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Preface
PES College of Engineering, Mandya, started inyder 1962, has become autonomous in

the academic year 2008-09. Since, then it has bleamy the academic and examination
activities successfully. The college is runninghtigndergraduate and eight Postgraduate
programs. It consists of six M.Tech programs, whiate affiliated to VTU. Other
postgraduate programs are MBA and MCA.

India has recently become a Permanent Member loyngighe Washington Accord. The
accord was signed by the National Board of Accegidih (NBA) on behalf of India on 13th
June 2014. It enables not only the mobility of alagree globally but also establishes
equivalence to our degrees with that of the menmag¢ions such as Taiwan, Hong Kong,
Ireland, Korea, Malaysia, New Zealand, Russia, &wge, South Africa, Turkey, Australia,
Canada and Japan. Among other signatories to theational agreement are the US and the
UK. Implementation of Outcome Based Education (QBE3s been the core issue for
enabling the equivalence and of Indian degreedtaidmobility across the countries.

Our Higher Educational Institution has adopted the semester structure with OBE scheme
and grading system.

The credit based OBE semester system providesbiliéxiin designing curriculum and
assigning credits based on the course content@md lof teaching.

The OBE, emphasize setting clear standards forrediske, measurable outcomes of
programs in stages. There lies a shift in thinkitggching and learning processes moving
towards Students Centric from Teacher Centric eituta OBE standards focus on
mathematics, language, science, attitudes, sddils & moral values.

The key features which may be used to judge, ysdesn has implemented an outcome
based education system is mainly Standard baseszkssmsents that determines whether
students have achieved the stated standard. Assetssmay take any form, so long as the
process actually measure whether the student kttweveequired information or can perform
the required task. Outcome based education is antioment that all students of all groups
will ultimately reach the same minimum standardstod®me Based Education is a method or
means which begins with the end in mind and cotistaemphasizes continuous
improvement.

In order to increase the Industry/Corporate reatinenany Soft Skills and Personality
Development modules have been added to the existimgculum of 2013-14.Industry
Interactions have been made compulsory to enhdrecield experience. In order to enhance
creativity and innovation Mini Project is includedall undergraduate programs.

Sri. B.Dinesh Prabhu Dr. P S Puttaswamy
Deputy Dean (Academic) Dean (Academic)
Associate Professor, Professor,

Dept. of Automobile Engg. Dept. of Electrical& Electronics Engg.



P.E.S.COLLEGE OF ENGINEERING, MANDYA-571401
(An Autonomous Institution under VTU, Belagavi)

Vision
“ An institution of high repute, imparting qualitywzhtion to develop innovative and humane

engineers”

Mission
“Committed to develop students potential througl lgjgality teaching- learning processes and state

of the art infrastructure”

DEPARTMENT OF MECHANICAL ENGINEERING

ABOUT THE DEPARTMENT
The department of Mechanical Engineering was estaa in the year 1962 during the origination of

the institute. The department was granted academionomy in the year 2009. The department
presently offers B.E in Mechanical Engineering, Mch in Computer Integrated Manufacturing
(CIM), M Tech in Machine Design, M.Sc., (Engg.) bssearch and research leading to Ph.D. The
present intake capacity of the department is 120B#6, 18 for M Tech CIM and 24 for M Tech
Machine Design. The department has a faculty-studgio of 1:15 for UG courses and 1:12 for PG
courses. The department has well established lady@ms to meet the academic requirements of UG
and PG programmes and a skilled technical facuoltyrdin the students. The department has its own
library which has a collection of about 3160 refee books.

The department regularly organizes industrial sjdiéchnical lectures by experts from industried an
institutes in contemporary areas to bridge the lgajpveen syllabi and current developments. The
students are encouraged to undergo industrialingaias well as to take up industry oriented prgect
during their academic course. Mechanical Engingefissociation, formed by the students and faculty

of the department regularly organizes co-curricataa extracurricular activities for the students.

Vision

“Be a department well recognized for its abilitydevelop competent mechanical engineers”

Mission

“To provide quality education, essential technaldlls and inculcate sense of higher education, by
competent faculty, adequate infrastructure andsszey industry interaction”

SYLLABUS 2013- 2014



P.E.S.COLLEGE OF ENGINEERING, MANDYA-571401
(An Autonomous Institution under VTU, Belagavi)

PROGRAM EDUCATIONAL OBJECTIVES (PEOS)

The Department of Mechanical Engineering, PES @ellgf Engineering, is dedicated to graduating

mechanical engineers who:

PEO1: Use the fundamentals of basic science, mathematidsnechanical engineering, to pursue
their career as engineers as well as to lead andhgeateams in public and private segtor

organizations.
PEO2: Pursue advanced education, research and developmgingage in the process of life-lgn
learning.

g

PEO3: Develop their career as entrepreneurs in a redpengrofessional and ethical manner| to

serve the society.

Programme Outcomes

By the time of graduation, students will have:

to mechanical engineering.

2 | Ability to identify, analyze and solve problemsateld to mechanical systems.

Ability to design mechanical components, systent @ocesses considering economic and

3 safety aspects.

4 Ability to carry out experimental investigationsygilations, interpret data and arrive
meaningful conclusions.

5 Ability to use the techniques, skills, and modengireering tools necessary for engineer
practices.

6 Ability to use contextual knowledge to understane impact of technology on public health
and safety.

Ability to recognize the need for sustainable sohd and their influence on environment.

An understanding of professional and ethical resjility.

Ability to work individually and in multidiscipliney teams by applying interpersonal skills.

10 | Ability to communicate in oral, written, and grapal forms.

11 | Ability to apply management principles and to leawltidisciplinary teams to execute projects.

Ability to apply fundamentals of science, mathewsaand engineering to solve problems related

at

ing

ng

12 Ability to recognize the changes and advancementsahnology and engage in life-long learn
by adapting to the changes.
EVALUATION SCHEME
Scheme| Weightage| Marks Event Break Up
Test | Test Il Quiz | Quiz Il Assignment
0
CIE 50% 50 35 35 5 5 10
SEE 50% 100 Questions to Set: 10 Questions to Answer: 5
Scheme of SEE Question Paper (100 Marks)
Duration: 3Hrs | Marks: 100 | Weightage: 50%

« Each of the two questions set shall be so compsieas to cover the entire contents of the unit.
e There will be direct choice between the two questiwithin each Unit

e Total questions to be set are 10. All carry equaks of 20

« The number of subdivisions in each main questiat &l limited to three only

« Number of questions to be answered by students is 5

SYLLABUS 2013- 2014



P.E.S.COLLEGE OF ENGINEERING, MANDYA-571401
(An Autonomous Institution under VTU, Belagavi)

VIl Semester B.E Mechanical Engineering Schemd deaching and Examination
Examination
Sl Course , Teaching Hours Total Marks Exam
Course Title pattern . Duration in
No. Code Dept. -, Credits
L:T:P:H hours
CIE | SEE| Total
1 |P13ME71 | Automatic Control . 3:2:0:5 4 50| 50| 100 3
X . Mechanical
Engineering
2 |P13ME72 | Hydraulics & . 4:0:0:4 3 50| 50| 100 3
. Mechanical
Pneumatics
3 |P13ME73 | Management & . 4:0:0:4 4 50( 50| 100 3
. Mechanical
Entrepreneurship
4 |P13ME74 | Production . 4:0:0:4 4 50| 50| 100 3
Mechanical
Management
5 |P13ME75 | Elective-ll Mechanical 4:0:0:4 4 50| 50| 100 3
6 |P13ME76 | Elective-lll Mechanical 4:0:0:4 4 50| 50| 100 3
7 |P13MEL77|Design Lab Mechanical 0:1:2:3 1.5 50 50| 100 3
8 |P13MEL78|Simulations Lab Mechanical 0:1:2:3 1.5 50 50/ 10d 3
Total 26 400| 400| 800
Elective-I| Elective-lll
Sl. No.|Course Cods Course title Sl. No{Course Code Course title |

01 |P13ME751 | Industrial Automation 01 P13ME76/L Cateplntegrated Manufacturing
02 |P13ME752 |Non Destructive Testin 02 |P13ME762 | Maintenance Engineering

03 |P13ME753 | Theory of Plasticity 03 PI13ME768 Expenmtal Stress Analysis
04 |P13ME754 | I. C. Engines 04 P13ME764 Gas Turbines
VIII Semester B.E Mechanical Engineering Schemef Teaching and Examination
) Hours Examination Exam
gl | Course Course Title Teaching pattern Total Marks Duration in
No Code Dept. LT:PH Credits hours
' T CIE | SEE| Total
1 |PI3MES1 | Industrial Mechanical| 4:0:0:4 3 50| 50| 100 3
Robotics
2 |P13ME82 Operations Mechanical|  4:0:0:4 3 50 50 10D 3
Research
3 |P13ME83 | Elective-IV Mechanical 4:0:0:4 3 50 50 010 3
4 |P13ME84 | Elective-V Mechanical 4:0:0:4 3 5 50 100 3
5 |P13MES85 | Project Work Mechanical 0:0:2016 10 10m0| 200
6 |PLSMEBG | Industrial Visit | o hanical|  0:0:4:3 2 | 50 - 50
and Seminar
Total 24 300| 300| 650
Elective-1V Elective-V
Sl. Course , Sl. Course .
No. Code Course title No. Code Course title
01 |P13ME831 | Organizational Behaviour Ol P13ME841 ojeet Management
02 P13MES32 Foundry &Welding 02 P13MES42 Add|t|\{e Manufacturing
Technology Techniques
03 |P13MEB833 | Renewable Energy Sources 03 P13ME843werFant Engineering
04 |p13mEg3s |COMPutational Fluid 04 |p13MES44 | Tribology
Dynamics
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Department of Mechanical Engineering

Seventh Semester

Course Title: Automatic Control Engineering

Course Code: P13ME71 Sem: 07 L —T-P-H: 3:2:0:5 Crad 04

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs Weightae: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14

- Course of .
o Prerequisites Course 2013-14 Regulations 2013-14 Equivalent Course for 2008-09
"| Code Title Code Title Code Title
Engineering
P13MA21 Mathematics I _
Engineering Automatic Automatic Control
P13MA31 g : P13ME71 Control POSME71 : .
Mathematics IlI . . Engineering
Mechanical Engineering
P13ME62 o
Vibrations

Course objective: The course aims at strengthening the ability aflebts in design and
analysis of linear continues-time control systeraosimprove their static and transient
behaviour.

Course Content
Unit-1

Introduction and Mathematical Models of Physical Sgtems: Concept of automatic
controls, open and closed loop control systemscais of feedback control systems,
requirement of an ideal control system. Examplesoaitrol systems - Speed control system,
Human body temperature control system, Home heaysgem, Traffic control system,
Liquid level control system. Definition of Laplat&nsformation, Transfer function models,
mathematical models of mechanical systems, modedteotrical circuits, models of DC and
AC motors, models of hydraulic systems and moddlghermal systems. Analogous
Systems- Force-voltage analogy and force-curreaibgy. 10 hrs

Unit- 2
Block Diagrams & Signal Flow Graphs and Time Respose Analysis:Transfer functions
definition, block representation of system elemgrgduction of block diagrams with single
and multiple inputs. Signal flow graphs- Signalvilgraph terminology, signal flow graph
from block diagram, Manson’s gain formula. 10 hrs

Unit -3

Time Response AnalysesTime response analysis - Introduction, transeend steady state
response of control system, standard test inp@®p; ramp, parabolic and impulse inputs.
First order system response to step and ramp ingotscepts of time constant and its
importance in speed of response. Second ordernsysteponse to step input, transient
response specifications. Stability definition, neattatical concept of stability, characteristic
root locations and stability, Routh’s stability terion, special cases of Routh’s criterion.
Steady-state error analysis- control system tyfeady-state error constants- static position
error constant, static velocity error constant stadic acceleration error. 10 hrs

SYLLABUS 2013- 2014 Page 1



Department of Mechanical Engineering

Unit - 4
Frequency Response AnalysisPolar plots, relative stability- concepts phasegimaand
gain margin. Nyquist Stability Criterion, Stabilignalysis using Nyquist plot. Frequency
response analysis using bode plot: Bode attenudisgrams, stability analysis using Bode
plots. 12 hrs

Unit -5
Root Locus and State-Space Analysefoot locus analysidntroduction, definition of root
loci, general rules for constructing root loci, rdocus analysis of control systems. State-
space analysis- introduction, definitions, stateesp equations, transformation matrix,
controllability and observability. 10 hrs

Text books

1. Katsuhiko OgataModern Control Engineering, Phi Learning Pvt Ltd, 5th Edition,
2010, ISBN: 9788120340107.

2. Rao V Dukkipati,Control Systems, Narosa Publishing House, 2008, ISBN: 978-
8173195549.

3. Joseph J. Distefano, Allen R. Stubberud and AvaWiliams, Feedback and
Control Systems Schaum’s Outlines series, Tata McGraw Hill, NewltD 2
Edition, 2003, ISBN: 978-0070582880.

References

1. 1. J. Nagarath & M. GopaGontrol systems,New age International publisherd! 4
Edition, 2006, ISBN: 978-8122417753.

2. F. GolnaraghandB.C. Kuo,Automatic Control Systems John Wiley & Sons,™
Edition, 2009, ISBN: 978-0470048962.

3. Control Systems:Ashfaq Husain and Haroon Ashfaq, Dhanpat Rai & 2015,
ISBN: 978-8177000276.

Course Outcomes
At the end of the course the students should betabl

1. Identify and classify the different types of control systeni3evelop mathematical
model for the mechanical, electrical, servo mectrarand hydraulic systems.

2. Representthe systems consisting of number of componentsdaridrm of block
diagrams and signal flow graphs @bevelopmathematical models using reduction
technique of these block diagrams and signal floaplys.

3. Obtain the time response and steady-state error of tterayDetermine stability of
the various control systems bpplying Routh’s stability criterion.

4. Obtain frequency response aridetermine stability of control systemapplying
Nyquist stability criterion andsing Bode plot.

5. Construct root loci from open loop transfer functions of trmhsystems anédnalyze
the behavior of roots with system gafnalyze complex systems having multi inputs
and multi outputs using state-space method.
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Department of Mechanical Engineering

Topic Learning Objectives (Unit wise)
Unit |
By the end of the topic, student will be able to
1. Identify anddistinguish the different systems as open loop and closed tooyrol
systems.
2. Describethe fundamental concept of feedback control systems
3. Developsmathematical modeling of physical components aistesys.
4.Developstransfer function model of physical components sygtems
5.Construct electrical analogy of physical systems.
Unit Il
By the end of the topic, student will be able to
6. Representcontrol systems in the form of block diagrams aigghal flow graphs.
7. Apply various methods for reducing complicated bloclgdhans to simpler forms so
that they can be used to analyze the control system
8. Obtain transfer function of control system using bloc&gtam reduction technique.
9. Write signal flow graph from block diagram.
10. Obtain transfer functions from signal flow graphs.
Unit Il
By the end of the topic, student will be able to
11.Apply fundamentals tpredict time response of*lorder and 2 order dynamic
systems subjected to step and ramp inputs.
12. Predict response time of the system under step and ranypsinp
13. Predict system type and steady-state error of the systems.
14. Analyze system stability using Routh’s stability criterion.
Unit IV
By the end of the topic, student will be able to
15. Sketch polar plot for open loop or closed loop transfandtion of the system,
determine its gain margin and phase margin gmddict its stability using these gain
and phase margins.
16. Sketch Nyquist plot for open loop or closed loop trandf@mction of the system and
discoverits stability.
17.Sketch Bode plot for open loop or closed loop transfenction of the system,
determine its gain margin and phase margin gmddict its stability using these gain
and phase margins.

Unit V
By the end of the topic, student will be able to
18. Sketchroot locus for open loop or closed loop transterction of the system.
19. Predict variation of root loci with system gain parameter.
20.Predict limiting values of system gain for the system éoslable.
21.Write state-space equation for the system.
22.Apply state-space method émalyzecomplex systems having multi inputs and multi
outputs.
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Department of Mechanical Engineering

Review Questions
Differentiate between open loop and closed loogrobeystems. Give examples for each.

2 List the advantages and disadvantages of closegl domtrol system over open loop
control system.

What are the general requirements of a controesy3tExplain them.

With the help of block diagrams, explain the follog:

i) Speed control system i) Tempematontrol system

iii) Traffic control system iv) Human bptemperature control system
v) Liquid level control system

Derive the transfer function for a first order maoltal/electrical systems.

Obtain the transfer function of armature/field colieéd D. C. Motor and hence write the
differential equation.

7 For the mechanical system shown in Fig. Q7, wribevrd the differential equations of
motion and electrical analogous circuit based oodevoltage and force-current analogy.

fu
Ky B

1

K2 F ()
Fig. Q7.
8 Reduce the block diagram shown in Fig. Q 8 intaoéral form and obtain its closed loop

transfer function.

~.

+
+ -\
\T . I—‘?H e O
H.

Fig. Q 8.
9 Obtain the output C(s) of multi input system showfrig. Q 9.

Fig. Q 9

10 For the system shown in Fig. Q 8, draw signal flomph and obtain C(s)/R(s) using
Mason’s gain formula.

11 Determine CLTF for the signal flow graph shown ig.FQ 11 using Masons gain formula.

SYLLABUS 2013- 2014 Page 4



Department of Mechanical Engineering

12

13

14

15

16

17

18

19

20

Fig. Q 11
Sketch the polar plot for a systgmgvhose open toopsfer function is given by

G (s)H (s) =

1-7s

With the help of polar plot, briefly explain therm®pt of gain margin and phase margin
for both stable and unstable systems.

Sketch the Nyquist plot for a system wigfys)n (s) = 225+ 3). Comment on its closed

s(s-1)
loop stability.
The open loop transfer function of a unity feedbagktrol system is
G(s) = 10 . Draw Bode plot and find gain margin, phase margain

51+ 0.5)(1+ 0.3
crossover frequency and gain crossover frequeniep. @scertain the stability of system.
Sketch the Bode plot for the system wigy (s) = 250K and find the
s(s+5)(s*+5s+121)
value of K for (i) gain margin of 40db and (ii) geamargin of 45

Using necessary steps and calculations, sketcRaéla¢ locus plot for an unity feedback
system having OPLT

G(s) - K and determine the value of K for the system tsthble.
S(s+2)(s+6)

A feedback system has the closed loop transfettifumc

Y(s) _ 8

. Construct a state model.

U(s) s$+3s°+7s+9

Determine the transfer function of the system hatire state model

M L HERR

A control system is described by
X 0 1]} x 0
1= L+ Clu®; Yo =1 7] | Determine the controllability and
Xo -2 3| %] |1 Xo

observability of the system.
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Department of Mechanical Engineering

Lesson Plan
Unit |
1.Concept of automatic controls, open and closed tmoyrol systems, concepts of
feedback control systems

2.Requirement of an ideal control system. Examplesaooitrol systems - Speed control

system, Human body temperature control system.

3.Home heating system, Traffic control system, Ligleiel control system.

4.Definition of Laplace transformation, Transfer ftioo models,

5.Mathematical models of mechanical systems, modedtectrical circuits

6.Models of DC and AC motors

7.Models of hydraulic systems and models of thermsiesns

8.Models of thermal systems.

9.Analogous Systems- Force-voltage analogy and foucesnt analogy.

10. Example problems on analogous systems.

Unit 1l

11. Transfer functions definition, block representatadrsystem elements

12.Reduction of block diagrams with single inputs.

13.Problems on reduction of block diagrams with singfaut.

14.Problems on reduction of block diagrams with singfut.

15.Reduction of block diagrams with multiple inputsoBlems on reduction of block
diagrams with multi inputs.

16. Signal flow graphs- Signal flow graph terminology.

17.Signal flow graph from block diagram, ason’s gamiula.

18. Problems on signal flow graphs.

19.Problems on signal flow graphs.

20.Problems on signal flow graphs.

Unit [

21.Time response analysis - Introduction, transiedtsteady state response of control
system, Standard test inputs — step, ramp, pacatotl impulse inputs.

22.First order system response to step and ramp inputs

23.Concepts of time constant and its importance iedé¢ response. Second order
system (under damped) response to step input.

24.Second order system (critically and over dampesporse to step input. Transient

response specifications.
25.Problems on first order and second order systeporees.
26.Problems on transient response specifications.

27. Stability definition, mathematical concept of sta¥pj characteristic root locations and

Routh’s stability criterion.

28.Problems on Routh’s stability criterion, speciade&sof Routh’s criterion.

29. Steady-state error analysis- control system tyigady-state error constants- static
position error constant

30. Static velocity error constant and static acceienatrror.

Unit IV

31. Definition of frequency response, introduction gy plots.

32.Problems on Polar plots.

33.Problems on Polar plots.

34.Relative stability- concepts of phase margin and geargin

35. Nyquist Stability Criterion, drawing of Nyquist flo

36.Problems on stability analysis using Nyquist plot.

37.Problems on stability analysis using Nyquist plot.
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Department of Mechanical Engineering

38.Problems on stability analysis using Nyquist plot.

39.Frequency response analysis using bode plot aedndietation of Magnitude ratio
and phase angle.

40.Problems on Bode plot.

41.Problems on Bode plot.

42.Problems on Bode plot.

Unit V

43.Root locus analysidntroduction and definition of root loci.

44.General rules for constructing root loci.

45. Problems on root locus analysis of control systems.

46.Problems on root locus analysis of control systems.

47.Problems on root locus analysis of control systems.

48. State-space analysis- introduction, definitionstate, state-space, state variable, state
vector, state variable equation.

49, State-space equations and transformation matrix.

50.Problems on writing state-space equations.

51. Controllability and observability.

52.Problems on controllability and observability.

Course Articulation Matrix

Program Outcomes
112(3]4[(5]|6]7(8]9]10]11{12

Course Outcomes

1. Identify and classify the different types of control syster
Develop mathematical model for the mechanical, electfH|H|M|L
servo mechanism and hydraulic systems.

2. Representthe systems consisting of number of componer]
the form of block diagrams and signal flow graphsd
Develop mathematical models using reduction techniqu
these block diagrams and signal flow graphs.

3. Obtain the time response and steady-state error of ttersy
Determine stability of the various control systems |H|H|H| [M{M[M
applying Routh’s stability criterion.

4. Obtain frequency response atermine stability of contro
system byapplying Nyquist stability criterion andsing BodgH|H|H| |H[M|M
plot.

5. Construct root loci from open loop transfer functions
control systems andinalyze the behavior of roots wil
system gainAnalyze complex systems having multi inp
and multi outputs using state-space method.

SYLLABUS 2013- 2014 Page 7



Department of Mechanical Engineering

Course Title: Hydraulics and Pneumatics

Course Code: P13ME72 | Sem: 07 L —T-P-H: 4:0:0:4 | Creéd03

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14
. Course of Equivalent Course for
I\?(I). Prerequisites Course 2013-14 Regulations 2013-14 2008-09
) Code Title Code Title Code Title
Mechatronics and Hydraulics Hydraulics
1 | POBMESE Microprocessor P13ME72 and POBME72 and
2 | P13MES3| Turbomachines Pneumatics Pneumatics

Course objective: The course aims at understanding and strengthdaiog/ledge of the
Hydraulic and Pneumatic basics, circuit diagram @nzlit symbol, actuators, motors, valves
and maintenance of hydraulic systems to studentexposing them to understand for
different machines that are commonly used in intkest

Course Content
Unit-1

INTRODUCTION TO HYDRAULIC POWER : Pascal's law and problems on Pascal’s
law. Structure of Hydraulic Control System. The &euof Hydraulic Power: Pumps,
Pumping theory, pump classification, gear pumpsiev@gumps, piston pumps, pump
performance, pump selection. Variable displacerpantps and Numericals.
HYDRAULIC ACTUATORS AND MOTORS: Linear Hydraulic Actuators [cylinders],
Hydraulic Rotary Actuators, Gear motors, vane ngtgiston motors, Hydraulic motor
theoretical torque, power and flow rate, hydraaiigtor performance. 10 Hrs

Unit- 2
CONTROL COMPONENTS IN HYDRAULIC SYSTEMS : Directional Control Valves
Symbolic representation, Constructional featuregesgure control valves, direct and pilot
operated types, flow control valves.
HYDRAULIC CIRCUIT DESIGN AND ANALYSIS: Control of single and double acting
Hydraulic cylinder, regenerative circuit, pump uading circuit, Double pump Hydraulic
system, Counter Balance Valve application. Hydraalilinder sequencing circuits. Locked
cylinder using pilot check valve, cylinder synchiming circuits, speed control of hydraulic
cylinder, speed control of hydraulic motors, acclatars and accumulator circuit&OHrs

Unit -3
MAINTENANCE OF HYDRAULIC SYSTEMS : Hydraulic oils Desirable properties,
general type of fluids, sealing devices, reserggatem, filters and strainers, problem caused
by gases in hydraulic fluids, wear of moving pagiise to solid particle contamination,
temperature control, troubleshooting.

INTRODUCTION TO PNEUMATIC CONTROL : Choice of working medium,
Characteristics of compressed air. Structure ofuRaic control system cylinder working
end position cushioning, seals, mounting arrangésregoplications. Rod less cylinders types,
working advantages. Rotary cylinder types consimacand application. Design parameters
selection 11 Hrs

SYLLABUS 2013- 2014 Page 8



Department of Mechanical Engineering

Unit - 4
DIRECTIONAL CONTROL VALVES: Symbolic representation as per 1ISO1219 and ISO
5599. Design and constructional aspects, poppegtsatlide valves spool valve, suspended
seat type slide valve. Simple Pneumatic Controte@iand indirect actuation pneumatic
cylinders, use of memory valve. Flow control valeesl speed control of cylinders supply air
throttling and exhaust air throttling use of questhaust valve. 10 Hrs

Unit -5
MULTI-CYLINDER APPLICATIONS : Coordinated and sequential motion control.
Motion and control diagrams Signal elimination nueth. Cascading method principle.
Practical application examples (up to two cylinflersing cascading method (using reversing
valves).Compressed air: Production of compressad campressors, preparation of
compressed air-Driers, Filters, Regulators. Lubhoicsg Distribution of compressed air-Piping
layout. 11 Hrs

Text books

Anthony Esposito Fluid Power with applications” édition pearson education, Inc. 2000,
ISBN: 9780130102256

Andrew Parr Pneumatics and Hydraulics: Jaico Phibigs Co. £' Edition, 2000, ISBN:
9788172241896

References

S.R Majumdar Oil Hydraulic Systems Principles andimdenance: 2002, Tata McGraw Hill
publishing company Ltd. 2001, ISBN: 9780071406697

S.R.Majumdar Pneumatic systems by, Tata McGraw plilblishing Co, 1995, ISBN:
9780071359658

Pippenger Hicks Industrial Hydraulics: McGraw HNMew York, 2° Edition, 1980, ISBN:
9780070664777

Course Outcomes

At the end of the course the students should ke=tabl

1. Derive Pascal’s lawExplain Linear Hydraulic Actuators [cylinders], HydraulicoRry
Actuators and hydraulic motor performance.

2. Explain Cylinder synchronizing circuits, speed control ofdraulic cylinder, speed
control of hydraulic motors, accumulators and aaglator circuits Discuss Double
pump Hydraulic system, Counter Balance Valve appibm, Hydraulic cylinder
sequencing circuits. Locked cylinder using piloeck valve

3. Explain Hydraulic oils Desirable properties, general tydeflaids, sealing devices,
reservoir systembDescribethe choice of working medium, characteristics ahpoessed
air. Structure of Pneumatic control system cylinderking end position cushioning,
seals, mounting arrangements applications.

4. Explain: poppet valves, slide valves spool valve, suspgnsieat type slide valve.
Describe Direct and indirect actuation of pneumatic cyéngl Flow control valves and
speed control of cylinders supply air throttlingdaexhaust air throttling use of quick
exhaust valve.

5. Describe Cascading method principle. Practical applicatexamples (up to two
cylinders) using cascading method (using reversatges). Production of compressed air
compressors, preparation of compressed air-DriEii¢ers, Regulators. Lubricators,
Distribution of compressed air-Piping layout.
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Topic Learning Objectives (Unit wise)

Unit |
By the end of the topic, student will be able to
Explain: Pascal s law and problems on Pascal s Law,
Discuss Structure of Hydraulic Control System.
Describe: Control System. The Source of Hydraulic Power
Discuss Linear Hydraulic Actuators [cylinders]. HydraulRotary Actuators
Explain: Hydraulic motor theoretical torque, power and floate, hydraulic motor
performance.

arwnE

Unit 1l

By the end of the topic, student will be able to

1. Explain: Directional Control Valves Symbolic representati@onstructional features,
pressure control valves direct and pilot operagpds, flow control valves.

2. Describe Control of single and Double acting Hydraulic inger, regenerative circuit,
pump unloading circuit

3. Discuss Double pump Hydraulic system, Counter Balancev¥application, Hydraulic
cylinder sequencing circuits. Locked cylinder ugmilgt check valve

4. Explain: Cylinder synchronizing circuits, speed control lofdraulic cylinder, speed
control of hydraulic motors, accumulators and aaglator circuits

Unit Il

By the end of the topic, student will be able to

1. Explain: Hydraulic oils Desirable properties, general tygefluids, sealing devices,
reservoir system

2. Discuss Filters and strainers, problem caused by gaseBydraulic fluids, wear of
moving parts due to solid particle contaminati@mperature control, troubleshooting

3. Describe: Choice of working medium, characteristics of conspesl air. Structure of
Pneumatic control system cylinder working end paositcushioning, seals, mounting
arrangements applications

4. Explain: Rod less cylinders types, working advantagesaRatylinder types
construction and application. Design parameteexteh

Unit IV

By the end of the topic, student will be able to

1. Explain: Symbolic representation as per 1SO1219 and 1S¥® 5Besign and
constructional aspects, poppet valves, slide vapesl valve, suspended seat type slide
valve. Simple Pneumatic Control

2. Describe Direct and indirect actuation pneumatic cylinderse of memory valve. Flow
control valves and speed control of cylinders sypair throttling and exhaust air
throttling use of quick exhaust valve

3. Explain: poppet valves, slide valves spool valve, suspgnskeat type slide valve.
Compressed air Production of compressed air corsres

4. Discuss use of memory valve and quick exhaust valve

Unit V
By the end of the topic, student will be able to
1. Explain: Coordinated and sequential motion control. Mool control diagrams Signal
elimination methods
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2. Describe Cascading method principle. Practical applicaggamples (up to two
cylinders) using cascading method (using revergatges).

