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There have been many simulation advancements over the last decade, 
and one of the most promising is systems-level engineering. As products 
become more complex — such as cars with safety features, hybrid eng-
ines and smart electronics — ensuring product integrity, across every 
component, has never posed a greater challenge. Every assumption in a 

system, whether it relates to existing componentry, prematurely detailed CAD 
geometry or status-quo tenets, imposes constraints on innovation. These demands are 
increasingly difficult to tackle incrementally. 
 Thirty, 20 or even 10 years ago, the engineering community was often bound by 
pragmatism. Simulation wasn’t yet robust enough, so it took months or years of testing 

 
physical prototypes, because you had to be sure your design would work in the field.  
In areas of insufficient experience, designing conservatively was the best way to  
preserve brand quality. 
 Three decades ago, we couldn’t fully comprehend how computers would revolutionize 
the way we work, live and communicate. A similar revolution is afoot that will eliminate 
pragmatic bounds — much the way that desktop publishing and the Internet revolution-
ized information dissemination. We’ll be constrained only by our imagination. Think 
about how enabling it will be to make virtual changes in minutes, compared to not even 
considering it because it takes too long to evaluate in the real world. 
 Today, by simulating an entire product system early in the design cycle,  
manufacturers can address the most likely sources of system failure before those 
sources are locked into the design. While the idea of simulating a system may be new 
to ANSYS users, it’s a future that we anticipated since the first jumbo jet was put into 
commercial service. In the recent past, we’ve witnessed a “perfect storm” of technology 
advancement, including hardware and high-performance computing (HPC), that places 
systems-level simulation within the grasp of today’s engineers. Such technology allows 
us to focus on the parametric definition of a product’s functional specification, prior  
to providing detailed descriptions that might constrain system greatness.   

 ANSYS has the industry’s strongest  
multiphysics portfolio — enabling engi-
neering teams to analyze the many forces 
that impact a complete product sys-
tem, all the way down to the chip level. 
Furthermore, our portfolio supports 
collaboration and real-time information 
sharing among geographically dispersed 
team members. 
 As a result, engineers can leverage  
systems-level analysis to make intelligent 
trade-offs in a low-risk, cost-effective  
virtual design environment. When a 
structural engineer in Europe makes a 
product design change, that modification 
will be immediately visible to fluids engi-
neers in North America solving a turbu-
lence issue, as well as a supplier in Asia 
working on electronic components. 
 Well before manufacturers procure 
materials, make supplier and customer 
commitments, and reserve production 
capacity, they can operate with a high 
degree of confidence that their product 
systems will deliver the highest possible 
level of integrity in the real world. What 
better future can any of us imagine? 
 The best part: We’re only scratching 
the surface. Just as the electronics and 
mechanical worlds gave rise to mecha-
tronics, life sciences, nanotechnology 
and others will drive the convergence of 
information technology, of hardware and 
software interaction, at the concept stage. 
They all become part of the system, and if 
the system doesn’t succeed, few will care 
about whether the components did.   

WELCOME TO THE FUTURE
For years, ANSYS has worked to realize  
the promise of systems-level simulation.  
With recent advancements in hardware and 
HPC environments, the future is finally here. 
By Jim Cashman, President and CEO, ANSYS, Inc. 

EDITORIAL 

Engineers can leverage  
systems-level analysis to  
make intelligent trade-offs  
in a low-risk, cost-effective  
virtual design environment.
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Because of its incredible 
power to replicate how prod-
ucts perform in the real 
world, engineering  simu-
lation has revolutionized the 
product development proc-

ess. By minimizing costly physical test-
ing, accelerating time to market, and 
enabling game-changing design innova-
tions in a low-risk virtual environment, 
simulation has helped businesses in 
every industry achieve significant com-
petitive advantages. Leading engineering 
teams around the world use simulation 
software to fulfill customer promises, 
delivering high-quality products that 
perform as expected in real-world 
applications. 
 Since the introduction of engineering 
simulation more than 40 years ago, the 
global business climate has changed dra-
matically. Product life cycles have 
become shorter and shorter. Consumers 
have become more demanding. New 
product development competitors spring 
up seemingly overnight. And the volatile 
economy has created new pressures to 
cut costs wherever possible. As a result 
of these pressures, product designs have 
become much more complex — with 
added features, smaller sizing, novel 
materials, cost-saving production proc-
esses and other innovations. 
 For example, the new generation  
of “smart” products — including con-
sumer offerings like phones, tablets and 
automobiles as well as industrial products 

such as wind turbines — are engineered to 
sense and respond to user needs and the 
surrounding environment. The influx of 
these products has created new challenges 
for engineering teams: They comprise 
many interconnected subsystems that rely 
on the performance of one another.
 To keep pace, engineering teams  
in every industry must shift from a 
component or subsystem view to  
a higher-level perspective that con- 
siders performance at the systems level 

— applying multiple physics, multiple 
scales and a collaborative engineering 
approach. Today, simulation software 
must be leveraged in a higher-impact 
manner that reflects the new world in 
which we are doing business.

TRANSFORMING VISION  
INTO REALITY
Innovation leaders are now assembling 
multidisciplinary, cross-functional engi-
neering teams to manage product  
complexity and predict systems-level 
performance at a very early design stage. 
By modeling systems-level interactions 
and product responses to multiple forces, 
these leading-edge engineering teams 
are able to rapidly and continually fine-
tune the entire product system in a vir-
tual environment, well before physical 
assembly and testing. 
  For many years, systems-level simu-
lation has been viewed as the future  
of product design, a methodology not 
really feasible for the majority of 

By Barry Christensen  
Director of Product Management, ANSYS, Inc.

To create the complex products the 
market demands, organizations are 
turning to systems engineering to 
maintain reliability while shortening 
the development cycle.

BEST PRACTICES
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companies. Building on its reputation for 
multiphysics leadership, ANSYS has 
recently created a number of technology 
advancements that deliver flexible fidelity, 
support a collaborative design environ-
ment, and offer new levels of scalability 
and speed. As a consequence, systems-
level simulation is no longer a vision, but 
a reality that many engineering organi-
zations can achieve if they leverage their 
software in the highest-impact manner. 

MULTIPLE COMPONENTS ... 
MULTIPLE PHYSICS
Bringing disparate components together 
as a coupled system requires a new 
degree of multiphysics analysis. Systems-
level engineering teams must consider 
the entire range of thermal, mechanical,  
electromagnetic and fluidic forces that 
each component — as well as the final 
product system — will be exposed to in 
the physical world.
 Many product failures occur because 
multiple physical forces have not been 
considered, or because individual com-
ponents fail to perform as expected 
when they are brought together. 
Unexpected electromagnetic interfer-
ence may occur because an external 
antenna has not been positioned prop-
erly, for example. Novel composite 
materials used in one component may 
weaken the structure of the overall 
product system. Thermal overload can 
result when too many electronic parts 
are combined in a single assembly.

 To maximize both component and  
system integrity, cross-functional engi-
neering teams must assess the multiple 
physical forces and complex interactions 
that characterize a collection of working 
elements, brought together to fulfill a  
single product function. They need to  
perform sophisticated multiphysics simu- 
lations, whether they are assessing  
the impact of multiple physics on a  
single component or the complex inter- 
actions within a coupled system. Cross-
functional engineering teams also need 
strong capabilities in data and process 
management, reduced-order modeling, 
and cosimulation that support rapid, 
reliable results.

FLEXIBLE FIDELITY FOR DIVERSE 
MODELING NEEDS
Because systems-level simulation spans  
a range of analyses — from individual 
parts and single physical forces to  
complex systems subject to multiple  
physics — engineering teams must take  
a customized approach. 
 Sometimes a high-fidelity 3-D study is 
required to verify performance at an 
exacting level of detail. At other times,  
0-D models may be enough to predict  
functional performance at a coarse level, 
or to serve as control systems for func- 
tional models. By shifting the modeling 
approach and fidelity level in a custom-
ized manner, systems-level engineering 
teams can maximize speed and cost  
effectiveness while still ensuring the 

appropriate degree of accuracy for each 
stage of product design.
 Systems-level engineering teams re- 
quire a flexible, comprehensive range of 
simulation fidelity to make systems-
level simulation both time and cost effec-
tive. From the extreme high fidelity of 
3-D modeling to the rapid broad view 
provided by 0-D and 1-D models, a 
diverse tool kit enables teams to choose 
the appropriate fidelity level for each 
incremental step in analyzing the com-
plete product system. 

THE SPEED AND SCALE  
DEMANDED BY SYSTEMS
Many design-intensive products, includ-
ing automobiles and aircraft, combine a 
diverse range of physically large and 
small subsystems that must be evalu-
ated together. This requires new soft-
ware scalability as well as an intelli-
gent solution that can model and  
solve extremely different problems 
simultaneously.
 Numerically large problems naturally 
result from the simulation of multiple 
subsystems and multiple physics. In 
addition, iterative analysis is typically 
required to test the effects of changing 
design parameters on the system as a 
whole. This adds significantly to compu-
tation size and scale.
 Systems-level engineering teams work 
in high-performance computing (HPC) 
environments built to manage these 
large-scale simulation needs. The tech-
nology tools they leverage must accom-
modate numerically large problems and 
deliver maximum performance benefits 
in today’s HPC-powered workplace.

COLLABORATIVE DESIGN: 
A CULTURAL SHIFT
Even for companies equipped with the 
most advanced technologies and HPC 
environments, systems-level simulation 
can remain a challenge. Modeling perfor-
mance at the systems level represents a 
completely new mindset for most engi-
neering organizations. 
 To accomplish this successfully, 
teams of electrical, structural and  
fluids engineers must overcome their 
distinct functional silos and work 
together as a true systems-level team. 
Engineering staff at supplier organiza-
tions must also be involved, as needed, 
to integrate various component designs. 
Such large-scale cultural shift can 

To determine the effect of a room fire on ceiling beams requires considering the entire  
system of air and heat flow, thermal radiation, heat conduction within the structures,  
structural deformation of the support beams, and elastoplastic material behavior. Using 
fluid–structure interaction, researchers can predict beam displacement over time.
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represent an obstacle for even the most 
forward-looking business, especially in 
today’s era of globalization — when  
engineering departments and supplier 
teams may be scattered across the world.
 Facilitating collaboration across  
distinct engineering teams, different  
disciplines, and even multiple companies 
within the supply chain calls for  
utilizing a common technology environ-
ment. Working with a powerful shared 
platform such as ANSYS Workbench, cross-
functional teams can leverage tightly  
integrated software applications and  
multiphysics solvers to conduct both com-
ponent and systems-level analyses. Project 
schematics, drag-and-drop multiphysics, 
integrated parameter management and 
automatic project-level updates support 
the work of cross-functional teams all 
throughout the supply chain. 
 To support the need to share informa-
tion across departments and companies, 
systems-level teams also require a soft-
ware tool such as ANSYS Engineering 
Knowledge Manager (EKM), which 
directly facilitates cross-functional col-
laboration. Team members dispersed 
across time zones and geographies can 
seamlessly share product specifications, 
performance metrics and other critical 
engineering insights — so that they are 

informed by the same reliable, real-time 
information. Powerful capabilities for 
data backup and archiving, traceability 
and audit trails, process automation, 
capture of multiple engineering specs, 
and protection of proprietary data facili-
tate collaboration and openness, while 
still ensuring the security of critical prod-
uct information.

CONQUERING THE NEXT 
FRONTIER
As companies in every industry move 
closer to the promise of systems-level 
simulation, ANSYS stands ready with  
the advanced technologies they need to 
achieve this goal. 
 In this issue of ANSYS Advantage, 
you’ll learn more about how organiza-
tions are embracing capabilities within 
ANSYS software to reap the benefits of 
systems-level simulation. Baker Hughes, 
one of the world’s largest oilfield services 
companies, is bringing teams together to 
reduce customer risk and developing  
reliable products using multiple physics, 
HPC, design exploration and systems-
level thinking. Airbus uses fluids simu- 
lation and HPC to achieve regulatory  
compliance by performing transient 
analysis of a fuel tank during taxiing, 
takeoff, climbing, cruising, descent and 

landing. As part of a worldwide team, 
researchers at Politecnico di Milano are 
helping doctors to make surgical deci-
sions for children born with a specific 
heart condition, employing multidomain 
modeling for the circulation system. 
Ramboll, a leading engineering design 
and consulting firm, employed ANSYS 
software’s ability to handle differences 
in scale to model an innovative new 
building with integrated wind turbines 
within its urban environment.    
 Having realized tremendous benefits 
from their single-physics, component-
level simulations, many other ANSYS 
customers are poised to conquer the 
next-generation challenge of engineer-
ing at the systems level. By providing  
customers with leading multiphysics 
tools, a robust and responsive knowledge 
management system, and a shared tech-
nology platform, ANSYS can help cross-
functional engineering teams begin 
working at this newest frontier.  

Many products combine a diverse range of physically large and small subsystems that must 
be evaluated both separately and together. This requires scalability, multiple physics and 
high-performance computing.

Modeling  
performance  
at the systems 
level represents 
a completely new 
mindset for most 
engineering  
organizations.

BEST PRACTICES
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Systems-level engineering teams must consider the entire 
range of thermal, mechanical, electromagnetic and fluidic 
forces that each component — as well as the final product 
system — will be exposed to in the physical world.

MULTIDOMAIN SYSTEMS SIMULATION  
FOR MECHATRONIC DESIGN

When modeling a system, critical components can exhibit physical effects, such as force, 
torque, motion and temperature, that strongly impact system results. In these cases,  
ANSYS Simplorer incorporates a physics-based model produced by the ANSYS solvers  
within the system simulation. Images illustrate a robotic arm (bottom right) and controller 
that were simulated with Simplorer and ANSYS Rigid Dynamics technology.

More and more, manufacturers are integrating mechanical, electrical 
and software components into their products. While mechatronic 
products meet customer demand for better performance and 
“smartness,” they introduce a new set of design challenges — most 
significant is predicting how the multitude of components from 
different disciplines will work together in a single integrated prod-
uct. Each design element draws on different engineering disci-
plines with unique knowledge bases, processes and design tools. 
ANSYS simulation products can help sort through this mechatronic 
design difficulty. 
 For example, ANSYS Simplorer, a multidomain simulation tool, 
employs a schematic approach to represent and couple electrical, 
magnetic, mechanical, hydraulic, thermal and other multidomain 
types of models to rapidly and accurately simulate systems-level 
behavior. Simplorer offers multiple modeling techniques, including 
circuits, block diagrams, state machines and modeling languages, 
such as VHDL-AMS, SML (Simplorer Standard Language) and  C/C++, 
that can be used concurrently. This enables engineers to easily create 
analog, digital and mixed-signal designs. Such flexibility eliminates 
the need for error-prone mathematical transformations and model 
analogies often employed by single-domain simulation tools. 
 To increase the fidelity of systems simulation, Simplorer leverages 
the accuracy of ANSYS Maxwell, ANSYS Rigid Dynamics, ANSYS Fluent, 

ANSYS Mechanical and ANSYS Workbench. In many cases of systems 
modeling, a critical component — such as an actuator, motor, IGBT  
or bus bar — exhibits physical effects — such as force, torque, motion 
and temperature — that strongly impact system results. In these 
cases, Simplorer incorporates a physics-based model produced by 
the ANSYS solvers within the system simulation. Using the  
complete ANSYS portfolio, systems-level design no longer suffers 
from inaccurate model representations of critical components that 
can drastically affect results.
 For industries whose products depend on precise interaction 
between electromechanical components, power electronic circuits, 
and systems-based electrical and mechanical control, Simplorer  
delivers usability and numerical power to accurately model these  
systems and capture the interactions between electromechanical 
components, electronic circuits and control logic — revealing the 
underlying physics that determine ultimate product performance. 
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Baker Hughes is one of the world’s  
largest oilfield services companies. It  
provides products and services to inter- 
national oil companies (IOCs), national oil 
companies (NOCs), and independents 
both large and small. Baker Hughes also 
manages more than 3,000 drilling and 
production rigs, providing consultation, 
expertise, equipment and planning. 
 Scott Parent, vice president of tech-
nology at Baker Hughes, leads more 
than a thousand engineering and sci-
ence professionals in three major tech-
nology centers in the United States and 
Germany. He also coordinates efforts at 
two research and engineering organiza-
tions in India and Russia. The innova-
tive tools and systems these groups 
develop incorporate a broad array of 
fundamental science — including mate-
rials, nuclear, resistivity, acoustics,  
resonance imaging, ballistics and frac-
ture mechanics — as well as traditional 

electrical and mechanical engineering. 
Parent has spent more than 20 years in 
product R&D in automation and robotics, 
manufacturing, real-time optimization, 
aircraft engine design and reliability mod-
eling, clean coal technology, and, most 
recently, products and services for the 
energy and oil and gas industries. Having 
used ANSYS products throughout his 
career, he talked with ANSYS Advantage 
about the importance of engineering 
simulation in the oil and gas industry.

