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ffiffi K. S. TNSTITUTE 9FTECHN Y
#14, Raghuvanahalli, Kanakapura Main Road, Bengaluru.560010g

Vision and Mission

Vision of the Institute

To impart quality technical education with ethical values employable skills ancl research
excellence

Mission of the Institute

o To attract and retain highly qualified, experienced & committed faculty.

o To create relevant infrastructure

o Network with industry & premier institutions to encourage emergence of nelv icleas b),

providing rese?rch & &veloprGnt facilities to strive for academic excellence

o To inculcate the professional & ethical values among young students rvith employable

skills & knowledge acquired in transform the society

DEPARTMENT OF MECHANICAL EN n{rnnru

Vision of the Denartment

To groom the incumbent to be able to compete with thc best in the Mechanical Errgineering

profession and to get recognizedby peers as one ofthe best learning centers

n of the ent

o To impart sound fundamentals in mechanical engineering
o To expose students to new frontiers
o To achieve engineering excellence through experiential learning and teanr work.
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K. S. INSTITUTE OF TECHNOLOGY
#14, Raghuvanahalli, Kanakapura Main Road, Bengaluru-5600l0g

F CHANICALEN
,S PSO' d ot

a. PROGRAM EDU TIONAL OBJECTIVBS o's)
o PEOI: To produce graduates who would have developed a strong background in basic seience

and mathematics and ability to use these tools in Mechanical Engineering.

r PEO2: To prepare graduates who have the ability to demonstrate technical competence in their
fields of Mechanical Engineering and develop solutions to the problems.

o PEO3: To equip graduates to functijn effectively in a multi-disciplinary environment
individually, within a gloJal, societal, and environmental context.

b. PROGRAM SpECIFIC OUTCOMES (pSO,s)

It is expected that a student in mechanical engineering will possess an:

PSol: Ability to apply concept of mechanical engineering to design a system, a component or a
process/system to address a real world challenges.

PSo2: Ability to develop effective communication, team work, entrepreneurial und 
"J*putational 

skills.

C. PR o MES (PO's)

Engineering Graduates will be able to:

1 Engineering knowledge:
engineeringfundamentals, and

Apply the knowledge of mathematics, science,
an engineering specialization to the solution of complex

engineering problems.

2. Problem analysis: Identify, formulate, review research literature, ancl analyze
complexengineering problems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences.

3. Design/development of solutions: Design solutions for complex engineering problems
anddesign system components or processes that meet the specihed .r.."d, with appropriate
consideration for the public health and safety, urd the cultural, societal, and
environmental considerations.

4. Conduct investigations of complex problems: Use research-based knowledge and
researchmethods including design of experiments, analysis and interpretatiol of data, and

q
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synthesis of the information to provide valid conclusions.

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and

modernengineering and IT tools including prediction and modeling to complex

engineering activities with an understanding of the limitations.

6. The engineer and society: Apply reasoning informed by the contextual knowledge to

assesssocietal, health, safety, legal and cultural issues and the consequent responsibilities

relevant to the professional engineering practice.

7. Environment and sustainability: Understand the impact of the professional engineering

solutionsin societal and environmental contexts, and demonstrate the knowledge of, and

need for sustainable development.

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities

and norms ofthe engineering practice.

Jg. Individual and team work: Functi3n effectively as an individual, and as a member or
leader indiverse teams, and in multidisciplinary settings.

10. Communication: Communicate effectively on complex engineering activities with the

engineeringcommunity and with society at large, such as, being able to comprehend and

write effective reports and design documentation, make effective presentations, and give

and receive clear instructions. 
I

ll.Project management and finance: Demonstrate knowledge and understanding of
theengineering and management principles and apply these to one's own work, as a
member and leader in a team, to manage projects and in multidisciplinary environments.

12. Life-long learning: Recognize the need for, and have the preparation and ability to
engage inindependent and life-long learning in the broadest context of technplogical

change.
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K. S. INSTITUTE OF TECHNOLOGY
DEP F

CO-P -PSO

G
T?

be able to

CO1: Understanding the basic terminology of planar mechanisms and their
motion study

Understand (K2)

CO2:Model displacement diagrams for followers with various types of
motions and Cam profile drawing for various followers

Apply (K3)

CO3: Evaluating the transmission of power by application of various gears

and gear trains.
Analyze (K4)

CO4: Constructing velocity and acceleration diagrams for planar mechanisms
by Graphical method

Analyze (K4)

CO5: Inspect velocity and acceleration of planar mechanisms by complex
algebra method and kinematic synthesis of four bar and slider crank
kinematic chain

Analyze (K4)
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IC S. INSTITT]TE OFTECHNOLOGY
#14, Raghuvanahalli, Kanakapura Main Road, Bengaluru-S600109

DEPARTMENT OF MECHANICALENGINEERING

4.STUDE\TSDETAI LS -IV SEI\I (A-SECTION) o
SLNo UI NuDbet Studetta name PareEti Phore NuDbet Mail ID

1 AKADITYA lKsl6ME00l 9845581818 adiakl998@gmail.com

ABHILASH S SHETTY lKsl6ME005 7892099873 abhilashusors@gmail.com

IIARIPRASAD 1KSt6ME018 91086128t2 hariprasadr9229@gmail.com

4 MAHENDRAJ lKsl6ME04l 90466841952 mahendrajanardhan@gmail

SAIADITYAC H lKsl6ME074 8904846989 saiaditya496@gmdl.com

6 ABBAS RAZIN IKSlTMEOOI 8553858436 abbasruinT5 I 8@gmail.mm

1
ABH]LASHK S 1KSl7ME003 8296335812 aabhi4605@gmail.com

8 AKASH K L lKst7ME006 7022298't30 akashkundwtra@gmail. com

9 ANANDUK SAN]L lKsl7ME007 8 105486941 mandu.k.sanil@gmail.com

10 ANIRT,IDH BHARADIIWAJ K lKsl7ME008 776099',1399 vidya. muthoor@gmail.com

77 ANIRUDHMV lKsl7ME009 9900353169 anirudhmv64@gmail.com

72 ARJUNPRASAD lKslTMEol I 990287'.l909 arjunpraedog@gmail.com

ASHUTOSI{ VILAS JAIN lKslTMEol2 9686823870 ashutoshkasliwal I 8@gmail.com

74 ASIF K lKslTMEol3 907107488 I asiltsrg@gmail.com

I
15 BHARATHKUMARG lKslTMEol4 8497028785 bharathkumar20 I 7@aemail.c\

16 CHETHANN lKsl7ME0l6 8660961557 nchethanl999@gmail.com

L7 CHIRANJEEVI U lKslTMEolT 9035929274 chirachiranjeevi0509@gmail.com

18 DARSHANB S IKSITMEOIS 8892991472 darshudarshanl9@gmail.mm

19 DARSHANGOWDAS lKsl7ME0t9 '1204917406 darshangowda220@gmail.com

20 DARSHAN V IKSITMEO2O 8792500725 venkateshdarshan6@gmail.com

27 DHEERAJ PASUPULETI lKslTME02t 9620652830 dheenj 1999@gmail.com

22 DILEEP SK lKsl7ME022 8971546426 dileepsk53 I @gmail.com

23 ESIIWAR A N IKSITMEO23 973t92263t aneshwar39@gmail.com

24 GANAPATI MIIEGDE lI(sl7ME024 9483617755 ganapatih€gde588@gmail.com

25 GANESHKUMAR N HEGDE lKsl7ME025 9448934062 ganeshl 5.hegde@rediffmail.com

26 GIRIDHAR M P 1KSt7ME026 8660426078 giridharmpr@gmail.com

27 HEMANTHKIMARG 1KS17M8027 7353410122 hemanthappiSo4@gmail.com

28 IMPAL D RA] lKsl7ME028 8970812833 impalraj I 432@gmail.com
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30 JITHU MENON lKsl 7ME03 I 7899433885 jithukuruppathg8@gmail.com

31 K AASHISHBIIARADWA.I lKsl7ME032 77955',15563 akshathaa.infra@gmail.com

32 KARTHIK S D lKsl7ME033 97423ll023 ksdl99924@gmail.com

33 KIRANC lKsl7ME034 9449666085 kiranl5220@gmail.com

34 KIRANR 1KSl7ME035 702239240',1 kirannaidul 9987@gmail.com

35 KONDAANILKUMAR IKS17MEO36 7331536148 milkumareddykondal 23@gmail.om

36 KLrNDANB lKsl7ME037 9880939402 balaram.kundano24@gmail.com

31 KUS}IAL RAO R lKs17ME038 9986566455 kushalraor@gmai I. com

38 MANOJH S lKsl7ME039 9663180t46 manojhsl 7@gmail.com

39 MANOJM lKsl7ME040 99025377t5 manojmadegowda@gmail.com

40 MOHAMED FAUZAN S IKSITMEO4I 973891 I 189 fauzansm I 0799@gmail.com

4r MOHSIN SIIAIKH lKsr7ME042 8904052427 mohsinshaikhsab@agmail.com

42 MOLAKALUPI]NITH 1KSl7ME043 9652511283 punithpunith5 I 2@gmail.com

43 NAGESH B U lKsl7ME044 7760682829 nageshbu@gmail.com

44 MSCHALVCHADAGA lKsl7ME045 8951322259 nischalvchadaga@gmail.om

45 MTINL lKs17ME046 90358893 l3 nitinldepak@gmail.com

46 PARIKSHITAM S lKsl7ME047 948 1763083 narikshita-madapua@f a\

48 PARIKSH]TH K KASHYAP lKsl7ME048 4123420447 pkk23200@gmail.com

49 PRABHUDEV C M lKsl7ME049 76t9t25532 prabhudevcm@gmail.rcm

50 PRAKASH Y 1KSl7ME050 9071261537 shankar@gmail.com

51 PRA!'EEN KUMAR V IKSITMEOsI 9206245274 praveragars549@gmail.com

52 ADITHYARBHAT 4ALITMEOO4 96724a2111 adityarbhat98@gmail.com

\i

\

29 JEEVANKUMARMA lKsl7ME030 7406030229 jeevanaravindueddy@gmail.com
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Head Department
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K. S. INSTITUTE OF TECHNOLOGY
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DEPARTME NT OF MECHANICAL ENGINEERING
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CLASS TIME TABLE

5.INDIVIDUAL TABLE
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KINEMATICS OF MACHINES
B.E, lV Sbmester, Mechanical Engineering

[As per Choice fised Credit System (CBCS] schemel
Course Code 17ME42 CIE Marks 40

Number of Lecture Hours/Week 04 SEE Marks 60
Tota! Number of Lecture Hours 50(10 Hours per Module) Exam Hours 03

Credits - 04
Course Objectives:

1. Familiarize with mechanisms and motion analysis of mechanisms.\
2. Understand methods of mechanism motion analysis and their charteristics.
3. Analyse motion of planar mechanisms, gears, gear trains and cams.

Module - 1
lntroduction: Definitions: Link, kinematic pairs,kinematic chain, mechanism, structure, degrees of freedom, Classification links, Classifiction of
pairs based on type of relative motion,Grubler's criterion, mobility of mechanism, Groshoff's criteria, inversions of Grashoff s chain.
Mechanisms: Quick return motion mechanisms-Drag link mechanism, Whitworth mechanism and Crank and slotted lever Mechanism. Oldham's
coupling, Straight line motion mechanisms, Peaucellier's mechanism and Robert's mechanism. lntermittent Motion mechanisms:Geneva wheel
mechanism, Ratchet and Pawl mechanism,toggle mechanism, pantograph, condition for correct steering, Ackerman steering gear mechanism.

Module - 2
Velocity and Acceleration Analysis of Mechanisms (Graphical Method): Velocity and acceleration analysis of four bar mechanism, slider crank
mechanism. Mechanism illustrating Corioli's component of acceleration. Angular velocity and angular acceleration of links, velocity of rubbing.
Velocity Analysis by lnstantaneous Center Method: Definition, Kennedy's theorem, Determination of linear and angular velocity using
instantaneous center method.
Klein's Construction: Analysis of velocity and acceleration of single slider crank mechanism.

Module - 3
Velocity and Acceleration Analysis of Mechanisms (Analytical Method): Velocity and acceleration analysis of four bar mechanism, slider crank
mechanism using complex algebra method.
Freudenstein's equation for four bar mechanism and slider crank mechanism. Function Generation for four bar mechanism.

Module - 4
SpurGears:Gearterminology,iawofgearing,pathofcontact,arcofcontact,contactratioofspurgear. lnterferenceininvolutegears,methods
of avoidlng interierence,condition and expressions for minimum number of teeth to avoid interference.

Gear Trains: Simple gear trains, compound gear trains.
Epicyclic gear trains: Aigebraic and tabular methods of finding velocity ratio of epicyclic gear trains, torque calculation in epicyclk gear trains.

4
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Module - 5
Cams: Types of cams, types of followers. displacement, velocity and acceleration
Acceleration, Retardation and Cycloidal motion.
Cam profiles: disc cam with reciprocating followers such as knife-edge, roller and
Analysis of Cams: Analysis of arc cam with flat faced follower.

curves for uniform velocity, Simple Harmonic Motion, Uniform

flat-face followers, inline and offset.

Course outcomes:

.l
L. ldentify mechanisms with basic understanding of motion.
2. Comprehend motion analysis of planar mecfanisms, gears, gear trains and cams.
3. Carry out motion analysis of planar mechanisms, gears, gear trains and cams.

TEXT BOOKS:

1. Rattan S.S, Theory of Machines,Tata McGraw-Hill Publish
2. Ambekar A. G., Mechanism and Machine Theory, PHl, 2009.

i\omnanV Ltd., New Delhi,4th Edition,2014.

REFERENCE BOOKS

Michael M Stanisic, Mechanisms and Machines-Kinematics, Dynamics and Synthesis, Cengage Learning, 2016.
2. Sadhu Singh, Theory of Machines, Pearson Education (Singapore)Pvt. Ltd, lndian Branch New Delhi, 2nd Edi. 2006

t
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K. S. INSTITUTE OF TECHNOLOGY
#14, Raghuvanahalli, Kanakapura Main Road, Bengaluru-5600109

DEPARTMENT OF MECHANICAL ENGINEERING

7. COURSE PLAN

Academic Year 2018-2019

Batch 2017-2021

Year/Semester/section IIIIYIA

Course Component Professional core
I

Subject Code-Title l7MB4z-Kinematics of Machinery a'

No. of Students
I

Schedule L 4 T

Name of the Instructor Mrs. Nirmala.L Dept ME

K S INSTITUTE OF TECHNOLOGY, BENGALURU.IO9
DEPARTMENT OF MECHANICAL ENGINEERING

LESSON PLAN FOR THE ACADEMIC YEAR OF'2018.2019
SUBJECT: KINEMATICS OF MACHINERY

SUBJECT CODE : !7ME42
FACUTTY:NIRMALA.L SEMESTER/SECTION :4th'A' W.E.r:OelOZlZOtg

Course Objectives:

1. Familiarize with mechanisms and motion analysis of mechanisms.

2, Understand methods of mechanism motion analysis and their characteristics.

3. Analyse motion of planar mechanisms, gears, gear trains and cams

course outcomes
CO1: Understanding the basic terminology of planar mechanisms and their motion study

CO2:Model displacement diagrams for followers with various types of motions and Cam profile drawing for various followers
CO3: Evaluating the transmission of power by application of various gears and gear trains.

CO4: Constructing velocity and acceleration diagrams for planar mechanisms by Graphical method

CO5: lnspect velocity and acceleration of planar mechanisms by complex algebra method and kinematic synthesis of four bar
and slider crank kinematic chain

co K-LEVEL

COURSE CONTENTS:

lnt2-



2 1

Degrees of freedom, Classification links, Classifiction of pairs based
on of relative motion

J I
Grubler's criterion, mobility of mechanism, Groshoffs criteria,
inversions of Grashofls chain.

1

Mechanisms: Quick return motion mechanisms-Drag link mechanism,
Whitworth mechanism and Crank and slotted lever lvlechanism.

5 1

Oldham's coupling, Straight line motion mechanisms, peaucellier's
mechanism and Robert's mechanism.

6 1

lntermittent Motion mechanisms: Geneva wheel mechanism, Ratchet
and Pawl mechanism, toggle mechanism,

7 1

pantograph,
mechanism.

condition for correct steering, Ackerman steering gear

8 Numericals on of mechanism

9 I Numericals on s chain

10 2 Cams: Types of cams, types of followers. and Cam profiles

11 2 and acceleration curyes for uniform

t2 2 si RetardationHarmonic Motion Uniform Acceleratio

t3 2 motion,

t4 2 followers such as knife-eDisc cam with

15 2
reciprocating followers roller and flat-face followers,Disc cam with

inline and offset.

