GY ANMANINHE NSOV ATIVE UNIVERSITY GYANMANIANL ENSTTTUTE OF TECTRILOLY

Evalaation Methad:
Sr. No. Evalaation Metliods SEE | CCE
| Cam Termtinology, Motion Dingram and | [0
Profile Genoration
2 Analysts of Pressure Angle and Radius of | 10

Curvaiure

3 Design and Canstruction of Cam Profile for 10
a Preseribod Motion (ALA-3)
Totnl 20 10

Exominatior Style:

Cam Terminology, Motion Diagram and Profile Generation — 10
Marks

Students will construct the displacement diagram for a prescribed
follower motion and gencrafe the corresponding cam profile for a roller
or fInt-faced follower. The activity may involve simple hurmonic motion
or cycloidul motian as spocified in the problem. The assessment will
considor the accuracy of cam terminology, displacement dingram,
construction of the cam profile, follawer motion interpretation, and
overall technical nccuracy.

Annlysis of Pressure Angle and Radius of Carvatare — 10 Marks

Students will analyze the pressure angle and radius of curvature of a given
cam profile and explain their influcnce on follower motion and smooth
opcration of the mechanism. Students will compare the characteristics off
different follower-motion programs wherever applicable. The assessment
will consider the accuracy of pressurc-angle and radius-of-curvature
analysis. understanding of follower motion, interpretation of results. and
engincering justification.

Design and Constraction of Cam Profile for a Prescribed Motion —
10 Marks

Students will construct & cam profilc for a specified follower
displaccment and motion requirement using grphical construction
methods. Students will select an appropriate motion law such as simple
harmonic motion or cycloidal motion, prepare the displacement dingram,
construct the corresponding cam profile. and determine the follower
position at different cam angles. Students will compare the characteristics
of 1he selected motion [ow with another sunable motion program. The
assessiment will consider the sclection of approprinte motion law,
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components. accaracy of observattons and calcufations. interpretation of
governor characleristics, and understonding of speed repulation.

Flywhecel apd Gyroscopic Motlois Analysks — 16 Marks

Students will analyze the function of o Aywheel using a turning-moment
diagram and determine the Buctuation of energy associsted with a
cychcally varymp torque. Students wil also demonstrate or enalyze
gyroscopic motion and dciarmine the elTecl of gyroscopic couple for a
speetfiod rotnting sysiem The assessment will consider the understanding
of Mywheel operation, intorpretation of turning-moment diagrams,
accuracy of energy-fAuctuntion analysis. understanding of gyroscopic
efTect. ond lochnical interprelation

Performance Aralysis of Governor and Flywheel — 10 Marks

Students wiH analyze the performance ol a governor or flywheol using
experimental or simulatod data. For a governor, students will study
churacieristics such as spood, govermor height. sleeve displacoment.
stability, and sensitivencss. For a [lywhoel. students will znalyze the
turning-moment diagram and fluctuation of cnergy. Students will
organize the dain, prepare suitable graphs or dingrams, interpret the
obtained results. and draw appropriatc engincering conclusions. The
assessment will considor understanding of govermor and fywheel
principles, accuracy of data annlysis and calculations, qualily of graphical
representntion, interpretation of performance characieristics, engineering
conclusions, and technical presentation.

Suggesied Specification table with Marks:

Distribution of Theory Marks
(Revised Bloom’s Taxonomy)

vl Remembrance | Undersianding | Application | Analyze | Evaluate Creale
(R) (V) (A) (N) (E) (9]
Wc'gf“nge 5% 19% 35% 25% | 15% 10%
0
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Gear Profilc & | Jdemifics the gemr profifc and explabis the significance of the [ 3
Technical determinad parmmetere la gear operaiios.

[nterpretdion

Totul 10

Goar Trakn Assenmtbiy sad Specd Rafie Analysts (18 Marka)
Criteria Description Marksy
Gear Train Amalysls | Corcoctly Identifies Ehe gonr-train orrasgemont and | 5

detornhnes the speed ratio.

