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THEORYOFMACHINES

Lesson-01
(Mechanism)

THEORYOFMACHINES: -
Thetheoryofmachinemaybedefineasthatbranchofengineeringsciencewhichdealswiththestudyofrelativemo
tionbetweenthevariouspartsofmachine.

SUBDIVISIONOFTHEORYOFMACHINE:-

1. Kinematics:-
Itisthebranchoftheoryofmachinewhichdealswiththerelativemotionbetweenthevariousmachineparts.

2. Dynamics:-
Itisthebranchoftheoryofmachinewhichdealswiththeforcesandtheireffectswhileactingonthemachinepartsin
motion.

3. Kinetics:-
[tisthebranchoftheoryofmachinewhichdealswiththeinertialforceswhicharisefromthecombinedeffectofthe
massandmotionofthemachineparts.

4. Statics:-
Itisthebranchoftheoryofmachinewhichdealswiththeforcesandtheireffectswhilethemachinepartsareatrest.

SIMPLE MECHANISM

KINETIC LINK:- Each part of a machine which moves relative to some other parts is known as
akinematic link or element. A link may consists of several parts, which are rigidly fastened together.
Sothattheydonotmoverelativetoanother.

STRUCTURE:- It is an assemblage of a number of resistant bodies having no relative motion
betweenthemandmeantforcarryingloadshavingstrainingaction.

KINEMATIC PAIR :- The two links or elements of a machine when in contact with each other are
saidto form a pair.If the relative motion between them is completely or successfully constrained, the pair
isknownas kinematicpair.

KINEMATIC CHAIN :- A kinematic chain is a combination of kinematic pairs, joined in such a
waythat each link forms a part of two pairs and the relative motion between the links or elements
completelyconstrained.

MECHANISM:-When one of thelink of a kinematic chain is fixed, the chain is fixed, the chain
isknownas mechanism.

A mechanism with four links is known as simple mechanism and the mechanism with more than
fourlinksisknownascompoundmechanism.

INVERSION:- Some time one of the link in a kinematic chain is fixed. In such acase, we may obtainas
many mechanism as the links of the kinematic chain. This method of obtaining different
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mechanismbyfixinginturndifferentlinksinakinematicchainisknownasinversion
TYPES OFKINEMATICCHAIN:-

1. FourBarChainOr Quadriccyclechain.
2. Singleslidercrankchain.
3. Doubleslidercrankchain.

1. FOURBAR CHAIN ORQUADRICCHAIN:-

Kinematic chain is a combination of kinematic pairs .A kinematic chain is known as four bar chain
orQuadric cycle chain as shown in figure. In a four bar chain each of the four pair is a turning pair.
Thefour links or element may be of different lengths. A little consideration will show that,if a
definitedisplacementsgiven tothe link AB, keeping the link AB fixed, the resulting displacement of
theremaining two links BC and CD are also perfectly definite. Thus we see that in a four bar chain
therelative motion is completely constrained. The practical application of a four bar chain are found in
bamengine(crankandlevermechanism)
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2. SINGLESLIDERCRANKCHAIN:-
A single slider crank chain consists of one sliding pair and three turning pair. It is usually found
inreciprocatingsteamenginemechanism. Thistypeofmechanismconvertsrotarymotionintoreciprocating
motion and vice-versa. In a single slider crank chain as shown in figure P; P,, P; areturning pairsand P4
is a sliding pair. The link -Icorresponds to the frame of engine, which is fixed tothelink-
2correspondstothecranklink-3correspondstotheconnectingrod&thelink-4
Correspondstothecross head. Asthecrankrotatesthecrosshead reciprocatesintheguides.
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3. DOUBLESLIDERCRANKCHAIN:-
A kinetic chain consisting of two turning pairs and two sliding pairs is known as double slider
crankchain, which is shown in figure, we see that link-3 and link-4 form one sliding pair and link-4 and
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link-1formsecondslidingpairs. Thelink-2andlink- 1 formoneturningpair&link-2
Andlink-3form secondaryturningpair.
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MechanismsandMachines
Someoftheexamplesofmechanismsandmachinesare:

A mechanism A machine

Rear-window
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Lesson-02
(Brake&Dynamometers)

BRAKE:-
Abrakeisadevicebymeansofwhichartificialfrictionalresistanceisappliedtoamovingbodyinordertoretardorst
opthemotionofabody.

TYPESOFBRAKES:-

1. SIMPLEBLOCKORSHOEBRAKE:-Asimpleblockofbrakeconsistsofablockwhichispressedagainst
the rim of the revolving wheel. The block is made of a softer material than the rim of the wheel.The
friction between block and wheel causes a tangential braking force to act on the wheel
whichoutwardstherotationofthewheel. ThistypeotbrakeareusedonRailwaytrain,trametc.
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2. BANDBRAKE:-Abandbrakeconsistsofalﬂexiblebandoﬂather,oneormoreropesorsteellined
with friction material which embraces a part of the circumference of the drum. The ends of band
arejoinedtoaleverpivotedonaffixedpin. Whenaforceisappliedtothelever,theleverturnsaboutthepin and
tightens the band on the drum and hence brakes are applied. The friction and the drum
providethebrakingforce.
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3. BAND AND BLOCK BRAKE: - The bandbrake may be lined with blocks of wood or
othermaterials. The friction between the blocks and the drum provides braking action .The advantage
ofproviding wooden blocks is to give a higher co-efficient of friction and they can be easily replaced
afterbeingwornout.
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4. INTERNAL EXPANDING BRAKE: - An internal expanding brake consists of two shoes. The
outersurface of the shoes are lined with some frictional material to increase the co-efficient of friction
and toprevent wearing away of the metal. Each shoe is provided at one end above a fixed fulcrum and
made tocontactacamattheotherend. Whenthecamrotatestheshoesarepushedoutwardagainsttherimofthe
drum. The friction between the shoes and the drum produces the braking torque and hence
reducesthespeedofthedrum. Thistypeofbrakeiscommonlyusedinmotorcars.