3. Explain: Use of relay and contactors Control circuitry feimple single cylinder
applications. Compressed air Production of compeag compressors

4. Discuss Preparation of compressed air-Driers, Filters, gukaors, Lubricators,
Distribution of compressed air-Piping layout.

Review Questions

State pascal’s law, explain briefly its applicagon

List broad classifications of hydraulic motors

Explain with a neat sketch the principle and wogkof a direct acting pressure relief

valve, draw graphical symbol for the value

4. Explain with a neat circuit diagram sequencingvad tylinders using sequence valve for
the operation of clamping of a job and machining it

5. What are various important locations of filter itypical hydraulic system? And explain
with diagram.

6. What are the adverse effects of entrained gassmkused as an operating medium in a
hydraulic system?

7. Explain with a neat diagram the construction andking of a 4/2 poopet valve

8. What are the stages of air preparation for usegneaimatic system? Explain them

9. Explain with a neat circuit diagram the workinglotking cylinder using pilot operated
check valve.

10. Explain viscosity index, demulsibility and oxidatigtability of the fluid.

11.Explain direct and indirect actuation pneumaticgrérs, use of memory valve.

12.List out the characteristics of compressed air

13. Explain with a neat diagram structure of a pneuenadntrol system

14.List along with symbols any six actuation methoalsdirectional control valves

wnN e

Lesson Plan
Unit |

Pascal s law and problems on Pascal s Law
Structure of Hydraulic Control System
Control System. The Source of Hydraulic Power
Linear Hydraulic Actuators [cylinders]
Hydraulic Rotary Actuators
Hydraulic motor theoretical torque, power and fl@ate, hydraulic motor performance
The Source of Hydraulic Power: Pumps Pumping theory
Pump classification, gear pumps, vane pumps,
Piston pumps pump performance, pump selectionaldridisplacement pumps
10 Piston pumps, pump performance
11.Pump selection. Variable displacement pumps

©CoNoO~WNE

Unit 1l
12. Directional Control Valves Symbolic representation,
13.Constructional features, pressure control valvesctliand pilot operated types, flow
control valves.
14.Control of single and Double acting Hydraulic cder,
15.Regenerative circuit, pump unloading circuit,
16.Double pump Hydraulic system, Counter Balance Valpglication
17.Hydraulic cylinder sequencing circuits.
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18.Locked cylinder using pilot check valve,

19. Cylinder synchronizing circuits,

20.Speed control of hydraulic cylinder, speed conbfdhydraulic motors,
21. Accumulators and accumulator circuits

Unit Il
22.Hydraulic oils Desirable properties, troubleshogtin
23.General type of fluids, sealing devices.
24.Reservoir system, filters and strainers.
25.Problem caused by gases in hydraulic fluids, wéanaving parts due to solid particle
contamination, temperature control
26. Introduction to pneumatic control: Choice of wordkimedium
27.Characteristics of compressed air. Structure oftiRvagic control system cylinder
28.Working end position cushioning, seals.
29.Mounting arrangements applications. Rod less cgliandypes
30.Working advantages. Rotary cylinder types consimacand application.
31.Design parameters selection

Unit IV
32.Directional control valves: Symbolic representatasper 1ISO1219 and ISO 5599.
33.Design and constructional aspects, poppet valves
34. Slide valves spool valve, suspended seat type wéible.
35. Simple Pneumatic Control: Direct and indirect atbrapneumatic cylinders, , practical
applications
36.Use of memory valve. Flow control valves and spamtrol of cylinders supply air
throttling and exhaust air throttling use of questhaust valve.

Unit V
37.Multi-cylinder applications: Coordinated and sedisgmmotion control.
38.Cascading method principle. Practical applicatizaneples (up to two cylinders) using
cascading method (using reversing valves).
39.Compressed air: Production of compressed air cassprs,
40. Preparation of compressed air-Driers
41.Filters
42.Regulators, Lubricators
43. Distribution of compressed air-Piping layout
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Course Articulation Matrix

Program Outcomes

Course Outcomes

3

4

5

6

7

8

9

10

11)12

Derive: Pascal's law.Explain: Linear Hydraulig
Actuators [cylinders], Hydraulic Rotary Actuat{M
and hydraulic motor performance.

M

Explain: Cylinder synchronizing circuits, sp€g
control of hydraulic cylinder, speed control
hydraulic motors, accumulators and accumu
circuits Discuss: Double pump Hydraulic syste|L
Counter Balance Valve application, Hydra
cylinder sequencing circuitd.ocked cylinder usin
pilot check valve

Explain: Hydraulic oils Desirable properties, geng
type of fluids, sealing devices, reservoir sysl
Describe the choice of working mediuf
characteristics of compressed air. Structure
Pneumatic control system cylinder working
position cushioning, seals, mounting arrangem
applications.

Explain: poppet valves, slide valves spool va
suspended seat type slide val@escribe: Direct
and indirect actuation of pneumatic cylinders, H
control valves and speed control of cylinders sy
air throttling and exhaust air throttling use ofiai
exhaust valve.

Describe: Cascading method principle. Pract
application examples (up to two cylinders) us
cascading method (using reversing valy
Production of compressed air compresgyL
preparation of compressed @&iriers, Filters
Regulators. Lubricators, Distributioof compressg
air-Piping layout.
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Course Title: Management & Entrepreneurship

Course Code: P13ME73 | Sem: 07 L —T-P-H: 4:0:0:4 | Cred 04

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14

Prerequisites Course of .
NS(') Course 2013-14 Regulations 2013-14 Equivalent Course for 2008-09
"| Code Title Code Title Code Title
1 P13ME73 Management & POSME64 Management &
2 Entrepreneurship Entrepreneurship

Course objective:The course helps students to apply skills pertib@the management and
entrepreneurial management of both existing andrgmg technologies. Understand
engineering safety, strategies, and life cycle erogs of a project. Be able to plan, organize
staff and schedule in both small and large orgaioiza with an engineering context.

Course Content
Unit-1

MANAGEMENT: Introduction Meaning nature and chaexdtics of Management, Scope
and functional areas of management, Management ascience, art or profession
Management & Administration Role of Management, élsvof Management, Development
of Management Thought early management approachegi management approaches.
PLANNING: Nature, importance and purpose of plagnimocess objectives Types of plans
(Meaning only) Decision making Importance of plamgi steps in planning & planning
premises Hierarchy of plans. 12hrs

Unit- 2

Organising and Staffing: Nature and purpose of miggdion, principles of organization
Types of organization,Committees Centralization Wecentralization of authority and
responsibility Span of control, MBO and MBE (Meagionly), Nature and importance of
Staffing Process of Selection & Recruitment (irebyi

Directing and Controlling: Meaning and nature ofedting Leadership styles, Motivation
Theories, Communication Meaning and importance.r@ioation meaning and importance
and Techniques of Co-ordination. Meaning and stepsontrolling Essentials of a sound
control system Methods of establishing controlbiief). 12hrs

Unit -3
Entrepreneur: Meaning of Entrepreneur, EvolutionCaincept, Functions of Entrepreneur,
Types of Entrepreneur, Evolution of Entrepreneyrsilevelopment of Entrepreneurship,
Stages in entrepreneurial process, Role of Entngpims in Economic development
entrepreneurship in India, entrepreneurship -atsiérs 08hrs

Unit - 4
Small Scale Industry: Definition; Characteristiblieed and rationale: Objectives, Scope, role
of SSI in Economic Development. Advantages of S&éps to start an SSI Government
policy towards SSI, Different Policies of SSI, Gawaent Support on SSI during 5 year
plans. Impact of Liberalization, Privatisation, G&bization on SSI. Effect of WTO / GATT
Supporting Agencies of Government for SSI Meanihgture of support; Objectives;
Functions; Types of Help; Ancillary Industry anchyilndustry (Definition only)
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Institutional Support: Different Schemes, TECKSOKIADB; KSSIDC; KSIMC; DIC
Single Window Agency; SISI, NSIC, SIDBI, KSFC. 12hrs

Unit -5
Preparation of Project: Meaning of Project, Projelentification, Project Selection, Project
Report, Need and significance of Report, Contefasnulation, Guidelines by Planning
Commission for Project Report, Network Analysis,rdfs of Project Report, Project

Appraisal.

Identification of Business Opportunities: MarketaBiility Study: Technical Feasibility
Study, Financial Feasibility Study & Social Fealsipistudy. 08hrs

Text books

1. Principles of Management, P.C. Tripathi, P.N. Reddyta McGraw Hill, 5th Edition, 27
January 2012, ISBN: 9780071333337

2. Dynamics of Entrepreneurial Development & Managetmen Vasant Desai Himalaya
Publishing House, 2011, ISBN: 9789350244548

3. Entrepreneurship Development Small Business EnseiarPoornima M. Charantimath
Pearson Education , 2nd Edition, 2013, ISBN: 933362264

References

1. Management Fundamentals Concepts, Application| BkWelopment Robert N Lussier ,
Cengage Publisher, 1st September 2012, ISBN: 91838267

2. Entrepreneurship Development , S S Khanka , S C&atid,1st Revised Edition 1
December 2007, ISBN : 9788121918015

3. Management ,Stephen Robbins Pearson Education I®HRlI Edition, 2009, ISBN:
9788131727201

Course Outcomes
At the end of the course the students should ke=tabl

1. Identify Nature and characteristics of management, earlyagement & modern
management approaches. Hierarchy of plans, impmeta& purpose of plans,
planning and planning premises

2. Distinguish Types of organizations, authority & responsibjlitgadership styles,
methods of sound control, techniques of co- ordnat

3. Structure Different types of entrepreneurs, stages in engregurial processole of
entrepreneur in economic development.

4. Structure Objectives, Scope and role of SSI in Economic Dewelent, Different
Policies of SSI, Impact of Liberalization, Privai®n, and Globalization on SSI,
Ancillary Industry and Tiny Industry. Different itimitional support to start SSI

5. AnalyseNeed and significance of project report, Marketdtality Study: Technical
Feasibility Study, Financial Feasibility Study & &al Feasibility study.

Topic Learning Objectives (Unit wise)
Unit |
By the end of the topic, student will be able to
1. Discuss Meaning nature and characteristics of Mamaat
2. Explain Scope and functional areas of managemeamaglement as a science, art or
profession
3. Explain Role of Management, Levels of Managemedt@evelopment of
Management Thought early management approachesrMotmagement
approaches.
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4.Define Nature, importance and purpose of plannnoggss and types of plans
5. Explain Decision making Importance of planning,psten planning & planning
premises Hierarchy of plans.
Unit Il
By the end of the topic, student will be able to
6. Discuss Nature and purpose of organization, priasipf organization Types of
organization
7. Define Committees Centralization V/s Decentralimatof authority and responsibility
Span of control
8. Explain Nature and importance of Staffing ProcdsSeadection & Recruitment
9. Discuss Meaning and nature of directing Leaderstyiles, Motivation Theories,
Communication Meaning and importance
10.Discuss and Explain Meaning and steps in contigliissentials of a sound control
system Methods of establishing control

Unit Il
By the end of the topic, student will be able to
11.Explain Meaning of Entrepreneur, Evolution of Capigcé-unctions of Entrepreneur,
Types of Entrepreneur
12.Discuss Evolution of Entrepreneurship, DevelopnoériEntrepreneurship
13.Explain Stages in entrepreneurial process, RoEntfepreneurs in Economic
development
14.Discuss entrepreneurship in India, entrepreneursitspbarriers

Unit IV
By the end of the topic, student will be able to
15. Define Characteristics; Need and rationale: Obyesti Scope, role of SSl in
Economic Development. Advantages of SSI
16.Explain Steps to start an SSI Government policyatals SSI, Different Policies of
SSI, Government Support on SSI during 5 year plans
17.Discuss Impact of Liberalization, Privatisation dlbbalization on SSI. Effect of
WTO / GATT Supporting Agencies of Government
18.Define and Explain Functions; Types of Help; Araail Industry and Tiny Industry
19. Discuss Different Schemes, TECKSOK, KIADB; KSSIDCSIMC; DIC Single
Window Agency; SISI, NSIC, SIDBI, KSFC.

Unit V
By the end of the topic, student will be able to
20.Discuss Meaning of Project, Project Identificati®npject Selection, Project Report,
Need and significance of Report, Contents, fornnutat
21.Define and Explain Guidelines by Planning Commissar Project Report, Network
Analysis Errors of Project Report, Project Apprhisa
22.Discuss Identification of Business Opportunities
23.Explain Market Feasibility Study: Technical FeakipiStudy, Financial Feasibility
Study & Social Feasibility study.

Review Questions
1. Explain Different Characteristics of Management
2. Distinguish between Management and Administration
3. Explain functional areas of Management
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©oNOOA

Briefly Explain each component of Planning Charasties

Explain Principles of Organization

Define Leadership. Explain basic styles of Leadersh

Explain steps involved in Controlling

Explain Functions of Entrepreneur with suitable iBpées

Explain how small scale industries help in EconoBévelopment of India

10 Explain Objectives and Functions of WTO

11.Discuss SIDBI. Explain need for institutional supdor SSI
12.What are functions of KSFC and TECSOK

13. Differentiate between PERT and CPM

14.Define and Explain Steps followed in Project Appedi

SI.No.

el
SRbhBbowo~v~oubrwN R

el
NEhEBowo~vourwhe

O~NO U WN P

[EEN

Lesson Plan
Unit |
Introduction Meaning nature and characteristiclahagement
Scope and functional areas of management
Management as a science, art or profession Manageme
Administration Role of Management Levels of Managet,
Development of Management Thought
Early management approaches Modern managementaahes
Nature and importance of planning process
Purpose of planning process and objectives ofnphan
Types of plans
Decision making Importance of planning
Steps in planning & planning premises
Hierarchy of plans.
Unit Il
Nature and purpose of organization, principlesrghaization
Types of organization
Committees
Centralization V/s Decentralization of authoritydaresponsibility
Span of control, MBO and MBE
Nature and importance of Staffing Process of Sele& Recruitment
Meaning and nature of directing Leadership styles,
Motivation Theories, Communication Meaning and imi@oce
Coordination meaning and importance
Techniques of Co-ordination.
Meaning and steps in controlling
Essentials of a sound control system Methods abéshing control
Unit 11
Meaning of Entrepreneur, Evolution of Concept
Functions of Entrepreneur
Types of Entrepreneur
Evolution of Entrepreneurship
Development of Entrepreneurship
Stages in entrepreneurial process
Role of Entrepreneurs in Economic development
Entrepreneurship in India, entrepreneurship -asibrs
Unit IV
Definition, Characteristics of SSI
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Need, rationale and Objectives of SSI

Scope, Role of SSI in Economic Development. Advgesaof SSI.

Steps to start an SSI, Government policy towards @iferent Policies of SSI
Government Support on SSI during 5 year plans.

Impact of Liberalization, Privatisation, Globalimat on SSI.

Effect of WTO / GATT Supporting Agencies of Goveram for SSI Meaning.
Nature of support, Objectives, Functions, Typekletp

Ancillary Industry and Tiny Industry

Different Schemes, TECKSOK, KIADB

KSSIDC, KSIMC, DIC Single Window Agency

SISI, NSIC, SIDBI, KSFC.

Unit VvV

Meaning of Project, Project Identification

Project Selection, Project Report, Need and sicgiite of Report

Contents, Formulation

Guidelines by Planning Commission for Project Repor

Network Analysis, Errors of Project Report

Project Appraisal Identification of Business Oppoities

O~NO U WN P

Market Feasibility Study: Technical Feasibility
Study, Financial Feasibility Study & Social Fealsipistudy.

Course Articulation Matrix

Pro

ram Outcomes

Course Outcomes

1

3

4

5

6

7

8

9

10 1112

Identify:  Nature and characteristics
management, early management & mod
management approaches. Hierarchy of pl

of
ern
hh

importance & purpose of plans, planning &
planning premises

\nd

Distinguish: Types of organizations, authority

& responsibility, leadership styles, methods
sound control, techniques of co- ordination

of

Structure: Different types of entrepreneut
stages in entrepreneurial processle of
entrepreneur in economic development

S,

Structure: Objectives, Scope, role of SSI
Economic Development, Different Policies
SSI, Impact of Liberalization, Privatisatio
and Globalization on SSI, Ancillary Indust
and Tiny Industry. Different institutiong
support to start SSI

in
of
n,
M
1

Analyze: Need and significance of projeg
report, Market Feasibility Study: Technig
Feasibility Study, Financial Feasibilif
Study & Social Feasibility study.

ct
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y
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Course Title: Production Management

Course Code: P13ME74 | Sem: 07 L —T-P-H: 4:0:0:4 | Cred04

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14
. Course of Equivalent Course for
I\?(I). Prerequisites Course 2013-14 Regulations 2013-14 2008-09
' Code Title Code Title Code Title
1 P13ME73| Management &_ P13ME74 Production POSMET76 Production
Entrepreneurship Management Management

Course objective: The course aims at enabling the students to utashershe basic concepts
of production, forecasting, and various schedulednniques related to manufacturing.

Course Content
Unit—1
INTRODUCTION: Introduction, meaning and conceptspobduction management, area of
production management, relationship of PM, toold secthniques of PM, evolution of PM,
PM, a system view point, PM today, productivity mopement, future of PM. product
strategies, the product life cycle, productive systypes, process focussed system, product
focussed system, production to stock or order, ygtide system positioning strategies,
process line technology, interdependent produceéslinorganization of the operations
functions-process focussed organisation, produaiseed organisation structure, difference

between process and product focussed 10 hrs

Unit- 2
FORECASTING: Types and uses of forecasting movingrage Exponentially weighed
moving averages. Trend model with seasonal vanabelphi technique. 11 hrs

Unit -3

FACILITIES LOCATION AND LAYOUT: Introduction, genal procedure for location,
factors affecting location, locational analysis-st@nalysis, quantitative method, weight
method, Rankine method, objectives of plant layfadtors affecting plant layout, material
flow pattern, layout 10 hrs
Unit - 4
SCHEDULING: Master scheduling, scheduling sequenperation standard scheduling
techniques. Johnson s rule for 2 machines, 3 mashand n machines. Graphical method for
2 machines and n jobs 11 hrs
Unit -5
MACHINE LOADING TECHNIQUES: Indexing method, maclnoading and follow up by
use of Gantt Charts, Schedule boards and other eocrathtechniques.
PRODUCTION CONTROL: Despatching and Expediting tbeders. Centralized and
Decentralized dispatching process order controlllowo up and progress reporting,
rescheduling and priority rules 10 hrs.

Text books

1. Buffa and Sarin, Modern Production/Operations Mamagnt, Wiley India Pvt. Ltd.-New
Delhi, 8" Edition , 23 August 2007, 9788126513727

2. Samuel Eilon, Elements of Production Planning armht@l, Universal Publishing
Corporation, 1991, ISBN: 9788185027098

3. S.K.Hajra Choudhury, Nirjhar Roy, A.K. Hajra Chounly, Production Management,
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Media Promotors & Pub. Pvt. Ltd., 1998, ISBN: 9788099255.

References

1. Barry Shore, Operations Management, McGraw-Hill,ItSA, ' January 1973, ISBN:
9780070570450

2. R. Panneerselvam, Production and Operations MaremenPH| Publishers , '3
Edition,2006, ISBN: 9788120345553

Course Outcomes

At the end of the course the students should eetabl

1. Define Production management, product life cycle, prodessissed system, product
focussed system

2. Analyze Productive system types, organization of the opmrat functions-process
focussed organisation, product focussed organisatroicture

3. Describecost analysis.

4. Compare Types of forecasting moving average Exponentiaiyghed moving averages.
Trend model with seasonal variation. Delphi techeiq

5. DiscussScheduling, standard scheduling techniques. Madbiaging and follow up by
use of Gantt Charts. Despatching and Expediting

Topic Learning Objectives (Unitwise)
Unit |
By the end of the topic, student will be able to
1. Explain concepts of production management, toatstachniques of PM,
2. Describe evolution of PM, PM today, productivitypnovement, future of PM.
3. Relate process focussed system, and product fatggseem.
4. Distinguish product focussed and process focussgahsation structure.
5.Explain product life cycle.

Unit Il
By the end of the topic, student will be able to
6. List types and uses of forecasting methods.
7. Calculate moving average, and exponentially weighegling averages. Trend model
with seasonal variation. Delphi technique.
8. Interpret trend models.
9. Explain the Delphi technique.
Unit 11l
By the end of the topic, student will be able to
10. Summarise general procedure for location, and fa@ffecting location. layout
11. Analyse locational analysis.
12.List objectives of plant layout.
13. Write the factors affecting plant layout.
Unit IV
By the end of the topic, student will be able to
14.Name different scheduling techniques.
15. Analyse Johnson’s rule for 2 machines, 3 machised,n machines.
16. Interpret graphical method for 2 machines and s.job
Unit V
By the end of the topic, student will be able to
17.Define Indexing method
18. lllustrate machine loading and follow up by use&=aintt Charts
19. Explain Schedule boards and other commercial teciesi
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20.Describe despatching and expediting the orders
21.Compare Centralized and Decentralized dispatching.

Review Questions
Explain concepts of production management
Describe evolution of PM
Explain product life cycle.
List types of forecasting methods.
5 Calculate moving average of the given data.
6.Summarise general procedure for location
7. Interpret graphical method for 2 machines and 8.job
8. Name different scheduling techniques
9.Explain Schedule boards
10. Describe despatching and expediting the orders

PowbdPE

Lesson Plan

Unit |
1.Introduction, meaning and concepts of productiomagament,
2.area of production management.
3.tools and techniques of PM, evolution of PM, PNdyatem view point,
4.PM today, productivity improvement, future of PMoguct strategies,
5.the product life cycle, productive system types,
6.process focussed system, product focussed system,
7.production to stock or order, productive systemitposng strategies,
8.process line technology, interdependent produeslin
9.organization of the operations functions-processi$sed organisation,
10. product focussed organisation structure, differdreteveen process and product

focussed

Unit 1l
11.Introduction, types of forecasting
12.uses of forecasting
13.Moving average forecasting.
14.Moving average forecasting.
15. Exponentially weighed moving averages.
16. Exponentially weighed moving averages.
17.Trend models
18.Trend models
19.Trend models
20.Trend models
21.Delphi technique

Unit Il
22.Introduction,
23.general procedure for location,
24.factors affecting location, locational analysissicanalysis,
25.factors affecting location, locational analysisstcanalysis,
26. quantitative method, weight method,
27.quantitative method, weight method,
28.Rankine method,
29.0bjectives of plant layout,
30.factors affecting plant layout,
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31.material flow pattern, layout

Unit IV
32.Master Scheduling,
33. Scheduling sequence operation standard schedelthgigues.
34.Scheduling sequence operation standard schedelohgiques.
35. Scheduling sequence operation standard schedelthgigues.
36.Johnson s rule for 2 machines,
37.Johnson s rule for 2 machines,
38. Graphical method for 2 machines and n jobs
39. Graphical method for 2 machines and n jobs
40. Graphical method for 2 machines and n jobs
41.3 machines, and n Jobs
42.m machines, and n Jobs

Unit V
43.Indexing method,
44.machine loading and follow up by use of Gantt Ghart
45.machine loading and follow up by use of Gantt Ghart
46.Schedule boards and other commercial techniques.
47.Schedule boards and other commercial techniques.
48. Schedule boards and other commercial techniques.
49.Centralized and Decentralized dispatching procedsr@ontrol.
50. Centralized and Decentralized dispatching procedsra@ontrol.
51.Follow up and progress reporting, rescheduling @natity rules.
52.Follow up and progress reporting, rescheduling @natity rules.

Course Articulation Matrix

Program Outcomes

Course Outcomes 1121374576

7

8

9

10

11

12

Define: Production management, product ljfe
cycle, process focussed system, product
focussed system

Analyze: Productive system types, organization
of the operations functions-process focussEc
organisation, product focussed organisation
structure

Describe: cost analysis. H

Compare: Types of forecasting moving average
Exponentially weighed moving averages. Trgnd
model with seasonal variation. Delghi
technique..

Discuss Scheduling, standard schedulipg
techniques. Machine loading and follow up |by M
use of Gantt Charts. Despatching and Expediting
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Course Title: Industrial Automation

Course Code: P13ME751 | Sem: 07 L —T-P-H: 4:0:0:4 | Cdit: 04

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14

g| Prerequisites Course Course of Equivalent Course for
NO’ 2013-14 Regulations 2013-14 2008-09
' Code Title Code Title Code Title
1 | P13ME6s| capicam | piave7sy ndustrial ) pagyesql  Industrial
Automation Automation

Course objective: The course aims at enabling the students to utashetshe Industrial
automation and Quality control systems.

Course Content
Unit- 1
INTRODUCTION: Production System Facilities, Manufacturing Suppa@ystems,
Automation in Production systems, Automation prites & Strategies
AUTOMATION: Basic Elements of an Automated System, AdvancedorAation
Functions & Levels of Automation, Continuous verfiscrete control, Computer Process
control, Forms of Computer Process Control. 10 hrs

Unit- 2
HARDWARE COMPONENTS FOR AUTOMATION AND PROCESS CONT ROL:
Sensors, Actuators, Analog-to-Digital Converters, igifal-to-Analog  Converters,
Input/Output Devices for Discrete Data
AUTOMATED MANUFACTURING SYSTEMS: Components of Manufacturing systems,
Classification of Manufacturing Systems, overvieGtassification Scheme, Single Station
Manned Workstations and Single Station AutomateldsCe 12 hrs

Unit -3
CELLULAR MANUFACTURING: Part Families, Parts Classification and coding,
Production Flow Analysis, Cellular Manufacturing,p@lication of group technology,
Quantitative analysis in cellular manufacturing.
FLEXIBLE MANUFACTURING SYSTEMS : Introduction to FMS, FMS Components,
FMS Applications & Benefits, and FMS Planning & llementation Issues. Quantitative
analysis of flexible manufacturing systems. 10 hrs

Unit - 4
QUALITY CONTROL SYSTEMS : Traditional and Modern Quality Control Methods,
Taguchi Methods in Quality Engineering, Introduntio SQC tools.
INSPECTION TECHNOLOGIES : Automated Inspection, Coordinate Measuring
Machines Construction, operation & Programming, t8afe, Application & Benefits,
Flexible Inspection System, Inspection Probes orhtee Tools, Machine Vision, Optical
Inspection Techniques & Non contact Non opticapettion Technologies. 10 hrs

Unit -5
MANUFACTURING SUPPORT SYSTEM: Process Planning, Computer Aided Process
Planning, Concurrent Engineering & Design for Mautfiring, Advanced Manufacturing
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Planning, lean production and waste in manufaogyrifust-in Time Production System,
Autonomation, Worker involvement, Basic concepts ledn and Agile manufacturing,
Comparisons of Lean & Agile Manufacturing. 10 hrs

Text books

1. M. P. Groover, Automation, Production Systems andh@uter Integrated Manufacturing,
Pearson education™3Edition, 2008, ISBN: 9788120334182

2. Vajpayee, and S. KanPrinciple of Computer-Integrated Manufacturing, PHI, T
Edition, 1998, ISBN:978-8120314764.

References

1. Amber G.H & P. S. Amber, Anatomy of Automation, driary Licensing ,LLC 2012,
ISBN: 9781258304256

2. Viswanandham, Performance Modeling of Automated Macturing Systems,PHI, T
Edition, 2008, ISBN: 9788120308701

3. Krishna Kant, Computer Based Industrial ContEEE-PHI, 1° Edition, 15 August 2004,
ISBN: 9788120311237

Course Outcomes

At the end of the course the students should keetabl

1. Identify: Production System Facilities, Manufacturing Supmystems, Automation in
Production systems, Basic Elements of an Autom&gstem, Forms of Computer
Process Control

2. Analyze: Sensors, Actuators, Analog-to-Digital Converters,igital-to-Analog
Converters, Single Station Manned Workstations@indle Station Automated Cells.

3. Describe: Production Flow Analysis, Cellular Manufacturingp@ication of group
technology and FMS Planning & Implementation Issues

4. Explain: Traditional and Modern Quality Control Methodsgliahi Methods in Quality
Engineering, Automated Inspection, Coordinate Maagu Machines Construction,
Inspection Probes on Machine Tools, Machine Visi@and Optical Inspection
Techniques.

5. Discuss:Process Planning, Computer Aided Process Plan@ioigcurrent Engineering &
Design for Manufacturing, JIT production system,siBaconcepts of lean and Agile
manufacturing.

Topic Learning Objectives (Unit wise)
Unit |
By the end of the topic, student will be able to
1. Explain the Production System Facilities
2. DiscussAutomation in Production systems
3.DescribeAutomation principles & Strategies
4.DiscussBasic Elements of an Automated System
5.Explain Advanced Automation Functions & Levels of Automatio
Unit Il
By the end of the topic, student will be able to
1. Discussthe common measuring devices used in automation
2. Explain the procedure for converting an analog signal diggtal form
3. Describethe working of actuators
4. Classify the Manufacturing Systems
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5. Demonstratethe Single Station Manned Workstations and SiSgétion Automated
Cells.
Unit 11l
By the end of the topic, student will be able to
DiscussCellular Manufacturing,
Explain the Application of group technology
DescribeQuantitative analysis in cellular manufacturing
DiscussFMS Planning & Implementation Issues
DescribeQuantitative analysis of flexible manufacturingteyss
Unit IV
By the end of the topic, student will be able to
Explain Traditional and Modern Quality Control Methods
DiscussTaguchi Methods in Quality Engineering
Describe Automated Inspection
Demonstratethe working of Coordinate Measuring Machine
Discussinspection Probes on Machine Tools
Unit V
By the end of the topic, student will be able to
DiscussComputer Aided Process Planning
Explain Concurrent Engineering & Design for Manufacturing
DiscussAdvanced Manufacturing Planning,
DescribeJust-in Time Production System
Compare Lean & Agile Manufacturing

arwnE agrwnE

agrwnE

Review Questiors

1. Explain manufacturing systems and how are theyingigished from production
systems

2. Discuss the four functions included within the seopf manufacturing support
systems

3. Discuss the difference between a continuous comlystem and a discrete control
system

4. Explain polling and interrupt system in computesgass control.

5.Describe an overview of the three basic categafi@sanufacturing systems.

6.Explain the procedure for converting an analogaigmto digital form

7.Discuss the typical objectives in implementing welt manufacturing.

8. Explain parts classification and coding systems

9. Discuss the functions of material handling and ajer system in flexible
manufacturing systems.

10. Explain flexible manufacturing systems planning anglementation issues

11.Explain the three capabilities that a manufactugystem must possess in order to be
flexible.

12.Discuss the robust design and taguchi loss funatiotaguchi methods in quality
engineering.

