
IdentIfyIng 
electromagnetIc 
Interference reduces rIsk

Driving vehicle 
Performance
Page 9

fan of
simulation
Page 14

weather on
mars
Page 24

e x c e l l e n c e  i n  e n g i n e e r i n g  s i m u l a t i o n
v o l u m e  i v    i s s u e  1    2 0 1 0





www.ansys.com

editorial

ANSYS Advantage  •  Volume IV, Issue 1, 2010 11

Simulating Product 
Behavior for the Real World
Engineers use the breadth and depth of leading simulation  
software to predict how products will behave in multi-domain  
operating environments.

Product behavior nearly always involves different types of 
physical phenomena, to one degree or another. 
Temperature differences can influence mechanical stress, 
for example, and air flow around a structure may impact 
acoustics or change structural loading. In some cases, 
one domain might be so pronounced that engineers can 
safely ignore or approximate the minimal influence of  
others. In a growing number of applications, however, 
simulation accuracy for meeting the tight performance 
requirements of today’s sophisticated products  
demands that product developers consider the effects of 
multiple domains.

Meeting such challenges poses big problems if your 
simulation tools lack sufficient capabilities to handle  
multi-domain applications. In many cases, codes may 
have only rudimentary functionality in critical areas, clunky 
interfaces that make the software difficult to run, or  
incompatibilities that prevent the smooth exchange of 
data needed between separate packages. As a result, 
simulation predictions may be grossly inaccurate; then 
deadlines slip, products fail to perform as they should, 
and numerous hardware prototype cycles are needed to 
hurriedly fix last-minute glitches that should not have 
occurred in the first place.

In contrast, an integrated suite of software with  
technical depth in multiple simulation domains and rich 
functionality across a broad range of disciplines provides 
a solid foundation for handling these types of solutions. 
The current issue of this magazine has excellent examples 
of companies putting such technology to work in  
real-world applications.

As outlined in the article “Driving Vehicle Performance,” 
General Motors engineers developed the Chevy Volt  
electric car using fluid dynamics software from ANSYS for 
a wide range of studies, including body aerodynamics, 

airflow through the grille, cooling drag and sizing the heat 
exchanger. The engineering team there also leveraged the 
software to optimize components on other vehicles.

The article “World-Class Composites Analysis by 
Alinghi” describes how racing yacht designers took 
advantage of compatibility between solvers by performing 
structural analysis on the composite laminate hull and  
all other vessel components using ANSYS structural  
software, which was coupled with flow analysis for hydro-
dynamic studies using ANSYS fluid dynamics software.

An engineer at ITT Acoustical Sensors authored the 
article “Fishing with Multiphysics” to report on work using 
software from ANSYS in direct coupled-field simulation 
involving piezoelectric, acoustic and mechanical analysis 
to optimize the designs of underwater transducers for 
monitoring huge fishing trawler nets.

There are many more examples in this issue — and a 
multitude of applications in the engineering community — 
in which companies perform multi-domain simulations 
with the ANSYS integrated suite of state-of-the-art  
technologies. Companies could try to get by with less- 
capable tools, perhaps as they’ve done in the past. But 
there is much at stake today, from courtroom battles to 
newspaper headlines to super-competitive markets. So 
corporate executives, engineering managers and other 
decision makers must ask themselves if using less than 
the best-available simulation technology is worth the 
gamble that nothing will go terribly wrong. n

John Krouse
Senior Editor and Industry Analyst
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academic
Where Do You Go When the Volcano Blows? 
When a volcano erupts explosively, it can generate pyroclastic flows, which are extremely  
dangerous, turbulent, and super-heated currents that can travel at speeds up to 650 mph  
and spread to cities hundreds of miles from their source. Researchers from the University of 
Bari in Italy used fluid flow simulation software to model the interaction between a pyroclastic 
flow and a single equilateral building. The team’s goal was to calculate the local flow field to 
quantify the volcanic hazard, laying the groundwork for future studies in determining risk and 
hazards prevention.

analysis tools
HFSS 12.0
This industry-standard RF and microwave simulation solution delivers significant new domain 
decomposition technology for high-performance computing as well as other key performance-
related updates. The power of the HFSS product comes from many research and development 
innovations, which have made it the most widely used software for solving 3-D full-wave  
electromagnetic field simulations.

turbomachinery
Avoiding Stressed-Out Steam Turbines
Some of the most highly stressed parts of steam turbines in electrical power generation  
systems are bladed disks — especially last-stage low-pressure blades that undergo the  
greatest centrifugal force and bending produced in the entire turbine. Cracks can start at high-
stress locations and propagate, causing fatigue failure and turbine shutdown. Researchers at 
Triveni Engineering and Industries Ltd., headquartered in India, are addressing some of the 
challenges associated with optimizing blade designs using engineering simulation software.

industrial equipment
Gearing Up for Better Measurement
Flow meters measure fluid flow characteristics such as volumetric flow rates, pressures,  
temperatures and material concentrations. Such measurement systems must be robust  
and reliable, and they need to provide precise information. German manufacturer VSE 
Volumentechnik GmbH uses engineering simulation software to develop more reliable  
positive-displacement instruments through reduction of vibration, noise and pressure loss.

partners
Mesh Morphing Accelerates Design Optimization
When updating a component’s shape or position in a fluid dynamics parametric study, one 
approach is to update the initial geometry, remesh the entire domain and then rerun the  
analysis. A time-saving viable alternative is to modify the mesh and rerun the flow analysis  
without going back to the geometry step until the optimum configuration is determined.  
This process requires using a mesh morpher tool. ANSYS software partner RBF Morph has 
developed such a product, which interfaces with ANSYS FLUENT software for solving a wide  
range of industrial applications. 
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Avoiding the Perils of 
Electromagnetic Interference
Identifying EMI early in development helps prevent future risk  
and related high costs after products are shipped and in use.
By John Krouse, Senior Editor and Industry Analyst

Super-phones, GPS systems, e-readers, pocket-size 
computers and other electronics-based products unheard 
of years ago are now commonplace. Furthermore,  
traditionally all-mechanical products such as cars, planes, 
home appliances and machine tools now have increasing 
levels of electronic circuitry. Automobiles in particular have 
been described as “computers on wheels” because so 
many functions depend on electronics, including  
diagnostics, engine control, braking and stability systems. 
The market for these electronics-based end products is 
huge, with electronics industry revenue estimated to be 
$1.8 trillion in 2009.

The business driver for this proliferation of electronics 
into such a broad range of applications is the success  
and widespread use of semiconductors. These materials 
enable products to have greater and greater levels of 
complex and highly customizable functionality at an 
affordable cost in smaller and smaller packages. In  
particular, embedded intelligence in electronics has 
allowed manufacturers to pack unprecedented levels of 
features and functions into products, to penetrate new 

markets with innovative products, and to create unique 
classes of products that once were unimaginable without 
today’s advanced intelligent electronics.

But there is a catch. Designing this expanding range 
of smart products requires careful consideration of fairly 
complex electromagnetic field effects to avoid major  
problems in high-speed data channels. Multifunction cell 
phones, Wi-Fi-enabled laptops and other transmitting 
devices can interfere with surrounding equipment if the 
flurry of traffic on these data superhighways is too strong 
or too crowded in a narrow frequency range.

Moreover, unintended electromagnetic interference 
(EMI) from high levels of data being switched at very fast 
speeds in these electronic products has the potential  
to cause malfunctions within the device as well as in  
surrounding equipment. Interference with signals on high-
speed data channels in these products can cause all 
manner of problems, from nuisances such as background 
noise on wireless phones to potentially disastrous signal 
anomalies in critical control circuitry in cars, planes and 
medical equipment, for example.
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So widespread and potentially damaging are the 
effects of EMI that electronics-based products must meet 
increasingly strict government, international and industry 
electromagnetic compatibility (EMC) standards. Failure to 
comply with these regulations carries stiff penalties and 
may result in products being banned in certain countries 
or being at the center of government investigations, so  
manufacturers understandably are always concerned that 
their products meet these standards. Determining EMC/
EMI is not usually a straightforward calculation, however, 
in large part because of the transient nature of  
electromagnetic emissions, which can depend on inter-
dependent electrical, mechanical and thermal factors.

optimizing a design and ensuring that emissions do 
not exceed permissible thresholds are difficult multi- 
disciplinary engineering challenges involving considerable 
trade-offs. In developing a high-end computer server, for 
example, the design team must decide on air vent  
placement by balancing thermal and EMC effects, since 
the air vent can improve air circulation but also provide an 
escape path for electromagnetic waves. likewise, heat 
sinks can increase heat transfer from chips into the air, 
but they will also increase product weight, size and  
electromagnetic emissions, because heat sinks behave like 
internal antennas. likewise, fans increase air circulation but 
also heighten electromagnetic background noise.

Predicting electromagnetic emission levels without  
the use of simulation is extremely difficult due to the  
complexity of the large numbers of internal and external 
signals impacting the electronics device or system. 
Without simulation, calculations are done using gross 
approximations and oversimplifications that can lead to 
incorrect results. Such results become evident only when 
compared to tests on the actual hardware prototypes, 
performed late in the design cycle. At this point, several 
build–test–redesign iterations usually must be performed 
before emission levels are lowered sufficiently. During this 
late development stage, design changes become 
extremely expensive, and delays can lead to revenue 
losses. As the windows of opportunity close, competitors 
win the race to get products to market first.

Worse yet, companies may totally neglect to perform 
sufficient levels of electromagnetic simulation during 
development, instead using the technology as a forensic 
tool in analyzing the causes of malfunctioning products 

after they are built, shipped, sold and in use by  
customers. In these cases, costs can become gigantic for 
warranty modifications, product recalls, lawsuits,  
damaged brand value and unfavorable publicity that can 
haunt a company for years. Costs measured in the billions 
of dollars can occur. No firm with electronics-based  
products is immune — no matter how large it is, how long 
it has been in business, or how favorable its image in the 
eye of the public.

one of the most effective ways of avoiding such  
preventable calamities is to use electromagnetic emission 
and signal propagation tools up front in development 
before hardware is built. In these early stages, engineers 
have time to analyze potential problems, evaluate  
alternative designs, and make changes relatively inexpen-
sively and in a timely manner. Moreover, engineering  
simulation tools that account for electrical, thermal, 
mechanical, magnetic and fluid effects can be used in  
parallel to optimize product performance in light of these 
various interrelated physics while ensuring that applicable 
emc standards are met.

using an integrated suite of such tools, engineers can 
accurately predict EMC/EMI levels as well as trace any 
problem back to the physical layout of the device. Then 
key parameters in the models can be changed and the 
designs studied in a series of simulations performed  
until electromagnetic emissions are within acceptable  
limits. using such a process, engineers can explore 
what-if scenarios and arrive at an optimized design. The 
article “Simulation-Driven Design for Hybrid and Electric 
Vehicles” in this issue describes such technologies and 
how they can be applied in identifying and correcting 
EMC/EMI problems early in design.

In this way, companies can utilize electromagnetic 
simulation in saving time and money over prototype  
testing and, perhaps most important, in avoiding the  
massive perils of electromagnetic emission problems  
surfacing in products already in use. Indeed, the return on 
investment for using simulation technology in such a  
front-end approach is huge. The alternative is certainly  
a risk not worth taking when the benefits of Simulation 
Driven Product Development have been so clearly  
demonstrated at companies with the good sense and 
foresight to leverage such a well-proven technology in  
the design cycle. n



Simulation-Driven Design for 
Hybrid and Electric Vehicles
Simulation helps to identify and correct EMC/EMI problems early  
in the development of innovative, next-generation vehicles.
By Scott Stanton, Technical Director of Advanced Technology Initiatives

and Mark Ravenstahl, Director of Marketing and Communications, Ansoft product group, ANSYS, Inc.

In the highly competitive hybrid electric and electric  
vehicle (HEV/EV) market, powertrain engineers are  
challenged to increase system efficiency, stability and  
reliability. Power inverters play a critical role in power- 
train systems. Typically comprising six insulated-gate 
bipolar transistor (IGBT) modules in a 4-inch by 6-inch 
package, these devices switch hundreds of amps of  
electrical current on and off very rapidly to provide ac 
power for the motor, control electronics and other  
systems. IGBT switching frequencies can range from  
tens to hundreds of kHz, with turn-on rise times and turn-
off fall times in the order of 50 to 100 nanoseconds.

The fast switching speed of these devices makes 
IGBTs extremely effective in power inverter systems, but 
this switching speed is also the source of two major  
electromagnetic problems. Conducted emissions (through 
current-carrying structures) are generally less than 30 MHz 
and can cause power integrity issues or set up reflected 
waves of energy that can potentially damage the inverter 
and the motor. radiated electromagnetic fields (through 
air) are generally greater than 30 MHz and can affect the 
rest of the vehicle’s many electronic systems.

Both types of interference problems must be  
considered in meeting the required government and 

ANSYS provides a comprehensive set of simulation software to  
study a wide range of electromagnetic and multiphysics behaviors 
found in hybrid, electric and conventional vehicle designs.
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international vehicle electromagnetic emission standards, 
so engineers responsible for power inverter systems must 
design for electromagnetic compatibility/electromagnetic 
interference (EMC/EMI) in the fundamental architecture  
of that system. This can be accomplished only by first 
solving for the underlying physics that govern the  
behavior of EMC/EMI and then leveraging those solutions 
across circuits and systems. This simulation-driven 
approach has the advantage of addressing other electro-
magnetic issues that must be taken into account,  
including electrical current quality, power dissipation and 
the efficiency of the overall system.

Typically, performing these calculations using linear 
circuit elements and simple circuit solvers requires  
numerous gross approximations and overly simplified 
assumptions. By skipping the crucial step of simulating 
the underlying physics, however, results will not be  
correct, and several hardware prototype test-and- 
redesign cycles may be completed before satisfactory 
performance is achieved. In most cases, these testing 
cycles cannot take place until late in the design process, 
when costs can escalate significantly and delays  
can lead to missed market opportunities. Predicting 
today’s electromagnetic effects in the early stages of  
development, before the power inverter is built, is virtually 
impossible without the use of multiphysics simulation.

A full range of such multiphysics tools for studying the 
electromagnetic behavior of equipment such as IGBTs is 
available in the Ansoft suite of software, which specializes 
in electromagnetic field simulation as well as circuit and 
system simulation. Ansoft tools particularly useful in 
power inverter development include:

• Simplorer — a multi-domain circuit and system 
simulator that can easily integrate components 
across electrical, thermal, mechanical, magnetic 
and fluidic domains

• Q3D Extractor — a quasi-static computational 
field solver for the calculation of frequency- 
dependent resistance, inductance, capacitance 
and conductance parameters of current- 
carrying structures

• HFSS — a finite element–based full-wave solver 
for extracting parasitic parameters and visualizing 
3-D electromagnetic fields

To accurately characterize the behavior of a switching 
device such as an IGBT, engineers typically begin by using 
a parameterization wizard that takes into account perfor-
mance curves and tabular data from specification sheets 
available from the vendor. This process automatically 
extracts the required parameters (approximately 140)  
to aid in creating a semiconductor circuit model of the 
IGBT — instead of having to perform this task manually.

Next, the physical layout of the power inverter  
is imported from a CAD geometry or layout tool into  

the Q3D Extractor tool. From the physical layout,  
Q3D Extractor computes the frequency-dependent  
resistance, partial inductance and capacitance (rlC) 
along the conduction paths. Engineers then use the tool 
to create an equivalent circuit model for the system sim-
ulation in Simplorer software. once this representation  
is created, it can be used in conjunction with the semi-
conductor circuit model to create an electrically  
complete model of the IGBT. This can be used with  
the power source, control system and load to analyze  
conducted emissions.