WHAT ARE YOUR KEY  
TECHNICAL AND BUSINESS 
CHALLENGES?
Baker Hughes’ major efforts are fairly 
straightforward: satisfying our customers’ 
needs — including risk mitigation — and 
developing new products. As a result, we 
make significant investments in tech-
nology development, looking for 
advanced solutions. Some innovations 

Baker Hughes is currently working  
on include drone tools, manless rigs, 
and sophisticated sensors for high- 
temperature formation and fluid  
evaluation. These highly engineered 
products require a systems engineering 
approach, rather than the silo one tra-
ditional to our industry. 

IS THIS MOVE AWAY FROM SILO 
ENGINEERING SIMILAR TO WHAT 
HAPPENED IN THE TELECOM- 
MUNICATIONS MARKET?
Yes, this is a great opportunity for us to 
develop new methods and engineering 
tools. We need to build new infrastructure, 
and, clearly, more upfront planning and 
simulation will help. Baker Hughes has 
an incredible amount of science knowl-
edge and homegrown simulations across 
engineers’ and scientists’ desks, includ-
ing nuclear, ballistics, electromagnetics, 
acoustics, imaging, automation, vibration, 

Scott Parent, vice president of technology at Baker Hughes, 
provides insight on how a systems engineering approach  
and simulation-driven design improve product reliability.

Model    Make
By ANSYS Advantage Staff

ENERGY
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electronics, mechanics, thermal and 
resistivity. My commitment is to bring  
activities at all of our facilities together by 
applying toolsets and improving design 
standardization methods. Specifically, we 
have created several new analysis teams 
that bridge multiple product lines. 
Historically, these products operated 
together as a final product in our custom-
ers’ wells, but their subsystems were 
rarely  modeled together — until now. In 
the first six months of integrated simu- 
lations, our team has directly improved 
operating reliability of legacy products 
and impacted the successful launch of a 
new product.

WHAT ARE THE SUCCESS 
FACTORS FOR PRODUCT 
DEVELOPMENT?
Successful product development requires 
numerous things: good project manage-
ment, talented systems-level thinkers, 
complex modeling, robust simulation 
processes and enough computing power 
to handle it all.
 I think our education system trains 
engineers in a focused way, but we need 
electrical engineers, in particular, to 
think more broadly — more like systems 

engineers. In contrast, chemical engi-
neers seem more likely to have this  
systems-thinking skill set, possibly due to 
the amount of formal proc-
ess engineering education 
they receive in undergradu-
ate and graduate school. 
Great simulations are well 
planned, and with the right  
systems-thinking team on 
task, these larger  simula-
tions can be performed 
successfully.
 For our simulation proc-
ess, we use design for six 
sigma methodology, which 
includes modeling, testing 
and analyzing. We start with 
a systems model and then 
flow down the requirements. 
As we step up the process, we 
become more reliant on 
increased computing power, 
which we can, thankfully, 
accomplish at a relatively 
low cost. Boosting computing power has 
become the backbone for complex mod-
eling. It enables us to engage in more  
simulation-driven product develop- 
ment. Currently, we are partnering with 

Model    Make

The software and other 
measures we have put 
in place have helped us 
to improve reliability 
and reduced our drilling 
systems nonproductive 
time by 25 percent  
globally in the past  
18 months.
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Microsoft® to explore the benefits of cloud 
computing. Some of the first platforms  
we plan to integrate are ANSYS soft- 
ware. We use ANSYS CFD with the high-
performance computing option, allowing  
expedited solution time. 

WHAT OTHER ANSYS PRODUCTS 
DO BAKER HUGHES’ TEAMS USE?
In addition to ANSYS CFD (ANSYS Fluent 
and ANSYS CFX), we use the ANSYS 
structural mechanics suite. These pro-
grams enable structural and more-
sophisticated analyses all in the same 
environment, providing the oppor-
tunity to improve technical communi-
cation across all levels of engineering 
and design. This integrated approach is 
unique and offers a full-service, soup-
to-nuts approach that is important in 
testing our solutions in the complex 
and rapidly changing environment in 
which we find ourselves working today.  
 We also use ANSYS software for electro-
magnetics. We’ll soon expand into ANSYS 
Maxwell and ANSYS Simplorer for low- 
frequency applications, ANSYS HFSS and 
Ansoft Designer for high-frequency appli-
cations, and ANSYS Icepak and ANSYS 
SIwave for electronic thermal manage-
ment. With Simplorer and its capabilities 
to cosimulate with Fluent, HFSS, Maxwell 
and ANSYS Mechanical, we can build 
high-fidelity systems-level simulations 
that make physics and engineering con-
siderations explicit. Because of the seam-
less connection between ANSYS products, 
we plan to use ANSYS DesignXplorer and 
ANSYS nCode DesignLife to ensure reli-
ability, sensitivity and six sigma design, 
as well as to estimate the life of the simu-
lated tool or component. 

HOW DO ANSYS PRODUCTS HELP 
YOUR MULTIGENERATIONAL 
MODELING EFFORT?
Now that we can prove the importance  
of validation, verification and model mat-
uration to our colleagues and the industry, 
everyone is beginning to recognize the 
importance of upfront analysis and  
systems validation. 
 Validation means that you understand 

the physics of the design before you build 
the circuit and test it, for example. As we 
use field data to validate complex models 
created with ANSYS products, correct-
ing for missing items or calibrating for 
issues, we create a record of knowledge, 
a record of the application’s physics. 
This is our definition of a multigenera-
tional model. When a model has been 
validated and then proven in this indus-
try, it becomes a valuable asset — a 
company jewel. Today, we track our 
models manually, but we are looking at 
tools to manage this process for us.
 For example, we are considering the 
ANSYS EKM tool to help us index, manage 
and track our engineering models. What 
we like about EKM is its capability to 
quickly search past and current simula-
tions to find appropriate files and extract 
knowledge in an efficient manner. With 
EKM, we would not have to repeat a simu-
lation if someone has done it in the past. 
When an engineer leaves the project, the 
software stores a copy of all of the simu-
lations, making the files accessible to 
other team members around the globe.

HOW HAS PRODUCT DESIGN 
CHANGED AT BAKER HUGHES?
Three  years ago, our testing processes 
consisted primarily of field testing. We 
designed it, we built it, and we took both 
new products and systems into the field 
with less attention paid to lab testing  
or validating of upfront models. 
 But in reality, our products must oper-
ate with other systems and tools. Before 
we begin design, we need to understand 
the operating or application environ-
ment, how our products integrate with 
other products, and the physics of final 
deployment. We must look beyond a  
single tool and develop a much better 
systems design up front. 
 At Baker Hughes, we have restruc-
tured into cross-disciplinary teams that 
work together to consider submodels, 
integration and parametric methods. 
When a team begins to develop a new 
product or solve an engineering prob-
lem, they ask questions such as:  Do I 
have something new, or am I doing 

something we’ve already solved? What 
is my goal — to do something new or to 
make it better? To make something last 
longer? It’s important to realize that 
you don’t always start with a former 
product. In many cases, it doesn’t save 
us any time. Instead, we can design a 
new platform using a new set of tools.
 Now I am working to encourage our 
teams to use simulation earlier in the 
process. For example, it isn’t optimal to 
test a noisy motor to find out what the 
problem is. It is far less expensive in 
time and money to model the motor 
before building it and avoid the noise 
in the first place. Validated models 
enable us to improve first-pass reliabil-
ity and reduce total time to market.

How do we 
reduce risk? 
We calculate 
it up front in 
simulation 
stages at both 
systems and  
component 
levels.

ENERGY
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CAN YOU SHARE AN EXAMPLE 
OF A RECENT DESIGN?
One task was to create complex simula-
tions involving the bore hole (down- 
hole environment) in drilling systems  
deployment. The drilling environment 
exposes our tools to high-temperature 
and high-vibration conditions. We needed 
to better understand how these condi-
tions might change tool performance, 
and specifically how they contributed to 
catastrophic failure of embedded elec-
tronic circuit boards. 
 Accessing data collected around  
root-cause electronics failure (primarily 
high vibration and temperatures for 
extended periods), we then used ANSYS 
products to simulate tools and compo-
nents in this down-hole environment. 
Our aim was to improve survivability  
of the printed circuit board assemblies.  
By analyzing component mounts, elec- 
tronics packaging and board mounting 
scheme in the down-hole tools, we 
reduced the failure rates of these critical 
subsystems significantly.

HOW DO YOU ADDRESS 
RELIABILITY?
The complex simulations using ANSYS 
software allow us to improve product 
reliability. In our industry, nonpro-
ductive time on a rig is measured in 
hundreds of thousands of dollars. It is  
critical that we continually improve 
our design capabilities for reliability 
and manufacturability. ANSYS soft-
ware enables us to consider these  
features in the context of trading off 
design features with performance  
criteria. We use these capabilities 
more and more to enhance lifecycle 
costing, including repair and mainte-
nance, through robust design and fail-
ure analysis. The software and other  
measures we have put in place have 
helped us to improve reliability and 
reduced our drilling systems nonpro-
ductive time by 25 percent globally in 
the past 18 months.  

OVERALL, HOW DOES THE USE 
OF ANSYS TOOLS IMPACT YOUR 
DESIGN PROCESS?

“Model and make vs. build and break” is 
what I call our initiative around this. 
Simply put, ANSYS allows us to try it 
before we build it — to try things on the 
drafting board and exercise component 
and system models as though they were 
in the lab or field application. We can 
combine multiple scientific and engi- 
neering disciplines earlier in the process,  
creating an environment in which  
development can evolve creatively and 

economically. ANSYS tools — and simula-
tions in general — are helping Baker 
Hughes to take a more aggressive 
approach in our design processes. We can 
make decisions earlier in that process, 
and, with a broader interdisciplinary tal-
ent pool, design with increased confi-
dence. Identifying and resolving issues 
early in the process helps us to mitigate 
risk, save millions of dollars, reduce 
development time, and drive customer 
value. Ultimately, this approach dras-
tically improves first-time yield of prod-
ucts coming from R&D.  

Just one way ANSYS structural technology is used at Baker Hughes is to simulate tools  
and components in a down-hole environment to improve survivability of the printed  
circuit board assemblies. This simulation demonstrates high-frequency dynamic  
deformation (top) and the integrated FEA mesh (bottom) of a down-hole tool.

ANSYS allows us to try it before we build it.
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Medical researchers adopt best practices 
from every possible discipline to keep 
patients from dying and improve the qual-
ity of their lives. A team from Politecnico 
di Milano in Italy is working with a net-
work of researchers from around the 
world to apply systems modeling to help 
physicians make surgical decisions for 
children born with a heart condition 
called hypoplastic left heart syndrome 
(HLHS). This is a congenital heart condi-
tion that results in only one functioning 
ventricle. Medical advances over the last 
two decades have allowed successful pal-
liation and survival for some, but these 
children must undergo at least three  
surgeries, multiple interventions and a 
lifetime of abnormal physiology as their 
hearts function with only two chambers 
instead of the normal four. Many children 
do not survive after every stage of the  
surgery since their physiology remains in 
a tenuous state.
 Multidomain modeling becomes crit-
ical when considering biofluid dynam-
ics in reconstructive pediatric cardiac 

surgery, in which a systems 
approach to predict the results 
of surgery is both appropriate 
and appealing. Because there is 
a wide spectrum of possible sur-
gical treatments to repair a  

complex heart defect, patient-specific 
multidomain modeling can help con-
siderably in choosing the best treat-
ment to ensure optimal blood flow for 
the patient, ultimately improving 
quality of life. 
 Politecnico di Milano participates in  
a collaborative cardiovascular team for the 
nonprofit Transatlantic Network, a group 
that pools a critical mass of competence 
and skills to advance medical knowledge. 
Network partners provided a 3-D recon-
struction of the pre-operative anatomy of  
a patient, including detailed pulmonary 
branches from magnetic resonance (MR) 
images. A lumped parameter network 
(LPN), which simplifies the description of 
the remaining circulation, was built based 
on the MR-measured flows and cathe-
terization pressure tracings available 
for that patient. The LPN took the form 
of a nonlinear ordinary differential 
equation (ODE) system. Researchers  
created virtual reconstructions of the  
different surgical options while main- 
taining the pre-operative anatomy of the 

pulmonary vasculature. These 3-D models 
could then be coupled with the LPN  
and fluid dynamics results calculated  
with ANSYS Fluent software to deter- 
mine blood flow distribution across the 
arteries and energy losses at the sur- 
gical connections. 
 The research team carried out simula- 
tions by coupling 3-D and LPN mod- 
els through user-defined functions. An 
explicit Euler method was used for the 
solution of the ODE system for the LPN 
with a fixed time-step of 10-4 seconds.  
The exchange of information in terms of 
pressures and flows took place at the inter-
faces between the LPN and the CFD model, 
physically located at the inlet/outlet cross 
sections of the 3-D model (superior vena 
cava, inferior vena cava [IVC], left pulmo-
nary artery and right pulmonary artery). 
The transient Navier–Stokes equations in 
the 3-D rigid-walled domains were solved 
with Fluent. Second-order upwinding for 
momentum and standard discretization 
for pressure were chosen. The team com-
pleted simulations using an Intel® Core™ 
2 Duo (3 GHz) processor with a 64-bit  
operating system, taking three days to 
complete the 48,000 time steps, corre-
sponding to a physical process of 4.8 
seconds, or two respiratory cycles, each of 
them equal to about four cardiac cycles.

A New  
System  
for Surgery
By Gabriele Dubini, Professor; Giancarlo Pennati, Associate 
Professor; and Francesco Migliavacca, Associate Professor  
Department of Structural Engineering, Politecnico di Milano, Italy

Virtual surgery could help 
doctors treat complex  
congenital heart defects.

HEALTHCARE
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Pathlines color-coded by velocity magnitude 
at BCPA surgery site. Pathlines simulate  
the injection of contrast medium in superior  
vena cava and allow assessment of blood 
distribution from the upper body into  
pulmonary arteries.

Pathlines color-coded according to velocity 
magnitude at TCPC surgery site. They simulate 
injection of contrast medium in the superior 
and inferior vena cavae and allow assessment 
of blood distribution from the upper and lower 
body into pulmonary arteries.

 Many potential benefits arise from the 
application of in silico simulation tech-
niques to this field. For example, using 
simulation results to chart the blood  
volume flow over time in the two vena 
cavae after specific surgeries clearly 
shows how the pulsatility of the IVC  
flow after bidirectional cavopulmonary 
anastomosis (available from the LPN 
model only, mean value = 12.95 mL/s) 
can be predicted to significantly dampen 
down after total cavopulmonary connec-
tion (TCPC, mean value = 9.57 mL/s). 

Without use of a multidomain approach, a 
3-D stand-alone model of the TCPC would  
have completely missed this feature. 
Therefore, the flow model provides the 
surgeon with a flow prediction that 
accounts for the interaction between  
surgical technique and patient variability.
 A further future benefit is that this 
method could be applied to educate  
and train young doctors. The ability to 
simulate a number of pathophysiologic 
scenarios (for example, the effects of drug 
administration or exercise) as well as to 

visualize complex fluid surgical treat-
ments shows enormous potential for 
training students before they start to apply 
their skills in the operating room.   

The study is part of the work under way within the 

five-year Transatlantic Network project Multi-Scale 

Modeling of Single Ventricle Hearts for Clinical 

Decision Support, funded by the Foundation Leducq, 

Paris, France. www.fondationleducq.org/nivel2.

aspx?idsec=1180.

SURGERIES REQUIRED FOR CHILDREN BORN WITH SINGLE-VENTRICLE HEARTS 
SURGERY AGE OF CHILD PURPOSE       
Norwood A few days Connect functioning ventricle to rest of circulation system 
 
Bidirectional Cavopulmonary  Four to six months Increase blood flow to lungs 
Anastomosis (BCPA) 
 
Total Cavopulmonary Two to three years Reroute venous return directly to lungs, achieving normal sequence of blood 
Connection (TCPC)  flow (de-oxygenated blood flows to lungs, oxygenated blood to body) 

Pre-operative 3-D model of stage 2 BCPA coupled with lumped-parameter model of circulation 
(left); post-operative 3-D model of stage 3 TCPC (right). The model on the right is coupled with 
the same lumped-parameter model of circulation for prediction of post-operative hemodynamics. 
Patient anatomy courtesy Lucile Packard Children’s Hospital, Palo Alto, Calif., U.S.A.

Inlet flows after BCPA (left) and TCPC (right) operations. The change in blood volume flow  
in IVC on the right is affected by coupling the CFD 3-D model with the LPN; it would be  
impossible to predict this without use of a multidomain model. The LPN delivers more  
realistic boundary conditions for the CFD model.
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IVC: Inferior vena cava  SVC: Superior vena cava
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By Steve Scampoli
Lead Product Manager, ANSYS, Inc.

Companies need to confidently predict 
how their products will behave in the real 
world. Traditional analysis using single 
physics provides many answers, but as 
products become more complicated and 
as organizations ramp up their design 
processes to produce better products 
faster, they increasingly require reliable 
coupled physics simulation. This allows 
organizations to take design to the next 
level of performance and dependability. 
Providing multiphysics solutions has 
been an ANSYS hallmark for many years; 
the latest software release delivers 
advancements to tightly couple best-in-
class fluids and structural technologies. 

