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Welcome Letter
OPTIMIZATION IS A GAME CHANGER

I

t gives me great pleasure to be chosen to write this issue’s letter to our customers. As the
new head of SIMULIA’s field offices—our Worldwide Center of Excellence—I feel a great
responsibility to everyone using our products to help you be more creative and productive in
your work.
We all want to optimize the results of our labors, and at SIMULIA we continue to focus on
bringing you the very best toolset for reaching the highest levels of design engineering
optimization. In this issue, you’ll find specific information about new benefits for you in the
latest releases of Abaqus, Tosca, Isight and fe-safe on page 6.

As you may have surmised, optimization is the overarching theme of this issue. We are finding
increasing numbers of our customers ready to share their experiences and successes about
harnessing the power of the SIMULIA portfolio to achieve the “perfect” product or component.
Our cover story (page 4) features industrial giant Ford Motor Company’s achievements using
Isight and Tosca to identify the ideal configurations for their exhaust manifolds and Optimal
Device’s creative example of using Tosca to optimize the head of a lacrosse stick.
Many customers are now applying optimization with great success. They are also sharing their
experiences and knowledge so that we at SIMULIA can further develop the products that they
require. A main goal in this shared adventure is to make it easier for others in our community
to join in and benefit. Please turn to page 24 for more about Isight and Tosca classes and
introductory videos.
Every day we learn about new, innovative applications our customers are developing.
Sometimes we hear about your innovations in the media or at industry events but more often
through presentations at SIMULIA user events. Take a look at the interview by Northwestern
University professor Dr. Huang, on page 22. His team of engineers deployed Abaqus to develop
a ground-breaking wearable, stretchable electronic patch for cosmetic leader L’Oréal. There
are stories about the innovative use of Abaqus for preserving historic buildings—and also on
improving combustion-prone hoverboards!
An academic case study (page 12) tells how a Ritsumeikan University researcher used Abaqus
to create a realistic model of a flatfoot deformity that will help surgeons plan more specific
treatments for individual patients.
Up-and-coming engineers are also discovering that they can push past existing boundaries in
medical treatments. Abaqus was the top choice among FEA software brands during the first
ever “Modelathon” at the University of Sheffield, U.K. There, a group of engineering students
from around the world all picked Abaqus to help them conquer a complex osteoporosis
treatment problem (see page 26).
Yes, we definitely are a global software company—drawing from what we all learn together—
and there’s no place like the SIMULIA annual customer conference to rediscover these facts.
This year’s Science in the Age of Experience event takes place in Boston, Massachusetts, on
May 23-26. Hear about the latest trends and innovations from industry experts, experience
new technologies through hands-on training and seminars, and create valuable connections
with your fellow engineers.
I hope to see you all there!
Alan Prior
Vice President, Worldwide Center of Excellence, SIMULIA
P.S. In this issue we are launching a three-part series about one customer’s journey towards the
3DEXPERIENCE® platform. It’s a frank and revealing narrative I’m sure you’ll enjoy in this and
future issues. See page 8 for Prime Aerostructures’ first chapter…

www.3ds.com/simulia
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Cover Story
DESIGN ENGINEERS SHARE
THEIR EXPERIENCES
INNOVATING WITH THE
POWER OF OPTIMIZATION

W

hat’s it like to put Isight and/or Tosca to work on tackling
your design challenges? Can these tools really help you
move from solve to innovate? Whether or not you are using
either of these SIMULIA portfolio applications yet, you are
probably already becoming aware of pressures in your own
workplace to provide deeper insights and think-outside-thebox analyses as you strive to produce design ideas that meet
your company’s customers’ demands in creative ways. And,
of course, to do it all in less time, and more cost-effectively,
than ever before.

While Abaqus FEA remains at the core of much of what our
SIMULIA user community does, there’s so much more you can
accomplish these days. And it’s much easier than ever before
because tools like Isight and Tosca automate and organize
your processes for you on so many levels. You may already be
feeling like you could use support in this area: As increasingly
sophisticated analysis results pour in, you need to manage
your data, capture your processes for reuse, collaborate with
your peers—in fact, you need to optimize everything you do.
To further explore some examples of optimization at its best,
we talked with SIMULIA customers Ford Motor Company and
Optimal Device to find out how they are already using the tools
and what their plans are for the future. Ford Motor Company
has taken an early lead in automotive innovation with their
new aluminum truck body. But even in the case of their
“everyday workhorse” exhaust manifolds, they are combining
Isight, Tosca and an in-house solver into a workflow that lets
them imagine manifold geometries in new ways to reduce
weight while enhancing performance and durability. Optimal
Device provides software training and consulting services with
a focus on the medical industry but, as you’ll see, they also
apply optimization in other fields in some very creative ways.

CAE model of a transient structural heat transfer analysis.
Image courtesy Ford Motor Company.

“A big challenge in exhaust-manifold design is to design
one that is lightweight that still allows us to achieve the
desired durability while under the harsh thermal and vibration
loadings on a firing engine,” says Jerry Hsieh, Durability
Technical Expert at Ford.
Real-world testing of an exhaust manifold involves operating a
dyno engine at peak exhaust gas temperatures for 10 minutes,
cooling it for another 10 minutes, and repeating the cycle until
the manifold either fails or passes a vehicle-specific number of
hours. “It’s time-consuming to use hardware testing to drive
or fix our designs,” says Hsieh. “So using CAE to analytically
assess exhaust manifold TMF life is now a required standard at
Ford and it has shortened our development time and improved
our quality.”
In their quest for the best manifold designs for the many
cars and trucks in the Ford fleet, Hsieh’s team uses Abaqus
FEA as well as SIMULIA’s Isight (parametric) and Tosca
(nonparametric) optimization tools.
When considering the geometry of a particular exhaust
manifold, the engineers need to identify those areas that
experience the highest temperatures and stress/strain
over time. They run a series of CAE analyses: 1-D-IntakeCombustion-Exhaust (ICE) Simulation, 3D CFD exhaust
manifold flow analysis, transient exhaust manifold heat
transfer analysis, transient exhaust manifold thermal stress
analysis, and finally TMF life calculation. Some 28 different

FORD MOTOR COMPANY: LIGHTWEIGHTING AN
OPTIMIZED EXHAUST MANIFOLD WITH ISIGHT
AND TOSCA
While U.S. mileage and emissions standards differ to some
extent from those in Europe, American manufacturers are
pursuing similar vehicle lightweighting strategies as important
routes to help meet ever-tightening government regulations.
One example of this is Ford Motor Company’s approach
to optimizing the design, performance and durability of a
vehicle exhaust manifold. This cast-steel or -iron component
is expected to have a long service life that is certified crack
and leak free—despite 800 to 1000° C operating temperatures
that can cause Thermal Mechanical Fatigue (TMF) in the form
of material degradation, creep, and corrosion.
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An example of a Tosca shape optimization example. Image courtesy
Ford Motor Company.
www.3ds.com/simulia

internal and external Heat Transfer Coefficients (HTCs) are
calculated at seven locations and optimized with Isight’s datamatching module. “This Isight approach improves quality and
development time, achieving an accurate match to thermalcouple measurements,” says Hsieh.
With optimized HTC data in hand, the engineers then transfer
these values into Tosca for shape optimization. “When using
Tosca, we link our previous Abaqus transient thermal stress
analysis with our in-house TMF life calculator (called ‘HotLife’)
to identify those areas of low fatigue life,” says Hsieh. “We let
Tosca shape optimization ‘patch’ only those areas that need
it with a bit more material.” This technique avoids “overbuilding” a manifold and adding excess weight.
The Ford team finds that Abaqus, Isight and Tosca work
well together to help them meet their design targets and
program timing goals. Says Hsieh, “With Isight and Tosca, we
have shortened development time and improved quality and
durability and reduced weight at the same time.”

Starting from the NCAA rules regarding stick dimensions,
Stupplebeen created a CATIA model of the head component
with the largest permissible amount of material. Then he
brought the drawing into Abaqus. “Once you have that
working FEA model it can include nonlinearities because
of Tosca’s unique abilities to handle nonlinear topology
optimization,” he says.
Work went quickly, Stupplebeen reports. “From opening up
the rule book to having a viable design on-screen only took
a couple days and I produced something remarkably similar
to recent commercially available injection-molded designs,”
he says. “I also was able to do it all on my own. Topology
optimization provides a huge amount of power and intuition
into a design without a lot of labor at your end.”

OPTIMAL DEVICE: USING TOSCA TO DESIGN FOR
DIFFERENT MANUFACTURING PROCESSES
Rob Stupplebeen’s company name, Optimal Device, reflects
his enthusiasm for the power of optimization. A longtime
Abaqus user whose consulting and training team focuses on
medical devices, he has employed SIMULIA’s Isight, Tosca
and Simpoe to help design everything from ballistic face
shields for the military to precision optics for space telescopes.
He also likes to showcase the occasional “goofy” design just
for fun. A former high-school lacrosse player, and now a
coach for his eight-year-old son, Rob recently began a usecase blog about lacrosse-stick head design—that he is turning
into a presentation for the upcoming Science in the Age of
Experience event in Boston.
Stupplebeen began by comparing the equipment he played
with in the past to the sticks in use today. “When looking at
my old lacrosse head, I saw noticeable differences between it
and the more modern ones,” he says. “It had clearly evolved
from my time, as an injection-molded industrial-design with
manufacturing constraints, to the current engineering-driven
design with a truss structure of varying angles and sizes. This
kind of organic truss structure is essentially what topology
optimization evolves towards.”

