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Welcome Letter

Balancing Product, Nature, and Life

W

e are in the middle of an incredible revolution—a revolution that will have a major effect
on what we do and on how the world does business. Today, we talk about simulation
enabled design, but in the future, simulation will be an integral part of design … a time
when simulation is used for everything, not just to design products, but to understand
nature and life as well. The SIMULIA technological portfolio will support this expansion,
and Dassault Systèmes' 3DEXPERIENCE® platform will enable the enterprise to take full
advantage of this revolution (page 8).

Several of the case studies featured in this issue of SIMULIA Community News drive home this
theme of product, nature, and life:

• Product: Describing the latest advances in tire manufacturing (Reinventing the Wheel? No,
Just the Tire, page 6)
• Nature: Mastering the elements to help determine the design of wind turbine components
(Freudenberg Puts FEA Seal of Approval on Gasket, page 10)
• Life: Providing realistic simulation of life-saving techniques (Looking Deep into Heart Valve
Replacement, page 14)
SIMULIA's technology is at the heart of today's societal challenges. For the past several years,
we have included nature and life in our strategy. Our goal is to help our customers see what
their "product in life" will be, which means its integration into, its use in, and its impact on
the environment. We are committed to using our solutions to better understand and simulate
how products, nature, and life can interact in harmony.
There's no better example of this focus on life than the unveiling of our Living Heart Project
(page 9) at this year's SIMULIA Community Conference. When we considered implementing
this vision, we wanted to be sure we had the right starting place, where there is a need for
realistic human simulation. The need is great. Cardiovascular disease is the #1 cause of death
worldwide, according to the World Health Organization, and the American Heart Association
predicts that nearly 41% of the U.S. population will have some form of cardiovascular disease
by 2030.
While we have worked with device companies, research institutions, and regulatory bodies
on better designs of medical devices, we hoped to reimagine the entire process through The
Living Heart Project—not from a device-centric approach, but from a human-centric one. We
imagine that personalized models based on measured heart data will provide clinicians with
insights into defects or potential future complications. Increasingly accurate human body
simulation has the potential to help reduce testing risks and costs while further benefiting
patient safety and health.
Attendees at this year's SCC are experiencing the power of The Living Heart Project first-hand
and learning about the future of medicine. The revolution has truly begun.

Get Social with SIMULIA
Whether you're looking for inspiration on our newly launched Facebook page, wanting to
check out the news on Twitter, or seeking answers and networking in one of our LinkedIn
groups, you are only a click away. Join the SIMULIA Learning Community and find solutions,
tech tips or browse hundreds of blogs on an abundance of simulation topics. We're featuring
the latest from our social media sites on page 16.
ROGER KEENE
SIMULIA Vice President, Worldwide Operations

www.3ds.com/simulia
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Product Update
Optimization Shapes the Future
New Tosca functionalities help achieve better
simulation results and performance

General Capabilities
• Stable and fast
optimization algorithms
• Direct use of existing models
• Efficient handling of
very large models
• Support of unlimited number
of load cases
• Consideration of multiple FE analyses
for response combination
• Optimization in combination with
nonlinear analysis (nonlinear material,
contact, large deformation)
• Pre- and post-processing
of optimization jobs in
Tosca ANSA environment
• Result visualization with
Tosca Structure.view
• Combination of post-processing
data to vtfx reports and office
or html documents
• Result preparation for CAD transfer
using Tosca Structure.smooth

Optimization module in Abaqus/CAE.

S

IMULIA has introduced the optimization
module within Abaqus/CAE with the
release of Abaqus 6.13-AP. This module
allows users to take full advantage of the
new Tosca Structure 8.0 functionalities
to help achieve better realistic simulation
results and performance.

As part of the SIMULIA portfolio, Tosca
Structure delivers powerful optimization
solutions to help design lightweight,
stiff, and durable parts and assemblies in
less time. With Tosca Structure 8.0, the
new sizing optimization module enables
engineers to obtain an optimum relation
between weight, stiffness, and dynamic
behavior in sheet metal design. It identifies
the potential to gain material savings and
increased comfort. Users can optimize
shell element thicknesses clustered or
individually for large-scale applications
and millions of design variables.

Simulate design variants quickly

Graphical interface provides easy setup

New capabilities in Tosca Structure 8.0
let users make quick and easy mesh
geometry changes.

The new optimization module in
Abaqus/CAE also offers easier setup
and execution of optimization tasks
and workflows, including:

Design variants can be simulated
immediately without having to
re-create the simulation setup. The tool
allows for accelerated design decisions
leading to further improvements and
innovations within an overall shortened
development process.
The most comfortable technology fit of
Abaqus and Tosca Structure is realized
by the new optimization module within
Abaqus/CAE. The new graphical interface
fits with the needs of high-performance
computing, e.g. enabling users to run
fast optimization jobs for large-scale
applications within external
multiprocessor architectures.

• An integrated graphical user interface
for optimization and FEA jobs
• Ability to define optimization
tasks interactively on 3D
Abaqus Standard models
• Author, run, and post-process directly in
familiar Abaqus/CAE environment
• Automatic consistency checks
With Tosca Structure 8.0, users can create
optimized design concepts to help achieve
the highest performance, quality, and ecoefficiency in less time. Tosca Structure 8.0
is now available to Abaqus 6.13-AP
customers via Extended Token licensing.

For More Information
www.3ds.com/tosca
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News
New Random Vibration Fatigue Capability in fe-safe

F

atigue caused by forced vibration of
a random nature is one of the major
concerns in the automotive industry. The
Power Spectrum Density (PSD) is the
most concise and straightforward way
of representing a random process in a
frequency domain approach. Until now,
commercial methodologies for fatigue
analysis from PSDs have been limited to
shaker table applications and have not
fully addressed out-of-phase loadings from
multiple channels. PSD is a function that
describes the energy content distribution of
a quantity over a frequency range.

fe-safe 6.5 (part of the Abaqus 6.14
release) includes the first release of an
advanced and unique method for Random
Vibration Fatigue. Key features include:

The mean square value of the acceleration,
for instance, can be evaluated by
integrating the function with respect to the
frequency. The random vibration approach
in fatigue is important because:

• Critical plane searching. Besides Von
Mises, Normal, Shear, and Normal+Shear
critical plane criteria are available.

• It concisely represents the dynamics
of a system
• It substitutes the conventional
rainflow counter by a probability
density function (PDF)
• In FEA, a modal superposition steady
state dynamic analysis (SSD) is much
faster than a modal superposition
transient and full transient analysis
• Random vibration fatigue algorithms
are faster than equivalent time domainbased algorithms

20 node hexahedral mesh
210978 elements
57386 nodes
4 load input Channels

• Consideration of multiple input loadings
in the (Figure 1) fatigue analysis. The
user does not need to condense the
loadings into a single input channel
connected to a master point.
• Therefore, it is possible to study phasing
between loading channels and scale and
combine them using different factors,
which is very convenient.

• Speed of analysis. In order to assess
the difference in speed, a comparison
between the time and frequency
domain was carried out. In this analysis
of a go-kart frame, the acceleration
time histories were equivalent to the
acceleration PSDs. Spectral moments can
always be used as parameters to assess
the "equivalence" of input loadings.
• Probabilistic analysis is also a great
advantage of the new approach in
fe-safe. To achieve the same results
in the time domain, the user needs
to collect a few samples of transient
results and perform a confidence interval

New in fe-safe 6.5
• New method for random
vibration fatigue
• New method for critical distances
• Extended distributed processing
analysis to determine the range where
the correct value (life) is supposed to be.
This is far more complex than the new
fe-safe method.
The stress histories and the output PSD
results for the most damaging node of the
analyzed go-kart frame are ultimately used
by the fatigue algorithms in fe-safe to
evaluate life, damage, and safety factors for
time and frequency domain respectively.
The Findley multiaxial fatigue algorithm
was used as the time domain algorithm,
and Von Mises was used as the frequency
domain algorithm. Findley uses the critical
plane approach and is considerably slower
than the new PSD method in fe-safe. The
differences in terms of life and damage
were less than 15%. Figure 2 shows the
life distribution (log10 of life) for the entire
go-kart frame.
The new method of fatigue of PSDs is
available in fe-safe 6.5 at no additional cost.

