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Welcome Letter

New Team Members Solidify
Our Vision for the Future
A

s we near the end of 2013 and turn our attention to planning for 2014 and the coming years,
I find this to be an opportune time to share with you what’s been happening within SIMULIA
R&D. Our teams have been hard at work to get new releases out to our user community while
improving the depth, breadth and quality of our products. This year we have expanded our R&D
team and technology coverage through acquisitions of FE-Design, Simpoe and Safe Technology.
And we are focused on delivering next generation realistic simulation applications inside the
Dassault Systèmes 3DExperience platform. As you can see, 2013 has been a very busy and
productive year!

This issue of SIMULIA Community News (SCN) highlights our growth and leadership in
developing solutions for process integration, automation, and design optimization. Our
commitment to delivering these industry-leading solutions began in earnest in 2008 with the
acquisition of Engineous Software for the Isight and Fiper technologies. This coincided with the
release of our Simulation Lifecycle Management applications (see page 12). Earlier this year, we
took the next step by expanding and delivering the most powerful optimization tool set available
through the addition of the FE-Design team and their Tosca applications (see page 8)
You can read about Voith, a leading specialist for automatic transmissions, and their use of
Tosca Structure to produce a lighter and more robust design on page 6. The case study from
Georg Fischer Automotive illustrates their use of Tosca to reduce component weight by 32%
and ensure their product conforms to all required stress loads (see page 16). The case study by
Matrix Applied Computing on the optimization of a cleat for a springfree trampoline is yet another
innovative example of using Tosca technology with Abaqus (see page 10).
These are just a few of the many user success stories that illustrate the business value your
organization can gain in leveraging our robust and proven optimization technology. I encourage
you to find out more about this exciting technology on our public website and in the SIMULIA
Learning Community.
While our team, portfolio and vision have all expanded significantly over the years, our focus
remains exactly the same—to provide our user community with:
• Innovative, state-of-the-art realistic simulation technology based on fundamental mechanics
principles that capture the physics behavior
• High-quality and global technical support
• An open platform for integrating and collaborating on simulation processes, performing design
exploration and optimization, and managing your simulation data and intellectual property
We are committed to working with you to influence the technology and user experience that is
being made available through the Dassault Systèmes 3DEXPERIENCE platform. The goal is
to make our robust, realistic simulation and optimization applications open and accessible to
users of all skill levels through shared best practices, simulation collaboration, and data and
IP management. We strongly believe that simulation, deployed in this manner and integrated
into your business processes, will create enormous opportunity and value to you and your
organization.
We sincerely appreciate the long-term relationship and confidence that you have in us and our
products. Your candid feedback is especially important in helping us to deliver products that
allow you to focus more time on your engineering design challenges. Your use of our products
provides monumental value to other users in our community as well as our society. We look
forward to your continued commitment to sharing your knowledge and experience with our
global community at the 2014 SIMULIA Customer Conference in Providence, Rhode Island next
May. The location near our Providence R&D headquarters will enable you to meet with many of
our team members during the conference. I look forward to our ongoing collaboration to expand
the access and benefits of realistic simulation.
With best wishes for 2014,
Colin Mercer
VP R&D SIMULIA, Dassault Systèmes

www.3ds.com/simulia

SIMULIA Community News November 2013

3

Product Update
New Releases of Abaqus, Isight, and
Simulation Execution Engine Now Available

S

IMULIA delivers a scalable suite of
unified analysis products including
Abaqus for FEA, Isight for parameter
optimization and process control, and
SEE, which allows all users, regardless of
their simulation expertise or domain focus,
to collaborate and seamlessly share
simulation data and approved methods
without loss of information fidelity.
The latest releases of Abaqus, Isight, and
SEE provide powerful new capabilities
and enhancements that will improve your
productivity, efficiency and performancebased decision making.
Abaqus 6.13 provides proven
solutions for linear, nonlinear, and
multiphysics simulation. The release
delivers breakthrough capabilities
and enhancements for Performance,
Electromagnetic Analysis, Heat Transfer
and more.
Abaqus 6.13 introduces a new particle
method that allows users to perform
an analysis using the Discrete Element
Method (DEM). This enables the
modeling of particulate material behavior
in pharmaceutical, chemical, food,
ceramic, metallurgical, mining, and other
industries and is well-suited for particle
mixing applications. The particles interact
generally with each other and with all
other parts of a model.
Additionally, steady-state flow problems
can now be solved directly, eliminating
the need to approximate steady-state
conditions using a long-duration transient
flow simulation. This enhancement
substantially improves overall
computational performance in
common steady-state CFD simulations.
Direct coupling between an
electromagnetic and a thermal or stress
analysis procedure is now supported
through the co-simulation capability. This
capability allows simulation of problems
such as induction heating, in which the
Joule heat output from an electromagnetic
analysis drives a thermal analysis, while
the temperature output from the thermal
analysis affects the electromagnetic
fields through temperature-dependent
electromagnetic properties.

4

Isight 5.8 delivers the market-leading, opendesktop solution for simulation process
automation and design exploration. New
capabilities and enhancements in Isight
focus on Model Building, Components,
Runtime Gateway Visuals, and License
Usage.
In this release, the new visual Correlation
Table displays a heat map of correlation
values between selected input and output
parameters. This helps users to quickly
identify highly correlated input-output pairs.
In previous releases of Isight, it was not
possible to create array graphs by using
multiple arrays. Isight 5.8 now supports
array graphs using slices of two different
arrays. For example, given “displacement
versus time” and “force versus time” data,
the user can now easily graph “force versus
displacement.” This greatly simplifies postprocessing of Abaqus component history
arrays.

A new visual Correlation Table was added to Isight to
help the user to easily identify highly correlated inputoutput pairs.

SIMULIA Execution Engine (SEE) 5.8
enhances the power of simulation by
enabling users to distribute and parallelize
the execution of simulations and share
Isight simulation process flows and results.
SEE can be used directly from Isight, a
customizable web interface, or as part of a
SIMULIA Simulation Lifecycle Management
deployment.
SEE provides a new capability to allow
users to end a single work item on the
dashboard, as opposed to ending an
entire job.
Also in this release of SEE, users can
now determine whether to continue or
terminate a job at startup if a required
affinity is missing when unsatisfied workitem affinities would cause the execution to
pause and wait for a station to come online.

For More Information

www.3ds.com/abaqus
www.3ds.com/isight

SIMULIA Community News November 2013

New co-simulation functionality in Abaqus 6.13
enables multiphysics coupling of electromagnetic
and thermal domains as shown in this example of an
induction-heated fuser. Understanding temperature
distribution and temperature rise time of fusing rollers
is critical for energy-saving considerations of printers.

Abaqus release 6.13 can now model braided or
interwoven wire products made from stranded
materials. This enhancement reduces computational
modeling time by orders of magnitude.

www.3ds.com/simulia

News
Safe Technology, the Leader in Durability
and Fatigue Analysis, Joins Dassault Systèmes
Achieve real business value by making fatigue analysis an
integral part of your design process

O

n September 4, 2013, Dassault
Systèmes announced the acquisition
of Safe Technology Ltd., the technology
leader in fatigue simulation for predicting
and extending product durability. The
acquisition expands Dassault Systèmes’
3DEXPERIENCE platform and SIMULIA’s
realistic simulation applications to provide
the most complete and accurate durabilityprediction solution on the market. Safe
Technology’s fe-safe software is used
by more than 500 customers worldwide,
including General Motors, Caterpillar
Inc., Cummins Inc., Emerson Climate
Technologies, Honda Jets, Harley Davidson
Motor Company and Hyundai Motors.
“Consumers want a product that is built
right. They want a product that lasts.
Durability deeply affects the emotional
attachment between brands and their
users. The 3DEXPERIENCE platform
is all about building brand loyalty for a
company’s business and the products
it offers. This is why Safe Technology is
such a good fit for Dassault Systèmes,”
said Bernard Charlès, President and
CEO, Dassault Systèmes. “Advanced
fatigue and durability software solutions
are an essential part of the product design
process. Safe Technology will enhance
Dassault Systèmes’ SIMULIA structural
simulation to predict and analyze product
life quickly and accurately.”
The manufacturing companies that are
gaining the most value from fatigue analysis
have made a strategic decision to integrate
fe-safe into their daily design process. This
is enabling their design and engineering
teams to develop durable products faster
and more affordably. Many of these
companies are already using Abaqus
with fe-safe. This enables multiple loading
conditions with the cyclic load history, from
Abaqus, to be used by fe-safe to predict
the life of the component. Additionally,
several companies are also using Isight
and Tosca with fe-safe to accelerate design
exploration and optimize their product
designs for cost, weight, shape and more.

www.3ds.com/simulia

fe-safe also includes an extensive database
of cyclic material property data and permits
users to add their own property data from
fatigue tests. fe-safe interfaces to all major
FEA packages. SIMULIA is committed to
continuing these partnerships to ensure
that fe-safe is open and provides the most
advanced fatigue technology available for all
FEA users.
Safe Technology has been enhancing the
capabilities of fe-safe continuously since the
early 1990s, in collaboration with industry
leaders, to ensure that it continuously sets
the benchmark for fatigue analysis software.