Optimized result of stresses. The loads were top, side, and front,
respectively.

MANUFACTURING OPTIONS: INJECTION MOLDING
OR 3D PRINTING?
Stupplebeen looked at two manufacturing solutions for
his optimized design, injection molding (which he could
simulate with SIMULIA’s Simpoe-Mold software) and additive
manufacturing in a 3D printer.
“Design has always been influenced at best and restricted at
worst by the manufacturing technique,” says Stupplebeen.
“Topology optimization naturally creates organic designs that
can be difficult to manufacture with traditional techniques.
These are ideally suited to the minimal design constraints
offered by additive manufacturing. However, Tosca can also
provide optional constraints such as demolding control, which
is especially useful for injection molding.”
Regardless of final manufacturing method, Stupplebeen says,
“Tosca is as close to magic as you can get with simulation.”

POWERING INNOVATION WITH OPTIMIZATION
We hope these examples have helped you understand the
huge potential for product and process improvement that
optimization with Isight and Tosca offer you. The journey
from solve to innovate has already begun in many companies.
And it is more accessible—to design engineering shops of all
sizes—because the tools are easier to use than ever before.
Getting a firm grip on the complexity of today’s product
design process is how you move forward and become an
employee who is more valuable to his or her company. Being
empowered in this way will free you to innovate even more.

For More Information

The completed CATIA drawing of the initial lacrosse head.
www.3ds.com/simulia

www.3ds.com/products-services/simulia/products
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Product Update
THE POWERFUL 2016 PRODUCT PORTFOLIO
IS HERE AND AVAILABLE NOW!

W

e’ve just made your life a little bit easier: for the first time,
all versions of SIMULIA Portfolio products and other
releases will now follow a year-based naming convention. No
decimal points to keep track of any more: Abaqus 6.14, for
example, has been updated to “Abaqus 2016.” Similarly, you
will see Tosca 2016, fe-safe 2016, Isight/SEE 2016, and so
forth.

And this is only the beginning: The 2016 Power of the
Portfolio release delivers our strongest product portfolio ever,
one that provides even tighter integration, and greater value,
to all our users.
You’ve heard us talking about the Power of the Portfolio for a
while now, and people are starting to “get it”: Customers are
realizing that, together, these programs provide an expanded
capability not only to validate product performance, but also
to drive innovation by guiding the product designs so that
they are optimal and durable.
Of course Abaqus remains at the center of the portfolio, and
in 2016 you’ll see you'll see to the right or on the right hand
side a large number of significant enhancements to our worldrenowned Unified FEA products—Abaqus/CAE, Abaqus/
Standard, Abaqus/Explicit and Abaqus/CFD. Yet those of you
who are already trying out some or all of our other available
products are finding that, far beyond simple stress analysis,
the SIMULIA portfolio also provides the widest, deepest,
best-in-class suite of complete simulation technology for the
Specialist user in the marketplace today.
We're continuing to make your access to this powerful suite
of tools as easy—and as cost-effective—as possible. While the
programs remain distinct, the licensing of all is now unified
through SIMULIA Extended Packaging. What this means is
that access to all portfolio technologies is now enabled from
a single pool of SIMULIA extended tokens. So with Extended
Packaging, you can enjoy all the solution capabilities of each
program with a single purchase.

How does this work once you’re on Extended Packaging?
Since you now have access to all four technologies at once
from a single token pool, you can easily expand the types
of simulations you are performing and the value of your
work. In addition to performance validation using Abaqus,
you can predict the lifecycle of the product with fe-safe, and
then improve it. You can reduce the weight using Tosca and
explore the parametric design space using Isight. In short, you
can go from solve to innovate and place your simulation work
at the heart of product development, all from the foundation
of easy-to-employ Extended Packaging.
So here’s a look at some of what’s new in the 2016 release:

ABAQUS 2016
Abaqus 2016 offers powerful, complete solutions for both
routine and sophisticated engineering problems covering a
vast spectrum of industrial applications that include contact,
loading, dynamic vibration, multibody systems, impact/
crash, nonlinear static, thermal coupling, acoustic-structural
coupling, CFD, and more.
• Contact: New vertex-to-surface supplementary formulation
improves contact behavior at convex corners

NEXT GENERATION USER ROLES FOR CREATING SUSTAINABLE INNOVATION
3DEXPERIENCE R2016x is a revolutionary platform for the simulation user and the enterprise. For the Simulation Specialist,
the 3DEXPERIENCE platform provides evolutionary functionality to extend his or her current set of expert tools. Capabilities
such as high-performance visualization for very large models, batch and rule-based meshing, and collaborative assembly are
unique to 3DEXPERIENCE R2016x, providing additional capability, efficiency, and through-put for existing simulation users,
all based on the market-leading Abaqus technology.
Customers today are demanding enterprise-wide and group-wide tools to enable extended teams to build and execute
the most complex simulation models with the highest value. 3DEXPERIENCE R2016x is the first and only suite of
capabilities available today to support this need, taking simulation from vertical engineering function to a horizontal
business process of value throughout the enterprise. To read about what's new in SIMULIA 3DEXPERIENCE R2016x visit:
www.3ds.com/products-services/simulia/products/3dexperience.
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• Contact: Improved heuristics for automatically transitioning
between different contact formulations can significantly
improve convergence behavior in Abaqus/Standard
• Contact: New Abaqus Standard family of output variables,
including CDISP, CTANDIR, CSTATUS and slip rate variables
• Contact: Geometric correction technique has been extended
to more general surface shapes providing both accuracy and
robustness benefits (3DEXPERIENCE® applications only)
• Elements: New element types including pyramid, coupledphysics, and pipe elements including 1D fluid flow
• Materials: Rate dependent nonlinear kinematic hardening
plasticity
• Linear dynamics: GPU Acceleration of AMS
• CEL: Tracer particles follow the material motion in CEL
simulations and allow extraction of material point results
• SPH: Virtual particles improve accuracy of wall conditions
• SPH: Generating SPH particles based on uniform background
grid improves accuracy of certain results
• DEM: Particle generation can now be based on evolving
inlet surfaces with user-specified size distribution, mass
flow rate, or inlet velocity
• Modeling: Connectors, connector sections, and contact
interactions are now copied from instanced models
• Modeling: Generate cohesive elements through Mesh Edit tool
• Improved usability: Copy text from prompt area to clipboard,
copy content from GUI widgets and paste the contents after
closing the widget window, default font and glyph size
updated to 12 point

FE-SAFE 2016
fe-safe is an industry leading fatigue solver for metals,
composites, rubber, welds, and other materials. Powerful,
comprehensive and easy-to-use suite of fatigue analysis
software for finite element models integrates with Abaqus
and other leading FE solvers.
Typical application areas include the analysis of machined,
forged and cast components in steel, aluminum and cast iron,
high temperature components, welded fabrications and pressformed parts.
Highlights in fe-safe 2016 include:
• Improved fatigue analysis algorithm to comply with
FKM Guidelines re ‘Analytical Strength Assessment of
Components’
• Improved ANSYS Workbench extension
• New Manson-McKnight Octahedral fatigue algorithm, a
compliance algorithm that may be required by national
regulatory bodies (e.g. in the aviation sector)

ISIGHT/SEE 2016

TOSCA STRUCTURE 2016 AND TOSCA FLUID 2016
Tosca 2016 offers fast, powerful structural and flow topological
optimization solutions based on FEA and CFD simulations.
Highlights in Tosca Structure 2016 include:
• Circular beams now supported in Tosca Structure.sizing
• New algorithm for casting manufacturing constraint for
Tosca Structure.topology
• New sensitivity-based algorithms for Tosca Structure.shape
www.3ds.com/simulia

Isight/SEE provides industry-leading simulation process
automation and parametric design optimization solutions
for reducing analysis time and costs and improving product
performance, quality and reliability.
Highlights in Isight/SEE 2016 include:
• Apache TomEE-Oracle middleware combination is now
supported
• Component upgrades for both Abaqus and ANSYS
Workbench

For More Information

www.3ds.com/products-services/simulia/products
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Case Study
A CUSTOMER’S JOURNEY TOWARDS THE 3DEXPERIENCE:
PRIME AEROSTRUCTURES GMBH

First in a series of three articles about the route that one company took
on its way to adopting the 3DEXPERIENCE platform

W

hen you start your own company, you get to do it your
way. That was the mindset of Roland Zeillinger, president
and CEO of PRIME Aerostructures GmbH. He founded his
engineering firm in 2009 after more than 25 years’ experience
working for some of the world’s leading aerospace companies.
With an eye on industry trends, Zeillinger wanted to focus on
developing lightweight metallic and composites structures for
aerospace and automotive applications. He started out as a
one-man shop and now has 12 engineers working for him.

