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ABSTRACT: 

Tominimizethedamageduringcaraccidents,t

hesolidityofthecarbodystructuremust be a 

priority for the automotive industry. An 

important factor used in determining 

thecrashworthiness of an automobile 

vehicle during impact is its strength. In 

designing, a carstructure should have the 

property of protecting or reducing the level 

of damage done to thedriver and the car 

body, by absorbing the impacted load and 

reducing the stress values. Thefrontal side 

of a car is more liable to high energy 

impact and deformation during a crash. 

Thispaper provides the simulation and 

analysis of a car body crash impact using 

Explicit Dynamicsin ANSYS workbench. 

This work aims to analyse the possibility 

of replacing conventionalmaterial used in 

car bodies by establishing the best suitable 

composite material in order toprovide 

strength, rigidity, crashworthiness, safety, 

lightweight, improve the fuel efficiency 

ofcars.Inthisproject,wewilldesignacarbody

structureandsolidconcretewallbyusingCAT

IAV5 software and perform crash analysis 

on the car body in ANSYS workbench 

software byExplicit Dynamics module by 

usingdifferent materials in thecarbody 

atdifferent speeds ofthe car. The behaviour 

of automotive car structure is analysed by 

evaluating equivalent 

strain,equivalentstressandtotaldeformation.

Optimizationofvariousparametersisdoneusi

ngTaguchitechnique. 

INTRODUCTION 

Electric vehicles (EVs) have gained 

significant attention in recent years as a 

sustainableand Environment friendly 

alternative to traditional Internal 

Combustion Engine (ICE) vehicles.One of 

the critical components of an EV is it’s 

body, which plays a pivotal role in 

ensuring thevechicle’s performance, safety 

and efficiency. In this context, the design 

and material selectionforEVbodiesare 

ofparamount importance. 
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The"ExplicitDesignandAnalysisofEVCarB

ody"projectaimstoaddressthegrowingdema

ndforelectricvehicles (EVs)byfocusing 

onthecriticalaspectofcar 

bodydesignandanalysis.Withtheincreasinge

mphasisonsustainabilityandreducingcarbon

emissions,theautomotiveindustryisexperien

cingasignificantshifttowardselectricpropuls

ionsystems.Asaresult,thereisapressingneed

forinnovativeapproachestodesignandoptimi

zethestructuralintegrity,aerodynamicsando

verallperformanceofEVcarbodies.Thisproj

ect seekstoexploretheunique challenges 

and opportunities associated 

withdesigningcarbodiesspecificallytailored

forelectricvehicles.Itwillencompassvarious

aspectsofthedesignprocess,includingconce

ptualization,modeling,simulationandanalys

is,withtheultimategoalofdevelopinganopti

mizedcarbodydesignthatmeetsthestringent 

requirementsofEVperformance,safetyandef

ficiency. 

DISADVANTAGES: 

Computational Complexity: Simulating 

explicit crash scenarios with varying 

materials andspeedscanbe 

computationallyintensive, 

requiringsignificantcomputational 

resourcesandtime. 

Modelling Assumptions: Simplifications 

and assumptions made in the simulation 

modelmay impact the accuracy of results, 

requiring validation against experimental 

data or real-worldtests. 

MaterialCharacterization:Accuratelyrepr

esentingmaterialbehavior,includingnonline

arities, strain rates and failure modes, 

requires detailed material characterization, 

whichcanbechallengingandtime-

consuming. 

SkillandExpertise:Effectiveimplementati

onofexplicitanalysistechniquesrequiresspec

ializedknowledgeandexpertiseinfiniteelem

entanalysis,materialscienceandcrashworthi

nessprinciples. 

Interpretation of Results: Interpreting 

and translating simulation results into 

actionabledesign changes can be complex, 

requiring careful analysis and 

understanding of the 

underlyingphysicsandengineeringprinciple

s. 

ADVANTAGES: 

Enhanced Safety: Explicit design and 

analysis allow for detailed simulations of 

car bodystructures, helping engineers 

identify potential weak points and 

optimize safety features 

toprotectoccupantsduringcrashes. 

MaterialOptimization:Bysimulatingthebe

haviourofdifferentmaterialsatvariousspeeds
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, engineers can identify the most suitable 

materials for specific components of the 

carbody,balancingfactorssuchasweight,stre

ngthandcost. 