DYNAMOMETER:-

Adynamometerisabrakebutinadditionithasadevicetomeasurethefrictionalresistance. Knowingthefrictionalr
esistance wemayobtainthetorque transmissionandhencethehorsepoweroftheengine.

TypesofDynamometer:-
1. AbsorptionTypeDynamometer:-

Intheabsorptiontypedynamometertheenergyproducedbytheengineisabsorbedbyfrictionalresistanceofthebr
akeandistransformedintoit.

ClassificationofAbsorptionTypeDynamometer:-
(1) PronyBrakeDynamometer
(i1) RopeBrakeDynamometer

(1) PronyBrakeDynamometer:-

It consists of two wooden block clamped together with a pulley between them. The pulley is fixed to
ashaft of the engine ormotor. The blocksare clamped by means oftwo bolts with nut. One oftheblocks
has a lever attached to it and carries a weight ‘W’ at its outer end. A counter weight is placed
attheouterendoftheleverwhichbalancesthebrake,whenunloaded.
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Let,W=weightattheouterendoftheleverinkg.
L=Horizontaldistanceof theweight‘W’fromthecentreofthepulleyinmeter.F=
Frictionalresistancebetweentheblocksandpulleyinkg.
R=Radius
ofthepulleyinmeterN=Speedofth
eshaft inrpm.

Workdoneper minute

(i1) RopeBrakeDynamometer:-

It is the most common type of brake used for measurement of B.H.P of an engine. It contains two
orthree ropes wound on a fly wheel of an engine. The ropes are prevented from slipping off the wheel
bymeans of wooden block. A dead weight is applied to one end of the ropes and a spring balance
isattachedtootherend.

NAME-SUBHASINI MUDULI
DESIGNATION-Guest Faculty
Mechanical Engineering Department



SPRIML  DAcasce

e ROPE

WoonEN E-Ln-u.: s ..-..—‘L__. =

1
E‘j-‘ BEAD LOAD

Let,W=Deadloadinkg.
S= Spring balance reading in
kg.D= Diameter of the wheel in
meterd= Diameter of the rope in
meterN=Speedofthewheelinrpm.
Sothat;  Net loadonthewheel=(W-S)kg.
Work done per revolution = (W-S) ©t
(D+d)Workdoneperminute =(W-

S)m(D+d)N
Workdoneperminute
BHP=__
_______________________________ H.P.
4500
(W-S)n(D+d)N
B.H.P.=

2. Transmission Type Dynamometer: - In transmission dynamometer the energy is not wasted
infriction but is used for doing work. The energy is transmitted through the dynamometer from source
ofpowertothemachinesandhencethepowerdevelopedmaybemeasured.

Thefollowingtypesoftransmissiondynamometersareimportantfromthesubject’spointofview:
1. Epicyclical-traindynamometer
2. Belttransmissiondynamometer
3. Torsiondynamometer
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Lesson-03
(Belt,RopeandChaindrive)
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BELT:-Infactoriesthepowerorrotarymotionfromoneshafttoanotherisusuallytransmittedbymeansofv-
beltsorropes,runningoverpulleys.

TYPEOFBELT:- (i)Flatbelt
(i1) V-belt
(ii1) CircularbeltorRope

(1) Flatbelt:-
Theflatbeltismostlyusedinthefactoriesandworkshopswherea
moderateamountofpoweristobetransmittedformone
pulleytoanother,whenthetwopulleysarenotmorethan10meterapart.

(i) V-belt:-
TheV-
beltismostlyusedinthefactoriesandworkshopswhereagreatamountofpoweristobetransmittedform
one pulleytoanother,whenthetwopulleysareveryneartoeachother.

(ii1) Rope:-
Theropeismostlyusedinthefactoriesandworkshopswhereamoderate amountofpoweris
tobetransmittedformone pulleytoanother,whenthetwopulleysaremore thanSmeterapart.

MATERIALSUSEDFORBELT:-
Thematerialsusedforbeltsand ropesmustbestrong,flexibleanddurable.ltmusthaveahighco-
efficientoffriction. Thebeltsaccordingtothematerialusedareclassifiedas:-
(1) Leatherbelt,
(i1) Cottonbelt,
(iii) Rubberbelt

TYPESOFFLATBELTDRIVE:-

1. OPENBELTDRIVE:-Theopenbeltdriveisusedwiththeshaftsarrangedparallel androtatinginthe same
direction. In this case the driver ‘A’ pulls the belt from one side and delivers it to the otherside. Thus
the tension in the lower side belt is known as tight side and the upper side belt is known asslackside.
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2. CROSS BELTDRIVE ORTWISTBELTDRIVE:-
Thecrossedortwistbeltdriveisusedwithshaftsarrangedparallelandrotatingintheoppositedirection.Inthiscase
driverpullsthebeltfromonesideanddelivers totheothersides.
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3. QUARTERTURNBELTDRIVE:-
Thequarterturnsbeltdrivealsoknownasrightangle beltdriveisusedwithshaftarranged
atrightanglesandrotatinginonedefinitedirection.

4. BELTDRIVEWITHIDLERPULLEY:-
Thebeltdrivewithanidlerpulleyisusedwithshaftarrangedparallelandwhenanopenbeltdrivecannotbeuseddue
tosmallangleofcontact onthesmallerpulley.

5. COMPOUNDBELT DRIVE:-
Acompoundbeltdriveisusedwhenpoweristransmittedfromoneshafttoanother,throughanumberofpulleys.
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6. STEPPEDORCONEPULLEYDRIVE:-
Asteppedorconepulleydriveisusedforchangingthespeedofthedriver.Shaftsrunatconstantspeed. Thisisacco
mplishedbyshiftingthebeltfromonepartofthesteppedtothe other.

7. FASTANDLOOSEPULLEYDRIVE

A fast and loose pulley drive is used when the driver or machine shaft I to be started or stopped
whenever desired without interfering with the driving shaft. A pulley which is keyed to the machine
shaft iscalled fast pulley and runs at the same speed as that of machine shaft. A loose pulley rounds
freely overthe machine shaft and it is capable of transmitting any power. When the driven shaft is
required to bestopped,thebeltispushedouttotheloosebymeansofslidingbarhavingbeltlock.
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SLEEP OF BELT: - Sometimes the frictional grip between the belts and the shafts become
insufficient.This causes some forward motion of the driven without carrying the belt with it. This is
called slip of thebelt.

