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Abstract: The most important variables to analyze the crashworthiness are material, 

speed, and different car hood thickness. This study compares two different types of 

material aluminium and steel on car hood by different speeds. It determines the response 

elements in terms of hood deformation, energy absorbed, Von-Mises stresses, kinetic 

energy, internal energy, and strain energy of hood. Next is to investigate the potential of 

Abaqus/- Explicit as the tool to simulate vehicle crashes into a rigid wall in general. Based 

on the results, the lowest deformation at 84.90 mm is by aluminium material at a thickness 

of i1.50 cm. The stresses in both the material increases with the increase in speed and 

structural steel haveia high value of stress than aluminium. The equivalent stresses in 

aluminium material are only 5.00-13.00 % of the structural steel body and deformation is 

almost the same. The maximum value of the hood energy absorption is 5.31E+06 for 

aluminium material. The minimum energy absorption is 4.61E+06 for steel at high speed 

of i100 km/h. Aluminium exhibits the minor deflection because the energy nearest turns 

to zero and the atom completely absorbs the kinetic and internal energy. Steel material 

absorbs maximum internal energy of i30271iJ followed by steel 15007iJ. The conclusion 

from the results is that Abaqus/Explicit is a suitable finite element software for  

simulating crashes. 

 

Keywords: iAbaqus, iSpeed, iHood, iDeformation, iKinetic ienergy, iEnergy iabsorption, 

iAluminium, iSteel 

 

1. Introduction 

Hood ior ibonnet iis ione iof ithe imain iparts iused ito iprotect ipassengers ifrom ithe ifront iand irear icollision 

i[1]. iCar ihood iis ione iof ithe iessential icomponents iin ipassenger icars ifor iwhich ishould iconsider ithe 

imaterial iand icar ispeed ito ireduce ithe iimpact iof ithe icrash i[2] 
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In ithis istudy, ithe imost iimportant ivariables ilike imaterial, ispeed iand ihood ithickness, iare istudied ito 

ianalyze ithe icar ihood ito iimprove ithe icrashworthiness. iIn ithis ipaper, imaterial ichanges iand icar, ispeed iare 

iapplied ito ithe ihood ifor ithe isame idesign iand ifinally ishow ia ifrontal icrash icollision. iThe icar ihood iis ithe 

ipart iof ithe icar ithat icontributes ito ipassengers' iprotection iin iany icrash. iAccording ito iNCAP i(European 

iNew iCar iAssessment iProgram), icrash itests iverify imaterial iselection's icorrectness ifor ithe icar ibody's 

ideformation izones i[3]. iThe imost iimportant icases ithat iinfluence ithe iinner ihood ibody's imaterial iare ihood 

iperformance ifor ihigh ispeed iand ilow-speed icrashes i[4]. iThe istructure iand ithe imaterial iof ia icar ihood 

iconstitute ia isignificant ifactor iin ithe idegree iof iinjury iresulting ifrom ia ihood icollision; itherefore, iresearch 

ion icar ihood imaterial iselection imay ilead ito iinnovations ithat iwill ireduce iincidence iand iseverity iof icar 

iaccidents i[5]. iAccording ito iUntaroiu iJS, iCrandall iJR i[6] ithe ivehicle ihood iis ithe iarea imost ilikely ito 

iaffect ithe iaccidents. iA igood idesign iof icar ihood imust iprovide isafety ifor ipassengers i[7]. 

There iare iseveral itypes iof ifinite ielement isoftware iin ithe imarket isuch ias iAlgor, iNastran, iAbaqus, 

iCosmos, iI-Deas, iRadioss iand iLs-Dyna.[8]. iAbaqus/Explicit iis ian ianalysis iproduct iused iin ispecial-

purpose. iThis iproduct iuses ian iexplicit idynamic ifinite ielement iformulation. iIt iis isuitable ifor ibrief, 

itransient idynamic ievents, isuch ias iimpact iproblems. iIt iis ialso ipreferred ifor iproblems iinvolving ilarge 

ideformations, ii.e., ihighly inonlinear iproblems i[9]. 

Energy iabsorption ican ibe idetermined iusing ireal-time itest, ibut idue ito ithe ihigh icost iof iconducting 

ireal-time itests, ifinite ielement ianalysis i(FEA) iis iused iin ithe iautomotive iindustry ibefore iconducting ireal-

time itest. i[1]. iThe imeasurement iof ienergy iabsorption iof ia isystem irequires icalculating ithe iforces iduring 

ithe icollision, iwhich iare ineeded ito iassess ithe ipassenger's istructural idamage iand isurvivability. iThe 

ienergy iabsorption iis ia iuseful imeasure ifor icomparing ithe icapabilities iof idifferent imaterials iand istructure 

iin iwhich iweight iis ian iimportant iconsideration i[10]. 

