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MODELINGANDFEANALYSISOFCANTILEVERBEAM

ABSTRACT

Thisstudyinvestigatesthedeflectionandstressdistributioninalong,slendercantilever

beam ofuniform rectangularcrosssectionmadeoflinearelasticmaterialproperties

thatarehomogeneousandisotropic.Thedeflectionofacantileverbeam isessentiallya

threedimensionalproblem.Anelasticstretchinginonedirectionisaccompaniedbya

compressioninperpendiculardirections.

Inthisproject,staticandModalanalysisisaprocesstodeterminethestress,strainand

deformation.vibrationcharacteristics(naturalfrequenciesandmodeshapes)ofastructureora

machinecomponentwhileitisbeingdesigned.Ithasbecomeamajoralternativetoprovidea

helpfulcontributioninunderstandingcontrolofmanyvibrationphenomenawhichencountered

inpractice.

InthisworkwecomparedthestressandnaturalfrequencyfordifferentmaterialhavingsameI,

CandTcross-sectionalbeam.Thecantileverbeam isdesignedandanalyzedinANSYS.The

cantileverbeam whichisfixedatoneendisvibratedtoobtainthenaturalfrequency,mode

shapesanddeflectionwithdifferentsectionsandmaterials.



INTRODUCTION

BEAM

A beam is a structuralelement that is capable of withstanding load primarily by

resistingagainst bending.Thebendingforceinducedintothematerialofthebeam asa

resultoftheexternalloads,ownweight, span andexternalreactionstotheseloadsis

calleda bendingmoment.Beamsarecharacterizedbytheirprofile(shapeofcross-

section),theirlength,andtheirmaterial.

Beamsaretraditionallydescriptionsofbuildingorcivilengineeringstructuralelements,

butsmallerstructuressuchastruckorautomobileframes,machineframes,andother

mechanicalorstructuralsystemscontain beam structuresthataredesigned and

analyzedinasimilarfashion.

A staticallydeterminate beam,bending(sagging)underauniformlydistributedload

Overview

Historicallybeamsweresquaredtimbersbutarealsometal,stone,orcombinationsof

wood and metalsuch as a flitch beam. Beams generally

carry vertical gravitational forcesbutcanalsobeusedtocarry horizontal loads(e.g.,

loadsduetoan earthquake orwindorintensiontoresistrafterthrustasa tiebeam or

(usually)compressionasa collarbeam).Theloadscarriedbyabeam aretransferred



to columns, walls, or girders, which then transfer the force to adjacent

structural compressionmembers.In lightframeconstruction joists mayrestonbeams.

Incarpentryabeam iscalledaplateasina sillplate or wallplate,beam asina summer

beam or dragonbeam.

CLASSIFICATIONOFBEAMSBASEDONSUPPORTS

Inengineering,beamsareofseveraltypes:

1.Simplysupported-abeam supportedontheendswhicharefreetorotateand

havenomomentresistance.

2.Fixed-abeam supportedonbothendsandrestrainedfrom rotation.

3.Overhanging-asimplebeam extendingbeyonditssupportononeend.

4.Doubleoverhanging-asimplebeam withbothendsextendingbeyondits

supportsonbothends.

5.Continuous-abeam extendingovermorethantwosupports.

6.Cantilever-aprojectingbeam fixedonlyatoneend.

7.Trussed-abeam strengthenedbyaddingacableorrodtoform a truss.

Areamomentofinertia

Inthe beam equation Iisusedtorepresentthesecondmomentofarea.Itiscommonly

knownasthemomentofinertia,andisthesum,abouttheneutralaxis,ofdA*r̂2,where

risthedistancefrom theneutralaxis,anddAisasmallpatchofarea.Therefore,it

encompassesnotjusthowmuchareathebeam sectionhasoverall,buthowfareach

bitofareaisfrom theaxis,squared.ThegreaterIis,thestifferthebeam inbending,for

agivenmaterial.



