SIMPLE MECHANISM

Explainthetermkinematiclink?Givetheclassification ofkinematiclinks?

Ans) Kinematiclink:Eachpartofamachinewhichmovesrelativetosomeotherpartiscalled a
kinematic link.

Explanation:

_ _ Flywheel
Cylinder  _pigion Smallend ~ Connecting I Big end
bearing i < bearing

| Engine frame X N\ '

Piston rod Crank shaft

FromtheaboveReciprocatingsteamengine(Slidercrankmechanism)kinematiclinksare:

Link

(1) - Frame & guides, Link (2) - Crank, Link (3) - Connectingrod, Link (4) — Slider. Types

of links:

= RigidLink:Itisonewhichdoesnotundergo anydeformationwhiletransmittingmotion.

Example: The deformation of a connecting rod and crank of a reciprocating steam engine iscan

be considered as rigid links.

e Flexible Link: It is one which is partlydeformed in a manner not to affect the transmission of

motion.

Example:Belts, ropes,chaindrives&wiresareflexible links.

= Fluid Link: It isone which isformed byhaving afluid &the motion istransmittedthroughthe fluid

by pressure or compression only.
Example:Hydraulicpresses,jacksandbrakes.

Whatisakinematicpair?Explaindifferenttypesofkinematicpairs?

Ans)Kinematicpair: Thetwolinksofamachinewhen incontactwitheachotheraresaidtoforma kinematic

pair.

Classification ofkinematicpairs:

(a) Accordingtonatureofrelativemotion:

» SlidingPair:Ifone linkofapair hasaslidingmotionrelativetoother,thenthepair is called as

sliding pair.
Example:Rectangularrodinarectangularhole.

» Turning Pair / Revolving Pair:If one link of a pair has a revolving motion relative to

theother, then the pair is called as turning pair.
Example:Circularshaftrevolving inabearing.

» Rolling Pair: If one link of a pair has a rolling motion relative to the other, then the pair is

called as rolling pair.
Example:Ball&rollerbearings,andarollingwheelonaflatsurface.



» ScrewPair/HelicalPair:If twomatinglinksofapairhaveaturningaswellassliding motion
between them, then the pair is called as screw pair.
Example:LeadScrew&theNutofa Lathe.

» Spherical Pair: Whenonelinkintheformof asphereturnsinsideafixedlink,thenthe obtained pair
is called as spherical pair.
Example:Ball&SocketJoint.

(b) Accordingtonatureofcontact:

» LowerPair: Apairoflinkshavingsurfaceorareacontactsbetweenthemembersis called
as lower pair.

Example:AllpairsofSlidercrankmechanism, nutturningonascrew,and shaft rotating in
bearing.

» HigherPair: Apairoflinks havingapointor linecontactbetweenthemembers iscalledas higher
pair.
Example:Wheelrollingonasurface,cam&follower,andtoothgears.

(¢) Accordingtothenatureof mechanicalconstraintortypeof closure:

» Closed pair / Self closed pair: When the elements of a pair are held
togethermechanically, then the pair is called as closed pair
Example:AllLowerpairs&somehigherpairs.

» Unclosed / forced closed pairs:When two links of a pair are in contact either due to force of

gravity or some spring action, then the pair is called as unclosed pair.
Example:Cam&Followerpairs.
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DefineKinematicchain.Givetheclassificationofjointsina chain?

Ans) KinematicChain:Whenthekinematicpairsarecoupled insuchawaythat last link isjoined to the
first link to transmit definite motion, it is called as kinematic chain.

Numberofjointsinachain:J=(3/2)L-2

Typesof joints:
» BinaryJoint:Iftwolinksarejoinedatthesameconnection, it iscalledabinaryjoint.

Example: A joint with two binaryjoints named B as shown in the below figure.
» TernaryJoint: Ifthreelinksarejoined at aconnection,itisknownasaternaryjoint.
Example: Ternary links are named T as shown in the below figure.

» QuaternaryJoint:Iffourlinksarejoinedataconnection,itisknownasquaternary joint.
Example:QuaternarylinksarenamedQasshowninthebelowfigure.

Definelnversionofmechanism?

Ans) Inversionisthemethodofobtainingdifferent mechanismsbyfixingdifferentlinksina
kinematic chain.

WhatarethetypesofKinematicChains?

Ans) TypesofkinematicChainsare (i)FourBarChain/QuadricCycleChain, (ii)SingleSliderCrank Chain,
(iii)Double Slider Crank Chain.



Distinguishbetween‘Machine’and‘Mechanism’.
Ans) Machine:

>
>
>

Itisa mechanismwhichreceivesenergyandtransforms itintosomeusefulwork.
Amachinetransmitspower&performssome particulartypeofwork.
Allmachinesare mechanisms.

Mechanism:

>

>
>

Whenoneofthe linksofakinematicchainisfixed,then it isknownasmechanism. Thus
mechanism is a constrained chain.

Amechanismtransmits&modifiesa motion.

Allmechanismsarenotmachines.

DistinguishbetweenStructureand Machine
Ans) Machine:

>
>
>
>

Itisamechanismoracombinationofmechanisms.
Thepartsofamachinemoverelativetooneanother.
Amachinetransformstheavailableenergyintosome usefulwork.
Thelinksofamachinemaytransmitbothpowerandmotion.

Structure:

>
>
>
>

Itisanassemblyofa numberofresistantbodies havingnorelativemotionbetweenthem.
Themembersofastructuredonotmoverelativetooneanother.
Astructuredoesnotmoverelativetooneanother.

Themembers ofastructuretransmitforces only.

Describethefourbarchain mechanismanditsinversions.

Ans) FourBarChain/QuadricCycleChain:

>

VvV V V V V

A\

Itconsists offourrigid linkswhichareconnected intheform ofaquadrilateralbyfourpin- joints.
AlinkmakescompleterevolutioniscalledCrank(4).

Thelinkwhichisfixedis calledfixedlink(1).

Thelinkoppositetothe fixedlinkiscalledCoupler(3).
ThefourthlinkiscalledLeverorRocker(2).

Itis impossibletohave afourbarlinkage, ifthe lengthofoneofthelinks isgreaterthan the sum
of the other three.

Grashof’sLaw:Forafour barmechanism, thesumoftheshortestand longestlinklengths should
not be greater than the sum of the remaining two link lengths.
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InversionsofFourBarChain:

(1) FirstInversion(Crank&LeverMechanism):

If any of the adjacent links of link ‘d’,
eitherlink‘a’or‘c’isfixed,thenthelink
‘d’(crank)canhavefullrevolutionandthe
link ‘b’ opposite to it oscillates. Such type

of mechanism is called as crank-lever

mechanism.

Example:-BeamEngine

Inthismechanismthecrankrotatesabout the
fixed centre A and the lever oscillates about
a fixed centre D.

The purpose of this mechanism is to

convertrotarymotionintoreciprocating

motion.

(11) SecondInversion(DoubleCrankmechanism):

Iftheshortestlink'd’isfixedthen the

links ‘a’ and ‘c’ rotates full

circleandlink‘b’alsocompleteone revolution

relative to fixed link ‘d’.
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Example:CouplingRodofal.ocomotive(DoubleCrankMechanism):

In this mechanism the two links 2 and 4

Link 4 / Wheels —\
respectively are transmitting rotary \;v Link 3 -l Link 2
/7 Tap [/ ClaxY
(| °77'7'/7'//////////'I/I///.f‘
%] Link1 '
with respect to link 1. S — A==

motionbetweenthem.Theyarerotating

(111) ThirdInversion(DoubleLever mechanism):
If the link opposite to the shortest link.
i.e. link'b’isfixedandthetwolinks‘a’ and

‘c’ would oscillate.

Example:Watt’sindicator(DoubleLeverMechanism):

Itconsistsoffourlinkswhich are: C,
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It is also called Watt's straight line mechanism and ”;’?_ R R
the dotted line shows the position of the Link 4 !
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SketchanddescribethevariousinversionsofaSliderCrankChain?
Ans) SliderCrank Chain:

» Whenoneoftheturningpairsofa fourbarchain isreplaced byaslidingpair, it
becomes a single slider crank chain.

» Itconsistsofoneslidingpair andthreeturning pairs.

» Inasingleslidercrankchainasshownintheabovefigure,the links1&2, links2&3, and
links 3&4 form three turning pairs while the links 4&1 form a slider pair.
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Inversionsof SingleSliderCrank Chain:

(i) First Inversion:

This inversion isobtained when link 1 is fixed and links2 &4 aremadethe crank &the slider
respectively.

Example:

» ReciprocatingSteamEngine:Link4(piston)isthe driver.
» ReciprocatingCompressor.Link2(crank)isthedriver.
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(ii) Second Inversion:

This inversion isobtained when link 2 is fixed; link 3 along withthe slider becomes crank and
link 1 rotate about O along with the slider which also reciprocates on it.

Example:

(a) Whitworthquick-returnmechanism:

» Thismechanismusedinshapingandslottingmachines.

» In this mechanism the link CD (link 2) forming the turning pair is fixed; the driving
crank CA (link 3) rotates at a uniform angular speed and the slider (link 4) attached to
the crank pin at A slides along the slotted bar PA (link 1) which oscillates at D.

» The connecting rod PR carries the ram at R to which a cutting tool is fixed and the
motion of the tool is constrained along the line RD produced.

» The lengthofeffective stroke=2PD.AndmarkP R =P_R =PR.

Time of cutting stroke (g o 360° - B
i e O
Time of return stroke B 360°-« B
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(b) Rotaryinternalcombustion engine:

» Thismechanismisusedinaviation.

» ItconsistsofsevencylindersinoneplaneandallrevolvesaboutfixedcentreD.

» The crank 2 is fixed, connecting rod 4 rotates and the piston 3 reciprocates inside the
cylinders forming link 1.

Connecting rod b
(Lirnk 4) - "'-.

Fixed crank
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(iii) ThirdInversion:

Thisinversionisobtainedwhenthelink3isfixed,thelink2actsasacrankandlink4 oscillates.
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Example:

(a) Oscillatingcylinderengine:

» Itisusedtoconvertreciprocatingmotionintorotarymotion.

» Inthismechanismlink3 isfixed,thecrank2rotates,pistonrod 1 reciprocatesand
cylinder 4 oscillates about A.
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(Link 3

(b) Crank&slottedlever mechanism:

» Thismechanismisusedinshapingmachines,slottingmachinesandinrotaryinternal
combustion engine.

» In this mechanism link AC(3) corresponding to the connecting rod is fixed, the driving
crankCBrevolvesaboutthefixedcentreCandaslidingblockattachedtothecrankpin at B
slides along the slotted bar AP.
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> APoscillatesabout AandashortlinkPRtransmitsmotionfromAPtothearmwhich

reciprocates along the line of stroke RR .
12

Time of cutting stroke B B 360° -«

Time of return stroke o  360°—J N o
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CB CB
—ZAPX—= =7 0
A AR o

<| R

—— Cutting stroke

Conpﬁflng 4+— Relurn stroke .
- &
__FRam _[/e— Toal /' stroke
% 3 e i "Ry
P1f_-— —;:. B {: RN
| - P,
i Slider (Link 1) .
| 'Grank{LmkE]
___c N
\ N ;:f F
B1 «':i\ ‘I E §f82
o "1 SR ;.-.,
(0°= \’»E _/— Fixed
Slotted b 4w
otted bar {7
(Link 4) T
A

(iv) FourthInversion:
This inversion is obtained when the link 4 is fixed, the link 3 oscillates about B on the link 4
andtheendAofthelink 2isoscillatesaboutBandtheendO reciprocatesalongthefixed link- 4

o
=2

Example:

(a) Hand Pump:
Thelink4is made intheformofacylinderand aplungerfixedtothelink1reciprocatesin it.
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Writea short noteon CamandFollower.