13. Describe Noncontact non optical inspection techesqu

14.With flow chart explain retrieval computer aidedgess planning (CAPP) systems

15. Discuss the comparison of mass production andgeaatuction.
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Lesson Plan

Unit |
1.Introduction to Production System Facilities
2.Manufacturing Support systems
3.Automation in Production systems
4.Automation principles
5.Automation Strategies
6.Basic Elements of an Automated System
7.Advanced Automation Functions & Levels of Automatio
8.Continuous versus Discrete control
9.Computer Process control
10.Forms of Computer Process Control
Unit Il
1.Introduction to Hardware Components for Automatma Process Control
2.5ensors
3.Actuators
4.Actuators
5.Analog-to-Digital Converters
6. Digital-to-Analog Converters
7. Input/Output Devices for Discrete Data
8.Introduction to Automated Manufacturing Systems
9.Components of Manufacturing systems
10. Classification of Manufacturing Systems
11.overview of Classification Scheme,
12.Single Station Manned Workstations and Single &tafiutomated Cells.

Unit Il
1.Introduction to Cellular Manufacturing
2.Part Families, Parts Classification and coding
3.Production Flow Analysis, Cellular Manufacturing
4.Application of group technology
5.Quantitative analysis in cellular manufacturing
6.Introduction to FMS
7.FMS Components
8.FMS Applications & Benefits
9.FMS Planning & Implementation Issues
10. Quantitative analysis of flexible manufacturingtgyss.
Unit IV
1.Introduction to Quality Control Systems
2.Traditional and Modern Quality Control Methods
3.Taguchi Methods in Quality Engineering
4.Introduction to SQC tools
5.Automated Inspection
6.Coordinate Measuring Machines Construction, opanai Programming
7.Software, Application & Benefits, Flexible Inspaxti System
8. Probes on Machine Tools
9. Machine Vision, Optical Inspection Techniques
10.Non contact Non optical Inspection Technologies
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Unit VvV
1.Introduction to Manufacturing Support System
2.Process Planning
3. Computer Aided Process Planning
4. Concurrent Engineering & Design for Manufacturing
5. Advanced Manufacturing Planning
6. lean production and waste in manufacturing
7. Just-in Time Production System
8. Autonomation, Worker involvement
9. Basic Concepts of lean and Agile Manufacturing
10.Comparisons of Lean & Agile Manufacturing

Course Articulation Matrix

Program Outcomes
Course Outcomes 9

12| 3]45(6]7]|8[9

10| 1112

1. Identify: Production System Facilitieg,
Manufacturing Support systems,
Automation in Production systems, Basgic
Elements of an Automated System, Foims

N

L M L

2. Analyze: Sensors, Actuators, Analog-tp-
Digital Converters, Digital-to-Analog
Converters, Single Station MannayI
Workstations and  Single  Statign

3. Describe: Production Flow Analysig,
Cellular Manufacturing, Application qf
group technology and FMS Planning |&
Implementation Issues.

4. Explain: Traditional and Modern Quality
Control Methods, Taguchi Methods |in
Quality Engineering, Automate(d
Inspection, Coordinate Measurin&/I MIL M
Machines Construction, Inspection Prolpes
on Machine Tools, Machine Vision, and

5. Discust: Process Planning, Computer
Aided Process Planning, Concurr¢nt
Engineering & Design for Manufacturing, |[L | L M L
JIT production system, Basic concepts| of
lean and Agile manufacturing.
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Course Title: Non Destructive Testing

Course Code: P13ME752 | Sem: 07 L —T-P-H: 4:0:0:4 | Cdit: 04
Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%
Prerequisites & Equivalents for Courses of 2013-14

S| Prerequisites Course Course of Equivalent Course for 2008

NO‘ 2013-14 Regulations 2013-14 09
| Code Title Code Title Code Title

1 P13ME664N0n'T.rad't'0nal P13ME752 Non Destructlve POSMES41 Non Destructlve
Machining Testing Testing

Course objective: This course gives an insight into various non rdesive testing
techniques used in industry.

Course Content
Unit-1
INTRODUCTION TO NDT: Introduction to NDT, types of Flaw, methods for thetection
of surface and interior flaws, Visual inspectioryp&s of Boroscopes, special features and
illumination.
LIQUID PENETRANT INSPECTION: Principles, Penetramnethods, procedure, materials
used and applications. 12hrs

Unit— 2
MAGNETIC PARTICLE INSPECTION: Principle of MPI, general procedure, advantages
& limitation, applications, magnetic field genemti methods, magnetic particles &
suspending liquids examples and applications.
RADIOGRAPHIC INSPECTION: Principles, X-ray sourcesorking procedure of X-ray
Radiography, Gamma - Ray radiography, Gamma -raycss, real time radiography,
radiation hazard, application examples. 10hrs

Unit - 3
OPTICAL HOLOGRAPHY: Optical Holography: Principles, applications, hakgghic
recording, reconstruction, interferometric techmigjof inspection.
EDDY CURRENT INSPECTION: Principles of operationropedure, advantages &
limitations, operating variables: coil impedand#, dff factor and edge effects, skin effect,
inspection coils, eddy current instruments, apfibiceexamples. 10hrs

Unit -4
ULTRASONIC INSPECTION: Principles of ultrasonic inspection, basic equipmen
advantages & limitations, applicability, major \abies in ultrasonic inspection, transducers
& couplants, basic inspection methods: pulse ecethad, industrial applications.
COMPUTED TOMOGRAPHY (CT): Principles, working andjwepments, capabilities,
industrial computed tomography applications. 10hrs

Unit -5
ACOUSTIC EMISSION INSPECTION: introduction, Acoustiemission waves &
propagation, instrumentation principles, applicatxamples.
THERMAL INSPECTION: Principles, equipment, inspecti methods and applications.
FUNDAMENTALS OF IMAGE PROCESSING METHODS: digitamiage enhancement
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system, image capture & acquisition system, imagecgssing & image enhancement
principles. 10hrs

Text books

1. Metals hand book, Vol-17, Non destructive evaluaoquality control, American
society of metals, 9th Edition, 2001.

2. Handbooks of American Society fblion destructive testing 2002.

References

1. Baldev Raj, Jayakumar, ThavasimutRuactical Non-Destructive Testing Narosa
Publishing House,"3Edition, 2014, ISBN: 9788173197970

2. Halmshaw RNon-Destructive Testing,Butterworth-Heinemann Publishef“2Edition,
1991, ISBN: 9780340545218

3. Barry Hull & Vernon JohnNon Destructive Testing,Macmillian Education i Edition,
1988, ISBN: 9780333357880

4. Metals HandbookVol. Il, Nondestructive inspection and quality carht

Course Outcomes
At the end of the course the students should keetabl
ReviewOn NDT and Its Methods. Liquid Penetrate Inspeciienhniques
DiscussOn Magnetic Particle Inspection And Radiographic Ircsjma.
Explain Optical Holography And Eddy Current Inspection.
Summarize Ultrasonic Inspection And Computed Tomography.
DescribeThermal Inspection And Acoustic Emission Inspection

agrwnE

Topic Learning Objectives (Unit wise)
Unit |
By the end of the topic, student will be able to
1. Classification of NDT process
2. Explain Types of flows
3. Write the Principle Of Liquid Penetrant Inspection.
4.Summarise The Liquid Penetrant Methods
Unit Il
By the end of the topic, student will be able to
1. Explain the Principle and methods of Magnetic eBtinspections.
2. Discuss Advantages, limitation & applications ofdviatic Particle Inspection.
3. Explain the Principle and methods of Radiographgpection.
4. Discuss on X-ray Radiography process.
Unit Il
By the end of the topic, student will be able to
Explain the Principle Of Optical Holography
. Describe interferometric techniques of inspection
3. Describe Eddy Current Inspection
4. Analyzing operational variables Eddy Current Irctjma
Unit IV
By the end of the topic, student will be able to
Discuss the Principle and method of ultrasonicéaspn.
. Explain major variables of ultrasonic inspection.
Discuss the Principle and methods of computed toapty.
Summarise the Applications of computed tomography.

=

=

Bwp
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Unit V
By the end of the topic, student will be able to
1. Discuss Acoustic emission waves generation & pyapan
2. Explain Principle of Acoustic emission inspection.
3. Discuss on Thermal Inspection process
4. Describe image enhancement principles

Review Questions
1. Classification of different types of NDT process
2. Explain Types of flows and explain method of datetof flow.
3. Write a note on Principle Of Liquid Penetrant Insjom.
4.Explain The Liquid Penetrant Methods with sketch
Principle and methods of Magnetic Particle Insmei
List out Advantages, limitation & applications ofdgnetic Particle Inspection.
Explain Principle and method of Radiographic Insioec
Explain X-ray Radiography process with neat sketch
Explain Principle Of Optical Holography
10 Explain interferometric techniques of inspection
11.Discuss Acoustic emission waves generation & pyapan
12.Explain Principle of Acoustic emission inspection.
13.Discuss on Thermal Inspection process
14.Explain image enhancement principles
15.Explain Principle and method of ultrasonic inspatti
16. Explain major variables of ultrasonic inspection.
17.Explain Principle and methods of computed tomogyaph
18. List out advantages disadvantages and Applicabbosmputed tomography.

©ooNOO

Lesson Plan

Unit |
1. Introduction To NDT ,Types ,Recent DevelopmentSNOIT
2.Types Of Flaw
3.Methods For The Detection Of Surface Flaws
4.Methods For The Detection Of Flaws
5.Visual Inspection Method
6.Types Of Boroscopes
7.Special Features And lllumination Used In Visuadaction
8.Principles Of Liquid Penetrant Inspection
9.Penetrant Methods Of Liquid Penetrant Inspection
10.Procedure Of Liquid Penetrant Inspection
11. Materials Used
12. Applications.

Unit Il
13. Principle OfMagnetic Particle Inspection
14.General Procedure
15. Advantages & Limitation, Applications
16.Magnetic Field Generation Methods
17.Concept Of Magnetic Particles Examples And Appiarzs
18. Concept Of Suspending Liquids Examples And Appioces
19.Principles And Source Of Radiographic Inspectigviorking Of X-Ray Radiography
20.Working Of Gamma - Ray Radiography
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21.Working Of Real Time Radiography
22.Radiation Hazard, Application Examples
Unit Il
23.Optical Holography: Principles, Applications.
24.Working Procedure Of Optical Holography
25.Holographic Recording And Reconstruction
26. Interferometric Techniques Of Inspection
27.Eddy Current Inspection: Principles Of Operation
28.Procedure Of ECI
29.Advantages & Limitations
30.Operating Variables: Coil Impedance, Lift Off Facknd Edge Effects
31. Skin Effect, Inspection Coils, Eddy Current Instents
32. Application Examples
Unit IV
33. Principles Of Ultrasonic Inspection
34.Basic Equipment And Working Of Ultrasonic Inspentio
35. Advantages & Limitations, Applicability
36.Major Variables In Ultrasonic Inspection
37.Transducers & Couplants
38.Basic Inspection Methods: Pulse Echo Method
39.Industrial Applications Of Pulse Echo Inspection
40. Computed Tomography (Ct): Principles
41.Working And Equipments, Capabilities of CT
42.Industrial Computed Tomography Applications.
Unit V
43. Acoustic Emission Inspection: Introduction
44. Acoustic Emission Waves & Propagation
45. Instrumentation Principles, Application Examples
46. Thermal Inspection: Principles
47.Equipment and Applications of TI
48. Inspection Method of Tl
49. Fundamentals of Image Processing Methods
50.Digital Image Enhancement System
51.Image Capture & Acquisition System
52.Image Processing & Image Enhancement Principles.

Course Articulation Matrix

S| |Course Outcomes Program Outcomes
No. 1|2|3|4/5(6/7|8/9/10/11/12
1 Review On NDT And Its Methods. Liquid PenetnM H L
Inspection Techniques
DiscussOn Magnetic Particle Inspection And Radiograp
2 Inspection MM H L
Explain Optical Holography And Eddy Current InspectionM | L H|l |L L
4 Summarize Ultrasonic  Inspection  And ComputM M M
Tomography.
5 Descrlb_e Thermal Inspection And Acoustic Emiss M al oL L
Inspection.
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Prerequisites & Equivalents for Courses of 2013-14

- Course of Equivalent Course for 2008-
NS(I). Prerequisites Course 2013-14 Regulations 2013-14 09
| Code Title Code Title Code Title
1 I:,13ME664Non—'I_'radltlonal P13MET752 Non Des_tructlve POSMES41 Non Des_tructlve
Machining Testing Testing
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Course Title: Theory of Plasticity

Course Code: P13ME753 | Sem: 07 L —T-P-H: 4:0:0:4 | Cdit: 04

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14

g| Prerequisites Course of Equivalent Course for
No‘ Course 2013-14 Regulations 2013-14 2008-09
' Code Title Code Title Code Title
Theory of
1 | P13ME664 e
Elasticity P13ME753 TheO(y. of POSME753 Theory. of
Engg. Plasticity Plasticity
2 | P13ME31 .
Mathematics

Course objective: To provide a basic understanding of the plastittiigory as applied to
metalworking processes and their analysis for im@doquality and productivity.

Course Content
Unit — 1.
Fundamental of elasticity: Concept of stress, Equilibrium equation stresasfi@mation
laws, spherical and deviator stress tensors, odtahestresses. Concept of strain,
compatibility equations, deviator and sphericahistrtensors, strain transformation laws,
octahedral strains, elastic strain energy, theafiestrength, Numerical. 10hrs

Unit- 2.
Principal stresses and Strain:?Principal stresses and strains, true stresses @aithss
cubical dilation, representation strain, enginegand natural strains.
Plastic deformation of metals: Crystalline structure in metals, mechanism of fpdas
deformation, factors affecting plastic deformatiorstrain hardening, recovery,
recrystallization and grain growth, flow figuresuder’s lines). 10hrs

Unit -3.
Stress- Strain relations:Introduction, types of materials, empirical
equations, theories of plastic flow, experimentlification of St Venant’s theory of plastic
flow, the concept of plastic potential, the maximwmork hypothesis.Yield Ciriteria:
Introduction, yield or plasticity conditions Tres@nd Von-Mises criteria, experimental
evidence for yield criteria (a) Lode’s experimeb) Quinney’s experiment. The Haigh-
Westergaard stress space. Traces of the yieldcgsrfa 2D stress space. 10hrs

Unit — 4.
Slip Line Field Theory: Introduction, basic equations for incompressibt@o dimensional
flow, continuity equations(Geiringer equation), esgses in conditions of plain strain,
convention for slip lines, solutions of plastic dehation problem, geometry of slip line filed,
properties of slip lines, construction of slip linets. 10hrs

Unit -5.
Bending of Beams:Introduction, analysis of stresses, Non-linearsstigtrain curve, shear
stress distribution, Residual stresses in plaginding, Numerical.
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Torsion of bars: Introduction, plastic torsion of a circular balagic- perfectly - plastic
material, Elastic work hardening material, Residiigdsses and Numerical.  12hrs

Text books
1. Sadhu SinghTheory of Plasticity & Metal ForminBrocesses, Khanna Publishers,
3 Edition ,2015, ISBN: 9788174090509
2. R. A. W. SlaterEngineering Plasticity: Theory and ApplicationMetal Forming
Processes , McMillan Press Ltd: Edition, 1977, ISBN: 9780333157091
References
1. J. Chakraborty, Theory of plasticity, Butter-Heimenn publisher,'3Edition, 20
August 2007, ISBN: 9789380931715
2. Jacob Lubliner, Plasticity Theory Dover publications Inc, *1 Edition, 2008,
ISBN:9780486462905
3. Avitzur, B., Metal Forming Processes and AnalyMsGraw-Hill, 1* Edition,1968 ,
ISBN : 9780070025103
4. L. M. Kachanoy Fundamentals of the Theory of Plasticjtfpover Publication 1
Edition,2004, ISBN: 9780486435831

Course Outcomes
At the end of the course the students should keetabl

1. Derive the equation for stress transformation, spheraabjator, octahedral stresses
and strains, andalculatethe same.

2. Explain factors affecting plastic deformation, strain lemethg, recovery,
recrystallization, cubical dilation, and true stremd strainCalculate principal stress
and strain

3. Explain St Venant's theory of plastic flowderive Von Mises and Tresca equations.

4. Derive basic equation for incompressible two dimensiolwat$, continuity equation
andexplain geometry of slip line field, properties of thepslines.

5. Explain non linear stress strain curve, shear stressision, residual stresses in
plastic bending, and plastic torsion of circular dadcalculate residual stresses.

Topic Learning Objectives (Unit wise)
Unit |
By the end of the topic, student will be able to
1. Describe the stress and strain.
2. Explain the equilibrium equation.
3. Describe the spherical, deviator and octahedrassés.
4.Calculatethe spherical, deviator and octahedral stress taaih s
5.Explain the theories of strength.

Unit Il
By the end of the topic, student will be able to
6. Calculate the principal stress and strain.
7. Define the representative, engineering and nastrain.
8. ldentify the crystalline structure in metals.
9. Describe the mechanism of plastic deformation.
10. Discuss the factors affecting plastic deformation.
Unit Il
By the end of the topic, student will be able to
11.Classify the materials.
12.Demonstrate the experimental verification of St &et's theory of plastic flow.
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13.Describe the Tresca and Von-Mises vyield criteria.
14.Demonstrate the Lode’s and Quinney’s experimentisHaigh-Westergaard stress
space.
Unit IV
By the end of the topic, student will be able to
15. Identify the basic equation for incompressible At
16. Describe the Geiringer equation.
17.Solve the plastic deformation problems.
18. Construct the slip line nets.
Unit V
By the end of the topic, student will be able to
19. Sketch the non-linear stress strain curve.
20. Analyse the shear stress distribution.
21.Calculate the residual stresses in plastic bending.
22.Describe the plastic torsion of a circular bar.
23.Calculate the residual stresses.

Review Questions
1. What are the basic assumptions of elasticity?
2. Derive the invariants of the deviator stressegims of invariants of stress tensors.
3. What is meant by octahedral stress? Derive theesgmn for octahedral stress, in
terms of principal stress.
4. Obtain the expression for the cubical dilation.
5.Stress components are givendyyo,=0,=1,1x,=2 x=,Ty=1.Determine the principal
stresses, deviatoric stress, effective stress.

6.Stain components are given &y=0.001,&,=0.002,E,= 0.001,yxy= 0.005, yy,- 0.001,
vxz=0.002. Determine octahedral shear strain, prihsipain, representative strain
and effective strain.

7. Define the following: i) True stress ii) True strdii) Natural strain iv) Engineering
strain.

8. Discuss the factors affecting plastic deformation.

9.Explain the strain hardening. and Luder’s lines.

10. Explain the Luder’s lines.

11.Derive the Prandtl-Reuss stress-strain relationplfstic flow.

12.Explain the experimental verification of St Venarteory of plastic flow.

13.Enumerate the various types of materials encouwhterg@ractice, from plastic flow
point of view. Also sketch the corresponding meatermodel.

14.Explain the experimental verification of Prandtiu’e equation.

15. Explain the convexity of yield locus.

16.Explain the experimental verification of yield emiia, using Taylor and Quinney’s
experiment.

17.The state of stress at a point in a material#l50MPa,0,=100MPa,y,,=60MPa. If
the yield strength of the material is 150MPa, datee whether yielding of the
material will occur or not according to the Trescahd Mise’s yield criteria.

18. Explain Haigh-Westergaard stress space represaemtattiyield criteria.

19. Derive the Prandtl-Reuss stress-strain relationpléstic flow.

20.Explain the experimental verification of St Venarteory of plastic flow.

21.Enumerate the various types of materials encouhtergractice, from plastic flow
point of view. Also sketch the corresponding meatermodel.

22.Explain the properties of slip lines.
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23.What do you understand by slip lines? Explain thresthods of drawing slip line
nets.

24.Derive Geiringer’s continuity equation.

25.Explain the geometry of the slip —line field.

26.A bar of rectangular cross section is subjected pure bending moment; the elastic
stress distribution is linear. Derive the relatifor bending moment i) Incipient
yielding ii) Elastic-Plastic yielding iii) Fully @istic yielding iv) shape factor.

2’- A beam of length L, simply supported at the endsiesia concentrated load W at

midspan. If the stress-strain curve for the beargiven byo=HE™ determine the
deflection of the beam under the load.
28.A cantilever beam of length L carries an end loadTWe stress-strain curve for the

beam material is given ly=HE™ determine the end deflection.

29. A rectangular beam 8cm wide and 10cm deep is 2m i®rsimply supported at the
ends. The yield strength for the beam materiabi3\#a. Determine the value of the
concentrated load applied at the beam midspan théaoutermost fibres of the beam
just start yielding (b) the outer shell up to 3cepth yields and (c) whole of the beam
yields. Assume linear stress-strain idealized ctovéhe beam material.

30.A cantilever beam 10cm wide 12cm deep is adm longia subjected to an end load

of 5KN. If the stress-strain curve for the beam emat is given byo=700€%2

determine the maximum stress induced in the beahitanadius of curvature.
31.Draw the shear stress distribution in a rectandugam of width 8cm and depth 12cm

at a cross section where the shear force is 500@N\ttee stress-strain curve for the

beam material is given hy=700%?

32.A rectangular beam having linear stress-strain \iehais 6cm wide and 8cm deep.
It is 3m long, simply supported at the ends andiesra uniformly distributed load
over the whole span. The load is increased sotligabuter 2cm depth of the beam
yields plastically. If the yield stress for the beaaterial is 240MPa, plot the residual
stress distribution in the beam.

33. A solid circular shaft of 8cm radius is subjectedattwisting couple so that the outer
3cm deep shell of the shaft yields plasticallythié yield stress in shear for the shaft
material is 150MPa, determine the value of twisttogple applied and the associated
angle of twist. G=0.84xT0/mn?.

34.A hollow circular shaft of inner radius 5cm and eutadius 10cm is subjected to a
twisting couple of 5000N-m. If the shear stresaiatdiagram for the shaft material is
given byt=350,>° determine the maximum shear stress induced istihé and the
angle of twist per unit length.

A hollow circular shaft of inner radius 2cm and@utadius 5cm is subjected to a twisting
couple so that the outer 1cm deep shell yielddipkly. The yield stress in shear for the
shaft material is 175MPa and it is made of a noadr material whose shear stress-shear
strain train curve is given by280/°2° If this twisting moment is now released, detemnin
the residual stress distribution in the shaft asgbaiated residual angle of twist.
G=0.84x16N/mn.
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Lesson Plan

Unit |
1. Fundamental of Elasticity, concept of stress, dguiim equation.
2. Stress transformation and problems.
3. Spherical and Deviatoric stress and problems.
4. Concept of strain, compatibility equation.
5. Spherical and Deviatoric strain and problems.
6. Strain transformation and problems.
7. Octahedral stress and problems.
8. Octahedral strain and problems.
9. Elastic strain energy.
10.Theories of strength.

Unit 1l
11.Principal stress and problems.
12.Principal stress and problems.
13. Principal strain and problems.
14.Principal strain and problems.
15. Cubical dilation, Representative strain.
16.Engineering and Natural strain, Plastic deformatbmetals.
17.Crystalline structure in metals, mechanism of jpdas¢formation.
18. Factors affecting plastic deformation.
19. Strain hardening, recovery.
20.Recrystallization and grain growth, flow figuresufler’s Lines).

Unit Il
21.Introduction, Types of materials.
22.Empirical equations, theories of plastic flow.
23.Experimental verification of St Venant’s theorypdéstic flow.
24.Concept of plastic potential.
25.Tresca yield criteria.
26.Von-Mises yield criteria.
27.Lode’s experiment.
28.Taylor and Quinney’s experiment.
29.Haigh-Westergaard stress space.
30.Problems.

Unit IV
31.Introduction, Basic equation for incompressible fRiv.
32. Continuity equation (Geiringer).
33. Stresses in condition of plain strain.
34.Convention for slip lines.
35. Solutions of plastic deformation problems.
36.Geometry of slip lines field.
37.Properties of slip lines.
38. Construction of slip line nets.
39.Problems.
40.Problems.

Unit V
41.Introduction, Analysis of stresses.
42.Non-linear stress-strain curve.
43.Shear stress distribution, Residual stresses stiplaending.
44.Problems.
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45.Problems.
46. Plastic torsion of a circular bar.
47.Problems

48. Elastic-perfectly-Plastic material, Elastic workdh@ning material.

49.Residual stresses.
50.Problems.
51.Problems.
52.Problems.

Course Articulation Matrix

Program Outcomes

Course Outcomes

1

3

41 50 6 7 § 9 10

Derive the equation for stress transformatipn,

spherical, deviator, octahedral stresses and stf
andcalculatethe same.

alih

Explain factors affecting plastic deformation, strain
hardening, recovery, recrystallization, cubi:gl

dilation, and true stress and strai@alculate
principal strain.

Explain St Venant’s theory of plastic flovgerive
Von Mises and Tresca equations.

Derive basic equation for incompressible two

dimensional flows, continuity equation aegplain

geometry of slip line field, properties of the gli

lines.

Explain non linear stress strain curve, shear st
distribution, residual stresses in plastic bendamy
plastic torsion of circular bar arahlculate residual
stresses.
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Course Title: | C ENGINES

Course Code: P13ME754 | Sem: 07 L —T-P-H: 4:0:0:4 | Cdit: 04

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14
- Course of Equivalent Course for
I\?(I). Prerequisites Course 2013-14 Regulations 2013-14 2008-09
' Code Title Code Title Code Title
1 | P13ME35| Basic thermodynamics
> | P13ME42 Applied _ P13ME754| 1.C Engine | POBME751 I.C Engines
thermodynamics

Course objective: This course is helps the student to understandtdengines and its
combustion processes and recent technologies geeeln IC engines.

Course Content
Unit—1
THERMODYNAMIC CYCLE ANALYSIS: Fuel- Air cycle; Variation of specific heat;
loss due to variation of specific heat; Dissociati&ffect of variables- compression ratio;
effect of fuel —air ratio on efficiency; maximumniperature; maximum pressure; exhaust
temperature; MEP ; Numerical problems.
FUELS: Hydro carbons ; structure of petroleum — parafbiefin, napthene; aromatic series;
requirements of an ideal gasoline; effect of votgtengine performance; knock rating on Sl
engine fuels- octane number; research & motor ectarmber; performance number; knock
rating of diesel fuels - cetane number; dieseexdaniline point API gravity and specific
gravity; Alternative fuels — alcohols ; vegetablks; bio gas as Diesel engine fuels.
12 Hr

Unit- 2
CARBURATION AND COMBUSTION PROCESS IN S.I. ENGINES: Carburettor;
types of carburettors and its limitations. Knockef and knocking combustion- stages of
combustion process in S.l. engines. Features dérdiit types of combustion chambers
system for S.I. engine. I-head, F-head combustlmmbers. Effect of engine variables on
ignition lag; effect of variables on flame propagat Detonation; effect of detonation;
control of detonation. HUCR values. Anti Knock atgen Pre ignition — Post ignition

10 Hr

Unit -3
C. . ENGINES:
Ricardo’s three stages of combustion process in €éhgines. Delay period & factors
affecting delay period. Variables affecting delagripd; Diesel knock- Methods of
controlling diesel knock.
COMBUSTION CHAMBERS: . C.I. engine combustion chambers; methods of g¢ingr
air swirl; induction air swirl and open combustionambers; turbulent swirl chambers; M.
type combustion chamber. 10 Hr

Unit-4
FUEL INJECTION SYSTEMS: Diesel injection systems; types of injection systefuel
pump; Nozzles of different types; Petrol injectisystems for S.I. engines; Electronic fuel
injection system. MPFI system; spark advance meashe) Various factors affecting piston
temperature in an engine. Cooling system-WateriegoAir cooling ; RadiatorslO Hr
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Unit -5
MODERN DEVELOPMENTS : Turbo charging and super charging of I.C. engines,
Stratified charge engines (Lean burned S| engixe)ti fuel engines. Two injector engines
;Pilot ignition engine, all ceramic swirl chambergees.
EMISSION REGULATION AND CONTROL SYSTEMS: Mechanism of pollutant
formation. Total emission control package thermeactor package-cdjgic converter
package - control of NOx -Exhaust gas recirculgtatremical method. 10 Hr

Text books
1. M.L. Mathur and R.P. Sharma, Course in I.C. Engidsnpat Rai Publicatioh st
Edition, 2010, ISBN: 9788189928469
2. Ganeshan V, Internal Combustion Engine Tata McGkilly 2nd Edition, 2003,
ISBN: 0070494576
3. Colin R. Ferguson C. , Internal Combustion Engine¥phn Wiley & sons, 1
Edition, 1986, ISBN: 9780471837053
References
4. Edward. F. Obert, I.C. Engines and Air Pollutiontek Educational Publicatiod®3
Edition, 1973, ISBN: 9780700221837
5. Willard W. Pulkrabek, Engineering Fundamentalshe t.C. Engine, PHI Publisher,
2" Edition, 2011, ISBN: 9788120330313
6. Lester C Lichty, Combustion Engine Process, McGrauill Inc US ,7" revised
Edition,1967, ISBN: 9780070377202

Course QOutcomes
At the end of the course the students should keetabl

1. Summariseworking of an internal combustion engine apply engineering science
(thermo, fluids, heat transfer) &malyzethe operation and performance of an internal
combustion engine.

2. Study combustion and its controlling factors in sparkitign, compression ignition
engines. and about detonation and its controlling

3. Compare various types of combustion chambers for sparkiamand compression
ignition engines.

4. Extend experience in fuel injection systems and modewebtbpments, such as a
turbocharger, supercharger multi fuel engines.