The results of these simulations can be used with 
HFSS software to examine radiated emissions — a  
particular concern considering the frequency harmonics 
created as a consequence of the fast turn-on/turn-off 
times. To determine this effect, results from the Simplorer 
tool can be used as input to the HFSS full-wave electro-
magnetic solver. The engineer then can obtain a complete 
understanding of radiated fields and can calculate the 
intensity at any given point in space to determine if  
the inverter package is in compliance with standards.

using this approach, the engineer can use Ansoft 
tools to design for EMC/EMI problems in the inverter  
system and trace the source of the behavior back to  
the physical layout of the device. The design can then 
be parametrically varied and a series of simulations  
performed until conducted and radiated electromagnetic 
emission levels are within acceptable limits. The value  
of the method is that, once the models and various  
representations are complete, they can be readily  
modified by changing a few key parameters, which allows 
engineers to study various alternatives and explore a wide 
range of what-if scenarios. The approach provides a 
design that is within specifications and entirely optimized 
— all before a single piece of hardware is built. In this way, 
the multiphysics-based simulation approach saves time 
and money compared to building and testing prototypes,  
and it enables companies to beat the competition to  
market with better designed products. n

Q3D Extractor model indicates current distribution of an IGBT package.
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Driving Vehicle 
Performance
Simulation helps to reduce drag  
and improve acoustic performance  
of cars, including an electric vehicle.
By ansys advantage Staff

A major automobile manufacturer 
used a combination of a wind tunnel 
and fluid flow simulation to reduce the 
vehicle drag of a new pluggable  
electrical vehicle. The auto company 
found that computat ional f lu id  
dynamics (CFD) provides airflow  
analysis results faster, delivering the 
ability to use more geometric detail 
than is practical with a clay model 
and enhanced flow visualization 
capacity around the vehicle for diag-
nostic purposes. The combination of 
wind tunnel testing and CFD made it 
feasible to achieve aggressive range 
and fuel economy targets.

The aerodynamics team starts 
with concepts and ideas provided  
by the design studio. The process  
begins with a considerable amount of 
interaction between the studio and 
the aerodynamicists. The designers 
work to preserve the theme of the 
vehicle, and the aerodynamicists  
provide feedback on shape changes 
and modifications that could be  
used to reduce the vehicle’s drag. The 
bulk of the wind tunnel testing is 

performed on a one-third–scale clay 
model that is continually modified to 
evaluate various design alternatives.

“While the wind tunnel plays the 
primary role in the aerodynamic 
design process, we find ourselves in 
situations in which wind tunnel  
testing does not make sense, either 
because there is not enough time to 
perform tests or because we can’t 
build a clay model of the geometry to 
the level of detail that we need,” said 
Ken Karbon, staff engineer for General 
Motors. “In these situations and  
others, we use ANSYS FluENT fluid 
dynamics software to simulate  
aerodynamic performance.” Karbon 
added that his team can easily set up 
an automatic batch run to evaluate 
several hundred different front-end 
airflow configurations over a weekend 
— unattended. Fluid dynamics  
simulation also provides the ability to 

model the underhood geometry to a 
much higher level of detail and within 
a more reasonable period of time than 
is possible with a physical model.

To reduce the time required to 
analyze the large number of iterations 
needed to optimize a design, an  
efficient simulation process is used to 
automate a considerable portion of 
the model setup process. This makes 
it possible to semi-automatically run 
many test points without user inter-
action. For example, engineers can 
wrap a workflow toolkit around the 
fluid dynamics software that guides 
the user through pre-processing, 
meshing, case preparation, job  
submission, post-processing and 
reporting. The models generally are 
submitted to a high-performance 
computing cluster built around IBM 
PoWEr6™ blades. Engineers utilize 
these capabilities with design of 

CFD was used extensively to develop the front-end cooling airflow 
characteristics of the Volt.

Volt external aerodynamics simulation using CFD
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experiments (DoE) or design for six 
sigma to explore large design spaces 
and identify the global optimum 
design.

In the case of the Chevy Volt, 
aerodynamics engineers obtained 
CAD data from the design studio  
in Siemens NX™ format. The team 
used the fluid dynamics software’s 
pre-processor capabilities to build a 
tetrahedral or hex-core mesh of the 
volume surrounding the vehicle’s 
outer surface with a prism layer next 
to the body to capture boundary-layer 
gradients. Volumetric refinement was 
used to capture gradients in other 
areas of interest, such as the wake 
and stagnation points. Boundary  
conditions were defined to match the 
wind tunnel.

“For the styling surfaces, we 
applied classic automotive aero- 
dynamics best practices by ensuring 
smooth, continuous airflow around 
the vehicle,” Karbon said. “We 
entrained smoke in the wind tunnel  
to provide a high-level macroscopic 
picture of flow direction. Fluid flow 
simulation allows us to see much 
more than could ever be obtained 
from physical test ing, such as  
pressure differentials fore and aft  
of  underbody components.  In  
general, we pay close attention to 
large separation points or vortex 
structures coming off the vehicle, 
because they create a significant  
drag penalty. We also target very 
clean separation from the back of  
the vehicle.”

Fluid dynamics analysis played the 
primary role in designing the grille, 
radiator and related components  
to obtain the right amount of airflow 
through the gri l le to direct the  
airflow where it is needed and to  
minimize cooling drag. “We looked at 
the pressure and velocity profiles to 
understand how the air comes through 
the grille openings. We needed to 
make sure we were getting enough 
volume of air to meet the most 

demanding engine cooling load  
cases, such as driving the car through 
Death Valley desert,” Karbon said.

To solve specif ic problems,  
engineers created large arrays  
consisting of hundreds of design  
variations and utilized parallel batch, 
scheme and journal processing to 
quickly analyze all of them. This made 
it possible to quickly model various 
design details such as grille openings, 
grille texture, air dams, heat exchanger 
size and position, and sealing and  
baffling underneath the hood.

The engineering team also used 
fluid dynamics simulation to mitigate 
and optimize wind noise associated 
with the wiper blades on the Cadillac 
CTS, CTS Wagon and SrX. They  
first determined pressure and flow 
velocity generated by the wipers  
during the concept design phase. 
This information was used as input  
to software that predicts acoustic  
performance. The ability to evaluate 
wind noise at an early stage of  
the design process helped avoid 

later-stage problems that would have 
been costly to correct.

Fluid dynamics analysis also  
predicts wind loads on vehicle  
components such as sunroofs and 
windows, especially under crosswind 
conditions. This information is fed into 
structural analysis programs used  
to ensure that all components meet 
high-speed requirements. CFD also 
estimates the temperature and quality 
of underhood airflow to the power-
train induction system. 

“CFD plays a vital role in aero- 
dynamic and acoustic design by  
highlighting the areas we need to 
work on and by providing diagnostic 
information that we cannot obtain in 
the wind tunnel,” Karbon concluded. 
“The technology makes it possible to 
quickly evaluate hundreds of designs 
in batch processes to explore the 
complete design space so that  
we know we have the best possible 
design. For example, this process 
made it possible to reduce drag from 
start to finish.” n

Surface restrict particle traces indicate how the Volt's body sides and wheel arches were 
streamlined, resulting in lower aerodynamic drag while maintaining the design theme.

Before

After



Quest for the 200-mpg Car
A revolutionary internal combustion engine gives rise to a supermileage 
vehicle with the potential to transform automotive design.
By Heinz-Gustav Reisser, CEO, Niama-Reisser, LLC, Coshocton, U.S.A.

The N-r 1 supermileage vehicle is 
expected to perform at an extremely 
high level of efficiency: transporting 
four adults 200 miles at 70 miles  
per hour on only one gallon of fuel.  
This vehicle and its engine, part of  
the revolutionary family of high- 
efficiency Centrifugal Heinz Boxer 
(CHB) engines, are being developed  
by Niama-reisser,  llC, in the  
united states.

Niama-reisser is a vehicle and 
propulsion service company with a 
dedicated engineering department 
specializing in consulting, research and 
development of internal combustion 
engine design, major subsystems  
and entire vehicles. utilizing ANSYS 
FluENT software for fluid flow and 
ANSYS Mechanical technology for 
structural and thermal simulations, 

the company offers a wide range of 
services for custom engineering  
projects. It also conducts ongoing 
research and development projects 
on innovative concepts.

In developing the supermileage 
vehicle, engineers used ANSYS 
FluENT software to determine drag 
coefficient for multiple versions of  
the N-r 1 vehicle body shell, saving 
s ign i f icant  t ime and expense  
compared to building and testing 
numerous physical prototypes. 
Experimental wind-tunnel results 
closely validated analysis output and 
enabled engineers to arrive at an 
aerodynamically optimized design. 
using the software, the development 
team lowered the drag coefficient 
from 0.33 of the initial vehicle body 
shell design to less than 0.28 for the 
current optimized design.

The CHB engine bears l itt le  
similarity to traditional internal  

combustion engines, in which 
pistons move up and down 

in a reciprocating linear 
motion. In contrast, a 

set of opposing torus-
shaped pistons in the 
CHB osc i l la te  in  
a  rotary  mot ion. 

Increased efficiency is 
attained using two com-

pression strokes per combustion 
chamber to rotate the crank shaft. In 
addition, a patented kinematic control 
mechanism and linkage alter the 

Prototype CHB engine attains high efficiency 
with on-the-fly adaptive compression ratio, 
engineered composite material components 
and fewer parts.

Stress distribution of the CHB engine housing 
overlaid on the geometry and mesh of the 
ANSYS Mechanical model

engine’s compression ratio on the fly 
while in operation. Performance is 
further boosted through the use of 
engineered composite materials that 
require no lubrication or liquid coolant 
to maintain proper operating temper-
atures. Fewer moving parts, such as 
wrist pins, valves, water pump and oil 
pump, lead to a 30 percent reduced 
part count and an increased engine 
power-to-weight ratio.

Fluid flow analysis helped engineers to 
reduce drag coefficients on the prototype 
N-R 1 body shell.
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To study the combustion and 
thermal behavior of the CHB, engi-
neers used predefined defaults to 
create a moving and deforming mesh 
(MDM) to set up in-cylinder gas flow 
characteristics for multiple fluid  
structure interaction (FSI) analyses. In 
these studies, mass air flow was 
determined efficiently using complex 
ANSYS FluENT analysis of more 
than 12 million elements. With this fluid 
model, engineers could effectively 
analyze in-cylinder combustion to 
achieve a homogeneous mixture and 
optimal burn. This, in turn, yielded the 
highest-possible efficiency for a given 
fuel mixture.

ANSYS Mechanical software  
was also an integral part of the CHB 
development effort. In one stage of 
the project, the engineering team 
used the software to analyze piston 
stresses while applying realistic  
loads onto the piston face and  

In-cylinder gas flow characteristics simulated with CFD

Mass air flow represented in cylinder liners 
for heat distribution purposes

Engineers used ANSYS Mechanical software to determine stress distribution in engineered 
composite material pistons, which oscillate in a rotary motion.

incorporating frictional coefficients 
between the cylinder bore and the 
piston mantel. In particular, engineers 
focused on engineered composite 
material components to determine 
the feasibility of various designs and 
to identify imminent structural failure. 
In these cases, when composite  
material components are studied in 
relation to adjacent metal parts,  
contact elements were useful in  
modeling touching parts of dissimilar 
materials. Also, parameterization of 
simulation models and bidirectional 
connectivity with CAD software were 
important to reflect changes in  
components’ dimensions so that  
sensitivity studies could determine 
the best design in terms of perfor-
mance, reliability and material costs. 
This approach saves considerable 
time in physical prototype testing and 
leads to optimal designs that are 
impractical to explore with mockups.

In this analysis, the engineers 
imported component geometry from 
the CAD system using the ANSYS 
DesignModeler tool. This technology 
was fast, seamless and helpful in 
tasks such as surface splitting to  
prepare the geometry for meshing. 
The simulation model was created 
using multiple settings such as  
tetrahedral or hex-dominant meshes 
made with the ANSYS Workbench 
meshing application. Boundary  
conditions (constraints, contacts, 
joints, loads, etc.) were then defined 
using ANSYS Mechanical technology.

Following the structural analysis 
stage, engineers used the engineered 
composite material component’s 
m o d e l  g e n e r a t e d  b y  A N S Y S 
Workbench for an ANSYS Mechanical 
thermal analysis. Due to the difference 
in expansion coefficients, this is very 
important for applications in which  
cylinder liners are composed of  
common metal alloys. The simulation 
is performed to ensure proper piston–
bore gapping during normal operating 
temperatures, which range from 450 
degrees to 1,100 degrees C.

Eng ineers  found the  user-  
friendliness and speed of ANSYS 
Mechanical to be two of the most 
important advantages of products 
from ANSYS. The resulting efficiency 
in software use allowed the Niama-
reisser engineering department to 
readily conduct a series of iterative 
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simulations to refine the design, thus 
avoiding numerous trial-and-error 
prototype test cycles. Indeed, proto-
typing costs — primarily in the  
development of the CHB engine  
fami ly  — have been reduced  
60 percent since the introduction of 
ANSYS products at the company.

Niama-reisser has employed 
ANSYS Mechanical capabilities for a 
wide range of other projects with  
significant advantages over the  
previously used structural analysis 
software. In structural beam appli-
cations, solution times have been 
typically reduced 70 percent to 100 
percent with ANSYS Mechanical, 
which also provides much faster and 
more stable problem configurations.

These advantages were evident in 
yet another application, an innovative 
two-in-one trailer design that serves 
as a gooseneck trailer connected to  
a truck bed or an attchment to a 
dead-weight “bumper trailer” hitch. 
The previous analysis software plat-
form had difficulties in creating the 
3-mm fine mesh needed for detailed 
analysis; the program crashed often 

Structural beam analysis of two-in-one trailer design

because of long compute times  
and meshing difficulties. Moreover, 
multiple separate steps had to be 
performed to set up a cylindrical 
coordinate system necessary for  
the analysis. In contrast, ANSYS 
Mechanical software provided the 
clean, straightforward user interface 
required to easi ly set up such  
problems with the click of a mouse. n

Selecting the Right Software for the Job

Niama-reisser ran substantial benchmarking to  
compare computational fluid dynamics (CFD)  
software offerings and selected the ANSYS FluENT 
program for work such as determining drag  
coefficients for vehicle aerodynamics and analyzing 
fluid flow inside engine cylinders for piston  
cooling studies.

Fluid dynamics studies helped lower drag coefficients 
for vehicle body shell.

outstanding customer support from ANSYS  
technical support staff in these complex applications 
and subsequent exceptional fluid flow simulation 
results gave engineers high confidence in products 
from ANSYS. The successes with fluid flow appli- 
cations prompted Niama-reisser to switch from a 
CAD-based finite element package to ANSYS 
Mechanical software for structural and thermal  
analysis. The pro-ANSYS decision was based on  
several compelling reasons, including:

• Substantially decreased processing times with 
ANSYS software, typically beyond 50 percent

• Better meshing capabilities regarding improved 
element transitioning and higher mesh  
densities in detailed regions of the model

• Ability to handle large assemblies efficiently 
with high-performance computing

• Broad base of integrated solutions in the 
ANSYS product portfolio

• Straightforward interface and ease of use in 
applying features for complex problems



Fan of Simulation
Voith Turbo reduces costs while developing quiet fans  
by simulating a complete railcar cooling system.
By Bernd Horlacher and Steffen Kämmerer, Development Engineers, Voith Turbo, Crailsheim, Germany

At certain operating conditions, the 
highest noise levels in rail vehicles 
come not from the engine but from 
the cooling units, especially the  
fans. Increasingly stricter exhaust  
regulations and growing output  
requirements call for higher and higher 
cooling performance, which could 
lead to greater noise pollution. Voith 
Turbo in Germany developed a plan to 
address these competing parameters 
in the rail industry.

Voith Turbo is a leading company 
specializing in power transmission 
used in industry as well as on the 
road, rails and water. Equipment from 
Voith Turbo Cooling Systems, a divi-
sion of Voith Turbo, operates safely 
and reliably in railcars and loco- 
motives all over the world, including 
high-speed trains (diesel–hydraulic, 
diesel–electric and electric). These 
cooling systems, used to cool diesel 
engines, transmissions, transformers, 
inverters, throttles and drive motors, 
require an induced air mass flow that 
is created using high-capacity fans. 

one disadvantage of classic fan 
design is that excessive noise is  
emitted at rotational speeds of  
3,500 rpm and blade tip velocities  
up to 360 km/hr. To reduce the sound 
level, engineers from Voith Turbo 
Cooling Systems and researchers at 
the university of Siegen in Germany 

developed Voith SilentVent™ tech-
nology. Applying this technology to 
railcars and locomotives alike was a  
challenge: The cooling systems in 
railcars are installed on top of the roof 
or under the floor and, therefore, are 
quite compact when compared with  
the cooling systems for locomotives. 

Diesel engine ATR220 Pesa railcar with 
a cooling system from Voith Turbo

Voith flow system for cooling fans
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Bottom of the cooling system 
showing obstructions

The inlet to the fan is often restricted, 
so the f low entering the blade  
passages is often highly distorted. 
This can reduce efficiency and increase 
noise generated by the fan. 

