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TKEDITORIAL

reduced from over four years to two and a half. Yet the indus-
try is driving to push this below two years, despite the dra-
matic increase in product complexity. And it’s not just the auto 
industry. The trend holds for almost every industry — high-
tech, aerospace, industrial equipment, consumer products — 
you name it. Simply applying simulation to verify design and 
reduce physical testing is not sufficient; simulation has to be 
applied efficiently throughout the design cycle to compress 
every aspect of the product development cycle.  

At ANSYS, we think about process compression along three 
different axes: compressing each design phase, eliminat-
ing extra design cycles, and parallelizing engineering activ-
ities. To compress each design cycle, we enable our custom-
ers to create custom, repeatable simulation workflows that are 
deployed to engineers and designers so they can make the best 
decisions earlier. To reduce design iterations, our customers 
leverage the ANSYS engineering simulation platform to exe-
cute multi-objective optimization and find the best design 
faster. And to parallelize design activities, we have invested in 
model-based systems engineering tools to better manage and 
communicate the complexities of today’s product architec-
tures using living, executable models — rather than static CAD 
models, documents or spreadsheets. These models provide a 
thorough understanding of the dependencies, data and inter-
faces between subsystems so engineering teams break linear, 
waterfall development processes and adopt concurrent engi-
neering practices.   

To meet tomorrow’s time-to-market goals, more strategic 
deployments of simulation focus on compressing, eliminating 
and parallelizing. As industry leaders redefine their best prac-
tices, they’re incorporating the ANSYS simulation platform as 
a cornerstone of their strategy for success. 

BETTER DESIGN 
IN LESS TIME
As products become more complex, market 
cycles shorten and competition increases, 
companies must find ways to reduce the time 
it takes to get their products to market. 
Simulation process compression is key to 
achieving time-to-market goals.
By Todd McDevitt, Director, Corporate Marketing, ANSYS

Many factors contribute to a product’s suc-
cess — engineering innovation, product 
quality and the business model employed 
are all important. But in nearly every indus-
try, time to market is among the most criti-
cal factors. Released at the right time, your 

product grabs market share and dominates the field. Miss 
the window of opportunity, whether as the innovation leader  
or rapid follower, and your product will struggle. Globally 
competitive markets, along with increasingly volatile con-
sumer demands, drive companies to further reduce their time 
to market. 

One of the greatest bottlenecks in the product development 
process is physical testing and verification. The old practice 
of developing a design, building a physical prototype, testing, 
redesigning, and then building a new prototype is no longer 
sustainable. This is especially true as product architectures 
become more complex by using mechanical, electrical and 
embedded software subsystems. Manufacturers need to know 
not only how individual subsystems will perform, but how the 
complete product will perform in the real world — long before 
physical verification. 

Engineering simulation and virtual prototyping have 
reduced reliance on physical testing and pushed verification 
activities earlier in the design. Engineers using these tools 
assess designs more comprehensively and at a fraction of the 
time and cost. Simulation will never fully replace physical test-
ing, but companies use it widely to reduce the number of phys-
ical prototypes and testing cycles at the component and sub-
system levels, shaving months off development lead times.  

However, the demand for shorter time to market is relent-
less. In the automotive industry, average lead times have been 

To meet tomorrow’s time-to-market goals, more strategic deployments 
of simulation focus on compressing, eliminating and parallelizing.

http://www.ansys.com/Business+Initiatives/Productivity+Through+Simulation+Process+Compression
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Simulation in the News
TKNEWS

ANSYS 16.2: LATEST UPDATE OF THE SIMULATION PLATFORM 
Aerospace Manufacturing and Design
onlineamd.com, August 2015

Using the newly released ANSYS 16.2, engineers can create virtual proto-
types of complete systems, enabling them to make significant strides in 
innovation and to unleash next-generation products within their indus-
tries. As products — from automobiles to smartphones to wearable tech-
nology — become more complex and development times continue to 
shrink, the need to simulate whole systems grows. Through simula-
tion, engineers can take full advantage of the growing number of oppor-
tunities presented by the rapid innovation of materials, electronics  
and processes.

  
FREE ENGINEERING SIMULATION SOFTWARE  
FOR STUDENTS WORLDWIDE 
Pittsburgh Business Times 
bizjournals.com/pittsburgh, August 2015

ANSYS Student is a free, introductory academic software package for stu-
dents interested in learning the fundamentals of simulation while gaining 
exposure to state-of-the-art ANSYS simulation workflows, pre-processing, 
post-processing and solver solutions. Students can tackle a broad scope of 
mechanics and fluids simulations, from fundamental tutorial-level models 
to complex real-world scale models. In addition to providing the software, 
ANSYS offers self-guided technical support, installation videos, FAQs and 
introductory tutorials. 

TEEN ENGINEER USES  
ANSYS SOFTWARE  
FOR AIRCRAFT AIR QUALITY 
Desktop Engineering 
deskeng.com, July 2015

Inspired by recent headlines about the 
spread of airborne infectious diseases, 
Raymond Wang, 17, used ANSYS CFD to 
model an aircraft cabin and simulate 
how pathogens spread via cabin airflow. 
He then used that information to design 
an air inlet director system that 
increases the quality of air for each pas-
senger. For this study, Wang won a cash 
prize and the Gordon E. Moore Award at 
the Intel International Science and 
Engineering Fair.

“The key issue with 
disease transmission 
occurs when a passenger 
sneezes inside the cabin.” 
— Raymond Wang, Student

“We are making tools that will allow them, instead  
of being a fluids expert or a mechanical expert,  
to be a hydromount expert and have all the tools  
in one place to solve the problem. That’s the spirit  
of multiphysics software.” 
— Sandeep Sovani, Director, Global Automotive Industry, ANSYS

MULTIPHYSICS: ENGINEERING’S NEW FRONTIER 
Automotive News 
autonews.com, August 2015

Car manufacturers are using multiphysics simulation to design, develop, test and 
validate automobiles and auto components more quickly and cost-effectively.

http://www.onlineamd.com/ansys-latest-update-simulation-platform-081315.aspx
http://www.autonews.com/article/20150623/BLOG06/306239998/multiphysics-engineerings-new-frontier
http://www.bizjournals.com/pittsburgh/blog/morning-edition/2015/08/ansys-back-to-school-gift-free-software.html
http://www.ansys.com/Student
http://www.ansys.com/Products/ANSYS+16.2+Release+Highlights
http://www.deskeng.com/virtual_desktop/?p=10628
http://www.ansys-blog.com/aircraft-cabin-airflow-curbing-disease-spread/
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SIMULATION IMPROVES  
LIFE OF EGR COOLERS 
Engineering.com 
engineering.com, May 2015

Simulating an exhaust gas recirculation 
(EGR) cooler with ANSYS Fluent and 
ANSYS Mechanical helps engineers to  
evaluate thermal stresses on the system 
and optimize performance. 

D-WAVE SIMULATES QUANTUM COMPUTER PROCESSORS 
The Register 
theregister.co.uk, May 2015

Canada-based D-Wave builds chips made up of 512 superconducting semiconduc-
tor circuits called qubits, which are run at ultra-high frequencies in absolute-zero 
temperatures with minimal magnetic influences. D-Wave is using ANSYS engi-
neering software to simulate its processor designs; the company says it has made 
breakthroughs in magnetic shielding.

“Conducting CFD 
simulations allowed us 
to put the cyclist and the 
car extremely close to 
each other. You wouldn’t 
be able to do that in a 
real experiment because 
it would be dangerous  
to the cyclist.” 
— Bert Blocken, Professor, 
Eindhoven University

ANSYS CFD AIDS STUDY OF 
AERODYNAMICS FOR CYCLISTS 
Desktop Engineering 
deskeng.com, June 2015

Professor Bert Blocken, Ph.D, and a team 
at Eindhoven University performed aero-
dynamic analysis of a cyclist and car and 
found that the distance between a bike 
and the car behind it can affect speed by  
as much as 24 seconds during a 50 km 
time trial, enough to impact who wins the 
Tour de France. 

  
CHALLENGES IN OPTIMIZING TURBOCHARGERS  
FOR MULTIPLE CRITERIA 
Engineering.com 
engineering.com, April 2015

Designers need to optimize many criteria when designing a turbocharger.  These 
include cost, heat, vibration, durability, fuel efficiency, size and more.  With shrink-
ing development times, engineers require multiphysics simulation tools to ensure 
that the first prototype meets all these requirements.

  
ANSYS AND CRAY SMASH SUPERCOMPUTING RECORDS 
ANSYS 
ANSYS.com, September 2015

ANSYS and Cray Inc., working in conjunction with two supercomputing centers, 
have smashed the previous simulation world record by scaling ANSYS Fluent to 
129,000 compute cores — enabling organizations to spur innovation by creating 
complete virtual prototypes of their products. This eclipses the previous record by 
almost 400 percent.

ANSYS EXPANDS INTERNET OF THINGS OFFERINGS  
WITH LATEST ACQUISITION 
Pittsburgh Business Times 
bizjournals.com, September 2015

ANSYS has acquired most of the assets of 
Delcross Technologies, which will enable ANSYS 
users to understand how antennas interact 
within their operating environments and how 
this behavior affects the system’s overall ability 
to transmit and receive data without interfer-
ence. Driven by development for the Internet of 
Things, antennas are becoming increasingly 
pervasive across industries and products. 
However, antennas and other electronic compo-
nents can disrupt the operation of devices, a phenomenon known as electromag-
netic interference, or EMI. Delcross’s solutions identify and help mitigate EMI issues.

“For companies to be competitive and meet customer 
requirements, they need to use simulation. Otherwise 
it is impossible to meet given design-cycle goals.” 
— Brad Hutchinson, Global Turbomachinery Industry Director,  ANSYS

http://www.deskeng.com/virtual_desktop/?p=10603
http://www.ansys-blog.com/could-a-car-following-a-cyclist-determine-the-tour-de-france/
http://www.engineering.com/DesignSoftware/DesignSoftwareArticles/ArticleID/10107/Simulation-Improves-the-Life-of-EGR-Coolers.aspx
http://www.ansys.com/Products/Fluids/ANSYS+Fluent
http://www.ansys.com/Products/Structures/ANSYS+Mechanical
http://www.theregister.co.uk/2015/05/01/d_wave_physics_simulations/
http://www.engineering.com/DesignSoftware/DesignSoftwareArticles/ArticleID/9925/Why-you-need-a-Simulation-Workflow-to-Optimize-Turbochargers.aspx
http://www.ansys.com/Industries/Automotive/Efficient+High-Performance+Turbocharger+Development
http://www.bizjournals.com/pittsburgh/blog/morning-edition/2015/09/ansys-expands-internet-of-things-offerings.html
http://otp.investis.com/clients/us/ansys/usn/usnews-story.aspx?cid=806&newsid=30561
http://www.ansys.com/Products/Fluids/ANSYS+Fluent
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W hile there are many factors that drive the suc-
cess of a product, a key factor is time to market. 
Whether you are an innovator beating the com-

petition to a new market or a rapid follower responding to 
customer demand, seizing that window of opportunity when 
customers are most receptive to your product is critical.

Fifty years ago, Caterpillar Inc. decided to redesign their 
signature line of D9 crawler tractors to meet the worldwide 
rise in large building and mining projects. After almost 10 
years of design and testing, the company debuted the D10 
crawler tractor. Its groundbreaking elevated drive sprocket 
design guaranteed its market leadership for at least another 
decade while its competitors conducted their own lengthy 
design efforts. [1]  Today, technological advantages are short-
lived at best. 

In this age of constant innovation, companies can no 
longer take a decade to develop a product — or assume they 
can maintain market leadership for the indefinite future. 
Compare, for example, the story of the D10 crawler to the 
current race among construction equipment manufacturers 
to introduce market-leading hybrid construction equipment.  
Komatsu introduced its first hybrid excavator in 2011. Within 
just three years, at least four of its worldwide competitors  
had released their own hybrid equipment. [2]  The race  
to dominate the hybrid construction machinery market is 
only beginning.

BREAKING FREE FROM THE CYCLE 
Releasing a product at the right time requires engineer-

ing and process efficiency, from first concept through final  

BEST PRACTICES

By Todd McDevitt, Director, Corporate Marketing, ANSYS

The old adage couldn’t be more appropriate for product 
development.  Releasing a product at the right time is key to 

market share and success. To achieve time-to-market objectives, 
industry leaders are using simulation technology to compress 

every aspect of the development process while improving quality 
and creating opportunities for innovation. 

TIME IS MONEY
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manufacturing. At the center is the prod-
uct development process. For decades, 
manufacturers  have focused on devel-
oping processes that cut production 
time while ensuring that products 
still meet the high quality customers 
demand. These companies have long 
recognized that the trial-and-error proc- 
ess of designing, building a physi-
cal prototype, testing, re-designing, 
then building a new prototype is an 
expensive and time-consuming bottle-
neck. Not only are physical mockups  
expensive, testing them tends to find 
isolated problems rather than address 
systemic design issues. 

Leading companies across the 
world have adopted virtual proto- 
typing to overcome these limitations 
and reduce reliance on physical test-
ing. They use simulation solutions to 
create virtual models that more effec-
tively test their designs against real-
world conditions in a fraction of the 
time and cost it takes to build a sin-
gle physical prototype. Digital models 
also allow engineers to analyze product 

designs as systems, rather than as iso-
lated parts. 

At the same time, products have 
become smarter and more complex. 
Software-controlled mechatronic systems 
are routinely used to deliver advanced 
features, improve safety, and reduce power 
consumption. Testing the mechanical, 
electrical and embedded systems that com-
prise these products is more complicated 
than ever. Manufacturers now need to 
know how the various components in com-
plex systems interact long before they can  
fabricate physical prototypes and test 
their performance.

Volvo is one company that has recog-
nized this challenge. It has incorporated 
simulation and other tactics, reducing 
product lead time to 30 months from 42 
months. [3] But, like its competitors, the 
company knows it  just can’t stop there. 
Volvo’s goal is to cut lead time down to 20 
months by 2020. To achieve this, it must   
reconsider and compress every phase of 
the design process.

MODEL-BASED SYSTEMS ENGINEERING: 
BUSINESS OPPORTUNITIES AND 
OVERCOMING IMPLEMENTATION 
CHALLENGES

ansys.com/93mbse

A company can no longer take a decade to develop a product — or 
assume it can maintain market leadership for the indefinite future.