SYSTEM COUPLING
ANSYS 14.0 introduces system coupling, a new ANSYS Workbench component system  
for two-way fluid–structure interaction (FSI). This new capability offers an extensible 
architecture for coupled analysis. It provides one-way and two-way force-displacement  
coupling between ANSYS Fluent and ANSYS Mechanical software for tightly coupled FSI 
simulations. Combining an intuitive, modern workflow with a new coupling service,  
system coupling enables solutions to either steady-static or transient FSI applications 
entirely within Workbench. It readily solves many challenging FSI applications such as 
airfoil flutter, flow-induced vibration, membrane valve simulation, fuel injection, elastic 
artery modeling and fuel tank sloshing.

ENABLED BY WORKBENCH 
System coupling is a native Workbench application that provides all of the productivity 
advantages associated with the ANSYS Workbench environment, allowing you to easily 
set up FSI simulations using an intuitive project schematic that connects analysis  
systems to system coupling. At release 14.0, you can connect both a transient (or static) 
structural system and a fluid flow (Fluent) system to system coupling via the Workbench 

System coupling leverages the  
advanced physics of ANSYS Fluent  
and ANSYS Mechanical to solve a wide 
range of challenging FSI applications.

ANALYSIS TOOLS

A two-way FSI solution of transient blood flow through 
a three-leaf mitral valve simulated using capabilities 
within ANSYS 14.0. The blood flow is represented with 
non-Newtonian fluid, and biological tissue is modeled 
with anisotropic hyperelastic material properties. The 
solution includes 3-D remeshing of the fluid domain, 
nonlinear materials and contact.



ANSYS.COM                                                         ANSYS ADVANTAGE        15

project schematic. Once connected to  
system coupling, the execution of the 
individual participant solvers and the 
management of the overall FSI simula-
tion are controlled by system coupling. 
System coupling synchronizes the indi-
vidual solvers, manages data transfers 
between solvers, and monitors overall 
convergence of the FSI solution. System 
coupling also uses fully conservative and 
profile-preserving algorithms to effi-
ciently provide accurate data transfers of 
force and displacement across dissimilar 
CFD and structural meshes.
 The setup of the individual participant 
solvers for a system coupling simulation 

is very similar to the normal workflow for 
either a fluid or structural simulation 
alone. The full spectrum of advanced 
fluid and structural capabilities is fully 
supported for a system coupling simula-
tion. The additional setup step in the indi-
vidual solvers is identifying the regions  
in the respective models that participate 
in the FSI simulation. These regions flag  
surfaces in the structural and CFD models 
that may potentially exchange solution 
data in an FSI simulation. In ANSYS 
Mechanical software, you define a fluid–
solid interface on surfaces, which iden-
tifies surfaces in the structural model that 
will accept fluid forces from the CFD 

solver. In ANSYS Fluent, you define a sys-
tem coupling dynamic mesh zone, which 
identifies surfaces in the CFD model that 
will accept the motion from the calculated 
structural deformations. 

SPECIALIZED USER INTERFACE
Once the participant solvers are fully set 
up and connected to system coupling, the 
remaining setup for the FSI simulation — 
which includes analysis controls, data 
transfers and execution controls — takes 
place within the intuitive system coupling 
user interface. The analysis controls 
define the initialization and duration of 
the FSI simulation along with coupling 
step details, such as the number of cou-
pling iterations per step. Data transfers 
specify the exchange of solution data 
between participant solvers, which 
includes source and target participants, 
surface regions and variables, under-
relaxation factor, and convergence target 
for the data transfer. The execution 
controls define the sequencing of solv-
ers during each coupling iteration and  
frequency for generating restart data 
for the participant solvers.    
 Once the system coupling settings are 
defined, the FSI simulation is ready to 
solve. Once the execution is launched, the 
coupled solution is monitored from the 
system coupling user interface. (System 
coupling also supports execution from 
a command line outside Workbench 
and can include cross-platform execu-
tion on clusters and in local- and wide-
area networks.) Convergence monitors 
for data transfers, CFD convergence 
norms and structural convergence 
norms are all updated dynamically and 
can be reviewed interactively as the 
FSI solution is running. System cou-
pling also supports shared memory and 
distributed parallel processing for both 
the individual CFD and structural solu-
tions via ANSYS HPC for rapidly solving 
large FSI problems.

IMPLICIT SEQUENTIAL 
COUPLING
For the solution of tightly coupled FSI 
problems, system coupling uses implicit 
sequential coupling, which employs an 
iterative solution between CFD and struc-
tural solvers. During each time step of the 
FSI solution, there are multiple iterations 
between the participant solvers, which 
includes multiple mesh updates and data 
transfers. Convergence for the time step is 
achieved when the individual participant 
solvers are converged, and the rate of 

A system coupling component system connects a transient (or static) structural and fluid  
flow (Fluent) system for steady-static or transient FSI. Integrated post-processing of CFD  
and structural results is also available via a results system.

The system coupling user interface standardizes and simplifies the setup, execution and  
monitoring of a fluid–structure interaction solution within ANSYS Workbench.
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change in data transfer quantities  
between the two solvers becomes accept-
ably small. By ensuring convergence of 
the CFD and structural solutions as well 
as the interaction between the solvers,  
system coupling facilitates an efficient 
and robust solution to tightly coupled FSI 
problems with a high degree of nonlinear 
interaction between the CFD and struc-
tural solutions.
 Implicit sequential coupling also  
enables system coupling to leverage 
the advanced solver features and phys-
ics capabilities available in both Fluent 
and ANSYS Mechanical for FSI simula-
tion. You can apply FSI to the develop-
ment of products, such as membrane 
valves, hydraulic engine mounts, fuel 
injectors and peristaltic pumps, in 
which significant mesh deformation or 
remeshing of the fluid domain is 
required, to account for large struc-
tural deformations. Fluent provides 
many different mesh deformation 
schemes, including layering, smooth-
ing and remeshing, to account for  
significant updates to the fluid domain 
during the FSI solution. These FSI appli-
cations also require the advanced struc-
tural capabilities of ANSYS Mechanical 
to account for nonlinear geometric 
effects (large strain and large deforma-
tion), nonlinear material behavior and 
nonlinear contact to accurately simu-
late their behavior.  
 In addition, many other advanced  
fluid and structural physics — such as 
advanced turbulence models, large eddy 
simulation, multiphase flows, multi-
point constraints and composites — can 
be included in a system coupling simula-
tion to simulate myriad complex FSI 
applications, such as fuel tank sloshing, 
vortex-induced vibration of nuclear fuel 
rod bundles, airfoil flutter and wind  
turbine modeling.  

COMPLEX FSI SOLUTIONS 
BECOME ROUTINE 
The ability to solve advanced FSI applica-
tions combined with an efficient and  
intuitive workflow allows engineers to 
proficiently perform fluid–structure 
interaction as a routine part of product  
development to account for the effects of  
multiple physics on product designs. In  
ANSYS 14.0, system coupling, in conjunc-
tion with ANSYS Fluent and ANSYS  
Mechanical, provides a portfolio of 
advanced software tools that enable you 
to robustly solve industry’s most complex 
fluid–structure interaction challenges.  

A package-pouring example from Tetra Pak 
demonstrates two-way FSI simulation that 
analyzes the behavior of a liquid pouring 
out of a flexible package. Tetra Pak is a 
world-leading food processing and pack-
aging solutions company that supplies  
hundreds of different types of carton  
packaging to its customers.
 As the liquid pours from the package,  
deformation of the package walls produces 
a “gulping” phenomenon as air bubbles 
enter the container opening. The gulping  
behavior detrimentally affects the liquid’s 
smooth pouring behavior and the overall 
pouring behavior of the package. The  
sequence of images (right) shows the FSI 
results illustrating the pouring behavior of 
the liquid, and the contours show the defor-
mation of the package walls. The maximum 
wall deformation was about two times the 
wall thickness of the package.
 The package’s gulping behavior is stud-
ied by investigating how the frequency  
and amplitude of the liquid stream are  
affected by the package design, opening 
design and fluid properties of the liquid. 
The volume of fluid (VOF) and large eddy 
simulation (LES) models in ANSYS Fluent 
simulate the two-phase flow of liquid and 
air. Large deformations of the package 
walls are included in the ANSYS Mechanical 
model to accurately simulate deformation 
of the container. This example illustrates 
strong coupling between the container  
deformation and the pouring behavior of 
the liquid, an engineering design challenge 
that cannot be accurately simulated with-
out a tightly coupled two-way FSI solution.

Improving 
Packaging 
Design  
with FSI

Model courtesy Tetra Pak.

ANALYSIS TOOLS
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A wind turbine generator consists of all 
the components required for mechanical-
to-electrical energy conversion. The tur-
bine blades, generator and electrical  
converter are the three main functional 
assemblies for a wind-energy generator.  
 The most important component within 
the interacting elements of a wind tur-
bine system is the generator that creates 
electric energy. The output of the genera-
tor supplies power to the converter  
subsystem, which conditions this electri-
cal power. The power is then transferred 
onto the grid. 
 Some of the electrical components used 
in this conditioning and transfer process 
include transformers, capacitors, induc-
tors and power electronics, as well as 
cables and bus bars.  
 Engineers who design wind turbines 
face a significant challenge: to accurately 
determine specifications of various indi-
vidual components — which often origi-
nate from different manufacturers — and 

then connect them into an 
efficient system. ANSYS soft-
ware provides simulation tools 
that apply to all the sections 
of a wind turbine generator, 
leading to an efficiently de-
signed and optimized system 
as a whole.

SYSTEM SIMULATION
Without using simulation tools, it is 
almost impossible to determine the 
performance of a complex heterogeneous  
system, such as a wind turbine, that incor-
porates the high efficiency requirements 
needed for the electrical system. 
 The heart of the ANSYS solution meth-
odology for electromechanical systems is 
ANSYS Simplorer software. Using this 
technology, the engineer can set up a 
complex system entirely using analytical 
models. By employing detailed finite 
element method (FEM) models and  
a broad set of ANSYS simulation tools,  
users have the capability to analyze, 
optimize and embed all components in 
the overall end-to-end system.
 Many design requirements for these 
electrical systems are complex and can 
be determined only via simulation. These 
include network coupling design and inte-
gration of power control based on existing 
electrical generator characteristics as well 

as admissible power fluctuations and/or 
suppression of harmonics.
 Employing simulation tools can be 
useful for testing critical operational 
conditions such as a short circuit that 
might occur in close proximity to (or at 
a specific distance from) the generator, 
admissible thermal loads, or the design 
of networks to protect against other 
effects, such as electrical surges. Other 
ANSYS software can be used in conjunc-
tion with Simplorer: 

 •  ANSYS RMxprt, a tool specific to design  
of rotating electrical machines, for 
modeling the generator, making initial 
sizing and performance decisions, and 
preparing the model for simulation  
using Maxwell

 •  ANSYS Maxwell 2-D and 3-D tools  
for finite element simulation of the 
generator

 •  ANSYS Q3D Extractor for analysis of 
parasitic influences in and between 
cables and/or bus bars

 •  ANSYS Mechanical for structural analysis

 •  ANSYS CFD for determining wind speed/
turbine speed relationship

By Ulrich Bock, Service Engineer 
CADFEM GmbH, Grafing, Germany

ANALYSIS TOOLS
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ANALYSIS OF SYSTEM 
COMPONENTS
The capability to analyze systems and 
components is seamlessly integrated 
within the ANSYS family of simulation 
tools. For example, you can analyze the 
thermal load for, or impact upon, the dif-
ferent elements of the electrical network 
by employing Maxwell 3-D in combination 
with ANSYS Mechanical software. In the 
same way, you can determine the feedback 
for temperature-dependent parameters 
via Maxwell and simulate the resulting 
deformations with ANSYS structural 
mechanics, or conduct further thermal 
studies with fluid dynamics tools. As 
another example, electrical forces 
between the conductive rails and any 
resulting deformations can be determined 
by combining Maxwell 3-D with ANSYS 
structural mechanics products.

WIND ENERGY APPLICATIONS
Generators
Wind power generation employs various 
types of generators, such as synchronous 
generators and doubly fed induction 
machines. Engineers can analyze and opti-
mize device efficiency with ANSYS tools. 
Initial design specifications can be entered 
into RMxprt along with the geometric 
and material data to obtain a prelim-
inary design, and then a parameterized 
equivalent circuit diagram can be 
exported to Simplorer. Alternatively, using 
information from RMxprt, you can auto-
matically create the generator model in 
Maxwell 3-D or 2-D and directly link to 
Simplorer. Using this unique coupling 
allows you to consider eddy currents in 
the generator created by switching opera-
tions in the converter.

Converters
Both conversion from three-phase current 
to direct current (rectifier) and from direct 
current to three-phase current at a defined 
frequency (power inverter) are relevant in 
wind turbine design. To enable full design 
and analysis capabilities, conventional 
insulated gate bipolar transistor (IGBT) 
power electronic semiconductor switches, 
gate turn-off thyristors (GTOs) and thyris-
tors are available in Simplorer in different 
levels of detail. 

 In simple terms, these semiconductor 
devices represent control switches.  
Depending upon the level of accuracy 
needed when investigating the device 
switching behavior, you can apply 
Simplorer models of varying details  
as well as semiconductor valve SPICE  
models. To allow customization, IGBT 
parameterization tools allow the appro-
priate model to be generated and simu-
lated based on the data sheet of the  
specific type of IGBT.

Transformers
Simplorer enables simulation of different 
transformer models as equivalent circuit 
diagrams. Coupling with Maxwell 2-D and 
3-D for more detailed testing is available.

Cables and Bus Bars
With the Q3D Extractor tool, you can 
quickly generate a parameterized equiva-
lent circuit diagram from the 3-D cable 
geometry, which can then be exported to 
Simplorer, where it retains its connec- 
tivity. This makes it possible to analyze  
traveling waves, surge voltage and associ-
ated parasitic effects.

Controllers
Simplorer depicts controllers directly on 
the simulation sheet and couples these 
controllers with the electrical switches.
 ANSYS Simplorer, when used as a  
system simulator in conjunction with  
the RMxprt, Maxwell, Q3D Extractor, 
ANSYS Mechanical and fluid dynamics 
tools, provides an efficient platform 
for simulating an entire wind turbine  
electromechanical system. Using systems 
simulation, wind turbine designers 
can meet overall requirements as well 
as specific requirements for compo-
nents. Finally, R&D teams can inte-
grate structural simulations for robust 
systems design.   
 

This article was originally published in German in 

Infoplaner magazine from ANSYS channel partner 

CADFEM.

Simulation of  three-phase cable in ANSYS Q3D Extractor embedded in ANSYS Simplorer

Network Transformer

Generator Blades

Electrical system of wind energy plant

Converter Subsystem



20        ANSYS ADVANTAGE  Volume VI  |  Issue 1  |  2012 

By Jens Bennetsen, Project Director, Ramboll Denmark A/S 
Copenhagen, Denmark 
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The Strata SE1 residential high-rise build-
ing in London pushes the boundaries of 
innovative construction and sustainable 
design: It is the first major building to 
incorporate wind turbines into its struc-
ture. Three five-bladed wind turbines at 
the top of the tower are rated at 19 kW 
each and produce 50 MWh of electricity 
per year, about 8 percent of the building’s 
total energy consumption. Ramboll 
assisted with the wind turbine design, 
selected because of its experience with 
the Bahrain World Trade Center, which 
uses wind turbines mounted on bridges 
between the building’s two towers. 
 Ramboll engineers used computational 
fluid dynamics (CFD) software from 
ANSYS to simulate the operation of the 
wind turbines under various wind condi-
tions based on the original building 
design. They determined that a large 
recirculation zone at the mouth of the tur-
bines would greatly limit the amount of 
energy that could be generated. The 
design was modified to improve energy 
output: The turbines were mounted in a 
more open structure and moved out-
ward toward the edge of the building.
 Ramboll is a leading engineering,  
design and consulting firm headquartered 
in Denmark with offices in 23 countries. 
The Bahrain project, which featured three 
free-standing wind turbines, was the first 
project for which the company integrated 
wind turbines into a building design. The 
trade center’s free-standing design made 
it possible to achieve a high level of 

efficiency because the two buildings themselves could be used 
to create a venturi effect, which accelerates the wind in the 
area of the turbine. The Strata SE1 project, in which a wind tur-
bine was integrated into the building fabric, was more chal-
lenging because there were many more design constraints.
   Completed in summer 2010, the 43-story, wedge-shaped 

building is wrapped in a black-and-white checkerboard facing. It contains 408 apart-
ments on floors two through 43 and retail stores on the ground floor. A sky lobby on the 
39th floor features views of central London. That lobby is topped by four three-bedroom 
duplex penthouses, located just below the three wind turbines.
 The building’s designers originally considered wind turbines, photovoltaic 
cells, ground-source heat pumps and thermal heating as potential solutions to 
the mandated on-site renewable energy target set by the Greater London Authority. 
They selected wind power because, considering the height and shape of the build-
ing, turbines would deliver the greatest energy production. Wind turbines also 
produce a unique design statement by giving the building a striking profile.
 The turbines are mounted in venturi-like tubes that serve to capture lower wind speeds 
and accelerate them to greater velocity to increase power output from the rotating blades. 
The tubes are fabricated from 6-mm-thick steel plate bolted to the surrounding steel  
supporting structure, which in turn is attached to the building’s reinforced concrete 
structural frame. The steel 
structure was pre-assembled 
under simulated conditions in 
a trial run at the steel fabrica-
tor’s plant before the actual 
assembly was carried out 148 
feet above southeast London.
 Each turbine is mounted on a 
5 tonne (5.5 tons) inertia base, 
which is mounted on four anti- 
vibration dampers to minimize 
vibration and structure-borne 
noise. A mechanical brake pre-
vents the blades from rotating at 
wind speeds and directions that 
have the potential to damage the 
turbines. The turbines are con-
nected to a gearbox that converts 
the relatively slow rotation of  
the turbine blades into high-
speed rotary motion to drive a 
generator. The generator’s out-
put passes through an inverter 

Simulation helps to improve 
the design of the world’s 
first building with integrated 
wind turbines.

