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MECHANISMMECHANISM
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MechanismMechanism –– PartPart ofof aa machine,machine, whichwhich
transmittransmit motionmotion andand powerpower fromfrom inputinput pointpoint toto
outputoutput pointpoint



Example for MechanismExample for Mechanism
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PLANAR MECHANISMSPLANAR MECHANISMS

WhenWhen allall thethe linkslinks ofof aa mechanismmechanism havehave planeplane
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WhenWhen allall thethe linkslinks ofof aa mechanismmechanism havehave planeplane
motion,motion, itit isis calledcalled asas aa planarplanar mechanismmechanism.. AllAll
thethe linkslinks inin aa planarplanar mechanismmechanism movemove inin
planesplanes parallelparallel toto thethe referencereference planeplane..



MACHINEMACHINE
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AA machinemachine isis aa mechanismmechanism oror collectioncollection ofof
mechanisms,mechanisms, whichwhich transmittransmit forceforce fromfrom thethe
sourcesource ofof powerpower toto thethe resistanceresistance toto bebe
overcomeovercome..



Though all machines are mechanisms, all Though all machines are mechanisms, all 
mechanisms are not machinesmechanisms are not machines
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mechanisms are not machinesmechanisms are not machines



KINEMATICSKINEMATICS
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RELEVANCE OF KINEMATIC RELEVANCE OF KINEMATIC 
STUDYSTUDY
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 Motion requirementsMotion requirements

 Design requirementsDesign requirements



MOTIONMOTION STUDYSTUDY

StudyStudy ofof position,position, displacement,displacement, velocityvelocity andand

23 April 2020 10Kinematics of Machinery - Unit - I

StudyStudy ofof position,position, displacement,displacement, velocityvelocity andand
accelerationacceleration ofof differentdifferent elementselements ofof
mechanismmechanism

GivenGiven inputinput DesiredDesired outputoutput



Motion requirementMotion requirement
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DESIGN REQUIREMENTSDESIGN REQUIREMENTS

Design: determination of shape and sizeDesign: determination of shape and size

1.1. Requires knowledge of materialRequires knowledge of material

Requires knowledge of stressRequires knowledge of stress
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2.2. Requires knowledge of stressRequires knowledge of stress

Requires knowledge of load Requires knowledge of load 
actingacting

(i) static load(i) static load

(ii) dynamic/inertia load(ii) dynamic/inertia load



DYNAMIC/INERTIA LOADDYNAMIC/INERTIA LOAD

Inertia load require accelerationInertia load require acceleration

23 April 2020 13Kinematics of Machinery - Unit - I

Inertia load require accelerationInertia load require acceleration
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LINK OR ELEMENTLINK OR ELEMENT

AnyAny bodybody (normally(normally rigid)rigid) whichwhich hashas motionmotion
relativerelative toto anotheranother
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 Binary linkBinary link
 Ternary linkTernary link
 Quaternary linkQuaternary link



Examples of rigid linksExamples of rigid links
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PAIRING ELEMENTSPAIRING ELEMENTS

PairingPairing elementselements:: thethe geometricalgeometrical formsforms byby whichwhich twotwo
membersmembers ofof aa mechanismmechanism areare joinedjoined together,together, soso thatthat thethe

relativerelative motionmotion betweenbetween thesethese twotwo isis consistentconsistent.. SuchSuch aa pairpair ofof
linkslinks isis calledcalled KinematicKinematic PairPair..
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PAIRING ELEMENTSPAIRING ELEMENTS
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PAIRING ELEMENTSPAIRING ELEMENTS
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KINEMATIC PAIRSKINEMATIC PAIRS

 AA mechanismmechanism hashas beenbeen defineddefined asas aa combinationcombination soso
connectedconnected thatthat eacheach movesmoves withwith respectrespect toto eacheach otherother..
AA clueclue toto thethe behaviorbehavior lieslies inin inin thethe naturenature ofof
connections,connections, knownknown asas kinetickinetic pairspairs..
TheThe degreedegree ofof freedomfreedom ofof aa kinetickinetic pairpair isis givengiven byby
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TheThe degreedegree ofof freedomfreedom ofof aa kinetickinetic pairpair isis givengiven byby
thethe numbernumber independentindependent coordinatescoordinates requiredrequired toto
completelycompletely specifyspecify thethe relativerelative movementmovement..