Diroction & | Corectly delermines the dirootion of rotation and reluics Hic 5
Application Asalysis | gear kain to is practlcal appHcation.
Total 10

Module 5: Flywhecls, Governors asd Gyroscopic Moatkon

Governor Characteristics and Performznce Analysls (18 Murks)
Criteria Description Marks

Governor Annlysis | Correctly  identifics  govemor  components  and | 3
delermines/analysés the required governor characteristlos.

Performance Correctly interprels stability, sensktiveness, speed regulation | 5
Interpretntion and the effoct of operating condltions.
Total 10

Flywheel znd Gyroscoplc Motlos Aralysis (18 Marks)

Criteria Description Marks
Flywhoel & | Correctly interprels the turning-moment diagram and determines | 5
Energy Analysis | Muctuation of enorgy or relnted flywheel parameters,

Gyroscopic Correctly explnins/onnlyses gyroscopic offect and relates | 5
Analysis & | gyroscopic couple to practical engincering appHcations.

Application

Total 10
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Exantnation Styfe:

Gear ldeatifBeailon, Teradnology and Paramceier Mcenserement — 10
Maorls

Students wi]l Identify the glven gear type and detormine imporiant gear
paramelers such as number of teeth, module, plich dinmater, outside
diameter, and pressure ongle wsing subtabfe gear modek or drawings.
Students will also identily the volute or cycloidal nature of the gear
profilc and discuss its application. The assessment will consider the
nccuracy of goar identification. parameter measurement or calculation,
understanding of gear terminology. and techiical dmerpretation.

Gear Trnla Asscably and Speed Ratio Aanlysis — 10 Murks

Students will assemble or analyze a given simple. compound, reverted, or
epicychlic gear train and detornvine is spoed ratio and direction of rotation.
Studems will relnte the culculated gear ratio to practical power-
transmission applications. The assessment will considor correct gear-train
Identification, accuracy of spced-rutio calcufation, direction-of-rotation
analysis, and interpretation of the pmclical npplication.

Genr Trntn Sclection and Desizn Activity — 10 Marks

Students will selecl and design a suitable gear-trmin arrangement for o
specified input and output speed requirement tsing gear models,
drawings, and analyteal calculations. Students will identify the
appropriate simple, compound. reverted, or cpicyclic gear arrangement,
determine tho required gear ratio. sclect suitable numbers of tecth, and
preparc a schematic representation of the selected gear train. Students will
Justify the selected arrangement based on the required transmission ratio
and practical application. The asscssment will consider the selection of
appropriate gear-lrain configuration, accuracy ol gear-ratio calculations,
sclection of suitable gear combinations. schematic representation,
engincering justification, and technical presentation.

Flywhecels, Govermors and Gyroscopic Motion

Theory of Flywheels, Tuming moment diogram. Types of govemnors,
Watt governor, Porter, Proell, and Hartnell governors, Stability and
sensitiveness of governors, Gyroscopic couple and cffect, Applications in
automobiles, ships and aircrafls.

18 20%
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coloulmbon  of  ecoshemmlion  enmpossealy,  Remtefoieen o Coriolly
ccoohorition, soowracy  of omabs amd  sechnicad  nacrpreisnan of
mochnbum et

Case Study on SHder-Crank Mechantstn n an IC Eagine — 10 Mavia

Stderts will study the sTkhee-crank mechanksm vsed In & reciprocating 1C
engine znd maalyzz the cosversion of fotmry motion of the crank into
rociprocmting motion of fhe plvion. Stedent wil mvestigate piston
welocity and ececkemtion @t selected crank positions asing graphical,
smnlyiieul, or simalation-baved methods and refaie the resufts @ nctoal
ongine eperatlon. The assessmem wil consides the applicatson of velocity
and acceleratton principles, accuracy of analysis, iterpratution of resuits,
englneering relevance, and quality of the case study,

Cams sad Followers

Types of cams and foflowers, Cam terminology., Motion curves,
Displacement, velocity and acceleration dlagmms, Cam profile
gencration with rofler and Mat-Toced [ollowers. Pressure angle, Radius of
curvatune.