Performance Prediction: Explicit 

analysis provides insights into how the car 

body willbehave under different collision 

scenarios, enabling engineers to predict 

performance 

metricssuchasdeformation,stressdistributio

nandenergyabsorption. 

Iterative Design Process: The ability to 

quickly iterate on design variations and 

simulatetheir performance accelerates the 

development process,allowing for rapid 

prototyping 

andoptimizationofcarbodystructures. 

Cost Savings: By identifying potential 

issues and optimizing designs through 

simulation,explicit analysis can lead to 

cost savings by reducing the need for 

physical prototypes 

andminimizingmaterialwaste. 

LITERATURE SURVEY 

Usama Idrees et. al. :In this paper the 

work is mainly based on Researchers 

haveproposedanoptimalmaterialforautofra

mes,usinglightermaterial'AL-

7075T6'.Thealuminium alloy has a higher 

strength-to-weight ratio, affecting fuel 

consumption. Simulationsshowed that the 

deformation in the passenger zone 

increases with impact velocity but does 

notexceed the critical limit to harm the 

passenger. The alloy is 40% lighter by 

weight and 

moreeffectiveinstrengthandimpactsenergya

bsorption. 

Soniya Patil et.al.: In this paper the work 

is mainly based on the study shows that 

vehicledeformation is linked to collision 

time, with dynamic cars experiencing 

higher deformation.Optimizing aluminium 

sheet design is crucial for high stress and 

deformation. Composite carsare lighter, 

while stainless steel cars have better crash 

withstand values. Future research 

shouldusehybridmaterials. 

Saumyaa Sinha et.al.: In this paper the 

work is mainly based on the results of this 

analysisprove why Composites are a better 

choice when it comes to selection of low 

weight and highstrength materials. The 

comparison between the three materials 

taken in this study- AMMC,Aluminium 

Alloy 6061and AISI 1045, shows that Al 

Alloy and AMMC are superior to 

AISI1045intermsoftheirstructuralstrengtha

nddeformationresistance. 

AMMCsupersedesAluminium Alloy 

because it is more lightweight and it can 

thus be inferred that AMMC is 
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themostsuitable material for the frontal 

structure ofa car for theprotection of the 

vehicle 

itselfanditsinternalcomponents,passengersi

nsideandpedestrians. 

Babalu Kumar et.al.: In this paper the 

work is mainly based on the crash analysis 

showsthat at 60 km/hr., carbon fiber 

reinforced polypropylene has the highest 

equivalent stress andleast strain among all 

materials. At 90 km/hr., GFRP, glass fiber 

reinforced polypropylene andpolyester 

show similar deformation. At 120 km/hr., 

CFRP provides more safety, reduces 

fuelconsumptionandhashighstrengthatleast

weight. Aisha Muhammad et.al.: In these 

journal highlights is the study reveals that 

hybrid andelectric vehicles demand lighter 

bodyweights. A frontal crash simulation at 

35m/s shows carbodies experience 

moreimpactwhen 

collidingwithmovingcars,static 

vehiclesandstaticwalls.Optimizingaluminiu

msheetsdesignforhighstressanddeformatio

nisrecommended. 

L Praveen et.al.: This paper study 

examines car crash mechanisms using 

various compositematerials. A car 

hatchback body is designed with a 

rectangular concrete wall using Solid 

Works2016 software. Four materials are 

used: aluminium alloy, aluminium metal 

matrix (KS1275),Kevlar-49 and High 

strength carbon fiber. Crash analysis is 

performed at three different speedsand 

materials. Kevlar-49 shows the least stress 

value at 50km/hr., 100km/hr. and 

150km/hr.,providing more safety and 

reducing fuel consumption. Kevlar-49 is 

the best material for 

carbodies,offeringmaximumsafetyandmini

malweight. 

VivekDayalet.al.:In this paper the work is 

mainly 

basedonAfrontalcarcrashsimulationof 

Suzuki swiftcar bodyusing structural 

steeland aluminium alloy wasconducted 

usingANSYSv19.Resultsshowedtotaldefor

mationincreaseswithspeed,continuousretar

dationand increased equivalent stress. 