�Using simulation, cell phone antenna designer Vortis 
can create a customized antenna design for a specific 
cell phone in one-tenth the time and cost required with 
the build-and-test method. Vortis engineers compressed 
the design process to a single step by adding all of the 
elements that need to be considered at the beginning of the 
simulation process and then using the ANSYS Optimetrics 
parametric analysis tool to generate a designed experiment 
consisting of a series of iterations to explore the complete 
design space.

�Nebia has created a showerhead that redefines the shower by atomizing the water. ANSYS simulation helped to realize this 
design that saves water and creates a better shower experience.

“The only way we’re going to optimize for the last 10 or 
20 percent, which is the most important part of getting 
to market, is with a really high level of precision and a 
really quick iteration cycle.  We started doing simulations 
with ANSYS and what we had been doing in nine months 
we could do in four or five weeks.” 
— Philip Winter, Co-founder and CEO, Nebia 

http://www.ansys.com/About+ANSYS/ANSYS+Advantage+Magazine/Past+Issues/More+Gain,+Less+Pain
http://www.ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+HFSS/Options/ANSYS+Optimetrics
http://www.ansys.com/93mbse
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BEST PRACTICES

PROCESS COMPRESSION
While companies typically have 

used simulation tools to verify designs 
before building a prototype, ANSYS has 
been looking to the future and invest-
ing in technologies and practices to fur-
ther compress the development process. 
Process compression centers around 
three main strategies: compressing each 
design cycle, reducing the number of 
cycles, and performing parallel — or con-
current — engineering. 

Compressing Each Design Cycle
Faster does not always mean better.  

But there are ways to accelerate the design 
process without jeopardizing innovation 
or risking late-stage design failures

 At most companies, engineers, 
designers and analysts spend consider-
able time performing routine, repetitive  
tasks and procedures. Often, these pro-
cedures differ between teams, are undoc-
umented or are inconsistent. To alleviate 

these issues, simulation governance 
groups within the enterprise seek to cod-
ify simulation best practices, thereby 
automating routine operations, reducing 
errors, and enabling faster design deci-
sions. This requires a consolidated sim-
ulation platform that can be deployed 
across the enterprise in which the work-
flow and analysis software are integrated 
in an open and adaptable architecture. 
ANSYS Workbench delivers this consoli-
dation with best-in-class solver technol-
ogy, along with wizards and automated 
processes. Engineers can spend less time 
setting up and running simulations and 
focus on analyzing results and making 
engineering decisions.   

Whirlpool Brazil enhanced its design 
process by using ANSYS SpaceClaim 
Direct Modeler within ANSYS Workbench. 
This enabled engineers to investigate and 
perform design modifications while dra-
matically shortening the design cycle. 
This story is on page 18.

While designing marine renewable 
energy technology, DCNS put ANSYS 
CFD in the hands of product develop-
ment and design engineering instead 
of restricting its use to researchers. The 
result was a reduction in size and cost of 
future heat-engine power plant installa-
tions and ship propulsion systems. See 
page 28 in this issue for the full story.

High-performance computing (HPC) 
is paramount for faster design cycles. 
The growing complexity and size of sim-
ulations can bring a well-equipped desk-
top computer to its knees for hours and 
even days. Engineering teams require  
solutions that will help them solve 
larger models accurately and quickly. 
ANSYS HPC enables engineers to cre-
ate large, high-fidelity models that yield 
accurate and detailed insight into the 
performance of a design. Not only can 
engineers solve larger models faster, 
they can perform more simulations 
using different design parameters to 
explore a larger design space. 

When Daikin Industries, Ltd. turned 
to ANSYS structural mechanics solu-
tions to analyze the effects of aging and 
adverse conditions on the life of its bat-
tery gaskets, the company saved enough 
time to iterate many more design options 
and develop a new, more durable battery  
gasket. See page 38 for details.

Eliminating Cycles
Compressing the time spent on each 

cycle is important, but you can attain 
even greater results by finding the best 
design initially and cutting the num-
ber of cycles. For example, an automo-
tive supplier might need to maximize 
the heat transfer coefficient of its disk 
brakes while meeting  braking perfor-
mance, durability and noise require-
ments.  Finding the design that satisfies 
all requirements involves a variety of 
engineering disciplines.

Many companies today address this 
situation by using siloed design teams 
that deploy multiple tools from sepa-
rate vendors, creating data format and 
transfer issues. This approach is hardly 
efficient;  the Aberdeen Research Group 
found in a study of 550 companies that 
reconciling data formats over multiple 
platforms alone cost an average of 3.6 
hours per analysis, with some compa-
nies reporting a loss of eight hours — an 
entire workday — per analysis. [4] 

�Using a consolidated platform, companies are able to decrease development time.
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Leading companies across the world  
have adopted virtual prototyping 
to overcome limitations and reduce 
reliance on physical testing.

http://www.ansys.com/Products/Workbench+Platform
http://www.ansys.com/Products/Workbench+Platform/ANSYS+SpaceClaim
http://www.ansys.com/Products/Workflow+Technology/High-Performance+Computing
http://www.ansys.com/Products/Structures
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This issue profiles ANSYS AIM, an 
integrated environment for simulation 
by designers and the latest manifesta-
tion of the ANSYS multiphysics vision. 
This vision also includes the ANSYS 
Workbench platform for coupling phys-
ics between ANSYS point solutions. 
Designers can deploy both solutions 
across the enterprise to effectively exe-
cute efficient multiphysics simulations 
to enable earlier design decisions. Not 
only do these ANSYS platforms support 
multi-objective optimization, but they 
make it possible to analyze and evalu-
ate trade-offs in complex architectures, 
requiring fewer iterations per cycle. 

The Aberdeen Group’s study further 
underscores the importance of a consol-
idated platform in product development 
efforts. In the study, 87 percent of com-
panies using a consolidated platform 
met their product launch dates versus 
70 percent of companies that used a 
multi-platform approach. Consolidated 
platform users were also 37 percent 
more likely to decrease their develop-
ment time.

Pump manufacturer Grundfos is an 
ANSYS customer that created an auto-
mated design loop that incorporated 

multiple ANSYS products.  By optimizing 
its processes, Grundfos reduced overall 
design time and saved $400,000, while 
significantly improving the hydraulic 
efficiency of its new pump, as described 
on page 13. 

Parallelize Everywhere
More traditional product develop-

ment programs employ a linear, sequen-
tial model to design and manufacture 
products. In this approach, require-
ments — such as structural, thermal, 
electrical, control systems and manufac-
turing — are considered separately, and 
one design team cannot begin until the 
previous team has finished.

Concurrent engineering is a method 
in which several teams work simultane-
ously to develop a product. Both prod-
uct design and manufacturing planning 
run in parallel. Decision-making 
involves multi-team participation and 
involvement. A common platform for 
simulation process and data manage-
ment is vital for any concurrent engi-
neering process. To this end, we provide 
our customers with ANSYS Engineering 
Knowledge Manager (EKM) on the desk-
top or in the cloud so the entire develop-
ment team can look at the same models, 
data and results.

ANSYS has also made investments 
in model-based systems engineering 

(MBSE) tools that allow systems, soft-
ware and hardware engineers to look at 
a common functional or architectural 
model of the product.  A fundamental 
tenet of MBSE is that authoritative prod-
uct design is a living and executable 
model, rather than a static, text-based 
design document.  A model provides a 
thorough understanding of the depen-
dencies, data and interfaces between the 
various subsystems, so that engineering 
teams can work effectively in parallel. 

As the articles in this issue of ANSYS 
Advantage attest, our customers in virtually 
every industry are  seizing opportunities, 
improving their products and expanding 
into new markets. To ensure that they will 
be ready for new market opportunities, 
they are leveraging ANSYS simulation soft-
ware to compress their development proc-
ess and get to market faster. 
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�Using concurrent design in which several teams work simultaneously to develop a product reduces the number of design cycles and, therefore, time to market.
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D rones offer many potential advantages for intelligence, 
surveillance and reconnaissance (ISR) applications, 
such as threat identification and documentation, anti-

terrorism, border security, harbor and port security, and loss 
prevention. However, there are many instances in which drones 
are not practical because they don’t meet regulatory or safety 
requirements, because their limited payloads can’t accommo-
date the required surveillance equipment, or because they can’t 
stay in the air long enough to accomplish the mission. Lighter-
than-air (LTA) airships, also known as blimps, are being used 
increasingly to replace or complement drones: This type of air-
craft faces far fewer regulatory and safety issues, can carry 

much larger and more varied payloads, and can stay in the air 
for longer periods of time. 

Worldwide Aeros Corp.’s 40E Sky Dragon is the new-
est LTA platform that supports ISR mission success and 
efficiency with multipayload mounting systems and the flex-
ibility to cover more ground with less manpower require-
ments. Compared to the previous generation — the 40D Sky 
Dragon airship, which entered service in 2007 — the 40E 
offers a larger payload and a number of accommodation and 
operational improvements. Substantial design changes were 
involved in the 40E. For example, increasing the airship pay-
load required increasing the helium volume and upgrading  

AEROSPACE AND  
DEFENSE

AIR POWER

By Armen Amirian, Senior Mechanical Designer, and Simon Abdou, CFD Engineer,  
Worldwide Aeros Corp., Montebello, U.S.A.

ANSYS multiphysics software enables engineers to design  
new airships 40 percent faster than for the previous generation.
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the propulsion system and landing  
gear. Aeros engineers used ANSYS multi-
physics simulation tools from the begin-
ning of the design process to deliver  
the 40E six to 12 months faster, or in 
about 40 percent less time, than would 
have been required using previous 
design methods.

PREVIOUS DESIGN METHODS
In designing the company’s previ-

ous-generation 40D Sky Dragon airship, 
engineers used hand calculations to 
establish the basic parameters of design, 
such as evaluating aerodynamic pro-
files, determining where to put flaps, siz-
ing the engines, etc. Engineers felt that 
the time involved in performing simu-
lation with the tools available at that 
time made it inappropriate for use dur-
ing the concept design stage. Once they 
had tentatively established basic design 
parameters, engineers used simu- 
lation tools, including computational 
fluid dynamics (CFD) and finite ele-
ment analysis (FEA), to perform a more-
detailed evaluation of the proposed 
concept designs. 

When Aeros began work on the 40E, 
the company decided to take advantage 
of advances that had been achieved 
in the intervening years in simula-
tion software. Simulation tools have 
improved to the point that it is now pos-
sible to much more quickly model the 
behavior of proposed designs as well as 
rapidly iterate through a wide range of 
design alternatives, without the need 
for an engineer to manually model each 
proposed design. 

Aeros selected ANSYS simulation 
software because, first of all, ANSYS is 
a proven technology, so the results are 
well accepted not only by Aeros engi-
neers but also by existing customers. 
Second, ANSYS provides a full range 
of tools that cover nearly every aspect 
of the airship design process — includ-
ing aerodynamics, static and dynamic 
structural analysis, signal and power 
integrity, and many others — within a 
single environment. This breadth saves 
time by making it possible to move data 
easily between different types of simu-
lations and run automated simulation  

processes that incorporate multiple 
types of simulation. 

Aeros engineering management 
made the decision to use simulation 
from the beginning of the design proc-
ess. They used ANSYS Fluent CFD to 
evaluate the aerodynamics of the new 
airship. Engineers performed a detailed 
aerodynamic simulation of the com-
plete airship in about 24 man-hours 
over a period of 72–96 hours, including 
modeling and solution time. Pressures 
from the aerodynamic simulation were 
used as boundary conditions in ANSYS 
Mechanical to evaluate mechanical 
performance of many of the 40E’s sys-
tems and components. At various stages 

of the design process, engineers used 
ANSYS DesignXplorer to rapidly iter-
ate through the entire design space 
and select alternatives that provided 
the highest possible level of specified 
design objectives. Simulation provided 
far more accurate estimates of the per-
formance of design alternatives than 
were obtained in the past with hand cal-
culations. Using simulation early in the 
design process saved time and money 
by identifying and solving problems 
much sooner. 

NEW LANDING GEAR DESIGN
The new landing gear for the 40E 

Sky Dragon is a good example of how 

�CFD simulation of 40E airship shows turbulent behavior 
on control surfaces and the wake behind the airship.

�CFD simulation of 40E airship demonstrates the effects 
of ruddervator (combined rudder and elevator) angle of  
attack and deflected airstream.

ANSYS provides a full range of tools  
that cover nearly every aspect of  
the airship design process.

DEVELOPING CUTTING-EDGE, LIGHTER-
THAN-AIR VEHICLES AT AEROS

ansys.com/93aeros

http://www.ansys.com/Products/Fluids
http://www.ansys.com/Products/Structures
http://www.ansys.com/Products/Fluids/ANSYS+Fluent
http://www.ansys.com/Products/Structures/ANSYS+Mechanical
http://www.ansys.com/Products/Structures/ANSYS+Mechanical
http://www.ansys.com/Products/Workbench+Platform/ANSYS+DesignXplorer
http://www.ansys.com/93aeros
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simulation was used. The landing gear 
now enhances performance, safety and  
operator empowerment by providing 
real-time static lift data for airship pilots 
during takeoff, while improved damp-
ening force control ensures smoother 
landings. The airship’s flight manage-
ment system actively controls shock 
absorber dampening properties. The 
height of the landing gear was increased 
for greater clearance between propellers 
and ground, which increases safety for  
the landing crew. The landing gear was 
also upgraded to handle the heavier  
new airship. 

RIGID BODY DYNAMICS
Engineers modeled the structural 

components, springs, shock absorbers 
and tires in the landing gear using the 
ANSYS Rigid Body Dynamics module. The 
maximum loading on the landing gear is 
defined by a drop test designed to repro-
duce the landing of a fully loaded air-
ship. Engineers ran a series of rigid body 
dynamics simulations of the airship 
landing at various speeds and approach 
angles. The simulation was iterated to 
tune the springs and shock absorbers. A 
number of different performance char-
acteristics were used to evaluate each 
design iteration, such as the minimum 
propeller/ground clearance distance, 
loads at various points, and number and 
height of tire bounces off the ground  
during landing. 

STRUCTURAL ANALYSIS
Loads calculated by the Rigid Body 

Dynamics module were used as bound-
ary conditions for structural analysis 
of individual components using ANSYS 
Mechanical. Other ANSYS Mechanical 
simulations were performed using the 
aerodynamic simulation results as 
boundary conditions. Engineers used 
DesignXplorer for many components 
to find the lightest possible design that 
would meet structural and functional 
requirements. Even though the 40E is 
significantly heavier than the 40D, the 
weight savings achieved through sim-
ulation made it possible to reduce the 
weight of a number of key components 
without increasing stress levels. For 

example, one part that was 0.5 inches 
thick in the 40D was reduced to a thick-
ness of just over 0.25 inches, resulting 
in a 40 percent weight reduction. 

