Supply Chain Management, Pearson Education 
5. Ashfaque Ahmed, The SAP Materials Management Handbook, CRC Press Publication. 2014 

edition. 
6. Martin Murray & Jawad Akhtar, Materials Management with SAP ERP: Functionality and 

Technical Configuration, SAP Press; Fourth edition.
7. P. Gopalakrishnan, M. Sundaresan, Materials Management: An Integrated Approach, Prentice 

Hall India 

Web	links	and	Video	Lectures	(e­Resources):			
https://onlinecourses.nptel.ac.in/noc21_mg45/preview 

 https://nptel.ac.in/courses/110106045 
 https://www.udemy.com/course/sap­mm­training/ 
 https://www.udemy.com/course/sap­s4hana­mm­sourcing­and­procurement/ 
 https://nptel.ac.in/courses/110105095. 

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning
 Case study of companies’ example Amazon, Flipkart, Parle, DMart, Reliance etc can be 

discussed 
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Energy	Engineering Semester V 
Course Code BME515D	 CIE Marks 50 
Teaching Hours/Week (L:T:P: S) 3:0:0:0 SEE Marks 50 
Total Hours of Pedagogy 40 hours Total Marks 100 
Credits 03 Exam Hours 03 
Examination type (SEE) Theory	
	
Course	objectives:

 Understand energy scenario, energy sources and their utilization 
 Learn about energy conversion methods 
 Study the principles of renewable energy conversion systems. 

	
Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies, which teachers can use to accelerate the attainment of the various 
course outcomes.  

 Adopt different types of teaching methods to develop the outcomes through PowerPoint 
presentations and Video demonstrations or Simulations.  

 Arrange visits to show the live working models other than laboratory topics. 
 Adopt collaborative (Group Learning) Learning in the class. 
 Adopt Problem Based Learning (PBL), which foster students’ Analytical skills and develops 
 thinking skills such as evaluating, generalizing, and analyzing information. 

Module­1	
Steam	Generators: Coal and ash handling, Generation of steam using forced circulation, high and 
supercritical pressures, LaMount, Benson, Velox, Loeffer, Schmidt steam generators, Cooling towers 
and Ponds, Accessories such as Super heaters, De­super heater, Economizers, Air pre heaters. 

Diesel	Engine	Power	System: Applications of Diesel Engines in Power field. Method of starting 
Diesel engines. Auxiliaries like cooling and lubrication system, filters, centrifuges, Oil heaters, 
intake and exhaust system, Layout of diesel power plant.  

Module­2	
Solar	Energy: Introduction, Solar radiation at the earth’s surface, Solar radiation measurements, 
Flat plate collectors, Focussing collectors, Solar Pond, Solar electric power generation­Solar photo 
voltaic.  
Biomass	Energy: Photosynthesis, photosynthetic oxygen production, energy plantation.  
Biochemical Route: Biogas production from organic wastes by anaerobic fermentation, Biogas 
plants­KVIC, Janta, Deenbhandu models, factors affecting bio gas generation. Thermal gasification of 
biomass, updraft and downdraft 

Module­3	
Geothermal	Energy: Forms of geothermal energy, Dry steam, wet steam, hot dry rock and 
magmatic chamber systems. 
Tidal	Energy: Tidal power, Site selection, Single basin and double basin systems, Advantages and 
disadvantages of tidal energy. 
Wind	Energy: Wind energy­Advantages and limitations, wind velocity and wind power, Basic 
components of wind energy conversion systems, horizontal and vertical axis wind mills, coefficient 
of performance of a wind mill rotor, Applications of wind energy. 

Module­4	
Hydroelectric	plants: Advantages & disadvantages of water power, Hydrographs and flow 
duration curves numerical, Storage and pondage, General layout of hydel power plants­ 
components such as Penstock, surge tanks, spill way and draft tube and their applications, pumped 
storage plants, Detailed classification of hydroelectric plants, water hammer. 
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Ocean	Thermal	Energy: Ocean thermal energy conversion, Principle and working of Rankine cycle, 
Problems associated with OTEC. 

Module­5	
Nuclear	Energy: Principles of release of nuclear energy­Fusion and fission reactions. Nuclear fuels 
used in the reactors, Chain reaction, Moderation, breeding, Multiplication and thermal utilization 
factors. General components of a nuclear reactor and materials, Brief description­Pressurized water 
reactor, Boiling water reactor, Sodium graphite reactor, Fast Breeder reactor, Homogeneous 
graphite reactor and gas cooled reactor, Radiation hazards, Shielding, Nuclear waste, Radioactive 
waste disposal. 

Course	outcome	(Course	Skill	Set)

At the end of the course, the student will be able to : 
CO1: Understand the construction and working of steam generators and their accessories. 
CO2: Identify renewable energy sources and their utilization. 
CO3: Understand principles of energy conversion from alternate sources including wind, 

geothermal, ocean, biomass, nuclear, hydel and tidal. 

Assessment	Details	(both	CIE	and	SEE)	
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) 
and for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A 
student shall be deemed to have satisfied the academic requirements and earned the credits allotted 
to each subject/ course if the student secures a minimum of 40% (40 marks out of 100) in the sum 
total of the CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) taken 
together.  

Continuous	Internal	Evaluation:	

The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any
two Assessment methods for 25 marks.
The first test will be administered after 40­50% of the syllabus has been covered, and 
the second test will be administered after 85­90% of the syllabus has been covered
Any two assessment methods mentioned in the 22OB , if an assignment is project­based
then only one assignment for the course shall be planned.  The teacher should not conduct two
assignments at the end of the semester if two assignments are planned.
For the course, CIE marks will be based on a scaled­down sum of two tests and other methods
of assessment for a total of 50 marks.

Internal	Assessment	Test	question	paper	is	designed	to	attain	the	different	levels	of	Bloom’s	
taxonomy	as	per	the	outcome	defined	for	the	course.	

Semester­End	Examination:	
Theory SEE will be conducted by University as per the scheduled timetable, with common question 
papers for the course (duration	03	hours).	

1. The question paper will have ten questions. Each question is set for 20 marks.
2. There will be 2 questions from each module. Each of the two questions under a module (with a

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module.
3. The students have to answer 5 full questions, selecting one full question from each module.
4. Marks scored shall be proportionally reduced to 50 marks.
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Suggested	Learning	Resources:	
Test	Books:	

1. G.D. Rai, Non conventional energy resources, 5th Edition, Khanna Publishers, New Delhi 
2. B H Khan, Non conventional energy resources, 3rd Edition, McGraw Hill Education 
3. Principles of Energy conversion, A. W. Culp Jr., McGraw Hill. 1996  

 
REFERENCE	BOOKS	 

1. S.P. Sukhatme, Solar Energy: principles of Thermal Collection and Storage, Tata McGraw­Hill 
(1984).  

2. 
Hall of India, 2009.  

3. L.L. Freris, Wind Energy Conversion Systems, Prentice Hall, 1990.  

Web	links	and	Video	Lectures	(e­Resources):			

https://www.tlv.com/global/TI/steam­theory/principal­applications­for­steam.html 
 https://youtu.be/IdPTuwKEfmA
 https://youtu.be/6FMLm5WCadI
 https://youtu.be/utjf7US_cKA

https://youtu.be/Z1ur09_SLVo
 https://youtu.be/Z1ur09_SLVo 
 https://youtu.be/AMXxXoHtM­o 

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning	

1. Visit to conventional energy source power plant (thermal power plant/nuclear power plant/diesel 
engine power plant) 

 2. Visit to Non-conventional energy source power plant (solar power plant/wind power plant/tidal power 
plant/OTEC power plant, etc) 

3. Video demonstration of latest trends in renewable energy sources. 
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HEAT	TRANSFER	 Semester 6th 
Course Code 	 CIE Marks 50
Teaching Hours/Week (L:T:P: S) 3:0:2:0 SEE Marks 50
Total Hours of Pedagogy 40 hours Theory + 8­10 Lab slots Total Marks 100 
Credits 04 Exam Hours 03
Examination nature (SEE) Theory 

Course	objectives:	
Student will be able to learn 

Principles of heat transfer.
Steady and transient heat transfer, obtain the differential equation of heat conduction in various
coordinate system.
Physical mechanism of convection and visualize the development of velocity and thermal
boundary layers during flow over a surface.
Radiation heat transfer mechanism
The mechanisms of boiling and condensation and understand performance parameters of heat
exchangers.

Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies; that teachers can use to accelerate the attainment of the various course 
outcomes.  

1. Adopt different types of teaching methods to develop the outcomes through PowerPoint
presentations and Video demonstrations or Simulations.

2. Chalk and Talk method for Problem Solving.
3. Adopt flipped classroom teaching method.
4. Adopt collaborative (Group Learning) learning in the class.
5. Adopt Problem Based Learning (PBL), which fosters students’ analytical skills and develops

thinking skills such as evaluating, generalizing, and analysing information.

MODULE­1
Introductory	Concepts	and	definition: Review of basics of Modes of Heat Transfer. 
Conduction­Basic	 Equations: General form of one­dimensional heat conduction equation. Boundary 
conditions of first, second and third kinds; 

One	 dimensional	 Steady	 state	 conduction	 with	 and	 without	 heat	 generation: Steady state 
conduction in slab, cylinder and sphere with engineering applications. 
Steady	state	conduction: Overall heat transfer coefficient for a composite medium; thermal contact 
resistance; critical thickness of insulation, Discussion on engineering applications.

MODULE­2	

Extended	surfaces; Steady state conduction in fins of uniform cross section long fin, fin with insulated 
tip and fin with convection at the tip; fin efficiency & effectiveness, Discussion on engineering 
applications. 

One	dimensional	Transient	conduction: Conduction in solids with negligible internal temperature 
gradients (lumped system analysis) Use of transient temperature charts (Heisler’s charts) for 
Transient conduction in slab, long cylinder and sphere; Discussion on engineering applications.

MODULE­3	
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Numerical	Analysis	of	Heat	Conduction: Introduction, one­dimensional steady conduction and one 
Dimensional unsteady conduction, boundary conditions, and solution methods.

Radiation	Heat	transfer: Review of basic laws of thermal radiation, Intensity of radiation and solid 
angle; Concept of thermal radiation resistance, Radiation network, view factor, Radiation heat 
exchange between two parallel infinite black surfaces, between two parallel infinite gray surfaces; 
Effect of radiation shield; Discussion on engineering applications. 

MODULE­4
Concepts	and	Basic	Relations	 in	Boundary	 layers: Flow over a flat plate ­Velocity boundary layer, 
Thermal boundary layer; Prandtl number; general expression for local heat transfer coefficient; Average 
heat transfer coefficient. 
 
Forced	Convection: Physical significance of Dimensionless numbers. Use of various Correlations for 
hydro dynamically and thermally developed flows; Use of correlations for flow over a flat plate, cylinder, 
sphere and flow inside the duct. 
 
Free	or	Natural	Convection: Physical significance of dimensionless numbers. Use of correlations for 
free convection from or to vertical, horizontal and inclined flat plates, vertical and inclined cylinder. 

MODULE­5 
Boiling	 and	 Condensation; Pool boiling regimes. Basics of Film and dropwise condensation, Use of 
correlations for film and dropwise condensation on tubes. 
 
Heat	Exchangers: Classification of heat exchangers; Overall heat transfer coefficient, Fouling, Scaling 
factors; LMTD and NTU methods of analysis of heat exchangers. 

PRACTICAL	COMPONENT	OF	IPCC(May	cover	all	/	major	modules) 
Sl.NO	 Experiments

1 Determination of Thermal Conductivity of a Metal Rod. 

2 Determination of Overall Heat Transfer Coefficient of a Composite wall. 
3 Determination of Effectiveness on a Metallic fin.

4 Determination of Heat Transfer Coefficient in free Convection

5
Determination of Heat Transfer Coefficient in a Forced Convention

6 Determination of Emissivity of a Surface and Determination of Stefan Boltzmann Constant. 

7 Determination of LMDT and Effectiveness in a Parallel Flow and Counter Flow Heat Exchangers.

8 Experiments on Boiling of Liquid and Condensation of Vapour. 
9 Experiment on Transient Conduction Heat Transfer. 

10 Use of CFD for demonstrating heat transfer mechanism considering practical applications, 
Minimum two exercises 11 

12 Using one dimensional transient conduction, experimentally demonstrate estimation of thermal 
conductivity and thermal diffusivity	

Course	outcomes	(Course	Skill	Set):
At the end of the course, the student will be able to: 

 Determine temperature distribution in steady­state heat conduction. 
 Analyse the forced and free convective heat transfer. 
 Analyse the radiation Heat transfer. Analyse the heat transfer through extended surfaces and 
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transient heat conduction. 
 Design of heat exchangers using LMTD, NTU methods and analyse the boiling and condensation. 

