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Abstract: In order to conserve natural resources and
economize energy,weightreduction has main focus of
automobile manufacturerin presentscenario.The weight
reductioncanbeachievedwiththehelpofintroductionof
bettermaterialdesignoptimization& bettermanufacturing
process.Inautomobilesectorsuspensionsystem isoneof
the area under which weight reduction is possible by
introducingbettermaterial,becauseitaccountsfor10to20%
ofupsprungweight.Itiswellknownthat,springaredesignto
absorbandstoreenergy&thenreleaseit.Hencestrainenergy
ofthematerialbecomesmajorfactorindesigningthespring.
Theintroductionofcompositematerialwasmadeitpossible
toreducetheweightofleafspringwithoutanyloadcarrying
capacityandstiffness,sincethecompositematerialhave
maximum elastic strain energy storage capacity & high
strengthtoweightratioascomparedtothereofsteel.
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1.Introduction

Leafspring in an automobile provides a good

suspensionandplaysavitalroleincarryingloads

andabsorbingvibrations.Theleafspringisoneof

the potential items for weight reduction in

automobileasitaccountsfortentotwentypercent

ofthe upsprung weight.Mainlyleafsprings are

madeofisotropicsteel.Theautomobileindustry

hasshowngreatinterestinreplacementofsteel

parts with composite materials.Owing to high

strength and stiffness to weight ratios the

requirement of computer aided analysis arises

becauseofanisotropyofcompositeswhichmakes

calculations quite intensive and large numberof

variables on which the mechanicalproperties of

composite depends.Forexample fibermaterial,

matrixmaterial,fiberorientationinaply,layupofa

laminate etc.In the present work stress and

deflectionanalysisofleafspringarecalculatedby

finiteelementanalysis.Theleavesofthespringare

assigned properties ofsteelorfiberreinforced

composites.TheleafspringsareanalyzedinANSYS

16.0 for stresses and deflections.The results

indicatethatforthesameloadcarryingcapacity

there is lowering of induced stresses and

deflections when steelleaves are replaced by

fibrouscompositeleaves.

2.LiteratureReview:

Beforestartinganydissertationwork,theliterature

review ofthetopicismust,becauseithelpsusin

knowingtheamountofworkthathasbeendonein

thattopicbythedifferentresearchers.Italsohelps

usindoingthefurtherworkbytakingthereference

ofthepreviousworkdoneinthebestpossibleway.

PankajSaini,AshishGoelandDushyantKumar.In

thispaper,theyconsiderpassengervehiclewithten-
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leafsteelspringforanalysisofstressanddeflection

.The objective isto compare the stressesand

weightsavingsofcompositeleafspringwiththatof

steelleafspring.The materialselected was E-

glass/epoxy,carbon epoxy and graphite epoxy

which is use against conventional steel. The

dimensionsandthenumberofleavesforbothsteel

leaf spring and composite leaf springs are

consideredtobethesame.[1].

Mahmood M.Shokrieh and DavoodRezaeihave

workedonanalysisandoptimizationofacomposite

leafspring.Inthiswork,theyconsiderlightvehicle

rearsuspensionsystem withfour-steelleafspring

for analysis of stress and deflection .They

concludedthattheoptimizecompositeleafspring

hasmuchlowerstressascomparedtosteelspring

and the spring weightwithouteye units which

havinginsteelis9.2kgisdecreaseby80% ofits

value.The naturalfrequency ofcomposite leaf

springishigherthanthatofthesteelleafspring[2].

M.VenkatesanandD.Helmenhaveworkedondesign

andanalysisofcompositeleafspringinlightvehicle.

In thispaper,theyconsiderpassengercarswith

seven-leafsteelspringforanalysisofstressand

deflection.The objective isto compare the load

carryingcapacity,stiffnessandweightsavingsof

compositeleafspringwiththatofsteelleafspring.

They concluded that,the composite leafspring

having67.35% lessstress,64.95% higherstiffness

and126.98% highernaturalfrequencythanthatof

existingsteelleafspring.[3].