In about six weeks, Aeros engineers 
performed hundreds of system-level and 
component-level simulations. The result 
was a landing gear design that met all 
design requirements yet was very close 
to the overall weight of the previous- 
generation landing gear. At this point, a 
prototype of the new landing gear design 
was built; its performance matched the 
simulation results within +/–10 per-
cent or less. The prototype passed the 
drop test and all other required testing 
and was used without further significant 
modifications in the 40E.

ESTIMATED TIME SAVINGS OF 
MORE THAN SIX MONTHS

Aeros engineers estimate that, if the 
landing gear had been designed using 
the company’s previous design meth-
ods, at least four months would have 
been required to reach the stage for 
which the design was ready to prototype. 
They also estimate that at least two, and 
more likely three, prototype iterations 
would have been required, with six 
months being required for each itera-
tion. So the time savings on the landing 
gear design was between 8.5 and 20.5 
months. Substantial cost savings were 
also achieved in both engineering and 
prototype-building expenses. 

Aeros engineers believe that simu-
lation made it possible to significantly 
reduce the weight of many components 
in the 40E compared with the design 
methods used on the 40D. These sav-
ings reduce manufacturing costs and 
will also save fuel for Aeros customers 
over the life of the airship. These man-
ufacturing savings are probably many 
times larger than the savings that were 
achieved in the prototyping process.

Similar magnitude savings were 
achieved in the design of other 40E Sky 
Dragon systems. Aeros engineers esti-
mate that the use of a more–simulation-
intensive design process will make it 
possible to bring the 40E to market six 
to 12 months faster than if the previous 
design methods had been used. The first 
40E is under construction and is expected 
to be completed in late 2015. It will enter 
service after Type Certification by the 
Federal Aviation Administration. 

�Static simulations of shock bridge (landing gear 
component) design iterations 

AEROS AND ANSYS

ansys.com/93aeros2

AEROSPACE AND  
DEFENSE

Not strong enough

Overdesigned

Optimized

�Structural analysis of 40E airship landing gear reveals the 
most critical stress areas under a range of landing conditions.

http://www.ansys.com/Products/Simulation+Technology/Structural+Analysis/ANSYS+Rigid+Body+Dynamics
https://www.youtube.com/watch?v=0PT9cUr9410&feature=youtu.be
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TURBOMACHINERY

By Jakob Vernersen, Head of Mechanical Technology,  
and Nicholas Engen Pedersen, Chief Hydraulic Engineer, Grundfos, Bjerringbro, Denmark

G rundfos calculates that pumps currently account for 
10 percent of the world’s total electricity consump-
tion. The company’s engineers continually focus on 

optimizing pump efficiency to reduce energy consumption 
and operating expenses while having a positive impact on 
the environment.

To design pumps, Grundfos has been using finite ele-
ment analysis (FEA) since the 1980s and computational fluid 
dynamics (CFD) since the 1990s. Originally, FEA and CFD were 

With simulation, Grundfos 
engineers significantly 
improved hydraulic efficiency 
of the new pump.

PUMPED
Simulation-driven development  
increases pump efficiency and reduces 
product development time at one of the 
world’s leading pump manufacturers.
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used for research and troubleshooting. 
Some of the information from these 
simulations was helpful in new prod-
uct design. Then, more than 15 years 
ago, Grundfos chose to use simulation 
for product design to develop reliable 
and efficient products. Most recently, 
the company linked together a chain 

of simulation tools into an automated 
design loop, called PumpIt, that enables 
engineers to investigate hundreds of 
designs without manual intervention. 
An optimization routine explores the 
entire design space and identifies opti-
mal designs based on criteria set by 
Grundfos engineers. PumpIt provides 

a user interface that allows engineers 
to specify the type of component they 
want to design, such as an impeller, 
guide vane or volute. Then PumpIt initi-
ates an automated design optimization 
loop that calls simulation tools, includ-
ing ANSYS CFD software, to explore the 
design space.

In a recent example, Grundfos engi-
neers used PumpIt to drive ANSYS CFX 
CFD simulation to optimize the hydrau-
lic surfaces of a new pump design. They 
increased the hydraulic efficiency of the 
pump by 1 percent to 2 percent while 
extending the maximum efficiency 
level over a wider range of flow rates. 
The team used ANSYS Mechanical FEA 
software to optimize the pump from a 
structural standpoint, ensuring that it 
will meet fatigue life targets while mini-
mizing weight and manufacturing cost.

PUMP DESIGN CHALLENGES
With an annual production of more 

than 16 million pumps, Grundfos is one 
of the world’s leading pump manufactur-
ers. The company is the leading producer 
of circulator pumps used for heating, 
ventilation and air conditioning in pri-
vate houses, offices and hotels, with a 
market share of approximately 50 per-
cent. Grundfos also produces centrifugal 

�Parametric model of the impeller used to define hydraulic geometry

�CFD mesh

�To reduce the size of the problem and obtain acceptable 
mesh density, cyclic symmetry was used for the impeller.

TURBOMACHINERY

GRUNDFOS AND ANSYS

ansys.com/93grundfos

The multiple physics simulation process reduced overall design time 
for the new pump design by 30 percent and saved approximately 
$400,000 in physical prototyping.

http://www.ansys.com/Products/Fluids/ANSYS+CFX
http://www.ansys.com/Products/Structures/ANSYS+Mechanical
http://www.ansys.com/93grundfos
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pumps for water supply, sewage, boiler, 
pressure boosting and other industrial 
applications, as well as pumps that are 
integrated into other original-equipment 
manufacturers’ products. 

To optimize Grundfos equipment, 
engineers must improve the peak effi-
ciency of the pump. Delivering a rela-
tively flat performance curve with high 
efficiency levels over as wide a range of 
flow rates as possible is another goal. The 
flow rate of the pump depends on the 
installation; a relatively flat performance 
curve can deliver high levels of efficiency 
for many applications. A flat performance 
curve also reduces cavitation, thereby 
increasing longevity. Another important 
goal in pump design is to meet component 
structural requirements with the min-
imum amount of material. Minimizing 
material usage reduces manufacturing 
costs and decreases component weight. 
Lighter pump components make it possi-
ble to use less-expensive bearings while 
reducing noise and vibration.

FLOW SIMULATION
Recently, Grundfos engineers used 

PumpIt to design multi-stage hydrau-
lics for a new pump. The team developed 
parametric models of all pump compo-
nents to define hydraulic geometries of 
the surfaces in contact with the fluid 
being pumped. The design objectives 
were to maximize hydraulic efficiency 
and deliver maximum efficiency over the 
widest possible range of flow rates. The 

�CFD results demonstrated using pressure contours and velocity vectors.

�Deformation of the hydraulic impeller

�Global stress simulation

�CFD pressure results were mapped onto structural 
simulation as loads.
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PumpIt tool used design of experiments 
(DOE) to create a series of iterations 
that explored the design space for each 
component. PumpIt then generated the 
geometry for each design iteration and 
issued a call to the CFD software to sim-
ulate each iteration.  

The initial DOE included about 40 
designs. It determined which parameters 
played the most important roles in the 
simulation, and it delineated broad ranges 
of the most promising values for these 

parameters. The parameters and values 
were then used as the starting point for a 
Kriging-based optimization algorithm that 
automatically generated additional design 
iterations for CFD evaluation. The opti-
mization routine evaluated the results of 
each design iteration and then performed 
additional iterations based on these 
results. Each iteration moved the design 
closer to the efficiency objectives.

The initial analyses were performed 
with a coarse-density mesh and standard  

turbulence model to reduce the time 
required to obtain promising parameter 
values. As the design converged on opti-
mal values, the CFD model was refined 
by applying a finer mesh and a more-
advanced turbulence model. To obtain 
high-fidelity results for an optimized 
design, engineers used up to 48 cores to 
perform analyses on a high-performance 
computing cluster. The cluster had more 
than 1,000 cores using more than 8 tera-
bytes of random access memory and 
50 terabytes of high-speed storage run-
ning on the Lustre® parallel file system. 
Engineers simulated hundreds of design 
iterations overnight.

The next step was to evaluate the 
manufacturability of the most promising 
designs. Grundfos engineers considered 
how easily each design could be produced 
with several alternative production tech-
nologies. To do this, they evaluated the 
geometric parameters that are required 
for each production method. In this case, 
they decided to stamp the components 
from stainless steel sheet metal. The per-
formance statistics for the best designs 
were displayed in the PumpIt multidimen-
sional solution visualizer that can be con-
figured to display any outcome variable.

STRUCTURAL ANALYSIS
After optimizing the hydraulic design 

with CFD, Grundfos engineers per-
formed structural analysis with ANSYS 
Mechanical to ensure that each compo-
nent would meet fatigue life require-
ments while keeping cost and weight 
as low as possible. They mapped the 
hydraulic pressure determined by CFD 
simulation onto the finite element anal-
ysis to specify loading conditions that 
accurately match the complex hydraulic 
pressure distribution. To minimize com-
putational cost and accommodate an 
acceptable mesh density, cyclic symme-
try was applied. 

The welding operation on the sheet 
metal components was modeled accord-
ing to the recommendations of the 
International Institute of Welding pub-
lication’s “Recommendations for the 
Fatigue Assessment of Welded Structures 
by Notch Stress Analysis.” Fatigue life 
was evaluated using the notch stress 
method. The team also used submodel-
ing to evaluate critical areas of the com-
ponent with a high level of detail without 
greatly increasing simulation time. 

TURBOMACHINERY

�Structural mesh

�Grundfos engineers used submodeling to evaluate critical areas of the component with a high level of detail without greatly 
increasing simulation time. Image on right reveals stress results.

Grundfos was able to simulate hundreds  
of design iterations overnight.
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Engineers configured the automated 
workflow to vary the welding parame-
ters so they could determine how to opti-
mize the welding process. The team also 
used structural simulation to predict the 
potential for failure in any given life-
span. The only other way to obtain this 
information would have been with an 
expensive and lengthy physical testing 
program. Grundfos engineers performed 
several sensitivity studies on input vari-
ables, including welding thickness, air 
gap and flow points, to determine the 
robustness of the design with respect to 
fatigue life of components. By providing 
a statistical distribution of fatigue life for 
each input variable, simulation made it 
possible to improve component quality 
and reliability.

On other structural components, topol-
ogy optimization was used at the con-
cept level of the design process to arrive 
at a design proposal that was then fine-
tuned. This replaced time-consuming and 
costly design iterations, thus reducing 
development time and overall cost while 
improving design performance. Dassault 
Systèmes’ Tosca topology optimization 
software was coupled with the ANSYS 
Workbench interface and the ANSYS 
structural solver.

PERFORMANCE AND  
TIME TO MARKET IMPROVED

The result was a substantial improve-
ment in product performance with reduced 
design cost and lead time. With simulation, 
Grundfos engineers significantly improved 
the hydraulic efficiency of the new 
pump. Compared to a traditional proto- 
type-based design process, the multiple 
physics simulation process reduced over-
all design time for the new pump design 
by 30 percent and saved approximately 
$400,000 in physical prototyping.

Recently, Grundfos made the deci-
sion to take another step forward 
and migrate its simulation process to 
the ANSYS Workbench environment. 
Workbench was selected as the integra-
tion framework because of its ability  
to seamlessly integrate the broad port-
folio of ANSYS applications as well 
as third-party applications. ANSYS 
Workbench can be used to develop state-
of-the-art user interfaces, workflow and 
applications. Workbench’s common 
tools and services, including parame-
ter management, units and expressions,  

application development tools, and 
solver coupling capabilities, can deliver 
considerable time savings. ANSYS HPC 
Parametric Pack licenses make it cost-
effective for Grundfos to simulate large-
scale parametric design variations. Using 
Workbench workflows, engineers are cre-
ating a simulation-driven development 
process for multiple physics to design 
hydraulic components such as impellers, 

guide vanes and volutes. This tool could 
allow Grundfos to raise pump perfor-
mance to an even higher level while pro-
viding further reductions in design cost 
and lead time. 

Grundfos is supported by ANSYS channel partner 

EDR Medeso, which has supported Grundfos during 

creation and implementation of a simulation-driven 

development strategy.

�The ability of each iteration to meet design objectives is graphically displayed in the PumpIt solution visualizer.

�Grundfos engineers made a substantial improvement in pump hydraulic performance.

Simulation made it possible to improve 
component quality and reliability.

http://www.ansys.com/Products/Workbench+Platform
http://www.ansys.com/Products/Workflow+Technology/High-Performance+Computing
http://www.ansys.com/Products/Workflow+Technology/High-Performance+Computing/ANSYS+HPC+Parametric+Pack
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T he design of gas burners for cooktops is challenging 
because of the many design parameters involved. The 
geometry of the port where the flame is produced, the 

injectors that provide gas and air to the ports, and the grates that 
support the ports ― as well as the relationship between the ports 
and the metal surface of the appliance ― all play roles in deter-
mining how well a burner will perform.

Whirlpool Brazil relies heavily on simulation to design 
gas burners for freestanding ranges, built-in ovens and cook-
tops. Simulation helps engineers to lower fuel consumption 
and cook time and reduce development time by predicting the 
performance of proposed burner designs prior to the prototype 
phase. Whirlpool Brazil engineers use ANSYS computational 
fluid dynamics (CFD) software to evaluate proposed burner 
designs for flame stability, energy efficiency, surface tempera-
ture and carbon monoxide generation. However, the engineers 
required a tool to prepare models for simulation so that they 
could quickly explore a range of designs to come up with the 
best burner that would meet all criteria.

Whirlpool overcame this challenge by using ANSYS 
SpaceClaim Direct Modeler, which allows easy geometry 
cleanup and generation of closed volumes required for CFD 
simulation. With the SpaceClaim approach, Whirlpool engi-
neers could directly edit any geometry feature without worry-
ing about parametric constraints, reducing the time required 

CONSUMER GOODS

RING OF FIRE

By Pablo Filgueira Rodeiro, Senior Manager — Simulation-Based Design, Whirlpool Corporation, São Paulo, Brazil

Whirlpool Brazil reduces time to  
develop a new cooktop by 35 percent with  

direct modeling and fluid simulation.