Assessment	Details	(both	CIE	and	SEE)		
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 50%. 
The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) and for the 
SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A student shall be 
deemed to have satisfied the academic requirements and earned the credits allotted to each subject/ 
course if the student secures a minimum of 40% (40 marks out of 100) in the sum total of the CIE 
(Continuous Internal Evaluation) and SEE (Semester End Examination) taken together.  

CIE	for	the	theory	component	of	the	IPCC	(maximum	marks	50)	

 IPCC means practical portion integrated with the theory of the course.  
 CIE marks for the theory component are 25	marks and that for the practical component is 25	
marks. 

25 marks for the theory component are split into 15	marks for two Internal Assessment Tests 
(Two Tests, each of 15 Marks with 01­hour duration, are to be conducted) and 10	marks for other 
assessment methods mentioned in 22OB4.2.  The first test at the end of 40­50% coverage of the 
syllabus and the second test after covering 85­90% of the syllabus.   

 Scaled­down marks of the sum of two tests and other assessment methods will be CIE marks for 
the theory component of IPCC (that is for 25	marks). 

 The student has to secure 40% of 25 marks to qualify in the CIE of the theory component of IPCC.  
CIE	for	the	practical	component	of	the	IPCC

 15	marks for the conduction of the experiment and preparation of laboratory record, and 10	
marks for the test to be conducted after the completion of all the laboratory sessions.  

 On completion of every experiment/program in the laboratory, the students shall be evaluated 
including viva­voce and marks shall be awarded on the same day.  	

 The CIE marks awarded in the case of the Practical component shall be based on the continuous 
evaluation of the laboratory report. Each experiment report can be evaluated for 10 marks. Marks 
of all experiments’ write­ups are added and scaled down to 15	marks.  
The laboratory test (duration	 02/03	 hours) after completion of all the experiments shall be 
conducted for 50 marks and scaled down to 10	marks.

 Scaled­down marks of write­up evaluations and tests added will be CIE marks for the laboratory 
component of IPCC for 25	marks. 

 The student must secure 40% of 25 marks to qualify in the CIE of the practical component of the 
IPCC. 

SEE	for	IPCC	
Theory SEE will be conducted by University as per the scheduled timetable, with common question 
papers for the course (duration	03	hours)	

1. The question paper will have ten questions. Each question is set for 20 marks.  
2. There will be 2 questions from each module. Each of the two questions under a module (with a 

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module. 
3. The students have to answer 5 full questions, selecting one full question from each module.
4. Marks scored by the student shall be proportionally scaled down to 50 Marks 

The	theory	portion	of	the	IPCC	shall	be	 for	both	CIE	and	SEE,	whereas	the	practical	portion	will	
have	a	CIE	component	only.	Questions	mentioned	 in	 the	SEE	paper	may	 include	questions	 from	
the	practical	component.	
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Suggested	Learning	Resources:
(Title	of	the	Book/Name	of	the	author/Name	of	the	publisher/Edition	and	Year)	
Text	Books:	

1. Principals of heat transfer Frank Kreith, Raj M. Manglik, Mark S. Bohn Cengage learning Seventh 
Edition 2011. 

2. Heat transfer, a practical approach Yunus A. Cengel Tata Mc Graw Hill Fifth edition
Reference	Books:	

1. Heat and mass transfer Kurt C, Rolle Cengage learning second edition 
2. Heat Transfer A Basic Approach M. Necati Ozisik McGraw Hill, New York 2005 
3. Fundamentals of Heat and Mass Transfer Incropera, F. P. and De Witt, D. P John Wiley and Sons, 

New York 5thEdition 2006 
4. Heat Transfer Holman, J. P. Tata McGraw Hill, New York 9th Edition 2008

Web	links	and	Video	Lectures	(e­Resources):			
https://www.youtube.com/watch?v=rxTK_SvSmvs&list=PL1gyM10tgL1hK9666oGndGlWDQdpQzkY9

 https://www.kochheattransfer.com/products/twisted-tube-bundle-
technology?gad=1&gclid=Cj0KCQjwmtGjBhDhARIsAEqfDEdG22TY7OHa8PBzHX1Yo_DKQcheV46aZxtD
RvDIhCe1Gfpr5obDMLoaArSXEALw_wcB

 https://www.hightemp­furnaces.com/ 

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning	
 Organize a visit to automobile service station and write a report for cooling systems in 

automobile. 
 Apply knowledge of plane wall transient conduction to determine the temperature distribution 

throughout the pizza as a function of time.	
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MACHINE	DESIGN	 Semester 6th  
Course Code BME602	 CIE Marks 50 
Teaching Hours/Week (L:T:P: S) 3­2­0­0 SEE Marks 50 
Total Hours of Pedagogy 52 Total Marks 100 
Credits 04 Exam Hours 3 
Examination type (SEE) Theory	
	

Course	objectives:	
The student will be able:

1. To explain the principles involved in design of machine elements, subjected to different 
kinds of forces, from the considerations of strength, rigidity. 

2. To understand and interpret different failure modes and application of appropriate criteria 
for design of machine elements. 

3. Develop the capability to design elements like shafts, couplings and welded joints, screwed 
joints. 

4. To learn transmission elements like gears, belts, pulleys, bearings from the manufacturers’ 
catalogue. 

5. To produce assembly and working drawings of various mechanical systems involving 
machine elements like clutches and brakes. 

	
Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies, which teachers can use to accelerate the attainment of the various 
course outcomes.  

1. Adopt different types of teaching methods to develop the outcomes through PowerPoint 
presentations and Video demonstrations or Simulations. 

2. Chalk and Talk method for Problem Solving. 
3. Adopt flipped classroom teaching method. 
4. Adopt collaborative (Group Learning) learning in the class. 

       5.   Adopt Problem Based Learning (PBL), which fosters students’ analytical skills and develops 
thinking skills such as evaluating, generalizing, and analysing information.	

Module­1	
Introduction	 and	 Review:	 Review of engineering materials and their properties and 
manufacturing processes; use of codes and standards, selection of preferred sizes. Review of axial, 
bending, shear and torsion loading on machine components, combined loading.  
Design	 for	 static	 strength: Factor of safety and service factor. Failure mode: definition and 
types., Failure of brittle and ductile materials; even and uneven materials; Stress concentration, 
stress concentration factor, Theories of failure: maximum normal stress theory, maximum shear 
stress theory, distortion energy theory, strain energy theory, Columba –Mohr theory and 
modified Mohr’s theory 
Fatigue	 loading: Introduction to fatigue failure, Mechanism of fatigue failure, types of fatigue 
loading, S­N Diagram, Low cycle fatigue, High cycle fatigue, Endurance limit. 

Module­2	
Design	of	shafts: Torsion of shafts, solid and hollow shaft design with steady loading based 
on strength and rigidity, ASME and BIS codes for power transmission shafting, design of 
shafts subjected to combined bending, torsion and axial loading, Discussion on engineering 
applications.		
Design	 of	 keys	 and	 couplings:	Keys: Types of keys and their applications, design 
considerations in parallel and tapered sunk keys, Design of square and rectangular sunk 
keys. Couplings: Rigid and flexible coupling­types and applications, design of Flange 
coupling, and Bush and Pin type coupling. 

Module­3	
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Riveted	joints: Types of rivets, rivet materials, Caulking and fullering, analysis of riveted joints, 
joint efficiency, failures of riveted joints, boiler joints, riveted brackets, Discussion on engineering 
applications. 
Welded	 joints: Types, strength of butt and fillet welds, eccentrically loaded welded joints, 
Discussion on engineering applications. 
Spur	 Gears: Definitions, stresses in gear tooth: Lewis equation and form factor, design for 
strength, dynamic load and wear.

Module­4	
Helical Gears: Definitions, transverse and normal module, formative number of teeth, 
design based on strength, dynamic load and wear. 
Bevel	Gears: Definitions, formative number of teeth, design based on strength, dynamic load
and wear. 
	Worm	Gears: Definitions, types of worm and worm gears, and materials for worm and worm 
wheel. Design based on strength, dynamic, wear loads and efficiency of worm gear drives.	

Module­5	
Design	of	Clutches	and	Brakes: Design of single plate, multi­plate based on uniform pressure and 
uniform wear theories. Design of band brakes, block brakes  
Lubrication	 and	 Bearings: Lubricants and their properties, bearing materials and properties; 
mechanisms of lubrication, hydrodynamic lubrication, pressure development in oil film, bearing 
modulus, coefficient of friction, minimum oil film thickness, heat generated, and heat dissipated. 

Course	outcome	(Course	Skill	Set)	

At the end of the course, the student will be able to : 
1. Apply codes and standards in the design of machine elements and select an element based on

the Manufacturer’s catalogue.
2. Analyse the performance and failure modes of mechanical components subjected to combined

loading and fatigue loading using the concepts of theories of failure.
3. Demonstrate the application of engineering design tools to the design of machine components

like shafts, keys, couplings, welded and riveted joints, brakes and clutches
4. Design different types of gears and simple gear boxes for relevant applications.
5. Apply design concepts of hydrodynamic bearings for different applications using the

manufacturers, catalogue.

Assessment	Details	(both	CIE	and	SEE)	
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) 
and for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A 
student shall be deemed to have satisfied the academic requirements and earned the credits allotted 
to each subject/ course if the student secures a minimum of 40% (40 marks out of 100) in the sum 
total of the CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) taken 
together.  

Continuous	Internal	Evaluation:	

The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any two
Assessment methods for 25 marks.

The first test will be administered after 40­50% of the syllabus has been covered, and the
second test will be administered after 85­90% of the syllabus has been covered
Any two assessment methods mentioned in the 22OB , if an assignment is project­based then
only one assignment for the course shall be planned.  The teacher should not conduct two
assignments at the end of the semester if two assignments are planned.
For the course, CIE marks will be based on a scaled­down sum of two tests and other methods of
assessment for a total of 50 marks.
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Internal	Assessment	Test	question	paper	is	designed	to	attain	the	different	levels	of	Bloom’s	
taxonomy	as	per	the	outcome	defined	for	the	course.

Semester­End	Examination:	
Theory SEE will be conducted by University as per the scheduled timetable, with common question 
papers for the course (duration	03	hours).	
1. The question paper will have ten questions. Each question is set for 20 marks. 
2. There will be 2 questions from each module. Each of the two questions under a module (with a 

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module. 
3. The students have to answer 5 full questions, selecting one full question from each module.  
4. Marks scored shall be proportionally reduced to 50 marks. 
Suggested	Learning	Resources:	

Text	Books
1 Shigley's Mechanical Engineering Design Richard G. Budynas, and J. Keith Nisbett 

McGraw­Hill Education 10th Edition, 2015 
2 Fundamentals of Machine Component Design Juvinall R.C, and Marshek K.M John 

Wiley & Sons Third Edition 2007 Wiley student edition 
3 Design of Machine Elements V. B. Bhandari Tata Mcgraw Hill 4th Ed 2016.

Web	links	and	Video	Lectures	(e­Resources):			
1.  https://en.wikipedia.org/wiki/Machine_element 
2. www.nptel.ac.in 
3. https://cosmolearning.org 
4. www.vtu.ac.in 

       5. http://nevonprojects.com/mini­projects­for­mechanical­engineering/ 

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning:
 Term Projects 

Course seminar 
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Design	lab	 Semester  6th	
Course Code BME606L CIE Marks 50
Teaching Hours/Week (L:T:P: S) 0­0­2 SEE Marks 50
Credits  01 Exam Hours 3
Examination type (SEE) Practical
Course	objectives:	
The students will be able  

 To understand the concepts of natural frequency, logarithmic decrement, damping and damping 
ratio. 

 To understand the techniques of balancing of rotating masses and influence of gyroscopic couple. 
 To verify the concept of the critical speed of a rotating shaft. 

To illustrate the concept of stress concentration using Photo elasticity.
 To appreciate the equilibrium speed, sensitiveness, power and effort of a Governor.
 To illustrate the principles of pressure development in an oil film of a hydrodynamic journal 

bearing.
 To visualize different mechanisms and cam motions 
 Modern computing techniques are preferred to be used wherever possible 

Sl.NO	 Experiments
1 Determination of natural frequency, logarithmic decrement, damping ratio and damping 

coefficient in a single degree of freedom vibrating systems (longitudinal and torsional) 
2 Balancing of rotating masses

3 Determination of critical speed of a rotating shaft 

4 Determination of equilibrium speed, sensitiveness, power and effort of Porter/Proell /Hartnell 
Governor. 

5 Determination of Pressure distribution in Journal bearing

6 
Study of different types of cams, types of followers and typical follower motions.  
Obtain cam profile for any two types of follower motions and types of followers 7 

8 Determination of Fringe constant of Photo­elastic material using. a) Circular disc subjected to 
diametral compression. b) Pure bending specimen (four­point bending).

