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Welcome Letter

Welcoming a New Age of Simulation
I
believe simulation is on the cusp of a new age! This statement might seem bold, but there is
truth lurking behind these daring words, and this issue bears this out. Let me explain:

SIMULIA has a long history of developing realistic simulation methodologies that can be applied
to solving problems of value in the engineering world. Initial versions of Abaqus were developed
and sold 33 years ago. Users of the first version of Abaqus were from an age where simulation
was a rarity. Computers were small and slow. Interactive tools to build the model and view the
results were nonexistent. One thousand nodes constituted a very large model. Simulation was
an academic or corporate research activity—an art form conducted by venerable craftsmen who
built models by hand after many years of apprenticeship learning the trade.
Today, how things have changed! Very large models today number in the 50 million node range
(and more). Interactive and automated processes allow the analyst to easily create these models
and work with the massive data sets representing the simulation results.
Simulation is no longer solely a research activity or the purview of the craftsman; it has
demonstrated clear and compelling value in design and production as witnessed by the many
fine presentations at the 2013 SIMULIA Community Conference in Vienna (check out the papers
online!).
In addition to focusing on simulation technology, our user community is realizing the extended
value of the entire simulation process. Strategies and tactics for capturing and standardizing
simulation processes are being applied regularly to improve performance-based design decisions
backed by reliable, high-quality, and proven technology and methods. Managed simulation
processes are increasingly being applied in an assembly line fashion rather than simply as
something done on a workbench in a shop.
But the new age I refer to goes beyond even this reality. I’m talking about the next step our
customers are taking based on this expanded capability. Many of you are now increasingly using
simulation processes to reliably and repeatedly design complex products without prototyping.
The stories in this issue from Schaeffler and MicroPort highlight this trend. Schaeffler applied
simulation to design and build the largest bearing test rig in the world without physically
prototyping the fixture. MicroPort leveraged the Abaqus Knee Simulator (AKS) to gain valuable
insights into the merits of two different implant types. This saved considerable time and costs by
reducing physical prototyping and mechanical testing, and may also shorten clinical trial times
for MicroPort products in the future. And it is also well known that, in the commercial aerospace
world, the mantra is now “Validate by test, Certify by Simulation.”
My point is that simulation is now in many cases at the forefront of design, particularly for
complex, expensive products that simply cannot be prototype tested—products in industries
where competitive pressures do not allow the lengthy design cycles needed to include extensive
physical testing—products in industries that are simply too expensive to prototype so the
customer has to go straight to production—products in industries where physical testing has
ethical constraints, such as human testing of medical devices—or products that are simply too
complex to test thoroughly no matter the time and budget.
The new age we’re on the cusp of is Simulation-led Design. This means that the innovation and
creativity that is gained by using product or process simulation can now drive the design process
itself. In order to make this possible, simulation tools must be able to accurately capture behavior
and performance. The SIMULIA portfolio of products, combined with the strength of our local
Centers for Simulation Excellence, can harness the unique experience of our users to make
Simulation-led Design a reality for each of them.
You are on the forefront of this trend, and we are working hard to enable our products to more
fully support the technology, efficiency, traceability, and manageability inherent in Simulation-led
Design. I would encourage you to become part of the SIMULIA Learning Community in order to
understand more about Simulation-led Design as well as other innovative trends in simulation
practice.
Sumanth Kumar
VP, SIMULIA Portfolio Experience

www.3ds.com/simulia
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Case Study

Simulating the Rocket Science
of Spacecraft Liftoff
ATA Engineering uses Abaqus FEA software
to reveal the multiphysics behind engine
nozzle performance

T

hroughout the 30 years of Space Shuttle
flight, no mission ever failed because of
the Space Shuttle Main Engines (known
as the SSMEs). In the words of one NASA
engineer quoted on the space agency’s
website, “If you don’t build the engine right,
you’re not getting into space.” After years
of doing it right, NASA retired the Space
Shuttle program in 2011 with the final flight
of Atlantis. But the SSMEs—designed
from the start to be reusable—now have a
new life as part of NASA’s ongoing Space
Launch System (SLS) program to develop
the heavy-lifter rocket.

Taking weight out of a proven design,
safely and cost-effectively
The watchword of current Agency
development projects is ‘budget.’ Flat
funding means that every aspect of the
program is geared toward keeping costs
down while maintaining the highest levels
of safety and performance. Rocket engines
are not immune from such pressures.
Reusing the SSME design was a logical
step, given the engines’ track record
for reliability. But could their weight and
performance be fine-tuned even further for
the new rocket?

“Anything you can do early on in the engine
design process to avoid surprises later on
is going to help,” says Eric Blades, director
of Southeastern Regional Operations for
San Diego-based ATA Engineering, Inc.
His company has decades of experience
designing, analyzing, and testing complex,
highly-engineered mechanical and
electro-mechanical structures subject
to severe dynamic loads in aerospace,
defense, biomedical, automotive, and other
products. ATA has been working on launch
vehicle and rocket engine simulation and
test for over thirty years.
“Conservative rocket design usually means
making structures heavier,” says Blades.
“Heavier components create greater loads
that require supporting structure to be
heavier. Every pound you can save with a
more robust design—a lighter design—is
more payload you can put into space.

4

SIMULIA Community News June 2013

The better your prediction tools are for
estimating the dynamic loads, the lower the
safety factor and the lighter the weight you
can achieve.”
For a rocket engine, the nozzle can
represent a large percentage of the overall
weight. “Accurate prediction of nozzle
loads during the immense stresses of liftoff
can help identify opportunities to optimize
the structure of the nozzle, providing
reliable performance with less weight,”
says Blades.
And what a performance those nozzles
have to give! Two seconds after ignition,
they start to move and change shape.
The fluid flowing through them separates
from the interior walls and shifts to other
locations within each nozzle in patterns
that vary around the circumference of
the nozzle. This results in an imbalance
of forces, called side loads, which further
deform the nozzles from round to oval, with
a maximum deflection of several inches.
These changes may appear minor, but
at liftoff the results of these interacting
multiphysics can greatly affect the integrity
and output of the entire engine package.

Simulation helps minimize the
extremes of field-testing rockets

Rocket designers have been aware for
quite a while that these types of fluidstructure interaction (FSI) exist in nozzles,

Xw
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and over time their designs have
attempted to mediate the consequences,
with varying degrees of success. In the
past, nozzle design assessments were
primarily based on visual observation and
ground tests. Results were not always
ideal: in one non-NASA test, severe side
loads in an overseas-designed engine
caused the actuator to fail and break its
regenerative cooling tubes. In another,
the gimbal block retaining bolts for a
similar engine failed because of high side
loads.
Iterations of such real-world tests are
time-consuming and expensive. What’s
more, says Blades, particularly with
nozzles, certain properties “cannot be
measured because the measurement
devices themselves can’t withstand
the extreme test environment. Some
of what we’re interested in can only be
determined through simulation.”
An ongoing tool for simulation at ATA has
been Abaqus finite element analysis (FEA)
software. “As a methods development
company in aerospace, we’ve had a
long-term collaboration with Dassault
Systèmes,” Blades says. “We work with
SIMULIA because they’re interested in
continuing to advance the methodology
for simulating realistic physics. We see
simulation as highly effective for driving
and optimizing design.”

Advancing fluid-structure
interaction R&D with coupled
analyses

A recent area of focus for ATA has been
developing fluid-structure interaction
simulation methods to evaluate engine
nozzle behavior. Because of the wealth
of knowledge and data available, the
SSME was used as an example to
validate these. Previous research at
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ATA’s FSI simulation methodology employed Abaqus FEA, CHEM CFD, and the SIMULIA CSE to couple
FEA and CFD simulations together. Mesh displacement calculations are repeatedly exchanged between
the two solvers at each time step.

www.3ds.com/simulia

ATA ran two FSI simulations in sequence to
gain a complete look at nozzle dynamics.
The first run determined the shape of the
nozzle moments after SSME ignition. “We
didn’t have the computational resources
to simulate those initial seconds when not
much was going on, but we needed to
get the shape of the engine when things
started to get interesting,” says Blades.
(Side)

t=0.7932 sec

t=0.7966 sec

t=0.8000 sec

(End)

t=0.7932 sec

t=0.7966 sec

t=0.8000 sec

A side and end view of the nozzle deformed shape and deformation contours during unsteady FSI simulation.
The maximum total displacement over the time interval shown occurs at the trailing edge of the nozzle.