TYPES OF KINEMATIC PAIRSTYPES OF KINEMATIC PAIRS

Based on nature of contact Based on nature of contact 
between elementsbetween elements

 (i)(i) LowerLower pairpair :: TheThe jointjoint
byby whichwhich twotwo membersmembers areare
connectedconnected hashas surfacesurface
contactcontact.. AA pairpair isis saidsaid toto bebe
aa lowerlower pairpair whenwhen thethe

Revolute(Or)TurningPairRevolute(Or)TurningPair

Prismatic(Or)SlidingPairPrismatic(Or)SlidingPair

Screw(Or)HelicalPairScrew(Or)HelicalPair
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contactcontact.. AA pairpair isis saidsaid toto bebe
aa lowerlower pairpair whenwhen thethe
connectionconnection betweenbetween twotwo
elementselements areare throughthrough thethe
areaarea ofof contactcontact.. ItsIts 66 typestypes
areare

CylindricalPairCylindricalPair

Spherical(Or)GlobularPairSpherical(Or)GlobularPair

Flat(or)PlanarPairFlat(or)PlanarPair



(ii)(ii) HigherHigher pairpair:: TheThe contactcontact betweenbetween thethe
pairingpairing elementselements takestakes placeplace atat aa pointpoint oror alongalong
aa lineline..
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BasedBased onon relativerelative motionmotion betweenbetween pairingpairing elementselements

(a)(a) SidingSiding pairpair [DOF[DOF == 11]]
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(b)(b) TurningTurning pairpair (revolute(revolute pair)pair)

[DOF[DOF == 11]]



BasedBased onon relativerelative motionmotion betweenbetween pairingpairing
elementselements

(c)(c) CylindricalCylindrical pairpair [DOF[DOF == 22]]
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(d)(d) RollingRolling pairpair

[DOF[DOF == 11]]



BasedBased onon relativerelative motionmotion betweenbetween pairingpairing
elementselements

(e)(e) SphericalSpherical pairpair [DOF[DOF == 33]]
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(f)(f) HelicalHelical pairpair oror screwscrew pairpair [DOF[DOF == 11]]



Based on the nature of mechanical constraintBased on the nature of mechanical constraint

(a) Closed pair(a) Closed pair

(b) Unclosed or force closed pair(b) Unclosed or force closed pair
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(b) Unclosed or force closed pair(b) Unclosed or force closed pair



CONSTRAINED MOTIONCONSTRAINED MOTION
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oneone elementelement hashas gotgot onlyonly oneone definitedefinite motionmotion
relativerelative toto thethe otherother



(a) Completely constrained motion(a) Completely constrained motion
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(b) Successfully constrained motion(b) Successfully constrained motion
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(b) Successfully constrained motion(b) Successfully constrained motion



(c) Incompletely constrained motion(c) Incompletely constrained motion
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KINEMATIC CHAINKINEMATIC CHAIN
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GroupGroup ofof linkslinks eithereither joinedjoined togethertogether oror
arrangedarranged inin aa mannermanner thatthat permitspermits themthem toto
movemove relativerelative toto oneone anotheranother..



Kinematic ChainKinematic Chain

Relation between Links, Pairs and JointsRelation between Links, Pairs and Joints
L=2PL=2P--44
J=(3/2) L J=(3/2) L –– 22
L => No of LinksL => No of Links
P => No of PairsP => No of Pairs

23 April 2020 37Kinematics of Machinery - Unit - I

P => No of PairsP => No of Pairs
J => No of JointsJ => No of Joints
L.H.S > R.H.S  => Locked chainL.H.S > R.H.S  => Locked chain
L.H.S = R.H.S  => Constrained Kinematic ChainL.H.S = R.H.S  => Constrained Kinematic Chain
L.H.S < R.H.S  => Unconstrained Kinematic L.H.S < R.H.S  => Unconstrained Kinematic 

ChainChain



LOCKEDLOCKED CHAINCHAIN (Or)(Or) STRUCTURESTRUCTURE

LinksLinks connectedconnected inin suchsuch aa wayway thatthat nono relativerelative
motionmotion isis possiblepossible..