Ans) Camé& Follower:

>

vV VvV

YV V VYV VYV

Acammaybedefinedas  arotating,reciprocatingoroscillatingmachinepart,designed  to
produce reciprocating and oscillating motion of another mechanical part, called a
follower.
Afollowerisareciprocatingoroscillatingmemberwhichfollowsmotionofcam.
A cam and follower have a line contact between them and as such they constitute a
higher pair. The contact between them is maintained by an external force which may
provide by a spring or sometimes by the sufficient weight of the follower itself.
CamsareclassifiedaccordingtoitsShape,Followermovementand Typeof constraints.
Followers may be classifiedaccording to the type of motion,the axisof themotion and
the shape of their contacting end with the cam.
Varioustypesofcamsareflatcams,disccams,spiralcams,cylindricalcamsand spherical
cams etc.
Varioustypesoffollowerareknife-edge,roller,reciprocating,oscillating,radial follower
etc.

Applications:

The cams are widely usedfor inletandexhaustvalve of internal combustion engine,
automatic attachment of machineries, paper cutting machines, feed mechanism of
automatic lathe etc.

ENDofChapter
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FRICTION

Definetheterms(i)coefficientoffriction,(ii)angle offriction,(iii) angleofreposeand

Ans)

(iv) limitingfriction.

(1) Coefficient of friction:

Itisdefinedastheratioofthelimitingfriction(F)tothenormalreaction(Ry)between the two
bodies. It is denoted by “p’. u=F /Ry

(ii) Limitingangleof friction:
Itistheanglebetweentheresultantlimitingfrictionandthenormalreaction.

Itistheangle made bytheresultant offorceoffrictionand normalreactionwithnormal reaction.
It is denoted by * @ °.

Wemaywrite, tan@=p=F/ Ry OR  @=tan’'(p)

(iii) Angleof Repose:

It is the angle made by the inclined planewith thehorizontal planewhen abody startsmoving
withoutthe applicationof force. Thebody tends to slidewhentheangleof inclination of the plane
is equal to the angle of friction. i.e. p = @.

(iv) Limiting friction:

It is the maximum value of frictional force experiencedby the body,when the body justbegins
to slide over the surface of another body.

Drawtheneatsketchofscrew jack.

Ans)

*W (Load)
i

Lavear or handh
Screw rod

Jack

Base

Definepitchandlead.Statetherelationbetweenthem.

Ans)

Pitch(p): It isthe linear distancetakenfromone point ofthreadto correspondingpoint ofnext
thread.

Lead(L):Itistheaxialdistancecoveredbyascrewinonerotation.

Relationbetweenleadand pitch:

Lead=nxpitch where,n=number ofthreadsperpitch length

13



Derive an expression for torque required to raise and lower the load byScrew jack.
Determine its efficiency.

Ans) Torguerequiredlowering theload byScrewjack:

Let, W=weighttobelifted o=helixangle Ry=normalreaction
@=limitingangleoffriction P=effortrequiredtolowertheload

Resolvingalltheforcesperpendiculartheplane, Ry
=Wcosa+Psina------- (i)
Resolvingtheforcesparalleltotheplane, P
cosa=Wsina-t Ry------- (ii)

PuttingthevalueofRyinequation-(ii),weget P

cosa=Wsina- u (Wcosa+Psina)

=Wsina- yWcosa-uPsina

Wsin W W cosQ)

= Pcosa+uPsina=Wsina-uWcos

= P(cosa+pusina)=W(sina-ucosa)

st N P=Wx(sina.cos@— sin@.cosa)

= P=Wx —«— (iii) cosa.cosd+sinasinid
cosa+ usinga

_Wisin(a -
D)cos(a— Q)

sind =

cos

. sinJ

S « —, .COSKx
cos
= P=Wx
sind . =

cosa+ SImnao

cosd

Replacingthevalue, =

Torquerequiredtolowertheload(T)= Px —

Torquerequired risingtheloadby Screwjack:

Let, W=weighttobelifted o=angleofinclination Ry=normalreaction
@=limitingangleoffriction,P=effortrequiredtoraisetheload

Resolvingalltheforcesperpendiculartheplane, Ry
=Wcosa+Psina (i)

Resolvingtheforcesparalleltotheplane,
Pcosa=Wsina+uRy (ii)

PuttingthevalueofRyinequation-(ii),weget: P

cosa=Wsina+ u (Wcosa+Psina)

=Pcosa-uPsina=Wsina+uWcosa

=>P(cosa—ysina)=W(sina+ycosa) —P=Wx (sinoc.cos®+ sin@.coso%
Sima+pcosT | cosa.cos-sinasin
=P=Wx ———— (i
cosa— psina -
sind .
Replacingthevalue,y = weget: — p="Wsin(a+0)
cos cos(a+ O)
. sind
sin o+ .CoSQ
= P=W 0T .
cosoc—smg.simx = |P=Wtan(ﬂl+@) (iv)
cosd

14
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d
Torquerequiredtoraisetheload(T)= Px B

Mechanicalefficiencvofasquarethreadedscrewjack:

Theefficiencyofthescrew jack maybedefinedastheratioofthe idealefforttotheactual effort.

Weknowthatactualeffort(P)=Wtan(o-+)
Where,o=helixangle,
@=angleoffriction,
u=coefficientoffriction
Iftherewillnofrictionbetweenscrewandnut,then@=0, Thus
ideal effort P,= W tan o ,
Idealeffort _ Do Wtana — tana

Efficiency= ——m = —=
Actualeffort P W tan(a+0Q) tan(a+0)

Statethecondition ofreversibilityandself-lockingofaScrewjack.
Ans) Conditionofselflocking:

Iftheefficiencyofthescrew jack isgreaterthan50%thenthe machine isknownasreversible. For self

locking of the screw, @ > aor@ < a.

. tana —tan2 _tan2 2
Thus;Efﬁmency(n) - an _tana <tanoc><(1 tan @)<1 tan ®<1 2_tal’l ()
tan (a+0Q) tan20 2tan@ 2 2
From this expression we conclude that, N<(1/2)or50%.

This is the condition of self locking.

Conditionofreversibilityoroverhauling:

Iftheefficiencyofthescrew jack is lessthanorequalto 50%thenthe machine isknownas self-

locking.
Foroverhaulingorreversibilityofscrew, D<00rd>0.
. t _ 2 _ 2 2
Thus;Efﬁmency(q)Z ana <tan(x <tana><(1 tan ®)<1 tan ®<1 7_tan %]
tan (a+Q) tan2Q 2tanQ 2 2
From this expression we conclude that, 1 >(1/2)or50%.

This is the condition of reversibility.

Statetheconditionformaximumefficiencyofascrewjack.Statetheformulato determine
maximum efficiency.

Ans) Thecondition formaximumefficiencyofthescrew jackis:oa=45%@/2
Where,a = helix angle and ~ @=frictionangle

1-sin®

1+sin@d

Maximum efficiency is given by Mimax-
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The following data are related to a screw jack. Pitch of the screw = 8 mm, diameter of the
screw=40mm,coefficientoffrictionbetweenscrewandnut=0.1,load=20KN.Assuming that the
load rotates with the screw, determine the torque required to raise the load and efficiency.

Ans)Data given:

pitch (p) = 8 mm meandiameterofscrew(d) =40mm
coefficient of friction () = tan@ = 0.01load (W) = 20 KN
weknowthat, tano= P_ 8 =(0.063
g x40
effort(Py)=Wtan(a+2)
0x MM pgx 0063701 50018 308kN
1-tanaXtan@ 1—0.033)(0.1 0.9937
Torquerequired toraise theload(T)=Py* - 3.28 x20 =65.6 KN-mm
. 0.063
efficiency( )= —tane ="~ =(.3841or, efficiencyis38.41% (Ans)

tan(a+9) 0.164

A 150 mm diameter valve against which a steam pressure of2 MN/m?’ is acting. It is closed by
means of a square threaded screw 50 mm in external diameter with 6 mm pitch. If the
coefficient of friction is 0.12, find the torque required to turn the handle.

Ans) Datagiven
diameter of valve (D) =150 mm =0.15 m

steampressure(Ps)=2MN/m? =2x10°N/m?
screw diameter (d,) = 50 mm pitch(p)=6mm
coefficient of friction (u) = tan @ = 0.12

loadonvalve = pressure><area=2><106><ﬂ n (0.15)> =35400N

meandiameterofthe screw (d)=d,—p/2= 50— 6/2=47 mm=0.047m

P
weknowthat,tano= — = 0 =0.0406
g Tix47
forcerequiredtoturnthehandle(P)=
tana+tang@
Wean(a+@)=Wx _____ =35400x _0206H012  _goy5y
1-tanaXtan@ 4 1-0.0406x0.12

torquerequiredto turnthehandle (T) =px — =5713 x0.04712=134.2 N-m
2

Whatarethefunctions ofbearing?

Ans) The function of bearing is to fix, support and guide the rotating axle or sliding component in
machines.

Whatdoyoumeanbycollar and pivot?

Ans) Collars or collar bearingsare the machine elements which are used to carry axial thrust of the
rotating shafts. These are provided at any position of the shaft and bear the axial thrust on a
mating surface. Collar bearings are also known as thrust bearings.

Example: These are used in the propeller shaft of ships, shafts of steam turbine and vertical
machine shafts etc.

Pivotsarethemachineelementswhichareusedtocarryaxialthrustoftherotatingshafts.  These
are provided at the end of the shafts. Pivotsare of a flat surface or conical surface. Flat
pivot bearing is known as foot step bearing.
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Classifybearingsand explain them.

Ans) Bearings are classified as sliding bearing and rolling bearing. Sliding bearing is including
journalbearingandthrustbearing.Rollingbearingisincludingball bearing,rollerbearingand needle
roller bearing.

Journalbearin,q: | Diametric load W Diametric load
Journal bearingis used to support theload in l % l

ARLALARARARANAY

the direction of diameter. Rotating % (g
shaft

. . AAVARRRRRRRNR AN
Thrustbearing: Sheath | % L Bearing
Thrustbearingisusedtosupporttheaxle which E / preste

carries the axial load.

(Journal bearing)

Rollingbearing:

Rolling bearing can reduce the friction —_—
. . Axial load
produced by the rotating shaft whenit rotates.

Bronze gasket

Ballbearing:

%
Ball bearing uses balls as a medium between 7;2 %

the fixed components and the rotating

Rotating shaft—" |
components, such as the moving parts at the D

bottom of a gate and reduces the friction.

(Thrust bearing)

Roller bearing:

Roller bearing works similarly as ballbearing
but it uses cylinders instead of balls.

Needlerollerbearing:

A needle roller bearing works similarly as
ball bearing but it uses the typical structure )
consists of a needle cage which orients and
contains the needle rollers. Needle bearings
have a large surface area that is in contact
withthe bearingoutersurfaces comparedto

ball bearings.