When modeling the  
entire turbine system, 
ANSYS CFD and meshing 
tools provided a high 
level of accuracy while 
minimizing solution 
time by varying the  
density of the mesh  
in relation to local  
gradients.

The Strata SE1 rises high over London. Positioning of the wind turbines on this unique structure 
was accomplished with ANSYS fluid dynamics. 
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to convert it from direct current into alter-
nating current before feeding it into the 
building’s power supply.
 ANSYS CFX and ANSYS ICEM CFD 
meshing technology are the standard 
tools used at the Ramboll organization. 
The primary advantage in this applica-
tion was the software’s ability to effi-
ciently handle large differences in scale. 
The computational domain extended for 
several kilometers because the simula-
tion had to incorporate the effects of 
nearby buildings; at the same time, the 
mesh needed to resolve fine details in the 
area of the turbine. When modeling this 
entire system, ANSYS CFD and meshing 
tools provided a high level of accuracy 
while minimizing solution time by vary-
ing the density of the mesh in relation to 
local gradients.
 Ramboll began with a graphic infor- 
mation system (GIS) model of the urban 
area surrounding the new building. They 
added a CAD model of the initial concept 
design of the Strata SE1 building. The 
team created cubic structures represent-
ing other buildings to take into account 
obstructions that affect the airflow in the 
vicinity of the turbine. Then engineers 
applied ANSYS ICEM CFD to create a mesh 
of the open area surrounding the build-
ings. Engineers used a tetrahedral mesh 
for the entire domain, while prism ele-
ments were used to capture the boundary 
layers on both the building and turbine 
surfaces to improve accuracy in these crit-
ical regions. The model had approxi-
mately 9 million cells and converged in  
45 hours utilizing 10 computational nodes 
on a high-performance computing cluster.
 Ramboll engineers used CFD simulation 
to evaluate the performance of the initial 
design with different wind directions and 
speeds. The results identified a large recir-
culation zone in the entrance to each of 
the wind turbines that reduced velocity  
of the wind reaching the inlet. The zone  
also produced a considerable amount of 
turbulence that generated stresses on 
the blade. The team concluded that, 

As predicted by the simulation, the turbines  
run virtually nonstop in a wide range of  
wind conditions.

Air velocity with wind flowing at 30-degree angle (from left) into revised design. There is some 
recirculation in one tube; however, it is considerably less than in the original design.

Air velocity with air flowing straight into revised design. There is less recirculation, and wind 
moves at higher speed through the opening; therefore, this design can extract more energy.

Air velocity with air flowing straight into original design. Low-speed areas shown in blue  
represent recirculation.

CONSTRUCTION
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using this initial design, the wind turbine 
could be operated only under a limited 
range of conditions; these conditions 
were expected to occur over only a very 
small proportion of time.
 The engineers modified the model to 
determine whether the performance of 
the wind turbines could be improved 
with design changes. They discovered 
substantial benefits by moving the 
wind turbines closer to the edge of the 
building and pointing them downward, 
at about 9 degrees, to take advantage of 
an air current that runs upward along 
the edge of the building. The team also 
determined that performance could be 
further improved with a more open 
design of the structure surrounding  
the turbines. After proposing these 
chan    ges to the Strata SE1 architects, 
they changed the building design 
around the turbine to a more open tubu-
lar structure and moved the turbines 
nearly to the edge of the building. The 
proposal to tilt the turbines downward 
was not accepted, however, because the 
architects wanted to maintain straight 
lines for aesthetic reasons. 
 Ramboll engineers modeled this new 
design and discovered that it was con-
siderably more efficient. The stress and 
wind load on the turbine blades were 

lower than in the original design. The 
recirculation zones seen in the initial 
design were nearly eliminated. The 
wind turbines could be efficiently oper-
ated almost continuously under various 
wind conditions.
 Later, the building architects created  
a final design with some changes in the 
curvature of the building. Ramboll engi-
neers modified the CFD model once again 
and verified that these changes had little 
impact on the operation of the wind  
turbines compared to the previous 
design. CFD analysis determined that  
the optimum operating range for the  
turbines is at wind speeds of between  
8 meters to 16 meters per second from a 
southerly direction.
 Engineering simulation played a major 
role in this project, making it possible to 
determine that the initial building design 
would provide less-than-desirable perfor-
mance from a power-generation stand-
point. The simulation results provided 
architects with various ideas for improve-
ments that could then be evaluated from 
aesthetic and structural standpoints. The 
CFD-generated graphical output was easy 
to understand by architects and project 
managers who are not experts in wind tur-
bine design. Instead of simply stating their 
conclusions, Ramboll engineers visually 

demonstrated how the various design 
alternatives impacted airflow in the area of 
the turbine under different wind condi-
tions. As predicted by the simulation, the 
wind turbines run virtually nonstop in a 
wide range of wind conditions.  

The team created blocks to represent other 
buildings so that airflow for the turbines  
could be determined as part of a system.  
ANSYS software’s ability to efficiently handle 
large differences in scale was important, 
as the computational domain extended for 
several kilometers.

Air velocity with air flowing at 30-degree angle (from right) into original design. Recirculation 
puts considerable strain on wind turbine at left.
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In commercial aircraft design, numerous 
mechanical, electrical, chemical and 
pneumatic systems must interact seam-
lessly to provide for the safety and com-
fort of passengers and crew. These sys-
tems must function predictably, since 
more efficient and reliable systems result 
in lower operational and maintenance 
costs. When bringing a new commercial 
aircraft design to market, it can often take 
several years of testing and optimization, 
and flow simulation software has become 
a vital tool in the design arsenal for  
modeling aircraft subsystems. As desktop 
computational speeds have increased,  
so has the ability to consider more candi-
date designs with increasingly complex 
physics. State-of-the-art high-performance 
computing (HPC) capabilities for engi-
neering simulation now allow designers 
to throttle up simulation fidelity and 
deliver reliable and optimized designs. 
 At Airbus in the U.K., a team of fluid 
engineers has been using HPC in safety 
investigations of fluid behavior within the 

fuel tank. To achieve compli-
ance with recent U.S. Federal 
Aviation Administration (FAA) 
and European Aviation Safety 
Agency (EASA) regulations, 

the central fuel tanks on several families 
of Airbus planes must include, or be retro- 
fitted with, inerting systems for the  
purpose of reducing flammability. An 
inerting system is mainly an air separa-
tion module that takes a portion of the  
engine bleed air and reduces oxygen con-
tent from 21 percent to between 10 per-
cent and 15 percent. The system then 
feeds the nitrogen-enriched air continu-
ously into the fuel tank to ensure that the 
oxygen level in the ullage — the space 
above the liquid fuel — is maintained 
below the threshold for combustion. 
 Development of the inerting system at 
Airbus commenced in 2004. In the begin-
ning, the team used ANSYS Fluent compu-
tational fluid dynamics (CFD) software to 
evaluate design variations under a variety 
of flight conditions. Mesh sizes for the fuel 
tank at that time contained 8 million cells. 
Capturing jet impingement and low-speed 
mixing phenomena inside the tanks while 
also accounting for species transport and 
turbulence required the highly resolved 

domains. The large mesh sizes provide for 
a finer analysis of localized variations in 
ullage oxygen concentration during rou-
tine and extreme flight conditions. To  
perform a transient analysis of the tank 
during taxiing, takeoff, climbing, cruising, 
descent and landing — equivalent to hours 
of real-time flight — formerly required sim-
ulation times of three months using a  
top-of-the-line cluster of 16 processes. 
Physical testing was still necessary at that 
time because the high computational cost 
would not allow simulation-based optimi-
zation studies.
 Today, however, those types of  simu-
lation barriers are being knocked down. 
HPC technology provides computational 
horsepower that would have been unimag-
inable a decade ago. Airbus leases 10,000 
CPUs from Hewlett-Packard for general 
CAE use, housed in mobile data cen- 
ters in France and Germany. The inert- 
ing system team in the U.K. performs  
pre-processing and post-processing by 
transferring mesh and solution files 
between local desktop machines and the 
remote clusters, with the aim of eventu-
ally doing the entire pre–solve–post  
simu  lation process remotely. More impor-
tant is that access to these CPU clusters 

Scaled-up flow  
simulation enables  
cost-effective aircraft  
design optimization. 

By Raymond Devine, Fluid Thermal Engineer  
Fuel Tank Inerting System Group 
Airbus Operations Ltd., Filton, U.K.

HPC/AEROSPACE
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has allowed the U.K. team to remotely 
run its CFD simulations overnight while 
considering larger tanks with even more 
complex physics along with mesh sizes 
greater than 100 million cells. This enor-
mous acceleration in solution time lever-
aged the Infiniband® communications 
link to connect the many Intel® Xeon™ 
processors running Linux® architecture. 
The ANSYS HPC Pack license model has 
enabled the Airbus scaleup to mass- 
ively parallel simulation. In 2004, 
such aggressive HPC would have been  
cost-prohibitive; with the HPC Packs,  
the inerting system team can run cost-
effective calculations on hundreds or 
even thousands of cores. 
 Airbus gained confidence in the HPC-
powered CFD flow simulations based on 
comparison with experimental data 
from the early years of the project.  
The team was satisfied that data from  
in-flight testing of the inerting system 
using 10 oxygen sensors could be 
reproduced using simulation to within 
10 percent accuracy, which they con-
sidered to be reasonable. 
 Beyond the solution accuracy, Airbus 
engineers depend on the overall robust-
ness of the commercial CFD solver for 
modeling different physical phenomena 
across many aircraft subsystems as well 
as the accessibility of the user interface. 
Other subsystems that Airbus analysts 
have modeled with fluid dynamics tech-
nology from ANSYS include changes in 
fuel tank temperature during flight, ven-
tilation of the aircraft cabin and thermal 
comfort of passengers, and heat transfer 
flows in the engine nacelle. This work is 

done in company locations in France and 
Germany, and it is part of the interdepen-
dent process of modeling different aspects 
of a large aircraft. For example, because 
bleed air from the engine is used for both 
fuel tank inerting and cabin pressuriza-
tion, heat exchangers operating on com-
pressed hot air from the engine have  
to be modeled upstream of these other 
two subsystems so that proper boundary 
conditions can be applied.
 In the end, the Airbus team’s use of 
HPC simulation in the inerting system 
design has been so successful that it has 
enabled the elimination of building 
more-expensive physical testing rigs. 
Many more simulation runs are com-
pleted in the time available, which has 
facilitated improved system design opti-
mization and, thus, lowered the risk to 
Airbus of the overall aircraft design pro-
grams. The inerting systems staff mem-
bers noted that they are “light years” 
from where they were seven years ago 
with regard to the business value 
achieved by using the current generation 
of ANSYS HPC solutions. The team looks 
forward to integrating ANSYS CFD with 
other software tools to give further thrust 
to HPC simulation capabilities.  

Fluid flow simulation results of the changing 
oxygen concentration over time (black line) 
showed consistent close agreement with  
experimental data taken from multiple oxygen 
sensors placed inside the inerting test rig.

Airbus fuel inerting test rig 

Contours of oxygen volume fraction on a center plane cut of a fuel inerting test rig under simulated cruising conditions at time equal to (a) 4 minutes, 
(b) 20 minutes, (c) 38 minutes, (d) 50 minutes. Nitrogen gas is injected at the upper left and gradually displaces the air in the rig’s four compartment 
bays; the gas is then vented through an exhaust opening at the upper right. 

a

c

b

d

The Airbus team’s use of HPC simulation in the  
inerting system design has been so successful 
that it has enabled the elimination of building 
more-expensive physical testing rigs.
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In today’s complex and competitive 
global environment, businesses are  
trying to maximize shareholder value 
through product innovation, shorter 
development cycles and cost reduction 
to capture mind and market share. 
Simulation is a key driving force behind 
some remarkable achievements in new 
product development.
 As organizations adopt simulation-
driven design and a systems-level 
approach to product development, it is 
no longer enough to simply simulate 
each component in isolation. All of the 
components and subsystems need to be 

simulated together to see the effect each 
has on the others as well as on the whole. 
Ever increasing complexity in the design 
process and an explosion of data and 
methods calls for effective ways to man-
age simulation assets and processes as 
well as to enable collaboration. 
 The vital need, then, is for a knowledge 
base that manages all of the data pro-
duced by different departments, housing 
it in a manner that is searchable and 
shareable. This system must also track 
the use of all simulation tools and results. 
With such a new methodology, design 
teams can clean up their systems 

engineering approach, perform accurate 
simulations, and leverage existing simu-
lation assets to shorten turnaround time.
 Product design, regardless of its com-
plexity or industry, always starts by  
stating the product’s basic requirements. 
Initially, the process takes a high-level 
view of the entire system, identifying 
requirements and specifications before 
defining the system’s specific design. 
From there, the design process moves to  
a subsystem design and finally down to 
engineering the detailed components. 
This process can involve multiple stake-
holders (designers, analysts, method 
developers, teams and suppliers, for 
example), requiring the input of many 
different people who may be globally 
distributed. 
 With better control of simulation work-
flows and data, a managed and stream-
lined process can make an enormous  
difference in efficiency, accuracy and 
collaboration.
 To explore this methodology, an exam-
ple of a washing machine is presented.  

By Juliano Mologni, Senior Application Engineer 
ESSS, São Paulo, Brazil 

BEST PRACTICES

As products become more 
sophisticated and feature 
rich, simulation tools and 
design methodologies are 
evolving in response.

Cleaning Up
with Systems  
Engineering 
Knowledge 
Management 
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Typically, a full systems-level simulation 
spans cases such as shocking/drop  
(packaging), dynamics analysis (modal 
and transient dynamic response), lid 
impact analysis, mixing (CFD) and para-
metric studies. This article focuses on 
only a subset of these steps to demon-
strate the concepts.
 The washing machine design example 
demonstrates an improved workflow that 
can be enabled by the ANSYS Engineering 
Knowledge Management (EKM) product. 
Each step requires input from various 
teams. For simulation departments seek-
ing to reduce turnaround time, it is criti-
cal that all members of the team work 
with the latest version of the data and  
collaborate. 
 The topic of requirements is important. 
The simulation requirements (derived 
from the main product requirements  

targets) are essential and are cataloged 
within EKM.
 A washing machine design requires the 
use of many different simulation tools, so 
tracking the results and corresponding 
simulation parameters generates a great 
deal of data. 

PCB DESIGN
For this washing machine example, the 
critical concerns are EM interference and 
temperature as well as ensuring that  
the traces won’t burn or melt by using  
the optimal amount of copper. 

Traditional Workflow
Traditionally, to evaluate electromag-
netic interference (EMI) and DC insula-
tion resistance (IR) drop, the analyst 
uses ANSYS SIwave, which calculates 
Joule heating on the traces and exports 

A PCB design requires temperature and thermal analysis to ensure correct specifications  
for copper traces.

Systems-level design is inherently multiphysics.

PRODUCT DESIGN STEPS FOR WASHING MACHINE
DESIGN STEP ANALYSIS REQUIRED     
 
PCB  EMI simulation, thermal analysis, vibration analysis
Motor  Low-frequency electromagnetic analysis, thermal analysis,  
 structural analysis, systems-level simulation
Wiring Harness EMI simulation, signal integrity simulation
Entire Product Systems simulation

a powermap (showing the heating on the 
board traces) to ANSYS Icepak to calculate 
the temperature of the entire PCB.  
The results are exported back to SIwave  
to determine the correct temperature-
dependent electrical conductivity for 
the copper traces. 
 Once the simulation maps are com-
pleted, the PCB engineer then sends  
the design to the thermal analysis team 
to leverage Icepak, ANSYS Fluent and 
ANSYS Mechanical software to evaluate 
the power and temperature of the com-
ponents. The team might study the 
effects of a simulated blower to deter-
mine the air flowing through the board. 
To keep the temperature of the copper 
within an acceptable range, thermal 
engineers might insert a heat sink. 
Once the thermal issues are resolved, 
the design is sent for structural analy-
sis to determine vibration effects.
 In this traditional design flow, the 
design is passed back and forth between 
PCB and thermal engineers several times. 
Without a central/federated repository for 
the latest files, there is no record of what 
changes are being made, even though it is 
vital that each set of engineers works with 
the latest files. 

