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The isuccess iof ia iproject irequires ihelp iand icontribution ifrom inumerous iindividuals iand ithe 

iorganization. iWriting ithe ireport iof ithis iproject iwork igives ime ian iopportunity ito iexpress imy 

igratitude ito ieveryone iwho ihas ihelped iin ishaping iup ithe ioutcome iof ithe iproject. iI iexpress imy 

iheartfelt igratitude ito imy iproject iguide, iDr. iVikas iRastogi, ifor igiving ime ian iopportunity ito ido imy 

iproject iwork iunder ihis iguidance. iHis iconstant isupport iand iencouragement ihave imade ime irealize 

ithat iit iis ithe iprocess iof ilearning iwhich iweighs imore ithan ithe iend iresult. iI iam ihighly iindebted ito ithe 

ipanel ifaculties iduring iall ithe iprogress ievaluations ifor itheir iguidance, iconstant isupervision, iand ifor 

imotivating ime ito icomplete imy iwork. iThey ihelped ime ithroughout iby igiving inew iideas, iproviding 

inecessary iinformation, iand ipushing ime iforward ito icomplete ithe iwork. iI ialso ireveal imy ithanks ito 

iall imy iclassmates iand imy ifamily ifor iconstant isupport. 
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In ithis istudy idesign iand istatic ianalysis iof imono icomposite ileaf ispring iare iperformed iin icomparison 

ito ithe iexisting istructural isteel ileaf ispring. iThe ibasic iidea ibehind ithis iwork iis ito ireplace ithe iexisting 

istructural isteel ileaf ispring iwith icomposite imaterials. iIn ithis iwork, ithree idifferent ikinds iof 

icomposite imaterials iare itaken isuch ias ilaminated iCarbon/Epoxy, iBoron/Aluminum, iand 

iCarbon/Epoxy i(Non-Laminated) iwith ithe isame ithickness, iwidth, iand iload-carrying icapacity. iThe 

imain iinvestigation iof ithe istudy iis ito ireduce ithe iweight iof iexisting istructural isteel ileaf ispring iwhile 

iupholding iits istrength. iThis istudy iseeks ito iaddress, iimproving iload-carrying icapacity, iand idesign 

iless istressed iand ilightweight icomposite imono ileaf ispring. iIn ithis istudy, i60% ifiber ivolume ifraction 

iand i40% imatrix ivolume ifraction iis itaken. iIn ipresent iwork itotal ideflection iand iequivalent ivon-

misses istresses iinduced iin ithe idifferent ikinds iof icomposite ileaf ispring iare icompared iwith itotal 

ideflection iand iequivalent ivon-misses istresses iof istructural isteel ileaf ispring. iFor ianalysis ipurposes, 

iANSYS iworkbench i19.2 iis iused iand ifor imodeling iof icomposite ileaf ispring, iNX i10 

i(UNIGRAPHICS) iis iused. iFinally, ifrom ithe istatic ianalysis iresults, iwe ican isay ithat ithe inewly 

idesigned icomposite ispring imade iof iCarbon/Epoxy i(Non-Laminated) ihas ibetter iperformance ithan 

ithe iexisting iconventional istructural isteel ileaf ispring.
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1.1 iBackground i 

Leaf ispring iis ialso ione iof ithe ioldest iforms iof ispring, idating iback ito imedieval itimes. iLeaf isprings 

ican iserve ito ilocate iand ito isome iextent idamping ias iwell ias ispring ifunctions. iWhile ithe iinterleaf 

ifriction iprovides ia idamping iaction, iit iis inot iwell icontrolled iand iresults iin isatiation iin ithe imotion iof 

ithe isuspension i[1]. iSometimes ireferred ito ias ia isemi-elliptical ispring ior icart ispring, iit itakes ithe iform iof 

ia islender iarc-shaped ilength iof ispring isteel iof irectangular icross-section. iThe icenter iof ithe iarc iprovides 

ithe ilocation ifor iaxle, iwhile itie iholes iare iprovided iat ieither iend ifor iattaching ito ithe ivehicle ibody. iFor 

ivery iheavy ivehicles, ia ileaf ispring ican ibe imade ifrom iseveral ileaves istacked ion itop iof ieach iother iin 

iseveral ilayers, ioften iwith iprogressively ishorter ileaves i[2]. 

1.2 iSuspension iSystem i 

The ivehicles imust ihave ia igood isuspension isystem ithat ican ideliver ia igood iride iand igood ihuman 

icomfort isuspension isystem iseparate ithe iaxle ifrom ithe ivehicle ichassis iso ithat iany iroad iirregularities 

iare inot itransmitted idirectly ito ithe idriver iand ithe iload ion ithe ivehicle. iThis iis inot ionly iallowing ia 

imore icomfortable iride, iand iprotection iof ithe iload ifrom ipossible idamage, ibut iit ialso ihelps ito 

iprevent idistortion iand idamage ito ithe ichassis iframe i[15]. i 

The iautomobile ichassis iis imounted ion ithe iaxles, inot idirect ibut isome iform iof isprings iis iavailable. 

iThis iis idone ito iisolate ithe ivehicle ibody ifrom ithe iroad ishocks, iwhich imay ibe iin ithe iform iof ibounce, 

ipitch, iroll, ior isway. iThen, ithe isuspension isystem imust iconsist iof ia ispring iand idamper ito iisolate. 

iDuring idriving ithe ienergy iof iroad ishock icauses ithe ispring ito ioscillate, ithese ioscillations iare 

irestricted ito ia ireasonable ilevel iby ithe idamper iwhich iis imore icommonly icalled ia ishock iabsorber 

i[16]. i 

Generally, ithe isuspension isystem iof ivehicles iused ito iprevent ithe iroad ishocks ifrom ibeing 

itransmitted ito ia ivehicle icomponent, ito isafeguard ithe ioccupants ifrom iroad ishocks, iand ito ipreserve 

ithe istability iof ithe ivehicle iin ipitting ior irolling, iwhile iin imotion. iMany itypes iof isprings iare 

iavailable iin ia ivehicle isuspension isystem isuch ias ihelical ispring, iconical, iand ivolute ispring, 

ilaminated ispring. 
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1.2.1 iLeaf isprings i 

Leaf isprings i(flat isprings) imade ifrom iflat iplates iwhich iare icalled ileaves. iThe ileaves iare iusually 

igiven ias iinitial icurvature ior icambered iso ithat ithey iwill itend ito istraighten iwhen ithe iload iis iapplied. 

iAnd ithe ileaves iare iheld itogether iby ia imeans iof ia iband ishrunk iaround ithem iat ithe icenter ior iby ia 

imeans iof ibolt, ipassing ithrough ithe icenter iof iit. iSince ithe iband iexerts istiffening iand istrengthening 

ieffect, itherefore ithe ieffective ilength iof ithe ispring ifor ibending iwill ibe ian ioverall ilength iof ispring 

iminus iwidth iof ithe iband. iAnd iagain, iin ithe icase iof ia icenter ibolt, itwo-third idistance iof iU-bolt 

ishould ibe isubtracted ifrom ithe ioverall ilength iof ithe ispring iin iorder ito ifind ieffective ilength iof ithe 

ileaf ispring i[56]. iLeaf isprings iare imounted ion ithe iaxle iof ithe ivehicle iby iusing ia iU-bolt. iThe ileaf 

ispring ihas itwo ieyes iwhich iare ifront iand irear ieye, ithe ifront ieye iis ifound iat ithe ifront iend iof ithe 

imaster ileaf iand ithe irear ieye iwhich iis ifound iat ithe irear iend iof ithe imaster ileaf iof ithe ileaf ispring. iThe 

ifront iend iof ithe ispring iis iconnected ito ithe iframe iwith ia isimple ipin ijoint, iwhile ithe irear iend iof ithe 

ispring iis iconnected iwith ia ishackle. iShackle iis ithe iflexible ilink ithat iconnects ibetween ileaf ispring 

irear ieye iand iframe. iWhen ithe ivehicle icomes iacross ia iprojection ion ithe iroad isurface, ithe iwheel 

imoves iup, ithis ileads ito ideflecting ithe ispring. iThis ichanges ithe ilength ibetween ithe ispring ieyes i[16] 

i[17]. i 

The iadvantage iof ileaf ispring iover ihelical ispring iis ithat ithe iends iof ithe ispring imay ibe iguided ialong 

ia idefinite ipath ias iit ideflects ito iact ias ia istructural imember iin iaddition ito ithe ienergy iabsorbing 

idevice. iThus, ileaf ispring imay icarry ilateral iloads, ibrake itorque, idriving itorque, iin iaddition ito ithe 

ishocks. iThe iability ito iabsorb iand istore imore iamount iof ienergy iensures ithe icomfortable ioperation 

iof ia isuspension isystem. iHowever, ithe iproblem iof ithe iheavyweight iof ispring iis istill ipersistent. i 

Now ia iday isuspension isystem iof iany ivehicles icontains ileaf ispring ito iabsorb ijolts. iBut iit iis iobserved 

ithat ithe ifailure iof isteel ileaf isprings iis iusually icatastrophic i[18]. iThen ito ireduce iaccidents, iwhich 

icomes ithrough isuch ifailures iconventional isteel ileaf ispring ican ibe ireplaced iwith igradually ifailing 

icomposite ileaf isprings. iBy idoing ithis, ithe iweight iof ithe ivehicle iand ifuel iconsumption imay ialso ibe 

ireduced iwhile imaintaining ithe istrength iof ithe ileaf ispring. i 

It iis iwell iknown, ithe iconventional isteel ileaf isprings iare iall imeet ithe ibasic irequirement iof istrength 

iand ifunctionality, ibut ithe icurrent iLightweight icomposite imaterials igive iseveral iadvantages iover 

ithe icurrent iconventional isteel ileaf ispring. iThis iis ibecause icomposite imaterials ioffer isignificant 

iopportunities ifor ienhancement iof iproduct iperformance iin iterms iof istrength, istiffness, ilife ispan, 
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iand ienergy iabsorption, icombined iwith iweight ireduction iand ispace-saving. iThen inow ilet’s isee iin 

idetails iabout icomposite imaterials.i 

1.3 iComposite iMaterials 

Composites iMaterials iare icombinations iof itwo imaterials iin iwhich ione iof ithe imaterials, icalled ithe 

ireinforcing iphase, iwhich iis iin ithe iform iof ifiber isheets ior iparticles iand iare iembedded iin ithe iother 

imaterial icalled ithe imatrix iphase. iThe iprimary ifunctions iof ithis imatrix iare ito itransfer istresses 

ibetween ithe ireinforcing ifibers ior iparticles iand ito iprotect ithem ifrom imechanical iand ienvironmental 

idamage iwhereas ithe ipresence iof ifibers ior iparticles iin ia icomposite iimproves iits imechanical 

iproperties isuch ias istrength, istiffness, ietc. iA icomposite iis itherefore ia isynergistic icombination iof 

itwo ior imore imicro-constituents ithat idiffer iin iphysical iform iand ichemical icomposition iand iwhich 

iare iinsoluble iin ieach iother. iOur iobjective iis ito itake iadvantage iof ithe isuperior iproperties iof iboth 

imaterials iwithout icompromising ion ithe iweakness iof ieither. iComposite imaterials ihave isuccessfully 

isubstituted ithe iconventional imaterials iin iseveral iapplications ilike ilightweight iand ihigh istrength. 

iThe ireasons iwhy icomposites iare iselected ifor isuch iapplications iare imainly idue ito itheir ihigh 

istrength-to-weight iratio, ihigh itensile istrength iat ielevated itemperatures, ihigh icreep iresistance, iand 

ihigh itoughness. iTypically, ithe ireinforcing imaterials iare istrong iwith ilow idensities iwhile ithe imatrix 

iis iusually ia iductile ior itough imaterial. iIf ithe icomposite iis idesigned iand ifabricated icorrectly iit 

icombines ithe istrength iof ithe ireinforcement iwith ithe itoughness iof ithe imatrix ito iachieve ia 

icombination iof idesirable iproperties inot iavailable iin iany isingle itraditional imaterial. iThe istrength iof 

ithe icomposites iwhich iare imade idepends iprimarily ion ithe iamount, iarrangement, iand itype iof ifiber 

iand i/or iparticle ireinforcement iin ithe imatrix. 