L=L=33,, J=J=33,, P=P=33 LL..HH..S>RS>R..HH..SS
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Kinematic Chain MechanismKinematic Chain Mechanism

Slider crank and four bar mechanismsSlider crank and four bar mechanisms

L=4, J=4, P=4L=4, J=4, P=4

L.H.S=R.H.SL.H.S=R.H.S
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L.H.S=R.H.SL.H.S=R.H.S



Working of slider crank mechanismWorking of slider crank mechanism

23 April 2020 40Kinematics of Machinery - Unit - I



UnconstrainedUnconstrained kinematickinematic chainchain

L=L=55,P=,P=55,J=,J=55

LL..HH..SS << RR..HH..SS
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DEGREES OF FREEDOM (DOF):DEGREES OF FREEDOM (DOF):
ItIt isis thethe numbernumber ofof independentindependent coordinatescoordinates requiredrequired toto

describedescribe thethe positionposition ofof aa bodybody..
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describedescribe thethe positionposition ofof aa bodybody..



Degrees of freedom/mobility of a Degrees of freedom/mobility of a 
mechanismmechanism

ItIt isis thethe numbernumber ofof inputsinputs (number(number ofof
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ItIt isis thethe numbernumber ofof inputsinputs (number(number ofof
independentindependent coordinates)coordinates) requiredrequired toto describedescribe
thethe configurationconfiguration oror positionposition ofof allall thethe linkslinks ofof
thethe mechanism,mechanism, withwith respectrespect toto thethe fixedfixed linklink
atat anyany givengiven instantinstant..



GRUBLER’S CRITERIONGRUBLER’S CRITERION
NumberNumber ofof degreesdegrees ofof freedomfreedom ofof aa mechanismmechanism isis givengiven byby

FF == 33(n(n--11))--22ll--hh.. Where,Where,
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FF == 33(n(n--11))--22ll--hh.. Where,Where,
 FF == DegreesDegrees ofof freedomfreedom
 nn == NumberNumber ofof linkslinks inin thethe mechanismmechanism..
 ll == NumberNumber ofof lowerlower pairs,pairs, whichwhich isis obtainedobtained byby countingcounting thethe

numbernumber ofof jointsjoints.. IfIf moremore thanthan twotwo linkslinks areare joinedjoined togethertogether atat anyany
point,point, then,then, oneone additionaladditional lowerlower pairpair isis toto bebe consideredconsidered forfor everyevery
additionaladditional linklink..

 hh == NumberNumber ofof higherhigher pairspairs



Examples Examples -- DOFDOF

 F = 3(nF = 3(n--1)1)--2l2l--hh
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 Here,  n = 4, l = 4 & h = 0.Here,  n = 4, l = 4 & h = 0.

 F = 3(4F = 3(4--1)1)--2(4) = 12(4) = 1

 I.e., one input to any one link I.e., one input to any one link 
will result in definite motion of will result in definite motion of 
all the links.all the links.



Examples Examples -- DOFDOF
F = 3(nF = 3(n--1)1)--2l2l--hh
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 F = 3(nF = 3(n--1)1)--2l2l--hh

 Here, n = 5, l = 5 and h = 0.Here, n = 5, l = 5 and h = 0.

 F = 3(5F = 3(5--1)1)--2(5) = 22(5) = 2

 I.e., two inputs to any two links are I.e., two inputs to any two links are 
required to yield definite motions in required to yield definite motions in 
all the links.all the links.



Examples Examples -- DOFDOF
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 F = 3(nF = 3(n--1)1)--2l2l--hh

 Here,  n = 6, l = 7 and h = 0.Here,  n = 6, l = 7 and h = 0.

 F = 3(6F = 3(6--1)1)--2(7) = 12(7) = 1

 I.e., one input to any one link will result in I.e., one input to any one link will result in 
definite motion of all the links. definite motion of all the links. 



