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Preparing Tire Tread
Models In
Coreform Cubit
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Many -to -one Sweep
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Many -to -one Sweep

ACoreform Cubit is aemi

automatedhexmesher .
A Means that Cubit can recognize
certain topologies ameshable ——

without further decomposition by the
user

Al aYth-F¥S a06SSLE 6t
one of the techniques that can
recognize topologies ameshable

Almportantly, whenever an N:1 y
sweep Is used, yocouldhave done (
additional decompositions to make N 4
multiple 1:1 sweeps =
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Many -to -one Sweep

Can result in relatively
poor elements through
the sweep
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Manual decomposition

Web resul
element boundaries
hat can improv

lement quality
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Tire tread geometry
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Separating into subunits

AWhen dealing with complex ) ]
Y2RSfas AdQa 2FGSv KSf LJdAZ a2 O
the model into simpler subunits
and process individually

AExport each subunit to unique
ACIS file

AProcess each model to obtain
mesh, save as CUB5

Almport all CUB5 and apply final
operations for globameshability
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Meshing Section 1
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Overview

ACKAa aSOUA2Y R2SayQi NBIdzANB |y
cleanup to produce an N:1 mesh |




Command Panel

Bz » Mesh » Volume » Mesh » Sweep

Meshing Section 1

Select Volumes

1

© Spedfy Source and Target
() Auto Select Source and Target

Source Surface ID(s) 15117909289 143172

Target Surface ID 19

© Default () Extrude () Advanced

[] Redistribute Nodes

Transform Method Least Squares

Propagate Bias
Parallel Meshing Enabled
Automatically Smooth the Target Surface

Fixed Imprints Smart Smooth

Tolerance 0.2

Mumber of Layers 5

® 9

B check For Overlapping Surfaces
B 2pply Scheme Before Meshing

Scheme: sweep

4k

Apply Scheme

Mesh
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Meshing Section 1
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Mesh quality

Note that the poor elements
tend to be caulsed by Alinkingo
between sweep layers
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Group assingments

A2 KSY YSaKAYyI-a&®DUAYKIYEKAA Goeé
approach, it can be useful to add any
sweep assignments to groups

aaaaaaaaaa

uuuuuuuuu

AThis will allow for easily reassigning
mesh commands when recombining
all the sections together

AWhen finished save as a CUB5

A Do this process for each section
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Meshing Section 2
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Overview

AThis section will require a few
composite operations, to
convert challengingo-mesh
surfaces into simpler topology
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Meshing Section 2

AMany sipes have rounded
features such as shown on the
right

AThese pose a challenge for
meshing as the linking curves for
our eventual sweep become
perpendicular to the sweep
directionandform a singularity
between three surfaces
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Meshing Section 2

ACompositing the three surfaces
Into a single curve allows Cubit
to ignore the troublesome
topology:.

AWhen placing elements & nodes,
Cubit will still evaluate the
underlying surface geometries
(.e., shape), just has the
freedom to ignore the topology
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Meshing Section 2

Command Panel g X

.F*F ¥ Geometry ¢ Surface » Modify » Composite

Surface ID(s) &5 &7 64
Select
0O Create () Delete

Max Surface Angle
H Composite Bounding Curves

Keep Vertex ID(s)

Max Curve Angle 15

Virtual Geometry

@ £) Apply
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Meshing Section 2

| Command Panel

f;'; b Geometry » Curve » Modify » Composite

Curve IDs 234 235

Select

0O Create o o
keep Vertex ID e ——
Max Curve Angle _

Virtual GeﬂmEtry

v o

—




Command Panel 8 x
B » Mesh v Volume » Mesh » Sweep
Select Volumes
1
© Specify Source and Target
() Auto Select Source and Target
Source Surface ID(s) 140 142 168 67 154 152 57 16368
TargetSurfaceID 2
© Default () Extrude () Advanced
8 Redistribute Nodes
Transform Method Least Squares
Propagate Bias
Parallel Meshing Enabled
Automatically Smooth the Target Surface
Fixed Imprints Smart Smooth
Tolerance
Number of Layers & :