1.3.1 iTypes iof iComposite iMaterials: 

Basically, icomposites ican ibe icategorized iinto ithree igroups ibased ion imatrix imaterial. iThey iare: 

a) iMetal iMatrix iComposites i(MMC) 

b) iCeramic iMatrix iComposites i(CMC) 

c) iPolymer iMatrix iComposites i(PMC) 

a) iMetal iMatrix iComposites: i 

These iComposites ihave imany iadvantages iover imonolithic imetals ilike ihigher ispecific istrength, 

ihigher ispecific imodulus, ibetter iproperties iat ielevated itemperatures, iand ilower icoefficient iof 
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ithermal iexpansion. iDue ito ithese iattributes imetal imatrix icomposites iare iunder iconsideration ifor ia 

iwide irange iof iapplications iviz. icombustion ichamber inozzle i(in ia irocket, ispace ishuttle), ihousings, 

itubing, icables, iheat iexchangers, istructural imembers, ietc. 

b) iCeramic imatrix iComposites: 

The imain iobjective iin iproducing iceramic imatrix icomposites iis ito iincrease ithe itoughness. 

iNaturally, iit iis ihoped iand iindeed ioften ifound ithat ithere iis ia iconcomitant iimprovement iin ithe 

istrength iand istiffness iof iceramic imatrix icomposites. 

c) iPolymer iMatrix iComposites: 

These iare ithe imost icommonly iused imatrix imaterial. iIn igeneral, ithe imechanical iproperties iof 

ipolymers iare iinadequate ifor imany istructural ipurposes. iIn iparticular, itheir istrength iand istiffness iare 

ilow icompared ito imetals iand iceramics. iThese idifficulties iare iovercome iby ireinforcing iother 

imaterials iwith ipolymers. i 

Secondly, ithe iprocessing iof ithis itype iof imatrix icomposites ido inot irequire ihigh ipressure iand ihigh 

itemperature. iThe iequipment iwhich iis irequired ifor imanufacturing ipolymer imatrix icomposites iis 

isimpler. iFor ithis ireason, ipolymer icomposites ideveloped irapidly iand isoon ibecame ipopular ifor 

istructural iapplications. iPolymer icomposites iare iused ibecause ithe ioverall iproperties iof ithese 

icomposites iare isuperior ito ithose iof ithe iindividual ipolymers. iThe ielastic imodulus iis igreater ithan 

ithat iof ithe ineat ipolymer ibut iis inot ias ibrittle ias iceramics. 
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1.3.2 iClassification iof iComposite iMaterials: i i 

     

                    Fig i1.1 iClassification iof icomposites ibased ion ireinforcement itype i[24] 

 

Polymer icomposites ican ibe iclassified iinto ithe ifollowing ithree igroups ibased ion ireinforcing 

imaterial. iThey iare: 

(a) iFiber ireinforced ipolymer i(FRP) 

(b) iParticle ireinforced ipolymer i(PRP) 

(c) iStructural ipolymer icomposites i(SPC) 

 

(a) iFiber-reinforced ipolymer: 

The ifiber ireinforced icomposites iare icomposed iof ifibers iand imatrix. iFibers iare ithe ireinforcing 

ielements iand ithe imain isource iof istrength iwhile imatrix iglues iall ithe ifibers itogether iin ishape iand 

itransfers istresses ibetween ithe ireinforcing ifibers. iThe ifibers icarry ithe iloads ialong itheir ilongitudinal 

idirections. iSometimes, ifiller iis iadded ito ismoothen ithe imanufacturing iprocess iand ito iimpart ispecial 

iproperties ito ithe icomposites. iThese ialso ireduce ithe iproduction icost. iThe imost icommonly iused 

iagents iinclude iasbestos, icarbon/ igraphite ifibers, iberyllium, iberyllium icarbide, iberyllium ioxide, 

imolybdenum, ialuminum ioxide, iglass ifibers, ipolyamide, inatural ifibers, ietc. iSimilarly, icommon 

imatrix imaterials iinclude iepoxy, iphenolic iresin, ipolyester, ipolyurethane, ivinyl iester, ietc. iAmong 

Composite

Particle iReinforced

Large iParticle

Microsize iParticle

Fiber iReinforced

Continuous 
i(Aligned)

Discontinuous 
i(Short)

Aligned

Randomly 
iOriented

Structural

Laminates

Sandwich iPanels
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ithese imaterials, iresin iand ipolyester iare ithe imost iwidely iused. iEpoxy, iwhich ihas ihigher iadhesion 

iand iless ishrinkage ithan ipolyesters, icomes iin isecond ifor iits ihigh icost. I 

                                               Fig.1.2 iUnidirectional iReinforced iComposite i[23] 

 

 

(b) iParticle ireinforced ipolymer: 

Particles iwhich iare iused ifor ireinforcing iinclude iceramics iand iglasses isuch ias ismall imineral 

iparticles, imetal iparticles isuch ias ialuminum iand iamorphous imaterials, iincluding ipolymers iand 

icarbon iblack. iParticles iare iused ito ienhance ithe imodulus iand ito idecrease ithe iductility iof ithe imatrix. 

iSome iof ithe iuseful iproperties iof iceramics iand iglasses iinclude ihigh imelting itemp., ilow idensity, 

ihigh istrength, istiffness; iwear iresistance, iand icorrosion iresistance, ietc. iMany iceramics iare igood 

ielectrical iand ithermal iinsulators. iSome iceramics ihave ispecial iproperties; isome ihave imagnetic 

iproperties; isome iare ipiezoelectric imaterials, iand ia ifew ispecial iceramics iare ieven isuperconductors 

iat ivery ilow itemperatures. ione imajor idrawback iof iceramics iand iglass iis itheir ibrittleness. iAn 

iexample iof iparticle i– ireinforced icomposites iis ian iautomobile ityre, iwhich ihas icarbon iblack 

iparticles iin ia imatrix iof ipolyisobutylene ielastomeric ipolymer. i 
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(c) iStructural iPolymer iComposites: 

These iare ithe ilaminar icomposites iwhich iare icomposed iof ilayers iof imaterials iheld itogether iby 

imatrix. iThis icategory ialso iincludes isandwich istructures. iOver ithe ipast ifew idecades, iwe ifind ithat 

ithese ipolymers ihave ireplaced imany iof ithe iconventional imaterials iin ivarious iapplications. iThe 

imost i 

important iadvantages iof iusing ipolymers iare ithe iease iof iprocessing, iproductivity, iand icost 

ireduction. iThe iproperties iof ipolymers iare imodified iusing ifillers iand ifibers ito ifulfill ithe ihigh 

istrength iand ihigh imodulus irequirements. iFiber ireinforced ipolymers ioffer iadvantages iover iother 

iconventional imaterials iwhen ispecific iproperties iare icompared. iThat’s ithe ireason ifor ithese 

icomposites ifinding iapplications iin idiverse ifields ifrom iappliances ito ispacecraft. iA ilot iof iwork ihas 

ibeen icarried iout ion ivarious iaspects iof ipolymer icomposites, ibut ia ifew iresearchers ihave ireported ion 

ithe ithermal iconductivity imodification iof iparticulate ifilled ipolymers. iBecause iof ithis, ithe ipresent 

iwork iis iundertaken ito iestimate iand imeasure ithe ieffective ithermal iconductivity iof iepoxy ifilled iwith 

iceramic ipowder 

Two iclasses iof ithese icomposites iwidely iused iare: 

 Laminar icomposites i i 

 Sandwich istructures. 
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Laminar icomposites: 

 These iare icomposed iof itwo-dimensional isheets/layers ithat ihave ia ipreferred istrength i 

direction. 

 These ilayers iare istacked iand icemented itogether iaccording ito ithe irequirement. 

 General imaterials iused iin itheir ifabrication iare imetal isheets, icotton, ipaper, iwoven iglass 

ifibers iembedded iin ia iplastic imatrix, ietc. 

 Eg: ithin icoatings, ithicker iprotective icoatings, icladdings, ibimetallic, ilaminates. 

 

 

 

 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

                                                                                                                 Fig i1.4 iLaminar iComposites i[23] 

Sandwich istructures: 

 As iin ithe ifigure, ithese iconsist iof ithin ilayers iof ia ifacing imaterial ijoined ito ia ilightweight 

ifiller(core) imaterial. 

 Neither ithe ifiller imaterial inor ithe ifacing imaterial iis istrong ior irigid, ibut ithe icomposite 

ipossesses iboth iproperties. iExample: icorrugated icardboard. 

 The ifaces 

 Bear imost iof ithe iin-plane iloading iand ialso iany itransverse ibending istresses. 

 General iface imaterials iare iAl-alloys, ifiber-reinforced iplastics, ititanium, isteel, iand 

iplywood. 

 The icore iserves itwo ifunctions i– 

 Separates ithe ifaces iand iresists ideformations iperpendicular ito ithe iface iplane 

 Provide ishear irigidity ialong iplanes ithat iare iperpendicular ito ithe ifaces. 

 General icore imaterials iare ifoamed ipolymers, isynthetic irubbers, iinorganic icements, ibalsa 

iwood. 
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                                            Fig i1.5 iSandwich iStructures i[23] 

1.4 iObjective iof ithe istudy: 

 Reduce ithe ioverall iweight iof ithe isuspension isystem 

 Develop ia isuitable imodel ithat ihas ibetter iload icarrying icapacity iand ihigh istrength ito iweight 

iratio. 

 Carry iout ithe itheoretical icalculation ion iboth ithe itypes iof imodels ii.e. istructural isteel imodel 

iand inewly ideveloped icomposite imaterial imodel. i 

 Carry iout ithe istatic ianalysis iof ithe inewly ideveloped imodel ialong iwith ithe iexisting imodel 

iand ifinally icompare ithe iobtained iresults iwith ianalytical iresults. i 
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                                                                                                                                                    CHAPTER-2 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i                                                 LITERATURE iREVIEW i i 

 i 

 i i i iThere iare imany ijournals, iarticles, ithesis ipapers, ibooks, iconferences iand ipublished ia istudy ion ithe 

iworld irelated ito icomposite ileaf ispring imaterials iwhich ideals iwith iit, imanufacturing imethods, itype 

iof imaterials, iand ianalysis. iSome iof ithem iwhich iare iconsidered ito ibe iessential iand ibasic iare 

idiscussed ibelow ihere: i 

2.1. iPrevious iWork-related ito iComposite iMaterial iLeaf iSpring i 

SushilB. iChopade, iet ial, i[1] ithis ipaper iStudy ito ireduce ithe iweight iof ithe iproduct iwhile iupholding 

iits istrength. iTo isolve ithe iproblem iusing iE-glass/Epoxy icomposite imaterials. iAnd ifinally 

iconcluded ithe istudy ithat ishows ithe icomparative iweight ireduction iof iE- iglass/ iEpoxy icomposite 

imaterial ibetween i30-40%. iAlso, ithe istresses iproduced iin icomposite imaterial iare iless ias icompare ito 

iconventional isteel imaterial. i 

Prakash iE. iJ, iet ial, i[2] iin ithis ipaper ithe iresearcher istudy ito isuggest ithe ibest icomposite imaterial ifor 

ithe idesign iand ifabrication iof icomplete imono icomposite ileaf ispring. iThe iresearcher iconsiders ia 

isingle ileaf iwith ivariable ithickness iand ivariable iwidth ifor ithe iconstant icross-sectional iarea iof 

idifferent icomposite imaterials, iwith isimilar imechanical iand igeometrical iproperties ito ithe imulti-leaf 

ispring. iThe idesign iconstraints iwere istresses iand idisplacement. iCompared ito ithe isteel ispring, ithe 

icomposite ispring ihas istresses iand ideflection ithat iare imuch ilower, iand ithe ispring iweight inearly 

i78% ilower. iFinally, ithe iresearcher iconcludes ihis iwork ithat ia icomparative istudy ihas ibeen imade 

ibetween idifferent icomposite imaterials iand iwith ithe isteel iin irespect iof iweight, ideflection, iand 

istress. iIt ican ibe iobserved ithat iBoron iAluminum iis ithe ibest isuitable imaterial ifor ireplacing ithe isteel 

iin ithe imanufacturing iof imono ileaf ispring. iThe isaving iin ithe iweight iis i90.3% i[2]. i 

V. iK. iAher, iet ial, i[3] iin ithis istudy ithe iresearcher ipredicted ithe ifatigue ilife iof isemi-elliptical isteel 

ileaf ispring ialong iwith ianalytical istress iand ideflection icalculations. iIn iaddition ito ithis, ithe 

iresearcher idescribed istatic iand ifatigue ianalysis iof ia imodified isteel ileaf ispring iof ia ilight 

icommercial ivehicle i(LCV). iThe idimensions iof ia imodified ileaf ispring iof ian iLCV iwere itaken iand 
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iverified iby idesign icalculations. iThe inon-linear istatic ianalysis iof ithe i2D imodel iof ithe ileaf ispring iis 

iperformed iusing iNASTRAN isolver iand icompared iwith ianalytical iresults. i 

 i i i i i iPreshit iB, iet ial, i[4] istudy ion ithe i“static iand imodal ianalysis iof ileaf ispring iusing iFEA” ito 

iestimate ithe ideflection, istress, iand imode ifrequency iinduced iin ithe ileaf ispring iof ian iarmy ijeep 

idesign iby ithe iordinance ifactory. iThe iemphasis iin ithis iproject iwas ion ithe iapplication iof icomputer-

aided ianalysis iusing ithe ifinite ielement iconcept. iThe istudy iperforming istatic ianalysis iand 

iconcluded ithat ithe imaximum isafe iload iis i4000 iN ifor ithe igiven ispecification iof ithe ileaf ispring. iThe 

iresearcher imaking ithe ianalysis iof ithe icomposite ileaf ispring iby ilaminating ithe icarbon ifiber/epoxy 

iwith ithe iorientation iangle iof i[- i45, i45, i0, i90, i45, i45]. iAnd istatic ianalysis iresults iof imono icomposite 

iCarbon iEpoxy ileaf isprings iare icompared ito isteel ileaf ispring. iAnd ifinally, ithe iresearcher iconcludes 

ithat: i 

1) iThe istresses iinduced iin ithe icomposite ileaf ispring iare imuch ilower ithan ithat iof ithe isteel ileaf 

ispring. i 

2) iThe icomposite ispring ican ibe idesigned ito istrengthen iand istiffness imuch icloser ito isteel ileaf ispring 

iby ivarying ithe ilayer iconfiguration iand ifiber iorientation iangles. i 

3) iThe istrength ito iweight iratio iis ihigher ifor icomposite ileaf ispring ithan iconventional isteel ispring 

iwith ia isimilar idesign. iAnd ihe irecommended ifor ifuture iwork i“by ivarying ithe ilayer iconfiguration 

ihigher istrengths ican ibe iachieved” i[4]. iThe iresearcher iconsiders ionly ithe iarmy ijeep ito iestimate ithe 

ideflection, istress, iand imode ifrequency iinduced iin ithe ileaf ispring iof ijeep idesign iby ithe iordinance 

ifactory. i 

Putti iSrinivasa iR, iet ial, i[5] ithe iresearcher istudy imodal iand iharmonic ianalysis ifor ia imulti-leaf 