EKM Workflow
By streamlining the process based on best 
in-house practices, the need to manually 
calculate power and temperature maps 
between SIwave and Icepak is reduced or 
eliminated. Employing an Icepak macro, 
engineers can easily set up thermal simu-
lations using a library of heat sinks, for 
example, and the library is then loaded 
into the EKM repository for access by any-
one on the team. PCB engineers can inde-
pendently estimate temperature maps by 
capturing the best process certified by  
the thermal engineer. There is no need to 
send and wait on data or analyses com-
pleted by the thermal engineer — which 
results in a dramatic reduction in devel-
opment time. If later in the design process 
the thermal engineer determines that a 
heat sink is needed, the new model is 
uploaded and shared in EKM. The version 
of the file is automatically updated, and 
the PCB designer and structural engineer 
receive an automatic notification that EMI 
and vibration tests need to be performed 
with the new model. A full revision his-
tory of all files is always available in EKM. 
These audit capabilities increase visibility 
for tracking design iterations and enable  
informed decision-making.
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MOTOR AND WIRING DESIGN
A successful motor design depends on the 
efficiency and effectiveness of the elec-
tronic controls that make the drum turn 
as well as the design of the wiring har-
ness (the cables that power the machine 
and transfer digital data signals). 

Traditional Workflow
In a traditional motor design, engineer-
ing teams simulate design iterations in 
ANSYS Maxwell 2-D software until an 
optimal design is achieved. Then, the 
final model is converted to 3-D and the 
calculated ohmic and core losses are 
transferred to the thermal engineer. Next, 
teams perform thermal and structural 
analysis on the temperature of the coils 
and motor using Maxwell 3-D solutions. 
Once again, engineers face the challenge 
of ensuring that they are using the cor-
rect motor model, since multiple models 
have been created.

EKM Workflow
An EKM workflow of the motor multiphys-
ics ensures that the most updated model 
is always available to all team members. 
In addition, EKM allows different teams 
to index, store, search, archive and re-use 
simulation data. When files are added, 
EKM automatically extracts metadata and 
information about the files, making it 
simpler to search and find them at a later 
date. For example, a team member could 
search for “motor,” and EKM returns 
many products in the preview screen. 
One might be suited for use as a starting 
point in a new design. The engineer can 
use previous designs as a starting point 
(even if the original designer has left the 
company), complete with reports on the 
multiphysics analysis. 
 Throughout the design process, as 
engineers find good reference material, 
they can upload it to the EKM repository 
for other team members to access. EKM 
can house guidelines, product develop-
ment documents, technical papers and 
other material. In the case of the washing 
machine design, engineers used the EKM 
resource section to help meet cabling 
guidelines. After designing the wiring 
harness, likely by leveraging ANSYS Q3D 
Extractor and ANSYS HFSS, the systems 
engineer combines the cable and motor 
designs to run a systems simulation typi-
cally using ANSYS Simplorer. 

Cosimulation using ANSYS SIwave and ANSYS Icepak can occur in an EKM workflow.

EKM allows PCB designers as well as thermal, structural and motor engineers to share and  
manage updated data during motor design.

Any changes to a model generate automatic notifications for other team members.

BEST PRACTICES
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Using Simplorer, it is possible to examine the current waveform on the motor. The simulations 
reveal motor current. The results of the current on the coils is plotted as shown (right).

ANSYS Workbench facilitates multiphysics setup.

Changing the motor to include two speeds leads to immunity problems with regular wire.

SYSTEMS SIMULATION 
The final systems simulation requires CAD 
models from all subsystem engineers  
as well as simulation data from thermal, 
structural and systems engineers so that 
the electromagnetic compatibility (EMC) 
engineer can perform a systems simula-
tion. At this time in the design process, 
there is a vast amount of data shared 
among many team members. EKM pro-
vides a center point for all simulation 
data to ensure that the correct files are 
advanced. The software organizes all 
revisions, significantly reducing errors 
and improving collaboration efforts.

MAKING A CHANGE
In the real world, a final systems simula-
tion is rarely the final design, and require-
ments can change. In the case of the 
washing machine example, consider this 
scenario: After the design was completed, 
the product manager determined that  
the washing machine should have two 
speeds instead of one. He uploaded the 
new product requirements to EKM. This 
design modification produces updated 
data, and, once the new design is updated 
in the database, automatic notifications 
are immediately sent to team members. 
As the new simulation workflow pro-
gresses, team members access the 
updated content from other engineers. 
 In the single-speed design, the EMC 
engineer used ANSYS HFSS, ANSYS 
DesignerSI and Simplorer to evaluate 
what type of wires should be used to con-
nect the PCB to the pump. To determine 
the least-expensive wire type that still 
functioned reliably, the engineer per-
formed immunity analysis on regular 
wire, a coaxial cable and a twisted pair. 
Simulations determined what effect the 
level of interference from the motor cur-
rent had (if any) on the signal received by 
the pump. Regardless of the wire type, 
the electrical signal transmitted by all 
three wires would be the same: a 5V digi-
tal clock with a frequency of 50kHz. 
Analysis showed that the single-speed 
design could be created with any of the 
three wires, so the less expensive wire 
could be used. However, when the design 
changed to two speeds, this wire no  
longer performed in the acceptable range. 
Simulation revealed that changing  
the motor speed would require changing 
the type of cabling used.

ADVANTAGES 
A systems engineering approach using ANSYS EKM and the ANSYS Workbench  
platform ensures that analysts are performing their multiphysics (electrical, ther-
mal, electromechanical, electromagnetic) analysis on subsystems and complete 
systems that are based on the most up-to-date models. This approach allows teams 
to work simultaneously, comparing information between numerous simulations, 
and using a single or linked multirepository approach to search, retrieve and re-use 
existing designs. The EKM product automatically indexes designs, displays preview 
information, and tracks revision history of simulation and other relevant files. 
ESSS has found that using EKM gives designers confidence that the correct files are 
being used and that all product requirements will be satisfied. This method creates 
a collaborative environment with an established workflow in which engineers can 
reliably optimize the final product.  
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The offshore oil exploration and drilling 
industry strives continually to develop 
new subsea technologies to meet the  
rising demands for petroleum products. 
Since most of the “easy” fields have been 
tapped, harvesting distant offshore oil 
becomes more challenging because the 
pools are situated under thousands of feet 
of water. 
 Subsea technology covers a wide range 
of offshore activities. One main subsea 
technology is a pipeline system — some-
times more than several hundred miles  
in length — that transfers oil and gas 
products from the seabed to other destina-
tions. The pipeline consists of various 
mechanical, electrical and hydraulic  
parts that are supported by several  
subsea structures. 

INLINE SLED
A major component of this subsea system 
is the inline sled (ILS), a pipeline support 
structure that allows a future pipeline 

tie-in to be made quickly and efficiently 
on the sea bed. The sled is dropped over 
the end of a vessel’s stinger — a special-
ized piece of equipment that is mounted 
onboard a ship — along with miles of  
piping. The pipelines are welded together 
on the stinger to facilitate the process of 
subsea installation.
 The ILS comprises a mudmat platform 
(ILS foundation module) and a frame sys-
tem that supports a wye block (a fitting 
that joins pipelines), branch piping, tran-
sition piping, valves, and an end hub sup-
port that is integrated into the pipeline. 
The main oil flows from the right (as 
shown in Figure 1); the future tie-in oil 
flow comes from the hub and joins at the 
wye block. The valves control the oil flow, 
and the hub is the open connection for 
future pipeline connections. A tapered 
transition of pipe is installed at each end 
of the sled’s piping system to resist bend-
ing moments caused by the ILS going 
through the stinger. 

SURVIVING  
CHALLENGING CONDITIONS
The engineering challenge is to design the 
ILS so it survives under 7,000 feet of sea-
water, sustains severe environmental 
loads and resists corrosion — all while 
minimizing the high risk of damage to 
equipment and hazard to human life dur-
ing installation. T-Rex Engineering and 
Construction conducts studies to fully 
understand conditions where subsea 
structures will be constructed. The com-
pany’s work includes fabrication, trans-
portation, installation and operation. 
Based on extensive subsea experience, 
the engineering team collects all possible 
data to simulate the structure in real- 
world conditions. In fact, the organization 
has 15 years of experience in the develop-
ment and design of subsea structures, all 
of which are still operating in the subsea 
field. T-Rex holds the world record for 
installing the deepest subsea structure. 
 A subsea structure experiences its 
worst load conditions during installation 
because the ILS is subjected to the weight 
of the suspended pipe (flow line) as well 
as the floating motion of the vessel. As the 
vessel lays the pipeline over the stinger, 
the ILS undergoes severe tension and 
bending loads at the top and bottom cur-
vature of the pipeline (Figure 3a). 

A challenging offshore oil pipeline 
application leverages simulation 
to check structural load conditions 
of an inline sled. 

By Lee Walden, Engineering Manager, and 
Chemin Lim (formerly), T-Rex Engineering  
& Construction L.C., Houston, U.S.A.

ENERGY
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 T-Rex engineers determine the tension 
and bending load values to ensure a 
robust and safe design that will withstand 
the installation process. Analyses are  
performed to predict whether excessive 
stresses and deformation in the ILS system 
arise during the installation process.  

SIMULATING THE SYSTEM 
Simulations determine load conditions on 
the pipeline; they also help engineers 
design the ILS to handle that specific load. 
In one application, T-Rex engineers used 
ANSYS Mechanical APDL (MAPDL) to  
analyze a 2-D global model to determine 
these load conditions. They used ANSYS 
Workbench to apply these load conditions 
to the local 3-D solid model of the ILS. 
This type of systems modeling with ANSYS 
tools enables T-Rex to ensure the robust-
ness of the design.
 The team used beam elements to com-
plete the 2-D global model of the pipeline 
and ILS, as shown in Figure 3c. To deter-
mine the beam element stiffness of the 
ILS, a separate 3-D solid model was simu-
lated with ANSYS Workbench (Figure 3b).
  For the 2-D global model, contact ele-
ments defined the contact conditions 
between the pipeline and the stinger’s 
contact points, which are the group  
of bearing rollers (Figure 3d). Plane ele-
ments were used to model the rollers 

located on the stinger. This global model 
depicts the pipeline deformation on  
the stinger. The displacement load was 
applied at the end of the straight pipe- 
line until the pipeline was in full contact 
with the stinger’s roller boxes. To deter-
mine the local model’s load condition — 
tension load and moment — reaction 
forces and moments were output at the 
end of the ILS on this global model.
 The team used Autodesk® Inventor® 
2010 to generate a detailed (local) 3-D 
model and directly imported it into  
ANSYS Workbench. The transition from 
Inventor to Workbench was smooth, and 
every component was imported without 

Figure 1. Inline sled structure

Figure 2. Installation of S-laying pipeline Figure 3. Analysis

Figure 4. Boundary conditions

Wye Block 

Mudmat 

Transition Pipes 

problems. The local 3-D Workbench 
model comprised 177,991 elements, 
including contact elements. Engi- 
neers used the sweep method to  
generate the mesh, and then the critical 
areas were refined. ANSYS Workbench 
automatically detected the contacting 
areas to generate surface-to-surface con-
tact elements. Most of the contacting 
regions were defined by bonded contact 
behavior. The high-quality mesh pro-
duced in Workbench facilitated the con-
vergence, calculation time and accuracy 
of results.
 To simulate the roller box contact 
load conditions, frictionless support 

Flow
Direction
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conditions (load tension/compression) 
were applied at both ends of the rail 
pipes, and the fixed boundary condition 
was applied at the opposite end of the 
structure. The load that was collected 
from the global MAPDL model was 
applied at the opposite end of the struc-
ture, as indicated in Figure 4.
 As the design progressed, several 
components’ geometries were changed, 
based on the stress results. For exam-
ple, the connection between the pipe-
line and the ILS had a huge difference 
in stiffness, which caused a high stress 
concentration in that area (Figure 5a). 
At the end of this process, the new 
design reduced the peak stress by over 
80 percent compared with the initial 
design (Figure 5b).

ACCURACY ENSURES SAFTY
The combination of ANSYS Workbench  
and ANSYS MAPDL successfully simu-
lated the field pipeline installation load  
conditions on this project. The analysis 
made it possible to obtain the exact load 
conditions for this complex geometry. It 
would have been almost impossible to 
obtain this level of accuracy required to 
improve the design without using ANSYS 
software products. This systems simula-
tion procedure provides a wide range of 
solutions for pipeline installation proc-
ess analyses. Furthermore, safety is an 
important factor. Subsea pipeline systems 
must be designed to be safely installed 
and maintained during oil production. 
The simulations in this application helped 
ensure that the subsea structure adhered 
to safety requirements.  

Figure 6.  Von Mises stress contour

Figure 5. Initial model (top) and final model (bottom) of the connection between pipeline and  
ILS show stress contour through the inside pipeline. The new design decreased peak stress  
by over 80 percent.

Using systems modeling with ANSYS tools enables  
T-Rex to ensure design robustness.

ENERGY
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A coat hanger die (so 
named because of its 
shape) is employed to 
produce polymer films 
used in a wide range of 
products, such as plastic 

bags and liquid crystal diode monitors. 
The biggest die design challenge is to 
hold the thickness of the extruded film 
as constant as possible across the full 
51.8 mm width of the die. Thickness 
variations impact the appearance and 
performance of the product. Normally, 
thickness variations are greatest at the 
product’s extremities, so trimming is 
needed to meet quality requirements. 
Thus, improving the uniformity of the 
film can reduce the amount of waste. 
 Another goal of die design is to mini-
mize pressure drop through the die to 
reduce the power required to pump mate-
rial through the die. One way to achieve 
the often-conflicting goals of improved 
film thickness uniformity along with a 
reduction in pressure drop is through the 

By Patrick C. Lee, Senior Research Engineer; Laura Dietsche, Research Scientist;  
and Joseph Dooley, Fellow, The Dow Chemical Company, Midland, U.S.A.
and Hossam Metwally, Lead Technical Services Engineer, ANSYS, Inc. 

Optimization using engineering 
simulation helps to improve film 
die uniformity by 13 percent 
while reducing pressure drop.

use of design optimization methods  
to drive the fluid flow analysis.
 Coat hanger dies are popular because 
of their simple geometries and proven 
ability to produce relatively uniform 
properties. The Dow Chemical Company 
undertook an optimization study of a  
die with a lip gap (V1 in Figure 1) of  
0.152 cm and width of 51.8 cm. The flow 
through the die is driven by a single  
screw extruder. The thickness of the film 
across the cross section of the die strongly 
correlates to the flow rate at the point of 
interest in the die. 
 For many years, Dow has been  
basing film die design on computer simu-
lation of the film extrusion process along 
with validation experiments. The tradi-
tional approach is based on experience 
and design standards that have been 
developed using empirical methods. The 
company uses ANSYS Polyflow fluid 
dynamics software to solve the equations 
governing shear thinning or visco-elastic 
fluid flow in the film die. Polyflow is 

MATERIALS
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especially applicable for companies proc-
essing viscous materials such as polymer, 
glass, metal and cement. The technology 
handles nonlinearities arising either  
from complex rheological or thermal-
dependent material behaviors or from 
large deformations such as die swell, blow 
molding, thermoforming or glass pressing. 
The software uses the finite element 
method to efficiently model laminar flows 
of a complex rheological nature. 
 Dow engineers have demonstrated the 
ability to accurately simulate perfor-
mance of a variety of different film dies. 
The greatest challenge in this approach is 
that the different die design variables 
interact with each other in a nonlinear 
fashion. If only one design variable is 
changed at a time, it is difficult to come 
close to the optimal design, as the proc-
ess does not take multiple variable 
interactions into account. Furthermore, 
using this method to fully explore the 
design space is too time-consuming.  
 On this project, Dow used the design 
of experiments (DOE) method in combi-
nation with  Polyflow software to auto-
matically evaluate the complete design 
space by taking into account multiple 
variable interactions. The software is 
completely integrated into the ANSYS 
Workbench environment, so users can  
set up simulation and optimization prob-
lems with drag-and-drop operations. 
 The baseline geometry of the die was 
provided as a Parasolid® CAD file. The 

engineering team divided the geometry in 
half along a symmetry plane and per-
formed analysis on one half. They then 
divided the geometry into multiple sec-
tions along the die width to create geomet-
rical parameters that could be varied as 
part of the optimization process. The flow 
volume of the die was reconstructed using 
the skin-loft operation of the ANSYS 
DesignModeler tool. The flow volume was 
based on three topologically identical 
sketches with the same number of edges: 
one near the inlet, one in the midsection 
and one in the die edge. 
 The resulting parameterized geome-
try was meshed using the ANSYS 
Meshing application. An all-hexahedral 
mesh was generated with about 110,000 
elements. The boundary condition at 
the inlet was a fully developed flow rate 
of 4.73 cm3/s. No slip boundary condi-
tions were used on all die walls. The 
symmetry boundary condition was used 
on the symmetry plane. An outflow 
boundary condition was used at the die 
exit. Experimental viscosity versus 
shear rate data for a 2.0 melt index, 
0.922 g/cm3 density polyethylene resin 
at 190C were generated with physical 
testing and fitted to Carreau rheology 
model parameters. 
 As part of the optimization process, the 
team developed input and output para- 
meters. For the first optimization case, 
three feature dimensions at the die edge 
were allowed to change: H4, H9 and V11, 

Figure 1. Die geometry with symmetry plane (on right) and geometric parameter sketches

Figure 2. Geometrical parameters used  
in optimization

Three Sketches

MATERIALS
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Baseline 

Three-Parameter 
Optimized

Eight-Parameter 
Optimized

Die Edge H4 3.69 2.81 2.65

H9 0.8 0.99 0.99

V11 0.28 0.35 0.34

V10 0.25 – 0.25

Midsection H4 5.78 – 5.78

H9 1.06 – 1.06

V11 0.57 – 0.57

V10 0.25 – 0.25

Output 
Parameters 

Pressure Drop, MPa 31.0 MPa 30.6 MPa 30.6 MPa

Min/Max Flow Rate 0.83 0.93 0.94

Table 1. Baseline vs. optimized input and output parameters

Figure 3. Speedup provided by four-core processor

between the minimum and the maximum 
flow rates at the die exit was 0.83, and the 
pressure drop was 31.0 MPa. The team 
then used ANSYS DesignXplorer software 
to build response surface models based on 
simulation results from DOE parameter 
grids. For the first optimization case, with 
three adjustable parameters, the DOE con-
sisted of 16 simulations that needed to be 
performed. For the second case, with eight 
parameters, there were 81 simulations 
identified in the DOE. DesignXplorer 
then drove ANSYS Polyflow to perform 
all of the simulations within the DOE 
grids for both cases.  Response surface 
models, consisting of an algebraic defi-
nition of the simulation results, were 
constructed using the Kriging approach. 

