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Chapterl

INTRODUCTIONODESIGN

INTRODUCTION:

ThesubjectMachineDesignis the creationof new andbetter machinesandimprovingthe existingones.Anew
or better machineis one whichis more economicain the overallcostof productionand operation. Theprocess
of design is a long and time consuming one. Fronsthdy of existing ideas, a new idea has to be conceived.

The idea is then studied keeping in mind its commercial success and given shape and form in the form
drawings. In the preparation of &#se drawings, care must be taken of the availability of resources in money, in
menandin materialsrequiredfor the successfutompletionof the newideainto anactualreality. In designing a
machine component, it is necessary to have a good knowledgmafy subjects such as Mathematics,
Engineering Mechanics, Strength of Materials, Theory of Machines, Workshop Processes and Engineer
Drawing.

Classification®f MachineDesign

Themachinedesignmaybe classifiecasfollows:

1. Adaptivedesign Inmostcasesthe R S & A IvgrSiscBnaernedwith adaptationof existingdesignsThistype
of design needs no special knowledge or skill and can be attempted by designers of ordinary technical trainin
The designer only makes minor alternation or modificaiiothe existing designs of the product.

2. Development designThis type of design needs considerable scientific training and design ability in order to
modify the existingdesigndnto anew ideaby adoptinga new materialor different method of manufactue. In

this case, though the designer starts from the existing design, but the final product may differ quite markedly
from the original product.

3. New designThis type of design needs lot research, technical ability and creative thinking. Only those
dedgners who have personal qualities of a sufficiently high order can take up the work of a new design.

Thedesignsdependinguponthe methodsused,maybe classifiedasfollows:

(a) Rational designThis type of design depends upon mathematical formulae of principle of mechanics. (b)
Empirical designThis type of design depends upon empirical formulae based on the practice and past
experience.

(c).Industrial designThis type of design depends uporetproduction aspects to manufacture any machine
component in the industry.

(d) Optimumdesign: It isthe bestdesignfor the givenobjective functionunderthe specifiedconstraints It may
be achieved by minimising the undesirable effects.

(e) Systemdesign It isthe designof anycomplexmechanicabkystemlike amotor car.

(f) Element designit is the design of any element tife mechanicabkystem like piston, crankshaft, connecting
rod, etc.

(9) Computeraideddesign Thistype of designdependsuponthe useof computersystemdo assistin the
creation, modification, analysis and optimisation of a design.
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Factorsgoverningthe designof machineelements:

Factorgo be consideredor selectionof materialfor designof machineelements
a) Availability:Material shouldbe availablesasilyin the market.
b) Cost:the materialshouldbe availableat cheapermrate.

¢) Manufacturing Consideration: the manufacturing play a vital role in selection of material and the material
should suitable for required manufacturing process.

d) Physicaproperties:like color, densityetc.
e) Mechanicaproperties:suchasstrength,ductility, Malleabilityetc.

f) Corrosiorresistanceit shouldbe corrosionresistant.

Selection of
arrangements

Selection of 3 . h selection of

Sizes _ L Shapes

Selection of
Materials
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GeneralProceduren MachineDesign

In designinga machinecomponent,there isno rigidrule. Theproblem maybe attemptedin severaways.
However, the general procedure to solve a design problem is as follows:

Need or Aim

[

Synthesis (Mechanisms)

I

I Analysis of forces |

[ Material selection I

|

Design of clements
(Size and stresses)

| Detailed drawing |

Fig.GeneraMachineDesignProcedure

1. Recognitiorof need:Firstof all, makea completestatementof the problem,indicatingthe need,aim or
purpose for which the machine is to be designed.

2. SynthesigMechanisms)Selecthe will givethe desiredmotion.

3. Analysiof forces:Findthe forcesactingon eachmemberof the machineandthe energytransmitted by
each member.

4. Materialselection:Selecthe materialbestsuitedfor eachmemberof the machine.

5. Design of elements (Size and Stresses): considering the force acting on the member and the permissibl
stresses fothe materialused.It shouldbe keptin mind that eachmember shoulchot deflector deformthan
the permissible limit.

6. Modification: Modifythe sizeof the memberto agreewith the past experience anpidgment tofacilitate
manufacture Themodificationmayalso benecessarypy consideratiorof manufacturingto reduceoverdl cost.

7. Detaileddrawing:Drawthe detaileddrawingof eachcomponentandthe assemblyof the machinewith
complete specification for the manufacturing processes suggested.

8. Production.Thecomponent, as pethe drawing,is manufacturedn the workshop.Theflow chartfor the
general procedure in machine design is shown in Fig.

EngineerindMaterials:

Theengineeringnaterialsare mainlyclassifiedas:
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1. Metalsandtheir alloys,suchasiron, steel,copper,aluminum,etc.
2. Non-metals,suchasglassyubber, plastic,etc.

The metals may be further classified as:

1. Ferrousmetals.

TheFerrousmetalsarethose whichhave theiron astheir mainconstituent,suchascast ironwroughtiron
and steel.

2. Nonferrous metals.

TheNonferrousmetalsare thosewhichhave ametalother thaniron astheir mainconstituent,suchas
copper, aluminum, brass, tin, zinc, etc.

The selectionof a proper material, for engineeringpurposes,is one of the most difficult problemsfor the
designer. The best material is one which serves the desired objective at the minimum cost.

Thefollowingfactorsshouldbe consideredwvhile selectinghe material:

1 Availabilityof the materials.
1 Suitabilityof the materialsfor the workingconditionsin service.
I Thecostof the materials.

MechanicaProperties of Metals:

Themechanicapropertiesof the metalsare thosewhichare associated withthe ability of the materialto
resist mechanical forces and load. These mechanical properties of the metal include;
Strength stiffness elasticity,plasticity,ductility, brittleness,malleability,toughnessresilience creepand
hardness.
1. Strength:lt isthe ability of a materialto resistthe externallyappliedforceswithout breakingor yielding.The
internal resistance offered by a part to an externally applied force is called stress.

2. Stiffnessit isthe ability of a materialto resistdeformationunder stress. Themodulusof elasticityis the
measure of stiffness.

3. Elasticity: listhe property of amaterialto regainits originalshapeafter deformation wherthe external
forces are removed.

4. Plasticity:lt is property of a materialwhichretainsthe deformationproducedunderloadpermanently.

5. Ductility: It is the property of a material enabling it to be drawn into wire with the application of a tensile
force. A ductile material must be both strong and plastic. The ductility is usually measured by the terms,
percentageelongatbn and percentagereductionin area. Theductile materialcommonlyusedin engineering
practice are mild steel, copper, aluminum, nickel, zinc, tin and lead.

6. Brittlenessit isthe property of a materialopposite toductility. It isthe property of breakirg of a material
with little permanent distortion. Cast iron is a brittle material.

7. Malleability: It is a special case of ductility which permits materials to be rolled or hammered into thin
sheets.Themalleablematerialscommonlyusedin engineeringpracticeare lead, soft steel,wroughtiron,
copper and aluminum.
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8. Toughnessit isthe property of amaterialto resistfracture dueto highimpactloadslike hammerblows.The
toughness of the material decreases when it is heated.

9. Resiliencelt isthe property of amaterialto absorbenergyandto resistshockandimpactloads.This
property is essential for spring materials.

10.Creep:Whena part issubjectedto aconstantstress at highemperaturefor along period of time, it will
undergo a slow and permanent deformation called creep. This property is considered in designing internal
combustion engines, boilers and turbines.

11.Fatigue:When amaterial issubjected to repeatd stresses, it failat stresses below thgield pointstresses.
Suchtype of failure of a materialis knownasfatigue. Thisproperty is consideredn designingshafts,connecting
rods, springs, gears, etc.

12.Hardnesslt isthe property of the metals;it adoptsmanydifferent properties suctasresistanceo wear,
scratching, deformation and machinability etc. The hardness of a metal may be determined by the following
tests:
a) Brinellhardnesgest.
b) Rockwelhardnesgest.
c) Vickershardnesgest.
Working Stress
Whendesigningnachineparts, itis desirableto keepthe stresslower than the maximumor ultimate stressat
which failure of the material takes place. This stress is known as the working stress.
Factorof Safety:
Itisdefined,in general,asthe ratio of the maximumstressto the workingstress.
Mathematically Factorof safety=Maximumstress/ Workingor designstress
1 Incaseof ductile materials;e.g.mild steel,wherethe yield point is clearlydefined,
the factor of safety is based upon the yield point stress.
In suchcases;
Factorof safety=Yieldpoint stress/ Workingor designstress
1 Incaseof brittle materialse.g.cast iron the yield point is not well definedasfor ductile materials.
Therefore, the factor of safety for brittle materials is based on ultimate stress.
In suchcases:
Factorof safety=Ultimate stress/ Workingor designstress

StressStrain Curvefor Mild Steel:
When a ductile material like mild steel is subjected to tensile force, it undergoes different stages before
failure. Stressstrain curveis the graphicatepresentationof this stagesDifferentmaterialmay havelifferent
curve. Usually ductile materialsllow similar pattern. so is for brittle materials. Here is the explanation
of stressstraincurvefor mild steelwhichis ductile material.

Hereisthe list of different stagesvhenductilematerialsubjectedto forcetill its failure.
Proportionallimit (point A)
Elastidimit (point B)
Yieldpoint (upperyield point Candlower yield point D)
Ultimate stresspoint (point E)
Breakingpoint (point F)

= 4 -4 -—a -

VIT Desigrof MachineElements5™ SemesterDiplomaEngineeringMechanical) 6




Strain Hardening

Reci
l =sren Ttimate Stress
Point
E
UpperYield -
FPoint
c F
Elastic ‘.‘\
N Limit Region B
ﬂ \ E"‘- Brealing
] A LowerYiaeld Point
= Point
[ »]
F..‘\ F'II'CIPCHI't iomal
Limit Region
-

(9 Strain

Fig.Stress-strain curve for mild steel

Proportional limit:

As shown in stress strain curve for mild steel, up to the point A, stress and strain follow a relationship. This i
knownasl 2 2 1 Q@@ptofthe linth of proportionality, stressdirectly followed the strain. Thismeansratio of
stress and strain remains constant

Elasticlimit:
Upto thislimit (point B),is material will regainits originalshapeis unloaded.PointBisknownaselasticpoint.
Yieldlimit:

Whenmaterialis loadedbeyondits elastidimit, it will not regainits originalshape.There willbe alwayssome
deformation.

Ultimatestress:

Thisisthe maximum stresa materialcanbear.Valueof stresscorrespondgso peakpoint on stress straircurve
for mild steel is the ultimate stress. It is denoted by point E in diagram.