“When we began our entire
product data management
story,
I
had
already
experienced the nightmare of
how large companies treat
their data and I said to myself,
‘I will never run into those
issues,’” says Zeillinger. So
he took steps to keep things
well organized from the start
by dedicating one of three
servers to run SmarTeam
Roland Zeillinger, president and
CEO, PRIME Aerostructures GmbH PLM for storing all his data.
Integrating his go-to CAD software (CATIA V5) to his
simulation environment was done by exporting configured
data from SmarTeam to a folder structure. “At the time this
was more advanced than any of my previous employers,”
he points out. “But, at the start of our journey, due to the
sheer volume of different simulation data we were already
dealing with (Abaqus, FeMap, ESAComp, MathCad, Excel,
feSafe, Tosca, NASTRAN, etc.), we implemented just PLM and
skipped simulation data management.”

service provider to a variety of customers, everything needs
to be harmonized with the different individual requirements
of customers as well as those defined by the authorities and
certification bodies,” he says. “We would sometimes lose
track of automatically created versions and revisions; the
filename was supposed to show the necessary information—
but only if the responsible engineer stuck precisely to the
rules of naming and numbering.”

SIMULATION PROCESS AND DATA MANAGEMENT
PROVIDES A SOLUTION
As PRIME Aerostructures’ workload increased, it became clear
that the company’s simulation data needed to be much better
integrated. Says Meseguer, “The well-known problems of
managing simulation data have only become greater with the
rapid growth of information. The availability of really good
tools is what makes a solution possible.”
The “really good tool” Zeillinger decided to add in 2012
was Scenario Definition, a Simulation Process and Data
Management solution developed on top of Dassault Systèmes’
ENOVIA R2013X. “We did a very crucial export and manually
reimported everything into a new installation,” he says. “It
worked out fine and we then had a really nice, clean ENOVIA
database.”
The benefits of the adoption of SPDM best-practices quickly
became apparent both inside and outside the company.
Internally, the engineers found it much easier to trace and track
design changes. “We were able to perform various analyses,
especially variations of design solutions, in a shorter time,” says
Zeillinger. “And using predefined scenarios and linking design to
simulation data helped us perform some studies automatically.

PLM FOR CAD ALONE IS NOT ENOUGH
As the Austria-based company grew, even with a PLM
structuring system to follow, data management challenges
burgeoned. Each user was responsible for properly naming
folders and saving finite element models and calculations in
ways that were understandable, not just for him or her, but
for the rest of the team as well.
“In reality, this was almost impossible, given the heterogeneous
data types associated with CAE,” says associate Andres
Meseguer, who has worked with Zeillinger for three years.
“There are model databases, results files, input files, test data,
etcetera. Tracking all this is a difficult task that can result in a
big loss of time and information.”
Zeillinger agrees. “This kind of scenario always multiplies
with the number of projects and, since we are an engineering

8
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The multiple data sources involved in the analysis of an aerospace
winglet. Image courtesy FACC Operations GmbH.
www.3ds.com/simulia

“We also had better visibility on simulations that had been
performed in the past and could be reused for similar
applications. This is particularly useful for the types of
composite repairs that we define and analyze for Maintenance
and Repair Organizations (MROs). It also helps keep the
company knowledge-base up-to-date and easily accessible to
new employees.”

TRACEABILITY, TEMPLATES AND
TASK AUTOMATION
The traceability of data and the ability to save templates and
automate tasks is highly valuable in the aerospace industry,
where it’s required to track changes and configurations over
the entire lifetime of an aircraft. PRIME is qualified to EN/
AS9100 aerospace standards as well as to ISO 9001, and is in
the process of obtaining Design Organization Approval (DOA)
from the European Aviation Safety Agency (EASA). “To earn
these certifications you have to have in place a robust system
for data management,” says Zeillinger. “Automated processes
using templates not only helps us a lot in our daily business,
it enables us to compete with engineering companies from
lower-cost countries, while maintaining the highest quality
of work and staff.”
Externally, the benefits of an SPDM implementation extended
to PRIME’s customers as well. Zeillinger tells the story of
one major aerospace client that had worked with them three
years earlier and then came back to PRIME for additional
testing and qualifications. “They said they were having a
hard time finding their own data; it took forever for them to
get us the right information,” he says. “But we had already
implemented their data in ENOVIA three years before, so
when we imported and read that ‘new’ data, ENOVIA told us
‘you have that already.’
“We were able to tell them that they could skip all their
reproduction and rework because we had saved the data
that they thought they had lost! And we gave it right back
to them.”
Having a simulation data management system in place also
helped Zeillinger when it came to recruiting new engineers to
his company. “When I invite an engineer to join my company,
during the interview I simply show them what we are doing
and how we’re doing it,” he says. “Most of them are really
surprised to see what tools are used here in this relatively
small office. And this makes us a little bit different, and
more attractive. I may not be able to pay as high salaries as
some other companies, but I can offer my engineers the best
working environment that you can get.”
Meseguer agrees. “Here I have the freedom to organize my
own resources and choose the tools and the work project I
want. My productivity has increased, which gives me more
time for a full life outside the office as well.”
One attraction that is particularly compelling for PRIME’s
engineers is the 3D Live tool (see Figure 1), which PRIME
employs primarily as a viewer, but also for easy visual
www.3ds.com/simulia

Figure 1. Screenshot of 3D Live Simulation Review used to analyze an
aerospace winglet. Image courtesy of FACC Operations GmbH.

navigation through all the different analysis results in a
project. Clicking on a component on the turntable enables
the engineer to quickly see the structure behind it and access
renderings and other detailed information. The tool can be
used while wearing 3D glasses, which provide a virtual reality
look at a three-dimensional image that is projected in mid-air
and can be manipulated in every direction with a stylus.

A PROGRESS REPORT AND NEXT STEPS
Meseguer gave a progress report for PRIME at the 2015
SCC in Berlin, presenting a paper titled “Simulation Lifecycle
Management in the real world: Practical application in PRIME
Aerostructures,” which documents the company’s journey to
that point in time.
His presentation also frankly addressed continuing challenges.
Zeillinger discusses some of these: “Connecting other
simulation tools was not as convenient as we would expect,
requiring effort to define new simulation connectors. We also
struggled to find a browser and Java version combination that
worked across the CATIA, ENOVIA and SIMULIA apps we used,
ultimately forcing us to roll back from Internet Explorer 11 to
version 10. Lastly, we have deployed ENOVIA’s integration
with Microsoft Office products but struggled to get all of the
functionality working as expected.
“The ideal world I’m still looking for is for me to have just one,
single, front-end webpage where I have all my apps in place.
Your one-stop-shop, where you can just go right in there and
do all your work.
“I started thinking about the 3DEXPERIENCE…” to be continued...
Be sure to read the next issue of SCN to learn about PRIME
Aerostructures’ transition to the 3DEXPERIENCE platform!

For More Information

www.primeaero.at
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Tosca Optimization

IMPROVING DESIGN OF 3D PRINTED
CIRCUIT BOX FOR SPACE APPLICATIONS
USING POWER OF THE PORTFOLIO

$10,000
COST

to put 1lb payload into Earth’s orbit¹

10s

OF CIRCUIT BOXES

in one launch

100%

30%

WEIGHT
REDUCTION
of original design

¹Source: NASA: http://www.nasa.gov/centers/marshall/
news/background/facts/astp.html_prt.htm

30%

Rocket heading into orbit with payload—Image Credit: NASA.
This work was completed in partnership with Stratasys.
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DESIGN OPTIMIZATION FOR
ADDITIVE MANUFACTURING
With additive manufacturing, the design is not constrained by
traditional manufacturing requirements. Nonparametric optimization
with Tosca technologies can be used to produce functional designs with
the least amount of material.

THE BENEFITS OF
REALISTIC SIMULATION
Optimize the design:

Produces a functional design of
the circuit box to be printed using
Fusion Deposition Modeling (FDM)

Reduce mass:

Minimizes the mass of the circuit box

50%

Reduction of overall print cost:

Minimal changes in the print time

30%
(RECONSTRUCTED CAD)

www.3ds.com/simulia

LEARN MORE
www.3ds.com/products-services/simulia/
products/tosca
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Academic Case Study

PUTTING HIS
BEST FOOT FORWARD
Ritsumeikan University researcher
employs Abaqus for a realistic model
of flatfoot deformity to help surgeons
plan treatment

U

niversity researcher Dr. Wang Zhongkui has only been
using SIMULIA’s software for a little more than a year.
However, as a Ph.D. candidate from China who came to
Japan’s Ritsumeikan University to study robotics, he had been
working with other forms of FEA for a long time—very long,
in his opinion.