ANSYS SpaceClaim Direct 
Modeler allows easy geometry 
cleanup and generation of 
closed volumes required for 
CFD simulation.

http://www.ansys.com/Products/Fluids
http://www.ansys.com/Products/Fluids
http://www.ansys.com/Products/Workbench+Platform/ANSYS+SpaceClaim
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to prepare a concept design for analysis 
by up to 90 percent. The ability to much 
more quickly define and evaluate new 
design iterations has reduced the overall 
time required to develop a new cooktop 
model by 30 to 40 percent.

STREAMLINING THE  
DESIGN PROCESS

Whirlpool engineers had been creat-
ing burner designs using a parametric CAD 
system. CAD systems generate the highly 
detailed models that are vital to meeting 
rigorous manufacturing requirements — 
one of the final steps in the design cycle. 
However, early in the design phase, engi-
neers needed a tool that allowed them to 
make multiple design interactions eas-
ily.  They could then virtually test these 
designs using simulation.  A single CAD 
model took a week to prepare, and at  
least 100 days were required to complete 
a new burner design.

Integration of ANSYS SpaceClaim 
Direct Modeler within ANSYS Workbench 
enables engineers to make and investi-
gate design modifications in a fraction of 
the time required in the past. Whirlpool 
Brazil engineers used these tools recently 

to design a new cooktop for the consumer 
market. Engineers first created a base-
line design with the company’s paramet-
ric CAD system. Then they stripped out 
the parametric constraints by exporting 
a STEP file into the ANSYS Workbench 
design environment.

SpaceClaim Direct Modeler’s advan-
tage is that it uses pattern recognition 
on an imported model to determine the 
user’s intention when making an edit, 
so the model can be manipulated as if it 
were fully parametric. For example, even 
though a pocket has not been defined as 
a feature, the user can select it and the 
software will recognize in real time that it 
is a feature and allow the user to change 
its size or move it without breaking it 
down into its individual entities, such as 
lines and arcs.

COOKTOP BURNER EXAMPLE
In the case of the cooktop burners, 

Whirlpool Brazil engineers began by 
using a SpaceClaim tool that automati-
cally finds and fixes gaps and overlaps 
between the surfaces of the model. This 
tool addressed the majority of the prob-
lems with the original model. Engineers 
corrected additional areas with other 
SpaceClaim tools, such as one that cleans 
up small features and fills holes.  Further 
edits were made simply by selecting faces 
and edges and pulling or moving them 
into the proper positions. The model was 
ready for meshing and simulation in only 
four hours.

The mesh had 2.5 million nodes and 
10.2 million tetrahedral, hexahedral, 
wedge and pyramid elements. Whirlpool 
engineers ran an ANSYS Fluent CFD  

�ANSYS CFD simulation of new burner design. Simulation was conducted to study air/fuel ratio at different locations in and 
out of the gas burner. The image shows natural gas concentration at a cross section of the burner.

�Simulation domain

�Simulation domain exploded view

Engineers increased primary air entrainment 
from 36 percent to 52 percent. This generated  
a stable flame with nearly complete combustion, 
high levels of efficiency and low levels of  
carbon monoxide.

http://www.ansys.com/Products/Workbench+Platform
http://www.ansys.com/Products/Fluids/ANSYS+Fluent


        ANSYS ADVANTAGE  Volume IX  |  Issue 3  |  2015        20© 2015 ANSYS, INC.

CONSUMER GOODS

combustion simulation using the EDC 
combustion model and SST turbulence 
model. The simulation took 36 hours to 
run on a high performance computing 
(HPC) platform with 20 cores. Results 
showed the mass flow of fuel and pri-
mary air, carbon monoxide concentra-
tion and surface temperatures on the 
cooktop. Whirlpool Brazil engineers 
also wrote a script to calculate burner  
efficiency. The simulation revealed  
significant areas for improvement in the 
initial design. 

Engineers generated a total of 16 
iterations with SpaceClaim to investigate 
changes in port and injector geometry. 
They focused on increasing the primary 
air entrainment, which is a measure of 
how effectively air is taken up by the 
burner during operation, expressed as a 
percentage of stoichiometric supply. Over 
the course of design iterations, engineers 
increased primary air entrainment from 

36 percent to 52 percent. This generated 
a stable flame with nearly complete com-
bustion, high levels of efficiency and low 
levels of carbon monoxide. 

The complete design process took only 
about 65 days, 35 percent less time than 
would have been required using previous 
methods. This application demonstrates the 

time- and cost-savings that can be achieved 
by enabling simulation engineers to quickly 
and easily prepare design geometry for sim-
ulation as well as how an efficient design 
can be determined using simulation. 

Whirlpool Brazil is supported by ESSS, ANSYS elite 

channel partner in South America.

F L E X I B L E  S O L U T I O N S  F O R  T H E

E N G I N E E R I N G  W O R L D

Optimized compute platforms
for CAE workloads

Remote graphics and batch
scheduling enabled

Maximize efficiency of
avai lable l icenses

Simplified integration within
exist ing infrastructures

Built with the latest 
Intel® Xeon® Processors 

To contact a SGI sales expert, please visit
www.sgi.com/manufacturing
or cal l 1-800-800-7441 (US and Canada)

© 2015 The SGI logo is a registered trademark of Si l icon Graphics International Corp. or its subsidiaries 
in the United States and/or other countr ies. Intel and Xeon are trademarks of Intel Corporation.

Courtesy of ANSYS

ADVANCED GEOMETRY REPAIR  
WITH ANSYS SPACECLAIM FOR  
CFD PRE-PROCESSING

ansys.com/93spaceclaim

�Iso-volume of percentage of fuel with temperature plot

http://www.ansys.com/93spaceclaim
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HIGH-TECH

By Stephen P. Zinck, President, Interconnect Engineering, Inc., North Berwick, U.S.A.

ANSYS Electronics Desktop saves hundreds of  
thousands of dollars and months of time in the design  

of a high-speed printed circuit board.

T o support the vast amounts of data transfer required 
by the Internet of Things and Big Data requires high-
speed networking technologies, such as 100 gigabit 

Ethernet. This creates enormous challenges for equipment sup-
pliers. On-board, high-speed communication channels are now 
being pushed to 25–28 Gb/s and beyond — nearly double the 
state of the art about a year ago. As data rates increase, the bit 

period (the time allotted to send a bit) has shrunk to below 40 
picoseconds. This is considerably less than the time required for 
the bit to travel from transmitter to receiver. The insertion loss 
incurred by the printed circuit board (PCB) materials increases 
with frequency, expanding the potential for eye closure (a 
reduced signal) in the channel due to physical losses and reflec-
tions. Achieving a reliable link under these conditions would be 

BOARD GAMES
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demanding, even if cost and time to mar-
ket were not a concern. Yet, in today’s 
cost-competitive environment, manufac-
turers cannot afford to use exotic, pre-
mium materials and components except 
when absolutely necessary.

HIGH-SPEED INTERCONNECT 
DESIGN CHALLENGES

Traditional methods leave designers 
with questions like whether a design will 
be functional and robust under all possible 
conditions; whether we should have chosen 
a more expensive board material; whether 
strip-line transmission lines or micro-
strip transmission lines will be needed to 
meet the design spec. Building a physi-
cal test prototype to assess just one design 
approach could cost more than $100,000 
and take months to develop. At these high  

signaling rates, it is almost impossible to 
do any level of design, verification and test 
(DVT). Areas where a measurement can be 
taken on the board will result in a closed 
eye because testing cannot be performed 
at the end of the transmission line, which 
is deep inside the package and device. 
If designers only guess at the required 
changes for a re-spin, the whole expen-
sive cycle begins anew and will likely be 
repeated. Several small networking equip-
ment startup companies have gone out 
of business because they were unable to  
produce robust designs within time and 
cost constraints.

In stark contrast to this guesswork 
and rule-of-thumb approach, simulation 
brings confidence and science to the engi-
neering process. The marriage of time 
domain and frequency domain simu-
lations, during early design phases or 
even late in the development cycle, pro-
vides the deepest insight into whether or 
not an interface or channel will be robust. 
For example, a time-domain simulation  

might produce an eye diagram that shows 
that the channel works, but the frequency 
domain reveals a notch that is unex-
pected. By examining, through simu-
lation, each of the circuit elements that 
comprise the system channel, it becomes 
possible to identify which aspect of the 
design (the vias, a differential pair too 

HIGH-TECH
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�ANSYS HFSS S21 insertion loss plot of the extracted channel

�ANSYS HFSS 3-D layout of cutout section of one of 28 
6-inch Gb channels

In contrast to the guesswork and rule-of-thumb approach, simulation 
brings confidence and science to the engineering process.

ANSYS INTRODUCES NEW ELECTRONICS 
DESKTOP WITH 3-D EM COMPONENT 
LIBRARIES FOR NEXT-GENERATION 
WIRELESS INTEGRATION

ansys.com/93board

http://www.ansys.com/93board
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close to a ground void, a component 
placement issue or a material problem) is 
causing the notch. 

100-GIGABIT ETHERNET 
NETWORKING PRODUCT

Interconnect Engineering Inc. is an 
independent consulting company with 
clients ranging from startups to Fortune 
500 businesses. One of Interconnect 
Engineering’s clients is a networking 
equipment supplier that builds multiple 
100-gigabit Ethernet networking prod-
ucts. One particular design features four 
channel-bonded, 28 Gb/s links running 
bidirectionally from a ball grid array 
(BGA) device to a quad small-form-fac-
tor pluggable (QSFP) optical module.  
The risks involved in this design were 
increased because vendor-supplied 
guidelines and constraints were not 

easily attainable based on the physi-
cal layout that the customer design sup-
ported. To avoid risking the company on 
a series of board spins that would have 
potentially cost hundreds of thousands 
of dollars — and taken months to com-
plete — the supplier asked Interconnect 
Engineering to simulate the design prior 
to building a prototype. 

While Interconnect Engineering Inc. 
has long used and supported ANSYS elec-
tronic design tools, this project provided  

the opportunity to put the new ANSYS 
Electronics Desktop to the test. This tool pro-
vided a major advantage in this application 
by reducing the amount of time required 
to analyze the design in both the time and 
the frequency domains. The Electronics 
Desktop integrates EM tools, circuit/ 
system simulation, ECAD links and  

�An example of notch behavior and resulting eye diagram that shows margin

�IBIS-AMI schematic of the 28 Gb interface shown in the circuit simulator

ANSYS Electronics Desktop integrates EM 
tools, circuit/system simulation, ECAD links 
and compliance reporting.

ANSYS HFSS 3-D COMPONENTS

ansys.com/93board2

http://www.ansys.com/93board2
http://www.ansys.com/Products/Electronics/ANSYS+Electronics+Desktop
http://www.ansys.com/Products/Electronics
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compliance reporting. This new tech-
nology delivers a single desktop for 
ANSYS HFSS, HFSS 3D Layout, HFSS-IE, 
Q3D Extractor and HFSS Planar EM cir-
cuit and system simulation design 
types. Users can insert HF/SI analyses 
into projects that co-exist, with drag- 
and-drop dynamic links between elec-
tromagnetic and circuit simulations 
for simple problem setup and reliable 
performance. Working within a single 
graphical user interface, rather than 
moving back and forth between sev-
eral different programs, eliminates the 
need to export data from one program to 
another. For example, users can insert 
S-parameter elements or IBIS-AMI mod-
els into a circuit simulation with simple 
import features. Overall, the Electronics 
Desktop provides significant efficiency 
gains and ease-of-use for solving com-
plex problems.

FREQUENCY DOMAIN 
SIMULATION

In this project, the network equip-
ment supplier provided Interconnect 

Engineering with the PCB design in 
Allegro .brd file format. An engineer 
imported the databases into ANSYS 
Electronics Desktop, extracted the rel-
evant channels using the cutout sub-
design function, and selected the 
traces from the silicon device to the 
optical module. The engineer created  
port excitations based on component 
specifications then set up solder-ball 
models for the silicon device and sur-
face roughness models for the traces 
to add fidelity and accuracy. Engineers 
then ran frequency domain simulations 
with ANSYS HFSS and generated the 
S-parameter results for each of the mul-
tiple iterations. The simulations took 
about three days to run on multiple 
24-core machines, as the area was quite 
large for the solvers to mesh. 

The engineer modified the via char-
acteristics and anti-pad structures and 
re-arranged the PCB layers to address 
some potential issues. The engineer 
then went through several iterations 
until a design was found that met the 
insertion loss (IL) and return loss (RL)  

specifications. He considered alternative 
board materials and identified the least-
expensive material that would comfortably 
meet IL and RL specs. Overall, Interconnect 
Engineering identified areas in which cor-
ners could be safely cut to reduce manu-
facturing costs, along with areas in which 
money needed to be spent, such as back-
drilling to ensure a robust design.

TIME DOMAIN SIMULATION
IBIS-AMI models for the BGA inter-

face device and optical transceiver mod-
ule were also acquired. These models 
were imported into ANSYS Electronics 
Desktop. Engineers then performed 
time domain simulations by creat-
ing a circuit simulation environment 
using one instance of the several four-
port S-parameter models of the com-
plete channel generated in the frequency 
domain. The eye diagram showed prob-
lems in one channel, so the engineer 
reconfigured transmitter and receiver set-
tings, including pre-emphasis, equaliza-
tion, output amplitude, process case and 
voltage settings, to maximize the open-
ing of the eye. When simulations were 
complete, the eye correlated to a bit error 
rate of better than 1 x 10-12 (less than one 
error in a trillion bits), indicating that the  
channel was compliant in the time 
domain. Finally, the engineer reviewed 
the frequency domain to make sure that 
the design changes, based on the time 
domain simulations, did not have any 
adverse effects. 

The entire project was completed 
in about four weeks. During this time, 
Interconnect Engineering investigated 
dozens of potential solutions. The com-
pany recommended a design that pro-
vided sufficient positive margin to 
ensure that the channel will work under 
any foreseeable circumstances, while 
keeping manufacturing costs at the low-
est practical levels. The network equip-
ment supplier built the prototype based 
on the simulation results, and it worked 
as predicted. The result was that the 
networking supplier saved hundreds 
of thousands of dollars and months of 
time that potentially would have been 
required to develop a working product 
without simulation. This vendor also 
kept manufacturing costs at or near the 
lowest possible levels and saved cus-
tomer relationships by meeting product 
time-to-market goals. 