Breakingstress:

Pointon the stressstraincurvewherematerialfails,is knownasbreakingpoint. Stresscorrespondo this point
is known as breaking stress.
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StressStrain Curvefor castiron:

Materialswhich showvery smallelongationbefore they fracture are calledbrittle materials.Theshapeof curve

for a high carbon steel is shown in Fig.(b) and is typical of many brittle materials such as G.I, concrete and g
strength light alloys. For most brittle materials the permanent elongation (i.e., increase in length) is less th
10%.

Fracture

Stress O

Strain &

Fig.stressstraincurvefor castiron.
Theultimate strength is coincident with the fracture point. In this case,no necking occurs.

Modes offailure:
A mechanical component may fail i.e. it may be unable to perform its function satisfactorily, as a result of an
one of the following three modes of failure:

1. Failureby elasticdeflection.
2. FailurebyYielding
3. failureby Fracture

1. Failureby elasticdeflection
1 In applications like transmission shaft supporting the gears, the maximum force acting on the shaf

without effecting it performance is limited by the permissible elastic deflection. Sometimes the elastic
deflection results in unstable conditis, such as buckling of columns or vibrations. The design of

mechanical component, in all these cases, is based on the permissible lateral or torisional deflectiof.

The stresses induced in the component are not significant and properties of the materiabtof
primaryimportance.Themoduli of elasticityandrigidity are the important propertiesand dimensionof
component are determined by the load deflection equation.

{1 Inshort,in acomponentdike : columnspbeams shaftsetc.,thetorsionaldeflection in an elasticregion
is termed as failure of the component

igh
n
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2. Failureby Yielding

l

3. Failureby fracture

l
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Forductile materialdeformationoccursafter the yield point, resultingin permanentdeformationof the
machine element which ultimately breaks at breaking point. Hence for ductile materials, failure i
usually considered to have occurred when yielding i.e. plastic deformation reach a limit, when
engineering usefulness of the part is destroyed, even ugto there is no rupture or fracture of
machine part. Thus, the yield point is criterion of failure of ductibterials subjected to static loading.

In short, when a mechanical component, made of ductile material, undergoes vyielding or plastic
deformation,its functionalutility comesto anendandit istermed asfailure of the component.Such
failure is known aslastic failure.

In caseof brittle materialsthe yield point and ultimate strainis very nearlyequalto unity. So brittle
materials are considered to have failed by fracture with little or no permanent deformation.
Suddenseparationor a breakageof a materialalongthe crosssectionnormalto the direction of stress
is known as fracture. Fracture is a sudden failwithout plastic deformation. The failure of
components made of brittle material is due to fracture.




Chapter2

DESIGNDFFASTENINELEMENTS

Fastenerslt isaMechanicalloints whichs usedto becomea fixed/ attachesto somethingor

holds something in place.

TheFasteningsnaybe classifiednto the followingtwo groups:
1. ThePermanentrasteningsirethosefasteningsvhichcannotbe disassembledavithout
destroying the connecting components. Examples: Welded joint, Rivet joint.
2. TheTemporaryor Detachabldg-asteningsrethosefasteningsvhichcanbe disassembled
without destroying the connecting components.

Examplesl.Threadloints
a. BoltedJoints
b. SrewsJoints
2.Keys
3. Coupling
4. PinsJoints
a. CottersJoints
b. KnuckleJoints
5. PipeJoints

Weldedjoint:

Weldingcanbe definedasa processof joiningmetallicpartsby heatingto a suitabletemperaturewith or

without the application of pressure.

Weldingis aneconomicabndefficientmethodfor obtaininga permanentjoint of metallic parts.

Two distinct application of welding

1. Canbe usedasasubstitutefor ariveted joint
2. Weldedstructureasanalternativemethodfor castingor forging.

Weldingadvantagesoverriveting:

Weldedjoint

Rivetjoint

Due to no additionapartsexceptmeltingof filler rods,
welded joints are lighter in weight.

Welded steel structures are lighter than the
correspondingron castingsdy 50% andsteelcastings
by 30%

Requirecoverplates,gussetplates,straps,clipangles
and large numbeof rivetswhich increases the weight

Costislesserdueto no additionalcomponentsused

Costishigherdueto usageof additionalcomponents
listed above

Alterations and additions of the design of welded
assemblieganbe easilyandeconomicallymodified

Alterations and additions of design of riveted
assembliesre not easierandeconomicallychanged

Productiontime isless

Productiontime is higher

Weldingdoesnot createstressconcentrationdueto
lack of drilling holes.

Holesaredrilledto accommodatdhe rivets. Theholes
reduces the crossectional area of the members and
resultin stressconcentration.

Strength of weld is higher. Strength of weld is more
thanthe strengthof the platesthat arejoinedtogether.

Strengthof rivetsare not highasthat of weld joints.

Machinecomponentsf certainshapessuchascircular
steel pipe can easily be constradtby welding.

Machinecomponentsf certainshapessuchascircular
steel pipe , find difficulty in riveting
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Disadvantage®f welding:

1. Thecapacityof weld structuresto dampvibrationsis poor

2. Weldingresultsin athermaldistortion of the parts,there by inducingresidualstresses.

3. Inmanycasesstressrelievingheattreatmentisrequiredto relieveresidualStresses.

4. Thequality andstrengthof the weldedjoint dependuponthe skillof the welder. It isdifficult to
control the quality when a number of welders are involved.

5. Theinspectionof the weldedjoint ismore specializednd costlycomparedwith the inspectionof
riveted or cast structures

Eccentrically Loaded Welded Joints

Figure BendingStresslueto Eccentricity

In many cases the welded joints are eccentrically loaded. Different stresses may get induced depending upon
the type of joint and loadingf the stresses are of same nature , those nhayvectorially addedbut for those
of different nature, resultant maximum tensile and shear stresses may be calculated. Depending upon the ty
of joint, eccentricitymay lead to bendingstressor torsional shearstressin the joint in addition to the direct

[}

e

shearstressinducedby appliedload.

Eccentricityeadingto BendingStress:
Considem T-joint subjectedto loadingasshownin figure.
Letsandl be the sizeandlengthof the weld andt bethe throat thickness.
Throatarea=A=2.t. |

This applied load may be considered as a load P directly acting on the joint through the CG and a bending
moment of magnitude P.e acting on the joinf' dne will lead to direct shear stress and th¥ @ill lead to a
bending stress.

DirectShearStress,

P P
A 2t
and BendingStress,
My
o, = —
< I

VIT




VIT

where y =distanceof the point onthe weld from the neutral axis
| = Moment of inertia of the weld section

Maximumtensileandshearstressmaybe calculatedas:

e = (2) {(%] + (2

Ty, i
Tomax. — (?} T (I:I'
N
Eccentricity_eadingo TorsionaShearStress:

iy foni—

Figure ShearStresdueto Eccentricity

Let us considera double parallelfillet weld subjected toan eccentricload Pactingat a distancee from the CG
of the welds as shown in Figure.

Eccentric force P may be considered as a force P acting on the CG of the joint and a torque equivalent tg
acting on the joint. The force tArough the CG leads to direct shear stress, called primary shear stress and i
assumed to be uniformly distributed over the throat area of all welds. The torque Pe causes torsional she
stress called secondary shear stress.

PrimaryShearStress,

PP
T AT 2

And,SecondanshearStress,
Mr

T, = —

i J

where r= distance othe point on the weld from the CG
J = Polar moment of inertia of the weld section

Pe

ar




r iscalculatedrom the geometryfor the farthestpoint of the weld from the CG.

Q.1. A rectangular steel plate is welded as a cantilever to a vertical column and
supports a single concentrated load of 60 kN as shown in figure below.
Determine the weld size if the allowable shear stress in the weld material is 140

MPa. F

—F
100
i
p—15 —*
n 200

Ans. The weld is subjected to two shear stresses
(1) Direct shear of magnitude 60,000/Area of the weld. The area of the
throat section is easily found out to be 200 { where t=0.707 h. Thus
direct shear stress is 424/h MPa.

(2) The indirect shear stress as a point r distance away from the

centroid of the throat section has magnitude
FLr
o =

J
where J is the polar moment of area of the throat section and L is the

eccentricity of the load. From the geometry of the throat section it may
be calculated that the distance of centroid from left end =
Il
r=
21+b
is

=12.5 mm (see figure below) and the polar moment about G

~ h[(b+21)3 ECEY

Je= = 272530 hmm?®.
J21 12 b2l
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r

X

r MPa. The

o>
Thus the indirect shear stress has magnitude 4128
1

maximum resultant shear stress depends on both the magnitude and
direction of the indirect shear stress. It should be clear that the maximum
shear stress appears at the extreme corner of the weld section which is at a

distance 1f(g)2 +( —x)? = 62.5 mm away from the centroid. Noticing that the

l—x

included angle between the two shear forces as cos '( ]:53.!3", the

r

"max
maximum value of the resultant shear stress is found out to be

: 2854.62 < <
e =,7Mpa. Since this value should not exceed 140 MPa the
1

minimum weld size must be A= 20.39 mm.

A rectangulacrosssectionbar isweldedto a supportby meanof fillet welds asshown in
figure.Determine the size of the welds, if the permissible shear stress in the weld is limited to

75 MPa.
25 kN |
——————i500 \_i 'I
- e e — S -150- — —
- —_— - — — — —e . i
‘
All dimensions in mm
Fig. 10.26
Solution. Given : P = 25 kN = 25 % IOJN; Toge = 75 MPa = 75N/n]n13; [ = 100 mm
p=150 mm : e = 500 mm '

Let s = Size of the weld, and

t = Throat thickness.
The joint, as shown in Fig. 10.26, is subjected to direct shear stress and the bending stress. We
know that the throat area for a rectangular fillet weld,
A =1 (2b+2)=0.707 s 2b + 2])

= 0.707s (2 x 150 + 2 x 100) = 353.5 s mm? o 1=0.7075)
) P_25x10° 7072 .,
. Direct shear stress, T = A —353‘5 R s

We know that bending moment,
M =Pxe=25x103x500=12.5 x 10° N-mm
From Table 10.7. we find that for a rectangular section, section modulus,
(150)*
3

VA ]:lS 907.5 s mm’

t (b.l + %]:0.707 s[lSOx 100 +

6
_ M 125x10 _ 785.8 N/mm?2

. Bending stress. G, = 2 = 1590755 %

We know that maximum shear stress (T, ).

o aa oL [[1858 ; 7072 ¥ 399.2
\(Gh)-+4r= \ + 4 =

2 s s K

5=

19| =

s =399.2/75=5.32 mm Ans.
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Rivetedjoint:
The rivets are used to make permanent fastening betwdentwo or more plates such as in structural work,

ship building, bridges, tanks and boiler shells. The riveted joints are widely used for joining light metals. A riviet
is a short cylindricalbar with a headintegralto it. Thecylindricalportion of the rivet is calledshankor body and

lower portion of shank is known as tail. e
/// ’ \T—Hcad
Methods of Riveting [ Skiiik
or
The function of rivets in a joint is to make a connection that has strength and tic ! Bty Jth is
necessaryo preventfailure of the joint. Thetightnessis necessaryn order to contributet | W,

prevent leakage as in a boiler or in a ship hull (The frame or body of ship). \ | ja—Tail

When two plates are to be fastened together by a rivet as shows below, the holes i ui¢ piawes are punched
andreamedor drilled. Punchings thecheapest methoandis usedfor relativelythin platesandin structural

work. Since punching injures the material around the hole, therefore drilling is used in most pressset

work.