Structural steel had higher stress values 

than aluminium alloy,while 

aluminiumalloy had only35% stress. 

C. SaiKiranet.al.:This paper models a car 

structure using SOLIDWORKS and 

performsa crash analysis using ANSYS 

software. The total deformation of the car 

structure is 

analysedandtheresultsshowthatthemaximu

mdeformationsincarstructurescrashingacar

andwallarewithinlimits.Thissuggeststhatth

emodelledcarstructureissafeforpassengerst

otravelin case of car accidents. Future 

research could involve modelling different 
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car body 

structuresandmaterialsusingdifferentvelocit

iesforcrashanalysis. 

RELATED WORK 

CATIA V5,themaindivisions, alsoknown 

as workbenchesor 

modules,covervariousaspectsofmechanical

designandengineering.Herearesomeofthem

aindivisions: 

PartDesign:Thisworkbenchfocusesoncreat

ingandmodifying3Dsolidmodelsofindividu

al parts. It includes tools for sketching, 

extruding, revolving and filleting features 

tocreate complex partgeometries. 

AssemblyDesign:AssemblyDesignworkbe

nchallowsuserstocreateandmanageassembli

es of parts. It provides functionality for 

assembling components, defining 

relationshipsbetweenpartsandsimulatingm

otionandinterferencechecks. 

Generative Shape Design: This 

workbench offers advanced surface 

modelling tools forcreating freeform and 

organic shapes. It is commonly used in 

industrial design, styling 

andcreatingcomplex surfacegeometry. 

Drafting:Draftingworkbenchisusedforcrea

ting2Dengineeringdrawingsfrom3Dmodels

. It includes tools for adding dimensions, 

annotations and other necessary details 

toproducedetailedmanufacturing drawings. 

DMU Kinematics: Digital Mock-Up 

(DMU) Kinematics workbench is used for 

simulatingthe motion of mechanisms and 

assemblies. It allows users to define joints, 

constraints 

andmotionpathstoanalysethebehaviourofm

ovingparts. 

DMU Space Analysis: This workbench 

provides tools for analysing the spatial 

relationshipsbetweencomponentsinanasse

mbly.Itincludesfunctionalitiesforclearance

analysis,interferencedetection 

andcollisionavoidance. 

DMU Fitting Simulation: DMU Fitting 

Simulation workbench allows users to 

simulate theassembly and disassembly 

sequences of parts. It helps in evaluating 

the ease of assembly 

andidentifyingpotential interferenceissues. 

DMU Navigator: DMU Navigator 

workbench is used for navigating large 

assemblies andmanaging the visibility and 

organization of components. It provides 

tools for creating 

assemblystructures,arrangingcomponentsa

ndcreatingexplodedviews. 

Sheet Metal Design: Sheet Metal Design 

workbench is used for designing sheet 
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metalcomponents. It includes tools for 

creating bends, flanges and cutouts, as well 

as unfolding andflatteningsheetmetalparts. 

Wireframe and Surface Design: This 

workbench offers additional tools for 

creating 

andmodifyingwireframeandsurfacegeometr

y.Itincludesfunctionalitiesfor 

creatingcurves,surfacesandcomplexshapes. 

SAMPLE RESULTS 

 

 

 

 

CONCLUSION 

Based on the results several conclusions 

are drawn regarding the performance of 

differentmaterialsatvariousspeeds: 

Material Performance: The performance 

of the materials, namely Structural steel, 

Stainlesssteel and AMMC, varies 

significantly. AMMC consistently 

demonstrates superior 

performancecomparedtoStructuralsteeland

Stainlesssteelacrossallspeedstested. 

SpeedInfluence:Thereisanoticeableinfluen

ceofspeedontheperformanceofthematerials. 

Generally, higher speeds tend to result in 

lower S/N ratios, indicating 

decreasedperformance orincreasednoise 

relativetothesignal. 

OptimalCombination:Amongthetestedco

mbinationsofmaterialsandspeeds,AMMCat

a speedof60km/hr standsoutas the optimal 

combination,exhibiting the highest 

S/Nratio.Thissuggeststhat,forthespecifiedcr

iteriaorobjectives, 

AMMCperformsbestatthisparticularspeedc

omparedtoothermaterialsandspeedstested. 
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