Practienk:

21) Study and dentification of various types of cams and followers used
in mnchines.

22) Study of cam terminology, including basc circle, pitch curve, prime
circlo, pressure angle, lift and trace point.

23) Construction of displacement diagram for uniform velocity motion of
a foHower.

3 | 24) Construction of displacement, velocity and ncceleration diagrams for 18 209
SHM motion.

25) Construction of displacement, velocily and ncceleration diagrams (or
cycloidal motion.

26) Construotton of cam profile for a mdial cam witl roller lollower using
SHM motion.

27) Construction of cam profile for a radial cam with roller follower using
cycloidal motion.

28) Construction of cam profile Jor a flot-faced lollower for o prescribed
follower motion.

29) Determinntion and analysis of pressure angle at diffTerent positions of’
a cam and follower.

30) Determination and comparison ol radius of curvature of a cam profile
and discussion of its cfTect on smooth follower motion
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Course Oniconte:

After learning the coarse, the stidents should be able to:

& Idemify and clossify mechamisins. kinematic pairs, ond delermine the mobitty of
mechanical systems.

CO2 | Analyze velocity and acceleration charactoristics of mechanlsas,

CO3J | Design and cvaluale cam-foFlower mechanisms for prescribed motion requirements.

CO4 | Analyze the genrs and gear Lrain systems used in powor transmission applications,

cos Analyze govemors, flywheels, and gyroscopic systems uscd for speed regulation, cnergy
storage, and stab¥ity control in engincering applications.

Instractionnl Method:

The course delivery method wifl depend upon the nequirement of content and the needs of students, The

teacher, in addition to conventional teaching methods by black board, may also use ony tools such s

demonstration, role play, Quiz, brainstorming. MOOCs elc.

From the content 10% topics are suggested for Mipped mode Mstruction,

Students will use supplementary resources such as onlinc videos, NPTEL/SWAYAM vidcos, c-courses,

Virtual Laboratory

The mternal evaluation will be done on the basis of Active Leamning Assignment.

Reference Books:
[1] Theory of Machines, S S Raottan, Tatn McGraw-Hill.
[2] Theory of Machines and Mcchanisms. J J Uicker, G R Pennock. J E Shigley. Oxford University
Press.
[3] Theory of Machincs, R S Khormi, J K Gupta, S. Chand Publication.

(]
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Practbcak:

41)Swdy ond demonstration of Porter, Procll nond Hartnell governor
modecls.

42) Experimental determinntion of governor characlerisilcs by measuring
speed and sleeve displacement.

43) Plotting of governor characicristics and delermination of goscrnor
helipht/specd relationships.

44) Analysts of stability of govermors using cxperimental or simulated
governor characleristics.

45) Dctermination ol sensitlveness of governors and comparison of
difTerent governor typcs.

46) Study of fMywheel npplications in 1C engincs. punching machincs and
presscs.

47) Analysis ol the tuming-moment dingram of an IC engine and
identification of cnergy fluctuntions.

48) Determinntion of fuctuation of encrgy ond required fywheel size
from a turmning-moment diogram.

49) Demonstration ond annlysis of gyroscopic elfect using a rotating disc
sctup ond delermination of gyroscaopic couple.

50) Cosc study of gyroscopic npplications in outomobiles, ships and
nirernfi, including vehicle slability, ship stnbilization ond nircraft
nttitude/control applications.