O 9 Apply Sgheme

B Check For Qverlapping Surfaces
8 2pply Scheme Before Meshing

Scheme: sweep Mesh

’i“‘“
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Smoothing

Command Panel

# » Mezh » Volume » Smoothing » Condition Number

Volume ID(5) 1
8 set Target Condition Number

Condition Mumber 2.0

8 Limit Running Time
Time {minutes) 0.5

® 9
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Command Panel g x

9 ¢ Mesh ¢ Volume » Quality » Quality Metrics

Volume ID(s) 1

Quality Metric Scaled Jacobian e

Summary Options
© Combined Summary
O One Summary Per Entity

[ Filter Element Quality Range
[ Filter Using Element Quality Rank
B Display Graphical Summary

B Draw Mesh Elements
[] Draw Histogram
[] Monochrome

.0.0926

B Clear Display for Mesh L

D Print Text Summary

@ 0 Apply
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ANote that the sloped surface
results in relatively poorly
shaped elements, but this

. 0.562
St SYSyd ljdz £ AG o
0.514

. . Boass

AThe less perpendicular the [ N
surface, the more elements | 0212
need to deform to conform, I

resulting in worse element
guality
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Meshing Section 3
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Overview

AThis section is nearly identical to
the second section, requires
similar processing to produce ar
N:1 mesh
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Meshing Section 4
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Overview

AThis model has a sliver that was
made to ensure vertical surfaces o
the symmetry surfaces

AThis sliver woul@nforcepoor

element quality but we can move
the glgometry ack to the other
aARS FYR YI 1S |
Odzli ¢

AThis, combined with some other
cleanup will then allow us to make
an N:1 sweep
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Initial Cleanup

Command Panel [ 4

a ¥ Geometry » Surface » Modify » Remove

Surface ID(s) 159
B Extend
[ Remove Blend Chain

[:I Remove Cavity

[ ] Keep Surface

[ | Keep Copy OF Original
[] Remove Individually

["] Remove Connected Sets

®© 9 =
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Overview of the new cut
AGoal:

AWe want a curve that will allow us.
to sweep in thegZ direction,
approximately iAbetween the two
nearlyvertical surfaces
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Create offset surface

AStep 1:

ACreate an offset surface
approximately, will retain the
general shape of the surface

Cemman d Panel F X
@ v Geometry » Surface » Create » Offset

rom Surface ID(s) 22

Offset Value 9|
Optional Surface ID(s)/0ffset Pairs
Surface ID(s)
Offset Value = L
Surface ID(s)
Offset Value

ce ID(s)
et Value

fa
Offs
@ 9




I" ‘\

©) coreform

Create extended surface
AStep 2:

A Create an extended surface,
extended from the offset surface.

ABy default the extended surface
extends to extent of total
bounding boxg which is why it
was helpful to split the part into
sections

mmmmmmmmmmmm

dddddddddddd
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Webcut sweep curve
AStep 3:

ASweep the top curve of the
extended surface, in theZ
direction

mmmmmmmmmmmm

Direction

End Conditions

[ Group Results




P A

{) coreform

Webcut sweep curve
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Move chopped volume
AStep 4:

ANow we want to move the volume
to the other side of the volume a
distance 29.42 in the +X direction

aaaaaaaaaaaa

eeeeeeeeee

rrrrrrrrrrrrrrrrrrrrrrrr
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Unite into single volume
AStep 5:

AWe can then safely unite the |
volumes back into a single volume

mmmmmmmmmmmm
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Composite surfaces

AThe geometry modification
completed, we now composite
extraneous surfaces into macro
surfaces

ASometimes can be done as a

aaaaaaaaaaaa

55555555555

eeeee




’i“‘}

[©) coreform

Composite surfaces

Algnored curves will be shown as
a dashed line
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Generate many -to -one mesh

——

\
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Meshing Section 5
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Overview

AThe most complicated section,
we need to use all the tools:
1. Rechopo remove sliver feature
2. Geometry cleanup
3. Virtual topology
4. N:1 meshing
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Chop off the sliver

AWe use the same approach as
for section 4 to chop and
recombine the sliver region

ANote here that the offset and
extended surfaces are tall and,
due to their angle, the top curve

Aday Qi 20SNJ 0KS R a dzNJF
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Chop off the sliver