N \

I — Original head
%4— Backing up bar
|

(a) Initial position. (b) Final position.
Material of Rivets:

The material of the rivets must be tough and ductile. They are usually made of steel (low carbon steel or
nickel steel), brass, aluminum or copper, but when strength and a fluid tight joint is the main
consideration, then the steel rivets are uséthe rivets for general purposes shall be manufactured from
steel conforming to the following Indian Standards:

1. 1S:1148;1982(Reaffirmedl992)¢ Specificatiorfor hot rolledrivet bars(upto 40mm
diameter) for structural purposes; or

2. 1S:1149¢1982(Redfirmed 1992)¢ Specificatiorfor hightensilesteelrivet barsfor structural
purposes.

3. Therivetsfor boilerwork shallbe manufacturedirom materialconformingto 1S:1990¢ 1973
(Reaffirmed 19929 Specification for steel rivets and stay barsboilers.
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Manufactureof Rivets
Therivetsmaybe madeeither bycoldheadingor by hot forging.

1 Ifrivetsaremade bythe coldheadingprocessthey heattreated sothat the stressesetupin the
cold heading process are eliminated.
1 Iftheyaremadeby hot forgingprocesscareshallbe takento seethat the finishedrivetscool
gradually.
Note:whenthe diameterof rivet is 12mm or lessgenerallycoldrivetingis adopted.
Typesof Rivets:
1. ButtonHead
2. CountersunkHead

3. OvalcounterHead
4. PanHead
5. ConicaHead
Typesof RivetedJoints
1. Accordingo purpose
2. Accordingo positionof platesconnected
3. Accordingo arrangemenbf rivets

1. Accordingo purpose

a) StrongJoints: IntheseJointsstrengthisthe onlycriterion.
Eg:Beams;TrusseandMachineJoints.
b) Tight joints: Thesgoints providestrengthaswell asare leakproof

against low pressure.
Eg:ReservoirContainersaandtanks.

C) StrongTightJoints: Thesearethe joints appliedin boilersandpressure
vesselaindensureboth strengthandleakproofness.

2. Accordingo position of plates:

1 Lap JointA lap joint is that in which one plateverlaps the other and the two plates are then
riveted together.

9 Butt Joint: A butt joint is that in which the main plates are touching each other and a cover
plate (i.e. Strap) is placed either on one side or on both sides of the main plates. The cover
plate isthen riveted together with the main plates. Butt joints are of thddwling two types:

a. In a single strap butt joint, the edges of the main plates butt against each other and

only one cover plate is placed on one side of the main plates and thexted
together.

b. In a double strap butt joint, the edges of the main platesttagainst each other and
two cover plates are placed on both sides of the main plates and tliested

together.
3. Accordingto arrangementof rivets:

a. Asingleriveted joint isthat in which there is a single row of rivets in a lap joint
as shown in Fig. and there is a single row of rivetgach side in a butt joint.

b. Adoubleriveted joint is thatin whichthere aretwo rowsof rivetsin alap joint
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asshownin Fig.andthere aretwo rowsof rivetson eachsidein abutt joint.

(a) Single riveted lap joint. (b) Double riveted lap joint (¢) Double riveted lap
(Chain riveting). joint (Zig-zag riveting).

Important terms of Rivetedjoints:

1. Pitch(p): TheDistancebetweentwo adjacentrivet holesin arow.

2. Backpitch (R,): TheDistancebetweentwo adjacentrowsof rivets.

3. Diagonal pitch(B): The smallest distance between centers of two rivet holes in adjacent rovasf
ZIGZag riveted joints.

4. Margin(m): It isthe distancebetweencenterof arivet holeandnearestedgeof the plate.

Modesof Failures of a Riveted Joint

1. Tearing of the plate at the section
weakenedby holes Dueto the tensile

S

stresses in the main plates, the main R/ }'

P =
plate or cover plates may Fear.off across - p-d p i =
a row of rivets as shown in Fig. In such A J
caseswe consideronly one pitchlength }_ ’

of the plate, since every rivet is
responsible for that much length of the {
plate only.
Theresistanceoffered by the plate against tearings knownastearingresistanceor tearingstrengthor tearing
value of the plate.

Iz
T

S A

[
[
|
[
[
|
|
[
[
|
I

Let, p =Pitchof the rivets,
d =Diameterof the rivet hole,
t =Thicknes®f the plate, and
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"t =Permissibléensilestressfor the plate material.
Weknowthat tearingareaper pitch length,

A=(pcadt
Tearingesistanceor pull requiredto tear off the plate pe~ ~#~* '~=~h |
P=A "t=(pgd)t. "¢
Whenthe tearingresistancgR) is greaterthanthe appli P

will not occur. |
2. Shearingof the rivets:
The plates whiclare connectedby the rivetsexert
tensile stress on the rivets, and if the rivets
unable to resist the stress, they are sheared o
shown in Fig.
It may be noted that the rivets are in single sh
in a lap joint and in a single cover butt joint,
shown in Fig. J\

But the rives are in double shear in a double p
butt joint as shown in Fig. The resistance offer:
rivet to be sheared off is known ashea

I
+

(a) Shearing off a rivet in a lap joint.

resistance or shearing strength or shearing v \ /
therivet.

\/

(b) Sheanng offarivetina smgle cover butt joint.

(1 /\

U - T
\ ! MA\

/W
BV AR

U= Safe permissible shear stress for the rivet material,n
= Number of rivets per pitch length.

HINE-

/

/

Weknowthat shearingarea,
As=06 ~ k<d?0 ...(Insingleshear)
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=2x6 "~ wxd?0 ...(Theoreticallyjn doubleshear)

Shearingesistancaequiredto shearoff the rivet per pitch length,

Ps=nx¢ -~ wxmf&_  ...(Insingleshear)
=nx2x0 - k<d?&_ ...(Theoreticallyin doubleshear)
Whenthe shearingresistancgP,) is greaterthan the appliedload (P)per pitch length, then this type of
failure will occur.

3. Crushing of the plate or rivetsSometimes, the rivets do not actually shear off under the tensile
stress, but are crushed as shown in Fig. Due to this, the rivet hole becomes of an oval shape and
hence the jont becomes loose. The failure of rivets in such a manner is also known as bearing
failure. The area which resists this action is the projected area of the hole or rivet on diametral
plane.

2
-
®
-
I~

WS T R
—~

Theresistanceoffered by arivet to be crushedis knownascrushingresistanceor crushingstrengthor
bearing value of the rivet.

Let d =Diameteroftherivet hole,

t = Thickness of the plate,
" = Safe permissible crushing stress for the rivet or plate material,
and n = Number of rivets per pitch length under crushing.

Weknowthat crushingareaperrivet (i.e. projectedareaper rivet),
Ac=d.t

CTotalcrushingarea=n.d.t

andcrushingresistanceor pull requiredto crushthe rivet per pitch length,
P.=n.d.t. ¢

Whenthe crushingresistancegF,) is greaterthan the appliedload (P)per pitch length, then this type
of failure will occur.
Note: Thenumberof rivetsundershearshallbe equalto the numberof rivetsunder crushing
LV ¢ AR6réhéla Asa CommonPracticefor plate thicknesggreaterthan 8 mm, the diameterof rivet holeis
determined by: d =63 t (t = thickness of plate)

Strengthof a RivetedJoint;
Thestrengthof ajoint maybe definedasthe maximumforce,whichit cantransmit,without causingt to fail.

We have seen that:PR and R are the pulls required to tear off the plate, shearing dfie rivet and
crushing off the rivet. A little consideration will show that if we go on increasing the pull on a riveted joint, i
will fail when the least othese three pulls is reachetecause a higharalueof the other pulls will nevereach
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sincethe joint hasfailed, either by tearingoff the plate, shearingoff the rivet or crushingoff the rivet.
If the joint is continuous as in case of boilers, the strength is calculated per pitch length.But if the joint is sma|
the strength is calculated for the whole length of the plate.

Efficiencyof a RivetedJoint;

Theefficiencyof arivetedjoint is definedasthe ratio of the strengthof rivetedjoint to the strengthof the un-

riveted or solid plate. We have already discussed that strength of the riveted joint
=Leastof P, Psand P

Strengthof the un-riveted or solidplate per pitch length,
P=p.t.s:

\ Efficiencyof the rivetedjoint,

Least of P¢, P and P

= pXxXtxao,

Where,” { = Permissibla@ensilestressof the
plate material
p=Pitchof the rivets,
t =Thicknes®fthe plate

Q.1: A double riveted lap joint is made between 15 mm thick plates. The rivet diameter and pitch are 25 mm
and 75 mm respectively. If the ultimate stresses are 400 MPa in tension, 320 MPa in shear and 640 MPa
crushing, find theminimum forceper pitch whichwill rupture thejoint. If the above joint isubjected to doad
such that the factor of safety is 4, find out the actual stresses developed in the plates andetse

n



Solution. Given : £=15mm :d=25mm : p=75mm : 6, =400 MPa =400 N/mm? T, =320
MPa =320 N'mm’: ¢ = 640 MPa = 640 N/mm?

Minimum force per pitch which will rupture the joint
Since the ultimate stresses are given. therefore we shall find the ultimate values of the resistances
of the joint. We know that ultimate tearing resistance of the plate per pitch,
P, =(p—d)tx o, =(75-25)15 x 400 =300 000 N
Ultimate shearing resistance of the rivets per pitch.

T .
P =n> ki d*x1, =2

and ultimate crushing resistance of the rivets per pitch.
P _=nxdxtxc_=2x25x15x640=480000N

Ccu au

i
7 (2572320=314200N ..(= n=2)

From above we see that the minimum force per pitch which will rupture the joint is 300 000 N
or 300 kN. Ans.

Actual stresses produced in the plates and rivets
Since the factor of safety is 4. therefore safe load per pitch length of the joint
= 300 000/4 =75 000 N

Let 6,,. T, and 6_, be the actual tearing. shearing and crushing stresses produced with a safe
load of 75 000 N in tearing, shearing and crushing.
We know that actual tearing resistance of the plates (P, ).
75000 = (p—d)t x 6, =(75-25)15 x5, =750 G,,
c,, = 75000 / 750 = 100 N/'mm? = 100 MPa Ans.
Actual shearing resistance of the rivets (P_ ).

