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Why Simulation-Based 
Innovation and Cost 
Savings Go Hand in Hand
Dramatic efficiencies give engineers freedom  
to creatively explore new ideas for unique products.

Doing more with less in shorter time frames is the  
business norm these days. Financial pressures are huge 
for manufacturers to lower costs throughout the enterprise 
— including engineering and product development. On 
the other hand, smart companies know — or should know 
— that cost cutting alone in the short term won’t sustain 
them over the long haul. The key to long-term success is 
innovative products — ones that stand out from the 
crowd, take competitors by surprise, and ride the leading 
edge of rapidly evolving market trends.

What baffles many manufacturers is how they can 
accomplish both — cutting costs while managing to find 
the time and resources for developing innovative products 
that meet appropriate safety, reliability and quality  
standards. The solution is Simulation Driven Product 
Development. With this approach, engineers compare 
alternatives, refine designs, and optimize product  
performance quickly and economically with simulation 
models early in development, when concepts are just 
starting to take shape. Innovation occurs naturally in this 
type of free-flowing virtual world — not in spite of cost 
and time savings but because dramatic efficiencies give 
design teams the freedom they need to creatively explore 
new ideas and leverage their engineering skills, ingenuity 
and insight.

An excellent example of cost-effective innovation is in 
the cover story, “Bladeless is More,” in which engineers at 
Dyson relate how they developed the Dyson Air MultiplierTM 
— a unique bladeless fan. Air is drawn into the device, 
accelerated through an aperture and channeled over an 
airfoil. To maximize airflow, engineers used fluid dynamics 
software to evaluate up to 10 different designs per day 
compared to two weeks of work with physical prototypes 
for just a single design. Because of this efficiency gain, 

the team investigated 200 different designs — 10 times 
the number that would have been possible with  
physical prototyping.

Engineers at Gamma Point used the approach and 
explain in the article “Cutting Extrusion Die Design Costs” 
how they balance resin velocity distribution in hours 
instead of weeks in the innovative design of plastic parts. 
Potential annual savings add up to hundreds of thousands 
of dollars — quite a hefty ROI for a unique process, one 
that puts them ahead of competitors.

Other articles focusing on the same theme include 
“Star Light,” describing how Dynamic Structures saved  
an estimated $5 million in construction costs while  
significantly improving optical performance of the most 
powerful telescope on Earth — or the story “Taming the 
Cost of Respiratory Drug Development,” in which 
researchers at FluiDA propose an innovative simulation 
method that has the potential to shorten drug develop-
ment time by years and save hundreds of millions of  
dollars in bringing a single drug to market. That’s truly 
cost-saving innovation in action.

These companies clearly recognize the tremendous 
business value of simulation-based product development, 
as they boost top-line revenue growth through innovation 
and bottom-line profits through significant cost savings — 
two benefits that remain compelling whether the economy 
is up or down. n

John Krouse
Senior Editor and Industry Analyst
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analysis tools
Speed Up Simulation with a GPU
A new feature in ANSYS Mechanical software called the GPU accelerator capability can improve  
turnaround time for increasingly complex engineering simulations — especially those involving 
models with complicated, multiple physics and greatly refined meshes. Graphics processing 
units now have the computational precision required for FEA solutions as well as the power to 
effectively complement the performance of the latest CPUs. The feature works by offloading 
some of the most numeric-intensive algorithms from the CPU onto the GPU.

sport
Riding the Waves
Surfskis are long, narrow, light kayaks with an open cockpit designed to be paddled in heavy 
surf. Intelligent Fluid Solutions worked with surfski manufacturer Red7 to improve the equip-
ment’s wave-riding ability. Computer simulation helped the companies to design a more stable, 
better-draining surfski with less drag.

space tecHnology
Robots Race to the Moon
The Google Lunar X PRIZE is offering a $20 million award to the first privately funded team to 
successfully send a robot to the moon. Astrobotic Technology is one of more than 20 teams 
from around the globe participating in the lunar race. The organization is using engineering  
simulation to optimize the robot’s design, hoping to ensure that the equipment will operate  
in the Moon’s hostile environment. 
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Bladeless is More
Fluid flow simulation advances acclaimed new fan design. 
By Richard Mason, Research, Design and Development Manager; Frédéric Nicolas, Senior Fluid Dynamics Engineer;  
and Robin Pitt, Fluid Dynamics Engineer, Dyson Research Design & Development Center, Malmesbury, U.K.

Released to wide international recognition in 2009 — 
including being named to Time magazine’s list of best 
gadgets — the Dyson Air Multiplier™ fan is a both 
technical and stylistic re-imagining of the household fan. 
By accelerating air over a ramp, the design eliminates fan 
blades as well as the buffeting and turbulence associated 
with these household appliances. From the outset, 
however, Dyson engineers faced the challenge of 
developing and optimizing the design of an original new 
fan without the benefit of previous experience with this 
type of design. Historically, the company relied on physical 
prototyping for design development, but resulting cost 
and time constraints limit the ability to evaluate hundreds 

of design candidates needed to optimize a new product. 
To complement experimental testing and reduce 
development time for this new fan, Dyson’s engineers 
used fluid dynamics software from ANSYS to evaluate  
up to 10 different designs per day. 

The idea for the Dyson Air Multiplier fan originated 
when the engineering team was testing the Dyson 
Airblade™ hand dryer. This drying device works by 
generating a thin sheet of air moving at 400 mph that 
pushes water off the user’s hands. Observing the side 
effect that the sheet of air was dragging a considerable 
portion of the surrounding air with it, the team conceived 
a new idea: to produce a thin, high-speed sheet of air  

The Dyson Air Multiplier fan  
has no need for visible fan blades.
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that drags surrounding air — a process known as 
inducement — through a fan. Airflow leaving the product 
then drags along more flow — a process known as 
entrainment — and the Dyson Air Multiplier fan was the 
result. This unique approach eliminated the need for  
the external blades of a conventional fan and provided  
a much smoother movement of air that feels like a  
natural breeze.

For the new, bladeless fan, Dyson engineers 
developed a basic design concept in which air is drawn 
into the base of the unit by an impeller, accelerated 
through an annular aperture and then passed over an 
airfoil-shaped ramp that channels its direction. The initial 
design had an amplification ratio — how much air is 
dragged along for each unit of primary flow — of six to 
one, which needed to be improved substantially for the 
finished product. The conventional approach to evaluating 
designs was to use rapid physical prototyping for the 
annular ring. However, with each ring taking several days 
to build, combined with additional time for measurement 

and hand finishing and, finally, several days to assemble 
and test the ring, a total of two weeks would have been 
required to evaluate each prospective design. 

Dyson faced similar fluid flow design challenges in 
previous development projects, especially with its lines  
of vacuum cleaners and hand dryers. As before, the 
company’s engineers overcame such problems by using 
ANSYS FLuENT software to simulate fluid flow without 
the need for a physical prototype. Being able to visualize 
fluid flow throughout the solution domain helped engineers 
to gain an intuitive understanding of the design, leading to 
rapid improvements. The software’s ability to divide the 
domain into subdomains substantially speeded up the 
process of making design changes. For example, the sub-
domains in and around the annular ring contained a very 
dense mesh to maximize accuracy in this critical area. 
After making a change, the team had to remesh only the  
subdomain that contained the change, and thus the time 
for remeshing was reduced from over an hour to about  
10 minutes. 

Air is initially drawn in through the base of the fan and is injected through the annular slot, inducing more flow from the surrounding air.

The team was able to design and model up to 10 geometric variations of 

these dimensions in a single day and then to compute the results in a  

batch overnight.
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Dyson engineers first modeled the initial prototype 
with the goal of validating the accuracy of the fluid flow 
model. Each case was simulated as a 2-D, steady-state, 
incompressible, turbulent air flow using the k-epsilon 
turbulence model. The attractiveness of the 2-D method 
was the meshing simplicity and relatively short solution 
time, but the downside was a more simplistic flow field. 
However, the software from ANSYS was extremely 
consistent in predicting performance trends that were 
observed, which gave the engineering team confidence in 
the simulation results.

The next step was to evaluate a series of design 
iterations with the primary goal of increasing the 
amplification ratio to move the maximum amount of air 
possible for a given size and power consumption. Dyson’s 
engineers quickly homed in on three dimensions as having 
major impact on performance: the gap in the annular ring, 
the internal profile of the ring and the profile of the external 
ramp. The team was able to design and model up to 10 
geometric variations of these dimensions in a single day 

Cross section of the Dyson Air Multiplier fan’s ring design showing contours of velocity magnitude. Slower-moving air (dark blue and light blue 
contours) inside the ring is accelerated by passing over a ramp and out through a narrow opening (green, yellow and red contours).

The team investigated 200 different design iterations using simulation, 

which was 10 times the number that would have been possible if physical 

prototyping had been the primary design tool. 

and then to compute the results in a batch overnight. 
Another major benefit of using fluid dynamics simulation 
was that the engineers were able to establish relationships 
between air velocity and delivered flow rate for various 
designs — a key performance metric.

Over the course of the design process, Dyson’s 
engineers steadily improved the performance of the fan to 
the point that the final design has an amplification ratio of 
15 to one, a 2.5-fold improvement over the six-to-one 
ratio of the original concept design. The team investigated 
200 different design iterations using simulation, which was 
10 times the number that would have been possible had 
physical prototyping been the primary design tool. 
Physical testing was used to validate the final design, and 
the results correlated well with the simulation analysis.

With critical acclaim from many reviewers, the Dyson  
Air Multiplier fan has been a resounding success in the 
marketplace. By optimizing the design’s performance and 
reducing the number of prototypes, simulation software from 
ANSYS made a notable contribution to that success. n

consumer products 
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Cost-Effective 
Innovation 

As some companies successfully yet conservatively  
navigate their way through the economic recovery, many 
are still mired in the aftermath of the crisis. Either way, in 
these tough times all executives are continually struggling 
with two seemingly opposing initiatives:

• Cost savings to mitigate the negative  
impact of the economic climate on sales

• Innovation that can propel a company  
beyond the crisis as quickly as possible

neither of these initiatives can be sacrificed for the 
other, especially for companies that are seeking to do 
more than just merely stay afloat. The challenge is finding 
practical ways to accomplish both objectives at once.

• Product safety is an ongoing concern across all  
industries. Minimizing — or, better yet, eliminating 
— risk of injury from the use of a company’s  
products and processes is always a top priority. 
Products need to be safe throughout their entire  
life cycle.

• Green design is increasingly important, with  
sustainability and ecological issues leading to  
unprecedented levels of innovation in product  
development processes.

Race to the Finish Line
Companies are locked in a race to the finish line, and 

the focus today is on innovation. Winning at developing 
high-demand, high-quality products means breaking with 
the past and redesigning legacy product development  
processes that decrease costs, shorten time to market  
and reduce financial risks.

While the competition is reeling, visionary companies 
are taking advantage of this time to sprint ahead of the 
pack through innovation. Clearly, the first companies to 
emerge from these tough times will be tomorrow’s  
leaders. New solutions are necessary not only to create  
or sustain this business leadership but also to address 
major challenges facing manufacturing companies today 
and in the years to come:

• Product integrity is a must have in highly  
competitive markets. Product failures and recalls  
cost companies dearly. A product that needs to be 
repaired or replaced severely cuts into profits and 
badly damages brand image.

Strategies to Improve Product Design
source: aberdeen group, april 2010

Analyze product 
behavior earlier 70%

56%

Implement a get-it-right- 
the-first-time strategy

Promote collaboration 
between analysis  
experts/design engineers

Evaluate more design  
iterations in the  
concept/design stage

Define best practices for 
assessing product behavior

Reduce number of unique 
parts in product

67%
39%

52%
38%

52%
43%

49%
36%

42%
34%

Best in Class

All Others

Best-in-class companies  
systematically integrate simulation with  
design processes to succeed in a turbulent economy.
By Thierry Marchal, Industry Director, ANSYS, Inc.

The first companies to emerge  
from these tough times  

will be tomorrow’s market leaders.
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Business as usual is no longer an option. For major 
innovations, the traditional approach of creating  
numerous physical prototypes and conducting lengthy 
test cycles for each design is not practical because doing 
so would require large budgets that cut into profits, 
and long development cycles that often bring products  
to market too late. Rather, new processes must be  
implemented so that companies can design higher-quality,  
innovative products on time and at lower cost.

A recent report titled Cost-Saving Strategies for 
Engineering: Using Simulation to Make Better Decisions 
from the Aberdeen Group sheds light on best practices 
applied by successful companies targeting time, cost  
and quality. According to the report, best-in-class  
companies utilize engineering simulation to systematically 
design new products in the virtual world. Such companies 
spring back from tough times faster than competitors by 
optimizing their development process and implementing  
a get-it-right-the-first-time strategy by predicting and  
analyzing product behavior earlier in the design process. 
They also evaluate more design iterations in the concept/
design stage.

In such an approach, engineering simulation:
• Reduces physical build-and-test experiments,  

shortening time to market and make a positive 
impact on the bottom line

• Opens the door to more dramatic enhancements 
and truly innovative solutions

Using Engineering Simulation Systematically
If many companies are now using simulation during 

their design processes, the most successful ones are  
differentiating themselves by using engineering simulation 
systematically during the design process, applying as a 
standard the Simulation Driven Product Development 
concept. These successful companies integrate and 
deploy simulation at the core of their processes, encour-
aging tight interactions between analysts and designers 
around a virtual product developed in a common,  
integrated software environment.