Evaluntion Method:

Sr. No. Evnluntion Mcthods SEE | CCE
1 Governor Characteristics ond Performance 10
Analysis
2 Flywheel and Gyroscopic Motion Analysis 10
3 Performance Analysis of Govermnor ond 10
Flywheel (ALA-S)
Totnl 20 10

Examinntion Style:

Governor Characleristics and Performance Asalysis — 10 Marks

Students will study a given governor model or simulated governor system
and delermine its operating characterislics for difTerent speeds. Studenls
will analyze povernor height, sleeve displacement, stability, and
sensitivencss and compare the behaviour of different governor types. The
nssessment will consider the correct identification of govemor
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|4} Construciton of velocity polypon: for a sfider<rank mechanism and
determnntion of slider velocily.

15) Dslerminntion of lstontancous contres of a four-har mechanism using
the graphical mothod.

16) Determination of insiantancous centres of a shder-crank mechaniun
and verifiontlon of velocity relationships

17) Verificotion and application of Kennedy's thcorem for locating
instantapookls centres

|8) Construction of acceleration polygons (or four-bar mechanisms and
determination of ncceleration of selecied points

19) Demounstration and anulysis of Coriolls acceleration in mechanisms
conlalning sliding and rotating Hnks.

20) Velocity and ncoelerntion analysis of o sfider-orank mochnnism using
Klein's construotion and comparison with graphical/analytical results.

Evaluntion Method:
Sr. No. Evalanfion Meihods SEE | CCE
| Velocity Annlysis of Mcchanisms 10
2 Accoleration  Analysis  and  Coriolis | 10
Component
3 Case Study on Slider-Crank Machnnism jn 10
an IC Engine (ALA-2)
Total 20 10
Examination Style:

Velockty Analysis of Mechanisms — 10 Marks

Students will perform velocity analysis of a given four-bar or slider-crank
mechanism using the relative velocity method apd construct the
corresponding velocity polygon. The velocity of specified links or points
will be determined for a given mput condition. The asscssment will
consider the correct identification of velocity vectors. construction of the
velocily polygon, accuracy of calculations, and interpretation of the
resulting mechanism motion.

Acccleration Analysis and Coriolls Component — 10 Marks

Students will perform acceleration analysis of a given mechanism using
araphical or analytical mothods and determine the relevant radiul,
tnngentinl, and Coriolis components of acceleration wherever applicable.
Students wiH inerpret the effect of acceleration on the motion of the
mechanism. The assessment will consider the correct constnuction or
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Practicak

1) Identification and classification ol various lkincmaile pairs ond
mechanisms.

2) Swdy and identification of differcnt ty pes of links and joints used in
mechanical mechanisms.

3) Dcmonstration of inversions ol a lour-bar chain ond identification of
their praciical applications

4) Swudy of invemsions of a single slider-crank chain such as
reciprocating enginc mechantsm, oscillating-cylinder mechanism and
other standard Inversions.

5) Siudy of inversions of a doublc slider-crank chain and identification
of practical applications.

6) Dcicrmination of degree of freedom of differcnt planar mechanisms
using the Gruebler/Kutzbach crilerion and verification using a
mechanism model or CAD model.

7) Analysis of an [four-bar mecchnnism for input-output motion
rclationship and identification of crank. rocker and coupler.

8) Dectermination and interpretntion of transmission angle for a lour-bar
mechenism at different confligurations.

9) Determination of mechanical advantnge of a four-bar mechanism for
different positions of the input link.

10) Demonstration and analysis of a quick-return mechanism, including
identification of its applications in shaper and slottor machines.

Evaluation Method:

Sr. No. Evnlaation Meihods SEE | CCE
| Kinematic Pair, Mcchanism Identification | 10

and Classification

2 Degree of Frecedom and Mechonism | 10
Annlysis

3 Design ond Modelling of a Four-Bar 10
Mechanism (ALA-1)
Totnl 20 10

Examiration Style:

Kinematic Pnir, Mecchanism Identification nnd Classification — 10
Marks

Students will be provided with physical models. mechanism diagrams,
CAD models, or suitable mechanism animations and will identify and
classify the given kinemntic pairs, links, joints, kincmatic chains, and
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mechonkoma Students will deticrmine the type of constmined motion and
explain the worlung prmciple and practical application of the Idontificd
mechanism, The assessment will consider the accuracy of [dantification,
classification of kimematic pairs and mechanisms. understanding of
mechanism configuration. and 1cchnical explanation.