16 2 follower with UV,SHMNumericals on knife

I7 2 Numericals on roller follower with UV UARM

18 2 Numericals flat faced follower with cycloidal motion

19 J

20 J

22 J Expression for Path of Contact and arc of contact

23 J Contact ratio of spur gear

24 J Numericals to determine length of path of contact

25 J Numericals to determine arc of contact

26 J Nuericals to determine contact ratio

27 aJ Numericals on interference between rs

28 J

29 J Numericals on interference between gears

1 (K2)1

lntroduction: Definitions: Link, kinematic pairs, kinematic chain,
structure.

07-02-
2019

08-02-
20L9

09-02-
2019

1t-o2-
20L9

t2-02-
2079

L4-02-
20L9

15-02-
2019

18-02-
2079

19-02-
20t9

2t-02-
201t

co
7

Understand

22-02-
2019

25-O2-

2019

26-02-
20L9

28-02-
2079

01-03-
20L9

02"03-
20L9

05-03-
2019

07-03-
20L9

08-03-
20L9

09-03-
20L9

14-03-
2019

15-03-
20t9

16-03-
20L9

18-03-
20t9

19-03-
2019

21-03-
2019

22-03-
20L9

23-03-
20t9

ll

co
7

Understand
(K2)

co
t

Understand
(K2)

co
1

Understand
(K2)

co
L

Understand
(K2)

co
1

Understand
(K2)

co
1

Understand
(K2)

co
1

Understand
(K2)

co
L

Understand
(K2)

co
r2

Apply (K3)

co
2

Apply (K3)

co
2

Apply (K3)

co
2

Appty (K3)

co
2

Apply (K3)

co
2

Apply (K3)

co
2

Apply (K3)

co
2

Apply (K3)

co
2

Apply (K3)

c03
Analyze

(K4)

c03
Analyze

(K4)

co
3

Analyze
(K4)

co
3

Analyzs
(K4)

co
3

Analyzs
(K4)

co
3

Analyze
(K4)

co
3

Analyze
(K4)

co
3

Analyzs
(K4)

co
3

Analyze
(K4)

co
Analvze

(K4)

\,3

4

1

l

Spur Gears: Gear terminology

Law of gearing

Numericals on interference between gears



30 J lnterference in involute gears, methods of avoiding interference,

31 J
condition and expressions for minimum number of teeth to avoid
interference.

JL J
Gear Trains: Simple gear trains, compound gear trains. Epicyclic gear
trains

J5 J
Algebraic and tabular methods of finding velocity ratio of epicyclic
gear trains,

34 a
J torque calculation in epicyclic gear trains

35 J Numericals on gear trains

36 J Numericals on gear trains

37 J Numericals on gear trains

38 J Numericals on gear trains

40 4 Velocity and Acceleration Analysis of Mechanisms (Graphical Method)

4t 4
Velocity and acceleration analysis of four bar mechanism 7

42 4 slider crank mechanism

43 4 Mechaniqm illustrating Corioli's coJnponent of acceleration.

44 4 Angular velocity and angular acceleration of links, velocity of rubbing

45
Velocity Analysis by lnstantaneous Center Method: Definition,
Kennedy's theorem

46 4
Determination of linear and angular velocity using instantaneous
center method.

47 4
Klein's Construction: Analysis of velocity and acceleration of single
slider crank mechanism.

48 4 Determination of linear and angular velocity of four bar mechanism

49 4
Determination of linear and angular velocity of slider crank
mechanism

50 4 Determination of velocity acceleration of four bar mechanism

51 4 Determination of velocity acceleration of slider crank mechanism

52 4 Numericals
a

53 4 Numericals

54 4 Numericals

55 4 Numericals

56 4 Numericals

57 Numericals

3

25-03-
2019

26-03-
2019

28-03-
20L9

29-03-
20L9

30-03-
20L9

01-04-
2019

o2-o4-
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04-04-
2019

08-04-
20L9
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2019
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20t9
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16-04-
2019

23-O4-

2019

25-04-
20L9

26-04-
20L9

27-O4-

20L9

29-O4-

2079

30-04-
2019

02-05-
20L9

03-05-
2019

06-0s-
2019

14-05-
20L9

16-05-
20t9

21-05-
2019
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A(K4)
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3

Analyze
(K4)

co
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Analyze
(K4)

q Analyze
(K4)

co
4

Analyze
(K4)

co
4

Analyze
(K4)

co
4

Analyze
(K4)

co
4

Analyze
(K4)

co
4

Analyze
(K4)

co
4

Analyze
(K4)

co
4

Analyze
(K4)

co
4

Analyze
(K4)

co
4

Analyze
(K4)

co
4

Analyze
(K4)

co
4

Analyze
(K4)
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4

Analvze
(K4)
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(K4)
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(K4)
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(K4)
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59 5 slider crank mechanism using
f co-
lsalgebra method.

Analyze
(K4)

60 5
Freudenstein's equation for four bar mechanism and slider crank
mechanism.

f co-
It

Analyze
(K4)

61 5 Function Generation for four bar mechanism
l-*ls

Analyze
(K4)

62 5
co
5Numericals on a of four bar mechanism methodco

Analyze
(K4)

63 5 Numericals on ?nalysis of slider crank mechanism
f c-o-
Itby complex method

Analyze
(K4)

64 5 eration of four bar mechansm
co
5Numericals on function

Analyze

REFERNCE
BOOKS

1. Theory of Machines, Sadhu Singh, pearson Education, 2nd Edition. 2007.
2. Theory of Machines, Rattan S.S. Tata McGraw Hill publishing Company Ltd,, N#
Delhi, 3rd Edition, 2009.

3. Mechanism and Machine Theory, A. G. Ambekar pHl, 2OO7

5

a
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20L9

25-05-
20L9

27-05-
2019

28-05-
20L9

30-05-
20L9

31-05-
20L9

co
5

Analyze
and acceleration ana of four bar mechanis (K4)
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wffi K.S. INSTITUTE OF TECHNOLOGY, BANGALORE . 56OX.O9
DEARTMENT OF MECHANICAL ENGINEERING

TEACHINGANP LEARNING

PEDAGOGY REPORT

Academic Year 2018-19

Name of the
Faculty

Mrs.Nirmala L

Course Name

/Code

KTNEMATTCS OF MACHINERY/17ME42

Semester/Section !v/A
Activity Name lntegrate new forms of technotogy
Topic Covered Animations and videos of various mechanisms, Kinematic analysis Il

Obiectives/Goals o To review student's factual and conceptual knowledgg of various
mechanisms and relationship between input motion and output
motion in any mechanism.

o To adoptnew method of interaction of student activities.
o To effectively motivate and share the latfst technologies toall the

students.
o To engage the students in a positive learning environment.

Tools Used Visual and observational media: videos, animations, physical models and

simulations through sources like YouTube.

Appropriate Method/Instructional materials/Exam Questions
o Study of mechanisms is one of the first applied sciences, so use of physical models fgr

demonstration of mechanism plays a vital role.
o Enhancing the conceptua! knowledge of the students to maintain curiosity and

' interest as the chief motivative forces behind the learning. Sustained interest leads

students to set themselves realistic standards of achievement and develop a

mechanism for real time challenges.

Relevant PO's PO2,PO9

Significance of
Results/Outcomes

o The activity tested the students understanding of various mechanisnrs

used in daily life and assisted them in cognitive development, ensuring
that they advance their understanding of concepts to higher !evels.

o Students not only expanded their knowledge base, lrut also

understood how to use that knowledge in authentic and relevant real-
world scenarios and contexts, as well as connect concepts from lessons

with situations in their own lives.

Reflective Critique 3

o

Student's awareness in participation of other modes of learning is
enhanced.

The students' understanding and knowledge is reviewed. 6O % of
the students could join in the platform and actively participated

6



a

and benefited.
Need to focus on other set of students.

Proofs ( Photographs/Videos/Reports/Charts/wlodels)
An lllustration of Visual and observational media in kinematics of machinery
Prototype working model of

t

t
t

L t

Prototype working model of T e mechanism

https://drive.eooele.com/drive/folders/l,CzrqSFwUqcPm uY-767acLvT41ekCxhdZ

lr
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K. S. INSTITUTE OF TECHNOLOGY
#14, Raghuvanahalli, Kanakapura Main Road, Bengaluru-5600109

DEPARTMENT OF MECHANICALENGINEERING

Assignment No: 1 Total marks:20

SI.No Assignment Questions
K

Level co Marks

1)
Explain i) kinematic pair ii)mechanism iii)structure iv)inversion v) degree of freedom
vi)binaryjoints and binary link vii) self-closed pair & force closed pair viii)lower pair &
tuming pair.

UNDERSTA
NDING

co1
t

2

,2) Classify and explain kinematic pairs based on type ofrelative motion. t
UNDERSTA

\ NDING
co1 )

3)
The link lengths of quadric cycle chain, taken in order are 10cm, 40cm, 30cm and
25cm. Inferall the inversions ofthe given chain and classi$rthem.

.UNDERSTA

NDING col )

4)
Name an exact straight line motion mechanism having only turning pairs. Draw neat
proportionate sketch of the same. State geometric relationships among its links.
Indicate the point tracing straight line and prove that the point can trace straight line.

UNDERSTA

NDING co1 2

sl

Draw a neat proportionate sketch of whit worth quick retum mechanisrn and crank slotted
lever mechanisms. Indicate clearly the positions ofdrive crank corresponding to the extreme
positions of shaper tool

UNDERSTA
NDING

col 2

Construct the cam profile for -follower type = Knife edged. in-line; lift: 50rnm: base
circle radius = 50mm; out stroke with Sl{M. filr 600 carn rotation; drvell fbr 450 cam
rotation; return stroke lvith SHM. fbr 900 cam rntation; drvell lbr the rcmainirrg period.
Solve max. velocity and acceleration during out stroke and return stroke ifthe cam rotates at

J000 rpn in clockwise direction

APPLYING co2 )

7)
Coustruct the cam profilc for the same operating oonditions of problem (1 ), with the

follower ollhet by I0 mm to the le{l 01' cam centre
APPLYING

co2 2

.8)

Constl'uct the cam prolilc for follorving conditions:Follower type =, roller follorver. il-
line; lift = 25mml base circle raclius = 20mm; roller ridius = 5mm: out stroke rvith tiARM,
for 1200cam rotation; dwell for 600carn rotation; return stroks rvith LJARIv,I, tbr 900carn
rotation; duell for the remaining period. Detennine max. Velocity and acceleration during
out stroke and retum stroke ifthe canr rotates at I200 rpm in clockrvise directiorr.

APPLYING
coz 2

e)

Construct the cam profile for following conditions: Follower type : knife edged
follower, in line; follower rises by 24mm with SHM in 1/4 rotation, dwells for l/8 rotation
and then raises again by 24mm with UARM in 1/4 rotation and dwells for l/16 rotation
before retuming with SHM. Base circle radius = 30mm

APPLYING
co2 ?

10)

A push rod of valve of an IC engine ascends with UaRU, along a path inclined to the
vertical at 600. The same descends with SHM. The base circle diameter of the cam is 50mm
and the push rod has a roller of60mm diameter, fitted to its end. The axis ofthe roller and
the cam fall on the same vertical line. The stroke of the follower is 20mm. The angle of
action for the outstroke and the retum stroke is 600 each, interposed by a dwell period of
600. Construct the profile ofthe cam.

APPLYING
co2 2

8. ASSIGNMENT QUESTIONS
,

Head of partment
Dept. of Mechanical Engg'

K.S. lns:irrtte of TechnologY

Bengaluru'5S0 1Q9, 
11

T

6)



Wffi
K.S. INSTITUTE OF TECHNOLOGY, BANGALORE . 560109

I SESSIONAL TEST QUESTION PAPER ?OLB - 19 ODD SEMESTER

USN
SET-A

Degree :

Branch :

Subiect Title :

Duration :

B.E
Mechanical Engineering
KINEMATICS OF MACHINERY
90 Minutes

Semester : III
Subiect Code z L7ME42

Date :

Max Marks : 30

Note: Answer ONE full question from each part.

t

a
No. Question Marks CO

mapping
K-leyrl

ART-A \
1(a)

Explain D kinematic pair iii)structure
iv)inversion v) degree offreedom 5 col Understanding

K1

(b)
Classify and explain kinematic pairs based on type of
relative motion. cor Understandirtg

K1

(c)

Construct the cam prolile for -follower type : Knife
edged, in-line; lift = 50mm; base circle radius = 50mm; out
stroke rvith SHM, for 600 cam rotation; dwell for 450 cam
rotation; return stroke with SHM, for 900 cam rotation;
dwell for the remaining period. Solve max. velocity and
acceleration during out stroke and retum stroke ifthe cam
rotates at 1000 in clockwise direction.

5 c02 Applying
K3

OR

2(a)

Name an exact straight line motion mechanism having only
turning pairs. Draw neat proportionate sketch of the same.
State geometric relationships among its links. Indicate the
point tracing straight line and prove that the point can trace
straight line.

5 col Understanding
K1

(b)
The link lengths of quadric cycle chain, taken in order are
lOcm, 40cm, 30cm and 25cm. Infer all the inversions of
the given chain and classifr them.

5 co1 Understanding
K1

(c)

Construct the cam profile for follorving
conditions:Follower Ope = roller follower, in-line: lilt =
25mm; base circle radius : 20rnm; roller radius : 5mm;
out stroke lvith UARM, lbr 1200 cam rotation: dlvell fbr
600 cam rotation; return stroke with UARM, for 900 crmr
rotation; dwell for the remaining period. Detemnine max.
Velocity and acceleration during out stroke and returr
stroke if the cam rotates at. 1200 rpm in clockrvise
dilection.

5 c02 Applying
K3

PART-B

38



3(a)

Draw a neat proportionate sketch
return mechanism and explain briefly, Indicate clearly the
positions of drive crank corresponding to the extreme
positions of shaper tool

of whit worth quick

5 cor Understanding
K1

(b)
Interpret the expression necessary condition of correctfor

5 col Understanding
K1

(c)

Construct the carn profile for

Follower type : roller follower, in-line; lift:25mm; base
circle radius = 20mm; roller radius : 5mm; out stroke with
UARM, for 1200 cam rotation; dwell for 600 cam rotation;
return stroke with UARM, for 900 cam rotation; dwell for
the remaining period.

following conditions:

5 c02 Applying
K3

OR

4(a)
State and Explain the suitable mechanism which can be
used in forming machines/sheet metal punching 5 \so' Understanding

K1

(b)
Explain the Pantograph mechanism, with a neat sketch.
State its application 5 col Understanding

.;K1

(c)

i) Outshoke during 60o of cam rotation.
ii) Dwell for the next 30o of cam rotation
ii) Return stroke during next 60" of cam rotation
iv) Dwell for the remaining 2l0o of cam rotation
The stroke of the follower is 40mm and the minimum
radius of the cam is 50mm. The follower moves with
uniform velocity during both the outstroke and return
strokes. Construct cam profile when the axis of the
follower is offset by 20rnm from the axis of the cam shaft.

following
follower:-

Construct the canl to theprofile tomotionglve
knife edged

5 co2 Applying
K3

a

Head partment
Dept. of Mechanical Engg,
K.S. lns:itrrte of Technology

Bengaluru - 560 109.
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wffi I(.S. INSTITUTE OF TECHNOLOGY, BANGALORE . 560109
I SESSIONAL TEST QUESTION PAPER SCHEME 2O1B- 19 ODD SEMESTER

SET.A

Semester :

SubiectCode:
Subiect Title :

Duration :

III
t7ME42
KINEMATICS OF MACHINERY
90 Minutes

Note: Answer ONE full question from each part.

t)

1(a)

ffiX5*ilk* - "fi4" dr#* ** *.{,**r.-r4* $.{- s. *\e41&4rs-
gl**." l*. l"a"ts*l* +s{t& xit$ **,*t,p;,}.
+s&uts ***&, flr r*t$rl :& ry;
re.{ws., #i. ";* i.a{"*-& r"l;utr{-"u.
ts:a!rui*rd l; *. f^,r,dr#","k, *;,"*;*t-,
f{'r f.aln sL c;al:ed* i<rk**l+< pfu.

:.Nl,t* g{fugf as a igqrai-'c, eA*in *Jfi,
& c&al" i* \wa* 'tB fwAaisra

.d I't{41flrl,rr'r{"rr {*iffi 
fh$ t&},, * *,r,?$k{4f4,r.rk*

r", n*r*rl,m.frw- * knlo**4 ,,

*i&*t, *. ,u;l&xwiw ,*, *a*I*d & &**s*rt
WW , i$ at w*q f n^*ql,l*r.t f *..**

,l' 3nw***v sl Sr*lo"qtr*@,yt*l

Each carries I Mark

I1

t4
*b*ir, *, ea

f&.t ***Ar,ai**.r

Utrt v,r'X.*g*W, {W.