(Cross-section of ball bearing)

(Cross-section of roller bearing)

Whataretheassumptionsmadeinfindingpowerlostinfrictioninbearing. Ans)

Assumptions are: (i) uniform pressure theory, (ii) uniform wear theory.
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Deriveanexpressionfor totalfrictional torqueinaflatcollarbearing/thrustbearing. Ans)

Total frictional torque in a flat collar bearing:

Considerasingleflatcollarbearingsupportingashaftasshowninfigure. Let, w

W = load transmitted over bearing surface. J'
p=intensityofpressureperunitareaofbearingsurface. r,= D,
external radius of collar. .

ry=internalradiusofcollar.

p=coefficientof friction.
Areaofthebearingsurface(A)=n[r2-r2]
1

2

Consideraringofradius‘r’andthickness‘dr’. - T,
Area of thering=2mr xdr

Loadtransmittedonthering(dw) =px271 rxdr

Frictional resistance on the ring (dF) =puxdW=2nxpuxpxrxdr

Frictionaltorqueonring(dT) =dFxr=2rxpxpxr2xdr

Consideringuniformpressurecondition:

Intensityofpressure (p) :n[TV\iz ____________ (1)
1 2

Weknowthat,Frictional torqueonring(dT)=dFxr =2mxpxpxr’xdr By

integrating the above equation from r, to r; we get;
Totalfrictionaltorqueon bearing surface (T)= f rl(%nx uXpXxr2xdr)
r

=2mxp ><p><f1(r2><dr)
r32
=2 xpxpx 1]t 372

r=r
=21 xuxpx(L—2)
3
Replacingthevalueof*p’fromequation-1,weget: W 5
Totalfrictionaltorqueon bearingsurface (T) =2rnxux__ , ox(1__ 2)
n[r1-1] 3
2 e 3
=3 XpxXWx( 1:;1_71‘222) =uxWxR
2 rr

Where,R =- s 1., 12 22=meanrad1us

Consideringuniformwear condition:

Therateofweardependsuponthe intensityofpressureand velocityofrubbingsurface. It is
proportional to (p x v), but velocityincreases with distance or radius ‘r’. So we can write:
p.r=C or p=<¢

.

Weknowthat,Loadtransmittedonringflp><2n rxdr=Cx2x rxdp=2nC xdr

Loadtransmitted tobearing (W) = f (2mxXCxdr)=2nCx[r]'=2aCX(1,- 1)
r2

r2

W

o Cemmmm @

Weknowthat,Frictionaltorqueonring(dT)=dFxr =2nxuxpxr? xdr replacing
the ‘p’ value we get;

Frictionaltorqueonring(dT)= dFx r=2nx p xC xrxdr
20



Byintegrating theaboveequationfromr,tor;weget;
Totalfrictionaltorqueonbearing surface (T)= f rl(ng'cXpXCerdr)

r
=2nxpuxC Xfl(rxdr)

6}
=2mxux C x[1]1

2 "

_ 1 rr 2
2nxpxCx(C___ %)
=X puxCx(r2—r2)
1 2

replacingthevalueof*C’ fromequation-2,weget

Totalfrictionaltorqueonbearing surface (T)=mxpux W X(r2—12)

21X (r1-r2)

=1x uxXWx(r+17)=

2
where,R=t1t2=mean radius
2

Deriveanexpression fortotalfrictional torqueinaflatpivotbearing.

Ans) Totalfrictionaltorqueinaflatpivotbearing:

Considera flatpivotbearingsupportinga shaftasshowninfigure. Let,

W = load transmitted over bearing surface.
p=intensityofpressureper unit area ofbearingsurface. R =
radius of the shaft.

u = coefficient of friction.
Area ofthebearingsurface(A)= nR?
Consideraringofradius‘r’andthickness‘dr’. Area
ofthering=2mnr x dr
Load transmitted on the ring (dW)=p x 2nr X dr
Frictionalresistance(dF)= pxdW=2mgxuxpxr xdr

Frictionaltorqueonring(dT) =dFxr=2mx uxpxr’xdr

Consideringuniformpressurecondition:

Intensityofpressure(p)=% e T (1)

Weknowthat,Frictional torqueonring(dT)=dFxr =2nxuxpxr’>xdr By
integrating the above equation from r, to r; we get;
Totalfrictionaltorqueon bearing surface (T)= f (21OI>< HXpXr2Xdr)
= 2
2mxp xpx [ (r Sgdr)
=2mxp xpx(®)

Repisingheyalucel B Bomeauanan b MR o R3
TrRZZ( (3)_
X XWXR

2
3

21
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Whentheshaftrotatesatwrad/s,powerlostinfriction(P)=T.w

= p=""NL where,w=2“NT and N=speed oftheshaftinr.p.m.
60

Consideringuniform wear:

Therateofweardependsuponthe intensityofpressureand velocityofrubbingsurface. It is
proportional to (p % v), but velocityincreases with distance or radius ‘r’. So we can write:

p.r=C or p=¢

r

Weknowthat,Loadtransmittedonring= p x2arxdr=Cx2zrxdr =2nCxdr Load transmitted

to bearing (W) = f (2mxC xdr) = 21 C X[r]R=
0 0 2maC xR

Or c=w ...
21XR (2)

Weknowthat,Frictionaltorqueonring(dT)=dFxr =2mxuxpxr? xdr replacing
the ‘p’ value we get;

Frictionaltorqueonring (dT)=dFxr =2nxux Cxr xdr By
integrating the above equation from r; to r; weget;
Totalfrictionaltorqueon bearing surface (T)= f (2mXxuxCxrxdr)
0 Reosed
=2nxu xC x [ (rXxdr
wxp xC x [(rxdr)
=2X X Cx[1]
=2nxpn XCX(B)

2 0
2

2
=mxuxC xR?
replacingthevalueof*C’ fromequation-2,weget

Totalfrictionaltorqueonbearing surface(T)=nxuxWxR? R = %XMXWXR

Ashafthasanumberofcollarsintegralwithit. External diameterofcollarsis400mm and the shaft

Ans)

diameter is 250 mm. If the uniform intensity of pressure is 35x10* N/m? and its coefficient
of friction is 0.05, estimate (i) power absorbed in overcoming friction when the shaft runs
at 105 rpm and carries a load of 15<10° N (ii) number of collars.

DataGiven:

d;=externaldiameterofcollar=400mm,d,=internalradiusofcollar=250mm uniform
pressure (p) = 35x10* N/m?, coefficient of friction (n) = 0.05
N=105r.p.m W=15x10*N
;=200 mm=0.2m,r,=125 mm=(), 125
Torquetransmitted(T)Z% Y Wﬁﬂﬁ)%%"‘ On& 369“0.05 £ 15010% a 21240.4N-m
3 WP 3 bag 32,1252~
® - ® -

2& 2105512404
Powerabsorbedinovercoming friction=p=>""T o~
60 103

Totalload 60

® W 2
pS &2
loadpercollar —""1. 5
1510
4

£0.203254 _

@ 13.6 Watt

Numberofcollarsrequired(n)=

22



= - ) A
15510'% & 20201250 0K (dns)
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Deriveanexpressionfortotalfrictionaltorqueina conicalpivot bearing.

Ans) Totalfrictionaltorqueinaconicalpivot bearing:

Consideraconicalcollarbearingasshowninfigure. ‘l’w
Let,W=normalloadtransmittedoverthebearingsurface P,, =
intensity of pressure normal to the cone

a=semiangleofthe cone

u=coefficientoffrictionbetweenshaftandbearing r,= P,

radius of the shaft o

Considerasmallringofradius‘r’andthickness ‘dr’

Let, ‘dl'isthelengthoftheringalongthecone=dr.coseca Area &

R

of thering (A) =2mrxdl=2mrxdrxcoseca

Consideringuniformpressurecondition:

NormalloadactingontheringdW,=P,xAreaofthering=P,x(2 nrxdrxcoseca) Vertical load
acting on the ring = dW = vertical component of dW,, = dW,x sin a
=Pyx 2 mr xdr Xcoseca) xsina=P,x2nrxdr
Totalaxialloadacting onthebearing (W)= f Pnx2mrx dr
2 2 2
=27P X[t ][22 nPxR =gxR2xP
n 20 n 2 n
=W
T nR2

Frictionalforceactingonthering(dF) = u xW,=uxP,x2nrxdrxcoseca Frictional torque

P

onthe ring = dF x r =2 1t uP, x cosec a x r* x dr

ByintegratingtheaboveequationfromOtoRwe get;

Totalfrictionaltorqueonbearingsurface(T)= f (2muPn Xcosecaxsr2xdr)
=2%mtu Pnxcosecax[']

220
3
=2nuPnxcosecaxk 5
3
=™ uPnxcoseca
3
3
: - w
ReplacingthevalueofP,Weget, T =2k XpXExcoseca
3 R
= T =2 xuxWxRxcoseca
3

Consideringuniformwearcondition:

Totalfrictionaltorque actingobbearing=T=1 , X pXWXRXcoseca
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Aconical pivotwithangle of coneas 100’supports a loadof18kN. Theexternalradiusis

2.5timestheinternalradius. Theshaftrotatesat150rpm.Iftheintensityofpressureistobe 300 kN/m?

and coefficient of friction as 0.05, what is the power lost in working against friction?
Ans) DataGiven:
Load (W) =18 kN, semi cone angle (o) =50°,  coefficientoffriction(n)=0.00rpm, N

=150 rpm, intensity of pressure (p) = 300 kN/m?
Externalradius(r;)=2.5x% Internalradius (r;)

/4 1810°
Assuminguniformpressure;p= @ s
aorr. & .5r)T
b 218«10°
o =
30010 & 25
2
2 1810

2
25 ® . ©0.019

7525 @0.019 71 @0.0601m
2 2
77 @2.550.0601 ®0.1502m

2
st

Torque:tratnsrnitted(T)Z_&2 W &%r?’ﬁi! 02 0'05&18&103&%0'150230'06013 ! |
3 sinv 1 Prgm 3 sin30° % 0.150220.0601%€m
=131.6N-m
Powerlost (P):M; o2 = i 0150& 131.6 ¢ 5067 Wit

WhatarethefunctionsofClutch? Explainhowitworks withneatsketch.

Ans) Aclutchisusedto connectordisconnecttherotatingshaftanddrivingmechanisms.

One side of the clutch is connected to the driving mechanism, and the other side is
connected to the rotating shaft. When the clutch is in contact, the rotating shaft will rotate
with the driving mechanism. When the clutch is separated, the driving force will not be
transmitted to the rotating shaft.

Connected to
driving mechanism

C

Connected to Connected to
rotatory shaft

C

Clutch Clutch

Connected to

driving mechanism rotatory shaft

(When the clutch is in contact) (When the clutch is separated)
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Derivetheexpressionfor torquetransmissionina Single discorplateclutch.

Ans) Torquetransmission in aSingledisc orplateclutch:

Considertwofrictionsurfacesofasingleplateordiscclutch  as

. e Friction surface
shown in figure.

Let,W = axial thrust acting on the friction surfaces.p = P_2 Ir,
intensity of axial pressure per unit area of contact ir
surfaces. SrTrrrTTT

r,=externalradiusoffrictionsurface. r,

= internal radius of friction surface. p 6\Single disc
= coefficient of friction.

T=torquetransmittedby clutch.

Areaofthecontactsurface(A)=m[r2-r2]
1

Consideraringofradius‘r’andthickness‘dr’. Area
ofthering=2mnr x dr

Axialloadtransmittedonthering(dW) =px2nrxdr
Frictional resistance acting on the ring (dF) =p xdW =2n x u xp xr x dr
Frictionaltorqueactingonthering(dT) =dF>xr=2mxpuxpxr*xdr

Consideringuniformpressurecondition:

Intensityofpressure (p) :n[TV\iz ____________ (1)
1 2

Weknowthat,Frictional torqueonring(dT)=dFxr =2nxpxpxr’xdr By
integrating the above equation from r, to r; we get;
Totalfrictionaltorqueon contactsurface(T)= f 71(2;50( uXpxr2xdr)

r

=2nxp Xp><f1(r2><dr)
32

2mxwpxt

r=r
=21 X pxpx(t——3)
3
Replacingthevalueof*p’fromequation-1,weget: P
W _
Totalfrictionaltorqueon contact surface (T) = 2ax px 2 oX(1 2)
m[r1—ry] 3
_2 rlgr ?2) — XWXR
=B XI,LXWX( r21—1‘22 ) =K
2 P
Where,R = 5 X! pp-rp >=meanradius
1 2

Consideringuniformwearcondition:

Therateofweardepends uponthe intensityofpressureand velocityofrubbingsurface. It is
proportional to (p % v), but velocityincreases with distance or radius ‘r’. So we can write:

p.r=C or p=<

r

Weknowthat,Loadtransmittedonring=p*2n X dr=Cx2m rxdp=2nC xdr .