T ) A e
75000 =nx o x d? x1,=2x o (25)1,=9821,

a
T, = 75000 /982 =764 N/mm? = 76.4 MPa Ans.
and actual crushing resistance of the rivets (P, ).

= 4 x > =-)'!:j x > =7
75000 =nxdxtxc,=2x25x15%x0,=7500,,

6. = 75000/ 750 =100 N/'mm?=100 MPa Ans.

ca

Q.2 Findthe efficiencyof the followingrivetedjoints:

1. Singleriveted lap joint of 6 mm plateswith 20 mm diameterrivets havinga pitch of

50 mm. 2. Double riveted lap joint of 6 mm plates with 20 mm diameter rivets having a
pitch of 65 mm. AssumePermissibletensile stressin plate = 120 MPa Permissible
shearing stress in rivets = 90 MPa Permissible crushing stress in rivetdPa30

VIT Desigrof MachineElements5™ SemesterDiplomaEngineeringMechanical)

21




Solution. Given: t=6mm:d =20 mm : 6,= 120 MPa= 120 N/'mm*: T=90 MPa =90 N/mm*;
c,.= 180 MPa =180 N/mm?
1. Efficienicy of the first joint
Pitch. p = 50mm ..{Given)
First of all, let us find the tearing resistance of the plate. shearing and crushing resistances of the
rivets.
(1) Tearing resistance of the plate
We know that the tearing resistance of the plate per pitch length,
P, =(p-d)txc,=(50-20)6x120=21 600N
(if) Shearing resistance of the rivet
Since the joint is a single riveted lap joint. therefore the strength of one rivet in single shear 1s
taken. We know that shearing resistance of one rivet,
P = % xd?xt= 2— (20290=28278 N
(iif) Crushing resistance of the rivet
Since the joint is a single riveted. therefore strength of one rivet is taken. We know that crushing
resistance of one rivet,
P, =dxtxc,=20x6x180=21600N
. Strength of the joint
= Least of P, P_and P, =21 600 N
We know that strength of the unriveted or solid plate.
P=pxtxc,=50x6x120=36000N
.. Efficiency of the joint,
_ Leastof B.P, and P, 21600
W= P ~ 36000
2. Efficiency of the second joint

=0.60 or 60% Ans.

Pitch. p = 65mm ..(Given)
(7) Tearing resistance of the plate,
We know that the tearing resistance of the plate per pitch length,
P,=(p — d) txc,=(65-20)6x120=32400N
(i) Shearing resistance of the rivets

Since the joint is double riveted lap joint. therefore strength of two rivets in single shear is
taken. We know that shearing resistance of the rivets,

T 5 b
P_=nx 7 xd?2xg=2x , (202 90=56 556 N

5
(iif) Crushing resistance of the rivet
Since the joint is double riveted. therefore strength of two rivets is taken. We know that crushing
resistance of rivets.
P.=nxdxtxc,=2x20x6x180=43200 N
. Strength of the joimnt
= Leastof P, P_and P_=32 400N
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We know that the strength of the unriveted or solid plate.
P=pxtxc,=65x6x120=46800N

.. Efficiency of the joint.
Least of B, P, and F, 32 400
46 800

= =0.692 or 69.2% Ans.

B,

P
Q.3 Design a double riveted lap joint for MS Plates having a thickness 9.5 mm. Calculate the efficiency of
GKS 22Ay0id ¢KS LISNXbAaADIE B FO1INBBESE | NBY

Designof boiler joints accordingto IBR

Theboiler hasalongitudind joint aswell ascircumferentialjoint. Thelongitudinaljoint is usedto join the

ends of the plate to get the required diameter of a boiler. For this purpose, a butt joint with two cover
plates isused.Thecircumferentialjoint is usedto gettherequiredlength of the boiler. Forthis purpose,a

lap joint with one ring overlapping the other alternately is used.

Since a boiler is made up of number of rings, therefore the longitudinal joints are staggered for
convenience of connecting rings aapés where both longitudinal and circumferential joints occur.

Designof LonaqitudinalButt Jointfor a Boiler
According to Indian Boiler Regulations (1.B.R), the following procedure should be adopted

for the design of longitudinal butt joint for a boiler.

1. Thicknes®f boiler shell.

First of all, the thicknessof the boiler shell is determined by usingthe thin cylindrical
formula,i.e.

PD .
t=——"_—+% 1 mm as corrosion allowance
20, XM,

Wheret = Thicknes®f the boilershell,

P = Steam pressure in boiler,

D =Internaldiameterof boiler

"t =Permissibleensilestress,and

' | = Efficiencyof the longitudinaljoint.
Thefollowingpointsmaybe noted:
(a) Thethicknessof the boiler shellshouldnot be lessthan 7 mm.

(b) Theefficiencyof the joint maybetakenfrom the followingtable.
IndianBoilerRegulationgl.B.R. pllowsa maximumefficiencyof 85%for the bestjoint.

(c) Accordingo I.B.R.the factor of safetyshouldnot be lessthan 4.
2. Diameterof rivets.
After finding out thethickness of the boiler shell)( the diameterof the rivet hole (d) may be
determined by using Unwin's empirical formula,
i,e.d=6at , (whent is greaterthan 8 mm)

But if the thickness of plate is less than 8 mm, then the diameter of the rivet hole may be
calculated by equating the shearing resistance of the rivets to amgsiesistance. In no case, the
diameter of rivet hole should not be less than the thickness of the plate, because there will be
danger of punch crushing.
3. Pitchof rivets.
The pitch of the rivets is obtained by equating the tearing resistance of the fgatee shearing
resistance of the rivets. It may noted that;
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(a) The pitch of the rivets shouldnot be lessthan 2d, which is necessaryfor the formation of
head.

(b) Themaximumvalueof the pitch of rivetsfor alongitudinaljoint of aboilerasper|.B.Ris
Pmax=Cxt +41.28mm
where,t = Thicknes®f the shellplate in mm,
C = Constant.
1 The value of the constant C may be taken from DDB. If the pitch of rivets as obtained by
equating the tearing resistance to the shearing resistance is more thantben the value of
Pmax is taken.
4. Distancebetweenthe rows of rivets.
Thedistancebetweenthe rows of rivets as specifiedby Indian Boiler Regulationds asfollows:
(a) For equal number of rivets in more than one row for lap joint or butt joint, the distance
between the rows of rivets (yWpshould not be less than
0.33p +0.67d X X T Agiigriveting,and
2d X X @ Ehaihkiveting.

(b) Forjoints in whichthe numberof rivetsin outer rowsis half the numberof rivetsin innerrows
and if the inner rows are chain riveted, the distance between the outer rows and the next rows
shouldnot be less tha®.33 p +0.670or 2d, whichever is greater.
Thedistancebetweenthe rowsin whichthere arefull numberof rivetsshallnot be lessthan 2d.
(c) Forjointsin whichthe numberof rivetsin outer rows ishalf the numberof rivets ininnerrows
and if the inner rows are zigg riveted, the distance between the outer rows and the next rows
shallnot be lessthan 0.2 p + 1.15d. Thedistancebetweenthe rowsin whichthere are full number
of rivets (zigzag) shall not be less th&165 p + 0.67d
Note: Inthe abovediscussionp isthe pitch of the rivetsin the outer rows.
5. Thicknes®f butt strap.
Accordingo 1.B.R.the thicknessegor butt strap(ti) are asgivenbelow:

(a) Thethicknessof butt strap,in no case shallbelessthan 10 mm.
(b) t:=1.125t, for ordinary(chainriveting)singlebutt strap.

_(p-d)

= 1.123 r|.,~p ~2d .1
Forsinglebutt straps,everyalternaterivet in outer rows beingomitted.

t1=0.625t, for doublebutt-strapsof equalwidth havingordinaryriveting (chainriveting).

_ p-—d
= 06251 | 0 __.”

For double butt straps of equal width having every alternate rivet in the outer rows being
omitted.

(c) Forunequalwidth of butt straps,the thicknesse®f butt strapare
t1=0.75t, for wide strapon the inside,and

t1=0.625t, for narrow strapon the outside.

6. Marqin.
Themargin(m) is takenas1.5d.
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Q.1:Innerdiameterof a boileris 1500mm andthe steam pressurés 2 N/mn¥. Usea proper joint alongthe
length and design it completely. Use following permissible values of stress.

Tensiorns: =90MPa,Shear_ =75MPa, Crushings .= 150MPa

Q.2: A cylindrical pressure vessel with a 1.5 m inside diameter is subjected to internal steam pressure of 1.
MPa. It is made from steel plate by triplizeted double strap longitudinal butt joint with equal straps. The
pitch of the rivets in the outer row isvice of the pitch of the rivets in the inner rows. The rivets are arranged
in a zig zag pattern. The efficiency of the riveted joint should be atleast 80 %. The permissible stresses for t
plate andrivetsin tension,shearand compressiorare 80, 60 and 120 MPa,respectively Assumehat the rivet

in double shear is 1.875 times stronger than in single shear. Design the joint and calculate
1. thicknessf the plate,
2. diameterof the rivets,
3. Pitchof the rivets,
4. distancebetweenthe rowsof rivets,
5. margin
6. thicknesf the strapsand
7. Efficiencyof the joint.
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Chapter3

DESIGNDFSHAFTSNDKEYS

Shafts:

A shaft is a rotating machine element which is used to transmit power from one place to another. Thg
poweris deliveredto the shaftby sometangentialforce andthe resultanttorque (or twisting moment) set

up within the shaft permits the power to be transferred to various machines linked up to the shaft. In
order to transferthe power from one shaftto another, the various membersuchas pulleys,gearsetc.,

are mounted on it. These members along wthie forces exerted upon them causes the shaft tobending.

In other words,we may saythat a shaftis usedfor the transmissiorof torque andbendingmoment. The
variousmembersare mountedon the shaftby means okeysor splines.Theshaftsare usuallycylindrical,

but maybe squareor crossshapedn section.Theyare solidin crosssectionbut sometimeshollow shafts

are also used. Aaxle, though similar in shape to the shaft, is a stationary machine element and is used
for the transmission of bending moment only. It simply acts as a support for some rotating body such ag
hoisting drum, a car wheel or a rope sheavespindleis a short shafthat imparts motion either to a
cutting tool g.g. drill press spindles) o a work piece€.g. lathe spindles).

Typesof Shafts

Thefollowingtwo typesof shaftsareimportant from the subjectpoint of view:

Transmission shaftsThese shaftdransmit power between the source and the machines absorbing
power. The counter shafts, line shafts, over head shafts and all factory shafts are transmission shafts.
Sincetheseshaftscarrymachineparts suchas pulleysgearsetc.,therefore they are subjectedto bending
in addition totwisting.

Machine shafts These shafts form an integral part of the machine itself. The crank shaft is an example o
machine shatft.

Stressesn Shafts

Thefollowingstressesareinducedin the shafts:

Shearstresseslueto the transmissiorof torque (i.e.dueto torsionalload).