5

BO

7



(b)

fF ) ri{idisq rhit - $*fr+. 'ars e*r."6d,ns, rlt e Fo; *.L*@-- $' "* f**r**.}<.d- is, *,*t-t" s ;as ;iert #?d
fi*$. trd,.S s:X.{** xral'*q**.e.*' t"d #"r. '*t$"*ru -
ft$yi::*$sd1!+u* *f*irv.ea: triH+{\t ,. lw.i *t**ir.*a Is*:d

S) rrnr*;**f*1t"" #?4 r# J, ;*** 6? ' lifu* *u-"o*-'
o. 6red *'r:o*'*€ re*{.}dv. }.nL.
u,qrl*,, *ti'*.{ **d*1,g, *{*il t4q{i'r.sLe"

Ls} s#I,s$. .fis€. * m("#-:.;"1:",:ff.,:" **** 
$kiq'"

{
f.. I S*r.-si tqqe * m* *d*a*rud *as. ttt*"r+ x&r+di ts"t qd&*a(r J -"""**: '- 

&-,1 g"'f'e+i $'taa3g" 'i^'+e" "''*' "' f,e;u

la"x. ai*""**"}15,},+s -!&.4

*t*.9,4] {rr:*e*
C&w+-* "

5

(c)
Displacement diagram-2Marks
Cam 3Marks 5

2(a)

'. BCl - PCz =.ir#x - rFa = (,{B+J:>F.XFg- .PjI) = Bp x BE

T-
l Mark

4 Marks

) t

E\
7

In triangles SFC ancl FFC,

.8C2 = .$S: +.fiS anrJ p6.: = p;rt +.frf,3

5

s

revolution
Iinks

Drag-Iink
s+I > p+q

Double-rocker
s+l > p+q CErk-rccter

s+l < p+q

(b)

cach 1rnes arm aks 2nd arksM cafor I ucl oati

5

(c)
Displacement diagram-2Marks
Cam profile-3Marks. 5

3(a)

2Marks
Explanation-3Marks

5

(b)

forCondition Correct ISmechanismsteering:The steering tousedgear thechange
ofdirection ortwo ofmore the wheel ,saxle with reference theto so toASchassis, moYe

the automobile theln The doneIS frontpath. andwheels backsteering by wheels
remaln and do not Theturn. forcondition correct thatIS all the four

5

t

2\

desired

i

.t

I



wheels must rotate about the same instantaneous centre which lies on the axls of the back
wheels. Let the axrs of the mner wheels makes a larger angle e than the angle
by the axls ofouter wheel. Let I
a:wheeltrack, b:wheelbase, c= distance between the pivots A and B of the front axleFromtrianglelBP :

eot# * gP
/F

FromtrianglelAP

cots, : # =i+Efl = #-H = fncoro

sotd-cst0= I,b
This is the fundamental equation for correct steering

sketch-2 Marks
Explanation-3Marks

(c)
Displacement diagram-2Marks
Cam profile-3Marks 5

4(a)

Explaination-3marks
-2Marks

5

r

ii

$i

a-L

subtended

il.

\ I



(b)
lirst ptrint, an idelticar, enrarged. i'r nliniaturiz.ed cop1..u,ifi be tkawnbl. a pel fixcij t' thc orirer,

sketch-2Marks

Y,xplaination-3Marks

3

o1'
dr-nrviil{: ls Ltacad lry thc

s(l lltc rntiverrent
ittle peli. irr lracing :ur ilrage, pnrducel identical ll:lllvtifitetrts ilt a securrd p*n. lI'a lirre

linli*1:e oolfidolcd in c ttvnner bas,i,i on

5

(c)
Displacement diagram- 2Marks

Cam profile-3Marks
5

Head of partment t

\
Dept" of MechanidalEngg
K.S. lnr 1itfte of TechnologY

Bengal.rru '560 109'
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K S INSTITUTE OF TECHNOLOGY

DEPARTMENT OF MEGHANICAL ENGINEERING

lV Semester lA1 Marks Academic year:2018-19

Student Detail: KINEMATICS OF MACHINERY

Sl No USN Student Name IA-1 MARKS co1 co2

3OMARKS 20MARKS lOMARKS

1 1KS17MEOO1 ABBAS RAZIN 10 10 0

2 1KS17ME003 ABHILASH K S t4 2

4 1KS17MEO99 ADITHYA R BHAT 13 8 5

5 1KS17MEOO5 AKASH K L 22 2

6 1KS17MEOO7 ANANDU K SANIL 8 8 0

7 1KS17MEOO8 ANIRUDH BHARADHWAI K 10 10 0

8 1KS17ME009 ANIRUDH M V 6 5 t
9 1KS17MEO11 ARJUN PRASAD 9 4 5

10 1KS17ME012 ASHUTOSH VILAS JAIN 10 10 .l
TT 1KS17ME013 ASIF K 7 \
L2 1KS17MEO14 BHARATH KUMAR G 20 15 5

13 1KS17MEO16 CHETHAN N 28 20 8

t4 1KS17ME017 CHIRANJEEVI U 13 10 3

15 1KS17ME018 DARSHAN B S 9 8 1

15 1KS17MEO19 DARSHAN GOWDA S 30 20 10

t7 1KS17MEO2O DARSHAN V 8 5 3

18 1KS17ME021 DHEERAJ PASUPULETI L2 0

19 1KS17MEO22 DILEEP S K 2L 15 6

20 1KS17ME023 ESHWAR A N L2 L2 0

2l 1KS17MEO24 GANAPATI MANJUNATH HE 16 11 5

1KS17MEO25 GANESHKUMAR NARAYAN 18 13 5

23 1KS17MEO26 GIRIDHAR M P 2 2 0

25 1KS17ME028 IMPAL D RAJ 8 6 2

26 1K517ME030 JEEVANKUMAR M A 11 6 5

27 1KS17ME031 JITHU MENON 15 15 0

28 1KS17MEO32 KAASHISH BHARADWAJ 15 10 5

29 1KS17MEO33 KARTHIK S DALABANJAN 13 13 0

30 1KS17ME034 KIRAN C 10 8 2

31 1KS17ME03s KIRAN R 15 10 5

32 1KS17ME036 KONDA ANIL KUMAR REDD' 10 5 5

33 1KS17MEO37 KUNDAN B 0 0 0

34 1KS17ME038 KUSHAL RAO R L4 12 2

35 1KS17ME039 MANOJ H S 18 10 8

36 1KS17MEO4O MANOJ M 23 15 8

37 1KS17ME041 MOHAMED FAUZAN S t4 8 6

38 1KS17ME042 MOHSIN SHAIKH 4 0 4

39 1KS17ME043 MOLAKALU PUNITH 0 0 0

40 1KS17MEO44 NAGESH B U 8 8 0

r+

t

ILI

L2

20

0

t2

22
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lV Semester lA1 Marks Academic year:2018-19

Student Details KINEMATICS OF MACHINERY

SI No USN Student Name IA-1 MARKS co1

4t 1KS17ME045 NISCHAL V CHADAGA 7 5 2

42 1KS17MEO46 NITIN T 0 0 0

43 1KS17MEO47 PARIKSHITA M S 13 10 3

44 1KS17MEO48 PARIKSHITH K KASHYAP 25 18 7

45 1KS17M8049 PRABHUDEV C M 2 ') 0

46 1KS17ME050 PRAKASH Y 72 L2 0

47 1KS17MEO51 PRAVEEN KUMAR V 30 20 10

I

Head of t rtment
nical EnggDcpt. of Mecha

K,S, ln::itrrte ot TechnologY

Bengaluru 560 109.
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KSIT Bangalore

DEPARTMENT OF MECHANICAL ENGINEERING
ASSIGNMENT OUESTIONS

Academic Year 20tB-L9
Batch 2017-21
Year/Semester/section ilr/tv/A

Subject Code-TitIe KINEMATICS OF MACHINERY

Name of the Instructor Mrs.Nirmala L Dept MECH

Assignment No: 2 Total marks:15

sl.
No Assignment Questions K

Level CO
Mar
ks

1l

The following data relate to a cam profile in which the

.5mm,lift:28mm,
ARMU ascent and descent. radiusMinimumduring camof roller=25mm,

diameter:7 ofoffset axls:follower 2mm towards right, angle
ascent:of 006 descent:of 900 dwellof betweenangle ascent andangle descent

of:450. cam 200the Construct thespeed theof camrpm. andprofile
thedetermine maxtmum uniformand ofacceleration followerthevelocity during

the outstroke theand return stroke

moves with

APPLYI
NG(K3)

CO

2
t

2)

the profile of a cam when a cam
reciprocating follower through a

motion is defined as belowoutward stroke during 1500 with UARM, dwell for
next 300, retum during next 1200 with sHM, dwell for the remaining period,
stroke of the follower is 3cm, minimum radius of the cam is 3cm.,follower axis

Construct
operates a

rotates at unifbrm speed of
roller l.5cm diameter. The fbllower

the cam axis.

APPLYI
NGIK3)

1

s)

cam:25mm, diameter of the roller:l6mm, angle of lift:600 with UARM, angle
of descent= 900 with UARM, angle of dwell between ascent and descent :410,
speed of cam :200 rpm clockwise. Also calculate max velocity and max
acceleration during descent.

ct the of a cam to suit the following specifications: least radius of

APPLYI
NG(K3)

CO

2
1.

4)

a cam to give the following motion to the reciprocating
follower with a flat face: follower to move outward through a distance of 20mm
during 1200 of cam rotation, follower to dwell for 300 of cam rotation, follower to
return to its initial position during 1200 of cam rotation, follower to dwell for the
remaining 900 cam rotation, the minimurn radius of cam is 25mm and the flat face
of the follower is at right angle to the line of stroke of the follower. The outward

Construct the profile of

and return shoke of the follower is to take place with SHM

APPLYI
NG(K3l

CO

2
1

s)

the following motion to the
during 1800 ofcan rotation

It 1S to constr theuctrequired of cama to give
lower:fol moveto outrvards J .4mmtlrrough

with fbllower tocycloid motion, return with ,loid motion of900cyc canlduring
rotation. Determine maxlmumthe ve and acceleration theof follower

APPLYI
NG(K3)

CO

2
1

2u

l

l

i

l

I
I

I

I

I

i
I

I
I

i

I

i
I

I

300rym

CO

2

follower



outstroke when the cam rotates at2400rpm clockwise. The base circle of the cam
is 30mm diameter and the roller diameter of the follower is lOmnt. the axis of the
&llqyer is offset by 7.5mm to the rtgbt.

6) State and Derive the law of gearing APPLYI
NG(K3)

CO

3
2

7)
Derive an expression for length of path of contact, length of arc of a contact and
contact ratio for a pair ofinvolute gears in contact

APPLYI
NG(K3J

CO

3
2

B)
Derive an

interference.
expression for minimum nnmber of teeth on pinion to avoid APPLYI

NGIk3)
CO

3
2

e)

Two involute gears of 20o pressure angle are in mesh. Tha number of tedfi on
pinion is 20 and the gear ratio is 2. rf the pitch expressed in module is 5mm and
the pitch line speed is l.2mls, assuming addendum as standard and equal to one
module, Eyaluate

a. The angle turned through by pinion.ih., on. pair of teeth is in
mesh.

b. The maximum velocity of

ANALYZ
rNG(K4)

co
3

2

10)
A pinion having 30 teeth drives a gear having 80 teeth. The profile ofthe gears is
involute with 20' pressure angle, 12mm module and l0mm addendum. Evaluate
thg length of the path of arc of contact and the contact ratio

ANALYZ
rNGIK4)

co
3

7

Incharge

Head of itnt ent

Dept. of Mechanical Engg

K.S. lnr litute of TechnologY

Bengrlur u ' 5S0 109'
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K.S. INSTITUTE ON TECHNOLOGY, BANGALORE - 560109
II SESSIONAL TEST QUESTION PAPER 2OIB- 19 EVEN SEMESTER

USN

SET-A

Note: Answer ONE full question from each part.

W
ffiHm

Degree
Branch
Course Title
Duration

Semester : IV
Course Code = I7ME4Z

Date : 16_04-2019
- Max Marks : 30

: B.E
: MechanicalEngineering
: KINEMATICS OF MACHINERY
: 90 Minutes

Q No. Question Marks CO K-
LeveI

PART.A

1(a)

follower:

Determine

ISIt to constructrequired the of cama toprofile thegive tomotion thefollowing
tofollower move outwards J .*mm g00through ofcamduring rotation

with cycloid follower tomotion, refurn with motioncycloid g00 of camduring
rotation. the maxlmum and accelerationvelocity of the follower during

whenbutstroke camthe atrotates 2400 Theclockwise.rpm circlebase theof cam
3ls diameter0mm theand roller diameter theof 1Sfollower Omm. the axls theof

lsfollower offset 5mm thetoby right.

5 co2 APPLYING
K3

(b) State and Derive the law of gearing
5 co3 APPLYING

K3
(c) Distinguish between cycloid profile and involute profile ofgear tooth

5 co3 ANALYZING
K4

OR

z(a) outward stroke during 1500 with UARM, dwell for next 300, return during next
1200 with sHM, dwell for the remaining period, stroke of the follower is 3cm,
minimum radius of the cam is 3cm.,follower axis passes through the cam axis

motion

Construct the of camprofile when cam rotates at uniform ofspeed 300rpm
operates followerreciprocating roller .5cmthrough diameter The follower

ts ASdefined below

5 coz

(b)
5 co3

(c) an expression for length ofpath ofcontact 5 co3

3(a)
The data relate ato camfollowing m whichprofile followerthe withmoves
UARM ascent and descent.during Minimum ofradius cam roller=25mm, 5 coz

APPLYING
K3

APPLYING
K3

9-K

I I

I

I
7

a a

a I

Establish

PART-B



600, g0o,

diameter:7 offset5mm,lift=28mm, of follower axrs: towardsl2mm angleright,
of ascent: of descent:angle of betweenangle dwell ascent descentand
=450 theofspeed cam 200 Constructrpm. the of the camprofile and
determine the maxlmum uniformandvelocity of theacceleration follower during
the outstroke theand return stroke

(b)
A 30 teethpinion drives ahaving 80 teeth.gear The ofhaving theprofile lsgears

withinvolute 20" pressure module2mmangle, and 0mm addendum. Evaluate
the of the oflength arcpath contact, of andcontact the contact ratio

5 co3

(c) avoid
anDerive for mmlmumexpression number of teeth Gon EAR V/IIEEL to

interference, 5 co3

rotation.

25tm and the
follower. The

Construct the of cama toprofile theglve tomotion thefollowing reciprocating
withfollower flat face: follower to move outward distanceathrough 2Onmrof

t200 of camduring tofollower dwellrotation, for of300 cam follower to
toreturn its initial position 200 CAmofduring follower torotation, dwell for the

cam900remaining therotation, radiusmmlmum of cam 1S faceflat
theof lsfollower at to theright line strokeofangle theof outward

retunland ofshoke followerthe to1S take with SHM.place

5 co2

(b) the methods ofExplain lninterferenceavoiding gears
5 co3

(c)

a. The angle turned through by pinion when one pair of teeth is in
mesh.

of 20"f*o gears pressure lnareangle Themesh. ofnumber teeth on
20ls theandpinion ratio lsgear 2. theIf pitch lnexpressed module 5mm1S and
linethe IISpitch speed .2m/s, ASaddendumassummg andstandard to oneequal

Evaluatemodule,

b. The maximum of

5 co3

ltr--(-Lt' -
Sigifiture of Course incharge

rln'i:.I)!
ai E ngg

Techn o,ogy
560 1 09,

I
I

i

Lt
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4(a)
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CourseCode:
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Max Marks :

Q No.
Question

Marks

Roller follorver
Angle of ascent=l g00lcycloidal motion.l
Angle,of descerrr I g00(cycloidal rnotion;
ilsr-J l.+mnl
N=2400 rpm
Base circle radius= 30mm
r:-Stroke/2 n= 31.4 /22 : r= 5 mm
Oflset=7.5mm right
Roller radius:5rnm

,

I

#1
I

I

i

K

\.
i

I

I

...t)' ..4,'gtFt

l
t

i

s
.""I$

iet./
:y'/'Ys..r'

tt}'.