Effectively and accurately predicting the behavior of 
new products often requires analyzing the interaction  
of complex, nonlinear physics and incorporates structural 
analysis, fluid dynamics, electromagnetic modeling, 
fatigue analysis and other types of investigations. 
Furthermore, interactions between the numerous  
individual parts of a product as well as between  
the product and its environment call for more compre- 
hensive geometrical modeling, necessitating complex 
meshing and advanced high-performance computing (HPC).

Being a Best-in-Class Company
Although the concept of Simulation Driven Product 

Development may be an ideal design process goal for 
many companies, the approach cannot be successfully 
implemented without considerable forethought, know-how 
and insight to set up and deploy the required advanced 
technology solutions. This deep understanding of design 
processes is what drives ANSYS product strategy. The 
ANSYS Workbench platform is the framework upon which 
the industry’s broadest and deepest suite of advanced 
engineering simulation technology is built. Within a single 
multiphysics platform, an entire simulation process is  
tied together, enabling complex multiphysics analyses.  
There is a growing list of best-in-class companies that  
have chosen to adopt and deploy ANSYS solutions for their 
get-it-right-the-first-time strategy. 

This issue of ANSYS Advantage illustrates how  
successful companies, through the integration of  
engineering simulation into their design processes, 
develop radically innovative solutions while benefiting 
from savings that sometimes exceed millions of dollars. 

The Next Decade will be Virtual
There is no doubt anymore about the potential bene-

fits of engineering simulation, and laggards will quickly 
experience the downside of non-adoption: an inability to 
maintain innovative competitiveness. Tomorrow’s leaders 
will systematically develop detailed virtual models, lever-
aging these simulation tools to optimize cost savings and  
innovative new designs that will yield huge competitive 
gains in the coming years. n

References
Cost-Saving Strategies for Engineering: Using Simulation to Make Better 
Decisions; Aberdeen Group Survey Report: April 2010. 
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When Simulation is Used
source: aberdeen group, april 2010

28%

Occasionally, 1–3 times during 
 the design process

Systematically, regular intervals 
throughout design process

49% 48%

Best in Class All Others

16%

Tomorrow’s leaders will systematically 
develop detailed virtual models.

Business as usual is not an option anymore.



Taming the Cost  
of Respiratory  
Drug Development 
Computer modeling and simulation help researchers  
to better visualize pulmonary functions for faster, less  
expensive clinical testing of innovative respiratory drugs.
By Jan De Backer, CEO, FluidDA nv, Kontich, Belgium

Thierry Marchal, Healthcare Industry Director, ANSYS, Inc.

The cost of developing a new inhalation therapy drug for 
respiratory diseases such as asthma, emphysema and  
cystic fibrosis is estimated at more than $1 billion — the 
highest in the pharmaceutical industry. This figure is  
considerably more than for developing medications to 
treat cancer or neurological disorders.[1]

The main cause of this extremely high cost is that  
current testing methods of evaluating respiratory drug 
effectiveness are only coarse measures of patient long-
term outcome. Even so, such methods are extremely 
time-consuming and expensive, as many patients must 
be tested over a long period of time. Researchers are 
addressing these issues with the emerging field of in silico 
modeling, which uses computer simulation to speed up 
medical studies and to provide greater detail than is  
otherwise practical with extensive lab work and wide-
scale clinical trials. In particular, many in silico respiratory 
studies are based on fluid dynamics 
simulation to generate accurate 
images of pulmonary functions, such 
as airway volume and resistance for 
individual patients. The technique 
already has been used in studying the 
respiratory structures of animals and 
— because the same functional 
parameters can be measured in 
humans — enables researchers to 
proceed more efficiently from pre- 
clinical to clinical trials. By accurately 
quantifying these relatively small 
changes in pulmonary functions, the 
approach can demonstrate respiratory 
drug effectiveness more quickly using 
fewer patients. This has the potential to 

cut years from the development process and reduce costs 
by hundreds of millions of dollars.

The current gold standard for testing airway diseases 
is FEV1, the volume of air exhaled during the first second 
of a forced expiratory maneuver started from the level of 
total lung capacity. Another approach in widespread use 
for assessing patients with pulmonary disorders is the 
Saint George Respiratory Questionnaire (SGRQ), a set of  
questions aimed at comparative measurements of patient 
health.

These methods were developed primarily to measure 
long-term survival, but they lack the sensitivity to correlate 
with subtle differences in breathing that are more difficult 
to identify and quantify. Because of the uncertainty of 
these parameters and discrepancies between them, 
researchers must spend considerable time and expense 
gathering data on drug effectiveness and averaging results 

Potential cost and time reduction in respiratory drug development through 
patient-specific functional imaging and computer simulation Based on [1]

Patent Filed
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Registration Registration Time
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Clinical Trials
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across large groups of participants over extended periods 
of time.

The time frame for respiratory drug development is 
staggering. Preclinical animal studies typically take two to 
four years, then additional time is needed to transition 
from animal studies to human clinical trials due to the lack 
of correlation and common denominators between the 
different species. Subsequent clinical trials last five to 
seven years and can involve thousands of patients. 
Regulatory agencies take up to three years to interpret 
and verify the clinical trial findings. The total time adds up 
to nine to 14 years before registration of the drug occurs 
and the medicine is available by prescription from  
healthcare professionals.

This leaves pharmaceutical companies with only a few 
years to recoup development costs before the 15-year 
patent limit expires. Lengthy development drives up the 
retail price of respiratory drugs, severely delaying their 
availability to patients. The process often discourages 
pharmaceutical companies from risking considerable 
amounts of resources for an uncertain ROI (return on 
investment).

By quantifying a new class of functional parameters 
linked more closely to pulmonary changes, computer 
modeling and simulation have the potential to significantly 
lower the time and cost of respiratory drug development. 
Resulting patient-specific functional-imaging data is  
an important component of this emerging field, called  
translational medicine. Researchers in this discipline  
continually search for parameters that can facilitate the 
transition of drugs from preclinical to clinical stages. Such 
methods already have been used to represent animal 

Assessment of changes in airway volume and resistance through  
functional imaging using computational fluid dynamics[2]

The Medical Value of in Silico Analyses
With the rapidly increasing computational power of 
standard PCs and the refinement of biomaterial  
models, clinicians are showing a growing interest in 
the routine use of simulation. Clinicians do not have 
the luxury of learning advanced user interfaces,  
however, so they need seamless interfaces between 
medical imaging and engineering simulation software. 
Furthermore, a fully integrated workflow must be 
developed for large-scale deployment of this  
technology in local hospitals.

Several successful attempts to make numerical 
modeling accessible and useful to the clinical  
world involve ANSYS tools. The @neuFuSE toolchain  
(www.aneurIST.org) allows physicians to access more 
information about the risk of cerebral aneurysm  
rupture, for example. During one recent @neurIST 
workshop, 90 percent of attending neurosurgeons 
confirmed the clear added value brought by this  
solution and indicated high interest in gaining access 

to the technology for future work. Likewise, the  
Grid-Enabled Medical Simulation System (GEMSS) 
project aims to make biomedical vertical applications 
available from the web with encouraging successes 
in applications such as stent interfaces.

Ongoing projects such as the Virtual Physiological 
Human Osteoporosis Project (VPHOP), RT3S and 
ANGIOVISION multiply the opportunities to assist 
the medical world in lengthening life expectancy  
and increasing quality of life through more effective  
orthopedic, stent and endovascular treatments, 
respectively. The upcoming decade will undoubtedly 
see the development of computer-assisted surgery 
(CAS) and the rapid penetration of in silico tech- 
nology throughout the medical world, including in  
facilities close to home.

Thierry Marchal 
Healthcare Industry Director 
ANSYS, Inc.
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respiratory structures in studying inhalation profiles and 
deposition patterns for different respiratory devices. In 
these studies, the common parameters of airway volume 
and resistance determined through functional imaging 
provide for a more efficient transition from preclinical to 
clinical trials.

By changing the slope of the cost curve in a graph of 
development cost versus time, this translational approach 
could alter the cost slope from preclinical to clinical trials 
and significantly reduce expenses over the entire cycle. 
Furthermore, the approach could compress development 
time, moving registration forward much sooner and thus 
increasing the time for the pharmaceutical company  
to market products under patent protection. Indeed, 
patient-specific imaging and simulation coupled with 

inhaler selection and modeling has the potential to shorten 
the development time from patent filing to registration  
by years and to save hundreds of millions of dollars if  
the approach is used throughout the entire process of 
bringing a single drug to market.

The impact of such savings could be stunning. When 
costs for the development of new compounds are 
reduced, the prices of these products could be lowered 
without affecting profit margins, thus allowing for  
continuous research and development of innovative  
new compounds in the pharmaceutical industry. 
ultimately, the process could facilitate more sustainable  
healthcare systems.

Such savings are entirely possible in the foreseeable 
future, given the tremendous strides made in previous 

Segmentation of Sprague Dawley rat respiratory system[4] illustrates modeling of 
the airway structures and corresponding lobar volumes derived from CT scans.
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Computer-based functional imaging facilitates the translational approach in respiratory drug development 
through the use of common parameters in moving from preclinical studies to clinical trials.
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studies and ongoing work in computer-based modeling 
and simulation. Promising work already is pushing the 
envelope of functional imaging technology. Recent  
developments in the field of computational fluid dynamics 
and structural simulations have made it possible to  
simulate pulmonary airflow behavior in the pulmonary  
airways as well as to characterize surrounding tissue. The 
research is based on geometries extracted directly from 
high-resolution computed tomography (HRCT) scans.

Based on this work, computer-based technologies 
have the potential for researchers to perform modeling 
and simulations to derive functional parameters such as 
airway resistance as a biomarker on individual patients. A 
number of published trials — including FluidDA’s studies 
— make use of these patient-specific HRCT-based  
models that were able to describe the distinct flow  
patterns in the respiratory system. Certain of these  
studies focused on the effect of inhalation medication and 
assessment of subsequent changes in airway volume  
and resistance through functional imaging using ANSYS 
FLuENT fluid dynamics software.[2]

Correlation studies indicate good agreement with  
clinical parameters. Similar methods can be used to 
assess animal respiratory structures in preclinical research 

and inhalation devices. Successes in this body of work 
demonstrate the value of functional imaging in both  
preclinical and clinical development stages as well as the 
tremendous potential of the approach in revolutionizing 
the development of new inhalation compounds for  
combating respiratory disease and improving the quality 
of life for patients worldwide. n
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A multiphysics simulation approach is 
used in electrical industries to predict 
product performance, to identify failure 
conditions and to perform design  
optimization. Product experimentation 
is very expensive, so repeated trials 
are discouraged. Therefore, using  
simulation to optimize products early 
in the design process is the preferred 
approach. Simulation can be of great 
benefit to product designers in these 
industries in meeting standards 
required by organizations such as 
underwriters Laboratories (uL®) and 
the International Electrotechnical 
Commission (IEC®). Electrical and  
thermal simulations play a vital role  
in product development in a very wide 
range of product areas. 

Schneider Electric set out to  
streamline some of its product design 
processes. A global specialist in  
energy management with operations 
in more than 100 countries, the  
company focuses on making energy 
safe, reliable and efficient. The  
organization’s Global Technology 
Centre (GTC) in Bangalore, India, 
works on product development and 
resource enhancement, and the  
resulting innovative products and 
technologies are available in markets 
across the globe.

To reduce costs and gain time in 
its product development process, the 
GTC uses ANSYS Icepak, ANSYS 
Multiphysics, ANSYS FLuENT and 
ANSYS Workbench technologies. In a 
recent project, researchers used 
ANSYS Icepak to perform thermal 
and electrical simulations on a  
wiring system switch device assembly 

Making the Switch
Optimizing a seemingly simple electrical switch device  
assembly through simulation saves time and reduces costs.
By Arunvel Thangamani and Alok Pande, Schneider Electric, R&D, Global Technology Centre, Bangalore, India

Switch device assembly prototype 
and diagram showing the areas of 
focus for simulation 
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(installation and control switch) to 
determine the temperature generated 
due to joule heating as well as to 
define conductor and insulator  
specifications to effectively manage 
heat. The study extended into  
analyzing the effects of electrical–
thermal contact resistances, the 
impact of radiation heat transfer in 

Results from the design of experiments for material, dimensions and radiation coating optimization 
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compact electrical devices, and the 
impact of overcurrent and high  
ambient temperatures on the product’s 
thermal performance. The engineering 
team compared the results of the  
simulations with experimental results.

Installation and control switches 
are widely used in extra-low-voltage 
domains. These switches carry  
current in the range of 10 amps to  
60 amps and act as the on–off  
mechanism for household lighting,  
industrial machines and other equip-
ment. The switch device assembly 
that was studied consisted of multiple 
fixed terminal assemblies and one 
moving terminal that made or broke 
the contact. ANSYS Icepak simu- 
lation helped the team to achieve 
desirable temperatures with cost- 
effective materials and coatings. The 
software also helped to meet design 
specifications for contact pressure. 
Design of experiments (DOE) studies 
addressed changing dimensions, 
mater ia l  opt ions and radiat ion  
coatings as well as the impact of 
electrical contact resistance on the 
temperature of the product. Contact 
resistance was modeled as a con-
ducting thin plate with a thickness in 
the order of microns. The material 

was assumed to be silver. The total 
power of the contact was computed 
using I2R, in which I is the current 
specification of the product and R  
is the effective ohmic resistance 
across the contact, calculated from 
the experiment. R is calculated as the 
measured millivolts drop divided by I.

