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UNITI Introduction, Designfor Staticand Dynamicloads
MechanicalEngineeringDesign: Designprocess,design
considerations,codes and standardsof designation of
materials, selection of materials.
Design for Static Loads: Modes of failure, design of
componentssubjected to axial, bending, torsional and
impact loads. Theories of failure for static loads.
Design for Dynamic Loads: Endurance limit, fatigue
strength under axial, bending and torsion, stress
concentration, notch sensitivity. Types of fluctuating
loads,fatiguedesignfor infinite life. Soderberg,Goodman
and modified Goodman criterion for fatigue failure.
Fatigue design under combined stresses.



UNIT II Design of Bolted and Welded Joints 
Design of Bolted Joints: Threaded fasteners, preload 
of bolts, various stresses induced in the bolts. Torque 
requirement for bolt tightening, gasketedjoints and 
eccentrically loaded bolted joints. 
Welded Joints: Strength of lap and butt welds, Joints 
subjected to bending and torsion. Eccentrically loaded 
welded joints. 
UNIT III Power transmission shafts and Couplings 
Power Transmission Shafts: Design of shafts 
subjected to bending, torsion and axial loading. Shafts 
subjected to fluctuating loads using shock factors. 
Couplings: Design of flange and bushed pin couplings, 
universal coupling. 



UNIT IV Design of Clutches, Brakes and Springs 

Friction Clutches: Torque transmitting capacity of disc and 
centrifugal clutches. Uniform wear theory and uniform 
pressure theory. 

Brakes: Different types of brakes. Concept of self-energizing 
and self-locking of brake. Band and block brakes, disc 
brakes. 

Springs: Design of helical compression, tension, torsion and 
leaf springs. 



UNITV Design of Bearings and Gears 

Design of Sliding Contact Bearings: Lubrication modes, 
bearing modulus, McKee's equations, design of journal 
bearing. Bearing Failures. 

Design of Rolling Contact Bearings: Static and dynamic load 
capacity, Stribeck'sEquation, equivalent bearing load, load-
life relationships, load factor, selection of bearings from 
manufacturer's catalogue. 

Design of Gears: Spur gears, beam strength, Lewis equation, 
design for dynamic and wear loads.





1) Machine design is defined as the use of scientific principles,

technical information & imagination.

or

2) Machine design is defined as the use of scientific principles,

technicalinformation & imaginationin the descriptionof a machine

or a mechanicalsystemto perform specificfunctionswith maximum

economy& efficiency.

7

Definition of MachineDesign



StrengthandRigidity 

WearResistance

MinimumDimensions& Weight

Manufacturability  

Safety

Conformanceto standards 

Reliability

Maintainability 

MinimumLife-cycleCost
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BasicRequirementof MachineElements







Toughness:Ability to absorbenergybeforefracturetakesplace

Malleability: Ability to deformto a greaterextentbeforethe signof 
crack,when it is subjectedto compressiveforce

Ductility:Ability to deformto a greaterextentbeforethe signof 
crack,whensubjectedto tensileforce

Brittleness: Propertyof the materialwhichshowsnegligibleplastic 
deformationfracturetakesplace

Hardness:Resistanceto penetrationor permanentdeformation

1
1



GeneralProcedurein MachineDesign
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Detaileddrawing

Needor aim

Synthesis

Analysisof the FORCES

Materialselection

Designof elements

Modification

Recognizeandspecifythe problem

Selectthe mechanismthat would
givethe desiredmotion andform
the basicmodelwith a sketchetc

Determine the stressesand thereby
the sizesof componentss.t. failure or
deformationdoesnot occur

Modify sizesto easeconstruction&
reduceoverallcost

Production
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LIMITS & FITS



CONTENTS
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LIMTS FITS AND TOLERANCES

INSPECTION

TYPES OF INSPECTION



TERMINOLOGY

NOMINALSIZE: It is the sizeof a
part specified in the
drawing.

BASICSIZE: It is the size of a
part to which all limits of
variationaredetermined.

ACTUALSIZE: It is the actual
measured dimension of a
part. Nominaland basicsize
areoften the same
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LIMITOFSIZES

There are two extreme possible sizes of a component. 
The largest permissible size for a component is called 
upperlimit andsmallestsizeiscalledlower limit.



DEVIATION
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LOWERDEVIATION: It is the algebraic difference between  
the minimumlimit of sizeandthe basicsize.

UPPERDEVIATION:It is the algebraicdifferencebetween the 
maximumlimit andthe basicsize.