For More Information
www.3ds.com/fe-safe
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Figure 1. Four loading channels exciting the chassis.

www.3ds.com/simulia

Figure 2. Most damaged node (43428) at the rear part of the
go-kart frame, just above the second mounting point.
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Case Study—Product

Reinventing the Wheel?
No, Just the Tire
Sumitomo Rubber engineers use
Abaqus FEA for material simulation
to improve rolling resistance
and vehicle fuel economy

T

he U.S. auto industry has been abuzz about CAFE
(corporate average fuel economy) standards since aggressive
targets were recently set for the fleet: 34.1 mpg by 2016,
increasing to 54.5 mpg by 2025. Regulations in the EU, Japan,
and China—higher than the U.S.—are also set to increase sharply
by 2020.

The new numbers shift fuel-efficiency initiatives into the fast
lane for engineering design teams at car makers and suppliers
worldwide. Performance capabilities—such as advanced injection,
combustion and exhaust systems, lightweight materials, and
aerodynamic enhancements—are a major focus. And so are tires.
Roughly two-thirds of the oil consumed in the U.S. serves to
power the country's 250-million-vehicle fleet. Of that total,
about 20 percent is dedicated to simply overcoming the friction
of tires rolling on pavement. Rolling resistance (RR), as this
property is called, is dependent on two major factors: tire
design—which includes size, structure, and material makeup; and
operating conditions, encompassing inflation pressure, vehicle
load, ambient temperature, rotating speed, and alignment.
Tire makers have already improved rolling resistance by
25 to 30 percent over the last 20 years. Still, further
advances are needed to achieve the new fuel-economy rules.
But engineers generally agree that advances in RR can cut
fuel consumption by an additional 3 percent. Improving
tires, as compared with other automotive systems, is
considered to be a relatively low-investment way to enhance
automotive fuel efficiency.

Simulation helps examine rolling resistance
Over the years, engineers at Sumitomo Rubber Industries in Kobe,
Japan, have played their part in RR-improvement studies. Efforts
led by their simulation team have advanced both the structure
and material makeup of tires. But the urgency of their redesign
efforts has been upped by future standards, as well as an

6
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existing 2010 agreement among tire manufacturers to introduce
a graded tire-performance labeling system.
If squeezing better performance out of rubber tires were simply
a matter of minimizing friction, the engineering challenge would
be easier to solve. But performance is also a function of safety,
accomplished by making the tire grip the road, especially in wet
conditions. From a design point of view, "wet grip" (as it's known),
is the functional opposite of RR. So the design challenge becomes
one of tradeoffs: how to minimize friction for better RR versus
how to maximize grip to keep drivers safe. The secret to balancing
these two opposing physical principles lies in the rubber.
"The performance of a tire depends on the characteristics of various
compounds and the complicated relationships between structures
at the micro- and nano-levels," says Naito Masato, assistant
manager in Sumitomo's Material Department.
Rubber tires consist of an intricate mix of polymers, fillers, and
cross-linkers. Polymers, known for their softness and elasticity,
form the dominant matrix and are structured in strands of
molecular-sized beads that can number in the hundreds of
thousands. Silica and carbon—the fillers—serve as reinforcing
agents and are added for strength and to improve wear. Dispersed
through the matrix, fillers form bonds with the polymers (through
intermediary coupling agents, or functional groups, in the polymer
molecule). This makes the material more rigid. The spacing of

"We chose Abaqus because it can handle
large-scale simulations and has the
capabilities to analyze the large,
nonlinear material deformations of rubber.
The software is highly accurate."
Naito Masato, assistant manager,
Material Department, Sumitomo
www.3ds.com/simulia

the silica in the polymer matrix and the position of the bonding
between the two materials inhibits the wasteful deformation and
heat generation responsible for the tire's rolling resistance. "We
have a long history of simulating tires," says Masato. "But until
recently, it was not easy to examine these relationships in greater
detail to further improve our material designs."
For more than 15 years, Sumitomo engineers have been using
Abaqus finite element analysis (FEA)—which is part of the
Dassault Systèmes 3DEXPERIENCE technology portfolio under the
SIMULIA brand—to conduct tire simulations (Figure 1). "We chose
Abaqus because it can handle large-scale simulations and has the
capabilities to analyze the large, nonlinear material deformations
of rubber," says Masato. "The software is highly accurate and has
a variety of all-purpose material models that are easy to calibrate."

New simulation methods look deeper into the rubber
Early material simulations were instrumental in helping Sumitomo
engineers improve tire performance. But with market pressure
rising, new techniques were needed to understand the complex
material behavior that occurs when the rubber meets the road.
For this purpose, the team developed a multiscale simulation
methodology—called 4D NANO DESIGN—which looked at tire
materials at increasing depths of magnification. At the first level,
FEA predicts micrometer-scale (1/1,000 mm) deformation of
the rubber, including the exact location of the energy loss in the
material. A molecular dynamic (MD) simulation, next analyzes
the three-dimensional arrangement of silica particles and the
bonding between the polymer and silica at the nanometer scale
(1/1,000,000 mm). A molecular orbital (MO) simulation at the subnanometer level (1/10,000,000 mm) then examines the reactivity
(or electronic and energy status) of the materials. "The material
behavior of rubber tires could not previously be simulated with this
degree of accuracy," says Masato.
For the FEA micrometer-scale analysis, the team needed to
create a finite element model (FEM) that accurately reproduced
the 3D structure of the rubber, including the distribution and
exact location of filler through the polymer matrix. This was done

Figure 1. In earlier research, Sumitomo engineers used Abaqus to conduct
tire simulations such as rolling resistance (top left, contour section of tire),
hydroplaning and mode analysis (bottom, four views).
www.3ds.com/simulia

by collecting sophisticated test data: dynamic testing provided
details of polymer behavior; transmission electron microscopy
(TEM) and X-ray scattering were used to reveal 2D micrometer-to
nanometer-scale structural details; and transmission electron micro
tomography helped map the 3D structure.
Because the computational challenges were formidable, Abaqus
Standard's newly introduced iterative solver was employed in
a high-performance computing environment to simulate the
response of the microstructure. The FEA results showed that the
highest heat (the cause of rolling resistance) was generated where
the filler particles contacted each other (Figure 2).
Guided by the FEA results, a molecular dynamics simulation
(using COGNAC, a specialized soft-material software that is part
of OCTA) evaluated filler dispersion techniques and calculated
polymer formulations with evenly distributed filler (which would
lead to improved RR). The engineering team then worked with the
development manager to ensure that the suggested materials fit
within accepted manufacturing protocols and costs. This process
helped avoid laborious trial-and-error polymer synthesis-andtesting cycles. The MO simulation examined the reactivity of the
chosen materials and further optimized the rubber structure.

Benefits of multiscale simulation
Sumitomo's new 4D NANO DESIGN technology allows the
company to look into tire performance in totally novel ways.
"We can now predict tire performance at the micro- and nanolevels. This can't be done using physical testing," says Masato.
"Simulation has shortened our product development cycles and
made our process more efficient."
Tires designed using these new methods are already on the road.
And more improvements are likely on the way. "We anticipate that
our new process will make a significant contribution to the more
effective development of tires in the future," Masato adds.