CREEP OF BELT:-When the belt passes from slack side to the tight side , a certain portion of the
beltextends when the belt passes from the tight side to slack side. Due to its change of length there is
arelativemotionbetweenthebeltandthepulleysurface. Therelativemotionistermedascreep.

POWERTRANSMITTEDBYABELT:-

In the figure ‘A’ is the driver and ‘B’ is the follower. The driving pulley pulls the belt from one side
anddelivers the same to other side. It is obvious that the tension on former side will be greater than the
laterside(slackside).
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Let T,&T,=Tensioninthetightandslacksideofthebeltinkg.
V=Velocityofthebeltinmeters/second.
Theeffectiveturning(driving)forceatthecircumferenceofthefolloweristhediff
erencebetweenthetwotension(T;-T)
Therefore,

(T1-T2) xV

VELOCITYRATIOOFBELTDRIVE:-
Itistheratiobetweenthevelocityofthedriverandfollowerordriven,itmaybeexpressedas

N1 d1
VelocityRatio= =
N2 ds

where ,d1 = diameter of the
driver,d2=diameterofthedri
ven,
N, = speed of the driver in
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r.p.m.N,=speedofthedriveninr.p.m.

Whenthethicknessofthebelt(t)isconsidered,then
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N, d;+t
VelocityRatio= =
N, d, +t

VELOCITYRATIO OFCOMPOUNDBELT DRIVE:-

— Fallemy ~ Fasewin
e o 1l

Let, d1=diameterof thedriver(pulley)

Nl=speedofthedriver(pulley)inr.p.m.

d2,d3,d4,N2,N3,N4=correspondingvaluesofpulley2,3 &4
N4 dl d3
____________ = X

NI d2 d4

Hence,  velocityratioofcompoundbeltdrive=
Speedoflastfollower Productofdiameterofdriver
~ Speedoffirstdriver Productofdiameteroffollower.

‘V’-BELTDRIVE:-
Sometimes the power from one shaft to another is transmitted by means of v-belt drive instead of
flatbeltdrive. Thev-beltismadeoffabricand cordsmouldedinrubberandcoveredwith fabricandrubber. These
belts are moulded to a trapezoidal shape and are made of endless. These are particularly suitablefor
short drives. In case of flat belt drive the belt runs over the pulleys, whereas in case of v-belt the
rimofthepulleyisgroovedinwhichthev-beltruns.
Theeftectofthegrooveistoincreasethefrictionalgripofthebeltonthe
pulleyandthustoreducethetendencyofslipping.

e
Rl
ROPEDRIVE:-

The ropes for transmitting power are usually made of manila, hemp and cotton. They are usually
circularin cross-section. The rope drive is particularly suitable when the distance between the shafts is
large. Itmay be noted that frictional grip in case of rope drives is more than that in v-drive. One of the
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mainadvantagesofropedrivesisthatanumberofseparateddrivesmaybetakenfromtheonedrivingpulley.

USESOFSTEELWIREROPES:-
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In case the power is to be transmitted over long distance as in mining, hoisting and hauling etc.
Steelwire ropes are extensively used. The wire ropes run on grooved pulleys butthey reston the bottom
ofthegroovesandarenotwedgedbetweenhesidesofthegrooves. Wireropehasthefollowingadvantagesovercott
onropes.

1. Thesearelighterinweight,

ii. Theseoffersilentoperation.

ii1. Thesecanwithstand

iv. Thesearemorereliable.

v. Theydonotfail suddenly.

CHAINDRIVE:-

We have seen belt and rope drive, that slipping may occur. In order to avoid slipping steel chains
areused. These chains are used in combination with chain wheels or sprocket wheels. The projection on
thewheel fit into cavities in the chain or vice versa. The wheel and chain are thus constrained to
movetogether without slipping and ensures perfect velocity ratio. Chain is used for transmission of
power inbicyclemotorvehicles,agriculturalmachinery,androadrollers.

ADVANTAGE ANDDISADVANTAGEOFV-BELTDRIVEOVERFLATBELTDRIVE:-
Advantage:-

1. Thev-beltdrive givescompactnessduetothesmalldistancebetweencentresofpulleys.

ii. Thedriveispositivebecausetheslipbetweenthebeltandthepulleygrooveisnegligible.

iii. Theoperationofthebeltandpulleyisquiet.

iv. Thebeltshavetheabilitytocushiontheshockwhenmachinesarestarted.

v. Thehighvelocityratiomaybeobtained.

vi. Thepowertransmittedbyv-beltsismorethanflatbeltsforthesameco-efficientoffriction.

vii. Thev-beltmaybeoperatedineitherdirection,withtightsideofthebeltatthetoporbottom.

Disadvantage:-

1. Thev-belt drivecannotbeusedwithlargecentredistance.

1. Thev-beltsarenotas durable asflatbelts.

iii. Theconstructionofpulleyforv-beltsismorecomplicatedthanpulleysofflatbelts.

ADVANTAGE &DISADVANTAGESOFCHAINDRIVEOVERBELTORROPEDRIVE:-
Advantages:-

1. Asnosliptakesplaceduringchaindrive,henceperfectvelocityratioisobtained.

ii. Achaindrivetakesuplessspacethan abeltorropedrive.

iii. Thechaindrivemaybeusedwhenthedistancebetweentheshaftsisless.

iv. Thechaindrivegiveshightransmissionefficiency.

Disadvantages:-
1. Theproductioncostof chainisrelativelyhigh.

ii. Thechainrequiresmorecarefulmaintenance.
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Lesson-04
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(Gear)

INTRODUCTION:-
Gearsareusedtotransmitmotionfromoneshafttoanotherorbetweenashaftandslide. Thisisaccomplishedbysuc
cessivelyengagingteeth.
PurposeOfGear:-

® Tochangethevelocityratio.

® Tochangethedirectionofrotation.

