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16.2.0 MECHANICSOFMACHINES

16.2.1 Introduction
Mechanicsofmachinesdealswithforces,motionand
powerofmachinesinmotionlikehoistsandvehicles.

Therecommendedinstructionalapproachisthatwhichwill
emphasizeonexperiments,industrialvisitsandanalysisof
variousmechanicalprinciples.

16.2.2 GeneralObjectives
Bytheendofthemoduleunit,thetraineeshouldbeableto:
a)understandthebasicconceptsofengineeringscience
b)sizepowerrequirementsofmotorsusedinengineering

design
c) producemodelsofdesignedprototypes
d)applytheknowledgeacquiredtoimprovethe

performanceofvariousequipment

16.2.3 ModuleUnitSummaryandTimeAllocation

MechanicsofMachines
Code Sub-Module

Unit
Content Time

Hrs
16.2.1 Kinematics Definitionofkinematics

ofaparticle
Equationsofmotion
Applicationof

equationsofmotion
Derivationfrom first

principlesexpression
forcentripetal
accelerationofa
particlemovingwith
uniform angular
velocity

8

16.2.2 Impulseand
Momentum

Definitionoflinear
momentum

Explanationofthe
relationshipbetween
forceandmomentum
ofabody

Explanationoflinear
impulse

Explanationofthe

10
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Code Sub-Module
Unit

Content Time
Hrs

relationshipbetween
linearimpulseand
linearmomentum ofa
body

Solutionofproblemsin
linearmomentum and
linearimpulse

Explanationofangular
momentum

Derivationfrom first
principles,equationsof
angularmomentum
andimpulse

Solutionofproblemson
angularmomentum
andimpulse

Verificationofthe
conservationof
momentum

16.2.3 MassMoments
ofInertia

Explanationofaxial
momentofinertiaofa
mass

Statementof
expressionformass
momentofinertiaofan
elementaboutthree
mutuallyperpendicular
axes

Derivationof
expressionsof
centroidalmass
momentofinertia
(commonregular
objects)

Explanationofpolar
momentofinertia

Applicationof
expressionstosolve
problems

Centroidalmass
momentofinertiafor
commonregular
shapes

6
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Code Sub-Module
Unit

Content Time
Hrs

Statementofparallel
axestheorem

Explanationofparallel
axestheorem

Applicationofparallel
axestheorem

Definitionofradiusof
gyration

Applicationof
expressionofradiusof
gyrationtosolve
problems

16.2.4
AreaOfMoment
ofInertia

Explanationofaxial
momentofinertiaof
anarea

Elementalarearotated
aboutanaxis
perpendiculartoits
plane

Derivationofan
expressionforpolar
momentofinertiaofan
area

Explanationofthe
productofinertia

Derivationofan
expressionforthe
productofinertiaofan
area

Statementofparallel
axistheorem

Diagram
Applicationofinertia

expressionstosolve
problemsin:

- regularareas
- compositeareas
Explanationof

momentsofinertiaof
any(x,y)withrespect
torotatedsetofaxis

Statementof
expressionsfor

6
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Code Sub-Module
Unit

Content Time
Hrs

momentofinertiaofan
areawithrotatedaxes

ApplicationofMohr’s
cycletosolve
problems

16.2.5
Beltsand
Clutches

Identificationof
commontypesofbelts

Derivationofbelt
equations

Applicationofequation
tosolvebeltproblems

Identificationof
commonclutches

Derivationofclutch
equations

Applicationofthe
equationstosolve
clutchproblems

Ratioofbelttension
Coefficientoffriction

betweenbeltandpulley
Torqueinclutches
Coefficientoffrictionin

clutches

8

16.2.6 GearedSystems Descriptionofdifferent
typesofgeardrives

Derivationofequations
forgeardrives

Applicationofthe
equationstosolvegear
driveproblems

Torqueingeared
systems

Mechanicaladvantage
Efficiencyingeared

systems

6

16.2.7 Dynamicsofa
RigidBodyin
Translation

Definitionofdynamics
ofarigidbody

Statementofthescalar
equationfortranslation

Momentofexternal
forcesaboutmass

10
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sy
tve
t.c
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Code Sub-Module
Unit