NASA’s Marshall Space Flight Center had
never been able to accurately simulate the
effect of side loads on the nozzle’s shape.
The analysis always ‘uncoupled’ the fluid
dynamics from the structural dynamics
because computational fluid dynamics
(CFD) took so much more computing
power. To work around that, analysts would
make certain assumptions, such as the
nozzle being completely rigid and perfectly
round. These assumptions did not predict
the shape of the nozzle during engine firing
and did not lead to an accurate prediction
of the total structural response of the
nozzle.
ATA decided to test a comprehensive
methodology that would couple structural
and fluid dynamics into a full FSI analysis
to arrive at a more realistic picture of rocket
nozzle dynamics. The engineers employed
the SIMULIA Co-Simulation Engine (CSE)
capability to link their Abaqus FEA solvers
with a flow solver—in this case the Loci/
CHEM CFD developed by Mississippi
State University (MSU), a code already
used by NASA. Starting from a geometric
description of the nozzle and a finite
element model provided by Rocketdyne,
ATA could call upon the wealth of shuttle
rocket nozzle data already available from
NASA to fine-tune their structural and fluid
models.
The CSE was the software “glue” that
tightly integrated the two solvers
with mechanisms that provide data
synchronization and transfer information for
www.3ds.com/simulia

several solvers running concurrently. It has
a mapper to transfer information where the
surface- and volume-based data overlap,
and it has an application programming
interface (API) for client simulation
programs. (For example, the CSE API is
available out of the box to connect the
Abaqus structural solver to CD-adapco
STARCCM+ CFD—no additional code is
necessary.
The FEA structural model included
the rocket engine gimbals, the gimbal
actuators, the stiffener bands around the
nozzle, the main combustion chamber, and
the nozzle itself. The fluid model was based
on values for a ‘single-species gas,’ which
represented the combined characteristics
of the hydrogen and oxygen in rocket fuel.
The mesh for the fluid domain was created
with a mesh generator developed at MSU.
During an FSI simulation, the CHEM CFD
solver analyzes its fluid mesh, computes
the forces of rocket propulsion on the
mesh, and transfers the results of those
computations through the SIMULIA CSE
to the Abaqus structural solver. Abaqus
analyzes the engine structural mesh and
generates the structural displacements
due to the loads from CHEM. These
displacements are transferred back through
the CSE to the CFD model in CHEM,
which updates the fluid mesh to reflect the
new deformed shape of the nozzle and
reanalyzes the fluid mesh accordingly. This
back-and-forth cycle repeats for every time
step in the simulation.

The result from the first simulation
determined the initial shape of the nozzle
for the second simulation, which gave
NASA an idea of how the nozzle deforms,
the amount of deformation, and the side
loads involved. The simulations of the
low-frequency structural response of the
nozzle were consistent with earlier physical
observations of the SSME during test and
operation. “All of our predictions were in
line with what NASA was expecting,” says
Blades.

A first in rocket nozzle simulation

“These simulations using Abaqus and
CHEM CFD early in the engine-startup
sequence represent the first-ever fully
coupled, time-accurate, 3D FSI simulation
of a rocket engine nozzle,” says Blades.
“And while the coupled simulations were
more expensive than the CFD-alone
simulations NASA currently performs,
they weren’t prohibitively so. The CPU
requirements are within reason.”
ATA’s next step is to fully validate their FSI
simulations to demonstrate the accuracy
of the co-simulation methodology. “NASA
and others in the rocket-engine community
may want to use this technology to better
represent the physical phenomena in
aerospace applications,” says Blades.
The chances of that happening are good:
ATA was recently selected to continue their
work within NASA’s SLS program. “Nextgeneration launch systems will require
propulsion systems that deliver high thrustto-weight ratios, increased trajectoryaveraged specific impulse, reliable overall
vehicle systems performance, low recurring
costs, and other innovations to achieve
cost and crew-safety goals,” says Blades.
“The existing SSME, on which we based our
recent work, will be used for the main stage
of this rocket, and NASA is also looking
to use our FSI simulation methodology to
design the upper-stage engines.”

For More Information

www.ATA.com
www.3ds.com/SCN-June2013
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Case Study

Reducing the Many Impacts of Bird Strike
HCL Technologies uses Abaqus to simulate bird-plane collisions,
design safer aerostructures, and reduce physical testing
effort—and in the face of fuel-efficiency
initiatives and the pressure to reduce
structural weight—the engineering team
was tasked with designing a lighter-weight
alternative to a traditional metallic design.
But replacing aluminum, a material that
resists impact well, with composites
introduces challenges, since the newer
materials are more brittle than metal and
more vulnerable to impact.
“We looked at a variety of material options
for the vertical stabilizer, including allcomposite and composite/metal hybrid
versions,” says Ganthimathinathan Perumal,
senior project manager in the Engineering
and R&D Services department at HCL.
“Each design iteration required its own
bird-strike analysis to see if it met the
appropriate safety regulations.”

L

ess than two years after his pioneering
flight at Kitty Hawk in 1903, Orville
Wright recorded the first collision of a flying
machine with a bird. In the hundred-plus
years since then, as aircraft and air travel
have increased, so have midair meetings
between birds and planes. When avian life
and airplanes share airspace, accidents are
inevitable.
In recent years, bird strikes—as they’re
now called—have become an increasingly
regular and costly occurrence. While the
birds never fare well, 85 percent of the
time the plane escapes unscathed. In the
other instances, there can be damage
to the aircraft, sometimes extensive, and
even human casualties. Annually, there
are approximately 10,000 strikes with
civilian planes recorded in the U.S. alone,
with losses of more than $650 million for
commercial and military aircraft. Since
1988, over 220 fatalities have been
reported worldwide.
To address this growing problem, the
Federal Aviation Administration (FAA)
and national and international bird-strike
committees document the effects of
incidents and work closely with airports,
airlines, and pilots on strike prevention.

6
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Aviation engineers are focused on the
problem, too, concentrating on how to
strengthen aerostructure designs so that
damage is minimized and flying safety is
ensured, even when the inevitable happens.

Designing for bird impact

In order to be flight certified, FAA and
EASA (European Aviation Safety Agency)
rules prescribe that all commercial aircraft
must be designed to withstand a collision
with a four-pound bird anywhere on its
structure at cruise speeds and still be
able to continue flight and land safely. In
the U.S., FAA regulations also specify that
the empennage structures are built to
withstand the impact of an eight-pound
bird at cruise speeds.

Bird-plane collisions most commonly occur
on an aircraft’s forward-facing structures,
such as its nose cone, cockpit windshield,
engine cowling or blades, or the leading
edge of the wings and the empennage (tail
assembly). The force of the blow depends
on the bird’s weight plus the speed and
direction of impact, with the energy
increasing as the square of the difference
in speed between the two objects. When
a 12-pound Canada goose strikes an
aircraft going 150 miles-per-hour (a speed
common for many planes during takeoff
and landing), for example, it generates the
kinetic energy of a 1000-pound weight
dropped from a height of 10 feet—enough
force to do significant, even catastrophic
damage.

To comply with bird-strike requirements,
aircraft engineers have traditionally been
required to physically test all structures—a
costly and time-consuming process
involving firing an object of known mass
and density at the structure with a
compressed-air cannon. For some time,
they have also used computer modeling
during design development to complement
testing. As simulation has evolved from a
simplified pressure pulse on a rigid surface
to today’s highly realistic analyses, the
practice has come to be accepted as an
increasingly reliable and cost-effective
tool for predicting what happens during a
collision.

A recent project at engineering services
firm HCL Technologies in Bangalore,
India, involved design and development
of a vertical stabilizer for a commercial
passenger aircraft tail assembly. In this

For their simulation needs, the R&D
team at HCL relies on Abaqus finite
element analysis (FEA). “Bird strike is a
highly dynamic, nonlinear event,” says
Anwar Ibrahim, project manager at HCL.

Simulating bird strike

www.3ds.com/simulia

“It involves complex contact behavior,
especially after impact when fragments of
the damaged structure and the bird hit other
parts of the aircraft. Abaqus handles this
multiphysics problem well.”
The tool also has a large library of
material models that are highly useful for
design exploration of new materials. “For
composites, we use the built-in progressive
damage and failure model,” he says. “This
includes fiber rupture in tension and
fiber buckling, as well as matrix cracking,
shearing, and crushing.”
For the HCL engineers who utilize
FEA at R&D locations throughout India,
Ganthimathinathan notes additional benefits.
“Our customers use a wide range of software
during design development, and we have to
be able to work with all of them. Abaqus is
vendor-neutral and compatible with a wide
variety of other tools. We’ve been using it
successfully for more than ten years.”

Evaluating models, methods,
and materials

While the goal of the stabilizer analysis
was to explore lightweight designs, the
study started by verifying a model of a
metallic stabilizer to establish a baseline.
“Earlier analyses have focused on metal
aerostructures, so we used aluminum to
figure out the best way to approach the
problem,” says Ganthimathinathan.
Since bird-plane collisions create large
material deformations, methodologies for
modeling ‘soft body’ impact needed to be
tested, as well, notes Ibrahim. “We wanted
to validate whether the meshing strategy
of the Lagrangian or the Coupled EulerianLagrangian (CEL) approach would provide
the most accurate results. Abaqus has the
capability to do both.”

A)

B)

C)

D)

Figure 1. To benchmark their bird-strike methodologies, HCL engineers used Abaqus to analyze several allaluminum vertical stabilizers for tail assemblies. Graphics (A) and (B) show unrealistic bird deformation using the
Lagrangian method at different time steps during collision. In graphics (C) and (D), (C) illustrates failure behavior
of the stabilizer with skin thickness of 1.5 mm while (D) shows more realistic soft-body material behavior during
impact using CEL method.