Bendingstresses(tensile or compressiveldue to the forces acting upon machineelementslike gears,
pulleys etc. as well as due to the weight of the shatft itself.

Stresseslueto combined torsionadindbendingloads.

Design of Shafts

Theshaftsmaybe designedon the basisof

1. Strength,and
2. Rigidityandstiffness.
Indesigningshaftson the basisof strength,the followingcasesnaybe considered:

(a) Shaftssubjectedto twistingmomentor torqueonly,
(b) Shaftssubjectedto bendingmomentonly,




(c) Shaftssubjectedto combinedtwisting and bendingmoments,and
(d) Shaftssubjectedto axialloadsin additionto combinedtorsionaland bendingloads.
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Shafts Subjectedto Twisting Moment Only
Solid shaft:

When the shaft 15 subjected to a twisting moment (or torque) only, then the diameter of the

shaft may be obtained by using the torsion equation. We know that

Where T'= Twisting moment (or torque) acting upon the shaft,
J = Polar moment of inertia of the shaft about the axis of rotation,
1 = Torsional shear stress, and
r = Distance from neutral axis to the outer most fibre
=d [/ 2: where d 15 the diameter of the shaft.

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

J=Za

32

wd’
Then we get, T= 1:6 T

From this equation, diameter of the solid shaft (d) may be obtained.

Hollow shatft:
We also know that for hollow shaft, polar moment of inertia,

J =3’—T2[m,,1* ~(d)"]

Where 4, and d; = Outside and inside diameter of the shaft, and r=d,/ 2.
Substituting these values in equation (), we have
r
I 4 4
5 L)' = @)* ]

n |r(‘i:-:|4 - (dr}4:|

T
=7 o = —XT
d, 16 a
Y

Let & = Ratio of nside diameter and outside diameter of the shafi =4/ d,

Now the equation (#ff) may be written as
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4

| ] - xtd,) 1 -k

d, | 16

From the equations, the outside and inside diameter of a hollow shaft may be determined.

It may be noted that

1. The hollow shafts are usually used in manne work. These shafis are stronger per kg of
matenal and they may be forged on a mandrel, thus making the material more homogencous
than would be possible for a sohd shaft. When a hollow shaft 1s 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 both the shafis,

n .3
=—xXTxXd

WA 1
;o n - ld,) - (d;)
16

16 d,
(d)* —d)*

p =d? or (d)°(1-k9)=d’

2, The twisting moment () may be obtained by using the following relation:

We know that the power transmitted (in watts) by the shaft,

2nNxT F X060
= "0 T T= 0w
Where T= Twisting moment in N-m, and
N = Speed of the shaft in r.p.m.
3. In case of belt drives, the twisting moment (T) 15 given by
I'=(T,-T7)R
Where T and T3 = Tensions in the tight side and slack side of the belt respectively, and R =
Radius of the pulley.

ShaftsSubjectedto BendingMoment Only
a).SolidShaft:
When the shaft is subjectedto a bending moment only, then the maximum stress (tensile or
compressive) is given by the bending equation. We know that
WhereM =Bendingmoment,
M Gy,

I v
| =Moment of inertia of crosssectionalareaof the shaftaboutthe axisof rotation,
" = Bending stress, and

y =Distancdrom neutral axisto the outer-mostfibre.
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Weknowthat for around solidshaft,momentof inertia,

T d

I— —=xd* and y——

64 2

Substitutinghesevaluesin equation

M Op .
— =4 or M= Exabxdj

! 4 L 37

— nf — s

64 2

Fromthis equation,diameterof the solidshaft(d) maybe obtained.
b) Hollow Shaft:

Wealsoknowthat for a hollow shaft, nomentofinertia,
m -4 4 m .4 4. L
I=—|id — (d, =—1d. " 1-k —Awhere k=d./ d
54[@,} @)*] o o)t A=k ( /d)

Andy=dd 2
Againsubstitutingthesevaluesin equation,we have
M
s 4 4
—(d 1-k
a1 o) ( )

o 1T 3 ;
_ a’_z o M= :T; x oy (d,) (1 —k)
2

Fromthis equation,the outsidediameterof the shaft(d,) maybe obtained.

ShaftsSubjectedo CombinedTwistingMoment and BendingMoment
When the shaft is subjected to combined twisting moment and bending moment, then the shaft must be
designed on the basis dhe two moments simultaneously. Various theories have been suggested to
account for the elastic failure of the materials when they are subjected to various types of combined
stresses. The following two theories are important from the subject point of :view
1. Maximumshear stressheory orGuest'sheory: It is usedor ductile materialssuchas mildsteel.
2. Maximum normal stresstheory or w Iy 1 AXhgosyQ b is usedfor brittle materialssuchas
cast iron
Let_ =Shearstressinduceddueto twistingmoment,and
" =Bendingstress(tensileor compressiveinduceddueto bendingmoment.

a)_SolidShaft:
Accordingo maximumshearstresstheory, the maximumshearstressin the shaft,

«,|'{csb)2 - 42

L

Pod | bt

max

Substitutingthe valuesof " pand _

TJ‘J!(]'_T - %Jf SE‘M \II_ - 4 151- \II_ = i[m:‘

3 | 3 | 3
nd’ | | md” | nd

max Xd> = \JM? + T
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b
T,=JM?>+T? = EXTXdS
Theexpressiore

isknownasequivalenttwisting momentandis denoted by Te.

The equivalent twisting moment may be defined as that twisting moment, which when acting
Ff2ySs LINPRddzOS&a GKS &lYS akKSFEN adiNBaa o_0
YIEAYdzY &KShkONI SjiddBta ati20 GKS | ff 26!l oteridl, theK S NJ

equation(i) may be written as

(3 s 3
Tﬁ': ‘M_+TE =E><Txd

Fromthis expressiondiameterof the shaft(d) maybe evaluated.

Nowaccordingo maximumnormalstresstheory, the maximumnormalstressin the shaft,

1 lJﬁ
Gb(max) - E Ob E (Gb) +41
W w3
1 32M 1 I2M Y 16T Y
x4 + 4 —
2 nd’ 2 nd ] nd>

32 [1 ;
—3[5 (M +M? + T }}

nd
or %Xﬂb@m] th3 = %[;W'f'\”'ﬂﬂrj +T-l:|
the .

Theaboveexpressionsknownasequivalentbendingmoment (Me ).

M, = %[MJ—JME + 77 ] =3—H2><cb xd>

7 = M+ T =%m CARES 2
1 2 T 3 -
M, = %{_’I{ +Jart s r-) ~ 33 % ) a-ih

b) Hollow shaft:

It is suggestedthat diameterof the shaftmaybe obtained byusingboth the theories andhe largerof
the two values is adopted.

VIT Desigrof MachineElements5™ SemesterDiplomaEngineeringMechanical) 31

I a

>

a




A shatft is supportetly two bearings placed 1 m apart. A 600 mm diameter pulleyoisnted at a
distance of 300 mm to the right of left hand bearing and this drives a pulley directly below it with the
help ofbelt havingmaximum tensiorof 2.25kN. Anotherpulley400mm diameteris placed200mm to
the left of right hand bearing and is driven with the help of electric motor and belt, which is placed
horizontally to the

right. Theangleof contactfor both the pulleysis 180°and> = 0.24.Determinethe suitable diamegr for a solid
shaft, allowing working stress of 63 MPa in tension and 42 MPa in shear for the material of shaft. Assume
that the torque on one pulleyis equalto that onthe other pulley.

Solution. Given : 4B = 800 mum ; o = 20° ; D = 600 mm or R~ =300 mm ; AC =200 mm ;
Dp =700 mm or Rp =350 mm ; DB =250mm ; 6 =180°=mrad ; W=2000 N; 7; =3000 N ;
T,/T, =3 ;T =40 MPa = 40 N/mm’

The space diagram of the shaft 1s shown in Fig (a).

We know that the torque acting on the shaft at D,

T=(I1_T1)RD“ n(l_;)RD
L
B 3000(1 = %]350 =700 x 10° N-mm (e TVT,=3)

The torque diagram 1s shown in Fig. (b).
Assuming that the torque at D 1s equal to the torque at C, there fore the tangential force acting on

the gear C,
. 700x10° o
" R 300 °
and the normal load acting on the tooth of gear C,
F, 2333 2333
W, = = = =2483 N

e COS Ol ~ c0s20°  0.9397
The normal load acts at 20° to the vertical as shown in Fig.
Resolving the normal load vertically and horizontally, we get

Vertical component of W i.e. the vertical load acting on the shaft
at C,

Wy = Wi cos 20°
= 2483 x 09397 =2333 N
and horizontal component of W i.e. the horizontal load acting on
the shaft at C,

Wey = W sin 20°
= 2483 x0342=849 N
Since 7,/ T,=3 and 7, = 3000 N, therefore
T, =T7T,/3=3000/3=1000N
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Gear D Pulley “—__ ,1.’
z *—" Wen
‘ | \ 1 111
O A - S W0 s
"'1 .
[ 800 - W

All dimensions in mm.
(a) Space diagram.

(b) Torque diagram.

A C D B
2333 N 2000 N |
I

! 5

|
|
700 % 10° N-mm |
|
|

) t—

A D T (¢) Vertical load diagram.
Rav  gaonN 4000 N Ryv
|
| |

D TB (d) Horizontal load diagram.
|

489.5 < 10

>
B Ol

l i
|75 10° < |
Al . = B (e) Vertical B.M. diagram.
l C ]l) [
| | N
li é%ﬁoo 194 l
A ! C D 1 B (f) Horizontal B.M. diagram.
|_dosss2 P4 |
Al = D B (g) Resultant B.M. diagarm.

.. lTorizontal load acting on the shaft at D,

Wiz = T; + T, = 3000 + 1000 = 4000 N

and vertical load acting on the shaft at D,
Woey = W=2000N

VIT Desigrof [The vertical and horizontal load diagram at C and D is shown in Fig. 14.6 (¢) and (d)
respectively.
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Now let us find the maximum bending moment for vertical and horizontal loading.

First of all consadering the vertical loading at C and D. Let R i; and Ryy, be the reactions at the
bearings 4 and B respectively. We know that

. W sin 20°
R+ Ryy = 2333 +2000=4333N C
Taking moments about 4, we get -
Ry x 800 = 2000 (800 —250) + 2333 x 200 e
—
=1 566 600
. Rgy = 1566 600/800=1958 N \
and Ry, =4333 -1958=2375N We
We know that B M. at 4 and B, W cos 20°
Fig. 14.7

BM at C, My = Ry, = 200 = 2375 x 200
= 475 x 103 N-mm

BM.atD, ;% 250 = 1958 x 250 =489.5 x 10> N-mm
The bending moment &agram or vertical loading 1s shown m Fig. 14.6 (e).