5. Identify emissions from IC engines and its controlling mdthovarious controlling
norms.

Topic Learning Objectives (Unitwise)
Unit |
By the end of the topic, student will be able to
1. Understand Fuel- Air cycle & Effect of variables
2. Write the structure of petroleum and understandtioek rating of diesel fuels &
knock rating on Sl engine fuels
3. Know the importance of Alternative fuels
Unit Il
By the end of the topic, student will be able to
4. Know about Carburettor and there importance
5. Understand Features of different types of combuostbambers system for S.I.
engine.
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6. Explained the Detonation; effect of detonationd@trol of detonation
Unit Il
By the end of the topic, student will be able to
7. Understand Ricardo’s three stages of combustioogssoin C.l. engines & Delay
period & factors affecting delay period.
8. Explained the Diesel knock- Methods of controlloigsel knock
9. Explained the methods of generating air swirluicttbn air swirl
10.Know the principals of turbulent swirl chambers, type combustion chamber
Unit IV
By the end of the topic, student will be able to
11.Understand the Diesel injection systems; typesjettion systems.
12.Know the working principals of Electronic fuel igjgon system. MPFI system;
13.Understand the Various factors affecting pistongerature in an engine.
14.Know the importance of Cooling system & Radiators.
Unit V
By the end of the topic, student will be able to
15.Know the recent technologies developed in IC ezsin
16.Understand the various emission controlling meshod

Review Questions
Explain structure of petroleum
Describe knock rating of diesel fuels
Define diesel index; aniline point, API gravity asgecific gravity
Differentiate Knock free and knocking combustion
5 Describe Effect of engine variables on ignitiog la
6.Explain Detonation; effect of detonation
7. Explain Delay period & factors affecting delay iper
8. Write a note orklectronic fuel injection system
9. Explain turbulent swirl chambers; M. type combustahamber.
10.Explain thermal reactor package & dgte converter package

PwpbdPE

Lesson Plan
Unit |
1.Fuel- Air cycle; Variation of specific heat; losgalto variation of specific heat;
Dissociation
2.Effect of variables- compression ratio; effect wélf—air ratio on efficiency;
3.maximum temperature; maximum pressure;
4.exhaust temperature; MEP ; Numerical problems
5.Numerical problems
6.Hydro carbons ; structure of petroleum — parafdiefin, napthene; aromatic series;
7.requirements of an ideal gasoline; effect of votgtengine performance;
8.knock rating on Sl engine fuels- octane numbegassh & motor octane number;
performance number
9.knock rating of diesel fuels - cetane number; eligsdex; aniline point.
10. API gravity and specific gravity; Alternative fise- alcohols ;
11.vegetable oils; bio gas as Diesel engine fuels.
12.Revision for unit 1
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Unit 1l
13. Carburettor; types of carburettors and its linnat.
14.Knock free and knocking combustion; stages of cagtibn process in S.I. engines
15. stages of combustion process in S.I. engines.
16. Features of different types of combustion chambgstem for S.1. engine
17.1-head, F-head combustion chambers. Effect of engamiables on ignition lag;
18.. Effect of engine variables on ignition lag;
19. effect of variables on flame propagation. Detorgtio
20. effect of detonation; control of detonation. HUC&ues
21. Anti Knock agents — Pre ignition — Post ignition
22.Revision for unit 2

Unit Il
23.Ricardo’s three stages of combustion process ine@dines
24.Delay period & factors affecting delay period
25.factors affecting delay period
26.; Variables affecting delay period
27.Diesel knock- Methods of controlling diesel knock.
28.:. C.l. engine combustion chambers
29.methods of generating air swirl; induction air dwaind open combustion chambers
30.. induction air swirl and open combustion chambers
31.turbulent swirl chambers; M. type combustion chambe
32.Revision for unit 3

Unit IV
33.Diesel injection systems; types of injection system
34.fuel pump; Nozzles of different types;
35. Petrol injection systems for S.l. engines;
36. Electronic fuel injection system. MPFI system
37.MPFI system; spark advance mechanisms;
38. Various factors affecting piston temperature ireagine
39.. Cooling system-Water cooling,
40. Air cooling ; Radiators
41.Radiators.
42.Revision for unit 4

Unit V
43.Turbo charging and super charging of I.C. engines
44., Stratified charge engines (Lean burned Sl engine)
45. Multi fuel engines. Two injector engines
46. Multi fuel engines. Two injector engines
47.;Pilot ignition engine, all ceramic swirl chambegaes
48.Mechanism of pollutant formation.
49.thermal reactor package-chtiéc converter package
50. catdytic converter package; ; chemical method.
51. control of NOx ;Exhaust gas recirculation
52.Revision for unit 5
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Course Articulation Matrix

Pro

gram Outcomes

Course Outcomes

1

3

5

6

7

8

9

1011 {12

lllustrate theworking of an internal combustig

engine andapply engineering science (thermo,

fluids, heat transfer) t@nalyze the operatior]

n

H

and performance of an internal combustion

engine.

Explain the combustion and its controllin
factors in spark ignition, compression igniti
engines. and about detonation and
controlling

Compare various types of combustion chamb
for spark ignition and compression igniti
engines.

Extend experience in fuel injection systems g

modern developments, such as a turbochaf

supercharger multi fuel engines.

Identify emissions from IC engines and

controlling methods, various controlling norms.
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Course Title: COMPUTER INTEGRATED MANUFACTURING

Course Code: P13ME761 | Sem: 07 L —T-P-H: 4:0:0:4 | Cdit: 04

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14

S| Prerequisites Course Co.urse of Equivalent Course for
NO‘ 2013-14 Regulations 2013-14 2008-09

| Code Title Code Title Code Title

1 | P13MEG5| CAD/CAM | P13ME761 | CIM POSME751 CIM

Course objective: this course helps the students to understand ptioguconcepts in
industries and to analyze automated flow line arhual assembly line. It also exposes the
students to various inspection technologies uséudnstry

Course Content
Unit-1

Computer Integrated Manufacturing Systems Introduction, Automation definition, Types
of automation, CIM, processing in manufacturingodiction concepts, Mathematical
Models-Manufacturing lead time, production ratemponents of operation time, capacity,
Utilization and availability, Work-in-process, WIRatio, TIP ratio, Problems using
mathematical model equations.
High Volume Production System Introduction Automated flow line symbols, objecsye
Work part transport-continuous, Intermittent, syoctous, Pallet fixtures, Transfer
Mechanism-Linear-Walking beam, roller chain driRgtary-rack and pinion, Rachet &
Pawl, Geneva wheel, Buffer storage. 1llhrs

Unit- 2
Analysis of Automated Flow Line General terminology and analysis, Analysis ofribfar
Line without storage-upper bound approach, lowemidoapproach and problems, Analysis
of Transfer lines with storage buffer, Effect obrstge, buffer capacity with simple problem,
Partial automation-with numerical problem, flowdswith more than two stages, numerical
problems.
Manual Assembly Lines Line balancing & problems, work station processet Cycle
time, precedence constraints. Precedence diagralamde delay methods of line balancing
largest candidate rule, Kilbridge and Westers ntt®anked positional weight method,
Numerical problems covering above methods and ctenged line balancing. 11hrs

Unit -3
Automated Assembly SystemsDesign for automated assembly systems, typestofreated
assembly system, Parts feeding devices elemempiarts delivery system-hopper, part feeder,
Selectors, feedback, escapement and placementsanafymulti station assembly machine,
analysis of single station assembly.
Computerized Manufacturing Planning System Introduction, Computer Aided process
planning, Retrieval types of process planning , €ative type of process planning, Material
requirement planning, Fundamental concepts of Mipiats to MRP, Capacity planning.
10hrs
Unit - 4
Automated Material Handling And Storage: Material functions, types of material handling
equipment, analysis of material handling systenesigh of system, conveyor system,
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automated guided vehicle systems, automated stoeageval systems, carousel storage
systems work in process storage, interfacing hagdi storage with manufacturing.
Industrial Control and Process Planning Industrial Control Systems, Sensors, Actuators,
& other Control Systems, Discrete Control using PLC 10hrs
Unit -5
Automatic Identification and Data Capture: Overview of automatic identification
methods, Bar code technology, Radio frequency ifieation, other AIDC technologies.
Inspection Technologies Introduction, coordinate measuring machines, tanson,
operation & programming, software, application ahdnefits, machine vision & its
applications, optical inspection methods & nonconhteon optical inspection techniques.
10hrs

Text books

1. M.P.Groover “Automation, Production system & Computer Integrate@nufacturing,”
PHI Publication, 2nd edition, 2007, ISBN: 9780132318

2. S. Kant Vajpayee “Principles of Computer Integratéahufacturing” Prentice Hall India,
1% Edition, 1998, ISBN: 9780024222411

Reference Books:

1. James. A. Rehg & Henry.W. Kraebber “Computer Irdeggd Manufacturing”, Pearson
Publication, &' Edition, 2004, ISBN: 9780131134133

2. Ibrahim Zeid,"CAD/CAM” Tata McGraw Hill, 2 Edition, 2009, ISBN: 9780070151345

Course QOutcomes
At the end of the course the students should ke=tabl

1. Estimate Manufacturing lead time andentify part transfer mechanism and devices
used in High volume production system.

2. Analyze automated flow lines and line balancing process.

3. Summarize Computer aided process planning, MRP and Automassembly
systems.

4. Identify material handling, storage systems & differenttaarsystems.

5. Create new identification methods &pply inspection techniques.

Topic Learning Objectives (Unitwise)
Unit |
By the end of the topic, student will be able to
1. Explain the Production System Facilities
2. DiscussAutomation in Production systems
3.lllustrate Production concepts and Mathematical Models
4.Explain Transfer Mechanisms.
5.Solveproblems on mathematical models.
Unit 1l
By the end of the topic, student will be able to
6. Analysis of transfer line with storage & without storage.
7. Compare different storage buffers.
8. Solveproblems on different flow lines.
9. Explain manual & automated assembly lines.
10. Solveproblems on methods of line balancing.
Unit Il
By the end of the topic, student will be able to
11.Explain types of automated assembly system.

SYLLABUS 2013- 2014 Page 45



Department of Mechanical Engineering

12.Describeparts feeding devices elements of parts delivgsiesn.
13. Analysis of single station & multistation assembly systems.
14.DiscussComputer Aided Process Planning.
15. Explain Concurrent Engineering & Design for Manufacturing.
Unit IV
By the end of the topic, student will be able to
16. Explain types of material handling equipment.
17. Analysis of material handling systems.
18. Discussdifferent storage systems.
19.lllustrate different control systems.
20.DescribePLC.
Unit V
By the end of the topic, student will be able to
21. Discussautomatic identification methods.
22.Compare other AIDC technologies.
23.DescribeAutomated Inspection
24. Demonstratethe working of Coordinate Measuring Machine
25.DiscussInspection Probes on Machine Tools

Review Questions
Define Automation& Explain types of Automation.
Describe the mathematical model of product lifeleyc
Sketch and explain different work part transfer hagsms.
List the reasons for implementing storage buffera production line.
5 Discuss upper bound & lower bound approach.
6.Explain the terms used in line balancing.
7. lllustrate schematically & explain the elementgaft delivery system.
8. Discuss retrieval CAPP system with a block diagram.
9.Discuss the fundamental concepts and input to tR€ Mystems.
10.Name types of material handling equipments.
11.Explain vehicle guidance methods used in AGV, foatomated manufacturing
systems.
12.Describe the components of a PLC schematically.
13. Explain radio frequency identification method.
14.Discuss other AIDC technologies.
15. Describe Noncontact non optical inspection techesqu

PowbdPE

Lesson Plan
Unit |

1.Introduction to manufacturing support system.
2.Define automation and types of automation.
3.CIM and its components.
4.Processing in manufacturing.
5.Production concepts.
6.Mathematical Models.
7.Problems on mathematical models.
8.Introduction automated flow line.
9.Automated flow line symbols & objectives.
10.Work part transport systems.
11. Different transfer mechanisms

SYLLABUS 2013- 2014 Page 46



Department of Mechanical Engineering

Unit 1l
12.Introduction to automated flow line.
13. Analysis of Transfer Line without storage & witlosdge.
14.Numerical problems on without storage & with st@ag
15.Numerical problems on buffer storage & partial adbdion.
16.Numerical problems on flow line with two stages.
17.Line balancing & problems.
18.Precedence diagram
19.Balance delay methods of line balancing largestlickate rule.
20.Kilbridge and Westers method,
21.Ranked positional weight method.
22.Numerical problems.

Unit Il
23.Introduction to automated assembly systems.
24.Design for automated assembly systems.
25.Types of automated assembly system.

26. Parts feeding devices elements of parts delivestesys.
27.Analysis of multi station assembly machine.

28. Analysis of single station assembly.

29. Introduction to Manufacturing Support System
30.Computer Aided Process Planning

31. Material requirement planning & its fundamentals.
32. Capacity planning.

Unit IV
33.Introduction to material functions & types of maahandling equipment.
34. Analysis of material handling systems.

35. Automated guided vehicle system.

36. Automated storage/retrieval systems.

37.Carousel storage systems work in process storage.
38. Interfacing handling & storage with manufacturing.
39.Introduction to Industrial Control Systems.
40.Sensors & Actuators.

41.0Other Control Systems.

42.Discrete Control using PLC.

Unit V
43.Overview of automatic identification methods.
44.Bar code technology.
45.Radio frequency identification.
46.Other AIDC technologies.
47.Introduction to automated Inspection.
48. Coordinate Measuring Machines Construction, opanag& Programming.
49. Software, Application & Benefits, Flexible Inspemti System.
50.Probes on Machine Tools.
51.Machine Vision, Optical Inspection Techniques.
52.Non contact Non optical Inspection Technologies.
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Course Articulation Matrix

Program Outcomes

Course Outcomes

1 3[4 5[6]|7|8[9]10|11[12
Estimate Manufacturing lead time and
Identify part transfer mechanism and devi¢es M M |L
used in High volume production system.
Analyze automated flow lines and line
: H M L (L

balancing process.
Summerize  Computer aided process
planning, MRP and Automated assemply L L L
systems.
Identify material handling, storage systemg ﬁ?l

: M L
different control systems.
Create new identification methods &pply L L

inspection techniques.
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Course Title: Maintenance Engineering

Course Code: P13ME762 | Sem: 07 L —T-P-H: 4:0:0:4 | Cdit: 04

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14

g| Prerequisites Course Course of Equivalent Course for
NO’ 2013-14 Regulations 2013-14 2008-09

' Code Title Code Title Code Title
1 | P13MEG62 Mechanical Vibration Maintenance Maintenance
> | P13ME73 Management & P13ME762 Engineering POSBMES845 Engineering

Entrepreneurship

Course objective: The course aims at strengthening the Maintenamce rmanagement
capabilities of the students by exposing them tmdhag the different maintenance
requirements and management that are commonlyindédchinery.

Course Content

Unit-1
Introduction to Maintenance System Definition, Scope, Objective, Functions and
Importance of maintenance system.
Types of Maintenance SystemBreak down maintenance system, Preventive maintss
Predictive maintenance design out maintenance, eciive maintenance, Planned
maintenance, total productive maintenance, conditimnitoring. Problems on selection of
methods like preventive or breakdown maintenance. 12 hrs

Unit- 2
Economics in Maintenance Repair, replacement, Repair complexity, Finding most
optimal preventive maintenance frequency. Numetregtment required.
Machinery Maintenance Causes of machine failure, performance evaluatcmmplete
overhauling of Machines tools. 10 hrs

Unit -3
Maintenance Planning Maintenance planning and scheduling. Repair ordentrol
manpower requirement, Maintenance job analysisespants control.
Maintenance Scheduling Planning of maintenance junctures man power ation, Long
range planning, short range planning. Planning riegles and procedure. Estimation of
maintenance work. Maintenance control. 10 hrs

Unit - 4
Computers in Maintenance Features and benefits of Computer aided maintEnan
Application of computer to maintenance work.
Pollution Control in Industry: Dust control- Fiber collectors, mechanical dustembrs,
wet type collectors, Electro static precipitatdfigjse pollution Control —Noise measurement
and control. Industrial vibration and its control. 10 hrs

Unit -5
Industrial Safety: Economic importance of accidents, types of sabetyanizations, analysis
of accident records, accident investigations. Asialyof accident Safety standards for
Mechanical equipment and Electrical system. Chenfiaaards, material handling, exhaust
system, welding, plant house keeping-building, éssl Passages, floors, tool cribs,
washrooms, canteens. 10 hrs
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Text books

1.

R. C. Mishra and K Pathak, Maintenance EngineaimdtjManagement, PHI Learing
Pvt. Ltd., 29 Edition ,2012, ISBN: 9788120345737

2. Morrow L. C., Maintenance Engineering Hand book Gviaw-Hill Inc., US;3°

Revised Edition, 1967, ISBN: 9780070432017
References

1. Frank Herbaty , Hand book of Maintenance Managembiotyes Publication,"?
Edition, 1990, ISBN: 9780815512042

2. Hand book of Industrial Engg & management, W. Graatson Eugene L- Grant
2000

3. Herbert F. Lund, Industrial Pollution Control Hamalk, McGraw-Hill Publication,
1°' Edition,1971, ISBN: 9780070390959

4. H P Garg , Industrial Maintenance , S Chand & Cd;2t Edition, 1987, ISBN:
9788121901680

5. Keith Mobley, Lindrey Higgins, Darrin Wikoff , Matenance engineering Hand book
McGraw Hill, 7" Edition, 2008, ISBN: 9780071546461

6. William Staniar, Plant engineering hand book, Ma@#ill Publication, !

Edition,1950, Digitized 2007.

Course Outcomes

At the end of the course the students should b=tabl

1.

2.

3.

Discussscope, objective, functions and importance of nesiahce systems, and
Explain various types of maintenance systems.

Recognizethe economics in maintenance, causes of machine faperéormance
evaluation and complete overhauling of Machineésto

Explain overhauling, maintenance planning, schedulingrobriEstimation of
maintenance work and Maintenance control.

Describefeatures and benefits of computer aided maintenandepplication of
computer to maintenance wofRecognizepollution control in industry.
Recognizethe importance of industrial safe@mnalyse accident Safety standards for
Mechanical equipment and Electrical system.

Topic Learning Objectives (Unitwise)
Unit |

By the end of the topic, student will be able to

1.
2.
3.

Discussscope, objective, functions and importance of negianhce systems.
Explain various types of maintenance systems and conditimmtoring.
Solvethe Problems on selection of methods like preventivbreakdown
maintenance.

Unit Il

By the end of the topic, student will be able to

1.
2.
3.

Explain economics in maintenance.

Recognizethe causes of machine failure.

Explain overhauling, maintenance planning, schedulingrobnt
Unit 11l

By the end of the topic, student will be able to

1.

Explain Maintenance planning and scheduling. Repair ordetrol manpower
requirement.

2. AnalyseMaintenance job and spare parts control.
3.

Analyse Planning of maintenance junctures man power dilmca
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4. RecognizePlanning techniques and procedure.
5. AnalyseEstimation of maintenance work and Maintenancerobn
Unit IV

By the end of the topic, student will be able to

1. Describefeatures and benefits of computer aided maintenance
2. RecognizeApplication of computer to maintenance work.
3. Recognizepollution control in industry

Unit VvV

By the end of the topic, student will be able to

1. Recognizesafety in industry
2. Analyseaccident Safety standards for Mechanical equipraedtElectrical system.

Review Questions
1. Define Maintenance and mention different types afntenance.

2. Explain the following: Break down maintenance, Rr@we maintenance, Predictive

maintenance and corrective maintenance.
3. Discuss the objectives of maintenance and berdfitsaintenance.
4. Discuss the causes of machine failure.
5.Explain Repair cycle and repair complexity?
6.Explain the importance of Maintenance planning.
7. Write brief note on maintenance scheduling.
8. Explain in detail maintenance planning, schedulingnitoring and controlling.
9.Explain how computers play an important role inmi@nance.
10. Discuss the various benefits of computerising ointemance system.
11.What are the types of safety organisations anca@xph brief.
12. List out various causes for accidents.
13.What are the safety measures to be followed foaeghsystems?

14.What are the precautionary measures to be takesn whbrking on welding machine?

15. Write a note on noise control techniques.
16. Write a note on Vibration control techniques.

Lesson Plan

Unit |
1.Definition, Scope, Objective and Functions of niaiance system
2.Importance of maintenance system
3.Break down maintenance system
4.Preventive maintenance
5.Predictive maintenance design out maintenance
6.Corrective maintenance
7.Planned maintenance
8.Total productive maintenance
9.Condition monitoring
10.Problems on selection of methods like preventiventeaance.
11.Problems on selection of methods like breakdowmteaance.
12.Problems

Unit Il
13.Repair for Machinery Maintenance
14.Replacement for Machinery Maintenance
15. Repair complexity in Maintenance of Machinery
16. Finding out most optimal preventive maintenancgusncy
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17.Numerical treatment required for machinery mainteea
18.Numerical treatment required for machinery mainteea
19. Causes of machine failure
20.Causes of machine failure
21.Performance evaluation
22.Complete overhauling of Machines tools

Unit Il
23.Maintenance planning and scheduling
24.Repair order control and manpower requirement
25.Maintenance job analysis and spare parts control
26.Planning of maintenance junctures man power aliocat
27.Long range planning and short range planning
28.Planning of maintenance junctures man power aliocat
29.Long range planning and short range planning
30.Planning techniques and procedure
31.Estimation of maintenance work
32.Maintenance control

Unit IV
33. Features of Computer aided maintenance
34.Benefits of Computer aided maintenance
35. Application of computer to maintenance work
36. Application of computer to maintenance work
37.Economic importance of accidents
38.Dust control- Fiber collectors, mechanical dustemibrs and wet type collectors
39. Electro static precipitators
40. Noise pollution Control —Noise measurement androbnt
41.Noise pollution Control —Noise measurement androbnt
42.Industrial vibration and its control

Unit VvV
43.Types of safety organizations
44. Analysis of accident records
45. Accident investigations
46. Analysis of accident Safety standards for Mechdmqaipment
47.Analysis of accident Safety standards for Electiggatem
48.Chemical hazards
49. material handling
50. Exhaust system and welding
51.plant house keeping-building, Aisles, Passagedlaods
52.plant house keeping- tool cribs, washrooms andeesust
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Course Articulation Matrix

Course Outcomes

Program Outcomes

4

5

6

7

8

b 9

10( 1122

Discussscope, objective, functions and
importance of maintenance systems, and
Explain various types of maintenance

Recognizethe economics in maintenanc
causes of machine failure, performar
evaluation and complete overhauling

AA L L

\ce
of

Explain maintenance planning, schedulin
control. Estimation of maintenance work
and Maintenance control.

©

Describefeatures and benefits of compu
aided maintenance and application
computer to maintenance worRecognize

the importance of pollution control 1n

indiictrys

ler
of

Recogniz: the importance of industril

safety Analyse accident Safety standar
for Mechanical equipment and Electrig

0
al

system.
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Course Title: Experimental Stress Analysis

Course Code: P13ME763 | Sem: 07 L —T-P-H: 4:0:0:4 | Cdit: 04

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14

g| Prerequisites Course Course of Equivalent Course for
NO’ 2013-14 Regulations 2013-14 2008-09
' Code Title Code Title Code Title
Mechanical
1 | P13ME43 Measurements Experimental Experimental
& Metrology P13ME763 Stress POSBME755 Stress
> | p13ME33 Mechgnics of Analysis Analysis
Materials.

Course objective: The course aims at strengthening the analysingliltges design
parameters in mechanical components through expatahtechniques which are commonly
used in designing a mechanical component.

Course Content

UNIT-1
Introduction: Basic terminologies, generalised measurement syst&periment planning,
Generalised experimental procedure: preliminaryterinediate and final stages of
experimental programs. Causes and types of expetanerrors, Error analysis, Statistical
analysis of experimental data: Probability distibn, Histograms, Chi-square test of
goodness of fit, Method of least square. Curvenitt types of curve fitting, General
considerations in data analysis. 10 hrs

Unit— 2
Strain gauges: Introduction, Types of Strain gauges: Mechanicapti€l, Pneumatic,
Acoustic strain gauges. Electrical Resistance s{@auges, Gauge factor , properties of an
ideal gauge material, backing material, adhesivéena, protective coating; Method of
bonding strain gauges, strain gauges lead wirecandections, Numerical.
Strain gauge circuits Wheatstone bridge, Error due to input impedanteneasuring
instrument, temperature compensation, multiple gauwgrcuits, calibration of strain
measuring system, load cells, Numerical. 12hrs

Unit - 3
Two dimensional photoelasticity: Introduction, nature of light, wave theory of ligh
polarization, natural double refraction, stressiopdw, Basic elements of a polariscope,
effect of stressed models in plane and circulaanedope: dark field and bright field,
isoclinic, isochromatic, fringe order determinatidnnge sharpening: Fringe compensation
techniques: Tardy’s method, Babinet-soleil and deis method compensation method,
separation methods-oblique incidence method, shifarence method, numerical problems.

12 hrs

Unit -4
Coating methods: introduction, Birefringence coating technique,leefion polariscope,
sensitivity of Birefringent coating, separation mincipal stresses. Brittle coating: coating
technique, laws of failure of brittle coating, ist&cs and isoentatics, properties of stress coat
materials, crack pattern, crack detection techniquypes of brittle coating, calibration of
brittle coating materials, advantage of brittletoog Application of brittle coatinglO hrs
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Unit -5

Moire’s fringe methods: Introduction, Moire fringe analysis techniques,nige ordering,
Sensitivity of Moire’s fringe shifting, Generalisadoire’s gap equation , mechanism of
fringe shifting, Sharpening and multiplication obire’s fringes, Application and advantages
of moire’s technique,

Holography Equation for plane waves and spherical waves, S@ienadiator as an object,
Magnification, Displace measurement, computer teghes and fringe analysi@8 hrs

Text books

1. Sadhu SingHExperimental Stress Analysis”, Khanna publicatioBisEdition , 2015,
ISBN: 9788174091826

2. R. S. Sirohi, H. C. Radha Krishndflechanical measurements” New Age International
Pvt. Ltd., New Delhi, ¥ Reprint 2016, ISBN: 9788122403831

3. Experimental Stress AnalysisSrinath, Lingaiah, Raghavan, Gargesa, Ramachamtta
Pant, Tata McGraw Hill, L Edition, 1984, ISBN: 9780074519264

4. Holman, “Experimental Methods for Engineers” Tata@Gfaw-Hill Companies, Inc,
New York, 7" Edition, 2007, ISBN: 9780071181655

References

1. Dally and Riley, Experimental Stress AnalysislcGraw Hill, 3% sub Edition, 1991,

ISBN: 9780070152182
Course Outcomes

At the end of the course the students should betabl

Understand the basic aspects of measurement system

Set up the required technique of measurement

Choose the appropriate method of experiment toyaedhe design parameters.
Compute the required parameters of design

Select the required methods for different techmsque

agrwnE

Topic Learning Objectives (Unit-wise)
Unit |

By the end of the topic, student will be able to

1. Understand the basic terminologies in measurenysters.
2. Understand the experimental procedure.
3. Choosing the suitable statistical techniques
4.Understanding different statistical techniques
5.Consideration of data analysis

Unit 1l

By the end of the topic, student will be able to
Understanding the construction and working of stgauges
Gaining the knowledge material used in strain gauge
Solving the problems on wheat stone bridge.
Understanding the different compensation technigues

Unit Il

By the end of the topic, student will be able to

1. Understanding the theory of light propagation

2. Gain the knowledge of construction of differentgridcope

3. Analyse about different methods in compensatiohriegies

4. Acquire the knowledge of fringe separation methods.
Unit IV

By the end of the topic, student will be able to
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1.
2.
3.
4.

Understanding the coating technigues in analydiegstresses.

Acquire the knowledge of Birefringent coating

Understanding the laws of failure of brittle cogtin

Understand the advantages and application ofdadtiating methods.
Unit V

By the end of the topic, student will be able to

PowpbdPE

PowbdPE

Understand the moire’s fringe analysis technique.

Deriving the generalised moire’s gap equation

Understanding the concept of holography

Acquire the knowledge of computer techniques amdyér analysis.

Review Questions
Explain with block diagram the generalised measergmystem.
What are experimental errors? Explain each briefly.
Explain Chi-Square methods of goodness of fit.
What are strain gauges? Explain any two typesrairsgauges.

5.What is gauge factor in strain gauges? Derive @nession for strain gauges.
6.With a neat sketch explain the working of wheanstbridge in a strain gauge.

7.
8.

Explain the method of temperature compensatiotrairsgauges.
Explain the wave theory of light.

9.State and explain stress optic law.

10.With a neat sketch explain the concept of Tardgismipensation method.
11. Explain the sensitivity of Birefringent coating.

12.Explain isoclinics, isostatics and isoentatics,

13.What are the types of brittle coating? Explain tyie

14.What are the required properties of stress catmaéd@

Lesson Plan

SI.No. Unitl

Scooo\lovm.booml—‘

S@m\lmmwa\JH

Introduction: Basic terminologies, generalised meament system
Experiment planning, Generalised experimental ploce
Preliminary, Intermediate and final stages of expental programs
Causes and types of experimental errors, Errorysisal

Statistical analysis of experimental data

Probability distribution, Histograms,

Chi-square test of goodness of fit

Method of least square. Curve fitting,

Types of curve fitting

General considerations in data analysis.

Unit Il

Introduction, Types of Strain gauges

Mechanical, Optical, Pneumatic, Acoustic strainggesu

Electrical Resistance Strain Gauges, Gauge factor

Properties of an ideal gauge material, backing rizte

Adhesive material, protective coating;

Method of bonding strain gauges, strain gaugeswegeand connections
Numerical.

Strain gauge circuits, Wheatstone bridge,

Error due to input impedance of measuring instrumen
Temperature compensation, multiple gauge circuits
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11  Temperature compensation, multiple gauge circuits

12  Calibration of strain measuring system, load célismerical.

Unit Il

Introduction, nature of light, wave theory of light

Polarization, natural double refraction

Stress optic law, Basic elements of a polariscope,

Effect of stressed models in plane and circulaapsetope: dark field and bright
field

Isoclinic, isochromatic, fringe order determination

Fringe sharpening: Fringe compensation techniques

Tardy’s method

Babinet-soleil and Friedel's method compensatiothogh
Separation methods-oblique incidence method

Shear difference method

Numerical problems.

Numerical problems.

Unit IV

Introduction, Birefringence coating technique

Reflection polariscope

Sensitivity of Birefringent coating

Separation of principal stresses. Brittle coating:

Coating technique, laws of failure of brittle comfi

Isostatics and isoentatics,

Properties of stress coat materials, crack pattern

Crack detection technique, Types of brittle coating

Calibration of brittle coating materials, advantad®rittle coating,
Application of brittle coating.

Unit V

Introduction, Moire fringe analysis techniques,

Fringe ordering, Sensitivity of Moire’s fringe stiifg

Generalised moire’s gap equation

Mechanism of fringe shifting, Sharpening and miiktgtion of moire’s fringes
Application and advantages of moire’s technique

Equation for plane waves and spherical waves, S@ieadiator as an object,
Magnification, Displace measurement

Computer techniques and fringe analysis.

el
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Course Articulation Matrix

Program Outcomes
71 8§ 9 1pl1

Course Outcomes

Introduction

STRAIN GUAGES

Two dimensional photoelasticity:

Coating methods

nd E4 R E E P

O~ W N[
<4 Ll el Ul Ll PR
ZIZIT T
T|(z(Z(T|T|s
ZIgIICD
mrIZITITIZ
ITIZIZZ|
TIZIZILZ|
Z|T|TzIZIZ
TIT|IT|ITIZ
x|z =N

Moire’s fringe methods:
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Course Title: Gas Turbines

Course Code: P13ME764 | Sem: 07 L —T-P-H: 4:0:0:4 | Cdit: 04

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaje: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14
- Course of Equivalent Course for
I\?(I). Prerequisites Course 2013-14 Regulations 2013-14 2008-09
' Code Title Code Title Code Title
1 | P13ME42 ?Eglﬁgdynamics
2 | P13ME45| Fluid Mechanics P1SME764 Gas Turbines| -
3 | P13MES3| Turbomachines

Course objective: The objectives of the course are to develop thelesits ability to
understand the thermodynamics of each componeatlinked system performance of all
components in the Gas turbine engine and perforen&mends for each component which
include compressors, burners, turbines regenerator.