“I used to make my models by myself using my own code,
but that would take weeks to prepare the mesh, make the
program, and finally finish a simulation. Plus, the postprocessing and visualization were not very graphical or
pretty,” Dr. Wang says.
“When I started working on the challenge of surgical planning
for flatfoot, I did some background research and discovered
that most people who were modeling biology cases were
using Abaqus,” he says. “Human tissue modeling is one of the
toughest problems because many of the physical properties
are nonlinear. That is, of course, a strength of Abaqus—as well
as quality graphics and very nice pre- and post-processing for
deformation, stress and so on.”
Dr. Wang’s flatfoot project came into being when doctors at
nearby Kyoto Prefectural University of Medicine contacted
Prof. Hirai Shinichi, who had been Dr. Wang’s supervisor

12
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since he came to Japan, asking for help with computer models
that could be used for surgical planning to correct severe
cases of this common human ailment (see sidebar). Japan
is well known for its robotics expertise—and simulations of
robots, including detailed models of feet, were a strength at
Ritsumeikan. Dr. Wang had finished his Ph.D. by then, and had
already started to work on life-science-related simulations for
human applications, so the doctors’ request found him willing
to take on the challenge.
“Deep in my heart, I’ve always wanted to help people,”
he says. “By working on medical-related problems with
simulation I feel we can make some contribution.”

TAKING STEPS TOWARDS
A MORE REALISTIC SOLUTION
Dr. Wang had developed his previous FEA models to simulate
balanced standing, but contact and friction among neighboring
bones were not included, and the gaps among bones were
connected by soft tissue, resulting in relatively stiff joints
that affected model performance. Once the request came in
from Kyoto, he knew he needed to step-up his simulation
capabilities.

www.3ds.com/simulia

When he switched to Abaqus, Dr. Wang saw remarkable
improvements in time as well as quality. “I’m really happy
now,” he says. “I don’t need to spend a lot of time preparing
the mesh and working out the equations,” he says. “I feel like
getting from setup to results is now about ten times faster.”
Dr. Wang built his Abaqus model of a single right foot by
using geometries of bones and tissue generated from CT
images of a 168 cm tall, 62 kg male volunteer (see Figure 1).
Ligaments, plantar fascia, and tendons were modeled as
either 3D solid parts or tension-only wire parts. Because even
with CT images it can be difficult to discriminate these tissues,
he referenced the positions of these various components from
both anatomy books and instructions from foot surgeons.
All of the materials in the foot model were considered isotropic
and linearly elastic except for the encapsulated tissue, which
was modeled as both linear and nonlinear elastic materials for
comparison. The tibia and fibula bones of the lower leg were
fixed in space, and a ground plate was loaded and pushed
upward with half of the body weight (since each foot carries
only that amount) to simulate a balanced standing position. A
ground-reaction force and an Achilles-tendon force were also
included in the calculations.
Dr. Wang ran his simulations with different material properties
of tissue and different boundary conditions for the ground
plate, then compared the resulting stress maps against
experimental measurements where the volunteer stood on a
pressure platform system (see Figure 2).

GETTING A LEG UP ON THE COMPETITION
So, with everything going on in his laboratory, why did
Zhongkui take the time to enter an SCC academic poster
contest? “When I saw the Call for Posters [which SIMULIA
sends out to all academic users every year] I decided to
participate in the poster session because I wanted more
chances to communicate with peer engineers and learn from
them,” he says. Although he also gave a formal presentation
at the event, he liked the opportunity the poster session
provided for discussing the details of his research in a more
casual way.

Figure 1. (Left) tarsal and (right) plantar views of the generated 3D solid
ligaments (red), plantar fascia (yellow), and tendons (cyan) of Dr.
Wang’s Abaqus models of a human foot.

LESSONS LEARNED ALONG THE WAY
One thing Dr. Wang found was that modeling ligaments
and plantar fascia with wire parts (truss elements) produced
almost the same performance as 3D solid parts. “So in future
work we’ll model with wire parts because they are easier to
construct,” he says.
He also learned that the material properties of the tissue,
and the boundary conditions of the ground plate, had
distinct effects on results, so he subsequently fine-tuned the
boundary conditions to get the best model performance. He
further determined that nonlinear simulation of encapsulated
tissue produced more accurate results than linear.

Figure 2. (Left) Loading and boundary conditions defined in the model
and (right) measured plantar stress distribution.

Finally, he realized that the flat plantar surface he had been
basing his models on was less than ideal for consistency with
experimental results (see Figure 3). “We think a relatively
curved surface will improve our predictions so we’ll investigate
that in our future work,” he says.
Next steps for Dr. Wang include validating his flatfoot model
and developing simulations of different types of surgery.
His team is also going to create 3D-printed, multi-material
prototypes from their FEA models. “Abaqus should be able
to help us optimize the STL files we use for the 3D printing,”
he says.
“My hope is that all our work will help doctors better visualize
foot-related issues and develop optimal surgery plans that are
tailor-made for individual patients,” he says.
www.3ds.com/simulia

Figure 3. Simulated plantar stress with different boundary conditions.
The model at far right, which employed nonlinear hyperelastic tissue,
showed the closet agreement to experimental values.
SIMULIA Community News March 2016
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Academic Case Study
WHAT IS FLATFOOT?
The human foot is a miracle of nature, with its 26 bones,
33 joints and more than 100 muscles, tendons and
ligaments. The arch underneath the bottom of the foot
is a result of the interweaving of these components in a
way that is unique to each person.
Everyone starts out with flat feet as a baby; the arches
usually develop during childhood in most people. Some
adults never outgrow their flat feet, and have no problems.
But others experience significant foot pain, or issues with
their ankles, knees, legs, hips or backs.

attendees were encouraged to browse and then vote for their
favorite poster throughout the duration of the conference. No
other criteria were specified.
It came down to a tight race between four submissions—and
Dr. Wang’s poster was chosen as the favorite. He received an
iPad Air and congratulations from the main stage at the event.
“I was really honored to win!” he says. “My peer engineers’
interest has encouraged me to dig a little deeper and improve
my model further so I can show even better results at the next
SCC. I will do my best with the help of Abaqus.”

Foot arches that once were normal can also “fall” over
time through normal aging and the accompanying years
of walking, running and jumping. The Mayo Clinic website
notes that such wear and tear can particularly weaken
the tendon that runs along the inside of the ankle and
helps support the arch. If a person’s flatfeet become too
painful, a visit to a podiatrist may be in order. Scanning
tests (x-ray, ultrasound, MRI or CT) may help identify the
source of the problem. Treatment can include orthotic
devices that support the arch, stretching exercises, special
orthopedic shoes, or physical therapy.
While surgery is rarely carried out solely to correct flatfeet,
in extreme cases it may be necessary, particularly if a
tendon tears or ruptures. The American Academy of
Orthopedic Surgeons notes that when orthotics or braces
provide no relief, surgery can be a very effective way to
help with pain and deformity.
A surgical treatment plan is created for each individual
patient based on what exactly is causing the problem.
Foot surgeons tend to have different opinions regarding
the optimal fix for a particular case, however. Even when
a decision has been reached about how to fix flatfoot
(by cutting, shifting or wedging segments of bones,
by repairing tendons and ligaments, or by fusing foot
joints—depending on the exact nature of the deformity),
identifying the best route to successful surgery remains
a challenge. Simulation has improved the situation, as
models can be built from scan data to be personalized to
individual differences in flatfoot deformities.

“To be honest, I was not very confident at first about
describing my work because I was a rookie using Abaqus and
felt everybody else was an expert,” he says. “However, after
I talked with several other attendees who showed interest in
my work I regained my confidence and am glad I participated.”
The most recent competition drew 26 posters from diverse
countries including Australia, Japan, China, Mexico, Belgium,
France, UK, Canada, USA, and Germany. The topics covered
a variety of research and teaching endeavors and represented
many of the important industries that SIMULIA supports. The
posters were prominently displayed at the Berlin SCC and
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Dr. Wang’s winning conference poster.

COULD YOU BE THIS YEAR’S POSTER CONTEST
WINNER? FOR MORE DETAILS VISIT:
WWW.3DS.COM/EVENTS/SCIENCE-IN-THEAGE-OF-EXPERIENCE/ACADEMICS

For More Information

http://en.ritsumei.ac.jp

www.3ds.com/simulia

Alliances
SIMULIA AND THE UNIVERSITY OF SHEFFIELD’S INSIGNEO
INSTITUTE PARTNER TO TRANSFORM HEALTHCARE

A

fter several years of effective technical collaborations,
Dassault Systèmes SIMULIA and The Insigneo Institute for
in silico Medicine have established an important partnership
for biomedical engineering with a mission of transforming
healthcare through the use of realistic simulation and
advanced visualization.
“This was a natural next step for us,” states Steve Levine, Sr.
Director of Virtual Human Modeling (VHM) for SIMULIA. “As
evidenced by the tremendous success of our collaboration
on the MySpine project on patient-specific simulations of
the lumbar spine, there are obvious synergies between
our organizations. Through the Living Heart Project and
related virtual human modeling initiatives we have shown
our commitment to driving innovation and accelerating the
pace of translational science, and we are very much aligned
with Insigneo’s strategic objectives. Together we have the
expertise and necessary ingredients to lead a transformation
in the healthcare industry,” Levine added.