Loadtransmitted tocontactsurface(W)= f (2mxXCxdr)=2nCx[r]'=2aC X(r;- 1»)
12 r
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Weknowthat,Frictionaltorqueonring(dT)=dFxr =2mxuxXpxr2xdr
replacing the ‘p’ value we get;

Frictionaltorqueonring (dT)=dFxr =2nxpux Cxr xdr By

integrating the above equation from r, to r; weget;

Totalfrictionaltorqueon contactsurface(T)= f rl(Zg}x uXCxrxdr)
r
=2nxuxC Xfl(rxdr)
2
=2mxux C x[1]! ,n
:27‘[ X XC X(l r_zr f)
u
=X puxCx(r2—r2)
1 2
replacingthevalueof*C’ fromequation-2,weget
Totalfrictionaltorqueon contactsurface(T)=mxux W X(r2—r2)
2nX (r1-r2) 1 2

, TOWWX(rHT)= p xWXR
where,Rzzfi“fZ:mean radius
Totalfrictionaltorqueactingonthefrictionsurfaceis, T=n.pn.W.R
Forsinglediscclutch, bothsidesofthedisc iseffective,so numberofpairs incontact(n)=2

Intensity of pressure is maximum at the inner radius (r;), = PmaxX r2=C
Intensityofpressureisminimumatthe outerradius (ry), = PminX1r1=C

A plate clutch has ten operating faces with inner and outer diameter of 15 cm and 25 cm

Ans)

respectively.Itrunsat1200r.p.m withatotalendloadof4500N. Thecoefficientoffriction is 0.08.
Find the maximum torque and power that can be transmitted in KW.
Assumeuniformwearcondition.

Datagiven

number of faces (n) = 10 outerdiameter(D;)=25c¢cm=0.25m

outerradius (r;)=0.125m inner diameter(D;)=15¢cm=0.15m

inner radius (r;) =0.075 m  speed (N) = 1200 rpm load(W)=4500N

coefficient of friction () = tan @ = 0.08
Torquetransmitted(T)=1x ysz(r1+r2)

=12><0.08>< 4500%(0.125+0.075)=360N-m

Powertransmitted(P)=2mNT=2xnx1200x360_4 5738 QWatt=45.238 kW (Ans)
60 60

A multiple disc clutch has five plates having four active pairs of frictionalsurface. Determine the

Ans)

maximum axial intensity of pressure between the disc for transmittingl8 KW at 500 r.p.m, if
the outer and inner radius of frictional surface is 125 mm and 75 mm respectively. Assume
uniform wear theory and coefficient of friction is 0.3.

Datagiven

numberofactiveplates(n)=4 inner radius (r;) = 0.75 mm = 0.075 m
outerradius(r)=125mm=0.125m maximum power (P) = 18 KW

speed (N) = 500 rpm coefficientoffriction(u) =tan@ =0.3
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weknowthat,Powertransmitted(P)=22NT

60

3 _ 2xmX500XT _ 18x10°%60 _
= 18 x10° = 0 = T= om0 =343.77N-m
Torquetransmitted(T)=1x y2XW(r 1117)
= 343.77=1-x0.3xW(0.125+0.075)

2
= W =BT 986475N
0.3x0.2

weknowthat, W=21Cx(0.125-0.075)
= %2 __—9118.78N/m

271x0.05

_9118.78

Prax= =121583.76 N/m?=0.12158N/mm? (Ans)

Amultiplediscclutchtransmits55KWat1800rpm,coefficientoffrictionforsurfacesis
0.01 and axial intensityof pressure is not to exceed 150 KN/m?>. The internal radius is 80mm
and is 0.7 times the external radius. Find the number of plates needed to transmit the

required torque.

Ans) Datagiven
power (P) =55 KW =55x 103 W

intensity of pressure (p) = 150 K N/m?

outer radius (r;) = 0.08/7 mm = 114.28 mm =

weknowthat,Powertransmitted(P)=2zNT

60
. 55x% 103:2XT[X1800XT
8 60
10x6
_55% _
= T 4——2-92an1800 1.78N-m

Torquetransmitted(T)=1x ysz(r1+r2)
291 .78=1—X20.1><W(0. 114+0.08)

2x291.78

0.1x0.194
weknowthat,C= pressurexr, =150x10 W =
2w Cx(0.114-0.08) xn

=

= W= =30080.41N

=

N 3008041

2mx12000%(0.114-0.08)

n=

numberofcontact surface =12

number ofplates =12+1=13

coefficientoffriction(u)=tan@=0.1
inner radius (r;) = 80 mm = 0.08 m,
0.114 m speed (N) = 1800 rpm,

x0.08=12000N/m

30080.41=2mx12000%(0.114-0.08)*xn
=11.73~12

(Ans)

A multiple disc clutch has five plates having four active pairs of frictional surface. If the intensity
of pressure is not to exceed 0.15 N/mm?, find the power transmitted at 400 r.p.m.
Theouterandinnerradiusoffrictionalsurfaceis120mm and60mm respectively. Assume
uniform weartheory and coefficient of friction is 0.3.

Ans)Datagiven

number of active plates (n) =4
outer radius (r;) = 120 mm =0.12 m
speed(N)=400rpm

inner radius (r;) = 60 mm = 0.06 m
intensityof pressure(p) =0.15 N/mm?
coefficient offriction(u)=tan@=0.3
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weknowthat,C=maximumpressurex 1r,=0.15%X60=9N/mm W =2 &t

Cx(120-60)=27m x 9 x (120 - 60) =3392.92 N

Torquetransmitted(T)=1x %x W (r;+1;) xn =1x0.3%3392.92x(120+60) x4
2

L2 _366435.66N-mm=366.435N-m

Powertransmitted(P)=2uNI=2x7>400x366.435

=15.349 KW (Ans)
60 60x1000

Asingleplatefrictionclutchbothsideeffectiveistotransmit] 2KWat3000rpm. Theaxial pressure being
limiting to 0.09 N/mm?. Find the required dimension of the friction lining, assume
uniform wear condition, coefficient of friction is 0.03 and external diameter is 1.4 times

internal diameter.

Ans)Datagiven:
Power(P)=12KW=12x10°W axialpressure(p) =0.09N/mm?
speed (N) = 3000 rpm coefficientoffriction(u)=tan@=0.03

external diameter (D;) = 1.4 x internal diameter (D,)
externalradius(r)=1.4xinternalradius(r,)

powertransmitted(P)=2NT “ = 121 03=2XTx3000xT
60
L TI060 23812 Nan=38.12 x10°N-mm
2x7tx3000
Torquetransmitted(T)=1x ysz(rl +17)
= 3812x10°  =LxX0.03XW(IAxrytry)----nmonone o (1)

Weknowthat, W=2 © Cx(r;-15)
=2X1X0.09%1,%(1.4x15-17)
=2x1x0.09 x1,%(0.4x17)=0.2261,>" " ()

puttingthevaluesofWin_equation-1,weget 5
=  38.12x10  =1x0.03x0.226r x(14xr+)
3 2

2
, =8.136x10x5
; _38.12x10"=4.67x10°mm’>

= Y ——
2 8136x10

=  =V(4.67x106)= 167.14mm
r=1.4x 167.14= 234.009 mm (Ans)

Asingledryplateclutchestransmits7.5KWat900rpm. Ifthecoefficientoffrictionis0.25 and external
pressure is 0.07 N/mm?, find i) mean radius and face width of the friction lining assuming
the ratio of the mean radius to the face width as 4 and ii) outer and inner radius of the

clutch plate.

Ans)Datagiven:
Power(P)=7.5 KW=7.5x10°W speed(N)=900 rpm
externalpressure(p) = 0.07N/mm? coefficient offriction(u)=tan@=0.25

2 N 2 900
=" =77 —94.26 rad/s
60 60

Let, R=meanradiusofthefrictionliningin mm
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b=facewidthofthefriction lininginmm
Ratioofmeanradius to thefacewidth=R=4 (given)
b

Areaofthefrictionfaces(A) =2mR w
Axial force acting on the friction faces (W) =A x P=2 1 R wP
Assuming uniform wear, T =~ =nxp XWX R=2x 0.25x21 RwPX R

=2x0.25% 2MRXE %0,07xR=0.055R*N-mm---(1)
(assumen=2, forsingleplateclutch)

Powertransmitted(P)zT.lxe)g

—  T=75x =79.56N-m=79.56x10 N-mm------------- 2)
94.26 0 °
fromequationland2,weget R? =7'5X0W =1446.5x10°
= R=113 mm

or b=113/4=28.25mm

Letr,andr,aretheouterandinnerradiusrespectively. b =

r-rn=2825mm-------- 3)
Alsoforuniformwearconditionmeanradius ofclutchplate (R) =rl+12
or ri+tr=2R =2x113=226 mm-------------- 4)
solving3 and4, weget
r+r, =226
1'1-1'2=28.25
= 2Xr;=254.5 = r=127.25 mm
as r1+r,=226 = r, =98.75 mm

Whatisthefunctionofdynamometer?Classify.

Ans) It isusedtomeasurethefrictionalresistance. Byfindingthefrictionalresistance,wecanfindout the torque
transmitted and power absorbed.

1) Absorptiontypedynamometer—Inthesedynamometerstheentireenergyoftheengineisabsorbed by the
frictional resistances of the brake and is transformed into heat. It is classified as: 1) prony brake
dynamometer & 2) rope brake dynamometer.

2) Transmission dynamometers— In these dynamometers the energy is not wasted in friction but is
usedtodowork. Theenergyproducedbytheengineistransmittedtotheother machinesthrough the
dynamometers.

Explaintheworkingofabsorptiontypedynamometer.

Ans) Absorptiontypedynamometer—Inthesedynamometers theentireenergyoftheengineisabsorbedby the
frictional resistances of the brake and is transformed into heat. It is classified as: 1) prony brake
dynamometer & 2) rope brake dynamometer.

Pronybrakedynamometer:

An absorption type prony brake dynamometer is shown in figure. It consists of two wooden
blocksplacedaroundapulley. Itisfixedwiththeengineshaft. Theblocksareclampedbynut
andbolts.Ahelicalspringisprovidedbetweennutandupperblocktocontrolthepressureon the pulley
or to control its speed. A long lever is attached to the upper block, which carries weights at its
outer end. A counter weight is provided at the other end of lever to balance the brake when
unloaded. Two stops ‘S’ is provided to limit the motion of the lever.
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Let,

Whenthebrakecomesinaction,thelongendoflever isloadedwithweightsWand nutsare tightened
until the engine shaft runs at mean speed and lever lies in horizontal position. For this case the
moment due to weight W must be balance the moment of frictional resistance between the
blocks and the pulley.