Stressinbeams

Internally,beamsexperience compressive, tensile and shearstresses asaresultofthe

loadsappliedtothem.Typically,undergravityloads,theoriginallengthofthebeam is

slightlyreducedtoencloseasmallerradiusarcatthetopofthebeam,resultingin

compression,whilethesameoriginalbeam lengthatthebottom ofthebeam isslightly

stretchedtoenclosealargerradiusarc,andsoisundertension.Thesameoriginal

lengthofthemiddleofthebeam,generallyhalfwaybetweenthetopandbottom,isthe

sameastheradialarcofbending,andsoitisunderneithercompressionnortension,

anddefinestheneutralaxis(dottedlineinthebeam figure).Abovethesupports,the

beam isexposedtoshearstress.Therearesome reinforcedconcrete beamsinwhich

theconcreteisentirelyincompressionwithtensileforcestakenbysteeltendons.

These beams are known as concrete beams,and are fabricated to produce a

compressionmorethantheexpectedtensionunderloadingconditions.Highstrength

steeltendonsarestretchedwhilethebeam iscastoverthem.Then,whentheconcrete

hascured,thetendonsareslowlyreleasedandthebeam isimmediatelyundereccentric

axialloads.Thiseccentricloadingcreatesaninternalmoment,and,inturn,increases

themomentcarryingcapacityofthebeam.Theyarecommonlyusedonhighway

bridges.

Theprimarytoolfor structuralanalysis ofbeamsisthe Euler–Bernoullibeam equation.

Othermathematicalmethodsfordeterminingthe deflection ofbeamsinclude"method

of virtualwork"and the "slope deflection method".Engineers are interested in

determining deflections because the beam may be in direct contact with

a brittle materialsuchas glass.Beam deflectionsarealso minimizedforaesthetic

reasons.Avisiblysaggingbeam,evenifstructurallysafe,isunsightlyandtobeavoided.

A stiffer beam (high modulusofelasticity andhigh secondmomentofarea)produces

lessdeflection.

Mathematicalmethodsfordeterminingthebeam forces(internalforcesofthebeam

andtheforcesthatareimposedonthebeam support)includethe"momentdistribution

method",theforceor flexibilitymethod andthe directstiffnessmethod.

Generalshapes



Mostbeamsin reinforcedconcrete buildingshaverectangularcrosssections,buta

moreefficientcrosssectionforabeam isan I orHsectionwhichistypicallyseenin

steelconstruction.Becauseofthe parallelaxistheorem andthefactthatmostofthe

materialisawayfrom the neutralaxis,thesecond momentofareaofthebeam

increases,whichinturnincreasesthestiffness.

An I-beam isonlythemostefficientshapeinonedirectionofbending:upanddown

lookingattheprofileasan I.Ifthebeam isbentsidetoside,itfunctionsasanHwhere

itislessefficient.Themostefficientshapeforbothdirectionsin2Disabox(asquare

shell)howeverthemostefficientshapeforbendinginanydirectionisacylindricalshell

ortube.But,forunidirectionalbending,the I orwideflangebeam issuperior.

Efficiencymeansthatforthesamecrosssectionalarea(volumeofbeam perlength)

subjectedtothesameloadingconditions,thebeam deflectsless.

Othershapes,likeL(angles), C(channels) ortubes,arealsousedinconstructionwhen

therearespecialrequireements

Thinwalledbeams

A thinwalledbeam isaveryusefultypeofbeam (structure).Thecrosssectionof thin

walledbeams ismadeupfrom thinpanelsconnectedamongthem tocreateclosedor

opencrosssectionsofabeam (structure).Typicalclosedsectionsincluderound,

square,andrectangulartubes.OpensectionsincludeI-beams,T-beams,L-beams,and

soon.Thinwalledbeamsexistbecausetheirbendingstiffnessperunitcrosssectional

areaismuchhigherthanthatforsolidcrosssectionssucharodorbar.Inthisway,stiff

beamscanbeachievedwithminimum weight.Thinwalledbeamsareparticularlyuseful

whenthematerialisa compositelaminates.Pioneerworkon compositelaminates thin

walledbeamswasdoneby Librescu.

CANTILEVERBEAM

Acantileverisarigidstructuralelement,suchasabeam oraplate,anchoredatonly

oneendtoa(usuallyvertical)supportfrom whichitisprotruding.Cantileverscanalso

beconstructedwithtrussesorslabs.Whensubjectedtoastructuralload,thecantilever

carriestheloadtothesupportwhereitisforcedagainstbyamomentandshearstress.