 Demonstration	Experiments	(	For	CIE	)	

9 Study the principle of working of a Gyroscope and demonstrate the Effect of gyroscopic Couple 
on plane disc

10 Demonstration and study of operation of different Mechanisms and their Inversions: Slider 
crank chain, Double slider crank chain and its inversions, Quick return motion mechanisms­ 
Peaucellier's mechanism. Geneva wheel mechanism, Ratchet and Pawl mechanism, toggle 
mechanism, pantograph, Ackerman steering gear mechanism

11

12 Demonstration of stress concentration using Photo­elasticity for simple components like plate 
with a hole under tension or bending, circular disk with circular hole under compression 

Course	outcomes	(Course	Skill	Set):
At the end of the course the student will be able to: 

 Compute the natural frequency of the free and forced vibration of single degree freedom systems, 
critical speed of shafts.  
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 Carry out balancing of rotating masses and gyroscope phenomenon. 
 Analyse the governor characteristics.
 Determine stresses in disk, beams and plates using photo elastic bench.

Determination of Pressure distribution in Journal bearing 
 Analyse the stress and strains using strain gauges in compression and bending test 

To realize different mechanisms and cam motions
Assessment	Details	(both	CIE	and	SEE)

The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 50%. 
The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) and for the 
SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A student shall be 
deemed to have satisfied the academic requirements and earned the credits allotted to each subject/ 
course if the student secures a minimum of 40% (40 marks out of 100) in the sum total of the CIE 
(Continuous Internal Evaluation) and SEE (Semester End Examination) taken together

Continuous	Internal	Evaluation	(CIE):
CIE marks for the practical course are50	Marks. 
The split­up of CIE marks for record/ journal and test are in the ratio 60:40. 

 Each experiment is to be evaluated for conduction with an observation sheet and record write­up. 
Rubrics for the evaluation of the journal/write­up for hardware/software experiments are 
designed by the faculty who is handling the laboratory session and are made known to students at 
the beginning of the practical session. 

 Record should contain all the specified experiments in the syllabus and each experiment write­up 
will be evaluated for 10 marks.  

 Total marks scored by the students are scaled down to 30	marks (60% of maximum marks). 
 Weightage to be given for neatness and submission of record/write­up on time. 

 Department shall conduct a test of 100 marks after the completion of all the experiments listed in 
the syllabus.

 In a test, test write­up, conduction of experiment, acceptable result, and procedural knowledge will 
carry a weightage of 60% and the rest 40% for viva­voce.

 The suitable rubrics can be designed to evaluate each student’s performance and learning ability. 

 The marks scored shall be scaled down to 20	marks (40% of the maximum marks). 
The Sum of scaled­down marks scored in the report write­up/journal and marks of a test is the total CIE 
marks scored by the student. 
Semester	End	Evaluation	(SEE):		
 SEE marks for the practical course are 50 Marks.
 SEE shall be conducted jointly by the two examiners, one from other institute as external 

and one from the same institute as internal examiner, are appointed by the university.  
 The examination schedule and names of examiners are informed to the university before the 

conduction of the examination. These practical examinations are to be conducted between the 
schedule mentioned in the academic calendar of the University. 

 All laboratory experiments are to be included for practical examination. 

 (Rubrics) Breakup of marks and the instructions printed on the cover page of the answer script to 
be strictly adhered to by the examiners. OR based on the course requirement evaluation rubrics 
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shall be decided jointly by examiners.

 Students can pick one question (experiment) from the questions lot prepared by the examiners 
jointly. 	

 Evaluation of test write­up/ conduction procedure and result/viva will be conducted jointly by 
examiners. 	

General rubrics suggested for SEE are mentioned here, writeup­20%, Conduction procedure and 
result in ­60%, Viva­voce 20% of maximum marks. SEE for practical shall be evaluated for 100 marks 
and scored marks shall be scaled down to 50 marks (however, based on course type, rubrics shall be 
decided by the examiners)

Change of experiment is allowed only once and 15% of Marks allotted to the procedure part are to be 
made zero.
The minimum duration of SEE is 02 hours 

Suggested	Learning	Resources:	

 Theory of Machines, Rattan S.S , Tata McGraw­Hill Publishing Company, 2014 2. Experimental 
Stress analysis, M. M. Frotch, McGraw­Hill
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TOTAL	QUALITY	MANAGEMENT	 Semester 6th  
Course Code BME613A	 CIE Marks 50 
Teaching Hours/Week (L:T:P: S) 3­0­0 SEE Marks 50
Total Hours of Pedagogy 40 Total Marks 100 
Credits 03 Exam Hours 03 
Examination type (SEE) Theory/practical/Viva­Voce /Term­work/Others

Course	objectives:	
Understand various approaches to TQM

 Understand the characteristics of quality leader and his role. 
 Develop feedback and suggestion systems for quality management. 
 Enhance the knowledge in Tools and Techniques of quality management 	

Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies, which teachers can use to accelerate the attainment of the various course 
outcomes.  

Adopt different types of teaching methods to develop the outcomes through PowerPoint 
presentations and Video demonstrations or Simulations.   

 Chalk and Talk method for Problem Solving. 
  Adopt flipped classroom teaching method. 
 Adopt collaborative (Group Learning) learning in the class. 
 Adopt Problem Based Learning (PBL), which fosters students’ analytical skills and develops 

thinking skills 
  such as evaluating, generalizing, and analysing information. 

Module­1	
Principles	and	Practice: 

 Definition, basic approach, gurus of TQM, TQM Framework, awareness, defining quality, 
historical review, obstacles, benefits of TQM.  

 Quality Management Systems: Introduction, benefits of ISO registration, ISO 9000 series of 
standards, ISO 9001 requirements. 

Module­2	
Leadership:	

 Definition, characteristics of quality leaders, leadership concept, characteristics of effective 
people, ethics, the Deming philosophy,  

 Role of TQM leaders, implementation, core values, concepts and framework, strategic planning 
communication, decision making, 

Module­3	
Customer	Satisfaction	and	Customer	Involvement:

 Customer Satisfaction: customer and customer perception of quality, feedback, using customer 
complaints, service quality, translating needs into requirements, customer retention, case 
studies.  

 Employee Involvement – Motivation, employee surveys, empowerment, teams, suggestion 
system, recognition and reward, gain sharing, performance appraisal, unions and employee 
involvement, case studies. 

Module­4	
Continuous	Process	Improvement:	

 The Juran trilogy, improvement strategies, types of problems, the PDSA Cycle, problem­solving 
methods, Kaizen, reengineering, six sigma, case studies. 	

 Statistical Process Control: Pareto diagram, process flow diagram, cause and effect diagram, 
check sheets, histograms, statistical fundamentals, Control charts, state of control, out of 
control process, control charts for variables, control charts for attributes, scatter diagrams, case 
studies.	
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Module­5	
Total	Productive	Maintenance	(TPM):

Definition, Types of Maintenance, Steps in introduction of TPM in an organization, Pillars of
TPM – 5S, Jishu Hozen, Quality Maintenance, Planned Maintenance.
Quality by Design (QbD): Definition, Key components of QbD, Role of QbD in Pharmaceutical
Industry, Benefits and Challenges of QbD. Environmental Management Systems (EMS):
Definition, Basic EMS, EMS under ISO 14001, Costs and Benefits of EMS.

Course	outcome	(Course	Skill	Set)	

At the end of the course, the student will be able to : 
CO1: Explain the various approaches of TQM 
CO2: Infer the customer perception of quality 
CO3: Analyse customer needs and perceptions to design feedback systems. 
CO4: Apply statistical tools for continuous improvement of systems 
CO5: Apply the tools and technique for effective implementation of TQM. 

Assessment	Details	(both	CIE	and	SEE)	
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) and 
for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A student shall 
be deemed to have satisfied the academic requirements and earned the credits allotted to each subject/ 
course if the student secures a minimum of 40% (40 marks out of 100) in the sum total of the CIE 
(Continuous Internal Evaluation) and SEE (Semester End Examination) taken together.  

Continuous	Internal	Evaluation:	

The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any two
Assessment methods for 25 marks.

The first test will be administered after 40­50% of the syllabus has been covered, and the second
test will be administered after 85­90% of the syllabus has been covered
Any two assessment methods mentioned in the 22OB , if an assignment is project­based then
only one assignment for the course shall be planned.  The teacher should not conduct two
assignments at the end of the semester if two assignments are planned.
For the course, CIE marks will be based on a scaled­down sum of two tests and other methods of
assessment for a total of 50 marks.

Internal	 Assessment	 Test	 question	 paper	 is	 designed	 to	 attain	 the	 different	 levels	 of	Bloom’s	
taxonomy	as	per	the	outcome	defined	for	the	course.	

Semester­End	Examination:	
Theory SEE will be conducted by University as per the scheduled timetable, with common question 
papers for the course (duration	03	hours).	
1. The question paper will have ten questions. Each question is set for 20 marks.
2. There will be 2 questions from each module. Each of the two questions under a module (with a

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module.
3. The students have to answer 5 full questions, selecting one full question from each module.
4. Marks scored shall be proportionally reduced to 50 marks

Suggested	Learning	Resources:	
Books 

1. Total Quality Management Dale H. Besterfield Pearson Education India, Edition 03. ISBN:
8129702606,
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2. Total Quality Management for Engineers M. Zairi Wood head Publishing ISBN:185573024 
3. Managing for Quality and Performance Excellence James R. Evans and William M Lindsay 

Cengage Learning. 9th edition  
4. Four revolutions in management Shoji Shiba, Alan Graham, David Walden Oregon 1990  
5. Organizational Excellence through TQM H. Lal New age Publications 200864 Engineering 

Optimization Methods and Applications A Ravindran, K, M. Ragsdell Willey India Private 
Limited 2nd Edition,2006  

6. Introduction to Operations Research­ Concepts and Cases F.S. Hillier. G.J. Lieberman Tata 
McGraw Hill 9th Edition, 2010 

Web	links	and	Video	Lectures	(e­Resources):			
. 

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning
Case studies  Quiz

 Topic Seminar presentation 
 Assignments 
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REFRIGERATION	AND	AIR	CONDITIONING Semester VI 
Course Code	  	 CIE Marks 50 
Teaching Hours/Week (L: T:P: S) 3:0:0:0 SEE Marks 50
Total Hours of Pedagogy 4  Total Marks 100
Credits 03 Exam Hours 03 
Examination type (SEE) Theory 

Course	Learning	Objectives:
1. Study the basic definition, ASHRAE Nomenclature for refrigerating systems.
2. Understand the working principles and applications of different types of refrigeration

systems.
3. Study the working of air conditioning systems and their applications.
4. Identify the performance parameters and their relations of an air conditioning system.

Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies, which teachers can use to accelerate the attainment of the various 
course outcomes.  

1. Classroom Teaching using Pedagogical methods.
2. Using ICT tools
3. Video of different refrigeration systems and air conditioning systems.
4. Visiting industries for understanding different air conditioning systems and also the

refrigerator manufacturing units.
Module­1	

Introduction	 to	 Refrigeration –Basic Definitions, ASHRAE Nomenclature, Air Refrigeration 
Cycles­reversed Carnot cycle, Bell­Coleman cycle analysis, Air Refrigeration systems­merits and 
demerits and applications; Aircraft refrigeration cycles, Joule Thompson coefficient and Inversion 
Temperature, Linde, Claude and Stirling cycles for liquefaction of air. 

Industrial	Refrigeration­Chemical and process industries, Dairy plants, Petroleum refineries, 
Food processing and food chain, Miscellaneous 

Module­2	
Vapour	Compression	Refrigeration	System(VCRS): Comparison of Vapour Compression Cycle 
and Gas cycle, Vapour Compression Refrigeration system Working and analysis, Limitations, 
Superheat horn and throttling loss for various refrigerants, efficiency, Modifications to standard 
cycle – liquid suction heat exchangers, Grindlay cycle and Lorenz cycle, Optimum suction 
condition for optimum COP – Ewing’s construction and Gosney’s method. Actual cycles with 
pressure drops, Complete Vapour Compression Refrigeration System, Multi­Pressure, Ulti­
evaporator systems or Compound Vapour Compression Refrigeration Systems – Methods like 
Flash Gas removal, Flash inter cooling and water Inter cooling.	

Module­3	

Vapour	 Absorption	 Refrigeration	 Systems: Absorbent – Refrigerant combinations, Water­
Ammonia Systems, Practical problems, Lithium­ Bromide System, Contrast between the two 
systems, Modified Version of Aqua­Ammonia System with Rectifier and Analyzer Assembly. 
Practical problems – crystallization and air leakage, Commercial systems.  