Elastic ibehaviour iunder itension ior icompression iof ithe islope ifor ithe iinitial ipart iof ithe istress-strain 

icurve idetermines iElasticity's ithe iModule i(Young's iModulus). iMostly, ithe irounded ivalue iof iE i= i70.000 

iMPa iis iused ifor ialuminium iand iits ialloys. iIt iis i1/3 ithe ivalue iof isteels. iUnder itorsion, ithe iShear iModulus 

ior iModulus iof iRigidity iis iG i= i26.000 iMPa ifor ialuminium icompared ito i82.700 iMPa ifor isteel i[11]. iThe 

ilower iE-modulus ialuminium ican iabsorb ithe i3-fold iamount iof ienergy ielastically ibefore iplastic iyielding 

icompared iwith isteel. iThis iproperty iis isignificant ifor icrash-relevant icomponents, ilike ibumpers, ihood 

iand icar ibody i[12]. iVehicle isafety iconsiderations ihave iled ito ia iconceptual iapproach iwhere ithe ifront iand 

irear icrash imanagement isystems iare ipart iof ithe istructural iload ipath. iThe ispecific iproperties iof 

ialuminium ioffer ithe ipossibility ito idesign icost-effective, ilightweight istructures iwith ihigh istiffness iand 

iexcellent icrash ienergy iabsorption ipotential. iThe iimpact iof ienergy iis itypically idistributed ibetween ithe 

ifollowing istandard ielements iof ithe icrash imanagement isystem i[13]: 

 The ihood iwhere ithe iimpact ienergy iresults iin ielastic iand iplastic ideformation ibehaviour. 

 The icrash iboxes iwhich iabsorb ienergy iby iplastic ideformation ibehaviour. 

Table i1 isummarizes iseveral iconclusions ifrom iselected ipast iresearches ion ifrontal icrash 

Table i1: iSelected iprevious istudies ion icar icrash isimulation 

Author Title/Year Aims Method Finding Sources 

Vivek 

iDayal, 

iAshwani 

iSharma, 

iM.A. 

Murtaza 

Crash 

iSimulation 

iof ia iCar 

iBody 

i(2018) 

This ipaper ipresents 

ithe isimulation iof 

ifrontal icrash iof ia 

icar ifor ivarious 

ispeeds 

Ansys 

isoftware 

The iEquivalent i(von-Mises) 

istress iin iboth ithe imaterial 

iincreases iwith ithe iincrease 

iin ispeed 

[14] 

Rimy, 

iM.M. i& 

iAbdul 

Simulation 

iof iCar 

iBumper 

To ianalyze iand 

istudy ithe istructure 

iand imaterial 

Abaqus 

iSoftware 

The imost iimportant 

ivariables ilike imaterial, 

istructures, ishapes iand 

[1] 
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iAziz, 

iFaieza 

iMaterial 

iusing 

iFinite 

iElement 

iAnalysis 

i(2010) 

iemployed ifor icar 

ibumper iin ione iof 

ithe inational icar 

imanufacturers 

Studied iby iimpact 

imodelling ito 

idetermine ithe 

ikinetic ienergy, 

ipotential ienergy 

iand istrain ienergy 

iimpact iconditions iare 

istudied ifor ianalysis iin iorder 

ito iimprove ithe 

icrashworthiness. iMaterials 

iwere istudied iby iimpact 

imodelling ito idetermine ithe 

ikinetic ienergy, ipotential 

ienergy iand istrain ienergy. 

 

2. Materials iand iMethods 

The imethod iof ithis istudy, ifollowed iby ithe iflowchart iin iFigure i1. iThe isimulation isteps iencountered 

ifor ithis istudy ishown iin iFigure i2. iThe isignificant iparameter iand ivariables ifor isimulation ineed ito ibe 

idefined ifor ithe isimulation idesign. i 

 

Figure i1: iFlowchart iof iresearch imethodology 

 

Figure i2: iStep iby istep itowards istructural isimulation iusing iAbaqus iExplicit 