Cantileverconstructionallowsforoverhangingstructureswithoutexternalbracing,in

contrasttoconstructionssupportedatbothendswithloadsappliedbetweenthe

supports,suchasasimplysupportedbeam foundinapostandlintelsystem.

APPLICATIONS

Inbridges,towers,andbuildings

Cantilevers are widely found in construction, notably in cantilever

bridges and balconies (see corbel).Incantileverbridgesthecantileversareusuallybuilt

aspairs,witheachcantileverusedtosupportoneendofacentralsection.The Forth

Bridge in Scotland is an example ofa cantilever truss bridge.A cantileverin a

traditionally timberframed buildingiscalleda jetty or forebay.InthesouthernUnited

Statesahistoricbarntypeisthecantileverbarnof logconstruction.

Temporary cantilevers are often used in construction.The partially constructed

structurecreatesacantilever,butthecompletedstructuredoesnotactasacantilever.

Thisisveryhelpfulwhentemporarysupports,or falsework,cannotbeusedtosupport

thestructurewhileitisbeingbuilt(e.g.,overabusyroadwayorriver,orinadeepvalley).

Sosome trussarchbridges (see NavajoBridge)arebuiltfrom eachsideascantilevers

untilthe spans reach each otherand are then jacked apartto stress them in

compression before finaljoining.Nearly all cable-stayed bridges are builtusing

cantileversasthisisoneoftheirchiefadvantages.Manyboxgirderbridgesare

built segmentally,orinshortpieces.Thistypeofconstructionlendsitselfwellto

balancedcantileverconstructionwherethebridgeisbuiltinbothdirectionsfrom a

singlesupport.

Thesestructuresarehighlybasedon torque androtationalequilibrium.

In an architecturalapplication, FrankLloyd Wright's Fallingwater used cantileversto

projectlargebalconies.TheEastStandat EllandRoad Stadium inLeedswas,when

completed,the largestcantileverstand in the world[2] holding 17,000 spectators.

The roof builtoverthestandsat OldTraffordFootballGround usesacantileversothat

nosupportswillblockviewsofthefield.Theold,nowdemolished MiamiStadium hada

similarroofoverthespectatorarea.ThelargestcantileverinEuropeislocatedat St



James'Park in Newcastle-Upon-Tyne,thehomestadium of NewcastleUnitedF.C.

Less obvious examples of cantilevers are free-standing (vertical) radio

towers without guy-wires,and chimneys,whichresistbeingblownoverbythewind

throughcantileveractionattheirbase.

ADVANTAGESANDDISADVANTAGES

Advantages

 Doesnotrequireasupportontheoppositeside(probablythemainreasonyou

wouldeverhaveacantileverbeam).

 Createsanegativebendingmoment,whichcanhelptocounteractapositive

bendingmomentcreatedelsewhere.Thisisparticularhelpfulincantilevers

withabackspanwhereauniform loadonthebackspancreatespositive

bending,butauniform loadonthecantilevercreatesnegativebending.

Disadvantages

 Largedeflections

 Generallyresultsinlargermoments

 Youeitherneedtohaveafixedsupport,orhaveabackspanandcheckfor

upliftofthefarsupport.



INTRODUCTIONTOCAD

Throughoutthehistoryofourindustrialsociety,manyinventionshavebeenpatented

andwholenew technologieshaveevolved.Perhapsthesingledevelopmentthathas

impactedmanufacturingmorequicklyandsignificantlythananyprevioustechnologyis

thedigitalcomputer.

Computersarebeingusedincreasinglyforbothdesignanddetailingofengineering

componentsinthedrawingoffice.Computer-aideddesign(CAD)isdefinedasthe

applicationofcomputersandgraphicssoftwaretoaidorenhancetheproductdesign

from conceptualizationtodocumentation.CADismostcommonlyassociatedwiththe

useofaninteractivecomputergraphicssystem,referredtoasaCADsystem.Computer

-aideddesignsystemsarepowerfultoolsandinthemechanicaldesignandgeometric

modelingofproductsandcomponents.

