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What you will learn from this presentation

ÅIntroduction to Global MeshControls

ÅDefaults

ÅGeneral Sizing Controls & Advanced SizeFunctions

ÅGlobalInflation

ÅAssembly MeshingControls

ÅStatistics
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Global MeshControls



PreprocessingWorkflow

Sketches and  

Planes

Geometry Import  

Options

3D Operations

Direct CAD/Bi-

DirectionalCAD

Geometry  

Cleanup and  

Repair

Automatic  

Cleanup

Merge, Connect,  

Projection, Flow  

Volume  

Extraction, etc

Extrude, Revolve,  

Sweep, etc

3D Operations

Boolean, Body  

Operations,Split,  

etc

Meshing

Methods

Hybrid Mesh: Tet,  

Prisms, Pyramids

Hexa Dominant,  

Sweep meshing

Global Mesh  

Settings

Local Mesh  

Settings

Sizing,  

Body/Sphere of  

Influence,Match  

Control,etc

GeometryCreation  
OR

GeometryImport

Geometry  
Operations

Meshing Solver

Assembly  

Meshing
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Meshing Process in ANSYSMeshing
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ÅGlobal mesh controls are used to  
make global adjustment in the  
meshing strategy, which includes  
sizing functions, inflation, smoothing,  
defeaturing, parameter inputs,  
assembly meshing inputs,etc.

ÅMinimal inputs

ςAutomatically calculates global  
element sizes based on the smallest  
geometricentity

ςSmart defaults are chosen based on  
physicspreference

ÅMakes global adjustments for  
required level of meshrefinement

ÅAdvanced Size Functions forresolving  
regions with curvatures and  
proximity of surfaces

Global Mesh Controls(1)

Smart defaults !



Global Mesh Controls(2)
Physics BasedSettings
ÅPhysics and SolverPreferences

Global Mesh SizingControls
ÅRelevance and RelevanceCenter
ÅAdvanced SizeFunctions
ÅSmoothing and Transition
ÅSpan AngleCenter
ÅCurvature NormalAngle
ÅProximity Accuracy and Cells AcrossGap

Inflation
Å Inflation Option, InflationAlgorithm
ÅCollisionAvoidance
ÅMaximum Angle, Fillet Ratio,Smoothing

AssemblyMeshing
ÅActivation of CutCell/TetrahedronsMeshing

Patch ConfirmingOptions
ÅActivation of Advancing FrontMethod

Advanced
ÅShapeChecking
ÅElement midsidenodes

Defeaturing
ÅPinchbased
ÅAutomatic MeshBased

Statistics
ÅMesh statistics, Qualitycriteria
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Global Mesh Controls(3)
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Four options under άtƘȅǎƛŎǎtǊŜŦŜǊŜƴŎŜέ

ïCFD, Mechanical, Explicit andElectromagnetic

ω Three options under ά{ƻƭǾŜǊ tǊŜŦŜǊŜƴŎŜέ ǿƘŜƴ CFDis
selected:

ïFluent, CFX andPOLYFLOW

ω Mesh setting defaults are automatically adjusted to suitthe  
άtƘȅǎƛŎǎ tǊŜŦŜǊŜƴŎŜέ ŀƴŘ ά{ƻƭǾŜǊtǊŜŦŜǊŜƴŎŜέ

ω Assembly Meshing is active only when Physics Preferenceis
CFD and Solver Preference isFluent

Defaults
ω
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Relevance and RelevanceCenter
ωUseful for automatic Global Refinement or Coarsening of  

the mesh

Defaults : Relevance

Coarse Fine

0

100

-100

0

100

-100

0

100

-100

Relevance Center
Medium
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ω Controls the growth and distribution of mesh in important  
regions of high curvature or close proximity of surfaces

ω FiveOptions:

ïOff. 

