
Preparing Tire Tread 
Models in 

Coreform Cubit



Many -to -one Sweep



ÅCoreform Cubit is a semi-
automated hex-mesher
ÅMeans that Cubit can recognize 

certain topologies as meshable 
without further decomposition by the 
user

Å! άƳŀƴȅ-to-ƻƴŜ ǎǿŜŜǇέ όbΥмύ ƛǎ 
one of the techniques that can 
recognize topologies as meshable

ÅImportantly, whenever an N:1 
sweep is used, you could have done 
additional decompositions to make 
multiple 1:1 sweeps

Many -to -one Sweep
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Many -to -one Sweep

Can result in relatively 

poor elements through 

the sweep



Manual decomposition

Webcuts result in ñfirmò 

element boundaries 

that can improve 

element quality



{ƛƴƎƭŜ άǳƴƛǘέ ƻŦ ǘǊŜŀŘ ǿƛǘƘ ǎȅƳƳŜǘǊȅFull tread pattern

Tire tread geometry



ÅWhen dealing with complex 
ƳƻŘŜƭǎΣ ƛǘΩǎ ƻŦǘŜƴ ƘŜƭǇŦǳƭ ǘƻ Ŏǳǘ 
the model into simpler subunits 
and process individually
ÅExport each subunit to unique 

ACIS file

ÅProcess each model to obtain 
mesh, save as CUB5

ÅImport all CUB5 and apply final 
operations for global meshability

Separating into subunits



Meshing Section 1



Å¢Ƙƛǎ ǎŜŎǘƛƻƴ ŘƻŜǎƴΩǘ ǊŜǉǳƛǊŜ ŀƴȅ 
cleanup to produce an N:1 mesh

Overview



Meshing Section 1



Meshing Section 1



Mesh quality
Note that the poor elements 

tend to be caused by ñlinkingò 

between sweep layers



Group assingments

Å²ƘŜƴ ƳŜǎƘƛƴƎ ǳǎƛƴƎ ǘƘƛǎ άōȅ-ǎŜŎǘƛƻƴέ 
approach, it can be useful to add any 
sweep assignments to groups

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

ÅWhen finished save as a CUB5

ÅDo this process for each section



Meshing Section 2



ÅThis section will require a few 
composite operations, to 
convert challenging-to-mesh 
surfaces into simpler topology

Overview



ÅMany sipes have rounded 
features such as shown on the 
right

ÅThese pose a challenge for 
meshing as the linking curves for 
our eventual sweep become 
perpendicular to the sweep 
direction and form a singularity 
between three surfaces

Meshing Section 2



ÅCompositing the three surfaces 
into a single curve allows Cubit 
to ignore the troublesome 
topology.

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

Meshing Section 2



Meshing Section 2



Meshing Section 2





Smoothing





ÅNote that the sloped surface 
results in relatively poorly 
shaped elements, but this 
ŜƭŜƳŜƴǘ ǉǳŀƭƛǘȅ ƛǎƴΩǘ ǘƻƻ ōŀŘ

ÅThe less perpendicular the 
surface, the more elements 
need to deform to conform, 
resulting in worse element 
quality



Meshing Section 3



ÅThis section is nearly identical to 
the second section, requires 
similar processing to produce an 
N:1 mesh

Overview





Meshing Section 4



Overview
ÅThis model has a sliver that was 

made to ensure vertical surfaces on 
the symmetry surfaces

ÅThis sliver would enforce poor 
element quality but we can move 
the geometry back to the other 
ǎƛŘŜ ŀƴŘ ƳŀƪŜ ŀ ōŜǘǘŜǊ άǎȅƳƳŜǘǊȅ 
Ŏǳǘέ

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



Initial Cleanup



Overview of the new cut

ÅGoal: 
ÅWe want a curve that will allow us 

to sweep in the ςZ  direction, 
approximately in-between the two 
nearly-vertical surfaces 



Create offset surface

ÅStep 1: 
ÅCreate an offset surface 

approximately, will retain the 
general shape of the surface



Create extended surface

ÅStep 2: 
ÅCreate an extended surface, 

extended from the offset surface.

