SIMULIA
COMMUNITY NEWS
#16 May 2017

ACCELERATING
INNOVATION

THE FUTURE OF
MANUFACTURING
COVER STORY

REVOLVE NTNU

4 | Strategy
Admedes

In this Issue
May 2017

3 Welcome Letter

Sumanth Kumar, Vice President, SIMULIA Growth

4 Strategy

Expanding the Reach of Simulation Ever Wider

7 Cover Story

Students at the Norwegian University of Science and Technology
give new meaning to the term “accelerated learning”

7 | NTNU

10 Customer Spotlight

Bernie Riemer, Oak Ridge National Laboratory

12 Future Outlook

Industrial Strength—The forward-looking thought behind
Dassault Systèmes’ solutions-by-industry approach

14 Training

Companion Learning Space

16 Alliances
Granta

17 Teachers at Dassault Systèmes
Eccentric Energy

10 | Oak Ridge
National Laboratory

18 Tech Tip

Designing Multiscale Materials for Additive Manufacturing

Contributors: Parker Group, Rebecca Sandstø, Jacob Hayes Vigerust, Christer
Oldeide, Jørgen Eliassen (Revolve NTNU), Bernie Riemer (Oak Ridge National
Laboratory)
On the Cover: Revolve NTNU Team

12 | Future Outlook

SIMULIA Community News is published by Dassault Systèmes Simulia Corp., 1301 Atwood Avenue, Suite 101W,
Johnston, RI 02919, Tel. +1 401 531 5000, Fax. +1 401 531 5005, simulia.info@3ds.com, www.3ds.com/simulia
Editor: Tad Clarke Associate Editor: Kristina Hines Graphic Designer: Todd Sabelli
©2017 Dassault Systèmes. All rights reserved. 3DEXPERIENCE®, the Compass icon and the 3DS logo, CATIA,
SOLIDWORKS, ENOVIA, DELMIA, SIMULIA, GEOVIA, EXALEAD, 3D VIA, 3DSWYM, BIOVIA, NETVIBES and 3DEXCITE
are commercial trademarks or registered trademarks of Dassault Systèmes or its subsidiaries in the U.S. and/or other
countries. All other trademarks are owned by their respective owners. Use of any Dassault Systèmes or its subsidiaries
trademarks is subject to their express written approval.

Welcome Letter
ENVISIONING THE FUTURE

T

his is a very special edition of the SIMULIA Community News and if you’ve attended our
Science in the Age of Experience conference in the past, or attended this year, you will
notice that we’re plotting a new course. We want to be ready, because the future is not only
approaching quickly, in many instances it appears to be here already. Read on for more proof
of this.

The potential synergies between SIMULIA, BIOVIA and GEOVIA—whose teams came together
in Chicago—are pretty exciting, as Bruce Engelmann discusses in “Expanding the Reach of
Simulation Ever Wider (page 4).” We are moving towards simulating realistic behavior from
atoms all the way to full-scale environments, and every dimension in between, enabling us to
create products that function at their best wherever we employ them.
The engineering students who will be using these powerful tools in the future are already
trying them out: Witness the team at Norwegian University of Science and Technology using
the SIMULIA portfolio of Abaqus, Tosca, fe-safe and Isight to design electric racecars (page
7). Highly experienced engineers with creative, open minds—like Bernie Riemer at Oak Ridge
National Laboratory (page 10)—are using the portfolio to optimize the generation of pulsed
neutron beams to support research in a host of scientific inquiries.
When you look at the future of manufacturing it’s pretty clear that additive manufacturing
(AM or 3D printing) is already delivering on its promise of outside-the-box production of neverbefore-possible shapes. We devoted an entire day to this topic at the start of our Science in
the Age of Experience conference with an Additive Manufacturing symposium and hackathon.
Simulating the AM process is a complex business, but we are already deep into developing
methodologies, and passing on our expertise, as you’ll see in the Tech Tip article on designing
multiscale materials for AM (page 18). Materials for every kind of manufacturing is the focus of
our partner, Granta, who exhibited at Science; they provide traceable, consistent materials data
resources for simulation (page 16).
We always follow our customers’ leads, and respond to your feedback by broadening and
strengthening the capabilities of our software. You are asking us to make it as efficient as possible
to harness the specific tools you need to support your work. Read David Barnes’ explanation of
the logic behind our industry solutions experiences (page 12) to see how packaging our offerings
this way can benefit you and your team.
In addition to looking at the future of technology applications, we are also working to inspire
the next generation of engineers by making sure that those who teach technology and science
programs in local schoolsare well instructed themselves. Learn more about this years’ Teacher
at Dassault Systèmes (TADS) program (page 17).
I hope you enjoy reading this issue, and wish you success in your many endeavors. The future
is now and we’re creating it.
SUMANTH KUMAR,
Vice President, SIMULIA Growth

www.3ds.com/simulia

SIMULIA Community News May 2017

3

Strategy

EXPANDING THE REACH OF SIMULATION EVER WIDER

GEOVIA joins SIMULIA and BIOVIA at Science in the Age of Experience

T

hose of you who were able to attend the first-ever Dassault
Systèmes “Science in the Age of Experience” event in
Boston last year got a preview of the potential for simulation
to reach even more deeply into the world of product design.
The addition of BIOVIA to the Dassault Systèmes family, and
that brand’s presence at the conference along with SIMULIA,
highlighted the tectonic shift that is underway in the world of
simulation.
The message then was about bringing simulation and design
all the way from the nano and molecular level (BIOVIA) to the
macro level of product performance (SIMULIA)—influencing
shape and real-world behavior by choosing, or even customdesigning, specific materials with advance knowledge about
how they will influence the finished product. Not only will
such capabilities affect traditional manufacturing, they
also offer tangible ways to realize the disruptive promise of
industrial additive manufacturing (AM).
Now GEOVIA joined us at this year's Science in the Age
of Experience conference. While the purvey of this brand is
largely the mining and oil & gas industries—let’s take a step
back and observe the potential for an even bigger picture.
If we could fully model the behavior of the earth, rock and
water around us we could gain a more complete understanding
of how our products will perform in the environments in
which they are used. Will your wind turbine withstand an
8.2 earthquake? What metals are optimum for building a
submarine that can stay underwater longer at the most
extreme pressures? Can you 3D print strong-enough drills to
get through to that deepest natural gas deposit? It’s questions
like these that we are coming closer to answering with the
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combined power of Dassault Systèmes’ portfolio of tools for
experiencing—and advancing—the science of everything we
encounter.
So with science at the forefront of our thoughts this month,
let’s address four key areas in which we see potential for
SIMULIA, BIOVIA and GEOVIA—both on their own and often in
combination—to move knowledge forward.