For the benchmark, the R&D team modeled
a four-pound bird traveling at a speed of
150 meters-per-second and impacting
metal stabilizers with a skin thickness of 1.5
mm. They determined that the CEL method,
with its simplified meshing, provided results
that more closely represented reality, while
also using less run time (see Figure 1).
With their models and methods verified, the
engineering team then analyzed a series
of composite and hybrid stabilizer designs.
In every iteration, the number of plies and
material composition of the layup were
changed, and a bird-strike analysis was
performed. For the structure to pass, the
leading edge of the stabilizer needed to
withstand ‘virtual impact.’
While a 30-ply all-composite design
(comprised of glass and Aramid fibers)
survived the impact of the four-pound bird
model, a similar 20-ply design failed. To
increase the strength of the lighter 20-ply

design, engineers replaced the outermost
composite ply with a single aluminum layer
(0.9 mm in thickness). This hybrid design,
when impacted by the model bird, incurred
damage on the outer metal layer but
prevented the underlying composite layers
from severe or catastrophic damage (see
Figure 2). Physical testing of the successful
hybrid design for flight certification is pending.

The changing roles of simulation
and physical testing

More and more, aviation engineers are turning
to composites and hybrid materials in order to
design lightweight aerostructures. As they do,
they must make sure that their designs meet
the industry’s stringent safety requirements
for events such as bird strike. Both simulation
and physical testing will continue to play a role
in the validation and certification process. But
the balance between the two is shifting.

FEA has long been embraced by engineers.
“Using simulation, we can widen our design
options and easily make changes until we find
a version that satisfies the regulations,” says
Ibrahim. “The scope of the analysis process
allows us to minimize physical tests and
reduce development costs and time.”
Regulatory agencies are endorsing the
technology, as well. According to European
Joint Aviation Requirements (JAR), compliance
with bird-strike requirements can be proven by
analyses which are based on tests carried out
on representative structures of a similar design.
This regulatory path will further streamline the
development process and amplify savings for
manufacturers.

Figure 2. In this simulation of a bird strike with a lightweight vertical stabilizer, Abaqus was used to generate the
following composite behavior results (left to right): fiber tension; fiber compression; matrix tension; and matrix
compression. The stabilizer was a 20-ply hybrid design comprised of an outer aluminum layer and 19 underlying
composite layers.

www.3ds.com/simulia

For More Information

www.hcltech.com
www.3ds.com/SCN-June2013
SIMULIA Community News June 2013

7

User Community
m ) V 21
d
−
1
(
)

2

(1−d f

2

/RT]/G
Q
−
(
G
[
p
G=k 0 ex

1

3

Want to learn about new product
features or brush up on your existing
skills? Need some references or
clarification on a technical issue?

E1

SIMULIA Learn

The SIMULIA Learning Community offers a
complete library of Abaqus tutorials, training
resources, documentation, and technical
commentary. Join thousands of other users to
connect, share, and spark innovation.
Win a Space Navigator!

Through the end of July we will be accepting
submissions of tech-tip tutorials. Have you ever
created a useful tutorial that you would like to
share with other SIMULIA users or ever had a
great idea for a tutorial, but you’ve never had
the time to create it? Now is your chance!
Tutorials will be accepted until July 31 and
the winner will be announced in August. The
winner will receive a 3Dconnexion Space
Navigation Mouse. Get technical for a chance
to be more technical!

Call for Papers Now Open
for Regional User Meetings!

The Regional User Group Meetings (RUMs) are
fast approaching. If you have an interesting
topic that you would like to share, please
consider submitting an abstract in order to
present at your local RUM. Be sure to visit the
SIMULIA Learning Community to see where
your local RUM is being held this year and to
reserve your space!

8
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SIMULIA Community Conference 2013

This May, users from all across the globe
made the journey to the SIMULIA Community
Conference held in Vienna, Austria. The
conference lasted for two and a half days
and attendees had the opportunity to hear
from Dassault Systèmes President and CEO,
Bernard Charlès, the SIMULIA CEO, Scott
Berkey, and SIMULIA CTO, Bruce Engelmann.
Keynote presentations included Rudolf Blaim
from the BMW Group and David Smith of
Ethicon Surgical Care. In addition, there were
over 100 presentations from other customers,
3DS employees, and 3DS alliance partners.
If you were not able to make the trip this
year, you can still check out videos from the
conference - just look for the heading “SCC
2013 Videos” on the home page!

www.3ds.com/simulia

connect and share,
we can spark innovation

ning Community
e-Learning Interview with Lori Bonynge

Lori Bonynge, SIMULIA Senior Knowledge
Consultant, submits e-Learning blog posts on a
monthly basis to the SLC. These include helpful
tutorials and instructions on how to do specific
actions using SIMULIA software. In May, Lori
sat down with us to talk about her goals for the
e-Learning section on the community and what
we could expect to see in the future.

Blog Spotlight: Accelerate Your CAE Analysis
Workflow with ThermoAnalytics 11.0

Vienna, Austria



Thank
You!

SIMULIA Customer Satisfaction
Survey…The results are in!

Every year customers are asked to submit
their feedback regarding their satisfaction and
suggestions on how to improve the SIMULIA
suite of products. These results are carefully
evaluated and applied to create a better overall
user experience. We heard you and thank you
for participating! One of the interesting finding
is the continuing upward trend in the CPU
usage for running simulation jobs. Login to the
community to learn more!

The updated Abaqus export supports writing
Abaqus thermal results and geometry to Abaqus
in the Abaqus ODB format, which can be used to
perform thermal stress simulation. Transient and
steady-state results are supported by Abaqus,
including shell and volume elements, and can be
exported to a single ODB file. The Abaqus export
also supports overwriting or appending results to
existing files. See what else you can do with the
new feature by reading the full post online!

Blog Spotlight: Isight Corner—
Reliability Analysis Using Isight

We all know Isight can do Process Integration
and Design Optimization very well. But how
reliable is the optimized design? How does a
small change in the machining tolerance affect
the quality of the final product? How does a
small random fluctuation in one of the process
inputs affect the overall process? These are
important real-world questions. And worry not—
Isight can provide answers to those questions
too, with its suite of components specifically
made for Reliability Analysis.

For More Information

www.3ds.com/simulia-learning
www.3ds.com/simulia
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Case Study

Keeping It Cool
with Realistic Simulation
Automotive engineering consultants AVL
use Abaqus for thermal modeling of
Lithium-ion batteries in electric vehicles

T

he Lithium-ion (Li-ion) batteries that
power today’s electric vehicles require
sophisticated electronics and a high degree
of control. “In a very broad sense, the
function of a Battery Management System
is to constantly monitor and protect every
single cell in the battery pack,” says AVL
technical specialist Kim Yeow. “It also
constantly communicates with engine and
other vehicle control systems to ensure the
safe and efficient operation of the battery
pack. The battery system has to endure
and work well in extreme environments
and respond rapidly to changes in vehicle
driving conditions, all in real time. It’s quite
complex.”

Yeow is part of the advanced simulation
technology team that has been researching
and evaluating Li-ion battery systems for
various customers at AVL’s technical center
in Plymouth, Michigan, for several years
now. Working on an internal R&D project to
adapt a gasoline powered car to an Electric
Vehicle and Range Extender (EVARE)
demonstration platform, the team at
Plymouth was challenged to come up with
an efficient cooling system for the battery
pack. This pack was assembled with 14
battery modules that were bought off the
shelf and packaged within a constrained
space for optimum thermal and electrical
performance. “That’s when it became clear
we needed to apply realistic simulation
with finite element analysis (FEA) to predict
battery working temperatures,” says Yeow.
Li-ion batteries have been around
for decades. What secrets could FEA
uncover now? “There’s still a lot to learn,”
says Yeow. “Due to a large market shift,
there’s been heavy research on vehicle
electrification for the past few years within
AVL.” Much of the research that Yeow
was involved in centers on the thermal
management of the battery pack.
There are many things that must be
considered in the design of a battery
system for use in vehicle electrification (EV,
PHEV or HEV), such as the power capacity
of the battery system, cell selection, cell

10
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and module packaging constraints, pack
architecture, volumetric and gravimetric
energy densities of the pack, cost, structural
durability of the battery system under various
loadings, limiting ambient temperatures, etc.