® Togetapositivedrive

TOOTHGEARING:-

Precision machines in which a definite velocity ratio isis of importance, the only positive drive bymeans
of gears or toothed wheels. A gear drive is also provided when the distance between the
driverandthefollowerisverysmall.

ClassificationOftoothedWheelGear
1. Accordingtothepositionofaxesoftheshaft:-
a. Parallel,b.Intersecting,c.Non-intersectingspiralgear.

2. Accordingtotheperipheralvelocityofthegears.-
a. Lowvelocity::--Havingvelocitylessthan3m/sec.
b. Mediumvelocity:-- Velocitybetween3to15m/sec.
c. Highspeedgear:--Velocitymorethan15m/sec.

3. Accordingtothetypeofgearing:--
a. Externalgearing,b.internalgearing, c.Rackandpinion.

4. Accordingtothepositionofteethonthegearsurface:--
Theteethonthe gearsurfacemaybestraight,inclinedorcurved

TECHNICALTERMSOFTOOTHGEAR:-

1. PitchCircle:-Itis
animaginarycirclewhichbypurerollingactionwouldgivethesamemotionastheactualgear.

2. PitchCircleDiameter:-
Itisthediameterofthepitchcircle. Thesizeofthegearisusuallyspecifiedbythepitchcirclediameter.

3. PitchPoint:- Itis acommonpointofcontact betweentwopitchcircles.

4. PitchSurface:-
Itisthesurfaceoftherollingdiscswhichthemeshinggearshavereplacedatthepitchcircle.

5. Addendum:-Itistheradialdistanceofatoothfromthepitchcircletothetopofthetooth.
6. Dedendum:-Itistheradialdistanceofatoothfromthepitchcircletothetopofthetooth.

7. AddendumCircle:-Itisthecircledrawnthroughthetopoftheteethandisconcentricwiththepitchcircle.
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8. DedendumCircle:-Itisthecircledrawnthroughthebottomoftheteeth.
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9. CircularPitch:-
Itisthedistancemeasuredonthecircumferenceofthepitchcirclefromapointofonetoothtothecorrespondingpoint
yothenexttooth.ItisusuallydenotedbyP,

ndMat
hematically, CircularPitchP = ------

T

10. DiametralPitch:-
Itistheratioofnumberofteethtothepitchcirclediameterinmillimetres.ItisdenotedbyP ,Mathematically.,

Where,d=Diameterofthepitchcircle.
T=No.ofteethonthewheel.

11. Module:-
Itisthepitchcirclediameterinmillimetrestothenumberofteeth.Itisusuallydenotedby‘m’.Mathematically,
dmod
ule,m=---------
T

12. Clearance: -It istheradial distancefromthe topof thetoothto thebottomof thetoothin
ameshinggear.Acircle passingthroughthetopofthemeshinggearisknownas clearancecircle.

13. TotalDepth:-
Itistheradialdistancebetweentheaddendumandthededendumofagear.Itisequaltothesumoftheaddendumand
dedendum.

14. WorkingDepth:-
Itistheradialdistancefromtheaddendumcircletotheclearancecircle.Itisequaltothesumoftheaddendumofthet
womeshinggear.

15. ToothThickness:-Itisthewidthofthetoothmeasuredalongthepitchcircle.

16. ToothSpace:-Itisthewidthofspacebetweenthetwoadjacentteethmeasuredalongthepitchcircle.

17. FaceofThe Tooth:-Itisthesurfaceofthetoothabovethepitchsurface.

18. TopLand:-Itisthesurfaceofthetopofthetooth.

19. FlankofTooth:-Itisthesurfaceofthetoothbelowthepitch.

20. FaceWidth:-Itisthewidthofthegeartoothmeasuredparalleltoitsaxis.

21. Profile:-Itisthecurvedformedbythefaceandflankofthetooth.

22. FilletRadius:-Itistheradiusthatconnectstherootcircletotheprofile ofthetooth.

23. PathOfContact:-It
isthepathtracedbythepointofcontactoftwoteethfromthebeginningtotheendofengagement

GearProfile
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TYPES OFGEAR:-

1. Spur Gear: - In this type of gear, the teeth are cut parallel to the axis of rotation. The spur gear
isusedtotransmitpowerbetweentwoparallelshafts.

2. Helical Gear: - In a helical gear the teeth are cut at an angle to the axis of rotation, it may be used
totransmitpowerbetweentwoparallelshaft. Helicalgearsrunmoresilentlythanaspurgear

3. Bevel Gear: - The bevel gear is used to transmit motion between shafts at various angles to
eachother. The teeth profile may be straight or spiral. The bevel gears transmit motion, when the shaft is
atrightanglestoeachother.

4. Mitre Gear: - If two bevel gear are symmetrical to each other and transmit motion at right
angles,suchgearsarecalledmitregear.

5. Warm Shaft or Warm Gear: - The warm shaft has spiral teeth cut on the shaft and warm wheel is
aspecialformofgearteethcuttomesh withthewarm shaft; Theyarewidelyusedforspeedreduction.

6. RackandPinion:-Therackandpinionchangesrotarymotionintolinearmotionandviceversa
.Thistypeof gearisusedin drillingmachine.

7. Hypoid Gear: - The hypoid gears are used in automatic differential gear boxes. The teeth
actionbetweeneachgearisacombinationofrollingandslidingactionalongastraightline.

GEARTRAIN
Sometimetwoormoregearsaremadetomeshwitheachothertotransmitpowerfromoneshafttoanother.Suchac
ombinationiscalledgeartrain.
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TypesOf GearTrain:-
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1. SimpleGearTrain:-Whenthedistance betweenthe
two wheels is greater , the motion from one wheelto
another may be transmitted by providing the
largesizedwheelsorbyprovidingoneormoreintermediat
esize, Thisisknownassimplegear.

2. Compound Gear Train:- When ever the
distancebetweenthefollowerhastobebridgedoverbyint
er-mediate wheels and at the same time a great
velocityratio is required than the advantage of
intermediatewheel is transmitted by providing
compound wheelsonintermediateshatft.

3. Reverted Gear Train :- When the axes of the
firstand last wheel are co- axial , the train is known
asreverted
geartrain.Sincethemotionofthefirstandlast wheel is
like, therefore a compound wheel isprovided.