ThereareseveralgoodreasonsforusingaCADsystem tosupporttheengineering

designfunction:



• Toincreasetheproductivity

• Toimprovethequalityofthedesign

• Touniform designstandards

• Tocreateamanufacturingdatabase

• To eliminate inaccuracies caused by hand-copying of drawings and

inconsistencybetween

• Drawings



INTRODUCTIONTOCREO

PTC CREO,formerlyknown as Pro/ENGINEER,is 3D modeling software used in

mechanicalengineering,design,manufacturing,andinCADdraftingservicefirms.It

wasoneofthefirst3DCADmodelingapplicationsthatusedarule-basedparametric

system.Usingparameters,dimensionsandfeaturestocapturethebehaviorofthe

product,itcanoptimizethedevelopmentproductaswellasthedesignitself.

The name was changed in 2010 from Pro/ENGINEER Wildfire to CREO.Itwas

announcedbythecompanywhodevelopedit,ParametricTechnologyCompany(PTC),

duringthelaunchofitssuiteofdesignproductsthatincludesapplicationssuchas

assemblymodeling,2Dorthographicviewsfortechnicaldrawing,finiteelementanalysis

andmore.

PTCCREO saysitcanofferamoreefficientdesignexperiencethanothermodeling

softwarebecauseofitsuniquefeaturesincludingtheintegrationofparametricand

directmodelinginoneplatform.Thecompletesuiteofapplicationsspansthespectrum

ofproductdevelopment,givingdesigners optionstouseineachstepoftheprocess.

Thesoftwarealsohasamoreuserfriendlyinterfacethatprovides abetterexperience

fordesigners.Italsohascollaborativecapacitiesthatmakeiteasytosharedesigns

andmakechanges.

TherearecountlessbenefitstousingPTCCREO.We’lltakealookatthem inthistwo-

partseries.

Firstup,thebiggestadvantageisincreasedproductivitybecauseofitsefficientand

flexibledesigncapabilities.Itwasdesignedtobeeasiertouseandhavefeaturesthat

allowfordesignprocessestomovemorequickly,makingadesigner’sproductivitylevel

increase.

Partofthereasonproductivitycanbeincreasedisbecausethepackageofferstoolsfor

allphasesofdevelopment,from thebeginningstagestothehands-oncreationand

manufacturing.Latestagechangesarecommoninthedesignprocess,butPTCCREO

canhandleit.Changescanbemadethatarereflectedinotherpartsoftheprocess.



Thecollaborativecapabilityofthesoftwarealsomakesiteasierandfastertouse.One

ofthereasonsitcanprocessinformationmorequicklyisbecauseoftheinterface

betweenMCADandECADdesigns.Designscanbealteredandhighlightedbetweenthe

electricalandmechanicaldesignersworkingontheproject.

ThetimesavedbyusingPTCCREOisn’ttheonlyadvantage.Ithasmanywaysofsaving

costs.Forinstance,thecostofcreatinganew productcanbeloweredbecausethe

developmentprocess is shortened due to the automation ofthe generation of

associativemanufacturingandservicedeliverables.

PTCalsoofferscomprehensivetrainingonhow tousethesoftware.Thiscansave

businessesbyeliminatingtheneedtohirenew employees.Theirtrainingprogram is

availableonlineandin-person,butmaterialsareavailabletoaccessanytime.

Auniquefeatureisthatthesoftwareisavailablein10languages.PTCknowstheyhave

peoplefrom allovertheworldusingtheirsoftware,sotheyofferitinmultiplelanguages

sonearlyanyonewhowantstouseitisabletodoso.

ADVANTAGESOFCREOPARAMETRICSOFTWARE

1.Optimizedformodel-basedenterprises

2.Increasedengineerproductivity

3.Betterenabledconceptdesign

4.Increasedengineeringcapabilities

5.Increasedmanufacturingcapabilities

6.Bettersimulation

7.Designcapabilitiesforadditivemanufacturing

CREOparametricmodules:

 Sketcher

 Partmodeling

 Assembly



 Drafting

3dmodel

I-section

C–section



T–section





INTRODUCTIONTOFEM

TheBasicconceptinFEAisthatthebodyorstructuremaybedividedintosmaller

elements offinite dimensions called “Finite Elements”.The originalbodyorthe

structureisthenconsideredasanassemblageoftheseelementsconnectedatafinite

numberofjointscalled“Nodes”or“NodalPoints”.Simplefunctionsarechosento

approximatethedisplacementsovereachfiniteelement.Suchassumedfunctionsare

called“shapefunctions”.Thiswillrepresentthedisplacementwithintheelementin

termsofthedisplacementatthenodesoftheelement.