The robustness of the compu-
tation was assured by calibrating  
the finite volume model with the 
numerical constants for electrical 
contact resistance obtained from the 
lab tests. 

Simplified ANSYS Icepak model of the switch assembly

Engineers employed the joule 
heating capability of ANSYS Icepak 
software to assign the electric  
properties and boundary conditions, 
such as electric resistivity, current 
specification and thermal coefficient 
of resistivity. Historical data for this 
product family is available in the form 
of millivolt drop measurements at the 
contact zone and at the input–output 
terminal. using this information, the 
engineering team altered the boundary 
conditions at these specific locations. 
This contributed significantly to the 
accuracy of the temperature results. 
For radiation heat transfer, the  
surface-to-surface radiation model 
and the ANSYS Icepak automatic 
view factor computation feature were 
employed.

After the model was calibrated 
with the contact resistance data, a 
design optimization was performed 
using the parametric trials module  
in ANSYS Icepak. Critical design 
parameters were used as inde- 
pendent variables in the optimization:  
conductor alloy type, radiation coating 
emissivity and conductor dimension.

The DOE included 12 trials, and 
the full factorial design was used. The 
engineering team concluded that the 
impact of the material is much greater DOE results for the overcurrent and high ambient temperature study

90

85

80

75

70

65

60

16 24 25 55

M
ax

im
um

 T
em

pe
ra

tu
re

 (˚
C

)
Te

rm
in

al
 W

ire
 

Overcurrent (Amps)

Overcurrent Limit

Main Effects Plot for Temperature Rise

Data Means

Tamb (˚C)

Ambient Temperature

1

1

2

2

3

3

1  PJ - Pivot Joint

2  FM - Fixed Moving

3  TW - Ter-Wire (Wire Insertion 
Point at the Terminal)



www.ansys.comANSYS Advantage  •  © 2010 Ansys, Inc.16

electrical

than the other parameters. For  
example, radiation coatings and  
thickness caused less than a 5 degree 
Celsius (C) difference in the contact 
temperatures, but by using high– 
copper-content alloys, the temperature 
was reduced by approximately 15 
degrees C. The team was able to  
identify the most cost-effective and 
thermal-efficient material as well  
as the appropriate specifications  
of radiation coatings for closed- 
environment heating. To have per-
formed this extensive study through 
prototyping would have been very 
costly and time intensive. 

In addition, engineers performed 
a DOE study to analyze the impact of 
contact resistance on the temperature 
rise. In such compact products, in 
which the conductor dimensions are 
small and the convection air flow is 
very limited, heating due to contact 
resistance is the main cause of overall 
temperature rise. Because the number 
of contacts is high (more than two in 
most cases), contact resistance  
heating is significant. 

The two independent input 
parameters were contact resistance 
of the moving contact region at the 

Results for the contact resistance study

terminal (wire plugging) joint and  
contact resistance at the actuation 
mechanism contact joint. The DOE 
again included 12 trials and a full  
factorial design. The study helped the 
engineering team to decide which 
contact region was the greatest  
contributor to the temperature rise. 
Based on these results, the team  
recommended appropriate contact 
pressure and high-conductive- 
softening materials for that region. 
This DOE also provided insight into 
temperature increase in the contact 
zone with respect to the increase  
in millivolt drop, which helped to 
determine specific design limits on 
the aging of the contacts.

All the DOEs yielded transfer  
functions, which have been very  
useful in more recent design cycles of 
this product family. Verification of the 
transfer function was performed to 
ensure that the data points for the 
mathematical correlation matched well 
with the ANSYS Icepak results. More 
recent temperature rise experiments 
performed with the optimized design 
had only a 3 degree C difference, 
which increased confidence in the 
simulation process. 

At a later time, the same model 
was used to predict the impact of 
higher ambient temperatures as well 
as higher current flowing from the line 
toward the load. The results helped 
the design team to determine the 
maximum operating points in the 
electrical distribution line.

The ANSYS Icepak resu l ts  
gave the Schneider Electric team 
confidence that the same modeling 
approach could be applied to the 
entire product family. This process 
reduces the number of prototypes 
and tests, and it has decreased the 
time for this product development by 
30 to 40 percent and the cost of proto-
types by approximately 30 percent. n

64

62

60

58

56

2 12 2 8 2 7

Main Effects Plot for Maximum Temperature

Data Means

Pivot Joint Fixed Moving Terminal Wire

PJ (1) Drop (mV)

M
ax

im
um

 T
em

pe
ra

tu
re

 (˚
C

)

FM (2) Drop (mV) TW (3) Drop (mV)

Temperature profile with the optimized 
material, dimensions and radiation coating



A New Spin  
on Appliances

Leading household appliance manufacturer in Switzerland 
V-ZuG AG has a reputation for regularly developing and 
launching “world firsts” and building innovation into its 
products, such as a kitchen range extraction hood that is 
not only beautiful but provides excellent ventilation. These 
products reflect the company’s philosophy of building  
to suit the most demanding customer expectations. 
Committed to environmental efficiency, V-ZuG was named 
the “most trusted brand on environmental issues in 
Switzerland” as a result of a recent Reader’s Digest study.  

As a purveyor of precision Swiss engineering, V-ZuG 
began using finite element analysis in 1996 to determine 
whether appliance components could withstand loading, 

to evaluate sealing performance, to avoid resonances at 
operating frequencies and more. V-ZuG’s original finite 
element code was a powerful tool, but one had to have a 
considerable amount of specialized knowledge and training 
to navigate and leverage its full value. After an extensive 
search for simulation software to better meet its  
evolving needs, V-ZuG found that structural mechanics 
software from ANSYS supported by CADFEM, the local 
ANSYS channel partner, best met their requirements. 
These requisites included integration with the CATIA® V5 
CAD system, ease-of-use for designers, and simulation  
power needed by analytical specialists. (See sidebar for 
more details.)

A leading manufacturer reduces time  
in the development of innovative ovens,  
washing machines and other appliances  
through engineering simulation.
By Hilmar Meienberg, Computer-Aided Engineering Analyst, V-ZUG AG, Zug, Switzerland

V-ZUG self-cleaning oven
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One V-ZuG application that used software from 
ANSYS involved an oven with a steel door that incor- 
porated a glass window glued to the frame. Originally, 
when the oven was operated at high temperatures (such 
as 500 degrees C for pyrolytical self-cleaning), the glass 
broke due to the thermal loads. To simulate the problem, 
the engineer imported the door geometry from CATIA into 
the ANSYS Workbench platform and simulated the  
thermal loading using the ANSYS DesignSpace tool. The 
simulation results matched the results seen in the proto-
type, with the highest stresses occurring in the corner 
where the crack started. The V-ZuG engineer then  
simulated the performance of a variety of glass materials 
in ANSYS DesignSpace to identify a material that would 
handle the thermal loads. 

Another V-ZuG application for engineering simulation is 
in a washing machine. Product developers increased the 
capacity of the machine from 5 kilograms to 8 kilograms of 
dry clothes. This change made it necessary to develop a 
vibration absorbing system; otherwise, the 8-kilogram  
spinning system, when going through the spin cycle with 
an unbalanced load, would take up too much space in the 

consumer goods

housing. The engineer simulated the new design using 
ANSYS Mechanical software. With the company’s previous 
software, a rotating force vector was used to model an 
unbalanced force. using ANSYS Mechanical tools, the 
V-ZuG engineer modeled the four suspension struts using 
bushing joints, implemented the drum as a rotor, and 
added rotordynamics with Coriolis effects to the model. 

He performed complex modal analysis to 
ensure that the resonant frequencies would 
not be excited. The next step will be to 
simulate the washer using a time-transient 
dynamic analysis.

The four-noded tetrahedron element, 
introduced in ANSYS 12.0, was used to 
analyze a V-ZuG washing machine’s rubber 
bellow, which connects the oscillating tub 
with the housing. The engineering analyst 
saved a considerable amount of time by 
automatically meshing this complicated 
geometry. He then performed a quasistatic 
nonlinear hyperelastic material analysis  

with nine load steps. The first step stretches the bellow 
over a tub and housing as the closing motion of the front 
door seals the tub. The next eight steps move the tub along  
the oscillating position and deform the rubber bellow. The 
simulation results matched the test results very well. 
Consequently, V-ZuG was able to evaluate a large number 
of different design alternatives in a relatively short period of 
time. In the end, engineers made significant improvements 
in the bellow that eliminated the presence of water at the 
end of the wash cycle.

Glass on a prototype 
oven door broke due 
to high thermal loads.

Highest thermal stresses were seen in the corner of the 
oven door where the glass cracked.

The oven door cracking problem was solved by switching to a 
different glass material.

Complete FEA system for the washing machine



www.ansys.com ANSYS Advantage  •  Volume IV, Issue 2, 2010 19

consumer goods

The finite element code originally adopted by V-ZuG 
was a powerful tool, but it required a considerable 
amount of specialized knowledge and training to 
navigate and leverage its full value. Recognizing the 
benefits of engineering simulation, V-ZuG management 
wanted to extend use of simulation into the design 
engineering team. using 20 selection criteria, including 
seamless integration with the CATIA V5 CAD system, 
the team evaluated leading analysis tools. They needed 
a platform that was intuitive enough for use by design 
engineers yet powerful enough to meet the more 
demanding requirements of analysts; at the same time, 
the solution needed to provide for easy collaboration 
between the two groups. Other key requirements were 
that the software be available in the German language 
with exemplary technical support in Switzerland. 

After extensive review, V-ZuG chose structural 
mechanics software from ANSYS supported by 
CADFEM, the local ANSYS channel partner. The 
bidirectional interface of the software provides 
seamless transfer of design information. ANSYS 
software is provided in German, making it much easier 
for design engineers to use the programs. ANSYS 
Mechanical and ANSYS DesignSpace licenses service 
CAD seats in three development departments: one for 

water-containing appliances such as dishwashers and 
washing machines, one for other appliances such as 
ovens and steamers, and the last for design of 
production tooling. 

Moving to software from ANSYS has improved 
analysis productivity and provides designers with the 
ability to perform their own analyses. The ANSYS 
Workbench graphical user interface is much easier to 
understand than V-ZuG’s original software. It is now 
more efficient to import the CAD geometry and set all 
the connections, mesh inputs and boundary conditions 
directly on the geometry. The result is a substantial 
reduction in pre-processing time, which helps 
engineers run simulations much more quickly — 
leaving them more time to run multiple design can-
didates to home in on the ideal design. The interface 
of ANSYS DesignSpace software is similar to V-ZuG’s 
CAD software, and since the designers are familiar 
with it, they are able to navigate through the software 
and perform their own analyses without any difficulties. 
For more complex simulations, engineers can add 
boundary conditions or nonlinear functionality to 
models created in ANSYS DesignSpace and run them 
directly in ANSYS Mechanical software without 
importing data or switching interfaces.

V-ZuG has been very pleased with the decision  
to move to ANSYS structural mechanics software.  
The engineering analysts can do simulations in half the time 
required in the past. Design engineers, who once were  
limited by the complexity of the previous finite element  
analysis software, can now perform simulations on their own. 

The ability to perform more simulations faster means that 
the company can now evaluate many more design  
alternatives and iterate to a better solution than was  
possible in the past. The ability to quickly design innovative 
products is a very cost-effective strategy for V-ZuG. n

The rubber bellow was completely meshed with four-noded tetrahedron 
elements, which saved considerable time.

Dynamic analysis of the spinning system was critical to ensure that 
the resonant frequencies would not be excited.

Finding Flexible Simulation Software to Meet Complex Requirements
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Leveraging the  
Full Power of Simulation
An industry expert looks at changes in engineering analysis and ways 
that companies can maximize benefits of the technology.

Professor ubaldo Barber is,  a  
university educator and manager of 
Structural Analysis and Scientific 
Calculation at Ansaldo Group, 
recently answered questions posed 
by Dr. Stefano Odorizzi, CEO of the 
engineering consulting firm EnginSoft 
S.p.A., a leading computer-aided 
engineering (CAE) service provider 
located in Italy. Odorizzi is a highly 

experienced educator and researcher as well as being a  
professional in the CAE field. 

Ansaldo is Italy’s leading producer of thermoelectric 
power plants operating internationally for public utilities, 
independent power producers and industrial companies 
in more than 90 countries. The company designs and 
manufactures equipment such as gas and steam turbines 
as well as electrical generators, and it provides a range of 
power plant services, including process, mechanical, civil 
engineering, construction, installation, startup, operation 
and maintenance, monitoring and diagnostics, and  
qualification. Simulation work at Ansaldo includes a wide 
range of analysis; examples include thermal–stress  
analysis and fatigue-life studies of steam turbine blades, 
prediction of gas burner combustion temperature distri-
butions, electromagnetic analysis of generator coils, and 
seismic analysis of equipment and buildings.

When did you become involved in engineering simulation, and 
what aspects are you particularly interested in?

