
Challenges in Concept studies
• Thetread andcarcassportion in the Off RoadApplicationTireshas

intricate geometry. It basically includes the fillet region areas
which are very complexand makesthe meshing& modeling a
tediousand time-consumingprocess. Giventhe compositenature
of the treads, building a good Quality Hexamesh is one of the
strenuoustaskfor TireDesignteams.

The Solution
• Using the highly automated toolsets users having even less

technicalexpertisecanmeshcomplexgeometriesin MeshWorks.
TheHexameshingtools in the MeshWorks,designedspecifically
for off-road tire applicationsmakes this task easy to execute.
MeshWorksalso providesthe Ψ9ȄǘǊǳŘŜŘParametricHexaaŜǎƘΩ
approachwhich enablescreatinggoodquality meshwith minimal
inputsfrom the user.

Value

Tire Hexa Meshing for Off Road Applications

Hexmeshcreationprocedurealongwith process
automation, reducesmore than 20-30% time in
buildinghighqualitycomplextread patterns.

Process Using Other 
Tools

Process Using 
DEP MeshWorks

Time Taken for the 
Task ofHex Meshing

45-50 hours 12-15 Hours

Expertise Needed Highly Experienced 
Engineer

RegularEngineer
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Meshing Features 

None Automated tools for 
better mesh flow, 

targeted mesh 
size/pattern 

modeling, etc.
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Challenges in Concept studies
• The carcassand belt components of a tire are rubber-cord

composites,which are simulated by Rebarmaterials. Compared
with tire matrix material,Rebarlayerhasstrongermaterialrigidity
and in a tire crosssectionthe curvesare madewith variousRebar
Layerfeatures. Buildinga pure QuadMesh& Rebarlayersplitting
for tires isa challengingtaskandrequiresexpertisein modeling.

The Solution
• MeshWorkscomeswith inbuilt tools that helps meshingthe 2D

structure for tires, which is then used for analysis. TheΨaŜǎƘŜǊΩ
tool in the MeshWorksprovides the ΨtǳǊŜΩQuad Mesh Pattern
around the tire cross section curves. Also the functions are
designedin a way for easy execution, saving time and effort.
MeshWorksdeliversmaximumquality model with minimal user
efforts enabledby Ψ!ǳǘƻƳŀǘƛŎvǳŀƭƛǘȅΩoptions. MeshWorksalso
providesthe Ψ9ƭŜƳŜƴǘ{ǇƭƛǘǘƛƴƎΩtools which is useful for isolating
andmanagingthe Rebarlayersasper the requirement.

Value
• Eachgeometric feature have a significantimpact on the overall

tire design. Without an accuraterepresentationof the 2-D cross
sectionof the tire, the simulation resultswill lose the necessary
quality inputs for design decisions. By using the ΨaŜǎƘŜǊΩ&
Ψ9ŘƛǘƛƴƎΩtools in the MeshWorksuserscan createa concrete2D
foundation for an optimizedtire design. Thisresults in reduction
of 30-40%time in the ModellingProcesscomparedto other tools.

Tire Meshing for 2D Cross Section

Develop accurate models in order to optimize
performanceand model complexRebarlayersat
reducedtime for 2DTireSections

Tire Cross Section Tire Cross Section Output

Mesh Pattern

Major features of the 
tire are modeled in 

detail

Appropriate 
material models 
are created for 

accuracy 

Interactions between 
the different materials 

are modeled for 
optimized design
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Challenges in Concept studies
• Accuratemeshingof Tire CrossSectionCurves,along with the

required dimensional modifications is necessaryfor optimizing
tires that positivelyimpactsvehicleperformance. Fromdimension
perspective,tire crosssectionmeshingprocessneedsto consider
the Inner& OuterWidth Changesaswell asRebarLayerthickness
changes. For a Tire 2D CrossSectionalMesh, compoundingthe
abovefactors,desiredskillsareneed-of-the-hour.