ispring ifor idifferent imaterials iusing iANSYS i12.1 iand icompared iwith itheoretical ivalues. iThe imain 

iidea ibehind ithis iwork iis ito ireplace ithe iexisting isteel ileaf ispring imaterial ifor ithe imulti-leaf ispring 

iwith ia icomposite imaterial iwith ithe isame iwidth, ithickness, iand iload-carrying icapacity. iBy iusing 

icomposite imaterials, ithe iweight iof ithe imulti-leaf ispring iis ireduced idrastically. iFinally, ithe 

iresearcher istates ia iconclusion ifor ihis iwork ias iE-glass/epoxy iand icarbon/epoxy ihave ia ihigh 

iamplitude iof iresponse ithan iother imaterials iand iKevlar/epoxy, igraphite/epoxy iand isteel ihave ilow 

iamplitude iof iresponse i[5]. I 
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Ajay iB.K, iet ial, i[6] ithis istudy iaims ito ireduce ithe icost iand iweight iof ileaf ispring, ithe iAutomobile 

isector iis ireplacing isteel ileaf ispring iwith ifiber icomposite ileaf ispring, ithe iobjective iof ithe istudy iwas 

ito ireplace isteel imaterial ifor ileaf ispring, ithe imaterial iselected iwas iglass ifiber ireinforced iplastic. iA 

ispring iwith iconstant iwidth iand ithickness iwith idifferent iarrangements iof icomposite ileaves iwas 

iused ifor ianalysis. iAnd ifinally, iconclude ithat ialternate iplacing iof icomposite ileaves iprovides isimilar 

istrength ias ithat iof iconventional isteel ileaves iwith iadditional iadvantages. iAccording ito ithe 

iresearcher iworks iimplementation iof ithree isteel ileaves iinstead iof ifour ileaves, igives ibetter iresults 

ithan ithe ialternate iarrangement iof isteel iand icomposite ileaves. iThe ifourth imodel iarrangement ishows 

ia ibetter iresult ithan ithe iother itwo iarrangements i[6]. i 

Sagar iB, iet ial, i[7] ithe iresearcher idone ithe istudy ion iDesign iand iAnalysis iof iMono iComposite iLeaf 

iSpring iby iVarying iThickness iusing iFEA. iDuring ithis istudy, ithe iresearcher iperform iStatic ianalysis 

iin iFEA ibased isoftware iAnsys14.5 iwith idesign iconstraints istress, ideflection, iand ivarying ithickness. 

I 

Malaga iA, iet ial, i[8] ithe iobjective iof ithis ipaper iwas ito ireplace ithe imulti-leaf isteel ispring iby imono 

icomposite ileaf ispring ifor ithe isame iload-carrying icapacity iand istiffness. iSince ithe icomposite 

imaterials ihave imore ielastic istrain ienergy istorage icapacity iand ihigh istrength-to-weight iratio ias 

icompared ito ithose iof isteel. iIt iwas ipossible ito ireduce ithe iweight iof ithe ileaf ispring iwithout iany 

ireduction iin iload icarrying icapacity iand istiffness i[8]. iThe idesign iconstraints iwere ilimiting istresses 

iand idisplacement. iModeling iand ianalysis iof iboth ithe isteel iand icomposite ileaf isprings ihad ibeen 

idone iusing iANSYS isoftware. 

 iRitesh iM. i[9] iin ithis istudy ithe ifinite ielement iresults ishowing istresses iand ideflection iverified ithe 

iexisting ianalytical. iDynamic iload ianalysis iof ileaf ispring iusing iANSYS i14 isoftware. iIn ithis istudy, 

ithe iresearcher idoesn’t iconsider ithe iweight ireduction iof ithe ileaf ispring iin idetail. i 

Bhaumik iA, iet ial, i[10] ithe iobjective iof ithe istudy iwas ito icompare ithe iload-carrying icapacity, 

istiffness, iand iweight isavings iof icomposite ileaf ispring iwith ithat iof isteel ileaf ispring. iThe 

idimensions iof ian iexisting iconventional isteel ileaf ispring iof ia iLight idesign icalculations. iA istatic 

ianalysis iof ia imodel iof ileaf ispring iwas iperformed iusing iANSY iS i11.0. iThe iresult iof ithe iFEA ialso 

iexperimentally iverified. iThe istress-induced iin ithe iC-glass/Epoxy icomposite ileaf ispring i64% iless 

ithan ithat iof ithe isteel ispring inearly iand ithe ideformation iinduced iin ithe iC-glass/Epoxy icomposite 

ileaf ispring i57% iless ithan ithat iof ithe isteel ispring inearly i[10]. iAnd ifinally, ithe iresearcher iconcludes 
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ithat ithe ibending istress iinduced iin ithe iC-Glass/Epoxy icomposite ileaf ispring iis i64% iless ithan ithe 

iconventional isteel ileaf ispring ifor ithe isame iload-carrying icapacity. i 

Akshay iKumar, iet ial, i[11] iToday’s ineed ifor imanufacturing iindustries iis ito imake iautomobiles 

ifuel-efficient. iConsidering ithis iview ithe ipaper istudy ion ithe imanufacturing imethods iof iglass iepoxy 

imono icomposite ileaf ispring. iFinally, iconclude ifrom ithe istudy imono icomposite ileaf ispring iwill 

ireduce i77% iweight ias icompared ito isteel ileaf ispring. iStanding ifrom ithe iabove iliteratures, ithis ipaper 

istudy ichanging ithe icurrent isteel ileaf ispring imaterial iby ilaminated imono icarbon/epoxy icomposite 

imaterial, ibecause iCarbon iFibers ihas ia ihigh istrength-to-weight iratio iin ithe idirection iof ifibers, iwhile 

iglass ifibers ihave ia ilower istrength-to-weight iratio, iIn iaddition ito ithis icarbon iFiber iis ivery istable iand 

iis inot isensitive ito ichemical idegradation. i 

M iRama iLaxmi, iet ial, i[12] ithe imain iobjective iof ithe istudy iwas ito icompare ithe iload-carrying 

icapacity, istiffness, iand iweight ireduction iof icomposite ileaf ispring iwith ithat iof isteel ileaf ispring, iby 

iconsidering idesign iconstraints ilike istresses iand ideflections i[19]. iThe iresearcher ion ithis ipaper 

idesigned ia ileaf ispring iby iCATIA iand ianalyzed ifor ibasic imaterial isteel ithrough iCATIA iand 

iANSYS inearest ivalues iobtained ifor iboth isoft iwares iin iterms iof ivon-messes istress, istrain, iand itotal 

ideformation. iFinally ianalyzed iwith iS-glass, iR-glass, iand icarbon iepoxy icomposite iproperties 

ithrough iANSYS. iAnd iconclude ithat iS-glass iepoxy iis ithe ibest imaterial ito imanufacture ileaf ispring 

ibecause iof igood istructural istability ilow iproduction icost iand igood iefficiency. 

Parkhe iRavindra iA. iet ial, i[13] istudied i“Performance iAnalysis iof iCarbon iFiber iwith iEpoxy iResin 

iBased iComposite iLeaf iSpring” iThis ipaper idescribes idesign iand ianalysis iof icomposite imono ileaf 

ispring. iThe iresearcher idetermines ithe isuitable ifiber iand iresin ifor ihis iwork. iValidate iperformance 

iof isingle ileaf ivariable ithickness icarbon/epoxy icomposite imaterial ispring iby ianalytical iand iFEA 

ianalysis, ithe ianalytical iprocedure iis ifollowed iby ifinite ielement ianalysis iand ihe iverified iresults 

iexperimentally. iAlso, ihe iworked ion ithe ifabrication iof ithe icomposite ileaf ispring iby iselecting ithe 

ihand ilayup imanufacturing itechnique. i 

The idesign iconstraints iwere istresses iand ideflections. iThe iresearcher imodeled icomposite imono ileaf 

isprings iby iconsidering ivarying icross-section, iwith iunidirectional ifiber iorientation iangle ifor ieach 

ilamina iof ia ilaminate. iAnd istatic ianalysis iof ia i3D imodel ihas ibeen iperformed iusing iANSYS i12.0. i 

Finally, ithe iresearcher iconcludes ithat: i 
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1. iThe istresses ioccurred iin ithe icarbon/epoxy icomposite ileaf ispring iare i42% iless ithan ithat iof ithe 

isteel ileaf ispring. i 

2. iThe iresearcher iachieved ia iweight ireduction iin imono icomposite ileaf ispring iis iabout i22.15%. i 
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 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i                                                                   iCHAPTER-3 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i I                                              MATERIALS iAND iMETHODS i 

 

3.1 iMaterials: 

In ithis iwork ithree idifferent itypes iof ifiber-reinforced icomposite imaterials iare itaken ifor ithe ianalysis 

iof icomposite imono ileaf ispring ii.e. ilaminated iCarbon/Epoxy, inon-laminated iCarbon/Epoxy iand 

iBoron/Aluminium. 

Some iof ithe icharacteristics iof ithese icomposites iare ias ifollows: 

(i) iCarbon ifiber: 

The iadvantages iare ihigh itensile istrength ito iweight iratio ias iwell ias itensile imodulus ito iweight iratio, 

ivery ilow icoefficient iof ilinear ithermal iexpansion, ihigh ifatigue istrength, iand ihigh ithermal 

iconductivity. iThe idisadvantages iare ilow istrain ito ifailure, ilow iimpact iresistance, iand ihigh ielectrical 

iconductivity. iTheir ihigh icost ihas iso ifar iexcluded ithem ifrom iwidespread iapplications. iThey iare 

imostly iused iin ithe iaerospace iindustry, iwhere iweight isaving iis iconsidered imore icritical ithan ithe 

icost. i 

S. iNo Properties Value Unit 

1 Elastic iModulus i 230 GPa 

2 Tensile iStrength 3.53 GPa 

3 Compressive iStrength 1.2 GPa 

4 Shear iModulus i 52 GPa 

5 Density 1.7 g/cm3 

6 Poisson’s iRatio 0.15 - 

7 Diameter iof iFiber 1-10 μm 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iTable i3.1 iProperties iof iCarbon iFiber iMaterial i[19] i[20] i[21] 
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(ii) iBoron iFiber: 

Boron ifibers iare icharacterized iby itheir ivery ihigh itensile imodulus, ithe irange iof iwhich iis i379-414 

iGPa. iBoron ifibers ihave ia irelatively ilarge idiameter iand idue ito iwhich ithey iare icapable iof 

iwithstanding ilarge icompressive istress iand iproviding iexcellent iresistance ito ibuckling. iClose ito ithe 

iouter isurface iof ithe iboron ia istate iof ibiaxial icompression iexists, iwhich imakes ithe ifiber iless 

isensitive ito imechanical idamage. 

(iii) iEpoxy iResin: 

The ichemistry iof ithe iepoxy iresin icomponent iis isuch ithat iit igives ia ibetter iadhesion ito ireinforcing 

ifiber ithan ipolyester iresin. 

The iextensive iuse iof iepoxy iresin iin ithe iindustry iis idue ito: 

 The iease iwith iwhich iit ican ibe iprocessed 

 Excellent imechanical iproperties iin icomposite 

 High ihot iand iwet istrength iproperties 

Performance iof iepoxies isuperior ito ipolyester iresin idue ito itheir isuperior imechanical iproperties iand 

ibetter iresistance ito idegradation iby iwater iand isolvents. 

S. iNo Properties Value Unit 

1 Elastic iModulus 3.3 GPa 

2 Tensile iStrength 0.13 GPa 

3 Shear iModulus 2.26 GPa 

4 Density 1.2 g/cm3 

5 Poisson’s iRatio 0.37 - 

6 Compressive iStrength 0.19 GPa 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iTable i3.2 iProperties iof iEpoxy iResin i[19] i[22] 

(iv) iAluminium: 

 It ihas ibetter icorrosion iresistance iand ihigh idamping icapacity 

 It iis ilightweight iand ihas ibetter istrength 

 It ihas igood ithermal iand ielectrical iproperties iand iits icost-effective ias iwell. i 
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3.2 iTerminologies iof icomposite imaterials: 

1. iIsotropic: iisotropic imaterial ihas iproperties ithat iare ithe isame iin iall idirections. 

2. iHomogenous: ia ihomogeneous imaterial ihas iproperties ithat iare isame iat iall ipoints iin ithe 

imaterial. 

3. iAnisotropic: iat ia ipoint iin ian ianisotropic imaterial, imaterial iproperties iare idifferent iin iall 

idirections. 

4. iNonhomogeneous: ia inonhomogeneous ibody ihas imaterial iproperties iwhich iare ia 

ifunction iof ithe iposition ion ithe ibody. 

5. iLamina: ia ilamina iis ia isingle iflat ilayer iof iunidirectional ifiber iarranged iin ia imatrix. 

6. iLaminate: ia ilaminate iis ia istack iof iplies iof icomposites. iEach ilayer ican ibe ilaid iat ivarious 

iorientations iand ican ibe idifferent imaterial isystems. 

7. iBalanced ilaminate: ifor ieach i+𝜃 iply iin ithe ilaminate ithere ian iequally ithick i– i𝜃 iply iin ithe 

ilaminate, ibut ithis idoes inot iapply ito i0 idegree iand i900
 iplies. i 

8. iSymmetric ilaminate: ithe iplies iof ithe ilaminate iare ia imirror iimage iabout ithe igeometrical 

imidplane. i 

9. iAngle iply ilaminate: icontaining iplies ioriented iat iangles iother ithan i0 idegree iand i90 

idegree. i 

3.3 iDesign iGuidelines ifor ilaminated icomposite imaterials: 

(i) iThe icomposite ilaminate ithickness iis ivery ismall icompared ito iother idimensions iof ithe 

icomposite imaterials. 