The cooling system consists of 
four heat exchangers and three axial 
fans in which the fan inlets are  
separated by metal partitions and 
blocked by tubes/pipes and holding 
plates. The scenario studied was  
a railcar that had come to rest in a  
railway station after traveling at high 
speed. Its fans are still rotating at  
full speed to dissipate the heat, but, 
because there is no natural wind, the 
warm air can be drawn back into the 
heat exchangers. This recirculation 
flow could degrade the operation  
of the entire cooling system. To  
simulate these conditions accurately,  
a large domain outside the cooling 
system and railcar was taken into 
account. With nearly 50 mill ion  
elements, the mesh of the cooling  
system was necessarily very 
large. The grid generated 
needed to strike a balance 
between attention to detail and 
available resources to ensure 
that the simulation time was 
reasonable, but parts such as 
the fan were finely discretized 
to predict areas of separation, 
critical in obtaining accurate 
solutions.

For this model, the heat 
exchangers were idealized 
and defined as a porous 
medium. using the full porous 
model available in ANSYS 
CFX software, which is based 
on Darcy’s law, the model of the 
heat exchanger was calibrated 
by adjusting the loss coefficient 
to emulate the characteristic 
curve (loss of pressure versus  
volume flow).

Visualization of the flow using 
streaml ines did not show any  
recirculation flow through the heat 
exchangers for the cooling system 
model with either the Voith standard 
fan or SilentVent technology. Each fan 
showed a clean outflow. By using 
fluid dynamics technology from 
ANSYS, the engineers were able to 
determine the volume flow rate of 
each fan and distribution of flow  
from the heat exchangers to the fans. 
The team established fan design data 
such as torque, rated input, pressure 
increase and efficiency for the com-
plete cooling system — information 
that is not easy to obtain on a fan test 
under idealized conditions.

The engineers also used the 
ANSYS CFX Turbo Noise macro, 

Exhaust air from the fan

Roof-mounted cooling system (left) and under-floor cooling system (right)

Another key issue is that there is 
little installation space, although  
high air throughput is required. The 
instal lation space is l imited by  
the clearance of the vehicle. (The  
railcar’s height and roof contour are 
limited because the train must pass 
through tunnels.) In addition, the flow 
may be restricted by other systems 
installed in the vehicle, and the  
fan housing has a specific axial  
installation height. From an acoustic 
point of view, a rail vehicle cooling 
system is an open system because 
coolers are sound permeable. 

To investigate the efficiency and 
noise emission of the SilentVent fan 
technology compared with those of a 
standard fan, design engineers in the  
Bas ic  Deve lopment  ( research  
and development) department used 
fluid dynamics in addition to their  
own expertise. The goal was to  
demonstrate the operational reliability 
of a complete cooling system using 
ANSYS CFX fluid dynamics software. 
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Tip vortex

Turbo Post-Processing with 
ANSYS CFD-Post
To complement the rich collection of 
features for general fluid dynamics 
post-processing, the ANSYS CFD-
Post tool provides a set of additional 
capabilities that specifically address 
the needs of rotating machinery 
designers and analysts. These  
capabilities ensure that users can 
maximize the benefit gained from  
the insight provided by their simu-
lation results.

The  tu rbomach ine ry  pos t - 
processing capabilities include the 
ability to generate plots in the relevant 
two-dimensional coordinate systems. 
Meridional plots in axial–radial  
coordinates can be used, for example, 
to assess circumferentially averaged 
flow quantities. unrolled, blade-to-
blade plots are indispensable in  
helping to identify possible design 
improvements, allowing the flow to be 
visualized at any desired span-wise 
position between hub and shroud.

Specific charting options for  
rotating machinery also are incor- 
porated, allowing users to easily 
examine blade loading at a desired 
position on the blade or to look at  
flow variations along lines from hub  
to shroud, inlet to outlet, or in the  
circumferential direction. 

All these plots and graphs can  
be integrated into automatically  
generated reports based on templates 
provided for all types of rotating 
machinery, from pumps and fans to 
turbines and compressors. The report 
templates supply standard machine-
specific definitions of quantities such 
as head rise, thermodynamic efficiency 
and loss coefficient, for example. 
ANSYS CFD-Post contains a macro 
for the prediction of noise from  
low-speed fans for quick and simple 
assessment of fan acoustics. 

John Stokes, Requirements Manager,  
ANSYS, Inc. 

based on the lowson model, to 
assess tonal noise behavior. The 
Turbo Noise tool showed trends that 
were equivalent to experimental 
results, and the tool was, therefore, 
used to compare different designs  
to ensure that the sound emission  
of the SilentVent was much lower 
than the standard fan.

The distance from the SilentVent’s 
inlet to the outlet is longer than the 
standard fan’s, causing the inlet to be 
closer to the obstructing pipes and,  
in some cases, the ground. The  
direction change (deflection) of air 
between the heat exchangers and  
the inlet is also larger. As a result,  
the SilentVent fan blades were 
designed so that the inflow 
does not cause a separation. 
In addition, the suboptimal 

inflow due to obstructions can be 
improved by rearranging the pipes 
and their attachments. Many of these 
findings — obtainable only though 
fluid dynamics — will be further inves-
tigated in future projects. 

Depending on the stage of  
product development, developing a 
single prototype fan for an existing 
cooling system through simulation 
can reduce costs by two-thirds.

Simulation tools from ANSYS are 
well established at Voith Turbo. 
Engineers in the Basic Development 
department depend on engineering 
simulation, including fluid dynamics. 
These engineers use hydrodynamic 
fundamentals to design torque  
converters, hydrodynamic couplings 

(turbo couplings) and hydro- 
dynamic brakes (retarders), 

as well as a variety of  
turbomachinery appl i- 
cations. The ANSYS CFX 
product is employed at 
Voith Turbo to simulate  
a very complex simu-
lation portfolio — from 
incompress ib le  f low  
to compressible flows 
and multiphase flows to  

cavitation investigations.  
This software is a require-

ment to simulate the fluid flow in 
rotating machinery. n

Voith standard fan (left) and Voith SilentVent fan (right)



Fishing with 
Multiphysics
Direct coupled-field simulation, including  
piezoelectric, acoustic and mechanical analysis, 
enables engineers to tune transducer performance 
for monitoring huge trawler nets.
By Larry Clayton, Senior Staff Acoustical Engineer, ITT Acoustic Sensors, Salt Lake City, U.S.A.

Designing piezoelectric transducers to meet particular  
performance requirements is a demanding and traditionally 
time-consuming and imprecise engineering process. 
Characteristics such as power, sensitivity and bandwidth 
depend on highly complex and interrelated electrical, 
mechanical and piezoelectric material properties, part size 
and shape, and other electrical and mechanical  
parameters. Difficulties are compounded when transducers 
must operate underwater. To optimize these devices, 
designers must take into account specialized acoustic  
and fluid behavior.

Historically, engineers develop designs for such  
transducers with computations from one-dimensional 
(1-D)–equivalent circuit models. These 1-D tools provide 
only approximations of transducer behavior based on 
simplified, lumped circuit representations of transducers 
using inductors, capacitors and resistors. The resulting 
models do not accurately represent the true distributed 
characteristics and multiple-degree-of-freedom dynamics 
of complex transducers. Consequently, numerous  
prototypes must be built, tested and redesigned — often 

with hit-or-miss changes — until the transducer performs 
satisfactorily, or at least until it comes close to meeting 
most of the target requirements.

using the direct coupled-field analysis capabilities of 
ANSYS Multiphysics software, engineers at ITT Acoustic 
Sensors (ITT-AS) have implemented a better approach 
based on finite element analysis to quickly and effectively 
arrive at optimal transducer designs without the delays, 
guesswork and inaccuracies of other methods. FEA  
utilizes a full 3-D simulation of the transducer with piezo-
electric, mechanical and acoustic formulations to  
characterize dynamic responses of the transducer. Fluid 
structure interaction (FSI) and acoustic elements model 
water-loaded behavior in determining attributes such as 
frequency-dependent beam patterns, directivity, transmit 
power and receive sensitivity.

The FEA approach was applied in one recent project 
in which an ITT-AS tonpilz transducer was redesigned to 
meet particular requirements for a customer using  
transducer arrays in its commercial fishing operations. 
The component was part of a system for detecting when 
huge trawler nets are full and subsequently when entry  
portions of the net are closed. Specifically, this required 
ITT-AS engineers to develop a drop-in replacement for the 
tonpilz with greater transmit-and-receive response over  
a broadened frequency band with a particular resonant 
frequency and beam width.

With these performance objectives in mind, the ITT-AS 
team used their extensive transducer engineering  
experience in iteratively making various changes to the 
design and simulating device performance for each  
modification. Major changes included:

Significant transducer shape modification with • 
heavier material used for the tail mass
Four piezoelectric elements, each with larger  • 
area and thinner depth to replace the original two; 
transducer length remained unchanged
Decreased diameter of stress bolt to reduce the • 
force it generates in opposition to head motionAdmittance curves show good agreement between simulation 

predictions and measurements.

Model of a tonpilz transducer  
ready for analysis
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By exploring these 
modif ications with  
simulation, engineers 
quickly reached an 
optimal design — 
one that significantly 
improved transducer 

performance beyond 
the requirements speci-

fied by the customer. 
Specifically, bandwidth 
was widened by more 
than a factor of three, and 

transmit level increased by 56 percent. receive 
response decreased by 7 percent with reduced ele-

ment impedance but remained above the required value. 
The approach avoided the delays of numerous prototype  
testing cycles and the inaccuracies of 1-D calculations. 
ITT-AS performed a single prototype test cycle near  
the end of development to validate the design, instead  
of the five to six cycles typically needed with the  
traditional build-and-test development methods.

The simulation-based redesign began with engineers 
importing CAD geometry (partitioned into its various parts 
of the transducer) into software from ANSYS to create the 
analysis model. This model was meshed using axisym-
metric structural elements for the passive transducer 
components and direct coupled-field axisymmetric  
elements for the active piezoelectric ceramics compo-
nents. Anisotropic material properties (including elastic 
compliance, piezoelectric strain and relative dielectric  
permittivity) represented the active materials. Engineers 
entered piezoelectric material properties in ANSYS  
format for polarization along the Y-axis density, and  
the loss tangent was included for the dynamic  

simulations. linear iso-
tropic properties, including 
density and damping, 
represented pass ive 
structural materials. 

To determine the  
harmonic response of  
the transducer, engineers 
a p p l i e d  s y m m e t r y  
displacement boundary 
conditions to the central 
axis, constrained the 
base along the Y axis, 
and app l ied  vo l tage 
boundary conditions to 
n o d e s  re p re s e n t i n g  
equipotential posit ive  
and negative electrodes. 
Short-circuit resonance 
was computed with both 
electrodes grounded (0V), 

Displacement contour of the first 
interference mode indicates that it  
arises from longitudinal extension 
of the stress rod.

Basics of Piezoelectricity
Piezoelectric ceramic materials generate an electric 
voltage in response to applied mechanical force, 
usually a vibration or pressure variation. Sensors 
based on this technology are used in the automotive 
industry for detecting exhaust pressures and engine 
vibrations, for example. Conversely, piezoelectric 
materials produce a force when voltage is applied in 
actuator applications, such as in some ink-jet printer 
heads and diesel engine fuel injectors.

Piezoelectric transducers — the generic name 
for these types of devices — can serve the dual role 
of generating and sensing vibrations, generally air-
borne sound waves and underwater acoustics. This 
is the principle behind sonar systems in which arrays 
of transducers are used to detect underwater objects 
by sending out a “ping” and measuring the time 
taken for a return echo. one example of the many 
types of transducers from ITT-AS is the tonpilz, 
which is widely used in sonar applications for its 
precision, low cost and reliable performance.

and open-circuit anti-resonance was computed with the 
negative electrode grounded (0V) and no voltage applied 
to the plus electrode. Engineers performed harmonic 
response analyses to determine in-air admittance of the 
transducer with +/-0.5V applied across the active  
elements. ANSYS post-processing tools displayed and 
animated results, including mode shapes, providing good 
insight into the mechanical behavior of the transducer.  

Tonpilz transducers from ITT-AS come in a wide range of shapes, 
sizes and configurations for various applications.

Model of transducer 
includes water loading  
(blue dome-shaped mesh) 
for acoustic performance 
predictions.
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For example, the displacement contour of the first  
interference mode indicated that it arose from longitudinal 
extension of the stress rod.

ANSYS simulations continued to include the effect of 
water loading for acoustic performance predictions. Water 
was modeled using axisymmetric acoustic elements, and 
fluid–structure interface nodes were placed at the radiating 
face of the head mass. Far-field boundaries of the  
water were modeled by axisymmetric acoustic line ele-
ments that represent a nonreflecting boundary. Material  
properties required for the acoustic elements included 
density and speed of sound. Boundary admittance was 
set to 1 for the acoustic elements representing baffle and 
far-field surfaces where sound is fully absorbed. Away 
from the absorbing surfaces, the boundary admittance 
was set to 0 (no sound absorbed).

using this model, engineers performed in-water  
harmonic response analyses for +/-0.5V (1V total) applied 

Major parts of the tonpilz transducer design

Ins and Outs of the Sound Mushroom
A typical ITT-AS tonpilz (a German word meaning 
“sound mushroom”) transducer consists of several 
active piezoelectric layers sandwiched between a stiff, 
low-mass radiating head and a much heavier tail mass. 
The devices may be designed with various part  
configurations and mounts for different underwater 
applications, in which the transducer can serve as a 
sound-producing projector, an acoustic hydrophone 
sensor or both. Transducers can be used independently 
or grouped into arrays with particular beam width and 
directivity at selected frequencies.

The tonpilz is one of numerous types of trans- 
ducers designed and manufactured by ITT-AS. With 
over 50 years’ experience, the company is a leader in 
designing and manufacturing piezoelectric transducers 
— and the related electronics for controll ing,  
processing, conditioning and displaying signals — in a 
variety of applications, including naval and industrial 
sonar, medical equipment, oil and gas systems, motion 
control, and health and safety.

across the ceramic elements 
in the tonpilz stack. From this, 
they then calculated acoustic 
performance characteristics 
(including transmit and receive 
response and impedance) 
over the frequency range of 
the analysis. This calculation 
showed significant improve-
ment in acoustic performance 
over the original design of  
the transducer.

upon completion of the 
harmonic response analysis for the tonpilz models in 
water, ANSYS post-processing tools were used to study 
solution results. The time-history post-processor defined 
acoustic pressure and electric current variables  
from which frequency-dependent transmit response,  
impedance and receive response acoustic performance 
characteristics were derived and graphed. Engineers 
reviewed contour plots of displacement and stress  
variations throughout the new tonpilz, and they generated 
contour plots of acoustic pressure radiating from  
the head mass at the peak transmit voltage response 
(TVr) frequency. Beam patterns and directivity  
characteristics were also derived from acoustic pressure 
distributions computed at the harmonic response analysis 
frequency steps.

This project clearly demonstrated the versatility and 
utility of ANSYS Multiphysics technology as a powerful 
tool for the design of complex coupled-field transducers. 
The solution significantly improved performance of the 
tonpilz, exceeding all customer requirements. n

light Stiff Head Mass

Four-layer Active  
Piezoelectric Elements

Pre-load Stress rod

High-Density 
Tail Mass

Acoustic Absorber 
Covering Exterior

The new tonpilz design shows significant improvement in transmit 
response and bandwidth.
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It’s a Blast
Technology from ANSYS helps to  
optimize the precise timing of delayed 
detonations to get the biggest bang  
for the buck in the mining industry.
By Dale Preece, Global Technology Development  
Orica USA Inc., Watkins, U.S.A.

In mining operations, explosive blasts are just as much 
about precision control as about brute force. For efficiency,  
miners must use enough explosives to fragment and move 
as much material as possible. on the other hand, the 
amount of explosive energy is constrained by budgetary 
restrictions, as well as by limits on blast vibrations that can  
disturb adjacent mining pits and shake buildings in  
nearby towns.

The key is a series of well-planned explosions in which 
rows of explosive-filled blast holes are set off with electronic 
detonators in a precise-delay timing sequence measured  
in tenths-of-a-millisecond accuracy. If timed just right,  
shock waves reinforce and amplify one another to produce  
maximum fragmentation and movement of rock, ore,  
coal and other materials. otherwise, the fragmentation- 
producing tensile waves reflecting from free faces (including 
the vertical bench face of the mine pit) can be canceled out  
by compressive waves from adjacent blasts, thereby  
significantly lowering explosive effectiveness.