;^f-,
l,/"
i

tt
i fiJ -i

2 Nlarks

/

mfir

3e,
HsliJrff

l*re1
[-Out $lr0k*

Given

Displacement diagrarn- 2 lllarks

Grfls{atirg q.Jacls

5

:

I

I
I

I.g'o

1(a)



I

tl

'isry'

*,

$lir*ld;

0.5 Marks

fullc,urer
Pal$h

eirfile

c*rsle

'Srxn

Max velocity - 2ros/Oo

(b)
ofDefinition ofIaw Igearing IlIark

Sketch- 2NIarks
Derivation- , Marks 5

(c)
gearinvolute prolileDifference between

Iive differences- 5Marks

profile

5

2(a)

Roller: l.Scm diameter.

lurya1a stroke d^uring t50o with UARM,
dwell for next 300.
Retum during next l20o with SHM,
Dwell for the remaining period,
Stroke of the follower is 3cm
minimum radius of the cam-il:.*.,
Displacementdiagram- 2% Nlarl<s

Cam prolile- 2%Nlarks

Given
N:300rpm

5

tb)

r.p.m
Given T t

2000 20' addendum mm5 m 5 mm
ofVelocity at thesliding ofpaint sn g a g em e n t43 g7 5 m m ls- 2 MarksofVelocity at thesliding pitch poinFO
ofVelocity at the$liding paint of disengagement=36 'l4mmls- 2Marks

thewhich pinion turns-29.4*- 1lMark

5

(c) Length of path of contact
5

Ir

li

l!

2t

1



Pitch circle

2 Marks

{fio )' * f? eosl g +j bu)' - r? e,:s29 * ffi + r")sinqr
3 Marks

Wheel

t
circles

Pinion

A

Length of the path of contact=

Base circle
Pi{ch circle

Sketch-
Derivation-

3(a)

Minimum radius of cam =25mm,
roller diameterl5mm,
Iift=28mm,
offset of follower axis: l2mm towards right,
angle ofascenF 600, UaRM
angle ofdescent= 900, UARM
angle ofdwell between ascent and descent:450,
Speed ofthe cam = 200 rpm.

Displacement diagram- 2 Marks
Cam profile- 2 Marks
maximum velocity- 2roV0o
maximum acceleration -4ro2s / Oo2lMark

Given

5

tb) 2 Marks
2Marks

l.5lMarks

F30 teeth T:80 teeth. Pressure
Iength ofthe path ofcontacF 52Jmm

', m=l2mm module and addendum=l Omm.

5

(c)

2%Marks

'lAt n\YT.
'o * t

2%Marks

Sketch-

derivation.- J,,-

lllinimum number of tceth on

L+z
T

-i[ 5

4(a)
flat face: follorver
s= 20mm

angle ofascent =1200 ofcant SHM

Given

5

;

\

I'

l!
3L

jffi

arc ofcontact =55.66mm
contact ratio=



angle of descent :1200 SHM
follower to dwell for the rernaining 900 cam rotation,
the minimum radius of cam is 25mm
Displacement diagram- 2 yz marks

F -J I
0 L

llt:
&rytr*

T

p J

Fii6h {),

t',

nffi

srr'**a-{r-- Brvdt 

-{
F- *u1 Errrf,* JOwet{<-,g6sp111

B

Cam

:! xl** -**l
Iprolile-

s 45 0i r' *r *i 4t

:ftr **-{ ss, }r** lz0, 

-f* 
*a

2 % marl<s

for ofcarn rotatiorito

o)

Methods of avoiding tn gears
By increasing pressur€ angle

ofno teethBy rncreasrng
By3. addendumDecreasing of Sear

5

(c)

Pressure angle: 20" we in mesh. The number of teeth on pinion is F20 and theGear ratio is 2.
Module is 5mm
pitch line speed is l.2mls, assuming
addendum 

=qual to one module,

c. The angle turned through by pinion when one pair otteeth is in mesh _ 29.450-2 %Marl<s
d. The maximum velocity of sliding_ 455.4mm/s

) Marks

l

of Course incharge
D/ME

Head of partment
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KSIT Bangalore

DEPARTMENT OF MECHANICAL ENGINEERING
ASSIGNMENT OUESTIONS

\

Academic Year 20LB-t9
Batch

trurv /A

Subject Code-Title KINEMATICS OF MACHINERY

,
Name of the Instructor Mrs Nirmala L Dept MECH

Assignment No: 3 Total marks:15

Sl.No Assignment quesUon\ K
Level CO

Ma
rks

11)

In a four bar chain ABCD, AD is fixed and is 150 rnrn long. 'l-he crank AII is 40
mnr long and rotates at 120 r.p.m. clockwise. while the link CD : 80 mm
oscillates about D. BC and AD are of equal length. Inspect the angular velocity
of'link CD when angle BAD : 60'.

B

80

40

A 150 D

Analyzin

s (K4)
CO

4
)

t2)

The crank of a slider crank mechanism rotates clockrvise at a constant speed of
300 r.p.m. The crank is 150 mm and the connecting rod is 600 mm long.
Examine :1. Linearvelocity and acceleration of the midpoint of the connecting
rod, and 2. angular velocity and angular aclde{ation of the comrecting rod, at a
cranli angle of45o from inner dead centre position.

Analyzin

s (K4)
CO

4
')

13)

In the mechanism shorvn in Fig, the slider C ismoving to the right with a velocity
of I m/s and an acceleration of 2.5 m/s2. The dimensions of various links are AB:3 m inclined at 45'with the vertical and BC = 1.5 nr inclined at 45" with the
horizontal. Examine: l. The magnitude of vertical and horizontal conrponenl of
the acceleration of the point B, and 2. the angular acceleration of the links AB
and BC.

Analyzin

c (K4l
CO

4
2

!

!t
l)t?

t

20L7-21
Year/Semester/section



A

3m
45n

t-
I

#
B

450
1.5 m

c

74)

The dimensions and configuration of the four bar mechanism, shown in are as

follows: The angle APIP2:60'. The crank PIA has an angular velocity of l0
rad/s and an angular acceleration of 30 rad/s2, both clockrvise. Inspect the
angular velocities and angular accelerations ofP2B, and AB and the velocity and
acceleration of the joint B.PIA = 300 mm; P2B = 360 mm; AB : 360mrn, and
PlP2:600 nrr.

A

360 mm \

P1 Pz

l*- 600mm +1

Analyzin

s (K4)
CO

4
.,

1s)
Inspect equation for Coriolis component o1' acceleration, with the help of
appropriate sketches.

Analyzin

s (K4) c05 )

t6) Examine and Develop Freudenstein's equation for a fbur bar chain mechanism
and slider crank mechanism

Analyzin
g (K4)

CO

5
2

17)

In slider crank mechanism, the crank radius is 100mm and length of connecting
rod is 500mnt. the crank is rotating in CCW direction at an angular velocity of 15

radlsec and the angular acceleration of llSrad/sec. Inspect the acceleration of
piston and the angular acceleration of connecting rod when the crank is at 600

from IDC

Analyzin
c (K4)

CO

5.
2

18)
The four bar mechanism ABCD is shown in fig which is driven by link 2 at
a2:45rad/s, CCW. Examine the angular velocities of links3 and 4 by using
complex number method AB:100mm, CD:300mm, AD:250mm

Analyzin

sIK4)
CO

5
2

1e)

In four bar mechanism shown in figure, link AB rotates uniformly at2radlsec in
clockwise. Using complex algebra write looqElosure equation for this. Examine
magnitude and direction of angular velocity anil angular acceleration of links BC
and CD using vector algebra. Also state whether magnitudes of angular
velocities ofthese links tend to increase or decrease at that instant.

Analyzin

s (K4)
CO

5
2

(

37



C u',, AD : I {} ctrl
;,.'',4.B = 7,5 cn:

CD* 15 em{.)
l)

20)

A four bar mechanism ABCD is made up of four links pin jointed at the ends.
AD is the fixed link of 600mm. Links AB, BC and CD are 300rnrn, 360mm and
360mm r:espectively. At certain instant link AB makes 600 with AD. If the link
AB rotates at an angular velocity of l0rad/sec and an angular acceleration of
30rad/sec2, both clockwise, Inspect for the angular velocity and angular
acceleration of link BC and CD by using complex algebra method.

Analyzin
c [K4)

CO

5
2

I
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Degree
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Semester
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Date
Max Marks

PART.A

1(a)

c

B

80

40

A D150

an angular velociry ql fi radls
both clockwise. Caltclate the

The dimensions and theof fourconfiguration bar shown l11mechanism, are AS
Pfollows: IA 300 P2Bmm; Pand P2360mm, mm=600

The 1P2:AP The60"angle Pcrank A has
and an accelerationangular of rad/s230

ardvelocitiesangular accelerationsangular of and AB theandP2B, veloci ry

5 co4

(b) For the above given figure in
B

question I (a) Evaluateacceleration of the joint
5 co4

(c) Establish loop closure equation for a Slider crank mechanism.
5 co5

2(a) 3m

the acceleration ofthe

A

450

45"

+pl
horizontal B C

Bt
I

In the shownmechanism m slider C IS toFig.the the withmoving aright
of m/s and anvelocitv acceleration 2.of 5 mls2. The dimensions varrousof

olinks are AB m inclined 45at with the vertical BCand m.5 inclined
45"at thewith horizontal. Calculate: I The of vertical andmagnitude

1,S m

5 co4

(b) For the above fig given in
the links AB and BC.

calcu!*te the angular acceleration ofquestion2(a)
5 co4

t

OR

Analyzing(I *)

Analyzing(K4)

Analyzing(K4

Analyzing(I(4)

AnalyzingIK,

qq

l

aa

SET-A

:360 mm; AB =

1

I

li

/
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Head of th rtment
Dept. of nical Engg
K.S. lnr:itrrte of Technology

a

Analyzing(K4)

Analyzing(K4l

Analyzing(I(4)

{or

li

t.
I

(c) loop closure equation for a four bar mechanism
Establish

5 co5 Analyzing(K,[

PART-B

3(a)
Establish forequation Coriolis ofcomponent withacceleration, the ofhelp

sketches 5 co4

(b)

I.'D"C.

,
tr'rJ

D mrn
I

o

crankThe of slider crank mechanism rotates clockwise at a constant speedJ r.00of The crankp.m. ts 50 lnm and the 1Sfod 600connecting mm long.IDetennine: Linear andvelocity acceleration theof ofmidpoint theandrod, , angular andvelocity angular ofacceleration theaatrod,

connecjlng
connectirrg crank 45"ofangle from mner dead centre position.I

5 co4

(c) w. velocities

The four bar mechanism ABCD ls mshown which lsfig driven link 2 atby
CCa2:45rad/s, Eyaluate the angular of links3 and 4 by usingnumbercomplex AB=method 00mm, AD=25OmmCD:300mm,

5 co5

4(a)

360 mm

A

1_

o

r-* 5

(b) of slider
For the bove figure tngiven uestionq 4(a calculate:)

andD accelerationangular of BD.
5 co4

(c)
with an angular

In an engme themechanism, theoflength lscrank 200mm. of thelength
rod 1Sconnecting the800mm. lscrank rotating ofvelocity25mJsec and 2accelerationangular of 00 radlsec both clockwise. lsCrank at450 from IDC. fromfnspect first principles only by closureloop method.

anda)velocity acceleration theof piston
b) andvelocity angular acceleration of the rodconnecting

5 co5

- s60 .l

I

Analyzing(K4j
t

\

Analyzing(K4)

OR

mm

co4
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Note: Answer ONE full question from each part

Q No.
QuesUon Marks

1(a)
r,'ns= l,B OBaXAB= 12.56g x 0.04= 0.503

tr,C.D = IC: = yeolot rft: = 9.Jfi5 q/t
We knorv that CD = 53p mur = 0.0g nr
.'. Angular velocity of link CO_

0.385
= o.fis = 4''3l*lk$3*u'ise ahout D;,'tns.

tui.:ry,rrys

2.5 marks

{&) Vek:city riiagram.
2.5 marks

d
,

CB

n:/s

By measure$lent" we find that

orco = ffi

5

\r

Max Marks : 30

I

\

I

I

I



1tb)

I

r
,&

Fi" FE

I
"* )t.

b'' ir"
I

asi L

v

f
&*1,

,
(.\.J!cxiess:{tx:*ii*grxm 2.5Marks

r?Bp: G .?N * vcctor p,'#' * 19.6 rn/s: .\nr.

*ilrp
f) *-*r,:.8 - p,6

,
= ,-i-? = ?l-it r.rcl,'s: (Anrie l*ckrt,isc)..lps.

$-36

a** ar*gulitr ir*srlsrixtkflr t}f A fi. crp,$ - * = # 
* 3?-$ r*ti,rx; {Aalt.ir:kir-k}i'iti*,i;Lxs,

2.5 Marks I

1(c)

,
A A

f7

#g t} 0r

4
f6

I I

Slidsr{rank tr*{*chssist VecJur Luop for S}ider-Crmk fi#,qehaninrn

5

2(a)

A

b

B

a,d }fg
c

J.
Di

c

-*
vQ

(rfl Space rli*granr. {}) Vel**ity cliagran.
2.5 Marks

luEA = vect$r tlb = s,73 m/sl

vBC : Yectfir r:1r : *.72IT#s
2.5 Marks

5

['f,



2(b)

b' Vert *#rffiil
sf &E

}fu

I t #'
a ,d b" ac ttr

}r
H*trix. effffitp. fif gg r

{c} Ac*eler"eti{rn di *grfu:.
2.5 Marks

veclor h'b" = I.l3 ttt/s? anrl vect*r {1,b" = 0.9 tr:/s2 ",{.ns_

fisc
t

{IgA I.94
= 

- 
= l.J racl/s2 Aus.

t.5r#
ffisr : # : + - o"4T ract/.s? A*n.

2.5 Marks

(c)

equation for a four bar and Slider crank mechanism.

Y*et*y Lrnrp fur li*ur*&ar Linkag*:

A
3 ,l

4

I

Develop loop closure

I

Sour*Bar Linkrg*

i
I

i

t,
crfia : vector J,l?'- l.4i m/s2

5

5

I
I



3(aL

Coriolis component of acceleration, with the help of appropriate sketches

i +rir A

ri{t} l( s
i
i

t
i

h

,8,,

- -i*- *

,U'^$

\.'ltf'
{i"r+rrt*.f {r+irt}

r+iil

1|

t
b,

{re+Sr'r}

I irl
ff,

trri tt:l
5

3[b)

I aA
o

rh

ag
\^r
I ooB

A D 150 mrn

o aI.D,C. O h
b

(d) Space tlingram. 1D) Velocity rlitgranr. {r:) Ar:celeration diagraru^

2.5 Marks

vector ob : vno : vB: 4.713 rnls

ItB := Y**t*r srf : 4, I mls &"n,s-
aD = vector o' d' : I 17 m/s2 Ans.

aln t$3
171.67 rud/sz (Clockivise ahCIut R) Ans.sRn BA 0.6

2.5 Marks

5

3(c) e3: 3 5 37 40, 13 :0.63 8m, ro3 :7. 5rad/sec, rrl4=- 1 8.3 1 3radlsec, 5

4(a) vAO = vA = AO x OA = 18.85 x 0.18 = 3.4 m/s 2.5 Mraks 5

\

x

0.15 = 4.713 rr/s

ir ffi1, ....]
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trg Spuce diagr"unr. (D) \zelocit,v diagrarn. 2.5 Marks

ltA

A
a b

o
l'Bc

YDg
B

Dc

d tt' o'c

€pe,t

,
s h_

4(b)

z<

(r:) Acceleratit:n diagr;rrtr.

I Io ,C

I €Bc

aA

x

a' btb,r

I
t
,

4(c) 03: - I 0. 1 8,V c:4.l7mls,a3:4.49radl s2,u3:126.59rad/ s2
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ffi s.h*rrr a slresr tfutt ir ur.trl. f$ {r*t &nd trim r!e*?rcrni* cirruit b*ard l;*mina{*g. l)raw a kinm;tic
diagr*lx. 

\

rrffiI;*s rs S&rar pw*.* fur Ex*urple. Frolifu:u. l,l ,

1. ldcntifi'tha Frame

Tt* {irxr:xr*p irl r.tra*u*:ting a kiten:atia dicgra*r is lrl d**ildr t}t* part thar *itr;l h* *lc*ignarrd u* flr* lli*rtte.
Th* ti!'rnlisfi *f *ll illher linkx will b* dctriir:irred r*i*ti:,x ru tfur frarne" gn *arnr {.*ter, its *r:lr ti$$ is n*ryirlr:l a.$

'ttrr* frarri* i* Ilrndy *rt*r*rcd t* drc g*itrnd.
ln thit prc{r}erlr* t&e laqgt ha.*{ Iilit i* Lr*r}tesl ti:l rhe ub$* i* d*i6nstfl} a* d}e fram*. Tlr* rn+rqiun *l all rlrller

Ii*i.s i* d*tcrotirid*tr t*lntire *I tift, ba*e- l'Xlr [ras* ii,. nunrh*.l<i! *:r ]!lr.k ].