(ii) iThe ilamina i(layers) iof ithe icomposite ilaminate iis ihomogenously ibonded. i 

(iii) iLines iperpendicular ito ithe isurface iof ithe ilaminate iremain istraight iand iperpendicular ito 

ithe isurface iafter ideformation. i 

(iv) iThe ilayers iof ithe ilaminate iare ilinear ielastic. I 
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(v) iSince ithe ilayers iof ithe ilaminate iare ilinearly ielastic, ithen ithrough-the-thickness istresses 

iand istrains iare inegligible. 

According ito i[25] iLaminate idesign istarts iby iselecting ithe iset iof iply iangles irelevant ito ia 

igiven iapplication. iDue ito imanufacturing iconstraints, ithe iallowed iply iorientations iare 

ireduced ito ia idiscrete iset iof iangles isuch ias i{0°, 𝑖 ± 15°, 𝑖 ± 30°, 𝑖 ± 45°, 𝑖 ± 60°, 𝑖 ±

75°, 𝑖90°}. iOnce ithe iangles iare iselected, ithe itotal inumber iof iplies iand ithe iproportion iof ieach 

iorientation iin ithe ilaminate iare iset iand ia istacking isequence iis ichosen. iAdditionally, iwhen 

idesigning istructures icomprising iseveral izones iof idifferent ithicknesses, ithickness ivariations 

iare iobtained iby idropping iplies iat ispecific ilocations. iFor iboth ilaminate istacking isequence 

idesign iand iply-drop idesign, inumerous iguidelines iapply, ibased ion iindustry iexperience ifrom 

itest iand ianalysis. i 

According ito i[26, i27] iabout idesign iguidelines iand itheir ijustification iis iprovided ias ibelow: i 

1. iSymmetry. iWhenever ipossible, istacking isequences ishould ibe isymmetric iabout ithe imid-

plane. i 

2. iBalance. iWhenever ipossible, istacking isequences ishould ibe ibalanced, iwith ithe isame 

inumber iof i+𝜃°and i−𝜃° iplies i(𝜃≠0 i𝑎𝑛𝑑 i𝜃≠90). i 

3. iContiguity. iNo imore ithan ia igiven inumber iof iplies iof ithe isame iorientation ishould ibe 

istacked itogether. iThe ilimit iis iset ihere ito itwo iplies. i 

4. iDisorientation. iThe idifference ibetween ithe iorientations iof itwo iconsecutive iplies ishould 

inot iexceed i45°. i 

5. i10%-rule. iA iminimum iof i10% iof iplies iin ieach iof ithe i0o, i±45o, iand i90o idirections iis 

irequired. iHere, ito iallow ifor iother iply iorientations, ithis irule iis itransposed iin iterms iof ia 

iminimal iin-plane istiffness irequirement iin iall idirections. i 

6. iDamtol. iNo i0o
 i-ply ishould ibe iplaced ion ithe ilower iand iupper isurfaces iof ithe ilaminate. i 
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Symmetry iand ibalance iguidelines iaim iat iavoiding irespectively ishear-extension iand 

imembrane-bending icoupled ibehaviors. iThe iother irules iare ibeneficial ito ithe istrength iof ithe 

istructure. iThey iaim iat iavoiding imatrix idominated ibehaviors i(10%-rule) iand ipossible 

istrength iproblems idue ito iunwanted ifailure imodes isuch ias ifree-edge idelamination 

i(disorientation) ior ipropagation iof itransverse imatrix icracking i(contiguity). iWith iprimary 

iload-carrying iplies ishielded ifrom ithe iexposed isurface iof ithe ilaminates i(damtol), ithe ieffect 

ion istrength iof iexterior iscratches ior isurface iply idelamination iis ireduced. 

Based ion ithe iabove idesign iguideline iof ilaminated icomposite imaterial, ithe inumber iof iplies, 

istacking isequence iof ithe iplies iand ithe iremaining ilamination iparameters iare idiscussed 

ibelow: 

Number iof iplies: ino. iof iplies iselected ias i= i10, iwhich iis ieasy ito imaintain ithe iabove-

laminated imaterial idesign iguidelines iwith igood ilaminated istrength iin iboth ithe ilongitudinal 

iand itransverse idirection iof ithe ifibers iof ithe ilaminated icomposite imaterial. iIn iaddition ito 

ithis, iit iis ito igood iminimizing imanufacturing itime iand imaterial icost. i 

Stacking isequence: iangle iof iorientation iand ithe istacking isequence iof ia icomposite ilaminate 

iplay ia igreat irole iin imaintaining ithe irequired istrength iin iall itransverse iand ilongitudinal 

idirection iof ithe icomposite ilaminate. 

 i 

 

 

 

 

Ply ithickness: iSince ithe idesigned icarbon/epoxy ileaf ispring ihas i24 imm ithick, ithen ithe itotal 

ithickness iof ithe ilaminated imaterial ihas ialso ithe isame ias ito ithe ileaf ispring, itherefore ieach iply 

ihas ia ithickness iof i2.4 imm. 

[45°/0°/0°/−45°/90°/90°/−45°/0°/0°/45°]T 
Or 
[45°/0°/0°/−45°/90°]S 
Where, 
T=Total inumber iof iplies iangle isequence 
S=Mid iplane isymmetry isequence 
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𝐹𝑖𝑔. 3.1 𝑖𝑆𝑡𝑎𝑐𝑘𝑖𝑛𝑔 𝑖𝑜𝑓  𝑖𝑝𝑙𝑖𝑒𝑠 𝑖𝑖𝑛 𝑖𝑎 𝑖𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒  𝑖𝑙𝑎𝑚𝑖𝑛𝑎𝑡𝑒 𝑖𝑤𝑖𝑡ℎ  𝑖45°, 0°, 0°, −45°, 90°, 90°, 

                     −45°, 0°, 0°, 45° 𝑖𝑎𝑛𝑔𝑙𝑒  𝑖𝑜𝑓  𝑖𝑡ℎ𝑒  𝑖𝑓𝑖𝑏𝑒𝑟 𝑖𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡. i i i 
In ithis istudy, iwe ihave ichosen ia i60% ifiber ivolume ifraction iand ia i40% imatrix ivolume ifraction. iThis 

iselection iis idone iby iconsidering ithe ifollowing ifactors: 

 To iminimize ithe icost iof ithe ifiber. 

 To imake ia istrong ibond ibetween ifiber iand imatrix. 

 To iminimize ithe ioverall iweight iof ithe ileaf ispring. 

 To iminimize ithe ibrittle iof ithe ileaf ispring. iGenerally, ithe iselected ifiber iand imatrix ivolume 

ifraction iis ia igood iselection ifor imaking ithe icomposite imaterial ifor ileaf ispring. i 

3.4 iBasic iLamina iProperties: 

The iunidirectional ilamina ior iply iis iconsidered ithe ibasic ibuilding iblock iof iany ilaminate ior 

icomposite istructure. iThe ibasic imaterial iproperties inecessary ifor ianalysis iand idesign iare ithe 

iaverage iply iproperties. 
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 i i i i i i i i i i i i i 

 i i i i i i i i i  

 

                                iFig. i3.2 iLamina iand iprinciple icoordinate iaxes iof iunidirectional ireinforcement i[28] 

 

Regarding ifig i3.2 ithe iunidirectional iply iis icharacterized iby ithe ifollowing iproperties: 

E1, iE2, iE3=Young’s imoduli ialong ithe iprincipal iply idirection 

G12, iG23, iG13=Shear imoduli iin i1-2, i2-3 iand i1-3 iplanes, irespectively 
i(These iare iequal ito iG21, iG32, iand iG31, irespectively) 
 

v12, iv23, iv13=Poisson’s iratios i(the ifirst isubscript idenotes ithe iloading idirection, iand ithe isecond 

isubscript idenotes ithe istrain idirection: ithese ipoisons iratios iare idifferent ifrom iv21 iv32, iv31, ithat iis, 

isubscript iare inot iinterchangeable.) i 

in iaddition ito ithe iabove, ithe icomposite ilamina iis icharacterized iby ithe ifollowing iproperties: i[28] 

Fiber ivolume ifraction: Vf i i= 
௩௢௟௨௠௘ ௢௙ ௙௜௕௘௥

௩௢௟௨௠௘ ௢௙ ௖௢௠௣௢௦௜௧௘
……………………………………………..(3.1) 

Fiber iweight ifraction: iWf i i= 
௪௘௜௚௛  ௢௙ ௙௜௕௘௥

௪௘௜௚௛௧ ௢௙௖௢௠௣௢௦௜௧௘
………………………………………………(3.2) 

Matrix iweight ifraction: iVm i= 
௩௢௟௨௠௘ ௢௙ ௠௔௧௥௜௫

௩௢௟௨௠௘ ௢௙ ௖௢௠௣௢௦௜௧௘
……………………………………………(3.3) 

Matrix iweight ifraction: iWm i= i1 - Wf  I = 
௪௘௜௚௛௧ ௢௙௠௔௧௥௜௫

௪௘௜௚௛௧ ௢௙ ௖௢௠௣௢௦௜௧௘
…………………………………...(3.4) 
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The icalculated iproperties iof ilaminated iCarbon/Epoxy ifor i60 i% ifiber ivolume ifraction iand i40 i% 

imatrix ivolume ifraction iare itabulated ias ifollows: 

S. iNo Material iProperties Symbol Value Unit 

1 Young’s iModulus iin iX-Direction Ex 60.7876 GPa 

2 Young’s iModulus iin iY-Direction Ey 60.7876 GPa 

3 Young’s iModulus iin iZ-Direction Ez 6.675 GPa 

4 Density  1.5 g/cm3 

5 Shear iModulus iin iX-Direction G12 32.1 GPa 

6 Shear iModulus iin iY-Direction G12 5.3 GPa 

7 Major iPoisson’s iRatio V12 0.24 - 
 i i i i i i 

                          Table3.3: iCalculated iproperties iof ilaminated iCarbon/Epoxy iat i60% ifiber ivolume ifraction 

 

3.5 iMechanical iProperties iof iBoron/Aluminium iand iCarbon/Epoxy i(Non-Laminated) 

iComposite iMaterial: 

For ifiber ivolume ifraction iof iVf i= i60%, iMechanical iProperties iis ias ifollows: i 

(i) iBoron/Aluminium: 

S. iNo. Properties i Values i Unit 

1 Youngs iModulus iX-Direction i(EX) 215000 MPa 

2 Youngs iModulus iX-Direction i(EY) 14400 MPa 

3 Youngs iModulus iX-Direction i(EZ) 14400 MPa 

4 Shear iModulus iXY iDirection i(GXY) 5700 MPa 

5 Shear iModulus iYZ iDirection i(GYZ) 4590 MPa 

6 Shear iModulus iZX iDirection i(GZX) 5700 MPa 

7 Poisson’s iRatio iXY i(vXY) 0.19  

8 Poisson’s iRatio iYZ i(vYZ) 0.29  

9 Poisson’s iRatio iZX i(vZX) 0.19  

10 Density i() 2620 Kg/m3 
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11 Longitudinal iTensile iStrength i 1300 MPa 

 

                                  Table i3.4 iMechanical iProperties iof iBoron/Aluminium i[14] 

(ii) iCarbon/Epoxy i(Non-Laminated): 

S. iNo. Properties i Values i Unit 

1 Youngs iModulus iX-Direction i(EX) 147000 MPa 

2 Youngs iModulus iX-Direction i(EY) 10300 MPa 

3 Youngs iModulus iX-Direction i(EZ) 10300 MPa 

4 Shear iModulus iXY iDirection i(GXY) 7000 MPa 

5 Shear iModulus iYZ iDirection i(GYZ) 3700 MPa 

6 Shear iModulus iZX iDirection i(GZX) 7000 MPa 

7 Poisson’s iRatio iXY i(vXY) 0.27  

8 Poisson’s iRatio iYZ i(vYZ) 0.54  

9 Poisson’s iRatio iZX i(vZX) 0.27  

10 Density i() 1520 Kg/m3 

11 Longitudinal iTensile iStrength i 1841 MPa 

 

 i i i i i i i i i i i i i i I            Table i3.5 iMechanical iProperties iof iCarbon/Epoxy i(Non-Laminated) i[14] 

 i3.6 iSpecifications iof iDaewoo iDamas-II iCar iLeaf iSpring 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i1. iGeneral iInformation 

S iNo. Features i Value 

1.1 Brand Daewoo 

1.2 Modal i Damas 

1.3 Generation Damas iII 

1.4 Engine 0.8 i(38HP) 

1.5 Doors 5 

1.6 Power 38 iHP/5000 iRPM 
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 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

                                                                               Table i3.6 iSpecifications iof iDaewoo iDamas iII iCar i[30] 

Here iweight iand iinitial imeasurement iof ifour-wheeler iDamas iII ilight ivehicle iare itaken i[30]: 

Mass iof iDamas iII ivehicle i= i885Kg i 

Maximum iload-carrying icapacity i= i7 i× i80 i= i560 Kg, iby itaking ithe iaverage imass iof ihuman i80 ikg. i 