Figure i3 ishows ithe irelationship ibetween iinput iand ioutput iparameter. iThere iare ithree ivariables iused 

ias ian iinput iin isimulation. iThe ifirst iinput iis ithe iproperties iof isteel iand ialuminium. iThe imodification ion 

ithe imaterial iwas iapplied ito ithe icar ihood imodel. iIn ithe ibeginning iof isimulation iwas ito idetermine ithe 
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ihood ideformation iwith idifferent ithickness ion icar ispeed iof i50 ikm/h. iThe ithickness iof ithe icar ihood 

iselected iwas i1.00 icm, i1.25 icm iand i1.50 icm. i 

The ivarious ispeed iwas iapplied iin ithis isimulation iexcept ifor ithe icar ihood ithickness ideformation 

iwith ispeed i75 ikm/h iand i100 ikm/h. iResult ior ioutput iconsists iof imaximum ihood ideformation, 

iEquivalent iVon imises istress, ienergy iabsorption, ikinetic ienergy, iinternal ienergy iand istrain ienergy. 

iOutput igenerated iby ia isimulation ito ipredict isystem iperformance. 

 

Figure i3: iRelationship ibetween iinput iand ioutput iparameters 

Table i2 iand iTable i3 ishows ithe imaterials iused iand isimulated ias ihood imaterials. iMaterial 

imodification iapplied ito ithe icar ihood imodel ibrings iabout icertain ichanges iin itheir iproperties. iThe 

imaterial imechanical iproperties ithat ihave ibeen iintroduced iin iAbaqus iwere itaken ifrom i[15] ifor 

iAluminum iand i[16] ifor isteel imaterial. iSo, ithe imechanical iproperties iused iwas i(density, iyoung 

imodulus, iPoisson's iratio, iyield istress iand iplastic istrain). iThe iyoung's imodulus ifor ithe iSteel iis i71700 

iMPa, iand ithe iPoisson's iratio iwas i0.29, iwith idensity i7.85e-09 ikg/m3. iFor ialuminium iis i94000 iMpa, iand 

ithe iPoisson's iratio iwas i0.33, iwith idensity i2.85e-09 ikg/m3. i 

Table i2: iInput iSteel iProperties iin iAbaqus 

Mass iDensity 

(kg/m3) 

Young iModulus 

i[Mpa] 

Poisson's iratio Yield istress 

i[Mpa] 

Plastic istrain 

 

7.85e-09 

 

71700 

 

0.29 

 

207 iN/mm^2 

 

 

0 iε 

 

   210 iN/mm^2 

 

0.0010279 iε 

 

   230 iN/mm^2 

 

0.001763 iε 

 

   250 iN/mm^2 

 

0.0027177 iε 

 

   270 iN/mm^2 0.0039248 iε 
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Table i3: iInput iAluminium iProperties iin iAbaqus 

Mass iDensity Young iModulus 

i[Mpa] 

Poisson's iRatio Yield istress 

i[Mpa] 

Plastic istrain 

 

2.85e-09 

 

94000 

 

0.33 

 

350 iN/mm^2 

 

 

0 iε 

 

   368.71 iN/mm^2 

 

0.001 iε 

 

   376.5 iN/mm^2 

 

0.002 iε 

 

   391.98N/mm^2 

 

0.005 iε 

 

   403.13 iN/mm^2 

 

0.008 iε 

 

 

Table i4 ishows ithe imodification iof icar ihood ithickness. iThe imodification iof ia ihood iaims ito iprovide 

ia icompatible iof ihood ideformation ifor ifrontal iimpact iposition iat ispeed i50 ikm/h iwith idifferent 

ithicknesses i(1.00 icm, i1.25 icm iand i1.50 icm) 

Table i4: iCar iHood ithickness 

Part Hood iDesign No. iof 

inodes 

No. iof 

ielements 

Hood 

thickness 

(1 icm) 

 

 

307 201 

Hood 

thickness 

(1.25 icm) 

 

 

329 240 
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Hood 

thickness 

(1.50 icm) 

 

 
 

349 279 

 

Figure i4 ishows ithe igeometry iof ithe icar ihood. iThe ilength iof ithe icar ihood iis i1.652 im iand i1.074 im 

ifor ithe iwidth. 

 

Figure i4: iGeometry iof ithe icar ihood 

Figure i5 iand iFigure i6 ishows ithe icar idesign iin iside iview. iThe iside iview iof ian iobject ishows ithe 

ilength, iwidth iand iheight idimensions. iThe idesign iwas icreated iby iusing iCreo i5.0 isoftware, iand ithe ifile 

iwas iconverted ito i.igs ifile. iDimensions iare iadded ito ithe isketch ito idefine ithe isize iand ilocation iof ithe 

igeometry. iThe i.igs ifile iwas iinput iin iAbaqus isoftware iand istarted ito iuse iin ithe isimulation. 