BETTER LIVING THROUGH SCIENCE
“Today’s science is unlocking the complexities of living
systems, helping us develop new therapeutics, proactive
diagnostics, and integrative medicine,” says BIOVIA Managing
Director, Reza Sadeghi. He notes that genetic testing is
becoming increasingly widespread and digital platforms are
offering more sophisticated data-sharing, -processing and
-mining techniques. “Science is opening the door to an era
of personalized, precision medicine and increased speed-tomarket for new drugs and devices,” he says.
Adds Bruce Engelmann, CTO for SIMULIA, “Science not only
affects medicine and health—just look at the ongoing success
of The Living Heart model—but also the ways we enjoy life
in full.” He points out how AM (aka 3D printing) is having an
effect in the sportswear world: “Now that you can 3D print
athletic equipment, everything can be customized and even
the casual exerciser can become an athlete, in a sense.”
Consumer packaged goods are another area in which science
is benefitting the customer, Engelmann notes. “We might
view a baby diaper as something that’s not that sophisticated
compared to an airplane or a car. While that’s true in some
sense, there’s quite a lot of science that goes into diaper design
www.3ds.com/simulia

and production—and the big CPG companies manufacture
hundreds of millions of them a day!” He adds that it takes
a great deal of technology to make a diaper that optimizes
health and comfort and can be delivered to places where
people can’t afford a high price-point on such goods. “This
is where science in engineering plays a tremendous role,” he
says. “Even with things we don’t consider that sophisticated,
science can provide real breakthroughs.”

MULTIPHYSICS FOR SCIENTIFIC DISCOVERY
Exploring the multiphysics behind product behavior is a
strength for SIMULIA. “It’s about simulation as a virtual
laboratory in which to test and discover,” says Engelmann.
“You’re essentially asking a question and digging for the answer
through simulation, from small questions to big ones. The
ability to simulate multiphysics brings us to those moments
of clarity—‘now I get it!’—that make up the discovery process.”
Engelmann cites the example of SIMULIA’s recent acquisition
of Wave6 vibroacoustics to demonstrate the power of
multiphysics analysis. “A lot of science has gone into
reducing car noise because one of the most important quality
characteristics of a car, according to J.D. Power, is the quietness
inside the cabin,” he says. “But now that cars are quieter, wind
and ventilation flow-borne noises, and structural noise from
the gearbox, are all more noticeable.” For example, using a
Wave6 vibroacoustics analysis on top of a Simpack multibody
dynamic simulation, for example, you can look at sound at the
point of the human ear as a function of the rotating speed
of the shafts in the gearbox, and the resulting frequencies, to
get a coupled acoustics-structure dynamics calculation that
supports design changes to reduce noise.
Meanwile, GEOVIA and SIMULIA are currently working with an
Australian mining company to couple GEOVIA’s PCBC product,

www.3ds.com/simulia

which is used for block cave planning and scheduling, together
with Abaqus and Isight, for simulating how the extraction
sequence and geomechanical behavior of rock will change
as an underground mine grows. “This will provide the miner
with economic benefits that range from strategic to tactical
planning horizons, as well as improving safety standards in
the mine,” says GEOVIA CTO Gustavo Pilger. “Coupling these
multiphysics tools will allow for better planning, maximize
revenue potential, and reduce risks and costs.”
BIOVIA’s Sadeghi agrees that multiphysics is a fundamental
tool for exploration. “Multiscale physics unlocks the secrets of
nature’s materials,” he says. “This enables us to create exciting
new materials of our own.” He sees great potential in such
capabilities: “Physics-based virtual universes such as those
offered by Dassault Systèmes are engaging an unprecedented
array of minds in exploration and discovery.”

ADVANCING MATERIALS WITH SCIENCE
Of the three brands, GEOVIA certainly looks at materials on the
grandest scale, such as assessing the “space of uncertainty”
associated with the particular attributes of a mineral resource.
For example, in gold mining, there is a need to understand
whether the grade of the precious mineral in a certain
underground location can be predicted to be high enough
to make extraction economically feasible. “Our geostatistical
simulations can support risk analysis that informs the decisionmaking process about whether or not to dig,” says Pilger.
On the nano/micro and macro level, SIMULIA and BIOVIA
have been working together this past year to build synergy
between those scales. At last year’s Science in the Age of
Experience event they discussed polymers; this year there’s
been more focus on metals—particularly those designed for
additive manufacturing.
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BIOVIA is working on predicting the grain morphology of
metals, i.e., the microstructures created during the AM process.
The idea is to model the arrangements of metal grains, and the
location and size of grain boundaries—all qualities of interest
to high-end users of AM metal parts, such as aviation.
“The interesting thing is that, when you start putting different
materials into your design, you’re going to find that the shape
will change when you optimize the topology,” Engelmann
says. “Design is no longer just about shape. Materials will
dominate the design in the future. That’s a megatrend.”

THE SUSTAINABLE PLANET
Bruce Engelmann understands the importance of the
contributions to science that SIMULIA can make. “The biggest
thing for us is our ability to help our customers better the
environment,” he says. “Lightweighting is universally one of
the most important things we can contribute as a brand. That
goes from making consumer packaged goods lighter and less
wasteful, to improving the energy efficiency of vehicles and
aircraft, to supporting the development of alternative fuels and
technologies. Simulation can definitely help power the route
towards a more sustainable planet.”
Sadeghi agrees. “Science helps us understand how living
systems can tap renewable energy and materials sources,”
he says. “This helps us conserve non-renewable energy and
resources and draw down atmospheric carbon to create value
for the next generation. We are developing the tools that can
help radically transform our human footprint on Planet Earth.”
Important GEOVIA capabilities for monitoring the impact of
human activity include predictive simulations that can be
applied to environmental engineering on a large scale. “You

6
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can use geostatistical simulations to assess the risk of a
chemical contaminant to exceed a regulatory limit over a field,”
Pilger says. “This certainly supports sustainable planet goals.”

THE VALUE OF THE PLATFORM
As more of our users are aware these days, there’s an
increasingly comprehensive set of design and simulation tools
available to use and share on the 3DEXPERIENCE Platform.
“The Platform is the ‘how’ of discovery,” says Engelmann. “It
allows people to holistically simulate multiphysics as well as
interpret results from the simulation of different physics—and
to share their findings with others.”
He sees the power of the Platform as going even further
now. “It’s certainly a benefit to have access to everything in
one place on a platform, so you can answer many interesting
questions about the interaction of different physics,” he says.
“Yet it’s the connection of that power to design that is so
fundamentally important.
“When you’re creating a specific model of car, your ultimate
goal is to end up with a single design,” Engelmann adds.
“Yet underneath that one design is a hugely complex
multidisciplinary optimization problem. The real value
of the Platform is that it allows you to connect all those
simulations with your final design. Especially when it comes
to multiphysics, it’s a must. As today’s design challenges
become more complex, the true worth of the Platform is
becoming increasingly clear.”

For More Information

https://age-of-experience.3ds.com/science-age-of-experience

www.3ds.com/simulia
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REVVING UP WITH THE SIMULIA PORTFOLIO
Students at the Norwegian University of Science and Technology give a
whole new meaning to the term “accelerated learning”

W

hat better way to learn the principles of mechanical
engineering than to actually design and build something
useful? It might be the next-generation prosthetic hand, a
revolutionary solar panel, or...a race car? How about a Formula
One-style, four-wheel-drive electric race car, made of carbon
fiber and 3D-printed parts and able to accelerate from 0-60
miles per hour (100 km/h) in 2.1 seconds?