ïProximity andCurvature

ïCurvature
ïProximity
ïFixed

Sizing : Advanced SizingFunctions



Sizing : Advanced Sizing Function(ASF)Examples

ASF:Curvature

ÅDetermines the Edge and  

Face sizes based on  

Curvature Normal Angle

ÅFiner Curvature Normal  

Angle creates finer surface  

mesh

ÅTransition of cell size is  

defined by Growth Rate

ASF:Off

ÅThe edges are meshed  

with global Element Size

ÅThen the edges are  

refined for curvature and  

2D proximity

ÅAt the end, corresponding  

face and volume mesh is  

generated

ÅTransition of cell size is  

defined by Transition

ASF:Proximity

ÅControls the mesh resolution  

on proximity regions in the  

model

ÅFits in specified number of  

elements in the narrow gaps

ÅHigher Number of Cells  

Across Gap creates more  

refined surface mesh

ÅTransition of cell size is  

defined by Growth Rate
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Sizing : Advanced Sizing FunctionExamples

ASF: Proximity & Curvature

ÅCombines the effect of  

óProximityô andóCurvatureô  

size function

More computational time

ASF: Fixed + LocalSizings

ÅMesh is refined locally due to  

sizing (on 2 edges for that  

example)

ÅElsewhere size is defined by

Max (Face) Size

ÅTransition of cell size is

defined by Growth Rate

ASF:Fixed

ÅConstant mesh size through

out

ÅNo refinement due to  

curvature or proximity in the  

model

ÅSurface mesh is generated  

with specified Max Face  

Size

ÅVolume mesh is generated  

with specified Max Size
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Sizing : ElementSize
ElementSize

ω Element size used for the entire model

ïThis size will be used for meshing all edges, faces andbodies

ω Default value based on Relevance and Initial SizeSeed

ïUser can input required value as per geometrydimensions

Element size option  

available when Advanced  

Size Function is not used
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Sizing : Min and MaxSize
Min Size

ÅMinimum element size that the size function willgenerate

ÅSome element sizes may be smaller than this size depending on  
the edgelength

Max FaceSize

ÅMaximum face size that the size function willgenerate

MaxSize

ÅMaximum element size that can be grown in the interior of  
volumemesh

Min Size Ò Max Face Size Ò Max Size MaxSize

Mouse Pointer serves to estimate  

mesh sizes

Max FaceSize

Min Size
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Sizing : GrowthRate
Å Define the ratio between sizes of adjacentcells

ςOn surfaces and inside the volumes

Mesh size:

GR = 1.1 : 1,263,297 cells

GR = 1.2 :  

GR = 1.3 :

587,026 cells

392,061 cells

Growth Rate = 1.1 Growth Rate = 1.2 (Default)

Growth Rate = 1.3
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Sizing :Transition
ÅControls the rate at which elementsgrow

Å Two level control for transition

ςSlow (Default for CFD, Explicit), produces smoothtransitions

ςFast (Default for Mechanical and Electromagnetic), produces more  
abrupt transitions

Å Hidden for sheet models, ignored for assembliescontaining  
sheets, when ASF isOn

Fast Slow
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Sizing :Smoothing
Å Improves quality by moving locations of nodes with respectto  

surroundingnodes

Å Three level control for smoothingiterations

ςHigh (Default for Explicit)

ςMedium (Default for Mechanical, Electromagnetic andCFD)

ςLow

ÅFor Cutcell meshing, the Smoothing option controls thequality  
threshold at which it will start smoothing. High isrecommended.

Low Medium High
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Sizing : Span AngleCenter

ω Controls curvature based refinement for Edges

ω Three options and corresponding span angle rangesare

ïCoarse: 91ϲto 60ϲ

ïMedium: 75ϲto 24ϲ

ïFine: 36ϲto12ϲ

Coarse

Medium

Fine
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Inflation

Inflation

ÅUsed to generate thin cells adjacent toboundaries

ÅRequired for capture of wall adjacent boundarylayers

ïResolve viscous boundary layer inCFD

ïResolve thin air gaps in Electromagneticanalysis

ïResolve high stress concentration regions in Structures

ÅCells are ŎǊŜŀǘŜŘ ōȅ ΨƛƴŦƭŀǘƛƴƎΩ from the surface mesh into the  
volume (3d) or inflating from the boundary edge onto the face(2d)

ÅOptions to control growth
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Inflation : AutomaticInflation

Å Threeoptions

ςNone

ÅSelect this for manual inflation settings using localmesh
controls

ςProgramControlled

ÅAll the faces are selected for inflationexcept:

ÅFaces scoped to a NamedSelection

ÅFaces with manual inflationdefined

ÅFaces in contactregions

ÅFaces insymmetry

ÅFaces that belong to a part or body that has a mesh method  
defined that does not support 3D inflation, such as hex-
dominant