 

Figure i5: iCar idesign iin iwireframe iview 

 

Figure i6: iCar idesign iin isolid i3D 
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The i3D imodel irigid iwall iwas icreated iby iusing ithe imodelling ifeature isuch ias iextrude iby iAbaqus 

isoftware. iThe idistance ibetween ithe irigid iwall iand icar ihood iis icreated iin iassembly imodule. iThe 

ihorizontal idistance ibetween ithe irigid iwall iand ithe icar ihood iwas i10 im iand iis irepresented iby ithe iz-axis 

iin iAbaqus ias ishown iin iFigure i7. i 

 

Figure i7: iAssembly ipart 

Figure i8 ishows ithe istep ianalysis iin ithe isimulation. iThe ianalysis istep iwas icreated iin ithe 

istep imodule, ithe iprocedure iof ithe istep iwas ichosen ito iDynamic iExplicit iwith ia istep itime iof 

i0.02. iAutomatic itime iincrementation iwas iused, ithe istable iincrement iestimator iwas iselected ito 

iglobal iwith ia itime iscaling ifactor iof i1. iMaximum itime iincrement iwas iunlimited. iThe idefault 

itime iincrementation ischeme iin iAbaqus/Explicit iis ifully iautomatic iand irequires ino iuser 

iintervention i[9]. iMass iscaling iwas inot iapplied ifor iany iregion iof ithe imodel. iLinear iand 

iquadratic ibulk iviscosity iparameters iwere iset ito idefault ivalues iof i0.06 iand i1.2 irespectively. i 

 

Figure i8: iAnalysis istep iapplied ito ithe imode 

Figure i9 ishows ithe icontact idefinition iused iis iexplained ifollowing iby ithe iconstraints iand 

iconnections iapplied. iThe icontact idefinition iwas imade iin ithe icontact iproperty itool, ia imechanical 

itangential ibehavior iwas idefined. iThe ipenalty ifriction iformulation iwas iused iwith ia ifriction icoefficient 

iof i0.3. iA ilow ivalue iof ifriction icoefficient iwas ichosen isince ithe itires iwere inot iincluded iin ivehicle ipart. 

 

Figure i9: iContact idefinition iapplied ito ithe isurface 
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Figure i10 ishows ithe ispeed iof ithe icar. iThe iload iwas icreated ito idefined iand imanaged ithe ifollowing 

iprescribed iboundary iconditions. iGravity iload iwith ia ivalue iof i9810 imm/s2
 iwas iapplied ifor ithe ientire 

ivehicle. iDifferent iImpact ivelocity iof ithe ivehicle iwas, i13889 imm/s (50 ikm/h), i20833 imm/s (75 ikm/h), 

i27778 imm/s (100 ikm/h). 

 

Figure i10: iDifferent iImpact ispeed iof ithe ivehicle 

Figure i11 ishow ithe itype iof iboundary icondition iused iin iAbaqus. iA ireference ipoint iis iassigned iat ithe 

imiddle iof ithe irigid iwall iwhere ifixed, iwith icommon iof iENCASTRE, iboundary icondition iwas iapplied. 

iFixed iboundary iconditions, iENCASTRE, iwas iapplied. 

 

Figure i11: iThe ifixed iboundary icondition iapplied ito ithe iend ipost 

Figure i12 ishows ian iexample iof ithe imesh igenerated. iMesh iof ithe idesign iwas icreated iusing 

ia iglobal imesh isetup iin iAbaqus/CEA isimulation. iMesh iglobal iseeds iwere isetting iprovided ifor 

icar iand ithe irigid iwall iwhich iscaled ifrom i50 ito i100. iThe ielement itypeset iwith ichosen iexplicit 

iand ilinear, iwhich iis iapplied ifor i3D istress iin irigid iwall iand ifor ithe icar ifront, iwas iset iwith 

ichosen iexplicit iand ilinear ishell ias ishown iin iFigure i13. 



