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F E A T U R E
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If you remember anything from Finite
Elements 101, it’s that successful de-
sign analysis includes creating a mean-
ingful mesh. At a detailed level, ana-

lysts love to discuss the merits of shells
versus solids and tet versus hex types. At
the broader level, there are diverging ap-
proaches to the fundamental physics, and
the needs of structural analysts differ from
those analyzing fluid flow (meshing a sur-
face/solid or the volume around it). 

DEFINING THE PROBLEM
At COMSOL, Bernt Nilsson, senior VP of
marketing, summarizes activity in the pre-
processing arena. “The main challenge for
the meshing community over the past
years has been to develop tools that pre-
pare the CAD model for efficient mesh-
ing. This includes both de-featuring op-
erations that modify the underlying CAD
model, often referred to as real operations,
and tools for modifying an overlay topol-
ogy on the original model, referred to as
virtual operations. 

“Both types of operations,” says Nils-
son, “aim to remove small details such as
fillets, short edges, and small or narrow
faces that will either cause trouble in the
mesh generation process or force an ex-

treme mesh resolution near the small fea-
ture. By providing automatic or semi-au-
tomatic identification of small details, the
preprocessor can save a large amount of
time during preparation of the CAD
geometry for analysis. The preprocessing
efforts pay off by paving the way to get
the most out of the finite element solvers
in terms of speed and accuracy.”

INDEPENDENT EXPERTISE
In the realm of stand-alone meshers, three
companies market products with years of
development and improvements behind
them: XYZ Scientific, Pointwise, and
Siemens PLM Software. Each has strong
opinions and technical differences, targets
one or more different solvers, and devel-
ops extremely powerful products.

This engine-compartment closeup of an AGCO tractor shows that all of the detail of the original
CAD model is retained for a PowerFLOW simulation of airflow management and cooling. It was
not necessary to defeature for the simulation and the volume mesh was automatically generated.
Image courtesy of Exa and AGCO.
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If you relish a great discussion of tet
versus hex elements, talk to Robert Rains-
berger, president of XYZ Scientific, devel-
oper of Truegrid. “Many companies typi-
cally rely on the easy methods: automatic
tetrahedral mesh-generation for solids,
and automatic triangular mesh-genera-
tion for shells,” he says. “With shell-mesh
generation for sheets and thin objects, it’s
not as big of an issue, but when it comes to
solids, the differences between hex and
tetrahedral are profound.”

Rainsberger says it boils down to
whether people want to pay the price for
hexahedral or whether tetrahedral is good
enough. Areas where hex is very impor-

tant include applica-
tions such as nonlin-
ear, dynamic, and
contact surface situ-
ations. As for au-
tomating the task of
creating a hex mesh,
he says, “It can be
done, but it’s a much
more difficult prob-
lem. That’s the holy
grail of mesh gener-
ation.” 

Compared to a
structural analysis,
where most of the
elements are gener-
ally the same size,
with fluids you
might need a fine
grid on a boundary
where there’s turbu-

lence and larger elements to efficiently de-
scribe volume as you move away from
boundaries. Pointwise has always focused
on this challenge, and is currently transi-
tioning its long-time computational fluid
dynamics meshing product Gridgen to the
next generation, simply called Pointwise.
The latter now offers a modern, intuitive
graphical interface, undo & redo functions,
and automated, fault-tolerant mesh as-
sembly.

Rick Matus, Pointwise’s vice president
of sales and marketing, says that his com-
pany’s typical users either want more con-
trol over the meshing task, or prefer to
learn one mesher that works with multiple

solvers. Targeted at the challenging needs
of CFD analysts, Pointwise software of-
fers a high level of user control for creating
hex, tet, and hybrid grids, tackling com-
plex geometry and very nonlinear flows
where less-than-optimal meshing would
translate into large differences in the analy-
sis results. 

Siemens PLM Software has recently re-
leased Version 10 of its Femap pre-
processor, part of the company’s Velocity
series. Tightly integrated with Nastran
solvers with options for Abaqus, Marc,
and LS-Dyna, version 10 introduces a set
of interactive meshing tools for both sur-
face and solid meshes so users can change
mesh density by moving individual
nodes or selected node sets, and see col-
or-coded effects on the fly that check for
element distortion based on customized
quality criteria.

Femap lets you look at the mesh step
by step. Among new features, you can see
the detail and correct an area, mix beam el-
ements with tet elements, and burn in sur-
faces around areas of high stress such as
holes and fillets.

BROADENING THE MESHING OPTIONS
“Proper meshing is critical,” says Dave
Weinberg, president of Noran Engineer-
ing. “A bad mesh can mean bad results,
slow performance, and convergence is-
sues in advanced analyses [such as] non-
linear and eigenvalue extraction.” In de-
scribing a number of important areas for
improvement, he lists smart meshing,
which recognizes features and areas where

This motor model was meshed with NEiFusion, incorporating Femap,
using smart meshing that recognizes features for easy editing.
Image courtesy of Noran Engineering.