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



ÅStep 3:
ÅSweep the top curve of the 

extended surface, in the ςZ 
direction

Webcut  sweep curve



Webcut  sweep curve



ÅStep 4: 
ÅNow we want to move the volume 

to the other side of the volume ς a 
distance 29.42 in the +X direction

Move chopped volume



ÅStep 5:
ÅWe can then safely unite the 

volumes back into a single volume 

Unite into single volume



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

ÅSometimes can be done as a 
single operation on all surfaces

Composite surfaces



Composite surfaces

ÅIgnored curves will be shown as 
a dashed line



Generate many -to -one mesh



Meshing Section 5



ÅThe most complicated section, 
we need to use all the tools:

1. Rechop to remove sliver feature

2. Geometry cleanup

3. Virtual topology

4. N:1 meshing

Overview



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

ÅNote here that the offset and 
extended surfaces are tall and, 
due to their angle, the top curve 
ƛǎƴΩǘ ƻǾŜǊ ǘƘŜ ŘŜǎƛǊŜŘ Ŏǳǘ ǎǳǊŦŀŎŜ

Chop off the sliver



Å{ƻ ǿŜΩƭƭ ǘǊƛƳ ǘƘŜ ŜȄǘŜƴŘŜŘ 
surface to give ourselves a curve 
that we can use for our cut

Chop off the sliver



ÅThen we do our same webcut 
approach as before

Chop off the sliver



Move the chopped surface



ÅGoal: 
ÅSome CAD modeling errors can be 

seen prior to us re-uniting the 
volumes

ÅWe want to clean up these 
mistakes
ÅYou could ask the CAD designer to fix 

in native CAD software

ÅhǊ ȅƻǳ Ŏŀƴ ŦƛȄ ȅƻǳǊǎŜƭŦ ǳǎƛƴƎ /ǳōƛǘΩǎ 
direct modeling engine

Recombining & cleanup



ÅCreate a surface by sweeping the 
ŦƛƭƭŜǘΩǎ ŎǳǊǾŜ ƛƴ ǘƘŜ Ҍ· ŘƛǊŜŎǘƛƻƴ

Chop off extra block



ÅThen we can use a webcut using 
the plane of this surface to begin 
trimming this region away

Chop off extra block



ÅbŜȄǘ ǿŜ ŎƘƻǇ ƻŦŦ ǘƘŜ άǘƻǿŜǊέ 
part of the block by the plane 
defined by the base surface

Chop off extra block



Delete the volume & tools



Reunite volumes



Remove sliver surface



Cleanup extraneous surfaces
ÅSometimes these operations result in 

nearly-equivalent surfaces that are 
only different due to numerical noise
ÅFor example, face normals that are 1e-12 
ŘƛŦŦŜǊŜƴǘΣ ǎƻ ǘƘŀǘ ŀ άǊŜƎǳƭŀǊƛȊŜέ ŎƻƳƳŀƴŘ 
ǿƻƴΩǘ ŎƭŜŀƴ ǘƘŜƳ

ÅWhen these surfaces will eventually 
be shared between the different 
model sections, you may choose to 
use compositing
Å²ƘŜƴ ǘƘŜ ǎǳǊŦŀŎŜǎ ǿƻƴΩǘ ōŜ ǎƘŀǊŜŘΣ 
ȅƻǳ Ƴŀȅ ǿƛǎƘ ǘƻ ǳǎŜ ǘƘŜ άǊŜƳƻǾŜ 
ŜȄǘŜƴŘέ ŀǇǇǊƻŀŎƘ ǘƻ ŎǊŜŀǘŜ real 
geometry changes



ÅLǘ ŀǇǇŜŀǊǎ ǘƘŀǘ ǘƘŜ ŘŜǎƛƎƴŜǊΩǎ 
modifications to create the 
original repeat unit cell resulted 
in a few more errors