ÅFaces in sheetbodies

ςAll Faces in chosen Named Selection: can growinflation
layers from faces grouped in one  namedselection
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Inflation : Inflation Options
Fiveoptions:

Smoo

Total Thickness

Maintains constant total height of inflation  

layer throughout

First Layer Thickness

Maintains constant first cell height

throughout FirstLayer  
Thickness

Total  
Thickness

FirstAspect
Ratio

LastAspect
Ratio

First Aspect Ratio

Controls the heights of the inflation layers  

by defining the aspect ratio of the  

inflations that are extruded from the  

inflation base

Last Aspect Ratio

Creates inflation layers using the values

of the first layer height, maximum layers,

and aspect ratio controls

All available for PC tets and Assemblymeshing

Smooth Transition

Maintains smooth volumetric growth  

between each adjacent layer. Total  

thickness depends on the variationof  

base surface mesh sizes (Default)

Smooth  
Transitionth

Transition
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Inflation : Inflation Algorithms
ω TwoAlgorithms

ïPost

ïPre

Å Patch independent  
meshes usePost Post

Preview Inflation  

is available only  

with Pre Algorithm

Pre

ÅSurface mesh is inflated first, then rest of the volume meshgrows

ÅDefault method for Patch ConformingTetrahedrons

ÅFirst Tet grows then Inflation process starts

ÅTet mesh is undisturbed, if the inflation options are altered

ÅDefault option for Patch IndependentTetrahedrons
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Defeaturing
Å Removes small geometry features meeting the tolerances  

using Pinch or/and Automatic Mesh Based Defeaturing  
controls in order to improve the mesh quality. Not all  
meshing methods can take advantage of thesecontrols

Å Automatic Mesh Based Defeaturing (AMBD) when ƛǘ ƛǎ ΨhƴΩΣ  
features smaller than or equal to the value of Defeaturing  
Tolerance are removedautomatically

AMBD Off AMBD On
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Statistics
ÅOption to view the mesh quality metric

ÅExhaustive list of quality metrics

ÅOrthogonal Quality mesh quality metrics

ÅOption to view the Mesh Metric chart

ï Intuitive controls available under Mesh Metric Chart

ïVarious options to explore under the óControlsô

ÅSee Module 5 for details
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Parallel StatisticCalculations

Å Note that statistics can utilize multi-core machinesto
speed up calculations in parallel

Å Specify your core count in Tools > Options to allowthis

Å Note that options set here will be remembered for future
sessions so you can set physics preference default etchere.
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Workshop 3 ςGlobal MeshControls
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Module 4: Local Mesh Controls

Introduction to ANSYSMeshing

27



What you will learn from this presentation

ÅLocal mesh controls (Mesh sizing, Refinement, Matchcontrol,  Inflation, etc)

ÅHow to apply localcontrols?

ÅEffect of local controls onmesh

Local MeshControls
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PreprocessingWorkflow

Sketches and  

Planes

Geometry Import  

Options

3D Operations

Direct CAD/Bi-

DirectionalCAD

Geometry  

Cleanup and  

Repair

Automatic  

Cleanup

Merge, Connect,  

Projection, Flow  

Volume  

Extraction, etc

Extrude, Revolve,  

Sweep, etc

3D Operations

Boolean, Body  

Operations,Split,  

etc

Meshing

Methods

Hybrid Mesh: Tet,  

Prisms, Pyramids

Hexa Dominant,  

Sweep meshing

Global Mesh  

Settings

Local Mesh  

Settings

Sizing,  

Body/Sphere of  

Influence,Match  

Control,etc

GeometryCreation  
OR

GeometryImport

Geometry  
Operations

Meshing Solver

Assembly  

Meshing
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Meshing Process in ANSYSMeshing
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Local MeshControls

Control the meshlocally

Å5ŜǇŜƴŘǎ ƻƴ ǘƘŜ άaŜǎƘ aŜǘƘƻŘέused

Local Mesh Controlsare:

ÅSizing

ς For Vertex, Edge, Face andBody

ÅContactSizing

ς For Edge andface

ÅRefinement

ς For Vertex, Edge andFace

ÅMapped FaceMeshing

ς ForFace

ÅMatchControl

ς For Edge andFace

ÅPinch

ς For Vertex andEdge

ÅInflation

ς For Edge andFace

The latest control added on a particularentity

overrides any prior controls
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Sizing

Recommended for locally defining the meshsizes

You can only scope sizing to one geometry entity type at atime
ÅForexample:youcanapplysizingto a numberof edgesor a numberof faces,but not a mixof  

edges andfaces.