4.Epicyclic Gear Train :-In an epicyclic gear train
,theaxesoftheshaftoverwhichthegearsaremountedmay
moverelativetoafixedaxes.

VELOCITYRATIO OFGEARDRIVE:-
Itistheratiobetweenthevelocityofthedriverandfollowerordriven,itmaybeexpressedas
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where,d
=diameterofthewheel, N=s
peedofthewheel
w=angularspeed

GEARMATERIAL:-

The material used for the manufacture of gears depends upon the strength and service conditions
likewear, noise etc. The gears may be manufactured from metallic materials. The metallic gears
withoutteeth are commerciallyobtainableincast iron,steeland
bronze.Thenonmetallicmaterialslikewood,compressedpaperandsyntheticresinslikenylonareusedforgears
,especiallyforreducingnoise.

Lessson-05

(Clutch)
CLUTCH:
A clutch isa mechanicaldevice thatprovidesforthe transmissionofpower (andthereforeusuallymotion)
from one component (the driving member) to another (the driven member) when engaged,
butcanbedisengaged.
Clutches are used whenever the transmission of power or motion must be controlled either in amount
orover time (e.g., electric screwdrivers limit how much torque is transmitted through use of a
clutch;clutchescontrolwhetherautomobilestransmitenginepowertothewheels).
Clutchisusedtoengageordisengagetheenginetothetransmissionorgearbox.

Typesof Clutch:-
Sometypesofclutchesusedinvehiclesaregivenbelow:
(a) FrictionClutch
(1) Singleplateclutch,
(i1) Multi-plateclutch,or
(ii1) Coneclutch
Multi-
plateclutchcanbeeitherwetordry. Awetclutchisoperatedinanoilbathwhereasadryclu
tchdoesnotuseoil.
(b) Centrifugalclutch.
(c) Semi-centrifugalclutch.
(d) Hydraulicclutch.
(e) Positive
clutch.(f)Vacuumcl
utch.
(g) Electromagneticclutch.

Fiypahmml

Partsof Clutch:
—  Flywheel

— Pressureplate

—  Frictiondisc

—  Clutchdisc

— Releasemechanism

P i pHala

Rl ais biemring
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FrictionClutch(SingleplateType):
A single plate is commonly used in cars and light vehicles. It has only one clutch plate which
ismounted on the splines of the clutch shaft. A flywheel is mounted on the crankshaft of the engine.
Apressure plate is connected to the flywheel through the bolts and clutch springs. It is free to slide
onthe clutch shaft with the movement of clutch pedal. When clutch is in engaged position, the
clutchplateremainsgrippedbetweenflywheelandpressureplate. Frictionliningsareprovidedonboththe
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sides of clutch plate. On one side clutch plate is in touch with flywheel and on other side
withpressureplate. Duetofrictiononbothsides,theclutchplaterevolveswithengineflywheel.

Therefore, clutch transmits engine power to clutch shaft. Clutch shaft is
connectedtotransmission(orgearbox)ofautomobile. Thus,clutchtransmitspowerfromenginetotransmiss
ionsystemwhichinternrotateswheelsofengine.

When the clutch plate is to be disengaged, the clutch pedal is
pressed.Because of this pressure plate moves back and clutch plate is disengaged from
flywheel. Thus,clutchshaft stopsrotatingevenifengineflywheel isrotating. Inthis
position,powerdoesnotreachthewheelsandvehiclealsostopsrunning.

g plae wiih
B e s Didilng

[hieing ; o
sl Lir [ | ! &
.l'l: :.::;u’l1 5 T:T! 'i i — ‘L=|-'=’“H :-\.'l:.-|.-|-.-l
i L Pwibadiorw] Nimeer
ﬁ/ fﬁlﬁrh“ kLni iz e
rIr' £
/i

Fig. Singile Phite Clavaih

FrictionClutch (MultiplateType):

Amultipleplateclutchisatypeofclutchsystemwheremultipledrivenanddriveplatesareusedinorder to make
up for torque loss due to slippage. This slippage is usually caused by a fluid that the
platesareimmersedinforcooling,cleaningandlubrication. Thistypeofclutchsystemiscommonlyreferredto as
awet clutch system. The type of arrangement is what is foundin the automatic transmission inyour car.
This clutch system allows gears to be shifted up and/or down, without interrupting the
powerflowthroughthetransmission,byliftingtheaccelerator.

Multi-plate clutch consists of more than one clutch plates contrary to single plate clutch which
consistsof only one plate. Friction surfaces are made in case of multi-plate clutch. Due to increased
number offtriction surfaces, a multi-plate clutch can transmit large torque. Therefore, it is used in racing
cars andheavy motor vehicles witch have high engine power. The clutchplates are alternatively fitted
withengine shaft and the shaft of gear box. He plates are firmly held by the force of coil springs and
theyassembledinadrum.

One plate slides in the grooves on the flywheel and the next plate slides on spines provided on
pressureplate. Thus, each alternate plate slides in grooves on the flywheel and the other on splines of
pressureplate.Ifwetaketwoconsecutiveplates,thenonehasinnerandotherhasoutersplines.
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When the clutch pedal is pressed, the pressure plate moves back against the force of coil spring, hen
theclutchplatesaredisengagedandengineflywheelandgearboxaredecoupled. However,whenclutch
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pedal is not pressed the clutch remain in engaged position and the power can be transmitted from
engineflywheeltothegearbox.

Centrifugaltypeclutch:

In this type of clutch, the clutch pedal in the engaged position, the clutch disc facing are
clampedbetween the friction surface on the engine fly wheel and the face of the clutch pressure plate by
thepressure of the clutch springs. When the clutch is disengaged, the clutch disc will come to rest if
thetransmission is in neutral or the car is standing still. If the car is in gear and moving, the clutch disc
willberotating,beingdriventhroughthetransmissionbytherearwheels.