Lever Spring

L S
1 H|
= —
Counter-weight S
pulley T
W
Blocks

(Prony brake dynamometer)

W=weightattheouterendofleverinN
L=horizontaldistanceofweight Wfromcentreofpulleyinmetres F =
frictional resistance between block and pulley in N
R=radiusofpulleyinmetres N =

speed of shaft in r.p.m

Momentoffrictionalresistanceortorqueonshaft(T)=W.L=F.RN-m Work done

in one revolution= torque x angle turned in radian
=Tx2r  N-m

Workdoneperminute = Tx2nxN N-m

Brakepoweroftheengine=B.P=workdoneperminute_Tx2ntN_WXLx2mN
60 60 60

Ropebrake dynamometer:

It is most common dynamometer which is used to measure the brake power of the engine. It
consists of one, two or more ropes wound around the flywheel or rim of the pulleywhich is
fixedtotheshaft oftheengine. Theupperendoftheshaft isattachedto aspringbalanceand the lower
end of the rope is attached with a dead weight. Wooden blocks are provided in the
intervalsaroundthecircumferenceofflywheelto prevent theslippingofropefromflywheel.

Let, W=deadloadinN
S=springbalancereadinginN D =
diameter of wheel in ‘m’

d =diameterofropein ‘m’
N=speedoftheengineinr.p.m
Netloadonthebrake=(W-S)inN
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Spring
.-~ balance

__.--~ Rope

Wooden
blocks

% Dead weight

(Rope brake dynamometer)

Cooling
water - >

Distance moved in one revolution =n (D + d) in m
Workdoneper revolution=(W-S)r(D+d)NinN-m

Brakepower(B.P):workdoneperminute :(W—S)Tc(D6+0d)N in Watts
60
Ifthediameteroftherope isneglected,thenB.P=W-StDN inWatts
60

Thefrictionaltorquedueto ropeequalstotorquetransmitted bytheengine.

Whatisthefunctionoffrictionalbrakes.

Ans) Abrakeisa devicewhichisusedtooffer frictionalresistancetomovingmachineelementstostopthe motion
of the element or retard its motion. It absorbs the kinetic or potential energy when applied.
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ASSIGNMENT

A thrust bearing has four collars of 600 mm diameter and 250 mm internal diameter. The total
thrustfromtheshaftis§OKN. Ifthecoefficientoffrictionis0.2andenginespeedis 100r.p.m. Find the

power absorbed in friction, assuming i) uniform wear ii) uniform pressure.

Ashaft hasanumberofcollarsintegralwithit. Theexternaldiameterofthe collarsis400 mm and the
shaft diameter is 250 mm. if the uniform intensity of pressure is 0.35 N/mm? and the
coefficient of friction is 0.05, estimate: 1) Power absorbed when shaft runs at 105 r.p.m

carrying a load of 150 kN; and 2) Number of collars required.

A conical pivot bearing 150 mm diameter has a cone angle of 120°. If the shaft supports an
axialloadof20KNandthecoefficient offrictionis0.03,findthepowerlost infrictionwhen the shaft

rotates at 200 r.p.m, assuming 1) uniform wear 2) uniform pressure.

A conical pivot supports aload 0f20 kN, the cone angleis 120° and the intensityof normal
pressureisnotexceed0.3N/mm? Theexternaldiameteristwicetheinternaldiameter.Find the
outer and inner radii of the bearing surface. If the shaft rotates at 200 r.p.m and the

coefficient of friction is 0.1, find the power absorbed in friction. Assume uniformpressure.

A conical pivot bearing supports a vertical shaft of 200 mm diameter. It is subjected to a load
of30kN.Theangleofthecone is1200andthecoefficient offrictionis0.025.Findthepower lost in

friction when the speed is 140 r.p.m, assuming 1) Uniform pressure; and 2) Uniform wear.

ENDofChapter
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POWERTRANSMISSION

Definethevelocityratioofthebeltdrive.Stateitsexpressions.

Ans) Itisdefinedastheratiobetweenthevelocitiesofdriveranddrivenor follower.

Mathematicallyitmaybeexpressed as- N2—dl
M da
where,N, =speedofthefollower, N;=speedofthe driver,
d;=diameterofthe driver, d,=diameterofthe follower
Ifthethickness(t)ofthebeltisconsidered,
thenvelocityratioisexpressedas- N2—dl1+t
M do+t
Ifthethickness(t)andslip(s)bothare considered,
thenthevelocityratioisexpressedas- N2—dl+t(]1-S) _
N1 datt 100
where,N;=speedofthepulley-1 inr.p.m,N,=speedofthepulley-2 inr.p.m, d; =
diameter of the pulley-1, d, = diameter of the pulley-2
s=slipbetweenthebeltand pulley, t=thicknessofbelt
Statetheexpressionforthelength ofanopen beltdrive.
(r1- r2)?
Ans) Itis givenbytherelation- L=mt(1 +n )F2x+ "
where,r1=radiusoflargerpulley r=radiusofsmaller pulley
x=distancebetweenthe centreoftwopulleys L=lengthofbelt
Statetheexpressionforthelengthofacrossbeltdrive.
2
Ans) Itis givenbytherelation- L=mt(1 + 1 )+2x+(r1+r2)
where,r1=radiusoflargerpulley rr>=radiusofsmaller pulley
x=distancebetweenthecentreoftwo pulleys L=lengthofbelt

Statetheexpressionforratiooftensioninbeltdrive. Ans) It is

given by the relation - TTl= ero
2
where, T = tension in tight side in N T,=tensioninslacksideinN p=
coefficient of friction © = angle of lap

Statetheexpressionforcentrifugaltensioninbelt drive.

Ans) Itisgivenbytherelation- T.=mV?
where, T.=centrifugaltensioninN m=massofthebeltperunitlengthinKg
V=velocityofthebeltinm/s r=radiusofthe pulleyoverwhichthebeltruns.
Statetheconditionformaximumpowertransmissioninbelt drive.
Ans) Itisgivenbytherelation- T=3T.,
where, T=maximumtension inN T.=centrifugaltensioninN

Statetheexpressionforpowertransmittedinabelt drive.

Ans) Itis given by the relation- P=(T;-T,) X v N-m/s(1N-m/s=1watt)
where, T = tension in the tight side of the belt in N
To,=tensionintheslacksideofthebeltinN
v=velocityofthebeltinm/s
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Deriveanexpressionforlengthofanopenbeltdrive. Ans)

Consider an open belt drive as shown in figure.

Let, riand rare the radii of larger and
smaller pulley, x = distance between the
centresoftwopulleysandL= totallengthof the
belt.

Let,0,MparalleltoEFandperpendicularto O;E.

AngleMO0,0,=a

oM O1E-EM r1=r2 ! X
ing= = = Openbeltdrive
SO, sina= ., 010 . (Op )
2 r1=r;

sinceaisverysmallsosina=a= .

Infiguretotallengthofbelt(L)=(2 xarcJE)+EF+(2 xarcFK)+GH
7+ L=(2xarcJE)+EF+(2 xarcFK)+ GH
7+ L=(2xarcJE)+(2xEF)+(2xarcFK)
7 L=2[arcJE+EF+arcFK]

Weknow that, arcJE=r1x(2+a) arcFK=ryx(2-a)
EF=MO,=V(0,0,)>~(0:M)?

/ 2
V2 Y= VT =0T

1 2 x2

Expandingthisequationbybinomialtheorem,weget
2 2

EF=0X[ 110124 ..o J=x-01-12)
2 2x

Puttingthealltheobtainedvalues inthe?elowequation,weget
P L=2[rx (o) tx-(1-r2) +r><(zn -a)]
T~ —x 2 va
=2[rxmtyxa)t+x-01-12)  +rxTpxq)]
1 —2— 22 2
=2[(r+r)+or-r)+x-01-12) ]
17 2 —r

1

— 1

2
= (" r+)+20(r-r)+2x-01-72)
( 1) 2 (r-n) 1 2

2

X
=7 (r+)J1r2><f21— 2(r-r )+2)2c-<r11—r2>2 (Thevalueofaisreplaced)
:n(r+)_|_2><(r1—r2])c +2x_(r1—72)2 g
12 R T x
— +2 +(1‘1— 1‘2) . .
P L=n(n+n)t2x —— mmoeooe- (intermsofpulleyradii)
di—d
> L=r(d 1+ul)2+ =R (intermsofpulleydiameter)
2 4x
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Deriveanexpressionforlengthof acrossedbelt drive.

Consideracrossedbeltdriveasshowninfigure.

Let, riand rare the radii of larger and
smaller pulley, x = distance between the

centresoftwopulleysandL=totallengthof the
belt.

Let,0,MparalleltoEFandperpendicularto O;E.

AngleM0,0;,=a

O1M O1E+EM  ritr X
so, sina=, = 010, = x
r+r
sinceaisverysmallsosina=a= . (Crossedbeltdrive)

Infiguretotallengthotbelt(L)=(2xarcJE) +EF+(2 xarcFK)+GH
7 L=(2 xarcJE)+EF+(2 xarcFK)+ GH
7 L=(2 xarcJE)+(2XEF)+(2xarcFK)
7= L=2[arcJE+EF+arcFK ]

We know that, arc JE =r1x (2+ a) arcFK=r,x(2+a) EF

=M 0, =V(0,0,)2— (O1M)?= Va2 — (ry —r)?
- x\/l_(rl—rz)2
xz

Expandingthisequationbybinomialthecz)rem,weget

EF=x x[1 —101-2)4 ..o ]=x-01-12)
2 a2 2x
Puttingthealltheobtained valuesinthebelowequation,weget
P L=2[r><(1+a)+x-<’1+"2) +r>2<(77 +a)]
-

2 2 z
=2 [rxTHrxa)+x-01+72) XX )]
T 7 1 —— 2= 2
=2[(r+ r)+or+r)t+x-(r1+r2) ]
) 1 2 —o—
= (r+)+2a(r+r)+2x-01+12)
172 1 2 — 2
=T ()2 X2 ()42 x_(;1+72)2 (Thevalueofaisreplaced)
1 2 2
=n(1’+)+2X(’1+f23)C 214727 '
102 — o
r1+12) . ..
P L=n(1+n ) 2x+H L s (intermsofpulleyradii)
. (d1+ d2) . .
> L=r(d 1+d)2+ AT (intermsofpulleydiameter)
2 4x
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Derivean expression forratioofdrivingtensionfora belt drive.

Ans)  Consideradrivenpulleyrotatinginclockwisedirectionasshownin figure.

Let, T,=tensionintightside, T,=tensioninslack- side, iR
0 = angle of contact in radian WA, = = —
a‘_a':?-‘}-_ﬁu |'IF\-\__L‘-§_{T'2

Now consider a small portion of the belt PQ, which L ﬂ/ W \ T TeaT

/ Y \
subtendswithanangleéBatthecentreofthepulley.The f / \
beltPQremainsinequilibriumundertheactionfollowing t - - - i -
forces. ‘ 5 ' ,.f" '

'\\ !
Tension T in the belt || \'\\____ - _H_// Il
Tension (T + 6T) l I-

Ta Ty

Normal reaction Ry
FrictionalforceF=pRy
Resolvingtheforceshorizontally, P Rn= (T+6T)sin®+Tsind@------==-=-------- (1)

2 2
sincetheangledBis verysmall,consideringsin®0=5%inequation-1,weget

2 2
RN=(THOT)x00+Tx00=Tx60 ~ —memee- (2), (neglectingthesmallerterms)
2 2
Resolvingtheforcesvertically, P uRN= (T+0T)cos%- Tcosdl----=-=======-==~ 3)
2 2
sincetheangledBisverysmall,consideringcos®?=1, inequation-3,weget
2

p R=T+6T-T=0T--------------- 4)
Fromequation2and4,weget, uxTx60=0T

P Tx60=0L 7= T=p x50
L T
Integratingbothsidesbetween thelimitsTrand TiandfromOto&, weget

ﬁTléTZMX [ o0

2T 0
P loge(l)T=2u6 ———————————————————————— )]
P %—euﬂ “““““““““““““““ ©)
7 23log(M™)=pO-----mmoomeeee - 7
T2
Statetheexpressionforangleofcontactor lap(0).
Ans) Foranopenbeltdrive, 6=(180°-2 o) Xllé . radian
Foracrossedbeltdrive, 6=(180+2a)x T radian

Whatdoyoumean byslipand creepinbelt.