"We needed a tool for
analyzing the thermal
behavior in a battery
system, and the electrothermal capabilities in
Abaqus FEA were a
good fit to our need."
Kim Yeow, technical specialist , AVL

Li-ion battery (green component)
in an electric car.

maintain an optimal operating temperature
range for the battery pack regardless of
the ambient temperatures and operating
conditions. We need to cool the batteries
when they become too hot and to warm
them up when their temperatures are too
low.”
With 3D FEA modeling, individual cell
temperature patterns throughout the
battery pack can be evaluated. The FEA
model can identify the cell temperature
distributions within the pack, which
provides guidance in placement of
temperature sensors in monitoring the
operating temperatures of the battery pack.
“The pack power capability is affected
significantly by temperatures of the cells in
the pack,” says Yeow. “If the temperature of
a cell is too high, the power draw from the
total pack must be reduced to prevent that
cell from overheating. On the other hand, if
the temperature is too low, it needs to be
warmed up because low cell temperatures
limit the power draw.” The maximum cell
temperature and the maximum differential
cell temperature are crucial factors to cell
safety and durability.
For the EVARE project, the team at AVL
was challenged to develop the battery
pack configuration that would provide the
most efficient battery cooling at the lowest
possible cost. Key to this was a good
understanding of what was happening
inside the pack. “We needed a tool for
analyzing the thermal behavior in a battery
system, and the electro-thermal capabilities
in Abaqus FEA were a good fit to our need,”
says Yeow. The software was already
employed widely throughout AVL for
conducting thermal-mechanical analyses
on the engine component as well as nonengine work.

Electro-thermal model of cells of different geometries.

“Thermal management of the battery packs is
just one of many important considerations,”
says Yeow. “From the battery performance
and safety standpoint, we would like to

Because the tool was not specifically
designed for battery simulation, the team at
AVL wrote special subroutines and coupled
them to Abaqus. “A good feature of the
software is its ability to interface with user
written subroutines,” he says. “So we were
able to capture the characteristics of the
www.3ds.com/simulia
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Lithium-ion cells using our own software
and link them to the FEA model within
Abaqus.”

The team’s battery modeling typically
starts with a quick 1D simulation. “This
gives us a sense on how the pack will
work, on the basis of which we can dial in
the cell selection and the cooling system
requirement,” says Yeow. Once the full
information on the pack’s cooling system
is available, AVL performs a detailed
3D assessment, beginning with electrothermal analysis of the modules.
“Initially we assume good contact and
hence good heat transfer paths between,
say, the cooling plate and the cells,” says
Yeow. “Abaqus is very good with contact,
and all these components are touching
each other. As the design matures we’ll
simulate the assembly condition to find out
where there might be gaps and find ways
to minimize those gaps, and re-evaluate
how gaps in certain areas would impact
the cooling of the battery cells.”
The complexity of the cell structures
themselves adds more challenges to
the task. Based on the cell capacity,
a cell might have up to 50 pairs of

Baseline
HTC=60 W/m2.K

35
34

Temperature [°C]

The special subroutines developed for
the EVARE project now enable AVL to
evaluate the thermal behavior of assorted
cell geometries and configurations, as
well as the efficiency of various cooling
methods. “One Lithium-ion battery
is not like another, so for different
cell types—whatever the geometry
or chemistry—the cell geometric
information and performance are inputs
to our subroutines. This allows us to
characterize the different cells,” says
Yeow.
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FIgure 1. Good correlation of an indirect air-cool module under continuous discharge-charge condition.

thin anode-cathode layers, with the
thickness of each layer on the order of
200 microns. “With 96 cells or more in a
battery pack, it’s not practical to model
the cell in such detail from engineering and
production standpoint,” says Yeow. “So we
approximate with one to three equivalent
cell layers per cell, and use the equivalent
composite properties to characterize the
behavior of the batteries at a macro level.
“Complicating things is the search for
accurate material data,” he adds. “It’s
always about solving the mystery. The
cell manufacturers supply us with some
ballpark numbers, but we often end up
doing literature searches, or turning to other
researchers, to get more accurate figures.
Oftentimes we end up with a range of
material values.
“It all trickles down to the model results,” he
notes. “The validity of that assumption will
be measured against tests.”
Despite the many challenges, Yeow notes
that they are seeing good correlation of

Design 1
HTC=80 W/m2.K

Figure 2. Abaqus FEA models of stabilized cell temperatures for three module designs with similar steady
state temperatures. Compared with the baseline, Designs 1 and 3 are smaller. However Design 1 requires
higher air flow.

www.3ds.com/simulia

Module

their models to actual lab measurements;
under either continuous discharge
condition or continuous discharge-charge
condition; with liquid cooling or with air
cooling; with direct or indirect cooling
systems. The correlated model was
used to further improve and optimize
the battery system design (as shown in
Figures 1–2).
Yeow notes that, as with any emerging
technology, theirs is a work in progress.
“We know it’s not possible to have uniform
cooling, even though that’s our goal.
We’ll continue to improve the veracity
of our models, refining our assumptions
and incorporating additional parameters.
Abaqus is our analysis tool of choice for
structural evaluation of the electrical and
thermal behavior of Lithium-ion batteries.
We’re already using it for the required
structural integrity assessments. Going
forward, we want to more closely link
the electro-thermal model of the battery
system with the corresponding structural
and CFD models.”

Design 3
HTC=40 W/m2.K

For More Information

www.avl.com
www.3ds.com/SCN-June2013
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Abaqus FEA analysis of
mean and alternating stress
in the rig’s clamping unit.

Schaeffler Technologies Validates
the Largest Bearing Test Rig in the
World with Realistic Simulation
Abaqus FEA helps ensure the reliability of testing
large-size bearings for wind turbines

T

he push to boost the energy output of
wind turbines is leading the industry
towards taller structures with longer blades.
Wind at 100 meters flows more steadily
and 4.5 percent faster than at 80 meters,
with an energy gain of about 14 percent.
Longer blades can rotate more slowly yet
produce more electrical power. Last year
close to five percent of new turbines in the
U.S. were 100 meters high, and the trend is
expected to continue worldwide.
But bigger size brings with it significant
challenges in design and physics,
increasing the burden on a wind turbine’s
key central bearings in a number of
ways. Turbine rotor and hub weight alone
generate static radial load and pitching

12
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moments. Wind forces add static and
dynamic axial loads on both bearings and
rotor blades. Wind also generates pitching
and yawing moments that cycle with the
position of the blades as they rotate. The
effects of these forces can multiply as a
wind turbine gets larger.
Given the significant costs involved in wind
turbine construction, maintenance, and
repair, manufacturers understandably want
to ensure that the designs of newer, larger
turbines are thoroughly proven out ahead
of time. Key to that proof is ensuring that
the bearings at the heart of every turbine
will stand up to both the structural and the
environmental stresses as long as possible,
in every imaginable situation.

The industry has been using a variety of
smaller bearing test rigs built to evaluate
standard-size turbine performance. But
until recently there was no way to run realworld tests on the newer, large-size wind
turbine bearings.
Enter Schaeffler Technologies AG & Co.
KG of Germany, rolling-bearing specialists.
The company’s catalog of rolling bearing
assemblies is one of the widest in the
industry, covering nearly all industrial and
consumer applications with more than
40,000 products under the brands INA and
FAG. “Most people do not recognize that
nearly every industry uses rolling bearings
or rolling bearing parts,” says Martin Stief,
CAE Integration department engineer for
Schaeffler. One of the highlights over FAG’s
100-year history is the London Eye (officially,
the Millennium Wheel). This Ferris wheel is
the world’s largest and heaviest, standing
135 meters high, measuring 424 meters in
circumference, and weighing 2,100 tonnes.
Two FAG spherical roller bearings several
meters wide and weighing several tonnes
help rotate the wheel smoothly.
With years of experience in testing bearings
before putting them to work, Schaeffler

www.3ds.com/simulia

realized that the growing trend towards
larger wind turbines would quickly dictate
a need for much bigger test rigs than were
available.
“Before even thinking about performing
expensive real-world tests on large-size
wind turbine bearings, we needed to
quantify the critical operating conditions to
minimize testing time and costs,” says Stief.
“We also wanted this information to design
and construct the best test rig possible for
such large-size bearings.” Finite element
analysis (FEA) provided both insights.

“FEA helped us determine
the lifetime of larger
bearings more exactly.
This saves on development
time in the re-engineering
and design process.”
Martin Stief, CAE Integration
department engineer, Schaeffler
Technologies AG & Co. KG

Big bearings require a big test rig

While Schaeffler had small test rigs for
simulating and applying real-world bearing
loads on small-size roller bearings, it did
not have a large rig for simulating the
conditions in a commercial, multi-megawatt
wind turbine. “When planning our large rig
project, conservative engineering was the
watchword for extrapolating bearing lifetime
tests from small to big bearings,” says Stief.
“FEA helped us determine the lifetime of
larger bearings more exactly. We can now
design precisely the size of bearing required
by a particular turbine geometry, which
helps keep costs down. We were also
able to do kinematic analysis with original
parts, from both bearings and assemblies
provided by customers. This saves on
development time in the re-engineering and
design process.”
The finished test rig is 16 meters long, 6
meters wide and 5.7 meters high. Its mass
is approximately 350 tonnes. As with wind
turbines in the field, the rig is on a 5-degree
tilt. It has five main subassemblies: drive
train, loading frame, auxiliary bearing, test
bearing, and tensioning frame. Eight radial
and axial cylinders replicate real-world
loads. Approximately 500 bolts are needed
to mount the auxiliary and test bearings.
The finished rig can test bearings with
a maximum diameter of approximately
3.5 meters, making it the most modern,
www.3ds.com/simulia

largest, and highest performing large-size
bearing test rig in the world. At a cost of
approximately seven million Euros, the
rig represents a significant investment
in Schaeffler’s future developments in
renewable energy, as well as other largesize bearing applications such as the
heavy equipment used in construction,
mining, and excavation.
Despite the two years spent designing
and constructing the test rig, the time
spent on mechanical finite element (FE)
simulation was short: just two months for
strength assessment and modal analysis.
“Because the wind industry is booming
right now, we wanted to make the test
rig as fast as possible,” says Stief. “This
meant having a quick and accurate way
to simulate, analyze, and verify rolling
bearing assemblies—so we could create
a test rig that could accurately measure
them in action.”