GulurSiddaramanna Shiva Shankar and

SambagamVijayarangan have worked on mono

composite leafspring forlightweightvehicle –

Design,endjointanalysisandtesting.Inthispaper,

theyconsiderlightweightvehicleleafspring for

analysisofstressanddeflectionbyusingANSYS

software.Thedesignconstraintswerestressesand

deflectionforbothmaterials.Theyconcludedthat

optimize composite spring having much lower

stress,weightisreducenearly85%andthenatural

frequency is higheras compared to steelleaf

spring[4].

Mouleeswaran Senthil Kumar and

SabapathyVijayarangan have done work on

analyticalandexperimentalstudiesonfatiguelife

predictionofsteelandcompositemulti-leafspring

forlightpassengervehiclesusinglifedataanalysis.

Theobjectiveiscompretheloadcarryingcapacity,

stiffness,and fatigue life and weightsavings of

compositeleafspringwiththatofsteelleafspring.

Theyanalyzethat,thecompositeleafspringhas

67.35 % lesser stress, 64.95 % higher

stiffnessand126.98 % higher natural frequency

compare to existing steelleafspring.A weight

reduction of68.15 % is also achieved byusing

compositeleafspring.Alsotheyconcludedthat,the

compositeleafspringfatiguelifeismorethanthat

ofconventionalsteelleafspring[5].

K. K.JadhaoandDR.R.S.Daluhaveworkedon

experimentalinvestigation&numericalanalysisof

composite leaf spring.Primary objective is to

comparetheload.Theyconcludedthat,Composite

leafspring have much lowerstress and higher

stiffnessthanthatofexistingsteelleafspring.Also

theyconcludedthatweightofcompositeleafspring

wasnearlyreducedupto85%comparetosteelleaf

spring[6].

KumarKrishaandAggarwalM.Lhaveworkedon

ComputeraidedFEAcomparisonofmonosteeland

monoGRPleafspring..Theobjectiveistocompare

the load carrying capacity,stiffness and weight

savingsofcompositeleafspringwiththatofsteel

leafspring.Theyconsiderdesignconstraintswere

stressesanddeflections.

From theresultstheyconcludedthat,

 When steelleafspring isreplaced bycomposite

material(GRP),thedeflectionisreducedby6.51%.

 Thematerialsaving71.85%isobtainedbyweight[7].

Joo-teckJeffreyandTarlochanFarishaveworkedon

Finiteelementanalysison thestaticand fatigue
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characteristicsofcompositemulti-leafspring.They

concludedthat,themaximum bendingstressesand

deflectionincompositeleafspringaremuchlower

than thatofsteelspring.The fatigue life ofE-

glass/epoxyorE-glass/vinylestercompositeleaf

springwasproventobe2and4timeshigherthan

thatofsteelleafspring[8].

N.P.Dhoshi,Prof.N.K.Ingole and Prof.U.D.

Gulhanehaveworkedonanalysisandmodification

ofcomposite leafspring oftractortrailerusing

analyticalandfiniteelementmethod.Inthispaper,

theyconsidertractortrailerwithseventeen-leafsteel

springforanalysisofstressanddeflection.They

concluded that,the composite leafspring have

much lowerstress and deflection than thatof

existingsteelleafspring.Alsotheyconcludedthat

weightofcompositeleafspringwasnearlyreduced

upto80%comparetosteelleafspring[9].

M.M.PatunkarandD.R.Dolashaveworkedon

modelling and analysis ofcomposite leafspring

underthestaticloadconditionbyusingFEA.Inthis

paper,theyconsidercommercial

vehicle suspension system with leafspring for

modeling and analysis ofstress,deflection and

weightreductionratio.Theyconcludedthatoptimize

conventionalsteelleafspringhaveweight23Kg.

whereascompositeleafspringweightisonly3.59

Kg.Soitisindicatingthereductioninweightby

84.40% atsamelevelofperformance.Composite

leafspringcanbeusedonsmoothroadwithvery

highperformanceexpectations.Howeveronrough

road conditionsdueto lowerchipping resistance

failurefrom chippingofcompositeleafspring[10].

M SenthilKumarandSVijayaranganhaveworkedon

staticanalysisandfatiguelifepredictionofsteel

and composite leaf spring for light passenger

vehicles.Theydescribestaticandfatigueanalysis

ofsteelleafspringandcompositemultileafspring.