Fatigue of welds are notoriously difficult to predict accurately.
This is a weld fatigue analysis of a prototype rear trailing arm
link. Test results to crack initiation: 0.83 repeats of block
cycle test. fe-safe fatigue life prediction to crack initiation:
0.81 repeats Courtesy: Ford Motor Company

Technical firsts include:
• Providing multiaxial fatigue methods as a
standard capability
• Incorporation of Battelle's Structural
Stress Method for fatigue of welded joints
• High temperature and thermo-mechanical
methods
• Creep fatigue methods
• Physics-based approach to
composite fatigue

Fatigue damage does not necessarily occur at the point
of maximum principal stress. In this fatigue analysis of
a tube yoke suspension component, fe-safe accurately
predicted the real point of failure as confirmed by lab
tests on actual loaded specimens. Courtesy: DANA
Automotive Systems Group, LLC

• Methodology for fatigue of elastomers
• Custom Framework module to enable
users to use their own proprietary fatigue
algorithms
• Distributed processing capability that
enables users to achieve linear speed
increases
• Solution to provide strain correlated
FEA load calculations and turn complex
components into multi-channel load cells
There will be many opportunities to learn
about fe-safe in the coming months. Right
now, you can learn about fe-safe by viewing
webinars and downloading technical papers
available at the Safe Technology website.
There will also be training classes available
in 2014 and you can meet with fe-safe
experts at several industry conferences
throughout the year. In addition, you will be
able to learn more about fe-safe at the 2014
SIMULIA Community Conference to be held
in Providence, Rhode Island.

This is an analysis of a supercharger spring. When the
spring is in operation there is a very complex multiaxial
stress state in the coil and high residual stresses
because of the forming process. This is another case
where fatigue damage does not start at the point
of maximum stress. Test results to crack initiation:
60,000 cycles. fe-safe fatigue life prediction to crack
initiation: 67,500 cycles. Courtesy: Eaton Corporation,
Vehicle Group, USA

For More Information

www.3ds.com.com/fe-safe
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Optimization Spotlight

Voith Improves Efficiency of
Automatic Transmission Components
Leading specialist for automatic transmissions benefits
from Tosca Structure optimization software for
development of its DIWA automatic transmissions.
The increased efficiency sets new standards.

A

s environmental standards become stricter and consumer demands for vehicles
with greater fuel efficiency rise, automotive suppliers need to support their
customers with lighter components that will help meet the push for lower emissions
and better gas mileage. Voith Turbo—a division of Voith GmbH that specializes
in hydrodynamic drive, coupling and braking systems for road, rail and industrial
applications and ship propulsion systems—determined that one way to help meet
these challenges was to enhance the efficiency of its transmissions.

Voith targeted weight reduction through material savings as a primary route to increase
efficiency. Although their engineers had already manually optimized their transmission
designs, they felt more savings could still be identified. To find the optimum geometry of
automatic transmission components, Voith turned to topology optimization with Tosca
Structure software from FE-DESIGN—since May, 2013, part of the Dassault Systèmes
3DEXPERIENCE technology portfolio under the SIMULIA application.

30%

Original Design

CAE Design

Tosca Structure
design approach

Weight Reduced
Planet Carrier

Significant material savings
through weight reduction
with Tosca Structure

Photo: Daimler AG
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“By using Tosca Structure we found the best solution to realize material savings and
increase efficiency in the product devolopment process of our automatic transmissions.
Thus the topology optimization of our planet carrier resulted in a lighter and more
robust design as well as significantly higher production efficiency.”
Bernd Wöhrle,Technical Calculations
Bus Drive Systems, Voith

Optimizing a planet carrier: weight reduction
by creating a new design

Tosca Structure is a flexible, modular software system for nonparametric structural optimization, e.g. topology, shape, and/
or bead, using finite element analysis (FEA). Voith Turbo used
Tosca Structure to optimize a planet carrier component, part of
the gearing system in its DIWA automatic transmission. Planetary
gearing systems consist of one or more outer, or planetary, gears
that revolve around a central “sun” gear. The outer gears are
mounted on the planet carrier, which is a moveable arm that itself
rotates around the sun gear.

carrier maintained the required stiffness and lifetime, achieved
considerable material and weight savings, and resulted in more
economical production.
“The topology optimization of our planet carrier resulted in a lighter
and more robust design as well as significantly higher production
efficiency,” Wöhrle said.

Starting with CAD data of the carrier, the engineers first
used Tosca Structure to define the available design space by
subtracting functional areas and joint spaces to connecting areas.
Restrictions placed on the optimization ensured that any design or
manufacturing requirements are kept. In this case the functional
stiffness of the planet carrier—required to guarantee bearing
durability and equal load on the tooth flanks—was maintained.
Tosca Structure then automatically identified areas that did not
contribute to the force flux and removed the materials within
these areas that were not essential. Because requirements for the
manufacturing process were taken directly into account during
optimization, the design proposal could then be easily transferred
to Voith Turbo’s own CAD system where modifications were made
in order to meet further casting parameters.
“By using Tosca Structure we found the best solution to
realize material savings and increase efficiency in the product
development process of our automatic transmissions,” said Bernd
Wöhrle, Technical Calculations Commercial Vehicles, Voith Turbo.

Weight savings also provide manufacturing benefits

The new design of the planet carrier generated significant savings
in material, with a weight reduction of more than 30%. The more
compact size of the revised planet carrier permits an additional
component to be placed in the molding box, allowing the same
number of castings to be produced with fewer casting processes.
Voith’s experience with Tosca Structure shows that even designs
that have already been manually optimized still contain significant
optimization potential. The updated design of the planet

www.3ds.com/simulia

Voith uses SIMULIA’s Tosca Structure topology optimization software to
reduce the weight of components such as the planet carrier in their DIWA
automatic transmissions.

For More Information

www.voith.com
www.3ds.com/tosca
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Strategy Overview

The Quest for the Best

proposals can be optimized earlier in the
design process.

Optimization: an act, process, or methodology
of making a design, system, or decision as fully
perfect, functional, or effective as possible...
Merriam-Webster Dictionary

C

reating the best design for
performance, weight, cost and other
mission-critical factors faster than the
competition is essential for launching
market-winning products. Finding
the best design options requires a
multidisciplinary approach with multiple
trade-off studies. To reduce the time
and cost of physical testing, companies
are now turning to virtual testing along
with design exploration and optimization
technology to sort through the growing
complexity and accelerate decisionmaking.

Dassault Systèmes is a world-leader in
developing 3D software applications to
transform the way products are designed,
produced, and supported. The company
is delivering on a long-term strategy
to provide the most powerful realistic
simulation and design optimization
technology available to the research
and product development market. The
expanding technology portfolio for
realistic simulation and optimization
includes embedded simulation within
CATIA and SolidWorks, plus advanced
multiphysics, durability, automation,
design exploration and optimization
capabilities with Abaqus, fe-safe, Isight,
and Tosca. Together these applications

provide the most complete, open and
robust optimization toolset available. They
also form the basis for next-generation
realistic simulation and optimization
technologies within Dassault Systèmes'
ground-breaking 3DEXPERIENCE
platform.

Parametric and Non-Parametric
Optimization for Product Innovation
SIMULIA Isight is widely used to integrate
multiple cross-disciplinary models and
applications together in a repeatable
simulation process flow. Once defined,
they can be executed across distributed
compute resources, rapidly exploring the
possible design space and identifying the
optimal design based on the user-defined
parameters.

Tosca, recently acquired by Dassault
Systèmes, is the leading technology for
non-parametric structural and fluid flow
optimization. Tosca Structure delivers
powerful optimization solutions for design
of lightweight, stiff, and durable parts and
assemblies. Tosca Fluid enables topology
optimization-driven design concepts for
fluid flow systems. Product designs are
created directly through the optimization
process, driven by the performance goals
specified. As a result, innovative design

SIMULIA Tosca
Non-parametric Optimization
• Structural topology

In addition to robust optimization
capabilities, openness and flexibility are
essential in today’s dynamic development
environments. Both Isight and Tosca openly
support integration with most leading
FEA and CFD solvers and pre-processors,
including Abaqus, ANSA, Ansys
Workbench, Fluent, and Star-CCM+. The
resulting geometries from a Tosca or Isight
optimization study can be easily transferred
back to the originating CAD program to
update the final design.
Starting with the Abaqus 6.13-AP release,
Tosca technology will be available for
Abaqus users through Extended Token
licensing. This licensing option also
provides access to Isight as well as
simplicity, flexibility and cost effectiveness
for small or large teams wanting to leverage
multiple technologies from SIMULIA.

Complimentary Optimization
Workflows

While there are optimization tasks for
which either a parametric approach or a
non-parametric approach fits best, there
are certain optimization tasks where the
combination of Isight and Tosca Structure
obtains the overall best result. Possible
workflows that can be considered are:
Sequential Coupling: Isight optimizes
the parametric part of the design and
the results of this optimization serve as
constrains for a non-parametric Tosca
optimization for a different region of the
design. Isight also acts as an automation
tool to integrate both parametric and nonparametric optimization.