HIGH-TECH

�Statistical eye diagram plot of the 28 Gb interface shown in the circuit simulator

The networking supplier saved hundreds 
of thousands of dollars and months of 
time that potentially would have been 
required to develop a working product 
without simulation.

http://www.ansys.com/Products/Electronics/ANSYS+HFSS
http://www.ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+Q3D+Extractor
http://www.ansys.com/Products/Electronics/ANSYS+HFSS
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A ddressing growing worldwide electricity consump-
tion and the desire to reduce greenhouse gas emission 
from fossil-fuel–based resources drives the demand 

for renewable energy technologies. Along with harnessing wind 
and solar power, capturing the vast kinetic power in the world’s 
tidal currents, ocean streams and river flows is one of the most 
promising sources of renewable energy. Predictability of tidal 
currents and ocean streams means that underwater power sta-
tions could form part of the baseload power supply that produces 
energy at a constant rate. This offers a significant advantage 
over other unpredictable or intermittent renewable energy alter-
natives.  An earlier generation of experimental marine power 
generators used a shrouded propeller with blades that were sup-
ported only where they connect to the shaft. However, resulting 

stresses on the blades led to failures, and the search for solu-
tions has resulted in the use of expensive materials.

Inventor Michael Urch’s design avoids the failure problem by 
connecting the outer diameter of the rotor blades to the shroud. 
The rotating shroud connected to the rotor, combined with a sta-
tionary shroud that expands the effective flow area, provides 
excellent flow guidance when compared to an open turbine. 
This design increases efficiency and power output.  A circum-
ferential slot on the interior helps to maintain flow attach-
ment to the walls in the portion of the shroud downstream of 
the rotor (where the shroud acts as a diffusor). By avoiding flow 
separation, drag decreases and the amount of power produced 
increases. A stator at the turbine inlet introduces a pre-swirl to 
the flow so the rotor can extract more power. Gilmore Engineers 

ENERGY

RISING TIDE

By Richard Billett, Senior Consultant, Gilmore Engineers Pty Ltd, Brisbane, Australia

By employing simulation, a consulting firm optimizes the 
design of an innovative tidal current power generator to 

produce four times as much power as earlier designs.

Complete design optimization took 4 percent of the time  
that would have been required to optimize the design using  
the build-and-test method and 25 percent of the conventional  
CFD approach.
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was contracted to evaluate the concept, 
accelerate design assessment and opti-
mize the design. Engineers employed 
ANSYS computational fluid dynamics 
(CFD) simulation, which made it possible 
to considerably improve the output and 
significantly reduce development time 
over standard build-and-test methods.

TRIAL AND ERROR METHOD
Urch basically developed this unique 

design concept on a napkin, but real-
ized that it was essential to optimize the 
design, validate the concept and provide 
an estimate of how much power it would 
generate before taking the next step. The 
traditional approach would have been to 
build a series of prototypes to evaluate the 
performance of different shroud and blade 
designs. Engineers would have set up 
operations in a water flow facility to run a 
series of tests. During these tests, flow and 
pressure could have been measured only 
at a few discrete points, which would have 
restricted the data obtained from each 
test. The complexity of experimental setup 
and the limited insight gained would have 
slowed the development process so much 
that it would have taken about one year to 
iterate to an optimized design. 

SIMULATION APPROACH
Elemental Energy Technologies Ltd. 

was formed to commercialize the design 
concept, called the SeaUrchin™ marine 
power generator. This company con-
tracted with Gilmore Engineers, an engi-
neering consulting firm, to optimize the 
challenging design using simulation. The 
shroud design was complicated because 
engineers needed to accurately simulate 
the boundary layer as water moved from 
inlet to outlet to identify any tendency 
of the flow to separate. Separation has a 
major impact on turbine performance. The 
complexity of flow patterns in the bound-
ary layer required a fine mesh for reso-
lution of turbulent flow in this area. The 
other challenge was to take into account 
the motion of the blades through water.

One approach to analyzing the turbine 
would have been to use a full 360-degree 
transient simulation to model the motion 
of the blades through the water. Turbulent 

ENERGY

ENHANCING DESIGN PRODUCTIVITY 
WITH ANSYS TURBOMACHINERY 
SOLUTIONS

ansys.com/93tide

�CFD results show pressure plotted on the surface of the power generator with velocity streamlines.

�CAD model of marine power generator

Diffuser

Slot

Rotor blades

Rotating shroud

12 stator blades

�Prototype of SeaUrchin marine power generator

http://www.ansys.com/Products/Fluids
http://www.ansys.com/93tide
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flow at the boundary layer would be mod-
eled with a Reynolds-averaged Navier–
Stokes (RANS) turbulence model. Using a 
model with this level of complexity would 
have taken approximately as long as the 
build-and-test method for each iteration. 
However, the model would have provided 
much more information than physical 
testing, including flow velocity and pres-
sure at any point in the computational 
domain, so engineers estimated that they 
could have optimized the design in three 
months using this approach.

ROTATING AND TURBULENCE 
MODELS KEY TO SOLUTION

Gilmore engineers looked for an even 
faster method to optimize the design. They 
selected ANSYS CFX CFD software because 
it provides models and infrastructure for 
accurate, robust and efficient modeling 
of rotating machinery. Since the marine 
power generator possesses rotary symme-
try, they used a five-degree periodic model 
to conserve computational resources. To 
represent the blades, they began with a 
simplified model with a porous region that 
takes energy out of the flow. This model had 
between 100,000 and 200,000 elements. 
Engineers used the shear stress trans-
port (SST) turbulence model, which is as  
economical as the k-ε model but offers 
much higher fidelity, especially for sep-
arated flows, to provide answers on 

a wide range of flows and near-wall  
mesh conditions.

This model could be solved very quickly 
even on a desktop personal computer,  
which was what engineers were using at 
the time. They simulated about 30 sizes 
and shapes of the shroud in the course of 
a week, focusing on the diffusor or draft 
tube region, to determine the design 
that provided the lowest pressure while 
maintaining flow attachment to the wall. 
Further analysis was then performed on 
the best-performing shapes by varying 
the size, shape and number of slots and 
taking into account production costs. 
Over the course of these iterations, they 
increased the expansion rate of the tur-
bine by 25 percent.  

ITERATING TO AN  
OPTIMIZED DESIGN

With the shroud optimized, the blades 
were solved in a rotating reference frame, 
and engineers used the frozen rotor model 
to connect the rotating component to the 
stationary components. They performed 
computations in a steady-state mode, 
based on the assumption of quasi-steady 
flow around the rotating component at 
every rotation angle. The model size was 
increased to about 10 million elements. 
Engineers first simulated an early phys-
ical prototype to validate the simulation 
model. The physical prototype generated 

1,484 watts with a coefficient of power 
(Cp) of 0.46. Cp is the electricity produced 
divided by the total energy available in the 
water. In this case, the simulation model 
predicted a power generation of 1,600 
watts and a Cp of 0.50, which was very 
close to the experimental results consid-
ering the difficulty of accurately matching 
the physical test setup.

Next, engineers ran a series of 10 
more iterations on the blades using the 
optimized shroud design. They increased 
the amount of torque generated by the 
turbine by 15 percent compared to the ini-
tial design. The design optimized by CFD 
generated 3,892 watts with a Cp of 1.22, 
an improvement of nearly 150 percent 
over the initial design. The Cp exceeds 1.0 
because it is calculated based on the inlet 
area, while the outlet area is almost four 
times as large. The complete design opti-
mization process took about two weeks, 
4 percent of the time that would have been 
required to optimize the design using 
the build-and-test method and 25 per-
cent of the conventional CFD approach.  
The SeaUrchin recently won first place 
in the annual Engineering Excellence 
Awards sponsored by the Newcastle 
Division of Engineers Australia and The 
Australian Awards. 

Gilmore Engineers Pty Ltd is supported by ANSYS 

channel partner LEAP Australia Pty Ltd.

�Turbulent kinetic energy plotted over this shroud design shows that flow separates from the diffusor. Inefficient power generation (left) and efficient power generation (right).

The SeaUrchin recently won first place in the annual Engineering 
Excellence Awards sponsored by the Newcastle Division of Engineers 
Australia and The Australian Awards.

http://www.ansys.com/Products/Fluids/ANSYS+CFX
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O cean thermal energy conversion (OTEC) is a marine 
renewable energy technology. It is based on exploit-
ing the temperature gradient in tropical seas between 

the surface seawater (around 25 C) and deeper waters (around 
5 C at about 1,000 meters). Unlike many renewable energy tech-
nologies, OTEC produces reliable electrical power that is not 
affected by weather conditions. This temperature gradient pro-
duces a continuous supply of electricity. In the medium term, 
OTEC will help to respond to the growing need for electricity in 
regions located in the tropics and ensure their future energy 

ENERGY

POWER FROM 
THE SEA

By Vincent Melot, Thermodynamics Engineer, DCNS Group, Nantes, France

DCNS uses ANSYS simulation and services to optimize design 
of marine renewable energy technology.

Reliable models can provide 
answers in minutes rather than 
days, without compromising 
the fidelity of results.
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independence. This innovative solu-
tion is a green alternative to fossil fuels, 
which are still used extensively on iso-
lated sites that are not connected to con-
tinental power networks.

DCNS now offers a turnkey ocean 
thermal energy floating offshore solu-
tion to produce 16 MW. The Group is 
developing a floating OTEC power plant 
in Martinique, in the framework of the 
NEMO project (New Energy for Martinique 
and Overseas), under a European grant 
obtained in July 2014.

To facilitate design of the condens-
ers for this plant, the DCNS research 
team employs ANSYS simulation soft-
ware and services to speed the product 
development process. This installation 
showcases the potential of OTEC technol-
ogy to benefit overseas island territories 

that are not connected to the continen-
tal power grid by helping them to achieve 
energy self-sufficiency. 

RANKINE CYCLE
With its experience in propulsion 

system design for submarines and sur-
face vessels, DCNS developed an OTEC 
based on a traditional Rankine cycle, in 
which ammonia is used as the working 
fluid in a closed loop. The liquid ammo-
nia enters a steam generator where it is 
heated by the warm water near the sur-
face of the sea. The liquid ammonia 
becomes a gas by boiling at a constant 
pressure. The turbine requires a con-
stant supply pressure, so heat is added to 
generate more vapor to replace the vapor 
being consumed by the turbine. The gas 
expands through a turbine that drives an  

electrical generator, then enters a con-
denser where it is cooled by the cold sea 
water and becomes liquid again. This liq-
uid is pumped to the steam generator 
and the cycle is repeated. 

The condenser, which is critical to 
the performance of a Rankine cycle tur-
bine, contains a large number of hori-
zontal tubes around which the working 
fluid (ammonia in this case) circu-
lates. A cooling fluid, typically cold 
seawater, circulates inside the tubes. 
Condensation of the working fluid out-
side the tube assembly involves several 
complex phenomena. Gas condenses as 
it contacts the tubes to create a liquid 

�OTEC Rankine cycle 

�Condenser phenomena must be accounted for in the design of a condenser for a Rankine cycle turbine.
�Tube bundle (upper), porous media model (center) and 
meshing (bottom)

HOW BEST-IN-CLASS COMPANIES 
AMPLIFY ENGINEERING WITH CFD

ansys.com/93power

Stagnant fluid Under vapor velocity Inundation

http://www.ansys.com/93power
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film. The shape of the film evolves in  
the tube assembly based on the sur-
rounding gas velocity and gravity. 
Condensate falls from the upper tubes 
to the lower tubes in the bundle (inun-
dation). Depending on the rate of con-
densation, the condensate may fall 
as droplets, columns or a continuous 
sheet. Increasing gas velocity agitates 
the film and intensifies the thermal 
exchange, while inundation increases 
the thickness of the film, reducing ther-
mal exchanges. The goal in condenser 
design typically is to maximize thermal 
exchange to reduce the size of the tube 
bundle, which, in turn, reduces the size 
and cost of the condenser.

Designers usually develop condens-
ers using analytical methods to create 
an initial design. The weakness of this 
approach is that analytical methods  
do not take the geometry of the con-
denser into account and are not capa-
ble of predicting local values in the 
heat exchanger. Therefore, a vital ele-
ment of the condenser — the arrange-
ment of the tube bundle — cannot be 
optimized. Physical tests normally 
use laboratory-scale prototypes with  

hydrodynamic performance that often 
does not accurately scale up to produc-
tion-size units.

SIMULATING THE CONDENSER
For years, DCNS has had great succ– 

ess with ANSYS CFD solutions for 
troubleshooting and investigating 
new designs. But to migrate simu- 
lation workflow from research to 
design engineering, the organization 
needed to develop reliable models 
that can provide answers in minutes, 
rather than days, without compro-
mising the fidelity of results. The 
ANSYS Customer Excellence team in 
France developed simplified but reli-
able and comprehensive models for 
DCNS. These models provided a good 
prediction of condenser behavior 

almost instantly. The collaboration  
was smooth and results matched 
expectations.  DCNS engineers then 
developed additional models with a 
new approach to simulate inundation 
in three dimensions. This made it pos-
sible to put powerful simulation tools, 
normally used only by researchers, into 
the hands of engineers responsible for 
product design and development.

DCNS is improving the condenser 
design process using ANSYS Fluent. The 
condenser model depicts the tube bundle  
as an equivalent domain with porous 
media. This method enables DCNS to con-
siderably reduce the number of mesh ele-
ments. Nevertheless, it is still necessary  
to complete the resolution of Navier–
Stokes equations by adding source 
terms to correctly model all hydraulic 
and thermal phenomena. 

The model assumes only gas phase 
flow; condensate is not represented. 
The proportion of liquid is very low 
in the condenser, typically just a thin 
layer around the tubes. However, this 
thin liquid film plays an important 
role in thermal exchange between the 
inner and the outer walls of the tubes. 
An algorithm determines the flow rate 
for each tube and calculates inunda-
tion of the film liquid in the tube bun-
dle. This approach makes it possible 
to calculate thermal resistance caused 
by inundation and integrate it into 
the calculation of the condensation 
flow rate, which is based on the heat 
balance between the inside and out-
side of each tube. Thermal exchanges 
are determined based on an analytical 
correlation drawn from the literature.  

This project made it possible to put powerful simulation tools  
into the hands of engineers responsible for product design  
and development.

The result will be a reduction in size and cost 
of future OTEC and heat-engine power plant 
installations and ship propulsion systems. 