Degree of Freedom gad Mechnaism Analysks — 10 Marks

Students will determine the degree of [rcedom of o given planar
mechanism using the npproprinte mob#ity criterion and verify the result
using a mechanism model or simulation. Students will nlso analyze the
motion of four-bar, slider-crank. or quick-return mechanisms and identify
the input and output links. The assessment will consider the correciness
of degree-of-freedom calculation, mechanism analysis, interpretation of
motlion, and ability 10 relate the mechanism to its practical application.

Desfgi and Modellng of a Four-Bar Mecchanisn: — 10 Marks

Students will design o four-bar mechanism for a specified input-output
motion using o physical mechanism model or graphical construction.
Students will identify the links, joints, Kinematic pairs, input and output
links, and determine the degree af freedom of the mechanism. They will
prepare the kinematic dingram, demonstrate the mechanism motion using
n physical model, and explain iis practical application. The assessment
will consider the identification and classification of mechanism
componcents, carreciness of degree-af-frecdom determination, qunlity of
kinemntic diagram. vnderstanding of mechanism miotion, and technical
presentation.

Velocity and Acceleration Analysis of Mechanlsms

Relative velocity method. Velocity polygon, Instantancous centre method,
Kennedy's Lheorem, Acccleration analysis. Coriolis component of
ncceleration, Klcin's construction, Motion analysis of slider crank and
four-bar mechanisms.

1=

Practical: 18 20%

I1) Velocity enalysis of a four-bar mechanism wsing the relative velocity
method.

12) Velocity analysis of & slider-crank mechanism using the relative
velacity method.

13) Construction of velocity polygons for 8 four-bar mechanism and
determination of velocity of different links.
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Innovative University

Subject: Rinetics of Machincry -BET2ZME 13306

Type of course: Profesaional Core

Prerequlsiict Engincering Mechanles, Engincering Graphics, and Engincering Mathcmatics.

Rationnle: The subject of Kinemntics of Machines provides n practical undentanding of emolion
transmission ond mechanism behavior used in mechanical systems. The course focuses on mechunism
analysis. motion simulation. graphical mcithods. experimenial leaming. and industrinl applications.
Studonts will develop skills related to mechanism identification, velocity and acceleration analysls, gear
train operation, cam profile development, and governor nnalysis through practical and activity-bascd

[earning methods. The course supports applicstions in machine design, robotics. automation, automobiles,

and manufocturing industries.

Teaching and Examination Scheme:

IV ANALANLER0 INNTTTDTE OF 101 INLOZIY

Syllabus
Gyanmunjarl Institute of Technology
Semester- 3 (B.Tech.)

Tenching Scheme Credits Examirntion Marks Total
CiI T P c SEE CCE Marks
2 3] 4 4 100 50 150

Legends: Cl-Class Room fnstructions: T— Tutorial; P - Practical; C - Credit; SEE - Semester End
Eveltion; CCE-Continvous wiil Comprehenshue Evaluarion

Course Confent:

freedom, Structurc and Mecchanism, Four bar mecchanism, Single and
Doublc slider crank mcchanisms, Inversions of Four bar chain, Single
slider crank chain and Double slider crank chain, Mechanicul odvaninge,
Transmission angle, Quick return mechanism.

Sr. %
No Course content Hrs. | Weigh
lage
Fundamentals af Mcchanisms and Kinematic Pabrs
Introduction to Theory of Machincs, Mecchanism and muachine, Types of
constrained motion, Rigid and resistant bodies. Link, Types of joints.
| Kinematic pair and ils classilication, Kinemalic chains, Degrecs of (3 20%
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