I

$fiLUYlt):{r

I
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3. Jddlrrt#Jtlr{}ftrdrAirr&

{larr{i"ttr *lhsenra:finrl *er**trr t:h:**e ritti*x rrtxrnir4i par**:
LI*k 3: &fau*ll*
Liak 3: Cutinglslotk
tr i*ik 4i llar rhst rrrnrrcr:Lg lhe cultes widr lhe:lr*ad!e

3. ldexttfyt*tfain*x
P'itr j*iat* are u**d t* fiitltlcc, Iir.& I tir 3, ti:rk 3 t{} 3" *rrrl iink -3 t{} ,1. T?re** f*rirrt* ere let{*r*cl :l rLlrc;ugh t-r. In

4. I&irfy.dq;r Polnk sffrrf€ri;r,
$rinllyr ttrle ft:.I{i4l'n *rf; th* err*L rri' rlur ha;tnll* i* t{**ired. T}ds isl .die;ignuter} as g*nrrrr u{r iar lvrrrc Jf.

5. Iknrl l&e trffu,enrntir J)Iagram
T.he kin**lra,tj* rii*gram. i* 6!v+rr ix $igure l. Lfi

x

.4

d.:

/
FIcUfE l.tr Kin*n:tstis dia$rrm firr Exur::pil* Irrtlhlenr I-1"

lB

4"1



$xAa.trr-ft P&{}&r- }{ 13

Iligurr, 1.,I I sb*r*x i* pnir *t" rri*e g.riE*. I}r*r+ a hinr*ratic dillgrrr:i-

s{}LLTfI$!$;

5, b*rw th* Ki*erffiItff ,SitrSrsrxr

Th* kfutrnatic r{i;rgrar* ir gircrr in Figure l.! 1"

&

rffi{rrxrJz Hirrcmatic di*gram ftrr &ramplc Prohlem l.}"

n,

3"

).

a.

r!$&mxt"t* Xfixe 6r!y* f+r SNen:pk trh*htem .l.3.

&{alrlffi l&c Srrrmc

Tt* lir*t strp ilr t* drtide *:rt gra* t&at w[1] }* tie*igrct*ri o* t]re {i*anr*. trrr t[[r p,rah]err]i nd] Sart* ii,.r sttr{h{d iD
lht gwrunr!. Therdirrr, t!* *irelltrn tf lhe fiaryrr i* r*th*r arhi.trarp

The mp *aridle ii $xignalett q* th* flra*i:r*, 'l'hd $i{rtirru *{ nll rrt}r*r .tin** i* d*t*rrnirlesl r.slari* tr} the Il*X!
h*nt!!r" 1ll* tolr hrndlr ix. rrunthcred a,*:link 1..

Jd*r tffi itXl tltlrff iin*r
{"*rlirt gh**rr,*tion revu*l* lliree s)I} er m*riirrg, parts:

X,ink 2: trl*tts:*: hEcrile

Lir*3:Bqoin ja*
Link 4: Blfihat {unnttts thr ttrf ancj lx.rtrcn: h^onrllc

kltJ{,tift tk*lfint*
Sour pin iuirrr* arr u*sr} lrr c&slaert rhr*{: dif*lrr:rrr lin&s {lirrk I tr: 1, 1 &} }. } trr {n irad 4 {rr I }- TIw*r: j*inls ;1prr

l*rtured .it thriruglr. I)..

ktrntily Any Ptirrts of lilrr:.cst

filr m*v:irul uf the trrrl af tI:* tr*rr*rn i'arv in drsir*rl. il1d* i* d*riign*led. as prriat tll'ii:l*tr*t "li- Siudlf, tllr *rn{ign
*rfrhe err*l af th* krw*r hand e i:i rl*r de+ir*r!.'lxri* i* dr*lguted x* lxricx{ ull inr*r*!t y,

I
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Il;ffi&rpffip&s&tJl\t I.J

$#L$frrlr{:

l.;igur* t.t* *itrws ,;r t*ggle cila.rrrp. hrar* ii kinemalit rliagram, a;irg the dl*rping,i*** unr! thr harldle ss Xlrinlr ol.

inlrresl Alsei c(tffrfirrt( thr rlegrces cf l'rtedum !*r thr rkrmp.

sl{i$n.E t,I4 Tiryip5k darup lhr Erampte Fr*Mcn: l-it"

l. Iilsutily th* Frg,me,"|
Tlw ttrf punrnt tlrar iu Loketl tn the tublr ir rlrsig,na*J as the frrmc. The !!r#ti()rr fif &ll ctlrcr linh ir tlrterrni:r*r.l
rrlsti*.e t* *i$ ira!r.i*. TLr &nifir i$ :rixnhrrrd $r l rlk t.

1. Irlmti,fy+{II t}t,l et Links

f-arxful qh**rvatiorr. *rr**ls rhrc{: olhdt fi':6,vii1* p!}ts!
Lint I: FXandLr

Lir*.3: Arm ilrat scryes ar thc ulartrpinq jarr

.L!ub 4r Eer r&at .a;lrrni.{t* t}r* d!{nq}id$ rtrr and }r;rndlr

1. Idmtifytht faia**

Suurpin jxri*tsi** u*td lti rr:rtnene* t'tre*ediffettnt link* {link. } to!. ! i{:,,3"} td,l,nn$ 4 t* l}. Thrsr joirrrr.rrr
lenred;l tlunuglr f.),

4. *krrtify Awy fuirer ry'Ilrre,rrrr

'fhr m*Li*n *f t&t elaxrping jax it d*rlrrd- Thi* ix ,rte*ignate* *i p.$iru <lf irrte*rt f, Sinaltry, tlr* m*ti*rn *l rjr*
*rtd sr{'rhe hsndl* i* Elact *r$iftr}. Xlrit ir rlcriignatcr! :r,* pai$t sf ilxt$xnr }'.

5. Ilra}lr t,ls Xingrr*ri{ I}i{S,rdi$r

Tfi* kirr{nuti* dia&r6rr} i$ dftrlilr{! ilr Irigur* 1.}3-

l

i)

stsq;*sl-I* Kinemr*tic diegrirffl ihr Sffi{sp}e Sr*r&m 1,5"

b

{

,x

lrl



fi x*,rir..pls r&tlBLE:tt 1 "4

,

figure I ' I d *hor*ti a l*t"era11* ean rflfiihrr u*fii rr r*r!ui*r the size *rI eans Iirr **nifr sr*rag* pri*r la rec1"r:li*g. [) rar,; a

th* der.icr.

r$Llli8lJe *a* wusk*r Srr Srerxp.le Fr*bleur 1.4,

(

${}lUgItI{r I"

",

t.

4"

&f*ntify rlrr Fr,rr*rr

Tile back porli+n ol lhe devift selvcN a* a hasc uld t*n he :rttnthed rn.* nall. 'l,h!* u$nllr{rrrf$r ir rlxignarcri
*r th( firtfta. Tl:t. mr:rion illisil *thtr lilrks ix tlet&ffiia*d r*larir-e t(l thir li*i$q- TJrr frsn:e, i, rrunrbered a,r
Iink 1- r
trtuntiJ elt ott'n tiok
fx.re ful *bxr:mtitr* *:ltenr-* a p.rlunnr tller:hnfiirrfi rsil:lr ths* nlk*r r:l*.:i:rg purl;i:

Iin.k !: l{andk
link $r tlltdt ttrnt:l*r*r:* ar tJr* r*iishi:rg mrfner
l.ink 4: Brr thlt *mrilrt* thr eru$lting htoel* u*d lrandle

trile*tlfi rh* Jaintt

Three Fill jdriitls ilii ulsrl tl r*l*i*xt thrsc difllr*rlt perrs, tlnr pi* ({r:ne{ls r.he liardl* rc llle |:*xr, ?&i* ]*inr ir
labrltd a* X. A. *cr:ond Xri* ts ti*ed tll urrlrrtrrt li:rk ,i td rha hl.ndlc. I"l:is jrnnr ir l*trlccl L The t*irr1 pin *)rr$*r{};
ttrc etu*hi*6 hlndr aerr! liak ,t. Tnrlr j*im ir Inbe!*rl f,l

I1tr tru*hing hkrrk *lirkr wEri(allr rtrurirrg tip{ys1i(rn;. rherdi}lrt. c slirli*rg joirrt cl;nfle{t* tlre: Jrurhillg lrk}(k
t*r {:hr lra*r, Thii,i fni*t i* lulxtr*d i3,

.tdmlify Any tain$ ol Inrwrrt

Ihe ru*{ion *f &* haxdl* end i* rle*irsd. Ttti*.is dcxigrxilr$ arr 1i*ri$t drrifitrrt'$t .f,.

.Dr*ho l&c lfiarfdlrrf ia Dirtlti{nl
Tlte &inr*ratir ttiagram i* gittx i:l figure l-" I 7"

@

rffrII*E Lrr Kim*r*atic ditgrxrn,fur fixar*prle fuofolem I.4.
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&. ff*Itr.ldtcffi,;biltty
il *a& $effi*ifr** ildt *:ere *re Jirr [ink* in this sad*Mritm. There ar* alsr thm trir j*int$.rmrt {r** stii:l*r ioisi^
Th*refirru,

s * *,-Ip * {3pir*t + I *fir'lfrl s -l,ih E r"t

rtJ4 :3(d* ll * J,.i * j* * :r{4 * 1} - ?(.{} * r} e !

tliilh s*e r&Sre frt tiw&r*, n&* c#rtu&luf ffi{&siis ir ffi{his*L }*tsyiD$.0}ly *u tink, thr }unr{*.Frsi*h
gmitioar ell othx lilrlx utd utslre e fxrxrage rul li1#*t seds. die {ru,hisg L!&xk"

fi.x{r}ilpI"fi ffi{{:}El}"h{ t,s

E

fi#l,tIII,{}$*:

sigtre t"l8 slissd afiollref rte*ict:!rat can lry ursrt tLr rllunr rt]atdriet- I]r*q.o lrisetflaii* dlaBr:1ril" u]ilrg rlxc
e*rl ${ tht h*ndlr *td the {siriilE {.lEir as p*ist* *f imrt:rE*t. AI$ar. t(}rftt}utf r}:e drgrec*. $f ,fruEd$m firr rlic
iltcu prts,

rr[iBs& r.r$. Sh**r pr*e* fu,r kurrrpl* Prohlem l.$"

1.. .tril*rrtfli* r&e Iqr**ia
'I1h* ldss i*. bolted t* a wrrrhixg *urfim auri $* lre {Ecxiisr:qtrtl ar th* {ia.ixc, ?ltric tslr:rtisa sf *g or*6r lin}is ir r:ie-
tcrrui.agl d*tirc ts tbls frffir. '11!* frasu ir nrmhersl ** X! nk x ,

l- ldcnflJ!:dll{ralrsrLlnfu
{:utEful *{rsetteti.}n t*a.rsat6 tr*{! a}i}rer ftro?.lttg }urt*:

I"is.h !: {:i**ry'fr.x$dlf
Litli 1: tluttingieter

5. lilxutify t*u fiitrtx
two plo itlintt sr* u.4i:d k, {dnecci rh{r{a {li{&xeet }la}{r $rlf; *:i$ ft}tsrae{,rja rlx Lu{rir* ldlrr {$ 11lrj itsrn4"
"llhir j'$irrt i-g l*bels.d ss.,4. A xr:*rrr*l Jt;.r i$ ffisl ts rlfinfi*(t tlrr g*xrltrra*<lle tri ths (*tltirrg lfiier- j)ri*.j*ir;r ir
:falrelstt ,,-

Th* g**r/!r*rdl* i* *ls{} *t}.nrx{1t**t t* tihe llr*r*e Hittrr * *f,ir i*i*t. T*:,i* )rig.het-<*rel*r jiuirrr.i*
lstrel'dd t:

d,. .lderNtllyrlny P{i&ts $llnr*iebi
Tllr *rstien {r'f th* haxtlle eiuX i* dexircd and is drsiigsal&l er 1x!i6t ar$ iraieresr X Thr lrl{rti(fl or lhe (u:tri*g xurittr; i*
rilxr l:t*i*tJ and itr,rtexlg.nutrtl a* pririxt *l i*ter**t ):

5. tlraw th* I(me*xttir lft-*grxm
TJr* kissrfls.ti* di*gram isgivurr in Fi$lrrc l.!.,!1.

:,,53
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v.4

r'r$L?na t.lsl Kinemi*fic di-*grrn:l f<r Exa.nrpic lrrotrtrm l.S.

/ *. Grfttrfuid"*{d&ifiry '
"&r tal*rlatti tk* r**trilityr it r$n* d* cflniattl t&a! thrre arr lhrqr li$li.* i& tLir in*rbrnrirrn, Tirre asr ak6 l**r pln
iriul J sfi .l {iiir Srdr i$irt. 1lfu refr}rti,

n * 3 Je 
* {!pi*r} * f, & * {lXls*rijnfin$f$**} * }

aud

sf* 3(x* li * 3jp- lr * 3{} - tl - 2{l} -, s I

lTitil $fif, drgias of t.iiExtn*1. the *heir pte* me rtrr*nirm ii x:nrtrai*ed. hfuxirr4 *.rily r*e link* tti* h*rrltc"
prtuir+ly pr*iii*tts all trtlr*r links a:xl lffifiS! rtrc (utti$g etlg* wnt* thr rnxk 6ri*r:r,

sxi&{plfirBsml$k{ I.$

I

liigurc i.tl shtr'*r *n uatrigger ilxrt trl *t*u'i}irtr tr urritrity truck. $ralr. E kin*r:rxtie dirgruru. usin$ thr hr:ttt*r)t el r he $r$-
hiliei*g lixrt ax a puint ulilntr:rr*t. ilar rr:n*puir iir: dqgrter u[]'rrtdon:r.

rlGUSE I*!I ffiutrigger firr Exaruplc F**hlem 3.d,
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$tll"ryffiS$i

\

I"

J

1"

IdenliJy** Sranre

.lluri*g uptraiiu* nt'l&u {iotri:S*dri, tlt* rrtilily truirk is rifirlifir}Bry. T!rer*f*rE, lk* trusk is d*xigraL*,.
d$ tli{ f}tlffis, The tt:oti*s of $t[,(it!$r Littkri is r]strr,ftisler] relarirr t$ thd tr{ruk, T}l* {ru.nre is riuruh{rsd ,,i
link tr,

Id***itrl',tll Srfi er LJrtu

(kttiil! $b$crr.slirrrr ltr'*ah lhr*r uther rr*vin6 perl*:
t-irrk 3: thltrigg* 1*g

Lirll* 3; ilyli*der
Li*k4: Fi*tonfuoti

ld*nri$r&*Jai*ri*

'Iftrrr*c pin ftifurtr *re u*rd ts crrflnr.{ rhc*e r}i{&wnt p!rt$" ftcls E**titetx rhr r*utrigger lrg wi& rhr rtln:k fxrm*.
Thi*i* l*hel*d** iuinr:{'*nr*tlxrc*flne{lx ihd {ru{ii5grr IeE reilh thd 4*indc{ rrx.l anri i* lahricrl lr j*inl #- ?'he
l*X Fin iuiyrr lsllniecffi tlle eylifrdsr t$ t:}r( ur&jk :flr&rurl *:rrj is lalxbe.l *s i$iilr #-

fine *IilIi*g jeriol iB 3rsirlrt ilr ihe cyli*drr uxit. 'Thk turrn*rtt ttr* Blrltrafnx] lirit& tir* c,r'1i*r1*,r: li is lalxl*rtr
*s j*rinr IJ.

{" ft*mti}*ny mrlirrft oflrr*r,"ssf

Tk* *uhilir*r l'**rt i:r purt *f,tilrk 3, urr! * F$iflt,nI i$teftsr l*carrri nn tfue brrti*rsn *I the frxrt i* tuh{tr{Le* p1}inr $I
int*rest "ll

$" llninrr*rffirr*nsfirOin6ram

The rrxlrttirq hi*{rrrltir rlik,*fi[il! t* girrea irr $igurr t.]].
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DEPARTMENT OF MECHANICALENGINEER.IN G
t

5
12. tion Bank for each module

Module-1

Introduction

1. Define Kinematic link. And u,rite the types

2. Define Kinernatic pair and u,-rite their types

3. Deline Kinematic chain

4. Differentiate between structure and Machine

5. Dill-erentiate between structure and Mechanism

6. - Define mechanism When a linkage beoome mechanism

7. Write the types of constrained motion

8. Briefly explain the types of kinematic pair

9. classifu kinematic pairs based on nature of contact., Give example

10. Classify kinematic pair based on degrees of freetlom

11. what are the types of constrained motions? And clefine their types

12. Diff'erence between rotational and translation

13. Difference between rigid body and resistant bocly

14. Degree of fieedom

I5. Degree of freedom of Mechanism.

16. What is meant by spatial mecharism? And its.lr4obility

17. State the Grumblers' Criterion

18. write Grashoff s law. what is kinematic inversion of mechanism.