Total iMass i= i885 i+ i560 i 

M i= i1445 iKg i 

Take iAcceleration idue ito igravity i(g) i=10 im/s2
 i 

According ito i[33] ithe ivalue iof ifactor iof isafety iranges i= i(1.3 i– i2.25), ithen itake ifactor iof isafety i=1.5 

i 

Therefore, iTotal iWeight i(𝑊) i= 1445 × 10 × 1.5 i 

𝑊= 21675 i𝑁 i 

Since ithe ivehicle iis ia ifour-wheeler, ia isingle ileaf ispring icorresponding ito ione iof ithe iwheels itakes iup 

ione-fourth iof ithe itotal iweight ithen. i 

1.7 Acceleration 100 iKm/hr. 

1.8 Fuel iTank iVolume 37 iliters 

1.9 Seats 7 

1.10 Weight i 885 ikg 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i2. iBody iFeatures 

2.1 Lengths 3230 imm 

2.2 Width 1400 imm 

2.3 Wheel iBase 1920 imm 

2.4 Front iTrack 1840 imm 

2.5 Rear iTrack 1210 imm 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i3. iChassis i 

3.1 Front iBrake Disc 

3.2 Rear iBrake Drum 

3.3 Tyre iSize 155 iR12 
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Load ion ieach iwheel ibecomes, i 

𝑊=21675 i𝑁 i 

W i= i5418.75 iN i 

So iagain, iload ion ieach ieye iof ispring iis i=2709.375 iN, itake i= i2710 iN i 

The icurrent isteel imulti ileaf ispring iof iDamas iII icar ispecifications i[30] i 

Type iof imaterial i= istructural isteel i 

No. iof ileaves i= i4 i 

Length iof imaster ileaf i(eye ito ieye) i= i130 icm i 

Length iof i2nd ileaf i= i100 icm i 

Length iof i3rd ileaf i= i60 icm i 

Length iof i4th ileaf i= i42 icm i 

Width iof ileaves i= i4 icm i 

Thickness iof ileaf i= i6 imm i 

Camber i(no iload icondition) i= i6 icm i 

Eye ibore idiameter i= i2.8 icm i 

S. iNo. Mechanical iProperty Symbol Value Units 

1 Youngs iModulus E 207 GPa 

2 Shear iModulus i G 76.9 GPa 

3 Poisson’s iRatio v 0.3  

4 Density  7850 Kg/m3 

5 Compressive iYield iStrength σc 250 MPa 

6 Ultimate iTensile iStrength i σt 460 MPa 

7 Tensile iYield iStrength i σy 250 MPa 

8 Behavior                Isotropic 

                                  Table i3.7 iMechanical iProperties iof iStructural iSteel i[29] 
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3.7 iModeling iof iLeaf iSpring 

In ithe icurrent iscenario imodeling iand inumerical isimulation iis ia ivery iessential iaspect iof ithe 

iautomotive isector. iModeling iand isimulation iis ipreferred ibecause iit ireduces iproduct imanufacturing 

itime, imaterial, imaterial iscrap, iand imaterial icost. iThey iare inecessary ito ireduce ithe itime ito imarket 

ifor inew iproducts iand ithe icost iassociated iwith iexperimental itesting. 

For imany iyears iin ithe imajority iof ithe icases, ionly iisotropic imaterials iare imodeled ibut inow imore 

ielements iof ian iautomotive iproduct iare ireplaced iwith ithe icomposite imaterials iso, iit ihas inow 

ibecome inecessary ito imodel icomposite imore irigorously. 

Overall, ithere iis ino idoubt ithat ithe iimportance iof imodeling iand isimulation iin ithe iautomotive isector 

iwill icontinue ito iincrease ifrom itime ito itime. iIn iterms iof icomposite imaterials, ithe ifocus ifor 

icontinued idevelopment iwill ibe ithe iimprovement iof ifailure itheories, idamage imodelling, iand 

ifatigue ilife iprediction iwhilst iachieving ireasonable isolution itimes i[34]. 

3.7.1 i2D iSketching iand i3D iModeling iof iLeaf iSpring 

For iboth iSketching iand iModeling, iNX i10 i(Unigraphics) iis iused. ivarious imechanical idesign iand 

imanufacturing ioperations iare imodeled iusing iNX i(Unigraphics). iThis isoftware iallows ithe iuser ito 

imake ichanges ivery ieasily iwithout ihaving ito igo iback iat ithe ibeginning iand iupdate iall idrawings iand 

iassemblies. 

 iThe iLeaf ispring iis iSketched iand imodeled ibased ion idimensions ithat iare iobtained ithrough 

itheoretical icalculations. 
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(i) iSketching iof iStructural iSteel iLeaf iSpring: 

 

 

 

 

 

 

 

 

                                  Fig. i3.3 i2D iSketching iof iStructural iSteel iLeaf ispring 

(ii) iSketching iof iLaminated iCarbon/epoxy ileaf iSpring: 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i I                                i iFig. i3.4 iSketching iof iNewly iDesigned iLeaf ispring 
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(iii) iModeling iof iStructural iSteel iLeaf iSpring: 

 

 

 

 

 

 

 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  

                                                                     Fig. i3.5 i3D iModeled iStructural iSteel iLeaf iSpring i(Front iView) 

 

 

 

 

 

 

 

 i i i i i i i i i i i i i i i i i i i i i i i i  

                                                        Fig. i3.6 i3D iModeled iStructural iSteel iLeaf iSpring i(Isometric iView) 
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(iv) iModeling iof iLaminated iCarbon/Epoxy iLeaf iSpring: i 

 

 

 

 

 

 

 

 

 i i i i i i i i i i i i i i i i i i i i i i i i i i                    i iFig. i3.7 i3D iModeled iNewly iDesigned iLeaf iSpring i(Front iView) 

 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i I            iFig. i3.8 i3D iModeled iNewly iDesinged iLeaf iSpring i(Isometric iView) 
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3.7.2 iMathematical iModeling 

Mathematical imodeling iis ian iimportant iaspect ito iunderstand ithe iactual ibehavior iof iany imechanical 

icomponent iwhen iit isubjected ito iloading. iIn ithis icase, idifferent itypes iof iloads iare iconsidered iwhich 

ican iact iin ia ireal isituation. 

According ito ithe iliterature, ithe imain icause iof ifailure iof ithe ileaf ispring iis ishock iproduced iby ithe 

istatic iloading, iroad iirregularities, ibraking iduring idriving, ietc. iIn ithis icase, ithe ispring iis iloaded iwith 

istatic iloading. 

Cross-section iof ithe ileaf ispring: 

(i) iConstant iThickness, iVarying iWidth iDesign: 

In ithis idesign, ithe ithickness iis ikept iconstant iover ithe ientire ilength iof ithe ileaf ispring iwhile ithe iwidth 

ivaries ifrom ia iminimum iat ithe itwo iends ito ia imaximum iat ithe icenter. 

(ii) iConstant iWidth, iVarying iThickness iDesign: 

In ithis idesign ithe iwidth iis ikept iconstant iover ithe ientire ilength iof ithe ileaf ispring iwhile ithe ithickness 

ivaries ifrom ia iminimum iat ithe itwo iends ito ia imaximum iat ithe icenter. 

(iii) iConstant iCross-Selection iDesign: 

Both ithickness iand iwidth iare ivaried ithroughout ithe ileaf ispring idesign, isuch ithat ithe icross-section 

iarea iremains iconstant ialong ithe ilength iof ithe ileaf ispring. 

Out iof ithe iabove-mentioned idesign iconcepts, ithe iconstant icross-section idesign imethod iis iselected 

ifor ithis ithesis, idue ito ithe ifollowing ireasons i[13]: i 
 

 Due ito iits icapability ifor imass iproduction iand iaccommodation iof icontinuous ireinforcement 

iof ifibers. i 

 Since ithe icross-section iarea iis iconstant ithroughout ithe ileaf ispring, ithe isame iquantity iof 

ireinforcement ifiber iand iresin ican ibe ifed icontinuously iduring imanufacture. i 

 Also, ithis iis iquite isuitable ifor ithe ifilament iwinding iprocess. 

 
Standing ifrom ithe ishape iof ithe ileaf ispring inature iand ieasy iof ianalysis, ias ishown ibelow iin ithe 

ifigure, ithe ileaf ispring ibehaves ilike ia icantilever ibeam, iand ithe istatic ianalysis iis idone iconsidering iit 
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ias ia icantilever ibeam. iSince ithe ileaf ispring iis imounted ion ithe iaxle iusing iU- ibolts ifirmly, ithen ithe 

ileaf ispring icounted ias ia idouble icantilever ibeam iwith ia iload iW iat ithe ifree iend iof ithe ileaf ispring iand 

ilength iL. iAccording ito i[31] ithe icantilever ibeam iis ihighly iexposed ito iboth ibending istress iand 

itransverse ishear istress. iNow icompute ithe ibending istress iand ideflection iof iboth ithe icurrent isteel 

ileaf ispring iand inewly idesigning ilaminated icarbon/Epoxy icomposite imaterial ileaf ispring. iAnd ithe 

imathematical imodeling ican ibe iderived istanding ifrom icantilever ibeam inature. 

 

Consider ia isingle iplate ifixed iat ione iend iand iloaded iat ithe iother iend ias ishown iin iFig. ibelow. iThis 

iplate imay ibe iused ias ia iflat ispring. i 

Let: i 

t i= iThickness iof iplate, i 

b= iWidth iof iplate, iand i 

L= iLength iof iplate ior idistance iof ithe iload iW ifrom ithe icantilever iend. 

 

 

 

 

                                   Fig. i3.9 iLeaf ispring i(Cantilever iType) 

According ito i[32], iwe iknow ithat ithe imaximum ibending imoment iat ithe icantilever iend iA iis: 

M i= iW i× iL 

Where, 

W i= iLoad i 

L i= iLength iof ithe iSpring 

Section imodulus, iZ i= i

ூ

௒
 i= i

್೟య

భమ
೟

మ
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 i i i i i i i i i i i i i i i i i i i i iZ i= i

௕௧మ

଺
 i i iWhere, ib i= iwidth 

                                               t i= ithickness 

(i) iBending istress iin ithe ispring iis igiven ias: 

σ i= i

ெ

௓
 i= i

ௐ

್೟మ

ల

 

σ i= i

଺ௐ௅

௕௧మ  

(ii) ithe imaximum ideflection ifor ia icantilever iwith ia iconcentrated iload iat ithe ifree iend iis igiven iby: 
 

𝛿𝑚𝑎𝑥 i=i

ௐ௅య

ଷாூ
 

𝛿𝑚𝑎𝑥 i= 
𝑊𝐿

3

3𝐸×𝑏𝑡
3

12

 

 

𝛿𝑚𝑎𝑥 i=i

ସௐ య

ா௕௧య  

 

𝛿𝑚𝑎𝑥 i=i

ଶఙ௅మ

ଷா
 , iWhere iσi= 

଺ௐ௅

௕௧మ  

 
Where: 
 i i 
E i= iYoungs iModulus iof iMaterials i 

I i= iMoment iof iInertia 

I = i

௕௧య

ଵଶ
 , iFor irectangular isection i 
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                                                         CHAPTER– i4 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i                               iSIMULATION & iANALYSIS 

 

4.1 iIntroduction 

Simulation iis ithe iprocess iof icreating iand ianalyzing ia idigital iprototype iof ia iphysical imodel ito 

ipredict iits iperformance iin ithe ireal iworld. iSimulation imodeling iis iused ito ihelp idesigners iand 

iengineers iunderstand iwhether, iunder iwhat iconditions, iand iin iwhich iways ia ipart icould ifail iand 

iwhat iloads iit ican iwithstand. 

4.2 iStatic iStructural iAnalysis i 

Structural ianalysis iis ithe idetermination iof ithe ieffects iof iloads ion iphysical istructures iand itheir 

icomponents. iStructures isubject ito ithis itype iof ianalysis iinclude iall ithat imust iwithstand iloads, isuch 

ias ibuildings, ibridges, iaircraft, iand iships. iStructural ianalysis iemploys ithe ifields iof iapplied 

imechanics, imaterials iscience, iand iapplied imathematics ito icompute ia istructure's ideformations, 

iinternal iforces, istresses, isupport ireactions, iaccelerations, iand istability. iThe iresults iof ithe ianalysis 

iare iused ito iverify ia istructure's ifitness ifor iuse, ioften iprecluding iphysical itests. iStructural ianalysis iis 

ithus ia ikey ipart iof ithe iengineering idesign iof istructures. 

Assumption ithat iare iconsidered iwhile icarrying iout ianalysis: 

These iare isome iof ithe iassumptions ithat iare iconsidered iwhile icarrying iout isimulation iand ianalysis 

iof iboth iconventional ileaf ispring iand inewly idesigned ileaf ispring. 

(i) iThe ieye iof ithe ileaf ispring icount ias iwithin ithe ilength iof iit. iTherefore, iit idoesn’t iconsider ifor 

ianalysis iseparately. i 

(ii) iThe iU-bolt iclamp iconnects ithe ileaf ispring iwith ithe iaxle iof ithe ivehicle ifirmly, ithen ithe 

iconnection iis icounted ias ifixed iand ithe isupport iis ifixed isupport iof ithe ileaf ispring. i 

(iii) iHowever, ithe iphysical imodel iof ithe ileaf ispring iis ia idouble icantilever ibeam, ithe ianalysis iis 

idone ion ithe iwhole igeometry iof ithe ileaf ispring. i 
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4. iThe iquasi-isotropic ilaminated icarbon/epoxy, iBoron/Aluminium, iand iCarbon/Epoxy i(Non- 

iLaminated) imaterial iis istrongly ibonded iand ihas ihomogenous inature. i 

4.3 iStatic iStructural iAnalysis iof iStructural iSteel iLeaf iSpring 

For icarrying iout isimulation iand ianalysis iof isteel ileaf ispring, iwe ihave ito ifollow isome isteps iwhich 

iare ias ifollows: 

(i) iDefining iEngineering iData 

This iis ithe ifirst istep ithat iwe ihave ito ifollow ito icarry iout isimulation iand ianalysis. iWe ihave ito ifeed 

iengineering idata iin ithe iAnsys iworkbench. 