The University of Sheffield’s Insigneo Institute is the UK’s
largest academic group dedicated to the implementation of
personalized, predictive, ‘in silico medicine’. With over 140
members, the Institute focuses on developing sophisticated
models of health and disease tailored to each individual
patient’s anatomy, physiology, and particular circumstances,
aimed at aiding diagnosis and reducing patient risk in any
actual clinical intervention.
Central to the Institute’s methodology is the use of the
3DEXPERIENCE platform with technologies such as Abaqus
FEA. Certified and proven commercial software such as
Abaqus provides the highest quality of operation, ensuring
acceptance by medical equipment manufacturers responsible
for clinical introduction. Many of Insigneo’s solutions already
leverage SIMULIA products and, as a result of this partnership,
usage will continue to grow and result in the development of
more sophisticated clinical solutions.
“Formal recognition of our close relationship with SIMULIA
is an appropriate and very welcome next step as Insigneo
pursues its strategic objectives: Excellence which is a sine
qua non as we seek to lead worldwide developments in in
silico technology; Translation into both clinical and industrial
domains which relies on the credibility of our science and the
performance of our technologies; Training where SIMULIA
provides truly excellent materials and facilities; and the
establishment of Strategic Alliances which, with SIMULIA,
was borne out of our collaboration on the MySpine project
and is being facilitated around the world by their universal
presence,” said Professor Damien Lacroix, Insigneo Director
of Research and scientific Coordinator of the MySpine project.

MySpine was motivated by the desire to improve upon the
existing clinical approach to the diagnosis and treatment of
spinal conditions, by introducing in-silico techniques. Chronic
back pain affects 80% of the population at some point in
their lives, costing the worldwide economy billions each year.
Currently, back pain can be difficult to diagnose precisely, and
assessing different treatment methods can be challenging..
Working together across Europe on this EC-funded project
led by Insigneo, the MySpine consortium developed a digital
solution capable of creating a personalized 3D model of a
patient’s spine. The resulting MySpine software provides an
extremely valuable decision support system for clinicians. The
software uses readily-available MRI and CT patient scans as
well as a patient’s age, height and weight, tissue properties,
and physical activity level, to simulate the outcome of different
treatment options. Insigneo selected Abaqus as the key
simulation component for MySpine because of its advanced
capabilities to model intervertebral discs. Through validated
virtual surgeries on patient-specific models, clinicians can
make more informed decisions, to select the treatment that
promises the greatest long-term success in each case.
“MySpine offers clinicians additional, previously unavailable
insights. The technology developed in this project can be used
in any hospital using conventional MRI and CT scans, and it is
one of the first signs of computer models being used to provide
detailed personalized help in healthcare; I believe that, before
too long, this will become normal practice, as has happened
in many other sectors: today you wouldn’t contemplate
designing an airplane without computer simulation, and I’m
sure that very soon you won’t plan any clinical intervention
without personalized in silico decision support,” said Lacroix.

For More Information

http://insigneo.org
www.3ds.com/simulia
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Alliances
CREATE GREAT DESIGNS WITH CONCEPTS NREC
Our automated optimization software, TurboOpt ll™, saves
engineering time and explores new areas of the design space
that conventional approaches do not have time to investigate.
TurboOpt II enables detailed optimization workflows to be
set up in minutes using turbomachinery specific parameters
(for example: maximize stage efficiency by adjusting impeller
geometry using AxCent®’s parameterization). TurboOpt II also
allows multi-disciplinary optimization (MDO) in which a design
can be optimized for aerodynamic performance, structural
reliability, and manufacturability. Used in conjunction
with Isight, modeFRONTIER and other industry-standard
optimization packages, parallel optimization on clusters and
high performance workstations is fully supported.
Concepts NREC engineers have recently collaborated with
SIMULIA-Dassault Systèmes to configure Isight with its stateof-the-art Pointer-2 algorithm to develop unique optimization
workflows combining design and off-design searches.

F

or over 50 years, Concepts NREC has been partnering with
the world’s leading OEMs to improve the performance
and manufacturability of their turbomachines. We are the
only company in the world whose in-house capabilities
span the entire process—from conceptual design through
manufacturing, testing, and installation. This unique
perspective drives innovation across our entire offering. Our
clients benefit from having a trusted partner who can see the
big picture and provide valuable insights that save them time
and money.

Concepts NREC’s integrated design and manufacturing
software suite, the Agile Engineering Design System®, covers
the entire design process — from preliminary sizing through
fluid dynamics and mechanical stress and vibration analysis.
Final designs are seamlessly transferred to MAX-PAC™ to
create efficient 5-axis machining strategies.

Our sophisticated software tools empower designers and
product development teams worldwide and enable innovative
solutions by applying a cost-effective concurrent development
approach that balances issues of performance, reliability,
operating life, and low-cost manufacturability.
Concepts NREC has the vision to create great designs and a
hard-earned reputation for delivering them.

For More Information

www.conceptsnrec.com
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Academic Case Study

SIMULATION HELPS
SAVE THE WORLD’S
ARCHITECTURAL HERITAGE
Researchers at University Hassan First
in Morocco use Abaqus to study
and preserve the interface between
mortared blocks in ancient buildings

T

he urge to become an engineer hits many people early on in
life. Dr. Hicham Fihri-Fassi first felt the call as a young high
school student. “I’ve always liked to innovate, and engineering
enabled me to do just that,” he says. Dr. Fassi has since taken
those teenage ambitions and made an impressive career of
them—today he serves as professor of mechanical engineering
at Morocco’s University Hassan First, and is a member of the
Faculty of Sciences and Technologies in Settat (FSTS).

True to his drive for innovation, he’s also responsible for
establishing a new research and innovation center at the
university, pulling together interested experts from various
industrial companies to promote the use of mechanical
simulation and other engineering tools, informing and
educating his students in the process.
Dr. Fassi is also very focused on the wealth of architectural
and archaeological sites in the surrounding area, and has
become a strong advocate of preserving them. One of the
tools he uses for this work is Abaqus FEA software from
SIMULIA, the Dassault Systèmes brand for realistic simulation.

“Overall, I’ve found that simulation
motivates the students to work harder,
and Abaqus is a wonderful tool for this.”

—Dr. Hicham Fihri-Fassi, professor of mechanical
engineering, University Hassan First, member of Faculty
of Sciences and Technologies in Settat (FSTS)

Right: The minaret of Al Masjid Al Aadam, showing the front face of
the building where Dr. Fassi and his collaborators began their
research into stress shielding. The building was last repaired in 1807,
and is centuries old.
www.3ds.com/simulia
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Academic Case Study
DELICATE MATTERS
“Masonry buildings constructed centuries or even millennia
ago were created using ancient techniques and questionable
materials,” Dr. Fassi says. Add to this the deleterious effects of
weather, wind, and war, and the results are poor mechanical
properties and unpredictable structural integrity—what
appears to be a sturdy tower or minaret may be as fragile as
a house of cards. “Unfortunately,” says Dr. Fassi, “repairing
these historic structures is not a simple matter.”
Restoration projects usually focus on the replacement of
damaged bricks and stones. Worn mortar—the rocky glue
that holds the building together—is scraped away to a depth
of several centimeters so that new material can be put in its
place, a practice known as repointing.

buildings, but the issue of incompatibility between materials
is of particular importance with ancient restored buildings. For
this reason we focused our first study on incompatibility due
to initial incorrect choice of material. Later we can study the
effect of other phenomena.”
In the case of restoration, he says, “We have seen that partial
replacement of mortar joints must be accomplished through
careful attention to mechanical and aesthetic considerations,
taking care to avoid further degradation. Abaqus allows us
to model a wide range of replacement materials without
disrupting delicate structures, and plays a critical role in the
restoration of these important heritage buildings.”

MEASURING THE MINARET
One of these buildings is Al Masjid al Aadam, a mosque in
the coastal city of Safi, three hours southwest by automobile
from Casablanca on the eastern shore of the Atlantic Ocean.
Originally constructed in 1471 AD by the city founder,
Moulay Ali Ben Moussa Ben Rached El Alami, the mosque has
been partially destroyed and rebuilt several times over the
centuries, and most recently repaired in 1807.
Dr. Fassi and his team chose Al Masjid al Aadam as a starting
point for their research due to its historical significance as
a center of Islamic worship and scientific teachings, and
because the building represented the masonry work typical of
the Moroccan area.

Masonry repointing requires the removal of existing grout to a depth
of 1 to 3 cm, then pushing new grout into the void. Unfortunately,
the greater strength and rigidity of modern materials can cause
displacement of ancient bricks and mortar.

The marriage between modern masonry and centuries-old
mortar and brick is not always a happy one, however.
“Because contemporary mortars are substantially stronger
and more rigid than those used by the ancients, so-called
‘stress shielding’ may occur after installation,” says Dr. Fassi.
“This phenomenon can cause compressive stresses to form
between block joints.” The result can be cracking and even
crushing of the legacy brick and mortar adjacent to the newly
repaired surfaces, ultimately causing more harm than good to
the original structure.

Dr. Fassi began his data collection with a translational
cutting analysis, a destructive testing method common in
the petroleum industry but one used rarely in architectural
mechanics. Small samples of stone are collected from a
representative area of the restoration site and placed into
a machine tool, which then scrapes away thin layers of
the subject material using a diamond coated cutter, thus
determining its Modulus of Elasticity (MOE). Another testing
method employs pulses of ultrasonic sound to measure
material density and composition. By collating these results,
Dr. Fassi was able to determine the material property values
expected in the mosque, and use that data to build numerical
simulation models of the stress-shielding phenomenon in
Abaqus FEA.