Ans) SLIP - There is a firm frictional grip between the belt and pulley, but in some time due to
insufficient frictional grip, some forward motion of the driver without carrying thebeltor
some forward motion of the belt without carrying the driven pulley occurs. This is called slip
of the belt.

CREEP — When a belt passes over pulleys it expands or contracts due to which a relative
motion takes place between the belt and pulley. This relative motion reduces slightlythe speed
of driven pulley which is known as creep in belt.
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Deriveanexpressionforcentrifugaltension inbeltdrive.

Ans) Thetensioncaused bycentrifugalforce iscalledcentrifugaltension.

Let, m=massofthebeltperunitlengthinKg F.
v=velocityofthebeltinm/s r = 1
radius of the pulley inm T, =

centrifugal tension in N %/(
Length of the belt PQ =r. d6
Massofthe beltPQ=m.r.d6

CentrifugalforceactingonthebeltPQ, \ +

F=(m.r.d0)o’=m.d0,2
¢ T

Resolvingtheforceshorizontally,weget
T, sin@Jr T.sin Le; m. dO v?
Slncedelsverysmall consideringsind®= d9 we g@t
2

T xd9+T xd0=m.d0O v2
2

s 2xT, X@—m.de 02
5 .
P Te=m.?v?
Whatdoyoumeanbyinitialtensioninbelt? Stateitsexpression. Ans)

Initial tension:

Initialtensioninthebeltwithout consideringcentrifugaltensionis: T =T1+T2
Initialtensioninthebeltconsideringcentrifugaltensionis: T0=T1+T22+ TC

Whatistheexpressionforvelocityofthebeltformaximumpowertransmission?

Ans) Thevelocityofthebeltformaximumpower transmissionis: y= V1

Findthewidthofthebelttotransmit7.5KWtoapulley300mmdiameter,ifthe pulley
makes1600rpm,coefficientoffrictionis0.22. Assumeangleoffrictionis210’and tension maximum
is not to exceed 8 N/mm widths.

Ans) Datagiven
Power (P) =7.5 KW = 7500 Watt pulleydiameter(D)=300mm=0.3m
speed (N) = 1600 rpm coefficient of friction (n) = 0.22
angleofcontact (0)=210°=210x=n 15 =3.665 rad

maximumtension(T)=8N/mmwidths

we know that,y=nDN=mx0.3x1600=25 132 m/s
60 60

e Tl=pu0=(0.22x3.665=) 239 o
T2
Powertransmitted(P)=(T;—T,)*xvN-m/s
P 7500=(2.239xT>-T2)x25.132
Pt T= 7500 =240.85N

2 1.239%25.132

&

T,=2.239xT, 1)

?gj

7500=1.239T>x25.132
o T1=2.239%240.85=539.28N

oF
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widthofthebelt(b)=232:286=67.4 1 mm(Ans)
8

Aleatherbeltisrequiredtotransmit7. 5SKWfromapulley 1.2mindiameterrunningat 250 rpm. The angle
embraced is 165° and coefficient of friction is 0.3. If the safe working stress for theleather
belt is 1.5MPa and the thickness ofbelt is 10 mm, determinethewidth of the belt required.

Ans)Datagiven

Power (P) =7.5 KW = 7500 Watt pulley diameter (D) = 1.2 m
speed(N)=250rpm coefficientoffriction(p) =0.3
angleofcontact(0)=165%=165x" 0 =2 879rad
safe working stress (o) = 1.5 MPa = 1.5 x 10% N/m? thicknessofthebelt (t)=10mm we
know that, v = "DN="x12250= 15 70 m/s
60 60
P Tl=ph0=(03x2879)= 2 372 P T=2.372XT -~z -mmmmmmmme e (1)
T2 2

Powertransmitted(P)=(T,—T,)*vN-m/s
P 7500 =(2.372xT>-T2)*x15.70 P+ 7500=1.372T2%x15.70
- T= 7500 =348.182N P T =2.372x348.182 =825.88N

2 1372x15.70 !
Weknowthat T1=obt
P 825.88=1.5x10°xbx0.01 P b=_—858 _ _(05505m

1.5x106x0.01

widthofthe belt(b)=0.05505 x1000=55.05 m(Ans)

A pulley is driven by a flat belt running ata speedof600m/min. Thecoefficientoffriction is 0.3 and the
angle of lap is 160°. The maximum tension in the belt is 700 N. Find the power transmitted
in the belt.

Ans)Datagiven
speed(v) =600 m/min= (600/60)m/s=10 m/scoefficientoffriction(n)=0.3

angleoflap(0) =160° =160xx 180 2792 rad maximumtension(T)=700N

LetP=powertransmittedinthebelt.

Weknow that, $l=e99= (03x2.792)=2 3108
2

P T,=23108xT, -reooeem- (1) T, = =302.925N

23108
Powertransmitted(P)=(T;—T,)xvN-m/s
7P=(700-302.925) x10=3970.75W=3.97 KW(Ans)

A leather belt 125 mm wide and 6 mm thick transmits powerfromapulley750 mmdiameter which
runs at 500 rpm. The angle of lap is 150° and coefficient of friction is 0.3. If the density of
leather is 1 Mg/m? and the stress in the belt is not to exceed 2.75 MPa, find the maximum
power that can be transmitted.

Ans)Datagiven

width (b) = 125 KW =0.125 m thickness(t)j=6mm=0.006m
diameter (D) = 500 mm speed (N) = 500 rpm
coefficientoffriction(p)=0.3 angleoflap(0) =150° =150x" 150 =2.617 rad

density (p) = 1 Mg/m® = 10° g/m®> = 1000 Kg/m*®  stress(0)=2.75Mpa=2.75x10°N/m?* we
know that, v = “DN=6 3X0~75><5002) 19.635 m/s

maximumtensioninthebelt(T) =obt=2.75x10x0.125%0.006=2062.5N
massofbeltpermeterlength(m)=px(bxtx/)=1000x0.125 x0.006x1 =0.75Kg/m

weknowthatfor maximumpowertransmission,v= VT V20625 30 57e
3m 3%0.75
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conditionofmaximumpowertransmission, 7+ TC=ZM3= 687.5N
T=T-T=2062.5-687.5=1375 N
Weknowthat, T1=¢"0

T2
Be 1975200326172 1926 # Tp=  195=627.109N
T2 2.1926
Weknow that, P=(1375—-626.109)x30.276
w+  P=22643.42 Watt (Ans)

The power transmitted between two shafts 3.5 m apart by a cross belt drive round the two pulleys
600 mm and 300 mm in diameter is 6 KW. The speed of the larger pulley is 220 rpm. The
permissible load on the belt is 25 N/mm width of the belt which is 5 mm thick. The
coefficient of friction is 0.35. Determine (i) necessary length of the belt(ii) width of the belt
(iti)initialbelttension.

Ans)Datagiven
distance between the shafts (x) = 3.5 m diameter(D;)=600mm=0.6m

diameter (D;) =300 mm = 0.3 m power (P) = 6 KW = 6000 Watt

speed (N;) =220 rpm coefficient of friction (n) =0.3

permissible load (T) = 10 N/mm Width thickness (t) = 5 mm = 0.005 m
)+2x4 01472

lengthofthebelt(L)=m(r1 +n =

=11(0.3+0.15)+2x%3.5+(0.3+0.15)

35
=1.4137+7+0.0578
=8.4715m  (Ans)

= 0.3+0.15
sino f1+721 = +35 =0.1285

7 g=sin-10.1285= 7.38°

Pt 20=14.76°

Incaseofcrossbeltdriveangleoflap(0) = 180°+2a=180+14.76"= 194.76°
2 0=194.76"%" - =3.39rad

Weknow that, I}=e”9= (0.35x3.35)= 3 285
2
P T1=3.285XTp e (1)
weknowthat, V=“D16\g=“><0~6X22:0=6.9m/ s
Powertransmitted(P)=(T,—T,)xvN-m/s
P 6000=(3.285xT>-T2)x6.9 7 6000=2.285T>%6.9
P T= 6000 =380.55N 7 T1=3.285%380.55=1250.11N
2 2285Tox69

If b=widthofbelt

Then b=Ti= 125011=50 004mm
25 25

Initialtension inbelt(To)=T1+ T2= 1250.11+ 380.55=8 ] 5.33N(Ans)
2 2

WriteashortnoteonV-beltandV-beltpulley.

Ans) These are used where large amount of power transmission is required. V — Belts are made
endless,sothereisnoproblemofjoints. Thedistancebetweenthepulleys issmall. Therimof
thepulleyis groovedinwhichthebeltruns.This grooveincreasesthe frictionalgripoftheV- belt on
the pulley and reduces the chance of slipping. For a good grip the V-belt is in contact with the
side faces of the groove of pulley.
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Whatdo youmean bycrowning of pulley?

Ans) Ingeneraltherimofthepulleyis not acircularsurface, but it isaconicalorconvexsurfaceto avoid
the slipping of the belt from the pulley. This is known as crowning of pulleys. The amount of
crowning is 1/96 of the pulley face width.

Definecircularpitch,diametralpitchandmoduleofagear.

Ans) Circularpitch:
Itisthedistance measuredonthecircumferenceofthepitchcircle fromapoint ofonetoothto the
corresponding point on the next tooth. It is denoted by(p.).
Mathematically,Circular pitch(p) c=“D,vthere D=pitchcirclediameter,
T=number ofteethonwheel
Diametralpitch:
Itistheratioofnumberofteethtothepitchcirclediameter in millimetres.
Itis  denotedby(p,).Mathematically,Diametralpitch(p )= b=
whereD=pitchcirclediameter, T=numberofteeth
Module:
Itistheratioofthepitchcirclediameter inmillimeterstothenumberofteeth.Itis
denotedby(m).Mathematically,Module(m) =2

ExplaintheworkingofSimplegeartrain.

Ans) Insimplegeartraineachshaftsupportsonegear.Infigure,gearliscalleddriver,gear2is called
intermediate gear and gear 3 is called driven gear.

When the gear-1 rotates clockwise, it revolves gear-2 in anticlockwise direction and gear-2
revolvesgear-3 inclockwisedirection.[fnumberofgearsareoddthendriveranddrivengears
arerevolve in same direction and if numberof gears are even then driver and driven gears are
revolve in opposite direction.

Velocityratio:
LetN,= speed ofgearl, N,= speedof gear2,

Ns;=speedofgear3,T;= numberofteeth of
gear 1, T, = number of teeth of gear 2,

andT;=numberof teethof gear3.

Velocityratioofgearila nd2=N1:Tz
N2 T1

Velocityratioofgear2a nd3=NZ:T§ :
N3 T2 B

(Simple Gear Train)

Multiplyingtheabovetworelationweget,

N;_T3
N1, No_ Tz, T3 or ==
N2 N3 T1 T» N3 T1
. . speedofdriver No.ofteethondriven
Velocityratio= P =
speedofdriven No.ofteethondriver
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ExplaintheworkingofCompoundgeartrain.

Ans)

Inacompoundgeartrain,eachshaftsupportsmorethanonegearexceptthe firstandthelastshaft.

In figure,gear-listhefirstdriverwhichrevolves gear-2.Gear-2andgear-3aremountedonsame shaft,
sotheir speed is same (N,=N3) and direction of rotation is also same. Gear-3 is the
driver ofgear-4,the lastdriven.

Velocityratio:

Let N;=speedofgear](driver), T;=numberofteethongear1 N,,

N3, N4= respective speed of gears
T, T3 T,=numberofteethonrespective gears.