Now consider the horizontal loading at C and D.Let R, and Ry, be the reactions at the bearings
A and B respectively. We know that

Ryp+ Ry = 849 +4000 = 4849 N
Taking moments about 4, we get
Ry, % 800 = 4000 (800 —250) + 849 x 200 = 2 369 800
Rpy; = 2369 800 / 800 =2963 N
and Ry = 4849 —2963 =1886 N
We know that B M. at 4 and B,
My = Mg =0
BM. atC, My = Rpp > 200 = 1886 x 200 =377 200 N-mm
BM. atD, My = Ry % 250 =2963 x 250 = 740 750 N-mun
The bending moment diagram for horizontal loading is shown in Fig. 14.6 (f).
We know that resultant B M. at C,

Mg = JMcy)? + M) = (475 x10°)? + (377200)
= 606 552 N-mm

and resultant B M. af D, 3 5 ) 3
My = ()’ + M)’ =J(489.5x10%)? + (740 750)
= 887 874 N-mm

Maximum bending moment

The resultant B .M. diagram 15 shown in Fig. 14.6 (g). We see that the bending moment 15
maximum at D, therefore

Maximum B.M_, M = M, =887 874 N-mm Ans.
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Diameter of the shaft
Let d = Diameter of the shaft.
We know that the equivalent twisting moment,

T, = yM? + T2 = [(887 874 + (700 x 10°)> =1131 x 10* N-mm
We also know that equivalent twisting moment (7)),
1131 x 103 = Zyaxd® =L x40xd® =786 d3
16
d3

1131 x 10°/7.86=144 x 10° or  d=1524 say 55 mm Ans.

A steel solid shaft transmitting 15 kW at 200 r.p.m. is supported on two bearings 750 mm
apart andhastwo gearskeyedto it. Thepinion having30 teethof 5 mm module idocated 100
mm to the left of the right hand bearing and delivers power horizontally to the right. The gear
having 100 teeth of 5 mm module is located 150 mm to the right of the left hand bearing and
receives powein a vertical directionfrom below.Usingan allowablestressof 54 MPain shear,
determine the diameter of the shaft.

Solution. Given : P = 15 kW = 15 x 10° W; N = 200 rpm. ; 4B = 750 mm ; T, = 30;
mp=5mm ; BD=100mm ; 7-=100 ; mc=5mm ; AC= 150 mm ; T = 54 MPa =54 N/mm’

The space diagram of the shaft 1s shown 1n Fig. 14 8 (a).

We know that the torque transnutted by the shaft,

Px60 15%10° x 60 .
T= = =716 N-m =716 x 10° N-mm
2nN 271 X 200
The torque diagram 1s shown in Fig. 14.8 (b).
We know that diameter of gear

= No. of teeth on the gear x module

. Radius of gear C,

_ Igxme 100X 5 o
RC = 3 = 5 =250 mm

and radius of pinion D,

Ry = Ip X mp :30X5
= .

Assuming that the torque at C and D is same (i.e. 716 x 10° N-mm), therefore tangential force
on the gear C, acting downward,

=75 mm

T 716x10°
Fo=—=———— =2870N
R 250
and tangential force on the pinion D, acting horizontally,
po_ L _716% 10° o
DAl TR TR
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The vertical and horizontal load ciagram is shown in Fig. 14.8 (¢) and (@) respectively.
Now let us find the maxumum bending moment for vertical and horizontal loading .
First of all, considering the vert:cal loading at C. Let R\, and Ry, be the reactions at the bearings
A and B respectively. We know that
Ryy+Rpy = 2870 N
Tzk:ng moments about 4, we get
Ry, < 750 — 2870 > 150

o3

— Gear Pinion D

e

A —

150 4100

<t 750

VT

All dimensions in mm.

{a) Space diagram.

$ 716 x 10* N-mm ,
Y B (/) Torque diagram.

I
l
C D I
| ||
2870 N | i
l |
C D T B (¢) Vertical load diagram.
- |
Ry | I Rav
i ' 9550 Ni
AIT C|' Il) i B (d) Horizontal load diagram.
I
Rau | ! Rpp
|
W =
& !/ 344:‘00 57 4'00|l 4I B (e) Vertical B.M. diagram.
e b |
| | - i
A IL '7"90.950 827790 ; ! B (/y Horizontal B.M. diagram.
| < 2
| | ]
| e If [
A L ;"393,790 8296?0 ! B (g) Resultant B.M. diagram.
C D
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- Ryy = 2870 x 150/ 750 = 574N
and Ry = 2870- 574 =2296N

We know that BM. at £ and B,
My = Mgy =0
BM.at C, M = Ry, ¥ 150 =2296 x 150 = 344 400 N-mm
BM. atD, Mgy, = Ry, * 100 =574 x 100 = 57 400 N-mm

The B.M. diagram for vertical loading 1s shown in Fig. 14.8 (e).

Now considering horizontal loading at D. Let R, ;; and Ry, be the reactions at the bearings 4 and
B respectively. We know that

Ryy+Rgy =9550N
Taking moments about 4, we get

Ry X 750 = 9550 (750 — 100) = 9550 x 650
: Ry = 9550 x 650/ 750=8277T N

and R,y =9550-8277=1273 N
We know that B.M. at 4 and B,
My = Mg =0

BM.atC, My = Rypy % 150 =1273 x 150 = 190 950 N-mm
B.M.at D, Moy = Ry % 100 =8277 x 100 = 827 700 N-mm
The B.M. diagram for horizontal loading 1s shown in Fig. 14.8 (f).
We know that resultant B M. at C,

M = \/(Mcv ) + (Mcz)® = J(344 400)* + (190 950)°
=393 790 N-mm
and resultant B.M. at D,

My = \[(Mpy)? + (Mpg)® = (57 400)” + (827 700)
= 829 690 N-mm
The resultant B.M. diagram is shown in Fig. 14.8 (g). We see that the bending moment is
maximum at D.

. Maximum bending moment,

M = My, =829 690 N-mm
Let d = Diameter of the shaft.
We know that the equivalent twisting moment,

T, = (M? + T2 = (829 690)* + (716 x10°)? =1096 x 10’ N-mm
We also know that equivalent twisting moment (7)),

1096 x 103 = Extxd® =L x5axd> =10.6 a3
16 16
d3
or d =47 say 50 mm Ans.

1096 x 103/10.6 = 1034 x 103
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ShaftsSubjectedo Axiall.oadin addition to CombinedTorsionand BendinglLoads:

When the shaft is subjected to an axial lod) iy addition to torsion and bending loads as in

propellershaftsof shipsandshaftsfor drivingworm gears then the stressdue to axialload must be
I RRSR (2 @KS ,)0VBekiow that beadinglddation ié

M _o o _My_ Mx /2 _32M
= 5b - : 3
I y LA § gt nd
64

Andstressdueto axialload

F _4F

= 3 _.{For round solid shaft)
g2 ud
F adi For hollow shaft
= = ... For hollow shaft)
T 2 1
n (@) -@y] ™ [(d)? - @) ]
F (- k=d/d)
= 2 2 ~ (W E=djd,
m(d,)” (1-k7)
Resultanstress(tensileor compressivejor solidshatt,
32M 4F 32 ( F xd
G = e e ,(M+ ()
' nd® nd® nd 8
32]
= 3‘“‘{1 ‘ Substituting M; =AM | Fxd
nd’ \
In case of a hollow shatft, the resultant stress,
B 32M | 4F
n(d,) 1-k% m(d,) A-k)
3 Fd (1+k? 32]
= ;2 ; [M+ o (1 )}= — My I
T (d,) (1-k7) 8 n(d,)” (1-k7)

In caseof longshafts(slendershafts)subjectedio compressivdoads,afactorknownas
columnfactor 6 hmustbe introducedto take the columneffectinto account.
Therefore, Stress due to the compressive load,
ox4F
Or
ax4F

Cn(d,) (1 -k)
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The valueof column factor 6 hfar compressiveloads* may be obtained from the following
relation :

Columnfactor,

1

1—-0.0044 (L/K)
This expression is used when the slenderness ratidK] is less than 115. When the slenderness
ratio (L/ K) is more than 115, then the value odlumnfactor may be obtained from the following
relation:

Columnfactor,h

o —

c, (L/ K}’
Cn’ E
WherelL =Lengthof shaftbetweenthe bearings,
K=Leastradiusof gyration,
y=Compressivgieldpoint stressof shaftmaterial,and
C= Coefficientn Euler's formuladependinguponthe endconditions. The

followingarethe different valuesof Cdependinguponthe endconditions.
C=1,for hingedends,

=2.25,for fixedends,

=1.6,for endsthat are partly restrainedasin bearings.
In general, for a hollow shaft subjected to fluctuating torsional and bending load, along with an axial
load, the equations for equivalent twisting momeft)(and equivalent bending momeng) may be
written as

&

T =\/[K,,,><_-M+CIFQ‘S{1+;:-}} +(K, xT)

FI R ] 4
=—xT1id,)y (1-k
T )y ( )

M, =

e

|:Km XM +—qur";l L + \HL’" ®M + ofd, A+k) S AL [ +(K xT)

I\dli—l

_r A -
—jzx‘:’atﬂ’n) (L—&7)

It may be noted that for a solid shak= 0 anddy =d whenthe shaftcarries ncaxial
load, thenF= 0 and when the shaft carries’ax f G(SyaAtS f2FRX GKSy »h
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A hollow shaft is subjected to a maximum torque of 1.5rkNind a maximumbending
moment of3 kNm. It is subjected at the sametime, to anaxial load ofLO kN. Assume that the
load is applied gradually and the ratio of the inner diameter to the outer diameter is 0.5. If the
outer diameter of the shaft is 80 mm, find the shear stress induced in the shatft.

Solution.Given: T = 1.5 kh = 1.5 x 120N-m ; M =3 kNm =3 x 1ON-m ; F = 10 kN =

10 x 16N ;k=¢/do=0.5;d=80 mm=0.08 m

Let_=Shearstressinducedin the shatft.

Sincethe load is appliedyradually,therefore from DDB, we find that4=1.5 ; and K= 1.0 We know
that the equivalent twisting moment for a hollow shaft,

T = \/[Km w M +c¢_ane 2 +k-)_}+ (K, x T)°

- 3 . 0.08( 5232 o
=,J[1.S><3><10’+1><10K10 {;08‘1+0' ) J+(1><1.5><1::>)—

= J(4500 +125)? + (1500)} = 4862 N-m =4862 x 10° N-mm
We alsoknowthat the equivalenttwistingmomentfor a hollow shaft(Te),

4862 x 103 =% xt(d,) (1 -k*= % x 1 (80)° (1 -0.5%) =94 2601

T=4862 x 103/ 94 260 = 51.6 N/mm? = 51.6 MPa Ans.
A hollow shaft of 0.5 m outside diameter and 0.3 m inside diameter is used to drive a
propellerof a marine vessel. The shaft is mounted on bearings 6 metre apart and it transmits
5600 kW at 150
r.p.m. Themaximumaxialpropellerthrust is 500 kN andthe shaft weighs70kN.
Determine:

1. 1.Themaximumshearstressdevelopedn the shaft, and
2. 2.Theangulartwist betweenthe bearings

Solution. Given : d, = 0.5 m: d. =03 m; P = 5600 kW = 5600 x 10° W; L= 6 m:
N=150r.p.m.: F=500kN=500x 10°N; W=70kN="70 x 10°N
1. Maximum shear stress developed in the shaft

Let 7= Maximum shear stress developed in the shaft.