Other types of Refrigeration systems: Brief Discussion on (i) Steam­Jet refrigeration system and 
(ii) Thermoelectric refrigeration, pulse tube refrigeration, thermoacoustic refrigeration systems

Module­4	
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Refrigerants: Primary and secondary refrigerants, Designation of Refrigerants, Desirable 
properties of refrigerants including solubility in water and lubricating oil, material compatibility, 
toxicity, flammability, leak detection, cost, environment and performance issues Thermodynamic 
properties of refrigerants, Synthetic and natural refrigerants, Comparison between different 
refrigerants vis a vis applications, Special issues and practical implications Refrigerant mixtures 
– zeotropic and azeotropic mixtures. 
Refrigeration	 systems	 Equipment: Compressors, Condensers, Expansion Devices and 
Evaporators, A brief look at other components of the system.	

Module­5		
Air­Conditioning: Introduction to Air­Conditioning, Basic Definition, Classification, power 
rating, Mathematical Analysis of Air­Conditioning Loads, Related Aspects, Different Air­
Conditioning Systems­Central – Station Air­Conditioning System, Unitary Air­Conditioning 
System, Window Air­Conditioner and Packaged Air­Conditioner, Components related to Air­
Conditioning Systems.  
Transport	air	conditioning	Systems: Air conditioning systems for automobiles (cars, buses 
etc.), Air conditioning systems for trains, Air conditioning systems for ships 
Course	outcome	(Course	Skill	Set)
At the end of the course, the student will be able to : 

CO1: Understand the principles, nomenclature and applications of refrigeration systems.  
CO2: Explain vapour compression refrigeration system and identify methods for performance 

improvement  
CO3: Illustrate the working principles of air, vapour absorption, thermoelectric and steam­jet 

and thermoacoustic refrigeration systems.  
CO4: Estimate the performance of air­conditioning systems using the principles of 

psychrometry.  
CO5: Compute and Interpret cooling and heating loads in an air­conditioning system.  
CO6: Identify suitable refrigerant for various refrigerating systems. 
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Assessment Details (both CIE and SEE)  

The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) 
is 50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 
50) and for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks).
A student shall be deemed to have satisfied the academic requirements and earned the credits
allotted to each subject/ course if the student secures a minimum of 40% (40 marks out of 100)
in the sum total of the CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) 
taken together.

Continuous Internal Evaluation: 

The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any two

Assessment methods for 25 marks.

The first test will be administered after 40­50% of the syllabus has been covered, and the
second test will be administered after 85­90% of the syllabus has been covered
Any two assessment methods mentioned in the 22OB , if an assignment is project­based
then only one assignment for the course shall be planned.  The teacher should not conduct
two assignments at the end of the semester if two assignments are planned.
For the course, CIE marks will be based on a scaled­down sum of two tests and other
methods of assessment for a total of 50 marks.

Internal	 Assessment	 Test	 question	 paper	 is	 designed	 to	 attain	 the	 different	 levels	 of	
Bloom’s	taxonomy	as	per	the	outcome	defined	for	the	course. 

Semester-End Examination: 

Theory SEE will be conducted by University as per the scheduled timetable, with common 
question papers for the course (duration	03	hours).	

1. The question paper will have ten questions. Each question is set for 20 marks.
2. There will be 2 questions from each module. Each of the two questions under a module

(with a maximum of 3 sub­questions), should	have	a	mix	of	topics under that module.
3. The students have to answer 5 full questions, selecting one full question from each

module.
4. Marks scored shall be proportionally reduced to 50 marks.

Suggested	Learning	Resources:	
Text	Books 
1. Roy J. Dossat, Principles of Refrigeration, Wiley Limited
2. Arora C.P., Refrigeration and Air­conditioning, Tata Mc Graw –Hill, New Delhi, 2ndEdition,

2001.
3. Stoecker W.F., and Jones J.W., Refrigeration and Air­conditioning, Mc Graw ­ Hill, New Delhi

2nd edition, 1982.
	Reference	Books:	
1. Dossat, Principles of Refrigeration Pearson­2006.
2. McQuistion, Heating, Ventilation and Air Conditioning, Wiley Students edition,5th edition,

2000.
3. Refrigeration and Air­Conditioning' by Manohar prasad
4. S C Arora& S Domkundwar, Refrigeration and Air­Conditioning Dhanpat Rai Publication

Web	links:
http://nptel.ac.in/courses/112105128/#	
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                                                MEMS	&	MICROSYSTEM	TECHNOLOGY	 Semester VI
Course Code BME613C	 CIE Marks 50 
Teaching Hours/Week (L: T:P: S) 3­0­0­0 SEE Marks 50
Total Hours of Pedagogy 40 Total Marks 100 
Credits 03 Exam Hours 3 
Examination type (SEE) Theory/practical/Viva­Voce /Term­work/Others
Course	objectives:	

1. Students are exposed to the MEMS technology & Miniaturization.
2. Students are taught the Process of Micro fabrication Techniques. 
3. Students are made to understand the Operation of Microsystems. 
4. Students are made to understand the Operation Electronics Circuits for Micro and Smart 

Systems. 
5. Students are made to understand the Implementation of Controllers for MEMS & Case 

Studies of Integrated Microsystems. 

Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies, which teachers can use to accelerate the attainment of the various 
course outcomes.  
1. Power Point Presentation,  
2. Chalk and Talk are used for Derivations and Correlations (In­general).  
3. Video demonstration or Simulations,  

Module­1	
Introduction	to	Micro	and	Smart	systems:	Miniaturization, Microsystems versus MEMS, Micro­
fabrication, Smart Materials, Structures & Systems, Integrated Microsystems, Application of Smart 
Materials & Microsystems. 

Module­2	
Micro	 and	 Smart	 Devices	 and	 Systems:	 Principles	 and	 Materials:	 Definitions and salient 
features of sensors, actuators, and systems, 
Sensors: silicon capacitive accelerometer, piezoresistive pressure sensor, Portable blood analyser, 
conductometric gas sensor.  
Actuators: Micro mirror Array for Video Projection, Piezo­electric based inkjet print head, 
electrostatic comb­drive, Magnetic micro relay.	

Module­3	
Micromachining	 Technologies: Silicon as a Material for Micromachining, Silicon wafer 
preparation, thin­film deposition techniques, Lithography, Etching, Silicon micromachining: surface 
micromachining bulk micromachining. Specialized Materials for Microsystems. 

Module­4	
Electronics	Circuits	for	Micro	and	Smart	Systems. Semiconductor devices: Diode, Schottky diode, 
Tunnel diode ,MOSFET,CMOS circuits ,Electronics Amplifiers ,Op­Amp based circuits .	

Module­5	
Implementation	of	Controllers	for	MEMS	&	Case	Studies	of	Integrated	Microsystems.	Design 
Methodology, PID controller, Circuit Implementation, Digital controller, Microcontroller & PLC. 
Case Studies of Integrated Microsystems: BEL pressure sensor, design considerations, performance 
parameters, Smart Structure in vibration control. 
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Course	outcome	(Course	Skill	Set)	

At the end of the course, the student will be able to : 
1. Demonstrate the working methodology of smart materials, Microsystems, electronic circuitry

in MEMS devices.
2. Illustrate the process of silicon wafer preparation, thin film deposition techniques, lithography,

etching, bulk & surface micromachining involved in MEMS fabrication.
3. Examine the behaviour of piezoresistive & piezoelectric materials required to fabricate

pressure sensor & vibration control structures.
4. Measure the performance of pressure sensor & vibration control structure in real time

applications.
Assessment	Details	(both	CIE	and	SEE)	
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) 
and for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A 
student shall be deemed to have satisfied the academic requirements and earned the credits allotted 
to each subject/ course if the student secures a minimum of 40% (40 marks out of 100) in the sum 
total of the CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) taken 
together.  

Continuous	Internal	Evaluation:	

The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any
two Assessment methods for 25 marks.
The first test will be administered after 40­50% of the syllabus has been covered, and 
the second test will be administered after 85­90% of the syllabus has been covered
Any two assessment methods mentioned in the 22OB , if an assignment is project­
based then only one assignment for the course shall be planned.  The teacher should not 
conduct two assignments at the end of the semester if two assignments are planned.
For the course, CIE marks will be based on a scaled­down sum of two tests and other methods
of assessment for a total of 50 marks.

Internal	Assessment	Test	question	paper	is	designed	to	attain	the	different	levels	of	Bloom’s	
taxonomy	as	per	the	outcome	defined	for	the	course.	

Semester­End	Examination:	
Theory SEE will be conducted by University as per the scheduled timetable, with common question 
papers for the course (duration	03	hours).	
1. The question paper will have ten questions. Each question is set for 20 marks.
2. There will be 2 questions from each module. Each of the two questions under a module (with a

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module.
3. The students have to answer 5 full questions, selecting one full question from each module.
4. Marks scored shall be proportionally reduced to 50 marks.

Suggested	Learning	Resources:	
Books 
1. Micro and Smart Systems: G.K.Ananthasuresh, K.J.Vinoy, S.Gopalakrishnan, K.N.Bhat,

V.K.Aatre,Wiley India 2010.
2. Design and Development Methodologies, Smart Material Systems and MEMS: V. Varadan,K. J.

Vinoy, S. Goplakrishnan, Wiley.
3. MEMS­ Nitaigour Premchand Mahalik, TMH 2007.
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4. MEMS & Microsystems: Design and Manufacture, Tai­Ran Hsu, Tata Mc­Graw­Hill

Web	links	and	Video	Lectures	(e­Resources):			
VTU e­Shikshana Program 
VTU EDUSAT Program. 

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning
 Conduct Analysis of Stress and Strain on Cantilever beam structure on Ansys Tool. 
 Prepare Models to exhibit FCC Structures and create patterns on sheets of paper to 

demonstrate different Micromachining Fabrication Processes. 
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Design	for	Manufacturing	and	Assembly Semester VI 
Course Code   BME613D CIE Marks 50 
Teaching Hours/Week (L: T:P: S) 3:0:0:0 SEE Marks 50 
Total Hours of Pedagogy 42 Total Marks 100
Credits 03 Exam Hours 03 
Examination type (SEE) Theory 
Course	objectives:	

1. Understand the concepts of Geometric dimensioning and Tolerances in Engineering 
drawing 	

2.  Analyse the process capabilities and datum features in various components	
3.  Evaluate the design considerations of casting, injection moulding, die casting and powder 

metallurgical components 	
4. Estimate the assembly limits, machining sequence and process parameters	

 
Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies, which teachers can use to accelerate the attainment of the various 
course outcomes.  

1. Classroom Teaching 
2. Dissemble a machine and reassemble appreciate the fitting tolerance 
3. Case studies to discuss on material selection and tolerances 
4. Video of different manufacturing process 
5. Videos of different assembly	

Module­1	:		Introduction	to	Design	for	Manufacturing		
Introduction: History of DFM, Design philosophy steps in Design process ­ General Design rules for 
manufacturability ­ basic principles of designing for economical production ­ creativity in design.  
evaluation method, Process capability.   
Materials: Selection of Materials for design Developments in Material technology ­ criteria for 
material selection  

Module­2:		Components	design	for	Manufacturing	
Component Design­I: Machining Consideration: Design features to facilitate machining: drills, 
milling cutters, keyways, Doweling procedures, counter sunk screws, Reduction of machined area, 
simplification by separation, simplification by amalgamation, Design for machinability, Design for 
economy, Design for clampability, Design for accessibility, Design for assembly. 
Component Design­II: Casting Consideration: Redesign of castings based on parting line 
considerations, Minimizing core requirements, machined holes, redesign of cast members to 
obviate cores. Identification of uneconomical design, Modifying the design, group technology, 
Computer Applications for DFMA 

Module­3:		Assembly	
Assemble advantages: Development of the assemble process, choice of assemble method assemble 
advantages social effects of automation. 

Automatic assembly transfer systems: Continuous transfer, intermittent transfer, indexing 
mechanisms, and operator ­ paced free – transfer machine 

GD&T – Symbols, Three datum concept of dimensioning, Straightness, concentricity, Run­out, 
Location Tolerance, Assembly of parts having concentric cylinders, Control of feature location by 
true position, Body of revolution, Roundness, Profile dimensioning, Tapers, Shaft of two diameters. 
Examples.  

Module­4	:	Manual	Assembly	
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Design of manual assembly: Design for assembly fits in the design process, general design 
guidelines for manual assembly, development of the systematic DFA methodology, assembly 
efficiency, classification system for manual handling, classification system for manual insertion 
and fastening, effect of part symmetry on handling time, effect of part thickness and size on 
handling time, effect of weight on handling time, parts requiring two hands for manipulation, 
effects of combinations of factors, effect of symmetry effect of chamfer design on insertion 
operations, estimation of insertion time

Module­5	:	Design	for	Environment	
Design for the Environment: Introduction, Environmental objectives, Global issues, Regional and 
local issues, Basic DFE methods, Design guide lines, Example application, Lifecycle assessment, 
Basic method, Environmentally responsible product assessment, Weighted sum assessment 
method, Lifecycle assessment method, Techniques to reduce environmental impact, Design to 
minimize material usage, Design for disassembly, Design for recyclability, Design for 
remanufacture, Design for energy efficiency, Design to regulations and standard.  
Course	outcome	(Course	Skill	Set)	
At the end of the course, the student will be able to :

1. Apply the concepts of Geometrical dimensioning, selection of materials and tolerance for 
engineering products 

2. Analyse the design principles related to various manufacturing processes and assembly 
method 

3. Develop the appropriate material and machining sequence for manufacturing processes 
4. Select a suitable manufacturing system considering environmental factors 
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Assessment	Details	(both	CIE	and	SEE)	
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) 
and for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A 
student shall be deemed to have satisfied the academic requirements and earned the credits 
allotted to each subject/ course if the student secures a minimum of 40% (40 marks out of 100) in 
the sum total of the CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) 
taken together.  