That’s where Dr. Fassi’s innovative mindset has come into play.
Recognizing the problems encountered during restoration of
historic buildings, he began researching ways to reduce the
negative effects of stress shielding several years ago. One of
his first tasks was collection of legacy material to perform
baseline physical and mechanical testing. But he soon found
that extraction of sufficient material for analysis can be a
roadblock when dealing with sensitive archaeological sites.
So Dr. Fassi turned to simulation to help solve the problem.
“One of the challenges of architectural preservation is the
incompatibility between legacy masonry and the stronger,
more reliable mortar and bricks available today,” he says.
“We're conscious that there are multiple natural phenomena-humidity, temperature, static gravity, etc.—that affect all
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The masonry on the left was repointed with compatible mortar, the one
on the right with mortar of greater rigidity. Note the stress lines
extending into the structure—these will eventually crack or even crush
the legacy material, leading to structural failure of an important artifact.
www.3ds.com/simulia

The study considered a restoration scenario at the front face of
the mosque’s minaret, a tower measuring 21 m (68.9 ft.) tall.
A mortar replacement depth of 2 cm (0.787 in) was applied,
which was the assumed average depth for repointing such a
structure. Using Abaqus to vary the grout density parameters,
Dr. Fassi simulated stress shielding using MOE values between
1 to 30 times those of the joint materials encountered in the
minaret, and 40 to 120 times the measured block values. He
also applied anticipated load values for the structure based on
calculations of its height and mass.
Dr. Fassi’s approach produced a number of useful results,
including a “worst case” simulation that highlighted the stress
shielding that might occur under extreme conditions. This
offered researchers a unique view into previously invisible
and lengthy structural deterioration. The results from Abaqus
clearly support the damage observed by field workers in
restored heritage buildings, and presented Dr. Fassi and
his collaborators with graphic representations of the rise in
compressive stresses as masonry MOE values increased.
The failure mode of the surrounding block was made visible
as well, further confirming the need for carefully selected
restoration materials that have mechanical properties
compatible with heritage masonry. Considering the cost of
failure incurred through traditional trail-and-error restoration
that was approached, it’s obvious that Dr. Fassi’s work is an
important contribution to the science of architectural repair.

Dr. Fassi with some of his engineering students.

efficient: what once took me four or more hours to simulate
can now be done in 15 minutes. I’m happy to say that
simulation helps a great deal with my work-life balance.”
This last point is especially important to Dr. Fassi, who enjoys
nature, hiking, and spending time with his wife and three
children, two of whom followed their father’s love of art and
painting, choosing architecture as their career paths.
His students enjoy Abaqus as well. Dr. Fassi says they can
progress in their simulation skills at their own pace, with little
assistance from him or the other professors at the university.
“They are able to integrate Abaqus with our MATLAB [the
scientific programming language] environment to create
perfectly complete meshes on their own,” he says. “Overall,
I’ve found that simulation motivates the students to work
harder, and Abaqus is a wonderful tool for this.”
Despite his impressive accomplishments thus far, Dr. Fassi
is just getting started. He presented his findings at the
2015 Simulia Community Conference in Berlin, and returned
to Morocco to continue his research on heritage building
restoration. As part of this next step, he and his team explored
other options for simulation software, but found Abaqus to be
the most complete solution for nonlinear analysis such as this.
They are now using Abaqus along with CATIA and SolidWorks
for a broader spectrum of projects, including a scooter design
and even 3D printing.

Graph showing the rise in compressive stress relative to the higher MOE
(Modulus of Elasticity) seen with modern construction materials. The far
left of the graph represents the baseline, legacy masonry being replaced.

SIMULATION BENEFITS BOTH WORK AND LIFE
Dr. Fassi has been using Abaqus since 2008, and says it
helps him create more designs in less time as well as greatly
simplify the validation of such designs.
“It’s a very flexible software program,” he says. “I’ve been
able to take on new projects without having to use physical
materials, something that reduces costs and is far more
www.3ds.com/simulia

Now Dr. Fassi and his team are developing a search for
local, natural materials that can be used in restoration, and
a new numerical model involving plasticity and contact with
friction.“Abaqus helps reduce risk to valuable structures in
Morocco and elsewhere,” says Dr. Fassi. “Because we can
quickly simulate the effect of various building materials, we
are able to assist in the development of practical tools and
restoration standards. It’s very encouraging for the future
preservation of our architectural heritage around the world.”

For More Information

www.fsts.ac.ma
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Future Outlook

HOVERBOARDS ARE ON FIRE!

H

overboards are on fire!—Literally and figuratively. The
hottest gift from this past holiday season has been plagued
by frequent incidents of boards catching fire. They’ve been
banned from public streets in New York City and throughout
the United Kingdom. Most airlines are refusing to let them on
board. No one will ever mistake today’s hoverboards for wellengineered products. However, it’s hard to ignore similarities
between hoverboard and many other high-profile products
that fail or malfunction—in the race to capture market share
in a booming market.

Rapid advances in areas such as IoT, big data, and machine
learning are driving the development of smart and connected
products that incorporate more and more electronics and
software into less and less space, increasing the chances of
early product failures or malfunctions. Engineering teams are
asked to meet ever-increasing and interdependent product
requirements while reducing time-to-market. In order to push
the design envelope while mitigating risk, engineers need to
develop a deeper understanding of the product behavior under
realistic operating conditions and quickly evaluate design
trade-offs based on overall system behavior.
Dassault Systèmes and partners are aiming to tackle this
challenge thru the 3DEXPERIENCE platform by availing (a)
3D multiphysics technology simulate and gain insights into
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all aspects of product behavior (b) Design of Experiments
(DOE) and Optimization to quickly unearth the best designs
(c) Process Automation to improve workflow productivity and
(d) data management to improve collaboration within and
between teams. CST is a Dassault Systèms partner who offers
best-in-class technology for Computational Electromagnetism.
Together with CST, Dassault Systèmes is exploring co-design
methodology involving both 3D structural and electromagnetic
domains. Co-design is a process that efficiently manages
the design of interdependent product attributes that are
often designed by different teams. Co-design is not a new
concept. Hardware-Software co-design is popular in EDA for
simultaneous design of both hardware and software.
Our goal is to establish a similar system for 3D product
design by linking structural, thermal and electromagnetic
design aspects of products. Increasing product complexity
and interdependency of various requirements necessitates
this approach. Co-design requires synchronizing design
changes across different teams, enabling multi-disciplinary
optimization and providing tighter integration between
different physics and scales during simulation. Broadly
speaking, we can classify structural-EM co-design into three
different types. We shall illustrate the three classes using
specific examples.

www.3ds.com/simulia

• Concurrent Design of a Smart Wrist Band: A company
wants to create a wearable device that fits comfortably on
your wrist, counts the number of steps, provide seamless
Bluetooth connectivity and is durable. The structural and RF
designs are performed in parallel and DOE is used to modify
the design to meet both wireless range and structural
durability.
Ensure the forces generated on the wrist are not large enough
to cause discomfort as the wristband slaps onto the hand

• Sequential Design of a Flex Cable: Flex cables are
increasingly being used in compact electronics assemblies.
We demonstrate sequential coupling between Structural
and EM simulations to study the effects of mechanical
deformation on electromagnetic aspects such as signal
integrity and EMC.
Compute the mechanical deformation of flex cable using
Abaqus and export it to CST Studio

Analyze the signal integrity and EMC of the deformed flex
cable

Ensure the currents induced in the metal band do not affect
the antenna performance significantly

Perform multi-disciplinary DOE and optimization to ensure
comfort, performance and reliability

• Integrated Multiphysics for Smart Appliances and
Manufacturing1: Induction heating is a fast and clean
method used for a wide variety of metal joining and heat
treating applications. We use the co-simulation technique to
analyze tightly coupled thermal-electromagnetic problems
such as induction heating to predict the current induced and
the resulting temperature evolution.
Structural-EM co-design is just the start in our effort to help
our users address the increasing complexity associated with
designing tomorrow’s products. Our eventual goal is to expand
the scope of co-design to include other aspects of product
design such as thermal, acoustic etc. in order to provide
engineering teams with an environment capable of fostering
innovation while reducing the risk of product failures.

For More Information

www.3ds.com/industries/high-tech

Integrated Multiphysics for Smart Appliances and Manufacturing
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Customer Interview
STRETCHABLE ELECTRONICS YOU CAN WEAR:
HOW ABAQUS HELPED MAKE IT HAPPEN
about stretchable electronics. I have been collaborating with
Dr. Rogers for years, both at the University of Illinois and at
Northwestern, where I’ve worked since 2007.
SCN: What are stretchable electronics and how do they differ
from flexible electronics?
HUANG: Flexible electronics have been around for more than
15 years. But the idea for stretchable electronics was created
by Professor Rogers and myself, as well as our teams at the
Universities. A flexible object needs to be thin, but flexibility
does not ensure stretchability.

A

baqus user Yonggang Huang is Walter P. Murphy Professor
of Mechanical Engineering and Civil Environmental
Engineering at Northwestern University. With a BS in
Mechanics from Peking University in Beijing and a PhD and
MS in Engineering Science from Harvard University, Professor
Huang has worked closely with Professor John Rogers of the
University of Illinois to develop a wide variety of stretchable
electronics applications. Recently, their teams developed a
wearable, stretchable electronic device for skincare company,
L’Oreal that was showcased at the Consumer Electronics Show
in January of 2016.