This algebraic definition was then used 
in a simple min/max search to find the 
optimal design to meet the desired 
objectives of uniform flow and mini-
mum pressure drop.
 The simulations were run on a four-
core Windows® XP 64-bit workstation. 
The solution time was reduced from four 
hours on a one-core machine to one hour 
on a four-core machine, providing per-
fectly linear speedup. The time savings  
on the eight-parameter simulation was  
243 hours, and the time savings on the 
three-parameter simulation was 48 hours.
 Dow engineers identified two optimized 
dies, one optimized by modifying three 
parameters and the other by modify- 
ing eight parameters. Both optimized die 

for a total of three adjustable parameters. 
For the second optimization case, four 
geometrical dimensions at both the edge 
and the midsection sketches were allowed 
to change: H4, H9, V10 and V1, for a total 
of eight adjustable parameters. The die 
lip or exit was divided into 10 segments 
across its width, and the ratio between the 
minimum and maximum flow rates 
through these segments was used as a 
measure of flow uniformity. The other out-
put parameter was pressure drop. The 
objective of the optimization was to maxi-
mize the dimensionless flow uniformity 
parameter and to minimize pressure drop.
 Engineers first simulated an existing 
die geometry that was designed using 
Dow’s traditional methods. The predicted 
output parameters agreed well with 
experimental data captured from a real 
die. In the baseline simulation, the ratio 

Figure 3. Baseline vs. optimized geometries: 
(a) baseline, (b) three-parameter optimized 
and (c) eight-parameter optimized

a

b

c
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Improvements will generate large cost savings over the  
life of the die in material waste and power consumption 
while also making it possible to deliver a higher-quality 
product to customers.  

Design Exploration Delivers  
Real Design Understanding
 By Simon Pereira, Product Manager, ANSYS, Inc.

Instead of guessing which combinations of parameters would produce the best design, The Dow Chemical Company created a design of exper-
iments (DOE) with ANSYS DesignXplorer software. This powerful, efficient tool is tightly coupled with the ANSYS Workbench platform, driving 
Workbench in a parametric and persistent way without any scripting required — for any combination of tools or physics that can be laid out in 
a Workbench project schematic. After solving the DOE, DesignXplorer helps the user to explore the design with a variety of informative charts, 
providing real design understanding that leads to innovation. 

Response surfaces are the heart of DesignXplorer, as they provide information on how performance varies as a function of design variables as 
well as the sensitivity of the design to each input parameter. This helps to identify trade-offs required to meet requirements, inputs with the 
greatest effect, or which tolerances can be relaxed. Charts are generated for correlation, determination, trade-off plots and more. Optimization 
algorithms, such as the multi-objective genetic algorithm (MOGA), automate the process of finding optimal design candidates.  

Many engineers are also interested in finding a robust design — a design that is relatively insensitive to manufacturing, material or operating 
variations. Six sigma analyses can determine how these probabilistic variations influence the design performance.

designs have deeper manifold channels 
(V11 in Figure 2) and shorter land lengths 
(H4 in Figure 2) compared to the original 
design. The optimized geometries are able 
to feed the die more uniformly by divert-
ing more of the flow to the extreme ends 
farthest from the symmetry plane. 
 By simulating the flow through film 
extrusion dies, ANSYS Polyflow can pre-
dict the degree of flow uniformity at the 
die lip, and ANSYS DesignXplorer can help 
to optimize the die geometry to improve 
uniformity while minimizing pressure 
drop. Better flow uniformity results in 
improved film thickness uniformity and 
product quality. Both optimized designs 
predict a substantial improvement in per-
formance over the initial design. The 
three-parameter optimization process pro-
duced a design with a min/max flow rate 
ratio of 0.93, and the eight-parameter  
optimization process produced a min/max 

flow rate ratio of 0.94. In both cases, the 
pressure drop was reduced to 30.6 MPa. 
These improvements will generate large 
cost savings over the life of the die in 
material waste and power consumption 
while also making it possible to deliver a 
higher-quality product to customers.  

Reference
Lee, P.C.;  Dietsche, L.;  Dooley, J.;  Metwally, H. 

Improving Flow Uniformity from a Film Die by  

Geometry Modification Using a Three-Dimensional 

Finite Element Optimization Technique.  

Proceedings of SPE-ANTEC Conference, Boston,  

Massachusetts, U.S.A., May 1–5, 2011. 
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GOING GREAT GUNS
Finite element analysis helps to improve design of a maintenance trainer  
for a tracked combat vehicle.

By Jose R. Gonzalez, Lead Senior Mechanical Engineer  
Kratos Defense & Security Solutions Inc., Winter Park, U.S.A.

Simulation@workDEFENSE

Building full-scale mainte-
nance training systems for 
military applications is a 
relatively low-margin busi-
ness. It requires paying 
strict attention to costs to 

meet specifications requirements while 
remaining profitable.
 One of Kratos Defense & Security 
Solutions’ many defense products is a 
hands-on trainer used to teach students 
how to maintain the turret and main 
components of a combat vehicle that 
uses continuous tracks for propulsion. 
The trainer is designed to support up to 
17 students, so it must be validated to 
support their weight with a minimum 
safety factor for noncritical components 
of 2.0. Other companies in this industry 
validate trainer design by building a 
physical prototype; they often have to 
make changes after testing the prototype, 
which adds cost and time to the product 
design and development process.

 Instead, Kratos utilized structural 
mechanics software in the ANSYS 
Workbench environment to simulate the 
initial concept design of the trainer and 
to develop a virtual prototype. Engineers 
found several problems with their initial 
structural design concept; by correcting 
these prior to cutting any metal, they 
minimized physical prototyping. The 
result was that the first trainer the  
company built met all of the customer’s 
safety and functionality design require-
ments, saving approximately several 
hundred thousand dollars in develop-
ment cost and time, compared to the  
traditional engineering design approach. 
 The Technology & Training group at 
Kratos helps military organizations to   
optimize performance by improving train-
ing outcomes while reducing training 
time and costs — empowering a workforce 
that is fully equipped to maintain crit- 
ical systems availability. Kratos’ areas  
of expertise include command, control, 

communications, computing, combat  
systems, intelligence, surveillance and 
reconnaissance (C5ISR), as well as   
unmanned systems, cyber warfare, 
cyber security, information assurance, 
critical infrastructure security and 
weapons systems lifecycle support. 

DESIGNING TRAINING SYSTEMS 
Kratos received a contract to build a 
number of U.S. Army tracked combat 
vehicle full-scale maintenance training 
systems (MTSs). The MTS provides train-
ing in critical field-level repair and main-
tenance tasks at the Army’s Armor School 
Center. Each combat vehicle MTS has 
more than 15,000 components, weighs 
about 24,000 pounds, and is designed to 
carry an additional 3,500 pounds, includ-
ing students and training equipment. 
 In the early stages of the project, 
Kratos engineers created a detailed 3-D 
model concept design of the combat vehi-
cle MTS using Autodesk® Inventor® CAD 
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software. The structure incorporates a 
replica of the combat vehicle turret, 
which is surrounded by a turret stand 
along with a platform that holds the 
class of students and instructor operator 
station. This station includes a computer 
that controls the training systems  
and provides feedback information to 
instructor and class. The traditional 
design process (used at a number of 
Kratos’ competitors) involves building 
a physical prototype and performing 
physical proof-of-concept development 
testing to verify that the structure  
supports the required load with the 
necessary margin-of-safety factor.

BEST PRACTICES
Kratos, however, has implemented an 
optimized design process that utilizes 
structural engineering simulation in 
the initial design process to identify  
problems with the concept design 
before building a physical assembly. 
This method ensures robustness of the 
design despite manufacturing variabil-
ity, reduces the cost of product design 
and development, increases develop-
ment team productivity, and delivers a 
better product in less time.
 Kratos looked at a number of differ-
ent simulation solutions and selected 
ANSYS structural mechanics technology 
for several reasons. The ANSYS port-
folio provides the highest existing level 
of reliable product design and simula-
tion technology, and it continues to 
steadily improve for existing and new 
applications. ANSYS supports an 
extremely broad range of engineering 
applications at a fair price and provides 
excellent technical support to users.
 During the design process, engineers 
followed simulation best practices 
developed by Kratos. The team created 
detailed 3-D model geometry to ensure 
high-fidelity mass and inertial proper-
ties and assigned correct materials and 
physical properties for each component 
during the virtual prototype design  
process. They optimized the design by 
fully constraining the 3-D CAD geome-
try assembly and component models 
with the mating contact surfaces to 
ensure that they remain in full contact. 
Engineers cleaned up the large 3-D CAD 
geometry assembly model that con- 
tained more than 15,000 components 
to eliminate gaps and protruding sur- 
faces between components.

Detailed 3-D model geometry design of maintenance and training system, created  
in Autodesk Inventor

Static structural analysis results on initial design showed excessive deformation  
in several areas.

FEA mesh with over 10 million degrees of freedom

DEFENSE
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 Kratos engineers optimized the 3-D 
models by eliminating small holes and 
threaded surfaces with little effect on the 
overall structure design; this decreased 
the number of nodes, subsequently 
reducing meshing and solution times. 
They also eliminated small fillet radii in 
the 3-D CAD models to avoid the stress 
riser effect when the model is solved. 
Each 3-D CAD model was grounded to 
adjacent components to avoid the poten-
tial for movement of floating compo-
nents, which could create connection 
and meshing errors. When the CAD 
model geometry initial design was com-
plete, Kratos engineers imported it into 
the ANSYS Workbench environment.
 An FEA mesh was successfully gener-
ated using shell and beam modeling  
for the tracked combat vehicle trainer 
structure with more than 1.7 million 
total nodes, 404,000 elements, and over 
10.6 million degrees of freedom. For 
structural analysis settings, the load of 
3,550 pounds was applied in the form of 
18 separate forces. These included 17 
students at 200 pounds each and an 
instructor operator station at 150 pounds. 
Five supports were set with four jack-
screw pads and the rear stairs. A static 
structural analysis was then run on the 
model. The initial analysis results 
showed that a minimum safety factor 
was below the required 2.0 in the cross-
beam side-tube supports and bottom  
45-degree tube supports located in the 
turret stand structural assembly. The min-
imum safety factor was also below 2.0 in 
the base-forward support posts located in 
the turret’s structural assembly. 
 Kratos engineers made a number of 
structural reinforcement design changes 
to address these concerns in the virtual 
prototype 3-D model geometry. They 
inserted two horizontal steel structural 
tubes on the bottom frame front corners. 
They added eight upper-lateral steel 
cross beams and eight lower-lateral  
steel cross beams on each vertical post 
corner. Engineers changed the material 
from aluminum to steel on the turret 
base-forward support posts. They added 
a tactical-base basket-steel material  
component to the turret basket support 
assembly. These changes added 193.27 
pounds to the turret stand structural 
assembly and 68.27 pounds to the turret 
structural assembly. 
 Kratos engineers then reran the 
static structural analysis for the 

Kratos added horizontal steel structural tubes on the bottom-frame front corners (1)  
as well as upper- and lower-lateral steel cross beams on each vertical post corner (2). 

Minimum safety factor for noncritical components in the reinforced design  
was 2.312, above the 2.0 design requirement.

Static structural analysis results of new reinforced design showed a substantial  
reduction in deformation.

1

2
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reinforced structure to evaluate the 
effect of design changes. They applied 
the same loads to the structure and con-
cluded that all critical-area safety factors 
were above 5.0. The final results showed a 
minimum safety factor of 2.312, which 
occurred only in a noncritical component 
located on the turret structure upper sec-
tion. When the combat vehicle simulators 
were physically built and tested, the final 

results matched the virtual prototype sim-
ulation predictions — so no changes were 
required to the final design. Without engi-
neering simulation, the system as  
initially designed and developed would 
have failed testing; it would have required 
revisions at considerable expense and 
additional development time.
 Using ANSYS structural mechanics 
software and Workbench to perform 

simulation helped to substantially 
improve Kratos’ product design proc- 
ess. Engineers optimized and validated 
the product design based on the 3-D 
virtual prototype without having to 
build a physical prototype. In addition 
to reducing the cost involved in prod-
uct design and manufacturing, simula-
tion shortened time to market and 
deployment to the customer’s mili- 
tary bases. The combat vehicle mainte-
nance training systems were developed 
on time and on budget, ready to be 
shipped to the customer by the end  
of the year. The excellent results in  
getting the product design right the 
first time helped to validate the effec-
tiveness of Kratos’ simulation and design 
optimization methodology.
 Partially due to the success of this pro-
gram, Kratos was awarded a contract 
extension to upgrade tracked combat vehi-
cle maintenance simulators for an army 
training center. The company has also 
received industry recognition for its efforts, 
most recently by being named top simu-
lator and training company for 2011 by 
Military Training Technology magazine.  

Engineers optimized and validated design of a maintenance training system for a tracked 
combat vehicle without building a physical prototype.

DEFENSE

The TOSCA optimization suite provides solutions for high-quality designs of components and systems. It 
comes with interfaces to ANSYS Mechanical and ANSYS Fluent which allow for seamless integration into 
existing simulation environments.
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MODEL COMPANY
An award-winning consulting firm uses simulation to help  
small companies — and itself — grow.

Exventys is a small consulting 
company with a mission to 
bring simulation technology 
to small and medium-sized 
companies that are not famil-
iar with simulation or do not 

have the capabilities to use it on their own. 
The consultancy applies unique thought 
processes to the insight gained from simu-
lation to come up with innovative product 
solutions. ANSYS Advantage interviewed 
Samir Osmani, technical manager of 
Exventys, based in Saint Quentin, France.

HOW DOES EXVENTYS HELP 
CUSTOMERS REACH PRODUCT  
DEVELOPMENT GOALS?
The typical Exventys customer has 10 to 
100 employees; though they have exten-
sive expertise in designing their own 
products, they do not have internal capa-
bilities to perform simulation. These com-
panies are often short on funding, or, if 
they are well funded, they are unwilling 
to make the investment required for an 
internal simulation program. As a result, 
we have pioneered an unusual risk-shar-
ing method of compensation. Instead of 
charging for the time we spend on the 
project, we charge the customer for the 
benefits they receive. For example, if the 
project goal is to develop a new product, 
Exventys is paid a percentage of the sales 
of the final product for one to three years.

WHEN YOU FIRST TALK TO 
CUSTOMERS, WHAT METHODS 
ARE THEY USING TO DESIGN 
THEIR PRODUCTS?
Our customers have often been working 
for decades in one specific product niche. 
When they bring a new product to mar-
ket, they focus on what has worked well 
in the past — suggestions from customers 
and employees as well as ideas based on 

competitors’ products, for example. 
These companies typically build a proto-
type and then come up with some ideas  
to tweak its performance. In most cases, 
customers do not develop completely 
new approaches to the problem. Once 
these companies have established their 
basic conceptual design, they do not 
explore all of the possible alternative 
detailed approaches to find the one that’s 
the best. When working with physical 
prototypes, it is far too expensive to try 
off-the-wall approaches or to truly opti-
mize the design.

ARE YOU ABLE TO HELP  
THESE COMPANIES IMPROVE  
PRODUCTS EVEN IF YOU ARE 
NOT EXPERTS IN THEIR FIELD?
Exventys has an approach that enables 
customers to evaluate a much broader 
range of design alternatives than would 
be possible without simulation. We usu-
ally start by modeling the existing design. 
Then we perform a simulation and 

compare the results to physical testing of 
the product to be sure we have not over-
looked something basic. Then we begin to 
examine different approaches. We ask our 
customers for ideas they could never 
afford to prototype, whether because of 
time or money. I provide ideas based on 
my 20 years of engineering experience, 
primarily working with rubber and plas-
tics. Using simulation, we evaluate these 
ideas quickly and inexpensively. Most 
ideas don’t turn out to be winners, but by 
evaluating many ideas, we almost always 
make a substantial improvement on the 
original design. We show our customers 
the value of using simulation systemati-
cally, especially early in the design stage.