Continuous	Internal	Evaluation:

 The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any 
two Assessment methods for 25 marks.

 The first test will be administered after 40­50% of the syllabus has been covered, and the 
second test will be administered after 85­90% of the syllabus has been covered 

 Any two assessment methods mentioned in the 22OB4.2, if an assignment is project­based 
then only one assignment for the course shall be planned.  The teacher should not conduct 
two assignments at the end of the semester if two assignments are planned.  

 For the course, CIE marks will be based on a scaled­down sum of two tests and other 
methods of assessment for a total of 50 marks.  

Internal	 Assessment	 Test	 question	 paper	 is	 designed	 to	 attain	 the	 different	 levels	 of	
Bloom’s	taxonomy	as	per	the	outcome	defined	for	the	course.	

Semester­End	Examination:	
Theory SEE will be conducted by University as per the scheduled timetable, with common 
question papers for the course (duration	03	hours).	
1. The question paper will have ten questions. Each question is set for 20 marks.  
2. There will be 2 questions from each module. Each of the two questions under a module (with 

a maximum of 3 sub­questions), should	have	a	mix	of	topics under that module. 
3. The students have to answer 5 full questions, selecting one full question from each module.  
4. Marks scored shall be proportionally reduced to 50 marks. 

Suggested	Learning	Resources:
Text	Books 
1. Designing for Manufacture, Peck H, Pitman Publications, 1983 
2. Engineering Design: A Materials and processing Approach, Dieter, G.E. McGraw Hill Co.Ltd 

2000 
3. Engineering Metrology, R K Jain, Khanna Publications, 2000. 
Reference	Books:	
1. ASM Hand book, Vol.20. Material selection & Design 
2. Handbook of Products Design for Manufacturing: A Practical Guide to Low­cost Production 

Bralla, James G. McGraw Hill, New York, 1986.	
3. Product Design for Manufacture and Assembly, Geoffery Boothroyed et al, Mercel Dekker Inc. 

New York.	
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PROJECT	MANAGEMENT			 Sem 6th 

Course Code BME654A	 CIE Marks 50 

Teaching Hours/Week (L:T:P: S) 3:0:0:0 SEE Marks 50 

Total Hours of Pedagogy 40 Total Marks 100 

Credits 03 Exam Hours 03 

Course Learning Objectives: 
 To understand how to break down a complex project into manageable segments and use of 

effective project management tools and techniques to arrive at solution and ensure that the 
project meets its deliverables and is completed within budget and on schedule. 

 To impart knowledge on various components, phases, and attributes of a project. 
 To prepare students to plan, develop, lead, manage, and successfully implement and deliver 

projects within their chosen practice area. 

MODULE­1 

Introduction:	 Definition of project, characteristics of projects, understand projects, types of 
projects, scalability of project tools, project roles Project	Selection	and	Prioritization – Strategic 
planning process, Strategic analysis, strategic objectives, portfolio alignment – identifying potential 
projects, methods of selecting projects, financial mode / scoring models to select projects, 
prioritizing projects, securing and negotiating projects. 

MODULE­2	
Planning	 Projects:	 Defining the project scope, Project scope checklist, Project priorities, Work 
Breakdown Structure (WBS), Integrating WBS with organisation, coding the WBS for the 
information system.  
Scheduling	Projects: Purpose of a project schedule, historical development, how project schedules 
are limited and created, develop project schedules, uncertainty in project schedules, Gantt chart. 

MODULE­3 
Resourcing	Projects:	Abilities needed when resourcing projects, estimate resource needs, creating 
staffing management plant, project team composition issues, Budgeting Projects: Cost planning, cost 
estimating, cost budgeting, establishing cost control.		
Project	Risk	Planning:	Risk Management Planning, risk identification, risk analysis, risk response 
planning, Project Quality Planning and Project Kick off: Development of quality concepts, project 
quality management plan, project quality tools, kicks off project, baseline and communicate project 
management plan, using Microsoft Project for project baselines. 

MODULE­4 
Performing	Projects:	Project supply chain management: ­ Plan purchasing and acquisitions, plan 
contracting, contact types, project partnering and collaborations, project supply chain management. 	
Project	Progress	and	Results:	Project Balanced Scorecard Approach, Internal project, customer, 
financial issues, Finishing the project: Terminate project early, finish projects on time, secure 
customer feedback and approval, knowledge management, perform administrative and contract 
closure. 

MODULE	5 
Network	Analysis:	 Introduction, network construction ­ rules, Fulkerson’s rule for numbering the 
events, AON and AOA diagrams; Critical path method (CPM) to find the expected completion time of 
a project, floats; PERT for finding expected duration of an activity and project, determining the 
probability of completing a project, predicting the completion time of project; crashing of simple 
projects. 
Course	outcomes	(Course	Skill	Set):	
At the end of the course the student will be able to: 
CO1: Understand the selection, prioritization and initiation of individual projects and strategic role 

of project management. 
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CO2: Understand the work breakdown structure by integrating it with organization. 
CO3: Understand the scheduling and uncertainty in projects. 
CO4: Understand risk management planning using project quality tools. 
CO5: Understand the activities like purchasing, acquisitions, contracting, partnering and 

elaborations related to performing projects. 
CO6: Determine project progress and results through balanced scorecard approach 
CO7: Draw the network diagram to calculate the duration of the project and reduce it using 

crashing.	
Assessment	Details	(both	CIE	and	SEE)		
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) 
and for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A 
student shall be deemed to have satisfied the academic requirements and earned the credits allotted 
to each subject/ course if the student secures a minimum of 40% (40 marks out of 100) in the sum 
total of the CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) taken 
together.  
Continuous	Internal	Evaluation:	

The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any two
Assessment methods for 25 marks.

The first test will be administered after 40­50% of the syllabus has been covered, and the
second test will be administered after 85­90% of the syllabus has been covered
Any two assessment methods mentioned in the 22OB 2, if an assignment is project­based then
only one assignment for the course shall be planned.  The teacher should not conduct two
assignments at the end of the semester if two assignments are planned.
For the course, CIE marks will be based on a scaled­down sum of two tests and other methods of
assessment for a total of 50 marks.

Internal	Assessment	Test	question	paper	is	designed	to	attain	the	different	levels	of	Bloom’s	
taxonomy	as	per	the	outcome	defined	for	the	course.	
Semester­End	Examination:	
Theory SEE will be conducted by University as per the scheduled timetable, with common question 
papers for the course (duration	03	hours).	
1. The question paper will have ten questions. Each question is set for 20 marks.
2. There will be 2 questions from each module. Each of the two questions under a module (with a

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module.
3. The students have to answer 5 full questions, selecting one full question from each module.
4. Marks scored shall be proportionally reduced to 50 marks.

Suggested	Learning	Resources:	
Books 

1. Project Management, Timothy J Kloppenborg, Cengage Learning, Edition 2009.
2. Project Management, A systems approach to planning scheduling and controlling by Harold

kerzner, CBS publication.
3. Project Management by S Choudhury, Mc Graw Hill Education (India) Pvt. Ltd. New Delhi,

2016
Reference	Books: 

1. Project Management, Pennington Lawrence, Mc Graw hill
2. Project Management, A Moder Joseph and Phillips New Yark Van Nostrand, Reinhold.
3. Project Management, Bhavesh M. Patal, Vikas publishing House,
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Renewable	Energy	Power	Plants	 Semester 6th

Course Code BME654B CIE Marks 50
Teaching Hours/Week (L:T:P: S) 3:0:0:0 SEE Marks 50
Total Hours of Pedagogy 40 Total Marks 100 
Credits 03 Exam Hours 03
Examination type (SEE) Theory 
Course	objectives:	

 To explore society’s present needs and future energy demands. 
 To introduce the concepts of solar energy 
 To introduce the concepts and applications of Wind energy, Biomass energy, geothermal 

energy and Ocean energy as alternative energy sources. 
 To get exposed to energy conservation methods. 

Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies, which teachers can use to accelerate the attainment of the various course 
outcomes.  

1. Use pie chart showing distribution of renewable energy sources  
2. Use wind turbine models 
3. Use sun path diagrams	

Module­1
Introduction	 to	 Renewable	 Energy: Overview of global energy demand and the need for 
renewable energy, Comparison of renewable and non­renewable energy sources, Environmental 
benefits and challenges of renewable energy. Solar	Radiation: Extra­Terrestrial radiation, spectral 
distribution of extra­terrestrial radiation, solar constant, solar radiation at the earth’s surface, beam, 
diffuse and global radiation 

Module­2	
Solar	Power	Plants:			
Measurement	 of	 Solar	 Radiation: Pyrometer, shading ring pyrheliometer, sunshine recorder, 
schematic diagrams and principle of working. Solar Thermal Conversion: Collection and storage, 
thermal collection devices. 
Fundamentals of solar energy and photovoltaic (PV) technology, Types of solar power plants: grid­
tied, off­grid, and hybrid systems, Design considerations for solar power plants: site selection, 
orientation, and shading analysis, PV system components and their functionalities, Operation, 
maintenance, and performance monitoring of solar power plants	

Module­3
Wind	Power	Plants:	
Basics of wind energy and wind turbine technology, Types of wind turbines: horizontal axis and 
vertical axis; Wind resource assessment and site selection for wind power plants, Wind farm layout 
optimization and wake effects, Grid integration and power system considerations for wind power 
plants 
Geothermal	Energy	Conversion: Principle of working, types of geothermal station with schematic 
diagram, geothermal plants in the world, problems associated with geothermal conversion, scope of 
geothermal energy. 

Module­4
Tidal	Power: Tides and waves as energy suppliers and their mechanics; fundamental characteristics 
of tidal power, harnessing tidal energy, advantages and limitations. 
Ocean	 Thermal	 Energy	 Conversion: Principle of working, OTEC power stations in the world, 
problems associated with OTEC.	
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Module­5
Biomass	 Power	 Plants: Biomass as a renewable energy source: types and characteristics, 
Conversion technologies: combustion, gasification, and anaerobic digestion, biomass feedstock 
selection and availability, Environmental impacts and sustainability of biomass power plants, 
Integration of biomass power plants with other energy systems 
Hydrogen	Energy: Properties of Hydrogen with respected to its utilization as a renewable form of 
energy, sources of hydrogen, production of hydrogen, electrolysis of water, thermal decomposition of 
water, thermos Chemical production bio­chemical production. 
Course	outcome	(Course	Skill	Set)	
At the end of the course, the student will be able to :

1. Understand the need of renewable energy resources, historical and latest developments.
2. Describe the use of solar energy and the various components used in the energy production
3. Appreciate the need of Wind Energy and the various components used in energy generation

and
the classifications.

4. Acquire the knowledge of fuel cells, wave power, tidal power and geothermal principles and
Applications.

5. Understand the concept of Biomass energy resources and their classification, types of biogas
Plants applications

Assessment	Details	(both	CIE	and	SEE)	
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) and 
for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A student 
shall be deemed to have satisfied the academic requirements and earned the credits allotted to each 
subject/ course if the student secures a minimum of 40% (40 marks out of 100) in the sum total of the 
CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) taken together.  

Continuous	Internal	Evaluation:	

The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any two
Assessment methods for 25 marks.

The first test will be administered after 40­50% of the syllabus has been covered, and the second
test will be administered after 85­90% of the syllabus has been covered
Any two assessment methods mentioned in the 22OB , if an assignment is project­based then
only one assignment for the course shall be planned.  The teacher should not conduct two
assignments at the end of the semester if two assignments are planned.
For the course, CIE marks will be based on a scaled­down sum of two tests and other methods of
assessment for a total of 50 marks.

Internal	Assessment	Test	question	paper	is	designed	to	attain	the	different	levels	of	Bloom’s	
taxonomy	as	per	the	outcome	defined	for	the	course.	