Content Time
Hrs

centreofabody
Applicationofthe

equationtosolve
problems

16.2.8 Dynamicsof
RigidBody
inRotation

Identificationofrotation
ofabodyaboutanon-
centroidalaxis

statementofequation
ofmotionforrotation
aboutanon-centroidal
axis

Balancingofmasses

6

16.2.9 Dynamicsof
RigidBodyin
Plane

Statementofplane
motion

Explanationof
equationsofplane
motion

Applicationofequation
ofplanemotion

6

TotalTime 66
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16.2.1 KINEMATICS

Theory

16.2.1T0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)definekinematics

ofaparticle
b)statetheequations

ofmotion
c) applytheequations

ofmotiontosolve
problems

d)derivefrom first
principlethe
expressionsfor
centripetal
accelerationofa
particle.

Content
16.2.1T1Definitionof

kinematicsofaparticle
16.2.1T2Equationsofmotion

i) linearmotion
ii) angularmotion

16.2.1T3Applicationof
equationsmotion
i) linearvelocity,
ii) angular

acceleration
iii)angular

displacement
16.2.1T4Derivationfrom first

principlesexpression
forcentripetal
accelerationofaarticle
movingwithuniform
angularvelocity

SuggestedLearningResources
i) Relevanttext

books
ii) Handouts

16.2.2IMPULSEAND
MOMENTUM

Theory

16.2.2T0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)definelinear

momentum
b)explainthe

relationship
betweenforceand
momentum ofa
body

c) explainlinear
impulse

d)explainthe
relationship
betweenlinear
impulseandlinear
momentum

e)explainangular
momentum

f) solveproblemsin
linearimpulseand
linearmomentum.

g)derivefrom first
principle,equations
ofangular
momentum and
impulse

h)solveproblemson
angularmomentum
andimpulse

16.2.2C Competence
Thetraineeshould
havetheabilityto
perform theexperiment
toverifytheprinciples

ea
sy
tve
t.c
om
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ofconservation
Content

16.2.2T1Definitionoflinear
momentum

16.2.2T2Explanationofthe
relationshipbetween
forceandmomentum
ofabody

16.2.2T3Explanationoflinear
impulse

16.2.2T4Explanationofthe
relationshipbetween
linearimpulseand
linearmomentum ofa
body

16.2.2T5Solutionofproblemsin
linearmomentum and
linearimpulse

16.2.2T6Explanationofangular
momentum

16.2.2T7Derivationfrom first
principles,equationsof
angularmomentum
andimpulse

16.2.2T8Solutionofproblems
onangularmomentum
andimpulse

Practice

16.2.2P0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeabletoverify
theprincipleof
conservationof
momentum incollision
ofbodies.

Content
16.2.2P1Verificationofthe

conservationof
momentum
i) Collisionofbodies

inlinearmotion
ii) Collisionofbodies

inangularmotion

SuggestedLearningResources
i) Relevanttextbooks
ii) Handouts
iii)Toycars
iv)Proceduresheet

16.2.3 MASSMOMENTSOF
INERTIA

Theory

16.2.3T0SpecificObjectives
Bytheendofthesub
moduleunit,the
traineesshouldbebale
to:
a)explainaxial

momentofinertia
ofamass

b)stateexpressions
formassmoment
ofinertiaofan
elementabout
threemutually
perpendicularaxes.

c) deriveexpressions
formassmoment
ofinertia

d)explainpolar
momentofinertia

e)derivean
expressionofpolar
momentofinertia

f) applythe
expressionsto
solveproblems

g)stateparallelaxis
theorem

h)explaintheparallel
axestheorem

i) applytheparallel
axestheorem to
solveproblems

ea
sy
tve
t.c
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j) defineradiusof
gyration

k) applythe
expressionof
radiusofgyration
tosolveproblems.