For More Information

www.srigroup.co.jp
www.3ds.com/SCN-May2014

Figure 2. Using Abaqus FEA, a 459×712×489 nanometer block of rubber
(far left) was modeled with 10 million hexahedral elements, which
separately considered polymer (green) and filler (red) and accounted for
both nonlinear viscoelasticity and elasticity characteristics while simulating
tensile deformations. An enlarged view of the filler alone is shown (middle).
In the strain distribution (far right), the rubber was deformed and where
polymer was sandwiched between unevenly dispersed filler there was
evidence of large strains (red), indicating the generation of heat, which
increases rolling resistance.
SIMULIA Community News May 2014
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Strategy
A 'Realistic' Look at Product, Nature, and Life
These environmentally conscious products
also must support the trend toward
personalization, compelling manufacturers
to rethink the ways they envision and
bring their designs to life. Consumers
increasingly expect goods and services
to be tailored to their individual needs,
perhaps eventually leading to a digital
representation of their own bodies to be
used for virtual shopping.

by Steven Levine, Senior Director,
SIMULIA Portfolio Management

T

he harmonization of product, nature,
and life through Dassault Systèmes'
3DEXPERIENCE platform is more than just
an admirable philosophy. We believe that
such a high-level goal is fundamental to
ensure the wellbeing of the earth and its
inhabitants today and into the future.
But what does this philosophy actually
mean to the SIMULIA community? How
does this new technology and product
experience affect your ability to deliver
value to your organization and in turn
to your customer? Will this impact your
company's bottom line? How does what
you do harmonize product, nature, and life?

The increasing connectedness of our
planet has created an awareness that
challenges all manufacturers to develop
products that not only perform to high
standards, but also deliver a positive social
contribution. This can range from support for
environmental concerns down to delivering
a personalized product experience. These
trends may seem "macro," but they are
already affecting the products being
designed today.

Rethinking product engineering
There is no greater example of this
effect than the reinvention of aircraft
manufacturing. Planes in the air today

8
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are safe and relatively cost-effective to
produce—but to conserve energy and deliver
an improved passenger experience, they
must be re-engineered from lightweight
composites that are fuel efficient and
operate at higher pressure and moisture
levels for comfort. To help ensure the safety
of these new designs, SIMULIA works
closely with manufacturers and partners
to develop advanced technologies that
accurately predict the performance of such
highly engineered materials.
Similar pressures influence the automotive
industry: Electric cars, interconnected
devices, in-cabin environment, even
tire design—all are being driven by
environmental awareness and/or personal
product experience. As an engineer, your
work inevitably reflects this reality. Our role
is to help you replace decades of lab testing
with simulation-driven understanding in
just a few years, and to provide the tools to
share it.

Think global, act personal
The trend of globalization—with economic
growth lifting expanding populations of
consumers into the middle class—raises
concerns about worldwide consumption
rates, use of precious resources such as
oil or water, and the carbon footprint
of product production and use. We need
products to be better engineered for greater
efficiency and less waste so they function in
their environment in harmony with nature.

And personalization extends beyond
consumer goods into medicine with
astounding applications: customized
implants for joint replacements, exact
spinal vertebrae replacements, even
individually sized cardiovascular devices.
SIMULIA is responding with investments
that broaden our understanding of the
physics of the human body, leading
to products such as the Abaqus Knee
Simulator and, more recently The Living
Heart Project (see page 9). With this
foundation, along with breakthroughs
such as 3D printing, manufacturers will
increasingly be able to deliver products that
directly improve overall quality of life.

Take advantage of trends to
create brand equity
More than ever, consumers are
interconnected and do not hesitate to share
opinions of products and the companies
behind them. Brand awareness is at an
all-time high; intelligent manufacturers
guard and enhance their reputation with
responsible behavior and an equal eye
towards performance and quality.
SIMULIA's strategy is to help our
customers manage the effects of all these
macro trends with technologies that allow
them to be responsive and responsible,
while staying economically on track. We
serve our customers, and their employees,
with the tools that help them produce
products that harmonize with nature and
life—cost-effectively.

For More Information

www.3ds.com/SCN-May2014
www.3ds.com/simulia

The Living Heart
SIMULIA Spearheads The Living Heart Project
Bringing the medical community together for improved patient care

T

he unveiling of Dassault Systèmes'
Living Heart Project at this year's
SIMULIA Community Conference
(SCC) is certainly fitting. It represents
the culmination of many months of
collaboration, planning, and software
development that were launched into
action after the same event in 2013.
While reviewing presentations in the
medical special-interest group at the SCC
in Vienna last year, Steven Levine, Senior
Director, SIMULIA Portfolio Management,
observed that simulation technology
was approaching a tipping point in
replicating the physics of living systems.
Aware of the impact of cardiovascular
disease, currently the #1 cause of
death worldwide, he and his team had
already performed introductory studies
to explore the possibility of simulating
a human heart. However, to make the
translation from proof-of-concept to
clinical practice, it would require an
effort beyond what SIMULIA could
provide alone.

The plan was simple, yet visionary:
use SIMULIA's technology and the
3DEXPERIENCE platform to challenge
the scientific community to create a
realistic 3D simulation of a beating,
human heart—one that could be
employed as a foundation to build
personalized models based on a
patient's measured data to gain insight
into potential cardiovascular diseases
and methods of treatment. Levine
approached Bernard Charlès, Dassault
Systèmes CEO, with the idea—and The
Living Heart Project was born.
While simulation has gained broad
adoption in many industries, healthcare
remains the last frontier. Strides
have certainly been made in medical
device development, but the extreme
complexity of the human body continues
to hamper the quest for lifelike accuracy.
What's more, without such virtual
models, regulators often have no
choice but to accept laboratory testing
as validation for new medical devices,
with failures and recalls grabbing news
headlines with disappointing regularity.
www.3ds.com/simulia

Without question, simulation has great
potential to reduce testing risks and costs
while further benefiting patient safety
and health.
In launching the project, SIMULIA reached
out to researchers, device developers,
and cardiac physicians, emphasizing the
validity—and potential—of the effort. It
was quickly recognized that, if successful,
they would have an important platform for
medical innovation.
"There are millions of patients out there
who really need this technology today,
including my own daughter," Levine says.
"Participation has gained momentum
beyond our expectations. Before we release
it, the first model will be tested by the
community in their respective disciplines.
In fact, the FDA is watching the project
with great interest, as part of a Regulatory
Science initiative. Its aim is to inspire
leadership from the community—and
SIMULIA and collaborators have stepped up
through The Living Heart Project."
The project has high aspirations. Simulating
an entire human heart that beats
realistically is a highly coupled, multi-scale,
multi-physics problem layered on top of
a complex materials engineering problem.
Initially, the focus will be electromechanical
applications for device design, such as
pacemaker leads, stents, and artificial valves.

However, project collaborators are
already exploring its applicability to study
treatment for heart disease or personalized
ventricular assist devices. Future versions
will include blood flow and thrombosisrelated applications, with increasingly
detailed models of electrical pathways
eventually reaching the cellular level. The
knowledge developed under this project
could one day pave the way for fully
3D-printed bioficial hearts.
"This project began with a challenge to
realistically simulate the physics of the
heart," says Levine. "As it evolves, we
already see it beginning to transform
how people think about what is possible
and how this could serve as a platform to
translate science into meaningful medical
practice. We can imagine that this will
lead to a new paradigm for data delivered
directly into the hands of physicians; not
simply 2D patient scan data, but fully
analyzed 3D models where abnormal
behavior is clearly identified and treatment
options evaluated. The 3DEXPERIENCE
platform could connect an ecosystem of
providers to allow any physician access to
these state-of-the-art diagnostics."

For More Information

www.3ds.com/heart
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Case Study—Nature

Freudenberg Puts FEA Seal of Approval on Gasket
SIMULIA's Abaqus and Isight solutions help determine
robust design for wind turbine component

T

he wind has long been used as a
metaphor for constant change, wayward
and capricious. Wind turbine engineers
deal with that changeability every day
along with a host of other factors. Their
products must operate in desert sandstorms
and in corrosive salt water. The ambient
temperature at the turbine site can be
blisteringly high or numbingly frigid. And
the loads on the gaskets and slewing
bearings can vary as the wind changes
direction and the nacelle and blades
swing around.