Examples Examples -- DOFDOF
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 F = 3(nF = 3(n--1)1)--2l2l--hh

 Here,  n = 6, l = 7 (at the intersection of Here,  n = 6, l = 7 (at the intersection of 
2, 3 and 4, two lower pairs are to be 2, 3 and 4, two lower pairs are to be 
considered) and h = 0.considered) and h = 0.

 F = 3(6F = 3(6--1)1)--2(7) = 12(7) = 1



Examples Examples -- DOFDOF

 F = 3(nF = 3(n--1)1)--2l2l--hh
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 F = 3(nF = 3(n--1)1)--2l2l--hh

 Here, n = 11, l = 15 (two lower Here, n = 11, l = 15 (two lower 
pairs at the intersection of pairs at the intersection of 3, 4, 3, 4, 
66; ; 2, 4, 52, 4, 5; ; 5, 7, 85, 7, 8; ; 8, 10, 118, 10, 11) and ) and 
h = 0.h = 0.

 F = 3(11F = 3(11--1)1)--2(15) = 0 2(15) = 0 



Examples Examples -- DOFDOF
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(a)(a)
F = 3(nF = 3(n--1)1)--2l2l--hh
Here, n = 4, l = 5 and h = 0.Here, n = 4, l = 5 and h = 0.
F = 3(4F = 3(4--1)1)--2(5) = 2(5) = --11
I.e., it is a structureI.e., it is a structure

(b)(b)
FF == 33(n(n--11))--22ll--hh
Here,Here, nn == 33,, ll == 22 andand hh == 11..
FF == 33((33--11))--22((22))--11 == 11

(c)(c)
F = 3(nF = 3(n--1)1)--2l2l--hh
Here, n = 3, l = 2 and h = 1.Here, n = 3, l = 2 and h = 1.
F = 3(3F = 3(3--1)1)--2(2)2(2)--1 = 11 = 1



Determining DOF and PairsDetermining DOF and Pairs

 NNbb=No of Binary =No of Binary 
LinksLinks

 NNtt=No of Ternary =No of Ternary 
LinksLinks

 P=No of PairsP=No of Pairs

 M=Mobility or DOFM=Mobility or DOF

P=N+LP=N+L--11

M=NM=N--(2L+1)(2L+1)
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LinksLinks

 NNoo=No of Other =No of Other 
LinksLinks

 N=Total No of LinksN=Total No of Links

 L=No of LoopsL=No of Loops

M=NM=N--(2L+1)(2L+1)



Determining DOF and PairsDetermining DOF and Pairs

P=N+LP=N+L--11

M=NM=N--(2L+1)(2L+1)

NNbb = 4,N= 4,Ntt=2, N=2, N00=0=0

N=6, L=2N=6, L=2
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N=6, L=2N=6, L=2

Sol:Sol:

P=6+2P=6+2--1=71=7

M=6M=6--(2x2 +1)=1(2x2 +1)=1



Determining DOF and PairsDetermining DOF and Pairs

P=N+LP=N+L--11

M=NM=N--(2L+1)(2L+1)

NNbb = 5,N= 5,Ntt=1, N=1, N00=0=0

N=6, L=2N=6, L=2
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N=6, L=2N=6, L=2

Sol:Sol:

P=6+2P=6+2--1=71=7

M=6M=6--(2x2 +1)=1(2x2 +1)=1



Determining DOF and PairsDetermining DOF and Pairs

P=N+LP=N+L--11

M=NM=N--(2L+1)(2L+1)

NNbb = 9,N= 9,Ntt=0, N=0, N00 =2=2

N=11, L=5N=11, L=5
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N=11, L=5N=11, L=5

Sol:Sol:

P=11+5P=11+5--1=151=15

M=11M=11--(2x5 +1)=0(2x5 +1)=0



Grashoff LawGrashoff Law

 The sum of the shortest The sum of the shortest 
and longest link length and longest link length 
should not exceed the should not exceed the 
sum of the other two sum of the other two 
link lengths.link lengths.
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link lengths.link lengths.