CAN YOU PROVIDE  
AN EXAMPLE?
We worked with a customer who builds 
machines that use an Archimedes screw 
to move grapes during processing. This 
device consists of a screw inside a hollow 
pipe; when the screw is turned, it trans-
fers materials up the screw and out the 
top end of the pipe. The Archimedes 
screw is used in a wide range of processes 
to move liquids and solids. The customer 
was happy with the performance of the 
existing screw but wanted to reduce  
costs related to its steel construction. The 
complex geometry made it very expen-
sive to machine. 
 It was obvious that the screw could be 
made for a considerably lower cost if 
molded from an elastomeric polymer, but 
this would require ensuring that the poly-
mer screw held up just as well as the steel 
screw. I saw an opportunity to not only 
improve the customer’s product but to 
make an Archimedes screw that offered 
an advantage in many different applica-
tions. The idea was to divide the screw 
into flights, each consisting of a single 

Samir Osmani, Technical Manager, Exventys

By ANSYS Advantage Staff

BEST PRACTICES
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Solving a Problem with  
a Rubber Extrusion Die
Utilizing simulation to solve customer problems, Exventys worked with a manufacturer that 
had been trying for a year, without success, to extrude a rubber part at the appropriate extru-
sion speed. Exventys simulated the die using ANSYS Polyflow computational fluid dynamic 
software. The simulation showed that the pressure drop in the die was too high; it indicated 
that the 500 mm length of the die was the root cause. After numerically evaluating a number 
of different designs, the engineering team concluded that a new 50-mm-long die design would 
solve the problem. The use of ANSYS Polyflow allowed what-if scenarios to be studied using 
simulation, so cutting physical dies for each design was not required. The new die exceeded 
the customer’s performance targets by 50 percent, and the rubber part is now in production.

HOW DID YOU DESIGN THE 
FLIGHT USING SIMULATION?
I performed static analysis on many  
different geometric iterations. I tried 
several plastic materials using the 
design exploration capabilities of 
Workbench until I found a combination 
that delivered the right performance 
while providing the physical properties 
needed to survive this application. 
During the analysis process, I looked 
closely at stresses in the plastic screw 
to make sure there was no local dam- 
age to the material. I also examined  
the connection between the shaft and  
each flight. After I was satisfied with 
the design’s mechanical performance, I 
performed modal analysis to ensure 
that the selected design did not have  
a resonant frequency that would be 
excited during operation.

helical revolution. This would make it 
possible to mold the flights in volume to 
reduce cost. The flights could be com-
bined to make Archimedes screws in any 
length needed by a user. A key advantage 
is that if the product becomes worn or 
damaged, the user can repair it simply by 
changing a flight. But this idea consider-
ably increased the product’s mechanical 
requirements, particularly for diameters 
from 1 inch to 6 inches, which are the 
most popular. The challenge was to make 
a plastic screw with the same efficiency as 
the steel screw while ensuring that the 
plastic screw was within acceptable stress 
and deformation limits. This is where 
simulation came in.

WHY DID YOU SELECT  
ANSYS MECHANICAL  
FOR THE SCREW PROJECT?
I have tried many finite element software 
programs over the course of my career. I 
find that ANSYS Mechanical software is 
the easiest to use and provides the best 
correlation with the real world. I also like 
the fact that ANSYS offers a wide range  
of simulation tools within the ANSYS 
Workbench environment that cover 
thermal, fluid flow, electromagnetics 
and other types of simulations. 
 

Archimedes screw

FEA model of original steel screw  
used to validate simulation process

The Exventys screw design won an Innovation  
Award from the French Rubber Manufacturer’s  
Association and the French Association of Rubber 
and Polymer Engineers.

BEST PRACTICES
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WHAT ARE THE ADVANTAGES OF 
THE NEW ARCHIMEDES SCREW?
The cost of the device is lower because the 
screws are less expensive to build. The 
flights can be produced in volume and 
assembled by the end user to make the 
finished screw quickly and easily. Delivery 
time is much faster: Currently, customers 
who order Archimedes screws have to wait 
a month for a custom screw to be pro-
duced to their specifications. But now we 
can send them standard off-the-shelf 
flights that they assemble in 30 minutes. 
The plastic flights provide superior resis-
tance to corrosion, abrasion, acids and 
bases. The flights have less friction, which 
reduces the amount of energy needed to 
drive the screw and eliminates the need 
for intermediate bearings in many con- 
figurations. The plastic flights generate 
much less noise than steel screws, which 
helps to improve working conditions. The 
new product won an Innovation Award  
in Rubber and Plastic from the French 
Rubber Manufacturer’s Association and 
the French Association of Rubber and 
Polymer Engineers (AFICEP).

WHAT’S THE NEXT STEP FOR 
THIS INNOVATIVE PRODUCT?
We obtained full rights to market the 
Archimedes screw from our customer. We 
are currently working with CDMO tooling 
and EMT Rubber, companies that provide 
invaluable support to Exventys, to create 
tooling needed to build their standard 
modules. We have patents pending in the 
United States and Europe. We are looking 
for partnerships to produce and market 
the product globally. We already have 
several customers up and running with 
the product. Our goal is to become the 
world leader in the business of moving 
bulk materials via polymers — in an  
area that was once reserved for steel. In 
the current economy, we can’t just sim-
ply do our best, we need do more with 
less — what ANSYS calls amplifying engi-
neering. This is what engineering simu-
lation is helping us to achieve.  

CAD model of final Archimedes screw design

Exventys received a rubber industry innova-
tion award for its Archimedes screw design.

Simulation results show stresses  
on a polymer flight. 

Modal analysis results for polymer flight
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PUNCHING OUT  
A BETTER TABLET
Analysis helps to prevent dietary supplements from being too big to swallow.

Since the establishment of the 
Japanese brewing industry, 
the Asahi name has been asso-
ciated with delivering innova-
tive beverage products to the 
ever-expanding tastes of its 

customers both at home and internation-
ally. Among the company’s products, its 
pre-eminent brand, ASAHI SUPER DRY, 
recently won the Champion Beer Award 
(top prize, keg lager division) at the 2011 
Brewing Industry International Awards 
held in London, known as the world’s  
oldest international beer competition.

LEVERAGING TECHNOLOGY 
To maintain customer satisfaction and  
to develop a basis for further growth,  
the group is making larger investments 
into food science. Asahi’s research organ-
ization has gained a highly regarded  
technical background from developing 
fermentation technologies for specialty 
beer production, and now the company is 
leveraging that position in the develop-
ment of dietary supplement products. In 
this industry, researchers need to con-
sider a number of factors, including the 
product’s safety, effectiveness of the active 
ingredient and manufacturing efficiency. 
Beyond those factors, though, is the prod-
uct’s usability: Because dietary supple-
ments are usually consumed in tablet 
form, they must be easy to swallow. 
 Compared to pharmaceutical tablets — 
whose volume often contains only a tiny 
fraction of active ingredients, so they 
can be smaller in size — food dietary 
supplements are made of edible constit-
uents and tend to be bigger, which can 
make them more difficult to swallow.  
To receive the full benefit of the supple-
ment, an adult must take several of 
these tablets per day. Customers simply 
will not use larger tablets on a regular 

basis if the tablets get stuck during 
swallowing, or if they cause excessive 
throat strain or irritation.
 A supplement tablet’s shape is mostly 
determined by diameter, thickness and 
radius of curvature. Evaluation ratings 
from human test subjects indicate that, 
in general, the smaller the radius of 
curvature — that is, the more round a 
tablet becomes — the easier it is to swal-
low. However, a smaller radius of curva-
ture also means that the hardness of 
the tablet (based on a measurement of 
how much pressure will cause it to 
crack) will be decreased, and that tablet 
punching equipment will deteriorate 
more quickly. The punch machine oper-
ates by compressing powder material in 
a special die under an extremely high 
mechanical pressure load. Repetitive 
high stress levels on the equipment 
sometimes cause mechanical failure in 
any situation. Additionally, reducing the 
radius of curvature to obtain a tablet that 
is easier to swallow requires the punch- 
head shape to be sharper at the edges. 
This reduces punch-head durability. 
     
USING SIMULATION 
When developing a new supplement 
product, Asahi staff needed to answer the 
question of how all of these characteris-
tics — ease of swallowing, tablet hardness 
and machine durability — can coexist in 
reasonable balance. At its Research 
Laboratories for Fundamental Tech- 
nology of Food, one scientist incorporated 
ANSYS structural simulation software to 
further that goal. Previously, Asahi had 
conducted repetitive experiments to 
make such evaluations, though research-
ers realized the limitations of this 
approach in quantifying all of the com-
plexities. In Asahi’s view, engineering 
simulation represented a powerful 

solution, and the organization selected 
ANSYS Mechanical software to be a part 
of its computational toolbox.
 The most challenging part of the struc-
tural analysis was how to specify the 
Young’s modulus of the tablet. The Asahi 
researcher understood that the reaction 
force over the area of the punch head 
should be equal to the tablet’s Young’s 
modulus. ANSYS Mechanical simulation 
of the punch’s strength allowed a calcu-
lation of this reaction force. Initial 

By Hideaki Sato, Assistant Section Manager, Research Laboratories  
for Fundamental Technology of Food, Asahi Group Holdings, Ltd., Moriya, Japan

The process of tablet formation begins 
when powdered raw material is fed 
into the punch hole from below. The 
punch presses down into the hole and 
compacts powder into the cavity, under 
pressure, to harden it into a tablet.  
After depressurization, the punch head 
lifts up, and the device ejects the tablet.
 

Pharmaceutical and food industries define 
tablet hardness as the load from one  
direction that is required to break a tablet.  

FOOD & BEVERAGE
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PUNCHING OUT  
A BETTER TABLET
Analysis helps to prevent dietary supplements from being too big to swallow.

communicate study achievements, not 
only within the research laboratories 
but across the larger umbrella of the 
Asahi Group and beyond.
 The final results showed a good associ-
ation between simulation predictions and 
experimental data related to a tablet’s 
hardness, which has given Asahi confi-
dence in the process for future tablet 
design. Experimentally characterizing  
the hardness of each and every tablet 
shape would have been impractical, as 
that would have required evaluating an  
extremely large number of variations.  
At a cost of approximately $400 (¥30,000) 
for each mortar and punch set, simulation 
could save the company hundreds of 
thousands of dollars (tens of millions  
of yen) in material costs alone.
 The Asahi Group is encouraged that 
cutting-edge simulation from ANSYS 
enables visualization of more and more 
phenomena that once were a complete 
mystery to its product designers. 
Representing the relationship between 
the reaction force on the punch and the 
tablet’s hardness as an approximated 
curve was a breakthrough; it allowed 
Asahi to conclude that the curve is an 
accurate representation of the properties 
of a powder material. Computer-aided 
engineering (CAE) is not the company’s 
focus, but through cooperation with  
simulation providers at ANSYS, and with 
support from specialists at Cybernet 
Systems, Asahi now believes in the high 
potential of CAE. Organizations with 
sharp insight into the needs of their cus-
tomers see much value in using the full 
pantheon of CAE technology to make  
new discoveries, allowing them to carry  
forward the promise of their products, 
which Asahi has seen as an indispens-
able benefit.  

assumptions of a uniform Young’s modu-
lus throughout the tablet, however, were 
not valid, as evidenced by a wide gap 
between experimental values and simu-
lation results. Asahi then determined 
that the best way forward was to divide 
the punch head and tablet structures 
into sections and compute the reaction 
force on the punch head at each section. 
In this way, the researcher derived the  
reaction force for each punch section 
and, therefore, a realistic variable 
Young’s modulus for the corresponding 
tablet sections. 
 After a series of simulations to deter-
mine the optimal number of tablet and 
punch-head sections, the researcher con-
cluded that dividing the tablet and punch 
head into four sections gave predictions 
that were most consistent with experi-
mental values. To characterize the load 
capacity of the punch required a non- 
linear analysis, as the load on the punch 
and the resulting stress inside it did not 
display a proportional relationship. Obser- 
vations of the punch head slipping over 
the tablet during powder compression  
led the researcher to define boundary 
conditions to account for frictionless slid-
ing. Asahi finally determined the load 
capacity by repeatedly computing the 
stress inside the punch until it reached 
an allowable stress value.

STREAMLINING THE PROCESS 
With this background, Asahi’s researcher 
had established a process through 
which the company could analyze the 
strength of a particular tablet shape by 
first calculating the reaction force on 
the punch head and then determining 
the tablet’s variable Young’s modulus. 
However, in seeking to evaluate many 
such tablet shapes, Asahi turned to  
Cybernet Systems, the ANSYS channel 
partner in Japan, to build a simulation 
solution using ANSYS Mechanical APDL 
that would automate the process by 
simply defining the size of a tablet.   
 Streamlining computational tasks in 
this way enabled the researcher to con-
centrate efforts on studying the results 
from the overall analysis. For example, 
he discovered that tablet hardness was 
not evenly distributed. This character-
ization could not be visually determined, 
but the ANSYS post-processing fea- 
tures represented the stress distribu-
tions in  a contour plot. These graphical  
displays provided a powerful method to 

Structural model of representative tablet 
shape with a constant Young’s modulus 
(top); tablet that has been divided into 
four sections (bottom), in which the  
variable Young’s modulus is transcribed  
for each section by computed reaction force 
on the punch head. Both models employ 
symmetry to speed up calculations.

Contour plots showing maximum principal 
stress on tablet when load is imposed at 
lower right edge (blue and green colors): 
model with one section (top), two sections 
(center) and four sections (bottom)

A 2-D axisymmetric model shows 
contours of equivalent stress on punch 
head during contact with tablet. The 
red area at lower edge corresponds well 
with experimental results indicating the 
location where the punch head is most 
likely to break down. 
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POWERING THE SYSTEM
Complex vehicle systems modeling benefits from cosimulation  
with high-fidelity tools.

Internal combustion engines and  
powertrains, as well as the vehicles 
to which they are mated, are some 
of the most highly simulated and 
analyzed systems in the engineer-
ing community. Because of the  

frequency of new product introductions,  
market demands and rapidly evolving  
legislative requirements, OEMs and their 
suppliers increasingly turn to simulation 
to decrease cost and reduce development 
time when compared to prototyping and 
testing. It is no surprise that system-level 
simulation is now a key component in the 
engineer’s toolbox. This is especially rele-
vant in the transportation industry, in 
which simulation of the entire system is 
imperative to capture the complex, inter-
acting dependencies within and between a 
vehicle’s various subsystems. 

MULTISCALE  SIMULATION 
Systems-level simulation can involve 
lower-fidelity modeling assumptions and 
techniques that enable simulation of 
large systems over potentially long time 

scales (seconds, minutes or hours of sim-
ulation time). Some CAE tools used in 
engine-cycle simulation solve the Navier–
Stokes equations to compute pressure, 
temperature and mass flow distributions 
in intake and exhaust systems of the 
models, but these calculations are simpli-
fied to one dimension. This captures the 
primary plane wave dynamics that domi-
nate engine performance. In many cases, 
the one-dimensional assumption is suffi-
cient to meet the analyst’s accuracy 
requirement. Sometimes, however, the 
analyst is interested in obtaining a com-
plete systems-level solution at a low com-
putational cost, but he requires a higher 
fidelity level of analysis for a particular 
component to capture phenomena within 
that component that cannot be captured 
in a purely 1-D analysis. For example, to 
predict exhaust gas recirculation distri-
bution in an intake manifold due to 
three-dimensional mixing and turbu-
lence, analysts use a combined 1-D/3-D 
simulation to capture such effects within 
a full systems-level simulation. Another 

common example is determining the flow 
and temperature distributions at the 
front face of a catalytic or exhaust after-
treatment device as part of a complete 
systems simulation. In such cases, apply-
ing cosimulation using a 1-D systems-level 
simulation tool (such as GT-SUITE, 
Gamma Technologies’ engine/vehicle-
specific CAE application) with a 3-D simu-
lation tool (like ANSYS Fluent) for the 
component is an ideal solution. This 
method provides just the right amount of 
model fidelity to the specific parts of the 
complete system that require it, while 
allowing the rest of the system to be mod-
eled at lower fidelity and, thus, at much 
more reasonable computational turn-
around times.  