 

 

 

 

 

 

 

 

 

 

 

 

 

             Fig. i4.1 iEngineering iData iof istructural isteel idefined iin iAnsys iworkbench i 
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(ii) iAttach iGeometry 

After idefining iengineering idata, iwe ihave ito iattach igeometry. iEither iwe ican imodel igeometry iin 

iAnsys idesign imodeler ior iwe ican imake ia imodel ion iother idesigning isoftware iand ithen iimport 

igeometry iinto ithe iAnsys iworkbench. iIn ithis ithesis imodeling iof igeometry iis iperformed ion iNX i10 

i(Unigraphics) iand ithen iafter iconverting igeometry iformat ito i.IGS iit iis iimported iinto iAnsys 

iworkbench ifor ianalysis ipurpose. 

 

 

 

 

 

 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i 
 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 
 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

 

                                                                                                  iFig i4.2 iGeometry iSelection iin iAnsys iWorkbench 

One iimportant ipoint ihere iis ito ibe inoted ithat ithe iattached igeometry ishould ihave ifile iextension 

iwhich iis isupported iby iAnsys iworkbench iotherwise iwe iwill inot ibe iable ito icarry iout isimulation iand 

ianalysis. 

When iwe iare idone iwith iattaching igeometry ito ithe iAnsys iworkbench, ithen iwe ican isee iour igeometry 

iin iAnsys iworkbench imechanical imodule iwhere iwe ican iapply imeshing iand iboundary iconditions ito 

ithe igeometry iand iobtain iresults. 
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(iii) iMess iGeneration 

This iis ithe inext istep iafter ithe iattachment iof igeometry. iMeshing iis ia inecessary ioperation ito iget ithe 

isolutions. iMeshed isteel ileaf ispring iis ishown iin ibelow ifig. 

 i 

 

 

 

 

 

 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  

                                                                                                                         Fig. i4.4 iMeshed iStructural iSteel iLeaf ispring i 

Fig i4.3 iAttached iGeometry iin iAnsys iworkbench 
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                  Fig. i4.5 iMagnified iview iof imeshed istructural isteel ileaf ispring i 

During imeshing ioperation ielement isize iof i2 imm iis itaken ialong iwith iprogram-controlled ielement 

iorder. iThe ispan iangle icenter iis ichosen ias ifine. ithe itotal inumber iof inodes igenerated iis i195907 iand 

ithe itotal inumber iof ielements igenerated iis i116056. 

 

 

 

 

 

 

 

 

                                 Fig i4.6 iDetails iof iMeshing iof istructural isteel ileaf ispring 
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(iv) iBoundary iConditions i 

 

 

 

 

 

                                      Fig i4.7 iBoundary iConditions i 

 
One iend iis iattached ito ithe iframe iof ithe ibody iwhile ithe iother iend iis iattached ito ithe ishackle i(mostly 

ithe irear iend). iIn ithis icase, iat ithe ishackle iend itranslation iin iX-axis iand irotation imoment iin iZ-axis 

iare ipermitted iwhile iat ithe iother iend ionly irotation imoment ialong iZ-axis iis ipermitted. i 

The iadvantage iof iattaching ithe ileaf ito ithe iframe iof ithe ivehicle ithrough ishackle iis ithat iit iprovides 

iadditional imotion ii.e. itranslational imotion ialong iX-axis iand ithe iadvantage iis ithat iit iprovides 

ismooth ispringiness. i 

A iload iof i5420 iN iis iapplied iin ithe iZ-direction ias ishown iin ithe ibelow ifigure. 

 

 

 

 

 

 

                                  Fig. i4.8 iBoundary iConditions iand iLoading i 

 

Front ieye iwith iRevolute ijoint 

(Rotation iin iZ-axis) 

Rear ieye iwith ishackle i 

(Rotation iin iZ-axis iand iTranslation iin ix-axis) 
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(v) iSolution iGeneration 

This iis ithe ilast istep iof ianalysis ion iAnsys iworkbench. iSolution iare iobtained iaccording ito ithe itype iof 

imeshing ichosen, iboundary iconditions, iand iloading. iIn ithis ianalysis, iwe ihave iobtained isolutions iof 

iequivalent ivon imisses istresses iand iDeflection iproduced iin ithe ileaf ispring. 

(i) iEquivalent ivon-misses istress iin istructural isteel ileaf ispring: 

 

 

 

 

 

 

 

                  Fig.4.9 iEquivalent iVon-Misses iStress iin iStructural iSteel ileaf ispring 

(ii) iDeflection iproduced iin istructural isteel ileaf ispring: i 

 

 

 

 

 

 

                             Fig i4.10 iDeflection iproduced iin ithe iStructural iSteel ileaf ispring i 
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4.3 iStatic iStructural iAnalysis iof iNewly iDesigned iLeaf iSpring 

Similarly, iwe ican icarry iout ithe ianalysis iof inewly idesigned ileaf ispring iby ifollowing ithe isame isteps 

ias idescribed ibelow: 

(i) iDefining iEngineering iData 

This iis ithe ifirst istep ito icarry iout ianalysis iof inewly idesigned ileaf ispring. iI ihave iconsidered ithree 

idifferent itypes iof icomposite imaterials isuch ias iLaminated iCarbon/Epoxy, iBoron/Aluminium, iand 

iCarbon/Epoxy i(Non-Laminated). iSo, iI ihave ito idefine iengineering idata iof iall ithe imaterials 

iseparately iin iAnsys iworkbench. 

Engineering iData iof iLaminated iCarbon/Epoxy: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 i i i i i i i i i iFig. i4.11 iEngineering iData iof iLaminated iCarbon/Epoxy idefined iin iAnsys iWorkbench 
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Engineering iData iof iBoron/Aluminium: 

 
 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

 i i i i i i i i i i i i i i 

                                  iFig i4.12 iEngineering iData iof iBoron/Aluminium idefined iin iAnsys iWorkbench 
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Engineering iData iof iCarbon/Epoxy i(Non-Laminated): 

 

 i i i i i i i i i i i i i i i i i i i i i i i i i 

 i i i iFig. i4.13 iEngineering iData iof iCarbon/Epoxy i(Non-Laminated) idefined iin iAnsys iWorkbench 

 

(ii) iAttach iGeometry 

After idefining iengineering idata iof iall ithe icomposite imaterials, ithe inext istep iis ito iattach igeometry 

ito ithe iAnsys iworkbench, iand ihere iagain, iwe ihave ito ifirstly ichange ithe ifile iformat iof ithe igeometry 

ito i.IGS isince iwe ihave iused iNX i(Unigraphics) ifor imodeling ipurposes. 
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 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

 i i i i i i i i i i i i i i i i i i i i i 

                           Fig. i4.14 iAttached iGeometry iof iNewly iDesigned ileaf ispring 

 i 

(iii) iMesh iGeneration i 

For imesh igeneration, isame imeshing iparameters iare iconsidered ias ithat iof iconventional istructural 

isteel ileaf ispring. iLike, ielement isize, iresolution iand ielement iorder, ietc. 

During ithe imeshing ioperation, ithe inumber iof inodes ithat iare iproduced iis i655546 iand ithe inumber iof 

ielements ithat iare iproduced iis i149980. iThe ispan iangle icenter iis itaken ias ifine. iOther imeshing idetails 

ican ibe ifound iout iin ifig i4.14.  
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                                Fig i4.15 iDetails iof iMeshing iof iNewly iDesigned ileaf isprig 

 

 

 

 

 

 

 

 

 

 

 
 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i I                       Fig i4.16 iMeshing iof iNewly iDesigned iLeaf iSpring 
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                    Fig. i4.17 iMagnified iview iof iMeshing iof iNewly iDesigned iLeaf iSpring i 

 

(iv) iBoundary iConditions 

The isame iboundary iconditions iand iloading iis iapplied ias ithat iof iconventional istructural isteel ileaf 

ispring. i(para i4.3 i(iv)) 

 

 

 

 

 

 

 

 

 

 

 

                  Fig i4.18 iBoundary iConditions iand iloading iof iNewly iDesigned iLeaf iSpring 
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(v) iSolution iGeneration 

After idefining iengineering idata, imeshing, iboundary iconditions, iand iloading ifollowing iresults iare 

iobtained ifor idifferent itypes iof icomposite imaterials. 

1. iSolutions ifor iLaminated iCarbon/Epoxy iComposite iLeaf iSpring: 

(a) iEquivalent iVon-Mises iStress 

 

 

 

 

 

 

 

 

 

 

 i i i i iFig i4.19 iEquivalent iVon-Mises iStress iin iLaminated iCarbon/Epoxy icomposite iLeaf ispring 

 

(b) iTotal iDefection 

 

 

 

 

 

 

 

 

 

 

           Fig i4.20 iTotal iDeflection iin iLaminated iCarbon/Epoxy icomposite iLeaf ispring i 
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2. iSolutions ifor iBoron/Aluminium iComposite iLeaf iSpring: 

(a) iEquivalent iVon-Mises iStress 

 

 

 

 

 

 

 

 

 

  

          Fig i4.21 iEquivalent iVon-Mises iStress iin iBoron/Aluminium icomposite iLeaf iSpring i 

 

(b) iTotal iDeflection i 

 

 

 

 

 

 

 

 

 

 

 

                      Fig i4.22 iTotal iDeflection iin iBoron/Aluminium icomposite iLeaf iSpring 
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3. iSolutions ifor iCarbon/Epoxy i(Non-Laminated) iComposite iLeaf iSpring 

(a) iEquivalent iVon-Mises iStress: 

 

 

 

 

 

 

 

 

 

 

 iFig i4.23 iEquivalent iVon-Mises iStress iin iCarbon/epoxy i(Non-Laminated) icomposite iLeaf iSpring 

 

(b) iTotal iDeflection: 

 

 

 

 

 

 

 

 

 

 

 

       Fig i4.24 iTotal iDeflection iin iCarbon/epoxy i(Non-Laminated) icomposite iLeaf iSpring 
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 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i                 I                      RESULTS i& iCONCLUSION 

 

In ithis ichapter, iall ithe iobtained iresults ifrom inewly idesigned ileaf ispring iare icompared iwith ithe 

iresults iof iconventional istructural isteel ileaf ispring. 

Here ibasically itwo iparameters iare idiscussed ionto iwhich iwe iwill idecide iwhich itype iof ileaf ispring iis 

isuperior ito ithe iother ii.e. iEquivalent iVon-Mises iStress iand iDeformation/Deflection. 

5.1 iEquivalent iVon-Mises iStress i 

This icriterion igives isatisfactory iresults iin ithe iprediction iof ifailure iof ia iductile imaterial iand 

iit iis iwidely iused iby ithe idesigners ito icheck iwhether itheir idesign iwithstand ia igiven iload 

icondition ior inot. i 

Maximum ivalues iof iequivalent istresses ithat iare iseen iin idifferent itypes iof ileaf ispring iwith 

irespect ito isame iboundary iconditions iand iloading iare itabulated ias ifollows: 

Sr. iNo. Leaf iSpring Maximum ivalue iof iEquivalent 

iVon-Mises iStress i(MPa) iat i5420 iN 

iLoad 

1 Conventional iStructural iSteel 1651.50 

2 Laminated iCarbon/Epoxy 245.76 

3 Carbon/Epoxy i(Non-Laminated) 248.70 

4 Boron/Aluminium 233.13 

 

 i i i iTable i5.1 iMaximum ivalues iof iEquivalent iVon-Mises iStresses iin idifferent itypes iof iLeaf iSpring i 

Values iwhich iare ishown iin itable i5.1 iare iobtained ithrough ifinite ielement ianalysis iin iAnsys 

iWorkbench. iFrom ithe iabove itable, iwe ican iconclude ithat iequivalent ivon-mises istress 

ideveloped iin iBoron/Aluminium ileaf ispring iis ileast iwith irespect ito i5420 iN iload. 
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5.2 iDeformation/Deflection 

The imaximum ivalues iof ideflection iobtained iin idifferent itypes iof ileaf ispring iis itabulated ias 

ifollows: 

Sr. iNo. Leaf iSpring Deflection i(mm) iat i5420 iN iLoad 

1 Conventional iStructural iSteel 67.51 

2 Laminated iCarbon/Epoxy 18.07 

3 Carbon/Epoxy i(Non-Laminated) 8.21 

4 Boron/Aluminium 6.39 

 

                         Table i5.2 iMaximum ivalues iof iDeflection iin idifferent itypes iof iLeaf iSpring i 

The ivalues iwhich iare ishown iin itable i5.2 iare iobtained ithrough ifinite ielement ianalysis iin iAnsys 

iWorkbench. iFrom ithe iabove itable, iwe ican iconclude ithat ithe iminimum ideflection iis iproduced iin 

iBoron/Aluminium ileaf ispring iwith irespect ito i5420 iN iload. 

5.3 iWeight iof iLeaf iSpring 

The imass ivalues iobtained iin idifferent itypes iof ileaf ispring iis itabulated ias ifollows: 

Sr. iNo. Leaf iSpring Mass iin iKg 

1 Conventional iStructural iSteel 6.83 

2 

 

Laminated iCarbon/Epoxy 

Carbon/Epoxy i(Non-Laminated) 
1.53 

3 Boron/Aluminium 2.67 

  

                                   Table i5.3 iMass ivalues iof idifferent itypes iof ileaf ispring 

The iMass ivalues iwhich iare ishown iin itable i5.3 iare iobtained ifrom iAnsys iWorkbench i19.2 iduring 

ianalysis. iFrom itable i5.3 iwe ican iconclude ithat ithe iLaminated iCarbon/Epoxy iand iCarbon/Epoxy 

i(Non-Laminated) ileaf ispring iis ilightweight iin inature. 
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5.4 iPercentage iReduction 

The ipercentage ireduction iin iEquivalent iStresses iand iDeflection iin ivarious itypes iof ileaf ispring 

iwith irespect ito iStructural isteel iLeaf ispring iis itabulated ias ifollows: 

Sr. 

iNo 

Leaf iSpring 

 

% iReduction iwith irespect ito iStructural iSteel iLeaf 

iSpring iin 

  Equivalent iVon-

Mises iStress i(MPa) 

iat i5240 iN 

Maximum 

iDeflection i(mm) 

iat i5240 iN 

Mass ivalue iin 

iKg 

1 Laminated iCarbon/Epoxy 85.08 i% 73.23 i% 77.59 i% 

2 Carbon/Epoxy i(Non-

Laminated) 

84.94 i% 87.83 i% 77.59 i% 

3 Boron/Aluminium 85.88 i% 90.53 i% 60.90 i% 
 i 

Table i5.4 iPercentage ireduction iin iEquivalent iVon-Mises iStress iand iDeflection iin idifferent itypes 

iof ileaf ispring. 