Course Content
Unit — 1:
Ideal plant cycles: Introduction, Carnot cycle, Stirling cycle withgenerator, Ericsson
cycle, Joule air cycle, Brayton cycle with reget@racomplex cycles, The closed cycle,
Operating media other than air,
Performance of actual gas turbine cycleEfficiency of compressor and turbine, Pressure or
flow losses, Heat exchanger effectiveness, Effdctvarying mass flow, Loss due to
incomplete combustion, Mechanical loss, Effect afiable specific heat, Calculation of fuel
consumption and cycle efficiency, Poly tropic a#fitcy, Performance of actual cycle, Jet
propulsion, Specific thrust of the turbo-jet engifidlermal efficiency of turbo jet engine,
Propulsive efficiency, Effect of forward speed, égfif of altitude, Numerical examples.
10 Hrs

Unit- 2:
Centrifugal compressors Components, Method of operation, Theory of openatideal
energy transfer. Actual energy transfer- Slip, Adiahl method of finding slip factor, Power
input factor, Pressure coefficient, Compressorcedficy. Inlet or inducer section- when the
entrance is axial, sizing of inducer section, Prariwimpeller passage- Effect of impeller
blade shape on performance, The impeller channet dompressor diffuser, Losses in
centrifugal compressor, Compressor characteriStioging and choking
Axial flow compressor: Introduction, Description, Performance analysisonMntum or
filament analysis —Special velocity diagram, Symmeitage, Non-symmetric axial inflow,
Non-symmetric axial out flow, Actual energy tramsféirfoil analysis - One dimensional
ideal incompressible flow, Two dimensional flow Wwifriction. Blading efficiency — Losses
in terms of air angles and drag coefficient. Cao#ffit of performance- flow coefficient,
Pressure coefficient, Work coefficient. Blade loaygi Cascade characteristic, Blade angles,
Reynolds and Mach number effects. Three dimensifioal analysis- Radial equilibrium
theory, Free vortex blades, Constant reaction BlaBerced vortex or solid rotation blades,
The general design. Three dimensional blade lo$Sempressor stall and surge, overall
performance, Compressor characteristics. Numesxamnples 12Hrs
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Unit -3
Combustion systems Introduction, Combustion mechanism, Pressureekys€ombustion
intensity, Combustion efficiency, Requirement of n@mstion chamber, Shape of the
combustion chamber, Stabilizing or primary zondufn and mixing, Combustion chamber
arrangements, Fuel injection system
Regenerator: Introduction, Types of regenerator, Heat trangfiedirect type exchangers-
Exchanger heat transfer effectiveness, Number ohanger heat transfer units, Capacity
ratio, Relation between NTU and Stanton number, afRels between NTU and
effectiveness(no derivation), Effect of flow arrangent, Effect of Gn/Cha<l for
regenerator, Log mean rate equation compared ¢ateféness —NTU approach. Rotary heat
exchanger- Effect of Mateix speed, Effect of londihal conduction, Core pressure drop.
Some economics approach of heat exchanger designefital examples 10 Hrs

Unit-4
Axial flow gas turbines: Introduction, Turbine and nozzle efficiencies. Begyof reaction-
Impulse turbine, Ideal impulse turbine, Impulsebine with loss, Blade speed ratio, Velocity
ratio and torque, Velocity compounded turbine. Téaction turbine- Reheat factor, Blade
speed ratio for reaction turbine. Comparison obing types, Forces on blade, Cascade
analysis, Three dimensional flow analysis — The fvertex blades, Constant angle nozzle
stage. Turbine flow passage- Impulse blading, Reatiading. Turbine characteristics

10 Hrs

Unit -5
Performance of Gas turbine power plant:Non dimensional representation of compressor
and turbine performance, Performance charactegisttd compressor and turbines
compressors, Matching of compressor and turbina igelf driving system, Equilibrium
running of simple jet and propeller turbine engin8snple jet unit, nozzle characteristic,
Effect of adding a propelling nozzle to the compagsturbine combination, Variation of
thrust with forward speed and rpm, Variation of gfse fuel consumption with forward
speed and rpm, Discussion on the equilibrium rupnoiagram ,Propeller turbine
engines(turboprop), Combined turbines.
Environmental consideration: Air pollution, Aircraft emission standards, Stai@oy engine
emission standards, N@rmation, NQ reduction in stationary engines, Noise, Noise
standards, Noise reduction. 10 Hrs

Text books
1. P.R. Khajuria.and S. P. Dubey, Gas Turbines angpufsive System, Dhanpat Rai
Publication, 2012, ISBN: 9788189928483
2. V Ganeshan, Gas Turbines McGraw —Hill Publicat®hEdition, 2010,
3. ISBN: 9780070681927
References
1. H. I. H Saravanamutto, GFC Rogers, H Cohen, GadiferTheory, Pearson
Education, ¥ Edition, 2001, ISBN: 9788178085340
2. Turbines Compressor and Fans, S. M. Yahya, Tatarkedill Publication, &4
Edition , 29 October 2010, ISBN: 9780070707023

SYLLABUS 2013- 2014 Page 59



Department of Mechanical Engineering

Course Outcomes

At the end of the course the students should be=tabl

1.
2.
3.
4,

5.

Analyze and predict the cycle performance of gdsitte engines.

Solve the problem for aircraft propulsion systemgarticular gas turbine engines.
Analyze and predict the performance of compressturbines, and combustion
system.

Apply the dimensionless parameters involving déférvariables in predicting the
performance of a gas turbine power plant.

Understand the environmental aspects of gas twsbine

Topic Learning Objectives (Unitwise)
Unit |

By the end of the topic, student will be able to

1.

2.

3.

4.

5.

Explain the ideal Plant cycles, such as, Carnoleg\&tirling cycle with regenerator,
Ericsson cycle, Joule air cycle, Brayton cycle webenerator.
Estimate efficiency and work done for ideal Plagtles, such as, Carnot cycle,
Stirling cycle with regenerator, Ericsson cycleuldoair cycle, Brayton cycle with
regenerator.
Analyze the effect of variable mass flow and spedieat on the performance of
actual gas cycles
Estimate specific thrust, thermal efficiency andpuisive efficiency of turbojet
engine
Analyze the effect of the forward speed and thieudke on turbo jet engine

Unit Il

By the end of the topic, student will be able to

1.
2.

ogkw

Explain the components and operation of centrifagahpressor.
Understand slip and determine the slip factor, panjut factor, pressure coefficient
and compressor efficiency of a centrifugal compress
Explain the losses in compressor and explain thgirsgiand choking
Explain the arrangement and operation of an aloal Eompressor
Analyze the performance of axial flow compressor
Explain the performance coefficients such as flavefficient, pressure coefficient
and work coefficient
Unit Il

By the end of the topic, student will be able to

arwnE

Explain the combustion mechanism and pressuredasggas turbine combuster
Explain requirements and shape of the combustiambler
Explain various combustion chamber arrangements.
Explain the fuel injection system
Analyze Heat transfer mechanism in direct typeeztlexchangers
Unit IV

By the end of the topic, student will be able to

1.
2.

3.
4.
5.

Analyze the nozzle efficiencies

Analyze the degree of reaction, blade speed ratioirhpulse turbines and also
analyze the velocity compounded turbine

Analyze the blade speed for a reaction turbine

Distinguish between Curtis stage, Rateau stagdraagdtion stage

Analyze the forces acting on the turbine blades

SYLLABUS 2013- 2014 Page 60



Department of Mechanical Engineering

Unit V

By the end of the topic, student will be able to

1.

1.

Demonstrate the non-dimensional representation ompcessor and turbine
performance.

Demonstrate the matching of compressor and tuihiaesimple self driving system
Explain the effect of adding a propelling nozzletmpressor turbine combination
Explain the clean air standards established by Emyironmental protection
agency(EPA)

Explain the mechanism of formation and reductioN@X in gas turbines

Identify the various noise sources from gas turl@ngines and Explain the methods
of reducing the noise

Review Questions
Explain the following air cycles

a)Ericssion cycle b)Joule air cycle c)Broyton cywléh regenerator

2.

3.

7.

Explain the following: a) Pressure or flow lossekeffect of loss due to incomplete
combustion, ¢) Mechanical losses d) Effect of Malgaspecific heat

A Turbojet engine inducts 45 kg of air per second @ropels an aircraft with a
uniform flight speed of 880 km/hr. The isentropittealpy change for the nozzle is
180 kj/kg, and its velocity coefficient is 0.96. &Huel air ratio is 0.012, the
combustion efficiency is 0.95 and lower heatingueabf the fuel is 44000kj/kg.
calculate a)the thermal efficiency of the engineth® fuel flow rate in kg/hr and
TSFC, c) the propulsion power. D) the thrust poajeifhe propulsive efficiency and
f) the overall efficiency.

4. Develop an expression for the slip factor
5.
6. Develop an expression for the static pressure inséhe rotor of an axial flow

With a neat diagram Describe the axial flow compoes

compressor
Design an axial flow compressor for the followirgnditions:

Mass flow rate 20 kg/s, Pressure ratio 4, Statoperature at the inlet 288K, Static
pressure at the inlet 1 atm, mean blade diameteco4Qxial velocity 130 m/s, and
Degree of reaction 50% at all radii

8.
9.

Explain the combustion mechanism in gas turbinelxgstor
What are the basic requirements of the gas tudmngbustion chamber

Lesson Plan

SI.No. Unitl

1

2

co~N OO 01 b~

Introduction, Carnot cycle, Stirling cycle withgenerator, Ericsson cycle Joule air
cycle.

Brayton cycle with regenerator, complex cycles, Tlwsed cycle, Operating media
other than air.

Efficiency of compressor and turbine, Pressure low flosses, Heat exchanger
effectiveness, Effect of varying mass flow

Loss due to incomplete combustion, Mechanical |&ffect of variable specific
heat, Calculation of fuel consumption and cyclécedfcy,

Poly tropic efficiency, Performance of actual cycle

Jet propulsion, Specific thrust of the turbo-jegiee, Thermal efficiency of turbo jet
engine,

Propulsive efficiency, Effect of forward speed, égfff of altitude,

Numerical examples.
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10

11
12

Numerical examples.

Numerical examples

Unit Il

Components, Method of operation, Theory of operatideal energy transfer.

Actual energy transfer- Slip, Analytical methodfofding slip factor, Power input
factor, Pressure coefficient, Compressor efficiency

Inlet or inducer section- when the entrance is lasiaing of inducer section, Pre
whirl. Impeller passage- Effect of impeller bladepe on performance.

The impeller channel. The compressor diffuser Ledsecentrifugal compressor,
Compressor characteristic, Surging and choking.

Axial flow compressol Introduction, Description, Performance analysis.
Momentum or filament analysis Special velocity déag, Symmetric stage
Non-symmetric axial inflow, Non-symmetric axialtdlow, Actual energy transfer.
Airfoil analysis - One dimensional ideal incompiibses flow, Two dimensional flow
with friction.

Blading efficiency — Losses in terms of air anghesl drag coefficient. Coefficient
of performance- flow coefficient, Pressure coeéfit, Work coefficient

Blade loading, Cascade characteristic, Blade andgteynolds and Mach number
effects.

Three dimensional flow analysis- Radial equilibritheory, Free vortex blades,
Constant reaction blades, Forced vortex or soligtian blades, The general design.
Three dimensional blade losses

Compressor stall and surge, overall performancemessor characteristics.
Numerical examples

Numerical examples

Numerical examples

Unit Il

Combustion systems Introduction, Combustion mechanism, Pressure $osse
Combustion intensity, Combustion efficiency, Regment of Combustion chamber,
Shape of the combustion chamber

Stabilizing or primary zone, Dilution and mixing, o@bustion chamber
arrangements

Fuel injection systenThe regenerator Introduction, Types of regenerator, Heat
transfer in direct type exchangers- Exchanger traasfer effectiveness, Number of
exchanger heat transfer units

Capacity ratio, Relation between NTU and Stantomlmer, Relations between NTU
and effectiveness(no derivation)

Effect of flow arrangement, Effect of {/Cnax<l for regenerator, Log mean rate
equation compared to effectiveness —NTU approach.

Rotary heat exchanger- Effect of Mateix speed,d&f®¢ longitudinal conduction
Core pressure drop. Some economics approach otekelaanger design. Numerical
examples

Numerical examples

Numerical examples

Unit IV

Axial flow gas turbines Introduction, Turbine and nozzle efficiencies. Bagof
reaction- Impulse turbine

Ideal impulse turbine, Impulse turbine with loBéade speed ratio, Velocity ratio
and torque

Velocity compounded turbine. The reaction turbiReheat factor
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Blade speed ratio for reaction turbine. Comparisioturbine types

Forces on blade, Cascade analysis

Three dimensional flow analysis The free vorteadiels

Constant angle nozzle stage. Turbine flow passage-

Impulse blading, Reaction blading. Turbine chanasties

Numerical examples

Unit VvV

Performance of Gas turbine power plant Non dimensional representation of
compressor and turbine performance

Performance characteristics of compressor andrteslcompressors

Matching of compressor and turbine in a self digvaystem

Equilibrium running of simple jet and propeller hure engines, Simple jet unit,
nozzle characteristic

Effect of adding a propelling nozzle to the congsm turbine combination,
Variation of thrust with forward speed and rpm

Variation of specific fuel consumption with forwaspeed and rpm, Discussion on
the equilibrium running diagram, Propeller turberegines(turboprop),

Combined turbines. Torque characteristics of gabintg plant Environmental
consideration Air pollution

8 Aircraft emission standards, Stationary engine sioisstandards

9 NO, formation, NQ reduction in stationary engines

10 Noise, Noise standards, Noise reduction.

O©oOo~NO 01~

A WON

Course Articulation Matrix

Program Outcomes
1] 2| 3|4/5(6] 7|8{9(10]|1122

Course Outcomes

Analyze and predict the cycle performar %
of gas turbine engines.

Solve the problem for aircraft propulsion
systems, in particular gas turbine engines.

Analyze and predict the performance |of
compressors, turbines, and combustidh | M [ M M
system.

Apply the dimensionless parametgrs
involving different variables in predictingy [ M | M M
the performance of a gas turbine power

nlant

Understand the environmental aspecty of
gas turbines.

SYLLABUS 2013- 2014 Page 63



Department of Mechanical Engineering

Course Title: Design Lab
Course Code: PI3MEL77 | Sem: 07| L —T-P-H: 0:1:2:3 Credit: 1.5
Contact Period: Lecture: 36 Hrs, Exam: 3Hrs| Weightage: CIE 50, SEE: 50

Prerequisites & Equivalents for Courses of 2013-14
g| Prerequisites Course Course of Equivalent Course for
Nc; 2013-14 Regulations 2013-14 2008-09
| Code Title Code Title Code Title
Mechanical
1 | P13ME62 Vibrations
> | p13mE33 Mechanics of p1aMEL77| PCSI9" | posMEL77 | Design Lab
Materials Lab
3 | P13MES5L Dynamlcs of
Machines

Course Content
PART - A

1. Determination of natural frequency of single D@flamped spring-mass free vibration
system.
2. Determination of natural frequency of single D@flamped equivalent spring-mass free
vibration system.
3. Study of single DOF damped torsional free vibrasystem.
4. Study of forced vibration of single DOF equivalspring - mass — damper system
5. Determination of natural frequency by Dunkersegtinciple
6. Determination of critical speed of a rotatingfh

PART - B
7. Determination of Fringe constant of Photoelastaterial using a Circular disc subjected to
diametral compression.
8. Determination of stress concentration using &asticity for a circular disk with circular
hole under compression
9. Performance study of governors.
10. Determination of a Pressure distribution inrdalibearing
11. Determination of Principal Stresses and strimirssmember subjected to combined
loading using Strain rosettes.
12. Determination of gyroscopic torque in a Gyrgeeo

References

1. V.P. Singh Mechanical Vibrations, Dhanpat Rai & Co (P) LtdISBN: 1234567150209

2. S.S. RattanTheory of Machines, Tata McGraw-Hill, New Delhi, # edition, 2015,
ISBN: 9789351343479.
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Evaluation Scheme

Scheme| Weightage | Marks | Event Break Up

Test Record
CIE 50% 50 0 30
SEE 50% 50

Scheme for Examination
One Question from Part —A 20 Marks (05 write up 15
One Question from Part -B 20 Marks (05 write up 15
Viva — Voice 10 Marks
Total 50 Marks

Course Outcomes
At the end of the course the students should ketabl
1. Apply principles of vibration andetermine vibration characteristics agimple single
degree of freedom systems experimentally.
Determine critical speed of shaft experimentally.
Demonstrate the basic principles of photoelasticitpetermine experimentally,
stress concentration using polariscope.
4. Demonstrateexperimentally pressure distribution in journal ftegs.
5. Demonstratethe working principles of Governors and Gyroscope.
6. Determine experimentally, stresses induced in a cantileveanbesubjected to
combined bending and torsion, using strain rosette.

wn

DESIGN LAB POSMEL77 COURSE ARTICULATION MATRIX

S| | Course Outcomes Program Outcomes

No. 1 /2 |3/4|5/6|7|8|9 |10/11]|12
Apply principles of vibration and
determine vibration characteristics

1 of simple single degree of freedoan M H MM
systems experimentally.

5 Determine critical speed of sha1t|_ M H M| M
experimentally.
Demonstratethe basic principles of

3 photoelasticityDetermine NEYERY H M| M
experimentally, stress concentration
using polariscope.
Demonstrate experimentally,

4 pressure distribution in journal | M H M| H
bearings.
Demonstrate the working principles

5 M H L |L
of Governors and Gyroscope.
Determine experimentally, stresses
induced in a cantilever beam

6 subjected to combined bending and M H MM
torsion, using strain rosette.
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Course Title: Simulations Lab

Course Code: P13MEL78

| Sem: 07 L —T-P-H:0:1:2:3 |

Cudit: 1.5

Contact Period: Lecture: 36 Hrs, Exam: 3Hrs

Weightaye: CIE 50 SEE: 50

Prerequisites & Equivalents for Courses of 2013-14

g| Prerequisites Course Course of Equivalent Course for
NO’ 2013-14 Regulations 2013-14 2008-09
' Code Title Code Title Code Title
1 | P13MEG5 CAD/CAM Simulations CAM
P13ME71| Automatic Control| P13MEL78 POBMELG67
2 : ) Lab Lab
Engineering

Course Content

PART - A

Hrs.

. Modeling of simple machine parts and generatiaghine codes for CNC producti

using standard CAM packages.

. Simulation of Turning, Drilling, Milling / Cuttig operations on a Computer usi

CAM packages

%1

. Three typical simulations to be carried out gssimulation packages like Mast

CAM, or any equivalent software

er

PART - B

. Design and building of hydraulic circuits usismgle acting cylinder and doub

acting cylinder and its analysis.

le

. Unit-step response plot of control system udWw§TLAB, for (i) its open loop

transfer function and (ii) its state-space equatio to determine rise time, pe
time, maximum overshoot and settling time in tha-atep response plot.

akl5

. Root locus plot, Bode plot and Nyquist plot ohtrol systems using MATLAB, for (i

its open loop transfer function and (ii) its staf@ce equation.

Course Outcomes

At the end of the course the students should be=tabl

1. Create solid model of simple machine parts usingt®taCAM package.
2. Show simulation of Turning, Drilling, Milling usingoftware

3. Develop MATLAB programs to plot step-response cuarel determine transient

response specifications.

4. Develop MATLAB programs to draw root locus, Nyqu&std Bode plots of control

systems.

References

P.N. RaoCAD/CAM Principles and Application, Tata McGraw Hill® 2dition, 2010

1 ISBN: 0070681937.

5 Groover,Computer Aided Design/Computer Aided Manufacturing, Tata McGraw
Hill. 2003.

3 Rao V Dukkipati, Control Systems Narosa Publishing House, 2008, ISBN: 9

8173195549.

/8-
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Evaluation Scheme

Scheme| Weightage Marks | Event Break Up
Test Record
0,
CIE 50% 50 0 30
SEE 50% 50

Scheme for Examination

One Question from Part —A

25 Marks (05 write up0} 2

One Question from Part -B

15 Marks (05 write up0¥ 1

Viva — Voice

10 Marks

Total

50 Marks

Simulations Lab

Course Articulation Matrix

Sl Course Outcomes Program Outcomes

No. 112|134 5|] 6789 |10|11|12
Create solid model of simple

1 machine parts using Master CAM M|L |H|M H|L L
package.

5 Sh_o_vv si_mulatio_n of  Turning, M LM ML
Drilling, Milling using software
Develop MATLAB programs to plot

3 step-response curve and determineL | M | H L M | M
transient response specifications.
Develop MATLAB programs to

4 draw root locus, Nyquist and Bode L |M | H L M| M
plots of control systems.
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VIl Semester

Course Title: Industrial Robotics

Course Code: P13MES81 | Sem: 08 L —T-P-H: 4:0:0:4 | Cred03

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaje: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14
. Course of Equivalent Course for
I\?CI). Prerequisites Course 2013-14 Regulations 2013-14 2008-09
' Code Title Code Title Code Title
1 | P13ME44| Kinematics of Machines Industrial Industrial
2 | P13MEG65 CAD/CAM P13ME81 Robotics POSME81 Robotics

Course obijective:

* To familiarize students with brief history of robetd basic concepts of industrial robot.
* To expose the students to kinematics of robotspangramming of robot

* To make the students familiar with various appl@ad in robots in industry

Course Content

Unit -1
INTRODUCTION: Automation and robotics, brief history of robotigSlassifications of
robots, Geometrical configuration, Work Volume, strand its motions, links and joints. End
Effectors: types of grippers, tools. Resolutioncé@cy and Repeatability, Problet@Hrs

Unit - 2
STRUCTURE OF ROBOTIC SYSTEM: Robot drive system: Hydraulic, electric and
pneumatic drive system, advantages and disadvantdgeedback components: position,
velocity sensors, types of Actuatorsiternal State sensors, tactile sensors, - proyimit
sensing, range sensing, force-torque sensors 10Hrs

Unit - 3
ROBOT ARM KINEMATICS: Kinematics- Introduction, direct and inverse Kiragros,
rotation Matrix, composite rotation matrix, rotationatrix about an arbitrary axis, Euler
angles representation, homogeneous transformédiignsepresentation. Applications of DH
method:-Three axis robot arm, Three axis wrist. 10Hrs

Unit -4
ROBOT PROGRAMMING: Introduction, manual teaching, lead through teaghRobot
programming languages:-Generations Robot progragnianguages. Robot language
elements and functions, Motion commands, End Edfeahd sensor commands, Program
control and subroutines. Programs. 10Hrs

Unit -5
APPLICATIONS OF ROBOTS IN MANUFACTURING: Material Transfer:- general
considerations in robot material handling, pick adce, palletizing operations. Machine
Loading & unloading: Die casting, Plastic mouldif@rging, machining and stamping press
operations. Processing Operations:- spot and atding, features of arc welding robot,
spray coating and other processing applicationsboRo assembly operation, Parts
presentation methods, Assembly system configuration 12Hrs

Text books
1. Michell Grover, Mitchel weiss, Roger nadgéhdustrial Robots”, McGraw Hill
2012,India ,2° edition, ISBN-13:9780070265097
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2. K.S. Fu, R.C. Gonzales and Le®obotics”. McGraw Hill Intl. India, £ edition,
2008 ISBN-13:9780070265103

3. Yoramn Koren,"Robotics for Engineers” Mc Graw hill Intl. Book Co., New Delhi
1987 ISBN-13:9780070353992

References

1. Robert J. Schilling‘Fundamentals of Robotics” PHI, 1°7 edition-.2011, ISBN-
13:9788120310476

2. Richard D. Klafter,C Thomas ARobotic Engineering” PHI,1993, ISBN-
13:9788120308428

3. R.K. Mittal and J. NagarattiRobotics and Control” Tata Mc Graw Hill,
DELHI,6™ edition 2007, ISBN:0070482934

Course QOutcomes
At the end of the course the students should ketabl
1.Analyze work volume, resolution, and accuracyarious configuration of robots
2.ldentify different types of end effectors andsms required for specific applications
3.Calculate the forward kinematics of robots ugdtdymethod
4. Develop robot task program using robot language
5. Discuss requirements of robot systems for variadsistrial applications

Topic Learning Objectives (Unitwise)
Unit |
By the end of the topic, student will be able to
Explain classification of robots
Discussgeometrical configuration of robot
Determine work volume, resolution, accuracy and repeatahiftyobot
lllustrate wrist motions, links and joints
Explain types of end effectors and its applications
Unit Il
By the end of the topic, student will be able to
Explain classification of robot drive system
DiscussFeedback components used in robots
Identify types of actuators used in robot
lllustrate internal state sensors of robots
Unit [l
By the end of the topic, student will be able to
10. Explain direct and inverse Kinematics
11. Discusscomposite rotation matrix, rotation matrix abontaabitrary axis
12.lllustrate Euler angles representation, homogeneous transfiomsa
13. Determine D-H representation for Three axis robot arm.
Unit IV
By the end of the topic, student will be able to
14.Explain various methods of robot teaching
15. DiscussGenerations Robot programming Languages
16.lllustrate Robot language elements and functions
17.Developrobot program for palletizing and depalletizing @im@n.
Unit V
By the end of the topic, student will be able to
18.Explain general considerations in robot material handling
19. Discussfeatures of arc welding robot

arwnE
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20.lllustrate robotic assembly operation
21.ldentify Parts presentation methods and assembly systeiiguwations

Review Questions
Define Industrial robot according to RIA and stiteee laws of robots
Enumerate merits and demerits of Industrial robots
List out classification of robots
Sketch and explain geometrical configuration ofotoith its work volume
Discuss resolution, accuracy and repeatability withhelp of sketches.
The base joint of a cylindrical robot is driven b¥ bit memory controller has a swing of
360 the radial axis is driven by 8 bit memory contrgllé has a horizontal reach of
300mm and a stroke of 200mm. The vertical motios hadrive of 10 bit memory
controller with a vertical reach of 480mm and aolstr of 350mm. Compute the
following:- i. Work volume, ii. Radial resolutionij. Vertical resolution, iv. Minimum
and maximum angular resolution.
7. Sketch and explain : Magnetic gripper, Two fingemegtchanical gripper
8. List out the merits and demerits of pneumatic daystems.
9. Describe DH convention used in robot kinematics
10.Obtain a transformation matrix for Three axis rodn
11.What are the critical information required for tgskgramming of robots
12. Write a task program for palletizing and depalietizoperation.
13.What are the features of arc welding robot
14.Discuss the problems associated with assembly sabut list guide lines to over come it.

ok wNE

Lesson Plan
Unit |

1. Automation and robotics, brief history of robotics
2. Classifications of robots
3. Classifications of robots
4. Geometrical configuration, Work Volume
5. Geometrical configuration, Work Volume
6. wrist and its motions, links and joints
7. End Effectors: types of grippers
8. types of grippers & tools
9. Resolution, Accuracy and Repeatability
10.Problems

Unit Il
11.Robot drive system: Hydraulic drive system advaesaand disadvantages
12.Electric and pneumatic drive system, advantagesiesadlvantages
13.Feedback components: position, velocity sensodars
14.Feedback components: position, velocity sensorxaders
15. Types of Actuators
16. Sensors: classification
17.Tactile Sensors
18. Proximity Sensing
19.Range Sensing
20.Force-Torque Sensors

Unit 1l
21.Introduction, direct and inverse Kinematics,
22.Rotation Matrix,
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23.Composite Rotation Matrix, Rotation Matrix About Ambitrary Axis,
24.Euler angles representation

25.Homogeneous Transformations

26.D-H representation

27.D-H representation

28. Applications of DH method:-Three axis robot arm

29.Three axis robot arm

30. Three axis wrist

Unit IV
31.Types of robot teaching
32.Manual Teaching, lead through teaching
33.Robot programming languages
34.Generations Robot programming Languages
35.Robot language elements and functions
36. Motion commands
37.End Effector and sensor commands
38.Program control and subroutines
39.Program control and subroutines
40.Robot Programs.

Unit V
41.General Considerations In Robot Material Handling
42.Pick And Place
43. Palletizing Operations
44.Machine Loading & unloading: Die casting
45. Plastic moulding
46.Forging
47.Machining and stamping press operations
48.Processing Operations:- spot and arc welding
49. Features of arc welding robot
50. Spray coating and other processing applications
51.Robotic assembly operation
52.Parts presentation methods, Assembly system caafigus.

Course Articulation Matrix

Program Outcomes

Course Outcomes 112134l 5]6l7]8]9

10

11

12

Analyze work volume, resolution, and
1 |accuracy of various configuration pM | M [L [L
robots

Calculate the forward kinematics qf

robots using DH method Hi{MIL]|L

Identify different types of end effectofs
3|and sensors required for specific
applications

Develog robot program using robot
languages

Discus: various applications of industrial
robot systems.
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Course Title: Operations Research

Course Code: P13MES82 | Sem: 08 L —T-P-H: 4:0:0:4 | Creéd03

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14

g| Prerequisites Course Co_urse of Equivalent Course for
NO’ 2013-14 Regulations 2013-14 2008-09
' Code | Title Code Title Code Title
1 | Basic knowledge of Operations Operations
mathematics, matrices. Research Research

Course objective: The course aims at enabling the students to utashershe basic concepts
of Operations Research. Identignd develop operation research models from theaVerb
description of real life and optimise the solutions

Course Content

Unit -1

INTRODUCTION: Linear programming, Definition, scope of OperatidResearch (O.R)

approach and limitations of OR Models, Charactesgsand phases of OR Mathematical
formulation of L.P. Problems. Graphical solutionr fmaximization and minimization

problems. Simplex method - slack, surplus and i@eif variables. Degeneracy and
procedure for resolving degenerate cases. 12hrs

Unit - 2
LINEAR PROGRAMMING PROBLEMS: The Concept of duality relation between
primal and dual problems, Big M method two phaséod, dual simplex methodOhrs

Unit- 3
TRANSPORTATION PROBLEM: Formulation of transportation model, Basic feasibl
solution using different methods, Optimality MetBpdJnbalanced transportation problem,
maximization and minimization problems. Degeneraty transportation problems,

Applications of Transportation problems 10hrs
Unit- 4
ASSIGNMENT PROBLEM: Formulation, balanced and unbalanced assignmeiigm-
Hungarian method and penalty cost method, Traye#isdesman problem. 10hrs.
Unit -5

QUEUING THEORY: Queuing system and their characteristics. The N//ueuing
system, Steady state performance analyzing of M/Bystem.