The major challenge in this approach is determining 
the optimal detonation delay, which depends on  
numerous variables, including the compressive strength 
and brittleness of material being blasted, the type  
of explosive used, and the diameter, depth and spacing of 
blast holes. ordinarily, mining operators try to find the 
right detonation delay through experience in specific mine 

fields and considerable trial and error. Even after months 
of experimentation, however, many companies eventually 
settle on a delay that gets the job done satisfactorily  
rather than spending more time trying to find the elusive 
optimal delay.

The largest supplier of explosives in the mining  
industry, orica is studying precise-delay timing as a part 
of its extensive range of Blasting-Based Services provided 
to clients in some of the world’s largest surface and under-
ground mines. For these studies, one of the tools orica 
engineering teams use is the ANSYS AuToDYN nonlinear 
explicit dynamics software, which the company also 
employs for risk assessments of explosives manufacturing 
and distribution to the mining industry.

Major features make the software particularly well-suited 
to rock blasting fragmentation prediction. Built into the soft-
ware is a riedel–Hiermaier–Thoma (rHT) brittle material 
model for predicting crack densities and fragmentation in 
rock. rHT accurately represents pressure-dependent and 
residual failure surfaces, elastic limit surfaces, and strain 
hardening in a unified model that accumulates damage in 
tension and in compression — two critical stress states  
that must be properly coordinated through precise-timing 
detonation to achieve maximum fragmentation. 

The capability to couple Eulerian and lagrangian 
frames of reference in ANSYS AuToDYN software is 

The key to optimal blast performance is a series of well-planned 
explosions in which rows of explosive-filled holes are set off  
with electronic detonators in a precise-delay timing sequence 
measured in milliseconds.

Surface coal mine blast geometry shows the portion of the field to  
undergo 3-D simulation of delayed detonation and rock fragmentation. 
The vertical bench face denotes the vertical walls of the pit where  
blasted material moves and is removed by excavators and haulers.

Shock waves and pressure distributions are shown in the blast field with 
a 2-ms detonation delay between the adjacent blast holes represented. 
Shock waves (red) progress upward through the blast field and  
combine next to the bench face and ground surface where individual 
rock fragments form (dark blue).

Blast Holes  Geometry Simulated

 Bench Face

Pit Floor



shows fragmentation for the various detonation delays. In 
the accompanying images, the pit face is represented by 
the bottom-most edge of the rectangular cross section. 
Note the symmetrical damage pattern for the 0-ms simul-
taneous detonation, in which the near-straight sprawl line 
of fragmentation is uniformly separated from the pit face 
by a considerable distance. Damage and fragmentation 
improve with increasing detonation delays of 2 ms and  
8 ms, and cover the greatest portion of the rock mass at 
15 ms — the delay at which maximum fragmentation 
occurs. Simulations showed that greater delays demon-
strate increasingly degraded blast performance. At delays 
greater than about 50-ms, shock waves from each hole 
behave fairly individually with little interaction with those  
of the adjacent hole.

The value of using ANSYS AuToDYN simulation  
for such studies is that engineers not only can  
quickly determine optimal detonation delay but also 
assess the impact of using different explosives and blast 
hole geometries. As a result, orica can work more closely 
with clients and quickly provide valuable insight into  
leveraging the highest performance possible from  
mining explosives. n

especially helpful in blast field modeling. The Eulerian frame 
of reference is best suited for representing explosive deto-
nations because the material flows through a geometrically 
constant grid that can easily handle the large deformations 
associated with gas and fluid flow. rock is modeled with 
the lagrangian frame of reference best suited for frag-
mented solids because the mesh moves with the material 
and allows for realistic deformation and breakage. These 
two frames of reference are coupled in the ANSYS 
AuToDYN software so that energy is easily transferred 
between the two for accurate modeling of the entire blast 
process.

A compelling ANSYS AuToDYN capability is the  
incorporation of these features into the three-dimensional 
simulations, making the software the only logical choice 
for modeling and analyzing rock blasting. These 3-D  
features were used in a recent simulation of a surface coal 
mine blast geometry. In this analysis, burden (distance 
between rows of blast holes) is 32.5 feet, spacing between 
adjacent holes is 48 feet, and blast hole diameter is 12 
inches; the rHT model was adjusted based on an 800 
pounds per square inch (psi) compressive strength of shale 
to be blasted apart. The vertical bench face denotes the  
vertical walls of the pit, where blasted material moves and 
is removed by excavators and haulers. Two adjacent blast 
holes are modeled in 3-D with different delay times between 
the holes, including 0 milliseconds (ms) (simultaneous 
blasts), 2 ms, 8 ms and 15 ms. 

Translucent color representations show the predicted 
progression of shock waves and pressure distributions in  
the blast field, with a 2-ms detonation delay between the 
adjacent blast holes represented as two vertical lines. Shock 
waves, shown in red, emerge from the blast holes, progress 
upward through the blast field, and combine next to the 
bench face and ground surface at a tensile stress of at  
least 100 psi — the pressure, shown in dark blue, at which 
individual rock fragments form.

What is immediately obvious from this series of  
snapshots is that damage accumulation significantly lags 
behind the initial detonation and movement of the shock 
waves. This occurs because damage and fragmentation 
are a direct result of crack propagation, the rate of which 
depends on crack tip velocity. The rHT model correctly 
treats the crack tip velocity as a fraction (usually about 
one-quarter) of the sonic velocity of the material.

A comparison of damage at 20 ms after the second  
detonation in a cross-sectional slice through the blast area 

A comparison of damage at 20 ms after the second detonation in a 
slice through the blast area shows the various detonation delays. 
Damage moves forward with increasing detonation delays of 2 ms and 
8 ms, and reaches the pit face at 15 ms, at which maximum  
fragmentation occurs near the pit face.

0-ms Delay 2-ms Delay

8-ms Delay 15-ms Delay
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Driving for 
Durability
E-Z-Go engineers quickly and accurately 
design a reliable utility vehicle part that saves 
manufacturing costs.
By Mike Neely, Design Processes and Services Manager  
and Jing Heng Wen, Senior Project Engineer, E-Z-GO, Augusta, U.S.A.

Designing rugged utility vehicles 
requires engineers to balance time and 
cost with durability. E-Z-Go, a Textron 
company located in the united States, 
develops durable, high-performance 
vehicles for a variety of off-road uses. 
In addition to being a leading manu-
facturer of golf  carts,  E-Z-Go  
produces turf maintenance vehicles, 
heavy-duty industrial material carriers, 
versatile personnel carriers and  
rugged trail utility vehicles. 

E-Z-Go engineers were given one 
week to redesign a utility vehicle 
frame to eliminate a bend that was 
causing manufacturing difficulties. 
The engineering team had a large 
amount of physical testing data  
available for the existing frame, which 
had been captured on the company’s 

proving ground. This data consisted 
largely of time histories of loads  
measured at  the spindle wi th  
accelerometers, and of stresses and 
strains measured at various points on 
the frame with strain gauges. Directly  
utilizing the load information would 
have required a very complex  
nonlinear model to incorporate the full 
dynamic behavior of the vehicle — 
one that might take four days to solve, 
and many simulation iterations to  
validate the model and evaluate  
different design alternatives. 

The team used ANSYS Mechanical 
for this project because the software 
offers very powerful and flexible design 
optimization capabilities. Software 
from ANSYS makes it possible to  
optimize virtually any aspect of the 

design, including dimensions such as 
thickness, shape such as fillet radii, 
and placement of supports, load,  
natural frequency and material  
properties. For the utility vehicle  
application, the E-Z-Go engineering 
team took advantage of these  
capabilities to optimize the loads so  
as to achieve the desired stress level 
in the design. 

The engineer assigned to the  
project selected six load cases from 
physical testing results, including 
static rolling, braking over bumper, 
wheeling in a pothole and cornering. 
He used the measured field-test data 
in one location near the redesign area 
to guide the optimization process. 
The stress in the X direction was most 
important from a fatigue standpoint, 

E-Z-GO produces utility vehicles 
that can be used to haul materials 
over rough terrain.

The geometry of the original frame for the utility vehicle (left) and the geometry of the redesigned frame showing welds (right)
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so this value was used as the design 
objective, while stresses in the Y and 
Z direction were used as state  
variables or constraints. The loads at 
the front and rear axle end were set 
as design variables. The engineer 
determined the best combination of 
input loads to match the field test 
data and then optimized the loading 
for the cases. To verify the accuracy 
of the load data, the simplified model 
then was run with the load data  
generated by the optimization to 
make sure that the stress levels in a 
second locat ion on the f rame 
matched the field-test data. 

At this point, the simplified finite 
element analysis model behaved just 
like the real vehicle in terms of stress 
and strain on the frame, yet the  
analysis took only 30 minutes to run. 
The engineer modified the model to 
match the initial concept of the  
redesigned frame. Analysis indicated 
some weak areas, including the  
welding pattern, so the model was 
modified to strengthen the frame. He 
then evaluated the performance of 
the new design against each of the 
six load cases generated during  
the optimization process. The results 
showed that the maximum stress  
in the new frame was 5 percent to  
10 percent lower than the current  
frame under each of the five payload 
situations.

The next step was verifying that 
the fatigue life of the new frame was 

better under the entire loading history. 
Engineers used Designlife™ fatigue 
l i fe  es t imat ion  sof tware  f rom  
HBM-nCode to run the ent i re  
optimized load data against both the 
new and the old designs to get a 
complete picture of the frame durabil-
ity. The fatigue life estimation pre-
dicted a longer life for the new design 
than for the old one.

The final step in the design  
process was to run accelerated  
durability tests on the new frame to 
verify the fatigue life predictions and  
to demonstrate that the new design  
provides equal or better durability  
performance than the original frame. 
The optimized load data could be used 
as the loading environment for  

durability testing; however, E-Z-Go 
engineers needed to accelerate and 
simplify the test. They identified a  
simple step load that approximated 
the much more complicated time  
history data, which was acceptable 
because the goal of the test was  
to determine not the absolute  
durability performance but, rather, the 
relative performance of the two 
designs. The testing was completed in 
a relatively short time. It verified that 
the durability performance of the new 
design was better than that of the  
old design.

Based on the results of the finite 
e lement  ana lys is ,  fa t igue l i fe  
estimation and durability testing, the 
new utility vehicle frame design was 
released for production. The new 
design demonstrated that its reliability 
and durability were at least equal to 
the previous design. This approach 
substantially reduced engineering 
costs and helped E-Z-Go get the new 
design into production faster. n

HBM-nCode is now an ANSYS OEM supplier, 
which means that customers can efficiently 
access advanced fatigue capabilities within the 
CAD-integrated environment of ANSYS Workbench. 
The ANSYS nCode DesignLife product helps 
users answer the question “How long will it 
last?”, helping to avoid iterative physical testing 
and speeding up the development process.

DesignLife (from HBM-nCode) simulation shows the frame life for scheduled events with different 
payloads for the original frame (left) and the new frame (right)

Original frame stress under  
a specific loading condition

New frame stress under the  
same loading conditions



How’s the  
Weather on Mars?
Simulations are critical for calibration of instruments 
as well as fast and accurate interpretation of data 
from the Phoenix Mars lander.

By Jeff A. Davis, Post-Doctoral Fellow and Carlos F. Lange, Associate Professor,  
Computational Fluid Dynamics Laboratory, University of Alberta, Edmonton, Canada

Because Mars is the planet closest to Earth, it has been 
host to numerous interplanetary missions. The Phoenix 
Mars mission was designed to study the history of water 
and habitability potential in Martian arctic ice-rich soil.  
As the Phoenix Mars spacecraft landed on the Martian 
surface in May 2008, communications stopped  
during the switch to orbiter relay. Two hours later, a sigh of 
relief erupted when data from the lander began streaming 
in. With space missions, there is only one shot at  
getting it right. Any minor flaw in the spacecraft or its  
instruments could result in the instantaneous loss of years 
of preparation and hundreds of millions of dollars.

Canada’s contribution to the Phoenix Mars mission 
has been to provide the meteorological suite of  
instruments (MET) that measure the temperature,  
pressure, velocity and particle content in the planet’s 
atmosphere. Mars has a unique atmosphere composed 
mainly of carbon dioxide (95.3 percent), nitrogen  
(2.7 percent) and argon (1.6 percent). The gravitational 
constant on that planet is 38 percent that of Earth’s,  
and the atmospheric pressure on Mars  
is 1 percent of ours. As a result,  
pre-mission design and calibration 
experiments for the lander and its 
instruments were difficult and 
expensive to perform, making 
numerical simulations the most 
obvious economically viable solution. 

Even so, numerical simulations have been 
notoriously absent from the extensive preparation proc-
ess for data collection of earlier planetary missions. The 
Phoenix Mars lander is the first project that has used  
computational fluid dynamics to aid calibration of a  
planetary mission’s instruments. The deck of the lander 
contains most of the instruments used to collect external 

data. of particular interest are pressure, velocity and  
temperature sensors [1], whose measurements, under 
certain conditions, can be influenced by the lander itself. 
For example, the internal heat generation and emission  
of radiation from the lander’s surface may result in a  
thermal convective plume, which can increase temp- 
erature measurements. Similarly, obstacles upstream from 
velocity and pressure sensors can alter readings of  
magnitude and/or direction of Martian winds. 

researchers at the university of Alberta calibrated 
these instruments pre-flight through a large parametric 
study using ANSYS CFX fluid dynamics software by  
virtually varying the environmental conditions and the 
lander’s heat output. results revealed certain wind  
directions in which the lander’s heat emission caused the 
lowest of the three temperature sensors to show higher-
than-atmospheric values [2]. The university of Alberta 
team used the results of these fluid dynamics simulations 
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Model of the Phoenix Mars Lander



to evaluate the raw mission data and to find instances 
when these wind directions occurred. This allowed the 
team to incorporate an increased measurement  
uncertainty for these cases. In this manner, simulation  
was the key to preventing data from being misinterpreted. 

A similar study was completed for the pressure  
sensor, in which the pressure difference was correlated 
with wind speed. The Telltale wind sensor was a  
completely new design for the Martian lander, so it 
required a more in-depth calibration that focused on 
velocity measurements. The concept for this wind sensor 
originated at the university of Alberta, and it was designed 
and built in Denmark. The wind readings from the Telltale 
played an important part in data interpretation from the 
Mars lander.

In addition to the model size and number of simu-
lations performed, the duration of each simulation was a  
factor. During the mission, the lander instrumentation had 
limited time and power resources. Power and operating 
time allocations were calculated daily, based on prevailing 
conditions. To decide these allocations, strategic planners 

sometimes required input from the simulation data, so it 
was essential for the university of Alberta team to have 
rapid simulation turnaround on new cases. 

The short time-response requirement was met by  
running the simulations in parallel. Cases were run on a 
64-bit linux® cluster with each node composed of two 
quad-core opteron™ 2350 AMD processors. Benchmarks 
on the problem resulted in a super-linear speedup of 4.47 
on four CPus and a linear speedup of 8.00 on eight cores, 
with each simulation running locally on a single node. The 
efficiency of the parallel processing and multi-domain 
scheme used in ANSYS CFX software combined with 
AMD’s multi-core architecture enabled new simulations  
to be completed within the time frame required for the 
decision-making process.

Calibration of the Phoenix Mars lander, using  
ANSYS CFX technology, was deemed successful in both 
the pre-mission and operation phases. The success has 
allowed for additional simulations to be performed to  
aid in the explanation of certain phenomena found in the 
raw data. n

Funding from the Canadian Space Agency is gratefully acknowledged.
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Effect of the support on the velocity sensor. Red and yellow streamlines 
indicate flow direction.

Temperature contours showing the effect of the lander’s heating on the lowest of the three temperature sensors

lowest Temperature Sensor

lowest Temperature Sensor
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Exploring the 
Dark Side of  
the Universe
Engineers at the Fermi National Accelerator 
laboratory use ANSYS technology in  
developing a precision camera for studying  
the far reaches of the universe.
By Ingrid Fang, Mechanical Engineer, Particle Physics Division  
Fermi National Accelerator Laboratory, Batavia, U.S.A.