From itable i5.4 iwe ican iconclude ithat ithere iis ia imaximum ipercentage ireduction iof iEquivalent iVon-

Mises iStress iand iDeflection iin ithe icase iof iBoron/Aluminium iwhile ithere iis ia imaximum ipercentage 

ireduction iof iweight iin ithe icase iof iLaminated iCarbon/Epoxy iand iCarbon/Epoxy i(Non-Laminated) 

ileaf ispring. 

5.5 iComparison iof iFEA iResults 

For ia ibetter iunderstanding iof iresults i(Equivalent iVon-Mises istress i& iDeflection) iand iits ivariation 

iover ia iwide irange iof iloads ifollowing igraphs iare igenerated ibased ion ithe idata iwhich iis iobtained 

iduring isimulation iand ianalysis. 
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(i) iComparison iof iEquivalent iVon-Mises iStress: i 

 

    Fig i5.1 Comparison iof iEquivalent ivon imises istress ivs iLoad iof idifferent itypes iof iLeaf iSpring 

From ifig. i5.1 iwe ican iconclude ithat iwhatever ibe ithe iload, imaximum iequivalent ivon-mises istress 

iwill ibe ideveloped iin iStructural isteel ileaf ispring iand iminimum iin iBoron/Aluminium ileaf ispring. 

(ii) iComparison iof iDeflection: 

 

 i i i i i i i i i i i i i i i i i i i i iFig i5.2 iComparison iof iDeflection ivs iLoad iof idifferent itypes iof iLeaf iSpring 
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From ifig. i5.2 iwe ican iconclude ithat iwhatever ibe ithe iload, ithe imaximum ideflection iwill ibe 

ideveloped iin iStructural isteel ileaf ispring iand iminimum iin iBoron/Aluminium ileaf ispring. 

(iii) iComparison iof iMasses iof idifferent itypes iof ileaf ispring: 

 

 i i i i i i i i i i i i i i i i i i i i I                        Fig i5.3 iComparison iof iMasses iof idifferent itypes iof iLeaf iSpring 

From ifig. i5.3 iwe ican isay ithat ileaf ispring imade iof ilaminated iCarbon/Epoxy iand iCarbon/Epoxy 

i(Non-Laminated) iis ilighter iin iweight ias icompared ito istructural isteel iand iBoron/Aluminium ileaf 

ispring. 

5.6 iComparison iof iAnalytical iResults iwith iFEA iResults 

Comparison iof iAnalytical iresults iwith iFEA iresults iof iEquivalent iVon-Mises iStresses ivs iLoad iand 

iDeflection ivs iLoad iof ivarious itypes iof ileaf isprings ii.e. iStructural iSteel ileaf ispring, iCarbon/Epoxy 

i(Non-Laminated) ileaf ispring iand iBoron/Aluminium ileaf ispring iare ishown iin ifigure i5.4 iand i i5.5 

irespectively. iBy iobserving ithe ifollowing igraphs iwe ican isee ithe idifference iin ithe ivalues iof 

iEquivalent iVon-Mises iStresses iand iDeflection ithat iwe iare igetting iin iboth ithe itypes iof iResults ii.e. 

iAnalytical iresults iand iFEA iresults. 
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iFig. i5.4 iComparison iof iAnalytical iResults iand iFEA iResults iof iEquivalent iVon-Mises istresses ivs i i i 

iLoad iof iDifferent iTypes iof iLeaf iSprings. 
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From iFig. i5.4 iand iFig. i5.5 iwe ican iconclude ithat iboth ithe iresults ii.e. iAnalytical iresults iand iFEA 

iresults iare ilie iin iclose iproximity ito ieach iother. i 

5.7 iConclusion 

From ithe iobtained iresults iwe ican isay ithat icomposite imaterials iare ithe ibest ioptions ito ireplace 

icurrent istructural isteel ileaf ispring. 

For ia iparticular iapplied iload, ithere iare iminimum iequivalent ivon-mises istress i& ideflection 

iin ithe icase iof iBoron/Aluminium icomposite ileaf ispring ias icompare ito ithe irest iof ithe 

icomposite ileaf isprings iwhich iare idesigned iin ithis ithesis. iTo ivalidate ithis ipoint inumber iof 

iresults iis igenerated iby ivarying ithe iapplied iload. 

The ipercentage ireduction iof iequivalent ivon-mises istress iin ithe icase iof iBoron/Aluminium 

icomposite ileaf ispring iwith irespect ito istructural isteel ileaf ispring iis i85.88 i% iand iin ithe icase 

iof iCarbon/Epoxy i(Non-Laminated), iit iis i84.94 i% iwhich iis ia isignificant ireduction. 

And ialso, ithe ipercentage ireduction iof ideflection iin ithe icase iof iBoron/Aluminium icomposite 

ileaf ispring iwith irespect ito istructural isteel ileaf ispring iis i90.53 i% iand iin ithe icase iof 

iCarbon/Epoxy i(Non-Laminated), iit iis i87.83 i% iwhich iis ia isignificant ireduction. i 

Although ipercentage iweight ireduction iin ithe icase iof iBoron/Aluminium icomposite ileaf 

ispring iis ijust i60.90 i% iwhereas iin ithe icase iof iLaminated iCarbon/Epoxy iand iCarbon/Epoxy 

i(Non-Laminated) iit iis i77.59 i% iwhich iis igreater ithan ithe iBoron/Aluminium iComposite ileaf 

ispring. 

So, iin ithe iend, iwe ican isay ithat ialthough iBoron/Aluminium icomposite ileaf ispring igives 

imaximum ipercentage ireduction iin iequivalent ivon-mises istress iand ideflection, iit iis inot ia 

igood ioption ito ireplace icurrent istructural isteel ileaf ispring iwith ithis imaterial ibecause iit ihas 

ipoor ipercentage iweight ireduction. iWhereas iCarbon/Epoxy i(Non-Laminated) icomposite 

ileaf ispring igives ia isignificant ipercentage ireduction iin iweight ias iwell ias iequivalent ivon 

imises istress iand ideflection. 
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Therefore, icurrent istructural isteel ileaf ispring ican ibe ireplaced iwith iCarbon/Epoxy i(Non-

Laminated) icomposite imaterial. 

5.8 iFuture iWork 

Composite imaterials ihave iseveral iadvantages iand ithere iis inumerous iresearch iarea iin ithis ifield iso 

ifollowing iare isome irecommended istudies: 

 Dynamic ianalysis iof icomposite ileaf ispring imade iof idifferent itypes iof icomposite imaterials 

 Vibration ianalysis iof icomposite ileaf ispring. 

 Hybird composite materials can be considered. 
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CHAPTER i3 iMATERIALS i& iMETHODS 

3.8 iCalculation iof imaterial iproperties ifor iLaminated iCarbon/Epoxy. 

The idensity iof ithe icomposite ican ibe ifound iout iby iconsidering ithe ifiber ivolume ifraction iand imatrix 

ivolume ifraction, ii.e.: 

c= ifVf i+ imVm………………………………………………………………………………  i(3.5) 

Where, if i=Density iof ifiber 

m =Density iof imatrix 

For iFiber ivolume ifraction iof i60% iand iMatrix ivolume ifraction iof i40% 

 

(i) iDensity iof iLaminated iCarbon/Epoxy: 

We iknow ifor ilaminated iCarbon/Epoxy if i=1.7 ig/cm3
 iand im i= i1.2 igm/cm3 

C i= i1.7×0.6 i+ i1.2×0.4 i= i1.50 ig/cm3 

(ii) iLongitudinal iModulus: 

E1=Ef i i× iVf i i+ iEm i× iVm 

E1 i= i230 i× i0.6 i+ i3.3 i× i0.4 

E1 i= i139.32 iGPa 

(iii) iTransverse iModulus: 

 i

ଵ

ாమ
=

௏೑

ா೑
+

௏೘

ா௠
 

 =
଴.଺

ଶଶ଴
+

଴.ସ 

ଷ⋅ଷ
               

= 0.123 iGPa 

(iv) iMajor iPoisson’s iRatio: 

v12 i= ivf i×Vf i+ ivm i× iVm 

i= i0.15 × 0.6 + i0.37 × 0.4 

i= i0.24 
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(v) iTransverse iShear iModulus: 

ଵ

ீభమ
=

௏೑

ீ೑
+

௏೘

ீ௠
  

ଵ

ீభమ
=

଴.଺

ହଶ
+

଴.ସ

ଶ.ଶ଺
  

= i5.3 iGPa 

(vi) iLongitudinal iShear iModulus: 

G12 i= iGf i× iVf + iGm × iVm 

i= i52 i× i0.6 i+ i2.26 i× i0.4 i 

= i31.104 iGPa 

(vii) iTensile istrength iof isingle iply iin ilongitudinal idirection: 

σtl =σtf × iVf + iσtm × iVm 

= i3.53 × i0.6 + i0.13 i× i0.4 

 i i i i= i2.17 iGPa 

(viii) iTensile istrength iof isingle iply iin itransverse idirection: 

ଵ

ఙ೟೟
=

௏೑

ఙ೟೑
+

௏೘

ఙ೟೘
 i 

 i=
଴.଺

ଷ.ହଷ
+

଴.ସ

଴.ଵଷ
 

 i= i0.308 iGPa 

(ix) iCompressive istrength iof isingle-ply iin ilongitudinal idirection: 

𝜎𝑐𝑙 = 𝜎𝑐𝑓 × 𝑣௙ + 𝜎௖௠ × 𝑣௠   

=1.2 ×  0.6 i+ i0.19 × i0.4  

i= i0.796 iGPa 

(x) iCompressive iStrength iof isingle-ply iin itransverse idirection: 
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ଵ

ఙ೎೟
=

௏೑

ఙ೎೑
+

௏೘

ఙ೎೘
  

  i= 𝑖
 0.6
1.2

+ 0.4
0⋅19

 i= i0.384 iGPa 

Calculations iof iEffective iElastic iconstants: 

According ito i[29], iand iengineering idesign iwith ipolymers iand icomposites, iJ.C iGerdeonetal, 

isuitable ifor icalculating ithe iyoung imodulus iof ia iunidirectional iply iat idifferent iangles iare 

iformulated ias: 

ଵ

ாೣ
=

௖௢௦ర ఏ

ாభభ
+

௦௜௡ర ఏ

ாమమ
+ (

ଵ

ீభమ
−

ଶ௩భమ

ாభభ
) 𝑐𝑜𝑠ଶ 𝜃 𝑠𝑖𝑛ଶ 𝜃 i 

For iθ i= i0o 

 i

ଵ

ாೣ
=

ଵ

ଵଷଽ.ଷଶ
+ 0 + 0 i

 

 iEx i= i139.32 iGPa, ifor i0o
 iply ilaminate ifibers 

For iθ i= i45o 

ଵ

ாೣ
=

ୡ୭ୱర ఏ

ாభభ
+

ୱ୧୬ర ఏ

ாమమ
+ ቀ

ଵ

ீభమ
−

ଶ௩భమ

ாభభ
ቁ cosଶ 𝜃 sinଶ 𝜃  i 

ଵ

ாೣ
=

଴.ଶହ

ଵଷଽ⋅ଷଶ
+

଴.ଶହ

଼.଴଻଻
+ ቀ

ଵ

ହ⋅ଷ
−

଴⋅ସ଼

ଵଷଽ.ଷଶ
ቁ 0.25 i 

Ex i= i12.649 iGPa, ifor i45o
 iply ilaminate ifibers i 

For iθ i= i90o
 i 

Similarly, 

Ex i= i8.077 iGPa, ifor i90o
 iply ilaminate ifibers 

Now iwe ican icalculate ithe iyoung’s imodulus iproperties iof ithe iexplained ilaminated iplies icomposite 

iin iX iand iY-direction: 

[45o/0o/0o/-45o/90o/90o/-45o/0o/0o/45o]T 

0o
 i= i139.32 iGPa 

45o
 i= i12.649 iGPa 
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90o
 i= i8.077 iGPa 

Composite iYoung’s iModulus iin iLongitudinal iDirection: 

( ௡௢.𝑖௢௙  ଴బ ௣௟௜௘௦

௧௢௧௔௟  𝑖௡௢.௢௙ 𝑖௣௟௜௘௦
× 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 𝑖𝑜𝑓  𝑖0଴

 𝑖𝑓𝑖𝑏𝑒𝑟) + ( ௡௢.𝑖 𝑖௢௙ 𝑖ସହబ 𝑖௣௟௜௘௦

௧௢௧௔௟  𝑖௡௢.௢௙ ௣௟௜௘௦
× 𝑚𝑜𝑑𝑢𝑙𝑢𝑠  𝑖𝑜𝑓  𝑖45଴

 𝒊𝑓𝑖𝑏𝑒𝑟) 