s+l < p+qs+l < p+q

(e.x) (1+2) < (3+4)(e.x) (1+2) < (3+4)



INVERSIONS OF MECHANISMINVERSIONS OF MECHANISM

AA mechanismmechanism isis oneone inin whichwhich oneone ofof thethe linkslinks ofof aa kinematickinematic
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AA mechanismmechanism isis oneone inin whichwhich oneone ofof thethe linkslinks ofof aa kinematickinematic
chainchain isis fixedfixed.. DifferentDifferent mechanismsmechanisms cancan bebe obtainedobtained byby fixingfixing
differentdifferent linkslinks ofof thethe samesame kinematickinematic chainchain.. TheseThese areare calledcalled asas
inversionsinversions ofof thethe mechanismmechanism..



INVERSIONS OF MECHANISMINVERSIONS OF MECHANISM

1.Four Bar Chain1.Four Bar Chain

2.Single Slider Crank2.Single Slider Crank
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2.Single Slider Crank2.Single Slider Crank

3.Double Slider Crank3.Double Slider Crank
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1. FOUR BAR CHAIN1. FOUR BAR CHAIN
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 (link 1) frame(link 1) frame

 (link 2) crank(link 2) crank

 (link 3) coupler (link 3) coupler 

 (link 4) rocker (link 4) rocker 



INVERSIONSINVERSIONS OFOF FOURFOUR BARBAR CHAINCHAIN
Fix link 1& 3. CrankFix link 1& 3. Crank--rocker rocker 

or Crankor Crank--LeverLever

mechanism mechanism 

Fix link 2. Drag link Fix link 2. Drag link 
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Fix link 2. Drag link Fix link 2. Drag link 

or Double Crank or Double Crank 

mechanism mechanism 

Fix link 4. Double rocker Fix link 4. Double rocker 

mechanismmechanism

Pantograph Pantograph 



APPLICATIONAPPLICATION
linklink--1 fixed1 fixed--

CRANKCRANK--ROCKER MECHANISMROCKER MECHANISM
OSCILLATORY MOTIONOSCILLATORY MOTION
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CRANKCRANK--ROCKER ROCKER 
MECHANISMMECHANISM
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Link 2 FixedLink 2 Fixed-- DRAG LINK DRAG LINK 
MECHANISMMECHANISM
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Locomotive Wheel Locomotive Wheel -- DOUBLE DOUBLE 
CRANK MECHANISMCRANK MECHANISM
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2.SLIDER CRANK CHAIN2.SLIDER CRANK CHAIN
Link1=GroundLink1=Ground
Link2=CrankLink2=Crank

Link3=ConnectingRod  Link3=ConnectingRod  
Link4=SliderLink4=Slider
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lnversions of slider crank chainlnversions of slider crank chain
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(a)(a) crank fixed           (b) connecting rod fixed              (c) slider fixedcrank fixed           (b) connecting rod fixed              (c) slider fixed

Link 2 fixedLink 2 fixed Link 3 fixedLink 3 fixed Link 4 fixedLink 4 fixed



ApplicationApplication
Inversion II Inversion II –– Link 2 Crank fixed Link 2 Crank fixed 

Whitworth quick return motion mechanismWhitworth quick return motion mechanism
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2

1

2
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ˆ

ˆ


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




BoB

BoB

urnstrokeTimeforret

wardstrokeTimeforfor



Quick return motion mechanismsQuick return motion mechanisms

Drag link mechanismDrag link mechanism
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12

21

ˆ

ˆ

BAB

BAB

urnstrokeTimeforret

wardstrokeTimeforfor




RotaryRotary engineengine–– IIII inversioninversion ofof sliderslider crankcrank
mechanismmechanism.. (crank(crank fixed)fixed)
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ApplicationApplication
Inversion III Inversion III --Link 3 Connecting rod fixed Link 3 Connecting rod fixed 

Crank and slotted lever quick return mechanismCrank and slotted lever quick return mechanism
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2