From observations of distant exploding stars called  
supernovae, astrophysicists know that the universe is 
expanding at an accelerating rate, driven outward by what 
they speculate is the push of negative gravity from  
so-called dark energy that uniformly fills otherwise  
empty space. Because of its cosmological significance,  
scientists are eager to learn all that they can about dark 
energy, which has yet to be directly observed because of 
its extremely low density and lack of interaction with most 
fundamental forces of the universe. Essentially, the only 
way to probe the properties of dark energy is to make 
extremely precise measurements of the expansion rate  
of the universe.

This challenge is being addressed by a project called 
the Dark Energy Survey, which is aimed at determining the 
history of the expansion rate of the universe by taking 
images of roughly 300 million galaxies and measuring their 
shape and redshift — the change in frequency of light and 
other electromagnetic radiation as the heavenly bodies 
move outward, away from Earth. By making such  
measurements, scientists will be able to investigate  
the expansion of the universe over  
two-thirds of its total life — from the 
time when the universe was only  
a few billion years old.

Scientists will photograph these 
distant galaxies using its Dark Energy 
Camera (DECam) — one of the largest 
cameras ever built using charge-  
c o u p l e d  d e v i c e s  ( C C D s ) ,  t h e  
same imaging technology used in  
conventional digital cameras. With  
an end-to-end length of 2.5 meters  
and a weight of 3.6 metric tons, the  
500-megapixel DECam will be placed 

Simplified model of the telescope 
and camera structure

Temperature distribution at focal plane 
for 20-degree C ambient temperature

Barrel and imager Z direction displacement 
under vacuum load, thermal load and gravity 
load at 20-degree C ambient temperature

on an existing 
4-meter telescope 
at the National optical 
Astronomy observatory’s 
Cerro Tololo Inter-American 
observatory in north-central Chile.

obtaining proper measurements requires that the 
DECam’s CCDs be precisely aligned with the telescope’s 
lenses and primary mirror. An “alignment budget” was 
created to allocate 10 microns to 15 microns of allowable  
misalignment for each subsystem in the camera. 

The more than 300 parts and subsystems of the 
DECam were developed by individual members of a 
design team. The author’s specific contribution was to 
perform detailed analysis of these parts and subsystems 
using ANSYS Mechanical software to ensure that dead-
weight deflections, vacuum deformations, thermal distor-
tions and vibration modes of the camera were within these 
limits. The software also was used for thermal studies to  
determine temperatures of individual parts as well as total 
heat load on the cooling system. All calculations were 

Detailed model of the 
primary focus cage
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Anatomy of the Dark Energy Camera

As designed, the Dark Energy Camera consists of  
complex optical components that must properly align 
to accurately measure the distorted shapes and  
redshift of distant galaxies.

A set of five fused-silica optical lenses and related 
filters comprise a corrector assembly that focuses the 
light and separates out the relevant frequencies. 
Focusing is done with a hexapod assembly that aligns 
the camera with the telescope’s primary mirror and  
also performs lateral correction to compensate for 
structural deflection as the telescope moves. A shutter  
mechanism controls CCD exposure time.

Attached to the end of the corrector is an imager 
system containing an array of charge-coupled devices 
(CCDs) cooled with liquid nitrogen. readout circuit 
boards that process signals from the CCD array are 
mounted in electronic crates at the end of the imager.

To check the alignment of components, Fermilab 
engineers used ANSYS Mechanical software to  
accurately determine deformations, thermal distortions 
and vibration modes of the camera. The team also used 
the software for thermal studies to determine the  
temperature of individual parts as well as the total heat 
load of the cooling system.

made at two ambient 
t e m p e r a t u r e s :  2 0 
degrees Celsius (C) and 
-5 degrees C, based on 
climate conditions at the 
telescope site. Due to 
the complexity of the 
DECam, two separate 
analysis models were 
created. A full model of 
the camera — which  
contained 679 higher- 
order solid elements but 
without all component 
detai ls — computed  

displacements. These displacements were used as input 
to a detailed cage model having 3,112K elements.

Fermilab employed the ANSYS Workbench platform 
with ANSYS Mechanical software to reduce the time 
required to create analysis models using CAD integration, 
automatic meshing and fully parametric modeling capa-
bilities. They imported native CAD geometry directly into 
ANSYS software and used the ANSYS DesignModeler 
tool to simplify the geometry. The ANSYS Workbench 
environment automatically detected and set up contacts 
and joints between parts of the assembly, with the  
engineer modifying contact settings and entering  
additional manual contact definitions.

ANSYS Workbench saved much time on the project 
because its graphical tools greatly streamlined the  
process of editing geometry and applying boundary  
conditions, loads, contacts and more. In contrast, the  
traditional approach requires selecting all of the nodes on 
a surface in order to define it. With the ANSYS Workbench 
platform, the engineer simply clicks on the surface or  
volume to apply the boundary condition, load or contact.

Analysis results provided detailed information on the 
deflection of the structure and temperature of the CCD 
readout printed circuit boards. Project engineers for  
individual subsystems examined the results and made 
design changes to mitigate any issues. Models were then 
changed and resimulated in an iterative process until  
the design was finalized to ensure that each subsystem 
maintained proper alignment. This guaranteed that the 
DECam would deliver the accuracy needed to trace back 
two-thirds of the way to the beginning of the universe. n

The Dark Energy Survey Collaboration consists of scientists from 
Fermilab, University of Illinois at Urbana-Champaign, University of 
Chicago, Lawrence Berkeley National Laboratory, University of Michigan, 
University of Pennsylvania, The Ohio State University, Argonne National 
Laboratory, NOAO/CTIO, CSIC/Institut d’Estudis Espacials de Catalunya 
(Barcelona), Institut de Fisica D’Altes Energies (Barcelona), CIEMAT 
(Madrid), University College London, University of Cambridge, University  
of Edinburgh, University of Portsmouth, University of Sussex, Observatorio 
Nacional, Centro Brasileiro de Pesquisas Fisicas, Universidade Federal do 
Rio de Janeiro, and Universidade Federal do Rio Grande do Sul. Funding 
has been provided by U.S. DOE, NSF, STFC (UK), Ministry of Education and 
Science (Spain), FINEP (Brazil) and the collaborating institutions.

The DECam (top) will be installed in the 
prime focus cage of an existing telescope 
(bottom). The telescope’s primary mirror 
is located behind the covers at the  
bottom right. Photo by T. Abbott.
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Telescope and camera assembly at 
mode 6 natural frequency of 14.006 Hz
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Maintaining Power
A Brazilian power generation company expects to decrease maintenance 
downtime by identifying the cause of wall erosion in a coal boiler.
By Jairo Souza, Support Engineer, Henrique Monteiro, Support Engineer, and Leonardo Rangel, Project Coordinator  
ESSS, Florianópolis, Brazil

Artur Ellwanger, General Manager, Marcelo Bzuneck, Plant Engineer, and Luiz Felippe, Senior Engineer  
Tractebel Energia, Capivari de Baixo, Brazil

Fear of a reduced energy supply in coming years has 
made energy generation a hot topic in engineering.  
In Brazil, power is generated by both hydroelectric means 
and the use of fossil fuels. The Jorge lacerda Power 
Plant, owned by Tractebel Energia, is one of the largest in 
latin America and is responsible for a significant portion 
of the energy distribution in southern Brazil. The complex 
has three plants for generating electricity. The largest 
plant, uTlC, has a generating capacity of nearly 1,260 
gigawatt-hours. 

The large boiler (10 meters by 20 meters by 60 meters) 
at uTlC contains four horizontal rows of six burners, 
fueled by pulverized coal. The burners heat water in  
high-pressure steel tubes — called steam pipes or boiler 
tubes — within the walls of the boiler to create steam.  
The steam is used to spin a turbine, which, in turn,  
generates electricity. 

A common problem in coal-fired boilers is erosion of 
the boiler walls. Wall erosion puts operation of the boiler 
at risk because material failure in these areas exposes the 
steam pipes to fuel within the boiler. Addressing this  
problem is quite costly because of the materials involved; 
in addition, the boiler must be shut down while repairs  
are made. The associated costs can be reduced if erosion 
of the boiler tubes can be minimized. 

To find ways to minimize erosion, the mechanism of 
erosion must first be identified. Three possible causes  
of boiler wall erosion are chemical attack caused by 
buildup of sulphur, excessive exposure to heat, and  
burner misalignment. In the last case, erosion is further  
aggravated because particles of coal are not completely 
consumed and can physically abrade the boiler walls. 
Through physical analysis of the tubes, Tractebel  
engineers were able to determine that the cause of the 
erosion in the uTlC boiler was probably related to burner 
misalignment. Misaligned burners or burner components 
can lead to incomplete combustion of the pulverized coal, 
resulting in wall erosion. 

Tractebel Energia together with ESSS, an ANSYS 
channel partner in South America, turned to an  
ANSYS CFX engineering simulation to confirm the cause 
of the erosion. The analysis was set up to simulate the 
multiphase flow (pulverized coal and air) within the boiler. 
The team analyzed the operation of a single burner and  

Tractebel’s UTLC complete coal boiler

Steam Pipes

Boiler

Burners

its impact on the nearby boiler walls to gain a better 
understanding of the overall erosion process.

The initial flow simulation considered the complex 
burner geometry in detail. Burners are constructed from 
various plates that form the swirler as well as a deflector. 
Both help to mix the airflow with the pulverized coal to 
ensure the stability of the flame inside the boiler. Flame 
stability and proper mixing assist in more efficient com-
bustion. The simulation focused on resolving the details  
of the burner flow to obtain an accurate outlet flow profile 
for the burner that could be used in a larger simulation of 
the boiler interior. The software provides the capability  
to easily extract desired results from the first (burner)  
simulation as boundary conditions for the second  
(boiler) simulation.

In a second flow simulation, a large portion of the 
boiler was simulated with the burner inlet located on  
the right side of the boiler. The objective was to  
capture the effect of a single burner on nearby boiler walls 
to determine if the wall shear pattern arising from  
the burner flow matched the erosion pattern observed  
on the boiler tubes.
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The results showed that flow detaches from the burner 
to make contact with the boiler wall at a distance of 
approximately 3 meters from the burner. The multiphase 
simulation confirmed that particles of coal following this 
flow path would reach the boiler wall at high speed.  
By calculating the rate of erosion on the boiler wall, the  
engineering team was able to map wall locations  
that suffer more wear. The map obtained from the shear 
data was very close to the wear data originally obtained 
for the boiler. 

The fluid flow results enabled Tractebel engineers to 
identify modifications that might be made to minimize wall 
erosion in the boiler. Future projects will involve altering 
the geometry of the model and boundary conditions  
to determine whether anticipated design changes would 
reduce wall erosion. It is estimated that the altered design 
will reduce boiler downtime from once every three years 
to once every five years. 

Without the insight provided by ANSYS CFX software, 
Tractebel would have been limited to trial-and-error  
testing to identify and mitigate the cause of the  
undesirably high erosion. Tractebel was able to determine 
the erosion pattern and make informed and cost-effective 
decisions regarding the operation of the burner and,  
consequently, the plant. n

Air velocity profile on symmetry wall; 
red indicates areas of highest velocity

Advanced Simulation for Fossil Fuels

ANSYS solutions are used around the world  
every day to study established coal, oil and gas  
combustion systems, as well as cutting-edge power 
generation and process equipment such as oxy-fuel  
combustors, chemical looping reactors, gasifiers and 
biomass furnaces.

The study of combustion and related flow  
phenomena in fossil fuel reactors provides critical 
insights for retrofitting existing equipment or  
designing new processes. Engineering simulation 
solutions from ANSYS provide all necessary  
capabilities to increase performance and energy  
efficiency, to understand the source, and to develop 
strategies that reduce the carbon footprint as well as 
control and reduce pollutant emissions from a large 
range of fossil fuel and biomass reactor types. 

Typically, the simulation of combustion equipment 
includes fluid flows such as reaction, radiation and 
thermal phenomena. Coal and other fuels are  
represented as a secondary phase and are fully  
coupled with flow, enabling simulation of a large 
range of particulate concentrations from dilute flows 
to packed beds. Such analyses provide local  
velocities, particulate concentrations and traces, 
composition of combustion gases, fuel conversion 
rates, and temperatures. These quantities enable  
the user to investigate operational issues such as 
local temperature peaks, combustion efficiency or 
mixing problems.

Additional engineering details can be simulated 
through a number of specially developed features. 
For example, pollutant formation, emissions and  
mercury can be predicted using detailed chemistry 
and pollutant formation submodels. Similarly,  
appropriate particle models are available to allow  
for prediction of erosion and/or slag build-up  
in furnaces.  

Ahmad Haidari, Director Industry Marketing and Karl Kuehlert, 
Regional Director of Technical Services NA, ANSYS, Inc.

Wall shear stress pattern on boiler walls; red indicates areas of highest 
wall shear (erosion)

Swirling effect on particles from the coal burner



Win, Set and Match  
at Wimbledon
ANSYS software verifies the design of the innovative 
retractable roof at Wimbledon by simulating the 
opening and closing mechanisms.
By Martyn Lacey, Founder, Advanced Computational Analysis, Nottingham, U.K.

built environment

The All England lawn Tennis and 
Croquet Club’s annual Championships 
has a reputation as the world’s  
premier tennis event. As part of a 
long-term plan for  cont inuous 
improvement of the facility, a new 
retractable roof over Centre Court at 
Wimbledon was introduced in 2009 to 
allow players and spectators to enjoy 
the English summer weather while 
permitting play to continue in the 
event of rain. 

The united Kingdom–based  
e n g i n e e r i n g  f i r m  A d v a n c e d 
Computational Analysis (ACA) used 
software from ANSYS to verify parts 
of the design of the new retractable 
roof by conducting both static and 
dynamic analyses to ensure that the 
roof would perform properly under 
real-world loads and stresses. 

Five years in development, the 
17,000-square-foot retractable roof is 
an electromechanically operated 
structure that includes 10 movable 
steel trusses that support a trans- 
lucent, weather-resistant fabric  
canopy. When open, the roof sections 
are parked at opposite sides of  
the court. To close the roof, the  
coordinated electromechanical  
system moves the trusses apart  
and, at the same time, unfolds and 
stretches out the fabric between the 
trusses, until the two sections meet  
in an overlapping seam above the 
middle of the structure. 

While construction company 
Galliford Try was responsible for the 

Total stresses in the 
beam sections as a result 
of dynamic effects

Axial forces in the roof 
structure as a result of 
dynamic effects

overall build of the 3,000-ton 
roof,  the ambit ious project 
involved many expert subcontractors. 
ACA was charged with performing 
static and dynamic verification of the 
mechanisms that open and close the 
trusses. Capita Symonds (principal 
structural engineering consultants) 
and Street Crane Express (motive 
control and automation specialists) 
constructed three roof trusses for 
physical testing, but it would have 
been extremely time- and cost-inten-
s ive  to  bu i ld  a  p ro to type  o f  
the entire roof. To perform a virtual 
analysis that would provide accurate 
predictive results, ACA turned to 
ANSYS Mechanical software. The 
verification process was designed to 
ensure that the mechanisms on each 
truss would perform as expected.

ACA conducted both static and 
dynamic 3-D analyses of the roof 
trusses in a virtual environment,  
confirming that they could withstand 
real-wor ld physical  loads and 
mechanical stresses in both moving 
and at-rest positions. ACA focused 
special attention on the electro- 
mechanical actuators between each 

pair of trusses that are 
responsible for moving the 
roof. These actuators are subject 
to obvious physical forces, such as 
the weight of the trusses, as well  
as more subtle forces, such as the  
changing tension of the fabric canopy. 
ANSYS Mechanical technology  
supported the full range of simulation 
and analyses needed to veri fy  
the design of the roof system.  
ACA performed verification of the  
roof’s design in a timely and cost- 
effective manner so that construction 
could proceed. 

The retractable roof made its 
Championships debut in mid-2009, 
when rain would have otherwise  
interrupted a match. As the two roof 
sections came together, the capacity 
crowd rose in a standing ovation. n

Deflections in roof  
structure, in the direction  
of motion of the leading truss
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ANSYS Advantage  •  Volume IV, Issue 1, 2010www.ansys.com

analysis tools

3131

Solutions for PCB 
Electromagnetic 
Interference
Simulation Driven Product Development aids designers of printed circuit 
boards in meeting electromagnetic compatibility requirements.
By Steven G. Pytel, Jr., Signal Integrity Product Manager, ANSYS, Inc.