�Three-dimensional simulation of OTEC prototype

Pass #1

Pass #2

Pass #3

Pass #4
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The flow rate of condensation is then 
represented by a term in the mass con-
servation equation. A source term rep-
resenting gas pressure losses of the 
bundle is added to the momentum con-
servation equation.

User-defined functions calculate 
these two source terms: pressure drop 
and the rate of condensation flow. A 
custom user interface simplifies the 
process of setting up the simulation 
and reduces the risk of input errors. 
ANSYS Meshing automatically gener-
ates the mesh with tetrahedral and 
hexahedral elements.

The team successfully validated 
this simulation methodology on an 
OTEC condenser prototype. DCNS engi-
neers compared the vapor mass flow 
rate and outlet temperature inside the 
tubes. CFD results agreed with experi-
mental data.

DCNS engineers also simulated the 
condenser used in the steam-operated 
heat engine in the Coleson Cove power 
generating plant in Saint John, Canada. 
For the Coleson Cove plant, engineers 
compared CFD results to experimental 
data, including temperature at six dif-
ferent points. CFD results were in good 
agreement with experimental data, as 
shown in the figures. 

CFD simulation makes it possible, 
for the first time, to accurately predict 
local values in the heat exchanger prior 
to construction of large-scale prototypes. 
This, in turn, enables product design 
engineers to optimize the arrangement 
of the tube bundle and improve the per-
formance of heat exchangers much ear-
lier in the design process. 

In its next program, DCNS plans to 
use CFD simulation to optimize the tube 
bundle geometry and the inlet posi-
tion to improve vapor velocity and limit 
inundation. The CFD model will be used 
to visualize these and other phenomena 
and optimize the design prior to build-
ing the first prototype. DCNS expects 
that simulation will provide a lighter, 
smaller and less expensive compressor 
design that will meet or exceed perfor-
mance requirements. The customized 
process allows design engineers to use 
simulation tools to speed the design 
process. The result will be a reduction 
in size and cost of future OTEC and 
heat-engine power plant installations 
and ship propulsion systems. 

Condensation rate

Velocity

�CFD results from Coleson Cove condenser

Outlet temperature inside tubes
Absolute deviation in C

Mass flow rate shell side
Relative deviation in percent

Case 1 0.18 2.1

Case 2 0.21 3.2

Case 3 0.26 5.1

Case 4 0.07 0.3

Case 5 0.01 0.9

Case 6 0.02 -0.4

Case 7 0.06 0.8

�Comparison between experimental data and CFD results for OTEC condenser prototype
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ENERGY

�Measurement points at Coleson Cove plant

�Comparison of CFD and experimental pressure results for power plant at Coleson Cove

�Comparison of CFD and experimental temperature results for power plant at Coleson Cove
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Simulation@Work

THE FALL AND RISE OF 

ADAM
Conservators at The Metropolitan Museum of Art call on simulation  
experts to help reassemble a 600-year-old sculpture.

By Patrick Cunningham, Senior Engineering Manager,  
and Michael Bak, Senior Engineering Manager,  
Computer Aided Engineering Associates, Inc., Connecticut, U.S.A. 
Carolyn Riccardelli, Conservator, The Metropolitan Museum of Art,  
New York, U.S.A.

ART CONSERVATION

If Humpty Dumpty — that reckless, wall-sitting egg 
of nursery rhyme fame — were to experience his 
great fall today, chances are good that all the king’s 
engineers would be able to put him back together 
again, with the help of ANSYS Mechanical software.  
Engineers at Computer Aided Engineering Associates, 

Inc. (CAE Associates) of Middlebury, Connecticut, have 
proven the product’s capabilities by working with art con-
servators at The Metropolitan Museum of Art in New York to 
reassemble the marble Renaissance statue of Adam, by the 
15th-century sculptor Tullio Lombardo. It suffered its own 
great fall on October 6, 2002, leaving it in 28 recognizable 
pieces and hundreds of smaller ones scattered across the  
gallery floor.

Traditional restoration techniques would have involved 
drilling holes across each fracture and inserting metal pins 
to rejoin the fragments, with the help of adhesives. But the 
diligent conservators of the Metropolitan Museum opted for 
a slow, thoughtful conservation project that would be mini-
mally invasive to preserve as much of the original artwork as 
possible, and be fully reversible so future conservators could 
undo their work if necessary. 

At the end of the 12-year project, the statue again stands tall 
in the museum’s gallery, with just three fiberglass pins — one 
in each ankle and one in the left knee — and a mix of strong, 

According to a journal paper 
describing the process, this was 
the first time that computerized 
FEA had been used to reconstruct 
a broken statue.

�Tullio Lombardo. 
Adam, ca. 1490–95. 
Carrara marble, H. 78.5 
in. (191.8 cm). The 
Metropolitan Museum 
of Art, Fletcher Fund, 
1936 (36.163). 
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reversible adhesives holding Adam 
together. This remarkably small number 
of pins to repair a broken statue is unprec-
edented. The achievement belongs to a 
large team of conservators, materials sci-
entists and engineers that was assembled 
for the project, with a key contribution 
from Ronald Street, senior manager of 
3-D imaging, molding and prototyping at 
The Metropolitan Museum of Art. He had 
the idea to laser scan each broken piece 
for digital reassembly and, later, to call in 
the engineers of CAE Associates to perform 
finite element analysis (FEA) of the statue 
using ANSYS structural software. There 
was a precedent for scanning and analyz-
ing the complete statue of Michelangelo’s 
David, but this was the first time that the 

technique had been used to reconstruct a 
broken sculpture. [1]

THE SCENE OF THE ACCIDENT
When Adam was found damaged on 

the gallery floor in October 2002, it was 
apparent that the work of art’s support-
ing pedestal had collapsed, causing the 
statue to fall to the right. Approaching 
the scene forensically, the conserva-
tors used the rectangular tiled floor as a 
grid to capture the distribution of frag-
ments. Labeling one grid axis with let-
ters and the other with numbers, they 
then took photographs of each rectan-
gle before collecting the fragments. This 
information would be critical for the 
reconstruction. The smaller fragments 

were placed in plastic bags labeled with 
the grid number. The pieces ranged from  
the 380-pound torso down to marble  
dust that could not be relocated during 
the reconstruction. 

The challenge then became how to 
rebuild Adam — a 3-D jigsaw puzzle of brit-
tle marble with some of the pieces miss-
ing because they had been pulverized. 
Street’s experience with 3-D graphics led 
him to suggest scanning each piece with 
a laser and then using software to deter-
mine how these pieces fit together. These 
scans also allowed the Met’s conservation 
team to machine full-scale polyurethane 
foam replicas of the larger pieces so that 
they could construct an external support 
armature composed of form-fitting carbon 

ART CONSERVATION

�Finite element models of Adam. Left: assembled NURBS model. Center: continuous NURBS model with bonded contacts. Right: hybrid model with imported surfaces from one side of the 
fracture interface generated from the fragment boundaries of the laser-scanned model, which was utilized to represent fracture surfaces 

http://www.ansys.com/Products/Structures
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fiber collars.  The milled models of the frag-
ments allowed the conservators to practice 
the reconstruction process using relatively 
lightweight foam instead of heavy, brittle 
marble. Working with the model to develop 
the reconstruction armature ultimately 
helped to preserve the fresh breaks of the 
sculpture fragments, thus avoiding further 
loss to the surface. 

ENTER THE ENGINEERS
With the general plan for the assembly 

sketched out, it was time to bring in the 
engineers from CAE Associates to assess 
the structural challenges that lay ahead. 

At this point, the conservators had 
already drilled holes in the ankles, where it 
was obvious that pins were needed because 
the small cross sections of the ankles sup-
port all the weight of the statue above them. 
Using the geometry of the statue obtained 
from the 3-D reconstruction, CAE Associates 
performed structural simulations using 
ANSYS Mechanical on the full statue model 
to determine the center of gravity, the 
overall flow of force and nominal stresses 
throughout the sculpture. Submodels of 
local pin regions at the left knee and ankle 
were constructed using much finer mesh 
density to investigate the detailed stress 
distributions near these interfaces with the 
pin locations.

MODELING THE INTERFACES
In the left ankle and left knee regions, 

the actual condition of the adjoining surfaces 
was difficult to ascertain due to a combina-
tion of small fragment loss and the resolu-
tion of the scanned surfaces. Additionally, 
local crushing of fractured surfaces was 
likely to occur when the full weight of the 
statue was applied to the regions, result-
ing in local interlocking of the surfaces. To 
account for the possible variation of the join 
surface conditions, engineers at CAEA used 
the finite element model to bound the prob-
lem in the following fashion: 

• A homogeneous geometry model 
(provided by the Metropolitan 
Museum) with all of the gaps 
in the left ankle and knee joins 
filled in was used as the base-
line. This model was represen-

tative of the statue prior to the 
accident and was considered 
the best-case scenario.

• A model with a smooth planar 
cut aligned with the break sur-
face was used to represent the 
worst-case scenario. 

• The ANSYS DesignModeler geom-
etry tool was used to create a 
rough but interlocking interface 
by importing surfaces from the 
broken model to be used as slic-
ing tools in the baseline model.  
The result was an interlocking 
but fragmented geometry that 
represented the effect of local 

crushing of the marble surfaces 
when reassembled.  

THE ANALYSIS AND THE PLAN
The FE analyses verified that the 5/16 

inch diameter holes that had already been 
drilled were sufficient for the fiberglass pins 
that previous testing had determined would 
be best for the restoration of the ankles. The 
engineers were able to show the conservators  
that adhering the pins in place on one end 
and letting them float on the other, rather 
than adhering the pins on both ends, would 
be less likely to damage the marble if the 
adhesive in the join failed and the pin 
transmitted the full shear load. 

The remaining question was how to 
repair the left knee, which was broken 

�Adam’s tree trunk along with right and left legs (center), with ANSYS Mechanical stress results on either side. Columns 1 
and 2 illustrate compressive (represented by blue and green) and tensile (represented by orange and red) stresses. Columns 
3 and 4 illustrate shear stress. 

�Finite element submodels of Adam’s left knee. Left: adhesive-only join. Right: fiberglass pin from thigh, through wedge, to 
calf. The pin in this model is larger than the one ultimately used in the sculpture. 

SMART STRATEGIES FOR  
STRUCTURAL SIMULATIONS
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into three pieces: the thigh, the calf, and 
a wedge of marble between the two. At the  
wedge–calf interface, the crack face was par-
allel to the ground. Because the weight of the 
statue was distributed through compressive  
stresses here, inserting a pin initially 

seemed unnecessary. But the wedge–thigh 
interface was angled, and therefore sub-
ject to shear forces. This was a more prob-
lematic configuration. Could it be repaired 
without a pin, as the conservators hoped, 
or was a pin, or perhaps two pins, neces-

sary? Was it possible that an adhesive by 
itself would be sufficiently strong? 

To be thorough, the conservators 
wanted to investigate three options: adhe-
sive only; adhesive plus a pin connecting 
the wedge and the thigh; and adhesive 
plus a longer pin joining calf and thigh 
and passing through the wedge.  

CAE Associates performed a series of 
parameterized simulations using ANSYS 
Mechanical to investigate how forces  
varied in the knee and throughout the 
statue, depending on the positioning and 
length of proposed pins. They also simu-
lated how the strength of the adhesive bond 
between the pin and the marble — ranging 
from frictionless (free-floating in the drilled-
out pin hole) to strong adhesion — affected 
the transfer of forces between the pin and 
the marble in case of a shearing event. 

Further simulations showed that 
failure of the adhesive bond at the 
wedge–thigh interface was the worst-
case scenario. An adhesive failure at the 
wedge–calf interface would produce com-
pressive forces that could be absorbed 
mostly by the knee, but failure at the 
wedge–thigh location would significantly 
increase the stress in the right ankle and 
at the tree trunk–hip connection. It is 
interesting to note that it was standard 
practice for figural sculptors to utilize a 
third vertical element — such as a rock 
or a tree trunk — to triangulate the load 
of a statue, providing additional support 
to the figure’s two legs. Tullio Lombardo 
designed the connection between Adam’s 
right hip to a tree trunk for this purpose. 
To avoid transferring stress to this vul-
nerable area, a pin at the wedge–thigh 
interface would keep the fragments 
aligned and allow the normal and shear 
forces from the weight of the statue to 
continue to be transmitted to the left leg. 
Extending the pin into the calf would pro-
vide additional stability in the event of 
adhesive failure. 

With this engineering data in mind, 
the conservators ultimately elected to 
insert a 4-inch-long, 0.25-inch-diameter 

ART CONSERVATION

Engineers used ANSYS DesignModeler to devise a unique hybrid 
model with an “interlocking” interface that would more closely 
represent the repaired structure. 

�Adam fragments in the external support armature made of rigid channel stock and carbon-fiber collars. A custom-designed 
lift table was used to raise the assembled legs up to the torso, which was suspended in its own carbon-fiber corset. 
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fiberglass pin in the left knee, connecting 
the thigh to the calf through the wedge. 

EXECUTION
The actual rebuilding process was car-

ried out by Metropolitan Museum con-
servators working systematically over a 
period of many months. The conservators 
focused on one join at a time, supporting 
each major piece of the statue with the 
external armature and carbon-fiber col-
lars that had been developed using the 
full-scale polyurethane model. To con-
nect the fragments, conservators applied 
an acrylic adhesive on the fracture sur-
face being joined, returned the fragment 
to the armature, and then gently aligned 
the fragments. Once adhesive was in place, 
the remaining leg fragments were dry-
assembled (without adhesive). A custom-
designed lift table was then used to raise 
the assembled legs up to the torso, which 
was suspended in its own carbon fiber cor-
set. In this way, the full weight of the sculp-
ture was applied to each newly bonded 
join. [1] Each join was allowed to rest in 
the external armature until the adhesive 
reached full strength (about 2 months), at 
which time the conservators could move 
on to the next join. The last join to be made 
was Adam’s head, which was lowered into 
place cradled in a sling, thus completing 
the structural portion of the conservation 
treatment. The remaining work involved 
filling in spaces where the marble had 
been pulverized, and toning the fills to 
match the surrounding marble. Adam was 
returned to public view in a new gallery for 
Venetian art at the Metropolitan Museum 
on November 10, 2014.

The conservation of Adam was a 
unique project for conservators and engi-
neers alike. It was a learning experience 
for everyone involved, as every partici-
pant sought to understand the concerns, 

restrictions and vocabulary of the others. 
All came to appreciate the talents of their 
collaborators, and each group learned 
something of value.