Content
16.2.3T1Explanationofaxial

momentofinertiaofa
mass

16.2.3T2Statementof
expressionformass
momentofinertiaofan
elementaboutthree
mutuallyperpendicular
axes

16.2.3T3Derivationof
expressionsof
Centroidalmass
momentofinertia
(commonregular
objects)

16.2.3T4Explanationofpolar
momentofinertia

16.2.3T5Applicationof
expressionsof
Centroidalmass
momentofinertiato
solveproblems

16.2.3T6Centroidalmass
momentofinertiafor
commonregular
shapes

16.2.3T7Statementofparallel
axestheorem

16.2.3T8Explanationofparallel
axestheorem

16.2.3T9Applicationofparallel
axestheorem

16.2.3T0Definitionofradiusof
gyration

16.2.3T11Applicationof
expressionofradiusof
gyrationtosolve
problems

SuggestedLearningResources
i) Relevanttextbooks
ii) Handouts
iii)Workshoprealia
iv)Rotationmotor
v) Variousbodies
vi)Proceduresheet
vii)Specification

manual

16.2.4 AREAOFMOMENTOF
INERTIA

Theory

16.2.4T0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)explainaxial

momentofinertia
ofanarea

b)derivean
expressionforaxial
momentofanarea

c) explainpolar
momentofinertia
ofanarea

d)derivean
expressionforthe
polarmomentof
inertiaofanarea

e)explaintheproduct
ofinertiaofanarea

f) derivean
expressionforthe
productofinertiaof
anarea

g)statetheparallel
axistheorem

h)applytheinertia
expressionsto
solveproblems

i) explainmomentof
inertiaofanarea

ea
sy
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t.c
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withaxes(x,y)with
respecttorotated
setofaxes(x1,y1)

j) stateexpressions
formomentsof
inertiaofanarea
withrotatedsetof
axes

k) applyMohr’scycle
tosolveproblems
relatedtorotation
ofaxis

Content
16.2.4T1Explanationofaxial

momentofinertiaofan
area

16.2.4T2Elementalarearotated
aboutanaxis
perpendiculartoits
plane

16.2.4T3Explainpolarmoment
ofinertiaofanarea

16.2.4T4Derivationofan
expressionforpolar
momentofinertiaofan

area
16.2.4T5Explanationofthe

productofinertia
16.2.4T6Derivationofan

expressionforthe
productofinertiaofan
area

16.2.4T7Statementofparallel
axistheorem

16.2.4T8Applicationofinertia
expressionstosolve
problems
i) Regularareas
ii) Compositeareas

16.2.4T9Momentsofinertiaof
any(x,y)withrespect
torotatedsetofaxis

16.2.4T10Stateexpressionsfor
momentsofinertiaof
anareawithrotated

setofaxis
16.2.4T11ApplicationofMohr’s

cycletosolve
problems

SuggestedLearningResources
i) Relevanttextbooks
ii) Handouts
iii)Workshoprealia

16.2.5 BELTSAND
CLUTCHES

Theory

16.2.5T0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)identifycommon

typesofbelts
b)derivebelts

equations
c) applytheequations

tosolvebelt
problems

d)identifycommon
clutches

e)deriveequationsfor
clutches

f) applytheequation
tosolveclutches
problems

16.2.5C Competence
Thetraineeshould
havetheabilityto
perform experimentsto
determine:
i) theratioofbelt

tensions
ii) thecoefficientof

frictionbetweenthe
pulleyandthebelt

iii)torqueinclutches
iv)coefficientof

ea
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frictioninclutches

Content
16.2.5T1Identificationcommon

typesofbelts
i) Flat
ii) Vee

16.2.5T2Derivationofbelt
equations
i) Tension
ii) Angleoflap
iii)Power
iv)Sizeofbelt
v) Numberofbelts
vi)Torque

16.2.5T3Applicationofequation
tosolvebeltproblems
on:
i) Flatbelt
ii) Veebelt
iii)Powertransmitted
iv)Angleoflap
v) Tension
vi)Sizeofbelts

16.2.5T4Identificationof
commonclutches
i) plate
ii) Centrifugal
iii)Conical

16.2.5T5Derivationofclutch
equations
i) Force
ii) Torquetransmitted
iii)Numberofplates
iv)Efficiency

16.2.5T6Applicationofthe
equationstosolve
clutchproblems

Practice

16.2.5P0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)perform

experimentsto
verifytheratioof
belttensions

b)perform
experimentsto
determinethe
coefficientof
frictionbetweenthe
pulleyandthebelt

c) perform
experimentsto
determinetorquein
clutches

d)perform
experimentsto
determine
coefficientof
frictionin
clutchesContent

16.2.5P1Ratioofbelttension
i) Flatbelts
ii) Veebelts

16.2.5T2Coefficientoffriction
betweenbeltandpulley

16.2.5T3Torqueinclutches
i) Plateclutches
ii) Coneclutches
iii)Centrifugalclutches