In 1971, I earned a degree in nuclear engineering from 
the university of Turin, where I then became an assistant 
lecturer on calculation and design in mechanical  
engineering. I subsequently applied my knowledge of 
finite element analysis at various divisions of the Ansaldo 
Group. These included Ansaldo Nucleare (Nuclear), 
Ansaldo Ricerche (Research) and Ansaldo Power  
Energia (Energy).

As a Structural Analyst and Scientific Calculation  
manager, I have worked with analysis technology in a 
broad range of applications. Since 1979, I have been 
responsible for the implementation of ANSYS software in 

the different companies of the Ansaldo Group — the first 
major Italian company to use the code.

Because of my strong personal interest in both  
engineering simulation and education, I’ve dedicated  
part of my time to conducting seminars as professor for 
Finite Element Applications at the university of Perugia 
and university of Turin. My aim is to motivate and inspire  
students in the use of simulation for various structural 
engineering problems and, at the same time, to make 
them aware of any limitations of the technology.

How have technology and engineering analysis jobs changed 
during the last 30 years?

Simulation went through big changes in the 1970s and 
the first half of the 1980s. Analysts primarily used punch 
cards for data entry and tabulated plots of results printed 
out on continuous paper. Computer hardware capabilities 
were very limited, so wait times were painfully long while 
room-size mainframes slowly plodded through problems 
— and for large numbers of users.

In those days, a high level of competency in computer 
science was usually required to get meaningful analysis 
results. Engineering analysts generally needed to modify 
the source code for performing post-processing  
operations that generated output data in the required  
format. Also, any slight mistake with RAM 
requirements and punching of input cards 
meant analysts had to spend hours — 
sometimes days — searching for and 
correcting errors, and then repeating 
the entire solution. Analysts were 

tHougHt leaders

Professor Ubaldo 
Barberis

Engineering simulation is a critical part of thermoelectric power plant 
development. This example shows a temperature distribution on a 
steam turbine blade derived from fluid dynamics and thermal–stress 
analyses followed by a creep and fatigue-life study.
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able to obtain a considerable amount of information, but 
calculations were done mostly to verify a design at  
the late stages of the cycle rather than to optimize  
design concepts.

Today, compute power is orders of magnitude greater, 
analysis software has much more functionality, and  
user interfaces are significantly improved. This new  
simulation paradigm enables engineers as well as dedi-
cated analysts to use these tools to quickly compare  
alternatives, predict problems and refine designs up front 
in development instead of waiting until later when projects 
are nearly finalized.

How do you think users would best obtain insight into  
simulation accuracy?

Training is crucial, of course, in the form of seminars 
geared to beginners, experts or managers. In many cases, 
these can be done online. Also, it’s very important for 
users to exchange information and ideas with peers 
through user groups, discussion groups, trade association 
meetings and other opportunities that might bring  
them together.

Technology transfer and guidance can also be  
provided by expert users and project managers who  
suggest solutions, standardize analysis procedures within 
the company and implement new approaches to  
problems. Such an environment also must have effective 
two-way communication between managers and day-to-
day users of simulation technology for technology transfer 
to take place and for managers to stay close to the types 
of problems that users face.

Software distributors also play a key role in providing 
technical support, applications assistance, and guidance 
in solving unusual and out-of-the ordinary problems. The 
distributor may foster relationships between technical 
users at different companies to exchange experiences 
and develop analysis competencies, as is done in the 
Italian ANSYS advisory meetings organized by ANSYS 
channel partner EnginSoft S.p.A., for example. All these 
aspects are crucial in leveraging the full power of  
engineering simulation.

Would you characterize engineering simulation as an investment 
for companies?

Simulation software is indeed an investment that must 
be carefully planned and executed, similar to a manu- 
facturing production line. Companies must coordinate 
maintenance, implement updates, and ensure that hard-
ware and software run smoothly without interruptions or 
unforeseen stoppages that can disrupt daily work.

The breadth and depth of software functionality must 
be carefully evaluated. Also, companies must consider  
the longevity and reputation of the vendor in the global  
industrial arena. In this sense, the decision should be 
viewed as a long-term commitment — keeping in mind that 
the wrong decision can lead to significant delays, lost revenue 
and far-reaching repercussions resulting from analysis  
mistakes. Conversely, selecting best-in-class simulation 
software and implementing the code properly enables the 
company to effectively use the technology for a significant 
competitive advantage in terms of product quality, cost, 
innovation, speed to market and brand value. n

Following fluid dynamics analysis of a low-NOx burner, a color-enhanced 
image indicates how a simulated flame should appear in reality after 
high-temperature zones have been eliminated.

“Selecting best-in-class simulation software and implementing the code 

properly enables a company to effectively use the technology for a significant 

competitive advantage in terms of product quality, cost, innovation, speed to 

market and brand value.”
— Ubaldo Barberis 

Ansaldo Group
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Cutting Extrusion Die 
Design Costs
By reducing the number of trial-and-error prototypes, simulation can save 
hundreds of thousands of dollars annually in designing PVC extrusion dies.
By Philippe Klein, Gamma Point, and Frédéric Fradet, Plastinnov, Saint Avold, France

In the polymer processing industry, cost savings can be a 
crucial consideration, with the price of tooling often part 
of the deciding factor in winning contracts. A significant 
portion of this cost comes from fine tuning done in the 
succession of trial-and-error physical prototype iterations 
that are necessary to design profile dies that meet  
exacting customer requirements.

Gamma Point is an industrial consulting company that 
specia l izes in  thermoplast ic  polymer  process  
development — in particular, optimizing processes such 
as injection molding, extrusion, blow molding and  
thermoforming. The recent addition of ANSYS POLYFLOW 
software to its portfolio of engineering tools allows  
extrusion dies to be designed much more efficiently. The 
company works in close cooperation with Plastinov, a 
technology transfer organization affiliated with université 
Paul Verlaine-Metz.

In one client-led project, the company used the  
software to design an extrusion die for making plastic 
parts for construction equipment. To reduce design time 
and costs, Gamma Point needed to optimize the die 
design using fewer iterations. In setting up the ANSYS 
POLYFLOW simulation, the engineers used an isothermal 
generalized Newtonian–Cross law approach because 
thermal regulation in the extrusion process was within 
acceptable limits, and limited viscous heating was  
exhibited at the specified flow rate.

Engineers also accounted for partial slip along the  
wall — the phenomenon during the extrusion process in 
which the flow rate slows at the extremities of the die  
profile as resin slips along the die wall 
face and encounters drag resistance. 
This difference in flow behavior between 
maximum velocity in the die center and 
lower velocities near the extrusion wall tends 
to produce deformed parts, usually with 
bulging in the middle of the plastic part due 
to more resin exiting the die in that region. 
The team checked a sample die for these 
thermal and slip effects, and the numerical 

model correlated well with 
the bulging deformation 
seen in  exper imenta l 
extruded parts.

The next step was to 
evaluate the original CAD 
model of the extrusion die 
developed by the client. The 
extruded part to be made 
from this die is a combina-
tion of three sections: a  

vertical structure with T-junctions joining upper and lower 
horizontal arms, each fed by separate upstream cavities 
to better balance the flow across the critical regions of the  
outlet section.

Engineers evaluated the CAD model geometry using 
ANSYS POLYFLOW software to calculate simulated flow 
velocities across the entire die profile and extrusion path. 
Color-coded displays showing velocities and flow paths 
through adaptive sections feeding resin to the various 
regions of the profile provided considerable insight  
into flow characteristics from the extruder throughout  
the length of the die. Indeed, one of the significant  
advantages of the simulation software is that it enables 
engineers to easily visualize resin behavior inside the 
entire envelope of the die.

Simulation results indicated signif icant f low  
differences throughout the die velocity distribution, in 
which the maximum outlet velocity 

Validation of the simulation model 
(right) with an extruded part (left) 
shows good correlation. Note the 
bulge in the high-velocity region 
predicted by simulation.

CAD model of the die profile
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Simulation calculated outlet velocities for resin exiting the die. The 
highest velocity is shown in the circled area of the upper T-junction.

reaches 293 mm/s at the T-junction between the two 
upper sections of the profile, while the smallest local 
velocity at the core of flowing PVC is only 144 mm/s. A 
factor of two between the smallest and largest velocities 
is unacceptable, as this difference would invariably lead 
to large part deformations during the extrusion  
process — with the ultimate result rejected parts.

To achieve a more uniform velocity distribution,  
engineers modified key dimensions of the die — most 
important was the adaptive flow sections feeding resin to 
the various regions of the profile. This process requires  
considerable experience with die design and involves 
incrementally increasing or decreasing the thicknesses of 
the adaptive flow sections to selectively speed up or slow 
down resin velocity. Engineers made successively small 
dimensional changes, checked the resulting velocity and 
then performed more iterations until velocity differences 
were negligible.

Traditionally, such dimensional changes would be  
performed through a trial-and-error process in which the 
design would be changed and a new die cut and tested 
by running a sample extrusion. From a conservative  
perspective, reaching an optimal velocity distribution 
would require up to eight trial-and-error iterations costing 
about $6,000 per die and taking a week total.

Staggering Benefits
Plastics extrusion companies have reported savings 
of  up to  $20,000 per  new product  us ing  
ANSYS POLYFLOW software for die development.  
A significant portion of these savings was achieved 
by reducing engineering design time as well as die 
fabrication expenses and extrusion line costs, which 
typically range from $250 to $500 per hour.

One company using simulation for die design 
experienced a 200 percent ROI the first year and 
higher for succeeding years. Dies were designed and 
adjusted in two days instead of two weeks. Savings 
in avoiding lost production and increasing efficiency 
was estimated at $5,000 per day, leading to a  
complete payback after the first product.

using ANSYS POLYFLOW, an optimal flow velocity 
was reached in only four iterations — half the number 
needed with traditional trial-and-error prototypes. About 
one hour was required to modify the mesh, while 
computational time did not exceed 30 minutes on a 
standard PC. The cost of a single simulation iteration was 
estimated at $1,100, for a total cost benefit of almost 
$5,000 per die. Savings come from decreased waste and 
scrap, reduced energy needs, and less downtime for labor 
and tooling during unproductive trial-and-error testing 
when no actual parts are being manufactured. As a result, 
the cost of the software license was covered after 
designing a second die. For a typical mid-sized shop 
producing less than 50 dies a year, annual savings 
could potentially exceed a quarter-million dollars — an 
outstanding return on investment (ROI).

Engineering simulation can provide crucial help to 
manufacturing centers that must resolve critical issues 
related to business survival, including cost and time 
savings in developing extrusion dies. Clearly, companies 
leveraging this technology have an obvious advantage in 
markets in which competition is fierce and contracts 
usually hinge on which company can come up with 
quality products at the lowest price. n

Simulation shows color-coded resin velocities and flow paths inside the length of the extrusion die, with uneven flow for the original die (left) and 
more balanced velocity distribution for the optimized design (right).
Simulation shows color-coded resin velocities and flow paths inside the length of the extrusion die, with uneven flow for the original die (left) and Simulation shows color-coded resin velocities and flow paths inside the length of the extrusion die, with uneven flow for the original die (left) and 

materials
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Star Light 
Engineering simulation will save $5 million in construction 
costs for a massive telescope that will allow astronomers  
to peer back into the formation of galaxies.
By Mike Gedig, Senior Engineer, Dynamic Structures, Port Coquitlam, Canada

When completed in 2018, the Thirty 
Meter Telescope (TMT) will be the 
most powerful optical telescope on 
Earth. This massive structure will allow 
astronomers to identify and study light 
from galaxies forming at the very edge 
of the observable universe as well as 
to view objects in our solar system and 
stars throughout the Milky Way. The 
structure of the TMT will be 56 meters 
in diameter and 47 meters tall, and it 
will weigh about 1,900 tons. Designing 
the enormous moving mass of the 
telescope created a number of 
structural challenges. For example, the 
30-meter-diameter primary mirror on 
the TMT has 492 mirror segments that 
need to be supported very rigidly 
because deflection causes the mirror 
segments to move out of alignment 
with each other. Actuators on each 
mirror segment can move the mirrors 
to compensate partially, but not 
completely, for deflection. As a  
result, the $100 million supporting 
structure, which points the telescope 
at different areas in the sky, needs to 
provide tremendous stiffness at an 
affordable cost.

Dynamic Structures, based in 
British Columbia, Canada, is designing 
and building the telescope’s support 
structure and enclosure. Working 
together with the TMT project in 

horizon. The support structure provides 
mounting for the telescope optics and 
associated astronomical instruments 
along with precise motion control for 
pointing, tracking and guiding.

TMT has an image quality error 
budget, which is the allowable 
difference between a perfect image 
and what is seen by the telescope. 
The budget is parceled out among a 
number of contributing factors. The 
primary mirror segments are supported 
on three actuators that control the 
height of the mirror and tilt in two 
planes. Three other axes of motion 
cannot be controlled. These include 
decentering, which describes two axes 
of motion moving in a plane parallel to 

the mirror surface, 
a long  w i th 

construction

Concept image of the Thirty Meter Telescope

conjunction with the Herzberg Institute 
of Astrophysics, the company has 
developed an innovative method to 
optimize the structural design directly 
with optical performance. In three 
months, the Dynamic Structures team 
was able to reduce the mass of  
the structure by about 10 percent, 
saving approximately $5 million in 
construction costs while improving 
optical performance.