ÅWe need to remove the sliver 
surface that is caused by the 
fillet being cylindrical rather 
than conical

Continuing CAD Cleanup



Remove the offending surfaces 



Å{ƛƴŎŜ /ǳōƛǘ ŘƻŜǎƴΩǘ ƘŀǾŜ ǘƘŜ 
ability to directly modify the 
original fillet to match the 
(nearly) conical shape, we will 
instead create a new fillet

ÅThis is changing the geometry, 
though very slightly
ÅThe best approach would have 

been to bring up these modeling 
issues to the original CAD designer

Add a new fillet



ÅAgain, cleanup extraneous 
surfaces
ÅEven though we will be removing 

this surface, by cleaning it we will 
improve the robustness of 
forthcoming operations

Remove extraneous surface



ÅGoal:
ÅWe want to remove the ledge 

feature, resulting in a full-length 
fillet

ÅStrategy:
ÅCreate a surface that can be swept 

and Boolean subtracted to leave 
the fillet

Complete the fillet



ÅStep 1:
ÅCreate a minimal plane

Complete the fillet



ÅStep 2:
ÅCreate a plane surface by 

sweeping the curve so that it 
extends beyond the outer surface

Complete the fillet



ÅStep 3:
ÅCreate a vertex on the target 
ǎǳǊŦŀŎŜΩǎ ƻǳǘŜǊ ŎǳǊǾŜ

Complete the fillet



ÅStep 4:
ÅPartition the target surface 

through the two vertices

Complete the fillet



ÅStep 5:
ÅCreate a volume by sweeping the 

target surface along the outer 
curve

Complete the fillet



ÅStep 6:
ÅWe 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 
issue

Complete the fillet



ÅStep 7:
ÅSubtract the tool volume

ÅThis leaves a little pocket which 
we will need to cleanup

Complete the fillet



Overview of pocket Detail

Complete the fillet

Small CAD surfaces from 

the resulting pocket



Complete the fillet



Taking stock of progress

Need to remove ledge 

from other side



Reviewing symmetry model

Need to remove ledge 

from other side to 

recover symmetry



ÅGoal:
ÅRecover symmetry by making the 

ledges on both sides match

Recovering symmetry



ÅStep 1:
ÅCreate copy of the target curve on 

our current working surface 

Recovering symmetry



Recovering symmetry

ÅStep 2:
ÅUse the two vertices from the new 

curve and one vertex on the 
original curve to define a cut plane



Recovering Symmetry

ÅStep 3:
ÅBegin chopping off the region to 

remove, here extending one of the 
base surfaces



Recovering Symmetry

ÅStep 4:
ÅContinue chopping off the region 

to remove, here extending other 
base surface



Recovering Symmetry

ÅStep 5:
ÅSubtract the extraneous volume

ÅStep 6:
ÅUnite the volumes



Recovering Symmetry



Meshing Section 5

ÅNow we have finished fixing the 
geometry

ÅNext, we will go through the 
model and composite surfaces 
to support a quality mesh



Result of compositing



Meshing Section 5

ÅWhile we could build an N:1 
mesh on the remaining volume, 
ǘƘŜǊŜΩǎ ŜƴƻǳƎƘ ǎƻǳǊŎŜ ǎǳǊŦŀŎŜǎ 
that it makes sense to split into 
three sections to make things a 
bit more manageable

ÅAlso provides a little bit of 
rigidity to the mesh that helps 
with robustness and quality



Meshing Section 5

ÅStep 1:
Å!ǇǇƭȅ ά{ƘŜŜǘ 9ȄǘŜƴŘŜŘ CǊƻƳ 
{ǳǊŦŀŎŜέ webcut, using 2 surfaces

ÅThe resulting webcut will use the 
trimmed extensions of these 
surfaces (note the angle) 



Meshing Section 5

ÅStep 1:
Å!ǇǇƭȅ ά{ƘŜŜǘ 9ȄǘŜƴŘŜŘ CǊƻƳ 
{ǳǊŦŀŎŜέ webcut, using 1 surface



Meshing Section 5