Semester­End	Examination:	
Theory SEE will be conducted by University as per the scheduled timetable, with common question 
papers for the course (duration	03	hours).	
1. The question paper will have ten questions. Each question is set for 20 marks.
2. There will be 2 questions from each module. Each of the two questions under a module (with a

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module.
3. The students have to answer 5 full questions, selecting one full question from each module.
4. Marks scored shall be proportionally reduced to 50 marks.
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Suggested	Learning	Resources:
Books
1.  Nonconventional Energy sources, G D Rai, Khanna Publication, Fourth Edition, 
2.  Energy Technology, S.Rao and Dr. B.B. Parulekar, Khanna Publication. Solar energy, Subhas P 

Sukhatme, TataMcGrawHill, 2ndEdition,1996 
3. Principles of Energy conversion, A.W.Culp Jr. McGraw Hill, 1996  
4. 4. Non­Convention Energy Resources, ShobhNath Singh, Pearson, 2018 

Web	links	and	Video	Lectures	(e­Resources):			
https://www.investopedia.com/terms/i/internet­energy  

 E­book URL: https://www.pdfdrive.com/non­conventional­energy­sources­e10086374.html 
 E­book URL: https://www.pdfdrive.com/non­conventional­energy­systems­nptel­ 

d17376903.html  
 E­book URL: https://www.pdfdrive.com/renewable­energy­sources­and­their­applications­ 

e33423592.html  
 E­book URL: https://www.pdfdrive.com/lecture­notes­on­renewable­energy­sources­ 

e34339149. 
 html https://onlinecourses.nptel.ac.in/noc18_ge09/preview 

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning
 Visit nearest power plants and know the principles of power production 
 Seminar/poster presentation of all Renewable power plants 
 Assignments 
 quiz 
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MECHATRONICS   Semester 6th 
Course Code BME654C	 CIE Marks 50 
Teaching Hours/Week (L:T:P: S) 3:0:0 SEE Marks 50 
Total Hours of Pedagogy 40 Total Marks 100 
Credits 03 Exam Hours 03 
Examination type (SEE) Theory 
Course	objectives:

1. To acquire a strong foundation in science and focus in mechanical, electronics, control,
software, and computer engineering, and a solid command of the newest technologies.

2. To understand the evolution and development of Mechatronics as a discipline.
3. To substantiate the need for interdisciplinary study in technology education
4. To understand the applications of microprocessors in various systems and to know   the

functions of each element.
5. To demonstrate the integration philosophy in view of Mechatronics technology
6. To be able to work efficiently in multidisciplinary teams.

Teaching­Learning	Process	(General	Instructions):	
These are sample Strategies, which teachers can use to accelerate the attainment of the various 
course outcomes.  

1. Adopt different types of teaching methods to develop the outcomes through PowerPoint
Presentations and Video demonstrations or Simulations.

2. Chalk and Talk method for Problem Solving.
3. Arrange visits to show the live working models other than laboratory topics.
4. Adopt collaborative (Group Learning) Learning in the class.
5. Adopt Problem Based Learning (PBL), which fosters students’ Analytical skills and develops

thinking skills such as evaluating, generalizing, and analyzing information.
Module­1	

Introduction: Scope and elements of Mechatronics, Mechatronics design process, measurement 
system, requirements and types of control systems, feedback principle, Basic elements of feedback 
control systems, Classification of control system. Examples of Mechatronics Systems such as 
Automatic Car Park system, Engine management system, Antilock braking system (ABS) control, 
Automatic washing machine. 
Transducers	 and	 sensors: Definition and classification of transducers, Difference between 
transducer and sensor, Definition and classification of sensors, Principle of working and 
applications of light sensors, Potentiometers, LVDT, Capacitance sensors, force and pressure 
sensors, Strain gauges, temperature sensors, proximity switches and Hall Effect sensors.

Module­2	
Signal	 Conditioning:	 Introduction – Hardware – Digital I/O, Analog to digital conversions, 
resolution, Filtering Noise using passive components – Registers, capacitors, amplifying signals 
using OP amps. Digital Signal Processing – Digital to Analog conversion, Low pass, high pass, notch 
filtering. Data acquisition systems DAQS), data loggers, Supervisory control and data acquisition 
(SCADA), Communication methods. 
Electro	Mechanical	Drives: Relays and Solenoids – Stepper Motors – DC brushed motors – DC 
brushless motors – DC servo motors – 4­quadrant servo drives, PWM’s – Pulse Width Modulation. 

Module­3	
Microprocessor	 &	 Microcontrollers: Introduction, Microprocessor systems, Basic elements of 
control systems, Microcontrollers, Difference between Microprocessor and Microcontrollers. 
Microprocessor Architecture: Microprocessor architecture and terminology­CPU, memory and 
address, I/O and Peripheral devices, ALU, Instruction and Program, Assembler, Data Registers, 
Program Counter, Flags, Fetch cycle, write cycle, state, bus interrupts. Intel’s 8085A Microprocessor.

Module­4	
Programmable	 Logic	 Controller: Introduction to PLCs, Basic structure of PLC, Principle of 
operation, input and output processing, PLC programming language, ladder diagram, ladder 
diagrams circuits, timer counters, internal relays, master control, jump control, shift registers, data 
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handling, and manipulations, analogue input and output, selection of PLC for application. 
Application	of	PLC	control: Extending and retracting a pneumatic piston using latches, control of 
two pneumatic pistons, control of process motor, control of vibrating machine, control of process 
tank, control of conveyer motor etc.

Module­5	
Mechatronics	 in	 Computer	 Numerical	 Control	 (CNC)	 machines: Design of modern CNC 
machines – Machine Elements: Different types of guide ways, Linear Motion guide ways. Bearings: 
anti­friction bearings, hydrostatic bearing and hydrodynamic bearing. Re­circulating ball screws. 
Typical elements of open and closed loop control systems. Adaptive controllers for machine tools. 
Mechatronics	 Design	 process: Stages of design process – Traditional and Mechatronics design 
concepts – Case studies of Mechatronics systems – Pick and place Robot – Automatic car park 
barrier. 
Course	outcome	(Course	Skill	Set)	
At the end of the course, the student will be able to : 

CO1: Illustrate various components of Mechatronics systems. 
CO2: Assess various control systems used in automation. 
CO3: Design and conduct experiments to evaluate the performance of a Mechatronics system or 

Component with respect to specifications, as well as to analyse and interpret data. 
CO4: Apply the principles of Mechatronics design to product design. 
CO5: Function effectively as members of multidisciplinary teams. 

Assessment	Details	(both	CIE	and	SEE)	
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) 
and for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A 
student shall be deemed to have satisfied the academic requirements and earned the credits allotted 
to each subject/ course if the student secures a minimum of 40% (40 marks out of 100) in the sum 
total of the CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) taken 
together.  

Continuous	Internal	Evaluation:	

For the Assignment component of the CIE, there are 25 marks and for the Internal Assessment
Test component, there are 25 marks.
The first test will be administered after 40­50% of the syllabus has been covered, and 
the second test will be administered after 85­90% of the syllabus has been covered
Any two assignment methods mentioned in the 22OB , if an assignment is project­based then
only one assignment for the course shall be planned. The teacher should not conduct two
assignments at the end of the semester if two assignments are planned.
For the course, CIE marks will be based on a scaled­down sum of two tests and other methods of
assessment.

Internal	Assessment	Test	question	paper	is	designed	to	attain	the	different	levels	of	Bloom’s	
taxonomy	as	per	the	outcome	defined	for	the	course.	

Semester­End	Examination:	
Theory SEE will be conducted by University as per the scheduled timetable, with common question 
papers for the course (duration	03	hours).	
1. The question paper will have ten questions. Each question is set for 20 marks.
2. There will be 2 questions from each module. Each of the two questions under a module (with a

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module.
3. The students have to answer 5 full questions, selecting one full question from each module.
4. Marks scored shall be proportionally reduced to 50 marks.
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Suggested	Learning	Resources:
Books
1. Mechatronics System Design by Devdas Shetty and Richard A Kolk, Second edition, Thomson 

Learning Publishing 
2. Company, Vikas publishing house, 2001. 
3. W. Bolton, “Mechatronics” ­ Addison Wesley Longman Publication, 1999. 
4. Shetty and Kolk “Mechatronics System Design”­ Cengage Learning, 2010 

Web	links	and	Video	Lectures	(e­Resources):			
https://nptel.ac.in 

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning
 Quiz 
 Presentations 
 Group Activity 
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MODERN	MOBILITY	 Semester VI 
Course Code BME654D	 CIE Marks 50 
Teaching Hours/Week (L: T:P: S) 3:0:0 SEE Marks 50
Total Hours of Pedagogy 40 Total Marks 100
Credits 03 Exam Hours 3
Examination nature (SEE) Theory/practical/Viva­Voce /Term­work/Others 
	

Course	objectives:
To understand the different chassis design & main components of automobile 

 To understand the working of transmission and control system employed in 
automobiles  

 To understand the automotive pollution and alternative automotive technologies 
under trail  
To understand the upcoming electric vehicle technology

	

Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies; which teachers can use to accelerate the attainment of the 
various course outcomes.  

 Explain clearly through Power Point presentations  
 showing live Videos for working of components  
 Demonstration of live working of components through cut section models  
 Inspecting live vehicles  
 Visiting nearby service centres  
 Expert Talks 

	

Module­1 Mobility	Systems	
History of Automobile, Classification of Automobile w.r.t Usage, Chassis, Body, Power 
Sources, capacity, main components of Internal Combustion Engines and their Functions, 
Modern Fuel supply system, Cooling System, Lubrication System & Ignition System, 
Engine Management System.

Module­2	Power	Transmission	
Clutches; Plate Clutches, Cone Clutch, Centrifugal Clutch, Fluid Flywheel  
Gear	Box; Gear Shifting mechanism, synchromesh Gear box, Torque converter, Automatic Manual 
Transmission (AMT), Automatic Transmission (AT), Continuously Variable Transmission (CVT), 
Infinitely Variable Transmission (IVT)& IMT, Working of Differential.   
Types	Of	Tyres­ Radial & Conventional, Tubeless Tyres, Tubed Tyres­ Puncture patching		

Module­3	Direction	Control	&	Braking	
Steering	 system­ mechanisms & Linkages, Steering gear boxes­ Rack & pinion, worm & wheel 
construction & working, power Steering construction & working, steering geometry, Wheel 
balancing  
Braking	System­ Mechanism and Linkages; Mechanical Brakes, Hydraulic Brakes, Power Brakes, 
Parking brakes, ABS   
Suspension – layout & working of Hydraulic& Air suspension, independent suspension   

Module­4	Exhaust	Emission	&	Alternate	Sources
Exhaust gas pollutants and their effects on environment, Emission norms, IC engine fuel 
types, extraction& availability, 
BIOFUELS – Production and impact.  Ethanol engines, CNG vehicles­ operation, advantages 
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& disadvantages, overview of Hydrogen ­ fuel cell vehicles, advantages & disadvantages, IC 
engine/ electric hybrid vehicles overview, layout, transmission & control system, solar 
powered vehicles­ wind powered vehicles, super capacitors, supply rails	

Module­5	Electrical	Vehicles		
Electric vehicles principle and components­ layout of two & 4­wheeler, Motors used in 
Electric vehicles –types­ overview of construction and working, power transmission & 
control system in Electric vehicles. Batteries – construction & working principle of Lead 
acid, nickel based, sodium based, Lithium & Metal Air batteries. Battery charging types and 
requirements
Course	outcome	(Course	Skill	Set)	

At the end of the course the student will be able to:
Understand the working of different systems employed in automobile
Analyse the limitation of present­day automobiles
Evaluate the energy sources suitability
Apply the knowledge for selection of automobiles based on their suitability

Assessment	Details	(both	CIE	and	SEE)	
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) 
and for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A 
student shall be deemed to have satisfied the academic requirements and earned the credits allotted 
to each subject/ course if the student secures a minimum of 40% (40 marks out of 100) in the sum 
of the CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) taken together.  

Continuous	Internal	Evaluation:	

The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any two
Assessment methods for 25 marks.
The first test will be administered after 40­50% of the syllabus has been covered, and the second
test will be administered after 85­90% of the syllabus has been covered
Any two assessment methods mentioned in the 22OB , if an assignment is project­based then
only one assignment for the course shall be planned.  The teacher should not conduct two
assignments at the end of the semester if two assignments are planned.
For the course, CIE marks will be based on a scaled­down sum of two tests and other methods of
assessment for a total of 50 marks.

Internal	Assessment	Test	question	paper	is	designed	to	attain	the	different	levels	of	Bloom’s	
taxonomy	as	per	the	outcome	defined	for	the	course.	