In today’s world of highly complex 
pr inted ci rcui t  boards (PCBs),  
creating designs to meet electro-
magnetic compatibility (EMC) targets 
is a necessity. However, during the 
early design stage, development of a 
robust power delivery network (PDN) 
is often neglected. Minimizing board  
resonances using decoupling capaci-
tors and the proper power and ground 
plane design will reduce radiated 
emissions that cause electromagnetic 
interference (EMI). Signal layout  
on the PCB is critical to correct  
operation of analog and digital 
designs, and will help to reduce  
radiated emissions while minimizing 
interference on other signal nets.

Designing to meet these three 
objectives with moderately to highly 
complex PCBs requires the use of 
simulation to minimize time to market 
and cost. SIwave software was  
developed specifically to provide  
solutions that help engineers meet 
the objectives of a robust PDN, sound  
signal integrity (SI) and EMC/EMI  
targets. Although SIwave is predomi-
nantly used for post-layout extraction, 
its drawing and clipping capabilities 
can be used to perform Simulation 
Driven Product Development for  
pre-layout simulation on partial 
designs. SIwave technology supports 
multiple PCB layout databases. 

SIwave software’s dynamic  
architecture allows it to fit seamlessly 
into most design processes while  
significantly reducing nonrecurring 
engineering costs. Designing a power 
distribution system (PDS) relies on 
several analysis types: resonant  

cavity analysis, network analysis and 
dc power loss analysis. The resonant  
cavity analysis provides an intuitive 
three-dimensional look at voltage  
differences between planes. For  
example, a user can quickly identify 
the location of resonances between 
planes to understand any voltage  
differences that are occurring between 
these planes. Depending on the  
resonance severity, the result can be 
detrimental to signaling by causing 
increased emissions. resonances 
cause a change in the ac board  
impedance. The resonances also 
cause reflections within signal lines, 
leading to an energy transformation 
that produces radiation. 

Resonant Cavity Analysis
The voltage difference between 

the Vcc (positive voltage supply) — the 
large plane in Figure 2 — and ground 
is shown. In addition, another plane 
indicates the voltage difference 
between Vinput (the smaller plane in 
the figure) and ground. The Vinput 
plane has a sharp resonance toward 
the upper right of the small plane, as 
circled. This could be problematic 
because it is occurring at the source 
of the switching field-effect transistor 
(FET) that converts the input power to 
dc. Identifying this resonance using 
cavity analysis provides the location 
where the network analysis should be 
performed so that the SI designer can 
understand the ac impedance profile. 
A two-dimensional network analysis 
simulation was performed to view  
the impedance characteristics of the 
Vinput plane. A port was added to  

the surface of the board at the output 
of the FET. This connection was made 
between the Vinput and the ground 
pins of the device (Figure 3).

Network Analysis Solution
The network analysis solution 

option for passive devices uses a 
combination of computational electro-
magnetic solutions in conjunction 
with several modeling techniques  
to create accurate solutions. Passive 
devices can be modeled in three 
forms: simple (frequency indepen-
dent), algorithmic (equation-based 
frequency dependent) and measured 

Figure 1: SIwave software displays a multilayer 
PCB imported from a layout design tool along 
with a clipped microprocessor core power rail.
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data (in the form of Touchstone®  
network parameters). The original 
design (Figure 5A) shows that the 
h igher  f requencies ind icate  a  
significant change in the impedance 
profile. The impedance profile of the 
original solution goes from 1.5 ohms 
at 100 MHz to 105 ohms at 700 MHz. 
If there is a signal operating at or 
around 700 MHz that references this 
cavity, the signal will be severely 
degraded due to energy lost by the 
radiation of the fields. Adding a few 
decoupling capacitors between the 
Vinput and ground planes can  
signif icant ly reduce the cavity  
resonance and improve signal quality 
while minimizing radiation. A good 
first-order approximation can be used 
to help decide what capacitor  
characteristics should be used to 
decouple the plane. Setting the  
i nduct i ve  reactance  equa l  to  
the capacitive reactance and solving 

for capacitance will help to obtain the 
capacitance needed. However, this 
requires the designer to make an 
approximation for the leakage and 
mounting inductance. This approxi-
mation is a good first-order solution, 
but a full-wave solution utilizing 
SIwave software will provide a much 
more accurate answer, including a 
spatial dependence.

using an approximation, a 240 pF 
capacitor with an assumed leakage 
and mounting inductance of 0.5 nH 
was placed across the Vinput and 
ground pins of the device (Figure 4). 
Figure 5B shows that, using the 
SIwave tool’s full-wave network  
analysis, the large impedance varia-
tion has been greatly reduced at the 
higher frequencies. As expected,  
the resonance shifted slightly lower 
but with a much smaller magnitude 
(approximately 47 ohms). To further 
min imize th is  peak,  a second  
decoupling capacitor of 2 nF with  
0.5 nH leakage and mount ing  
inductance was added to the upper 
left corner of the Vinput plane  
(Figure 5C). 

This capacitor lowered the overall 
magnitudes of the resonance by a  
factor of five while shifting the  
resonance slightly lower and creating 
a smaller resonance of about 8 MHz.  

To understand the decoupling impact 
on the entire Vinput plane, another  
resonance mode analys is was  
performed. The results from the  
resonant cavity analysis show that the 
top half of the Vinput plane has been 
effectively decoupled using these 
techniques. The resonant mode  
analysis does not require any sources 
because it is focused on the natural 
cavities that occur within the board. 

DC Power Loss
In addition to providing under-

standing of the power distribution  
system over frequency, SIwave  
software analyzes dc losses as well. 
using a finite element method, the dc  
voltage drop, dc current density and 
dc power loss across any plane, 
trace, or wirebond can be analyzed. 
This method considers nonideal 
return paths in its solution, realizing 
that ground is relative within a PCB. 
The user selects the point(s) to which 
all solutions will be referenced (user 
def ines ear th/chass is  ground) .  
This allows the designer to analyze  
dc voltage, current and power across 
voltage planes, ground planes, vias 
and bondwires. In addition, the power 
loss can be exported to ANSYS Icepak 
software to study the effects of joule 
heating on the board. Flags can be set 

Figure 2: SIwave resonance analysis depicts the voltage differences between nets Vinput and ground (smaller plane) and nets 
Vcc and ground (larger plane). Resonant cavity analysis before (left) and after (right) addition of the decoupling capacitors

Figure 3: The addition of Port 1 for the 
network analysis solution between nets 
Vinput and ground

Figure 4: Cutout view of the Vinput (green) and ground (gold) shows the physical location of Port 1, 240 pF capacitor and 2 nF capacitor.

Vinput Vcc Plane

Port 1

Port 1

240 pF Capacitor

2 nF Capacitor
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to show problematic areas that do not 
meet the specifications set forth by 
the designer. This can help to detect 
poor layout designs in which too few 
vias were used to connect power rails 
on different layers within the PCB, 
which may compromise reliability and 
lead to system failure. 

With a properly designed power 
distribution system, EMI and signal 
quality issues are greatly reduced.  
A designer can change the focus from 
plane discontinuities to proper layout 
of signal traces that minimize coupling, 
reflections and insertion loss. A 
designer can adjust the frequency 
sweep, similar to the two-dimensional 
network analysis from power delivery, 
to study signal conditioning concerns 
over a broad frequency range. Many 
types of clocking architectures along 

with signal architectures can be  
analyzed, including, but not limited to, 
common clocking, source synchro-
nous clocking, forwarded clocking and 
embedded clocking, including single-
ended and differential (including planar 
and broadside coupling) transmission 
line topologies. Signal crosstalk  
(coupling), insertion and return loss 
can be analyzed, while Touchstone 
and Full-Wave SPICE files can be 
exported for use in time domain  
circuit simulations. Near- and far-field 
simulations can be analyzed within 
SIwave software. These solutions 
accommodate frequency-independent 
and frequency-dependent voltage and 
current sources. The latter enable  
the designer to accurately quantify the 
power and frequency spectrum of 
switching devices. When used in  

Figure 6: Dc analyses between the voltage regulator module (VRM) and the two microprocessors in the middle of the board show voltage drop 
across the plane (left), current flowing through the vias near the VRM (center), and current path from the VRM to the two microprocessors (right).

combination with Ansoft Designer 
software, buffer models (analog and 
digital) can be used to automatically 
create the frequency domain power 
spectrum to be used with the near- 
and far-field analyses. 

SIwave software’s versatility allows 
it to seamlessly fit into almost any  
exist ing design f low for power  
distribution design, signal analysis and 
reduction of radiated fields. SIwave 
has the unique ability to bring three 
disciplines together (power integrity,  
SI and EMC/EMI design) in a single 
environment. This enables design 
engineers to make critical trade-offs 
with a high degree of confidence prior 
to fabrication, minimizing time to  
market and design cost while ensuring 
robust designs that achieve first-pass 
system success. n

Figure 5: A) The original board design without any additional decoupling capacitors; B) analysis number two in which a 240 pF 
capacitor was added across the Vinput and ground pins of the FET device; C) analysis number three in which an additional  
2 nF capacitor was added in the upper left corner of the Vinput plane
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have passed quality control if not for the use of electro-
thermal cosimulation.

The example board contains complex inter- 
connections of trace routings, power/ground planes,  
discrete components (resistors, capacitors, inductors, 
etc.) and landing pads for soldering ICs and other semi-
conductor packages to the board. Power to these ICs  
and semiconductor packages is provided by a voltage  
regulator module (VrM), with dc current flowing from the 
VrM through a single via to a main supply plane where 
the current spreads out to feed all the semiconductor 
devices. Concentration of current at the single via is high, 
resulting in considerable resistive loss at that point.

Predicting Circuit Board 
Hot Spots with Electro-
thermal Cosimulation
Multiphysics analysis with SIwave and ANSYS Icepak accurately 
determines thermal distribution on complex PCBs.
By Aaron Edwards, Technical Account Manager, and Kamal Karimanal, Lead Technical Services Engineer, ANSYS, Inc.

Excessive heat is the enemy of electronic parts,  
especially integrated circuits (ICs) in densely packed, 
power-hungry electronic devices. Increased levels of  
electrical current requirements in these applications must 
be considered in the printed circuit board (PCB) design to  
combat the generation of joule heat.

Energy efficiency can be optimized by minimizing  
current density levels, even at the expense of slightly 
higher resistance paths. However, a generally energy- 
efficient circuit can run the risk of overheating at spots due 
to spikes in current flow rates at local bottlenecks in the 
circuitry. While such bottlenecks can be identified through 
board-level current flow simulations, thermal analysis is 
needed to ensure that heat dissipation is sufficient and 
that the temperature rise due to current spikes is below 
recommended levels.

Current flow and thermal analysis simulations  
previously were performed separately, but now they can 
be combined in a multiphysics-based board-level electro-
thermal cosimulation provided by a link between the 
SIwave electromagnetic field solver and the ANSYS Icepak 
thermal analysis solver for electronics packages. In this 
way, these two solvers work together as next-generation 
tools that enable engineers to accurately predict heat  
distribution and temperature in complex circuit boards.

ANSYS Icepak software has been used by electronics 
engineers as the best-in-class thermal management tool 
for many years. Coupling SIwave technology with thermal 
simulations adds an unprecedented fidelity that allows 
engineers to make more-informed decisions on the design 
based on increased awareness of power dissipation,  
current constraints and thermal hot-spot locations. The 
following example shows how a bad design could  

Color-coded vector plot of current from SIwave software shows high- 
density “current crowding” in red near the single via that connects the 
top layer of the circuit board to the main power supply plane for all 
semiconductor devices.
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SIwave software was used to study current  
distribution throughout this circuit board, with the design 
imported into the tool from its original third-party layout 
environment. By using SIwave technology, engineers could 
visualize the current crowding at the single via. What they 
could not see from this simulation alone was the thermal 
hot-spot in this region and the exact temperature rise 
caused by the electrical current flow through the via.

For the temperature implications to be determined, 
the heat distribution output from the SIwave simulation 

PCB Signal and Power Integrity
SIwave software from ANSYS is an electromagnetic field 
solver that performs broadband signal- and power- 
integrity analysis along with dc voltage and current  
analysis for complete printed circuit boards and  
integrated circuit packages. Whereas 3-D electro- 
magnetic solvers that require tremendous levels of  
compute resources are practical in studying only  
portions of a circuit board, the SIwave product  
provides a highly efficient and accurate full-wave  
solution for an entire complex board using a 2-D finite 
element method technique that takes into account:

All discrete components on the board, such as • 
resistors, inductors, capacitors and ferrites

resonances that occur between internal planes• 

return path of traces that may traverse the  • 
entire board

All trace and plane coupling relevant to the • 
simulation

regarding joule heating, SIwave software can  
perform a dc Ir drop simulation that can solve for the 
current path of the planes. For a given voltage source 

point and a current draw location, the SIwave product 
can solve the exact path of the current as it travels  
from source to sink and can calculate the voltage drop  
on the planes due to resistive losses. This insight is 
important from a thermal perspective because it  
provides valuable insight into high-current areas that 
would create the most resistive losses and, thus,  
translate into the highest regions of heat dissipation. 
The ability to look at the perforated power and ground 
rails provides a level of fidelity that could not be  
coupled with thermal design in the past.

Resonant mode simulation with SIwave software highlights the 
locations of standing waves and indicates components that might 
be coupling into the modes.

was read into the ANSYS Icepak model for thermal simu-
lation. The combination of the tools determined the  
excessive temperature rise in this region and allowed for 
this design flaw to be accurately determined and corrected 
by engineers. This was all performed in the early stages of 
design, before prototype mockup boards were fabricated. n

The authors acknowledge contributions to this article from  
Kapil Sahu and Birenda David of ANSYS India.

ANSYS Icepak simulation (left) performed without the heat distribution input from SIwave software does not show the hot spot. 
Temperatures approaching 110 degrees C were revealed using the two programs coupled in a cosimulation (right).
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ANSYS Icepak fluid flow software is used by  
electronics design teams worldwide for a variety of 
reasons, including:

Native as well as neutral MCAD model  • 
import capabilities

Capability to import electronics layout files  • 
such as Gerber, Cadence® and IDF format files

Productivity enhancement through its library  • 
for IC package models

Macros for heat sink and thermoelectric coolers• 

user-friendly models for fans, blowers and  • 
attach materials

The capabilities architected and built into ANSYS 
Icepak technology over a decade of close industry  
collaboration form the foundation for the next  
generation of multiphysics-based codesign method- 
ologies. In the study of thermal behavior of a typical  
circuit board, this tool has the capability to read in 
trace geometry for detailed analysis of both trace and 
plane layers, for example, and also to identify the 
localized distribution of directional conductivity  
based on a board metallization layout. Accurate as  
well as computationally practical, this conductivity  
estimation technology forms the basis for the next 
generation of multiphysics-based board-level electro-
thermal codesign between SIwave and ANSYS  
Icepak software.

Thermal Management of Electronics Packages

ANSYS Icepak software has the capability to determine effective 
conductivity of copper layers on a PCB based on metal content 
and directionality on the board.
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Boosting Memory 
Capacity with SSDs
Solid-state drives are a cost-effective way to add  
fast memory to workstations.
By Jeff Beisheim, Senior Software Developer, ANSYS, Inc.

one of the main factors limiting the 
size of simulations that can be run  
on a workstation is the amount of 
physical memory (or rAM) available 
on the machine. More rAM can be 
added, but only so many slots are 
available on the machine, and high-
capacity rAM is relatively expensive.

To help alleviate this difficulty, 
equation solvers often utilize vacant 
space on the hard disk drive (HDD) — 
the spinning medium that provides a 
fairly inexpensive means for long-term 
storage of large amounts of data. A 
250-gigabyte (GB) hard drive — about 
as small as you can get these days — 
can be purchased for only about $50 
(u.S.), for example. The drawback is 
an order-of-magnitude speed penalty, 
with the relatively slow input/output 
(I/o) speed of the HDD generally 
below 100 MB/second, often resulting 
in significantly longer run times.
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For this study, approximately 1 million  
degrees of freedom (DOF) were analyzed for  
200 frequencies. Elapsed times are compared 
for simulations on a workstation having two  
file systems: one with a single SCSI 10k rpm 
hard disk drive, another with four Intel® X25-E 
64 GB SATA SSDs.

Considerable I/O was performed in an analysis requiring about 30 GB of disk space to 
run the ANSYS distributed sparse solver on a workstation containing only 24 GB of RAM. 
The reduced seek times for the SSD significantly improved I/O performance, thus helping 
to shorten solution time as more cores are involved.