Through all these conditions, the gaskets
must maintain a tight seal to protect the
bearings. Every wind turbine contains
at least four slewing bearings—one for
each rotor blade and a fourth for the yaw
bearing (on which the nacelle rests and
rotates)—and each bearing contains two
gaskets. "In a 3-megawatt turbine, there
are about 75 meters of this type of gasket
sealing device, every millimeter critical to
performance," says Frank Schoenberg of
Freudenberg Group, a German company
that (among other technologies) develops
and manufactures seals (Figure 1).

10

SIMULIA Community News May 2014

"Our design approach not
only improved our product,
it reduced computational
run times, cutting costs
significantly."
Frank Schoenberg, Freudenberg Group

In addition to temperature and physical
load variations, gasket seals can
malfunction as a result of manufacturing
processes. "Small imperfections created
during manufacturing are inevitable,"
says Schoenberg.
Manufacturing tolerance variation and
other load conditions can also cause
deformation of the bearing, changing the
width of the gap between the inner and
outer bearing rings. Another deformation
and tolerance problem can arise from the
two rings having an axial offset (not being
perfectly centered). Depending on the
coefficient of friction of the gasket, this
can affect the sealing function.

So, how are gaskets designed to ensure longterm performance? The goal is shifted from
creating an optimal part—one that performs
excellently under a very limited set of nominal
conditions—to making a robust one that
works under a wider, pre-specified, range of
circumstances.
"Robust designs are what I call 'satisficing,'"
Schoenberg says. "They satisfy operating
requirements and, as for their quality, they'll
suffice."
In a study undertaken by Freudenberg to
arrive at robust gasket design, Schoenberg
and others used SIMULIA Abaqus finite
element analysis (FEA) software, and SIMULIA
Isight design exploration and optimization
software—both from Dassault Systèmes, the
3DEXPERIENCE Company. These tools enabled
the analysts to simulate hundreds of variations
and establish which was the most robust.

The road to robustness
Implementing robust design involves a series
of tradeoffs. How rigid must the gasket be
to maintain shape under its load? How elastic
must it be to keep a firm contact with the
lubricating grease?
www.3ds.com/simulia

Maintenance and everyday performance
are a tradeoff as well: The gasket should
be easy to install and mount, but remain
firmly fixed in place during operation.
Finally, of course, there is the inevitable
conflict between controlling cost and
maximizing functionality. "The basic idea
is that every decision is a sort of gamble,"
Schoenberg says. "It takes a risk for the
sake of a probable gain, and you determine
the size and likelihood of both."

Figure 1. Shown is a wind turbine nacelle
cutaway with bearings colored in blue and
sealing solutions (gaskets) colored in red.

The engineers had no shortage of variables
to consider. The gasket in question is a
continuously extruded contact seal made
of an elastomer with proprietary properties.
Its principal task is to protect the slewing
bearing from the outside environment
and seal the lubricating grease inside. Its
diameter can be from one to five meters,
but a typical cross-section is only 25 mm
x 25 mm (a little under an inch square).
Durability requirements are stringent—the
gasket is expected to perform for 20 years
even in highly demanding environments.
The design is continually being updated to
reflect changing customer specifications
or new deployment locations for wind
turbines. Under normal operation, the
part has to perform under both positive
pressure and the vacuum from within
the bearing.
To meet field requirements, engineers must
consider the pressure loading from the
grease, friction torque, and de-mounting
force, all while hitting production cost
targets. Designs are evaluated using
physical prototyping and simulations.
"For time and development cost
considerations," Schoenberg says, "most
physical testing and simulations are related
to performance under nominal conditions."
However, manufacturing results and field
circumstances have a way of shifting: to

Figure 2A. Shown is a cross section of a gasket.
www.3ds.com/simulia

be a truly robust design, the gasket should
perform well even under variations from
the nominal. Multiple analyses reflecting
changing loads and conditions were clearly
needed as well.

"Every model and, therefore, every
simulation is a reduction of complexity of
a real-world problem," Schoenberg says.
"As long as your underlying assumptions
are accurate, you can simplify quite a bit."

Simulating a real-world problem and
finding a robust solution

With the FEA model in hand, the engineers
were ready to establish guidelines for
optimization with Isight to hone in on the
variables that most significantly influence
gasket performance. The engineers
considered field test data, talked with
expert product designers and material
developers, and studied the geometry of
previous wind turbine designs to ensure
producibility. Eventually, the analysts
selected 14 parameters to include in
the optimization (including geometric
parameters and material properties
such as hardness).
Continued

The first task of the analysis was a meshed
model to run in Abaqus. Setting up its
characteristics was straightforward: The
bearing, which is metal, was defined as
inflexible compared to the elastomer gasket,
which had nonlinear properties. Because
the gasket was made from homogeneous
material and symmetric, it was possible
to model and mesh a 2D cross section of
it, greatly reducing run times while still
achieving accurate results (Figures 2A and
2B, 3A and 3B).

Figure 2B. This cut arc from a gasket shows its symmetry.
SIMULIA Community News May 2014
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Case Study—Nature
Figure 3A. Shown is a more detailed
cross section drawing with rough
measures in millimeters.
Figure 3B. Because the gasket was
symmetrical and homogeneous, it was
feasible to run a small FEA meshed model
of the cross section (shown with uniform
pressure loading).

3A.

3B.

In the Isight workflow, Design of Experiment
(DOE) methods were applied to iterations
of FEA models to identify which of the
parameters had the greatest effects
on performance. This initial screening
winnowed down the number of parameters
under consideration to six crucial ones.

friction and mounting force of medium
priority. A different customer demand
might require significant modification. For
example, the gaskets are made from only
one elastomer, but it comes in different
Shore hardnesses, resulting in about 20
distinct sub-materials.

For the next phase of analysis, the Optimal
Latin Hypercube method in Isight was
used, running a total of 200 experiments
that parametrically tailored geometrical
dimensions and material properties (the
six variables). "By identifying main effects,
we could eliminate unimportant factors,"
Schoenberg says, "and concentrate our
efforts where they would most affect
the outcome." (Figure 4)

"In this particular case, we ended up
choosing a material with a high Shore
hardness," Schoenberg says, "and we opted
for geometric variables that would help to
stiffen the inner sealing lip."

The resulting robust design is not a one-sizefits-all solution by any means, Schoenberg
says: "In this case study, we assumed one
customer demand with different priority
scenarios." For instance, one of the scenarios
was defined by a high priority on pressure
resistance and low priority on cost, with

Boundaries

Goals

Constraints
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"Satisficing" results in far less time
Freudenberg's systematic approach to
exploring robust design concepts yielded
good results. "We finalized a gasket with
characteristics superior to those achieved
with more standard methodologies,"
says Schoenberg, "and it's less sensitive
to processing and manufacturing
imperfections, as well as to operating
conditions for the wind turbine." The
new part performs well under nominal
conditions (as verified by physical
Optimization

Python
Script

Reliability
Technique

Abaqus

Calculator

Meta-Model

Figure 4. In a program such as Isight,
decision templates are computational
objects that can be manipulated.
Isight is a virtual environment for
integrating processes to support the
design team, making the design
process modular and reconfigurable.

prototyping), but it also performs well
despite the "noise," such as tolerances
and other uncertainties, that inevitably
influence the operations of slewing bearings
in the field.
"Our design approach not only improved
our product," Schoenberg says, "it reduced
computational run times, cutting costs
significantly." The setup of the analyses
took time, but running them with Isight
shortened the optimization considerably.
Compared to Freudenberg's former
methodology, runtime for each iteration
was reduced from 30 minutes to only 0.1
seconds. Computational times plummeted
from an estimated 16,300 hours (about 678
days) to 100 hours (just over four days).
"We got good results, made better-informed
decisions, and increased our efficiency,"
Schoenberg says. "We also established a
meta-model that can be a starting point
for cost-effective customization when a
customer comes in with new demands
and priorities."
In future research, Freudenberg will
concentrate on, among other things,
including more variables concerning various
material scales and system levels. This will
provide the engineers with greater design
freedom. Subsequent analyses will integrate
sealing components with bearing and wind
turbine models to better explore systemlevel tradeoffs.
"Abaqus is the standard FEA solver here at
Freudenberg," Schoenberg says. "SIMULIA's
FEA and optimization tools work well
together."