Surmounting design challenges

Schaeffler started by creating a virtual
prototype to validate the physical test
rig, which itself would replicate the
actual conditions for roller bearings in a
wind turbine. To do this, Stief formed a
simulation team of five full-time and two
part-time members, all of whom were
experienced with using Abaqus finite
element analysis (FEA). “Abaqus has been
Schaeffler’s primary FEA tool for years,”
says Stief.

The team divided the test rig analysis
into smaller, manageable, functional FE
submodels, which were then connected
together to represent the overall test
rig. To ensure the accuracy of this

global representation, the team used its
engineering judgment in defining loads,
transition regions, and boundary conditions
(e.g., stiffness, mass, and damping)
between FE submodels. Parts of the
submodels were replaced by interface
conditions that could be determined by
analytical or simulation-based calculations.
This approach helped reduce the size of
the submodels and sped the creation of
working models.
“We used Abaqus to test the strengths of
joints and to check specific connections,”
says Stief. “When the overall design of
the test rig became clearer, we began
using Abaqus on the submodels for
strength verification. From those results,
we improved the test-rig design using
basic mechanical engineering knowhow,
such as strengthening ribs by making
them larger. Then we’d run the submodel
through Abaqus again for another strength
assessment.”
The team also created an additional
FE model to quickly evaluate the entire
test rig’s modal behavior, as well as
confirm their definitions for the boundary
conditions between submodels. The modal
analysis was also used to estimate the
eigenfrequencies for the test rig. “Obviously,
we don’t want resonance,” says Stief. “We
don’t want the test rig shaking itself apart.”
Wind turbines typically rotate about 16
revolutions per minute, but the engineers
wanted their test rig to run up to 60
revolutions per minute—the same as a
critical excitation frequency of 1 Hz. The
modal analysis confirmed that the first
Continued

Large wind turbine nacelle (left) showing bearing in silver, and Schaeffler large-size bearing test rig (right) with
silver bearing in test position.
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natural frequency of the rig was 13 Hz, well
beyond this 1 Hz value and thus not an
issue (subsequent frequencies were even
higher).
To validate their virtual prototype, Schaeffler
ran the full FE model of its test rig through a
large number of load cases within Abaqus.
Even with a very coarse mesh of the entire
test rig, the load-case calculations initially
hit the limits of the available computing
capacity. With 32 GB of RAM, calculating
17 load cases took 48 hours. However, this
time was later slashed to 10 hours using
a newly built-up HPC Linux Calculation
Cluster with faster CPUs and more RAM.

Software features to the rescue

Various functions within Abaqus helped
make model creation efficient and fast.
For example, Abaqus includes hundreds
of types of user elements—subroutines
that allow the user to define their own
finite element behavior inside an Abaqus
model. In the bearing package submodel,
the rolling elements of the bearings were
replaced by customized user elements that
represented the precise stiffness behavior
of the rolling elements, as well as several
degrees of freedom that would have had
to be calculated separately. These special
elements reduced the degrees of freedom
by several orders of magnitude (from a
range of 105 down to approximately 102).
This significantly shortened the time, effort,
and cost of 3D modeling and meshing
each of the rolling elements. Computing
time for analysis plummeted from about
5 hours to about 5 seconds. “The largesize bearing test rig has at least 500 of
these rolling elements. It would have been
impossible to make any FE calculations
without user elements,” says Stief.

Outer ring
Inner rings
Inner ring adapter

Rolling elements
(as used elements)
Outer ring adapter

The submodel of the bearing package included the raceway (inner and outer rings), inner ring adapter, and
rolling bearings. For the Abaqus FEA analysis, the rolling elements were replaced with customized user
elements representing the precise stiffness behavior of the rolling elements and the associated degrees of
freedom. The precise representation of bearing stiffness significantly reduced computing times.

collaboration, such as when exchanging
parts between team members or replacing
instances or parts where the design or
FE properties had been changed. With
Abaqus’s options for abstraction (e.g.,
mass, stiffness, and connectors), says Stief,
“We could reduce the size of the models
by replacing large 3D structures with shell
or beam structures, or by linking wholemodel parts with the appropriate interface
conditions.”

Analysis leads to optimization
and time savings

Other Abaqus functions helped facilitate
stress analysis and strength verifications.
The screw bolt modeling function, says
Stief, proved “extremely useful because of
the high number of bolts we preloaded with
real-world values for stress and strain.” This
function let the team create bolts, mesh
them, and copy them as many times as
needed in the 3D models. All subsequent
copies were automatically meshed as well
for FE analysis.

After stress analysis, the team focused
on strength verification according to
Germany’s FKM Guideline for analytical
strength assessment and the VDI 2230
standard for screw connections. The
results pointed to additional design
modifications in the test rig, such as
optimizing screw connections, adding
components for increased reliability,
optimizing radii to reduce stresses, and
adding reinforcing ribs.

Geometry-based modeling helped the
team quickly mesh variants of the whole
model and the numerous submodels.
Scripting and other process automation
techniques made modeling and evaluating
the results easier and faster, greatly
simplifying strength verification. Assembly/
part/instance functionality promoted team

“The simulation models we created
proved our large-size bearing test rig
reliable and applicable for all types of
large-size bearings,” says Stief. Going
forward, simulation—validated with test
rig runs—will also provide Schaeffler with
bearing-specific values, such as load
distribution, pressure distribution, and
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contact angles, and important data about
the elastic behavior of bearing components
under high preload. “This will lead to even
more realistic results in bearing lifetime
calculation,” says Stief.
Their current work now helps Schaeffler
detect critical operating conditions early
in the development of large-size bearings,
and minimize bearing test time on the rig
(with associated operating costs). From
this, Schaeffler can optimize its bearing
products earlier and easily in all the design
stages and put added focus on reducing
friction in its roller bearings.
In total, says Stief, simulation with Abaqus
FEA has been invaluable in maximizing the
performance of Schaeffler’s own products—
as well as those of their customers. “In
the wind industry, we can now develop
more detailed instructions for operating
and maintaining finished turbines,” he says.
“This in turn helps us provide our customers
with more precise recommendations about
the construction of their wind turbines. And
our new test rig enables us to support
customers in other industries as well.”

For More Information

www.schaeffler.com
www.3ds.com/SCN-June2013
www.3ds.com/simulia

Academic Update
Design Analysis of a Passenger Bus Tri-axle Suspension Frame
Ismael I. Ayala, Edgar Ramírez, Osvaldo Ruiz and Armando Ortiz (Universidad Nacional Autónoma de México)

M

odern suspension systems improve
vehicle performance in passenger
buses. Developing a new suspension
design requires a careful examination of
packaging needs, load transfer and structure
characteristics to produce a safe design. In
this paper we provide a design proposal
for a passenger bus frame to incorporate a
commercial tri-axle pneumatic suspension. A
system-level CAE evaluation validates and
optimizes the proposed design.

The initial inputs for the design process were
a set of finite element analysis simulations
of the suspension. The space requirements
were determined by the design of the
global bus structure. With these inputs, a
series of concepts for the frame design
were proposed and evaluated; a detailed
design for each one of the three axles
was presented and refined to a final stage,
then evaluated as assembled into the final
structure.
By following this methodology, a structure
that is capable of sustaining the selected

a)

b)

Abaqus models of the suspension structures for the bus a) front axle structure b) drive axle structure.

commercial suspension was obtained. The
final proposal consists of detailed CAD
files created in SolidWorks for each of the
portions and bus frame assemblies to be
constructed.

Download the 2013 SIMULIA
Community Conference papers at:
www.3ds.com/SCN-June

Additional details about this project can
also be found in the paper: Analysis and
Optimization of a Passenger Bus Frame,
Reyes Ruiz Carlos A., Ramírez Díaz Edgar
I., Ruiz Cervantes Osvaldo, and Ortiz Prado
Armando, Universidad Nacional Autónoma
de México.