= i

ସ

ଵ଴
 i× i139.32 i+ i

ସ

ଵ଴
 𝑖 × 12.649 

EL i= i60.7876 iGPa 

Composite iYoung’s iModulus iin iTransverse iDirection: 

( ௡௢.𝑖௢௙ 𝑖ଽ଴బ
 𝑖௣௟௜௘௦

௧௢௧௔௟  𝑖௡௢.𝑖 𝑖௢௙  𝑖௣௟௜௘௦
× 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 𝑖𝑜𝑓  𝑖90଴

 𝑖𝑓𝑖𝑏𝑒𝑟) i+ i( ௡௢.𝑖 𝑖௢௙ 𝑖ସହబ 𝑖௣௟௜௘௦

௧௢௧௔௟  𝑖௡௢.𝑖 𝑖௢௙ 𝑖௣௟௜௘௦
× 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 𝑖𝑜𝑓  𝑖45଴

 𝒊𝑓𝑖𝑏𝑒𝑟) 

= i

ଶ

ଵ଴
 i× i8.077 i+ i

ସ

ଵ଴
 𝑖 × 12.649 

ET i= i6.675 iGPa 

3.9 iWeight iCalculation iof iLeaf ispring: i 

(i) iWeight icalculation iof ithe icurrent iSteel iLeaf iSpring: 

We ican icalculate ithe iweight iof iLeaf iSpring iform ithe imass, ivolume, iand iDensity iRelationship, 

Density i= i

ெ௔௦௦

௏௢௟௨௠௘
 

M i= i i× iV 

W i= iM i× ig 

Therefore, iW i= i i× iV i× ig 

Density iof iStructural iSteel i= i7.85 igm/cm3 

Taking iAcceleration idue ito iGravity i(g) ias i= i10 im/s2
 i 

Now ithe iweight iof ithe imaster iLeaf i(W1) ican ibe icalculated ias: 

W1 i= i i× iV1 i× ig 

 

V1 i= iL1 i× it i× w                       Where iV1 i= iVolume iof imaster ileaf ispring i(cm3) 

 i i i i i i= i130 i× i6 i× i40                   L i= iLength iof imaster ileaf ispring i(mm) 

 i i i i i i= i312 icm3                           t i= iThickness iof imaster ileaf ispring i(mm) 

                                                w i= iWidth iof imaster ileaf ispring i(mm) 
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So, ithe iweight iof imaster ileaf ispring icomes iout ito ibe: 

W1 i= i7.85 i× i312 i× i10 

W1 i= i24.49 iN 

Similarly, 

Weight iof ithe i2nd
 iLeaf i(W2) i= i18.84 iN 

Weight iof ithe i3rd
 iLeaf i(W3) i= i11.304 iN 

Weight iof ithe i4Th
 iLeaf i(W4) i= i7.912 iN 

Therefore, ithe itotal iweight iof ithe icurrent iexisting isteel ileaf ispring ibecomes: 

WT i= iW1 i+ iW2 i+ iW3 i+ iW4 i 

WT i= i62.55 iN 

(ii) iWeight icalculation iof iLaminated iCarbon/Epoxy, iCarbon/Epoxy i(Non-Laminated), iand 

iBoron/Aluminium: 

Dimension iof ithe inewly ideveloped ileaf ispring iis ithe isame ias ithat iof ithe icurrent ileaf ispring iexcept 

ithe idiameter iof ithe ieye. iThis iis ibecause ito idifferentiate ithe iadvantage iand idisadvantages iof ithe ileaf 

ispring imaterials iand ito iknow ithe ibest ifeatures iof ithe imaterials. iBut isome idimension iis iselected 

ifrom ithe istandard isize iof iautomobile isuspension ispring itables. 

Following iare ithe istandard isizes ifor ithe iautomobile isuspension isprings i[32]: i 

(a) iStandard inominal iwidths iare: i32, i40*, i45, i50*, i55, i60*, i65, i70*, i75, i80, i90, i100 iand i125 imm. 

i(Dimensions imarked* iare ithe ipreferred iwidths) i 

(b) iStandard inominal ithicknesses iare: i3.2, i4.5, i5, i6, i6.5, i7, i7.5, i8, i9, i10, i11, i12, i14 iand i16 imm. i 

(c) iAt ithe ieye, ithe ifollowing ibore idiameters iare irecommended: i19, i20, i22, i23, i25, i27, i28, i30, i32, 

i35, i38, i50 iand i55 imm. i 

(a) iWeight icalculation iof iLaminated iCarbon/Epoxy iand iCarbon/Epoxy i(Non-Laminated): 

For ifiber ivolume ifraction iof iVf i= i60% iand imatrix ivolume ifraction iof iVm i= i40% 



Appendices i 
   i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  

 67 

2020 

Number iof iLeaf’s i= i1 

Length i= i800 i(To ireduce iextra ibuckling iand ideformation iand ialso ifor imaking iLeaf ispring to 

withstand iheavy iloading) 

Width i= i40 imm 

Thickness i= i24 imm 

Then iaccording ito ithe iabove ispecification, ithe iweight iof ithe iLaminated iCarbon/Epoxy iand 

iCarbon/Epoxy ileaf ispring ibecomes: 

Wc i= ic i× iVc i× ig 

= i1.5g/cm3
 i× i768 icm3

 i× i10 im/s2 

i= i11.52 iN 

Now icalculating ipercentage iweight iReduction: 

Weight isaved i= i62.55 i- i11.52 i= i51.03 iN 

Hence, i% iweight ireduction iis i= i

ହଵ.଴ଷ

଺ଶ.ହହ
 i× i100 i= i81.58 i% 

Therefore, iLaminated iCarbon/Epoxy iand iCarbon/Epoxy iweights ivery iless ias icompare ito 

iconventional ileaf ispring iwhich iis imade iup iof iStructural isteel. 

(b) iWeight icalculation iof iBoron/Aluminium: 

For isame ifiber ivolume ifraction, imatrix ifraction, iand idimension ias ithat iof iLaminated 

iCarbon/Epoxy iand iCarbon iEpoxy, iweight iof iBoron/Aluminum iLeaf ispring ican ibe icalculated ias: 

Wc i= ic i× iVc i× ig 

= i2.620 ig/cm3
 i× i768 icm3

 i× i10 im/s2 

i= i20.12 iN 

Now icalculating ipercentage iweight ireduction: 

Weight isaved i= i62.55 i- i20.12 i= i42.43 
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Hence, i% iweight ireduction iis i= i

ସଶ.ସଷ

଺ଶ.ହହ
 i× i100 i= i67.83 i% 

Therefore, iBoron/Aluminium ileaf ispring iis iheavier ithan ilaminated iCarbon/Epoxy iand 

iCarbon/Epoxy ibut iit iis ilighter ithan iconventional ileaf ispring imade iof istructural isteel. 

3.10 iStress iand iDeflection icalculations 

Since ithe ileaf isprings iare imounted ion ithe iaxle iof ithe ivehicle ifirmly iusing iU ibolt, ithen ithe idistance 

ibetween ithe iU ibolt iis i85 imm, ithis idistance iis iunbent ilength iof ithe ileaf ispring ithen ito icalculate ithe 

ideflection iand istress iof ithe ileaf ispring ithe ieffective ilength iof ithe ileaf ispring imust ibe icalculated. 

iAccording ito ithe itextbook iof imachine idesign, ithe ieffective ilength iof ileaf ispring ican ibe icalculated 

ias: 

2𝐿 i= i2𝐿1 i− ib i…………………𝑤ℎ𝑒𝑛 i𝑏𝑎𝑛𝑑 i𝑖𝑠 i𝑢𝑠𝑒𝑑, i𝑎𝑛𝑑 i 

2𝐿 i= i2𝐿1 i− i

ଶ

ଷ
 𝑖 × 𝑏……………………. i𝑤ℎ𝑒𝑛 i𝑈−𝑏𝑜𝑙𝑡𝑠 i𝑖𝑠 i𝑢𝑠𝑒𝑑. i 

Where: i i2L i= ieffective ilength ileaf ispring i 

              2L1 i= itotal ilength iof ileaf ispring 

                                   L i= ilength iof iband ior iU i– ibolts 

               b i= iwidth iof iU- ibolts i 

But iin ithis iwork, iwe iare iconsidering ia iU-bolt iclamping. iSo, ithe iformula ito icalculate ithe ieffective 

ilength iof ileaf ispring ibecomes: 

2𝐿 i= i2𝐿1 i− i

ଶ

ଷ
 𝑖 × 𝑏 

2L i= i130 imm i− i

ଶ

ଷ
 𝑖 × 85 𝑖𝑚𝑚 i, i i(taking ithe iwidth iof iU-bolt ias i85 imm i[30]) 

2L i= i1243.33 imm 

Hence, iL i= i621.67 imm i(half ieffective ilength iof icurrent ileaf ispring) 
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Similarly, iwe ican ifind ieffective ilength iof iLaminated iCarbon/Epoxy, iBoron/Aluminium, iand 

iCarbon/Epoxy: 

2L i= i800 imm i− i

ଶ

ଷ
 𝑖 × 85 𝑖𝑚𝑚 

2L i= i743.33 imm 

L i= i371.67 imm i(half ieffective ilength) 

3.10.1 iBending istress iand iDeflection iin icurrent iSteel iLeaf iSpring. 

(i) iBending iStress iin icurrent iSteel iLeaf iSpring: 

σ i= i i

଺ௐ௟

௡௕௧మ 

where: 

n i= iNo. iof ileaves i(n i= i4) 

t i= ithickness iof ileaf ispring i(t i= i6 imm) 

b i= iwidth iof ileaf ispring i(b= i40 imm) 

W i= iweight ion ithe ileaf ispring i(W i= i2710 iN) 

l i= ihalf ieffective ilength iof ileaf ispring i(621.67 imm) 

σ i= i

଺ ×ଶ଻ଵ଴ ×଺ଶଵ.଺଻

ସ ×ସ଴ ×ଷ଺
 i= i1754.90 iN/mm2 

(ii) iDeflection iin icurrent isteel ileaf ispring: 

𝛿 i= i

ௐ௅య

ଷா
 

Before icalculating ideflection iin isteel ileaf ispring, iit iis iimportant ito ifirst icalculate ithe imoment iof 

iinertia iof ileaf ispring ibecause ieach ileaf ihas ia idifferent icross-section iarea ias iwe ican isee iin ifig i3.10 
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                    Fig. i3.10 iHalf icross-section iof ithe icurrent iStructural iSteel ileaf ispring i 

As iwe ican isee iin iabove ifig, iMoment iof iinertia iof icurrent isteel ileaf ispring ican ibe icalculated ias: 

I i= iI1 i+ iI2 i+ iI3 i+ iI4 

Where, iI1, iI2, iI3, iand iI4 istands ifor ileaf i1,2,3 iand i4 irespectively. 

I1  = 
650 × 6

3

12
  = i11700 imm4 

I2  =  

ହ଴଴ × ଺య

ଵଶ 𝑖

 = i9000 imm4 

I3  =  

ଷ଴଴ × ଺య

ଵଶ
  = i5400 imm4 

I4  =  

ଶଵ଴ × ଺య

ଵଶ
  = i3780 imm4 

So itotal imoment iof iinertia iis icome iout ito ibe: 

I = 11700 + 9000 + 5400 + 3780 = 9880 imm4 

Now, iDeflection ican ibe icalculated ias: 

𝛿 =  

ௐ௅య

ଷாூ
 i=  i

ଶ଻ଵ଴ × ଺ଶଵ.଺଻య

ଷ 𝑖×ଶ଴଻ × ଵ଴య×ଶଽ଼଼଴
 i= i35.08 imm 

 

 

                                                                                                                                 LEAF 1 

                                                                                                                               LEAF 2 

                                                                                                                               LEAF 3 

                                                                                                                              LEAF 4 
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2. iBending iStress iand iDeflection iin iLaminated iCarbon/Epoxy, iBoron/Aluminium, iand 

iCarbon/Epoxy i(Non-Laminated). 

(i) iBending iStress iin inewly iDesigned ileaf ispring: 

σ = 

଺ௐ

௕௧మ  = 

଺ × ଶ଻ଵ଴ × ଷ଻ଵ.଺଻

 ସ଴ × ଶସమ 

 = 262.29 N/mm2
 i 

(ii) iDeflection iin inewly iDesigned ileaf ispring: 

𝛿 i= i

ௐ௅య

ଷாூ
 i 

Where, iI i= iMoment iof iInertia ican ibe icalculated ias: 

I = 

௕ × ௧య

ଵଶ
 =  

40 × 24
3

12
 = 46080 mm4 

(a) iDeflection iin iLaminated iCarbon/Epoxy: 

𝛿 = 

ௐ௅య

ଷாூ
 = 

ଶ଻ଵ଴ × ଷ଻ଵ.଺଻య

ଷ × ଷସ଴଴଴ ×ସ଺଴଼଴ 

 = 29.60  mm 

(b) iDeflection iin iBoron/Aluminium: 

𝛿 = 

ௐ௅య

ଷாூ
 =  

ଶ଻ଵ଴ × ଷ଻ଵ.଺଻య

ଷ × ଶଵହ଴଴଴ ×ସ଺଴଼଴ 

 =  4.68 mm 

(c) iDeflection iin iCarbon/Epoxy i(Non-Laminated): 

𝛿 = 

ௐ௅య

ଷாூ
 = 

ଶ଻ଵ଴ × ଷ଻ଵ.଺଻య

ଷ × ଵସ଻଴଴଴ ×ସ଺଴଼଴ 

 = 6.84 mm 

We ican isee ithat ideflection iis imuch iless iin ithe icase iof iBoron/Aluminium i(i.e.) i4.68 imm ias 

icompared ito ithe iother itwo icases. 
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