ZEROLINE

It is the straightline correspondingto the basicsize.The 
deviationsaremeasuredfrom this line.
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TOLERANCE
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POSITIONALTOLERANCES

Twotypesof positionaltolerancesare used:
Unilateraltolerances 
Bilateraltolerances

When tolerance is on one side of basic size, it is called 
unilateralandif it isboth in plusandminusthen it isknown 
asbilateraltolerance.
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FITS

Thedegreeof tightnessor loosenessbetweentwo mating 
partsiscalled a fit.
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TYPESOFFITS

CLEARANCE FIT: There is a clearance or looseness in this type of 
fits. Thesefits maybe slide fit, easyslidingfit, runningfit etc.
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TYPES OFFITS

INTERFERENCE FIT:Thereisan interferenceor tightnessin
thesetype of fits. E.g. shrinkfit, heavydrivefit etc.

TRANSITIONFIT:In this type of fit, the limits for the matingparts 
areso selectedthat either a clearanceor interference may 
occurdependinguponthe actualsizeof the matingparts.
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TYPESOFFITS

TRANSITION FIT: In this type of fit, the limits for the mating 
parts are so selected that either a clearance or interference 
mayoccurdependinguponthe actualsizeof the matingparts.
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Genesisof BIS

Governmentof Indiaresolutionon 3 September1946for 
establishmentof IndianStandardsInstitution.

IndianStandardsInstitution(predecessorof Bureauof Indian 
Standards)setup on 6 January1947.

Objectives: Promotingstandardization,qualitycontroland 
simplificationin industry& commerce.

Bureauof IndianStandards(BIS)Establishedon 1 April1987under 
BISact,1986 asstatutorybody
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https://en.wikipedia.org/wiki/Stress_(physics)
https://en.wikipedia.org/wiki/Crack_propagation
https://en.wikipedia.org/wiki/Fracture


Internal Forcelinesare densernear the hole
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Followingfiguresshowthe severalways of reducingthe stress 
concentration in shafts and other cylindrical members with 
shoulders
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S-N Diagram

Motor

Load

Fatiguestrengthof materialisdeterminedbyR.R.Moore rotating 
beammachine.Thesurfaceispolishedin the axialdirection.

Aconstantbendingloadisapplied.

Thesurfaceispolishedin the axial direction.Aconstantbending 
loadis applied.

Typicaltestingapparatus,purebending
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Nowfrom similartrianglesCODandPQD,
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UNIT-II
DESIGN OF BOLTED AND WELDED 

JOINTS



Failureof bolted or riveted joints
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LapJoint (singleJoint) Butt Joint
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EXAMPLE-1
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EXAMPLE- 2
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EXAMPLE-3
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WELDEDJOINTS
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WeldunderBending
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WeldunderBending
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ThreadedFasteners

889 9

FastenerTypes
Bolt
Boltsaredefinedasheadedfastenershavingexternalthreadsthat
meet an exacting,uniform bolt threadspecificationsuchthat they
canaccepta non-taperednut.
Screwsaredefinedasheaded,externally-threadedfastenersthat 
do not meet the above definition of bolts. Screws always cut their 
own internal threadswheninitially installed,asthere isgenerallyno 
tool meeting the arbitrary specification of their threads to tap out 
the internal threadsbeforehand. Also,they aregenerallytapered 
to a sharppoint.









ThreadDetail
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Key is used to transmit torque 
betweenshaftandthe component 
mountedon the shaft.
Squareandflat keysaremost
common.

UNIT-III : KEYS, COTTERAND
KNUCKLEJOINTS
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TYPESOFKEYS
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Stressesactingon keys
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Theconnectingshaft is loaded primarily in torsion.



INTRODUCTION

A shaft is a rotating machineelement which is usedto transmit power from
one placeto another. Thepower is deliveredto the shaft by sometangential
force and the resultant torque (or twisting moment) set up within the shaft
permits the power to be transferred to various machineslinked up to the
shaft.
In order to transfer the power from one shaft to another, the various
members such as pulleys, gears etc., are mounted on it. Thesemembers
alongwith the forcesexerteduponthem causesthe shaftto bending.
In other words,we maysaythat a shaft is usedfor the transmissionof torque
and bending moment. The variousmembersare mounted on the shaft by
meansof keysor splines.



1.The shafts are usually cylindrical, but may be squareor cross-shapedin
section. Theyare solid in cross-sectionbut sometimeshollow shaftsare also
used.
2.An axle, though similar in shape to the shaft, is a stationary machine
element and is usedfor the transmissionof bendingmoment only. It simply
actsasa support for some rotating body such ashoistingdrum, a car wheel
or a ropesheave.
3.A spindle is a short shaft that impartsmotion either to a cutting tool (e.g.
drill pressspindles)or to a work piece(e.g. lathespindles).



Thematerialusedfor shaftsshouldhavethe followingproperties:
1.It shouldhavehighstrength.
2.It shouldhavegoodmachinability.
3.It shouldhavelow notchsensitivityfactor.
4.It shouldhavegoodheat treatment properties.
5.It shouldhavehighwearresistantproperties.
Thematerialusedfor ordinaryshaftsiscarbonsteelof grades 40C 8,45C8,
50 C4 and50C12.
Themechanicalpropertiesof thesegradesof carbonsteelaregivenin the 
following table.