Primaryobjectiveistocomparetheloadcarrying

capacity,stiffnessandweightsavingsofcomposite

leafspringwiththatofsteelleafspring.Theyhave

compared the analysis results with experimental

results.Theyconcludedthat,Compositeleafspring

have67.35% lesserstress,64.95% higherstiffness

and126.98% highernaturalfrequencythanthatof

existingsteelleafspring.[11].

H.A.Al-Qureshihas worked on automobile leaf

springsfrom compositematerials.Theaim ofthis

paperistopresentageneralstudyontheanalysis,

designandfabricationofcompositesprings.From

thisviewpoint,thesuspensionspringofacompact

car,`̀a jeep''was selected as a prototype.He

concludedthat,compositeleafspringhavebetter

fatiguebehaviorthansteelspring.Alsohefoundthe

hybridizationtechniquecanbeusedeffectivelyto

improve weightsaving and performance in the

automotiveindustry[12].

J.P.Hou,J.Y.Cherruault,I.Nairne,G.Jeronimidis

andR.M.MayerhaveworkedonEvolutionoftheeye

-enddesignofacompositeleafspringforheavy

axleloads.Inthispaper,theyconsiderfreightrail

applicationswithtwoleafsteelspringforanalysisof

stress and deflection. They concluded that,

composite leafspring have lesserstress,higher

stiffnesscomparedtosteelleafspring.Alsothey

concluded that,composite leafspring have very

good fatigue life than thatofexisting steelleaf

springandreductionofshearstressesineye-end

design[13].

VinkelArora,Dr.M.L.Aggarwalhaveworkedona

comparativestudyofCAEandexperimentalresults

ofleafspringsinautomotivevehicles.Inthispaper,

they consider commercial vehicle suspension

system withfrontendleafspringformodeling.This

conventionalleafspringmodelconsistsof37parts..

From the results obtained from ANSYS,they

concludedthattheleafspringisfully/halfloaded,a

variationof1.17% indeflectionisobservedamong

the experimental& CAE value,which proves the

validationofourCADmodelandanalysis.[14].
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Mr. Anandkumar A. Satputeworked on mono

compositeleafspring–designandtesting.Inthis

work,theyconsiderlightvehicleofMarutiOmni’s

rear suspension system. The objective is to

comparestrengthandweightsavingsofcomposite

leafspringwiththatofsteelleafspring.Afterthey

concluded thatthe results ofthe analyticaland

experimentalanalysisarealmostsameandtheyuse

thecompositematerialinsteadofsteel,theyhaveto

changedimensions.Heretheyhavechanged.[15].

I.RajendranandS.Vijayaranganhadstudiedabout

optimaldesign ofa compositeleafspring using

genetic algorithms.In this paper,they consider

automobilesteelleafspringforsolutionoffatigue

failureandweightreductionratiobyusinggenetic

algorithms..Also from theresult,theyconcluded

thatthe composite leafspring have very good

fatiguelifethanthatofexistingsteelleafspringand

weightreductionisachieved75.6%[16].

AbdulRahim Abu Talib,AidyAli,have worked on

developing a composite based elliptic spring for

automotive applications.Theyconsiderlightand

heavytruckswithsteelellipticspringforanalysisof

fatiguebehavior.Theobjectiveistocomparethe

loadcarryingcapacity,fatiguebehaviorandweight

savingsofcompositeleafspringwiththatofsteel

leafspring.Theyconcludedthatcompositeelliptical

springs have better fatigue behavior than the

conventionalsteelleafspringandweightreduction

ratioisachieved[17].

Malaga.Anilkumar,T.N.Charyulustudiedondesign

optimization ofleafspring.Theobjectiveofthis

paperisto replacethemulti-leafsteelspringby

threetypescompositeleafspringforthesameload

carrying capacity and stiffness.From the static

analysisresults,theysawthatthevon-misesstress

in the steelis 596.047 MPa and the von-mises

stress in E-glass/epoxy, Graphite/epoxy and

Carbon/epoxyis475.606MPa,1556MPaand1061

MPa respectively.And they was found thatthe

maximum displacementof92.591mm inthesteel

leafspring andthecorrespondingdisplacementsinE-

glass/epoxy,graphite/epoxy[18].