SYSTEMS AND SUBSYSTEMS
Within the transportation industry, 
GT-SUITE is accepted as the standard 
modeling tool for engine/powertrain/
vehicle (EPV) simulation. The software is 
a systems-level, multidisciplinary, multi-
physics simulation tool applicable to 

Departments

By John Silvestri, Principal Engineer, Gamma Technologies, Westmont, U.S.A.
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modeling nearly every subsystem of  
the vehicle. Anchored by the industry-
standard GT-POWER engine modeling 
library, GT-SUITE enables comprehensive, 
systems-level simulation of performance 
for a wide variety  of  automotive sys- 
tems, including control of each system.  
GT-SUITE’s modular structure enables an 
engineer to model any of these systems 
for study, either in isolation or incorpo-
rated into a single integrated simulation 
model in which all of the interdepen- 
dencies may be observed.
 A systems simulation model of the  
complete air/combustion/exhaust sys-
tem of an internal combustion engine is 
often used for basic engine performance 
analysis. Typical outputs include macro 
or average quantities (such as torque 
and volumetric efficiency), instanta-
neous quantities (such as cylinder pres-
sure and combustion heat release), and 
exhaust system noise levels and fre-
quency content, turbocharger operating 
characteristics, and tailpipe emissions, 
to name just a few.
 Moving beyond a single-system simula-
tion, GT-SUITE can be used as a platform 
for multiphysics-based simulations of 
more complete, integrated systems. An 
example is a complete engine model 
along with cooling circuit and underhood 
cooling pack, lubrication system, vehicle 
model with a virtual driver following 
some prescribed driving cycle, and model 

GT-POWER engine model of turbocharged four-cylinder engine

GT-SUITE’s integrated system model of complete engine, vehicle, cooling and lube  
systems as well as the engine control unit. The engine subassembly generates the  
propulsive force transmitted through a transmission to the vehicle. It also computes  
and automatically provides thermal loads to the engine block head subassembly, which 
represents the metal structure of the engine (block, head, pistons, valves, etc.). The  
heat is taken away from the structure by the vehicle coolant and lube oil subassemblies, 
which represent the lubrication system, coolant passages, thermostat, pump and other 
elements. Finally, heat is rejected from the coolant via the underhood subassembly, which 
represents the radiator and other heat exchanger packs (condenser, charge cooler, exhaust 
gas recirculation cooler, etc.) that may exist in the system.

POWERING THE SYSTEM
Complex vehicle systems modeling benefits from cosimulation  
with high-fidelity tools.

Typical outputs from a GT-POWER engine 
model include measured and predicted 
engine torque (top) as well as measured 
and predicted burn rate (bottom).



48        ANSYS ADVANTAGE  Volume VI  |  Issue 1  |  2012 

of the engine control unit (ECU) that con-
trols the various processes. In this model, 
each subassembly represents an entire 
GT-SUITE submodel; it might include hun-
dreds of modeling elements within it. For 
instance, the engine sub-assembly can 
contain a full GT-POWER engine model as 
described above. 
 From such a simulation, an engineer 
can derive a vast amount of information 

from the various subsystems, including 
time history of all fluid temperatures, 
vehicle speed, fuel economy, engine oper-
ating condition, coolant heat rejection, 
and metal temperatures. Given that all 
the subsystems are simulated in an inte-
grated simulation, the impact of the state 
of one subsystem is immediately trans-
mitted to any system that is directly or 
indirectly connected to it. 

COSIMULATION
While pure system simulations can 
answer a large percentage of questions 
regarding performance and underlying 
physical fundamentals of the system 
being studied, there are times when 
high-fidelity 3-D tools can greatly aug-
ment the analysis. In such cases, 
cosimulation using GT-SUITE and an 
analysis tool like Fluent can be invalu-
able in addressing complex questions 
that the 1-D system simulation alone 
cannot answer.
 This was the case in a study by Robert 
Bosch GmbH. The company wanted to 
determine the full three-dimensional 
flow and thermodynamic state details 
inside a lambda sensor (which deter-
mines air–fuel ratio for a combustion 
engine) located directly in the engine’s 
exhaust stream. Engineers coupled a full 
GT-POWER engine model to a 3-D Fluent 
model of the lambda sensor in a cosimu-
lation environment, with each code 
advancing one time step at a time and 
dynamically exchanging boundary con-
ditions every time step of the fully tran-
sient simulation. 
 The cosimulation produced the criti-
cal outputs — in this case, temperature 
and oxygen concentration distribu- 
tions within the sensor — required for 
optimizing the design of the sensor. 
According to Marc Brueck, the principal 
investigator for Bosch on this project, 

“Coupling GT-POWER and Fluent enabled 
us to account for realistic transient 
engine boundary conditions. This was 
imperative for computing a realistic  
virtual sensor signal.”  

Lambda sensor

By coupling ANSYS Fluent and a full GT-POWER engine model, engineers  
at Robert Bosch gained insight to optimize a lambda sensor.

GT-POWER engine model including coupled Fluent CFD component for cosimulation
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POWER-EFFICIENT  
SEMICONDUCTOR DESIGN
Power budgeting solutions that manage full-chip power consumption  
and integrity are required to develop modern electronic devices,  
cars and data centers with high-fidelity tools.

ANALYSIS TOOLS

If you read the latest consumer elec-
tronics reviews, you’ll readily see 
how these modern devices are 
entrenched in our society, and why 
power is at the forefront of semi-
conductor designs. From smart-

phone to tablet to laptop to GPS device to 
MP3 player, the incredible capabilities of 
these devices drive consumer demand 
that, in turn, drives low-power integrated 
circuit (IC) designs. 
 However, it isn’t just hand-held devices 
that are directing the power efficiency of 
IC design and manufacturing. Cars today 
have dozens of microprocessors, and the 
increasing power consumption of onboard 

automotive electronics is forcing manu-
facturers to consider 48-volt systems. 
Likewise, today’s data centers have an 
insatiable demand for power. Massive 
telecommunications connections and 
storage systems with redundant backup 
power supplies, environmental controls 
and security devices also require a tre-
mendous amount of power.
 Power-efficient design is not limited to 
lowering power. The phenomenal growth 
in device integration and advanced low-
power design increases the complexity of 
ensuring power and thermal integrity of a 
system-on-chip (SoC). Low-power design 
techniques such as clock-gating and 

power-gating result in large power gradi-
ents — surges that can cause the power 
delivery network (PDN) to fail. PDN integ-
rity on a chip, on the board and in the sys-
tem must be preserved under a multitude 
of complex functional scenarios. 
 As power-efficient designs drive the 
competitiveness of electronic products, 
the semiconductor industry is re-evalu-
ating its tools and methodologies to 
meet stringent power requirements. An 
emerging power-budgeting flow takes a 
holistic approach to early management 
of power consumption and power integ-
rity that spans the entire chip design 
process, from early prototyping to final 

Today’s electronics  
require power efficiency.

By Preeti Gupta, Director, RTL Product Management  
and William Ruby, Senior Director Product Engineering, Apache Design, Inc.
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system sign-off. This change in method-
ology is critical to ensure that end- 
products meet their power specifications 
(or budgeting limits), performance, cost 
and reliability targets.

ENABLING PREDICTABLE 
POWER BUDGETING: RTL 
POWER MODEL 
Leading the way with innovative power 
management solutions for IC designs, 
ANSYS subsidiary Apache Design recently 
launched PowerArtist RTL Power Model 
(RPM) technology designed to optimize a 
wide range of power-sensitive electronics 
applications. RPM accurately predicts a 
chip’s power behavior very early in the 
design process at the register-transfer-
language (RTL) level with consideration 
for its physical implementation. RPM 
bridges the gap between the RTL and 
physical design stages. This allows much 
earlier chip planning, PDN and IC pack-
age design decisions that facilitate pre-
dictable power-budgeting, cost reduction 
and faster time to market for advanced 
semiconductor applications. 
 Because of extensive ultra-low power 
requirements and shortened design 
cycles, early and accurate predictions are 
critical to design engineers understand-
ing the IC’s power consumption profile as 
a function of various operating modes, 
including stand-by, web browsing and 
video streaming, for example. Such 
understanding directs a designer’s power 
reduction efforts, which include making 
architectural trade-offs and identifying 
power bugs (wasted power conditions 
that are otherwise functionally correct). 
Early power estimates also enable early 
PDN prototyping, which minimizes over- 
or under-designing a chip. 

HOW RPM TECHNOLOGY WORKS
RPM is enabled by, and works in combina-
tion with, Apache’s portfolio of products 
including PowerArtist, RedHawk, Chip 
Power Model (CPM) and Sentinel to pro-
vide a seamless RTL to physical power 
methodology for ultra-low power chip 
design. Utilizing RTL power analysis, 
PowerArtist generates an RPM for 
RedHawk, which then identifies areas on 
the chip with high dynamic voltage drop 

— well before a chip design layout is avail-
able. RedHawk can also create an early 
CPM representing the full-chip PDN and 
current profiles in a compact model, 
enabling early chip–package codesign.

Apache ultra-low power methodology 

Package resonance frequency analysis: tight correlation between RPM vs. layout

RTL-to-physical power integrity flow using RPM and CPM

ANALYSIS TOOLS
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 RPM utilizes information available  
during the RTL design stage to generate 
data for early power and PDN proto- 
typing. RPM’s key technologies include 
PowerArtist Calibrator and Estimator 
(PACE) and Fast-Frame Selector. PACE  
statistically models physical design  
parameters to ensure that RTL power  
estimates are within 15 percent of the 
implemented design’s power consump-
tion. This enables engineers to confi-
dently make timely power-related design 
decisions, such as the on-chip power grid. 
Using RPM early in the design flow 
enables CPM generation, which, in turn, 
allows package and board designers  

to perform early chip–package–system  
codesign to explore system-level implica-
tions of power and to make informed  
package trade-offs. Fast-Frame Selector  
technology selects a set of the most 
power-critical cycles to use throughout 
the design flow, from early design plan-
ning to final chip sign-off. It can accur-
ately identify a few cycles representing 
key power characteristics from millions 
of RTL simulation vectors within hours, 
improving productivity and ensuring 
power sign-off integrity.

MANAGING POWER INTEGRITY 
FOR LOW-POWER DESIGNS
A comprehensive power budgeting solu-
tion addresses power analysis and reduc-
tion at a high level. It aids in ensuring 
PDN integrity across power-critical 
switching scenarios. It helps avoid an 
underdesigned PDN that can result in 
power-integrity–related chip failures 
caused by voltage drop, electromigration, 
and on- and off-chip reliability issues. It 
also helps to control overdesign and to 
manage chip and package costs.
 A PDN designed by utilizing power- 
budgeting flow and RPM early on accounts 
for a design’s worst current demands 
across increasing operating modes. It 
eliminates the inadequacy of gate-level 
simulations that are available too late in 
the design flow and offer limited coverage. 
For example, when a clock driving a 
power-hungry block turns on, there is a 
sudden surge of current that can couple 
with the package inductance; this, in turn, 

can cause a significant voltage drop on 
the chip and, consequently, a timing fail-
ure. The RPM methodology helps to iden-
tify such scenarios early and guard 
against voltage-induced silicon failures. 

SMALLER, FASTER, CHEAPER
Most consumers really don’t care about 
the technology behind the latest cool 
device, they just want it to work well — 
when they want it and how they want  
it — at an affordable price. A smart-
phone that burns your hand, a tablet 
that must be constantly charged or 
hearing aids that transmit interference 
just won’t be tolerated. These are the 
critical challenges that IC designers 
need to solve for today’s low-power 
market and for the future.
 By enabling early power analysis, 
power reduction and power integrity, 
Apache’s power-budgeting methodol-
ogy helps engineers design more power- 
efficient products that are predictable 
and reliable. This allows companies  
to be more competitive in a demanding 
low-power market.  

Lowering power adds additional PDN 
integrity challenges. A surge in current 
causes voltage-induced timing failure. 

By enabling early power analysis, Apache’s  
power-budgeting methodology helps engineers  
design more power-efficient products that are  
predictable and reliable.
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TURNING OPTIMIZATION 
ON ITS HEAD
The adjoint solver in ANSYS Fluent delivers design insight to intelligently  
develop reliable, high-performance products.

By using the discrete adjoint 
solver introduced in ANSYS 
Fluent 14.0 software, you 
can radically improve the 
normal process of opti- 
mizing complex designs. 

Traditionally, solving a CFD problem  
requires inputting some geometry along 
with a range of boundary and continuum 
conditions, running the calculation, and 
interrogating the resulting data for a few 
critical quantities such as drag, lift or 
pressure drop. Small changes can then be 
made to these inputs to see how they 
affect product performance and whether 
there is an associated improvement in  
the design objective. The adjoint method 
turns this process upside down and allows 
you to ask, “What changes to my inputs 
would be required to optimize my prod-
uct’s performance in terms of pressure 
drop or body force on a component, for 
example?” Using the adjoint solver, you 
start from the initial CFD solution data 
and directly perform a sensitivity analysis 
of output functions with respect to any 
number of input parameters (including 
the shape of the design). The adjoint 
equations are very much like the familiar 
Navier–Stokes equations; they form a lin-
ear system of equations that is complex to 
solve and requires computational expense 
similar to a CFD simulation.
 To develop better products and proc- 
esses, engineers have traditionally used 
tools such as CFD in an iterative manual-
design procedure, in which simulation 
results are evaluated, changes are made 
based on experience, and modified 
designs are re-evaluated. With the recent 
rapid growth in computational power and 
accessibility, this process has become 

increasingly automated, so the use of 
optimization has become wide-spread. 
Optimization techniques include simple 
gradient methods, evolutionary algorithms 
and reduced-order models. Although 
these methods are very powerful, they 
often require many hundreds of evalua-
tions of an objective function (the output 
variable that needs to be changed to 
improve the design). You need many  
hundreds of complete CFD simulations, 
one for every design change. Of course, 
increasing the number of design parame-
ters dramatically increases the number of 
CFD simulations required to find the  
optimal design. With adjoint methods,  

however, the cost of a sensitivity compu-
tation is independent of the number of 
design variables. 
 You can achieve significant product 
design improvements with the Fluent 
adjoint solver (AS) at the computational 
cost of a handful of CFD flow simulations. 
Adjoint methods provide cost-effective 
optimization for highly complex models 
when compared with traditional optimi-
zation methods. Traditional methods are 
impractical for complex models because 
of the computational expense caused by 
the tens or hundreds of flow simulations 
required. Unlike other optimization meth-
ods in which you must define the modes 

By Andy Wade, Senior Technical Services Engineer, ANSYS, Inc.
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of deformation beforehand, the AS allows 
complete flexibility for morphing. This 
offers the potential to drive innovation by 
taking designs in nonintuitive directions 
to reach a truly optimal design.
 Prior to calculating the adjoint solution, 
a flow problem must be solved or loaded 
into the solver. The adjoint solver add- 
on module is activated by typing the  
following command into the Fluent  
console: /define/models/addon-module 6.
 This command enables new options in 
the Fluent graphical user interface for  
setting up an AS calculation. Currently, 
the adjoint solver allows you to calculate 
sensitivities to pressure drop across inlets 
and outlets to the flow domain, or forces  
in a given direction on a set of provided 
boundaries. Example adjoint observables 
include decreasing pressure drop across a 
duct or network of ducts, or reducing the 
drag force on a vehicle.  

 The AS provides you with a final adjoint 
dataset that is rich in information. You 
can glean interesting properties of the 
flow from the adjoint solution, leading to 
design insight such as shape sensitivity 
vectors that show the direction in which 
the geometry should be modified to 
improve the adjoint observable. 
 The user can make design changes 
inside ANSYS Fluent based on adjoint 
shape sensitivity data. A mesh morphing 
algorithm is used to deform the geometry 

Rear cabin automobile HVAC duct 
morphed to decrease pressure drop.  
The resulting morphed geometry  
had a reduced pressure drop of about 
33 percent compared to the baseline 
design. Courtesy Volvo Cars.

Original Duct
ΔP=109.63 Pa

Morphed Duct
ΔP=72.8 Pa

Adjoint observable panel

 Once an adjoint observable has been 
set up, you have options similar to those 
found in the flow solver to set up and plot 
residual monitors, set solution controls 
such as Courant number and under-
relaxation factors, initialize the solution, 
and select the number of iterations. As 
the adjoint solution progresses, the user 
receives feedback on the calculation via 
plots of adjoint residuals. 

Adjoint shape sensitivity vectors for downforce on racing car rear wing. Arrows indicate 
increased camber in the rear wing, which would indeed generate more downforce.

according to the shape sensitivity field to 
improve the design. 
 In a recent case study, the AS was run 
on an HVAC duct geometry supplied by 
Volvo Cars to optimize for pressure drop. 
The geometry was subsequently morphed 
based on the adjoint data field. The 
resulting morphed geometry showed a 
reduced pressure drop of about 33 per-
cent compared to the baseline design.  
Much of the reduction in pressure drop 
was due to an expansion around the 
duct’s y-junction area, a result not alto-
gether unexpected. The adjoint solver 
optimization allows engineers to not only 
automatically determine the most critical 
region to modify, but it provides a way to 
directly achieve the most optimal shape. 
Such an approach can avoid many trial-
and-error simulations with different 
y-junction geometries. As with any engi-
neering optimization, engineers have to 
weigh the results against other design, 
manufacturing and cost requirements. 
The AS has the fidelity to identify not-so-
obvious changes, which means you can 
extract the maximum performance from 
a design without dramatic design altera-
tions, and the final design will be more 
robust, as it is less sensitive to further 
changes to the geometry.
 Using the adjoint solver provides  
you with guidance on how best to modify 
a design to achieve an improvement in 
performance and robustness. It also pro-
vides a rapid quantitative estimate of the 
improvement that can be expected for an 
extensive range of design-change scen-
arios. Adjoint technology gives you the  
ability to gain far more insight using  
a single simulation than previously  
possible. In ANSYS 14.0, you can use the 
adjoint solver to optimize forces on  
surfaces or pressure drop as a function of 
the system geometry.  

TURNING OPTIMIZATION 
ON ITS HEAD
The adjoint solver in ANSYS Fluent delivers design insight to intelligently  
develop reliable, high-performance products.
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