These before (left) and after (right) images of a housing show where Femap software removed geometric details such as ribs, fillets, and stand-offs,
and merged surfaces together to simplify meshing. The job was done quickly using Siemens interactive feature-suppression tools within Femap. 
Image courtesy of Siemens PLM Software.



stresses will be higher, and therefore adds
more elements; interactive meshing that

allows users to
graphically select
and edit elements
and regions; mid-
surface extraction
for more accurate
representation of
thick regions; and
CAD integration,
where a change to
the geometry trig-
gers an automatic
re-meshing.

Noran offers its
own meshing func-
tions within NEi-
Works and NEiFu-
sion, where the FEA
tasks are largely

geared to concept viability, design modi-
fications, and fabrication processes. The
company bundles Femap with its own
NEiNastran solver. Features include con-
trol over mesh size and sensitivity, and
the repair and editing of CAD geometry.
NEiNastran also offers Automated Sur-
face Contact Generation and Automated
Edge Contact Generation that allow sep-
arate meshing of components, mid-sur-
faced models, and off-set welds, then com-
bine the meshes via proximity and
user-defined settings.

High-end meshing functions are also
part of the strategy behind Siemens PLM
Software’s new Synchronous Technology,
which refers to an intuitive direct-model-
ing technology described as history-free
and feature-based. It has been incorpo-
rated in the NX 6 version of its advanced
analysis software.

According to Richard Bush, marketing
director for the Siemens Digital Lifecy-
cle Simulation group, “This will make a
huge difference for FEA analysts who,
for example, will for the first time be able
to take solid geometry from multiple
CAD systems and make rapid changes.”
The company expects to provide users
with up to a 100-times faster design ex-
perience than before. 

NX Advanced Finite Element Model-
ing (FEM) software uses Synchronous
Technology to allow meshing and editing
geometry even when there is no model
history available. Its users can edit true
features within the mesher, even on a
“dumb” CAD file. Moreover, entire as-
semblies can be combined from different
CAD modelers, and still be automatically
meshed together.

MORE AUTOMATION, MORE CHOICES, TOO
“In the old days, it often took more time to
build the mesh than run the model,” says
Vipul Kinariwala, head of business de-
velopment for Cranes Software. “Now,
with automeshers, we’ve cut that time by
80 percent.” Other improvements include
running meshers on the original CAD
geometry instead of recreating it, pre-treat-
ing the geometry to heal it, and taking ad-
vantage of multiprocessor and multicore
computer systems.

Kinariwala, whose company markets
NISA analysis software, points out that
the quality of surface meshing has im-
proved to the point where you can join
multiple parts and surfaces, modeling
welded and joined parts. He notes that
sending separate parts out for simultane-
ous meshing on a parallel-processing sys-
tem before bringing the meshes together
will eventually save much time. (See Mesh-
es by the Batch, next page).

At SIMULIA, Abaqus/CAE serves as a
high-end preprocessor for the Abaqus
Standard and Explicit solvers. Asif Khan,
Abaqus/CAE product manager, says, “In
version 6.7, we focused on hex-meshing
and bricks, including adding bottom-up
hex-meshing where you could do incre-
ments (for highly curved areas). In ver-
sion 6.8, the focus was on making tetra-
hedral meshes on complex parts.”

A major new function in Abaqus/CAE
6.8 is Automatic Virtual Topology, which
makes it much easier to generate tet mesh-
es. Where the geometry has fine features
such as sharp corners or fine slivers, you
can now specify values that define, say,
short edges. The software highlights the
areas with these parameters, allows you
to accept them or not, then automatically
creates “virtual features” that bypass the
problem areas without distortion.

Other enhancements include element
quality checks in real-time during the
meshing, mesh seeding for optimizing
mesh density, and adaptive remeshing
(automatic and manual) to adjust the mesh
iteratively after running an Abaqus Stan-
dard analysis.

“Within STAR-CCM+, CD-adapco has
developed and implemented some of the
fastest and most automated meshing on
the market today,” says company VP of
Marketing and Business Development
Dennis Nagy.  Nagy points out that deal-
ing with the consequences of “dirty” or
complicated CAD data has long been the
biggest bottleneck in the CAE process and,
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CAD software, and the designers who
use it, have come a long way in the

past two decades, but certain types of
problems continually crop up when the
design is thrown over the wall to an an-
alyst. First, there may be features such as
an embossed area that are irrelevant to
stress behavior, yet may add an inordi-
nate amount of processing time to the
solver’s task. Second, manufacturing tol-
erances may be very tight on the CAD
model, and cause the mesh to be re-
strictively small in some regions. And
third, the model could have two faces —
one much larger than the other — where
you simply don’t want an FEA boundary
to land.