Diaphragm type clutch: The operating principle of a diaphragm —type clutch differs from that of
thecentrifugal type only in the method by which the pressure plate is held against the clutch disc. Instead
ofhelical clutch springs, a disk-shaped diaphragm is used to supply the pressure to hold the clutch
discagainst the fly wheel facing. The diaphragm is positioned between the cover and the pressures plate
sothatthediaphragmspringisnearlyflatwhentheclutchisengaged.

Engaged Disengaged

§: Bt ool ~ Fiabanse hearing
! T Diaphragm spring ~
Chaphiragem |
AT % T Diviven plate ——
%: £
% ! Ratraciing apring
TroublesinClutch:-
a. ClutchChatter
b. ClutchSlipping
c. Difficult gearshifting
d. Clutchnoisy.
Lessson-06
(Governor)
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Governor: - The function of a governor is to regulate the machine speed of an engine when there
isvariationofload. Thegovernorautomaticallycontrolsthesupplyofworkingfluidtotheenginewiththevaryingl
oadconditionandkeepsthemeanspeedwithincertainlimit.

TypesofGovernor:-
Thegovernormaybroadlybeclassifiedintotwocategories:-
i. CentrifugalGovernor.

ii. InertiaGovernor

Thecentrifugalgovernor mayfurtherbeclassifiedasfollows:

Centrifugal governors
Pendulum bype Loaded type
Watt governor = 1
Doad waight govarnors Spring controlied govarmorns
I
Parter governar Proell governor
Harinel OOVETTOE Hartung governar Wilson-Hartnell governor Plckering governaor
CentrifugalGovernor:-
Armg —m - R‘
4 e
v i oy
L T ."'-\._:..,. | .-.I_" x‘?'ll'-.-':_ J
% | = T
: N T -- ATT
Fly-balls B l' il 1 Z
Links e e - E
. [ —R (= e
Sleeve — Ball crank =— Throttie
] L lewver £ WE
;_{_&ﬁ‘a&*ﬁ?ff{fxx-‘ -
B — =
= gear :
Supply of

working fluid
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Thecentrifugalgovernorisbasedonthebalancingofcentrifugalforceontherotatingballsbyanequalopposite
radialforce,knownasthecontrollingforce.
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It consists of two balls of equal weight which are attached to the arms as shown in the figure.
Theseballs are known as governor balls or fly balls. The balls revolve with a spindle which is driven by
theengine through bevel gears. The upper ends of the arms are pivoted to the spindle, so that the balls
mayrise up or fall down as they revolved about the vertical axis. The arms are connected by the links to
asleeve which is keyed to the spindle. This sleeve resolves with the spindle but can slide up and
down.The balls and the sleeve rise when the speed increases and fall when the speed decreases. The
sleeve isconnected by a bell crank lever to a throttle valve. The supply of the working fluid decreases,
when thesleeverisesandincreaseswhenitfalls.

When the load on the engine increases the engine and the governor speed decreases. The result is
thedecrease of centrifugal force on the ball. Hence the balls and the sleeve move downward. This
increasethe supply of working fluid.And thus the engine speed increases. In this case the extra power
output isprovided to balance the increased load.When the load on the engine decreases the engine and
thegovernorspeedincreases,theseresultsintheincreaseofcentrifugalforceontheballs.

Thus the balls open out and the sleeve raises upwards. This reduces the supply of working fluid
andhencethespeedisdecreased.Inthiscasethepoweroutputisreduced.

TermsUsedIn Governor:-

i. HeightoftheGovernor:-
Itistheverticaldistancefromthecentreoftheballtoapointwheretheaxisofthearmsintersectsonthespindleax
is.

ii. EquilibriumSpeed:-
Itisthespeedatwhichthegovernorballs,armsetc.areincompleteequilibriumandthesleevedoesnott

endstomoveupwardordownward.

iii. Maximum and Minimum Equilibrium Speed: - The speed at the maximum radius of rotation
oftheballswithouttendingtomoveeitherwayare knownasmaximumandminimumequilibriumspeed.

iv. MeanEquilibriumSpeed:-Itsthespeedatthemeanpositionoftheballsorthesleeve.
v. SleeveLift:- Itis theverticaldistancewiththesleevetravelsduetochangeinequilibriumspeed.

PorterGovernor:
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* InPortergovernorcentralloadisattachedtothesleeveasshowninFig.
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*  Theloadmovesupanddownthecentralspindle. Thisadditionaldownwardforceincreasesthespeedofr
evolutionrequiredtoenabletheballstorisetoanypredeterminedlevel.
* Considertheforcesactingonone-halfofthegovernorasshowninFig.

HartnellGovernor
» AHartwell governorisa springloaded governorasshowninFig.It
consistsoftwobellcrankleverspivotedatthepoints O, Ototheframe.
*  Theframeisattachedtothegovernorspindleandthereforerotateswithit.

kit

Spring -, _]_ Frame

Ball crank B
Levar

g ollar

Holler a1 =~
= |i':-.;~._ ~ Sleave
e Spindle
Sensitiveness Of Governor :- Considering two governors ‘A’ and ‘B’ running at the same

speed,whenthis speed increases or decreases by a certain amount the lift of the sleeve of governor ‘A’ is
greater thanthe lift of the sleeve of governor ‘B’ . It is then said that the governor ‘A’ is more sensitive
than thegovernor‘B’.

In general the greater the lift of the sleeve corresponding to a given fractional change the speed,
thegreateristhesensitivenessthegovernor.
Thesensitivenessisdefinedastheratioofthedifferencebetweenthemaximumandminimumequilibriumspeeds
tothemeanequilibriumspeed.

Lazi A = Mmoo equilibricm spesd,

N, = Maxinmum |'L||_|.i|ihr|||1|.| 5[ . mmcd

LA M
N = Wlean cou librium speed i .

Pl | +

Sensitivensss of the povermor
M — N 2N ]
A W + Ma
_ 2 e ]

iy +

Stability of Governor: - A governor is said to be stable when for every speed within the working
range,thereisonlyoneradiusofrotationofthegovernorballsatwhichthegovernorisinequilibrium.

Hunting of Governor: - A governor is said to be hunt if the speed of the engine fluctuates
continuouslyabove and below the mean speed. This is caused by a too sensitive governor which changes
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the fuelsupplybyalargeamountwhenasmallchangeinthespeedofrotationtakesplace.