The Solution
• TheMorphing & Parameterizationtools from MeshWorksmakes

this task automated and easyto execute. User can easilyderive
new FE/CFDmodelsor modify the shapeof tire FE/CFDmodels
using MeshWorks. Unique modeling solutions are available in
MeshWorks, where user can create the parameter for any
particular design change with less time and effort. All major
dimensionsand feature of an existing tire FE model can be
parametrized and new models can be generated from the
parametricmodelrapidly.

Value
• Byusingthe MeshWorksMorphing approach,during earlystages

of development, new FE models of tires can be very rapidly
derived from existingmodels. Largeproportion changessuchas
inner and outer radiuschange,wall thicknesschangeetc. can be
swiftly done to existingFEmodels. Overall,the userscan reduce
60-70% time compared to other tools & save a lot of manual
efforts in optimizingthe tire design.

Tire Parametrization for 2D Cross Section

Local features of tire cross section are
parametrized for durability, NVH, DOEstudies,
ΨwŜǎǇƻƴǎŜSurfaceaƻŘŜƭΩbasedoptimizationetc.
derivingat newmodelsrapidly.

Tire Cross section Mesh

Outer Skin Change

Inner Skin Change

All Local features of tire 
are captured in 2D cross-

section 

Features are 
parametrized 

for shape 
changes

Usage of 
parametric models 

for detailed 
engineering studies
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Challenges in Concept studies
• Becauseof the variousgeometricshapesof different parts of the

tire such as the tread and the sidewall 2D-cross sectional
geometrydetailsof the tire are very crucialin modeling. Thetire
cross section curves are designed with Quad Mesh elements
which requiresadditional modificationswhile meshingfor a new
design. Meshingthe crosssectionfor the new geometryrequires
lot of manualefforts. It is tediousand time consuming,to project
& mapthe sourcemeshto the target crosssectioncurves.

The Solution
• Since tires have significant influence over the vehicle

performance,characteristicshapefactors of tire are iterated for
more accuracy. The Mapping Tool from the MeshWorksmakes
this incrementalmodelingtaskautomated& easyto executefrom
user end. With increasingneed for model accuracyat all given
conditions,mappingtools providecompleteautomationapproach
to capture the necessarydesignchangesquickly. Usercan select
the sourcemesh& mapit to the target locationwithout deviating
the MeshPattern& Qualityof the tire model.

Value
• Tire model development for analysisof dynamic behavior of

vehiclecomponentshappensin variousstages. With the dynamic
responses,modificationsin tire models is handledaccuratelyby
usingΨaŀǇǇƛƴƎ¢ƻƻƭΩin MeshWorks. It reducesmore than 40-50%
of tire modeling time compared to the other tools without
compromisingthe quality. Also, the manualefforts are savedby
applyingthe automatedprocessesfor the developmentalprogress
in tire modellingandits application.

Tire 2D Cross Section Mapping

Rapid changesto Tire 2D cross section while
modeling for analysis of dynamic behavior in
extendedrangeof operatingconditions.

Source Mesh

Target Curve

Before Mapping

After Mapping

Source Mesh

Morph Set-up Creation
Mapping the 

Global Regions
Mapping the 
Local Regions



Challenges in Concept studies
• A detailed tire tread that consistsof rubber blocksand grooves

along with the material composition is required for accurate
prediction of ǘƛǊŜǎΩrunning performance. Usuallytread patterns
are meshedwith ΨIŜȄŀΩelementsand requires modification for
optimized results. The required revisions mainly includes
convertingthe tread pattern into variablepitches,modified tread
profiles, tire materials thickness change etc. All these chores
requires a lot of engineeringexpertise & manual intervention
whichimpactsthe modelingtime.

The Solution
• Tire treads are mostly complex patterns filled with grovesand

blocks. Effective mesh generation procedure for tires needs to
fully consider the detailed tread blocks with variable anti-skid
depths that impacts the tire performance in varied use case
scenarios. Morphing & Parameterizationtools from MeshWorks
makes this task easy to execute with its automated modules.
Thereareuniquesolutionsfor tire modelingwhereusercaneasily
modify the geometry by creating the parameter for particular
designchanges. Usercan also automaticallygeneratethe design
modelsbasedon the variousanalysisresults.