For More Information

www.freudenberg.com/
www.3ds.com/SCN-May2014
www.3ds.com/simulia

Accounting for Real-World Loads Improves Design for Bushings

E

ndurica LLC is the developer of
fe-safe/Rubber, the world's first
commercialized fatigue life prediction
software for elastomers (www.endurica.
com). Founded in 2008, Endurica is 100%
focused on elastomers and durability. The
company offers solutions that include
software, materials characterization,
training, and consulting services.
Finite Element Model of elastomeric bushing,
showing loading directions (left). Color contours of
log fatigue life, bushing free surface shown (right).

Elastomeric bushings are used in many
vibration isolation applications to achieve
smooth dynamic performance, to accept
excessive transient displacements, and
to dampen vibrations. Applications
typically operate under lengthy, variable
amplitude schedules and support
multiple simultaneous loads. Under these
conditions, crack precursors in the material
microstructure may further develop,
leading to gradual loss of stiffness, and
eventually to the appearance of cracks in
the part.

the demands of the application. Abaqus
Nonlinear FEA provides a powerful tool
to analyze the stiffness properties of a
bushing under particular benchmark load
cases. Abaqus also can compute strain
history for each element in the model, for
representative samples of actual bushing
load history. Finally, using fe-safe/Rubber,
developers can analyze the computed strain
history to determine fatigue performance.

In order to ensure adequate performance,
bushing developers must carefully match
the capacity of the bushing design to

For example, the stress-strain behavior of
the bushing shown was modeled using the
Arruda-Boyce hyperelastic law. Fatigue

behavior for the calculation was specified
via the Lake-Lindley fatigue crack growth
rate law, with an initial flaw size of 250
microns, and with strain-crystallization
defined following published results for
Natural Rubber. The calculations are based
on Endurica-developed fatigue solver
technology, which uses critical plane
analysis to resolve the effects of multiaxial
loading, and rainflow counting on the local
crack plane load history to accumulate
the effects of variable amplitude loading.
A 10-second sample of a 2-channel load
history was analyzed and used to produce
the contour plot showing the life and the
location of crack initiation.
With these tools, elastomer component
developers are in a better position than ever
to account realistically for the damaging
effects of real-world loading history on
their components.

For More Information

www.endurica.com

Alliances
Coupled Geomechanical Analysis for Fault Slip Stability

I

using the computed stresses. The Monte
Carlo method is applied to the fault slip
stability calculations to quantify the
reliability of the prediction. Finally, the
validity of the models is confirmed by
comparing the results of the simulation with
historic records of observed earthquakes.

nduced earthquakes caused by
destabilized faults due to the production
and injection of underground fluids pose
an inevitable anthropogenic* hazard. In
addition to damage to surface structures,
the longer term danger is the integrity of
the subsurface and the resulting leakage of
harmful fluids.

During production of fluids from the
subsurface, the formation pressure
decreases; conversely, during injection
the pressure increases. Both scenarios can
have an effect on fault instability that is
associated to seismic events—and possibly
damaging earthquakes. To assess and
mitigate such risks, it is critical to improve
the understanding of the underlying
geomechanical processes.
To undertake such challenges, a
multidisciplinary approach is applied.
From the 3D structural geological model
of the subsurface, a 3D finite element
www.3ds.com/simulia

A subsurface fault intersected by two horizontal
wells and subjected to pressure and thermal
gradients from hydrocarbon production. The fault
slip potential is displayed on the surface of the
fault. The horizontal cross section shows the
finite element mesh at that depth.

model is derived. The 3D finite element
model is populated with geomechanical
properties and pressures, such as from
1D geomechanical models for the wells
in the field. From modeled pressure and
temperature changes, the stresses are
computed via a finite element simulation
using Abaqus. The fault stability is assessed

To facilitate this advanced workflow,
Baker Hughes (a leading oilfield service
provider and an Abaqus Integration Partner)
has integrated Abaqus with their JewelSuite
subsurface and geomechanical modeling
software. This unique combination
provides a single environment for
geomodeling and mechanical simulation
that simplifies and accelerates the coupled
geomechanical analysis.
* Anthropogenic: of, relating to, or resulting from the
influence of human beings on nature

For More Information

www.bakerhughes.com
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Cover Story—Life

Looking Deep into Heart Valve Replacement
FEops uses SIMULIA solutions to provide realistic simulation of
transcatheter heart-valve procedure planning and design
from the aortic wall, travel to the brain
and cause stroke. Calcium deposits on
the original valve may also shift toward
the origins of the coronary artery and
restrict blood flow to the heart muscle.
Another potentially serious complication is
regurgitation, which occurs when the new
implant does not seal completely against
the aorta walls. The resulting leakage
allows blood flow along the sides of the
device when the aortic valve is supposed to
be closed. There can also occasionally be
electrical conduction problems, requiring a
pacemaker to manage the electrical current
that travels over the heart and signals it
to contract.
"It was clear that these complications
could be mitigated by further improving
the TAVI designs and procedure planning,"
says Matthieu De Beule, Ph.D., co-founder
of Belgian-based FEops. "For this reason,
FEops developed its unique TAVIguideTM
technology (patent pending) which aims at
improving the design, planning, safety, and
efficacy of TAVI products and procedures."

T

he heart is often compared to a pump,
facilitating the flow of blood between
its upper and lower chambers. The heart's
valves, which open and close with each
beat, regulate the pressure and course of
blood throughout the body. Unfortunately,
according to the American Heart
Association, more than 5 million Americans
are diagnosed with heart valve disease each
year. It can occur in any single valve or a
combination of all four, but disease of the
aortic and mitral valves is most common.

According to the University of Maryland
Medical Center, up to 1.5 million people
in the U.S. suffer from aortic valve disease.
The aortic valve controls the movement of
oxygenated blood from the left ventricle
into the aorta, the main artery leading
to the rest of the body. Without an aortic
valve replacement (AVR), 50 percent of
aortic valve disease sufferers will not
survive more than an average of two years
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after the onset of symptoms. An estimated
85,000 surgical AVR procedures are
performed every year in the United States.
For patients deemed too old or too ill to
undergo AVR through traditional openheart surgery, transcatheter aortic valve
implantation (TAVI) is a growing alternative
approach. It is much less invasive, as
it avoids cardiopulmonary bypass and
requires less time and anesthesia than a
major surgical procedure. TAVI involves
inserting a catheter, usually through the
femoral artery in the thigh, which is then
threaded into the heart, where it inserts
a replacement valve inside the native
(original) one. This replacement valve is
mounted upon a dedicated endovascular
prosthesis or stent.
Even with the much less-invasive TAVI
approach, complications can still arise.
During the deployment of the device,
particles of calcium can break away

FEops is a spinoff from the IBiTechbioMMeda group at Ghent University. Their
team of biomedical Ph.D.s has extensive
experience with advanced cardio- and
endovascular device-and-procedure
modeling, in collaboration with academic
researchers and clinicians worldwide.