MATERIAL USED FOR SHAFTS



MANUFACTURINGOFSHAFTS

Shaftsare generallymanufacturedby hot rolling and finishedto sizeby cold
drawingor turning andgrinding.

The cold rolled shafts are stronger than hot rolled shafts but with higher
residualstresses.

Theresidualstressesmay causedistortion of the shaft when it is machined,
especiallywhenslotsor keywaysarecut.

Shaftsof largerdiameterareusuallyforgedandturned to sizein a lathe.

When a shaft of high strength is required, then an alloy steel such as Nickel, 
Nickel-Chromium or Chrome-Vanadium steel is used.



Thefollowing two typesof shaftsare important from the
subjectpoint of view
1.Transmission shafts. These shafts transmit power
between the sourceand the machinesabsorbingpower.
The counter shafts,line shafts,over head shaftsand all
factory shaftsare transmissionshafts. Sincethese shafts
carry machineparts suchaspulleys,gearsetc., therefore
theyaresubjectedto bendingin additionto twisting.

2.Machine shafts. Theseshafts form an integral part of
the machine itself. The crank shaft is an example of
machineshaft.

TYPES OF SHAFTS



StandardSizesof TransmissionShafts

The standard sizes of transmission shafts are :

1) 25 mm to 60 mm with 5 mm steps;

2) 60 mm to 110 mm with 10 mm steps ;

3) 110 mm to 140 mm with 15 mm steps ; and 

4) 140 mm to 500 mm with 20 mm steps.

The standard length of the shafts are 5 m, 6 m and 7 m.



Stressesin Shafts

Thefollowingstressesareinducedin the shafts:

1.Shearstressesdue to the transmissionof torque to torsional

load).

2.Bending stresses(tensile or compressive)due to the forces

actingupon machineelementslike gears,pulleysetc. as well as

dueto the weightof the shaftitself.

3.Stressesdueto combinedtorsionalandbendingloads.







Theshaftsmaybedesignedon the basisof
1.Strength,and 2.Rigidityandstiffness.

In designingshafts onthe basisof strength,the following
cases maybe considered:
(a)Shaftssubjectedto twistingmomentor torque only,
(b)Shaftssubjectedto bendingmomentonly,
(c)Shaftssubjectedto combinedtwistingandbending

moments,and
(d)Shaftssubjectedto axialloadsin additionto combined
torsionaland bendingloads.

Weshallnowdiscussthe abovecases,in detail,in the following 
pages.





We know that for round solid shaft, polar moment of inertia,

The equation (i) may now be written as
..(ii)

Fromthis equation,we maydeterminethe diameterof round
solidshaft( d ).
Wealsoknowthat for hollowshaft,polarmomentof inertia,

where do and di = Outsideand inside diameter of the shaft,
andr =do / 2.
Substitutingthesevaluesin equation(i), we have...(iii) Letk =
Ratioof insidediameterandoutsidediameterof the shaft= di
/ do
Nowthe equation(iii) maybewritten as



...(iv)

Fromtheequations(iii) or (iv), the outsideandinsidediameterofahollowshaft
maybe
determined.
It maybenotedthat
1. The hollow shafts are usually used in marinework. These shafts are stronger
per kg of material and they may be forged on a mandrel, thus making the material
morehomogeneous thanwouldbepossible for asolidshaft.
When a hollow shaft is to be made equal in strength to a solid shaft, the twisting
moment of both the shafts must be same. In other words, for the same material of
boththeshafts,











Diameterof hollow shaft 
Let di = Insidediameter,and 
do= Outsidediameter.
Weknow thatthetorquetransmittedby thehollow shaft( T ),





Fromthisequation,diameterof thesolidshaft(d) maybeobtained.
Wealsoknowthatfor ahollow shaft,momentof inertia,

Againsubstitutingthesevaluesin equation(i), wehave

Fromthisequation,theoutsidediameterof theshaft (do)maybeobtained.





Let d = Diameterof theaxle.
Weknow thatthemaximumbendingmoment(M),









Example5.
A solidcircular shaftis subjectedto a bendingmomentof 3000N-manda torqueof
10 000N-m. Theshaftis madeof 45 C 8 steelhavingultimatetensilestressof 700MPa and
a ultimateshearstressof 500MPa. Assuminga factor of safetyas6, determinethediameter
of theshaft.