Semester­End	Examination:	
Theory SEE will be conducted by University as per the scheduled timetable, with common question 
papers for the course (duration	03	hours).	
1. The question paper will have ten questions. Each question is set for 20 marks.
2. There will be 2 questions from each module. Each of the two questions under a module (with a

maximum of 3 sub­questions), should	have	a	mix	of	topics under that module.
3. The students have to answer 5 full questions, selecting one full question from each module.
4. Marks scored shall be proportionally reduced to 50 marks.
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Suggested	Learning	Resources:	
Books 

 Electric Vehicle Technology Explained James Larminie Oxford Brookes University, Oxford, 
UK John Lowry Acenti Designs Ltd., UK  

 Automobile engineering, Kirpal Singh, Vol I and II (12th Edition) Standard Publishers 2011.  
 Automotive Mechanics, S. Srinivasan, (2nd Edition) Tata McGraw Hill 2003.  
 Automotive mechanics, William H Crouse & Donald L Anglin (10th Edition) Tata McGraw Hill 

Publishing Company Ltd., 2007.  
Modren Electric, Hybrid Electric, and Fuel Cell Vehicles,MehrdadEhsani, YiminGao, CRC 
Press, Taylor & Francis Group  
Automotive mechanics: Principles and Practices, Joseph Heitner, D Van Nostrand Company, 
Inc  

 Fundamentals of Automobile Engineering, K.K.Ramalingam, Scitech Publications (India) Pvt. 
Ltd.  
Automobile Engineering, R. B. Gupta, SatyaPrakashan,(4th Edition) 1984.

Web	links	and	Video	Lectures	(e­Resources):			

 https://archive.nptel.ac.in/courses/107/106/107106088/  
 https://onlinecourses.nptel.ac.in/noc20_de06/preview  
 https://www.digimat.in/nptel/courses/video/107106088/L01.html  

https://nptel.ac.in/courses/107106088 
 https://www.youtube.com/watch?v=LZ82iANWBL0&list=PLbMVogVj5nJTW50jj9_g

vJmdwFWHaqR5J 

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning	

 Operate the cut section models of complete vehicle chassis and observe the working 
of all components  

 Dismantle & Assemble the Automotive Engine, Gear Box, Clutch, brakes  
 Prepare the posters of automobile chassis & display  
 Visit nearby automobile showrooms/ service station  
 Prepare a comparison statement of different automobiles using specification 

provided by respective  
manufacturers  

 Visit auto expo

58



Basics	of	Matlab Semester 6th

Course Code BME657A CIE Marks 50
Teaching Hours/Week (L:T:P: S) 0:0:2*:0 SEE Marks 50 
Total Hours of Pedagogy 12­14 sessions Total Marks 100
Credits  01 Exam Hours 03 
Examination nature (SEE) Practical	
* Additional one hour may be considered for instructions, if required 
Course	objectives:	

 To know about fundamentals of MATLAB tool. 
To provide an overview to program curve fitting & solve Linear and Nonlinear Equations.

 To understand the concept and importance of Fourier transforms. 
To gain knowledge about MATLAB Simulink & solve engineering problems.

Sl.NO	 Experiments

1 Introduction to MATLAB Programming: Basics of MATLAB Programming, array operations in 
MATLAB, loops and execution of control, working with files: Scripts and functions, plotting and 
programming output, examples.2 

3 
Numerical Methods and their applications: Curve Fitting: Straight line fit, Polynomial fit.

4 
5 

Numerical Integration and Differentiation: Trapezoidal method, Simpson method. 
6 
7 Linear and Nonlinear Equations: Eigen values, Eigen vectors, Solution of linear algebraic 

equations using Gauss Elimination and LU decomposition, Solution of nonlinear equation in 
single variable using Gauss­Siedal and Newton­Raphson method. 8 

9 Ordinary Differential Equations: Introduction to ODE’s, Euler’s method, second order 
RungaKutta method, MATLAB ode45 algorithm in single variable and multivariable. 
Transforms: Discrete Fourier Transforms, 

10 

11 Application of MATLAB to analyse problems in basic engineering mechanics, mechanical 
vibrations, control system, statistics and dynamics of different circuits. 

12 MATLAB Simulink: Introduction to MATLAB Simulink, Simulink libraries, development of basic 
models in Simscape Power Systems 

Course	outcomes	(Course	Skill	Set):
At the end of the course the student will be able to: 

 Implement loops, branching, control instruction and functions in MATLAB programming 
environment.

 Programming for curve fitting, numerical differentiation and integration, solution of linear 
equations in MATLAB and solve engineering problems. 

 Understand implementation of ODE using ode 45 and execute Solutions of nonlinear equations 
and DFT in MATLAB. 

 Simulate MATLAB Simulink examples. 
Assessment	Details	(both	CIE	and	SEE)

The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 50%. 
The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) and for the 
SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A student shall be 
deemed to have satisfied the academic requirements and earned the credits allotted to each subject/ 
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course if the student secures a minimum of 40% (40 marks out of 100) in the sum total of the CIE 
(Continuous Internal Evaluation) and SEE (Semester End Examination) taken together

Continuous	Internal	Evaluation	(CIE):  
CIE marks for the practical course are 50	Marks. 
The split­up of CIE marks for record/ journal and test are in the ratio 60:40. 

Each experiment is to be evaluated for conduction with an observation sheet and record write­up. 
Rubrics for the evaluation of the journal/write­up for hardware/software experiments are 
designed by the faculty who is handling the laboratory session and are made known to students at 
the beginning of the practical session. 

 Record should contain all the specified experiments in the syllabus and each experiment write­up 
will be evaluated for 10 marks.  

 Total marks scored by the students are scaled down to 30	marks (60% of maximum marks). 
 Weightage to be given for neatness and submission of record/write­up on time. 

 Department shall conduct a test of 100 marks after the completion of all the experiments listed in 
the syllabus. 

 In a test, test write­up, conduction of experiment, acceptable result, and procedural knowledge will 
carry a weightage of 60% and the rest 40% for viva­voce.

 The suitable rubrics can be designed to evaluate each student’s performance and learning ability. 

 The marks scored shall be scaled down to 20	marks (40% of the maximum marks). 
The Sum of scaled­down marks scored in the report write­up/journal and marks of a test is the total CIE 
marks scored by the student. 
Semester	End	Evaluation	(SEE):		
 SEE marks for the practical course are 50 Marks. 
 SEE shall be conducted jointly by the two examiners of the same institute, examiners are 

appointed by the Head of the Institute.  
 The examination schedule and names of examiners are informed to the university before the 

conduction of the examination. These practical examinations are to be conducted between the 
schedule mentioned in the academic calendar of the University. 
All laboratory experiments are to be included for practical examination. 

 (Rubrics) Breakup of marks and the instructions printed on the cover page of the answer script 
to be strictly adhered to by the examiners.  OR based on the course requirement evaluation 
rubrics shall be decided jointly by examiners.	

 Students can pick one question (experiment) from the questions lot prepared by the examiners 
jointly. 	

 Evaluation of test write­up/ conduction procedure and result/viva will be conducted jointly by 
examiners. 	

General rubrics suggested for SEE are mentioned here, writeup­20%, Conduction procedure and 
result in ­60%, Viva­voce 20% of maximum marks. SEE for practical shall be evaluated for 100 marks 
and scored marks shall be scaled down to 50 marks (however, based on course type, rubrics shall be 
decided by the examiners)	
Change of experiment is allowed only once and 15% of Marks allotted to the procedure part are to be 
made zero. 

60



The minimum duration of SEE is 02 hours 

Suggested	Learning	Resources:

Text	Books:	
1. Agam Kumar Tyagi, “MATLAB	and	Simulink	for	Engineers”, OXFORD Higher Education. 
2. Dr. Shailendra Jain, “Modelling &	Simulation	using	MATLAB	–	Simulink”, Wiley – India.

Reference	Books:	
1. Won Y.Tang, Wemun Cao, Tae­Sang Ching and John Morris, “Applied	Numerical	Methods	Using	
MATLAB”, A John Wiley & Sons.

2. Steven T. Karris, “Introduction	 to	 Simulink	 with	 Engineering	 Applications”, Orchard 
Publications. 
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Fundamental	of	Virtual	Reality	ARP	Development Semester VI
Course Code	 BME657B CIE Marks 50
Teaching Hours/Week (L: T:P: S) 1:0:0:0 SEE Marks 50
Total Hours of Pedagogy 15 Hrs Total Marks 100
Credits 01 Exam Hours 1 
Examination type (SEE) Theory

Course	objectives:
Describe how VR systems work and list the applications of VR.
 Understand the design and implementation of the hardware that enables VR systems to be 
built.  

 Understand the system of human vision and its implication on perception and rendering. 
 Explain the concepts of motion and tracking in VR systems.  
 Describe the importance of interaction and audio in VR systems.

Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies, which teachers can use to accelerate the attainment of the various 
course outcomes.  

 Adopt different types of teaching methods to develop the outcomes through PowerPoint 
presentations and Video demonstrations or Simulations.  

 Chalk and Talk method for Problem Solving. 
 Adopt flipped classroom teaching method.  
 Adopt collaborative (Group Learning) learning in the class. 
 Adopt Problem Based Learning (PBL), which fosters students’ analytical skills and develops 
thinking skills such as evaluating, generalizing, and analysing information. 

Module­1	
Introduction	to	Virtual	Reality:	Defining Virtual Reality, History of VR, Human Physiology and 
Perception, Key Elements of Virtual Reality Experience, Virtual Reality System, Interface to the 
Virtual World­Input & output­ Visual, Aural & Haptic Displays, Applications of Virtual Reality. 

Module­2	
Representing	the	Virtual	World	:	Representation of the Virtual World, Visual Representation in 
VR, Aural Representation in VR and Haptic Representation in VR	

Module­3	
The	 Geometry	 of	 Virtual	 Worlds	 &The	 Physiology	 of	 Human	 Vision: Geometric Models, 
Changing Position and Orientation, Axis­Angle Representations of Rotation, Viewing 
Transformations, Chaining the Transformations, Human Eye, eye movements & implications for 
VR. 

Module­4	
Visual	Perception	&	Rendering:	Visual Perception ­ Perception of Depth, Perception of Motion, 
Perception of Color, Combining Sources of Information Visual Rendering ­Ray Tracing and Shading 
Models, Rasterization, Correcting Optical Distortions, Improving Latency and Frame Rates.	

Module­5	
Motion	 &	 Tracking: Motion in Real and Virtual Worlds­ Velocities and Accelerations, The 
Vestibular System, Physics in the Virtual World, Mismatched Motion and Vection Tracking­ Tracking 
2D & 3D Orientation, Tracking Position and Orientation, Tracking Attached Bodies 
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Course	outcome	(Course	Skill	Set)	
At the end of the course, the student will be able to :

CO1: Describe how VR systems work and list the applications of VR.  
CO2: Understand the design and implementation of the hardware that enables VR systems to be 

built.  
CO3: Understand the system of human vision and its implication on perception and rendering. 
CO4: Explain the concepts of motion and tracking in VR systems.  
CO5: Describe the importance of interaction and audio in VR systems. 

Assessment	Details	(both	CIE	and	SEE)	
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) 
and for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A 
student shall be deemed to have satisfied the academic requirements and earned the credits allotted 
to each subject/ course if the student secures a minimum of 40% (40 marks out of 100) in the sum 
total of the CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) taken 
together. 

Continuous	internal	Examination	(CIE)	

The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any two
Assessment methods for 25 marks.
The first test will be administered after 40­50% of the syllabus has been covered, and the
second test will be administered after 85­90% of the syllabus has been covered
Any two assessment methods mentioned in the 22OB , if an assignment is project­based then
only one assignment for the course shall be planned.  The teacher should not conduct two
assignments at the end of the semester if two assignments are planned.
For the course, CIE marks will be based on a scaled­down sum of two tests and other methods of
assessment for a total of 50 marks..

Internal	Assessment	Test	question	paper	is	designed	to	attain	the	different	levels	of	Bloom’s	
taxonomy	as	per	the	outcome	defined	for	the	course.	
Semester	End	Examinations	(SEE)	
SEE paper shall be set for 50 questions, each of the 01 marks. The pattern of the question paper is 
MCQ (multiple choice questions). The time allotted for SEE is 01	hour.	The student has to secure a 
minimum of 35% of the maximum marks meant for SEE. 

OR 
MCQ (Multiple Choice Questions) are preferred for 01 credit courses, however, if course content 
demands the general question paper pattern that followed for 03 credit course, then  
1. The question paper will have ten questions. Each question is set for 10 marks.
2. There will be 2 questions from each module. Each of the two questions under a module may or

may not have the sub­questions (with maximum sub­questions of 02, with marks distributions
5+5, 4+6, 3+7).