"With simulation, you can
gather so much more
accurate information than
using strictly simplified
bench tests. Abaqus can
accurately simulate the
complexities of the TAVI
procedure and products,
which allows us to be very
confident in the results."
Matthieu De Beule, Ph.D.,
co-founder of Belgian-based FEops
www.3ds.com/simulia

Figure 1. These images represent the progression of the TAVIguide process. On the far left is a patient's pre-operative CT image, which is then used to create a
3D reconstruction (center). At right is a simulation of TAVI in this specific patient's anatomy.

TAVIguide uses pre-operative images,
gathered from an individual's CT scans, to
create digital 3D-anatomically correct finite
element models (Figure 1) of patients'
aortic roots by combining SIMULIA Abaqus
finite element analysis (FEA) software from
Dassault Systèmes, the 3DEXPERIENCE
Company, with proprietary software. "The
technology allows the study of different
virtual procedural alternatives, in order to
be optimally informed before performing
the real procedure," says De Beule.
Through a collaborative retrospective pilot
study with Professor Peter de Jaegere from
the Erasmus Medical Center in Rotterdam,
Netherlands, FEops has compared the
simulation results from TAVIguide with
post-operative CT scans of patients who
underwent a TAVI procedure. There
was excellent agreement between the
simulations and the post-operative data.
"I believe this technology will have an
important clinical implication," says de
Jaegere. "It will allow the selection of

Figure 2. In the above Abaqus FEA image, the blue
shading represents good apposition, and the red
incomplete apposition. TAVIguide simulations allow
surgeons to compare how different stent-supported
valves will act in their patients' anatomies.
www.3ds.com/simulia

both the type and size of the valve
for a particular patient. Such tailored
medicine has the potential to significantly
improve current TAVI planning and
reduce complications."
"With simulation you can gather so much
more accurate information than using
strictly simplified bench tests," says De
Beule. "Now you can gain greater insight
in regard to what stresses and strains
these devices can withstand once they
are deployed into an individual's anatomy
(Figure 2). The simulations can then predict
the behavior of replacement valves during
transcatheter delivery, implantation, and
even after new-valve function begins in a
patient's body."
Abaqus FEA has proven highly capable
of replicating the complicated landscapes
and methods of the TAVI procedure.
"We have decades of experience using
Abaqus specifically for minimally invasive
cardiovascular and endovascular devices,"
De Beule says. "Abaqus can accurately

simulate the complexities of the TAVI
procedure and products, which allows us to
be very confident in the results." (Figure 3)
While TAVIguide is still awaiting CE (the
European equivalent of FDA) approval
before it can be used in clinical practice, De
Beule can already see this technology being
applied to a wide range of fields.
"We are convinced that this technology
and personalized approach can not only be
applied to additional cardiac devices, but
our simulation framework can also help
medical device designers consider a variety
of new cardiovascular products in realistic
and validated patient anatomies early on
in the pre-clinical state of development,
paving the way for virtual clinical trials."

For More Information

www.feops.com
www.3ds.com/SCN-May2014

Figure 3. Comparison of predicted (left) and observed (CT, right) calcium movement
illustrating the predictive power of the model.
SIMULIA Community News May 2014
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Social Media

SIMULIA GOES SOCIAL!

Conferences, training events, seminars, and user group
meetings let you catch up with SIMULIA a few times each
year, but we want to hear from you more often than that.
Use social media to like us, follow us, link up with us, and
tell us what you enjoy, what you find useful, and what you
want to see more of. We look forward to hearing from you!
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KNOWLEDGE IS POWER ON THE
SIMULIA LEARNING COMMUNITY
The "SLC," as we like to call it, is the online encyclopedia for all things
SIMULIA. With just one search, you can find articles, tutorials, tech tips,
examples, and Q&As related to an abundance of simulation topics. Browse
hundreds of blogs, iQuestions, and media to learn about the latest software
advances and techniques. Have something to share? Create your own post
by becoming an author. Access to vast SIMULIA knowledge is just a click away.

Get there: www.3ds.com/SLC

LIKE US ON FACEBOOK
Make simulation more fun by joining in the conversation. Find inspiration
through interactions with your fellow analysts. Simply "Like" us on Facebook,
and the possibilities become endless. Whether you need a mental break, want
to know the latest SIMULIA news, or need to find some clever content—this is
a page you'll want to visit every day. We'll also be holding contests and giving
away prizes throughout the year—a truly "can't miss" opportunity!

Get there: www.facebook.com/3DSSIMULIA

LINK UP ON LINKEDIN
Whether you want to connect with colleagues in the industry, ask a question,
start a discussion or find your future employer—our LinkedIn groups offer
something for everyone. Join more than 16,000 fellow SIMULIA product
users and start networking today! Your future is waiting.

Get there: Search for Abaqus and SIMULIA groups on LinkedIn

SEE IT FIRST ON YOUTUBE
They say a picture is worth a thousand words, so how many words is a video
worth? If video is how you prefer to receive information, then subscribe to our
YouTube channel for tutorials, interviews, presentation recordings, and more!

Get there: www.youtube.com/3DSSIMULIA

TURN TO TWITTER
No time to search the news for the latest in simulation? No problem. Get
SIMULIA on-the-go in 140 characters or less through our Twitter feed! Want to
share something with us? Just reference @3DS_SIMULIA or #SIMULIA. It's your
creativity and innovative ideas that we love to hear about—so tell us!

Get there: www.twitter.com/3DS_SIMULIA

www.3ds.com/simulia
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Academic Update
Perfecting the Plastic Bottle, Blow by Blow
Queen's University Belfast researchers use realistic
simulation to fine-tune bottle blow-molding methods

from a local Irish company, to Coca-Cola
headquarters in the U.S., to a plastic
bottle development project that involved
16 European partners in a 50/50 split
between industry and academia.
"Our industrial collaborators have helped
keep us on track," says Menary. "They tell
us what needs to happen, why we need to
do it, what works well and what doesn't.
These relationships have been evolving all
along, giving us real-world feedback on
what we are trying to accomplish."

Abaqus chosen for model
customization and nonlinear
capabilities

Gary Menary (front) and the Advanced Materials and Processing team in their test laboratory at
Queen's University Belfast.

W

hat do medical angioplasty balloons,
car airbags and plastic bottles have in
common? More than you might think. All
of them are made from polymer materials
that need to expand from a compact shape
into something bigger—manually during
surgery, through a sudden burst of gas in
an auto collision, or via a fine-tuned balance
of temperature and air pressure in a bottle
blow mold.

High-level know-how about this last
methodology can be found at the
Advanced Materials and Processing
group based in the School of Mechanical
and Aerospace Engineering at Queen's
University, Belfast, Northern Ireland. With
ongoing pressures to use less material,
produce stronger containers, and redesign
plastic bottles according to customer
demand and consumer whim, the economic
stakes remain high. The University's
skill set is now in demand from leading
multinational companies around the globe.
"The challenge our industrial partners face
is to make a bottle with as little material
as possible, yet still have the proper endservice performance requirements," says
Dr. Gary Menary, Senior Lecturer at the
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School. "It's a very competitive field. A
typical large scale converter makes about
two billion bottles annually. So one gram
taken out of a bottle for them translates
into two million kilos of material, equating
to $3M saved per year.
"The problem is, the process continues to
rely to some extent on trial and error," he
says. "Even now we hear of engineers who
come up with a new bottle idea and bring
it down to the shop floor to manufacture
different shapes while guessing the proper
design and production conditions. It's still a
bit of a black art all around."