TheFiniteElementMethodisamathematicaltoolforsolvingordinaryandpartial

differentialequations.Becauseitisanumericaltool,ithastheabilitytosolvethe

complex problems thatcan be represented in differentialequations form.The

applicationsofFEM arelimitlessasregardsthesolutionofpracticaldesignproblems.

Duetohighcostofcomputingpowerofyearsgoneby,FEAhasahistoryofbeing

usedtosolvecomplexandcostcriticalproblems.Classicalmethodsaloneusually

cannotprovideadequateinformationtodeterminethesafeworkinglimitsofamajor

civilengineeringconstructionoranautomobileoranaircraft.Intherecentyears,FEA

hasbeenuniversallyusedtosolvestructuralengineeringproblems.Thedepartments,

whichareheavilyreliedonthistechnology,aretheautomotiveandaerospaceindustry.

Dueto theneed to meettheextremedemandsforfaster,stronger,efficientand

lightweightautomobilesandaircraft,manufacturershavetorelyonthistechniqueto

staycompetitive.

FEAhasbeenusedroutinelyinhighvolumeproductionandmanufacturingindustries

formanyyears,astogetaproductdesignwrongwouldbedetrimental.Forexample,if

alargemanufacturerhadtorecallonemodelaloneduetoahandbrakedesignfault,

theywouldenduphavingtoreplaceuptofewmillionsofhandbrakes.Thiswillcausea

heavierlosstothecompany.

Thefiniteelementmethodisaveryimportanttoolforthoseinvolvedinengineering

design;itisnowusedroutinelytosolveproblemsinthefollowingareas.

Structuralanalysis

• Thermalanalysis



• VibrationsandDynamics

• Bucklinganalysis

• Acoustics

• Fluidflowsimulations

• Crashsimulations

• Moldflowsimulations

Nowadays,eventhemostsimpleofproductsrelyonthefiniteelementmethodfor

designevaluation.Thisisbecausecontemporarydesignproblemsusuallycannotbe

solvedasaccurately& cheaplyusinganyothermethodthatiscurrentlyavailable.

Physicaltestingwasthenorm intheyearsgoneby,butnowitissimplytooexpensive

andtimeconsumingalso.

INTRODUCTIONTOANSYS

TheANSYSprogram isselfcontainedgeneralpurposefiniteelementprogram

developedandmaintainedbySwasonAnalysisSystemsInc.Theprogram containmany

routines,allinterrelated,andallformainpurposeofachievingasolutiontoanan

engineeringproblem byfiniteelementmethod.

ANSYSfiniteelementanalysissoftwareenablesengineerstoperform thefollowing

tasks:

• Build computermodels ortransferCAD models ofstructures,products,

components,orsystems.

• Applyoperatingloadsorotherdesignperformanceconditions

• Studyphysicalresponses,suchasstresslevels,temperaturedistributions,or

electromagneticfields

• Optimizeadesignearlyinthedevelopmentprocesstoreduceproductioncosts.

• Doprototypetestinginenvironmentswhereitotherwisewouldbeundesirableor

impossible

TheANSYSprogram hasacompressivegraphicaluserinterface(GUI)thatgives

userseasy,interactiveaccesstoprogram functions,commands,documentation,and

referencematerial.Anintuitivemenusystem helpsusersnavigatethroughtheANSYS

Program.Userscaninputdatausingamouse,akeyboard,oracombinationofboth.A



graphicaluserinterface isavailable throughoutthe program,to guide new users

through the learning process and provide more experienced users with multiple

windows,pull-downmenus,dialogboxes,toolbarandonlinedocumentation.

STRUCTURALANALYSIS

Staticanalysiscalculatestheeffectsofsteadyloadingconditionsonastructure,while

ignoringinertiaanddampingeffects,suchasthosecausedbytime-varyingloads.A

staticanalysis,however,includessteadyinertialoads(suchasgravityandrotational

velocity),andtime-varyingloadsthatcanbeapproximatedasstaticequivalentloads

(suchasthestaticequivalentwindandseismicloadscommonlydefinedinmany

buildingcodes).