Kudi et al., Progress in Engineering Application and Technology Vol. 2 No. 2 (2021) p. 1001-1015 

1009 

 

Figure i12: iMesh igenerated 

 

Figure i13: iElement itype 

3. Result iand iDiscussion 

The iobservation ifrom iTable i5 iand iTable i6 ishows ithat ithe isteel ihood ideforms iat i124.08 

imm ifor i1.00 icm iof ithickness. iFor i1.25 icm, ithe ideformation iis i110.08 imm. iBut ifor i1.50 icm 

ithickness, ithe ideformation iis i93.68 mm. iFor ithe ialuminium ihood iat i1.00 icm, ithe imaximum 

ivalue iof ideformation iis i118.20 imm, iand ifor i1.25 icm ithe ideformation iis i100.20 imm. iOn ithe 

iother ihand, i84.90 imm iof ideformation iproduced ifrom i1.50 icm iof ithickness. iValue iof 

idisplacement ivaries iaccording ito ithe imechanical iproperties iand ithickness ithat iindicate 

ideformation ion ithe icar ihood iafter ithe iimpact. iFrom ithe idata, iit iobserved ithat isteel iwith i1.00 

icm ithickness iobtains ithe ihighest ideformation.  

Otherwise, ithe ilowest ideformation iat i84.90 imm iwas iobtained iby ialuminium (1.50 icm). iThe 

iobservation ion ithe ideformation iof icar ihood ideformation ishows ithat ithe imaximum ideformation 

iis inot irecommended ibecause imore imodification iis ineeded ifor ithe ihood's ithickness iand 

imaterial iproperties. iIndicates ithat isteel ihas iless ielasticity icompared ito ithe ialuminium. i 

iMoreover, ithis iresearch iin iline iwith iMasoumi i[4] ireported ithat isteel ihas imore idisplacement 

ithan ialuminium. iIt imeans ithat ialuminium ihas ibetter icrashworthiness iregarding iits ilightweight. 

iThe ieffective ithickness iof ithe icar ihood iis irecommended ito ioptimize ithe iprotection. iBesides, 

ithe istrength iof ihood iis inecessary ito iminimize ithe icontact iof iengine icomponents iof ithe ivehicle 

iduring ithe icollision. iMoreover, ihood ithickness iand imaterial itype ibecome ithe imain ifactors ithat 

iinfluence iequivalent istress iand ideformation ivalue. iIt imeans ithat istructure imust ibe istrengthened 

iin ifront iof istatic iand idynamic iforces, iand iat ithe isame itime, iit ishould ibe iable ito ireduce ithe 

iintensity iof iimpact iand iavoid iextra ideformation iof ithe ihood [17].  
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Table i5: ithe ideformation iof ithe ihood ifor idifferent imaterials iand ithicknesses 

Thickness Material 

 Steel Aluminium 

 

 

1.00 icm 

 
 

 

 

1.25 icm 

  
 

 

1.50 icm 

  
 

Table i6: iThe imaximum ideformation iof icar ihood 

Hood imaterial iand ithickness Max ideformation i(mm) 

Steel i i i i i i i i i i i i i i i i i i i i(1.00 icm) 124.08 

Aluminium i i i i i i i i i(1.00 icm) 118.20 

Steel i i i i i i i i i i i i i i i i i i i i(1.25 icm) 110.08 

Aluminium i i i i i i i i i(1.25 icm) 100.20 

Steel i i i i i i i i i i i i i i i i i i i i(1.50 icm) 93.68 

Aluminium i i i i i i i i i(1.50 icm) i 84.90 

 

The ivariable icar ihood ithickness iwas inot iincluded iin ithis isection. iThis isection ifocuses ion imodifying 

ithe icar ihood imaterial iproperties iand ispeed iin iterms iof ihood ideformation, ivon imises istresses, ienergy 

iabsorption, ikinetic ienergy, iinternal ienergy iand istrain ienergy. iFigure i15 ishows ithe iresult iof icar ihood 

ideformation. iIt ican ibe iobserved ithe icrash imodule imoving iwith idifferent ispeeds iand imaterial iabsorbing 

ienergy ieven iat ihigh ispeeds i100 ikm/h. iThe ianalysis ishows ithat ithe ihood ihas ia ilarge ideformation 

ibecause iof ithe ifrontal iimpact. iThe icollision iprocess icontinues, iand ithe icar ihood's icondition ibecomes 

iworse ileads ito ithe ipossibility iof isevere iinjuries ito ipassengers. iTo imeet ithe icrashworthiness iof ithe icar 

ihood, ithe imodule ishould iabsorb imax ienergy iwhich iis idissipated iduring ithe icollision. iThe ivalues iof 

iyoung's imodulus, iPoisson iratio, imass idensity, iand iyield istrength iwill iaffect ithe icar ihood ideformation 

iduring iimpact. 
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Figure i15: iDeformation iof ithe icar ihood 