19. Define double slider crank chain mechanism Name any two inversions of mechanisur

20. what are the some impofiant inversions of ibur chain mechanism

21. Explain Elliptical trammel and prove that it traces a path an elliptical path

22. Explain the inversions of four bar chain with exantples

{r

,
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23. Descr:ibe with neat sketoh, the mechanism obtainecl by the inversions of'4-bar chair:

24. Explain the inversions of double slider crank chain with examples

25. Sketch and explain the Hlliptical trarnmel ar-rd Scotch yoke mechanism.

26. with the help of a neat sketch explain the working of oldham's coupling

27. Define single slicler crank chain mechanism

28. Write the different slider crank inversion Mechanism

29. sketch and explain the inversions of Single-slider crank chain

30. Sketch and describe the working of two different types of quick return mechanisms.

Give examples of their applications. Derive an expression for the ratio of tirnes takeir in- '

fbrward ancl return s t r o k e tbr one of these mechanisms

31. Hxplain the working a quick retum motion mechanism. Also derive an equation fcrr the

ratio of time taken for return stroke and f.onvard strokes.

32. With the help of a neat sketch explain the u,orking of Whitworlh quick retum mechanism

33. Explain the r.l,orking of trvo difl-erent types of quick retum mechanisms. f)erive an

expression for the ratio of time taken in forward and retum stroke for one ol'these

mechanisms.

34. In a crank ancl slotted lever quick return motion mechanism, the distance between the

fixed centers is 240 mm and the length of the driving crank is 120 mm. Fincl. the

inclination of the slotted bar with the vertical in the extreme position and the time ratir: of
cutting stroke to the return stroke. If the length of tlie slotted bar is 450 mrn. fincl the

length of the stroke if the line of stroke passes through rhe extreme positions of the iiee

end of the lever

35. Explain ratchet pawl rnechanism

36. Write shofi notes on toggle mechanism

37. Classitication of mechanisms (Indexing Mechanism, Rocking Mechanisrn" Reciproc;rting

Mechanism, Straight Line Mechanism)

38.'lhe ratio betr,veen the width of the front axle and that of u,heel base of a steering

mechanism is 0.44. At the instant when the front inner rvheel is turns b1,' 1B degrce, u,rlrat

should be the angle be the angle tuned by the outer tront r.vheel for perfect steering'l

39. What are straight-line mechanisms? Sketch the Peaucellier straight-line morion
mechanism

J,
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EXAMPLES

{fJ For the kinematic linkages sirolt'n in Figure -I.1, find the munber of binary links

(ff5), ternary links (N*), other links (No), total links N, loops L, joints or pairs (Pr),

and degree of freetlom (FJ.

ta) (c)

Figure 1,.1.

a

/

{b}

[{a]

{b}

{cJ

lfr - 3; Ifr - 4; N" - 0;Jf - 7;I = 3; Pl - 9;F - {)

lfi, - 7; Jfr - 5; Ifo = O;ff - L?;L = 4; F1 = 15;F = 3

ffp - B; & - 2; N, - t;If = LLiL =5; Pr .- LS;F = [}J

$w



MODULE.2
NAN THOD

METHOD, KLEINS CONSTRUCTION)

Theoryt
{1i Describe the procedure to construct diagrarn of a four-link mechanisrn.

{.2) What is velocity of mbbing? Hor,.v is it found?

{3i W}rat is instatttaneoils centre of rotatjon? How rlo you known the number r:f
lnstantan*ous centres in a rnechirnisur?

(4) State and prove the Kennedy's theorern as applicable to instantaneous centres trf

rottltion of three bodies. Horv is it helpfut in Iocating various instanttrneous centres

of a rnechanisur?

t5i State and explain angular velocity ratio theorerr as .applicable to ruechanisnrs.

t6l lrVhat are centripetal anrl tatrgential comporlents of acceleration? When do they

occur? How are they deterurined?

{7) Describe the procedttre to draw velocity antl acceleration diagr*ms of a four-linlc

nrechatristn. In rvhilt way the angular accelerations of the output link anrl t[e
coupler are found?

{81 What is an acceleration iutage? How are they helptirl in deterurining tlle
accelerations of oft'set poir:ts on a link?

(91 What is Coriolis acceleration cornponent? In which cases tloes it occur? How is it
deterlnined?

(10J Explaln the procedure to construct Klein's constmction to cletermine the velocity

and acceleration of a slider-crank mechanism.

AC

/

E1
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MODULE.3
NAN Y

1. Obtain loop closure equation for a four bar mechanism.
2. Develop equation for angular velocity and angular acceleration of link 3 and 4 as shown

in figure, using complex algebra method.

| ,,"i, 
I|"il,r

I ic-3 t, 
II e^" r:i I| -tr- I 
II ,' in rI &,'r- *', 
Il**- ' 
II tr' , 
I

|o;t-- 1- ;, 
I

3. For an offset slider .r tion and determine the
expressions for
i) Connecting rod angle and output displacement
ii) Angular velocity of connecting rod
iii) Angular acceleration of connecting rod.

4. Derive expression of displacement analysis of a four bar mechanism using complex
algebra method

5. For the slider crank mechanism shown in figure, determine velocity and acceleration of
piston and angular acceleration of connecting rod. Take crank length:50mm, connecting
rod:2 0 0mm, crank speed:3 00rpm (constant), crank angle:3 00.

6, For an offset slider crank mechanism write loop closure equation and determine the
expressions for

i) Connecting rod angle and output displacement
ii) Angular velocity of connecting rod
iii) Angular acceleration of connecting rod.

I

*

i

i$.

I

',w)c
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ir) Angular acceleration of piston

7. Using complex algebra method, derive expressions for velocity and acceleration of piston
and angular acceleration of connecting rod of a reciprocating engine mechanism. Use
these expressions to find the above, Crank length is 50mm, Connecting rod is 200 mm,
crank angle is 300, the crank rotates at a constant speed of3000rpm

8. Develop an equation for the relationship between angular velocities of the input link and
output link for a four bar linkage shown in figure. Use complex algebra method.

,

9. The crank and connecting rod of a engine are 0.3m and 1.5m long respectively. The crank
rotates at 180rpm clockwise. Determine the velocity and acceleration of piston when the
crank makes an angle of 400 from TDC. Also determine the position of crank for zero
acceleration of the piston.

10. Explain the significance of loop closure equation with exampre.
11. The crank of an engine mechanism is 200mm long and the ratio of connecting rod length

to crank radius is 4. Determine the acceleration of the piston when the crank has turned
through 450 from IDC and rotating at a speed of 240 rpm CCW. Solve by using complex
algebra method.

:. ::
ff

'1X"

br

_i

rig.Q5
OA rotatcs with uniform

OA*20mm
rf'15 r/s.
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12.AfourbarchainmechanismABCDisasshowninfigure,Findtheangularvelocityof
link3andlink4byusingcomplexutg.u,umethod,ifWz:45rad/sec,counterclockwise

I

rta

1
t':
I
t

I

from first PrinciPles

t

13. Obtain Freudenstein 's equation for four bar mechanism.
rod is 360mm long,

14. The crank of a reciProcating engine is 90mm long, the connecting
of piston, and

and crank rotates at 150rPm clockwise. Find the velocitY and acceleration

acceleration of connecting rod when the crank makes an

the angular velocitY and angular
using comPlex algebra method.

angle 300 wittl IDC. Solve the Problem
at 100rPm clockwise and

15. A four bar mechanism is as shown in figure . Crank O2A rotates
crank makes an angle

an angular acceleration of 12 rad/sec2 clockwise at an instant when
of link 3 and

of 600 with horizontal' Determine angular velocitY and angular acceleration

Also frnd velocity and acceleration of point C bY assuming AC is

4 by Raven's method'

parallel to OzO+.

length of crank is 250mm and connecting rod length 1000mm'

16.In a reciProcating
at a uniform speed of 300rPm clock wise, crank is at 300 with IDC'

The crank rotates

Determine,

i) Velocity of piston and angular velocity of connecting rod

ii) Acceleration of piston *a *g'ru'lcceleration of connecting rod using complex

algebra method'

"4,ffi 
* i#{} nrn"l

ffi# * rs-

il{"} * 3fi{, *nnr

A$ *. ?5* l:"lnt

ffi iiig.t}5
.*#*

x$s*h

qd*l

6r*

&
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17. In four bar mechanism shown rn figure, link AB rotates uniformlY at 2radlsec in

clockwise' Using complex algebra write loop closure equation for this. Determtne

magnitude and direction of angular and angular acceleration of links BC and Cf)
velocitY

vector algebra' Also state whether magnitudes of angular velocities of these links

tend to increase or decrease at that instant'

18. The crank of an engine is 20cm long, and the ratio of connecting rod length to crank

length is 4. Determine the acceleration of the piston when the crank has turned through

450 from the IDC and moving towards the other center at240rPm counter clock wise

direction. Solve bY using Complex algebra method'
engine has a crank of 150mm length and

19. The slider crank of an internal combustion

connecting rod of 600mm long' The crank rotates at a constant speed of 300rPm CCW.

Determine the Position' velocitY and acceleration of slider when the crank angie

from the IDC. Solve bY using comPlex algebra method

20. A four bar mechanism ABCD is made up of four links Pin jointed at the ends' Ad is the

frxed link of 600mm' Links AB, BC and CD are 300mm' 360mm and 360mm

respectivelY. At certain instant link AB makes 6o0 with AD. If the link AB rotates at an

angular velocitY of 10rad/sec and an angular acceleration of 30rad/ sec2, both clockwise,

determine the angular velocitY and angular acceleration of link BC and CD bY using

MODULE-4

22. What

23. Derive equation

is Interference and mention

for len$h of Path

the methods

of contact and length
to avoid it.

of arc of contact & contact ratio

for a Pair of Involute gears in contact'

24. State and Prove Law of gearing.

2L;"#prt;.l?::[Tt"ll1*.*", combustion engine mechanism incrudes crank or 50mm

and connecting rod of 200 ** ,;;"Ji..u;r.ty' The crank speed of the ehgine is

constant at 300rpm. Determine tt.-a.-..t.rution of the mass centei^of the connecting rod

by using .orn ri.*'ur*Ora methodl *ftt" the crank angle is 300' The mass center is

located at 50mm from the crank Pin'

is 450

25. ComPare CYcloidal and involute gear toot Profile'

bz

using



26. Apinion having 30 teeth d^rives u r".*having 
g0 teeth. The profile of the gear is invol,te

with 200 pressure angle, 12mm *"orj"-^ra Io** addendum' Find the length of path of

contact and length of arc of contact'- ,' ---.^^+i.,o*r ,nrl standard addendum of one

2T.Twogears in ;; have 2g 8. 45 teeth respectively and standard adde

module. The module and pfessure ;;;; ;;* &2Oo respectively' Determine

i) Contact ratio 
ir in contact

l'lr *:tf:? :nf#J1i"?"'[t;.]ll{h; the tip or tooth on the larger

wheel is just making contact, is leaving contact with its mating tooth' is at the

pitch point' 
locity ratio of 3:1' The teeth are of

, -. il:,ff:';*lm:fff "ll}1ff-i,:'ffili; ;,1,.,,,. an gre=2 00 rhe p inio n

rotates at 90rPm' Determine

1)fUini""'**mberofteethoneachwheeltoavoidinterference
ii) The number of pair of teeth in contact'

iii) Length of Path of contact..

,r.Ti" Jru:;;;r;;:'H'lli;i.1;r:.tlli;1.,1 of module 10mm &2oo pressure

angles. rne Jdiendum of 
"u.rr 

*t..i ir ro ue made of such a length that the line'of

contact on each side of the pitch r"ir, n* half the maximum possible length' Detetmtne

theaddendum,lengthofpathofcontact,arcofcontact,contactratio.
30. Two 200 Involute spur g.u" in *tsh extemalty t' gi'e velocity ratio of 3"Module is

3mm & addendum equal to 1.1 *oJrl..If the pinion rotates at 120rpm determme'

1) Mi';;; number of teeth on each wheel to avoid interference

,r.? r,.,Jni;,l[o;;T'.fr'ilffi:',L']iJIJ'lq 
pressure angle and 6mm module drives

the gear h";;h ieeth' If addendum equal to 1 module' find

a) Addenduni& pitch circle radius of the two gears'

b) Length of Path of aPProach

c) Length of Path of contact

d) Length ofarc ofcontact'

32. The following data relate to par of Involute spur gears in mesh'

Module:6mm,Numberofteethonwheel:4g,Numberofteethonpinion=17,Addendum
ofpinionandgearwheelint".-,ofmodule:l.Findthenumberofpairofteetlrin
contact' a velocity ratio of 3' The teeth are ot

" *,:,ffJ'#:i:#Tl'J;l,1ftll, :"ffi"[ illl;,* one modulo Pressure angle: I B0'

. Pinion rotates at 90rPm' find

u)Nu*u.,oft..tt,.o,,eachwheelsothatinterferenceisjustavoidecl

lr
t-

t

6tf
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b) Length of Path of contact

c) Maximum velocity of sliding between teeth

,r.? r)ffi.r.:r:1H:ff*1;1;"j.,- 
18 teeth, a module of 12.5mm, an addendum of

12.5mm a.,d ao-."rrrr.. angle of 14:o' Prove that the gears have interference' Determine

the minimum ""*il", "tte-ettr 
and the velocity ratio to avoid interference'

35. pair of gears having 40 & 30 ;;; ;iectivetv is of 25 degree Invotute form'

Addendum:5mm, module:2.S**.'lr irr" small *httl-i'. the driver and rotate at 1500

rpm, find ttre velocity of sliding at jhe point of engagement, at pitch point and at the point

of disengag"*t'i' i"""n of puihof contact' length of arc of contact'

36. Two mating gears with module orn t ur. 20 and50 teeth respectively of pressure angle

200 and addendum 6mm. Determine the number of pair of teeth in contact'

37.Apairof,.u.t'u,16teethandtgteeth,amodule2l.5mm,addenduml2.5mmanda
pressure angtet+.s.. prove that gears have interference. Determine the minimum number

,,.;i:'1ffi1:*:l;:1"#:?i;:fi:ffi!jt",g"u" 
in mesh is 40 rhe teeth have

200 involute profires and the *oa,ri i, o*r". r ine length of arc of contact is 1'75 times

.r.H:';'$l',1,f"1;t'illt!"*t#:T,,""u:l:-"L::f 
and addendum or lmodure rhe

number of teeth on pinion is 13 and on spur g.u, i, 52. Does interference occurs? If it

occurstowhatvaluethepressureangleischangetoeliminateinterference?
40. A pinion of 32 involute teeth uJ;* module a'i"' " 

rack' The p::::"* angle is 200'

TheaddendumofbothpinionandrackisSame.Determinethemaximumpermissible
varue oruao.nau* to avrid t,#;4; ;:::::::ffifl;jj}::ff:t ffilll'lt

4t.*t:;J',H'Iffiliililt?.llf#Jl.TH,* p,.,,u.. an g1e:2 00 rhe pinion

rotates at 400rpm' Determine. 'd interference
t) Minimum number of teeth on each wheel to avor

ii) The number of pair of teeth in contact'

iiD Length ofpath ofcontact'arc ofcontact and contact ratio

";.r-y#;x*i::t*lfTiHfi;":""f 
}re nrorrle orthl::T " 

involute with

pressue angle 200, modul.,i, s* and addendt'm "qt'ul' 
to one module' calculate the

length of pu:tt' of contact and arc of contact'

43. Explain Epicyclic Bear train with neat figure'

44. Explain *itt' ntut ttttttt' the sun & planet wheel'

45. Explain compound and reverted gear train'

46. Explain different types of gear train with neat sketch'

4l.SketchandexplainSimplegeartrainandEpicyclicgeartrain'

{
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48. Explain with a neat sketch classification of gear trarns'

4e. Exprain *itr, u,i]tJ.nn'""1t:l-i:*::T# :f;Hffii|.,,,9 "T,r* 
gear D is the

50. Figure shows Epicyclic g"u1-tlul" l
follower' Tfre wheel D has 

"'ttttn "'i 
U t'u' aS teeth' B runt'l"I'":"nt P and D is

separately driven. The arm e *rrr l r-oo rpm and wheel D at 50rpm in same direction'

n ra,tt sPeed of wheel B and C'

t
lr

train consist of a sun wheel S, a stationarY internal gear E and three

51. An EPicYcIic geat
a star shaPed Planet carrier C. The size of different

identical Planet wheels P carried on
carrier C rotates one revolution for everY 5

toothed wheels is such that the Planet
nurnber of teeth on any wheel is 16' the

revolutions of the sun wheel S' The mirumum

torque on the sun wheel is 100N-m, Determme
driving

on different wheels of the trarn
a) Number of teeth

intemal gear stationarY'
b) Torque necessary to keeP the

train, an arm carries two gears A & B having 36 and 45 teeth'