SIMULIA Isight
Parametric Optimization
• Design of Experiments

• Fluid topology

COMPLIMENTARY • Monte Carlo Analysis
OPTIMIZATION • Six Sigma
• Structural shape
WORKFLOWS
• Bead

• Taguchi Method

• Multidisciplinary
Optimization
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To optimize the suspension joint locations of
a rear multi-link suspension, Toe and Camber
can be considered as objective functions and
the joint point coordinates of the suspension
links set as design variables. The joint points
of the links are optimized while the Toe and
Camber behavior follows throughout the
K&C analysis. Once the optimal suspension
joint points are obtained, the topology
optimization analysis is automatically
performed starting from simple beam shapes
with rectangular cross-section profiles.

TOE Link

Create TOE
Link Script

Create TOE Link
FE Model

ATOM Script for
TOE Link

ATOM Analysis
for TOE Link

This unified and automated approach makes
it easy to perform systematic analyses to
simultaneously optimize the design of the
suspension joint locations as well as the
topology of the suspension components.

Business Value of Accelerating
Design Optimization

With this unprecedented range of integrated
techniques, the potential for optimization
to transform the business impact that
simulation can provide has never been
greater. There are already many examples of
how Isight and Tosca technology are used by
leading product development companies to
save significant time and cost.

Figure 1. Automated Tosca Optimization within Isight.

“Design optimization is a complex way of saying ‘finding
the right design’ for business, for customers, and for the
world. The 3DEXPERIENCE platform is all about optimizing
a company’s business and the products it offers. Is it what
customers want? Can we produce it quickly and effectively?
Is it right for a sustainable future? These are the questions
industry must ask to harmonize products, nature and life.
And these are the questions our 3DEXPERIENCE platform
answers.”
Bernard Charlès, President and CEO, Dassault Systèmes

‘Close’ Coupling: Isight creates various
local optimization tasks driven by global
optimization criteria. For each local
optimization task Tosca provides the best
optimization solution. Afterwards Isight
chooses the best solution according to the
global optimization criteria.

Sequential Coupling Example

In a typical design analysis of an
automotive suspension, a sequential
workflow is followed. First the design of
the suspension joint location is completed
through Kinematic and Compliance (K&C)
analysis with rigid multi-body software.
This is followed by the topology design
of the suspension components based on
www.3ds.com/simulia

the stress analysis using commercial finite
element software.
With Abaqus, Isight, and Tosca, this
sequential workflow can be combined to
optimize suspension joint location and
structural topology of the components
simultaneously (see Figure 1). The
analyses are integrated using both Isight
for suspension joint location, and Tosca for
topology optimization of the suspension
components, as a unified approach. Behind
the scenes, Abaqus is used for both K&C
analysis and stress analysis allowing, for
example, accurate loading from the tires to
be considered.

Over time, the business value will grow as
these applications are fully integrated with
other SIMULA process applications. As
part of the 3DEXPERIENCE platform, these
powerful automation and optimization
capabilities will be easily accessible to all
users of CATIA, SolidWorks, and SIMULIA
technologies, and will continue to be open
for integration with other CAD, FEA, and CFD
technologies. This will enable manufacturing
companies to build on their current software
and engineering investments and expertise.
When applied as an integral part of
the overall product development cycle,
SIMULIA’s process integration, automation,
exploration and optimization technology can
help to maximize efficiency, meet business
objectives, and get the best, most innovative,
reliable, and sustainable products to market
much faster and at lower costs.

For More Information

www.3ds.com/tosca
www.3ds.com/isight
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Case Study

Engineering a Safer Bounce
Matrix Applied Computing helps Springfree
optimize the backyard trampoline

and shaped like a wide letter ‘T,’ these have
a rounded, midline socket into which the
balled top of each fiberglass support rod fits
(see Figure 2). The lower ends of the rods
connect to the metal base of the trampoline.
“The plastic edge fitting of my design had
always been the most complicated bit of
the eight or nine different versions I came
up with,” says Alexander. The cleat, which
is inserted into a reinforced pocket in the
mat, harnesses the downward tension of
each jump, ensuring that the ball at the top
of the rod stays wedged into the socket as
it moves up and down.
Once the Springfree was commercialized,
word about its benefits began to spread.
Parent- and safety-association awards
followed, sales bounced upwards and
production swung into high gear. The
company’s New Zealand-based injection
molding supplier, Action Plastics, was kept
busy manufacturing cleats at a rate that has
now reached some 2.5 million units per year.

Figure 1. A Springfree trampoline is
put to the test by an enthusiastic user.

A

sk a kid if they like trampolines and
their eyes are sure to light up with
joy. But ask some parents and you may
get an entirely different response. Despite
tightened manufacturing standards,
covered springs and frames, and safety
net enclosures, some 90,000 children
are still injured on traditional trampolines
every year in the United States alone. Still,
the equipment is becoming increasingly
popular worldwide.

Dr. Keith Alexander, an associate professor
of engineering at Canterbury University,
New Zealand, felt there had to be a safer
way to enjoy the trampoline. “I always
believed that, as an engineer, I should be
doing things that benefit people,” he says.
When his wife nixed his plans to buy a
conventional trampoline for his daughter
Katie out of safety concerns, he decided
to build a better one. He began by working
in his garage, later moving his research to
the University where help from his students
plus government and private grants kept
the momentum going.
Analyzing “reams of data,” Alexander
determined that there were three main

10

impact zones in the classic trampoline
design (which dates to the 1930s) that
needed to be arranged so the user
wouldn’t impact them: the springs
connecting the bounce mat to the
frame, the metal frame itself and, of
course, the ground.
Many prototypes later (starting from 1989)
Alexander arrived at his final, innovative
solution: move the frame below the
jumping surface, create a soft edge to the
mat, and surround the whole thing with
tensioned, ultraviolet-resistant netting that
would bounce users back towards the
center if they went off-kilter. The result was
the Springfree™ Trampoline (see Figure 1),
first produced in 2003 and currently selling
at a rate of some 40,000 per year around
the globe.
So if trampolines are your thing, the
Springfree would certainly make a safer,
healthy, eye-catching addition to the
backyard. Yet it’s what you don’t see
that’s most unique: the high-tech cleats
under the mat’s edge—60 or more per
trampoline, depending on the model. Made
from fiberglass-reinforced polypropylene

SIMULIA Community News November 2013

As the molding tool used to manufacture
the cleat drew near the end of its lifetime
in 2013, “we had some pretty significant
inducements to build a new tool and
we realized it was a great time to look
at optimizing and improving the cleat
component,” says Hamish McIntyre,
engineering manager at Springfree New
Zealand Ltd. “Because the cleat was so
complex in terms of loading and mechanical
properties we decided we needed an
engineering consultant to help us out. We
located Matrix Applied Computing, through
a Ministry of Science and Innovation expert
search program, and selected them based
on their advanced capabilities.”
Of particular interest to McIntyre was
Matrix’s familiarity with realistic simulation
using Abaqus finite element analysis (FEA)
software from SIMULIA, the Dassault
Systèmes’ 3DEXPERIENCE application.

Figure 2. Closeup of the innovative support structure of
a Springfree trampoline shows how white rods connect
via cleats to the upper, soft-edged jumping surface.
Lower end of rods attach to the secure metal frame
that sits on the ground. Protective netting not shown.

www.3ds.com/simulia

"When we applied ATOM
to the same design, the
process became much
faster and effective with
automatic exploration of
the optimal geometry. I was
very surprised to see that
ATOM helped spot features
I didn’t think of."
Guido Quesada, CAE Design Engineer,
Matrix Applied Computing

“I had worked closely with FEA teams at
Airbus in the U.K. and knew how powerful
Abaqus was,” he says.
“The fact that Matrix used Abaqus was
one of the things that drew me to them
because I’d seen the software in action
on advanced aircraft design.”
As Guido Quesada, CAE Design Engineer
at Matrix, recalls, “We were already familiar
with Springfree trampolines and knew it
was a very technical product. Sometimes
a potential customer calls with some
funny toy or crazy idea that’s hard to take
seriously. This was definitely not the case
with Springfree. From the start, we knew
we had a significant challenge with this
cleat design project.”
There were two main drivers of the
challenge, according to McIntyre: “We
wanted to improve the strength, the
ultimate load capability, of the cleat. And
we didn’t want to introduce significant
additional cost into the component. The
quantity we buy each year is expanding
along with our sales growth. Just a couple
cents less for materials per cleat ends
up as a significant cost savings. We saw

Figure 4. Abaqus FEA model
of cleat optimized “by hand”
shows the two ribs that were
regarded as most effective. This
version is now in production on
new Springfree trampolines.

this as an opportunity to tweak the
component and get the most out of it.”

fibers in the cleat and the residual stress
from the manufacturing process itself.

And so the tweaking began, starting with
some good old-fashioned field research.
Both Matrix principal engineering analyst
Don Campbell and Quesada took informal
walks around their neighborhoods,
watching people jumping on Springfree
trampolines in order to visualize what
was happening to the cleats as the mats
went up and down and the rods bent in
tandem.

The final cleat design the team arrived at
(see Figure 4) uses slightly less material
overall and has two ribs added on one side,
to provide extra support where needed and
to distribute stresses more evenly. It’s now
appearing in new Springfree trampolines
worldwide.