The CAE Associates engineers, who 
have analyzed engineering structures in 
aerospace, medical, civil and manufac-
turing applications, enjoyed applying 
their structural finite element exper-
tise to provide information that led art 
conservators to make difficult decisions 
regarding how to restore this priceless 
work of art. This project advanced the 
practice of large-scale marble sculpture 

conservation into new territory by add-
ing extensive materials testing and finite 
element analysis to the process. Should 
another major statue take a great fall in 
the future, ANSYS Mechanical is likely to 
be part of the repair process. 
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IMPLEMENTING SUBMODELING IN 
ANSYS MECHANICAL

ansys.com/93adam2

Should another statue take a great fall in 
the future, ANSYS Mechanical is likely to be 
part of the repair process.

�3-D model of Adam showing major breaks and locations 
of three fiberglass pins, in red �Adam after treatment, 2014
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SEALING IN 
PROGRESS
Daikin’s expertise in polymers helps to improve battery gasket designs for safer, longer-lasting automotive Li-ion batteries.

 By Jihong Liu, Environmental Technology Laboratory, Daikin Industries, Ltd., Osaka, Japan

AUTOMOTIVE

While Daikin Industries, Ltd. is best known 
as the world’s leading manufacturer of 
air conditioners and refrigerators, it has 
also been a pioneer in the field of fluoro- 
chemicals, with a focus on products 
including fluoroelastomers, fluoropoly-

mers and fluorocarbons. Leveraging its expertise in this field 
is leading to new markets for its products. Fluoropolymers, 
for example, are replacing rubber as the compound of choice 
for gaskets around electrodes of Li-ion batteries used in the 

ANSYS software not only helped 
analyze the performance of 
gaskets, it is helping to design 
a better gasket.
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next generation of energy-efficient elec-
tric vehicles.

As the market for fluoropolymer gas-
kets increases in the automotive indus-
try, the need to evaluate and improve seal 
performance has become an important 
issue for Daikin engineers. ANSYS soft-
ware not only helped them analyze the 
performance of gaskets made from their 
NEOFLONTM PFA compound, it is helping 
them design a better gasket.  

PERFORMANCE REQUIREMENTS 
FOR AUTOMOTIVE Li-ION 
BATTERY GASKETS

Gaskets used in Li-ion batteries act as 
seals to prevent electrolyte from leaking 
out and moisture in the air from infiltrat-
ing the battery. The gaskets also provide 
electrical insulation to prevent the positive 
and negative electrodes from making con-
tact and causing short circuits. To ensure 
the safety and life-span of the batteries, 
sealing and insulation functions of auto-
motive Li-ion battery gaskets must be guar-
anteed for 15 years or more. Battery gaskets 
must also possess restoring force to main-
tain the shape of the seal under adverse 
conditions, such as high temperatures  

and long-term stress, which can cause 
creep deformation. When a gasket is com-
pressed, the restoring force that results 
creates a tight seal between the gasket and 
the metal surface. To achieve this, auto-
motive Li-ion battery gaskets are designed 
with cross-sectional shapes to ensure that 
the overall thickness of the gasket is uni-
form over time. 

Battery gaskets have traditionally 
been made of rubber. For many years, 
it was not considered possible to pro-
duce the gaskets from other polymers. 
Fluoropolymers like NEOFLON PFA,  

however, possess excellent electrolyte 
resistance, electrical insulation and cli-
mate resistance in addition to low mois-
ture permeability. The material wedges 
into the concavities on metal surfaces, 
and can form a seal, even on rough sur-
faces, without the use of treatment agents 
or adhesives. Even at low temperatures 
(−40 C) or when exposed to long-term high 
temperatures (60 C), PFA retains its restor-
ing force and maintains its seal perfor-
mance. In addition, the amount of swelling 
of PFA in response to electrolyte contact is 
less than one-tenth that of rubber. 

�Changes in gasket repulsive force after 200,000 hours with one or two sections tilted and different tilt angles

�Cross-sectional shape of circular gasket with axial 
symmetry when both upper and lower sections are  
tilted in relation to horizontal plane
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�Cross-sectional shape of circular gasket with axial 
symmetry when upper section is tilted in relation  
to horizontal plane
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�Diagram of Li-ion battery showing gaskets
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SIMULATING GASKET 
PERFORMANCE

Conventionally, gaskets are used with 
an angle of tilt (θ) of 0 degrees, so there is 
no tilt and the thickness of the cross sec-
tion is uniform. Because of the time typi-
cally necessary to create and test physical 
prototypes, little research had been done on 
the effects of changing the tilt of the gasket, 
and the limits of physical testing meant that  

engineers had to rely on trial-and-error 
methods to improve their designs. Daikin 
engineers hypothesized that they could 
use computer simulation to obtain a better 
understanding of the effects of age-related 
change, and to learn how changing the 
shape and tilt of their gaskets could improve 
efficiency and life expectancy of PFA gaskets. 

To simulate the elastoplasticity and 
creep characteristics of PFA, Daikin engi-

neers turned to ANSYS structural mechan-
ics solutions to simulate the repulsive 
force produced by pressing an automo-
tive Li-ion battery gasket into place in an 
extremely high-temperature environment 
(60 C, or 140 F). The gasket, caulk pin and 
cover are symmetrical around the axis, and 
the upper section (or the upper and lower  
sections together) are tilted in relation to 
the horizontal plane. The seal was simu-
lated by pressing the caulk pin against the 
lower section of the gasket and the cover 
against the upper section of the gasket. 
Seal performance improves in proportion 
to the magnitude of the repulsive force 
against the seal. 

Daikin engineers modeled the mate-
rial properties of PFA with a multilinear 
isotropic-hardening elastic–plastic model 
based on von Mises yield criteria; then 
they applied a modified time-hardening 
model to simulate creep characteristics 
after 200,000 hours at 60 C. They then vir-
tually tested various cross-sectional gasket 
designs at different tilt angles and deter-
mined the repulsive force for each gasket 
design and tilt angle. They found that a gas-
ket turned outward, and that an increased 
tilt angle for both sections of the gasket  
produced a higher repulsive force — and 
therefore a better seal — than the conven-
tional shape with no tilt. 

The team further analyzed the effects 
of time on the various tilt angles and con-
firmed that the optimal design was a gas-
ket with both sections tilted to +θ because 
it maintained the strongest repulsive force 
over time. The simulations also indicated 
that other improvements could be made to 
the gaskets to prevent creep and increase 
repulsive force. 

Using the information gained through 
ANSYS simulations, Daikin engineers 
developed a patent-pending cross-sectional 
design — a design that they had previously 
not even considered — that improved seal 
performance by 20 percent over the life of 
the gasket. They reduced the evaluation 
time from the two months it would require 
to manufacture and test physical models to 
only half a day. 

By continuing to simulate new gasket  
designs, as well as other innovations in 
their fluoropolymer products, Daikin is 
positioning itself to expand its reach into 
new markets. 

Daikin Industries is supported by ANSYS elite chan-

nel partner Cybernet Systems Co. Ltd.

AUTOMOTIVE

Daikin reduced the evaluation time from  
two months to only half a day. 

�Age-related change in gasket repulsive forces

�Distribution of seal surface pressure after 200,000 hours for gasket with tilt angle (θ) of 40 degrees

One section tilted to +θ θ Both sections tilted to +θ, the optimal design (b)

One section tilted to −θ Both sections tilted to −θ

http://www.ansys.com/Products/Structures
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�Change over time in distribution of seal surface pressure for gasket (b) with tilt angle +θ of 40 degrees
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Increasing environmental regulations, coupled with 
government incentives for green products and sys-
tems, have created dramatic changes for engineer-
ing teams in many industries. For example, in the 
power generation industry, more plants are being con-
structed using wind, water and solar power, which 

has created a fast-growing market and a new set of customer 
needs. Product development teams focusing on engines or 
engine components face stricter emissions standards as well 
as weight restrictions that support greater fuel efficiency.

Gilbert Gilkes & Gordon Ltd. — commonly referred to as Gilkes 
— is a leading manufacturer serving both the power generation  
and engine industries. Gilkes Hydro is a global leader in hydro-
power systems that generate electricity from water, with more 
than 6,700 turbines installed in more than 80 countries. Gilkes 
Pumping Systems manufactures a range of sophisticated pumps 
for the cooling of high-horse power diesel engines, supplying 
many of the world’s top diesel engine manufacturers. 

Founded in the United Kingdom’s Lake District in 1853, 
Gilkes is steeped in tradition. Its main factory has been in the 
same location since 1856, and it has been under the same basic 
ownership since 1881. With a loyal customer base and a stable of 
proven product designs, Gilkes was able to lead the global mar-
ket in small hydropower systems and engine cooling pumps for 
many years. 

“The traditional approach at Gilkes was to create a high-per-
forming design through testing, optimize it for production in 
our factory, then rely on variations of that design for years,” 
said Lindsey Entwistle, mechanical design engineer for cooling  
pumps at Gilkes. “Customers were very happy with the product’s 

performance, and it was an approach that worked for many years.”
However, in the last decade, the landscape began to change in 

both industries that Gilkes serves. Due in part to government sub-
sidies for renewable energy, the market for hydro turbines began 
to grow quickly in many regions of the world, new competitors 
appeared and Gilkes had to guarantee higher turbine performance 
to retain its market share. 

In addition, increasing environmental awareness meant new 
regulatory standards for diesel engines. Gilkes’ existing pump 
designs required higher levels of performance to contribute to 
decreased emissions and other environmental goals, as well as 
reduced production costs. For the first time in years, Gilkes’ prod-
uct requirements were dramatically changing.  

SIMULATION: A COMPETITIVE ADVANTAGE
Across both market segments, Gilkes’ historic com-

petitors moved quickly to develop innovative designs that 
capitalized on these opportunities — relying heavily on com-
putational fluid dynamics (CFD) simulation tools to drive  

GENERATING 
INNOVATION
A world leader in small hydropower systems and engine cooling pumps, Gilkes built a long history of success 
based on proven products. In 2013, executives recognized that, to maintain leadership, product innovation was 
needed. By building in-house expertise in engineering simulation, the company is re-inventing its product line, 
both quickly and cost-effectively. This successful 162-year-old business has a few lessons for other companies 
targeting major innovation. 

 By ANSYS Advantage Staff

THOUGHT LEADER

Gilkes had to be able to guarantee 
higher turbine performance if it 
were to retain its market share.

�Alan Robinson, Jo Scott and Lindsey Entwistle
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fast design and market launch of new 
products that answered these needs.

Engineering simulation was not a 
new concept to Gilkes. Historically, when 
design analysis was needed, the com-
pany had outsourced CFD simulation to 
experienced consultants. Gilkes had also 
sponsored the work of a Ph.D. student, at 
nearby Lancaster University, who had built 
his thesis around answering one of Gilkes’ 
pressing engineering challenges.

“We had dabbled in engineering simu-
lation in the past, but not really committed 
to it as a central strategy to support prod-
uct innovation,” explained Alan Robinson, 
research and development manager for 
Gilkes hydroturbines. “We have a history 
of under-promising and over-delivering. 
But with efficiency guarantees so heavily 
weighted in bid evaluations, we knew we 
had to improve our product performance — 
we had to innovate so we could offer higher 
guarantees and keep our valued ethos. And 
the engineering team responded with a 
proposal to create an in-house simulation 
capability — because we recognized that 
simulation had become a key competitive 
edge we were lacking.”

“We showed the board of directors 
the capabilities of simulation software 
and how it could help us quickly redesign 
our products,” Robinson continued. “The 
board agreed to make a significant invest-
ment in not only technology but new engi-
neering staff with simulation skills.”

A NEW CAPABILITY  
TAKES SHAPE

In 2013, Jo Scott was hired as an expe-
rienced CFD engineer for Gilkes’ hydro tur-
bines business. Because Scott had used 
simulation software for 20 years in his 
previous positions, he became the cham-
pion of simulation within both Gilkes busi-
ness units. 

“Our first lesson was to choose the 
software carefully,” noted Scott. “Even 
after we decided to purchase a best-of-
breed software, we had to select the actual 
solutions. We realized that CFD simulation 
was a requirement for both businesses, 
but that the pumps engineering team also 
needed to do finite element analysis (FEA) 
to ensure structural robustness. But there  
were many levels of FEA analysis tools, so 

�Gilkes cooling pumps

�ANSYS structural simulation of Gilkes dual circuit marine pump showing total deformation under installed load conditions

�Gilkes has a long history of engineering excellence.

PUMPS & WATER TURBINES

ansys.com/93pumps

http://www.ansys.com/93pumps
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we had to match the solution to our day-
to-day challenges.” 

While Scott initially tried to train some 
of his colleagues in simulation software, 
he quickly realized that the best strategy 
was to leverage the expert training pro-
vided by ANSYS. “Even though I knew the 
CFD software very well, it simply wasn’t 
time- and cost-efficient to have me man-
age the internal training — and I had little 
working knowledge of FEA solutions,” said 
Scott. “So we had a team of people attend 
formal software training, which helped us 
get a core group of users up and running.” 

 Today, Scott is joined by three part-
time ANSYS users in the hydro turbines 
business. In the cooling pumps busi-
ness, Gilkes has four engineers using  

CFD software and another three team 
members using FEA software to analyze 
structural issues. 

Throughout, Gilkes has made full use 
of phone-based support and an online cus-
tomer portal to get answers to technical 
questions. “Software providers offer web- 
and phone-based support for a reason — 
and you shouldn’t be shy about using 
those resources,” stated Scott. “There’s so 
much product knowledge there.”

While Gilkes began with a single seat 
of software — relying on a leasing approach 
for additional seats — in 2015 the company 
realized that it needed to make a longer-
term commitment. “Once we were able to 
assess the real usage of simulation software 
at Gilkes, we saw that it made more sense to 

buy licenses instead of leasing them,” said 
Scott. “It was a financial decision based on 
how frequently simulation was being used 
by our team by 2015.”

A WELCOME CHANGE
At Gilkes, the adoption of engineering 

simulation was embraced by many exist-
ing employees who were eager to learn  
leading-edge skills. “Our engineers had 
been doing a lot of complex calculations 
and design work using more-traditional 
methods, so they were extremely enthusias-
tic about having new software do the work 
for them,” said Robinson. “They wanted to 
get up to speed on the latest practices.”