Solution Time for ANSYS Mechanical Modal 
Analysis with Block Lanczos Eigensolver

SSD Scalability of Distributed ANSYS Simulation

This is where relatively inexpen-
sive solid-state drives (SSDs) with 
minimal seek times in reading files 
can be utilized to dramatically quicken 
solution times, particularly with  
simulations involving high levels of 
I/o to be performed. While expensive  
relative to HDDs, SSDs are consider-
ably faster than HDDs and are  
approximately two to three times less 
expensive than rAM for the same 
number of gigabytes. SSDs also offer 
several  other advantages over  
HDDs, such as no noise and high 
mechanical reliability due to the lack 
of moving parts — although SSDs do 
consume more electricity than HDDs 
and have a useful life limited by the 
number of times data can be written 
and rewritten at a given location.

using SSDs with software from 
ANSYS is fairly straightforward.  
once the working directory for the 
software is set to the SSD fi le  
system, all I/o requests done by  
the software will then utilize the  
SSD. The recommended config- 
uration for multiple drives is rAID-0 

(redundant array of independent 
disks), which distributes data equally 
among them.

In ANSYS Mechanical software, 
solutions involving the sparse solver, 
distributed sparse solver or block 
lanczos eigensolver running in the 
out-of-core memory mode typically 
perform the most amount of I/o and, 
therefore, see the most benefit from 
SSDs. In one such modal analysis, 
transferring 3 terabytes (TB) of data 
to and from the disk took nearly 
40,000 seconds on a single HDD  
versus about 5,000 seconds using 
SSDs in a rAID-0 configuration. In 
another case, a turbine analysis with 
the ANSYS distributed sparse solver 
requiring large amounts of I/o on  
an eight-core workstation was com-
pleted in less than 600 seconds with 
SSDs, compared with more than  
1,700 seconds on HDDs. For this  
simulation, each Distributed ANSYS  
process had to read/write its own set 
of files, resulting in a considerable 
number of  I /o requests to be  
performed during solution. n
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Students Win Using 
Simulation-Driven Design
Affiliation with ANSYS helps the university of Waterloo  
Formula Motorsports team win an award for an innovative  
air intake design at the Formula SAE Michigan 2009 competition.
By Anish Ganesh, Intake System Designer, University of Waterloo Formula Motorsports, Canada

The university of Waterloo (uW) Formula Motorsports 
team is a student-operated organization, based in Canada, 
that designs and builds an open-wheel race car to  
compete in the annual Formula SAE competition. 
organized by SAE International (formerly the Society of 
Automotive Engineers), the annual competition challenges 
student teams from around the globe to design, fabricate, 
market and race a formula-style autocross vehicle. The 
competition is divided into two main categories: static and 
dynamic events. The static events consist of engineering 
design competition, marketing presentation, cost report 
and technical inspection. The dynamic events include 
acceleration, skid pad, autocross, fuel economy and a 
22-kilometer endurance test.

The university of Waterloo Formula Motorsports team 
has made great progress in the design of their 2010 car. 
one of the most significant changes for the upcoming 
season is the transition to the second-generation Honda 
CBr 600 rr powerplant, which is lighter, smaller and 
more powerful than its incumbent, the Honda CBr 600 
F4i. This transition requires many components to be  
redesigned. FSAE race car competition rules limit engine 
power by restricting all air for engine combustion to pass 
through a 20-millimeter hole. Therefore, optimizing the 
flow of air through the intake geometry is crucial in  
providing the desired engine performance. The uW team 
saw this rule as an opportunity for innovation, and it set 
out to modify the wall geometry approaching and departing 
this air flow restrictor to obtain maximum flow of air into 
the engine. 

using ANSYS CFX software for a three-dimensional 
computational fluid dynamics (CFD) analysis, the team 
achieved an optimal design of the intake restrictor for the 
engine with considerable reduction in development time 
and cost. The goal was to maximize the 
pressure recovery through the restrictor. 
At the maximum operating condition of 
the engine, the optimized design 
improves the pressure recovery of the 
restrictor by 4 percent, while the overall 
length of the design is increased by only 
5 percent.

The intake system designer used ANSYS DesignModeler 
software to generate a parametric representation of the 

2009 University of Waterloo Formula Motorsports car

restrictor geometry. The fluid volume and face meshes 
required for all the geometries were created in the ANSYS 
Meshing application and were imported into ANSYS CFX 
software, in which the fluid properties and physics were 
defined and the fluid flow simulations were performed. 
The students analyzed simulation results using the  
ANSYS CFD-Post post-processing tool.

The uW team considered a number of restrictor  
geometry concepts. The ANSYS CFD-Post tool was  
used to calculate pressure recovery and to detect flow 

Final design of the 
air inlet restrictor

2009 car showing the air inlet that was redesigned
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separation due to viscous effects and adverse pressure 
gradients for each of the geometries. Due to the presence 
of flow separation, several design concepts, including the 
original, were discarded. 

As to the remaining design concepts, the team 
selected the one that demonstrated the best pressure 
recovery for further refinement using the goal-driven  
optimization tool in ANSYS DesignXplorer software within 
the ANSYS Workbench environment. This tool implements 
a design-of-experiments procedure that recognizes the 
parameters set in the geometry-creation stage. The tool 
varies the parameters to defined ranges, modifies  
the geometry and mesh, and obtains solutions for all the 
ranges automatically. Based on the results required, 
ANSYS DesignXplorer identified the three optimum  
candidates that fulfilled the design requirements. In this 
case, the final optimized design was selected based on 
this optimization process. The optimized restrictor design 
helps to improve the overall performance of the engine by 
boosting the flow of air into the engine, therefore increasing 
combustion efficiency while reducing emissions.

Fluid flow simulation is a vital tool for engine system 
developers. The ability to improve pressure recovery  

To the Finish Line
Today’s undergraduate students are tomorrow’s  
engineers and researchers. Formula SAE is designed 
to promote careers and excellence in engineering,  
and, as a partner to the program, ANSYS provides  
its engineering simulation software to student  
participants. Currently, nearly 50 university teams use 
ANSYS to design their formula cars, many with  
outstanding results. 

“ANSYS is committed to working with universities 
in many ways,” said Paul lethbridge, ANSYS  
academic product strategy and planning manager. 
“This exciting project takes students out of the class-
room and allows them to apply textbook theories to 
real work experiences. Formula SAE gives them a great 
foundation in using Smart Engineering Simulation tools 
that they will employ throughout their careers.”

and minimize flow separation in the restrictor design has 
allowed the team to maximize the performance and  
efficiency of the new powerplant. Formula Motorsport 
teams extensively use CFD simulation to quickly and  
cost-effectively evaluate the performance of their intake 
system designs and to investigate the impact of design 
changes on overall vehicle performance. This process 
eliminates the need for multiple prototype cycles in which 
full-size restrictors are constructed for physical  
flow-bench testing.

The university of Waterloo Motorsports team won the 
2009 Formula SAE CFdesign Computational Fluid 
Dynamics Award presented during the 2009 Formula SAE 
competition held in May 2009 at the Michigan International 
Speedway. The uW team received the honor for their use 
of CFD to optimize the air flow through the restrictor for 
their 2010 intake system. n

The author has worked at ANSYS, Inc. as a technical writer for four  
co-operative work terms. ANSYS CFX developers assisted him on various 
aspects of the restrictor design. The Formula Motorsports team at the 
University of Waterloo acknowledges ANSYS for its continual support in  
developing a winning car.
  

Pressure contours for the air inlet on the original design (top) 
and two alternatives (below)

Velocity vectors on the original design (top) and two  
alternatives (below)

University of Waterloo Formula Motorsports team in 2009
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Teaching Simulation  
to Future Engineers
ANSYS Workbench facilitates integration of simulation  
into the engineering curriculum.
By Rajesh Bhaskaran, Swanson Director of Engineering Simulation, Cornell University, Ithaca, U.S.A.

Cornell university is highly regarded 
in the engineering community: Its 
College of Engineering has been 
ranked as one of the top seven  
engineering programs in the united 
States by U.S. News & World Report. 
Cornell uses software from ANSYS  
to deploy modern simulation tech-
nology in four undergraduate courses 
in the mechanical and aerospace  
engineering (M&AE) curricula. The 
courses cover diverse subject areas 
such as fluid dynamics, heat transfer, 
solid mechanics and numerical  
methods. These offerings include 
required, lab-based classes as well as 
elective, lecture-based classes. 

Cornell’s M&AE department is 
transitioning to the ANSYS Workbench 
platform so students can employ the 
same user interface and workflow 
regardless of subject area. This trans-
ition will create a uniform learning 
experience across the M&AE curri-
cula. other advantages related  
to ANSYS Workbench include a more 
user-friendly interface, easier CAD 
imports and automation of repetitive 
tasks. The transition is occurring on a 
course-by-course basis and is expected 
to be completed by spring 2011. 

In  M&AE 4272 F lu ids/Heat 
Transfer Lab, Cornell students use 
ANSYS Academic software to simu-
late a forced convection experiment 
consisting of three sections of a 
smooth-walled circular pipe. The first 
p ipe sect ion is  unheated and  
generates a fully developed turbulent 
velocity profile; the middle section is 
heated to provide energy input to the 
air; and the final section is insulated, 
providing an adiabatic mixing length 
that enables a single reading of the 
final air temperature. Instruments  
provide measurements of mass flow 
rate and heat input, as well as  
pressure and temperature at various 
locations. A fluid dynamics simulation 

2010 courses at Cornell involving software from ANSYS

Schematic representation of the heated flow apparatus used in M&AE 4272 Fluids/Heat Transfer 
Lab at Cornell. A, B, C and D are pressure taps; labels 1 to 10 are locations of thermocouples.

Course Title Type
Approximate 
Enrollment Software

Mechanical Property & 
Performance Lab

Required 120 ANSYS Mechanical 11.0

Fluids/Heat Transfer Lab Required 120 ANSYS FLUENT 12.0

Finite Element Analysis Elective 40 ANSYS Mechanical 11.0

Intermediate Fluid Dynamics Elective 50 FLUENT 6.3

corresponding to this experiment was 
introduced in 2003 so students could 
see the experimental and simulated 
approaches side by side. FluENT/
FloWlAB software was used for  
this until 2009, when it was replaced 
with the ANSYS Academic CFD  
product, which now fully integrates 
ANSYS FluENT software.

The incorporation of ANSYS 
FluENT and ANSYS Workbench into 
the ANSYS Academic CFD product 
has al lowed Cornell  to replace 
FluENT/FloWlAB technology while 
retaining important features that  
contribute to a rapid learning curve 
and ease of use. Students learn the 
simulation process via web-based 
tutorials that use nominal data. 
Students then repeat the calcu- 
lations using their own experimental  
conditions. The geometry creation 
and mesh steps are optional, and the 
solve step is simplified using default 
settings. This process provides  
students with an adequate solution  
to the simulations while allowing 
quick turnaround time. 

flow development heat addition adiabatic mixing
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Students review background 
information on the simulation process 
through a presentation while waiting 
for the experiment apparatus to reach 
steady state. They learn that in the 
fluid flow simulation, ANSYS FluENT 
software solves a boundary value 
problem (BVP) corresponding to the 
experimental setup, building on  
BVP concepts considered in earlier 
courses. The presentation asks  
students to consider what the  
governing equations, boundary  
conditions and domain should be  
for this BVP. Students learn how  
to specify the BVP in the software via 
the web-based tutor ia l ,  which  
provides a high-level conceptual 
description of discretization, iterative 
convergence and reynolds averaging 
of the governing equations.

The fluid dynamics simulation  
provides rich visualization capabilities 
that are extremely useful in developing 
a physical understanding of fluid  
flows. The result plots show the  
axisymmetric temperature field in  
the pipe, demonstrating how the heat 
added at the wall diffuses into the 

flow. Students can see that the flow is 
well mixed at the end of the adiabatic  
mixing section, which confirms an 
assumption in the experiment. The 
comparison between experiment and 
simulat ion for the temperature  
variation along the pipe axis can be 
plotted along with results from the 
original and refined meshes. The final 
bulk temperature rise obtained from 
both experiment and simulation 
agrees well. 

The steps in the tutorial are a 
superset of the project schematic in 
the ANSYS Workbench environment. 
A verification and validation (V&V) 
step follows the results step to  
reinforce the importance of checking 
computational results through a  
formal process. The verification step 
considers the question: “Did we  
solve the BVP correctly?” In this  
introduction to f luid dynamics,  
students are required only to refine 
the  mesh fo r  the  s imu la t ion .  
The validation step considers the  
question: “Did we solve the right 
BVP?” Students check this by  
comparing their simulation results 
with experiment. Similar web-based 
tutorials are used in the other M&AE 
undergraduate courses; V&V is the 
final step in each tutorial. Cornell 
plans to incorporate the latest V&V 
thinking into the tutorials and to  
in t roduce students  to  re la ted  
standards from ASME and NAFEMS. 
In this way, V&V can be given a  
more prominent and consistent role  
in the curriculum.

Temperature distribution in the pipe obtained 
using ANSYS FLUENT software

Temperature variation along the pipe axis 
obtained from CFD and experiment

Steps in the tutorial (left) are a superset of the project schematic in ANSYS Workbench (right).

There is a concern in academia 
that the overhead of learning to use 
commercial simulation products is 
high, and this prevents integration of 
such tools into the curriculum. Cornell 
has been successfully addressing this 
concern with the help of software 
interface improvements offered by the 
ANSYS Workbench environment.  
These include the integration of  
structural mechanics and fluid flow 
simulation tools in a common intuitive 
interface and the automation of  
repet i t ive tasks;  the tools are  
augmented by carefully designed 
online tutorials that teach software 
use and problem-solving skills.

In transitioning other courses to 
the ANSYS Workbench platform, 
Cornell plans to use the same tutorial 
structure previously described, 
expanding on the uniform structure 
offered by ANSYS Workbench across 
application areas. Students will be 
able to see that the same high-level 
principles apply whether solving  
solid mechanics or thermal–fluids 
problems. Instructors at Cornell 
expect that if students see the  
same solution process being followed 
repeatedly in different subject areas, 
they are more likely to internalize  
this approach and to apply it in new  
situations. ANSYS Workbench is 
helping Cornell to provide students 
with a good formative experience  
in simulation across the M&AE  
curriculum, one that undergraduates 
can carry into their careers as  
practicing engineers. n
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World-Class Composites 
Analysis by Alinghi
Embracing Simulation Driven Product Development,  
Team Alinghi created their 33rd America’s Cup yacht.
By Shane Moeykens, Strategic Partnerships, ANSYS, Inc.

The America’s Cup, sailing’s most prestigious regatta, 
staged its 33rd event in winter 2010. The contest pitted 
two 90-foot-long multihull yachts against each other, a 
break from the smaller, conventional sloops of previous 
races. Compared with traditional yachts, multihull vessels 
have a smaller proportion of the boat in the water,  
especially when “flying a hull” — a tactic that purposely 
raises all but one of the hulls out of the water to drastically 
reduce hydrodynamic drag. Because multihulls are so 
wide, they can carry much greater sail area than similar-
sized monohulls, further increasing horsepower-to-weight 
ratio. The 33rd Cup boats were the fastest, most powerful 
and most extreme in the race’s history.

Team Alinghi’s catamaran, Alinghi 5, flew the colors  
of the Société Nautique de Genève, Switzerland.  

A 23-member design 
team created the yacht 
with scientific advice from 
Ecole Polytechnique Fédérale de 
lausanne (EPFl). The Alinghi 5 is 90 feet 
by 90 feet at the waterline, wider and longer 
above the waterline, and capable of speeds in excess 
of 40 knots. This giant is built almost entirely of light-
weight, high-strength composite materials. During its 
maiden voyage, the crew succeeded in flying a hull, an 
accomplishment that owed much to the design team’s 
detailed work, which relied heavily on simulation tools  
from ANSYS.

Design requirements for the 2010 race were  
unprecedented. loading on structural components and 
vessel speed were unlike anything ever seen in America’s 
Cup racing. Because of Alinghi 5’s width, the crew would 
be subject to life-threatening conditions if the boat  
capsized — they would be propelled 90 feet into the air, 
traveling at high speed — so safety was a major concern 
from the beginning. optic-fiber sensors provided real-time 
monitoring of strain on the hull, Y-shaped spine and boom, 
all constructed from composites.