For example, you can easily wrap a piece of paper around
a cylindrical object, such as a soda can, because paper is
flexible. However if you try to wrap the piece of paper around
a complex shape, like a soccer ball, the paper will wrinkle. The
same principle applies to electronics. If you try and wrap the
electronic around a complex body part, it will wrinkle which
will cause the device to fail. To mitigate that, Professor Rogers
and I came up with the idea for stretchable electronics.
SCN: How do you get the electronics to stretch?
HUANG: This is a key part of where mechanics comes into
play—and when you develop a stretchable device, Abaqus FEA
becomes a necessity. To make the L’Oreal patch stretchable,
we had to come up with a curvilinear shape that would allow
the device to stretch with the skin and remain functional. We
used Abaqus to test different geometric shapes and ensure
stretchability.

SCN: When did you realize that you wanted to become a
mechanical engineer?

SCN: What role did Northwestern play in the development
of the patch?

HUANG: I grew up in a mechanical engineering family. Both
of my parents, my aunts, uncles, cousins, and siblings are in
the fields of either mechanical or civil engineering. My father
is a professor of mechanics and my mother is a retired civil
engineer. I started using Abaqus as a PhD student at Harvard
in 1987-1990 and we found it to be very powerful. I now use
it a lot, not only with my group, but also to teach.

HUANG: At Northwestern we focus more on the design and
mechanics aspects of the process while Professor Rogers’
team at the University of Illinois is in charge of design,
fabrication, and device performance. In our lab we use Abaqus
software to simulate, evaluate and optimize this technology

SCN: Tell us about this latest skin patch you developed for
L’Oreal. What does it do?
HUANG: Our goal is to take existing, rigid devices and make
them both flexible and stretchable. The L’Oreal patch is a
device that can detect and monitor a person’s hydration level
to indicate the amount of sun exposure. It’s mechanically
almost invisible, which means people will be able to shower,
sleep, and even play sports while wearing the device, which
will remain fully functional for five days.
SCN: How did the L’Oreal project happen?
HUANG: L’Oreal initially contacted Professor Rogers and his
technology company, MC10, Inc., after hearing him give a talk
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Left to right: John Rogers and Yonggang Huang.
www.3ds.com/simulia

and then the other team further develops the project towards
fabrication and mass production. We had specific goals
regarding electronic performance and stability. The device
needed to stretch 20% or higher to accommodate for all the
motions on the skin surface. Abaqus helped us find all the
different possibilities and decide the best route for fabrication.
SCN: You mentioned that the patch will stay on your skin
for five days. How do you ensure that the device will stick
for that long?
HUANG: Some applications may use a very thin adhesive, but
in other instances, such devices don’t need an adhesive at all.
The patch relies on the van der Waals forces instead. Think of
geckos. Their feet have a natural adhesion that allows them
to not only stick to a surface, but easily detach as well. We try
to use the same idea for our devices.
SCN: What was the main challenge for you from the design
point of view?
HUANG: The main challenge was finding a way to use the
current 2D fabrication technology for rigid devices to make
3D curvilinear, stretchable electronics. We transfer-printed
the device from their rigid, growth substrate to a different,
naturally-stretchable polymer substrate. Our idea was to first
pre-stretch the polymer substrate, then place the device on
top. When we let go of the stretched substrate, the device
buckled to form a 3D shape to achieve stretchability.
SCN: When the device is buckled it still has to function. How
do you ensure that happens?
HUANG: This is also a critical point for where mechanics
come into place. Normally, buckling is considered to be bad.
But here, we designed it in such a way that when it buckles,
the geometric shape changes, but the strength inside the
buckled device remains. The mechanics design, electronics,
and circuits all have to go hand in hand to make sure that the
device has certain functionality and at the same time won’t
break during the buckling process.
SCN: What are the benefits of using simulation for product design?
HUANG: Simulation not only greatly reduces costs, but it cuts
the development cycle down a lot. You don’t need to use raw
materials for trial and error testing. We use software to find
out what the best design is and then we collaborate with
Professor Rogers’ group. Simulation reduces our total product
development time tremendously.

Experimental images and mechanics modeling of four different classes
of structures with controlled buckling for high performance stretchable
electronics. Images reproduced with permission from John Wiley & Sons,
Inc., and from the National Academy of Sciences.

from which you can monitor your own health. We have also
created stretchable and flexible EKG (for heart) and EMG (for
muscles), allowing people to monitor their heart and muscle
activity without having to go to the hospital.
SCN: Where do you see the future of stretchable electronics
heading?
HUANG: There is always development within the electronics
industry to make devices smaller and faster. But in addition, if
we can make them flexible and stretchable, the possibilities are
limitless. The federal government has invested $70 billion in
this research for the next five years. I feel that this technology
will be increasingly important for biomedicine, especially for
people who care about their health and longevity. Abaqus can
play a very important role as these technologies develop.

SCN: What other stretchable electronics are you and Professor
Rogers working on?
HUANG: MC10, Inc. has launched a new product called
Biostamp based on stretchable electronics. It measures all
skin activity and it transfers the biosignals to your cell phone,
www.3ds.com/simulia

For More Information

https://www.mccormick.northwestern.edu
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Training Spotlight
IDENTIFY DESIGN
ALTERNATIVES THROUGH
OPTIMIZATION

O

OPTIMIZATION TRAINING OFFER
SIMULIA offers a variety of optimization courses designed
to teach the user how to include automatic optimization and
improvement methods in the development process:

Introduction to Isight (2 day class)

ptimization enhances the benefit of simulation in virtual
product development through automated improvement
capabilities. Without optimization, simulation specialists and
designers need to interpret analysis results to determine how
to change an existing design such that it meets all necessary
design requirements, often relying on their intuition,
experience, and sometimes chance.

This course covers the Design and
Runtime Gateways along with
several fundamental components,
showing users the way workflows
can be built in Isight and how design
space can be explored.

Adding automated physics-based design optimization to
the product development process helps to identify design
alternatives. Thus minimizing weight, maximizing lifecycle,
and other increases of efficiency become more easily
attainable.

A comprehensive introduction to the
structural optimization capabilities
of
Tosca
Structure:
Solving
fundamental topology, shape, sizing
and bead optimization problems,
and integration of optimization
into the development process.

Two different approaches for optimization are available:
• Parametric approach:
Change a limited number of design
variables (e.g. geometric or material
parameters). This easily combines
different disciplines and objectives
to include nearly every kind of
response value in the optimization.

Introduction to Tosca Structure (2 day class)

Introduction to Tosca Fluid (1 day class)
An introduction to the fluid
optimization capabilities of Tosca Fluid:
Solving basic topology optimization
tasks for internal flow problems, and
result evaluation and transfer.

• Non-parametric approach:

Tosca Structure.durability (1 day class)

Change a specific area of the
current design by topology, sizing,
shape, or bead optimization. This
is particularly useful for design
concepts in early design phases and design improvements
where easy (“parametric”) geometric changes do not suffice.

This course focuses on fatigue criteria in non-parametric
shape optimization.

SIMULIA offers both optimization approaches with Tosca
Structure and Isight:

ISIGHT & SIMULIA EXECUTION ENGINE (SEE)
Isight is a general purpose process integration and design
optimization (PIDO) solution from SIMULIA. With Isight you
can create flexible simulation process flows to automate
the exploration of design alternatives and identification of
optimal performance parameters (parametric approach).

TOSCA STRUCTURE & TOSCA FLUID
Tosca is a special purpose optimization tool tuned for structural
and fluid flow problems. Its non-parametric approach offers a
simple setup directly on simulation FEA models.
• Tosca Structure provides topology, shape, sizing and bead
optimization for mechanical structures based on simulation
results.
• Tosca Fluid provides non-parametric fluid flow optimization
for an automated development of innovative flow channels
with reduced pressure drop or homogeneous flow.
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Tosca Structure.nonlinear: (1 day class)
This course illustrates how to perform structural optimization
(topology and shape optimization) based on nonlinear
simulation results.
Introductory videos can be found in the “Optimization
and Process Integration Learning Resources” in the
training section of the SIMULIA Learning Community.
(https://swym.3ds.com/#post:38856)

ABOUT THE SIMULIA LEARNING COMMUNITY
The SIMULIA Learning Community is the place to find the
latest resources for SIMULIA software and to collaborate
with other users. The key that unlocks
the door of innovative thinking and
knowledge building, the SIMULIA
Learning Community provides you with
the tools you need to expand your
knowledge, whenever and wherever.

For More Information

www.3ds.com/productsservices/simulia/services/
training-courses/coursedescriptions
www.3ds.com/simulia

Customer Spotlight: Andrew O. Tay, Ph.D.