GAME THEORY: Formulation of games, two people-Zero sum gamejegawith and
without saddle point, Graphical solution (2 x nxr& game) and dominance prope@hrs

Text books

1. Taha H. A Operations Research and Introductior. Pearson Education edition

2. S.D. Sharm®perations ResearchKedarnath Ramnath & Co 2002.

References

1. Operation reaseachAM Natarajan, P. Balasubramani , A Tamilaravaaf3en 2005

2. Introduction to operation research Hiller and liberman, Mc Graw Hill.'5edition 2001
3. Operations ResearchPrinciples and practice: Ravindran, Phillips &8lis&wg, Wiley
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India Its, 2?edition 2007.

4. Operation Research Prem Kumar Gupta, D.S. Hira, S Chand Pub,Newi @807

Course QOutcomes

* At the end of the course the students should betabl

» Identify and develop operation research models from theal/ddscription of real life.

* Analysetheproblem usingnathematical tools and simple queue system.

» Describe the model and the solving technique to analyze rdslts and propose
recommendation.

» SolveTransportation and Assignment problem using dfiémethods.

* Explain the game theory with their characteristics and/&ploblems.

Topic Learning Objectives (Unit wise)

Unit |
By the end of the topic, student will be able to
Define linear programming, describe characteristind phase of OR model.
Explain scope of OR and list the limitations of @fdel.
Mathematical formulate L.P. problems
Discuss Simplex algorithm
Define Degeneracy, solve degenerate cases
Describe and solve problem using different method.

Unit Il

By the end of the topic, student will be able to
7. Define duality, concept of duality.
8. lllustrate relation between primal and dual proldem
9. Explain Big M method, two phase method
10. Explain dual simplex method
11. Solve problem using different methods.

Unit 11l
By the end of the topic, student will be able to
12. Define transportation problem
13.Formulate and solve transportation problem
14. Solve Basic feasible solution using different met$ho
15. Calculate maximization and minimization problems
16. Solve problem using different method

Unit IV
By the end of the topic, student will be able to
17.Define assignment problem, compare between trategpmr and LPP
18. Describe Hungarian method
19. Explain penalty cost method and travelling salesprablems
20.Formulate of mathematical model
21. Solve problem using different method

Unit V
By the end of the topic, student will be able to
22.Define queuing theory and list characteristics wéwjng theory
23.Explain Kendall's notation and M/M/1 system
24. Analyze steady state performance of M/M/1 system
25.Define game theory, explain concept of game thaad/describe type of game theory.
26.Define and explain Dominance property
27.Formulate graphical solution for 2 x n, m x 2 game
28. Solve problem using different method

oA LNE
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Review Questions

5t

—

at

1 Explain the main phases of OR.

2 Use the graphical method to solve the following prBblem Maximize Z =
2X1+X5
Subject to, X1+ 2X<10, X3+ X2<6, X1 —X2<2, X1 —2%<1land X%, X,
>0

3 Solve the following LPP using simplex method. Maigen Z = 3% — X, Subject
to 2X + X2<2, Xp + 3% > 3, X <4, X;andX,are positive.

4 Consider the following transportation problem

To
1 2 3 Available
A 7 3 4 2
From B 2 1 3 3
C 3 4 6 5
Requiremen 4 1 5
The shipping clerk has worked out the followingesdhle: Xao = 1, Xa3 = 3, Xc1 =
4, Xcz=1
(1) Check if the above schedule is the optimum one.
(i) If not, find the optimum schedule and cost.

5 An Airline operates 7 days a week and has a tinetsifoown below. Crew mus
have a minimum layover of 5 hrs between flightstaDbthe pairing of flights thg
minimizes layover time away from home assuming thatcrew can be based
either of the 2 cities. The crew will be based la tity that results in small¢
layover.

Delhi — Jaipur Jaipur — Delhi
F&%ht Departure Arrival F&%r_]t Departure| Arrival
1 7.00 AM 8.00 AM 101 8.00 Am| 915 AM
2 8.00 AM 9.00 AM 102 8.30 AM| 9.45 AM
3 1.30 PM 2.30 PM 103 12.00PM 1.5PM
4 6.30 PM 7.30 PM 104 530PM  6.45 PN

6 Explain the Characteristics of Queuing system.

7 Cars arrive at a petrol pump, having one petrd, umiPoisson fashion with an
average of 10 cars per hour. The service timesisibuted exponentially with a
mean of 3 minutes. Find:

(1) Average number of cars in the system

(i) Average waiting time in the queue

(i)  Average queue length

(iv)  The probability that the number of cars in the aysts 2.

8 A small maintenance project consists of the follogyobs. The duration of each
job in days is listed below:

Activity Duration
Jobs| tg | tm t
1-2| 3 5 7
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1-3| 1 2 3
25| 6 8 12
3-4| 8 12 17
4-5| 0 0 0
5-8 | 5 7 9
4-6 | 6 9 12
6-9 | 1 2 3
8-9| 3 6 8
4-7 | 4 6 8
7-10| 8 15 20
9-10| 2 4 6
9 Explain the following terms:
(1) Pure Strategy
(i) Mixed Strategy
(i)  Pay off Matrix
(iv)  Saddle Point
10 Solve the following Game:
Player - B
Y1 Y, Y3
Player - A X, 6 2 3
X2 2 4 8
Lesson Plan
Unit |

1.Introduction: Linear programming, Definition and &h&cteristics, Phases of OR,
2.Scope of Operations Research (O.R), Limitation®RfModels,
3.Mathematical formulation of L.P. Problems and iagl solution,
4.Formulation and Graphical solution,
5.Graphical solution to problems having alternateisohs and no- solutions,
6.Graphical solution for maximization and minimizatiproblems, unbounded solutions.
7.Formulation, simplex method- slack variables, sus@nd artificial variables.
8.Simplex algorithm.
9.Degeneracy, degenerate solutions and non- degersariations.
10. Simplex method for L.P. Problems with no- solutions
11. Simplex method for L.P. Problems with unboundeditsonhs,
12. Simplex method for L.P. Problems with alternataisohs,

Unit 1l
13. Duality, Concept of duality, Relation between priraad dual problems.
14.Writing Dual problem.
15.Big M method,
16.Big M method,
17.Two phase method.
18.Two phase method,
19. Dual simplex method.
20.Dual simplex method.
21.Writing the dual, solving the dual.
22.Interpreting primal and dual solutions.
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Unit Il
23. Transportation Problemnintroduction to Transportation Problem.
24.Basic feasible solution using different methodsM,Q\WC, VAM,
25. Optimality Method: MODI method.
26. Optimality Method: Stepping stone method.
27.Degeneracy in transportation problems and resolving

28.Unbalanced problem.
29. Maximization problem.

30. Formulation of Transportation Problem and solving,

31.Formulating special cases as Transportation Prgblem

32.Formulation of special cases.

Unit IV

33. Assignment Problem: introduction, comparison ofggortation and LPP.

34.Balanced assignment problem- Hungarian method.

35.Unbalanced assignment problem.

36. Penalty cost method, Advantage of penalty cost atgth

37.Formulation and solutions.
38. Formulation and solutions.
39. Formulation of additional cases.
40.Formulation of additional cases.

41.Introduction to Travelling salesman problem andigoh.

42.Problem on Travelling salesman,

Unit V

43.Queuing Theory: Queuing system and their charatiesi kendall’'s notation.

44.The M/M/1 Queuing system,

45, Steady state performance analyzing of M/M/ 1 Sysdechproblems,

46.Problems on Steady state system.

47.Game Theory: introduction to game theory, relatefihdion of game theory.
48.Two people-Zero sum game, games with saddle pgje, of strategies.
49. Games without saddle point, Dominance property.

50. Solving games without saddle point.
51.Formulation of game.
52. Graphical method.

Course Articulation Matrix

Course Outcomes Program Outcomes
1 3[4 5]|6[7]8[9[10(11]12
Identify and develop operation research modqlf Hlu
from the verbal description of real life.
Analyse the problem usingmathematical tool;lvI
and simple queue system.
Describe the model and the solving technique
to analyse the results and propgpse H
recommendation.
Solve Transportation and Assignment problem M
using different methods.
Explain the game theory with their M
characteristics and Solve problems.
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Course Title: Organizational Behaviour

Course Code: P13ME831 | Sem: 08 L —T-P-H: 4:0:0:4 | Cdit: 03

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs Weightae: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14

Prerequisites Course Course of .
NS(I). 2013-14 Regulations 2013-14 Equivalent Course for 2008-09
| Code Title Code Title Code Title
1 P13MES31 Organlsz_atlonal POSMES31 Organlsz_atlonal
2 Behaviour Behaviour

Course objective:The course aims at understanding the behavioundofidual, groups, and
structure of the organisations.

Course Content
Unit—1

INTRODUCTION: Definition of Organizational Behaviouand Historical development,
Environmental context (Information Technology antbl§alization, Diversity and Ethics,
Organisational culture, Reward Systems).
THE INDIVIDUAL: Foundations of individual behaviopAbility.
LEARNING: Definition, Theories of Learning, Indivichl Decision Making, classical
conditioning, operant conditioning, social learnitigeory, continuous and intermittent
reinforcement 10 hrs

Unit- 2
VALUES, ATTITUDES: Definition, values, attitudes:ypes of values, job satisfaction, job
involvement, professional Ethics, Organizationalmaouitment, cognitive dissonance.
Personality and its traits. 11 hrs

Unit -3
MOTIVATION: Maslow’s Hierarchy of Needs, Mc-Gregaritheory X and Y, Herzberg’s
motivation Hygiene theory, David Me-Cleland theargeds, Goal-setting theory, Victor
vroom s expectancy theory of motivation. 10 hrs

Unit - 4
THE GROUPS: Definition and classification of groupactors affecting
group formation, stages of group development, Notdasvthorne studies, group processes,
group tasks, group decision making and group datisiaking techniques. 11 hrs

Unit -5
PERCEPTION: Definition, Factors influencing pergept attribution theory, selective
perception, projection, stereotyping, Halo effect.
CONFLICT MANAGEMENT: Definition of conflict, funcnal and dysfunctional conflict,
stages of conflict process.
LEADERSHIP: Definition, Behavioural theories Blakend Mounton managerial grid,
Contingency theories Hersey Blanchard’s situatioimabry, Leadership styles characteristics,
Transactional, transformation leaders. 10 hrs
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Text books
1. Stephen P Robbins, TIMOTHY A . JUDGEDfganizational Behaviour” , Pearson
Education Publications ,17th Edition, ISBN:9780133983
2. Fred Luthans, Organizational Behaviour’, Mc Graw Hill International Edition,
12th Edition ,2010, ISBN:9780073530352
References
3. John W Newstrom, Keith DavisOrganizational Behaviour (Human behaviour at
work)” Mc graw hill higher education,lnew Edition,2003,
ISBN:97800701110488
4. Paul Henry and Kenneth.H. Blanchari¥@nagement of Orgnizational
Behaviour”,
pearson publication, f0edition, 2012, ISBN:9780132556408 .

Course Outcomes
At the end of the course the students should ke=tabl
Define andRecogniseOrganizational Behaviour.
Describevarious theories of Learning.
Analysedifferent theories of Motivation.
Identify Factors affecting group formation, and stagesrotfig development
Judge and Solveconflicts in organizations.

agrwnE

Topic Learning Objectives (Unit wise)
Unit |
By the end of the topic, student will be able to
1. Define Organizational Behaviour and GlobalizatiDiyersity and Ethics.
2. Analyse individual behaviour, Ability.
3. Compare different theories of Learning.
4. Apply continuous and intermittent reinforcement.
Unit Il
By the end of the topic, student will be able to
5. Define values, and attitudes.
6. Classify types of values
7. Analyse job satisfaction, job involvement, and pesiional Ethics.
8. ldentify Personality and its traits.
Unit Il
By the end of the topic, student will be able to
9. Define motivation.
10. State various theories of motivation.
11.Use various theories of motivation.
12.Compare different theories of motivation.
Unit IV
By the end of the topic, student will be able to
13. Define groups, and norms.
14. List factors affecting group formation.
15. Identify stages of group development.
16. Analyse Hawthorne studies.
17.1dentify group tasks, and group decision makingntégues.
Unit V
By the end of the topic, student will be able to
18. Define perception, conflict, and leadership.
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19.Name factors influencing perception.

20. Analyse selective perception, projection, stereiotypand Halo effect.
21.Explain functional and dysfunctional conflict, asiges of conflict process.
22.Analyse various behavioural theories.

Review Questions
Define Organizational Behaviour.
Compare different theories of Learning.
Classify types of values.
. Analyse job satisfaction, and job involvement.
5.List Personality traits.
6.Define motivation.
7. State various theories of motivation.
8. Compare different theories of motivation
9.Analyse Hawthorne studies.
10. Explain functional and dysfunctional conflict, asidhges of conflict process.

PowbdPE

Lesson Plan
Unit |

1. Introduction to Organizational Behaviour and Higtal Development.
2. Environmental context :Information Technology and
3. Globalization, Diversity and Ethics
4.0rganizational Culture, Reward Systems.
5.Foundations of individual behaviour.
6.Ability
7.Theories of Learning
8.Theories of Learning
9.Individual Decision Making
10. Social learning theory.
11.Continuous and intermittent reinforcement

Unit 1l
12.VALUES, ATTITUDES: Introduction, values, and attikes.
13.Types of values.
14.Job satisfaction.
15.Job involvement.

16. Professional Ethics.
17.0Organizational commitment.
18. Organizational commitment.
19. Cognitive dissonance.
20.Personality and its traits.
21.Personality and its traits.
22.Personality and its traits.

Unit 11l
23.Introduction to needs, and motivation
24.Introduction to theories of needs and motivation
25.Maslow’s Hierarchy of Needs.
26.Mc-Gregor’s theory X and Y.
27.Herzberg’'s motivation Hygiene theory.
28.Herzberg’'s motivation Hygiene theory.
29.David Me-Cleland theory needs.
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30. Goal-setting theory.
31.Victor vroom s expectancy theory of motivation
32.Victor vroom s expectancy theory of motivation
Unit IV
33.Introduction to groups.
34. Classification of groups.
35. Factors affecting group formation.
36. Stages of group development.
37.Group Norms.
38.Hawthorne studies.
39. Group processes.
40.Group tasks.
41.Group decision making.
42.Group decision making techniques.
43.Group decision making techniques.
Unit V
44. Introduction.
45. Factors influencing perception, attribution theory.
46. Selective perception.
47.Projection, stereotyping, Halo effect.
48. Introduction to conflict management
49. Functional and dysfunctional conflict, stages aifftiot process.
50. Introduction to leadership.
51.Behavioural theories, Blake and Mounton manageridl
52.Contingency theories Hersey Blanchard’s situatiomebry.
53.Leadership styles characteristics, Transactiorastormation leaders.

Course Articulation Matrix

Program Outcomes

Course Outcomes

112(3| 4| 5| 6 78[9[10(11]12
Define and Recognisi Organizationa M
Behaviour.
Describe various theories of Learning. M
Analysedifferent theories of Motivation. L | H

Identify Factors affecting group formatio
and stages of group development

=

Judge and Solveconflicts in organizations. H
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Course Title: Foundry & Welding Technology

Course Code: P13ME832 | Sem: 08 L —T-P-H: 4:0:0:4 | Cdit: 03

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14

g| Prerequisites Course Course of Equivalent Course for
NO’ 2013-14 Regulations 2013-14 2008-09
' Code Title Code Title Code Title
Material
1 | P13ME32 Science And Foundry & Foundr
Metallurgy P13ME832] Welding POSBMES832 y
Manufacturing Technology Technology
2 | PA3ME34
processes - |

Course objective: The course aims at understanding and strengthekmogvledge of
advancements in Foundry and welding technologyh® dtudents by exposing them to
different Foundry and welding techniques that amamonly used in industries.

Course Content
Unit—1

SOLIDIFICATION OF CASTINGS: Introduction- concept of solidification of metals-
solidification of pure metals- nucleation, homogaue or self nucleation, heterogeneous
nucleation- growth- solidification of alloys, alleg metal characteristics, main types of
alloys, solid solution alloys, their characteristiand solidification, phase diagram, coring or
segregation, types of segregation, solute disiohut solidification phenomenon and grain
structure, mechanism of dendrite, formation andddengrowth- solidification rate, time and
chvorinov’s rule- progressive, directional soliddtion and control of solidification to obtain
sound castings.
METALLURGY OF CAST STEEL : Composition, structure, control of properties,
macrostructure, microstructure, inclusions, Heatatinent, annealing, normalizing, stress
relief anneal, liquid quench and temper. Alloy Eeeneasurement of hardenability and its
significance, production heat treating, 10 Hrs

Unit- 2
PRINCIPLES OF GATING : Gating System- Requirements, purposes of funstmithe
gating system- pouring cups and basins- spruergsg#heir characteristics and different
types- design of gating system, objectives achidk@ud good design, defects occurring due
to improper design of gating system, turbulencegating system, metal flow rate and
velocity calculations, design criteria for pouribgsin, design of sprue, pouring time, design
of runner and gates, pressurized and unpressugagdg system, streamlining the gating
system, practical rules for gating practice, eliation of slag and dross for copper, ferrous
and light metal alloys.
PRINCIPLES OF RISERING : Introduction- Functions of a riser- types of risepen and
blind risers- Riser and Directional solidificatiomcreasing riser efficiency and promoting
directional solidification, insulating materialsxathermic materials, chills, padding etc. —
Feeder Head ( or riser system) Design, generalciptes, riser shape, riser size,
Chvorinove’s rule, riser location and riser feeddigtance- Risering practice for alloys- Heat
loss from risers 10 Hrs
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Unit -3
CASTING DESIGN CONSIDERATIONS: functional design, mechanical strength,
dimensional design factors, simplification of fowypdpractice, molding and coring,
elimination of coring, metallurgical design,
SHAKEOUT/ CLEANING/ FINISHING: shakeout- modern developments, punchout
machines, shakeout tables and decks, high frequesm@akeouts, vibrating shakeout
conveyors, rotary separators, robots and manipslatofettling(cleaning) and finishing of
castings- removal of cores- cleaning of castingsasas, hand methods and mechanical
methods,- blast cleaning- process control- blastrihg abrasives- air blasting- mechanical
blast cleaning (wheelabrator system)- hydroblastisgfety considerations when blast
cleaning nonferrous casting, chemical cleaning,onaahof gates and riser- removal of fins
and other unwanted projections from castings- liinig of castings- grinding castings, robots
for grinding, manipulators, trim dies, abrasiveguots- surface treatment of castings.

10 Hrs

Unit - 4
WELDING PROCESSES: Classification of Welding and allied processes, cast weld
processes: Thermit welding, Electroslag weldings And Flame welding processes: Seam
welding & Arc spot welding processes, Resistanckliwg processes: Spot welding, Seam
welding, Zonal welding processes, Solid state vmgjgirocesses: High heat input and Low
heat input processes, Allied processes: Materiairjg processes, Thermal cutting processes,
Modes of Welding: manual welding, semiautomaticdied, automatic welding, automated
welding(flexible welding system), positions in wiglg.
CRACKS IN WELDING: introduction, classifications in weld cracks, HodaCold cracks,
Nomenclature, Location & Orientation of weld crackéeld metal cracks, Base metal cracks,
Factors contribution to weld Cracking, Specific dvetacks: Chevron cracks, lamellar cracks,
reheat cracking, stress corrosion cracking 11 Hrs

Unit -5
OTHER DEFECTS IN WELDING: Classification of weld defects, General sources of
weld defects, Arc welding defects: surface or Misdafects, subsurface weld defects,
Acceptance levels of arc welding defects, Weld dsfen other arc welding processes:
Resistance welding defects, defects in frictiondive), defects in welds of other welding
processes.
WELD INSPECTION AND QUALITY CONTROL: Introduction, visual inspection and
measurement: equipment, visual inspection, Destitests, Non-Destructive tests(NDT):
liquid penetrate testing, magnetic particle testiegdy current testing, magnetographic test,
radiographic testing, ultrasonic testing, acousrission testing, comparison of NDT
methods, Pressure and Leak testing: kerosendhjestystatic pressure testing, air pressure or
pneumatic testing, vacuum testing, halide testiejum test. 11 Hrs

Text books

1. CARL R Loper & PHILIP C Rosenthal, Richard W Heif\Brinciple of metal casting”
TMH-2001, ISBN-13:9780070993488

2. P.L.Jain, Principle at Foundry Technology”, MH education (India) Itd., %edition
2009, ISBN-13:9780070151291.

3. Dr R S Parmar,Welding Engineering and Technology” Khanna publications,"2
edition, 2004, ISBN-13:9788174090287

References

1. John CampbeltCasting”, Butterworth heinnmann,"2 edition, 2004, ISBN-
13:9780750647915
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2. P.N.Rao, Manufacturing technology Foundry, forming and welding”, McGraw Hill ,
4™ edition volume 1, 2013,ISBN: 9789383286614

3. Dr. K. Radha Krishna,Manufacturing processl”, Sapna Book House, Bangalore. 5th
Edition.2006, ISBN:8128002074

Course Outcomes

At the end of the course the students should keetabl

1. Explain concept of solidification of metals- solidificatioof pure metals- nucleation,
homogeneous or self nucleation, heterogeneous atigrle growth- solidification of
alloys

2. Describe gating System- Requirements, purposes of functiminghe gating system-
pouring cups and basins- spruers- gates, theiactarstics and different types- design of
gating system, objectives achieved from good deslgfects occurring due to improper
design of gating system

3. Explain shakeout- modern developments, punchout machihakesut tables and decks,
high frequency shakeouts, vibrating shakeout coorggyrotary separators, robots and
manipulators, - fettling(cleaning) and finishing a#stings- removal of cores- cleaning of
castings surfaces, hand methods and mechanicabdseth

4. Describe classification of Welding and allied processes, cast weld proceSdesmit
welding, Electroslag welding, Arc and Flame weldimgcesses: Seam welding & Arc
spot welding processes, Resistance welding proses&mt welding, Seam welding,
Zonal welding processes

5. DiscusWeld defects in other arc welding processes: Resist welding defects, defects
in friction welding, defects in welds of other wigld processesExplain , Non-
Destructive tests(NDT): liquid penetrate testingagmetic particle testing, eddy current
testing, magnetographic test, radiographic testing

Topic Learning Objectives (Unit wise)
Unit |

By the end of the topic, student will be able to

1. Understand concept of solidification of metals- solidificatiof pure metals- nucleation,
homogeneous or self nucleation, heterogeneousatiarie

2. Analyse phase diagram, coring or segregation, types akegagon, solute distribution, -
solidification phenomenon and grain structure

3. Understand formation and dendrite growth- solidification ratame and chvorinov’s
rule- progressive,

4. Designdirectional solidification and control of solids&tion to obtain sound
castings.

5. Understand Heat- treatment, annealing, normalizing, stregefrahneal, liquid quench
and temper. Alloy steels, measurement of hardehabil

Unit Il

By the end of the topic, student will be able to

1. Understand Gating System- Requirements, purposes of functadribe gating system-
pouring cups and basins- spruers- gates, theiactarstics and different types- design of
gating system.

2. Analyse objectives achieved from good design, defects micudue to improper design
of gating system, turbulence in gating system, hileta rate and velocity calculations

3. Explain design criteria for pouring basin, design of spp@jring time
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Unit Il
By the end of the topic, student will be able to
1. Explain functional design, mechanical strength, dimendiodasign factors,
simplification of foundry practice
2. Discus shakeout- modern developments, punchout machsteskeout tables and
decks, high frequency shakeouts, vibrating shakemueyors, rotary separators
3. Describecleaning of castings surfaces, hand methods awtianecal methods,- blast
cleaning- process control- blast cleaning abrasives
4. Understand chemical cleaning, removal of gates and riser- rehof fins and other
unwanted projections from castings- finishing ofteags- grinding castings

Unit IV
By the end of the topic, student will be able to
1. Understand classification of Welding and allied processes, cast weld processes:
Thermit welding, Electroslag welding, Arc and Flamelding processes: Seam
welding & Arc spot welding processes,
2. Describeresistance welding processes: Spot welding, Sealding, Zonal welding
processes, Solid state welding processes.
3. Explain classifications in weld cracks, Hot and Cold cegd#omenclature, Location
& Orientation of weld cracks: Weld metal cracks,
4. Discusbase metal cracks, Factors contribution to wekktking, Specific weld
cracks: Chevron cracks, lamellar cracks, reheakang, stress corrosion cracking

Unit VvV
By the end of the topic, student will be able to

1. Explain classification of weld defects, General sourceweld defects, Arc welding
defects: surface or visual defects, subsurface defects

2. Discus acceptance levels of arc welding defects, Wel@asfin other arc welding
processes: Resistance welding defects, defectgtioh welding, defects in welds of
other welding processes.

3. Describe Visual inspection and measurement, Non-Destructests(NDT): liquid
penetrate testing, magnetic particle testing, exdyent testing, magnetographic test,
radiographic testing, ultrasonic testing, acoustigssion testing

4. Understand Comparison of NDT methods, Pressure and Leakntgstierosene test,
hydrostatic pressure testing, air pressure or pagéartesting

5. Explain Vacuum testing, halide testing, helium test.

Review Questions
Explain concept of solidification of metals
Explain nucleation with homogeneous and heterogemogleation
Explain dendritic growth
Explain progressive, directional solidification aodntrol of solidification to obtain
sound casting.
5.Explain modern developments in stakeout of castings
6.Explain different methods which are available fmoving feeding and gating systems
7. Give broad classification of welding and allied geeses.
8. With a neat diagram explain thermit welding process
9.With a neat diagram explain Arc and flame weldinggess
10.With a neat diagram explain shielded metal arc imglgrocess
11.Explain hot cracks and cold cracks

PwbdPE
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o gk

B oo~

11.

12.

13.

14.

15.

16.
17.

18.

19.
20.

21.

22.

23.

12.Explain defects in arc welding process
13.Explain any two NDT methods for Welding
14.Explain any two Pressure and Leak testing methoagiding

Lesson Plan
Unit |

Solidification of castingsintroduction-concept of solidification of metals- solidification
of pure metals
Nucleation, homogeneous or self nucleation, het#regus nucleation- growth-
solidification of alloys, alloyed metal charactéids
Main types of alloys, solid solution alloys, thelraracteristics, and solidification, phase
diagram, coring or segregation
Types of segregation, solute distribution, - séitdtion phenomenon and grain structure
mechanism of dendrite, formation and dendrite gnewoblidification rate
Time and chvorinov’s rule- progressive, directiorsdlidification and control of
solidification to obtain sound castings.
Metallurgy of cast steel: Composition, structum@ntcol of properties,
macrostructure, microstructure, inclusions, Haaatment, annealing, normalizing,
Stress relief anneal, liquid quench and tempenAditeels,
measurement of hardenability and its significapceduction heat treating

Unit Il
Principles of gating: Gating System- Requiremeptsposes of functions of the gating
system- pouring cups and basins
Spruers- gates, their characteristics and diffetypes- design of gating system,
objectives achieved from good design, defects ocaurdue to improper design of
gating system
Turbulence in gating system, metal flow rate andaity calculations, design criteria for
pouring basin, design of sprue
Pouring time, design of runner and gates, presstdirand unpressurized gating system,
streamlining the gating system
Practical rules for gating practice, eliminationstdig and dross for copper, ferrous and
light metal alloys.
Principles of risering: Introduction- Functionsaofiser- types of riser,
Open and blind risers- Riser and Directional sbtdtion- increasing riser efficiency
and promoting directional solidification
Insulating materials, exothermic materials, chipladding etc. —Feeder Head ( or riser
system) Design
General principles, riser shape, riser size, Cimowe’s rule
Riser location and riser feeding distance- Risepragtice for alloys- Heat loss from
risers

Unit 11l
Casting design considerations: functional desigrechmanical strength, dimensional
design factors
Simplification of foundry practice, molding and g¢uay,elimination of coring,
metallurgical design
Shakeout/ cleaning/ finishinghakeout- modern developments, punchout machines,
shakeout tables and decks
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24,

25.
26.

27.

28.

29.
30.

31.

32.

33.
34.

35.
36.
37.
38.
39.
40.
41.

42.
43.

44,

45.
46.
47.
48.
49.
50.
51.
52.

53.