Transforming a "black art" into a
scientific approach with simulation
Beginning in 1991, Queen's engineering
professors received funding from the
U.K. Research Council with the objective
of removing all the trial and error from
the injection stretch blow molding (ISBM)
process. "This started as a three-year
project, but twenty years later we're still
working on it, although with a far more
sophisticated toolset," says Menary.
Almost from the start, the research team
began collaborating with manufacturers,

The primary simulation tool for Queen's all
along has been Abaqus FEA software from
SIMULIA. Fundamental to the team's work
from the beginning was characterizing
the material from which a plastic bottle
is made. "No matter what the product,
the behavior of the polymer material
is the most difficult aspect to model
when you are trying to simulate how
it inflates," says Menary. "Abaqus gave
us the ability to code our own material
models and customize our analyses. Our
Abaqus simulations provided the necessary
scientific approach that takes material
characteristics into account when creating
and evaluating designs."
As they worked to refine their Abaqus
models, the team realized that current
testing technology didn't give them all
of the input data they needed for their
simulations, so they developed several
of their own laboratory instruments to
provide it.

"Our Abaqus simulations
provided the necessary
scientific approach that
takes material characteristics
into account when creating
and evaluating designs."
Dr. Gary Menary, Senior Lecturer, School of
Mechanical and Aerospace Engineering
www.3ds.com/simulia

"One of the major difficulties faced by
previous researchers in modeling the
ISBM process was the inability to fully
represent the deformation behavior of the
PET polymer," says Menary. "Prior work
definitely advanced the knowledge base,
but our own tests provided validated data
on which we could confidently build our
library of Abaqus FEA models." The issues
to be explored were diverse, because the
performance of a blown bottle depends
on many variables: the preform dimension,
preform temperature distribution, stretchrod displacement, pressure blowing profile,
and cooling rate applied to the blown
bottle.

Blowing up the problem to size
"Blown" is the keyword here. Earlier models
that the Queen's group evaluated all made
a critical assumption: that uniform pressure
was being applied inside the preform as
it inflated. "However," says Menary, "as
the PET material expands, pressure inside
the membrane is not uniform: It varies
depending on the rate of air flowing into
the system as well as the concurrent
expansion of the membrane."
This changing pressure phenomenon is
understandably difficult to observe when
a bottle is being inflated inside a sealed
mold. So in order to fully characterize the
inflation process, the group decided to

Free blow experiment on an instrumented, marked PET bottle prototype allowed a perfect
synchronization between force, displacement, and pressure measurements of the stretching and
blowing stages of the bottle blowing process. Above are results from image capture using a highsampling rate video camera and the corresponding predictions from the Abaqus FEA simulation.
Contours are of axial strain.

investigate the inflation of the preform
unimpeded by a mold, in "free blow."
Using a digital image correlation system,
the engineers could then inflate a preform
with a pattern applied to it, and then track
the stream of expanding material against
time from the discrete locations marked on
the preform.
The data from these free blow experiments
were then used to calibrate Abaqus FEA
models for a more realistic simulation of
bottle inflation response to fluctuating
pressure changes. "The mass-flow rate
method in Abaqus was most accurate
for modeling pressure input in our ISBM
simulations," says Menary.

Going inside the mold with
simulation

A preform of molten PET plastic (with thin
stretch rod visible inside), en route to a blow
mold where it will be injected with air to
expand it into a plastic bottle.
www.3ds.com/simulia

With a clearer understanding of the role
of pressure from their validated freeblow models, the engineers have since
turned to simulating the process inside
the mold itself during ISBM, including
the all-important role of the stretch rod
inside the preform. "The sequence of the
stretch-rod movement and the onset of the
pressure are key to controlling the proper
distribution of the material in the process,"
says Menary.

Menary's vision is to link everything
together with simulation, from bottle
and preform design and process
conditions, to thickness distribution and
mechanical properties. "The data from the
manufacturing process simulation can then
be transferred to virtual packaging tests
where you can see how the preform design
affects things like bottle drop or top-load
performance, even shelf life," he says. "You
could couple all this with optimization
software like Isight [also from SIMULIA]
to pinpoint optimum process or minimum
material—whatever you need."
In the future, Menary sees new materials
challenging his group. "We have a pretty
good handle on the behavior of PET right
now," he says. "Next we may turn to
modeling the new plant-based plastics. Our
Abaqus FEA tools will continue to aid us
in finding solutions that help the bottling
industry move forward."

For More Information

www.3ds.com/SCN-May2014
www.qub.ac.uk/schools/
SchoolofMechanicalandAerospaceEngineering/
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Case Study

It's All in the Pipeline:
Transporting Sour Crude More Reliably
Abaqus FEA helps INTECSEA deliver
durable pipe solutions for deep-water oil producers

I

t's not that the world is running out of oil.
The problem is getting to what remains
of it, at a price that consumers can swallow.
A September 2013 Oil Market report from
the International Energy Agency (IEA) said
global demand for oil and liquid fuels will
rise to 93 million barrels per day in 2014,
an increase of more than 2 percent. This
comes at a time when most experts agree
the days of "easy" oil are over. Petroleum
companies are now forced to drill in areas
deeper and more remote than ever before.
In the case of deep-water production,
this means very high and unpredictable
pressures coupled with severe temperature
gradients both inside the pipe and out.
Worse, the crude oil coming from these
depths is increasingly "sour," a corrosive
witch's brew containing high levels of
hydrogen sulfide, CO2 , and volatile organic
compounds that make short work of
regular carbon steel pipe. The oil industry
has responded with calls for better
pipeline material.
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"Oil production wouldn't
be practical without
simulation tools like Abaqus.
It's a real enabler."

that of regular C-Mn Steel. "An alternative
is CRA mechanically lined pipe using a
weld overlay at the ends," he says. "This
is both easier and quicker to manufacture,
presenting cost savings of 30 percent over
clad pipe."

Philip Cooper,
INTECSEA Global Technology Director

However, concerns over the weld overlay
to liner interface joint have prevented wide
use of CRA mechanically lined pipes due
to the technology readiness level (TRL) not
meeting operator requirements. INTECSEA
has been working to resolve and increase
the TRL confidence in CRA mechanically
lined pipe for use in harsh environments.

Clad pipe has been used in highstrain environments for decades. By
metallurgically bonding a thin layer
of Corrosion Resistant Alloy (CRA),
typically 316L or Alloy 625, to the inside
of C-Mn structural steel pipe, a robust
combination of strength and corrosion
resistance is formed.
However, clad pipe suffers from long lead
times and high cost. Sherif El-Gebaly,
lead pipeline engineer at INTECSEA, a
global company within the WorleyParsons
Group and a leader in subsea production
systems, says clad pipe can cost 10 times

Making the weld stronger
than the pipe
Pipe sections are manufactured in lengths
of about 12 meters, called pipe joints.
These joints are then "girth" welded
together end-to-end to create a pipeline.
For mechanically lined pipe, each CRA
joint is slid inside a carbon steel joint and
plastically expanded in the radial direction
www.3ds.com/simulia

engineers have been employing
realistic simulation with SIMULIA
Abaqus finite element analysis (FEA)
software from Dassault Systèmes,
the 3DEXPERIENCE Company.

to ensure tight fit between the carbon
steel and the liner. The fitted CRA joint
is shorter in length, leaving a distance of
about 50 mm to 150 mm at each end; this
gap is filled with a weld overlay of a CRA
material, bonding the CRA layer to the
carbon steel pipe and enabling the jointto-joint girth weld to be performed.

Prior to initiation

"Girth welds are very critical," says
INTECSEA Global Technology Director
Philip Cooper. "Some of these ships are
running $1 million a day. The weld joints
are inspected prior to lowering the pipe
into the sea, and if repairs have to be
made at this point, it can seriously impact
production quota."