Table i7 ishows ithe ivalue iof ivon imises istresses. iThe imaximum ivon-mises istresses iat ithe 

icar ihood iwere ifound ito ibe i(346,341), i(338,328) iand i(337,324) iMPa ifor i50, i75, iand i100 

ikm/h irespectively. iThe imaximum istress iin isteel ihood iwas iabout i346 iMpa iagainst ithe ivehicle's 

ispeed iat i100 ikm/h. iThe istresses iin iboth ithe imaterial iincreases iwith ithe iincrease iin ispeed iand 

istructural isteel ihave ia ihigh ivalue iof istress icompared ito ithat iof ialuminium. iIt iis ievident ifrom 

itheses ianalysis ithat ithe iequivalent istresses iin ialuminium imaterial iare ionly i5-13 % iof ithat iof 

istructural isteel ibody iand ideformation iis ialmost isame. iThe ihood imaterial ialuminium ihas igood 

iability icompared ito isteel imaterial iat ivarious ispeed ifrom ithe istatic ianalysis. iAccording ito ia 

ipaper imade iby iWilhelm iM i[18], ithe ichoice iof imaterials ifor ia ivehicle iis ithe ifirst iand imost 

iimportant ifactor ifor iautomotive idesign irelated ito iboth ithe iquality iand icost. iVarious imaterials 

ican ibe iused iin ithe iautomotive ibody iand ichassis, ibut ithe idesign iis ithe imain ichallenge. iThe 

imost iimportant icriteria ithat imaterial ishould imeet iare ilightweight, ieconomic ieffectiveness, 

isafety, irecyclability iand ilife icycle iconsiderations. iLightweight imaterials ican iimprove ifuel 

iefficiency imore ithan iother ifactors. iWeight ireduction ican ibe iobtained iby ireplacing ihigh-

specific iweight imaterials iwith ilower idensity imaterials iwithout ireducing irigidity iand idurability. 

iSome iof imaterial ithat iis ilighter ithan isteel iis ialuminium, imagnesium, icomposites iand ifoams. 

iAluminium iand imagnesium ialloys iare imore icostly ithan ithe icurrently iused isteel iand icast iirons 

[19]. 

Table i7: iComparison iof istresses ifor idifferent imaterial iat ivarious ispeed 

Speed i(km/h) Aluminium Steel 

50 323.5 iMpa 337.0 iMpa 

75 328.1 iMpa 338.8 iMpa 

100 340.7 iMpa 346.4 iMpa 

 

Table i8 iand iFigure i16 ishows ithe idata iof ienergy iabsorption. iThe imaximum ivalue iof ithe 

ihood ienergy iabsorption iis i5.31E+06 ifor ialuminium imaterial. iThe iminimum ienergy iabsorption 

iis i4.61E+06 ifor isteel iat ihigh ispeed iof i100km/h, iwhich iis ialuminium iis ibetter iin ienergy 

iabsorption ifor imaterial iused idue ito iit ihas ihigh iyoung's imodulus iwhen icompared ito isteel 

imaterial iand ialso iimpact iforce idistribution iis iuniform iin ialuminium imaterial. iBased ion ithe 

iresults iobtained, ithe icar ihood ialuminium icontributor ican iabsorb imore ienergy iin ihigh iand 
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islow ispeed iimpact. iFrom ithe ianalysis, ithe ihood imaterial ialuminium iis ihaving igood iability 

icompared ito isteel imaterial iat ivarious ispeed. 

Table i8: iTotal ienergy iabsorption iof ithe imaterial 

Speed i(km/h) Aluminium Steel 

50 3.24E+06 1.27E+06 

75 4.29E+06 3.02E+06 

100 5.31E+06 4.61E+06 

 

 

Figure i16: iTotal ienergy iabsorption iof ialuminium ivs. isteel iat ispeed i50, 70 & i100 ikm/h 

Figure i17 irepresent ithe istrain ienergy iof ialuminium iand isteel iat ispeed i100 ikm/h. 

iAluminium iexhibits ithe iminor ideflection ibecause ithe ienergy inearest iturns ito izero iand ithe 

iatom icompletely iabsorbs ithe ikinetic iand iinternal ienergy. iThe ialuminium ihood ibecomes iearly 

iinto izero ivalue iof iinternal ienergy ithan isteel iwhen ithe imaterial ipoint iis iunloaded icompletely. 

iAccording ito iT. iKebir [20], ithe iarea iunder ithe istress-strain icurve iis ithe istrain ienergy iper iunit 

ivolume iabsorbed iby ithe imaterial. iConversely, ithe iarea iunder ithe iunloading icurve iis ithe 

ienergy ireleased iby ithe imaterial. iDuring iunloading, ithe irecoverable ipart iof ithe istrain ienergy 

iis ireleased iuntil iit ibecomes izero. 