Consideringgeariand2, 2= 41 = Tl-oooooooeos (1)

Consideringgear3and4, "= d3 = T3-moeeea (2)

Multiplyingland2,weget

N2  Na_di, d3_T1, T3
N1 N3 da dg To Ta

speed of

i.e.Vel ocityratio= thefirstdriverspeedofth

elastdriven

(Compound Gear Train)

= Productof thenumberof teeth on

drivensProductofthenumberofteethondriv
ers

ExplaintheworkingofRevertedgeartrain.

Ans)

Inarevertedgeartrainthedrivingandthedrivengearsarecoaxialor coincident.

In figure, gear-1 is meshed with gear-2 and gear-3 meshed with gear-4. Gear-1 and gear-4 are
mountedonsameshaft.Gear-2and  gear-3aremountedonsameshaft. Gear-1revolvesgear-2
gear-3 revolves gear-4.

Velocityratio:
Let,N,=speedofgeari(driver),

and

gear3

gearl

T;=numberofteethongear1,
ry=pitchcircleradiusofgear1

N,,N3,N,=speedofrespectivegears

T,, T3 T4 = number of teeth on respective gears  and :
: 1 ]
ry, rzand r, = pitch circle radii of respective gears 3
[ ! 1
Consideringgearland2,weget e VI, R (1) gearl | !| gear2
Nt d2 T2 o ‘
Consideringgear3and4,weget Ni_g3 13- (2) (Reverted Gear Train)
N3 d¢ Tg
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Multiplyingequationland2weget,N2xN4_d1, d3_T1, T3
N1 N3 d d¢ T2 Ty
T3__Productofthenumberofteethondrivens

Ng_d1d3_T1

= X X

N1 d2 dg Ta Ts  Productofthenumberofteethondrivers

ExplaintheworkingofEpicyclicgear train.

Ans) In epicycle gear train the axes of some of wheels are not fixed but rotate around the axes of
otherwheels.Epicyclicmeansonegearrevolvinguponandaroundanother. Thisdesigncan
producelarge gear ratios in asmall spaceand are usedon awiderangeof applications from
marine gearboxes to electric screwdrivers.

In figure, Gear B meshes with gear C and Planet wheel or GearB  Gear B
revolvesarounditwhenthearmisrotated.Bis called ]
the planet gear and C the sun. (.
Ifplanetgearrotatesaroundsungear,thenGear B — Arm A
. . rm

revolves once on its own axis.
Ifsungearrotatesaroundplanetgear,thenGear C O
revolves once on its own axis.

Sun wheel or Gear C Gear C

(Epicyclic Gear Train)

Definespeedratio,trainvalueandgear ratio.

Ans) Speed ratio:Itistheratioofthespeedofthedrivertothespeedofthedriven.
Mathematically,speedratioorvelocityratio=N1=T2
N2 T1
Trainvalue: It istheratioofspeedofthedriventothespeedofthedriver. Mathematically,

Train value = N2=T1
N1 Tz

Gearratio:lItistheratioofnumber ofteethonthegear tothe numberofteethonthe pinion.

Mathematically,G=1 . Where,T=numberofteethongearandt=numberoftecthonpinion

StatetheadvantagesofV-beltdriveoverflatbeltdrive.Stateitsdisadvantages. Ans)  The
following are the advantages of V-belt drive.

e Positivedrivecanbeobtaineddueto noslipand creep.

c= Theyaresuitablefor shortdistance.

c= Theyare flexibleandhavenojointproblems.

e Lessrepairingandmaintenance isrequired.

e Smootherinoperationandlessnoise.

= Morepowercanbetransmittedduetonoslip,creep andhigher velocityratio.
= Highefticiency.

Thefollowingarethedisadvantages.

e ConstructionofV-beltiscomplicated.

<= Theyare not suitableforlong distances.

c= Thev-beltsareexpensive.

e= Velocityfluctuation ishigher.

= Frictionbetweenbeltandgrooveishigheranditleadstowear.
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ASSIGNMENT

Group- A:  2Mark Questions

Statetheexpressionforvelocityratioinbeltdriveconsidering boththicknessand slip.
Definevelocityratio inbeltdrive.

Statetheexpression forratio oftensionin beltdrive.
Inwhichtypeofdrivethe angleofcontactorlapissamefor boththepulleys.
Statetheexpressionfor centrifugaltensioninbeltdrive.
Statetheconditionformaximumpowertransmissioninbeltdrive.
Statetheexpressionforlengthofbeltofanopenbeltdrive.
Statetheexpressionforlengthofbeltinacrossed beltdrive.

9. Definecreepandslipinbelt.

10. Whatdoyoumeanbyinitialtensioninbelt?

11. DefineSimpleandCompoundgeartrain.

12. DefineRevertedandEpicyclicgeartrain.

13. Definecircularpitch.Diametralpitchandmodule.

14. Expresstherelationbetweencircularpitch.Diametralpitchandmodule.

XN R

Group- B:  SMark questions

Derivetheexpressionforlengthofbeltinaopenbeltdrive.
Derivetheexpressionforlengthofbeltinacrossedbeltdrive.
Deriveexpressionforcentrifugaltensioninbeltdrive.

DerivetheexpressionTl=et'%inabeltdrive.
T2

Explaintheworkingofrevertedandepicyclicgeartrain.
Explainand determinethevelocityratioofSimple geartrain.
Explainand determinethevelocityratio ofCompound gear train.

N A=

Group- C:  7Mark questions

1. Findthepowertransmittedbya belt runningover apulleyof600 mmdiameterat 200rpm. The
coefficient of friction between the belt and the pulley is 0.25, angle of lap 150° and
maximum tension in the belt is 2400 N.

2. Aleatherbelthavingthicknessof9mmisrequiredtotransmit1 2K W{romamotorat900 rpm. The
diameter of driving pulleyis 300 rpm. The driven pulleyruns at 400 rpm and the centre
distance is 3.2 m. Find the width of the belt required for the following data:

i) densityofleather=1000K g/m?ii)maximumallowable stress=2.5MPa
iii)coefficientoffriction= 0.3

3. Anopenbeltdriveconnectstwopulleys120cm and50cmdiameters,onparallelshafts4m apart.
The maximum tension in the belt is 1855.3 N. The coefficient of friction is 0.3. The driver
pulleyof diameter 120 cm runs at 200 r.p.m calculates:

(1) Thepowertransmitted,and
(i1) Torqueoneachofthetwoshafts.

ENDofChapter
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GOVERNOR

Statethefunctionofgovernor.

Ans) Agovernorisusedtomaintainthemeanequilibriumspeedofanengine,whenthereis fluctuation of
speed of an engine due to variation of load upon the engine.

ClassifytheGovernors. Ans)

Centrifugalgovernor: @

In this type of governor pair of masses known
as fly balls rotates with the spindle to produce
centrifugal effect for the required action of
governor. Examples of these types of
governors are: Watt Governor, Porter
Governor, Proell governor, Hartnell governor

Inertia
Governor

Centrifugal
Governor

Inertia governor: Pendulum Type

In this type of governor the angular

acceleration or deceleration of the spindle | WattGovernor | [ Dead Weight | | spring Controll |
along with centrifugal forces acting on the | | |

balls is considered. The balls are operated by ) oroell [ Hartnell Governo r]
the rate of change of engine speed. [ Governor Governor ]

Explaintheworking of Watt governor.

Ans)WorkingofWatt governor:
Itisasimplecentrifugalgovernor.Itconsistsof:(i)pairofballs(flyballs)(ii) spindle
(ii1) links(iv)sleeveandbellcrank lever
The spindle is driven by an engine through bevel gears. A sleeve is attached on to the
spindle which slides over it. Fly balls are arranged by a linkage which rotates with the spindle
to produce centrifugal action.

When the load on the engine
shaft  increases its  speed
decreases and the spindle of the
governorrotates with this speed.
The fly balls rotate so close to
the axis due to decrease in
centrifugal force on the balls. In
this way the sleeve moves and
this movement operates a
linkage to operate the throttle
| et valve for the increase of fuel
vedvtl supply. When the engine shaft
rotates with its mean speed the
governor comes back to its
original position.
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When the load on the engine shaft increases its speed decreases and the spindle of the
governor rotates with this speed. The fly balls rotate so close to the axis due to decrease in
centrifugal force on the balls. In this way the sleeve moves and this movement operates a
linkage to operate the throttle valve for the increase of fuel supply. When the engine shaft
rotates with its mean speed the governor comes back to its original position.

When the load on the engine shaft decreases its speed increases and the spindle of the
governor rotates with this speed. The fly balls rotate away from the axis due to increase in
centrifugal force on the balls. In this way the sleeve moves and this movement operates a
linkage to operate the throttle valve for the decrease of fuel supply. When the engine shaft
rotates with its mean speed the governor comes back to its original position.

Explain the working of Porter

governor.Ans)Working of Porter governor:

ExplaintheworkingofHartnellgovernor. Ans)

Working of Hartnell governor:

The Porter governor is a modification of a
Watt’s governor, with central load attached to
the sleeve as shown in Figure.

There are two sets of arms. The top arms
connect balls to the hinge. The hinge may be on
the spindle or slightly away. The lower arms
support dead weight and connect balls also. All
of them rotate with the spindle.

Whentheloadedsleeve moves upanddownthe
spindle; the frictional force acts on it in a
direction opposite to that of the motion of
sleeve. It works in the same principles of Watt
governor.

Itisacentrifugaltypegovernorwheretheballsarecontrolledbyspringforce.Itconsistsof:
(i) Pairofballs,(ii)pair ofbellcranklevers,(iii)roller,(iv)pairofarms, (v)spindle,(vi)sleeve,

(vii)springandscrewcap.

At initial position the spring is in compression and put force on the sleeve. The two bell
crankleversarecarryingballs attheir oneendandrollerat the otherendandareattached withthe pair
ofarms. Thearms areattached tothe spindleand rotate. The rollers are fitted into the groove of a

sleeve and transmit the motion.

When the speed of the engine increases, governor spindle rotates with this speed and
causestheballstomoveawayfromthe axisofthespindle. Thebellcranklevermoveontothe pivot and
lift the sleeve against the spring force. In this way the throttle is operated by the linkage
attached with sleeve to decrease the supply of working fuel. When the engine shaft
rotateswithitsmeanspeedthegovernorcomesbacktoitsoriginalpositionandthespringalso put the

force on the governor.



When the speed of the engine
decreases, governor spindle
rotates with this speed and
causestheballstomovenearer to
the axis of the spindle. The
bellcranklevermoveandpush
Ball the sleeve moves downward.
In this way the throttle is

Bell crank | Operated by the linkage

Lever attached with sleeve to
increasethesupplyofworking
fuel. When the engine shaft
rotateswithitsmeanspeedthe
governor comes back to its
originalpositionandthespring
ST~ Spindle also put the force on the
governor.

Fulcrum

Sleeve

Definesensitivity,stabilityandisochronismofagovernor. Ans)

Sensitiveness of a governor:

Itistheratio ofdifference betweenthemaximumandthe minimumspeedtothemean equilibrium

speed.
Mathematically, Sensitiveness=Rangeofspeed  _N2-N1_2(N2-N1)
Mean speed N N
where,N=meanspeed,
N;=maximumspeedinfullload condition and  Np=minimumspeed inno loadcondition

Stabilitvofagovernor:

Iftheradiusofrotationoftheballsofagovernor doesn’t decreasesorincreaseswithincrease or
decrease of speed, then the governor is known as stable. For stability of a governor if the
equilibrium speed of engine increases, the radius of governor ballsmust be increase.