System Integration for Improving and Speeding up the
Preliminary Design Phase of Aero Engines
Philipp Kupijai and Dieter Bestle (Brandenburg University of Technology Cottbus)
Daniel Kickenweitz (Rolls-Royce Deutschland Ltd & Co KG)

T

he development of a new engine is
usually initiated by the request of an
aircraft manufacturer who formulates
basic requirements for the propulsion
system. Preliminary engine design is then
the first design phase at the aero-engine
manufacturer, whose task is to develop
a proper engine concept that fulfills all
requirements in the shortest possible time.

At this early design stage only simple
models can be used, but the decisions
made are far-reaching and need to be
precise. Therefore, engine component
scaling tools are applied to increase
prediction accuracy. Accessing these
methods, which have been developed by
different component specialists, involves
considerable effort due to manual data
transfer and the fact that design is always
an iterative process.
This paper demonstrates an automated
design process utilizing Java-based
Isight components, which are a robust,
www.3ds.com/simulia

secure and fast alternative to commonly
used spreadsheets and may even be the
superior solution. The process is illustrated
by design and optimization studies on two
application examples. The first example is
a design study within a European Project
called Crescendo (2009-2012), where
a coupled collaborative aircraft engine
optimization was performed by different
partners. The second example deals with

a multi-objective design optimization, in
which the goals are to minimize specific
fuel consumption and engine mass.
These examples illustrate the benefits
achieved in terms of saved runtime and
better solutions than can be obtained by
experience-driven, human search.
Download the 2013 SIMULIA
Community Conference paper at:
www.3ds.com/SCN-June
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Case Study

MicroPort Gets
Knee Simulations
Up and Running
Abaqus Knee Simulator
provides realistic evaluation
of implants

K

nees can perform extraordinary tasks.
They can spin while withstanding
the loads of a triple axel in figure skating,
or brace against the forces of a hip
check in hockey. They also endure the
mundane loads and stresses of daily life:
stair climbing, walking, standing, sitting,
and bearing body weight. When all that
activity takes too great a toll over time,
Total Knee Replacement (TKR) surgery
may be advisable [see the sidebar, “Knee
Replacement: Past, Present, Future”].
But before the surgeon goes to work,
product developers and manufacturers
have to create TKR implants that will
perform as long as possible. Realistic
simulation with finite element analysis
(FEA) software has now become vital
to that process. “Simulation helps us
reduce physical prototyping and shorten
mechanical and fatigue testing times,” says
Wind Feng, R&D Engineer at Shanghai
MicroPort Orthopedics. “More importantly,
it helps us evaluate the biomechanics
performance of our design without
conducting expensive and lengthy
physical tests.”
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With the goal of cutting time and improving
efficiency, MicroPort chose the SIMULIA
Abaqus Knee Simulator (AKS) (See Figure 1),
from Dassault Systèmes’ 3DEXPERIENCE
technology.

Figure 1. Designer and analyst applications guide
users from model creation to results interpolation
with the Abaqus Knee Simulator.

As China’s leading developer and supplier
of orthopedic medical devices and implants,
MicroPort is taking the first steps in exploring
TKR implants to augment their already
successful line of spinal products. “There
is a huge market for orthopedic implants,
especially knee replacements,” Feng says.
“We want to be a major part of that.”

During their initial proof-of-concept
phase MicroPort is evaluating what
kind of TKR implant model to focus
on going forward. The team has been
looking at the two most commonly used
implant types: fixed bearing (FB) and
mobile bearing (MB) (See Figure 2). Both
designs involve a metal tibial tray that is
inserted into the upper end of the large
lower leg bone. An ultra-high-molecularweight polyethylene bearing, taking the
place of the meniscus, rests on the tray.
The metal femoral component sits on the
bearing. In the FB implant, the bearing
is attached to the tibial tray; the mobile
bearing, on the other hand, is free to
rotate slightly in the tray. “Both FB and
MB implants have their proponents,”
Feng says, “but we wanted to compare
them for ourselves. We strongly believe
in conducting our own research and
development to bring out innovative
products.” Among other comparisons,
MicroPort is particularly interested in
seeing if the rotation freedom of the
MB increased TKR performance by any
measurable degree.

www.3ds.com/simulia

loading and used the Basic TKR
Loading function. The objectives of the
simulation were to evaluate tibiofemoral
and patellofemoral kinematics, contact
mechanics between implant parts (and
the leg itself), and component stresses, all
under the physiological loading conditions
of normal daily activities. “We primarily
analyzed gait,” Feng says, “but because
these products are intended for the Asian
market, we were also particularly interested
in modeling squatting—a very common
stress load in these cultures.”

Figure 2. Above are views of fixed (left) and mobile (right) bearing total knee replacements (TKRs).

“We chose the AKS for this
research because it semiautomatically creates
advanced explicit analyses.
That significantly increases
our simulation efficiency.”
Wind Feng, R&D Engineer,
Shanghai MicroPort Orthopedics

The AKS not only offered tools to
thoroughly evaluate the FB and MB
configurations—it established a new,
shorter path at MicroPort for testing and
analyzing designs.

Taking FEA modeling in stride

Prior to widespread acceptance of
simulation, much of the industry-wide
test data on TKR performance came from
a bench-top device called the Kansas
Knee Simulator (KKS). This is a complex
mechanical device that provides dynamic
loading similar to what human knees do
during normal activities. The simulator
generally uses a cadaver knee joint. Testing
is done with an eye toward regulatory
requirements, particularly ISO standards.
“The Kansas Knee Simulator provides
accurate data,” Feng says, “but testing
prototype designs in the lab is costly and
time-consuming. Anything we can do
to minimize its use is a great benefit to
product development.”
www.3ds.com/simulia

One reason that FEA can be substituted
for the KKS and other physical tests is
precisely because a wealth of information
has already been collected on knee
implants, both from labs and from the
field. In October of 2012, the Abaqus Knee
Simulator was introduced to the market to
take full advantage of the available data.
The software is a validated tool that can
conduct basic-to-advanced knee implant
analyses. “We chose the AKS for this
research because it semi-automatically
creates advanced explicit analyses,” Feng
says. “That significantly increases our
simulation efficiency.”

Gait and squatting sound simple, but
they are actually highly complex physical
processes involving bone, muscles,
tendons and, of course, motion.
Accordingly, the models that accurately
capture them in a nonlinear analysis are
also complicated, as they must incorporate
muscle force control, realistic data from
in vivo testing, and rigid bodies for bone
structure. To model the implants, engineers
imported MicroPort’s own TKR geometries
for FB and MB TKRs. The AKS meshed
each component automatically in the
process and assembled them together
in the AKS along with the distal femur,
proximal tibia, patella, and the soft tissues
surrounding the knee. The ligaments can
be represented in 1D or 2D.
The realistic nature of the model would be
difficult to achieve without the AKS, which
Continued

Among the built-in analyses that AKS
includes are:
• Tibiofemoral contact mechanics at
varying static positions during flex
• Implant Constraint, measuring laxity
between femoral and tibial implant
components, ignoring soft tissue
• Tibiofemoral Constraint, measuring
laxity but this time including soft tissue
• Wear Simulator, predicting wear on the
lower (tibial) component over gait cycles
• Basic TKR Loading, evaluating the
complete mechanics of the artificial joint
under the basic muscle-load conditions
of daily activities (walking, squatting, and
so forth)

Putting the AKS through its paces

The FB and MB simulations concentrated
on dynamic analyses of physiological

Figure 3. This meshed finite element model of a TKR
is ready for analysis in the Abaqus Knee Simulator
(AKS). The 2D rectangular strips and the vertical lines
are tendons. The TKR components are in blue. The
two large green knobs are the tibia (bottom) and the
femur (top).
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Further steps with AKS

The simulations provide insight into the
merits of both fixed and mobile bearing
knee implants. Not surprisingly, the MB
provided more rotation—but only slightly
more. With behavior under squat loading
conditions, little difference was observed.
“We didn’t find any significant evidence
that suggests mobile bearings performed
better than conventional fixed ones, a result
supported in the literature as well,” Feng
says. “We’ll continue researching both
designs with hospitals and universities—
and we’ll definitely keep using the AKS."
MicroPort’s work with the AKS has
shown that FEA is not just good for
design development—it’s good for
business. “Simulation has saved us
considerable development time and
money by reducing physical prototyping
and mechanical testing, so that engineers
could concentrate on product design and
optimization,” Feng says. “It may even help
us to reduce clinical trial times in the future.”

For More Information

www.microport.com
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The savings continued once the analyses
were running. The AKS can perform most
analyses in hours to a few days, depending
on the complexity of the model and the
available computational power. By contrast,
physical testing of even one implant
prototype could have taken months.
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sets up loading, boundary condition, and
interactions. “Because of their complexity
and loading conditions, setting up these
two models could easily have taken a week
by hand,” Feng says. “Instead, it took a
day or two. The AKS makes it practical
for product development companies to
perform simulations as thorough as those
at research institutes.”
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considerable development
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mechanical testing, so that
engineers could concentrate
on product design and
optimization.”
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Charts 1-6. The graphs above show patellofemoral analysis results for squat. The analysis did not find significant
evidence that mobile bearings (right) performed better than conventional fixed ones (left), a result supported in the
literature as well.