Value
• Detailed tread modeling is implicit for better analysis and

optimized results. By using MeshWorks tire treads can be
modelled in required way for tire performance studies.
Parametrizationfeaturescanhelp simplifythe detailingof the tire
tread modelsin myriadways. Andwith Morphingcapabilitiesuser
canreduceover60-70%time comparedto the conventionaltools.
Also, a significant amount of manual efforts is saved with
automationsupportin tire tread modeling.

Tire Treads Parametrization

Parameterization tools that directly help study 
the sensitivity of tread pattern for optimized 
output and hydroplaning considerations.

Tire Hex Mesh - Parametrized

Surface mesh to capture the Tire tread features

Create Planar 
surface and do 

Quad 

meshing

Create hex 
mesh for 

planar surface

Create Surface 
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capture treads

Create Hex 
mesh and 

do 
adjustments
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Challenges in Concept studies
• For variousloads& applications,different tire modelsrespondin

diverseways. Tireanalysisprovidesbetter understandingof road-
tire interactionand help improvethe designsaccordingly. The2D
& 3D tire model builds supports in major prediction on
hydroplaningbehaviour of tires. Different tire tread pattern &
carcasscross section-2D Mesh are enablers in hydroplaning
analysisand tire patternsare optimizedbasedon the results. But
this analysis requires numerous iterations added with more
manualefforts to arriveat anydesignconclusion.

The Solution
• The most demandingperformancequestionsregardingtires are

usually answered by analysis. DEPMeshWorks provides wide
range of optimization tools and complete package of Post-
Processing features that characterizes the aspects of tire
performanceunder consideration. Especiallywe can use these
tools to study the different tire profiles for evaluating the
hydroplaningin givenset of designs. MeshWorksalsoprovidethe
Ψ[ŀǘƛƴIȅǇŜǊŎǳōŜΩsamplingDOEcreation which is an automated
processwhere user can generate the multiple optimal designs
matrix in one-go.

Value
• Analysesare performed to give more insight in to the tires

dynamic behaviours. The results help make better educated
design decisionsduring the development phase of a new tire.
With MeshWorksand its easy to automate CAEanalysisprocess
users can yield 2X to 5X time savings in the development.
MeshWorksassistsin tire data analysisand tire modeling in a
fasterandmoreaccurateway.

Tire Analysis – Post Processing 

Comprehensive analysis of tire characteristics and 
responses for hydroplaning considerations.

DV1 DV1

DV2 DV2

DV3 DV3 DV3

DV1 DV1

DV2 DV2

Baseline design DOE best design Optimum design

Derived from Response 

Surface Model

Tire tread pattern optimization 
to minimize hydro-planning

Static Pressure Contour

DOE Best Design

Optimum Design using RSM

Baseline Design

Build detailed 2d & 
3D CFD models

Baseline Analysis for study 
of best behaviour for 

hydro-planning

Comparison of baseline, 
DOE best and Optimum 

designs
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Challenges in Concept Studies
• Tiretread aremadewith grooves& ribs featurewith different

height and width, due to which building hex mesh is a
challengingtask,whichrequiresexpertisein modeling.

Solution
• Theprocessautomationtool from MeshWorksmakesthis task

automatedandeasyto execute. MeshWorksenablesrapidhex
mesh modeling with a high level of automation. It can
generatea good quality mesh,with minimal user inputs, and
the task can be performed by any engineer, and doesn't
requirea meshingexpert.

Value

Tire Pitch - CAD Data

Rapid Hex Mesh for Tire Modeling

100%HexMeshModelingfor TIREtread& full Tiremodel.

Process using Other Tools Process using DEP MeshWorks

1 Day 1 Hour

Highly experienced engineer Regular engineer

None Excellent

Time taken for the task

Expertise Needed

Auto parameterization of 
features for further 
optimization

Tire Pitch - 100% Quad Mesh

Tire Pitch - 100% Hex Mesh