The telescope has a spherical 
calotte enclosure design with a rotating 
base, cap cover and circular aperture. 
The dome rotates around a vertical 
axis while the 45-degree offset cap 
cover swivels to allow the telescope to 
incline. Both axes move in unison to 
allow the TMT to track any 
part of the sky beyond 
approximately 25 
degrees above 
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rotation in that same plane. As a result, 
deflections in the structure that affect 
these axes cause optical aberrations 
and must be minimized. In general, the 
residual errors after correction are 
proportional to the total range of 
actuator stroke required for correction, 
so it is important to minimize the 
actuator stroke. 

In the traditional approach for 
telescope structural design, optical 
engineers provide frequency and 
displacement constraints based on 
required tolerance parameters related 
to desired optical performance. Then 
finite element analysis is used to 
predict the response of the structure 
to wind, gravity, temperature and 
actuator motion. The process of 
analyzing each proposed design 
against the optical criteria is complex 
and often must be repeated many 
times until an acceptable design is 
found. The methodology developed by 
the design team for the TMT allows 
the structural performance to be 
optimized directly against the optical 
requirements. Dynamic Structures 
engineers developed parametric 
models to generate the geometry for 
each design iteration of the telescope 
structure. using ANSYS Mechanical 

software’s APDL interface made it 
easy for the engineers to quickly 
generate a large series of runs by 
changing various design parameters. 
For each design i terat ion, the 
engineering team used ANSYS 
technology to determine the structural 
performance along with a merit 
function routine (MFR) to assess the 
actuator stroke requirements and 
motions of the optics. Lengthening the 
actuator stroke sacrifices accuracy. 
The optics motions are critical to 
optical performance, particularly those 
degrees of freedom that are not 
compensated by actuator motion. 

The  co re  MFR rou t i ne  i s 
implemented in MATLAB® and is called 
from ANSYS Mechanical software. An 
MFR calculation is initiated by applying 

a load to the ANSYS model, extracting 
nodal displacements and calling 
MATLAB. The MATLAB code reads the 
displacement file, then calculates and 
saves the MFR parameters to a results 
file. These parameters are read back 
to ANSYS sof tware as scalar 
parameters. Engineers can read these 
parameters through the APDL interface 
into their spreadsheet to evaluate 
results and to drive future iterations.

ANSYS technology was used to 
perform elastic quasistatic analysis 
and modal analysis. The displacements 
of optical interface nodes in the model 
were used by the MFR to evaluate 
absolute and relat ive motions.  
Smaller quasistatic displacements  
are indicative of higher stiffness and 
natural frequency. The MFR takes the 
positions of all optical interface nodes 
from the ANSYS Mechanical model as 
input and generates a set of optical 
performance measures and positioning 
system requirements. 

Evaluating the seismic performance 
of the telescope was another critical 
design consideration. Computationally 
efficient spectrum analysis could not 
be used because it applies only to 
linear systems, and this telescope 
uses a nonlinear base isolation system. 
Instead, Dynamic Structures engineers 
performed transient analysis with 
technology from ANSYS using a series 
of loading functions to evaluate various 
seismic scenarios. 

Dynamic Structures engineers also 
used the ANSYS Mechanical interface 
to write a program that computes 
strain energy distribution throughout 
the structure. Groups of elements with 

Finite element model component groups, which show the division of telescope structural and 
mechanical elements into component groups used to optimize different parts of the structure
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Parametric studies were performed on the elevation journals, which are major load-carrying  
elements in the telescope structure. This figure shows the kinds of parameters that were modeled.
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Shape of critical 5Hz mode 

construction

the highest strain energies are 
candidates for stiffening. Mass 
reduction is often possible with the 
rest of the elements. This process of 
redistributing mass among element 
groups maintains optimal dynamic 
performance while reducing mass. 

Parametric studies and sensitivity 
analyses were conducted throughout 
the conceptual and early preliminary 
design stages. At the conceptual 
stage, the impact of major geometric 
parameters was studied. For example, 
the spacing and dimensions of the two 
large elevation journals (load-carrying 
elements) were investigated using a 
coarse-level model with a simplified 
support structure. Subsystem-level 
models were then used to gain 
understanding of the structural 
behavior on a local level and to 
maximize the stiffness of individual 
components. Finally, more detailed 
models of the support structure were 
developed to validate the overall 
performance. Parameters used to 

optimize the performance of the 
elevation journal include detailed 
quantities such as the dimensions and 
thickness of plate elements that make 
up the journals.

Maximizing the bandwidth of the 
control system is important in 
minimizing the response of the 
structure to wind shake caused by 
unsteady turbulence inside the 
enclosure. Bandwidth is a measure of 
how quickly the control system can 
respond to deflection. Dynamic 
Structures’ approach was to link the 
output of the structural analysis to an 
APDL routine that computed the drive 
control system transfer function. using 
the transfer function output, the most 
problematic modes could be directly 
identified. This made it possible to 
evaluate the impact of structural 
design alternatives directly on the 
metric of interest, resulting in a more 
efficient design process than the 
tradit ional method and a more 
economical design.

Azimuth structure transfer function comparison before and after optimization. Mode 10 limits the 
control bandwidth of the elevation axis. Response at critical 5Hz peak has decreased by almost 
40 percent, leading to improved control bandwidth.

Azimuth Structure Transfer Function
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Parameter studies investigated the sensitivity of M1 actuator stroke to various geometric 
parameters defining the telescope structure. For example, the radius of the elevation  
journals (rockers) was used as a parameter.

Plot of M1 mirror actuator stroke requirements, 
generated by merit function routines

Analysis results showed that strain 
energies were concentrated in a few 
key components of the elevation 
structure: the hexagonal ring on the 
top of the structure, secondary 
columns that support the ring, elevator 
journals and the Nasmyth platform 
t h a t  h o l d s  t h e  i n s t r u m e n t s . 
Strengthening these components and 
reducing the masses of the rest of the 
components reduced the mass of the 
overall structure while improving 
dynamic performance.

The optimized model is 183 tons 
l ighter,  yet  i t  performs better 
dynamically, as demonstrated by its 
lower response amplitude and higher 
frequency at mode 10. The static 
performance of the optimized model 
design under gravity was evaluated 
using the MFR to ensure that the 
lighter design meets active optics 
requirements. The 10 percent mass 
reduction saved roughly 5 percent of 
the costs of building the structural 
support system, or about $5 million. n
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Steaming Ahead  
with Turbomachinery 
Simulation
Engineers gain valuable insight into design of a  
complex steam turbine by employing simulation.
By G.V. Subbarao, Senior Deputy General Manager 
and Prabhat Kumar Hensh, Engineer, Corporate Research and Development,  
Bharat Heavy Electricals Limited, Hyderabad, India

Turbomachinery design is highly complex and demanding. 
Small improvements in the performance of these  
complicated machines can translate to greater electrical 
output and ultimately increased profit for the operating 
utility. However, understanding what is happening within a 
turbine as it operates is extremely difficult. Experiment 
and testing can show improved performance but often 
cannot detect exactly why the improvement has occurred. 
Furthermore, testing requires building a prototype, which 
is usually cost prohibitive. Often, engineering simulation 
provides the insight needed to pinpoint areas for improve-
ment, especially when performed well before the machine 
is built — ultimately resulting in far more output.

Bharat Heavy Electricals Limited (BHEL) is the  
largest engineering and manufacturing 

enterprise in India’s energy and 
infrastructure sector. The 

company manufactures 
more than 180 

The flow passage of a 12-stage utility steam turbine 
with seals and extraction passage

products under 30 major product groups. BHEL develops 
products to a high level of quality and reliability. This is the 
result of its emphasis on design, engineering and  
manufacturing to international standards. To accomplish 
this, the organization acquires and adapts some of  
the best technologies from leading companies in the  
world and develops technology in its own research and 
development centers. 

Software from ANSYS has helped engineers at BHEL 
to gain important insight into the performance of one of  
its utility system steam turbines. The research and  
development group chose ANSYS CFX software to  
analyze the flow path for the turbine because this fluid 
dynamics tool is well known for its ability to analyze  
turbomachines. The flow in the inlet, outlet and bladed 
section of the intermediate pressure (IP) turbine was  
simulated. Each flow side of the cylinder has a total of  
12 stages with one extraction. The analysis was carried 
out for the complete module including the inlet passage 

Boundary Conditions

Inlet
Mass Flow Rate = 2.24 Kg/s
Static Temperature = 808.90 K

Outlet
Static Pressure = 7.14 bar

Outlet (Extraction Passage)

Strip

Seals

1st Stage 
Moving Blade

1st Stage 
Guide Vane

turBomacHinery
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Blade loading for stages 9 through 11

section, bladed path with seals, steam extraction and  
outlet passage section of the turbine. The model consisted 
of a single blade passage for each blade row including  
the seal and interface regions for a total of 24 blade  
rows and 50 components. The engineering team 
generated blade row meshes using the ANSYS 
TurboGrid tool and employed ANSYS ICEM CFD 
software to generate the mesh for the seals, inlet 
and outlet passage sections.

Engineers modeled and meshed the blade 
and seal regions separately. The hub, shroud 
and seal regions were attached to the blade 
region by a general grid interface (GGI), and the  
software’s multiple frame of reference capability linked 
adjacent components together. In addition to meshing  
the blade flow path, the team meshed and modeled the 
inlet and outlet passages of the turbine. The mass flow 
rate and static temperature at inlet and static pressure at  
outlet were used as boundary conditions for the  
simulation. The total simulation of the complete flow 

turBomacHinery

passage had approximately 6 million nodes consisting of 
hexa and tetra elements with many GGI and stage  
interfaces to connect the 50 components to form a large 
and complex model from many simple parts. Due to the 
large size of the model, a high-performance compute 
cluster was required to run the simulation. 

BHEL’s team computed the steam parameters such 
as pressure, temperature, enthalpy, power per stage, 
stage isentropic efficiency and leakage flow for each  
stage using CFD-Post post-processing capabilities. using 
fluid dynamics analysis results, the engineers calculated 
the total pressure loss coefficient for inlet and outlet  
passage sections. 

Fluid dynamics predictions for the stage-wise thermal 
parameters are in broad agreement with previously  
performed two-dimensional program results. The flow in 
the inlet and outlet passage sections of the IP turbine is 
smooth, and loss coefficients are within the acceptable 
limits. Minor recirculation zones are evident in the outlet 
section; consequently, the loss coefficient for the outlet is 
more than that for the inlet section. 

The analysis carried out using ANSYS CFX fluid flow 
software for the complete module of the utility turbine has 
helped BHEL to acquire insight into the flow parameters 
for each stage and into loss coefficients for the inlet and 
outlet passage sections.

BHEL plans to use software from ANSYS to  
analyze the design of similar turbines to gain a better 
understanding of the flow mechanisms and, thereby, 
improve performance. n

The outlet passage section of the steam turbine

Nondimensional pressure and temperature ratios at the inlet and 
outlet of each of the 12 stages
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Avoiding Excess Heat in 
TSV-Based 3-D IC Designs

One of the hottest trends in electronics is the growing use of 
3-D integrated circuit (IC) designs in which multiple ICs are 
stacked in vertical layers, creating a high-density circuit 
module that packs significant functionality into a relatively 
small footprint at a reduced cost. Layers are interconnected 
by through-silicon vias (TSVs), in which fine wires transfer 
signals and power. In this way, conductor paths through 
the 3-D IC device can be extremely short (a fraction of a 
millimeter), leading to much faster operation com- 
pared to conductors that are routed down through the 
package, across a board substrate and then back up 
through another package.

Because of the close packing of 3-D ICs, thermal 
issues are a top priority — especially at TSVs where  

electrical currents are concentrated and holes in the  
silicon may be mechanically stressed by thermal gradients 
and structural loading. To identify potential problems  
early in design, an analysis can be performed using a 
combinat ion of  commerc ia l ly  ava i lab le  too ls : 
GemPackage™ for model construction, SIwave software 
for DC analysis and ANSYS Icepak technology for  
thermal analysis. Furthermore, the process could be 
extended to easily study signal integrity/power integrity  
(SI/PI) issues because the same ANF file can be entered 
into ANSYS SI/PI tools, including SIwave, TPA, HFSS and 
Q3D Extractor (Figure 1).

GemPackage is a software tool for studying the  
physical feasibility of system-in-package (SiP) devices:  

Engineers use coupled simulation tools to resolve thermal 
issues at through-silicon vias (TSVs) early in development  
of high-density 3-D IC modules.
By Hiroshi Murata, Gem Design Technologies Inc., Fukuoka, Japan 

Akira Ohta and Kentaro Maeda, ANSYS, Inc.

Kanta Nogita, Kitakyushu Foundation for the Advancement of Industry, Science and Technology, Fukuoka, Japan

Model Construction 
by GemPackage

DC Analysis  
by sIwave

Figure 1. Analysis process 
for 3-D integrated circuits

3-D IC

Thermal Analysis 
by ANSYS Icepak
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Model Power
Map

electronics
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electronics

single 3-D IC modules with stacked ICs that together  
perform multiple functions for a complete electronic system. 
The software supports a wide range of packaging structures 
from wire bonding to TSVs to complex hierarchical chip 
and package designs. Before going to detailed design, 
chip, package or board designers work with GemPackage 
as a common tool to optimize net assignments in package 
IOs and chip IOs in the chip–package–board global view.