Knee Replacement: Past,
Present, Future

For as long as humans have had
joints, we’ve had joint problems. The
first knee arthroplasty was probably
performed by French orthopedic
surgeon Verneuil in the 1860s. Then in
the 1890s, a German doctor explored
the idea of using elephant ivory to
replace damaged knee components.
Over time, advancements in materials
and techniques helped physicians
better serve orthopedic needs. Almost
a century and numerous trials after
the basic idea arose, many design
challenges of early artificial knee parts
had been overcome, leading to more
successful surgeries: In 1968, the first
fully artificial knee was implanted in a
total knee replacement (TKR) procedure.

Today, there are more than 600,000
TKR surgeries using metal and plastic
annually in the U.S. alone. Over 90
percent of patients who have the
surgery experience significantly
improved knee function, pain relief,

and restored ability to perform most
daily activities. In most cases, the
implants are effective for ten to twenty
years.
As knee replacements become more
common, the technology surrounding
them continues to advance. What
began as a pre-surgery guessing game
now properly assesses the issue with a
comprehensive orthopedic evaluation.
This in-depth analysis of the condition
and abilities of the knee—via medical
history, physical examination, x-rays,
MRIs, and so on—determines the
necessity and the plan for the TKR. The
evaluation process can take several
weeks.
By 2030, the demand for artificial
knees, including full replacements, is
anticipated to reach about 3.5 million
patients in the U.S.—a nearly fivefold
increase in less than twenty years.

www.3ds.com/simulia

Alliances
Transient Thermal Analysis Solution Coupled with Abaqus

D

isc brakes are used in all types of
vehicles, including automotive, railway,
and aircraft. The need to increase vehicle
fuel economy and performance through
the reduction of weight has increased the
importance of lightweight brake designs.
However, there are challenging system
level trade-offs to balance brake durability,
material cost, thermal performance, and
vehicle aerodynamic drag.
Many worst case brake test scenarios
require the designs to perform a series
of stops and accelerations in a harsh
thermal environment. Transient simulation
of this multi-stop scenario is essential for
predicting and comparing different brake
disc geometries in order to maximize
cooling performance. However, simulation
of the test scenarios is very difficult
because of the highly transient conditions,
the rapidly changing surface temperatures,
and the need to accurately model all
three modes of heat transfer (radiation,
conduction, and convection).
ThermoAnalytics’ RadTherm thermal
simulation software can now be easily

The RadTherm thermal model directly
predicts the radiation and conduction
heat transfer based on surface and
volume mesh of the brake; convection
heat transfer is calculated using several
steady-state CFD models representing
different speeds during one stop cycle. The
transient thermal results are then imported
into Abaqus for calculating thermal stress
and deformation. This coupled modeling
process balances computational efficiency
with model complexity, to simulate accurate
thermal performance in significantly less
time.

ThermoAnalytics’ RadTherm thermal simulation.

coupled with Abaqus to perform rapid
transient thermal and structural simulation
of large thermal models, such as disc
brakes. The combined solution provides
a robust method to optimize component
and system-level performance, even
for complex designs including disc vent
geometry, air vents, and dust shields.

Engineers can also use the RadTherm and
Abaqus coupling process to solve other
challenging transient thermal structural
problems, including industrial processes
such as heat treatment and paint ovens.

For More Information

www.thermoanalytics.com/
products/radtherm

Consortium Leverages Abaqus to Transform
Small Business Opportunities

T

he National Digital Engineering and
Manufacturing Consortium (NDEMC) is
an organization that facilitates growth within
small businesses by lowering the barriers
to entry for them to adopt technology
otherwise unable to be accessed.

With NDEMC, companies have access
to Abaqus Unified Finite Element Analysis
(FEA), and the training necessary to use
and understand the software through
partnerships with Purdue University and
Ohio Supercomputer Center. Within the
span of five months, Jeco Plastic Products,
LLC transformed from a small company
with the capacity to handle a few jobs a
year to a company that now caters to some
of the largest and most successful original
equipment manufacturers (OEMs).
Jeco Plastic Products is a small business
that specializes in custom-building large,
complex, high-tolerance products by
utilizing rotational molding and twin-sheet
pressure forming processes. To take
advantage of the opportunity to secure a
multi-year contract with a large automotive
www.3ds.com/simulia

utilize Abaqus FEA. Normally this venture
would not have been possible due to
budget constraints. However, with access
to this technology Jeco had the ability
to find a creative solution in the product
innovation process.
Without access to NDEMC and Abaqus
FEA, Jeco would not have been able to
obtain a multi-million dollar order from a
large German OEM, and an opportunity for
a multi-year contract with annual orders of
Jeco plastic pallet stress diagram, showing displacement $2.5 million throughout the next five to ten
calculated by Dassault Systèmes software.
years. This partnership between Jeco and
NDEMC was beneficial in allowing Jeco
access to lucrative partnerships with large
OEM, Jeco Plastic Products required
OEMs in the aerospace, automotive, and
high-performance computing (HPC) and
joint product development segment.
modeling, simulation and analysis (MS&A)
resources to evaluate and predict the
performance of product. It was through this
analysis that Jeco’s manufacturing process
proved to be inadequate for the complex
custom pallet that the OEM required.
Through NDEMC’s Midwest Project,
Jeco had access to Purdue’s faculty,
collaboration and support and was able to

For More Information

www.ndemc.org
www.3ds.com/SCN-June2013
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Product Update
Powerful Design Optimization Technology and Injection
Molding Simulation Added to the 3DEXPERIENCE Platform

D

assault Systèmes’ commitment to
expanding the depth and breadth
of realistic simulation spans decades
and is stronger than ever. From the very
start, integrated analysis was a core
technology in the CATIA portfolio. In fact,
one of the driving factors for digitizing
the first aerospace models was structural
simulation. The strategy grew in the
1990s to include simulation technology
for SolidWorks, delivering unprecedented
access to simulation for the broader design
community. With the acquisition of Abaqus,
Inc. in 2005, the creation of SIMULIA
established a new standard for quality
simulation within the PLM market and
united the Dassault Systèmes simulation
teams. Through sustained R&D investment,
SIMULIA has continued to expand upon
the proven capabilities in Abaqus for linear,
nonlinear and, more recently, multiphysics
simulation.
In 2008, after Simulation Lifecycle
Management (SLM) was established
as a new horizon for the maturing
simulation community, the addition of
Engineous brought world class process
integration, distributed execution, and
design exploration. Our simulation strategy
broadened even further with the addition of
Dymola and Geensoft into the CATIA brand
for system simulation based on the open
Modelica modeling standard.
In 2013, we have added two new
companies into the SIMULIA Brand:
FE-DESIGN, provider of TOSCA, the
technology leader for structural and fluid
flow optimization, and SIMPOE for plastic
injection molding simulation. These recent
additions deepen the portfolio in different

ways, and demonstrate our ongoing
investment and commitment to delivering
the industry’s most robust, scalable
portfolio of Realistic Simulation solutions
for all users in all industries.

Motors, BMW, SIEMENS, and Suzlon,
TOSCA optimization technology has played
a key role in helping these customers find
the right design for business decisions,
sustainability, and consumer experiences.

FE-DESIGN

With the addition of TOSCA to the SIMULIA
portfolio, which already includes Isight
for general purpose process integration
and design exploration, we believe
Dassault Systèmes is now the market and
technology leader for design optimization.
Yet we also believe the impact of these
technologies is still far below their potential
and we have a vision for delivering a fully
realized, unified capability in the near future.

FE-DESIGN developed TOSCA
optimization technology specifically to
harness the power of simulation for
creating innovative and manufacturable
design concepts early in the product
development process. The TOSCA portfolio
consists of TOSCA Structure, for nonparametric structural optimization, and
TOSCA Fluid, the first and only commercial
tool that utilizes CFD to create innovative,
optimized design concepts for defined
design spaces and flow tasks.
From its earliest days, SIMULIA has
partnered with FE-DESIGN to help nurture
their technology and make it available
to our users who were looking for ways
to rapidly identify optimum designs. The
two teams collaborated to offer a subset
of the TOSCA technology, known as the
Abaqus Topology Optimization Module
(ATOM). First introduced in 2011, ATOM
delivered the TOSCA topology and shape
optimization functionalities to Abaqus
users as a seamlessly integrated solution
in the Abaqus/CAE environment. In
time-constrained product development
environments, these design optimization
techniques become increasingly critical to
balance high performance with resource
efficiency. The impact of this technology is
already visible across many industries, and
the number of successful customer cases
is growing. With more than 200 global
product manufacturers, including General

Innovative design concepts

TOSCA is used across a wide range of
industries. In the case of a wind energy
turbine hub design, the design team was
challenged by the need to meet extreme
loading conditions for offshore placement.
The first step was to establish the design
space of the hub as the initial model for
optimization. Next, TOSCA Structure
topology—as it was named then—was able
to remove and redistribute material from
the initial design space.
The designer then evaluated the stress
distribution on the new design and
additional improvements were made by
performing a shape optimization to improve
the design results by homogenizing the
stress distribution.
This process enabled the design of a
stronger, lighter, and manufacturable
concept which resulted in material savings
and a simpler assembly process. Even
better, the first prototype of the new

Design Space

Redesigned Result

Topology and shape optimization of a wind turbine hub, using TOSCA Structure to create a lightweight, rigid and durable design.
Here we see the stages of the topology and shape optimization and the redesigned result.
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design passed all verification tests, and the
company actually accelerated the entire
development process.