52.In an EPicYclic gear

rotates at 150rPm inthe anti-clock wise direction about the center

resPectively. If the arm
determine the sPeed of gear B, if the gear A instead of being

of gear A which is fixed,

fixed, makes 300rPm clock wise direction'

0

'tap
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the pitch diameter of internallY toothed wheel D

53.In an EPicYclic gear train shown in fig'
module 4mm. When the ring is stationarY, the

is to be nearlY as Possible 228mmand the
C of equal size is to make one revolution for

spider A which carries three Planet wheels
carrying sun wheel B' Determine the number

every five revolutions of the driving sPindle
diameter of the ring D using tabutar method'

of teeth for all wheels and exact Pitch circle
B, What torque will be required to keeP

If the torque of 30 Nm is applied on sun wheel

the ring stationarY?

concentric rotating gear B ut. connected bY a

54. A fixed annular gear A and a smaller
withgearA&D with B. The comPound

comPound gears C & D. The gear C meshes
revolves about the axis of A & B' The

gears revolved 1na pm on the arm R, which
, and 100. Determrne the number of teeth

numbers of teeth on gear A, B & D are 150, 40
module of gears B & D. How manY

C, if the gears A & C have twice the
on gear

one revolution of arm R'?
revolutions will B make for

the intemal gears A' B & comPound gears C-D rotates

55.In an EpicYclic gear traln'
axis O. The gears E & F rotates on a Pm fixed to the arm

indePendentlY about a common
axis O. E gears with A&C,F gears withB&D.A11

G which turns indePendentlY about
ber ofteeth on gears c,D,E&Fis 28,26,18 & 18

gears have same module' The num

respectivelY'

?, il3*"H,'Ir1"ffilT.".1wisl and gear A is rixed rind speed or gear B

c) If G makes i6o ** clock *ir. ;;; t., a makes 10 rpm ccw' Find speed ofB'

.,bl

0
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d) Number of teeth on A and B . - ^.^.r ^^^* A iq fi'erl- find speed o

e)Ifarm(g)makes200rpmclockwiseandgearAisfixed,findspeedofgearB
0Ifarms(g)makelOOrpmclockwiseandgearAmakes50rpmCCw,findthe

speed of gear B' 
+L^ 6ir.h r:ircle diameter of the Annular

56.InanEpicyclicgeartrainofsunlndplanettvne.]hepitchcirclediameterc
rvheel (A) is +z-saand the *oar,tJi, smm. when the annular wheel is stationary' the

spiderwhichcarries3planet*"*,t'lofequalsizehastomakeonerevolutionforevery
6revolutionsofthedriving.pirdt""urrvingSunwheel(S)'Determinethenumberof
teeth on allthe wheels'

consist of three gears 1, 2' arrd 3 as sholvn in figure' The internal

57. An ePicYclic gear train
3 has 32 teeth. The gear 2 meshes with gear 1 and 3 and is

gear t has 72 teeth, gear

rotates about center Oz at 20 rpm. If the gear 1 is fixed'
I
t

I
I

i
I

I

carried on Arm A rvhich

determine the sPeed of gear 2 and3.

gear train has fixed annular wheel C concentnc rvith wheel A. A Planet

58. An ePicYclic
with A and C and can rotate freelY on Pin carried bY arm D which rotates

wheel B gears
with that of A and C. If Tr and T2 are the number of teeth on A and

about an axis coaxial of sPeeds of D toAis
C resPectivelY, shorv that ratio

Ty

T1*72

Sg.AnepicyclicgeartrainhasfixedannularwheelCconcentricwithwheelA.Aplanet
wheel B gears with A and c *a "* -tate freery on pin carried by arm D rvhich rotates

aboutanaxiscoaxialwiththatofAandC.ifTlandTzarethenumberofteethonAand
c respectiv.ry, iii, and rz are the number of teeth on gears A and c respeotively' shor'v

that ratio of 
"; ,, 

of D to A rs

If the least number of teeth on any

speeds of D when wheel A rotates

T1 +Tz
wheel is 18 and TfT2=120' find the greatest and least

at 500rPm.

r,b K

E
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60.In an EPicYclic gear trains shown if figure' the comPound wheels A and B as well as 
1

intemal wheels C and D rotate indePendentlY about axis O' The wheels E and F rotate on

the pins fixed to arm A. A11 the wheels are of same module' The number of teeth on

wheels areT6:52,T8':56, Tg:TP=36' Determine the sPeed of C if,

fixed and arm A rotates at 200 rPm in clockwise
i) The wheel D is

The wheel D rotates at 20 rPm clockwise and arm A rotates at 200rpm clockwise'

F

i

ii)

61. Figure shows EPicYclic gear train where the arm A the driver and annular gear D is the

follower . The wheel D has 112 teeth and B has 48 teeth' B runs freelY on Pin P and D is

separatelY driven. The arm A runs at 100 rPm and wheel D at 50rPm

find the sPeed of wheel B and C and find the torque on B if A receives 7.5I(W'

62. Aninternal wheel with 80 teeth is keYed to shaft F. A fixed internal wheel with 82 teeth

is concentric with B. A comPound wheels D and E gears with two intemal wheels' gear D

has 28 teeth and meshes with gear C' while the gear B meshes with Gear B' The

compound wheets revotve freelY on a Pm which Projects from a disc keYed to shaft co-

axial with shaft F' If all the wheels have same pitch and Gear A makes 600rPm, what is

the speed of F

61

I
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in same direction,
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MODULE-5

1. A cam rotating at uniform speed of 300rpm operates a reciprocating follower through a

roller of 1'5cm diameter' The follower motion is defined as below:

i\ Outward during 150" withUARM'

ii Dwell for next 3oo

iii) Return during next 120'with SHM

*]_. ,l:ff'fi',ts#1t i'.1".'-rinimum radius or cam is 3cm. Draw.::. "u* 
prorire

when the follower axis is offset a ,* ;ft by lcm and determine maximum velocity and

maximum acceleration during outstroke'

2. Draw neat sketch for each of the following:

i) Plate or disc cam with a translating follower'

iil Wedge cam with translating follower'

, il]"*,f"'i':?i:t;ilX[:Ti|;!iT-j1:-:b 
rollower having a rift or 30mm rhe

cam raises the folrower with sHM lor 150. of the,otutio, followed by a period of dwell

for 60o. Fo*owed by a dwell period. The cam rotates in an anticrockwise sense at a

uniformvelocityflzo,p*u,,auu,ut.u,tradiusof25mm.whatwillbethemaximum
velocitv *a utttilation of the follower U:l$ll,-t'l

4. Draw the profile of a cam operating a rorler reciprocating follower and with following

data: minimum radius of cam :2,mm,Iift =30mm,'oti"t iiamettr = 15mm'The cam lifts

the forl0wer for 1200 with sHI\,rfo110wed by a dwerl period of 300. Then the fo110wer

lowers down during 150. of cam rotation with ""tf; 
acceleration and deceleration

followed by dwell period. If the cam rotate, ut *iro,* speed of 150 rpm, calculate

maximum velocity and acceler"lrr "i,n 
follower during the decent period'

5. Draw the cam p'of'tt for the following d"lullt' '' --'l

Minimum radius of cam = 30mm, Roier follgw9r with roller: 1Omm radium'

Axis of the roller is along,n. Ur"trrI,'iit. *iif' the axis of the cam shaft'

br,": qO' 1ift:30mm' UARM
g'u*r,: 30o in lifted Position

0 retum: 120' SHM

0 6*"xfor,"*u""ng position of the cam rotation

6. Draw the profile 
"? 

u .u* operating u ,oller follower with following data'

rrii"i*rrt tadius of cam :25m'

Lift of follower:30m'
Roller diameter = 15mm

engf. of decent with UARM:-15^0"

en[f. of ascent with 5 rPm: 120o

*'lr-].
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Dwell between ascent and descent: 30" velocity and

If cam rotates """^l"iilt- 'peea 
of rso rpm' calculate the maxlmum

acceleratio' or'r'" ioiio*"t during the descent period' 
he follower moves with UARM

T.Thefollowingdatarelatetoacamprofileinwhichthefollowefmoves
during ascent and descent'

inirii"tt radius of the cam: 25mm'

Roller diameter = Srnrn'

Lift: 30mm,

Offset of follower axis : 10mm towards right'

Angle of ascent:60o'

Angle of descent:90"

Angle of dwell between ascent and descent : 45o '

-ffi *,:*,"Ui:ffi i'Jilr'1"'l':Ti'!!:.,::T;lrerrollowermoveswithSHM
during ascent urri rrniro.* u"""t.rul,ion and retardation motion during descent'

Minimum radius of cam: 30mm'

Roller radius = 8mm'

Lift = 28mm,

Offset of the follower axis : 12mm towards right'

Angle of ascent : 90o'

enlte of DescenF60o

Angle of dwell between ascent and descent = 45o '

9

Speed of cam = 200 rPm' 
l

Draw the profile ;;; and determine the maximum velocity and acceleration during

ilff1ffi ;:ffiJ$jl'l,I'"n*",,* a roller reciprocating rollower and with the roilowing

data: Minimum radius of cam: zs**,"rit:-3-0';, ny*"r diameter:l5mm' the cam lift

the foll0wer for ilor *nn sHM r"ii"*.a by a dwell period of 30",. then the foll0wer

rowers down during 150. of tt . .u*-ro*i"" with UARM fo*owed by a dwell period'

The cam rotates at-a uniform speed "iiio ** 
(cw direction). The axis of the follower

passes through it. u*i, of the "r* ,rtrt. calculate the maximum velocity and

acceleratio" of tf'e fotlower during the descent period'

10. A cam rotating ct,octcwise at uniform speed of 300. rpm operates a reciprocating follower

through a roller fi; diameter. rn"iotto*er motion is defined below'

i) Follower to *o'" o"t*ards {uri1e 
120' of the cam rotation with UARM

ii) Followe"" "|""-a"t[t" 'h? 
ud;;"tition for n91130' of the cam rotation'

iii) Follower,o ,Jruilioits startintfiffiiling izo' or cam rotation with sHM'

Ti;#trir"fJ;]i:T:l'*,;6H:Hffi#mi;g*. 
orthe cam is 20mm draw the

profrre of the ,u* *h"n line of o*t. "i,n 
follower is offset 10mm from the axis of the

T'i
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cam shaft. Find the maximum velocity and acceleration during its outward stroke and

inward stroke'

ll.Thefollowingdatarelatetoacamprofile]".*,i"ltherollerfollowermoveswith
Uniform u.."r.ruiil;il;;autio" tdoiion during ascent and descent'

i,iiri*"* Radius of cam :25mm'

Roller radius: 8mm'

Lift: 32mm,
Offset of follower axis:12mm towards right'

Angle of ascent : 60o'

An;le of descent : 90o'

Ansle of dwell betwJen ascent and descent : 45o '

i;;; of 
"utn:20 

rpm clockwise'

Oiaw the Profile of cam'

12. Sketch the following

i) Disc cam with translating follower

,) Wedge cam with translating follower

,,i?"**S;tilili,"*'t'#;3,i;;*u;;J,Iffff ',T,ffi:',;"T'Tii*
thefollowerwithsimpleharmomcmo""l,':L-';; I.** ,lnn" rotation of the cam with

of dwell fo, OOI. ihe follower descends for the next 100o rotation of

uniform velocity, again folrowed irl J*.tt period.'i: :u*,'*f.,*uniform 
speed

of 120 ,p,,, u,,d,t.as a least radius of 20mm. what will be the maximum velocity and

acceleratio" oftt" follower during the lift and the retum'

14.Constructtheprofileofacamtosuitthefollowingspecifications:- 
Cu* shaft diameter:40mm
Least radius of cam:25mm

Diameter of roller :25mm

Angle of lift = 120"

Angl. of falt : 150o

iiii"ltnt follower:40mm ^ - 1 ,.^+^-.rat hprween motions' During the ,ift the motion^

[Hj'T:.,#1nUiX;ff lJt]iffi:+fJ$::l;r:#n;ft i'".ir"'-rherineor

stroke is center of the cam'

13. Draw the cam profire for the following data for a roller forlower-offset:l0mm towards

right of .;^;;;re, roller radius:fOlnm, minimum radius of the cam: 20mm' max

displacement of the follow "r=lo^^, 
out strok.'rrtr.= g00 of cam rotation with

,ARM, acceleration being h"lf ;;. retardation' D*;ii; the elevated position: 300 of

cam ,otution ,l-turn strot<e :g0' ;;;;,n rotation *itt' 'noOif"U :"tt-:lvelocitv' 
After the

return stroke cam dwells ro, trr"l..uirring period' Determine the maximum velocity and

acceleration during out stroke oriy. sp..o or r:r" i. 600 rpm in cw

l 4. Draw the c am p,o nr" ro 
l. 

the r"'ii"*i+ u 

:'" ::,:TJ; j:HX, ;it'."# ;il::il};
right of cam Centre, roller radius:1omrn, mlnlmum l4LlruD vr vt^- 

];-
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displacement of the follower: 24mm,out stroke ansl5 900 of cam rotation with uARIvt'

acceleration being half of the retardation' Dwell at the elevated position : 300 of cam

rotation, return ,;,"* ,Oo of 
"u* 

io*'o" with modified uniform velocity' After the

return stroke cam dwells for the remaining period' Determine the maximum velocity and

acceleration during out stroke only. SpeeJof cam is 600 rpm in cw

,t 
fijiil*;f#'ft+i"..?..:#ii"::tfi"jt!p*, ball circle radius:50mm; out stroke

with SHM, for 600 cam rotatio* a*tiif"' +So 
'u'n 

rotation; retYrn stroke with SHM' for

g00 cam rotation; dwell for the ,"mairrirrg period. Determine max' velocity and

acceleration during out stroke and return ,oot.. if the cam rotates at 1000 rpm in

clockwise direction'

,u 
*il*:;ffirj*ltl%1?H}':,il?ll',,"f': rr**, base circre radius : 20mm; roller

radius: 5mm; out stroke *ith uARi'4:l;^i20fi;Lt"l*' a*ell for 600 cam rotation;

return stroke with uARM,- ro, io6'.u* rotation; i*", for the remaining period'

Determine max. velocity and.acceieration during out stroke and retum stroke if the cam

ioiut", at 1200 rpm in clockwise direction'

,, ';JilJ:ifilr,_",ffii"iiiif}:""',i::l'J",1'. 
right or cam axis by 18mm; lift = 35mm;

base circle radius : 50mm; roller yalrr. : 14mm; o""i[lt-*itr' srut't i" 0'05sec; {*'t[
for 0.0125sec; return stroke *ith;;RM, d*i'q 0'125sec; dwell for the remalnlng

period. During 
-r.* 

stro|<e, ;.i.;;,i"" it :li times retardation' Determine max'

Velocity *d il;#io, Jrring oririrot. und "tt"' 'oott" 
if the cam rotates at 24a

rpm.
,' 'drjlil*::ffrrj'*[i"..:"j}"ili1ffil:l'!iH, 

,]t:,,0**; base circre radius : 20mm;

out stroke with uniform vel0city il;6,t;f;urn rooriorr J*L, for 600; return stroke with

uniform velocity, during qou_or.u* ioiri""; a*al for the remaining period'

,, ;r;'il:*::;ro1"*n*$"ilii:'-'.TiiJ'fi11,,1i'1ower rises bv 24mmwith SHM inlt4

rotation, dwells for 1/8 -tution uni'.;nl,,rir3i;te"i;; ii*^with UARM it ll4

rotation and dwells for 1/16 rotation before returniir!^wiih sHM. Base circle radius :

I

3Omm.

,. 
Hlil*::,"# 

r:.i:l"r*:j"rtiilf3,","JflHHirowerrises by 20mm with sHM in 1200 or

cam rotatior, *:lir'?;; 3A;';f ;; rotation; returns *iir' 
'surt'r in 1200 of cam rotation

and dwells a*i"g if" remaining period' Base circle radius :25mm'

" I;lil,l:: ;ru ltn:Hi"if}lii i"#ii::iii *,: ;:^-- ; rolrower rises bv 2 5 mm with

SHM in 180u of cam rotatiorr, fufi'^Uy^h;lf th? {istance 
instantaneously; returns with

Uniform r.to.it, il'i80r;i;u* roiuti*. Base circle radius = 20m'

22.Drawthe cam profrle for following conditions:

-tb
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Follower type : roller follower, off-set to the right by 5mm; Iift = 30mm; base circle

radius :Z5mm;roller radius : 5mm;-out stroke *itn SffVf' for 1200 cam rotatio,; dwell

for 600 cam rotation; return stroke driirg f ZO0 cam.rotation; first half of return stroke

with Unifor* ,"1o.ii, and second half wiih UARM; dwell for the remaining period'

23. Apush rod of r4r"if an IC .rgi.r. ascends with UARM, along a path inclined to the

vertical at 600. The same descends with SHM. The base circle diameter of the cam is

50mmandthepushrodhasarollerof60mmdiameter,fittedtoitsend.Theaxisofthe
roller and the cam fall on the same vertical line. The stroke of the foll0wer is 20mm. 'fhe

angle of action for the outstroke and the return stroke is 600 each' interposed by a dwell

period of 600. Draw the profile of the cam'

-71
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Fourth Semester B.E. Degree Examination, Dec.2018 lJan.20l9
Kinematics of Machines

Trme: 3 hrs. {, 
Max. Marks: 80

Note: Answer any FIVE full questions, choosing ONE full t5uestion from each module.