To demonstrate this approach, models were created 
for a sample problem involving three chips stacked and 
connected by TSVs and pattern routings in redistribution 
layers (RDLs). Die sizes were 10 millimeters square. Die 
thicknesses were 100 µm each for the top and middle 
chips and 200 µm for the bottom chip. The top chip had 
IOs on the bottom surface only. The other two chips  
had TSVs for through connections and face-down IOs for  
bottomward connections. All TSVs were treated as 20 µm 
diameter columns, and IOs (including TSVs) were arranged 
on a 200 µm pitch grid (Figure 2).

Nets and routings were represented as follows: The 
main power supply (power/ground net pair) was installed at 
the center of the chip and connected by stacked TSVs 
arranged in a seven-by-seven grid. TSVs were also used in 
connecting zigzag-pattern horizontal routings for signals on 

the chips. RDLs between the three chips had 20 µm  
spacing, while those on the bottom of the lowest chip had 
60 µm spacing. The bottom RDL contained ball pads on a 
600 µm pitch 15-by-15 ball grid array (BGA). To study the 
effects on electr ical and thermal performance,  
engineers modeled this seven-by-seven grid “standard” 
floor plan design as an 11-by-11 manytsv model, shown in 
Figure 3, with more TSVs for the main power source.

For analysis, two Ansoft neutral files (ANF) were  
created: one for the SiP package and another for  
board-level design. Files were combined in SIwave to  
configure the entire system. For a static DC analysis,  
transistor leakage currents were assumed constant, so 
chips were modeled as resistors in the power circuits and 
material constants set accordingly. SIwave software  
calculated power consumption in RDL power routings and 
stored the result in a file that is compatible with ANSYS 
Icepak software (Figure 4). 

From the 3-D IC analysis, power consumption in  
the power routings was calculated as 0.15 Watts (W) for 
standard design and 0.1 W for the manytsv design. This 
difference was attributed to the greater number of TSVs, 
creating more current paths with less equivalent resistance 
and improved IR drops.

Figure 3. Physical models created by GemPackage

standard Floor Plan 1 Chip–Package–Board ViewManytsv Floor Plan 2

Figure 2. Three-dimensional representation of stacked chips connected by TSVs shown as red columns
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Figure 5. Thermal analysis result obtained using ANSYS Icepak for TSV floor plan layouts (left), power consumption (middle) and thermal distribution (right)

Figure 4. DC SIwave simulation showing power distributions for the entire system (left), seven-by-seven standard (middle) and 11-by-11 manytsv  
(right) designs 

electronics

For thermal analysis, GemPackage created a model 
file that ANSYS Icepak software opened as existing data. 
To simplify meshing, TSVs were represented as tall  
rectangular boxes (instead of round columns). To account 
for effects on thermal conductance, RDL patterns were 
imported into ANSYS Icepak using the extended Gerber 
format. ANF can be used in ANSYS Icepak 13.0 to import 
these RDL patterns.  SIwave calculated power  
consumption in routings, which was imported as  
distributed heat source cells into ANSYS Icepak.

Top and middle chips were assumed to have 0.1 W  
planar uniform heat sources, with a value of 0.3 W for  
the bottom chip. uniform power relates to the  
chip. RDL power distribution is computed by SIwave. 
Boundary conditions were set so that heat flowed out the  
bottom only. Thermal analysis results indicated that 

manytsv shows a larger temperature drop at the center of 
the top chip caused by increased thermal conductivity in 
the Z-direction as a result of more TSVs and indirectly by  
more micro-bump balls and RDL patterns. Joule heating in 
power routings was considered by importing resistive 
losses from SIwave. This also affected thermal distribution 
and increased temperatures at the center of the top chip 
(Figure 5).

To consider different layouts, two versions of floor 
plans were created for the middle chip. The biggest block 
was attached with a 0.05 W heat source, and two other 
small blocks were attached with 0.025 W each. Simulation 
shows that the bottom chip gets hotter than the upper 
chip, since heat flows downward. In this way, coupled 
simulation tools were used to check thermal issues at 
TSVs in high-density 3-D IC modules. n
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Ship-Shape Simulation 
Designers use structural and hydrodynamic analyses to ensure that  
working vessels meet challenging demands in harbor and at sea. 
By Kuno van den Berg, Project Manager, Gijsbert Jacobse, Marine Engineer  
and Michiel Verdult, Marine Engineer, Vuyk Engineering Rotterdam b.v., The Netherlands 

Designing ships is a demanding  
process, as vessels are among the 
most massive and mechanically  
complex moving structures in the 
world. Ships must operate reliably in 
harsh envi ronments and meet  
stringent standards. Engineering 
demands are particularly challenging 
in designing work vessels for harbor 
and open-water applications, such as 
hoisting, dredging, construction, pipe-
laying and other marine operations. 
The hull and internal structural  
members must be seaworthy and  
stable. In addition, topside mechanical 
assemblies, such as cranes, must  
provide sufficient strength and reliability 
to work efficiently even while waves 
excite the ship. 

In meeting these demanding 
requirements, engineers at Vuyk 
Engineering Rotterdam (VER) in The 
Netherlands rely heavily on engineering 
simulation to develop designs and 
upgrades, ensure that government  
and industry standards are met, and 
resolve field problems that may arise. 
VER serves the maritime industry 
worldwide by providing consultancy 

and engineering services for ship 
design, equipment design, marine 
operations and building supervision. 
The company has used ANSYS 
Mechanical software exclusively  
since 2002 for structural analysis  
in determining stress distributions,  
elastic deformation, reaction forces 
and component fatigue. Engineers 
utilize the software for other types of 
detailed analysis such as calculation 
of structural vibration and impact 
loads of one structure colliding with 
another. Vuyk chose ANSYS after an 
exhaustive evaluation of competitive 
packages based on the flexibility of 
the code for a range of applications, 
recognition of the software globally as 
best in class in numerous industries 
and depth of the technology for a 
broad range of features. 

In 2007, VER implemented 
ANSYS AQWA software for  
computing hydrodynamic 
motions and loads on  
vessel hulls for strength 
and fatigue analyses. 

Matador 3 in action on open-water 
construction site

This software can be used to deter-
mine vessel response to wave environ- 
mental conditions. Such capabilities 
are requi red to study cr i t ica l  
operational details such as cargo 
swaying as it is l i fted, relative  
movement of a moored vessel and 
interaction of adjacent ships as well as 
the ability of the ship to hold a given 
position in heavy seas. The capability 
to smoothly exchange data between 
ANSYS AQWA and ANSYS Mechanical 
products is critical in performing  
analysis in applications in which  

ANSYS AQWA and ANSYS Mechanical 

best in class in numerous industries 
and depth of the technology for a 

In 2007, VER implemented 
ANSYS AQWA software for 
computing hydrodynamic 
motions and loads on 

products is critical in performing products is critical in performing 
analysis in applications in which 
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Finite element analysis calculated stress  
distribution in the overall Matador 3 lifting 
structure (top) as well as individual critical  
components such as the sheave support  
plates (bottom).

cargo. Alternatively, the A-frame can 
be used with four blocks for lifting. 

The aim of the redesign project 
was to increase the jib lifting capacity 
from 600 tonnes to 900 tonnes. 
Engineers accomplished this by 
increasing the number of sheaves 
(pulleys) used on the ship for the 
cables to the two jib hoists as well as 
sheaves for holding the A-frames in 
place. Engineers used ANSYS 
Mechanical software to optimize the 
j ib load capacity by modeling  
the lifting frame with beam elements 
and calculating reaction forces at the 

structural behavior is closely related to 
hydrodynamic effects. 

Prior to licensing ANSYS AQWA, 
VER employed rudimentary 2-D strip 
theory software. This calculation 
method had limitations, as it was only 
applicable for a narrow range of  
traditional ship hulls and was not suit-
able for pure wave-load calculations or 
multibody motion analysis. In these 
cases, VER outsourced work to an 
outside research center or university. 

Bringing the work in-house with 
ANSYS AQWA technology gives  
engineers more control over the hydro-
dynamic analysis and greater insight 
into vessel behavior. The design team 
also can iterate much faster by varying 
parameters to compare alternatives 
and optimize designs. Performing 
time-domain dynamic motion analysis 
in-house posit ions VER among  
the leaders in the marine industry  
and strengthens the company’s  
competitive value as an engineering 
services provider. 

Upgrading Lifting Capacity 
In one recent project,  VER  

engineers used the ANSYS tools to 
upgrade the lifting capacity of the 
Matador 3 sheerleg — a self-propelled 
floating crane used for lifting heavy 
loads at the Rotterdam seaport docks 
as well as for offshore construction 
projects, open-water wreck removal 
operations, and bridge and lock  
construction along inland rivers  
and canals. 

The Matador unit consists of two 
hinged, adjustable A-frame structures 
with a hoisting jib held in place by a 
network of cables looped through 
deck sheaves and controlled by main 
power winches on the base of a  
pontoon platform. One of the larger 
floating sheerlegs in the world, the 
Matador 3, which is owned and  
operated by Bonn & Mees, has a max-
imum height and reach of 70 meters. 
Two lifting blocks at the top-most  
point of each structure are raised and  
lowered by cables and winches to lift 

hinge points and stresses across all 
structural members. By parameterizing 
the model, the team was able to 
quickly enter different angular  
variables to generate lift, reach and  
lifting capacity curves for the Matador. 

In separate analyses, ANSYS 
AQWA was used to study the motions 
and loads of the lifting structure  
as waves of various heights and  
frequencies impact the vessel at  
different angles. In these studies, the 
vessel and crane structure were  
modeled separately from the lifted 
structure and then combined with  
representations of the connecting 
cables into a multibody hydro- 
dynamic model. The engineering team  
determined the working range of  
the structure with respect to the  
sheerleg capacity and positioning 
accuracy. 

VER also performed studies for 
individual projects in open waters, 
including a motion analysis for various 
wave scenarios of the Matador during 
lifting, transporting and installing  
a wind-turbine high-voltage station  
in the North Sea. ANSYS AQWA  
software was used to determine the 
maximum wave height allowable for 
various wave periods (time between 
wave crests) and headings. using the 
simulation from the study, operators 
were able to match the ship’s work 
schedule to weather forecasts for the 
12-hour trip from harbor to the open- 
water location to safely transport the  
sections of the wind turbine, position 
the vessel, and lift the foundation into 
place with the platform on top. To 
describe the rigorous method of the 

Diffraction analysis calculates the sway and stability of hoisted loads.

marine



www.ansys.comANSYS Advantage  •  © 2010 Ansys, Inc.34

marine

study to the client, VER cited ANSYS 
AQWA capabilities and included the 
graphical and tabular output from the 
software in the client report. 

Upfront Simulation 
In another study, engineers used 

ANSYS Mechanical and ANSYS 
AQWA software in a one-way coupled  
simulation in which hydrodynamic 
pressure loads against the outside of 
the vessel hull calculated by ANSYS 
AQWA software were transferred 
directly into ANSYS Mechanical to 
determine the structural behavior  
of a trailing suction hopper dredging  
vessel. In particular, the study was 
intended to check longitudinal  
bending of the critical midship region 
of the hull, calculate overall hull girder 
effects at the aft and fore hopper ends, 
and provide a detailed stress analysis 
for evaluating girder fatigue. 

Joint structural and hydrodynamic analysis determined maximum combined torsion and bending 
aft of the hopper.

Girder analysis of the twin-hull Pieter Schelte 
pipelaying vessel, whose unique design  
created a number of engineering challenges

Girder analysis of the twin-hull Pieter Schelte 
pipelaying vessel, whose unique design 

Initially, engineers created a finite 
element model for ANSYS Mechanical 
using shell elements. The model 
included all the major parts of the ship, 
such as the outer hull, girders and 
basic topside structure. This repre-
sented only the basic geometry and 
mass distribution so analysis could  
be done in the early stages of basic 
vessel design, which takes about five 
months to complete. In this way, 
results of this upfront simulation could 
be used as input for the overall design 
of the ship. 

A 3-D diffraction analysis was then 
performed with ANSYS AQWA soft-
ware to determine the pressure 
distr ibution around the  
complete perimeter of the 
hull from loads generated 
by waves on the side of the 
vessel along with associated 
vessel motions. The finite element hull 

geometry served as the basis for the  
diffraction model, ensuring compatibility 
between the finite element and  
 diffraction analyses. 

VER engineers combined still- 
water and wave load sets from ANSYS 
AQWA into a load set representing 
total water pressure against the hull. 
This data was then used in ANSYS 
Mechanical to determine stress and 
buckling of the structural girders. In 
this simulation, engineers found a 
stress concentration in the main  
deck aft of the hopper. Structural 
strengthening in this region was 
achieved by adding thicker deck plates 
and additional girders. A subsequent 
fatigue analysis on the modified  
structure ensured the validity of the 
final design. 