Makarand B.Shirke and Prof.V.D.Wakchaure

studiedonperformanceassociationofstaticand

fatiguebehaviorofsteelandglassepoxycomposite

leafspringoflightmotorvehicle.Theyconsiderlight

motorvehiclesteelleafspringTheobjectiveisto

reducecost,weightthatiscapableofcarryinggiven

static externalforces withoutfailure.From the

analysistheyconcluded that,the composite leaf

spring have62.27 % lesser stress and lesser

deflection compared to steelleaf spring.The

predictedfatiguelifeofthesteelleafspringis106

cyclesandcompositeleafspringis109cycles[19].

Abdullahetal.(2009)analyzed and evaluated the

capabilityofparabolicspringtoreplacethemulti

leafinsuspensionsystem.Finiteelementanalysis

had been performed to analyze the stress

distributionandbehaviorforbothtypeofsprings.

Multileafcanholdmuchmoreloadthenparabolic

spring,butintermsofmaterialusageandspace

requirement,parabolicspringhastheadvantages.

Formulti-leaf,thestresswasconcentratedatthe

center part, while for parabolic, stress was

distributedwellatthebothsideofthepart.[20]

AjayB.K.,MandarGophanestudiedonDesignand

AnalysisofLeafSpringwithDifferentArrangements

ofComposite Leaves with SteelLeaves.”Itis

observedthatthecompositematerialarrangement

showsmoredeflectionandstressthanthatofsteel

material leaf spring but the model 4 gives

considerablereductioninweightandwhoseFOSis

also4.1closetosteelleafspringsFOSof4.5.[21]

Shambabunutalapatistudiedondesignandanalysis

ofleafspringbyusingcompositematerialforlight

vehicles. He studied the modelof“Mahindra

ommandar-650Di” and concluded that

“Compositemonoleafreducestheweightbynearly

84%fore-glass/epoxy.From fatigueanalysisresult

,theusageoffactorofe-glass/epoxyisverymuch
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lesscomparedtosteel.Henceitisadvantagesto

replacessteelleafspringwithe-glass/epoxy.”[22]

FARIS etal.(2012)investigated the static and

fatigue behaviors of steel and composite

multileafspring.Thesamedimensionswereusedto

design composite multi-leaf spring or the two

materials-glassfiber/epoxyandE-glassfiber/vinyl

ester, which are of great interest to the

transportationindustry.Comparedtothesteelleaf

spring,thedesigned compositespring hasmuch

lowerbendingstressesanddeflectionsandhigher

fatiguelifecycles[23].

ManjunathH.N,Manjunath.K,T.Rangaswamystudied

on StaticAnalysisand FatigueLifeprediction of

Composite LeafSpring fora LightCommercial

Vehicle (TATA ACE) and conclude that “A

comparativestudyhasbeenmadebetweendifferent

compositematerialsandwithsteelinrespectof

stiffness,deflectionandstress. Hencecomposite

leafspringhasgoodperformancecharacteristicsas

comparedtoconventionalsteelspringwithsimilar

designspecifications.”[24]

3.DesignMethodology:

1.Modeling of mutli-leaf spring was done in

academicversionofSOLIDWORKS

2.Geometric Modelofthe multileafspring is

importedinacademicversionofANSYS16.0.

3.Finiteelementanalysisofmultileafspringhas

been done using three differentmaterials (steel,

carbon/epoxyandglass/epoxy).

4.Stressesanddeflectionsareobtainedfrom finite

elementanalysisforthreedifferentmaterialsare

comparedandconclusionsdrawn.

4.Conclusion:

A comparative study has been made

betweencompositeleafspringandsteelleafspring

withrespecttostressanddeflection.Byemploying

acompositeleafspringforthesameloadcarrying

capacity,thereisreductioninstresses,reductionin

deflectionand reductioninweightwhichresultsin

morefuelefficiencyandimprovedridingqualities.

Socompositeisagoodreplacementforsteelfor

multileafsprings.
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