3. The students have to answer 5 full questions, selecting one full question from each module.
Suggested	Learning	Resources:	
Books	
Text	Books	
1. Virtual Reality, Steven M. LaValle, Cambridge University Press, 2016
2. Understanding Virtual Reality: Interface, Application and Design, William R Sherman and Alan B

Craig, (The Morgan Kaufmann Series in Computer Graphics)”. Morgan Kaufmann Publishers,
San Francisco, CA, 2002 

3. Developing Virtual Reality Applications: Foundations of Effective Design, Alan B Craig, William R
Sherman and Jeffrey D Will, Morgan Kaufmann, 2009.
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Reference	Books: 
1. Gerard Jounghyun Kim, “Designing Virtual Systems: The Structured Approach”, 2005.  
2. Doug A Bowman, Ernest Kuijff, Joseph J LaViola, Jr and Ivan Poupyrev, “3D User Interfaces, 

Theory and Practice”, Addison Wesley, USA, 2005.  
3. Oliver Bimber and Ramesh Raskar, “Spatial Augmented Reality: Meging Real and Virtual 

Worlds”, 2005. 
4. Burdea, Grigore C and Philippe Coiffet, “Virtual Reality Technology”, Wiley Interscience, India, 

2003. 
Web	links	and	Video	Lectures	(e­Resources):		

http://lavalle.pl/vr/book.html 
https://nptel.ac.in/courses/106/106/106106138/ 
https://www.coursera.org/learn/introduction­virtual­reality. 

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning
 Course Seminars 
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Simulation	and	Analysis	using	Ansys	workbench Semester 6th

Course Code BME657C CIE Marks 50
Teaching Hours/Week (L:T:P: S) 0:0:2:0 SEE Marks 50
Total Hours of Pedagogy 12 sessions Total Marks 100
Credits 01 Exam hours 3
Examination nature (SEE) Practical
Course	objectives:

1. General understanding of the user interface, as related to geometry import, meshing, application 
of loads and supports, and postprocessing  

2. Procedure for performing FEA simulations, including linear static, modal, and harmonic structural 
analyses and nonlinear steady­state thermal analyses  

3. Utilizing parameters for ‘what­if’ scenarios	
4. To launch the individual software components and used to transfer data between them.  
5. To see at­a­glance how a model has been built, and determine which files were used for a particular 

simulation (pairing geometry files to solver runs)  
6. To perform parametric analyses (without the user needing to manually launch each application in 

turn) and makes it easy to simulate Multiphysics scenarios like fluid­structure interaction. 
 

Sl.NO	 Experiments	
1 Bars of constant cross section area, tapered cross section area and stepped bar.	
2 Trusses 
3 Beams and (Simply supported, cantilever, beams with UDL, and beams with varying load etc.) 
4 Frames
5 Stress analysis of a rectangular plate with a circular hole, axisymmetric problems.
6 Thermal Analysis ­2D problem with conduction and convection boundary conditions 
7 Fluid flow Analysis ­Potential distribution in the 2 ­D bodies 
8 Magnetostatic: – Perform various magnetic field analyses.  

 Demonstration	Experiments	(	For	CIE	)	
9 Electrical: – Simulate electrical devices such as motors, solenoids,  

10 Fixed ­fixed beam for natural frequency determination  
11 Bar subjected to forcing function 
12 Fixed ­fixed beam subjected to forcing function

Course	outcomes	(Course	Skill	Set):	
At the end of the course the student will be able to 

1. Covers fundamentals and practical knowledge of finite element modelling and simulation  
2. Uses ANSYS Workbench as the FEA environment Describes simulation case studies demonstrated 

in a step­by­step fashion Includes a web­based geometry input CAD files for ANSYS Workbench 
examples Covers the analyses of trusses, beams, frames, plane stress and plane strain problems, 
plates and shells, three­dimensional design components, and assembly structures

3. APPLY basics of Theory of Elasticity to continuum problems.  
4. FORMULATE finite elements like bar, truss and beam elements for linear static structural analysis. 

FORMULATE 2D and axisymmetric finite elements.  
5. Develop finite element equations for 1D heat transfer elements and solve numericals.  
6. Apply finite element simulation tool to solve practical problems (Lab and Self­study). 
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Assessment	Details	(both	CIE	and	SEE)	

The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 50%. 
The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) and for the 
SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A student shall be 
deemed to have satisfied the academic requirements and earned the credits allotted to each subject/ 
course if the student secures a minimum of 40% (40 marks out of 100) in the sum total of the CIE 
(Continuous Internal Evaluation) and SEE (Semester End Examination) taken together 

Continuous	Internal	Evaluation	(CIE):  
CIE marks for the practical course are 50	Marks. 
The split­up of CIE marks for record/ journal and test are in the ratio 60:40. 

 Each experiment is to be evaluated for conduction with an observation sheet and record write­up. 
Rubrics for the evaluation of the journal/write­up for hardware/software experiments are 
designed by the faculty who is handling the laboratory session and are made known to students at 
the beginning of the practical session. 

 Record should contain all the specified experiments in the syllabus and each experiment write­up 
will be evaluated for 10 marks.  

 Total marks scored by the students are scaled down to 30	marks (60% of maximum marks). 
 Weightage to be given for neatness and submission of record/write­up on time.  
 Department shall conduct a test of 100 marks after the completion of all the experiments listed in 

the syllabus.  
 In a test, test write­up, conduction of experiment, acceptable result, and procedural knowledge will 

carry a weightage of 60% and the rest 40% for viva­voce. 
 The suitable rubrics can be designed to evaluate each student’s performance and learning ability.  
 The marks scored shall be scaled down to 20	marks (40% of the maximum marks). 

The Sum of scaled­down marks scored in the report write­up/journal and marks of a test is the total CIE 
marks scored by the student. 
Semester	End	Evaluation	(SEE):		
 SEE marks for the practical course are 50 Marks. 
 SEE shall be conducted jointly by the two examiners of the same institute, examiners are appointed 

by the Head of the Institute.  
 The examination schedule and names of examiners are informed to the university before the 

conduction of the examination. These practical examinations are to be conducted between the 
schedule mentioned in the academic calendar of the University. 

 All laboratory experiments are to be included for practical examination. 	
  (Rubrics) Breakup of marks and the instructions printed on the cover page of the answer script to 

be strictly adhered to by the examiners.  OR based on the course requirement evaluation rubrics 
shall be decided jointly by examiners.	

 Students can pick one question (experiment) from the questions lot prepared by the examiners 
jointly. 	

 Evaluation of test write­up/ conduction procedure and result/viva will be conducted jointly by 
examiners. 	

 General rubrics suggested for SEE are mentioned here, writeup­20%, Conduction procedure and result 
in ­60%, Viva­voce 20% of maximum marks. SEE for practical shall be evaluated for 100 marks and 
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scored marks shall be scaled down to 50 marks (however, based on course type, rubrics shall be 
decided by the examiners)	

 Change of experiment is allowed only once and 15% of Marks allotted to the procedure part are to be 
made zero. 
The minimum duration of SEE is 02 hours 

Suggested	Learning	Resources:	
1. www.ansys.com  
2.www.mece.ualberta.ca/tutorials/ansys  
3. http://mae.uta.edu/~lawrence/  
4. http://expertfea.com/tutorials.html	
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Introduction	Augmented	Reality Semester 6th  
Course Code BME657D	 CIE Marks 50 
Teaching Hours/Week (L: T:P: S) 0:2:0:0 SEE Marks 50 
Total Hours of Pedagogy 30 Total Marks 100 
Credits 01 Exam Hours 01 
Examination nature (SEE) Theory
Course	objectives:	

 Describe how AR systems work and list the applications of AR. 
 Understand and analyse the hardware requirement of AR. 
 Use computer vision concepts for AR and describe AR techniques 
 Analyse and understand the working of various state of the art AR devices 
 Acquire knowledge of mixed reality 

	
Teaching­Learning	Process	(General	Instructions)	
These are sample Strategies, which teachers can use to accelerate the attainment of the various 
course outcomes. 

 Adopt different types of teaching methods to develop the outcomes through PowerPoint 
presentations and Video demonstrations or Simulations. 

 Chalk and Talk method for Problem Solving. 
 Adopt flipped classroom teaching method. 
 Adopt collaborative (Group Learning) learning in the class. 
 Adopt Problem Based Learning (PBL), which fosters students’ analytical skills and develops 

thinking skills such as evaluating, generalizing, and analysing information. 

Module­1	
Introduction	 to	 Augmented	 Reality	 (A.R): Defining augmented reality, history of augmented 
reality, The Relationship between Augmented Reality and Other Technologies­Media, Technologies, 
Other Ideas Related to the Spectrum between Real and Virtual Worlds, applications of augmented 
reality 
Augmented	 Reality	 Concepts: Concepts Related to Augmented Reality, Ingredients of an 
Augmented Reality Experience. 

Module­2	
Augmented	Reality	Hardware:	
Augmented	Reality	Hardware	–	Displays – Audio Displays, Haptic Displays, Visual Displays, Other 
sensory displays, Visual Perception, Requirements and Characteristics, Spatial Display Model. 
Processors	–	Role of Processors, Processor System Architecture, Processor Specifications. 
Tracking	 &	 Sensors	 ­	 Tracking, Calibration, and Registration, Characteristics of Tracking	
Technology,	Stationary Tracking Systems, Mobile Sensors, Optical Tracking, Sensor Fusion.	

Module­3	
Computer	 Vision	 for	 Augmented	 Reality	 &	 A.R.	 Software: Computer Vision for Augmented 
Reality ­ Marker Tracking, Multiple­Camera Infrared Tracking, Natural Feature Tracking by 
Detection, Simultaneous Localization and Mapping, Outdoor Tracking 
Augmented	Reality	Software	­ Introduction, Major Software Components for Augmented Reality 
Systems, Software used to Create Content for the Augmented Reality Application. 

Module­4	
AR	 Techniques­	Marker based & Marker less tracking: Marker­based approach­ Introduction to 
marker­based tracking, types of markers, marker camera pose and identification, visual tracking, 
mathematical representation of matrix multiplication  
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Marker	 types­	 Template markers, 2D barcode markers, imperceptible markers. Marker­less 
approach­ Localization based augmentation, real world examples Tracking methods­ Visual tracking, 
feature based tracking, hybrid tracking, and initialization and recovery.	

Module­5	
AR	 Devices	 &	 Components: AR Components – Scene Generator, Tracking system, monitoring 
system, display, Game scene 
AR	Devices	– Optical See­ through HMD, Virtual retinal systems, Monitor bases systems, Projection 
displays, and Video see­through systems 
Course	outcome	(Course	Skill	Set)	

At the end of the course the student will be able to: 

CO1	: Describe how AR systems work and list the applications of AR. 

CO2	: Understand and analyse the hardware requirement of AR. 

CO3	: Apply computer vision concepts for AR and describe AR techniques 

CO4	: Analyse and understand the working of various state of the art AR devices 

CO5	: Explain the knowledge acquired on mixed reality 

Assessment	Details	(both	CIE	and	SEE)	
The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 
50%. The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) and 
for the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A student 
shall be deemed to have satisfied the academic requirements and earned the credits allotted to each 
subject/ course if the student secures a minimum of 40% (40 marks out of 100) in the sum total of 
the CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) taken together.  

Continuous	Internal	Evaluation:	

The CIE is the sum of Average of Two Internal Assessment Tests each of 25 marks and Any two
Assessment methods for 25 marks.
The first test will be administered after 40­50% of the syllabus has been covered, and the second
test will be administered after 85­90% of the syllabus has been covered
Any two assessment methods mentioned in the 22OB , if an assignment is project­based then
only one assignment for the course shall be planned.  The teacher should not conduct two
assignments at the end of the semester if two assignments are planned.
For the course, CIE marks will be based on a scaled­down sum of two tests and other methods of
assessment for a total of 50 marks.

Internal	Assessment	Test	question	paper	is	designed	to	attain	the	different	levels	of	Bloom’s	
taxonomy	as	per	the	outcome	defined	for	the	course.	

Semester	End	Examinations	(SEE)	
SEE paper shall be set for 50 questions, each of 01 mark. The pattern of the question paper is MCQ 
(multiple choice questions). The time allotted for SEE is 01	hour.	The student has to secure a 
minimum of 35% of the maximum marks meant for SEE. 
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Suggested	Learning	Resources:	
Books 

1. Allan Fowler­ ­
 

2. Augmented Reality: Principles & Practice by Schmalstieg / Hollerer, Pearson Education India; 
First edition (12 October 2016),ISBN­  

Reference	Books:	
1. Designing for Mixed Reality, Kharis O'Connell Published by O'Reilly Media, Inc., 2016, ISBN: 

 
2. Sanni Siltanen­ Theory and applications of marker­based augmented reality. Julkaisija – 

­951­38­ ­0 

Web	links	and	Video	Lectures	(e­Resources):			

https://www.vttresearch.com/sites/default/files/pdf/science/2012/S3.pdf
 https://docs.microsoft.com/en­us/windows/mixed­reality/ 
 https://docs.microsoft.com/en­us/archive/msdn­

magazine/2016/november/hololensintroduction­ 
to­the­hololens 

 
MOOC Courses: 

 https://www.coursera.org/learn/ar 
 https://www.udemy.com/share/101XPi/ 

Activity	Based	Learning	(Suggested	Activities	in	Class)/	Practical	Based	learning
 Course seminar 

Term project 
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