)Iodule- I

x-

2

t
,,!

I-
E

=

il*,n=

--

=.
D=
-D

o>
D2

6=
!2

6d

'f
2d
p:

5r3

=vGX/=
o."ai.

b=

-c

^^3
'i c
6=

F>

U<

;
oz
d

o
o-
E

a,

B

Marks)

tron of

(16 Marks)

@
Fig Q3

&

Li

I of 3

75

1 a. Explain with neat sketch the mechanism required to convert rotary motion to reciprocating

motion fwhich should have only one turning pair] (08 Marks)

b. State and explain the suitable mechanism which can be used in Forming machines/sheet

metal punching. (08 Marks)

(ii) crank rocker
(iii) Double Rocker. Give Reason in brief (12 Marks)

iiillllllIlirli!

t,l5..1-+'
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ffiffiffi.Mffi

)
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rtie Q2(a)
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I
!,

{
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b. Diflerentiate between
i). Machine and mechanisrt
ii) Binary joints and binary links

Ac = -?Su-v'n,Be = t&'9*



I OR
A pin jointed 4 bar mechanism ABCD show Fig
CD : 180mm and fixed link AD: 300mm. Link
uniformly at 100 rpm. Locate all the

link BC and linear velocity of link CD

15ME42

AB : 150mm, BC : l80mm,
60o with link AD, and rotates

and find the angular velocity of

4

o
;

D ::,,::,,',,

."lltr,,]l'llriri.:'

Fig Q4 ,,,1,

(16 Marks)

velocities of the input crank
closure equatiotr.

5

6

7

8

ii) Find ber ofteeth on A and B
iii) rf G makes l5rpm CW and A is f-rxed, find speed of B
iv) If the Arm G makes 150rpm CW and wheel A makes 15rym CCW, find speed of B

t".,r
If, 2 of3

.rH
p

(16 Marks)
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Fi$,Q5 (16 Marks)
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N'lodule-5
A cam rotating clockwise at uniform, speed of 300 rpm operates a reciprocating follower
through a roller 1.5cm diameter. The follower motion is defined as below

r) Outward during 150" with U.AR.M
ii) Dwell for next 30o 

,

iii) Return during next 120o with SHM ii'

iv) Dwell for the remaining period
Stroke of the follower is 3 cm. Minimum radius of the cam is 3 cm. Draw the catn profile,
Follower axis passes thror"rgh the cam axis. (16 Marks)

OR
A symmetrical tangent cam operating a roller follower has the following particulars Radrus

of base circle of cam = 40mm, Roller radius:20mtn, Angle of ascent :75o, total 1ift -
20mm, N:300rpm. Determine :

a. Principle Dimensions olthe cam
b. The equation of the displacement curve when follower is in contact with straight flank.
c. Acceleration of the follower, when it is in contact with the straight flank where it merges

into circular nose. (16 Marks)

, **r<*<*
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Forrrth Semester B.E. Degree "Exam'ination, Dec.20 1 3/Ja n. 2Ol 4

Kinematics of Machines
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Time: 3 hrs

a. degrees
ig.Q

Max. Marks:100

at least TWO questions from each part. .'i" I

2. Graphical solutiort may be obtained either on graph"qr on
answer slteet. a

PART-A .,', :'

of freedom. Find the degrees of fi'eedom for the lbllowing mechanism as

1 (a) (lo Marks)

/,/ 4

t

b

t)

'+

t llfma

I of2

I
+

l

9 L € q L a
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o
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o

Fig. Q3
.l = 44oo raAl ,t u-

u = [00 yar] lr.c
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o
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4a.
b.

c.

IOME/AUIPN.IIITL44
Write a note on Kennedy's theorem. (05 Marks)
List the properties of instantaneous centre of rotation. (05 Marks)
In a siider crank mechanism shown in Fig. Q4 (c) the crank OA:300 mm anei connecting
rod AB : 1.200 mrn the crank OA is turned 30" from inner dead ceffie- I-ocate all the
instantaneous centres. If the crank rotates at 15 radlsec clockwise, find ! velocitl of slider
B and ii) Angular velocity of connecting rod AB. (r0 Mart$)

0
7" , n':::'':

i;rr! ::::r :::

arc'of contact

*r9
6 a. Derive an equation to determine of for mating of 2 spur gear. (08 Marks)

b. Two gear u,'heel mesh erternally'
involute form of module 6 rnm
ir'inion rotales at 9U rprn. Find

give a velocity ratio of 3. The teeth are of
addendum one module. Pressure angle : 13o.

to

i) Number of teeth on each that is just avoided
ii) Length of path of
iii) Maximum velocity o between

i0 Dwell for next 30"
iii) Return during next 120o with SHM.
iv) Remaining dwell period.
Stroke of the lbllower is 3 cm. Minimurn radius of cam is 3 crn. Draw the cam profile w-hen

the foliower axis is offset to the left by i cm and determine maximum velocity and
maximum acceleration during outstroj<e. (20 Marlis)
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the axis 'O'. The wheel E and F
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K. S. INSTITUTE OF TECHNOLOGY
#14, Raghuvanahalli, Kanakapura Main Road, Bengaluru-5600109
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1. In a mechanism shown in Fig. 7.13, the crank OA is 100 mm long and rotates clockwise

about o at 120r.p.m. The connecting rod AB is 400 mm long'At a point c on AB' 150

mm from A, the rod CE 350 mm torrg is attached' This rod CE slides in a slot in a

trunnion at D. The end E is connectea uy u link EF, 300 mm long to the horizontally

moving slider F. For the mechanism in the position shown'

find 1. velocity of F, 2' velocity of sliding of CE in the trunnion, and 3. angular velocity

ofCE

I

r00-n
ffrm

F B

b

.ffiSrnra

t:

A

Solution:Given:vae:120r'p'm'oroeo:27Ex120160:4xradlsSincethelengthofcrank
OA = 100 mm : 0.1 m, therefore velocity of A with respect to O or velocity of A (because O

is a fixed point), vAo : vA : rD66 x OA : 4 rc x 0'1 : l'26m/s''' (Perpendicular to AO)

1. Velocity of F: First of all draw the space diagram, to some suitable scale' as shown in

Fig. 7'14 (a). Now the velocity diagram, us sho*n in Fig. 1,|4 (b), is drawn as discussed

below
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B

F

5fi* *
A

t.q! $ffi#c Slaryam" { & } xfsl{:r-rr{y dragrxrm"

i. Draw vector oa perpendicular to AO, to some suitable scale, to represent the velocity of A
with respect to O or simply velocity of A (i.e. v46 or va), such that vector o& : v46: v e : 1.26

mls2.

2. From point a, draw vector ab perpendicular to A B to represent the velocity of B with respect

to A i.e. vs4, and from point o draw vector ob parallel to the motion of B (which moves along

BO only) to represent the velocity of B i.e. vB . The vectors ab and ob intersect at b.

3. Since the point C lies on A B, therefore divide vector ab at c in the same ratio as C divides A
B in the space diagram. In other words, aclab: AC/AB

4. From point c, draw vector cd perpendicular to CD to represent the velocity of D with respect

to C i.e. vpg, Bnd from point o draw vector od parallel to the motion of CD, which moves along

CD only, to represent the velocity of D, i.e. vD.

5. Since the point E lies on CD produced, therefore divide vector cd at e in the same ratio as E

divides CD in the space diagram. In other words, cd/ce: CD/CE

6. From point e, draw vector ef perpendicular to EF to represent the velocity of F with respect to

E i.e. vrp, and from point o draw vector of parallel to the motion of F, which is along FD to

represent the velocity of F i.e. vr.

By measurement,

we find that velocity of F, vF: vector of :0.53 m/s Ans.

2. Velocity of sliding of CE in the trunnionsince velocity of sliding of CE in the trunnion is the

velocity of D, therefore velocity of sliding of CE in the trunnion : vector od : 1.08 m/s Ans.

F B

*!

b
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3. Angular velocity of CE By measurement, we find that linear velocity of C with respect to E,

vcE : vector ec: 0.44 m/s Since the length CE : 350 mm : 0.35 m, therefore angular velocity of

CE, CE CE 0.44 0.35 v CE ro: =: 1.26 radls (Clockwise about E) Ans.

2. CP : 500 mm ; PA : 125 mm ; AQ : 250 mm and QE : 125 mm. Fig. 7.i5. All
dimensions in mm. The slider P translates along an axis which is 25 mm vertically below

point O. The crank OC rotates uniformly at 120 r.p.m. in the anti-clockwise direction.

The bell crank lever AQE rocks about fixed centre Q. Draw the velocity diagram and

calculate the absolute velocity of point E of the lever.

.S$&

i.
lr
lE

#,

E
{li.ls

45u

Solution.Given:

f.o 
: 120 r.p.m. or oss :2 TE x 120160 : 12.57 tadls ;

OC: 125 mm:0.125 m

We know that linear velocity of C with respect to O or velocity of C, (because O is as fixed

point)

vco: vc: cgco x OC :12.57 x 0.125:1.57 m/s First of all, draw the space diagram, as shown

in Fig. 7.16 (a),to some suitable scale.

1. Since the points O and Q are fixed, therefore these points are taken as one point in the velocity

diagram. From point o, draw vector oc perpendicular to OC, to some suitable scale, to represent

the velocity of C with respect to O or velocity of C, such that vector oc = vge: vc: 1.57 ml
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From point c, draw vector cp perpendicular to CP to represent the velocity of P with respect to C

(i.e. vpc) and from point o, draw vector op parallel to the path of motion of slider P (which is

horizontal) to represent the velocity of P (i.e. vp). The vectors cp and op intersect at p.

3. From point p, draw vector pa pe{pendicular to PA to represent the velocity of A with respect

to P (i.e. vap) and from point q, draw vector qa perpendicular to QA to represent the velocity of

A (i.e. va ). The vectors pa and qa intersect at a.

4. Now draw vector qe perpendicular to vector qa in such a way that QE/QA : qe/qaBy

measurement, we find that the velocity of point E, vE: vector oe : 0.7 m/s Ans

3. The dimensions of the mechanism, as shown in Fig. are as follows : AB : 0.45 m; BD =

1.5 m: BC: CE:0.9 m.
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The crank A B turns uniformly at 180 r.p.m. in the clockwise direction and the blocks at

D and E are working in frictionless guides. Draw the velocity diagram for the mechanism and

find the velocities of the sliders D and E in their guides. Also determine the turning moment at A

ifaforceof500NactsonDinthedirectionofarrowXandaforceofT50NactsonEinthe

direction of arrow Y.
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Solution.Given : NBA : 180 r'p'm' or osa :2 Tc x 180/60 : 18'85 rad/s

Since A B:0.45 m, therefore velocity of B with respect to A or velocity of B (because A is a

fixed point),

- vBA:vB : cDBA x A B : 18.85 x 0.45 : 8.5 m/s . . . (Perpendicularto A B)

Velocities of the sliders D and E First of all draw the space diagram, to some suitable scale, as

shown in Fig. 7.31 (a). Now the velocity diagram, as shown in Fig' 7'31 (b), is drawn as

discussed below :

ff

A

{*} Spaut ittagrum- { {r } \'ek**lty tllagl a*: -

l. Draw vector ab perpendicular to A B, to some suitable scale, to represent the velocity of B

with respect to A or simply velocity of B (i.e. vs4 of vs), such that vector ab : vs6 : vs : 8'5

m/s

2. From point b, draw vector bd perpendicular to BD to represent the velocity of D with respect

to B (i.e. vps) and from point a draw vector ad parallel to the motion of D to represent the

velocity of D (vp). The vectors bd and ad intersect at d'

3. Since the point C lies on BD, therefore divide vector bd at c in the same ratio as C divides BD

in the space diagram. In other words, bc/bd: BC/BD

4. Now from point c, draw vector ce perpendicular to CE to represent the velocity of E with

respect to C (i.e. vEC) and from point a draw vector ae parallel to the path of E to represent the

velocity of E (i.e. vE). The vectors ce and ae intersect at e'

By measurement,

we find that Velocity of slider D, vp : vector ad: 9 '5 m/s Ans'

Velocity of slider E, vE : vector ae = 1.7 m/s Ans'

TurningmomentatALetTa:TurningmomentatA(oratthecrank-shaft)

*

d
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We know that force at D, FD : 500 N . . . (Given) and Force at E, FE : 750N . . . (Given) 
"'

power input: FD xvo- FE xvp . . . (- ve sign indicates that FE opposes the motion) : 500 x 9.5

-750 x 1.7 :3475 N-m/s

power output : TA.rDs^ - Ta x 18.85 TA N-m/s Neglecting losses, power input is equal to

- power output. :.3475: 18.85 Ta or Ta: 184.3 N-m Ans.

4. Find out the acceleration of the slider D and the angular acceleration of link CD for the

engine mechanism shown in Fig. 8.14. The crank OA rotates uniformly at 180 r'p.m. in

clockwise direction. The various lengths are: OA: 150 mm ; AB :450 mm; PB :240

mm ; BC :210 mm ; CD : 660 mm.

m

I
rrt

.lllttlimr**:irpw, iw srr$r"

Solution. Given: Nao : 180 r.p.m., or o6s :2TE x 180/60 : 18'85 rad/s ; OA : 150 mm =

0.15 m ; A B:450 mm:0.45 m ; PB =240 mm: 0.24m; CD : 660 mm:0'66 m

We know that velocity of A with respect to O or velocity of A,

vAo : vA : o4e x oA : 18.85 x 0.15 = 2.83 m/s ...(Perpendicular to oA)

First of all draw the space diagram, to some suitable scale, as shown in Fig. 8.15 (a). Now

the velocity diagram, as shown in Fig. 8.15 (b), is drawn as discussed below:
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l. Since O and P are fixed points, therefore these points lie at one place in the velocity diagram.

Draw vector oa perpendicular to OA, to some suitable scale, to represent the velocity of A with

respect to O or velocity of A (i.e. v4e or va), such that vector ott : v46 : vA : 2.83 mis

2. Since the point B moves with respect to A and also with respect to P, therefore draw vector ab

perpendicular to A B to represent the velocity of B with respect to A i.e. vs4 ,iltd from point p

draw vector pb perpendicular to PB to represent the velocity of B with respect to P or velocity of
B (i.e. vBP or vB). The vectors ab and pb intersect at b.

3. Since the point C lies on PB produced, therefore divide vector pb at c in the same ratio as C

divides PB in the space diagram. In other words, pbipc : PB/PC

4. From point c, draw vector cd perpendicular to CD to represent the velocity of D with respect

to C and from point o draw vector od parallel to the path of motion of the slider D (which is

vertical), to represent the velocity of D, i.e. vD.

By measurement, we find that velocity of the slider D, vo: vector od:2.36 m/s Velocity of D

with respect to C, vDC: vector cd: 1.2 m/s

Velocity of B with respect to A,

vBA : vector ab : 1.8 m/s

and velocity of B with respect to P, vBp : vector pb : 1.5 m/s

Acceleration of the slider D

We know that radial component of the acceleration of A with respect to O or acceleration of A,

w

ff
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Now the acceleration diagram, as shown in Fig. 8.15 (c), is drawn as discussed below:

1. Since O and P are fixed points, therefore these points lie at one place in the acceleration

diagram. Draw vector o' a'parallel to OA, to some suitable scale, to represent the radial

component of the acceleration of A with respect to O or the acceleration of A (i.e. AO r a or aA),

2. From point a', draw vector a'x parallel to A B to represent the radial component of the

acceleration of B with respect to A (i.e. BA r a ), such that2 vector 7.2 mls

3. From point x, draw vector xb'perpendicular to the vector a'x or AB to represent the tangential

component of the acceleration of B with respect to A i.e. BA ta whose magnitude is yet

unknown.

4. Now from point p', draw vector p' y parallel to PB to represent the radial component of the

acceleration of B with respect to P (i.e. BP r a ), such that2 vector 9.4 m/s

5. From point y, draw vector yb'perpendicular to vector b'y or PB to represent the tangential

component of the acceleration of B, i.e. BP ta .

The vectors xb' and yb' intersect at b'. Join p' b'. The vector p' b' represents the acceleration of B,

i.e. aB

igb
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