High frequency shakeouts, vibrating shakeout coorgyotary separators, robots and
manipulators, - fettling(cleaning) and finishingaafstings

Removal of cores- cleaning of castings surfacesd maethods and mechanical methods
Blast cleaning- process control- blast cleaningsives- air blasting- mechanical blast
cleaning (wheelabrator system)

Hydroblasting- safety considerations when blastrieg nonferrous casting, chemical
cleaning

Removal of gates and riser- removal of fins aneotinwanted projections from
castings

finishing of castings- grinding castings, robots goinding, manipulators, trim dies,
Abrasive products- surface treatment of castings

Unit IV
Welding & welding processes: Classification 0felding and allied processes, cast weld
processes: Thermit welding,
Electroslag welding, Arc and Flame welding processeeam welding & Arc spot
welding processes,
Resistance welding processes: Spot welding, Seddinge
Zonal welding processes, Solid state welding preessHigh heat input and Low heat
input processes,
Allied processes: Material joining processes, Tharoatting processes,
Modes of Welding: manual welding, semiautomaticdied,
Automatic welding, automated welding (flexible wielgl system), positions in welding.
Cracks in weldingintroduction, classifications in weld cracks, HatlaCold cracks
Nomenclature, Location & Orientation of weld crac®geld metal cracks
Base metal cracks, Factors contribution to weldcKirey
Specific weld cracks: Chevron cracks, lamellar ksaceheat cracking, stress corrosion
cracking

Unit V
Weld defectsClassification of weld defects, General sources@fl defects
Arc welding defects: surface or visual defects,ssutace weld defects, Acceptance
levels of arc welding defects
Weld defects in other arc welding processes: Rawuist welding defects, defects in
friction welding
Defects in welds of other welding processes.
Weld inspection and quality contrdhtroduction, visual inspection and measurement
Equipment, visual inspection, Destructive tests,
Non-Destructive tests(NDT): liquid penetrate tegtin
Magnetic particle testing, eddy current testing
Magnetographic test, radiographic testing,
Ultrasonic testing, acoustic emission testing,
Comparison of NDT methods, Pressure and Leak tgdterosene test, hydrostatic
pressure testing
Air pressure or pneumatic testing, vacuum testagjde testing, helium test.
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Course Articulation Matrix

Course Outcomes

Program Outcomes

3

41 5| 6] 7 8

9

1P11 (12

Explain Oxidation of liquid metals, gas

dissolution in liquid metals, methods

of

degassing, fluidity, factors affectingd-

fluidity, fluidity tests, hot tearing]

shrinkage of liquid and metals

Describe Structure of castings

significance and practical control cast

structure, grain shape and orientati
grain size, refinement and modification
cast structure

DN,
of

Explain Need for risering, general

considerations of risering, riser shapes,

riser size and location. Requirements

of

riser. Sand, insulation, and exothermic

materials used for risers

Describe Classification of Welding and

allied processes, cast weld processes:

Thermit welding, Electroslag welding, A

[C

and Flame welding processes: Sdam

welding & Arc spot welding processss,

Resistance welding processes: Spot

welding, Seam welding, Zonal welding

processes

Discus Weld defects in other arc welding

processes. Resistance welding defdcts,

defects in friction welding, defects
welds of other welding processé&xplain

, Non-Destructive tests(NDT): quuiF
ng,

penetrate testing, magnetic particle test
eddy current testing, magneto graphic t
radiographic testing

n
H

PSt,
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Eighth Semester

Course Title: Renewable Energy Sources

Course Code: P13MES833 Sem: 08 L —T-P-H: 4:0:0:4 Cdhit: 03

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14
- Course of Equivalent Course for
I\?(I). Prerequisites Course 2015-16 Regulations 2015-16 2013-14
"| Code Title Code Title Code Title
1 | P13MES3| Turbomachines RENEWABLE ConI:I/(e)zt-ional
> | P13ME42 Applied P13ME833] ENERGY | POBMES835 Ener
Thermodynamics SOURCES Sourgz

Course objective: The course aims at strengthening the design dépesbof the students by
exposing them to the design of different mechanaaments that are commonly used in
machines.
Course Content

Unit- 1
INTRODUCTION: Energy source, India’s production and reservesonfroercial energy
sources, need for non-conventional energy sousmar, photovoltaic, water power, wind,
bio-mass, ocean temperature difference, tidal amdews; geothermal (Qualitative and
Quantitative).
SOLAR RADIATION: Extra-terrestrial radiation, spectral distributioh extra-terrestrial
radiation, solar constant, solar radiation at thehes surface, beam and global radiation,
solar radiation data 9hrs

Unit- 2
SOLAR RADIATION MEASUREMENT: Pyranometer, shading ring, Pyrheliometer,
sunshine recorder, schematic diagrams and prirscgdlevorking. (no numericals)
SOLAR RADIATION GEOMETRY: Flux on a plane surface, latitude, declination angl
surface azimuth angle, hour angle, zenith angley sdtitude angle, expression for the angle
between the incident beam and the normal to a @arface (No derivation) local apparent
motion of sun, day length and numerical examples. 10hrs

Unit -3
SOLAR THERMAL CONVERSION: Collection and storage, thermal collection devices,
liquid flat plate collectors, solar air heaters centrating collectors (cylindrical, parabolic,
paraboloid), sensible heat storage, latent heahgto application of solar energy water
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heating. Solar heating and cooling, active and ipassystems, power generation,
refrigeration. Distillation, solar pond, principbé working, operational problems.
GEOTHERMAL ENERGY CONVERSION: Principle of working, types of geothermal
station with schematic diagram, geothermal plantshe world, problems associated with
geothermal conversion, scope of geothermal energy. 1lhrs

Unit - 4
WIND ENERGY: Availability of wind energy in India, wind velocitgnd power from wind,
major problems associated with wind power, wind nivaes: Types of wind machines and
their characteristics, horizontal and vertical axiad mills, coefficient of performance of a
wind mill rotor.
TIDAL POWER: Tides and waves as energy suppliers and their mashdarnessing tidal
energy, limitations.
OCEAN THERMAL ENERGY CONVERSION: Principle of working, Rankine cycle,
problems associated with OTEC. 10hrs

Unit -5
ENERGY FROM BIO MASS: Photosynthesis, photosynthetic oxygen productioergy
plantation, bio gas production from organic wastes@naerobic fermentation, description of
bio-gas plants, problems involved with bio-gas picin, application of bio-gas in engines,
advantages.
HYDROGEN ENERGY :properties of Hydrogen with respect to its utilieat as a
renewable form of energy sources, production ofrbgen, electrolysis of water, thermal
decomposition of water, thermo chemical productiod bio-chemical productid®hrs.

Text books

1. G.D Rai K, ‘Non conventional energy sourcés Khanna publishers.2004,
ISBN:9788174090737
2. Subhas P.Sukhatme, J K Nayal§otar energy, Tata Mc Graw Hill,India %
Edition. 2009, ISBN: 9780070142961
References
1. N.K.Bansal, Manfred Kleeman and Mechael meliferiewable energy sources
and conversion technology; Tata Mcgraw Hill, 2001. ISBN:9780074600238
John W.Twidell, Tony Weir,Renewable energy resourcés Routledge, # edition, 2014,

ISBN:9780415633581
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Course Outcomes
At the end of the course the students should ke=tabl

1. Identify production and reserves of commercial energy ssurcéndia ancEvaluate
the availability of solar radiation.

2. Analyse solar energy with the help of solar radiation meaguinstruments and
Explain the angles related to solar radiation geometry.

3. Analyse and design solar collectors for harnessing solar enerdyiscuss
characteristics of geothermal energy.

4. Explain different types of wind mills and their designrmiples.Compute
coefficient of performance of wind milDiscuss characteristicof tidal energy,
ocean thermal energy.

5. Discuss characteristicoof biomass energy aridescribethe methods of production
of hydrogen for utilization as a renewable formsufurce of energy.

Topic Learning Objectives (Unit wise)
Unit |
By the end of the topic, student will be able t@kn
1. Current energy reserves in India.
2. Need for Non-conventional energy source.
3. Harnessing Solar energy.
4. Spectral distribution of extra-terrestrial radiatio
5. Solar radiation and Solar radiation data at théh&sasurface.
Unit 1l
By the end of the topic, student will be able t@kn
6. Solar radiation measuring instruments.
7. Principle and working of Pyranometer, Pyrheliomeiied shading ring.
8. Declination angle, surface azimuth angle, hour@mzgnith angle.
9. Sun apparent angle between the incident beam anubtimal to a plane surface.
Unit Il
By the end of the topic, student will be able to
10.Thermal collection devices like Liquid flat platellectors, Solar air heaters.
11.Thermal electric conversion by Solar pond.
12. Principle of working of Geothermal energy convenmsio
13.Problems associated with geothermal conversiomesobgeothermal energy.
Unit IV
By the end of the topic, student will be able to
1. Availability of wind energy in India, types of windachines.
2. Coefficient of performance of a wind mill rotor.
3. Tidal power and their mechanics, harnessing tidatgy.
4. Principle of working obcean thermal energy conversion.
Unit V
By the end of the topic, student will be able to
1. Bio gas production from organic wastes by anaerfasimentation.
2. Problems involved with bio-gas production, appimatof bio-gas in engines.
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3. Properties of Hydrogen and its utilization as aeweable form of energy sources.
4. Thermo chemical production and bio-chemical proiduct

Review Questions

1. Write a descriptive note on the current energy aerof conventional and non-
conventional energy sources with respect to In@antext.

2. Compare Renewable and Non-Renewable energy sawittetheir advantages and
limitations.

3. With a neat sketch, explain spectral distributibexira terrestrial radiation.

4. Describe the principle of energy conversion inaa fllate collector. With a neat
labelled diagram discuss the function of each campbof liquid flat plate collector.

5. With the help of neat diagram, explain the angétsted to solar radiation geometry.

6. Explain sensible heat and latent heat storagetivttapplications of solar water

heating.

7. With a neat diagram, explain the working principfesolar pond for the electricity
generation.

8. With a neat labelled diagram, explain the workimggple of horizontal axis wind
machine.

9. Write down the elementary principles and derivedbefficient of performance of a
wind mill rotor.

10. Explain the method of harnessing tidal energy usiiegdouble basin system.

11.With a neat sketch, explain Rankine cycle OTEC tpdanal discuss the problem
associated with OTEC.

12. Differentiate Biomass and Biogas. Explain the pplecof a KVIC biogas digester
with a neat sketch.

13. Explain the production of hydrogen by thermal deposition of water.

14.Why hydrogen is more versatile than fossil fuels&teSmerits and demerits of
hydrogen energy.

Lesson Plan
Unit |
1.Introduction to energy source in India.
2.India’s production and reserves of commercial epsayrces.
3.Need for non-conventional energy sources.
4.Energy sources like solar, photovoltaic, water powe
5.Energy sources like wind, bio-mass, ocean tempexaifference.
6.Energy sources like tidal and waves, geothermal.
7.Spectral distribution of extra-terrestrial radiatio
8.Solar radiation at the earth’s surface.
9.Beam and global radiation
10. Solar radiation data
Unit Il

11.Schematic diagram and principle of working of Pyraueter, Pyrheliometer
12.Schematic diagram and principle of working of shgding, , sunshine recorder.
13. Solar radiation geometry flux on a plane surface.
14.Latitude, Declination angle, Solar azimuth angle.
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15.Hour angle, zenith angle, solar altitude angle.
16. Expression for angle between the incident beannanahal to a plane surface.
17.Local apparent motion of sun, day length.
18.Numerical problems of the above topics.

Unit [
19. Introduction to solar radiation collectors.
20.Liquid flat plate collectors, solar air heaters.
21.Concentrating collectors (cylindrical, parabolieraboloid).
22.Sensible heat storage, latent heat storage.
23. Application of solar energy water heating, Solaativey and cooling of buildings.
24. Active and passive systems, Solar power generaidrngeration.
25. Principle and working of Solar distillation, sojawnd and Operational problems.
26. Introduction to Geothermal energy and geothernaaitgslin the world.
27.Principle of working of geothermal energy convensio
28.Problems associated with geothermal conversion.

Unit IV
29. Introduction to wind energy and availability of wienergy in India.
30.Wind velocity and power from wind.
31.Major problems associated with wind power, wind haes.
32.Types of wind machines and their characteristics.
33.Horizontal and vertical axis wind mills.
34. Coefficient of performance of a wind mill rotor.
35. Introduction to Tides and waves as energy suppdirdstheir mechanics.
36.Harnessing tidal energy and problem associateditvith
37.Principle of working of ocean thermal energy cosuan.
38.Problems associated with OTEC.

Unit V

39. Introduction to Photosynthesis and biomass.
40.Photosynthetic oxygen production, energy plantation
41.Bio gas production from organic wastes by anaerfdrimentation.
42.Description of bio-gas plants, , application of-g@s in engines.
43. Advantages, problems involved with bio-gas produrcti
44.Introduction to Hydrogen energy.
45. Properties of Hydrogen with respect to its utiliaatas a renewable energy source.
46.Production of hydrogen, electrolysis of water.
47.Thermal decomposition of water.
48.Thermo chemical production and bio-chemical proiduct
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Course Articulation Matrix

Program Outcomes

Course Outcomes

4

5

6

7

8

9

10

11|12

Identify production and reserves
commercial energy sources in India g
Evaluate the availability of sola
radiation.

Analyse solar energy with the help (
solar radiation measuring instrume

and Explain the angles related to solar

radiation geometry.

Analyse and desigr solar collectors fof

harnessing solar energy. Discuss
characteristics of geothermal energy.

ML

Explain different types of wind mills an
their design principles<Compute
coefficient of performance of wind mill.
Discuss characteristicof tidal energy,
ocean thermal energy.

HL

HL

Discuss characteristic of biomass
energy andescribethe methods of
production of hydrogen for utilization a
a renewable form of source of energy.

H

H
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Course Title: Computational Fluid Dynamics

Course Code: P13ME834 | Sem: 08 L —T-P-H: 4:0:0:4 | Cdit: 03

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs Weightae: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14
. Course of Equivalent Course for
NO. Prerequisites Course 2013-14 Regulations 2013-14 2008-09
' Code Title Code Title Code Title
Engg.
P13ME31 Mathematics-1lI Computationa Computationa
P13MEA45| Fluid Mechanics | P13ME834 Fluid PO8BME836 Fluid
P13ME63 Heat and Mass Dynamics Dynamics
Transfer

Course objective: This course will prepare students in the fundaalerdf the computational
approach to study fluid flow and heat transfer peois, and will provide a deeper
understanding of the physical models and goveramgations of fluid dynamics. It will also
impart the knowledge of numerical techniques to gbkition of fluid dynamics and heat
transfer problems.

Course Content
Unit—1

GOVERNING EQUATIONS:
Basics of computational fluid dynamics, Comparisoih experimental, theoretical and
computational approaches, 3-D general mass corissryenomentum and energy equations
in differential form, integral form and vector regentation (no derivations) Cartesian and
curvilinear co-ordinates. Forms of the governingapns particularly suited for CFD work:
Generic form of equations. 12 Hrs
Unit- 2
PARTIAL DIFFERENTIAL EQUATIONS (PDE):
Classification of PDE - physical & mathematical sddication of PDE - equilibrium
problems, marching problems, Cramer rule and Eixpdoe method, hyperbolic, parabolic
and elliptic forms of equations and their physioahavior. Physical boundary conditions.
09 Hrs
Unit -3
FINITE DIFFERENCE METHOD:
Derivation of finite difference equations for firsind second order accuracy,- different
numerical schemes —Explicit and Implicit approachupwind, downwind, FTCS, etc.,
truncation error, Round-off and discretization esro and analysis of stability, Error
propagation, Stability properties of Explicit andgdlicit methods, numerical dissipation and
numerical dispersion. Application of numerical hts to selected model Equation¥ave
equation, Heat equation, Laplace equation 11 Hrs
Unit - 4
FINITE VOLUME METHOD FOR DIFFUSION :
Finite volume formulation of steady state One digienal diffusion problems. simple
problem solving, Finite volume methods for diffusiequation.
One dimensional unsteady heat conduction througbli¢ty Crank — Nicolson and fully
implicit 10 Hrs
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Unit -5

FINITE VOLUME METHOD FOR CONVECTION - DIFFUSION

Finite volume formulation of steady state One disenal convection-diffusion problems —
Central, upwind, Hybrid, Power-law, QUICK differeng schemes. properties of
discretization schemes — Conservativeness, Bouredsdnlrasnportiveness, 10 Hrs

Text books

1.

John c. tannehill, Dule A Anderson, Richard H Pleich*Computational fluid
mechanics and Heat transfer”,CRC press, 3rd edition, April 15, 2011, ISBN-13:
9781591690375

2. Suhas.V Patankar Numerical Heat Transfer and Fluid Flow’, CRC Press
1980,ISBN-13:9780891165224

3. Versteeg, H.K., and Malalasekera, WAN" Introduction to Computational Fluid
DynamicsThe finite volume Method’, Pearson, 2P edition, 2007. ISBN-
13:9780131274983

References

1. T.J. Chung, Computational Fluid Dynamics”, Cambridge University Press, "2
edition, 2010, ISBN-13:9780521769693

2. John D.Anderson, Jr.“Computational fluid Dynamics- The basics with
applications” McGraw-Hill, Inc.1995, ISBN-13:9780070016859

3. Muralidhar, K., and Sundararajan, TCdmputationsl Fluid Flow and Heat

Transfer”, Narosa Publishing House, New Delhi™ition, 2009, , ISBN-
13:9788173195228.

Course Outcomes

At the end of the course the students should betabl

1.
2.
3.
4.

5.

Apply the differential equations governing fluid flow aheat transfer .

Classify andunderstand behaviour of partial differential equations

Understand and developfinite difference discretizations schemes and enpnt

them to solve engineering problems

Understand the importance and implications of analytical issueonsistency,
stability, convergence, error analysis.

Understand and developfinite volume discretization schemes and implentkam

to solve engineering problems

Topic Learning Objectives (Unitwise)
Unit |

By the end of the topic, student will be able to

agrwnE

Compare traditional and computational approacbeariderstanding fluid motion

Identify the main elements involved in a compleeDCanalysis

Exemplify the need that arose to the developmenbofputational fluid dynamics

Differentiate between conservation and non consiervéorm of equations

Write down the continuity, Navier Stokes and eneggyations in different forms
Unit Il

By the end of the topic, student will be able to

(o2}

7.
8.
9.

Give the classification of main categories of PDE

Classify the PDE as an Elliptic , Parabolic and éholic equations

Define domain of dependence and Range of influémcEDE

Discuss the physical significance of characteripi@h on solution to hyperbolic,
parabolic and elliptic partial differential equatto
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Unit Il
By the end of the topic, student will be able to
10. Explain how a truncated Taylor’s series expansim lze used to express continuous
derivative into their corresponding discrete form.
11.Understand what the finite difference method is hod to use it to solve problems
12.Define Truncation error, Discretization error anouRd off error
13. Distinguish between Explicit and Implicit schema#dwvexamples
14.Use a Von Neumann stability analysis for stab#ibalysis
15.Understand the concept of numerical dissipationranderical dispersion
Unit IV
By the end of the topic, student will be able to
16.Compare FDM and FVM
17.Discretize the equation for a steady one dimensuiffasion equation
18. Analyze the problems on source free and includmgee, one dimensional steady
state diffusion equation
19. Discretize the equation for a unsteady one dimemsidiffusion equation
Unit V
By the end of the topic, student will be able to
20.Discretize the governing equation for a one dimamsi steady state convection
diffusion equation
21.Understand different differencing schemes
22.Understand different Properties of discretizationesne

Review Questions

1. Computational fluid dynamics is a synergy of puxeeximental fluid dynamics and
theoretical fluid dynamics, discuss this statement

2. Discuss with a typical case study or example thedribat arose to the development
of computational fluid dynamics

3. Computational fluid dynamics is a ‘research tool’carry out numerical experiment,
discuss this statement with suitable example.

4. Derive the momentum equation in three dimensionviecous flow, in Cartesian
coordinate system

5. Write down the Navier Stokes equation (Continuitomentum and Energy

equations) for unsteady flow of viscous compressikiid

What are the different types of PDE? Describe howal find their types

Classify the following PDE as an Elliptic , Paraband Hyperbolic equations

Laplace's equation &% /ox* + &% [oy* = 0
One-dimensional unsteady state heat conductiortiequaT /ot = o 6°T /ox*

8. What is characteristic lines or characteristic patind explain the physical
significance of this on the solution of Hyperboligarabolic and elliptic Partial
differential equations

9. Give the classification of main categories of fléimlv problem

10. Derive the foIIowmg expression, which is a thindler-accurate one-sided difference.
(g_l;)l] = 6_Ay [—11ul,] + 18ui,]'+1 - 9ui,]'+2 + Zui,]-+3]

11.Explain the effects of numerical dissipation andmeucal dispersion on the
computation of discontinuity

12.Explain the three basic properties of numericaksod such as consistency, stability
and convergence

~No
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13.Write the finite difference algorithms for the sil@pexplicit and simple implicit
scheme that can be used to solve heat equations

14.Prove that the CFL condition is the stability regment when the Lax Wendroff
method is applied to solve the simple 1-D wavea¢ign

15. Derive modified equation for upwind (FTBS) methqapbed to wave equation retain
the term up to and includingkl

16.Write the finite difference algorithms for the sil@pexplicit and simple implicit
scheme that can be used to solve heat equations

17.Give the comparison between FDM and FVM

18. Derive the discretization equation for a steady dimeensional diffusion equation by
control volume formulation 2 (rd®) s -o

dx

whererl is diffusion coefficient and S is the source term.

19.Write the governing equation for source - free am@ensional convection and
diffusion of a scalag. Discretize this equation on a control volume esitig node P
using central differencing and obtain a relatiotweene, ¢w, andpe where ‘w’ and
‘e’ are neighboring nodes

20.The one dimensional convection and diffusion ofcala ¢ is described by central
differencingoy, and pbeing 100 and 200, respectively, with usual notatlcet F =
pu and D =[1/Ax, where[! is the diffusion coefficient andx is the mesh spacing.
Obtain the value af,for Fe= Fy = 4 and R = Dy, = 1, and comment on the result.

Lesson Plan
Unit |

Introduction to CFD
Comparison of experimental, theoretical and contpmrial approaches,
3-D general mass conservation integral from
3-D general mass conservation differential repriediem
Conservation and non conservation form of contijneguations
Conversion from one form to another form of equatio
. Momentum equation - N-S equation
8.Euler equation
9. energy equations in differential form,
10. Energy equation in different form
11.curvilinear co-ordinates.
12.Generic form of CFD equations

NoakwNpE

Unit Il

Introduction to PDE

Classification of PDE ( physical and mathematical)

Equilibrium problems, marching problems

Mathematical classifications- Cramer’s rule method

Eigen value method

Characteristic lines or path and domain of depeoel@nd Range of influence
Mathematical behavior of hyperbolic PDE equations

Mathematical behavior of parabolic PDE equations

. Mathematical behavior of elliptic PDE equations

©CoNorwNE

Unit Il

1. Introduction toFinite differences (FD), Taylor’'s series of expamsi
2. FD representation of PDE,
3. Truncation error, Round-off and discretization esro
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©oNo A

Consistency, stability, convergence criteria.
FTCS, and other finite differencing schemes fovisg) PDE
FTCS, and other finite differencing schemes fovisg) PDE
Use of Von Neumann stability analysis for differsohemes
Numerical dissipation and numerical dispersion.

9 Discretization of Wave equation, Heat equation
10. Discretization of Laplace equation

Unit IV
Introduction to FVM

ok wNE

Problems on fin

7 Finite volume methods for 1D unsteady heat condacti

8. Explicit method
9. Crank — Nicolson scheme
10. Fully implicit method

Unit vV

1. Introduction to convection diffusion equation
. Finite volume methods for 1D steady state convadiiffusion equation

. Central differencing scheme

. Problems on 1D steady state convection diffusiaraggn

2

3

4

5. Properties of discretization scheme

6. Conservativeness, boundedness, Transprotiveness
7

8

9.

1

. Effect of peclet number on the solution,

. Upwind differencing schemes
Hybrid differencing schemes
0. QUICK differencing schemes

Course Articulation Matrix

Finite volume methods for 1D steady state diffussgquoation
Discretize the equation for diffusion equation
Problems on source free, 1D steady state diffusguration

Problems on including source ,1D steady state siffuequation

Program Outcomes

Course Outcomes

1 3] 4] 5/ 7| 8| 9| 10/11|12

apply the differential equations governinf
fluid flow and heat transfer . W M | H LM IMIM L
classify and understand behaviour of

o7 . . M M
partial differential equations
understand and develoj finite difference
discretizations schemes and implemgekt L{M]|H M[M|M|[M]|L
them to solve engineering problems
understand the importance ang
implications  of  analytical  issues: M
consistency, stability, convergence, el'l’yll
analysis.
understand and develo} finite volume
discretization schemes and implemeM L{M]|H M[M|M|[M]|L

them to solve engineering problems
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Course Title: Project Management

Course Code: P13ME841 | Sem: 08 L —T-P-H: 4:0:0:4 | Cdit: 03

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Course objective:The course aims at strengthening the design dépehof the students by
exposing them to the design of different mechanaaments that are commonly used in
machines.

Course Content
Unit — 1 CONCEPTS OF PROJECT MANAGEMENT: Concepts of a Ripje
Characteristics of a project, Categories of prajeBthases of project life cycle, Roles and
responsibilities of project leader, tools and teghes for project managememROJECT
PLANNING AND ESTIMATING: Feasibility report phase&®lanning, Project planning
steps, Objectives and goals of the project, prejoaraf cost estimation, and evaluation of
the project profitability. 10 hrs

Unit- 2 ORGANIZING AND STAFFING: The Project Team: Skillsabilities required for
project manager, Authorities and responsibilitieproject manager, Project organization and
types accountability in project execution, contrédmdering and selection of contractors

11 hrs
Unit -3 PROJECT SCHEDULING: Project implementation schedylidifferent scheduling
techniques bar (GANTT) charts, Bar charts for coratli activities. Project evaluation and
Review Techniques, PERT, planning. Simple Numeiftablems. 10 hrs

Unit - 4 CO-ORDINATION AND CONTROL: Project direction, Commigation in a
project, Project coordination, Role of MIS in prcjeontrol, performance control, schedule
control, cost Control Examples. 11 hrs

Unit -5 PERFORMANCE MEASURES IN PROJECT MANAGEMENT: Perfante
indicators, Performance improvement-Do-It-YoursBiyformance improvement for the CM
& DM companies for better project management. CLNOGIOF PROJECT: Types of project
termination, strategic implications, project inubde, termination strategies, evaluation of
termination possibilities 10 hrs

Text books
1. Harold Kerzner, Project Management: A Systems Approach To Planning,
Scheduling And Controlling”, Wiley India Pvt. Ltd. New Delhi, Feb18, 201&BN:
9781118022276
2. Lawrence P LeachProject Management, Mc-Graw Hill (1970), Artech house 2014
3 edition , ISBN:9781608077342
References
1. James P. Lewis, “Project planning, Scheduling &ty Mc-Graw Hill education,
5" edition, 2010, ISBN: 9780071746526
2. S Choudhury, “Project Management”’, TATA Mc-Graw IHil1989, ISBN:
9780074600689.
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Course Outcomes
At the end of the course the students should ketabl
Define andRecogniseproject management stages
Write Feasibility report,
lllustrate Project implementation scheduling.
DemonstratePerformance improvement.
Identify project in trouble.

agrwnE

Topic Learning Objectives (Unit wise)
Unit |
By the end of the topic, student will be able to
1. List categories of projects.
2. Define Phases of project life cycle.
3. Write Feasibility report.
4.Judge the project profitability.
5.Explain Project planning steps.

Unit 1l
By the end of the topic, student will be able to
6. Recognise Skills / abilities required for projecimager.
7. List the Authorities and responsibilities of prdjetanager.
8. Apply types accountability in project execution.
9. Choose contractors.
Unit Il
By the end of the topic, student will be able to
10. Analyse Project implementation scheduling.
11.Compare different scheduling techniques.
12.lllustrate bar charts for combined activities.
13.Use Project evaluation and Review Techniques.
Unit IV
By the end of the topic, student will be able to
14.Design Project direction communication in a praject
15. Plan Project coordination.
16.Use MIS in project control.
17.Demonstrate performance control, schedule cortost; Control Examples.
18. Evaluate cost control.
Unit V
By the end of the topic, student will be able to
19. Evaluate Performance indicators.
20. Analyse Performance improvement-Do-It-Yourself.
21.Devise Performance improvement for the CM companies
22.Devise Performance improvement for the DM companies
23. Justify project termination.
24. Analyse strategic implications, project in trouliErmination strategies.
Evaluate termination possibilities
Review Questions
List the characteristics of a project.
Explain different categories of projects.
Explain Phases of a project life cycle.
Describe Skills / abilities required for a projethnager.
Summarise Authorities and responsibilities of ggubmanager,

arwnE
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6. Compare different scheduling techniques bar (GANGgrts.
7. Explain Communication in a project.

8. Explain Role of MIS in project control.

9. Describe Performance indicators.

10. Discuss Performance improvement for CM and DM camgsa

Lesson Plan

Unit |
1.Concepts of a Project.
2.Characteristics of a project.
3.Categories of projects.
4.Phases of project life cycle.
5.Roles and responsibilities of project leader.
6.Tools and techniques for project management.
7.Feasibility report.
8.Phased Planning.
9.Project planning steps.

10. Objectives and goals of the project.

Unit 1l
11.Introduction to organizing and staffing
12.The Project Team.
13.The Project Team.

14. Skills / abilities required for project manager.

15. Authorities and responsibilities of project manager
16. Project organization

17.Types of accountability in project execution.

18. Types of accountability in project execution.

19. Project controls.

20.Tendering.

21. Selection of contractor.

Unit Il
22.Introduction to project scheduling.
23.Project implementation scheduling.
24.Different scheduling techniques.
25.GANTT charts.
26.Bar charts for combined activities.
27.Project evaluation and Review Techniques.
28.Project evaluation and Review Techniques.
29.Planning.

30. Simple Numerical Problems.
31.Simple Numerical Problems.

Unit IV
32.CO-ORDINATION AND CONTROL.:
33.Project direction,

34. Communication in a project,
35. Project coordination.
36.Project coordination.

37.Role of MIS in project control.
38.Role of MIS in project control.
39. Performance control.
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40.Performance control.
41.Schedule control.
42.Cost Control.

Unit V

43.Introduction to performance measures in projectagament

44.Performance indicators.

45. Performance improvement-Do-It-Yourself.
46.Performance improvement-Do-It-Yourself.

47.Performance improvement for the CM companies féteb@roject management.
48. Performance improvement for the DM companies fdtelgroject management.

49. Types of project termination.
50. Strategic implications.

51.Project in trouble, and termination strategies,

52.Evaluation of termination possibilities

Course Articulation Matrix

Course Outcomes

Program Outcomes

1 314 5|16/7[8]9(10(11[12
Define and Recognis: project managemeth
stages
Wr ite Feasibility report, M| M
Il lustrate Project implementation scheduling. M
DemonstratePerformance improvement. L M
Id entify project in trouble. M M
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Course Title: Additive Manufacturing
Course Code: P13ME842 | Sem: 08| L —T-P-H:4:0:0:4 Cdit: 03
Contact Period: Lecture: 52 Hrs, Exam: 3Hrs| Weightage: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14

S| Prerequisites Course Course of Equivalent Course for
No‘ 2013-14 Regulations 2013-14 2008-09
' Code Title Code Title Code Title
1 P13ME65| CAD/CAM . .
Additive Rapid
2 | P13MEL67 CAMA P13ME842 Manufacturing POBMEB42 prototyping

Lab

Course objective: This course exposes students to latest additiveufaeturing processes
used to produce prototypes, parts and tools.

Course Content
Unit -1 INTRODUCTION: Need for the compression in product developmestphy of AM
systems and classification of AM systems, basipssie AM, advantages and disadvantages
of AM process.
LIQUID BASED AM PROCESS: Stereolithography SysterRsinciple, Process parameter,
process details, , merits and demerits, ApplicatioBolid Ground CuringPrinciple of
operation, process parameters, Machine detailstsvard demerits, Application&0hrs

Unit - 2: POWDER BASED AM PROCESSESelective Laser Sinteringype of machine,
Principle of operation, process parameters, meaitsl demerits, Applications. Laser
Engineering Net Shaping: Principle of operationpgeiss details, merits and demerits,
applications.