The new focus on simulation is also 
attractive to recent graduates who are 
ready to apply the skills they have learned 
in college. “Traditionally, there was a gap 
between how Gilkes engineers were work-
ing and the way new engineers were being 
trained at university,” noted Entwistle, who 
joined Gilkes in 2014. “But that gap was dis-
appearing by the time I arrived. And today, 
Gilkes really is at the forefront of engineer-
ing practices. It’s exciting to work here.”

While the change was welcome, 
Robinson noted that it was challenging 
from a cultural standpoint. “Previously, 
we had engineers spreading their skills 

THOUGHT LEADER

We showed the board of directors the 
capabilities of simulation software and  
how it could help us quickly redesign  
our products. The board agreed to make  
a significant investment.

�Pelton runners on Gilkes shop floor

http://www.ansys.com/Support
http://www.ansys.com/Products/Fluids
http://www.ansys.com/Products/Structures
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thinly to oversee entire projects,” he 
explained. “Now we’ve installed a mod-
ular process in which people have  
different roles and different areas of 
expertise. We have specialists at every 
stage, including our CFD and FEA experts. 
We’ve had to change our process and  
re-align employees’ roles, but that was 
necessary to fully adopt simulation as a 
core competency.”

“It was helpful that everyone rec-
ognized the need to change,” added 
Robinson. “We realized our efficiencies 
had to improve, and a lost order helped 
everyone recognize that we had to do 
things differently. I would advise 
other businesses to share the 
top-level vision with their 
engineers, because that 
certainly helped us 
overcome any cultural 
resistance at Gilkes.”

LAUNCHING A  
NEW ERA

In just three short 
years, Gilkes has trans-
formed from having no 
internal simulation capability 
to having 10 engineers regularly 
using simulation software. The com-
pany has invested approximately  

£150,000 in building this capability 
— including software licensing, hard-
ware and training. The company is now 
looking into the creation of a high-per-
formance computing (HPC) cluster to 
manage large simulations and make its 
analysis capabilities even more powerful.

“Engineering simulation now forms 
the basis of a strategy of analysis that is 
being used to promote intelligent, blue-
sky design thinking, where we contin-
ually assess and develop our designs,” 
said Robinson. 

 
 

“It’s hard to measure the financial impact 
of our investment in simulation,” he con-
tinued. “But I can tell you that we are now 
seeing a return on that investment due to 
winning more contracts because we can 
produce innovative designs more quickly 
and cost-effectively. We believe that sim-
ulation has made a real difference already 
— and that it’s positioning Gilkes for a new 
era of success.” 

• Choose the software carefully. Make sure that 
the provider is best in class, but also choose 
individual solutions that meet your daily 
engineering challenges.

• Capitalize on the provider’s knowledge base. 
Expert training, phone-based support and 
web support are there to help customers. 
Take advantage of these resources.

• Structure licensing around your actual use 
of the software. Gilkes first leased software, 
then bought the right number of licenses 
after usage was fully understood.

• Communicate the need for the change. Even 
positive changes can be hard to accept unless 
employees understand the reasons why they 
need to work differently.

New to Simulation? Four Lessons from Gilkes

�ANSYS CFD simulation of Pelton turbine runner

We have won some sizable customer contracts because we can produce 
innovative designs more quickly and cost-effectively.
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To develop innovative products that revolution-
ize industries, companies continually seek 
new ways to improve product design proc-
esses and increase product reliability. While 
it is widely recognized that deploying simula-
tion-based guidance early in the design process 

allows organizations to take product designs to the next level 
of performance and dependability, in practice this is often  
difficult to achieve. Many traditional simulation tools have 
steep learning curves and are more suitable for simulation 
experts rather than for the broader engineering population. 
While providing engineering simulation has been an ANSYS 
hallmark for many years, the latest release includes a new 
simulation environment designed to revolutionize the simu-
lation process. It does this by making leading single-physics, 
multiple-physics (sequential use of single phys-
ics solutions) and multiphysics (simulta-
neous, coupled  solution of more than 
one physics) simulations accessi-
ble to every engineer. Built on 
the ANSYS Workbench plat-
form, ANSYS AIM is a new, 
immersive simulation envi-
ronment that lowers the 
barrier to entry for engi-
neering simulation. AIM 
unifies ANSYS industry- 
leading solver technol-
ogies with a guided and 
customizable simulation 
process that makes sim-
ulation-based guidance 
accessible to entire engi-
neering organizations.

INTUITIVE USER EXPERIENCE
ANSYS AIM provides a modern, intuitive user experience that 

empowers all engineers to make design decisions based on simula-
tion throughout the entire product development process. This user 
environment streamlines the setup, execution and results evalua-
tion of simulations involving single and multiple physics as well 
as multiphysics for both new and occasional users of simulation.  
At the core of AIM’s simulation workflow are simulation process  
templates that define task-based workflows for both single physics 
and applications involving multiple physics simulations. Templates 
enable novice and infrequent users to rapidly learn and leverage 
simulation to guide design decisions. The AIM user interface also 
provides many visual cues to lead users through the steps of the  
simulation process, and to model inputs that require user attention. 
Throughout the simulation process, AIM’s integrated help system 

provides extensive video content and informative mes-
sages presented in easily understandable engi-

neering terms. The help system is designed  
to assist users to become more familiar 

with simulation.

CUSTOMIZATION  
OF SIMULATION 
WORKFLOWS

Based on the readily cus-
tomizable Workbench plat-
form, the ANSYS AIM user 
environment provides tools 
to script and customize 
this environment to auto-
mate simulation work-

flows. For many companies 
with large design groups, 

a CAE methods group will 

DepartmentsSOLUTIONS

INTRODUCING 
ANSYS AIM:
SIMULATION FOR 
EVERY ENGINEER
This integrated solution for simulation encompasses the breadth of ANSYS physics  
in a single, modern user environment. 

 By Steve Scampoli, Lead Product Manager, ANSYS

�Fluid–structure interaction simulation of a flow control valve. Deformation of the valve stem 
from fluid forces is shown.

http://www.ansys.com/Products/Workbench+Platform
http://www.ansys.com/Products/Multiphysics/ANSYS+AIM
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define simulation best practices and stan-
dard engineering simulation workflows. 
To more easily enable the deployment of 
simulation to design groups, AIM allows 
the creation of custom templates that can 
be tailored to follow an organization’s 
specific simulation process. Custom tem-
plates and automated workflows empower 
CAE methods groups to capture their engi-
neering simulation knowledge and pro-
vide expert guidance to design groups 
using simulation in their design proc-
ess. Distributing simulation to an entire 
design group can speed product inno-
vation and time to market, resulting in 
robust and innovative products.

AIM’s customization is based on 
native journaling and scripting via 
IronPython, an open source implemen-
tation of the Python programming lan-
guage. Using journaling and scripting 
capabilities, all simulation steps can be 
recorded and easily customized to cre-
ate customized templates. With these 
templates, CAE methods experts can 
capture engineering simulation best 
practices and define standard simu-
lation workflows for their organiza-
tions. The AIM user interface can be 
further tailored via user interface exten-
sions so that custom data panels, work-
flows and end-user documentation can 
be created. AIM also includes a powerful 
expression language that allows variable 
boundary conditions and other model 
inputs to be defined via expressions.  

The customization tools, expression 
language and scripting syntax are used 
across all aspects of the simulation phys-
ics spectrum. Employing AIM’s custom-
ization capabilities, CAE methods groups 
can successfully deploy consistent engi-
neering simulation best practices and 
automated workflows to the broader 
engineering organization.

MODELING REAL PRODUCT 
ENVIRONMENTS

Real-world product environments 
inherently include multiple physical 
effects — fluid forces, thermal effects, 
structural integrity and electromag-
netic radiation can all impact prod-
uct performance. To maximize product 
performance and reliability, engi-
neers routinely consider how multiple  

�ANSYS AIM’s task-based workflow guides the simulation process for static analysis of a bicycle crank assembly. Immersive menus enable quick specification and editing of model inputs  
and results.

ANSYS AIM OVERVIEW

ansys.com/93aim

ANSYS AIM unifies ANSYS industry-leading solver technologies with  
a guided and customizable simulation process that makes simulation-
based guidance accessible to entire engineering organizations.

https://www.youtube-nocookie.com/embed/EiyT2lrY_S4
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physics interact with the in-
service uses of the products they are  
developing. AIM enables engineers to 
simulate multiphysics interactions to 
ensure that product designs will perform 
in real-world product environments.

AIM includes the essential multi- 
physics simulation capabilities required 
to solve a wide range of product design 
challenges across many industry applica-
tions — and the breadth and depth of AIM 
capabilities will increase rapidly through 
frequent releases each year. To evaluate 
fluid and thermal performance of product 
designs, AIM includes steady-state fluid 
flow and heat transfer to assess both lam-
inar and turbulent flows, conjugate heat 
transfer (CHT) to determine fluid and 
solid temperatures, fluid buoyancy effects 
to examine natural convection, and com-
pressibility effects for modeling high-
speed gas flows. AIM’s fast and robust fluid 
solutions accurately determine key design 
parameters such as fluid velocity, pres-
sure drop, and lift and drag coefficients to 
predict the fluid and thermal behaviors of  

 
 

product designs. 
To assess structural  

performance, AIM 
includes static stress 

analysis of parts and 
assemblies, including non-

linear contact and large 
deflection, modal analysis to 

determine natural frequencies and vibra-
tion characteristics, and durability analy-
sis to compute fatigue life of components 
and assemblies. 

Fluid and structural physics can be 
coupled through one-way fluid–structure 
interaction, which provides an accurate 
transfer of fluid forces and solid tem-
peratures to a structural simulation to 
evaluate the structural response to fluid 
and thermal loads. To determine elec-
trical performance, AIM includes direct 
current electric conduction analysis, so 
that current distribution, power loss and 
voltage drop of product designs can be 
determined. AIM’s many options for mul-
tiphysics simulation also include fully 
coupled thermoelectric–stress analysis, 
which allows power loss to be used as a 
heat source to compute temperatures — 
and subsequent thermal deformation and 
stress — of product designs.

The multiphysics simulation capabil-
ities of AIM enable simulation across a 
broad range of industry applications, such 

as the fluid and structural performance  
of valves, flow control devices and proc-
ess measurement instruments; wind and 
fluid loads on structures; temperature 
and stress in heat exchangers, engine 
components and electronic devices; 
and current distribution, temperature 
and stress in fuses and busbars. These 
examples are just some of the applica-
tions requiring multiple physics that 
can be conducted with ANSYS AIM to  
determine how product designs perform 
in real-world environments.

PROVEN, HIGH-PERFORMANCE 
SIMULATION

In today’s fast-paced product 
design environment, design cycles are 
short, and companies demand accurate 
simulation results quickly. ANSYS AIM 
addresses this by delivering proven, 
accurate and scalable technologies for 
engineering simulation. While AIM’s 
graphical user interface and user  
experience are new, the underly-
ing solver and meshing components 
are based on proven ANSYS technol-
ogies that have been developed and  
validated for the world’s most demand-
ing customers. 

All components of the AIM simu-
lation workflow — mesh generation, 
solution and post-processing — take 
advantage of parallel computing to max-
imize the speed and throughput of the 
entire simulation process. Using par-
allel computing, AIM enables teams to 
perform rapid turnaround of multiple 
design alternatives and evaluate high-
fidelity simulation models, including 
large assemblies and highly detailed 
geometry. To rapidly generate a high-
quality mesh for complex geometries, 
AIM uses parallel part-by-part meshing 
to leverage multiple CPU cores for mesh 
generation. Engineering teams can com-
bine individual physics and multiphys-
ics solutions using multiple CPU cores 
to increase solution speed. Two CPU 

The underlying solver and meshing components are based on proven 
ANSYS technologies that have been developed and validated for the 
world’s most demanding customers. 

SOLUTIONS

�Conjugate heat transfer simulation of a water-
cooled exhaust header illustrated by air streamlines 
(bottom left) and solid temperatures (top right). 
Compressible airflow and incompressible water  
flow are combined in a single CHT simulation.
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cores are sup-
ported for each 
solver by default; for 
large-scale simulations, 
the software can access additional CPU 
cores by taking advantage of ANSYS HPC 
for greater simulation throughput. AIM 
post-processing also takes advantage 
of parallel computing; it includes both 
GPU- and CPU-accelerated post-proc-
essing for all physics for rapid evalua-
tion of both quantitative and qualitative 
results. When using AIM to evaluate the 
performance of product designs, engi-
neers never have to compromise on 
speed, robustness or accuracy.

EVALUATION  
OF DESIGN ALTERNATIVES

Engineers routinely evaluate mul-
tiple design alternatives to make 

informed decisions to optimize prod-
ucts. To provide a more detailed under-
standing of a product’s design space, 
AIM includes pervasive parameteriza-
tion to evaluate multiple design alter-
natives. Virtually any model input or 
output — a geometric dimension, mate-
rial property, boundary condition or 
result quantity — can be defined as a 
parameter and used as part of a para-
metric simulation. Once parameters 
are defined, the parametric simulation 
model is employed to rapidly explore 
design alternatives and to develop a 
more thorough understanding of the 
design space. AIM also includes options 
for design of experiments (DOE) to 

efficiently assess the design 
space and develop response 

surfaces, goal-driven optimi-
zation to help determine the opti-

mal design, and six sigma analysis to  
ensure that product designs are robust.  
The parametric simulation and optimi-
zation capabilities of AIM enable engi-
neers to develop higher-performing  
product designs and deliver greater 
product innovation.

SIMULATION-BASED GUIDANCE 
BECOMES ROUTINE

By solving single and multiphys-
ics (both sequential  and directly cou-
pled) applications combined with 
efficient and intuitive workflows, 
ANSYS AIM allows engineers to profi-
ciently and routinely leverage simula-
tion guidance across a wide range of 
industries. AIM’s simulation process 
templates and guided workflows give 
engineering teams simulation direc-
tion early in the design processes to 
improve product performance and 
reliability. AIM’s automation and 
customization capabilities enable 
automated simulation workflows spe-
cific to an organization’s engineer-
ing methodology to be successfully 
deployed across engineering organi-
zations — making simulation accessi-
ble to every engineer. 

�DC electric conduction 
simulation of a busbar; electric 
potential shown. 

The multiphysics simulation capabilities of 
AIM enable simulation across a broad range 
of industry applications.

�Static analysis of clutch housing and frame 
assembly; equivalent stress shown. 
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