 

Figure i17: iGraph iof istrain ienergy ifor isteel ivs ialuminium iat ispeed i100km/h (J isec-1 i) 
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Table i8 ishows ithe iamount iof iinternal ienergy iabsorbed iby ialuminium iand isteel imaterial. 

iThe iamount iof iinternal ienergy iabsorbed iby ialuminium iis i6275, i9735 iJ iand i30271 iJ iand ifor 

isteel iis i2220 iJ, i4817 iJ, i15007 iJ iat ithe ispeed iof i50, i75, iand i100 ikm/h irespectively. 

iAccording ito iH. iChi iand iB. iGong i[21], imost iof ithe ikinetic ienergy iin ithe icollision iprocess 

iis iconverted iinto ithe iinternal ienergy iof ithe icar, ibecause ithe imetal iplastic ideformation iafter 

ithe icollision iincreases ithe iinternal ienergy ia ilot. iIt iwas ifound ithat iinternal ienergy iincreased 

iwith itime. iAmong ithe itwo imaterials, isteel imaterial iabsorbs imaximum iinternal ienergy iof 

i30271 iJ ifollowed iby iwith isteel i15007 iJ, ias ishown iin iFigure i18. 

Table 8:iAmount of internalienergyiabsorbed by aluminium and steel 

Speed i(km/h) Aluminium Steel 

50 6275 iJ 2220 iJ 

75 9735 iJ 4817 iJ 

100 30271 iJ 15007 iJ 

 

 
Figure 18: Internal energy aluminium vs steel at speed 100 km/h (J isec-1 i) 

 

4. Conclusion 

In conclusion, we can say that the hood material aluminium has good ability than steel material at 

various speeds because aluminium material absorbs a large amount of kinetic energy and internal 

energy. Its low density and high specific energy absorption performance and good specific strength are 

its most essential properties. Therefore, those material need to be re-engineered to achieve mechanical 

strength, but still aluminium offers weight reduction. The effective thickness of car hood is essential to 

optimizeithe protection. Besides, the strength of hood is necessary to minimize the contact of engine 

components of the vehicle during a collision. 

Moreover, hood thickness and material become the main factors that influence equivalent stress and 

deformation value. Another reason for the larger deformation obtained in the simulation could be the 

less kineticiand internal energy during impact, as mentioned above. Since the simulation has less kinetic 

energy during the crash, it will also provide larger plastic deformations. Steel material deforms more 

and absorbs less energy when compared to aluminium. Steel is not an appropriate material in absorbing 

energy to reduce the impact of the collision. The densities of steel have the highest density compared 

to aluminium. The higher the mass density of a material will decrease the strength of the material. 
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The amount of energy absorption in different speeds and materials can affect a car hood's condition 

and the car's whole body. Hence, the material and the speed limit are essential to reducing the crash. 

Many research that have already been made to make the automotive world a better place in terms of 

methods uses and material selection just as to make sure that safety is the priority matter in designing 

vehicles for the people. This study concludes that Abaqus/Explicit has all the potentials to simulate the 

impact behaviours on a vehicle. The global stiffness of the test installation was not fully captured by 

the model used here. However, a full-scale crash can be simulated using Abaqus/Explicit provided a 

proper vehicle model and a detailed model of the test installation. 

Acknowledgement 

The authors would like to thank the Faculty of Mechanical and Manufacturing Engineering and 

Faculty of Engineering Technology, Universiti Tun Hussein Onn Malaysia for its support. 

References 

[1] Rimy, iM.M. i& iAbdul iAziz, iFaieza. i(2010). iSimulation iof iCar iBumper iMaterial 

iusing iFinite iElement iAnalysis. iJournal iof iSoftware iEngineering. i4. i257-264. i 

[2] Fuchs, iE.R.H., iF.R. iField, iR. iRoth iand iR.E. iKirchain, i2008. iStrategic imaterial 

iselection iin ithe iautomobile ibody: iEconomic iopportunities ifor ipolymer 

icomposite idesign. iComposites iSci. iTechnol., i68: i1989-2002. 

[3] T. iTeng, iC. iLiang, iC. iHsu, iC. iShih, iand iW. iHsu, i"Assessment iof ia iCar iHood 

iof iAluminum iFoams," ivol. i127, ipp. i142–144, i2018. 