SOLID BASEDAM PROCESSESLaminated Object Manufacturing: Principle of operat
LOM materials, process parameters, process detadlsts and demerits, application. Fusion
Deposition Modelling: Principle, Process parameRath generation, merits and demerits,
Applications 11lhrs

Unit- 3. APPLICATIONS OF ADDITIVE MANUFACTURING: FunctionalModels,
Pattern for Investment and Vacuum Casting, MedMaldels, Art Models, Engineering
Analysis Models.

CONCEPTS MODELERS: Principle, types, differencewssn AM machine and Concept
modeler, Thermal jet printer, Sander's model maBerD printer. Genisys Xs printer, JP
system 5, Object Quadra systems. 10hrs

Unit - 4 RAPID TOOLING: Classification of Rapid tools, Soft Tooling vs. darooling.
Indirect Rapid tooling: - Silicone rubber toolingJuminium filled epoxy tooling, Spray
metal tooling, Cast kirksite, 3D keltool. Direct @& Tooling: - Direct AIM,Quick cast
process, RapidSteell.0, RapidSteel 2.0, Copperapotie, DMLS, Prometal, Sand casting
tooling, Laminate tooling. DTM RapidTool. 11lhrs

Unit -5 RAPID MANUFACTURING AND PROCESS OPTIMIZATION Factors
influencing accuracy. Data preparation errors, reridue to Tessellation and slicing Part
building errors in SL process and SLS process, rErrdinishing, influence of part build
orientation in SL process and SLS process. 10hrs
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Text books
1. Paul F.Jacobs,Stereo lithography and other RP & M Technologies” SME, NY
1995.ISBN-13:9780872634671
2. Pham D.T & Dimov, S.S Verlog,Rapid Manufacturing” springer, London 9
November 2011, ISBN-13:9781447111825
References
1. Wohlers, Terry T, Rapid Prototyping” Wohler's Report 2000, Wohler's
Association 2000Wohlers Report 2015 314-page publication, Wohlers Associates,
Inc., April 2015
2. Gurumurthi,Rapid prototyping materials, 1ISc Bangalore
3. LamOnt wood, Rapid automated” Industrial press, New York, August 1, 1993,
ISBN-13: 9780831130473
Course QOutcomes
At the end of the course the students should ke=tabl
Identify Classification of AM systems.
2. Describe working principle and applications of major AMstgms
3. Distinguish AM Machine and Concept Modelers
4. Explain different types ofrapid tooling
5. ldentify factors influencing part accuracy in AM

=

Topic Learning Objectives (Unitwise)
Unit |
By the end of the topic, student will be able to
1. Identify Need for the compression in product development
2. Describeclassification of AM systems
3. Distinguish Process parameters of Stereolithography Systems
4.Explain Solid ground curing process
5.Distinguish Process parameters of Solid ground curing process
Unit 1l
By the end of the topic, student will be able to
6. Identify the difference between powder based and soliddbabkprocesses
7. DescribeSelective Laser Sintering process
8. Distinguish Process parameters of Laser Engineering Net Shaping
9.Explain Laminated Object Manufacturing and Fusion DepasiModelling
Unit Il
By the end of the topic, student will be able to
10.1dentify the applications of AM products in various field.
11.DescribeMedical Models
12. Distinguish AM machine and Concept modeler
13. Explain various Concept modelers
Unit IV
By the end of the topic, student will be able to
14. Distinguish between various types of rapid tools
15. Describeproduction process of Indirect rapid tools
16.1dentify the production process of direct rapid tools
17.Explain direct rapid tools

Unit V
By the end of the topic, student will be able to
18. Describe Factors influencing accuracy of AM products
19.1dentify errors due to Tessellation and slicing

SYLLABUS 2013- 2014 Page 104



Department of Mechanical Engineering

20.Distinguish Part building errors in SL process and SLS process,
21.Explain the influence of part build orientation in SL pess and SLS process.

Review Questions
Write complete classification of AM system
Explain basic five step process of AM
Enumerate benefits and limitations of AM
Sketch and explain working principle of Stereolghaphy System
5 Explain the following (i) Deep dip (ii) Z- wait ()i Slice resolution with respect to SLA
6.Describe working of SGC process with neat sketches
7. Sketch and explain working principle of SLS procasd list the materials used
8. Describe working of LENS process and list its agadions
9.Sketch and explain working principle of LOM process
10. Describe working of FDM process and list its merits
11.What are advantages of medical model produced by AM
12. Differentiate between AM machine and concept madele
13. Explain 3D Keltool process
14.Compare Rapid steel 1.0, Rapid steel 2.0 and Cqupgamide
15. Discuss part building errors in SLA

PowpbdPE

Lesson Plan

Unit |
1.Need for the compression in product developmestphy of AM systems
2.Classification of AM systems, basic steps in AM,
3.Advantages and disadvantages of AM process.
4.Types of Liquid based AM processes
5.Stereolithography SystemBrinciple of operation
6.Process parameter, process details.
7.Merits and demerits, Applications of SLA
8.Solid Ground CuringPrinciple of operation
9.Process parameters, Machine details
10. Merits and demerits, Applications of SGC

Unit 1l
11.Types of Powder based AM processes
12. Selective Laser Sintering Principle of operatioogaiss parameters
13. Merits and demerits, Applications of SGC
14.Laser Engineering Net Shaping: Principle of operati
15.Process details, merits and demerits, applicabbh&NS
16. Types of Solid based AM processes
17.Laminated Object Manufacturing: Principle of opemat LOM materials
18.Process parameters, process details
19. Merits and demerits, application of LOM
20.Fusion Deposition Modelling: Principle, Processgpaeter
21.Merits and demerits, Applications of FDM

Unit Il
22. Applications of AM, Functional Models
23.Pattern for Investment and Vacuum Casting
24.Medical Models
25.Art Models, Engineering
26.Analysis Models
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27.Concepts Modelers, Principle, types

28.Difference between AM machine and Concept modeler

29.Thermal jet printer, Sander’'s model maker

30. 3- D printer. Genisys Xs printer
31.JP system 5, Object Quadra systems

Unit IV

32.Classification of Rapid tools

33.Soft Tooling and. Hard Tooling, Direct and Indiréabls
34.Types of Indirect Rapid tooling, Silicone rubbeoling
35. Aluminium filled epoxy tooling, Spray metal tooling

36. Cast kirksite, 3D keltool

37.Types of Direct Rapid Tooling
38.Direct AIM, Quick Cast process
39.RapidSteell.0, RapidSteel 2.0, ,
40. Copper polyamide, DMLS
41.Prometal, Sand casting tooling
42.Laminate tooling. DTM Rapid tool

Unit V

43. Accuracy of AM parts

44. Factors influencing accuracy

45. Data preparation errors,

46.Errors due to Tessellation
47.Errors due to slicing

48. Part building errors in SL process
49. Part building errors in SLS process
50. Error in finishing,

51.Influence of part build orientation in SL process

52.Influence of part build orientation in SLS process

Course Articulation Matrix

Pro

ram Outcomes

Course Outcomes

1

5

6

7

8

9

10

11

12

Identify AM systems based on raw materi
used.

i

Compare various AM process

Distinguish between AM machines and conce

modelers.

Explain Direct and Indirect rapid tool

Distinguish betweerpart building errors in SL

T |=z| 2=z

and SLS process

2
L
L
L
L
M
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Course Title: Power PlantEngineering

Course Code: P13ME843 | Sem: 08 L —T-P-H: 4:0:0:4 | Cdit: 03

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14
S| Prerequisites Course Course of Equivalent Course for
No‘ 2013-14 Regulations 2013-14 2008-09
| Code Title Code Title Code Title
Basic
1 | P13ME35 :
Thermodynamlcs P13MES43 Power Plgnt POSMES44 Power Plant
Applied Engineering Engineering
2 | P13ME42 .
Thermodynamics

Course objective:the course is helps the student to understandt gdmwer plants and its
working and the student must able understand tipeiitance of renewable sources.

Course Content

Unit-1
A BRIEF ACCOUNT OF HARNESSING ENERGY : From sources such as fuels, flowing
water, wind, ocean, tides and waves, geothermalnactear energy. A brief description of
thermionic, thermoelectric and fuel cell energy\esion devices. Choice of site for power
station: load estimation; use factor diversity éacnd demand factors effect of variable load
on power plant: selection of the number and sizenitk. 10 Hr

Unit- 2
HYDROELECTRIC AND THERMAL POWER PLANT: Hydrometric survey, rainfall,
catchment area, runoff, storage and pondage; flokatin and mass curves, hydrographs.
Classification of hydroelectric plants. Generalaagement of a hydroelectric plant and its
operation. Developing trends in thermal coal in puform stokers; different types of stokers,
equipment for preparation and burning of pulverizezhl, unit system and bin system,
pulverized fuel furnaces, cyclone furnace. 11 Hr

Unit -3
GENERATION OF STEAM: A brief account of Lamont, Benson, Loeffler and Ram
steam generators. Chimneys: Natural, forced, indlacel balanced draft.
STEAM GENERATOR ACCESSORIES: Super-heaters and re-heaters. Different types of
cooling towers, Coal and ash handling - differegqutes of coal storage and coal conveyors,
pneumatic and hydraulic methods of ash handlintesys. 11 Hr

Unit - 4
DIESEL ENGINE PLANT -Engines for power generation, Method of startingsel
engines, Cooling and lubrication system for theseli@ngine. Filters, centrifuges, Oil heaters,
intake and exhaust system, Layout of a diesel powent. Gas turbine power plant:
Advantages and disadvantages of the gas turbime, @Pgen and closed cycle turbine plants
with the accessories. 10 Hr

Unit -5
NUCLEAR ENERGY: Fusion and fission reaction; elements of a nuclesactor-
moderator, control rod, fuel rods coolant. Nuclkeals. Layout of a typical nuclear power
plant.
REACTORS: Pressurized water reactor, Boiling water react8qdium-Graphite reactor,
Fast Breeder reactor, and Gas cooled reactor. fRadiaazards; shielding, and radioactive
waste disposal. 10 Hr
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Text books

1. Arora& S Domkundwar, AV Domkundwar, “A course irower Plant Engineering”,
Dhanpatrai& co. Pvt.ltd.2014, ISBN:9788177001075

2. P. K. Nag, “Power Plant Engineering” Tata McGrawl,HNDIA 4™ edition. 2014,
ISBN:9789339204044

3. F.T. Morse, “Power Plant Engineering”, G. Van Nastt. & edition 1953,

ISBN:9780442055561

References

Barrows,Water power Engineering, TMH, New DelHf &ition, 1998

Stanierr,Plant Engineering, Hand Book, McGraw Hif98

JagadishLal, “Hydraulic Machines” Metropollitan Bo€o. Pvt Ltd., 1994.ISBN: 978-

8120000261

wnN P

Course Outcomes
At the end of the course the students should keetabl
1. Discuss energy sources such as fuels, flowing water, wiadean, tides, waves,

geochemical, nuclear energy a@hlculate load estimation, use factor and demand

factor.

2. Characterize the working principle of Hydroelectric power plaardDescribe different
types of stokers and oil burners in thermal powantp

3. Discussgeneration of steam by using high pressure boae$Calculate height and
efficiency of Chimney.

4. Discuss Steam Generator Accessories, Method of startingdDi&ngine to generate
power, Cooling and Lubrication System and Layoutlietel Power plant.

5. Recognizethe Principles of Nuclear Energy amkscribe different types of nuclear
Reactors.

Topic Learning Objectives (Unitwise)
Unit |
By the end of the topic, student will be able to
1. Know the importance of renewable& non renewablergysources
2. Understand the principals of thermoelectric arel éell energy conversion devices
3. Know the knowledge about Choice of site for postation
Unit 1l
By the end of the topic, student will be able to
Know the General arrangement of a hydroelectriotpad its operation.
Understand the significance of flow duration andgsseurves, hydrographs
Know about unit system and bin system
Explained the working of furnaces.
Unit 11l
By the end of the topic, student will be able to
8. Explained the working principals of steam genemator
9. Explained the importance of Chimneys
10.Understand the Super-heaters and re-heaters. &iffeypes of cooling towers
11.Explained the Coal and ash handling methods
Unit IV
By the end of the topic, student will be able to
12.Explained the Method of starting diesel enginesylidg and lubrication system for
the diesel engine
13.Explained the Filters, centrifuges, Oil heatertake and exhaust system

No ok
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14.Know the knowledge about Gas turbine power plant
15. Explained the Open and closed cycle gas turbiaetplwith the accessories
Unit V
By the end of the topic, student will be able to
16.Explained the Fusion and fission reaction;
17.Understand the elements of a nuclear reactor.
18.Explained the different types reactors
19.Understand the Radiation hazards and their disposal

Review Questions
Write a note on wind energy
Explain thermionic, thermoelectric and fuel celeegy conversion devices.
Explain Loefflerand Ramsin steam generators
Explain unit system and bin system
5 Describes the steps involved in pulverized fueh&oes
6.Explain General arrangement of a hydroelectric tpdaual its operation.
7. Describes the Open and closed cycle gas turbaraslvith the accessories.
8.Explain Cooling and lubrication system for the élesngine
9. Define Fusion and fission reaction
10.With neat diagram explain Pressurized water reaBiting water reactor

PowbdPE

Lesson Plan
Unit |

Energy sources such as renewable and non renes@iniees.
Wind and waves energy.
Ocean, energy.
Tidal energy.
5.Geothermal energy.
6. Nuclear energy.
7. A brief description of thermionic, & thermoelecteaergy conversion
8.A brief description of fuel cell energy conversidevices.
9. Choice of site for power station; load estimation
10. Diversity factor and demand factors effect of vialedoad on power plant
11.selection of the number and size of units. Numé&gica
12.Numericals..

PwpbPE

Unit Il
1.Hydrometric survey, rainfall, catchment area
2.runoff, storage and pondage; Hydrographs; flow tilbmaand mass curves,
3.Hydrographs problems
4.flow duration and mass curves, problems
5.Classification of hydroelectric plants
6.General arrangement of a hydroelectric plant aadperation
7.Developing trends in thermal coal in lump form sk
8.different types of stokers,
9.Equipment for preparation and burning of pulverizedl
10.unit system and bin system, pulverized fuel fursacgclone furnace
Unit Il
1.A brief account of Lamont & Bensonsteam generators.
2.Loefflersteam generator.
3.Ramsinsteam generator.
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4.Chimneys: Natural, forced, induced and balanceft dra
5.Calculation involving height of chimney to produgigen draft
6.Efficiencies of chimneys, max. discharge of flusemthough the chimney,
7.Numericals.
8.Super-heaters and re-heaters. Different typesafraptowers
9.Coal and ash handling - different types of coalaie and coal conveyors
10.Pneumatic and hydraulic methods of ash handlintgsys

Unit IV
1.Engines for power generation, Method of startirgsdl engine
2.Cooling and lubrication system for the diesel eegin
3.Filters; centrifuges, Oil heaters
4.Intake and exhaust system.
5.Layout of a diesel power plant
6.Introduction to Gas turbine power plant
7.Gas turbine power plant: Advantages and disadvastay the gas turbine plant,
8. Open cycle turbine plants with the accessories.
9. Closed cycle turbine plants with the accessories.
10.Revision

Unit V
1.Fusion and fission reaction; -.
2.Elements of a nuclear reactor moderator, contmbl feel rods, coolant
3. Elements of a nuclear reactor moderator, contmbl fweel rods ,coolant
4. Layout of a typical nuclear power plant.
5. Pressurized water reactor, Boiling water reactor,
6. Sodium-Graphite reactor, Fast Breeder reactor,
7. Gas cooled reactor
8. Radiation hazards; shielding
9. Radioactive waste disposal.
10.Revision

Course Articulation Matrix

Program Outcomes

Course Outcomes 1|2| 34|5|6|7|8]9[10[11]{12

Explain energy sources such as fuels, flowing water, V|
ocean, tides, waves, geochemical, nuclear energyH|[H
Analyzethe load estimation, use factor and demand factpr.

Summarize the working principle of Hydroelectripowel
plant and differentypes of stokers and oil burners in ther M
power plant.

Explain generation of steam by using high pressure bq
andsolve heightand efficiency of Chimney.

Explain Steam Generator Accessories, Method of stg
Diesel Engine to generate power, Cooling and LubricgH| |[L
System and Layout of diesel Power plant.

Define the Principles of Release in Nuclear Energy
Explain different types of nuclear Reactors.
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Course Title: Tribology

Course Code: P13ME844 | Sem: 08 L —T-P-H: 4:0:0:4 | Cdit: 03

Contact Period: Lecture: 52 Hrs, Exam: 3Hrs | Weightaye: CIE 50%, SEE: 50%

Prerequisites & Equivalents for Courses of 2013-14
. Course of Equivalent Course for
I\?CI). Prerequisites Course 2013-14 Regulations 2013-14 2008-09
' Code Title Code Title Code Title
Engineering
1 | P13MA3] Mathematics |l P13ME844| Tribology| PO8ME742 Tribology
2 | P13MEA45| Fluid Mechanics

Course objective: The course aims at strengthening the capabilitgtoflents to integrate
friction, wear and lubrication theories in desigmnufacturing and operation of sustainable
machine elements and their maintenance.

Course Content

Unit-1
Introduction to Tribilogy: Introduction to tribology, friction, laws of fricn, friction
theories, surface contaminants and frictional IheatiWear- classification of wear,
mechanisms of wear, basic wear testing methodseipidisc wear tester and dry sand rubber
wheel abrasion tester, wear resistant materials.
Surface roughness:introduction, standardization of surface roughnpeds& E system,
centre line average, root mean square roughnesshalgtity distribution function,
autocorrelation function. Abott bearing area cun&urface roughness measurement
techniques- stylus method, interferometric methogtical profilometer and pneumatic
method. 10 hrs

Unit- 2
Lubricants and Lubrication: Types of bearing, lubricants, types of lubricahigbrication,
types of sliding lubrication-fluid-film lubricatigrboundary lubrication and extreme boundary
lubrication. Properties of oils and equation ofafloviscosity, Newton’s law of viscous flow,
effect of temperature on viscosity, viscosity indeffect of pressure on viscosity, viscosity
measuring apparatus- U-tube viscometer, Saybolveusal viscometer and Redwood
viscometer. Hagen- Poiseuille Law, flow through itagy tube, flow between parallel
stationary plates. 10 hrs

Unit -3
Hydrodynamic Lubrication : Friction forces and power loss in lightly loadééaring,
coefficient of friction for a lightly loaded beagrPetroff's equation), numerical examples of
lightly loaded full-journal bearing, Tower's exp@ents, Reynolds investigations,
mechanism of pressure development in an oil filppliaation of converging oil film in
thrust bearing, formation of a converging oil film a partial and full journal bearings.
Reynold s equation in two dimensions. 10 hrs

Unit - 4
Idealized Hydrodynamic Bearings: Definition of idealized bearings, idealized plasiieler
bearing with a fixed shoe- Pressure distributiamadl carrying capacity, coefficient of
friction. Idealized slider bearing with a pivotetiog- load carrying capacity, frictional
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resistance, coefficient of friction, location ofetlpivot point of a slider bearing with a pivot
shoe. Numerical problems. 10 hrs

Unit -5
Hydrodynamic Journal Bearing: Idealized journal bearingsnfinitely long-full journal
bearing- oil film thickness, Sommerfeld substitatigpressure distribution (no derivation),
load carrying capacity, Sommerfeld number, visdoigion, modified Sommerfeld solution.
Infinitely short-full journal bearing- pressure tlibution (no derivation), load capacity and
friction force. Numerical problems on idealizedlhydynamic journal bearing.
Hydrostatic Lubrication: Introduction to hydrostatic lubrication, hydrostastep bearings,
load carrying capacity and oil flow through the rostatic step bearing. Numerical on
hydrostatic lubrication. 12 hrs

Text books

1. Basu S K., Sengupta S N., Ahuja B. B., FundamerthlSribiology, PHI, £ edition,
2009, ISBN: 978-8120327238

2. B. C. Mujumdar, Introduction to Tribiology of beags,S.Chand (G/L) & Company Ltd,
2" edition, 2010, ISBN: 978-8121929875.

3. E. I. Redzimovskay, Lubrication of bearings theioadt principles and design, The
Ronald Press Company’ &dition, 1959, ASIN:BOOOOEGL66

References

1. Dudley D.Fuller, Theory and Practice of Lubrication for Emggrs,John Wiley & Sons;
2nd Edition, 12 September 1984, ISBN: 978-047102703

2. Desmond F. Moore, Principles and Applications dbibtogy, Pergamaon Press' 1
edition, 1975)SBN: 9780080179025.

3. Sushil Kumar Srivastava, Tribiology in Industri&Chand and Company limited, India,
2004, ISBN:9788121920452.

4. Prasanta Sahoo, Engineering tribology, PHI, 208BN: 978-8120327245

Course QOutcomes

At the end of the course the students should ke=tabl

1. Explain friction, laws of friction and different types ofear in materials undergoing
relative motion.Characterize surface texture andetermine roughness characteristics
using its measuring techniques.

2. Explain the properties of lubricants and classify th&marive Hagen-Poiseuille law.

3. Explain the concept of lightly loaded bearings atetive Petroff's equation.

4. Derive expressions for pressure distribution, load cagyiapacity, coefficient of
friction, frictional resistance in a idealized didbearing.

5. Derive expressions for pressure distribution, load ¢aggapacity and oil flow through
the hydrodynamic journal bearing and hydrostagp $tearing.

Topic Learning Objectives (Unit wise)
Unit |

By the end of the topic, student will be able to
Apply laws and theories of friction in the design of niaerelements.
Determine frictional heating.
Describewear and its mechanism.
Identify wear resistant materials in the design processachime elements.
Describesurface roughness and its characteristics.
Explain some important roughness measuring techniques.

oA LNE
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Unit Il

By the end of the topic, student will be able to

ok wNE

List the type of bearings and lubricants.
Describetypes of sliding lubrication process.
Define viscosity of oil and Newton’s law of viscous flow.
Discussthe effects of temperature and pressure on vigcositil.
Describeviscosity measuring instruments.
UseHagen-Poiseuille law tderive expression for flow through capillary tube and
between parallel plates.
Unit Il

By the end of the topic, student will be able to

1.

2.

3.

4.

Derive expressions for friction force, power loss andfitaient of friction in a lightly
loaded bearing.
Explain Tower’s experiments amdiscussthe mechanism of pressure development in
oil film.
Explain the application of converging oil film in pressutevelopment in thrust
bearing and partial and full journal bearings.
Derive Reynolds equation in two dimensions.

Unit IV

By the end of the topic, student will be able to

1.
2.

3.

Defineidealized bearings.

Derive expressions for pressure distribution, load cagyeapacity, coefficient of

friction and frictional resistance in an idealizdaler bearing with a fixed shoe.

Derive expressions for pressure distribution, load cagyeapacity, coefficient of

friction and frictional resistance in an idealizduler bearing with a pivoted shoe.
Unit VvV

By the end of the topic, student will be able to

1. Derive expressions for oil film thickness, pressure disttion, load carrying capacity
of idealized journal bearing.

2. Obtain Sommerfeld number and Sommerfeld solution of analubearing.

3. Describesystems of hydrostatic lubrication systems.

4. Derive expressions for pressure distribution, load cagyapacity and flow of
lubricant of hydrostatic circular step bearing.

5.
Review Questions

1 | State clearly laws of friction.

2 | Name friction theories and explain any three foisttheories.

3 | Briefly explain mechanical interlocking and molemuttraction theories of friction.

4 | Write the classification of wear and explain adhesvear mechanism.

5 | Sketch and explain the Pin on disc wear test apdaind rubber wheel abrasion test.

6 | Explain the following related to surface roughnelsaracterization:
i) Centre line average ii) root mean square roeghniii) probability distribution
function, and iv) autocorrelation function.

7 | With neat sketch, explain the optical profilomeeshnique used for the measuremen of
roughness of a surface.

8 | What are the main types of lubricant? Briefly expldnem.

9 | Briefly explain the fluid-film and boundary lubritans.

10 | Derive an expression for the flow of lubricant thghb capillary tube using Hagep-

Poiseulle law.
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11| An oil supply line 1.2 m long having internal diatee6.25 mm and delivering 6x2(
m?/sec of oil having viscosity of 0.0555 Pa-sec. Glte the pressure drop in the supply
line and the energy required in forcing the oilotigh the supply line against viscgus
friction.

12 | Derive expressions for friction force and powesslgsa lightly loaded journal bearing.

13| Derive Petroff's equation for a lightly loaded joat bearing,

14 | A bearing used for a light duty compressor hadahewing specifications:

i) Load : 1kN

i) Diameter of journal : 50 mm

iii) Length to diameter ratio, L/d : 1.2

iv) Diametral clearance :0.001

v) Speed of the journal : 15000 rpm

vi) Oil used is SAE 60 at the effective temperaturb@fC.
Determine the frictional torque, coefficient ofctibn and power loss

15 | Write a note on:
i) Tower’'s experiments ii) mechanism of pressigeelopment in an oil film.
iii) Formation of a converging oil film in a partippurnal bearing.

16 | Derive Reynolds equation in two dimensions.

17 | Derive an expression for the load carrying capacftyan idealized slider bearing with
fixed shoe.

18 | Obtain the load carrying capacity of a long jourp@aring.

19 An idealized full journal bearing has the followisgecifications:
i) Diameter of the journal = 50 mm

i) Length of bearing = 60 mm

iii) Speed of journal = 1200 rpm\

iv) Radial clearance = 0.025 mm

v) Attitude = 0.8

vi) Average viscosity of oil under operating conditien8.01125 Pa-sec
Determine:

a) Coefficient of friction

b) Load carrying capacity of bearing

c) Power loss in the bearing

d) Minimum film thickness under the given operatingndition

20 | Explain the two main systems of hydrostatic lubiima

21| The following data refer to a hydrostatic thrusaitveg:
i) shaft speed =720 rpm
i) shaft diameter = 500 mm
iii) recess diameter = 350 mm
iv) film thickness = 0.15 mm
V) viscosity of lubricant = 30 cp
vi) specific gravity = 0.86
vii) specific heat = 1.75 kJ/RE
viii) supply pressure = 5 MPa.
Determine,
a) Load carrying capacity
b) Flow requirement
c) Pumping power loss
d) Frictional power loss
e) Temperature rise
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Lesson Plan

Unit |

N~ WNE

9.

Introduction to tribology, friction, laws of friatin

Friction theories, surface contaminants

Frictional heating, wear- classification of wear

Mechanisms of wear

Mechanisms of wear and wear resistant materials

Surface roughness- introduction, standardizatiossuoface roughness

M&E system, centre line average

Root mean square roughness, probability distriloufimction, Autocorrelation function,
Abott bearing area curve

Surface roughness measurement techniques- stylimdyénterferometric method

10. Surface roughness measurement techniques-Optafdbpreter and pneumatic method.
Unit 1l

1.
2.

©CoOoNOO AW

Types of bearing, lubricants, types of lubricants

Lubrication, types of sliding lubrication — fluidsh lubrication, boundary lubrication
and extreme boundary lubrication

Properties of oils and equation of flow- viscoskgwton’s law of viscous flow

Effect of temperature on viscosity, viscosity indeKect of pressure on viscosity
Viscosity measuring apparatus- U-tube viscometayp8It universal viscometer
Redwood viscometer, Hagen- Poiseuille Law, flovetigh capillary tube

Hagen- Poiseuille law for flow between paralletistaary plates.

Numerical examples on Hagen- Poiseuille law

Numerical examples on Hagen- Poiseuille law

10 Numerical examples on Hagen- Poiseuille law
Unit [l

©CoNorwNE

Friction forces in lightly loaded bearing

Power loss in lightly loaded bearing

Coefficient of friction for a lightly loaded beagr(Petroff's equation)
Numerical examples on lightly loaded full-journ&asing

Numerical examples on lightly loaded full-journa&asing

Tower’s experiments, Reynolds investigation

Mechanism of pressure development in an oil film

Application of converging olil film in thrust beagn

Formation of a converging oil film in a partial jmal bearing

10 Reynold s equation in two dimensions
Unit IV

Definition of idealized bearings and idealized gatider bearing with a fixed shoe
Pressure distribution and load carrying capacitydeélized plane-slider bearing with a
fixed shoe.

Coefficient of friction of Idealized plane-slideedéring with a fixed shoe.

Numerical examples on plane-slider bearing witlxed shoe

Numerical examples on plane-slider bearing witlxed shoe

Idealized slider bearing with a pivoted shoe- loadying capacity

Frictional resistance and coefficient of frictiohidealized slider bearing with a pivoted
shoe

Numerical examples on plane-slider bearing withoped shoe.

location of the pivot point of a slider bearing lwé pivot shoe

10 Numerical problems
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Unit VvV

1. Introduction to idealized journal bearingsfinitely long-full journal bearing- oil film
thickness

2. Sommerfeld substitution and pressure distributibimfinitely long- full journal bearing.

3. Load carrying capacity of infinitely long- full jenal bearing.

4. Sommerfeld number, viscous friction and Modifiedr®oerfeld solution

5. Infinitely short-full journal bearing- pressure glibution

6. Load capacity and friction force of infinitely shdull journal bearing

7. Numerical problems on idealized hydrodynamic joub®aring

8. Numerical problems on idealized hydrodynamic joub®aring

9. Introduction to hydrostatic lubrication, hydrostastep bearings, load carrying capacity

10. Oil flow through the hydrostatic step bearing.
11.Numerical on hydrostatic lubrication
12.Numerical on hydrostatic lubrication

Course Articulation Matrix

Program Outcomes
112 3| 4] 5] 67[8(9(10]1112

Course Outcomes

1. Explain friction, laws of friction ang
different types of wear in materigls
undergoing relative mot|0(Character|ze HlulimliaImic]L
surface texture andetermine roughness
characteristics using its  measuring

techniques.

2. Explain the properties of lubricants anpd
classify them. Derive Hagen-PoiseuillgH |H [ M L
law.

3. Explain the concept of lightly IoadedH HlH

bearings anderive Petroff’'s equation.

4. Derive  expressions  for  pressufe
distribution, load carrying capacit

coefficient of friction, frictional resistange HiL
in a idealized slider bearing.

5. Derive  expressions  for  pressufe
distribution, load carrying capacity and }l—l Hl L
flow through the hydrodynamic journ

bearing and hydrostatic step bearing.
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