Today’s meshers are getting much
more sophisticated at streamlining geom-
etry for faster preprocessing and solving,
but one independent product that offers
analysts guidance for geometry repair is
CADdoctor from Elysium. CADdoctor sup-
ports all the standard CAD packages as
well as IGES, ACIS, Parasolid, and STL for-
mats, and has worked in a 64-bit format for
years. Another offering is TransMagic Re-
pair from TransMagic. Its latest version in-
troduces parallel processing technology,
a new JT read/write add-on translator, and
major CAD version support.                                                                                      

— PJW

IS THERE A 
CAD DOCTOR IN

THE HOUSE?

A sheet-metal and FE model of an automotive door assembly created
with ETA’s VPG program with shell elements. The multiple panels in the
door assembly were automatically welded during the meshing process.
Image courtesy of Cranes Software.



until recently, was the single largest ob-
stacle preventing automated meshing and
the routine implementation of numerical
simulation early in the design process. 

STAR-CCM+, however, includes a
geometry cleanup application called  Sur-
face Wrapping to fix the gaps, overlaps,
and other  typical problems involved in
large assemblies of complex CAD parts.
“It works by ‘shrink-wrapping’ a high-
quality triangulated surface mesh onto the
geometry,” says Nagy, “closing holes in
the geometry and joining disconnected
and overlapping surfaces. For CFD sim-
ulations, the Surface Wrapper quickly cal-
culates the wetted surface of the geometry,
automatically discarding surfaces that are
outside the calculation domain, instantly
eliminating unnecessary detail.”

The automatic meshing technology then
generates either polyhedral or predomi-
nantly hexahedral control volumes at the
touch of a button, offering speed, control,
and accuracy. For problems involving mul-
tiple frames of reference, fluid-structure
interaction, and conjugate heat transfer,
STAR-CCM+ can automatically create con-
formal meshes across multiple physical
domains.

For some companies, meshing has be-
come such an automated part of the CAD-
to-analysis flow that the fundamental mar-
keting has changed. 

“We don’t even have a separate mesh-
ing product line any more,” says Algor
Product Manager Bob Williams. “It’s not
really as involved as it used to be. Where
you used to have people doing nothing
but meshing, and [others] doing nothing
but analysis, it can all be the same per-

son.” Williams adds that the most drastic
change is the emphasis on taking geome-
try directly from CAD into analysis, rather
than recreating the models within an FEA
package.

“We’re trying to make this as seamless as
possible,” he says. “We’ve automated a lot
of what the user used to have to do manu-
ally.” For example, the software can apply
a mix of element types. Users then run a
mesh-size sensitivity test and see a com-
parison plot of the effects instead of trying
five different mesh sizes manually.

Other Algor enhancements, particular-
ly important for analyzing models with
large nonlinear deformations, include the
ability to mesh at mid-planes and add
nodes at mid-edges of elements, but even
that just requires a simple click.

CUTTING OUT THE MIDDLE STEPS
“Instead of meshing the geometry [itself]
we provide meshing rules,” says
MSC.Software CTO Reza Sadeghi, ex-
plaining his company’s SimXpert CAE so-
lution no longer needs to translate a CAD
model. “For example…we don’t turn the
geometry into nodes and elements and
forget the surface — we continue to build
the model with parameters that would
eventually turn that geometry into a mesh
(surface, solid, or special elements).”

The analyst can now continue to interact
with the system geometry until the model
is ready to be converted to a continuum of
finite elements for analysis. The Sim suite
also has adaptive meshing algorithms and,

as an option, the solver can enhance the
mesh locally or globally based on user spec-
ifications. Global remeshing in SimXpert
is a critical tool for handling nonlinear prob-
lems such as the stress in a rubber seal as it
deforms. After an analysis, users have the
bidirectional capability of mapping back
to the original CAD surface. Sadeghi adds
that the next step will be to perform similar
tasks on NURBS entities.

Paying attention to the physics is a key
strength in the broad line of ANSYS analy-
sis products. Ben Klinkhammer, senior
product manager, explains: “If I apply a
boundary condition, where it indicates
where a high stress concentration will be,
we can key off that and use it as a meshing
source control. We’re not quite there (over-
all), but when you’re setting up the model,
you can optionally have the software apply
some of these controls automatically.”

For structural analysis applications,
Klinkhammer says analysts have always
been good at de-featuring a model. More
recently, they’re using the same kind of tools
to create a more automated, parametric CFD
model, too, for running multiple iterations.
The thought is to now extend CFD capa-
bilities to designer-level users.

While the rest of the industry has been
busy working with geometry repair and
advanced element shaping, Exa Corp. has
taken a different path since its inception.