And while watching students zoom around a track in a
homemade vehicle might not be what their parents had in
mind for academic achievement, for those in the Norwegian
University of Science and Technology’s “Revolve NTNU”
project, it’s a once in a lifetime opportunity, made possible in
part by software from Dassault Systèmes SIMULIA.

A VISION OF SPEED
Sometime during the 2010 spring semester at NTNU, a group
of four engineering students met to discuss ways in which
they could gain practical, hands-on knowledge. They soon
discovered Formula Student, an annual international racing
competition hosted by the United Kingdom’s Institution of
Mechanical Engineers (IMechE). The program is intended to
foster learning and collaboration among university students
from around the world who meet for the three-day opening
event at the Silverstone Circuit in Northampton, followed by
races in Germany and Spain later in the summer.
Formula Student isn’t just about speed. Entrants are judged on
six categories, ranging from endurance and fuel economy to
vehicle presentation and cost effectiveness. For this they need
components that are strong and light, readily manufacturable,
and that don’t cost an arm and a leg—just like in the real world.
www.3ds.com/simulia

The four students knew the program would be the perfect
tool for them and other students to learn the valuable skills
required to advance their careers after graduation.
After working with staff members on a project management
structure, securing support and some facilities from the
University, and garnering sponsorships from various
businesses, the team of students applied for and received
permission to participate in Formula Student. Revolve NTNU
was born. Their first car came two years later, a petrol
engine, steel frame, carbon-fiber body vehicle named the KA
Borealis. It placed 17th out of more than 100 contestants, a
very respectable first effort. The team has since continued
to improve its race car designs, culminating in last year’s
190-horsepower all-electric Gnist, which took 6th in
acceleration and 5th in handling during the 2016 competition.
The race car also received recognition from Jaguar Land Rover
for most innovative propulsion system, and best-in-class for
high-voltage powertrains from Mercedes-Benz.

LEND ME A HAND
The Revolve team’s sponsor list is extensive, and includes
Fortune 150 technology companies, automotive
manufacturers, product development and engineering firms,
and steel, electronics, and tooling suppliers, many based in
Scandinavia. And because the team’s primary mission is to

“SIMULIA tools...enabled us to think
beyond the usual."
—Jørgen Eliassen, NTNU
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build the lightest, strongest, and most cost-effective vehicle
possible, Revolve NTNU now takes full advantage of the design
and engineering tools provided to them by Dassault Systèmes.
The team is currently hard at work on finishing their latest car.
The as-yet-unnamed successor to the Gnist, it’s on track to
compete in the 2017 Formula Student event. A single-seat,
battery powered vehicle with a monocoque composite chassis,
it will contain parts made with additive manufacturing. It will
utilize torque vectoring technology, and its final performance
will be analyzed with Revolve NTNU-developed software. It will
use four hub-mounted AMK electric motors to propel it down
the track, and four titanium uprights to keep it running true.
In addition to this advanced technology, the Revolve team of
60 students and faculty has a few more tricks up its sleeve for
this year’s entry.
Team captain Rebecca Sandstø is one of these automotive
magicians. She’s in her second year of a mechanical
engineering (ME) degree path and is enjoying her first year
of race car building. Aside from managing various Revolve
NTNU board activities, she says one of her main jobs is finding
and working with sponsors to secure support with funding,
manufacturing services, engineering advice and software tools.
It’s a lot of work, she finds, but there is a silver lining: “This is
our second year that we actually get a quarter of a semester in
academic credit for what we’re doing,” she says. “We spend
a lot more time than that, of course, but it’s so much fun, it’s
definitely worth it.”
Interestingly enough, the current SIMULIA connection came
about through social media, when team member Jørgen
Eliassen reached out via LinkedIn for help with improving
Revolve’s software arsenal. “While the NTNU University
Engineering Department has had some licenses for many
years, this is the first year we’ve actually sponsored the team
with the complete SIMULIA portfolio,” says Clint Davies Taylor,
SIMULIA U.K.
Revolve’s software suite now includes Abaqus Unified FEA for
engineering simulation of dynamic events, such as crash and
impact analysis, vehicle loading, and visualization of material
behavior, together with structural topology optimization
by Tosca and Isight automation tools, along with fe-safe for
fatigue and durability assessment. All helped the team address
a number of design challenges, among which were developing
three components critical to race car performance.

GEARING UP (PLANETARY GEARBOX)
Team member Jacob Hayes Vigerust is a third year ME student
responsible for compound planetary gearbox design. “By
equipping each wheel with its own motor, you’re able to control
the vehicle much more efficiently,” he says. “But in order to
do that the wheels also require their own gearbox, to transmit
power from the individual motors. In our design we decided to
mount them inside of the upright (the component that carries
the wheel hub and attaches to the vehicle’s upper and lower

8
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control arms) to increase efficiency, reduce weight and save
space, which means the gearbox must be extremely small.”
With this small volume comes a big need. Because of the
tremendous forces running through the gearbox, the team had
to be certain the assembly would not only be strong enough,
but that there wouldn’t be any misalignment between the
many components within it. Also, the risk of gear deformation
was of particular concern, considering the application of
torque involved during the assembly process, and afterwards
when the rubber hit the road. Vigerust turned to Abaqus.
“To achieve the desired results we wanted to make as few
assumptions as possible,” he says. “That meant we had to
assemble the entire gearbox virtually within Abaqus, giving
us more than 18 parts and 72 contact pairs (or surface).
The simulation was made even more complex by our use of
nonlinear bearings. In order to mimic the behavior of the
individual ball bearings they were modeled using virtual
springs, applying non-linear stiffness values provided by our
bearing manufacturer. Once that was done, we pre-tensioned
the bolts, bearings and wheel-nut within Abaqus and began
to apply several types of multi-dimensional torque and wheelloading scenarios. Abaqus made it very easy to calculate
optimal gear geometry based on deformation and verify there
was no misalignment, and that the gearbox assembly could
meet our power requirements.”

Stresses in gearbox assembly (left) where effect of bearing model,
preload and loads are visualized. Gearbox assembled inside the upright
(right).

SPINNING ‘ROUND (WHEEL DESIGN)
Fellow team member Christer Oldeide agrees on the
importance of simulation and force analysis, but says topology
optimization with Tosca was equally vital to his own work
on wheel design. A graduate ME student in his third year of
Revolve, Oldeide says the wheels used on this year’s car are
composed of a CFRP (carbon-fiber reinforced plastic) shell
inside of which sits an aluminum center. One look at the
seemingly fragile, ultra-lightweight wheel assembly might
have some of us saying, “No thanks, I’d rather walk.” The
outer shell itself weighs but 1.5 lbs. (700 grams) and the weblike inner piece little more than that. Yet, when assembled
together with the tire the combination is able to withstand
intense acceleration, lateral loads, and multi-directional forces.
“SIMULIA tools were responsible for most of the wheel design,”
says Oldeide. “They enabled us to think beyond the usual. I
www.3ds.com/simulia

engineering and worked four years in the automotive industry
before entering the university. “For me, the Revolve project
was meant to be,” he says.