Contact pressure zero

Regardless of how much pipe gets laid
in a day, environmental and safety
considerations mandate zero tolerance
for failure once the pipeline is in the
water. This is because deep-sea flow lines
are subject to tremendous stress as they
transport a gloppy mix of oil, gas and sand
from the wellhead to the offshore storage
facility (FPSO) or onshore processing
terminal. This fluid alternately heats and
cools the pipeline, causing expansion,
bending and potential buckling. High
velocity "slugs" of water and gas within
the pipe create vibration, leading to fatigue.
Even the weight of the pipe itself as it
crosses the uneven terrain of the seafloor is
a cause for concern.
"The movement of the pipeline under
production conditions is similar to your
garden hose when you turn on the tap,"
says Cooper. "You'll get wiggling and
sideways motion due to the pressure.
This is why fatigue performance and
strain capacity in this environment
is so important."
The oil industry demands thorough testing
of any component used in deep-sea oil
production, and CRA-lined pipe is no
exception. Because of its two-layer design,
some experts were concerned over the
possibility of "ripples" forming in
the liner material under bending stress
which presents a risk of premature failure
(Figure 1). Equally important was ensuring
the integrity of the girth welds used for
the weld-overlay-style pipe.
But since sticking your head inside a 12"
diameter pipe one mile under the ocean
is clearly not an option, INTECSEA design

Initiation of rippling

Growth of rippling

Start of final buckling shape
Figure 1. FEA analysis of pipe response to stress.
The diagram at the top shows the pipe at rest. As
bending force is gradually applied, ripples begin
to grow in the CRA liner. At the bottom, the pipe is
beginning to buckle.

Figure 2. Abaqus FEA model of pipe girth weld.

Visualizing deep-sea conditions
with Abaqus
FEA lets the team query the geometry
and behavior of computer models of their
pipe designs, simulating every condition
from production to performance thousands
of feet below the ocean surface. "We've
been using Abaqus for the past decade
or so," says Cooper. "Over the last few
years it's really become our preferred tool
for pipeline design. On top of that, many
of our customers show a preference for
Abaqus. It's more or less a standard in
this industry."
El-Gebaly's team had a number of factors
to consider when setting up their Abaqus
FEA models to predict lined pipe and weld
behavior. "One challenge was a potential
problem with under-matching," he says.
"Imagine that you have two 12-meter
long pieces of pipe and you're welding
them together (Figure 2). The weld is
basically just a ring, one that is stronger
than the pipe on either side. Normally
when you bend the whole system, you
don't have to worry about this small ring,
you're concerned more with the pipe
materials. But if at some point the yield
strength of that ring becomes less than
that of the pipe on either side—for example,
under certain high temperature operating
conditions or where the consumable
selected for welding exhibits a lower yield
strength at certain temperature than
the base material—the joint will actually
become more flexible than the pipe and
then all the stress flows into it. FEA helped
us investigate such cases."
There were other scenarios to check within
the assembled pipeline itself. Aside from
the garden-hose phenomena described by
Cooper, El-Gebaly was concerned with the
development of ripple-type deformations
induced in the liner layer during spooling
and subsequent installation. "You have
to understand the behavior of liner
under bending moment, the wrinkling
onset conditions, as well as the fatigue
performance of the girth weld during the
installation and design life," he says.
Continued
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Case Study
A day in the life of lined pipe
Much of the data needed to accurately
capture such behavior with FEA models
comes from extensive land-based testing.
Sections of CRA-lined pipe are put through
numerous physical tests, monitored by
strain gages used to measure axial and
radial force, and piezoelectric and Bourdon
gages to monitor pressure. Hydraulic rams,
heating coils, and various other devices are
then applied to sections of pipe to simulate
the severe conditions at the bottom of the
sea (Figures 3 and 4).
Using test data, combined with industrystandard material properties for X65 pipe
lined with 316L CRA, INTECSEA created

Abaqus FEA models of their pipe and
carried out parallel "virtual tests." Multiple
simulation runs were performed using
both pressurized pipe models replicating
production conditions and unpressurized
ones that reproduce the conditions
expected during transport and installation.

Reducing both development costs
and long-term risk
Results to date have been promising.
Ultrasonic tests show close correlation
between FEA and real-world behavior,
demonstrating that INTECSEA's pipe and
weld designs are performing well. Better
yet, internal rippling of the CRA liner
has been demonstrated to be minimal

Figure 5. A bird's eye view—looking inside a
heated pipe that has been reverse loaded with a
0.58% strain. Several ripples can be seen in the
upper left-hand corner of the photo.

for certain design conditions, even when
subjected to high buckling forces and
temperatures of 130 degrees C (Figure 5).
According to El-Gebaly, once the models
have been fully validated, using Abaqus
will certainly help INTECSEA reduce realworld testing costs. But there's more to it
than better front-end savings: FEA helps
to assess design risks and possible failures.
"For pipelines, it only takes one joint to
fail for a release of contents event to
occur, so it is crucial to assess every failure
mechanism," he says.

Figure 3. Temperature is an important component in pipe performance and simulation models
replicating such performance require accurate data capture. Here a pipe is wrapped in a heating
blanket as it is brought up to 130 degrees C., replicating the effect of high temperature well fluids.

Figure 4. CRA-lined pipe wrapped in insulating material. This test demonstrates a pressurized and
heated pipe placed under a 1.5% strain load.
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Cooper agrees. "Oil production is far more
challenging today than it was 20 years
ago. We weren't faced with the sour fluids
and harsh environments we're currently
dealing with; many of the projects we're
doing now wouldn't have been possible
back then, whereas today these challenges
are quite manageable. Some of that is due
to greater knowledge in the industry and
better technology overall, but it wouldn't
be practical without simulation tools like
Abaqus. It's a real enabler."

For More Information

www.intecsea.com
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Tips & Tricks
Using fe-safe's Extended Materials Database
for Fatigue Analysis from Abaqus

W

hen fe-safe is launched for the first time, several materials databases will load automatically into
the Materials Database window. These contain data for some of the most popular materials, as
well as example materials and materials for use with some of the fe-safe add-on modules. Data for
more materials can be found in fe-safe's extended Materials Database, which is provided in the fe-safe
installation. To search the extended database, the Materials Server must first be launched.

Here's What You Do:
1. Open the fe-safe folder by going to the Windows Start Menu
and selecting "Start Materials Server."
2. A command window will open, and the Materials Server
will start automatically.
3. To launch the Materials Search Client, go to the fe-safe folder on
the Windows Start Menu and select "Start materials search client."
4. Select a property tab to reveal the property fields in that category.
5. Use the up and down arrows to scroll through the full range of
properties in the category.
6. To specify the desired criteria, select "AND" to search for materials
that match all the criteria; select "OR" to search for materials that
match at least one of the criteria.
7. Press "Go" to begin the search.
8. Press "Clear" to clear all search criteria if required.
Once the search is complete, a list of matching materials will be
displayed in the upper right-hand portion of the window. Selecting
one of the materials from this list will display more information on
this material in the lower right-hand portion of the window.
To export one or more selected materials for use in fe-safe:
1. Select File>>Export and specify a file name.
2. The material data will then be saved in an fe-safe .dbase file.
3. Open the file in fe-safe by selecting "Open Materials Database"
from the Material menu or by right clicking in the Material
Databases window and selecting "Open Database" from the
menu that appears.

Using the Material Alias Tab
One of the most useful search categories is the Material Alias tab,
which allows users to search for materials using a different name
from the one under which it was tested. Materials can be searched
for using the UNS, American, Euronorm, German, British, Japanese,
Chinese, or other naming schemes.
More information on how to use the extended Materials Database
can be found in the Materials Database User Guide, which is
included in the documents folder of the fe-safe installation.

For More Information

www.3ds.com/fe-safe
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2014 REGIONAL USER MEETINGS
September 2014–December 2014
The SIMULIA Regional User Meetings are a long-standing tradition within the SIMULIA community. Each meeting
provides an invaluable platform for industry and academia to join together and learn the latest simulation technology
and methods that can accelerate and improve product development. Attendees will discover new capabilities within
Abaqus, future strategies of SIMULIA, provide input on future software enhancements, and network with other users
to share experiences and new ideas. Learn more at www.3ds.com/rums.
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