ShaftsSubjectedto Fluctuating Loads

In the previous articles we have assumed that the shaft is subjected to constant torque 
and bending moment. But in actual practice, the shafts are subjected to fluctuating 
torqueandbendingmoments.In orderto designsuchshaftslike line shaftsandcounter 
shafts, the combined shock and fatigue factors must be taken into account for the 
computedtwistingmoment(T ) andbendingmoment(M ). Thusfor ashaftsubjectedto 
combinedbendingandtorsion,the equivalenttwisting moment,

andequivalentbendingmoment,

where Km= Combinedshockandfatiguefactor for bending,and
Kt = Combinedshockandfatiguefactor for torsion.

Thefollowing tableshowstherecommended values forKmandKt.















ShaftsSubjected to Axial Load in addit ion to Combined  
TorsionandBendingLoads















Prof. S. G. Kolgiri, 
SBPCOE,Indapur





Designof Shaftson the basisof Rigidity













Combined bendingand torsion loadson shaft: Shaft  
carryinggears.

From power and rpm find the torque (T), which gives rise to shear stress.

From Torque (T) and diameter (d), find Ft = 2T/d. From Ft and pressure
angles of gears you can find Fr and Fa.

Fr and Ft are orthogonal to each other and are both transverse forces to 
the shaft axis, which will give rise to normal bending stress in the shaft. 
When shaft rotates, bending stress changes from tensile to compressive 
and then compressive to tensile, ie, completely reversing state of stress.

Fa will give rise to normal axial stress in the shaft.



Loadson shaftdue to pulleys

Pulley torque (T) = Difference in belt
tensions in the tight (t1) and slack (t2)
sides of a pulley times the radius (r), ie

T = (t1-t2)xr

Left pulley torque

FV2
T1 = (7200-2700)x380=1,710,000 N-mm

Right pulley has exactly equal and
opposite torque:

T2 = (6750-2250)x380=1,710,000 N-mm

Bending forces in vertical (Fv) and horizontal (FH) directions:

At the left pulley: FV1=900N; FH1=7200+2700 = 9900N

At the right pulley: FV2=900+6750+2250=9900N; FH2=0







Integratedsplinesin hubsandshafts allow axial 
motion andtransmits torque

All keys, pins and splines give rise to stress 
concentration in the hubandshaft











SLEEVEORMUFF-COUPLING















Clampor CompressionCoupling























1.Unprotected type flangecoupling



















Protectedtype flangecoupling





Marine type flangecoupling







Bushed-pin FlexibleCoupling















UNIT-IV : DESIGNOFSPRINGS

Introductionto Designof HelicalSprings



Objectivesof Spring
Cushioning, absorbing, or controllingof energydue to shockand
vibration.
Carspringsor railwaybuffers Tocontrol energy,springs-supports
andvibrationdampers.





3. Measuringforces
Springbalances,gages
4.Storing of energy 
In clocksor starters
Theclockhasspiraltype of springwhichis woundto coil and
then the stored energy helps gradual recoil of the spring
when in operation. Nowadayswe do not find much use of
the windingclocks.





Oil-temperedwire:
It is a cold drawn,quenched,tempered,and generalpurpose
springsteel. However,it is not suitablefor fatigue or sudden
loads, at subzerotemperaturesand at temperaturesabove
180ºC.
When we go for highly stressedconditionsthen alloy steels
areuseful.
ChromeVanadium:
Thisalloyspringsteelis usedfor highstressconditionsandat
high temperature up to 220ºC. It is good for fatigue
resistanceandlongendurancefor shockandimpactloads.
ChromeSilicon:
Thismaterialcanbe usedfor highlystressedsprings. It offers
excellent service for long life, shock loading and for
temperatureup to 250ºC.





Types Springs

ypesSprings



PullTypes Springs



HELICALSPRING
It is made of wire coiled in the form of helix having circular, square or 
rectangularcrosssection.
The figures below show the schematic representation of a helical 
springacted upon by a tensile load Fand compressive load F. The  
circles denotethe crosssectionof the springwire.





In designof helicalsprings,the designershouldusegood judgment
in assumingthe value of the spring index C. The spring index
indicatesthe relativesharpnessof the curvatureof the coil.

A low springindexmeanshighsharpnessof curvature.
Whenthe springindex is low (C< 3), the actualstressesin the wire
are excessivedue to curvature effect. Sucha spring is difficult to
manufactureand specialcare in coiling is required to avoidcracking
in some wires. When the spring index is high (C >15), it results in
largevariationin coildiameter.



Sucha springis prone to bucklingandalsotangleseasilyduring
handling. Springindex from 4 to 12 is consideredbetter from
manufacturingconsiderations.
Therefore, in practical applications, the spring index in the
rangeof 6 to 9 is still preferred particularly for closetolerance
springsandthosesubjectedto cyclicloading.



Terms usedin Helicalsprings









Stressesin the helicalspringwire



From the free body diagram, we have found out the
directionof the internal torsionTandinternal shearforce
F at the sectiondue to the external load F actingat the
centreof the coil

Stressesin the helicalspringwire
















































































































































































































































































