Optimization of the wheel shell (left) required over 4,000 iterations in
Abaqus and two days of compute time, the majority of which was
automated via Isight. Complete rim mounted with CRFP shell and
aluminum center (right).

started by throwing out what I knew about how the wheel
should look. Instead, I entered the required boundary conditions
into Abaqus—the wheel dimensions and target weight,
along with its material properties from MATLAB—and then
used evolution-based optimization to perform the analysis.”
In the rim shell alone, Oldeide was faced with more than 1040
possible “layups” (fiber orientations). By using Isight he was
able to automate the analysis process, performing 4,000
iterations over the course of a couple days. “After the first
several thousand iterations, it was pretty clear which way the
math was pointing,” he says. “At this point, I can say with
confidence we have the optimal design for the given boundary
conditions.”
Oldeide enjoyed similar results while designing the rim
center. By combining Tosca topology optimization with Isight
automation, he quickly discovered the ideal shape for this
critical component. At first it wasn’t very machinable. Yet by
entering a few machining constraints into Tosca, Oldeide was
able to drive the software to the correct conclusion. “It’s an
iterative process, but with Tosca, you can be sure that the final
design is the right one,” he says. “At the end, we had a wheel
that was stiff, light, and durable.”

PULLING IT ALL TOGETHER (THE UPRIGHT)
Of course, even the strongest wheel and most efficient gearbox
are useless without an equally robust upright to support
and contain them. This is the domain of Jørgen Eliassen,
who is currently pursuing a master’s degree in mechanical

Topology optimization of the front upright in Tosca (left) was
performed prior to preparation for 3D printing. The 3D-printed,
left-rear upright before support removal and post heat treatment and
prior to finishing via machining (right). The final product weighs a little
more than a pound (545grams).
www.3ds.com/simulia

Eliassen needed an upright that would be stiff enough to
handle the complex loads encountered during racing, yet still
light enough to win the race, and also able to accommodate
the various interfaces to the braking system, the suspension,
the wheels, gearboxes and electric motors. With all this in
mind, he decided to steer down a relatively new manufacturing
road: direct metal laser sintering, aka 3D printing or additive
manufacturing (AM).
“After developing the initial upright design, I performed finite
element analysis in Abaqus to validate my work,” he says. “I
had to do a few manual iterations along the way, adjusting
the geometry around the upper suspension mounting holes,
for example, and at the caliper contact points, as well as some
re-tensioning of the bolts. I then re-validated the design in
Abaqus. As expected, the overall stiffness of the model was
really high. And because I was going to use 3D printing to
produce the part, I was able to optimize the topology using
Abaqus and Tosca, then take the design back into SolidWorks
CAD for 3D printing setup, with very few concerns over
production constraints.”
Afterwards, Eliassen worked closely with a 3D-printing
operator, using Abaqus again to optimize the support
structures needed during the additive manufacturing process.
The result: a reduction in build time from 44 hours to only 17,
and a 30-percent reduction in waste material. Best of all, the
Ti-6Al-4V titanium upright weighs just over one pound ( Front
= 679grams, Rear = 545grams). Says Eliassen, “I think the
capabilities SIMULIA offers in the context of 3D printing will
be a huge benefit going forward.”

THE NEXT RACE
Each of the team members agrees that being a part of Revolve
NTNU has been a wonderful learning experience, and all
look forward to using SIMULIA and other Dassault Systèmes
products after graduation. Still, it’s been a lot of work. “For
many of us it was a little hard in the beginning to grasp the
size of it all,” says team captain Sandstø. “You definitely have
to do some reprioritization. But I also think you come to know
what you’re made of. That, and it’s just super cool being a part
of Revolve. It becomes your life.”
Oldeide sums up the experience best. “This is my third year
with Revolve NTNU, and every year I say it’s going to be
my last. With all the late nights, I think we drank so much
coffee that our coffee sponsor couldn’t afford to sponsor us
anymore,” he laughs. “But when you’re at the competition
and you see what you’ve done together with your teammates,
and recognize that you’ve accomplished something that’s
never been done before, it’s really a fantastic feeling. That’s
when you know you’ll be doing it again next year.”

For More Information
www.revolve.no
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Images courtesy of Oak Ridge National
Laboratory, U.S. Dept. of Energy

HARNESSING THE FULL POWER OF THE SIMULIA PORTFOLIO

Customer interview with Bernie Riemer, M.E., Senior Research Engineer,
Oak Ridge National Laboratory (ORNL)

A

keynote speaker at this year’s Science in the Age of
Experience conference in Chicago, Bernie Riemer has
worked at ORNL for more than 30 years on projects from
fusion energy to neutron sources—and has used Abaqus
software along the way to overcome a variety of esoteric
engineering challenges. Now focusing on the generation of
pulsed neutron beams from a liquid mercury target—and the
accompanying thermal, stress and dynamics issues—his team
is harnessing the full power of the SIMULIA portfolio (Abaqus,
Isight, fe-safe and Tosca). We met with him before his keynote
presentation at Science in the Age of Experience to find out a
bit more about how he became an engineer and what he likes
best about his unique and unusual field.
SCN: Tell us a bit about your upbringing.
Riemer: I grew up in suburban Long Island, NY during the space
age in the 60s, so the lunar program was very exciting for me to
watch as a youngster. My father worked for the company that
built the lunar module and he got to meet astronauts and get
their autographs—I still have one from Alan Shephard. All of that
probably had something to do with my interest in engineering.
What did you do before ORNL?

My first job was with Sikorsky helicopters and then I worked on
fixed-wing aircraft with Grumman, including the F14 Tomcat
of “Top Gun” fame. Grumman had a division of advanced
energy systems and they were involved in some weird stuff.
Nothing to do with planes, but along the lines of nuclear
fusion energy. They approached me about filling a short-term
opening on a subcontract they had here at ORNL in Tennessee.
This turned out to be a life-changing event for me. Fusion
was really exciting in very different ways, with interesting
technical challenges and a lot of international involvement.