EffortandPowerofaGovernor
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The effort of a governor is the mean force exerted at the sleeve for a given exerted at the sleeve for
agiven percentage change of speed (or lift of the sleeve). It may be noted that when the governor
isrunning steadily, there is no force at the sleeve. But when the speed changes, there is a resistance at
thesleeve which opposes its motion. It is assumed that this resistance which is equal to the effort
variesuniformly from a maximum value to zero while the governor moves into its new position of
equilibrium.Thepowerofagovernoristheworkdoneatthesleeveforagivenpercentagechangeofspeed.
Itistheproductofthemeanvalueoftheeffortandthedistancethroughwhichthesleevemoves.

Mathematically,

Power=MeanEffortXliftofsleeve

Lessson-07
(FLYWHEEL&TURNINGMOMENTDIAGRAMS)

Aflywheelusedinmachinesservesasareservoirwhichstoresenergyduringtheperiodwhenthesupply of energy
is less than the requirement, and releases it during the period when the requirement
ofenergyismorethanthesupply.

A little consideration will show that when the flywheel absorbs energy, its speed
increasesandwhenitreleasesenergy,thespeeddecreases.Henceaflywheeldoesnotmaintainaconstantspeed;its
implyreducesthefluctuationofspeed.

Inotherwords, aflywheelcontrolsthespeed
variationscausedbythefluctuationoftheengineturningmomentduringeachcycleofoperation.

Coefficientoffluctuationof Speed:-

Thedifferencebetweenthemaximumandminimumspeedsduringacycleiscalledthemaximumfluctuationofsp
eed.
TheratioofthemaximumfluctuationofspeedtothemeanspeediscalledthecoefficientoffluctuationofSpeed.

Lat N, and N, = Mamimum and mimimum speeds m r.p.m. dunng the cycle, and
.1"-rL + N_
T—

N = Mean speed in rpm. =

. Coefficient of fluctuation of speed,

f::-ll '1= TE ’_

5= N N +N,
W — 0, El,r{nl —an, |
= = = -..In terms of angular speeds)
iy 0o, + i,
v 2{w-wn)
— i = = - terms of linsar speeds
2 ey In P }

Thea coefficient of fluctnation of speed 15 3 imnhng factor in the design of flywheel It vanes
depending upon the nature of service to which the flvwheel 15 emploved.

Note. The reciprocal of the coefficiens of fluctuation of spead is known i"l_ Fm
as pogficieni o sieadinesy and is denoted by m. S
J‘H:i:—}: ! L 2 | -'--:. ". ™
"y N -N 4 = ' N
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Turning MomentDiagram:
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The turningmomentdiagramalso knownas crankeffortdiagramlt isthegraphicalrepresentationof
theturningmomentorcrankeffortforvariouspositionsofcrank.
ItisplottedonCartesiancoordinates,inwhichthe turningmomentistaken astheordinateandcrank.

Turning MomentDiagramforASingleCvlinderDoubleActingSteamEngine:

Theverticalordinaterepresentstheturningmomentandthehorizontalordinaterepresents the crankangle.
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Crank angle ———=
Wesee, thattheturningmoment(7)iszero, whenthecrankangle(0)is zero.It ismaximumwhen

the crank angle is 90° and it is again zero when crank angle is 180°.This is shown by the curve abc
inFig.anditrepresentstheturningmomentdiagramforoutstroke.
The curve instroke cde is the turning moment diagram for the work done is the product of the
turningmoment and the angle turned;therefore the areaof the turning momentdiagram
representstheworkdone per revolution. The height of the ordinate a 4 represents the mean height of the
turning momentdiagram. Since it is assumed that the work done by the turning moment per revolution is
equal to thework done against the mean resisting torque, therefore the area of the rectangleaAdFe is
proportional totheworkdoneagainstforflywheel.
Notes:1.Whentheturningmomentispositive,thecrankshaftacceleratesandtheworkisdonesteam.

2. Whentheturningmomentisnegative,thecrankshaftretardsandtheworkisdoneonthesteam.

3. Thenacceleratingtorqueontherotatingpartsoftheengine=7— Tmean

Turning MomentDiagramforA FourStroke CyclelnternalCombustion Engine:

e

LT
fF'- ,_ Posflive loop

Crank angls ———=
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dthroughtworevolutions,i.e.720°(or4n radians).Sincethepressureinsidetheengine
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cylinderislessthanthe atmosphericpressure duringthe suctionstroke, therefore anegative
loopisformedasshowninFig.
Duringthecompressionstroke,theworkisdoneonthegases,thereforeahighernegativeloopisobtained.
* Duringtheexpansionorworkingstroke,thefuelburnsandthegasesexpand;thereforealargepositiveloo
pisobtained.Inthisstroke,theworkisdonebythegases
* During exhauststroke,the workisdoneonthegases;thereforea
negativeloopisformed.Itmaybenotedthattheetfectoftheinertiaforcesonthepistonistakenintoaccount

TurningMomentDiagramforAMultiCvlinderEngine:
Diagramforacompoundsteamenginehavingthreecylinders,andtheresultantturningmomentdiagramisshown

inFig.
Itmaybenotedthatthefirstcylinderisthehighpressurecylinder,secondcylinderistheintermediatecylinderandt
hethirdcylinderisthelowpressurecylinder.
Thecranks,incaseofthreecylinders,areusuallyplacedat120°toeachother.

o Resultant turrning
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Lessson-08
(BALANCINGOFMASSES)

Balancingisthetechniqueofcorrectingoreliminatingunwantedinertia
forcesormomentsinrotatingorreciprocatingmassesandisachievedbychangingthelocationofthemasscenters.
Theobjectivesofbalancinganenginearetoensure:

1. Thatthecentreofgravityofthesystemremainsstationeryduringacompleterevolutionofthecrankshaftand

2. Thatthecouplesinvolvedinaccelerationofthedifferentmovingpartsbalanceeachother.

Unbalance:-The condition which exists in a rotor when vibratory force or motion is imparted to
itsbearingsasaresultofcentrifugalforcesiscalledunbalanceortheunevendistributionofmassaboutarotor’sr
otatingcenterline.