[4] Masoumi iA, iShojaeefard iMH, iNajibi iA. iComparison iof isteel, ialuminum iand 

icomposite ibonnet iin iterms iof ipedestrian ihead iimpact. iSaf iSci i2011;49: i1371–

80. 

[5] J. iMarzbanrad, iM. iAlijanpour, iand iM. iS. iKiasat, i"Design iand ianalysis iof ian 

iautomotive ibumper ibeam iin ilow-speed ifrontal icrashes," iThin-Walled iStruct., 

ivol. i47, ino. i8– i9, ipp. i902–911, i2009. 

[6] Untaroiu iJS, iCrandall iJR. iA idesign ioptimization iapproach iof ivehicle ihood ifor 

ipedestrian iprotection. iInt iJ iCrashworthiness i2007;12(6):581–9 

[7] Fechová, iErika i& iKmec, iJozef i& iVagaská, iAlena i& iKozak, iDražan. i(2016). 

iMaterial iProperties iand iSafety iof iCars iat iCrash iTests. iProcedia iEngineering. 

[8] Bisagni, iC. iet ial. i(2004). i“Progressive iCrushing iof iFiber-reinforced iComposite 

iStructural iComponents iof iA iFormula iOne iRacing iCar”, iComposite iStructures 

[9] Dassault iSyst`emes. iAbaqus i6.14 iOnline iDocumentation: i1.1 iThe iAbaqus iprod- 

iucts. iDassault iSyst`emes. 

[10] Hanssen, iA.G., iLangseth, iM. i& iHopperstad, iO.S. i(2001). iOptimum iDesign 

iforEnergy iAbsorption iof iSquare iAluminum iColumns iwith iAluminum 

iFoamFiller. iInternational iJournal iof iMechanical iSciences i43, ipp. i153-76 

[11] Marzbanrad, iJ. iAlijanpour, iM., iand iKiasat, iM.S., i2009, i"Design iand iAnalysis 

iof ian iAutomotive iBumper iBeam iin iLow-Speed iFrontal iCrashes" iThin-Walled 

iStructures. i47(8–9):902–911. i i 

[12] "Materials i– iMicrostructure iand iproperties i4 iMicrostructure iand iproperties," 

iAlum. iAutomot. iMan., ipp. i1–29. 



Kudi et al., Progress in Engineering Application and Technology Vol. 2 No. 2 (2021) p. 1001-1015 

1015 

[13] i E. iA. iAssociation, i"Applications icar ibody icrash imanagement isystems," iEur. 

iAlum. iAssoc., ipp. i1–26, i2013. i 

[14] V. iDayal, iA. iSharma, iand iM. iA. iMurtaza, i"Crash iSimulation iof ia iCar iBody," 

ivol. i19, ipp. i8521–8527, i2018. 

[15] ABAQUS i(2010) iAnalysis iUser’s iManual. iVersion i6.10, iDassault iSystemes 

iSimulia, iInc. i 

[16] Abaqus/Explicit iAdbanced itechniques, i“Numerical iModeling iof iMaterials,” 

iiMechanica, i2005. 

[17] Shojaeefard, iM. iH., iA. iNajibi iand iM. iR. iAhmadabadi i(2014). iPedestrian 

isafety iinvestigation iof ithe inew iinner istructure iof ithe ihood ito imitigare ithe 

iimpact iinjury iof ithe ihead" iThin- iwalled iStructures77: i77-85. 

[18] i Wilhelm iM. iMaterials iused iin iautomobile imanufacture-Current istate iand 

iperspectives. iLe iJournal ide iPhysique iIV, i1993, i3(C7):31-40 i 

[19] i Sun iH, iHu iP, iMa iN, iShen iG, iLiu iB, iZhou iD. iApplication iof ihot iforming 

ihigh istrength isteel iparts ion icar ibody iin iside iimpact. iChinese iJournal iof 

iMechanical iEngineering, i2010(2):1-6 

[20] T. iKebir, iZ. iEl iAbidine iHarchouche, iA. iElmeiche, iand iM. iBenguediab, 

i“Dissipated istrain ienergy iof ialuminum ialloy i6061-T6 iinduced iby ilow icycle 

ifatigue,” iAnn. iChim. iSci. ides iMater., ivol. i43, ino. i5, ipp. i329–334, i2019. 

[21] H. iChi iand iB. iGong, i“Analysis iof ienergy iconversion ilaw iin ivehicle icollision 

iaccident,” iJ. iPhys. iConf. iSer., ivol. i1486, ino. i7, i2020. 