Then it was back into the physical testing
lab, where a device was built to apply the
load from a rod to the center of a cleat,
supporting it at the sides like the socket
would. SolidWorks CAD models were
made of the rod and cleat components
set up in the testing apparatus. The CAD
models were meshed with Abaqus FEA,
and data captured through the physical
tests served as input for the computer
simulations (see Figure 3) that predicted
how changes in cleat geometry would
affect strength and durability.
“Right from the outset we worked closely
with our moldmaker [Sean Dryer of Action
Plastics] to ensure that what we came up
with was manufacturable,” says McIntyre.
Matrix imported Moldflow software results
into their Abaqus models to incorporate
the effects of the orientation of the glass-

After the redesign project was complete,
Quesada took a further look at the final
cleat geometry using SIMULIA’s Abaqus
Topology Optimization Modeling (ATOM)
tool, which automatically finds the optimum
configuration (weight as well as shape) of a
component while confirming performance
with FEA to ensure strength and durability
targets are met.
“Our previous workflow, involving detailed
CAD modeling, mold simulations, nonlinear
simulation and simplified modal analysis
was ultimately highly successful,” he says.
“But when we applied ATOM to the same
design, the process became much faster
and effective with automatic exploration of
the optimal geometry. I was very surprised
to see that ATOM helped spot features I
didn’t think of, including a third rib. It also
saved us a lot of CAD work since the
ATOM procedure uses the same reference
geometry during each optimization round.”
A new four-rib design, which enhances
the automated optimization by putting
in additional engineering and design
judgment, is being considered for the next
generation of trampolines.

For More Information
Figure 3. Abaqus FEA analysis of rod ball movement within cleat socket.

www.3ds.com/simulia

www.matrix.co.nz
www.springfreetrampoline.com
www.3ds.com/atom
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Cover Story

Founded in 1904, Ohio-based Dana now has 24,000
employees in 26 countries. The company’s global
brands include Spicer drivetrain products, Victor
Reinz sealing products and Long thermal products.

Dana’s Engineers Team Up to Accelerate Product
Design with Simulation Lifecycle Management
Major automotive supplier realizes up to 25 percent time-savings in their
computer-aided engineering projects

T

he recent revival of the U.S. automotive
industry is a success story on many levels.
Bridge loans granted by the government
enabled some automakers to restructure.
Tightened fuel-economy and pollution
standards spurred new R&D. An improving
economic climate released pent-up demand
for new cars—and this time Detroit was
ready with fuel-efficient, eye-catching models
that brought buyers back to the showrooms.
The Big Three (Ford, GM and Chrysler) were
on the path to recovery.
As the automakers’ business picked up
again, so did that of their suppliers. Dana
Holding Corporation—a U.S.-based, Tier 1
global supplier of axles, driveshafts, sealing
and thermal-management products, off-
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highway transmissions, and service parts—
saw a strong turnaround in revenues and
margins. While their customers’ recovery
was certainly a major contributor to these
results, credit for Dana’s rebound also goes
to an evolution in mindset that helped keep
the company on track through tough times.

be integrated. But if you focus solely on
costs, product quality will go down. As an
engineering-driven company, we look at
how to improve a product from a quality and
function perspective. Innovation, supported
by the right engineering tools, made our
company more competitive.”

“We underwent a cultural change at Dana
from a mainly cost/manufacturing-driven
company to an engineering-driven one,”
says Frank Popielas, senior manager of
advanced engineering in the Dana Power
Technologies Group and head of CAE
(computer-aided engineering) for Dana. “This
meant a shift in focus, from how to control
costs and manufacture efficiently, to how
to innovate. Obviously all these need to

Many automotive suppliers struggled during
the recession, and unemployment rates rose.
However, since Dana had already developed
substantial in-house CAE and highperformance computing (HPC) resources,
the company made a point of retaining
their design engineering teams. “During the
downturn, we kept our focus on CAE,” says
Popielas. “We knew that, in the long run, the
investment would be worth it.”
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Engineering return-on-investment
with CAE

Indeed, CAE has proved invaluable to the
company. Dana’s products include a vast
range of gaskets (cylinder head, exhaust,
intake manifold, etc.), cam covers, and
heat exchangers; mechanical and electrical
components; driveline components and
assemblies (axles, driveshafts, gear boxes,
etc.) and more. Materials range from
metals to rubber to plastics to fiber-based.
Production processes include casting,
injection molding, heat treatment, forming,
magnetic pulse welding, etc.

“Because we make pretty much everything
around the automotive powertrain and
drivetrain, our portfolio involves huge
complexity,” says Popielas. “To ensure
quality when designing our products, we
need to look at everything that can impact
them, including stress, strain, fatigue,
molding, gas, oil and cooling flow, air and
oil separation, thermal distribution and, of
course, their complex interactions. CAE is
the toolkit that supports the development
of our products in the engineering space.
Simulation enables us to verify and validate—
virtually—product functionality.”
While real-world testing remains the ultimate
proof of that functionality, Dana’s extensive
use of CAE has enabled the company to
do less and less physical testing in recent
years. “Simulation speeds up the product
development process, captures data
that can be used to optimize the product
and gives our engineers more freedom
to innovate,” says Popielas. “Innovation
is critical for us, but it still has to be costeffective. Our CAE resources help minimize,
or even neutralize, many time-consuming
tasks of the past, such as creating drawings,
prototyping, and going through extensive
physical testing for each design iteration.
CAE takes out costs across the board for
us.”

Figure 1. Sample set showing the variety of different CAE software programs
Dana uses for simulation during the design and development of its products.
The company’s deployment of SIMULIA SLM provides an open environment
supporting multiple technologies so they can use applications that best support
their needs, as well as collaborate with internal teams, customers and their
own suppliers.

transitions to full systems engineering in the
virtual world, we expect to add even more
software codes in the future,” says Popielas.

“When you generate as much
data as we do, you need to
be able to assess what you
have, know where it came
from, and track it over time.
SLM is enabling us to do all
of that.”
Frank Popielas, senior manager of
advanced engineering, Dana Power
Technologies Group and head of CAE

Helping CAE tools work together with
Simulation Lifecycle Management

Dana’s CAE arsenal is extensive (see
Figure 1). Among the tools are Abaqus,
the company’s longtime finite element
analysis (FEA) solver for realistic simulation;
Hypermesh, Abaqus/CAE and Simlab for
preprocessing; StarCCM+ and FlowVision
for computational fluid dynamics (CFD);
MoldFlow for molding simulation; and fe-safe
for fatigue. Isight is used for optimization
tasks such as Design of Experiments (DOE).

As the simulation process at Dana matured,
the challenge for the engineering group
shifted from how to accurately predict real
product performance, to other pressing
issues: How to more effectively connect
simulation with the rest of the business and
decision-making processes. How to improve
collaboration with both the customer and
among Dana’s global engineering resources.
How to improve the management of the
growing volume of data generated by the
simulation process, the approaches and the
IP created by the CAE analysts.

While continuing individual component
analysis, Dana has also made the step into
simulating subsystems, complete systems,
and global models. “As the company

To address these needs Dana turned
to Dassault Systèmes and the SIMULIA
Simulation Lifecycle Management (SLM)
solution. Dana engaged in an in-depth

www.3ds.com/simulia

evaluation of SLM to
measure capability
to their specific
needs, and began
deploying SIMULIA’s
SLM in the summer
of 2012. SLM
enables a company
to define and
manage simulation
methods, models
and procedures
(scenarios). “When
you get into virtual
engineering, in order
to not waste your
investment you have
to have a tool in
place that manages
data, process and
development,” says
Popielas.

Historically, CAE at Dana was the purview
of individual experts who would select from
among multiple software tools to perform
everything from design data preparation
to simulation execution to results analysis,
storing both inputs and solutions mostly
on their local hard drives. This made
collaboration difficult, and coordinating
larger projects a major challenge.
Communication about design changes was
also an issue, with the experts sometimes
running simulations on outdated data files.
The situation was further complicated by
Dana’s growth strategy of dispersing teams
globally in order to keep closer contact with
their geographically diverse customers.
“An individual product validation can involve
thousands of gigabytes of information over
time,” says Popielas. “When you generate
as much data as we do, especially in the
form of such complex simulations, you
need to be able to assess what you have,
know where it came from, and track it over
time. SLM is enabling us to do all of that.”
As they began deploying SLM, Dana took
a “bottom-up” approach that helped the
process evolve logically. “This was not a
top-down, enterprise-wide deployment,”
says Popielas. “We considered all the
different processes we wanted to connect
via SLM and looked at where it made
sense to start.”
An important aspect of the implementation
process has been the creation of guided
templates within SLM that capture best
practices and standard method for
Continued
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"We can easily store data
and find it again, literally
saving weeks of searching."
Frank Popielas, senior manager of
advanced engineering, Dana Power
Technologies Group and head of CAE

simulation work on core products. A next
step Dana is working on is the creation
of fully automated templates. “These
standardized templates are in the front
end, with data loaded by non-CAE
engineers and simulations running in the
background,” says Popielas. “Our users
don’t need to have knowledge of the
specifics of the CAE software they are
using, just access to a menu of proven
shortcuts that help them accomplish their
goals. If additional information is needed
during the course of a product validation,
they can use SLM to quickly locate
input from our physical test labs. This
automation enables our future-vision for full
virtualization of engineering as it is being
implemented in all areas.”
As deployment proceeds throughout Dana,
Popielas says, “SLM is helping us manage
everything so much more effectively. We
can easily store data and find it again,
literally saving weeks of searching. In the
past we wasted a lot of time hunting for
information. SLM is not just archiving, it’s
an environment where you always have
working access to all the information you
need.”