ANSYS Mechanical model of the trailing suction hopper dredger 
and longitudinal stresses in the dredger’s midship section

In a separate project, coupled sim-
ulation was used in the analysis of the 
hull girder design of a unique and very 
large twin-bow vessel named Pieter 
Schelte, currently in final design and 
planned to be the world’s largest pipe-
laying vessel. The ship will be about 
1,250 feet long and 380 feet wide. Due 
to the significant height-to-length ratio 
of each bow, traditional rules for ship 
design are not applicable for this twin-
bow vessel. Thus, the use of ANSYS 
AQWA technology was beneficial 
because the flexibility of the software 
allowed it to be customized. n

ware to determine the pressure 



Performance  
under Pressure
CCI substantially reduced warranty repair costs by using  
fluids simulation to upgrade the design of its control valves.
By Jeetendra Kumar Singh, Technical Manager, Control Components Inc., Bangalore, India

Traditionally, power plants spent the 
majority of their time running at fixed 
loads and subcritical conditions 
(under 220 bar). In today’s tough busi-
ness environment, plants are often 
running with a variable load to match 
fluctuating power demand, and to 
boost plant efficiency, operators are  
operating at supercritical conditions. 
Consequently, turbine bypass valves 
are cycled more frequently and at 
higher temperatures. The result is that 
the valves now undergo much more 
thermal and mechanical loading than 
in the past.

To meet today’s demanding  
environment, Control Components 
Inc. (CCI) in India needed to upgrade 

the design of its turbine bypass valves. 
Simulation with f luid dynamics  
software from Ansys made it  
possible for CCI engineers to visualize 
flow inside the valve, and to estimate 
hydraulic and thermal loading on  
the valve’s pressure boundary  
components. Once a good under-
stand ing o f  the  f low phys ics  
was established, finding a solution 
became easy.

Control Components Inc. is the 
world’s leading supplier of severe  
service control valves and silencers. 
Its turbine bypass valves route high-
pressure, high-temperature steam 
around the turbine (HP, IP and LP) 
from the main steam line to the cold 
reheat line or condenser. Turbine 
bypass valves enable the steam  
generator and turbine to be operated 

independently during 
startup and shutdown 
as  w e l l  a s  w hen  
the load is changed. 
The turbine bypass  
valve must produce 
an extremely high  
(200 bar) pressure 
reduct ion  in  f lu id  
d u e  t o  p r o c e s s  
condition requirements 
in the downstream. 

The valve must also provide temp- 
erature control by adding water to the 
steam to reduce its specific enthalpy, 
a process called desuperheating that 
reduces the steam’s capacity to do 
mechanical work and to release heat.

To address the harsh operating 
conditions, CCI engineers faced  
several difficult technical challenges. 
The ability to perform physical testing 
was limited due to the expense of 
sett ing up a physical test that  
duplicates an operating power plant’s 
extremely h igh pressures and  
temperatures. And even when such  
a test could be performed, only  
limited information could be obtained. 
Detailed process conditions cannot 
be observed reliably inside the valve, 
or even at its inlet and outlet.

In addition, desuperheating is a 
very  complex phenomenon to  
simulate. In most fluid dynamics 
problems, it is sufficient to assume 
that a fluid has a constant density or 
obeys the ideal gas law. But the  
pressure drops are so high in turbine 
bypass applications that steam must 
be represented as a real gas — rather 
than as an ideal gas — to accurately 
predict the temperature distribution in 
the valve. ANSYS CFX fluid dynamics 
software offers a built-in real-gas 

CCI turbine 
bypass valve
CCI turbine 
bypass valve

Inc. (CCI) in India needed to upgrade from the main steam line to the cold 
reheat line or condenser. Turbine 
bypass valves enable the steam 
generator and turbine to be operated 

Velocity contours on a section of the valve reveal swirling flow.
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equations model that provides  
accurate predictions under these  
critical conditions. The real-gas  
equations also provide accurate  
prediction of flows with phase change.

The engineering team’s first  
challenge was to determine the flow 
field at the inlet to the valve. While 
inlet flow, temperature and pressure 
can easily be measured, in the past it 
was never possible to determine the 
actual velocity distribution over  
the cross section of the pipe feeding 
the valve inlet. The inlet piping bends 
in various directions to accommodate 
the layout, and this results in a rela-
tively non-uniform velocity profile at 
the valve inlet, which can have a 
major impact on valve performance. 
To address this, the inlet piping was 
modeled separately, and the export 

boundary condition option in ANSYS 
CFX was used to export the inlet flow 
field to the valve model.

CCI engineers began the process 
of simulating the control valve by  
using a SolidWorks® solid model of 
the existing design. The valve geom-
etry is complex, with multiple stages 
to absorb the enormous pressure 
drop involved in the application. The 
first stage needed to be simulated  
to a high degree of accuracy because 
it included the greatest amount of 
thermal cycling.

Next, CCI engineers used ANSYS 
ICEM CFD meshing software to  
create a finer hex mesh of the critical 
first stage. The flow across the  
turbine bypass valve divides into two 
parts: the pressure drop region and 
the desuperheating region. 

Transient simulation revealed that 
the flow conditions inside the valve 
were far different from what had been 
imagined. 

Engineers easily transferred the 
pressure loading and its equivalent 
torque from the fluids simulation to 
ANSYS Mechanical software and  
performed a structural analysis of key 
valve components. This information 
was used to design structurally  
stronger components that can be 
installed in a simple field retrofit to 
existing valves.

Simulation made it possible to 
quickly upgrade the turbine bypass 
valve in a few weeks, compared to 
the six to 12 months that would have 
been required using conventional 
methods. The result was a substantial 
reduction in engineering costs. n

Stress contours on anti-rotation pinPressure contours on a section of the valve
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Drilling into the Heart 
of Direct Modeling
Direct modeling enhances engineering analysis  
throughput at a hydraulic drilling rig manufacturer.
By Thomas Ronge, Mechanical Engineering Lead, Schramm, Inc., West Chester, U.S.A.

In the drilling industry, remote locations and operating 
downtime expenses typically exceed $1,000 per hour.  
At Schramm, Inc., a manufacturer and global supplier of 
hydraulic drilling equipment, all components are analyzed 
during the design process to ensure product reliability and 
an adequate safety factor. To reach the company’s goal of 
deploying exceptionally reliable equipment to the field, 
Schramm has standardized on Simulation Driven Product 
Development to design its products. However, the  
development process hit a bottleneck at the stage when 
engineers prepared models for simulation — an issue that 
schramm needed to address.

The century-old Pennsylvania company focuses on 
hydraulic drills for land-based applications. All Schramm 
drilling equipment is track- or truck-mounted. The  
organization supplies companies in the mining, energy, 
geothermal and water sectors worldwide. Over 75 percent 
of Schramm revenues come from export sales, with global 
reach including major market positions in China, Chile, 
Brazil, Australia, Russia and South Africa. 

To support its product development process, 
Schramm adopted ANSYS Mechanical software in early 
2010 to replace legacy mechanical analysis tools that had 
been in use for the past several years. The engineers who 
perform mechanical analysis there also have in-depth 
expertise in CAD. The CAD systems available today have 
their own unique strengths and weaknesses — but they 
historically have been missing the ability to defeature and 
repair an assembly in an expedient manner. Feature-
based CAD user interfaces often don’t provide the needed 
level of flexibility.

The starting point for most analysis work at Schramm 
is a geometry assembly supplied in native CAD or neutral 
file (IGES, STEP) formats. These models typically contain 
a significant amount of detail that is not relevant for  
the analysis and, therefore, must be simplified. Such  
simplification and cleanup work in traditional CAD  
systems can be highly time consuming. To improve return 
on investment from software and hardware assets, the 

Schramm TXD Rotadrill with mast deployed via extension of its hydraulic 
cylinder. This equipment is a heavy-hoist, deep-hole, trailer-mounted 
top-head drive drill rig.
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engineering team at Schramm identif ied model  
preparation as a key bottleneck. The company decided to 
expedite the work through a new software application; 
after researching various alternatives, they chose  
the ANSYS SpaceClaim Direct Modeler tool, which  
complemented ANSYS Mechanical. upon introducing 
direct modeling, the staff quickly realized that a new  
paradigm for model preparation had arrived.

ANSYS SpaceClaim Direct Modeler software is 
equipped with a suite of CAD and neutral file translators 
that are highly robust, providing a geometry model that is 
easy to work with and defeature. Schramm engineers can 
quickly identify any technical issues that may exist after 
import using Repair Tab tools, such as Stitch, 
Missing Faces and Gaps commands. High-quality 
geometry models prepared in ANSYS SpaceClaim Direct 
Modeler reduce complications — such as poor mesh 
quality — downstream in the analysis process.

A traditional goal for those performing engineering 
simulation is to remove nonessential features in the  

and interpreting results (not repairing and defeaturing 
geometry models) and maintaining throughput on the 
eight-core cluster available for analysis runs. Spending 
less time on model setup is a huge benefit.

Another strength of ANSYS SpaceClaim Direct 
Modeler is the ability to drag and drop components in the 
structure tree to create or customize multibody parts at 
will and on the fly. Hexahedral meshes generally are  
preferred for accuracy reasons. Through proper definition 
of the multibody parts in ANSYS SpaceClaim Direct 
Modeler, the team at Schramm employs sweeping tools in 
the ANSYS Meshing platform that allow hex-dominant 
meshes to be used on complicated geometries. In many 
cases, it is obvious that a boundary should occur at a 
location where the geometry undergoes a step change, 
such as where a cylinder is attached to the face of a larger 
body. Decomposing the geometry is done using datum 
planes to splice the component into multiple parts. 

Defeatured mast slide plate and hydraulic cylinder  
subassemblies in ANSYS SpaceClaim Direct Modeler. The cylinder 
assembly has been reduced from 13 to two parts (barrel and rod)  
using CAE model preparation tools. Preparation of the entire assembly 
took approximately one hour. ANSYS SpaceClaim Direct Modeler  
has dedicated repair and prepare tools that expedite this process.

Mast slide plate imported into ANSYS Workbench  
as a multibody part, which takes advantage of shared topology.  
The slide plate comprises dozens of individual solids. While these  
solids may be easily grouped in ANSYS SpaceClaim Direct Modeler  
to form a single solid, not doing so allows for unique material properties 
to be assigned to each individual solid.

Mast slide plate imported into ANSYS Workbench 

Total deformation solution from ANSYS Mechanical for the mast slide plate 
and hydraulic cylinder. A hexahedral mesh has been applied, facilitated by  
the creation of multibody parts in ANSYS SpaceClaim Direct Modeler. A single 
part is easily spliced into multiple bodies using datum reference planes, 
enabling hexahedral mesh sweeping operations in ANSYS Workbench.

engineering team at Schramm identif ied model 
preparation as a key bottleneck. The company decided to 

Sectional view of the 
mast’s hydraulic cylinder 
prior to defeaturing. Nondescript 
component name assignments imported from 
neutral (or native) geometry files may be readily 
changed in ANSYS SpaceClaim Direct Modeler for easier 
tracking and referencing in ANSYS Workbench.

quality — downstream in the analysis process.
A traditional goal for those performing engineering 

simulation is to remove nonessential features in the 

Defeatured mast slide plate and hydraulic cylinder 
subassemblies in ANSYS SpaceClaim Direct Modeler. The cylinder 
assembly has been reduced from 13 to two parts (barrel and rod) 
using CAE model preparation tools. Preparation of the entire assembly 
took approximately one hour. ANSYS SpaceClaim Direct Modeler 

geometry to facilitate faster and more robust meshing. 
The Schramm team has found that ANSYS SpaceClaim 
Direct Modeler enables quick cleanup and defeaturing 
operations, as the tool works directly with geometry and 
does not have to take feature dependencies into account. 
Cleanup work can be done in a few hours, compared with 
a time frame of several days using a traditional CAD  
package. Engineers at Schramm strive to spend as much 
product ive  t ime as  poss ib le  post-process ing 

Performing this work in the geometry phase mitigates the 
need to assign meshing controls in ANSYS Meshing and 
reduces the overall time for model setup. Shared topology 
may (or may not) be imposed when importing the geometry 
into the ANSYS Workbench platform. This means that, at 
the import stage, the user controls whether or not a  
common nodal imprint is applied at the shared boundary 
between adjacent parts. Generally, the shared topology 
option is desired, but in some cases there is value in 
applying different meshes to different adjacent parts. 

The significant impact of Schramm’s introducing direct 
modeling as a model preparation tool was larger than 
expected. For example, one engineer previously  
performing two to three projects per month is now  
regularly performing four to five during the same time 
frame. The larger and more complex the model, the more  
significant the time savings. Schramm can now reap a 
number of benefits from higher engineering analysis 
throughput, including reduced time to market and more 
reliable equipment. n
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Total deformation solution from ANSYS Mechanical for the mast slide plate 
and hydraulic cylinder. A hexahedral mesh has been applied, facilitated by 
the creation of multibody parts in ANSYS SpaceClaim Direct Modeler. A single 
part is easily spliced into multiple bodies using datum reference planes, 
enabling hexahedral mesh sweeping operations in ANSYS Workbench.

a time frame of several days using a traditional CAD 
package. Engineers at Schramm strive to spend as much 
product ive  t ime as  poss ib le  post-process ing 

number of benefits from higher engineering analysis 
throughput, including reduced time to market and more 
reliable equipment. n
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Connections are important, whether involving family, 
friends — or simulation data. New technologies hold great 
promise for expanding our reach into new networks, but 
they must be managed correctly to yield expected gains.