1

2

2
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ˆ
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
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urnstrokeTimeforret

wardstrokeTimeforfor



Crank and slotted lever quick return Crank and slotted lever quick return 
motion mechanismmotion mechanism
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Crank and slotted lever quick return motion Crank and slotted lever quick return motion 
mechanismmechanism
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Application of Crank and slotted lever quick Application of Crank and slotted lever quick 
return motion mechanismreturn motion mechanism
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OscillatingOscillating cylindercylinder engineengine––IIIIII inversioninversion ofof
sliderslider crankcrank mechanismmechanism (connecting(connecting rodrod fixed)fixed)
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ApplicationApplication
Inversion IV Inversion IV –– Link 4 Slider fixed Link 4 Slider fixed 
Pendulum pump or bull enginePendulum pump or bull engine
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3. DOUBLE SLIDER CRANK 3. DOUBLE SLIDER CRANK 
CHAINCHAIN

ItIt isis aa kinematickinematic chainchain consistingconsisting ofof twotwo
turningturning pairspairs andand twotwo slidingsliding pairspairs..

LinkLink 11 FrameFrame

LinkLink 22 SliderSlider --II
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LinkLink 22 SliderSlider --II

LinkLink 33 CouplerCoupler

LinkLink 44 SliderSlider -- IIII



Inversion I Inversion I –– Frame FixedFrame Fixed
Double slider crank mechanismDouble slider crank mechanism

1sincos 22

22




















p

y

q

x

Elliptical trammel
AC = p and BC = q, then,
x = q.cosθ and y = p.sinθ.
Rearranging,
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1sincos 22

22




















p

y

q

x

Rearranging,



Inversion II Inversion II –– Slider Slider -- I FixedI Fixed

SCOTCH SCOTCH ––YOKE MECHANISMYOKE MECHANISM
TurningTurning pairspairs ––11&&22,, 22&&33;; SlidingSliding pairspairs –– 33&&44,,
44&&11
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Inversion III Inversion III –– Coupler FixedCoupler Fixed

OLDHAM COUPLINGOLDHAM COUPLING
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Other MechanismsOther Mechanisms
1.Straight line motion mechanisms1.Straight line motion mechanisms

Condition for perfect steeringCondition for perfect steering
LocusLocus ofof ptpt..CC willwill bebe aa

straightstraight line,line, ┴┴ toto AEAE if,if,

isis constantconstant.. ACAB
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isis constantconstant..

ProofProof::
ACAB

..,

.

constACifABconstAE

constbutAD
AD

ACAB
AE

AE

AB

AC

AD

ABDAEC













1.a) Peaucellier mechanism1.a) Peaucellier mechanism
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1.b) Robert’s mechanism1.b) Robert’s mechanism
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1.c) Pantograph1.c) Pantograph
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2.Indexing Mechanism2.Indexing Mechanism

Geneva wheel mechanismGeneva wheel mechanism
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3.Ratchets and Escapements3.Ratchets and Escapements

Ratchet and pawl mechanismRatchet and pawl mechanism
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Application of Ratchet Pawl mechanismApplication of Ratchet Pawl mechanism
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4. 4. Toggle mechanismToggle mechanism

ConsideringConsidering thethe
equilibriumequilibrium conditioncondition ofof
sliderslider 66,,
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sliderslider 66,,

ForFor smallsmall anglesangles ofof αα,, FF isis
muchmuch smallersmaller thanthan PP..





tan2

2tan

PF
P

F







5.Hooke’s joint5.Hooke’s joint
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Hooke’s jointHooke’s joint
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6.Steering gear mechanism6.Steering gear mechanism

ConditionCondition forfor perfectperfect steeringsteering
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Ackermann steering gear mechanismAckermann steering gear mechanism
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Mechanical Mechanical 
AdvantageAdvantage
 Mechanical Advantage of Mechanical Advantage of 

the Mechanism at angle the Mechanism at angle 
a2 = 0a2 = 000 or 180or 18000
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 Extreme position of the Extreme position of the 
linkage is known as linkage is known as 
toggle positions.toggle positions.



ALL THE BESTALL THE BEST

23 April 2020 95Kinematics of Machinery - Unit - I

ALL THE BESTALL THE BEST