Connection to Isight

As previously mentioned, SIMULIA already
has a powerful set of capabilities within
Isight, the industry leading solution
for process automation and design
optimization. You may ask yourself, “What
is the difference between Isight and
TOSCA optimization technologies?” In
short, TOSCA allows users to perform
topology, shape and bead optimizations
on a structure with no pre-determined
design variables, while Isight allows
users to control and capture an entire
design process, part of which may be
optimizing within a defined parameter
space. Additionally, Isight has absolutely
no restrictions on what quantities can be
used as design variables, objectives, or
constraints in an optimization, and user
defined constraints are easily added.
For even more power to explore the design
space, a TOSCA shape or flow optimization
could be embedded within a parametric
Isight study, producing optimized designs
across a range of parameters (for example
various material types). In one example,
a user could perform an Isight Design of
Experiments (DOE) such that a TOSCA
optimization is performed for each run
in the DOE. In theory, Isight and TOSCA
optimizations can run on the same
structure with Isight operating on the
boundary conditions and TOSCA operating
in the interior by removing mass.
Together, the powerful combination of
Abaqus, Isight, and TOSCA provides the
simulation community with new possibilities
for process integration, design space
exploration, and design optimization.

Optimization papers from the
SIMULIA Community Conference

At the 2013 SIMULIA Community
Conference (SCC), in Vienna, Austria
on May 21-24, 2013, two papers from
the automotive industry were presented
highlighting the combined use of Abaqus
and TOSCA:
Diwakar Krishnaiah, GM Powertrain,
described how TOSCA Structure was used
during the design process of a flexplate,
which is used in automatic transmissions to
connect the engine to the torque converter,
to optimize stiffness, strength, and mass.
Sehee Oh, Hyundai Motor Company,
explained how ATOM was used to optimize
www.3ds.com/simulia

SIMPOE's plastic injection molding simulation solutions allow drastic reduction in the costs of mold prototypes,
optimize plastic material use and shorten time to markets of new products.

roof strength performance while taking
into account severe nonlinearity effects,
resulting in a volume reduction of 5.8% in
the optimized structure.
Also presented at this conference was a
paper describing a structural optimization
of a cleat from a Springfree® Trampoline.
Guido Quesada, Matrix Applied Computing,
explained that this particular trampoline
uses a mat which is suspended on flexible
rods attached to cleats made of fiber glass
reinforced polypropylene. Results from
ATOM were used to create a new design
which achieved a 28% increase in absolute
stiffness, with a 2% reduction in mass.
The application also relieved the designer
from a considerable amount of work in
generating exploratory geometry changes.
These papers can be accessed via the link
at the end of the article.

SIMPOE

Today more than 25% of parts produced
in the world are made of plastic, and this
number continues to increase. Plastic
injection molding, one of the most common
plastic forming processes, is used in the
mass production of simple and complex
parts. This requires plastic manufacturers
to deal with multiple constraints, including
higher production volumes of more
complex parts in less time.
To address this growing need, Dassault
Systèmes recently announced the
acquisition of SIMPOE, a leader in plastic
injection molding simulation. While the
SIMPOE product portfolio has emphasized

ease of use to encourage adoption by a
broad design community, the underlying
simulation technology is robust and
general purpose. This acquisition expands
the SIMULIA, CATIA, and SolidWorks
applications to create the most powerful
portfolio of materials-intensive manufacturing
simulation solutions on the market. With
more than 3,000 active users working for
major part designers, producers, and mold
makers, companies such as Canon and
Panasonic rely on SIMPOE for its leading
plastic injection simulation solutions.
There are a number of technological
synergies and a strong five-year partnership
history between SIMPOE and Dassault
Systèmes.
Currently, the SolidWorks and CATIA brands
offer advanced tools for plastic part and
mold design. However, the addition of a
comprehensive plastic injection simulation
capability from SIMPOE will allow these
two brands to build the most complete
design-to-manufacturing solution for our
users to validate designs and injection
molding approaches quickly and with
more confidence. Already, SIMPOE has
collaborated with SolidWorks to develop the
successful SolidWorks Plastics offering. In
just the first three quarters on the market,
SolidWorks Plastics has delivered easy-touse injection molding simulation solutions to
hundreds of designers working with plastic
parts and injection molds.

For More Information

www.3ds.com/SCN-June2013

SIMULIA Community News June 2013

21

Tips & Tricks
Importing Analysis Results from a
Previous Abaqus Analysis

TRANSFER DEFORMED SHAPE
AND MATERIAL STATE

T

his capability can significantly reduce the analysis time required when a
portion of your analysis history is best suited for the Abaqus/Standard
solver (e.g. the inflation and steady-state rolling of a tire) and another
portion of your analysis history is best suited for the Abaqus/Explicit solver
(e.g., the rolling tire hits a bump).

This capability is particularly useful in manufacturing problems; for example, the
entire sheet metal forming process (which requires an initial preloading, forming,
and subsequent springback) can be analyzed. In this case the initial preloading can
be simulated with Abaqus/Standard using a static procedure and the subsequent
forming process can be simulated with Abaqus/Explicit. Finally, the springback
analysis can be performed with Abaqus/Standard.
Abaqus also provides the capability to transfer desired results and model
information from an Abaqus/Standard analysis to a new Abaqus/Standard analysis
or from an Abaqus/Explicit analysis to a new Abaqus/Explicit analysis, where
additional model definitions may be specified before the analysis is continued.

Tire footprint and steady-state rolling
Abaqus/Standard

Tire hitting curb
Abaqus/Explicit

Forming simulation
Abaqus/Explicit

Springback simulation
Abaqus/Standard

Spinning fan
Abaqus/Standard

Blade throw
Abaqus/Explicit

Here’s What You Do:

1. Create and run an initial analysis that includes a restart output request (step
module: OutputRestart Requests).
2. Copy the model for the initial analysis to a new model for the subsequent
import analysis.
3. Modify the new model to perform the import analysis.
Depending on the problem you are solving you may need to:
a. Add or remove part instances
You cannot modify imported part instances, but you can add or
remove other part instances
b. Change the step type
c. Modify loading and boundary conditions
d. Modify interactions and constraints
e. Modify output requests
f. Etc.
Create an initial state field to import the final state of the preceding analysis
into the import analysis:
a. In the Model Tree, double-click Predefined Fields.
b. In the Create Predefined Field dialog box, select the Initial step, choose
Initial State as the type, and click Continue.
c. In the viewport select the instances for which the initial state will be
imported. Click Done in the prompt area.
d. In the Edit Predefined Field dialog box, enter the name of the preceding
analysis job and select the step and frame from which the results will
be imported. You can choose whether or not Abaqus will update the
reference configuration; if you do update the reference configuration
displacement and strain output will be reported relative to the imported
state (rather than total values relative to the beginning of the initial
analysis).
e. Click OK.
4. Create and submit a job to run the import analysis.
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For More Information

Login to view video in the
SIMULIA Learning Community:
https://swym.3ds.com/#post:13024
www.3ds.com/simulia

SIMULIA

2013 Regional User Meetings
September 2013–November 2013
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.

North America
September 18 Providence, RI
September 25 Minneapolis, MN
September 27 Warrensville Heights, OH
October 15 Houston, TX
October 17 Santa Clara, CA
October 24 Plymouth, MI
October 30 Toronto, Canada

Europe/Middle East/South Africa
September 18–19 Crewe, UK
September 23–24 Göteborg, Sweden
September 26–27 Poznań, Poland
October 15 Prague, Czech Republic
October 16–17 Vélizy Villacoublay, France
November 7–8 Italy
November 12 Madrid, Spain
November 13–14 Hoeven, Netherlands

Asia Pacific
July 2 Singapore
July 3 Kuala Lumpur, Malaysia
July 4 Penang, Malaysia
October 16 Yokohama, Japan
October17–18 Gyeongju, Korea
October 22 Bengaluru, India
October 24 Xiamen, China

www.3ds.com/rums

www.3ds.com/simulia
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How can you maximize the robust technology
of Abaqus FEA and Isight?
Connect with peers to share knowledge and get technical insights

Let the SIMULIA Learning Community be Your Portal to 21st Century Innovation
Discover new ways to explore how to leverage
realistic simulation to drive product innovation. Join
the thousands of Abaqus and Isight users who are
already gaining valuable knowledge from the SIMULIA
Learning Community.

For more information and registration, visit
3ds.com/simulia-learning.
Connect. Share. Spark Innovation.
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