Four Types of Sizingoption

ÅElement Size specifies average element edge length on bodies, faces oredges

ÅNumber of Divisions specifies number of elements on edge(s)

ÅBody of Influence specifies average element size within abody

ÅSphere of Influence specifies average element size within thesphere

Sizing options vary depending on the entity typechosen

x  

x

Advanced Size  

Function in Global  

settings should be  

disabled

Entity/Option ElementSize Number of Divisions Body of Influence Sphere of Influence

Vertices x

Edges x x

Faces x

Bodies x x x

Requires a

Coordinate

system for

the sphere

Only Element Size type is available for  

CutCell meshing
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Sizing :Edges

Edge meshed with constant  

element size of 60mm

SizingType:

ElementSize

SizingType:
Number ofDivisions

Edge meshed with 10  

elements

The Curvature Normal Angle and/or the GrowthRate

maybe not displayed depending on the ASF used
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Sizing :Edges

Bias Type and BiasFactor

Specify the grading scheme andfactor

ÅBias Type: grading of elements towards one end, both ends, or the center

ÅBiasOption:

ςBias Factor: is the ratio of the largest element to the smallestelement

ςSmooth Transition: defined by Growth Rate which is ratio of size of an  
element with size of previous element. (Growth Rate = BiasFactor^(1(n-1))
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Sizing :Edges

Influenced by global

Proximity advanced

size function.Soft

Hard

No influence from other  

global settings

Behavior

Soft: Sizing will be influenced by global sizing functions such as those based on  
proximity and/or curvature as well as local meshcontrols

Hard: Size control is strictly adheredto

ÅTransition between hard edges (or any edge with bias) and adjacentedge  

and face meshes may be abrupt

ÅHard edges or edges with bias will override Max Face Size and Max Size  

properties
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ElementSize

Defines the maximum element size on theface

Face meshed with  

constant element  

size

Sizing :Faces

Edge curvature is  

resolved
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ElementSize

Defines the maximum cell size on theBody

Sizing : Body(volume)

Body meshed with max  

cell size defined
With body

sizing
With body  

sizing

CutCell

mesh

Without  

body sizing

Tetrahedron patch

conforming mesh

Without  

body sizing
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Sphere of Influence : onVertex

ςAvailable with or without Advanced SizeFunctions

ςSets the average element size around the selectedvertex

ςInputs:

ÅSphere radius and Elementsize

ÅCenter of the sphere is defined by a modelvertex

ÅGood resolution at the vertex

ÅThe element size will be applied to all entities  

connected to the selectedvertex

Sizing : Sphere of Influence
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Sphere of Influence : onBodies

ςAvailable with or without Advanced SizeFunctions

ςConstant element size is applied within theconfines  
of asphere

ςUse coordinate system to define the center ofthe  
Sphere

Sizing : Sphere of Influence

39



Sizing : Bodies ofInfluence

Bodies of influence(BOI)

ςLines, surfaces and solid bodies can be used torefine
the mesh

ςAccessible when ASF isOn

Line BOIs

Surface BOI Solid BOI

Without BOIs

The óBody of Influenceô itself will not bemeshed
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ÅCreates structured meshes on selected mappablesurfaces

ςMapped Face Meshing with advanced control is supportedfor

ÅSweep, Patch Conforming, HexaDominant

ÅQuad Dominant and Triangles

ςMapped Face Meshing with basic control is supportedfor

ÅMultiZone

ÅUniform Quad/Tri and UniformQuad

ςRMB on Mesh and Show/Mappable Faces to displayall  

mappablefaces

If Mapped Face Meshing fails, ( ) icon appears adjacent to corresponding object  

in the Tree outline. The mesh will still be created but will ignore this control.