LOADSINASTRUCTURALANALYSIS

Staticanalysisisusedtodeterminethedisplacements,stresses,strains,and

forcesinstructuresorcomponentscausedbyloadsthatdonotinducesignificant

inertiaanddampingeffects.Steadyloadingandresponseconditionsareassumed;that

is,theloadsandthestructure'sresponseareassumedtovaryslowlywithrespectto

time.Thekindsofloadingthatcanbeappliedinastaticanalysisinclude:

• Externallyappliedforcesandpressures

• Steady-stateinertialforces(suchasgravityorrotationalvelocity)

• Imposed(non-zero)displacements

• Temperatures(forthermalstrain)

• Fluences(fornuclearswelling)

MODALANALYSIS

Anyphysicalsystem canvibrate.Thefrequenciesatwhichvibrationnaturallyoccurs,

andthemodalshapeswhichthevibratingsystem assumesarepropertiesofthesystem,

andcanbedeterminedanalyticallyusingModalAnalysis.

Modalanalysis is the procedure of determining a structure's dynamic

characteristics;namely,resonantfrequencies,damping values,and theassociated

patternofstructuraldeformationcalledmodeshapes.Italsocanbeastartingpointfor



another,moredetailed,dynamicanalysis,suchasatransientdynamicanalysis,a

harmonicresponseanalysis,oraspectrum analysis.

Modalanalysis in the ANSYS familyofproducts is a linearanalysis.Any

nonlinearities,suchasplasticityandcontact(gap)elements,areignoredevenifthey

aredefined.Modalanalysiscanbedonethroughseveralmodeextractionmethods:

subspace,BlockLanczos,PowerDynamics,Reduced,UnsymmetricalandDamped.The

dampedmethodallowsyoutoincludedampinginthestructure.

USESOFMODALANALYSIS

Modalanalysisisusedtodeterminethenaturalfrequenciesandmodeshapesofa

structure.Thenaturalfrequenciesandmodeshapesareimportantparametersinthe

designofastructurefordynamicloadingconditions.Theyarealsorequired todoa

spectrum analysisoramodesuperpositionharmonicortransientanalysis.Another

usefulfeatureismodalcyclicsymmetry,whichallowsreviewingthemodeshapesofa

cyclicallysymmetricstructurebymodelingjustasectorofit.

RANDOM VIBRATIONANALYSIS

ARandom VibrationAnalysisisaform ofSpectrum Analysis.

•Thespectrum isagraphofspectralvalueversusfrequencythatcapturestheintensity

andfrequencycontentoftime-historyloads.

•Random vibrationanalysisisprobabilisticinnature,becausebothinputandoutput

quantitiesrepresentonlytheprobabilitythattheytakeoncertainvalues

Random VibrationAnalysisusesPowerspectraldensitytoquantifytheloading.

•(PSD)isastatisticalmeasuredefinedasthelimitingmean-squarevalueofarandom

variable.Itisusedinrandom vibrationanalysesinwhichtheinstantaneousmagnitudes

oftheresponsecanbespecifiedonlybyprobabilitydistributionfunctionsthatshowthe

probabilityofthemagnitudetakingaparticularvalue.