Successful companies recognize that simulation  
expertise is a valuable commodity, and that sharing this  
information is vital to streamline the development process 
and bring innovative products to market faster — a key to 
corporate success. Often, this expertise is localized  
to individuals or workgroups that informally function as 
mini centers of excellence. These workgroups tend to 
develop and maintain a company’s best practices for  
simulation, as well as warehouse the simulation results 
from the projects they work on. As an engineering  
organization becomes more complex, projects begin to 
involve engineers with specialized expertise who often 
reside in different locations. No matter what continent they 
work from, engineers must collaborate and get connected 
on projects as if they shared a common office. More and 
more, companies are turning to systems like ANSYS 
Engineering Knowledge Manager (EKM) to capture and 
share simulation knowledge. 

Consider the example of MANN+HuMMEL, one of  
the world’s major automotive suppliers. Martin Lehmann, 
head of the organization’s Simulation Filter Elements, 
commented, “We have engineers in Europe and India who 
frequently need to share models, CAE data and simulation 
results. They also need to collaborate in real time  
while performing CAE analysis. ANSYS EKM allows us to  
transfer and share simulation data very effectively.  
The product’s extensive data management capabilities 
make it straightforward for our engineers to organize and 

analysis tools

track multiple versions of files that are created during a 
typical design and analysis cycle.”

While workgroups have a common need to stay  
connected, the needs of each simulation expert are 
unique. Any system designed to capture and reuse simu-
lation data and best practices must make individuals’ jobs 
easier and improve their productivity, or it will have poor 
adoption rates. 

“First of all, a simulation data management (SDM)  
system must meet the needs of its primary users, CAE  
analysts and workgroups,” said Keith Meintjes, research 
director for CAE at Collaborative Product Development 
Associates, an organization that provides companies with 
objective information for assessing technology, business 
goals, and objectives for engineering and manufacturing. 
“SDM is not simply an extension of a PDM system or a PLM 
strategy; CAE is far too complex for top-down solutions. 
Companies should first concentrate on implementing SDM 
for individual and workgroup productivity and for simulation 
quality. Once that is in place, they can consider aggregating 
the data and metrics to gain enterprise-wide benefits.  
SDM should be seen as a strategy to capture and reuse  
engineering knowledge and intellectual property. The  
benefits will accrue from dramatically improved engineering 
processes, not from populating some PDM database.” 

ANSYS EKM manages the richness and complexity of 
simulation data in a way that makes it easy for the individual 
to function in a workgroup, while making it possible to 
share the context of simulation with CAE users enterprise-
wide. This software system allows organizations to get  
connected to streamline processes, protect intellectual 
property, share best practices and foster innovation. n

ANSYS EKM helps engineering teams improve productivity 
by organizing simulation data locally and worldwide.
 By Michael Engelman, Vice President, Business Development, ANSYS, Inc.
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The latest HFSS release contains a 
wide array of powerful new features 
and enhancements. Included are some 
dramatic additions to the product’s 
high-performance computing (HPC) 
capability. These improvements allow 
efficient simulation of large, complex 
problems and enhanced insight that 
would be difficult or impossible to 
obtain any other way. 

 Engineers today use multicore 
computers that are often connected to 
other machines via high-speed net-
works. In many cases, organizations 
have access to an enormous amount 
of computer power. To assist in  
leveraging these resources, HFSS  
offers three HPC solution options:  
multiprocessing (MP) and the domain 
decomposition method (DDM), both 
used for exploiting multiple cores for a 
single simulation, and the distributed 
solve option (DSO), which enables 
consideration of multiple design points 
using distributed processors. All three 
options are designed to make efficient 
use of multicore and networked  
processing power. This art ic le  
illustrates how the options can be 
applied and the potential of each.

Multiprocessing
The MP option takes advantage of 

multiple cores on a single computer. 
The most time-consuming element of 
a simulation is the matrix solve. With 
the MP option, that part of the solution 
procedure can be run in parallel on 
multiple cores, reducing solution 
times. 

For example, the F-35 shown in 
Figure 1 has a VHF antenna attached 
to its airframe. Engineers performed 
simulation at 350 MHz with eight 
adaptive passes, and the resulting  
patterns are shown in the simulation 
image. To illustrate how the MP option 
improves solution times, the team ran 
the final adaptive pass five times using 

a different setting for MP each time. 
The speed improvement in solution 
times is shown in Figure 2. 

Other overhead, such as meshing 
operations, that are performed during 
a standard solve were not included in 
the data shown here, so the overall 
speedup factor is not as great as the 
times shown in Figure 2. Improvement 
in solve times is highly problem  
dependent, but there is potential for 
considerable improvement in solve 
time when using the MP option.

Domain Decomposition Method
The most exciting new feature in 

HFSS is DDM, which allows the model 
to be split into smaller domains. The 
solution for each domain is executed 
on a separate core and/or node and 
can be distributed over a network. 
Once simulations are complete, an 
iterative procedure combines the  
separate results into a single solution 
that gives the complete response for 
the entire model. 

Here’s how DDM works: When the 
solution region is broken into smaller 
pieces in a DDM simulation, each 
piece is simulated on a separate core 

HPC Options 
for HFSS 
HFSS offers options for high-performance computing that 
deliver fast and efficient simulation for complex problems.
By John Silvestro, Senior Member of Technical Staff, and Matt Commens, Lead Product Manager for HFSS, ANSYS, Inc.

Figure 1: Model of 350 MHz antenna  
mounted on an F-35 Joint Strike Fighter (left) 
and resulting radiation pattern (right)

Figure 2: Solution speedup relative to single- 
core execution for antenna model using  
MP option
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or set of shared cores. These separate 
cores can reside on a local machine  
or be shared across a network. By 
using a distributed solution, the  
memory available for a single simu- 
lation is no longer limited to a single 
machine, and thus the size of  
models that can be simulated grows 
dramatically. In addition, speed and 
memory improvement may be realized. 
Solution times and memory for the 
direct solver in HFSS grow roughly  
as n1.4 (where n is the number of 
unknowns). Thus on an eight-core 
machine with one core reserved for 
the head node, the domain solution 
time can speed up by as much as 71.4 
(or 15) times relative to the solve time 
of the entire mesh. There is, of course, 
additional overhead involved in the 
DDM calculation such as mesh  
partitioning and the iterative solution 
process. But, there is potential to  
realize better-than-linear speed and/or 
memory improvement when using  
the DDM.

using the same F-35 model shown 
in Figure 1, the engineering team  
studied the solution speed and  
memory required to solve the final 
pass of this simulation using different 
numbers of domains. For this case, 
the team used two quad-core 
machines. Because one core is always 
a master process, this model can be 
simulated using from one to seven 
domains. The solution speed and 
memory improvement are shown in 

Figure 3; it also demonstrates time and 
memory as scaled linearly. The results 
show a close-to-linear improvement in  
solution time and a better-than-linear 
improvement in memory use for the 
solutions using five or more domains. 

Distributed Solve Option
The distributed solve option allows 

simultaneous consideration of multiple 
discrete design points by distributing 
the individual solutions over available 
processors. This is a useful feature 
when an engineer is solving a  
parametric or frequency sweep. 
Industry-standard schedulers can be 
used to distribute the simulations, 
including Platform LSF® from Platform 
Computing and the Windows® HPC 
Server 2008 Job Scheduler from 

Microsoft. If sufficient hardware is 
available, DSO and MP may be used 
together for further performance 
improvement. 

An example of the DSO option is 
the signal integrity (SI) model shown  
in Figure 4. This model is a set  
of coupled microstrip lines that  
transition to a set of coupled striplines 
through a differential via pair. To  
characterize the behavior of this  
transition, a designer typically needs 
to know its behavior over a variety of 
model variations — a process that can 
be time consuming if run serially. The 
engineering team created a parametric 
sweep with 32 variations of the model 
dimensions. The solution for each  
variation required a full adaptive  
simulation and an interpolating  
frequency sweep. The results from this 
analysis can be utilized for design  
optimization or yield studies. 

The DSO simulation was demon-
strated by ANSYS partner Hewlett-
Packard® on an HP® ProLiant™ BL 
465c series server. These machines 
use six core processors, and Platform 
LSF was used to schedule the  
simulations. Data was compiled for 
simulations run with one, two, four, 
eight, 16 and 32 cores. Figure 5  
shows that significant improvement  
in performance can be realized  
with DSO. For example, with eight 
cores, the speed improvement was 
approximately seven times.

Figure 3: DDM results for F-35 aircraft model running a single pass on a well converged mesh; 
plot is log–log scale
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As this is a parametric sweep with 
a  n e w  g e o m e t r y  f o r  e a c h  
variation, the solution times for each  
variation will likely differ due to  
overhead, but the resulting speed 
improvements are exceptional. 

HFSS  so f twa re  has  th ree  
very powerful capabilities that take 
advantage of mult icore and/or  
ne tworked  compute rs .  These  
new and enhanced features allow 

organizations to leverage multicore/
multimachine environments and  
compute clusters. This ability to simu-
late large, time-consuming problems 
in a highly efficient manner allows for  
further, higher-fidelity insight into  
a company’s design. n
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Figure 5: Log–log plot of the solution time for  
a parametric sweep of the model shown in 
Figure 4 when solved using DSO
data courtesy Hewlett-packard.
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tips and tricks

Turning to 
Rotordynamics
Tools from ANSYS work together to optimize rotating parts.
By Pierre Thieffry, Lead Product Manager, and Dragana Jandric, Technical Support Engineer, ANSYS, Inc.

1. Geometry
ANSYS DesignModeler software can be used to create geometry directly, or it can attach, simplify and 

repair CAD models (Figure 2). In this instance, the geometry is imported from a Parasolid® file and simplified to 
an axisymmetric representation for computational efficiency. Since the geometry did not fully describe the real 
model, additional disk and bearings locations were defined in ANSYS DesignModeler.

Figure 1. The ANSYS Workbench project schematic shows 
ANSYS DesignModeler, the ANSYS meshing platform and  
ANSYS Mechanical APDL as a system of linked tools that  
share data.

Geometry
Mesh

Mechanical 
APDL

Response Surface
Goal-Driven 
Optimization

Figure 2. Simplified model in ANSYS DesignModeler

Additional Disk

Bearing Locations

Initial 3-D Geometry

Rotordynamics analysis is essential to rotating machinery 
design. It enables the designer to understand the relation-
ship between mechanical design choices — including 
shaft size, bearing properties and housing stiffness — and 
machine stability and safe operating range.

The ANSYS Workbench platform offers a complete 
environment for performing parametric rotordynamics  
simulation for industrial applications. In the example of a 
rotating shaft, the bearing stiffness and the radius of the 
disk can influence the shaft’s critical speeds. The effect of 
these parameters was investigated using goal-driven  

optimization (GDO) within the ANSYS DesignXplorer tool. 
An ANSYS Mechanical APDL script was used to define 
material properties, spin velocities and element types, as 
well as to perform Campbell analysis using the QRDAMP 
eigensolver. Bearing stiffness and disk radii were defined 
as input parameters, while first and second critical speeds 
were defined as output parameters. 

References
Rotordynamics with ANSYS Mechanical Solutions, an animated tutorial, 
including files and instructions, is available to ANSYS clients on the 
ANSYS Customer Portal.
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2. Mesh
The geometry is meshed using the ANSYS  

meshing platform. Although fully automated,  
ANSYS meshing offers a number of controls  
that allow users to satisfy their own meshing  
requirements. In this example, the face sizing 
mesh control was used to appropriately mesh the 
surfaces (Figure 3). Named selections created in 
ANSYS DesignModeler are transferred to ANSYS 
meshing, and these named selections are persistent 
throughout the project and appear in other tools  
as well. 

Figure 3. Model is meshed.

4. Optimization
Design exploration can be performed to 

simulate the response of parts and assemblies 
to parameter changes. using a combination of 
the design of experiments (DOE) and response 
surface tools, the designer gains an under-
standing of cause and effect and is able to 
make the appropriate choices in order to meet 
product requirements.

usually, the investigation starts with a  
sensitivity chart that graphically shows how 
much the output parameters are locally influenced by the input parameters around a given response point 
(Figure 5). This example from the sensitivity graph shows that only the disk radius will impact critical speeds, 
while bearing stiffness won’t have an influence on critical speed. Moreover, the first critical speed is more  
sensitive to the radius than the second one. 

3. ANSYS Mechanical APDL
To perform tasks that are not natively available, the user can employ existing APDL macros or insert APDL 

command objects to send additional instructions to the solver. During the solution, these commands are added 
to the input file for the ANSYS Mechanical 
APDL solver. In this case, the ANSYS 
Mechanical APDL system is added to the 
project to read an existing APDL macro 
(Figure 4). The APDL macro is used to 
define one input parameter, namely  
bearing stiffness, and output parameters 
such as critical speeds that are used  
further in the optimization study. 

Figure 4. ANSYS Workbench project schematic for this rotordynamics problem

Geometry

Mesh

Figure 6. Optimization table with best possible design

Figure 5. Local sensitivity chart and response surface chart

Geometry

Mesh

Mechanical APDL

ANSYS DesignXplorer provides an additional tool, goal-
driven optimization (GDO) to identify design candidates from 
the response surface. GDO is a constrained, multi-objective  
optimization technique in which the “best” possible designs are 
obtained from a sample set given the objectives set for  
the parameters. In this example, the objective for the first  
critical speed was set at 17,000 rpm, and the design point with 
the corresponding radius is found (Figure 6). n
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