Openness and live visualization are
key to collaboration

In the future, SLM’s open platform will
also allow the Dana team to share
and exchange relevant data—among
themselves, with their automotive
customers, and with their own suppliers.
“Our user base is very diversified,” says
Popielas. “We need to be able to work with
any software tool out there. Within SLM we
easily generate connectors through which
we can line up to the different software
packages, which can be CAE tools, a
PDF, or even an internally written script,
anything with an executable.”
SLM process management capabilities
make such teamwork smoother by
providing consistency and repeatability.
“We’re seeing 20-25 percent time savings
over our previous methodology,” Popielas
says. “We can more readily identify the
‘sweet spot’ for cost-versus-performance
that generates profitability.”
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Figure 2. Live Simulation Review screenshot of a cylinder head gasket (CHG) project shows the turntable
format in SLM (from SIMULIA, Dassault Systèmes) through which users can access all aspects of a product
development project and collaborate with remote teams in real time.

As all this complexity runs automatically
behind the scenes, what the Dana teams
appreciate most is the visual interface
everyone works from when accessing SLM
(see Figure 2). The user sees an onscreen
turntable, on which sit 3D representations
of the various jobs in progress on any given
part or assembly. By clicking on a particular
image, the user can identify and navigate to
all relevant simulations being worked on by
whoever is involved in that particular aspect
of the product’s development. As the user
performs whatever tasks are required that
day, all changes (and their history) are
updated automatically, and are accessible
to everyone authorized to access the
project. Remote teams can all be on the
(user secured) Live Simulation Review in
order to collaborate, in real time, on model
development.
“This is where I think SLM is the leading
technology on the market,” says
Popielas. “The methodology goes hand
in hand with what I like to call ‘iCAE ™.’
The understanding of the importance of
collaborative computer-aided engineering
is deepening as the use of simulation
becomes increasingly widespread
throughout industry. If you want to draw
a lot of different disciplines into the
engineering space together, you have to
provide a virtual environment that is visually
intuitive. The ability to collaborate this way
is a key reason why we went with SLM.”
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The future potential of “iCAE ™”

Full implementation of SLM at Dana is
expected to be complete in the near future,
and the company’s engineers are already
anticipating how the software will enable
them to further their exploration of the
potential of iCAE ™.

Upcoming enhancements include deploying
templates into engineering spheres such
as manufacturing. “We want to integrate
manufacturing steps into simulation,” says
Popielas. “Understanding the physics of
the production process will further improve
product quality, as will optimizing the layout
of manufacturing stations.” The remote
visualization offered by cloud computing
is still on the horizon, notes Popielas, but
many benefits of iCAE ™ are already available.
“When you start taking advantage of these
technologies, you have so much to gain,”
says Popielas. “We are talking double digits,
always. It’s extremely cost-effective when
you do it right.”

For More Information

www.dana.com
www.3ds.com/SLM

www.3ds.com/simulia

Alliances
TruProducts Optimization Enables Part
Reduction in Composite Automotive
Body Design

the lightweight body design. TruProducts
was successfully applied to the turret
design in two stages; first, to optimize the
pressed form of the turret top; and second
to minimize thickness in a Sheet Molding
Compound (SMC) composite material
option.

M

eeting structural requirements for
stiffness, strength and durability can
often lead to the introduction of additional
reinforcements, adding mass and cost
to a design. Automotive Body in White
(BIW) design is a typical example of this
challenge.

TruShape Pressed Form
Shape Optimization
Considering the existing steel material,
the form of the turret top was optimized
to minimize the peak stress under abuse
loading and maximize the stiffness.
Allowing reinforcements not deeper than
5mm to be added to the design, the
maximum stress was reduced to 50% of its
initial value and the stiffness was increased
by 280%.

As a SIMULIA alliance partner since 2009,
GRM has provided topology optimization
to many Abaqus customers through its
TruProducts family. These tools give users
an efficient and cost effective solution to
optimize structures for stiffness, stress and
plastic strain. TruProducts modules include:
• TruForm – Topology Optimization
• TruPly – Composite Laminate
Optimization
• TruSize – Shell Gauge and Topometry
Optimization
• TruShape – Topography and FreeShape
Optimization

Case Study

For one auto OEM, the turret design of
a new, lightweight vehicle was creating
issues for torsional stiffness and strength
requirements. While meeting the
requirements could be achieved through
the addition of a localized reinforcement,
this would have resulted in adding mass
and cost, compromising the objectives of

R

obust Design Optimization (RDO) using
Computer Aided Engineering (CAE)
parameter-based optimization techniques
has become increasingly important in
meeting product performance requirements
as well as cost and time-to-market
challenges. One of the main challenges
of using CAE parameter-based RDO is
the parameterization of the geometry. In
addition to CAE-based geometry variations
using mesh morphing or shape functions,
leveraging CAD-based geometry variations,
to accelerate design optimization, provides
promising potential.

To investigate CAD-based geometric
variation, an automated process flow
becomes necessary starting with a
parametric geometry update followed by
all required CAE simulations and result
extraction. An example of this process
was presented by engineers from Robert
www.3ds.com/simulia

Start

Robust Design Optimization using CADbased Parametric Geometry
CATIA V5
-CatPart
-CatProduct

CAI

Abaqus/CAE

Abaqus/Solver
*.odb

Input parameter=
Designtable

Optiqus Catia
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*_run.bat

Dynardo (ETK)
Output parameter
from Abaqus

*.pro
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& Constraints

Workflow of sensitivity analysis of a power unit.

Bosch at the 7th Weimar Optimization
and Stochastics conference. In their
application, the parametric CAD model
was created in CATIA, the FEA modeling
was in Abaqus, and RDO was performed
using optiSLang from Dynardo. optiSLang
provides capabilities for performing
sensitivity analysis and investigating design
optimization and robustness.

TruPly SMC Composite
Material Optimization
Further to the development of the steel part,
the introduction of a lightweight, composite
SMC material was applied, allowing for
further mass reduction. TruPly was used to
automatically determine the SMC material
thickness distribution to meet the strength
and stiffness requirements.

For More Information

www.grm-consulting.co.uk

To support this process, BOSCH initiated
the development of a plugin by the
SIMULIA services team in Germany. The
plug-in, named Optiqus, creates all
necessary interfacing files to automate
the CAD/CAE parameter updates, and
to interface with optiSLang. Bosch
has published several examples of
successful applications using parametric
CAD-based modeling and Abaqus
simulations for product optimization and
tolerance investigation using sensitivity
studies, optimization and robustness
evaluations. These capabilities of CAEbased parametric modeling and process
automation enable RDO technologies
to be implemented as standard virtual
prototyping processes for optimizing
product performance and robustness.

For More Information

www.dynardo.de/fileadmin/
Material_Dynardo/dokumente/
Presentation_Power_Unit.pdf
(German language)
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Optimization Spotlight
A lighter steering knuckle, redesigned by
Georg Fischer Automotive using Tosca™
Structure software for optimized structure
and weight, is in large-series production in
the Audi A3 and other vehicles.

Designing for a Lighter Future
Georg Fischer Automotive uses Tosca Structure
optimization software to design lightweight
components for improved fuel efficiency

A

s the auto industry worldwide works
hard to improve fuel efficiency and
meet increasingly stricter CO2 emission
standards, almost every conceivable way
to make vehicles lighter in weight is on
the digital drawing board of automotive
engineers.
Such is certainly the case at Georg
Fischer Automotive AG, the Swissbased manufacturer and developer of
high-performance casting components
for the industry. As a key supplier that
casts more than 600,000 metric tons of
iron, aluminum, and magnesium into 100
million components yearly, the company
is addressing weight through advances in
designs, materials, and processes.

The benefits of such lightweighting
strategies are clear and align with the
company’s “sustainable mobility” mission.
A U.S. Department of Energy report says
that reducing vehicle weight by 10 percent
can increase fuel economy between six to
eight percent.
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Designing the weight out

For GF Automotive, an essential part of the
development of chassis components is the
use of modern simulation and optimization
software methods. Engineers at the firm
have employed these computer-aided
engineering (CAE) tools for years, achieving
significant savings in product development
time and upgrades in quality. The company

currently relies on Tosca Structure, with its
topology and shape optimization modules, for
reducing component weight while ensuring
the product conforms to all required stress
loads.
Reducing component weight requires a
holistic approach to product development
that combines engineering expertise with
computer-based methods. Tosca Structure
from FE-DESIGN (which has been part of
Dassault Systèmes SIMULIA since May, 2013)
is a flexible, modular software system for
non-parametric structural optimization. Its
methods include topology, shape, and bead
optimization that couple with industry standard
finite element analysis solvers. GF Automotive
uses the software on a wide variety of vehicle
design projects in an effort to save weight.

Figure 1. GF Automotive optimized steering knuckle (left) and location in wheel suspension system (right).
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Figure 2. Tosca™ optimization of a steering knuckle. Optimized design with 32% weight reduction.