10
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How did the international involvement affect you?
These programs entail a lot of collaboration across the world
and in fact it took me to Japan for a bilateral exchange with
the Japanese from ’87-’88. That was one of the best years of
my life; my wife and I had a fantastic time there. When I got
back from Japan I continued to work on fusion for some years—
including the very early days of the ITER project that’s still
underway in France. One of the problems I worked on was the
dynamic response of the vacuum vessel for the Tokamak (the
ITER fusion reactor) for which I used Abaqus/Explicit. It was a
very efficient way to deal with this kind of large, complicated
problem. I was also working with the general engineering
group at ORNL on a variety of stress, dynamics, buckling,
seismic, thermal, and thermal stress challenges for different
projects and programs.
So you were an early user of Abaqus FEA software?
Yes, computers were not as powerful as they are today so
a modal approach for the ITER problem was not practical.
Explicit was a great way to solve that problem and that helped
me later on when I started on the mercury target. When they
asked me to take a crack at that one I remembered what I had
done on the ITER project and I thought, explicit dynamics is a
good way to approach this problem. And we still use that tool
today for our analyses.
I also got involved in welding simulations where we did a threeway coupled simulation of resistant spot welds—electrical,
thermal, mechanical. We could predict the microstructure of
the steel throughout the weld and Abaqus software was key
to those developments.

www.3ds.com/simulia

What exactly is involved in your mercury target project, the
Spallation Neutron Source (SNS)?
The SNS is a next-generation spallation neutron source that
is currently the most powerful facility in the world providing
pulsed neutron beams for scientific research. An acceleratorbased system delivers high-energy proton pulses to a one-ton,
316- steel target vessel, through which 20 tons of mercury
flows per minute, to produce the neutron beams. By contrast,
a nuclear reactor provides a steady flow of neutrons, but the
SNS’ pulsed neutron beams at the right temperatures are
really good tools for probing the structure of matter at the
atomic and molecular levels. These special capabilities attract
users from all over the world to our site in Tennessee.
What kind of design, operation and maintenance
challenges does such a setup involve?
The accelerator sends 60 proton beam pulses a
second so fatigue is a big issue in the lifetime of
our target. Each pulse has more than 20 kilojoules
of energy to be stopped, which cause large
pressure waves in the mercury that dynamically
stress the target vessel. While the mercury can
be reused, the vessel itself only lasts 4-6 months
before it needs replacing. This is partially due to
embrittlement from radiation, but it’s turned
out in practice that other phenomena have
limited the lifespan more severely. One of them
is related to fatigue, in particular with welds. The other is
cavitation damage from the action of the pressure wave on
the mercury. This makes a big difference on the vessel stress
simulation. For that we use Explicit with the equation-of-state
model combined with a tensile failure feature to make an
approximation of how the mercury behaves macroscopically
once it cavitates. Both fatigue and cavitation/erosion have led
to target leaking and interruption of services for our users, so
we are working very hard to minimize that.
We started operation in 2006 and we’re now on our 16th
mercury target. Many of them operated at more than 1
Megawatt of accelerator beam power, which is pretty good,
but we’d like to be at 1.4 Megawatts, steadily and reliably,
and we’re not there yet. So we’ve been using SIMULIA tools
for incremental design changes that make things like welds
more robust, and we continue to refine our models and use our
analysis results to show us what designs are better than others,
and get some sense of how much better they are than others.
How have you been using other SIMULIA products besides
Abaqus?
We started employing Isight a year or so ago and plan to make
much stronger use of it in the coming year. It helps us do
parametric studies more efficiently. We’re challenged now by
the department to increase our performance to 2 Megawatts
of operation, so our fatigue stresses are going to go up, our
cavitation intensity is going to get worse. We’re going to use
Isight to drive design exploration studies for the pulse problem
www.3ds.com/simulia

to improve fatigue life margins in a semi-automated way and
to show us what geometries would have best prospects for
improved fatigue life. Then we’ll combine that with fe-safe to
give us the fatigue life prediction and come up with a solution
space which says, “change this angle,” or “make this thicker
repair,” etc. We’re looking to explore this further by developing
an Isight workflow which uses Abaqus, fe-safe, and Tosca to
look at fatigue life shape changes that will guide refinements
to a particular design.
What future uses do you see for pulsed neutron research that
might attract even more users to your facility?
A growing area for neutrons is in biology and molecular
chemistry. If people want to develop a new medicine or a new
polymer for a tire or a new high-temperature superconductor,
if you want to understand that on the atomic or molecular
level, neutrons offer very good capabilities for
doing that. I’d like to learn a little bit more about
the capabilities of BIOVIA to model behavior on
the atomic level when I come to Science in May.
We’re also in discussion about a project to test
aircraft electronics’ resistance against cosmic
radiation—which we can simulate with the SNS.
Neutrons have been used for determining internal
stresses deep within components, and we have
excellent capabilities for that at the SNS and at
our companion research reactor. The growth of
additive manufacturing is leading to new users wishing to
assess residual stresses in AM components with neutrons.
So when you’re not producing neutron pulses what do you
do for fun?
I like to road and mountain cycle, and in fact I’ll go for a ride
when I get home tonight. My wife and I both like to cycle
and travel so we do charity rides around East Tennessee and
we also spent several days on a bike tour in Spain last year.
All three of our children are in STEM-related careers; our
son is an ME in the electrical equipment industry, our older
daughter is in the aerospace industry working with physics
and math on stuff I can’t explain. And our other daughter is
a veterinarian. So they’ve all done well, we’re very happy
that they’re all on their own and my wife and I feel that’s the
biggest accomplishment of our lives.
What would you have done if you hadn’t become an engineer?
Looking back I wish I had taken baseball a little more seriously.
I had a pretty good arm. If I’d done a little more practice and
showed a little more devotion to pitching, it would have been
interesting to see if I could have achieved a professional level.
I still love to go watch a live baseball game.
So you didn’t get to throw baseballs for a living—but you do
now get to throw neutrons!
Yes I do!

For More Information

https://neutrons.ornl.gov/sns
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Future Outlook

INDUSTRIAL STRENGTH

The forward-looking thought behind
Dassault Systèmes’ solutions-by-industry approach
David Barnes, Senior Director of Growth Initiatives, SIMULIA

P

eople often ask me, in my capacity as senior director of
growth initiatives for SIMULIA, why Dassault Systèmes
bundles its software offerings into “industry experience"
packages. Why focus so closely on individual industry categories
such as aerospace, life sciences, automotive and so on?

The answer is all about making our products more accessible to
the people who use them.
In many ways, the digitization of information has made things
easier. Yet in other respects it has meant more complexity. We
essentially started out decades ago with a single, generalpurpose product. Abaqus software could be employed by
engineers to solve challenges in a variety of different industries.
This approach was quite successful, and our customers began
asking for more products as well, in order to make simulation
a part of their core business processes.
And, as the reach of the SIMULIA/Dassault Systèmes software
portfolio grew, and our customers became able to accomplish
so many new tasks, we realized that they might prefer to focus
on the pieces of the overall portfolio that were most applicable
to them. As the software has become more interactive, the
power it can deliver to the user’s hands—and imagination—has
become both impressive and a bit daunting. How do you pick
the tools that are optimum for the work you want to do?
Industries actually have many common practices and needs
that span the range of customers within each field. We decided
to organize our customer requirements by industry because it
enabled us to collect, identify and share those “best practices”
that are truly applicable to any company that operates within
a given industry.
And best practices are the key to effectiveness, efficiency and
productivity. With so much maturity in our product, for any
given problem there can be half a dozen different ways to solve
it. So we try to help our customers figure out which of those

12
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ways are going to be most efficient for them—something that
is not always that obvious. We can help people avoid a trialand-error approach and save them a great deal of effort.
We have available a set of industry-specific demonstration
packages that show what are the best combinations of
features, functions and methods that will solve common
problems most efficiently. We know what we’re talking
about—we have knowledge accumulated over many years and
honed into deep expertise that we are ready to share with you.