We know that the torque transmutted by the shaft,

p PROU. 5600 x 10° x 60 onisarian
"N amx1s0

and the maximum bending moment,
_WxL _ 70x10°x6
8 8

M =152 500 N-m
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Now let us find out the column factor o. We know that least radius of gyration.

U 4 4
i - a[(do) _(di) ]
Sl EATCARCH

) \/[(an,f + (@) 1[d,)* - (@d)’]
) 16 [(d,)* - (d)’]

K=

1 3 3 1
= V@Y + @Y = J(0.57 + (0.3)> =0.1458 m
. Slendemess ratio.
L/K=6/0.1458 =41.15
. 1 S AF
and column factor. o= I ( Z <115
1-0.0044 (—)
K
1 1

=122

T 1-0.0044x41.15 1-0.18
Assuming that the load is applied gradually. therefore from Table 14.2, we find that
K =15andK,=1.0
Also k=d/d,=03/05=06

We know that the equivalent twisting moment for a hollow shaft.

T = \/ &, e 4 2% ;1 i ""-)] (K, X T)*

2 .
1.22%x500x10° x 0.5 (1 + 0.6%) | 3
=J1.5x52 T8 T s kb SX X )] + (1% 356 460)°

=J78750 + 51850)% + (356 460)° =380  10°Nem

We also know that the equavalent twisting moment for a hollow shaft (T).
|8 I
380 x 10° = % xt(d,) 1-k*)= & x1(0.5)° [1-(0.6)*] =0.027
T =380 % 10%/0.02 =19 x 105N/m? = 19 MPa Auns.
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2. Angular twist between the bearings
Let 8 = Angular twist between the bearings in radians.

We know that the polar moment of inertia for a hollow shatft,

J= % [(d,)* - (d,)*]= % [(0.5)* - (0.3)*] =0.005 34 m*
From the torsion equation. i
T Gx6
— = . we have
J L
TxL _ 356 460 x 6
GxJ 84x10° x0.00 534
... (Taking G = 84 GPa = 84 x 10° N/m?)

0 = =0.0048 rad

18
0.0048 x TO =0.275° Ans.

Designof Shaftson the basisof Riqgidity:

Sometimes the shafts are to be designed on the basis of rigidity. We shall consider the following
two types of rigidity.

1. Torsional rigidity The torsional rigidity is important in the case of camshaft of andn@ine

where the timing of the valves would be affected. The permissible amount of twist should not
exceed 0.25° per metre length of such shafts. For line shafts or transmission shafts, deflections 2.5
to 3 degreeper metre lengthmaybe usedaslimiting value. Thewidely useddeflectionfor the shafts

is limited to 1 degree in a length equal to twenty times the diameter of the shaft. The torsional
deflection maybe obtained by using the torsion equation,

where

‘ ' ¢2NBRA2Yy LIt RSsFinrGdddsh 2y 2N y3ftS 2F (64
T = Twisting moment or torque on theshaft,

J=Polarmomentofinertia of the crosssectionalareaaboutthe axisof rotation,

G = Modulus of rigidity for the shaft materiahd

L=Lengthof the shaft.

2.Lateral rigidity. It is important in case of transmission shafting and shafts running at high speed,
where small lateral deflection would cause huge-oftbalance forces.

The lateral rigidity is also important for maintaining proper bearing clearances and for correct gear
teeth alignment.If the shaftis of uniform crosssection,then the lateral deflectionof a shaftmaybe
obtained by using the deflection formulae as in Strength of Materials. But when the shaft is of
variable crossection, then the lateral deflection mage determined from the fundamental
equation for the elastic curve of a beane.

dy M

dx> ET
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A steel spindle transmits 4 kW at 800 r.p.m. The angular deflection should not exceed 0.25° per
metre of the spindle. If the modulus of rigidity for the material of the spindle is 84 Gk the
diameter of the spindle and the shear stress induced insihiadle.

Solution. Given: P=4kW=4000 W: N=800 rp.m. : 6 =0.25°= 0.25 x L =0.0044 rad ;
L=1m= 1000 mm ; G=84 GPa=84 x 10° N/m? = 84 x 10° N/mm?
Diameter of the spindle
Let d = Diameter of the spindle in mm.
We know that the torque transmitted by the spindle.
Px 60 4000 x 60
2nN 21 x800

= 47.74 N-m = 47 740 N-mm

Gx86 Tl
We also know that { - or J= =
L GxH6
T < d* 47 740 x 1000 —
* 32 T 84x10° x0.0044

d* =129167 x32/m=1.3x 10° or d=33.87 say 35 mm Ans.
Shear stress induced in the spindle
Let T = Shear stress induced in the spindle.
We know that the torque transmitted by the spindle (7).

47 740

T 3 T 3
—x1txd  =—x1(35)° =842
i o (35)" =84207

47 740 / 8420 = 5.67 N/'mm?2 = 5.67 MPa Ans.

T
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Compare the weight, strength and stiffness of a hollow shaft of the same external
diameter as that of solid shaft. The inside diameter of the hollow shaft being half the

external diameter. Botlthe shafts have the same material atehgth.

Solution. Given : d,=d:d. =d,/2 or k=d . /d,=1/2=05
Comparison of weight
We know that weight of a hollow shaft,

Wy = Cross-sectional area x Length x Density

g [(do Y = (d) ] x Length x Density

and weight of the solid shaft,

W, = %x d® x Length x Density

()

..(i7)

Since both the shafts have the same material and length, therefore by dividing equation (7) by

equation (i), we get
Wy (@) -@) _(d,) - (@)
W d? d,)

2
= 1_(d;) =1-2=1 —(0.5.)3=0.75 Ans.

(do )2

Comparison of strength
We know that strength of the hollow shaft,

fL8 .
Ty = 2o XT(d,)’ (1= k)

and strength of the solid shaft.

s 3
=—5rd
s~ 16
Dividing equation (#i7) by equation (iv), we get
L (@) -k @) a-k*
L d’ )}

=1-(0.5*=0.9375 Ans.

K

Comparison of stiffness
We know that stiffness

T _GxJ
8 L
. Stiffness of a hollow shaft.
G T 4 4
S5= 7% 55 1@)' - @)']

and stiffness of a solid shatft.
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G =

S = —X e d* ..(vi)

Dividing equation (v) by equation (vi), we get

Sy _ @) -@) @) -6t @)

Ss d* @ - w
=1 -F=1— (0.5)4= 0.9375 Ans.

(rd=d)

Designof keys:

A key is a piece of mild steel inserted between the shaft and hub or boss of the pulley to connect thes
together in order to preventelative motion between them. It is always inserted parallel to the axis of the
shaft. Keysare used asemporaryfasteningsand are subjectedto considerablecrushing and shearing stresses.
A keyway is a slot or recess in a shaft and hub of the pullagdgommodate a key.

Typesof Keys
The following types of keys are important from the subject point of view :
1. Sunk keys,
2. Saddle keys,
3. Tangent keys,
4. Round keys, and
5. Splines.

Sunk Keys:

The sunk keys are provided half in the keyway of the shaft and half in the keyway of the hub or boss
of the pulley. The sunk keys are of the following types
1. Rectangulasunkkey.
Arectangularsunkkeyis shownin Fig.Theusualproportionsof this keyare:
Width of key,w =d / 4 ; and
thicknessof key,t =2w/ 3=d/ 6
where d = Diameter of the shaft or diameter of the hole in the hub.
The key has taper 1 in 100 on the top side only.

/7 Taper 1 : 100
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Fig.SunkKey

2. Squaresunk key. Theonly difference between a rectangularsunk key and a squaresunk
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keyisthat its width andthicknessareequal,i.,e.w=t=d/ 4

3. Parallel sunk keyThe parallel sunk keys may be of rectangular or square section uniform in
width and thickness throughout. It may be noted that a parallel key is a taper less and is used
where the pulley, gear or other mating piece is required to slide along the shaft.

4. Gib-headkey. It isarectangularsunkkeywith a headat oneendknownasgib head.

It isusuallyprovidedto facilitatethe removalof key.Agib headkeyis shownin Fig.

Gib head key
Iy A .
I,

Fig. Gib head key and its use
Theusualproportionsof the gibheadkeyare:
Width,w=d/ 4; and
thicknessat largeend,t =2w / 3=d /6.

5. Feather key.A key attached to one member of a pair and which permits relative axial
movement is known ageather key. It is a special type of parallel key which transmits a
turning moment and also permits aximovement. It is fastenedither to the shaft or hub, the
key being a sliding fit in the key way of the movipigce.
| ! _
= /—Fculhcr kcys—\ —-3 i

Set screw —, = '

]
(-

W —————1 S N P |
v

/ I ) T

|

z

|

(@) (h)
Fig. Feather Keys

6. Woodruff key.
Thewoodruff key is an easilyadjustablekey. It is a piece from a cylindricaldisc havingsegmental
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crosssection. A woodruff key is capable of tilting in a recess milled out in the shaft by a cutter having
the same curvature as the disc from which the key is made. This key is largelinusadhine tool
and automobile construction.
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Fig.WoodruffKey
The main advantages of a woodruff key are as follows:
1. It accommodatestselfto anytaperin the hubor bossof the matingpiece.
2. Itisusefulon taperingshaftends.lts extradepthin the shaftpreventsanytendencyto turn
over in its keyway.
Thedisadvantageare:
1. Thedepthof the keyway weakenghe shaft
2. It cannot be usedasa feather.

Saddlekeys:
Asaddle keys aref the followingtypes
1.flat saddlekey

2. hollow saddlekey

Hollow saddle key

?)\ \}'\4\ A i A 2 o , & "i:'f:-»
\ > y /,7/
Flat saddle kg‘;a/% i / -//‘(/ R || [ S |
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Aflat saddle keyis a typeof key which fits in the hub and is flat on the shaft as shown in fig. It
is likely to slip round the shaft under load. Therefore it is used for comparatively laghg.lo
Ahollow saddle keyis a taper key which fits in a keyway in the hub and the bottom of the key
is shaped to fit the curved surface of the shaft. Since hollow saddle keys hold on by friction,
therefore these are suitable for light loads. It is usually used as a temporamifagt@ fixing

and setting eccentrics, cams etc.