Optimizing a steering knuckle:
As light as possible—yet safe

In an automotive suspension system, the
steering knuckle serves to attach the wheel
to other suspension components (Figure
1). GF Automotive engineers—looking to
eliminate weight from this component,
while keeping the structure strong and
safe—performed an optimization exercise
using Tosca Structure software.
“Through the use of Tosca we get designs
best adapted to loading, for lightweight
and notch stress-free components in iron
and light metal castings," said Roman
Brauner, former project engineer in product
development at GF Automotive.
The essential starting point for a successful
high-volume (or series) design is to first
define the appropriate design space.
For the steering knuckle this included
consideration of the axle, the wheel, and
the kinematics of the suspension assembly.
The component’s product specifications
were then transformed into mechanical
requirements for the analysis.
Optimization to reduce weight began with
the Tosca Structure topology module. The
analysis created a lightweight, stiff and
strong design concept considering all
relevant operating load and load-abuse
cases simultaneously—which is especially
important for a dynamically stressed
component such as a steering knuckle.
The software’s shape optimization module
was next used to eliminate an additional
100 grams of weight through modifications
to the part’s surface geometry.

Considering manufacturability and
material choices for mass production

For a supplier that relies heavily on casting
such as GF Automotive, topology and
shape optimization are perfectly suited to
their manufacturing methods because of
the inherent design freedom of the process.

www.3ds.com/simulia

"Tosca Structure allows us
to develop our products
efficiently and thus fulfills
the demands for consistent
lightweight designs.”
Roman Brauner, former project
engineer in product development
at GF Automotive

Casting’s flexibility allows sophisticated
optimized lightweight designs to be massproduced cost effectively and with high
quality.
The benefits of the optimization process are
many. For one, the new design concept can
be easily transferred from Tosca Structure to
a CAD model with little added interpretation
effort.
Tosca Structure’s fully automated
optimization process also provides results
quickly. In the case of the steering knuckle,
the software enabled engineers to easily
arrive at a manufacturable design by
considering critical manufacturing processes
and steps—such as de-molding directions
and clamping points for mechanical
finishing—right in the optimization setup.
Value can be further added by selectively
combining the improved design with the
right material and a revised manufacturing
process. GF Automotive engineered a
new type of cast iron, SiboDur, developed
in-house. This material is characterized
by better properties at break, tensile
strength*, and fatigue strength**. Given
these properties, the lighter optimized
design geometry complies with all safety
requirements for the part.
“In addition to aluminum, innovative castiron materials are the trend,” said Brauner.
“In each case, the aim is to use only the

minimum amount of material required for
the safe function of the component.”

32% lighter component yields
reduced CO2 emissions and wins
an award

Following optimization results (Figure 2), the
steering knuckle, which initially weighed
4.39 kg (9.7 lbs), is now 2.98 kg (6.6
lbs)—a 32 percent savings. Since each
chassis requires two components, the total
reduction is 2.82 kg (6.2 lbs) per vehicle.
When looking at projected installation in 1.6
million vehicles, weight savings from this
component alone would cut an estimated
11,600 tonnes (12,787 tons) of CO2
emissions over the life of the part.
The new lighter steering knuckle has been
implemented in large-series production
since 2012. It’s being used by VW in their
MQB platform, e.g. in the Golf VII and in
the Audi A3, among others. The design has
also received the prestigious environmental
ÖkoGlobe, awarding pioneering innovations
for sustainable mobility, in the category
of “raw materials, materials, and process
optimization.”
"Tosca Structure allows us to develop
our products efficiently and thus fulfills
the steadily increasing demands of our
customers for consistent lightweight
designs,” said Brauner.

*Tensile strength: The resistance of a material to

a force tending to tear it apart, measured as the
maximum tension the material can withstand
without tearing.

**Fatigue strength: The maximum stress a material can
endure for a given number of stress cycles without
breaking.

For More Information

www.georgfischer.com
www.3ds.com/tosca
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Case Study

FEA Aids Deepwater Horizon Failure Forensics
DNV uses Abaqus finite element analysis to study blowout scenarios

O

n the evening of April 20, 2010,
Deepwater Horizon suffered a blowout
while drilling in the Macondo Prospect,
an area in the Gulf of Mexico 40 miles
off the southeast coast of Louisiana. The
platform caught fire; two days later, it sank.
Numerous attempts were made to seal
the well, but oil continued to spew into
the Gulf until July 15, when a temporary
cap was put in place. Relief wells then
pumped concrete into the area underneath
the wellhead, and the well was deemed
permanently sealed in mid-September.

Investigating the cause
of the blowout

During the initial event and in the weeks
after Deepwater Horizon sank, numerous
attempts were made to activate the
blowout prevent (BOP) stack—initiation
of the emergency disconnect sequence
from the failing rig, automated dead-man
circuitry on the BOP stack, even remotely
operated vehicles working directly on the
stack’s “autoshear” function, one mile
down. Nothing stopped the flow of oil.

Even while the oil industry was working to
shut down the well and contain the spill,
the Departments of Interior and Homeland
Security signed an order to begin an
investigation. On September 1, DET
NORSKE VERITAS (U.S.A.), Inc., Columbus,
Ohio office was awarded a contract to
determine the performance and possible
failure modes of the BOP stack. DNV pulled

together an expert team of 40 individuals in
forensic investigation, materials specialists,
BOP operation, systems controls, and
computer modeling from its Columbus,
Ohio, Houston, Texas, and Høvik, Norway
offices to address all issues involved in this
multidisciplinary investigation.

Finite element analysis
as a forensics tool

Shane Finneran, project engineer and team
lead in the Computer Aided Engineering
(CAE) Group at DNV’s Materials and
Corrosion Technology Center, Dublin,
Ohio, was a key player in the investigation.
Finneran’s group faced the problem of
quickly constructing and testing numerous
computer models of the stack’s mechanical
components. They turned to Abaqus FEA
software from SIMULIA, part of DNV’s
investigative toolkit for over a decade.
FEA provided DNV with a rapid, accurate
methodology to simulate and evaluate the
likelihood of proposed scenarios, many
of which would have been impractical to
assess with physical testing.

“It would be extremely difficult and generally
cost prohibitive to run physical tests under
the same conditions that exist two miles
under the ocean, re-enacting a blowout
scenario,” says Finneran. “FEA can
provide the means to perform extensive
simulations of many types of damage—
ranging from simplified deformation and
buckling to post-buckling deformation and

The Transocean drilling rig Development
Driller II in the Gulf of Mexico May 20, 2010.
Courtesy of the U.S. Coast Guard.

shearing—with realistic pressure and force
measurements built into those simulations.”
A 200-page report published by DNV
(available at http://www.bsee.gov/
uploadedFiles/DNVReportVolI.pdf) explains
in great detail the reconstruction process
and test methodology used, as well as their
findings.
1. The BOP stack, together with several
pieces of drill pipe, was raised from the
well site and transferred to a holding
facility at NASA-Michoud.
2. The team cleaned, photographed, and
cataloged the stack, disassembling
where necessary to get at its inner
workings.
3. Hydraulic fluids and metal samples
were taken for analysis, the stack’s
control mechanisms and their
batteries, actuators, and solenoids
were tested, and the casing and blind
shear rams, variable bore rams, and
upper and lower annular preventers
were all visually inspected and 3D laser
scanned.
4. DNV then used the laser scans to
construct as-is 3D CAD models of the
damaged equipment, especially in the
area of the BSR, the blind shear ram,
which was the only ram on the BOP
designed to cut the drill pipe and seal
the well bore.
5. SolidWorks software, also from
Dassault Systèmes, was used to
convert the original CAD files of the ram
components into simplified surfaces
for use with Abaqus FEA, enabling the
team to simulate and virtually test their
theories of what happened.

What went wrong

During normal operations, the huge BOP
stack sits on the sea floor directly above
the wellhead. Its two halves together are
as tall as a six-story building and weigh
over 400 tons. The top half, called a Lower
Marine Riser Package (LMRP) contains two
electronic control pods together with a pair
of donut-shaped sealing devices called the
Upper and Lower annular preventers. The
preventers seal around the drill pipe and
regulate upward fluid flow.

The lower half of the BOP stack contains
a series of shear and bore ‘rams,’ and the
valves and hydraulics that actuate them.
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Depending on the circumstances, these
rams serve to ‘choke’ the well, or ‘kill’ it if
necessary. The BOP stack is a complex
device, and its job is critical: control
pressure within the well, keep the drill pipe
centered, and sever and seal the pipe in
the event of an uncontrollable blowout. The
Deepwater Horizon’s BOP stack failed on
all three counts.

blind shear ram tried to cut the pipe
off-center, unsuccessfully. This jammed a
portion of the drill pipe between the ram
block faces, preventing the rams from fully
closing and sealing the wellbore.

On the night of the accident, shortly after a
routine “leak-off” test of the Upper Annular
Preventer, manifold pressures on the drilling
platform increased five-fold. Oil and gas
then began spilling onto the platform deck,
and the rig caught fire. Personnel aboard
the Deepwater Horizon activated the
Emergency Disconnect Sequence (EDS) in
an attempt to shut down the well, but they
were unsuccessful. The rig was abandoned
a half an hour later.