16.2.5T4Coefficientoffrictionin
clutches

SuggestedLearningResources
i) Relevanttextbooks
ii) Handouts
iii)Realbeltsand

clutches
iv)Demonstration
v) Discussion
vi)Experiment
vii)Rotatingmotorand

itspulley
viii)Oralpracticaltests
ix)Continuous

practicaltests

16.2.6GEAREDSYSTEMS

ea
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Theory

16.2.6T0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)describedifferent

typesofgeardrives
b)driveequationsfor

geardrives
c) applytheequations

tosolvegeardrive
problems

Content
16.2.6T1Descriptionofdifferent

typesofgeardrives
i) Spurgeartrains
ii) Epicyclicgear

systems
16.2.6T2Derivationofequations

forgeardrives
i) Velocityratio
ii) Radius
iii)Pressureangle
iv)Acceleratingtorque
v) Frictiontorque
vi)Inputandoutput

membersforan
epicyclicgeartrain

vii)Speedandsenseof
rotation

viii)Powertransmitted
16.2.6T3Applicationofthe

equationstosolvegear
driveproblems
Practice

16.2.6P0SpecificObjectives
Bytheendofthetopic,
thetraineeshouldbe
ableto:
a)perform experiment

todeterminethe
torqueingeared

systems
b)perform experiment

todetermine
mechanical
advantagein
gearedsystems

c) perform experiment
todeterminethe
efficiencyingeared
systems

Content
16.2.6T1Torqueingeared

systems
i) Spurgears
ii) Epicyclicgears

16.2.6T2Mechanicaladvantage
i) Spurgears
ii) Epicyclicgears

16.2.6T3Efficiencyingeared
systems
i) Spurgears
ii) Epicyclicgears

16.2.6C Competence
Thetraineeshould
havetheabilityto
perform experimentto
determine:
i) torqueingeared

systems
ii) mechanical

advantagein
gearedsystems

iii)efficiencyingeared
systems

SuggestedLearningResources
i) Relevanttextbooks
ii) Handouts
iii)Realia
iv)Spurgears
v) Epicyclicgears

16.2.7 DYNAMICSOFA
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RIGIDBODYIN
TRANSLATION

Theory

16.2.7T0SpecificObjectives
Bytheendofthesub-
moduleunit,thetrainee
shouldbeableto:
a)definedynamicsof

arigidbody
b)statethescalar

equationfor
translation

c) determinemoment
ofexternalforces
aboutmasscentre
ofabody

d)applytheequation
tosolveproblems

Content
16.2.7T1Definitionofdynamics

ofarigidbody
16.2.7T2Statementofthescalar

equationfortranslation
16.2.7T3Momentofexternal

forcesaboutmass
centreofabody

16.2.7T4Applicationofthe
equationtosolve
problems

16.2.8 DYNAMICSOF
RIGIDBODYIN
ROTATION

Theory

16.2.8T0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee

shouldbeableto:
a)identifyrotation

ofabodyabouta
non-centrodial
axis

b)stateequationsof
motionfor
rotationabouta
non-centrodial
axis

c) balancemasses

Content
16.2.8T1Identificationof

rotationofabody
aboutanon-centrodial
axis

16.2.8T2Statementofequation
ofmotionforrotation
aboutanon-centroidal
axis

16.2.8T3Balancingofmasses
i) Staticbalancing
ii) Dynamics

balancing

16.2.9 DYNAMICSOFRIGID
BODYINPLANE

Theory

16.2.9T0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)statetheequations

ofplanemotion
b)explainthe

equationsofplane
motion

c) applytheequations
tosolveproblems

Content
16.2.9T1Statementofplane

motion
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i) Vector
ii) Scalar

16.2.9T2Explanationof
equationsofplane
motion
i) Vector
ii) Scalar

16.2.9T3Applicationofequation
ofplanemotion
i) Lineardynamic

condition
ii) Angulardynamic

condition
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