Tangentkeys
The tangent keys are fitted in pair at right angles as shown in Fig. Each key is to withstand

torsion in one direction only. These are used in large heavy duty shafts.

RoundKeys
The round keysas shown in Fig. (a) are circular in section and fit ihtwes drilled partly in
the shaft and partly in the hub. They have the advantage thair keyways may balrilled
and reamed after the mating parts have been assembled. Round keys are usuaitieichs

to be most appropriate for low power drives.

Round key- Tapered pin—__ |
_ \ | " | \“
L / TN / Vil X 1

| N

| &
(a) ' (b)

AN

x |
2 (&) D)
|

Stressesn Keys:

Forcesactingon a SunkKey
When a key is used in transmitting torque from a shaft to a rotor or hub, the following two

types of forces act on the key:
1. Forces (F1) due to fit of the kew its keyway, as in déight fitting straight key or in a
tapered key driven in place. These forces produce compressive stresses in the key which are

difficult to determine in magnitude.
2. Forces (F) due to the torque trangted by the shaft. These forces produce shearing and

compressive (or crushing) stresses in the key.
Theforcesacting ona keyfor a clockwisgorque beingtransmitted from a shaftto a hub are

shown in Fig.
In designinga key,forcesdueto fit of the key are neglectedandit isassumedhat the

distribution of forces along the length of key is uniform.

Fy

N
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Strengthof a SunkKey
Akey connectinghe shaftandhubis shownin Fig.
Let
T=Torquetransmittedbythe shaft,
F = Tangential force acting at the circumference of the shaft,
d = Diameter of shatft,
| = Length of key,
w =Width of key.
t =Thicknes®f key,and
_and’ .=Shearandcrushingstressedor the materialof key.
A little consideration will show that due to the power transmitteg the shaft, the key may
fail due to shearing or crushing. Considering shearing of the key, the tangential shearing force
acting at the circumference of the shaft,
F=Arearesistingsheaing x Shearstress=1 xw x _
Therefore,Torquetransmittedby the shatt,

T:Fxgzlxwxrx% ()]

Considering crushing of the key, the tangential crushing force acting at the circumferenoé
the shaft,

F= Arearesistingcrushingx Crushingstress

, T
=J'><E><D'C.

Therefore,Torquetransmittedby the shatt,

T:Fxngxgx:ﬁ,xg (i)

Thekeyis equallysErongin shearingandcrushingjf

d d
é’»«:wxrx—_:x—xccx;

Or

OS¢
t 2T

Thepermissiblecrushingstressfor the usualkey materialis atleasttwice the permissibleshearing
stress. Therefore from the above equation, we have w = t. In other words, a square key is equally
strong in shearing and crushing.

In orderto find the length ofthe key totransmitfull power of the shaft,the shearingstrengthof the key

is equa to the torsional shear strength of the shaft. We know that the shearing strength of key,

d
T = F><w><*r><?
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Andtorsionalshearstrengthof the shatft,

.TZ—XT-lea
Fromthe above
. d o8
IXWXTX— = —XT7 Xd°
2 16
; ﬂrl d
jo B8 0.0 g s71ax
8 wx1T 2 T T

Whenthe keymaterialis sameasthat of the shaft,then _

=_1.So,=1.571d.
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Chapter4

DESIGMDECOUPLING

ShaftCouplin
Shafts are usually available up to 7 meters length due to inconveniencansport. In order to

have a greater length, it becomes necessary to join two or more pieces of the shaft by means of a
coupling.
Shaft couplings are used in machinery for several purposes, the most common of which are the
following:

1. Toprovidefor the connectionof shaftsof unitsthoseare manufacturedseparatelysuch

as amotor andgenerator ando provide fordisconnectiorfor repairs oralternations.

2. Toprovide formisalignment othe shaftsor to introduce mechanicdlexibility.

3. Toreducethe transmissiorof shockloadsfrom one shaftto another.

4. Tointroduceprotectionagainsioverloads.

5. It shouldhaveno projectingparts.
Typesof ShaftsCouplings
Shaftcouplingsaredividedinto two maingroupsasfollows:
1. Rigidcoupling.Itis usedo connecttwo shaftswhichare perfectlyaligned.Followingtypes of

rigid coupling are important from the subject point of view:
(a) Sleeveor muff coupling.
(b) Clampor splitmuff or compressioncoupling,and
(c) Flange coupling.
2. Flexiblecoupling.It isusedto connecttwo shaftshavingboth lateraland angularmisalignment.
Following types of flexible coupling are important from the subject point of view:

(a) Bushedpintype coupling,
(b) Universalcoupling,and
(c) Oldhamcoupling.
Sleeveor Muff-coupling
It is the simplest type of rigid coupling, made of cast iron. It consists of a hollow cylinder whose
inner diameter is the same as that of the shaft. It is fitted over the ends of the two shwfts
means of a gib head key, as shown in Fig. The powernsniited from one shaft to the other
shaft by means of a key and a sleeve. It is, therefore, necessary that all the elements must be
strong enough to transmit the torque. The usual proportions of a cast iron sleeve coupling are as
follows:
Outerdiameterof the sleeve,D=2d + 13 mm

Andlengthof the sleeve,

L=35d

Where , d =diameterof the shaft.

Indesigninga sleeveor muff-couplingthe followingproceduremaybe adopted.

Muff —
— Key

Shaft—/ ‘
VIT,Desigro |
I
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1. Designfor sleeve
Thesleeveis designedby consideringt asa hollow shaft
Let T = Torqueto be transmitted by the coupling,
and
_¢c =Permissibleshearstressfor the materialof the sleevewhichis castiron.
Thesafevalueof shearstressfor castiron maybe takenas14 MPa.
We know that torque transmitted by a hollow section,

{4 47
T = E W T{. ‘ u

16 | D ,

Fromthis expressionthe inducedshearstressin the sleevemaybe checked.

2. Designfor key

The key for the coupling may be designed in the similar way as discussed-5 Uné width

and thickness of the coupling key is obtained from the proportions. The length of the coupling

key is at least equal to the length of the sleeve (i.e. 3.5 d).cbbeling key isusually made

into two parts so that the length of the key in eashatft,

J:%mc x D (1 -k (- k=dD

=

L 35d
2 2
After fixing the length ofkey in each shaft, the induced shearing and crushing stress®s
be checked. We know that torque transmitted,
T=IXWwXTX i ... (Considering shearing of the key)

2

... (Considering crushing of the key)

B | =

t
= IX—-X0o, X

4

Note: The depth othe keyway in each of the shafts to be connected should be exactly the same and the
diameters should also be same. If these conditions are not satisfied, then the key will be bedded on one
shaftwhile in the other it will be loose.In orderto preventthis, the key is made in two parts whiaghay be
driven from the same end for each shaft or they may be driven from opposite ends.
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Design and make a neat dimensioned sketch of a muff coupling which isausedrtect two steel

shafts transmitting 40 kW at 350 r.p.m. The material for the shafts andskplain carbon steel for

which allowable shear and crushing stresses may be taken as 40 MPa and 80 MPa respectively. The

material for the muff is cast iron farhich the allowable shear stress may be assumed as 15 MPa.
Solution:

GivenP=40kW =40 x fQV;NI' opn NIPIWBAY AT | ' cASOMPa&=Y YH T
80 N/mnfT . =15 MPa = 15 N/mm

Px60  40%10° x 60
T=2aN  2mx3so onm

= 1100 » 103 N-mm

We also know that the torque transmitied (7).

. T 3 T : 3
1100 x 10° =— X, Xd’ =E><40xd3=7.ssd’

d®> =1100 » 10%/7.86 = 140 x 10® or d =52 say 55 mm Ans.
2. Designfor sleeve
Weknowthat outer diameterof the muff,
D =2d+13mm =2 x55+13=123sayl125mm Ans.
andlengthof the muff,
L=3.5d=3.5x55=192.5say195mm Ans.
[ SG dza y2¢ OKSO1l GKS Ay RdARShe induéeSshedd 4 G NBaa A
stress in the muff which is made of cast iron. Since the muff is considered to be a
hollow shaft, therefore the torque transmitted (T),

[ D* —d* 125)* — (55)*
1100 < 108 = Zxg |24 |2 o {( 5)* — (55)
16 . D ) 16 ° 125
370 % 103 7,

1100 % 10°/370 = 10° = 2.97 N/mm~

TI:"

Sincethe inducedshearstressin the muff (castiron) is lessthan the permissibleshear
stressof 15 N/mm2, therefore the design of muff safe.
3. Designfor key

FromDesigndataBook,we find that for a shaftof 55 mm diameter,

Width of key,w =18 mm Ans.
Since the crushing stress for the kenaterial istwice the shearing stresgherefore a
square key may be used.
Then,Thicknes®f key,t =w =18 mm Ans.
Weknowthat lengthof keyin eachshatt,
[=L/2=195/2=97.5mm Ans.
Let us now check the induced shear and crushing stresses in the key. First of all, let
us consider shearing of the key.
Weknow thattorque transmitted (T),

55

d
1100 x 103 = I X wXT, ><7:9?.5><18><r; X— =482 10315

T =1100 x 10°/48.2 % 10° = 22.8 N/mm’
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Now consideringcrushingof the key.We knowthat torque transmitted (T),

Sincethe inducedshearandcrushingstressesre lessthanthe permissiblestresses,
therefore the design of key is safe.
Clampor CompressiorCouplingor split muff coupling
It is also known asplit muff coupling.In this case, the muff or sleeve is made into two halves
and are bolted together ashown in Fig. The halves of the muff are made of cast iron.

The shaft ends are made to a butt each other and a single key is fitted directly in the
keyways of both the shafts. Oraalf of the muff is fixed from below and the other half is placed
from above. Both the halves are held together by means of mild steel studs or bolts and nuts.
The number of bolts may be two, four or six. The nuts are recassedhe bodies of the muff
castings.

This coupling may be used for heavy duty and moderate speeds. The advantage of this
coupling is that the position of the shafts need not be changed for assembling or disassembling
of the coupling.

The usual proportions of the muff for the clamp or compression coupling are:
Diameter of the muff or sleeve, D = 2d + 13 mm
Lengthof the muff or sleeve L=3.5d
Where d = Diameter of the shatft.

In the clamp or compression coupling, the power is trantdifrom one shaft to the
other by means of key and the friction between the muff and shaft. In designing this type of
coupling, the following procedure may be adopted.

. Designof muff and key

Themuff andkeyare designedn the similarwayasdiscussedn muff coupling.
. Desigrof clampingbolts

LetT=Torguetransmittedby the shatft,

d = Diameter of shaft,

d» = Rootor effectivediameterof bolt,

n = Number of bolts,

“t=Permissibléensilestressfor bolt material,

> = Coefficientof friction betweenthe muff andshaft,and

L = Length of muff.
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