When activation of the blind shear rams
occurred during ROV intervention, the
annular preventers were already sealed
around the drill pipe at the top of the BOP
stack. The variable bore rams were sealed
around its lower half. The pipe should have
been in the center of the well bore, which
is where the blind shear ram expected it to
be. However, physical evidence from the
markings on the recovered portion of the
drill pipe indicated that the pipe was at the
side of the wellbore instead.
The DNV engineers postulated a reason:
One of the pipe’s tool joints was positioned
just below the upper annular preventer,
which was closed on the drill pipe. When
upward pressure became high enough due
to the forces caused by the blowout, the
pipe had nowhere to go and the upward
forces (compression forces on the drill pipe)
caused the drill pipe to buckle—pushing
the pipe to the side of the wellbore. The
www.3ds.com/simulia

“We determined that, under blowout
conditions of this well, it was possible for
the drill pipe to buckle between the UA
(Upper Annular Preventer) and U-VBR
(Upper Variable Bore Ram),” says Finneran.
The DNV hypothesis was supported by their
off-center BSR shearing FEA model, which
provided results consistent with those
damaged pipe segments, as well as the
erosion damage seen between the rams,
wellbore, and recovered drill pipe.

Moving Forward

How it happened

DNV’s analysis, supported by FEA data,
indicates that the primary cause of failure
was the BSR, or blind shear ram’s inability
to cut the drill pipe and seal the wellbore.
The BSR is like a big pair of scissors, with
opposing blades designed to cut the drill
pipe and seal its end in a last-ditch effort
to kill the well. FEA clearly showed that
the shear ram should have been able to
do its job. The required force was in the
middle of the test and calculated data
range for a nominal, centered pipe model,
and there was nothing out of the ordinary
with the strength of the drill pipe itself. The
BSR would likely have worked, except for
one thing: the pipe wasn’t where it was
supposed to be.

prevented from closing fully,” says Finneran.
“This allowed flow past the blind shear rams
and caused significant erosion of the blind
shear ram components and wellbore.”

Figure 1. Abaqus FEA models showing the
interaction between the drill pipe and the blind shear
ram (BSR). Top image shows the complete shearing
of the pipe when properly centered. Bottom image
shows what happened when the blade did not fully
engage the pipe because the pipe was not centered
in the wellbore. The lateral forces due to buckling
below the BSR pushed the pipe off center and
caused the closing rams to deform the pipe rather
than shearing it.

FEA supports theories of ‘why’

As DNV’s investigation into the proposed
sequence of events deepened, FEA
continued to support the team’s theories.
They started with a buckling analysis to
determine what the necessary load would
have been to move the pipe to the edge of
the casing. The FEA models indicated that
the applied pressures would have been
sufficient to force it out of position.
From there, it was necessary to determine
two other things: would the pipe have
sheared had it been in the correct position,
and what forces were needed to shear
it off-center? Once again, FEA models
provided the needed insight (see Figure
1). “First, using a combination of the shear
damage parameters, in conjunction with
the known elastic and strength values of
the material, our FEA data validated the
estimated pressures needed to shear the
pipe under a center-load condition,” says
Finneran.
Next, the engineers simulated the situation
seen on the Deepwater. “Our shearing
analysis showed that, with the pipe
off-center, the rams would have been

Now that FEA has been shown to be highly
useful in helping identify the causes of the
Deepwater Horizon failure, Finneran would
like to see it used to lessen the likelihood
of such events re-occurring in the future. “I
believe finite element analysis can be a
valuable tool in validating the capabilities of
both new designs and existing equipment,”
he says. “It allows you to incorporate a
number of scenarios and situations that
are difficult, if not impossible, to analyze
through experimental testing.”
Finneran points out one challenge still to be
overcome: incomplete raw material data.
Because some of the material damage
parameters of the actual materials used in
Deepwater’s BOP stack were unavailable,
he and his team had to substitute
equivalent materials with known values in
their analyses.

“The industry as a whole would benefit
from developing material-specific data that
could help them to further fine-tune the
FEA of their designs,” he says. “This could
enable the development of models that can
verify the ability of existing and future BSRs
to shear drill pipe under high-pressure
blowout conditions. Given the appropriate
material data, this kind of numerical
modeling definitely has the ability to assess
the extreme pressures and conditions that
may be seen during a blowout event.”
“Whatever the outcome of this testing,
regulations are expected to change,” says
Finneran. “Several alternatives are being
considered within the industry, such as
including redundant BSRs as a secondary
backup, and pursuing more robust designs
capable of cutting and sealing under most
any situation presented.”

For More Information

www.dnv.com
www.3ds.com/abaqus
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Academic Update
Sun and Simulation Power-up Solar-Car Performance
University of Toronto Blue Sky team uses Abaqus FEA to ensure
robust design for their World Solar Challenge race vehicle

“This was the first generation car on which
we used the Dassault Systèmes’ platform.
Not only did it help us collaborate better
and improve work flow tremendously, it
was critical to us being able to design
and deliver the vehicle so quickly,” says
Sureshkumar.
According to Park, “CATIA allowed us to
fully integrate the systems in the vehicle
and gave us the flexibility to design a worldclass aerobody, while SIMULIA’s Abaqus
highlighted potential problems early in the
design process and helped us avoid overdesign.”

O

ne week across the Australian Outback
in a sleek but cramped vehicle powered
only by the Sun: Would you be up to it?

a wide range of backgrounds and abilities:
from first-year through graduate level and
from virtually every engineering discipline.

The Blue Sky team from the University
of Toronto was: they finished 8th in the
Bridgestone World Solar Challenge (WSC), a
unique race founded in 1987 that now takes
place every other year. This year’s event,
held October 6-13, included 40 teams from
22 countries. As usual, the competition
started in Darwin on Australia’s north coast
and ended 3,021 kilometers (1,877 miles)
later in the southern coastal city of Adelaide,
splitting the island continent approximately
in half.

“We don’t discriminate among those who
come knocking at our door,” says Ahthavan
Sureshkumar, chief engineer for the team.
“We’re looking for people who are willing to
commit their time to get the job done.”

The student-built, solar-powered vehicles
entered in the contest were strangelyshaped, sleekly aerodynamic, and cuttingedge: “arguably the most efficient electric
vehicles” on the planet, according to the
race website. Averaging speeds of between
60-90 kilometers-per-hour (37-56 mph),
cars completed the course in 33-48 hours,
with driving limited to daytime (from 8 a.m.
to 5 p.m.).
Success in this noteworthy event depended
on the relationship of power to drag. In
pursuit of the optimal ratio, teams worked to
find a winning combination of aerodynamic
profile, lightweight composites, photovoltaic
advances, vehicle dynamics, and more.

The team and the car

In the summer of 2011, the 50 students
of the Blue Sky team began design on the
school’s seventh-generation solar car (“B-7”)
and their entry in the 2013 WSC. They had
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According to Paul Park, the team’s
managing director, “Everyone is somewhat
clueless when they join. But they all come
out at the end with really strong technical
knowledge.”
Specifications for this year’s most popular
Challenger class were many: for the first
time, four wheels were mandatory; there
were also stringent stipulations about driver
vision combined with upright seating.
“These new regulations posed a very difficult
design challenge for us, mainly in the area
of aerodynamics and driver packaging,”
says Blue Sky chief advancement officer
Tiffany Hu. “In recent years the World Solar
Challenge has been shifting towards more
practical designs, which is very exciting.”

Abaqus opens virtual window
into performance

Aventec, Canada’s leading provider of
Dassault Systèmes (DS) 3DEXPERIENCE
technology portfolio in nearby Markham,
Ontario, recommended that Blue Sky
use DS SIMULIA’s Abaqus finite element
analysis (FEA) for realistic simulation and
CATIA for CAD-based virtual product
design and collaboration.
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Abaqus FEA was employed to predict
how evolving design iterations for specific
components and systems would behave
under real-world conditions. The team,
which had never used realistic simulation,
focused their analyses on optimizing
the composite aerobody and chassis
structures for weight and strength.
In the previous car, student engineers had
relied solely on simple beam calculations
(torsional and bending stiffness) to determine
how their composite monocoque chassis
design would perform. From there they
approximated both the number of composite
layers and whether the structure could
withstand specific loading.
This imprecise method ignored certain
factors, though, such as stiffness
contributed by the roll cage and the
aerobody itself. The result was an
overdesigned and heavier vehicle: every
layer of carbon fiber contributed an
extra 10 kg, a significant increase when
target weight was approximately 200 kg
(approximately 440 lbs). “Without FEA, we
had difficulty identifying how the chassis
would actually behave. So we played it
safe,” says Park.
To start the analysis, CATIA models were
imported into Abaqus. There were surface
models for both the lower aerobody,
containing the chassis, and the upper
aerobody, which encompassed its own
substructure. Aerobody components are
often analyzed individually in automotive
applications because they are designed
to separate during a collision. There were
also solid models for both the roll cage
(including front and rear roll bars) and the
www.3ds.com/simulia

Figure 1. This screen shot from Abaqus of the lower aerobody model (including
the chassis) identifies where structural components are constrained to the chassis
surfaces (orange and pink). Point masses are also constrained to the chassis
(purple lines).