“Everybody else starts with a surface
mesh (on the part model) and grows the
fluid mesh,” says Exa VP of Product Man-
agement Alex Mackenzie. “We do some-
thing completely different.” PowerFLOW
automatically generates volumetric, cube-
based grids (with elements called vox-
els) filling the fluid domain of interest,
and then literally subtracts the shape of
the immersed solid by using the solid
and surface mesh model to “slice”
through the cubes.

In its PowerFLOW line of products, the
company uses immersive grid technolo-
gy that successfully meshes parts within
an assembly even if they overlap. With
Exa’s patented Lattice-Boltzmann tech-
nique for solving the fluid flow there is
also no need to simplify the product geom-
etry to reduce the number of mesh ele-
ments, a process that often takes days or
even weeks.

BUT WAIT, THERE’S MORE 
This article barely uncovers the capabilities
and nuances available with today’s pre-
processing software. For example, Altair’s
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This image shows the the different stages of
mid-plane meshing of plate or shell 
elements with an associated thickness as
performed in ALGOR FEA software.
Image courtesy of Core Tech System.

Batch meshing is a term used to de-
scribe an approach to automatically

make the mesh connections of multiple
parts. One common example where that
is highly desirable is with sheet metal for
automotive and aeronautical applica-
tions. Specialized meshing packages ex-
ist for this purpose, such as ANSA for
Batch Meshing from BETA CAE Systems
USA, Hypermesh from Altair, and the Vir-
tualPaintShop CATIA Toolkit from CAD-
FEM, but the major general-purpose
packages also have options for this task. 

— PJW

MESHES BY
THE BATCH



HyperWorks offers extensive meshing op-
tions, from interactive surface meshing as
geometry topology is changed, to “shrink-
wrap” meshing that can intelligently mesh
over gaps and holes. (For more geometry

cleanup ideas, see “Is there a CAD Doctor in
the House?”).

For high-end nonlinear analysis, the
mesh generation techniques found in AD-
INA software may suit your needs. There,
a single model can contain anisotropic
meshing, triangular surface meshing, quad
surface meshing, tetrahedral meshing,
mapped meshing, curvature-based mesh-
ing, and adapted/repaired meshes.

To learn more, you can meet with like-
minded users, refresh your memory on
the math behind the process, or explore
more software options (see “Meshing Re-
sources,” left). The bottom line is still how
well you’ve defined your loads, con-
straints, and structure so that the simula-
tion results match real-world test values.
But a good mesh is a good step, and it’s
getting easier every day. �

Contributing Editor Pamela J. Waterman is an
electrical engineer and freelance technical writer
based in Arizona. You can contact her about this
article via e-mail sent to DE-Editors@deskeng.com.

F E A T U R E
ANALYSIS

This model of a side-impact crash-dummy assembly shows the detail possible when hex-meshing
with Truegrid. Image courtesy of XYZ Scientific.

NAFEMS Regional Summit 2008: 2020
Vision of Engineering Analysis and

Simulation. October 29-31, 2008, Hamp-
ton, VA. (nafems.org). Technical and busi-
ness issues in CAE.

Meshing software companies
(users.informatik.rwth-aachen.de/
~roberts/software.html#Commercial). This
list has some out-of-date links, but is amaz-
ingly thorough, and covers structural, flu-
id, and very application-specific packages. 

The Finite Element Method for Engi-
neers, Huebner, Dewhirst, Smith and By-
rom, Wiley & Sons, 2001.

— PJW

MESHING
RESOURCES

ADINA R&D, Inc.
Watertown, MA
adina.com

Altair Engineering, Inc.
Troy, MI
altair.com

ALGOR, Inc.
Pittsburgh, PA
algor.com

ANSYS, Inc.
Canonsburg, PA
ansys.com

BETA CAE Systems USA
Farmington Hills, MI
ansa-usa.com

CADFEM GmbH
Munich, Germany/Novi, MI
cadfem.de

CD-adapco
Melville, NY
cd-adapco.com

COMSOL, Inc.
Burlington, MA
comsol.com

Cranes Software, Inc.
Troy, MI
nisasoftware.com

Elysium Inc.
Southfield, MI
elysiuminc.com

Exa Corp.
Burlington, MA
exa.com

MSC.Software
Santa Ana, CA
mscsoftware.com

Noran Engineering Inc.
Westminster, CA
nenastran.com

Pointwise, Inc.
Fort Worth, TX
pointwise.com

Siemens PLM Software
Maryland Heights, MO
siemens.com/plm

SIMULIA
Providence, RI
simulia.com

TransMagic, Inc.
Westminster, CO
transmagic.com

XYZ Scientific Applications, Inc.
Livermore, CA
truegrid.com

For more information on meshing, please visit
deskeng.com.
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