S

ixty years after Singapore achieved independence, Andrew
Tay is clearly a successful example of his government’s early
drive to establish a thriving republic after the end of British
rule. Enrolled in one of the two technical schools founded
to educate Singapore’s youth in science and technology,
Tay became interested in engineering and went on to the
University of New South Wales, Australia, to study Mechanical
Engineering on a Colombo Plan scholarship. He stayed on to
earn his Ph.D. there, applying the finite element method to
calculate temperature distributions generated during metal
cutting. Upon his return to Singapore, he worked briefly in
the Ministry of Science and Technology. But he found his true
calling when he came back to academia at the
National University of Singapore to teach several
generations of engineers about the intricacies of
simulating the manufacturing and packaging of
microelectronics (i.e. the integrated circuits found
in everything from cell phones to satellites). His
four decades of research is still cited by others and
applied throughout the chip-design industry.
SIMULIA Community News: When did you first
begin applying finite element analysis (FEA) to
solve problems in microelectronics chips design?

TAY: FEA is a fantastic tool for engineers to solve practical
engineering problems. My Ph.D. supervisor Graeme De Vahl
Davis and I published the first reported application of the
finite-element method to convective heat transfer back in
1971. But even before the commercial availability of FEA, I
had been writing my own programs—back in the days when
we were using the IBM computer punch-card system! I had to
generate finite element meshes manually using graph paper
and transparencies.
We started out using Nastran in the 1980s, but then subscribed
to Abaqus because it was the only software company that
gave us a good price for a full-sized program. We were trying
to solve real-world problems so we needed more capabilities
than an educational version could provide. The developers at
SIMULIA brought in package capabilities pretty quickly and,
later, the new fracture mechanics methodology has been very
useful to my research in IC chips and packages.
SCN: What do you like most about teaching?
TAY: When you teach a course, you really have to know
everything about the subject. As I teach the finite element
method, I have a deep understanding of the method as I
have developed my own programs and solution techniques.
Teaching is very satisfying for me because students are
learning something from you. After your lecture, when you
can answer their queries and see that they understood your
explanations, you feel happy that you’ve been able to impart
some knowledge to them.

SCN: What are currently working on?
TAY: I have just left my Professorship at the National
University of Singapore after 40 years and am now doing
research with the Singapore University of Technology and
Design, which was set up recently in collaboration with MIT.
We are working on the reliability of solar cell modules, which
are actually a lot like big electronics packages. The scale of
computer chips for things like mobile phones is very small and
in solar cells it’s obviously much larger. But each solar cell is
essentially like a chip, although with far fewer interconnects.
So I’m doing similar work to what I’ve done in the past,
computing the stresses in the solar modules when they are
fabricated and operated. No matter what the size
of the chip package, the stresses arise because
different materials stuck together have different
rates of expansion.
SCN: You sound like you are definitely staying in
touch with current developments. What directions
do you see electronics packaging taking next?
TAY: At the microcircuit level, the internal-feature
size for the chips continues to get ever smaller.
When you are designing chips, you have to be
doing both global and local analysis. The feature
sizes of microelectronic chips and products can range from
tens of nanometers to centimeters and even meters. Thus
multiscale or sub-modeling is becoming a necessity. Abaqus
has this kind of sub-modeling capability, and it needs to
become as straightforward and robust as possible to help
designers solve the challenges of such tiny packages, where
we will still be dealing with issues such as cracking and
delamination.
With the development of wearable electronics, chips also
have to be very thin with flexible wires, and sometimes even
washable if they are incorporated into clothing. These are big
challenges of large displacements, for which we do already
have the simulation tools.
In the near future, microelectronics packaging will be driven
by the Internet of Things (IoT) which is defined by Wikipedia
as the network of physical objects or "things" embedded
with electronics, software, sensors, and network connectivity,
which enables these objects to collect and exchange data.
As sensors and chips have to be very small, especially for
mobile applications, 3D packaging of chips has to be further
developed. The 3D integration of sensors, microprocessors
and memory chips for IoT also has to be developed. As
time-to-market is always an important consideration for
the success of consumer products, simulation is becoming a
crucial process whereby virtual prototyping and optimization
can be done quickly and economically.

For More Information

www.gn.com/About-GN/GN-ReSound
www.3ds.com/simulia
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Modelathon

The winning team hard at work. (Left to right: Claudia Wittkowske, Luca Modenese, Claire Villette, Solenn Le Pense and Takashi Ishii)

THIS LOOKS LIKE A JOB FOR…ABAQUS!
International participants all choose Abaqus
during a biomechanical design competition

W

hen given a choice of software programs to solve a
challenging simulation problem, some of the world’s
smartest young professionals in the fields of multi-scale
modeling and biomechanical engineering all chose SIMULIA’s
Abaqus FEA.

The occasion was the first-ever MultiSim Modelathon, which
took place at the University of Sheffield, U.K. The unique
event was the brainchild of Professor Damien Lacroix, Director
of Research at the Insigneo Institute for in silico medicine.
Competitors were faced with the task of identifying the best
procedure to help a patient with bone-thinning osteoporosis
of the femur in the upper leg. Participants were presented
with several leading software packages with which to solve
the problem and, says SIMULIA’s Clint Davies-Taylor, “We
gave them a choice and all five teams picked Abaqus.”
Members of the winning team (Takashi Ishii, Solenn Le Pense,
Luca Modenese, Claire Villette, Claudia Wittkowske) felt that
using Abaqus was the obvious decision. “It was quite clear
to us that the Abaqus interfaces with Matlab and Python
allowed for a level of flexibility and process automation that
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proved very valuable,” says Villette. Other features of Abaqus
that allowed the team to work at peak efficiency included the
facility to import meshes from ScanIP and Simpleware (with
density-based material properties), the ability to write and
modify input files automatically, and the ease with which
different cases could be simulated and compared. Abaqus’
visualization capabilities were also consistently remarked
upon.
Davies-Taylor is proud of Abaqus’ dominance and believes
it’s related to SIMULIA’s track record in medical applications.
“There are cases where Abaqus is the only tool that will do
the job and that’s why they have it at Sheffield,” he says.
“Its porelasticity capabilities are particularly important for
modeling bone and tissue.”
Although everyone chose to use Abaqus, the winning team
was the one that employed it to best effect, coming closest
to finding the optimum solution to the complex problem.
Osteoporosis, also known as porous bone disease, is the
deterioration of bone tissue, resulting in lowered bone mass.
Often showing no apparent symptoms until a bone fracture
www.3ds.com/simulia

occurs, osteoporosis is referred to as a “silent” disease.
Although porous bone was originally thought to occur only
in women, over two million men in the U.S. alone have been
diagnosed, but women over the age of 50 are at the highest
risk.
The Modelathon problem specifically required participants to
find the ideal amount of cement to inject into the femur bone
when its density is substantially lost due to osteoporosis; this
is a routine treatment for patients, but it requires the injection
to be made at the optimum time - if injected too soon or too
late, the procedure can be problematic. Using Abaqus, the
teams were able to pinpoint the injection timing for the best
results. “It was a big task to complete in 48 hours!” says
Davies-Taylor. When asked how it felt to finally solve the
tough simulation problem, all teams responded with pride,
some saying they felt “amazing” or “like a champion!”
Davies-Taylor explains the inspiration behind the Modelathon,
the first event of its kind: “It was based on the idea of a
‘hackathon’ but in this case specifically aimed at biomedical
simulation.” Although most competitors were from England,
others came from France, Amsterdam and even Japan.
Participants stayed in University residencies and just two
intense days were allotted for all Modelathon activities. The
competitors were split into teams of five and were first given
short presentations on the available software programs they
could choose from. They were then briefed on the task at
hand and went to work. In separate rooms the teams used
their own laptops connected remotely to High Performance
Computing servers to complete the three intensive challenges:
creating a musculoskeletal model of the subject, developing a
finite element model to predict strains in the femoral neck at

multiple stages of the gait cycle, and simulating the injection
of bone-cement treatment.
Because everyone selected Abaqus, SIMULIA sponsor DaviesTaylor got caught up in the intensity of the competition. “I
was there from 8:30 a.m. until 9 p.m.” he says, “but the
teams were up even later into the night.”
After completing the tasks, each team prepared a presentation
for the judges of the competition. Each member of the
winning team took home a £100 Amazon.com voucher as a
reward for their hard work.
Winning team member Le Pense described the power of in
silico methods: “You can use simulation to test whatever
you want with no limits on funding or equipment…it allows
experimentation with mathematical models, to visualize and
test the physics in a controlled environment, and it’s very
flexible.”
The value of simulation was appreciated by all the contestants.
Comments from members of other teams included: “Simulation
is much quicker and cheaper than experimentation,” “One
simulation provides thousands of results,” “Multiphysics
is getting closer to real life,” “Simulation allows for shared
understanding between experts and the general public by
using visual aids,” and “Simulation increases our depth of
understanding and appreciation of the complexity of life—
that’s cool!”

For More Information

The next modelathon will take place on 7-9 September 2016
at The Edge, Sheffield. Please email pmo@insigneo.org if you
would like to attend this event.

Clockwise top left: Winning team members (L to R: Ishii, Modenese, Wittkowske, Le Pense, Villette) are informed of their prize. SIMULIA’s Clint
Davies-Taylor watching team presentations. A presentation slide from the winning team. A presentation slide from a participating team
illustrating osteoporosis progression over time.
www.3ds.com/simulia
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