GET THE RESULTS YOU ARE LOOKING
FOR MORE QUICKLY
As an example, we work with quite a few customers who are
making medical devices. We’ve seen how the various stent
makers approach their product requirements and we can share
with them the methods we’ve learned over the years in terms
of how to solve these very, very difficult problems. There
are complex materials involved, complex loading—and yet
everyone encounters the same simulation challenges. What
makes each company’s stent design unique is its individual
geometry. While respecting IP, which is paramount, we help
them understand how to simulate a stent interfacing with an
accurate representation of soft tissue, something that can be
a very challenging proposition. We create generic examples
from scratch that demonstrate methodologies, but don’t
incorporate any proprietary information.

RECIPES FOR SUCCESS
We essentially provide our customers with pre-packaged
recipes for getting directly to results without having to work
their way up the learning curve. For example, automotive
companies need the ability to manage very large models
and assemblies with high-performance solvers for quick
turnaround of simulations. Whereas in the medical field the
greatest needs are working with highly complex materials
www.3ds.com/simulia

including multiple physics, fluid-structure interactions
and data management that fulfills FDA requirements. An
automotive company clearly benefits from a different recipe
than a medical device manufacturer.

just turn around and employ a different brand’s technology
because it’s available through a single icon on your familiar
user interface. It’s really quite incredible what you can
accomplish these days!

So how do you get started finding your solution-byindustry? Let us know and we’ll be happy to introduce you
to the Industry Solution Experience (ISE) that fits your field.
This provides you with a high-level, packaged subset of our
overall product line that is appropriate for your business. An
ISE can help you put together everything you need in order
to maximize the value of your simulation investment, to win
a competitive bid for new business, or to tackle whatever
challenges keep you up at night.

INDUSTRY SOLUTIONS SUPPORTING PRODUCT,
NATURE AND LIFE

REVOLUTIONARY EASE-OF-USE
Of course you can still use Abaqus, Tosca, fe-safe, Isight and
other SIMULIA tools as standalone best-in-class products for
simulation analyst users. But we believe the advantages of
moving to the full 3DEXPERIENCE Platform are compelling.
Among them is that the 3DEXPERIENCE platform provides
your team with truly revolutionary ease-of-use, through a
customized graphical user interface easily personalized on your
desktop and a single integrated underlying data and process
management structure. Furthermore, through our processapps, you can integrate and automate your use of the various
tools across all the Dassault Systèmes brands, seamlessly.
For example, if you are working in SIMULIA and want to
incorporate a CATIA function, or a BIOVIA material simulation,
it’s all on a single user interface that gives you access to
whatever tools you need, when you need them. If you’ve
historically been using just one brand’s products, now you can

As our users know by now, we view simulation for product,
nature and life as powering sustainable innovation.
“Sustainable” of course implies business success! Dassault
Systèmes delivers this power in the context of not only
developing products, but also creating experiences that
connect our customers with their own end-users, helping to
secure those new business opportunities.
This is where our end-to-end industry-specific workflows
perform at peak for you, providing that single source of
truth, collaboration with users and stakeholders, process
management, link to requirements, conceptual design, design
validation, manufacturing, marketing, and all the way to use
by the ultimate consumer.
These benefits are made possible by putting our multiphysicsmultiscale technology on a platform built for everyone, not just
the simulation expert, to maximize collaboration and speed
product development enterprise-wide. When you work within
the industry solution that is a best fit for your company, you
can accrue all the advantages of having simulation at the core
of your business—and you can out-innovate your competitors.

For More Information

https://www.3ds.com/products-services/simulia
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Training: Companion Learning Space
ompanion Learning Space is a learning portal
C
created by Dassault Systèmes to host an extensive
course library for learners of Dassault Systèmes
products and solutions.

doing business in today’s most innovative companies. What
resources will you have at your fingertips when you are in a
hurry to get started on a specific application or project?
Companion Learning Space provides customers, academic
users, partners and DS internals with material addressing all
these situations.

Having an extensive set of online resources available 24/7
can be a significant game changer in our industry. On any
given day, you might be faced with a new simulation problem
that requires you to gain quick application knowledge and
the only training being offered is at a time that conflicts
with an important meeting. Maybe there are times when
you learned a lot from a training class two years ago and
now it’s time to refresh and update your skills because the
product has new functionality. Unfortunately, your company
has travel restrictions. All of these situations are just part of

The content is delivered through a dedicated Learning portal
http://companion.3ds.com

THE COMPANION COMPONENTS

COMPANION HIGHLIGHTS

The Public Cloud Companion for SIMULIA portfolio includes
specific contents for the SIMULIA products providing:

• Be trained on SIMULIA applications at your own pace

• Training material
• Videos
• Hands-on exercises
• Case studies
• Self-assessments

Improve your simulation skills anywhere, at any time...

Companion is used across several segments of large, medium
and small customers & partners.

• Access a rich database of exercises on a wide variety of
industrial cases
• Get course contents updated at each new release

COMPANION BENEFITS
• Stay current with all products & releases
• Sharpen your simulation skills
• Decrease travel time and expenses
• Access everywhere, any time

14
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3DEXPERIENCE SIMULIA ROLES SUPPORTED BY COMPANION
• Companion for Simulation Foundation
• Companion for Simulation Process
and Optimization

• Companion for Finite Element Modeling and
Assembly Specialist
• Companion for Simulation Geometry Modeler

• Companion for Stress Engineer

• Companion for Structural Vibration Analyst

• Companion for Fluid Dynamics Engineer

• Companion for Assembly Modeling Specialist

• Companion for Structural Analysis Engineer

• Companion for Simulation Results Analyst

• Companion for Fluid Mechanics Analyst

• Companion for Noise & Vibration Analyst

• Companion for Mechanical Analyst

• Companion for Results Data Analyst

SIMULIA PRODUCTS SUPPORTED BY COMPANION
Abaqus

• Routine and Advanced Simulation

Realistic Human Simulation
High Speed Crash & Impact
Noise & Vibration

• Linear and Nonlinear, Static and Dynamic
• Fluid, Thermal, Electrical, Acoustics

Isight

• Process Integration

Material Calibration
Workflow Automation
Design Exploration

• Parametric Optimization
• Six Sigma and Design of Experiments

Tosca

• Non-Parametric Optimization

Conceptual/Detailed Design
Weight, Stiffness, Stress
Pressure Loss Reduction

• Structural and Fluid Flow Optimization
• Topology, Sizing, Shape, Bead Optimization

fe-safe

• Durability Simulation

Safety Factors
Creep-Fatigue Interaction
Weld Fatigue

• Low Cycle and High Cycle Fatigue
• Weld, High Temperature, Non-metallics

Simpack

• 3D Multibody Dynamics Simulation
• Mechanical or Mechatronic Systems
• Detailed Transient Simulation (Offline and Realtime)

Complete System Analyses
(Quasi-)Static, Dynamics, NVH,
Flex Bodies, Advanced Contact