Mapped FaceMeshing
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ÅΨ{ƛŘŜΩΣ Ψ/ƻǊƴŜǊΩ ŀƴŘ Ψ9ƴŘΩ ŎƻƴǘǊƻƭǎ for vertices, to define strategyfor  
Mapping

VertexType Intersecting GridLines Angle BetweenEdges

End 0 0ϲτ135ϲ

Side 1 136ϲτ224ϲ

Corner 2 225ϲτ314ϲ

Mapped Face Meshing: VertexType
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Mapped Face Meshing:Example

Vertex type is dependant to the attached face =>  

the mesh can be individually controlled on all faces

E

E

E  

E

E E

E E S
E

E
E S

E E
E

E  

E
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ÅIf face is defined by two loops, then the άwŀŘƛŀƭ Number of5ƛǾƛǎƛƻƴǎέ
field isactivated

ÅSpecify the number of divisions across the annularregion

ÅUseful for creating number of layers across anannulus

Mapped Face Meshing: Radial No. ofDivisions

Mapped face is swept to create  

pure hex mesh
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ÅDefine periodicity on faces (3D) or edges(2D)

ÅThe two faces or edges should be topologically and geometrically the same

ÅA match control can only be assigned to one unique face/edgepair

ÅMatch controls are not supported with Post InflationAlgorithm

ÅMatch Control with Patch Independent tetrahedrons not supported yet

ςTwo types of match controlsavailable:

ÅCyclicand

ÅArbitrary

ςNot available for CutCellmeshing

Match Control

If óMatch Controlôfails, ( ) icon appears adjacent to corresponding  

object  in the outline Tree, however  the mesh is created ignoring it

Matching face  

mesh
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ÅDefine Rotationalperiodic

Match Control:Cyclic

Model is symmetrical at 90Áso slice the body along dotted lines inDesignModeler

Full Model Cut Boundaries Periodic Model

Selected Faces  

for Match control

Matching face  

mesh
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ÅTwo faces or edges to be matched, can be arbitrarilylocated

Match Control:Arbitrary

Model extracted throughóSliceô

operation in DM

Coordinate systems need  

to be suitably defined at  

the faces to be matched

Symmetric + Periodic Model
Full Model : Tube Banks

Face Mesh before óMatchControlô

Face Mesh after óMatchControlô

Matching face mesh
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ÅTo improve quality Pinch control
removessmall features (edgesor
narrow regions)at the meshlevel

ÅThe Pinch feature issupported
for the following meshmethods:

ÅPatch ConformingTetrahedrons

ÅThin SolidSweeps

ÅHex Dominantmeshing

ÅQuad Dominant SurfaceMeshing

ÅTriangles Surfacemeshing

ςNot supported for CutCell  
meshing

ςMore details in lecture 5άaŜǎƘ
vǳŀƭƛǘȅέ

Pinch
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Used to generate prism layers (as explained in Global settingschapter)

Inflation layer can be applied to faces or bodies using respectively edgesor  
faces as theboundary

Inflation

Inflation layer grown on edge boundary (red)

Inflation layer grown on face boundary (red)
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Workshop 4 ςLocal MeshControls
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Contents

ÅEdge, Face & Body SizingOptions

ÅSizing: Sphere of Influence

ÅContactSizing

ÅRefinement

ÅInflation

ÅObject generator for copying mesh settings to likebodies

Appendix
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Curvature NormalAngle

Maximum allowable angle that one element edge is allowed tospan

Availableonly whenUseAdvancedSizeFunctionis set to either On:ProximityandCurvature  
or On:Curvature

You can specify a value from 0 to 180 degrees or accept the default. (A value of 0 resetsthe
option to itsdefault.)

The default is calculated based on the values of the Relevance and Span Angle Center options  

GrowthRate

Represents the increase in element edge length with each succeeding layer of elements. (For  
example, a growth rate of 1.2 results in a 20% increase in element edge length with each  
succeeding layer ofelements.)

Available when Use Advanced Size Function ison  

Specify a value from 1 to 5 or accept thedefault

The default is calculated based on the values of the Relevance and Transition options  

Must be always lower or equal the global growthrate

Edge, Face and Body SizingOptions
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Sizing : Sphere of Influence

Sphere of Influence : onEdges

ςAvailable only if Advanced Size Function isOFF

ςUse coordinate system to define the center of theSphere

Mesh on the entity and other  

proximity entities that lies within  

the sphere of influence is affected
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t size

Sphere of Influence : onFaces

ςAvailable only if Advanced Size Function isOFF

ςElements within the sphere will have given averageelemen

ςUse coordinate system to define the center of thesphere

Sizing : Sphere of Influence
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