STRUCTURALANALYSISOFCANTILEVERBEAM

CONDITION1-I-SECTION

MATERIAL-STEEL

SaveCreoModelas.igesformat

→→Ansys→Workbench→Selectanalysissystem→staticstructural→doubleclick

→→Selectgeometry→rightclick→importgeometry→selectbrowse→openpart→

ok

→→selectmeshonworkbench→rightclick→edit

Doubleclickongeometry→selectgeometries→editmaterial

MATERIALPROPERTIESOFSTEEL

Density : 7850kg/m3

Young’smodulus : 205000Mpa

Poisson’sratio : 0.3



Selectmeshonleftsideparttree→rightclick→generatemesh→

Selectstaticstructuralrightclick→insert→selectpressure–0.096MPa

Selectdisplacement→selectrequiredarea→clickonapply→



Selectsolutionrightclick→solve→

Solution-rightclick→insert→deformation→ total

Solutionrightclick→insert→ strain→ equivant(von-mises)→

Solutionrightclick→insert→ stress→ equivant(von-mises)→

Rightclickondeformation→evaluateallresult

TOTALDEFORMATION

VON-MISESSTRESS



VON-MISESSTRAIN

MATERIAL-STAINLESSSTEEL

TOTALDEFORMATION



VON-MISESSTRESS

VON-MISESSTRAIN



CONDITION2-C-SECTION

MATERIAL-STEEL

Importedmodel



Meshedmodel

Force&displacement



TOTALDEFORMATION

VON-MISESSTRESS



VON-MISESSTRAIN

MODALANALYSISOFCANTILEVERBEAM

CONDITION1-I-SECTION

MATERIAL-STEEL

SaveCreoModelas.igesformat

→→Ansys→Workbench→Selectanalysissystem→model→doubleclick

→→Selectgeometry→rightclick→importgeometry→selectbrowse→openpart→

ok

→→Selectmodal→rightclick→selectedit→anotherwindowwillbeopen



MATERIALPROPERTIESOFSTEEL

Density : 7850kg/m3

Young’smodulus : 205000Mpa

Poisson’sratio : 0.3

Selectmeshonleftsideparttree→rightclick→generatemesh→



Selectdisplacement→selectrequiredarea→clickonapply→Selectsolutionright

click→

solve→

Solutionrightclick→insert→deformation→ totaldeformation→mode1

Solutionrightclick→insert→ deformation→ totaldeformation2→mode2

Solutionrightclick→insert→ deformation→ totaldeformation3→mode3

Rightclickondeformation→evaluateallresult



TOTALDEFORMATION1:

TOTALDEFORMATION2



TOTALDEFORMATION3

MATERIAL–STAINLESSSTEEL

TOTALDEFORMATION1



TOTALDEFORMATION2

TOTALDEFORMATION3





RESULTTABLES

Staticanalysisresults

I-section

Material Deformation(mm) Stress(N/mm2) Strain

Steel 2.4219 77.836 0.00038918

Stainlesssteel 2.5099 78.313 0.00040577

Castiron 4.4028 76.871 0.00069883

C-section

Material Deformation(mm) Stress(N/mm2) Strain

Steel 10.361 169.52 0.00084759

Stainlesssteel 10.778 170.35 0.00088267

Castiron 18.696 167.77 0.0015251

T-section

Material Deformation(mm) Stress(N/mm2) Strain

Steel 4.7314 207.08 0.0010354

Stainlesssteel 4.9027 208.22 0.0010789

Castiron 8.6034 204.75 0.0018614



Modalanalysisresults

Material Total Deformation

1(mm)

Total Deformation

2(mm)

Total Deformation

3(mm)

Steel 9.2158 11.7 9.06

Stainlesssteel 9.2752 11.8 9.12

Castiron 9.6225 12.23 9.466

C-section

Material Total Deformation

1(mm)

Total Deformation

2(mm)

Total Deformation

3(mm)

Steel 9.9427 14.092 11.479

Stainlesssteel 10.012 14.192 11.553

Castiron 10.37 14.691 11.987

T-section

Material Total Deformation Total Deformation Total Deformation



1(mm) 2(mm) 3(mm)

Steel 13.151 13.465 10.829

Stainlesssteel 13.053 13.37 10.76

Castiron 13.599 13.941 11.236

CONCLUSION

InthisworkwecomparedthestressandnaturalfrequencyfordifferentmaterialhavingsameI,

CandTcross-sectionalbeam.Thecantileverbeam isdesignedandanalyzedinANSYS.The

cantileverbeam whichisfixedatoneendisvibratedtoobtainthenaturalfrequency,mode

shapesanddeflectionwithdifferentsectionsandmaterials.

ByobservingthestaticanalysisthedeformationandstressvaluesarelessforI-section

cantileverbeam atcastironmaterialthansteelandstainlesssteel.

Byobservingthemodalanalysisresultsthedeformationandfrequencyvaluesareless

forI-sectioncantileverbeam moreforT-section.

Soitcanbeconcludethecastironmaterialisbettermaterialforcantileverbeam inthis

typeI-sectionmodel.
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