Al 2 6SQft UNAY (UK
surface to give ourselves a curve
that we canuse for our cut

Comman d Panel g x

'a b Geometry b Volume » Webcut » Coordinate Plane

Volume ID(s) 3
O vz O zx O xv

Offset Value 1|

[ Rotate Plane

I:] Imprint
Include Neighbars

[] Merge

[ Group Results

® 9
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Chop off the sliver

AThen we do our sameebcut
approach as before
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Move the chopped surface
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Recombining & cleanup
AGoal:

ASome CAD modeling errors can b
seen prior to us rainiting the
volumes

AWe want to clean up these
mistakes

A You could ask the CAD designer to f
In native CAD software

AhN) @82dz Oy FTAE &
direct modeling engine
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Chop off extra block

ACreate a surface by sweeping t
FAEESGQAa OdzNIIS

CCCCCCCCCCCC
eeeeeeeeee

Along Curve () Helix
© vector AndDistance () TargetBody
(O Axis/Angle

Distance 10

DDDDDDDDDDDDDDDDD

| [ rigid
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Chop off extra block

AThen we can usewsebcutusing
the plane of this surface to begin

trimming this region away

Command Fanel

t, k Geometry k Volume » Webcut » Plane Surface

Volume ID{s) 1
Flane From Surface ID 140|

[ Group Results

@ 0 Preview
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Chop off extra block

AbSEG 6S OK2L) 2FF (KS
part of the block by the plane
defined by the base surface

G2 6SNE

Command Fanel

t, k Geometry k Volume » Webcut » Plane Surface

Volume ID{s) 1
Plane From Surface ID 123
[ Group Results

@ 0 Preview
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Delete the volume & tools

Command Fanel nl
% » Geometry » Volume » Delete [

Valume 468
[:]KE EEEEEEEEEEEEEEE

© 9
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Reunite volumes

Command Panel nl

@ » Geometry » Volume » Boolean » Unite [

Volume I0(s) all

[ Keep Originals
[ Incude Mesh

@ 0 Preview
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Remove sliver surface

& cubit

Command Panel

. » Geometry » Surface » Modify » Remove

Surface ID(s) 50|

@ Extend

) Remove Blend Chain
[ Remove Cavity

[ Keep Surface

(] Keep Copy Of Criginal

[ Remove Individually
[ Remove Connected Sets

@ o Preview m
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Cleanup extraneous surfaces

ASometimes these operations result in
nearly-equivalent surfaces that are
only different due to numerical noise

A Eor example, facagormalsthat are 1e12 .
RATT"N£¥QZ az QKI O T
p2yQu Ot Sty 00KSY =

AWhen these surfaces will eventually
be shared between the different
model sections, you may choose to
use compositing

A2 KSYy GKS adzaNFL O
e2dz. YLe @gAaK 032
SEGSYREé I LILINall O

Preview

S
K

geometry changes
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Continuing CAD Cleanup

AL G I LILISIE NBR GKIF G
modifications to create the
original repeat unit cell resulted
In a few more errors

AWe need to remove the sliver
surface that is caused by the
fillet being cylindrical rather
than conical
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Remove the offending surfaces

& cubit

‘ & cubit — o X

Command Panel

. » Geometry » Surface » Modify » Remove

surface ID(s) 20 49
@ Extend

() Remove Blend Chain

[:] Remove Cavity

[ Keep Surface

[ Keep Copy Of Original
(] Remove Individually

[[] Remove Connected Sets

® 9
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Add a new fillet

Al A\YyOS [/ dzoAl R2SayQ
ability to directly modify the
original fillet to match the
(nearly) conical shape, we will
Instead create a new fillet

N
o)
Q
@p)
(@-N
~
@p)

AThisis changing the geometry,
though very slightly
AThe best approach would have

been to bring up these modeling °
Issues to the original CAD designer
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Remove extraneous surface

AAgain, cleanup extraneous

surfaces
AEven though we will be removing
this surface, by cleaning it we will
Improve the robustness of |
forthcoming operations
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Complete the fillet

AGoal:

AWe want to remove the ledge
feature, resulting in a fulength
fillet

AStrategy:

ACreate a surface that can be swef
and Boolean subtracted to leave
the fillet




Complete the fillet

AStep 1:
ACreate a minimal plane

SSSSSSSS

Project
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Complete the fillet

AStep 2:

ACreate a plane surface by
sweeping the curve so that it
extends beyond the outer surface

eeeeeeeeee
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Complete the fillet

AStep 3:

ACreate a vertex on the target _ ]
adzNF I OSQa 2dzi SNJ O

Curve ID(s)

pecify Loca ing

() Fraction () Close To Vertex
O Distance O At Location
O Position O Extrema

O Start O Segments

() Midpaint () Discontinuities
O End © Crossing

Cross

O cur

O surface

Surface I0(s) B
Bounding

) Unbounded
© iBounded




2y coreform

Complete the fillet
AStep 4:

APartition the target surface
through the two vertices

Command Panel n'
B4 » Geometry » Surface » Modify » Split [

Through Vertex v~

Surface ID(s) 46

Through Vertex ID{s) 108 114]

© 9 Previen
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Complete the fillet
AStep 5:

ACreate a volume by sweeping the
target surface along the outer
curve
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Complete the fillet

AStep 6:

AWe suspect that there will be
small CAD features introduced if
we were to Boolean subtract, so to
minimize we extend the volume to
at least remove one potential

.
Command Pan: n,
G » Geo fy !
Note: This panel ry only. i
Surface ID(s) 59
() Perpendicular (_) Target Plane
() Along Curve () About Axis
© along Vector () Helix
(O Direction
Vector
Distance (Optional)
(] Draft Angle [J Rig
[DoraftType © Extend () Round
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Complete the fillet

AStep 7:

A Subtract the tool volume

AThis leaves a little pocket which
we will need to cleanup
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Complete the fillet

Overview of pocket Detall

Small CAD surfaces from
the resulting pocket
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Complete the fillet
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Taking stock of progress

Need to remove ledge
from other side
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Reviewing symmetry model

Need to remove ledge
from other side to
recover symmetry
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Recovering symmetry
AGoal:

ARecover symmetry by making the .
ledges on both sides match




” ‘\

{&) coreform

Recovering symmetry

AStep 1:

A Create copy of the target curve on
our current working surface

eeeeee
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Recovering symmetry
AStep 2:

AUse the two vertices from the new
curve and one vertex on the
original curve to define a cut plan

Command Fanel n]

g b Geometry b Volume b Webcut » Plane Vertex

Volume ID(s) 1

Vertex 11D 148

Vertex 2ID 147

Vertex 31D 105

[ Group Results

@ 0 Preview
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Recovering Symmetry

AStep 3:
ABegin chopping off the region to
remove, here extending one of th

base surfaces

Command Fanel n]

a« Volume » Webcut » Sheet Extended From Surface

Volume ID(s) 1

With Surface ID(s) &5|
[ Group Results

@ 0 Prewview
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Recovering Symmetry

AStep 4:
A Continue chopping off the region
to remove, here extending other

base surface

Command Fanel n]

a« Volume » Webcut » Sheet Extended From Surface

Volume ID(s) &

With Surface ID(s) 113
[ Group Results

@ O Preview
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Recovering Symmetry
AStep 5:

A Subtract the extraneous volume _—

AStep 6:
AUnite the volumes
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Recovering Symmetry
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Meshing Section 5

ANow we have finished fixing the
geometry

ANext, we will go through the
model and composite surfaces
to support a quality mesh
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Result of compositing
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Meshing Section 5

AWhile we could build an N:1
mesh on the remaining volume,
0 KSNBQa Sy2dzZaAK a
that it makes sense to split into
three sections to make things a
bit more manageable

AAlso provides a little bit of
rigidity to the mesh that helps
with robustness and quality
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Meshing Section 5

AStep 1:
Al LILI @8 a{KSSG 9EGSYRS
{ dzNJFwekr& wising? surfaces
AThe resultingvebcutwill use the
trimmed extensions of these
surfaces (note the angle)

Command Panel n]

’a« Volume » Webcut » Sheet Extended From Surface

Volume ID(s) 1

With Surface ID(s) 8 29

[ Group Results

@ 0 Preview
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Meshing Section 5

AStep 1:
Al LILX & a{ KSSiG 9EGSY
{ dzNJrwekr&taisingl surface
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Meshing Section 5