SIMULIA PRODUCTS/ROLES ON COMPANION
The Companion Products/Roles are sets of Companion
courses, exercises and tests for each of SIMULIA
Products/3DEXPERIENCE Roles and application scenarios
available online.
Companion Learning Space hosts all Simulation Roles &
Products:
• 55 courses for version 2017 of the classic portfolio
• 25 courses for SIMULIA roles within 3DEXPERIENCE 2017x
• More than 2900 courses online overall

www.3ds.com/simulia

For more information about Companion, please contact your
DS Education Partner or Learning.Companion@3ds.com
Companion Learning Space: http://companion.3ds.com
Training section: www.3ds.com/training
Catalogues & Learning paths:
www.3ds.com/training/learning-paths-course-catalogs
Find a list of DS Education Partners:
www.3ds.com/partners/find-a-partner
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Alliances
GRANTA ENSURES FAST ACCESS TO TRACEABLE,
CONSISTENT MATERIALS DATA FOR SIMULATION

W

hy does materials data matter for
Abaqus/CAE® users, and what can
they do about it? Here are two examples.
An Automotive OEM has made major
investments in virtual engineering,
including implementing Abaqus/CAE so
that its analysts have the best available
tools to support crash simulation or
NVH (noise, vibration, and harshness)
properties. But the value of this work could
be limited if the input materials data is of
insufficient quality. Meanwhile, a major
Aerospace organization is starting an
Additive Manufacturing (AM) project that
is set to generate huge quantities of data:
how do they manage this data and use it
to optimize new AM processes?
GRANTA MI:Materials Gateway™ for Abaqus/CAE®. Through the MI:Materials Gateway
First, the Automotive example. What CAE
window you can search and browse for materials datasheets, inspect materials properties,
engineers need is quick, reliable access to
choose an applicable materials model, and then apply the data directly to your CAE model.
approved CAE materials models. Obtaining
consistency and traceability. Users can browse and search
this information can be challenging and time-consuming,
their corporate database, find the right models, and import
especially for complex non-linear and high strain-rate analyses.
them directly into Abaqus/CAE. Version 5 of MI:Materials
But there is also a corporate perspective—the company wants
Gateway has a new infrastructure delivering a fast, intuitive
to ensure consistency and traceability. How can they avoid
user experience. Granta has recently worked with several
error by ensuring all engineers using materials data are
customers to enable support for a more efficient workflow
working from the same fundamental material description?
between CAD and CAE.
How do they ensure that all material decisions and analyses
can be audited and, if necessary, reproduced or adapted?
What about AM, a technology that promises to transform
manufacturing—but only if we understand process
Like many leading engineering enterprises, this company
parameters and their effect on materials, so we can control
uses GRANTA MI™ to manage their corporate materials
part performance, consistency, and quality? The Aerospace
information. This includes test data and results of subsequent
company in our example has recognized this requires it to
analysis, for example, to derive simulation models. Thus the
capture and mine the vast amounts of data generated by AM
full lifecycle for simulation-ready data, and all related datasets,
projects, much of it material and process data. This raises
are captured. This can be complemented by a comprehensive
many questions: what data to retain, how to use it, what is
library of materials reference data.
best practice? How are processes audited? Which relationships
Granta works closely with SIMULIA to enable direct access
are critical?
to such materials data from within Abaqus/CAE via the
Granta can help answer these questions, by using GRANTA
embedded GRANTA MI:Materials Gateway™ app. Analysts get
MI to capture, manage, and analyze complete AM process
the right materials data, fast, and error-free, with guaranteed
information on powders, builds, machine parameters, and
parts. Collating and sharing data between materials scientists,
machine manufacturers, and simulation experts is vital for
AM. Full auditability and comparison between physical and
simulation data (e.g., for and from Abaqus) supports in-depth
study of parameters affecting part quality.

Join us at Science in the Age of Experience or contact Granta
via www.grantadesign.com.

For More Information
www.grantadesign.com
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Teachers at Dassault Systèmes
ECCENTRIC ENERGY

T

he TADS (Teachers at Dassault
Systemes) program, established in
2013, is part of a corporate engagement
commitment to promote Science,
Technology, Engineering, and Math
(STEM) education. The three main goals
of the program are to educate teachers
by providing first-hand knowledge about
STEM careers; to educate students by
enabling teachers to create learning
modules for the classroom; and to educate
communities by increasing awareness of
Dassault Systèmes within the local public
school communities. During a 6-week
internship at SIMULIA, TADS teachers
create curriculum modules that can be
used in their own classrooms and shared
with other teachers.
David Duke, SIMULIA R&D QA Manager,
managed the 2016 TADS program
and worked with Thomas Milligan, the
technology education teacher at Johnston
Senior High School, in Johnston, RI.
Tell us a little about yourself.
I am married with two children, sophomore in high school
and sophomore in college. I hold a B.S. from URI in Business
management, a B.S. from RIC in Technology Education and
an M.E. from RIC. My hobbies include woodworking and auto
restoration (I drive a restored 1974 VW THING on nice days
and sit at a steampunk inspired desk).
Why were you interested in becoming a TADS teacher?
TADS was brought to my attention via my principal and
superintendent who met folks at Dassault Systèmes and
believed it would be a great opportunity for me and my
students. I have been credited with bringing back technology
education to JSHS and felt this would bolster the program
having some firsthand experience working with professionals
in the technology/design/engineering fields.
Describe your project and how you chose it.
I was given plenty of freedom on what to choose as a topic.
My final activity was titled "Eccentric Energy." I teach an
Engineering Technology class in conjunction with CCRI
(students can get 3 college credits for the class) and they
ask us to perform a wind generator activity, Pico-Turbine. I
felt it was a bit boring and simple. As a Rube Goldberg fan, I
combined the electricity generation material into a problem
based activity following the zany principles of Rube Goldberg.

www.3ds.com/simulia

What do you hope your students learn from this project?
I hope my students learn to think and problem solve. We
study several design processes throughout the course and this
activity culminates most of that learning.
What did you learn from this project?
I found the students to be very responsive and accepting to
new technologies including SolidWorks, 3-D printing, and cnc
cutting. Secondly, I found it to be very exciting to see the
imagination and problem-solving unfold into working models.
I feel they learned more by creating and testing than being
"taught."
What would you say the value of simulation is?
Simulation is very important. Students designed parts and
pieces in SolidWorks and were able to simulate their actions
virtually before physically building and/or printing, hence
making changes and improvements immediately while also
saving valuable time.
I enjoyed my TADS experience. I met some great people who
have helped enhance our educational processes and in turn
produce great students.
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Tech Tip
DESIGNING MULTISCALE
MATERIALS FOR ADDITIVE
MANUFACTURING

A

dditive Manufacturing (AM) is used to build models,
prototypes, tooling, and produce parts in plastic, metal,
ceramic, and composite materials. Its advantages are derived
from the additional design freedoms gained that allow
novel complex geometries to be realized at little additional
manufacturing costs and reduced product weight. The
dimension of typical additive manufactured parts may be
on the order of hundreds of millimeters. Yet there are lattice
structures designed at micrometer scale and important
physical transformations that occur at nanometer scale. To
address the dilemma of scales, multiscale approaches are
essential to capture accurate material behaviors.