]SOChI’OnOMSQOV@I’I’IOI":

Iftheequilibriumspeedofagovernorisconstantorrangeofspeed iszero,frictionisnot considered the
governor is known as isochronous governor.
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FLYWHEEL

Statethefunctionofflywheel.

Ans) A flywheel stores the excess energy in an engine and supplies it when there is a requirement of

Distinguish amongthegovernorand flywheel.

Ans)

Flywheel

Flywheel controls the variation of
speed of engine during eachrevolution
of engine shaft.

Variation of speed controlled by
flywheel is caused due to fluctuation
in turning moment during cycle.

It controls the variation of speed by
providing stored energy during the
cycle.

Aflywheelhas no controloverthe
quantity of charge.

Itisnot anessentialelementforprime
mover.

energy.lItalsocontrolsthefluctuationofspeedbutdoesnotcontrolthespeedvariationscaused by the
varying loads.

Governor

Governor controls the variation of
speed of the engine over a number of
revolutions.

Variation of mean speed controlled by
governoriscausedduetofluctuationin
load on engine over a period of time.

It controls the mean speed ofthe
enginebyregulatingthe fuelsupply.

Agovernortakescareof thequantity of
working fluid.

It is an essential element for prime
mover.

Definethefollowingterms.(i)Maximum fluctuationofenergy,(ii)Maximum fluctuationof speed, (iii)

Ans)

Coefficient of fluctuation of speed and (iv) Coefficient of Steadiness.

Maximumfluctuationofenergy: Itisthedifferencebetweenthemaximumenergytothe
minimum energy of the engine.

Mathematically, Maximumfluctuationofenergy(AE)=Max.Energy—Min.Energy

Maximumfluctuationofspeed:Itisthedifferencebetweenthemaximumandminimum speed of
an engine.

Coefficientoffluctuationof speed:1It istheratioofmaximumfluctuationofspeedtothemean speed of
an engine.

Mathematically, Coefficientoffluctuationofspeed (Cs)=N1-N2

Where, N; = maximum speed in r.p.m No=minimumspeedinr.p.m N

= %1\’222 mean speed

Coefficient ofSteadiness:

Itisthereciprocalofcoefficientoffluctuationofspeed. Itisdenotedby ‘m’.

Mathematically, m=1/Cs

ENDofChapter
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BALANCINGOFMACHINES

Define balancing.

Ans)

Balancing is the technique ofcorrecting or eliminating unwanted inertia forces or moments in

rotating or reciprocating masses and is achieved by changing the location of the mass centers.

Whatdoyoumeanbystaticanddynamicbalancing? Explain. Ans) Static

Balancing:

i) Staticbalancing isabalanceofforcesduetoactionofgravity.

ii) Abodyissaid to beinstaticbalancewhen its centreofgravityisintheaxisofrotation.

Dynamicbalancing:

i) Dynamicbalance isabalanceduetotheactionofinertiaforces.

ii) Abodyissaidtobeindynamic balancewhentheresultant momentsor couples,which
involved in the acceleration of different moving parts is equal to zero.

iii) Theconditionsofdynamicbalanceare met,theconditionsofstaticbalancearealsomet.

What do youmeanbybalancingofrotatingmass?

Ans)When amass moves along a circularpath, centrifugal force acts on the mass in radially

Ans)

outwarddirection. This is adisturbingforcewhosedirection changes with therotation ofmass. The

method of balancing this disturbing forces and setting the masses in correct location to avoid
unbalance 1s known as balancing of rotating masses.

Thistypeofunbalanceiscommoninsteamturbinerotors,enginecrankshafts,rotorsof
compressors, centrifugal pumps etc.

ExplaintheconceptofBalancingofasinglerotatingmassbyasinglemassrotatinginthe same
plane.

BALANCING OF A SINGLE ROTATING MASS BY A SINGLE MASS ROTATING IN THE SAME PLANE
DISTURBING MASS

AXIS OF ROTATION

BALANCING MASS

Consideradisturbingmassm ;whichisattachedtoashaft rotatingat [ rad/sandabalancing mass
mywhich is also attached to the same shaft rotating at { rad/s.

Let, ;= radius of rotation of mass m; r=radiusofrotationofmassm,

Centrifugal force exerted by mass m; on the shaft=F e@m [ r? (1)
cl 1 1

Centrifugalforceexertedbymass myontheshaft= F, ®m | Fzz—(ii)

TheforceF, ofdisturbingmassm;actsradiallyoutwardsandproducesbendingmomenton the
shaft. In order to balance its effect, an equal and opposite force F, is given byusingthe mass
my.
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Explaintheconceptofbalancingofseveralmassesrotatinginthesameplane. Ans)

b} Vector dogram

inl Space diagram

BALANCING OF SEVERAL MASSES ROTATING IN THE SAME PLANE

Consider four massesm;,mp,m3 andmy revolving atradii ry,1;, r3 and r4 respectively in the same
plane. These mass exerts centrifugal forces F.;, Fe,, F3 and F4 respectively.

LetF=sumofforcesF.;,F,Fand F 4. =F F,F;F,
2

=mr [ “mr [ 2mr [ 2mr [
1 2 33 44

(1)
Fistheresultantforceofthese fourcentrifugal forces.

Consider another mass m revolving at radius » on the same shaft which can balance these four
masses. Centrifugal mass exerted by mass m =F @ m.r. [ 2 (i1)

Forbalancing,theforcesFandF.must beequalandopposite. Thus

mr mr U lme Ulmr U =mr, L2
1 2 33 a4

Pt MV MoV aM3F 3l @ m.r

Explaintheconcept ofbalancingofreciprocatingmasses.

Ans) Considerthefollowing figuretostudythebalancingofreciprocatingmasses.
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= Forcerequiredtoacceleratethereciprocatingmass F,

Inertia force due to reciprocating mass

Fx= Forceonthesides ofthecylinderwalls

Fg=  Forceactingonthecrankshaftbearingormain bearing
Angle COP =06

e Fr and F; are equal in magnitude and opposite in direction, so they will cancel to each
other.

c= The horizontal component Fgy is equal to F; and opposite in direction. This force is
unbalanced force which required proper balancing.

c=The force on the sides of the cylinder wall and vertical component Fgy are equal and
opposite but forms a shaking couple.

<= The shaking couple or shaking force varies in magnitude and direction, so they cause
vibration.

= In the reciprocating masses by adding balancing masses, it isnotpracticallyto eliminate
them completely. In other words the reciprocating masses are partially balanced.

Whatarethecausesandeffectsofunbalance? Ans)

Causes of unbalance:

= Slightvariation inthedensityofthematerial
c= Inaccuraciesinthecasting
= Inaccuraciesinmachiningofthe parts

c= Misalignmentofparts

Effectsofunbalance:

c= Unbalanceofmachinepartscausesvibration.
= Unbalancemassesproducedisturbingforceswhichcausesnonequilibriumofforces.

= Unbalance forcesmaycausebendingofpartsandfailureofmachineparts.

ENDofChapter
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VIBRATION

Definethefollowing terms:(i)timeperiod(ii)amplitude(iii)cycle(iv)frequency.

Ans)

TimePeriod:Itis the timetaken tocompleteone cycle.ltis the time periodafterwhich the
motionof a vibratorybodyrepeats itself. It is denoted by T.Its unit is second.

Amplitude:Itisthemaximumdisplacementofoscillatingbodyfromitsmeanequilibrium position.
Cycle: Ttisthemotioncompletedduringonetimeperiod.

Frequency:Itisthenumberofcyclesperunittime.ItisgivenbyHertz(Hz)

Statetherelationbetweentimeperiodandfrequency. Ans)

. : . . 1
Frequency is the reciprocal of time period. i.e Frequency = meperoa

Definethefollowingterms:(i)freevibration(ii)forced vibration(iii)damped vibration.

Ans)

Free/Natural vibration: When no external force act on the bodyafter giving an initial
displacement to the body, then the bodyis said to be in free or natural vibration.

Forced vibration: When the bodyvibrates under the action of an external force, then the body
is said to be in forced vibration.

Dampedvibration:Whenthereisreductioninamplitudeoverevery cycleof vibration,itis called
damped vibration.

Definethefollowingterms:(i)longitudinalvibration (ii)transversevibration

Ans)

(iii)torsional vibration.

Longitudinalvibration:Whentheparticlesoftheshaftordiscmovesparalleltotheaxisofthe shaft or disc,
then the vibration produced is called longitudinal vibration.

Transversevibration:Whentheparticlesoftheshaftordiscmovesapproximately perpendicular the axis
of the shaft or disc, then the vibration produced is calledtransversevibration.

Torsionalvibration:Whentheparticlesoftheshaftordiscmovesinacycleabouttheaxisof the shaft or
disc, then the vibration produced is called Torsional vibration.

Statethe causesand remediesof vibration.

Ans)

Causes Remedies

Lackof In a machine there may be a number of rotating The machine parts must bekept
balance and reciprocating parts having the motion in wunder static and dynamic
different planes, causes dynamicforces. If all the balancing.
dynamic forces are not balanced, as a result
vibration produced in machine.

Loose  If the machine parts are not properly fitted such Themachinepartsmustbe tight
fitting  as the nuts, screws, bolts are not perfectly fitted properly.
tightened; as a result vibration develops in

machine.
Incorrect In a machine there may be one or more Thealignmenttestmustbe
alignment placeswhere power transmission takes place. If  performed to  check  the
the driver and driven parts are not properly alignment of the machine
aligned, as a result vibration produced in parts.
machine.
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Vibration Ifthe heavymachinesareoperatednearerto each The heavy machines must be
wave other, then the sound produced by the working installing at distance places to
machines causes vibration. minimize the effect of vibration
sound waves.
Lack of If the isolation is not provided between the The isolation of machine in
isolation machine and the foundation, then the vibration foundation must be done
are transmitted to another machines. carefully to make a rigid
installation  for  minimizing
effect of vibration.
Lack of 1If the soil of the machine foundation is wet, The condition of soil must be
compact loose or not compact then the settlement of the checked and corrected before
soil machine remains incorrect. It causes vibration. installation of machine parts.

Ans) Longitudinal vibration—

When the particles of the shaft or disc moves parallel to the
axisoftheshaftordisc,thenthevibrationproducediscalled

longitudinal vibration. In this case the shaft elongates and
shortensalternately. Infigurethreepositionofdiscisshown.

Timeperiod(T)=27= 27
w

s

Thefrequencyinthelongitudinalvibrationisgivenbythe
relation, f,=1x Vs/m
2n

where, f, =Natural frequency,
s=Stiffnessofthespring, m

= Mass of the spring.

Transversevibration:

When the particles of the shaft or disc moves
approximatelyperpendiculartheaxisoftheshaftor
disc, then the vibration produced is called
transverse vibration. In this case the shaft bends or
straightsalternatively.Bendingstressesareinduced in

the shafts.

Timeperiod(T)=27= 27
w

The frequency in the
longitudinalvibrationisgivenbytherelation,
fn_l>2< \s/m
TC

where,f,=Naturalfrequency
s=Stiffnessofthespring m=

Mass of the spring.
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Writeashortnoteon(i)longitudinalvibration(ii)transversevibration(iii)torsional vibration.
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Torsional vibration:

When the particles of the shaft or disc moves in a cycle about
the axis of the shaft or disc, then the vibration produced is
called Torsional vibration. In this case the shaft twisted or
untwistedalternatively.Torsionalshearstressesareinducedin the
shafts.

Thefrequencyinthelongitudinalvibrationisgivenbythe

relation, f=1 /I
x Vgl

where,f,=Naturalfrequency
g=Torsionalstiffnessofthespring

I=Massmomentofinertiaofthe disc.

ENDofChapter
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Twist of disc

(Torsional vibration)
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