NeedforBalancing:-
Rotatingarotorwhichhasunbalancecausesthefollowingproblems.

» Thewholemachinevibrates.
» Noiseoccursduetovibrationofthewholemachine.
»  Abrasionofbearingsmayshortenthelifeofthemachine.Bene

fitsofbalancing:-
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» Increasequalityofoperation.
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Minimizevibration.
Minimizeaudibleandsignalnoises.
Minimizestructuralfatiguestresses.
Minimizeoperatorannoyanceandfatigue.
Increasebearinglife.
Minimizepowerloss.

VVVVVYY

Typesof balancing:
a) StaticBalancing:

1) Staticbalancingisabalanceofforces duetoactionofgravity.
i1) Abodyissaidtobeinstaticbalancewhenitscentreofgravityisintheaxisofrotation.
b) Dynamicbalancing:
1) Dynamicbalanceisabalanceduetotheactionofinertiaforces.
i1) Abodyissaidtobeindynamicbalancewhenthe
resultantmomentsorcouples,whichinvolvedintheaccelerationofdifferentmovingp
artsisequaltozero.
1i1) Theconditionsofdynamicbalancearemet,theconditionsofstaticbalancearealsome
t.

BALANCINGOFROTATINGMASSES

When a mass moves along a circular path, itexperiences a centripetalacceleration and aforce
isrequiredtoproduceit. Anequalandoppositeforcecalledcentrifugalforceactsradicallyoutwardsandis a
disturbing force on the axis of rotation. The magnitude of this remains constant but the
directionchangeswiththerotationofthemass.

In a revolving rotor, the centrifugal force remains balanced as long as the centre of the mass of rotor
lieson the axis of rotation of the shaft. When this does not happen, there is an eccentricity and an
unbalanceforce is produced. This type of unbalance is common in steam turbine rotors, engine
crankshafts, rotorsofcompressors,centrifugalpumpsetc.

[1]]

The unbalance forces exerted on machine members are time varying, impart vibratory motion and
noise,there are human discomfort, performance of the machine deteriorateand detrimental effect on
thestructuralintegrityofthemachinefoundation.

Balancing involves redistributing the mass which may be carried out by addition or removal of
massfromvariousmachinemembers.Balancingofrotatingmasses canbeof:

1. Balancingofasinglerotatingmassbyasinglemassrotatinginthesameplane.

2. Balancingofasinglerotatingmassbytwomassesrotatingindifferentplanes.

3. Balancingofseveral massesrotatinginthesameplane.
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4. Balancingofseveralmassesrotatingindifferentplanes.
BALANCINGOFASINGLEROTATINGMASSBYASINGLEMASSROTATINGINTHESAME
PLANE
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KiE OF RETATIOR

Consideradisturbingmassm 1 whichisattachedtoashaft
rotatingatrad/s.r=radiusofrotationofthemassm

Thecentrifugalforceexertedbymassm1ontheshaftisgivenby,F=mrc
11

This force acts radially outwards and produces bending moment on the shaft. In order to counteract
theeffect of this force Fcl, a balancing mass m2 may be attached in the same plane of rotation of
thedisturbingmassm1suchthatthecentrifugalforcesduetothetwomassesareequalandopposite.

BALANCINGOFASINGLE ROTATINGMASSBYTWOMASSESROTATING

Therearetwopossibilitieswhileattachingtwobalancingmasses:

1. Theplaneofthedisturbingmassmaybeinbetweentheplanes ofthetwobalancingmasses.

2. Theplaneofthedisturbingmassmaybeontheleftorrightsideoftwoplanes

containingthebalancingmasses.

Inordertobalanceasingle

rotatingmassbytwomassesrotatingindifferentplaneswhichareparalleltotheplaneofrotationofthedisturbingm

ass

1) Thenetdynamic
forceactingontheshaftmustbeequaltozero,i.e.thecentreofthemassesofthesystemmustlieontheaxisofr
otationandthisistheconditionforstaticbalancing

i1) Thenetcoupleduetothedynamicforcesactingontheshaftmustbeequaltozero,i.e.thealgebraicsumofthem
omentsaboutanypointintheplanemustbezero.
Theconditionsi)and ii)together givedynamicbalancing.

~ THE PLANE OF THE DISTURBING MASS LIES IN BETWEEN THE PLANES
NAME-SUBHA! (3§ THE TW{ BALANCING MASSES.
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Consider the disiurbing mass m lying in a planc A which is o be balanced by two
rotating masses my and me Iving in two different planes M and N which are pacallel (o
the plane A as shown,

Letr, ry and ry be the radii of rotation of the masses in planes A, M and N respectively.
Let L. L; and L be the distance between A and M. A and N, and M and N respectively.
MNow,

The centrifugal force exerted by the mass m in plane A will be,

Similarly.
The centrifugal force exerted by the mass m; in plance M will be,

Fi;j_ =m] li"l"’-l.-]_ __________________ (2}
And the centrifugal foree exerted by the mass m: in plamne ™ will e,

Fo=m,w'nL—————————— —— ————— (3)

For the condition of static balancing,

Fr.=Fl:'I. +Fl:‘l“
or mo’r=m_ W°r+m_ wr,
ihe. mr=m, r+m,r———————————————— (4)

Now, to determine the magnitude of balancing force in the plane *M° or the dynamic
force at the bearing "0 of a shaft. take moments about * P " which iz the point of
intersection of the plane N and the axis of rotation.

Therefore,
NANM F,xL=F_xL,

DES or m,w'r, xL=mwr xL,
Mechanical Engineering Leparument



Similarly. in order to find the balancing force in plane “IN' or the dynamic force at the
bearing ‘P of a shaft, nke moments about * 0 * which is the poinl of inlersection of the
plane M and the axis of rotation.

Therefore,
Foxb=F xL;

or m.w'r, xL=mwr xL,
Therefore,

rI'-I:r:!-:ﬁﬁ”-l'i ar m:r::mr_ll-_L ________ [E"]'

For dynamic balancing equations (5) or (6) must be salishied along with equation (4),
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