With an entire new universe of design possibilities free of
conventional manufacturing constraints such as forging,
casting and stamping, computer aided design and optimization
become efficient tools for product designers. Topology
optimization, which is a mathematical approach to optimize
material layout within a given space, is well established and
well suited for designing AM parts. The optimum results
given by a topology optimization becomes readily usable
for an additive manufacturing process. The Generative
Design Explorer app that combines the geometry creation/
reconstruction capability of CATIA with the finite element
solver of Abaqus was developed which enables effective
adaption of topology optimization for additive manufacture.

The first step is to understand equivalent material properties of
lattices in the macroscopic sense. The Abaqus micromechanics
plugin was developed for material homogenization (Figure
1). The plugin provides functionalities including linear/
nonlinear thermal mechanical material upscaling/downscaling,
periodic/non-periodic boundary conditions, post processing,
ABD matrix generation for shell like structures and etc. The
micromechanics plugin can be used for infill homogenization
to explore the infill pattern and void ratio, create heat maps
and analyze resultant structure performance under in-service
conditions in a multiscale aspect. Moreover, based on
homogenized material properties for different infill/lattice
densities from the micromechanics plugin, we can then
interpolate lattice behavior and enable topology optimization
to optimize material layout for intermediate density.
Let’s illustrate the idea on a shoe sole design problem. The
sports shoe industry has undergone dramatic growth in recent
years. For instance, running shoes affect the entire body,
and consequently are considered the most valuable piece of
equipment for runners. Efforts to meet this concern are further
multiplied by the critical factors to be considered in the design
of each shoe: shock absorption, flexibility, fit, traction, sole
wear, breathability, weight, etc. Additive manufactured lattice
shoe soles are gaining attention from almost all of the leading
sports shoe manufacturers today.
Abaqus/CAE can be used to generate the unit cell RVE models
of any lattice designs. Figure 2 shows CAE models of some of
Figure 1. Abaqus
micromechanics
plugin

MANUFACTURING HOLLOW STRUCTURES
A unique capability of additive manufacturing is the ability
to manufacture hollow structures using small cells known
as infill/lattice patterns. Commonly used infill patterns
include grid, honeycomb, rectilinear and triangular extrusion
patterns, as well as 3D lattice patterns. Tosca lattice sizing
optimization generates optimum lattice structures with much
higher stiffness compared to topology optimized structures
with the same weight. Models of initial lattice structure
designs can be created using an Abaqus plugin that generates
lattice structure models using beam elements from a solid
mesh, or alternatively can be created from lattice software
such as nTopology Element, translated into Abaqus format
with a python script. Tosca sizing optimization optimizes the
radii of the beams and the optimum result can be converted
back to nTopology Element for manufacturable geometry
reconstruction. In order to further design and explore a more
complete library of lattice microstructures that may be not
representable by beam structures and address limitations of
lattice sizing for lattice sizes and angles, the Tosca topology
optimization is enhanced to design for intermediate densities
in a multiscale approach. We explain the steps to realize
topology optimization for intermediate densities.
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Figure 2. RVE models of common extrusion type infill/lattice patterns
www.3ds.com/simulia

the extrusion lattice patterns that cannot be represented using
beam elements. The unit cell RVE models can be imported into
the Abaqus micromechanics plugin. The plugin handles periodic
boundary conditions in an automatic manner for consistent
and inconsistent mesh on opposite faces. It then solves for
homogenized material properties and stiffness matrices.
The homogenization can be performed for various infill
densities, and validation can be done on simple geometries
such as an enclosed square box with latticed core. The
geometric models can be compared with non-geometric
models applied with homogenized material properties. We
validate the homogenized structural response of a grid
extrusion infill pattern against geometry based models (Figure
3). Although the geometric model shows more roughness in
the stress result due to geometric discontinuity, the
magnitude of the stresses corresponds well.
The homogenized material properties for different infill/lattice
densities can be used to construct a polynomial function of
up to 4th order. Tosca topology optimization is updated to
support the polynomial for material interpolation. This enables
optimum material layout designs with intermediate lattice
density distribution.

Bottom View
50% RVE

50% Geometry

Figure 3. Validation of homogenized structural response for grid
extrusion pattern
Cycle 0

Cycle 28

Cycle 8

Cycle 21

Cycle 96

APPLY SINGLE OR MULTIPLE LOADINGS
We can apply single or multiple loadings to the topology
optimization. For example, mapped pressure load can be
used to represent static loading of an average human’s
weight and bending load can be used to represent the
resistance to push off. Clustering design condition is also
supported by Tosca and can be used in order to generate
the same density for a cluster of elements. This is not a
necessary constraint but may be desired for certain designs.
In this example, we clustered element groups through the
vertical direction/infill extrusion direction. Tosca topology
optimization iterates to find maximized stiffness structures
with a reduced weight target. The optimization yields
intermediate relative density distributions, iteration by
iteration. It is found that the maximum density region in an
optimum design does not always correspond to maximum
load location. The topology optimization is useful to determine
the most effective way of material use. The relative density/
material stiffness distribution can be used to reconstruct
optimum geometries with matching lattice patterns.
We can also use Tosca topology optimization to help us
design the lattice microstructure/unit cell. We start with a
complete filled unit cell model applying periodic boundary
conditions using the micromechanics plugin and typical
in-service loadings by prescribing far field strains. In order
to prevent homogeneous stress fields, we create a globally
inhomogeneous density map (Cycle 0 in Figure 4).
We can use weighting factors or maximize the minimum of
energy stiffness measures or strain energy to account for
multiple loading cases. Design constraints can be applied,
such as minimum member size and volumetric constraint.
www.3ds.com/simulia

Figure 4: Multiscale topology optimization of lattice microstructure

The whole process is illustrated in Figure 4. In this example,
convergence is reached after 96 cycles. This procedure can
then be combined with the previously explained optimization
to obtain optimum density distribution.
At the same time, the mean-field homogenization method in
Abaqus/Standard is also developed for multi-scale material
modeling. Mean-field homogenization is based on a semianalytical model and, therefore, is computationally more
efficient compared to the RVE approach in which the RVE is
modeled with a finite element model. This approach has been
used in the form of a user subroutine, and by incorporating
this approach directly inside the Abaqus software, we provide
the opportunities for users to adopt this approach without
implementing the basic material model for each constituent
on their own. Because of this, users are also able to scale
their model with high performance parallel computing, which
enables large scale models to be analyzed with concurrent
multiscale. With mean-field homogenization, we open
opportunities for modeling chopped fiber reinforced polymers
accounting for fiber orientation distribution during filament
material extrusion process.

For More Information

https://www.3ds.com/products-services/simulia/services
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ATTEND A USER MEETING NEAR YOU!

Each fall, SIMULIA provides a place for industry and academia to gather and learn about the latest
simulation technology and methods that can accelerate and improve product innovation. Last year,
more than 4,100 users attended Regional User Meetings (RUMs) and user group meetings around the
globe. Because these are local meetings, we are able to tailor content toward trends and marketing
conditions where you are, and present information in native languages.

See the meeting schedule and register today at www.3ds.com/rums