suspension reinforcement bars (connecting
both left and right suspensions).
All models were meshed in Abaqus. For the
aerobodies, Abaqus automated this process
around the complex curves and holes that
are an integral part of their surfaces. For the
solid models, a Python script in the software
was used to define mesh elements and
make updating easier as the design evolved.
Tie constraints were next defined in the lower
aerobody model between the mesh and
surfaces of the chassis sandwich panels,
which were part of the model (see Figure 1).
Python scripting capabilities in Abaqus also
helped automate the previously repetitive
and time-consuming task of manually
applying loads to the models. Each load
case involved calculating, further defining,
and then reapplying reaction forces at five
suspension clevises (connection points).
Now parameters could be changed, node
sets redefined, and loads reapplied in a
matter of seconds. This method made the
determination of contact regions much more
accurate than was previously possible (see
Figure 2).
Other features in Abaqus further enhanced
accuracy and efficiency. Established
layup definitions in the software provided
a convenient way to try out varying ply
schedules for the chassis and to finetune stiffness and strength for the upper
and lower aerobody’s surface layups and
sandwich-board construction. With the aid
of FEA, the team was able to minimize B-7’s
weight, using only half as much carbon
fiber as in the previous car. “Abaqus helped
us determine how much stress our lighter
design could take,” says Park. “It highlighted
potential problems early in the design
process.”
While simulation of varying ply schedules
helped with weight-minimization, Abaqus
www.3ds.com/simulia

Figure 2. Loads were applied to the suspension hard points in the lower aerobody
model (yellow dots) as indicated in this screen shot from Abaqus.

also provided valuable mass estimates that
the team used in controlling the vehicle’s
center of gravity. The team further determined
through theory, testing, and calculations that
weight, aerobody shape, tires, and wheel
bearings were the most critical factors when
looking to reduce drag and enhance vehicle
speed.
FEA also provided design insights that would
have been missed in prior years. Looking at
loading, for example, the student engineers
learned that a .75G braking scenario placed
as much stress on the car as a 6G bump
(see Figure 3). Equally surprising to the team
was the fact that the front and rear roll bars
contributed little to the chassis’ torsional
rigidity, while the inherent stiffness of the
aerobody (especially the driver fairing) played
a major role.

“It was far beyond our capabilities to consider
all of these various structures together without
Abaqus,” says Sureshkumar. “The software
allowed a much more integrated analysis and
modeled external loads extremely accurately.
Abaqus gave us confidence in the complex
design decisions and tradeoffs we made.”

The sun and simulation: a winning
combination

As race day dawned in Darwin, design
decisions had all been made, composite
layups completed, decals applied, test drives
logged. After countless all-nighters, the
gleaming B-7 stood poised, reflecting the
spring sun, ready for the starting gun. It was a
remarkable achievement for a volunteer group
of students, 19 of whom had been chosen to
travel to Australia to support the car.
How the race was run depended on more
than just sunny skies. “There’s a remarkable
amount of strategy,” says Park. “Tactics
depend not only on the weather, but on
road conditions, other teams that impede
your speed and, yes, even the occasional
kangaroo crossing your path. We go as fast
as possible but take every precaution to make
sure that two years’ work doesn’t break down
in the middle of the Outback.”

While more than half of the entries in the
competitive Challenger class did break down
during the race, B-7 didn’t, placing second
among North American entries and achieving
the Blue Sky team’s goal of a spot in the Top
10. The B-7 completed the 3,021 km/ course
in 45 hours, 38 minutes with an average
speed of 65.7 km/hr.
Figure 3. These screen shots (side view of the lower
aerobody chassis) show the resulting deformation
from a 6G front bump of the sandwich panel chassis
without the aerobody skin (top) and with it (bottom),
using the same deformation upper bound. This
illustrates how the rigidity of the aerobody coupled
with the sandwich panel results in an order of
magnitude decrease in deformation.

“The race was the climax of an incredible twoyear engineering journey,” notes Sureshkumar.

For More Information

www.blueskysolar.utoronto.ca
www.3ds.com/abaqus
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Using Isight and Abaqus for a Simple
Material Calibration Workflow

M

aterial calibration is the process of deriving material behaviors like elasticity
and plasticity from sets of material test data. The material behavior is
characterized by the value of the material constants and the underlying
mathematical equations. In a simple workflow shown here (see Figure 1), material
calibration would mean finding out the values of the constants A, m and n that
would match the curves made from the experimental data.
Isight, with its ability to drive simulations, data comparisons and seamlessly
encapulate workflows for optimization, is indeed well suited for material calibration
(see Figure 2).

Image courtesy of Axel products.

Tips & Tricks

The Brain

Optimization
The Comparator
The Simulator

Abaqus

Data Matching

Figure 2

Here’s What You Do:

8

Strain 10%
Strain 50%
Strain 100%

7
nominal stress (MPa)

1. Start with the default model in Isight Design Gateway.
2. Drag and drop the Abaqus Component into the workflow.
3. Configure the Abaqus component to parse the input file, depicting the
material test and choose the material parameters to be varied.
4. Likewise configure the Abaqus component to parse the corresponding odb
file and choose the relevant output parameters to compare with the material
test data (e.g. streses and strains).
5. Drag and drop Data Matching component.
6. Configure Data Matching component to read-in the material test data
as Target data set.
7. Map the outputs from Abaqus component to Data Matching component
and read them in as Simulation data set.
8. Choose some appropriate data comparison metric(s) (e.g. Absolute Area
Between Target and Simulation Data) as parameter(s).
9. Replace the process component to be Optimization component.
10. Choose an appropriate optimizer in Optimization component, and configure
the material parameters to be design variables and the data comparison
metrics to be objective(s).
11. Run the workflow.
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For More Information

Login to view video in the
SIMULIA Learning Community:
https://swym.3ds.com/#post:19810
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User Community

Is It Support? Is It a Website? Is It Online Training?
What IS the SIMULIA Learning Community (SLC)?!
A community is defined as a group of
people who have the same interests
interacting in a population of various kinds of
individuals. Usually we think of communities
as physical groups of people in a specific
location. In the case of the SIMULIA Learning
Community, it’s a virtual, online community for
everyone interested in simulation.
How does it work? Who better to ask than the
community owner himself, Mark Monaghan, senior
manager of SIMULIA User Advocacy online…
SCN: Mark, how would you describe the SLC?
MM: Our online community bridges the gap between
our traditional methods of connecting with our users
and the mechanisms that users now choose to access
information. It doesn't replace support,
but with one search you can find
articles, tutorials, examples and Q&A
“The Learning
related to a host of simulation topics.

(like many of the tutorials in the community) and test the
latest features. It is free to download for both academic
and commercial users.
SCN: Some of our readers may not know about the
Regional User Meetings. What is available on SLC if
they missed their local event?
MM: We post customer presentations from many of the
RUMs in the blog section. There are also reports which
share highlights of the events. We also make posts
about other events such as the SIMULIA Community
Conference, including PDFs of user papers and
presentations as well as videos of select presentations.
SCN: Wow! There’s a lot going on in the SLC!
MM: Indeed there is! The community goes far beyond
what I can cover here. Plus, it’s growing every day!
There’s fun stuff too, like opportunities to win cool prizes
like iPads, Space Navigators & iPods.

In our current “Look What I Did”
challenge, simply leave a comment
Community is
on the post or tweet us at
like an online encyclopedia
@3DS_SIMULIA, describing how
SCN: Why would our user
you have been using our products,
for all things SIMULIA.”
community want to join?
and you’ll be entered into the
contest that will be featured in the
MM: Why wouldn’t you want to join?!
next edition of SIMULIA Community News. Click the
It’s free and offers tremendous value. Over 10,000 users
graphic on the SLC home page to get to the blog post
from around the world have already found value in the
explaining how to win.
community. It’s a virtual online encyclopedia for all things
SIMULIA. The blog section is updated and added to
SCN: Thanks Mark, this has been really helpful. Is
regularly. You can find tech tips, tutorials, presentations
there anything else you would like to share?
from recent events, webinar recordings and more. There
MM: I would just like to encourage everyone to make
are also e-Learning tutorials, explaining how to do
the SIMULIA Learning Community a frequent stop as
specific tasks using SIMULIA software.
the information is continuously being updated. We
SCN: I’m convinced! How do I sign up?
encourage everyone to post a blog and share your
knowledge, experience, or useful tips that would be of
MM: Anyone can register by visiting 3ds.com/slc. Or sign
interest to fellow users. When you join, request to be an
in with your DSx.ClientCare credentials. It takes just a few
author and you can start sharing. We look forward to
seconds and you’re in! Also, did I mention it’s free?
your active participation in this vibrant online community!
SCN: Sounds easy enough. Can Abaqus Student
Edition really be downloaded for free from the
community?
MM: Absolutely. Abaqus Student Edition 6.13 is now
available. It contains all of the most up-to-date features
for anyone to try. This student edition has a 1000 node
limit, which is just the right size to build small models

www.3ds.com/simulia

3ds.com/slc
@3ds_SIMULIA
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2014 SIMULIA Community Conference
Register Today!
Rhode Island Convention Center, Providence, Rhode Island
Conference: May 20–22 • Advanced Seminar: May 19

New for 2014 SCC
• Optimization Forum
• Academic Poster Session
• Special Discounts for Early Registration
• Expanded Opportunities to meet
SIMULIA R&D

• More Industry Keynote Speakers
• 5 Advance Seminars
• More than 70 user presentations featuring use
of Abaqus, fe-safe, Isight, Tosca, and SLM
For more information visit
www.3ds.com/SCC2014
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