Formed by the Swiss entrepreneur Ernesto Bertarelli in 2000 
to compete in America’s Cup racing, Team Alinghi brought 
the Cup to Europe in 2003 for the first time in 152 years. 
Alinghi flies the colors of the Société Nautique de Genève, 
Switzerland, and comprises more than 100 team members  
of 20 different nationalities.
©stefano gattini/alinghi.

Starting the build: laying out honeycomb core material hull mold at 
Decision SA, Switzerland
©carlo borlenghi/alinghi.

Alinghi 5 sandwich composite with 
the aluminum honeycomb core
© alinghi.
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The catamaran has two 
hulls, built using a sandwich-
structured composite with an aluminum 
honeycomb core. This special class of  
composite material is fabricated by attaching two 
thin-but-stiff skins to a lightweight-but-relatively-thick 
core. The thickness of the honeycomb core provides the 
sandwich composite with high bending stiffness and over-
all low density. Analogous to an I-beam, the honeycomb 
flanges carry direct compression and tension loads — as 
do the sandwich facings — and the web carries shear 
loads — as does the sandwich core. Commonly found  
in high-tech aerospace applications, an aluminum  
honeycomb core provides excellent strength, weight and 
corrosion-resistance characteristics. The skins of the 
sandwich-structured composite are a mixture of carbon 
fiber, epoxy and pre-impregnated laminates.

The hull is formed using a female mold. laminate  
layers are applied at predetermined thicknesses and  
orientations, and then heated. This layer is bonded to the 
honeycomb core. The inner skin is bonded to the honey-
comb structure, completing the sandwich composite. 
Eight to 10 layers of carbon fiber material are applied  
outside the honeycomb core, with another 10 layers on 
the inside. Nominally, the hull consists of 21 layers,  
including the aluminum honeycomb core.

Given the rules governing the America’s Cup race, 
teams have relatively little time to design a vessel from 
scratch. Even the amount of time available for prototype 
testing is limited; hence, the design team must rely heavily 
on computer simulation. “During design, construction  
and on-the-water optimization of the yacht and systems, 
the major factor leading to success is the efficient use  
of time,” said Kurt Jordan, the Alinghi engineer  
responsible for structural modeling. “The ability to trust 
our engineering simulation tools while moving from virtual 
design directly to systems on the water — with minimal or 
often no intermediate prototype or testing steps — is an 
inherent requirement for the America’s Cup competition. 
For these reasons, we selected ANSYS as our exclusive 
supplier of engineering simulation solutions.” 

Every component of the Alinghi 5 underwent linear 
and nonlinear structural analysis. This work included a 
laminate optimization study for the hull that considered 
multiple load cases. Both macro- and constituent-level 
properties of the laminate materials were taken into 
account, specifying orthotropic material properties for 
each individual layer in the hull’s sandwich-structured 
composite, using shell elements and the ANSYS 
Mechanical solver. The skin of the sandwich-structured 
composite exhibits nonorthotropic behavior due to the 
combined influence of each of the individual layers,  
their stacking order and alignment. To expedite this  
optimization study, ANSYS Mechanical runs were auto-
mated using batch file execution. Structural analysis was 
carried out on the composite-fabricated Y-shaped spine 
and boom using shell elements and a symmetry plane. 
While fabricated from composites, these components 
lacked any sort of honeycomb core.

Although the time frame allowed limited prototype 
testing, failure testing was performed on some of the 
structural components using test equipment at EPFl. For 
the laminate materials, cyclic testing was conducted to 
determine when the fibers commenced breaking down. 
Inspection of the laminates between tests was done using 
ultrasound measurements.

Concurrent with the structural analysis, Alinghi  
performed flow analysis using ANSYS CFX software. 
Virtually every component was evaluated from a hydro-
dynamics perspective, paying particular attention to the 
mast, the two main structural spars connecting the twin 
hulls, the rudder and the daggerboard. “The challenge  
is to determine the optimal compromise between the 
structural requirements and the hydrodynamic require-
ments,” said Jim Bungener, Alinghi flow simulation  
engineer. “Thick, blunt bodies perform well from a  
structural perspective, but thin, narrow-profile bodies are 
desired for their drag properties. By working exclusively 
with engineering simulation tools from ANSYS, we had the 
ability to couple structural analysis with flow analysis,  
taking advantage of the compatibility between solvers 
within the ANSYS product suite.” n

One of the key design features of the Alinghi 5 is its  
light but stiff Y-shaped central spine. Consisting of a  
minimal truss system of compression members and the cable  
stays below them, the spine transmits the vessel’s huge loads. 
© alinghi.

ANSYS Composite PrepPost software was evaluated by the team,  
which noted its usefulness for determining characteristic material  
properties of laminate materials, taking into account stacking of the  
layers (orientation, layering order, etc.).
© alinghi.
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Getting Out All the Breaks
Pratt & Miller get ahead of the race by redesigning a brake pedal  
using ANSYS with fe-safe fatigue analysis software. 
By Gary Latham, Design Office Manager, Pratt & Miller Engineering, New Hudson, U.S.A.

In world-class auto racing, mechanics 
often reposition the brake pedal face 
to comply with driver preference.  
But moving the pedal off center intro-
duces a significant twisting moment 
— a situation that increases stresses 
which can lead to metal fatigue. 

Pratt & Miller Engineering is  
recognized around the world as a  
formidable force in both motorsports 
and high-level engineering. The Pratt 
& Miller team discovered that one of 
its race cars prematurely demon-
strated small cracks on its brake 
pedal faces. Their initial investigation 
showed that the cracks started near 
the pivot pin, which led the team to 
realize that mechanics were reposi-
tioning the pedal face. As the pedal 
face was moved farther and farther 
off center, the resulting twisting 
moment resulted in a crack at the 
high-stress location. Fortunately, 
engineers discovered the problem 
before any accidents occurred. 

Brake pedal crack with simulation of equivalent stresses
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Because the original pedal design 
had not taken into account any after-
market modifications, Pratt & Miller 
engineers set out to redesign the  
critical component. The goal was  
to greatly increase the fatigue life 
without compromising race perfor-
mance. Simply overengineering any 
part is not an option in motorsports, 
as weight is such a vital consider-
ation. race car engineers have to 
skirt the limit on parts: Weight costs 

speed, lap times and, ultimately, the 
race. With the next race scheduled 
just three days away, the part had to 
be designed, verified and machined 
quickly. To get an optimal redesign  
in the shortest amount of time, the  
Pratt & Miller engineering team 
employed structural mechanics simu-
lation using the ANSYS Mechanical  
product together with fe-safe™ 
fatigue analysis software from Safe 
Technology limited.
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The original pedal part was used 
as a benchmark against which to  
compare various design alternatives. 
The team set up and evaluated the 
various options within the ANSYS 
Workbench environment, which allows 
users to very quickly set up structural 
mechanics models — as much as 
three times faster than with other FEA 
software. This platform made it  
especially easy to create the revolute 
joint at the pivot point on the pedal, 
then apply a remote constraint to resist 
rotation where the balance bar con-
nects to the master cylinders. Finally, a 
remote force was applied to represent 
the applied pedal force.

The team then parameterized the 
pedal in the NX™ CAD package with 
the rib thickness and fillet size as  
variables. ANSYS DesignXplorer soft-
ware performed automated iterations 
with ANSYS Mechanical simulation 
and the CAD package to determine 
the lightest possible design without 
exceeding the material limits. The 
integration among the various ANSYS 
packages and fe-safe made the 

process seamless, and the design 
team had a great deal of confidence 
that the redesign would meet the new 
load requirements.

The fe-safe analysis clearly 
showed where the component 
needed to be strengthened in order  
to reduce the stresses. The simulation 
also determined how much the 
stresses must be changed by adding 
more material, and where the material 
must be added, to achieve the target 
design life of more than 1 million 
cycles. The engineering team chose 

Pedal failure corresponding to the ANSYS stress plot, showing 
how the model was restrained and loaded: loads and constraints 
(left), original design (middle) and optimized design (right)

Original design in fe-safe (left) and redesigned component (right)

fe-safe because they felt it offered 
increased confidence in getting the 
design right the first time — in effect, 
outpacing the competition by designing 
a lightweight part with a lower target 
fatigue life factor.

The pedal is constructed from 
normalized 4340 billet and machined 
with pockets and ribs to produce a 
light, stiff part. The loading was an 
assumed worst case, and the fatigue 
was a simple 0 to full load over  
1 million cycles minimum required. 
The pedal design was improved by 
thickening the flange near the pivot  
to resist the twist ing moment.  
The engineering team checked the  
redesign using fe-safe and found it  
to have a greatly improved fatigue  
life, well over the 1 million minimum 
load cycles. The original design  
predicted a life of 16,567 cycles, while 
the redesigned pedal has a predicted 
life of more than 10 million cycles. 
The new design is now in production 
and on the race track.

Pratt & Miller uses fe-safe in  
conjunction with ANSYS Mechanical 
software to optimize design, identify  
stress factors, and determine where 
unnecessary material can be safely 
reduced to save weight, and where  
parts should be strengthened to  
prevent failure before the target 
fatigue life. n
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Topology Persistence 
Streamline the innovative design process using direct CAD interfaces.
By Robin Steed, Senior Applications Specialist, ANSYS, Inc.

Many of those involved in engineering simulation feel that 
embedded CAD tools should be used for upfront simu-
lation because they are tightly linked to the CAD model, 
whereas CAD-neutral systems, such as those employed 
in software from ANSYS, are better used downstream of 
the design process for validation. However, using the 
ANSYS direct CAD interfaces provides some benefits that 
CAD-embedded tools cannot offer.

ANSYS direct CAD interfaces do much more than 
import geometry. They allow access to the live geometry 
in a CAD system. The translation from native CAD to  
the ANSYS Workbench platform is performed through 
application programming interfaces (API) published by the 
CAD vendors. These APIs provide direct access to the live 
models (what you’re working on now, not what is saved), 
which are transferred to ANSYS Workbench without any 

Topology using ANSYS CAD interfaces is persistent and allows for process streamlining.
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additional intermediate files or translation. This process 
provides the most accurate and reliable geometry  
transfer possible.

APIs also allow software from ANSYS to access other 
information, such as parameters, attributes including 
named regions and material properties, and, most  
important, topology. Without topology, many of the 
advanced capabilities enabled through the ANSYS 
Workbench environment would not be nearly as useful.

Topology can be thought of as the names of places on 
a map: Countries are outlined, and each space is labeled 
with a country name. In the same manner, bodies, faces 
and edges in a 3-D model have names internal to the  
CAD system. This allows the system to locate regions 
consistently as changes are made to the model. What if 
someone gave you a map of the world with a separate list 
of country names? What if they gave you a map with the 
country names placed in the wrong locations? The map 
wouldn’t be very useful. This is exactly what happens 
when geometry files are transferred using a neutral  
file format.

As an example, start with a simple file in a CAD  
system, export a STEP file, and then import the STEP file 
into the ANSYS Workbench platform. Within ANSYS 
Workbench, assign a unique color to each face of the 
model (for example, using a meshed body in CFD-Post). 
return to the CAD system and change the geometry 
slightly. Export this new model as a STEP file and replace 
the original model in ANSYS Workbench, reusing the 
existing setup. When viewed in CFD-Post, the same  
internal faces remain (like the names of the countries in 
the map example), but their locations have all moved. 
Each face is now represented by a new color.

The same problem occurs when adding new features 
to the model, such as chamfered rounds on the edge of 
the box. New faces show as orange in the example, but, 
when using STEP transfer, previously existing faces are 

now orange. If these colors were geometry operations, 
mesh controls, or loads and boundary conditions, then all 
locations would require updating; on a complicated 
model, it might be better to start from the beginning.

If the same procedure is followed using an ANSYS 
direct interface to transfer the geometry, all the faces 
retain their original color. only the new rounds appear 
orange. New faces can still pose problems if they need to 
be selected or addressed in your analysis, but this is still 
much less work than having the new faces scrambled 
among the existing faces.

Because the software cannot understand what the 
geometry is, it relies on internal names to keep track of 
where to do things. If these internal names are lost  
or rearranged using file-based transfer, processes applied  
to the regions represented by these names will not  
be relevant.

ANSYS Workbench enables reuse of the analysis  
process when changes are made to geometry.  
This process applies to geometry operations in the ANSYS 
DesignModeler tool, mesh settings in ANSYS Mechanical 
and Meshing Platform, and loads and boundary condi-
tions in the various simulation environments. With a direct 
CAD interface,  geometry changes in the CAD  
system are simply updated through the entire ANSYS 
Workbench project. Geometry can be changed without 
the need to reapply these settings. 

This topological persistence is also a key enabler for 
design exploration, in which ANSYS Workbench can  
automatically update the CAD model and rerun multiple 
analyses. Topological persistence reduces setup time  
for geometry modifications, so this time can be used to 
experiment with possible design changes, eliminate bad 
ideas quickly and highlight promising candidates — all with 
very little work up front. This reduces the variable cost of 
simulation and allows for design innovation — to provide 
value for you, your department and your company. n

What if someone gave you a map of the world with  

a separate list of country names? What if they gave you a 

map with the country names placed in the wrong locations?  

This is exactly what happens when geometry files are  

transferred using a neutral file format.
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Best of Both Worlds: 
Combining APDL with 
ANSYS Workbench for 
Structural Simulations
using ANSYS Workbench techniques with APDl delivers  
the most benefit from ANSYS structural mechanics solutions.
By Pierre Thieffry, Lead Product Manager, ANSYS, Inc.

Whether you are a longtime ANSYS 
Mechanical APDl user wondering, 
“What is so good about ANSYS 
Workbench that everyone suggests I 
use it?” or an ANSYS Workbench user 
thinking, “I can’t find the button, so 
how can I use this feature?” you can 
make better use of ANSYS mech- 
anical solutions by combining all of  
the available technologies. Doing so 
will allow you to achieve process  
compression while performing more-
advanced simulations.

APDl — ANSYS Parametric 
Design language — is the primary 
language used to communicate  
with the ANSYS Mechanical APDl 
solver. This scripting language can be 
used to automate common tasks or 
even to build a parametric model. 
APDl encompasses a wide range of 
other features, such as if-then-else  
constructs, do-loops, and vector and 
matrix operations.

The ANSYS Workbench platform 
allows users to create new, faster  

processes and to efficiently interact 
with external tools such as CAD  
systems. It provides a foundation for 
easy multiphysics simulation and 
enhanced company-wide communi-
cation of simulation results. Those 
performing a structural simulation use 
a graphical interface (called the 
ANSYS Workbench Mechanical  
application) that employs a tree-like 
navigation structure to define all  
parts of their simulation: geometry, 
connections, mesh, loads, boundary 
conditions and results.

By utilizing the ANSYS Workbench 
platform, the user saves time in many 
of the tasks required to perform a  
simulation. The bidirectional links  
with all major CAD systems offer a  
very efficient way to update CAD 
geometries along with the design 
parameters. The meshing tools  
available in ANSYS Workbench are 
based on some of the best algor-
ithms ANSYS has developed — for  
example, structural users can now 

benefit from technologies that once 
were available only to CFD users, and 
vice versa. The ANSYS Workbench 
Mechanical application has proven  
to be a very efficient way to quickly 
set up mechanical analyses. Auto-
mated contact detection is probably 
the most noticeable advantage as 
compared to the long-standing 
ANSYS Mechanical APDl interface. 

ANSYS Workbench includes auto-
mation capabilities in addition to those 
provided by APDl. For example, when 
looking at design variations, a user can 
easily perform geometric variations  
by directly modifying the parametric 
CAD models. In the case of coupled  
analyses such as thermal–stress or 
prestressed modal analyses, all data 
shared among the various simulations 
are handled automatically, allowing the 
user to focus on designing a better 
product rather than having to worry 
about file management.

As  an  ANSYS Workbench 
Mechanical application user, you may 

tips and tricks
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wish to perform tasks that are not  
natively available. For example,  
consider that you want to use a  
material model not available from 
engineering data, to use a contact 
option not available from the menus, 
or even to perform a more-complex 
task,  such as a  submodel ing  
analysis. The solution is to insert 
apdl Commands objects to send 
additional instructions to the solver. 
When you click on the Solve icon,  
the ANSYS Workbench Mechanical 
app l icat ion  adds these APDl  
commands to the input file for the 
ANSYS Mechanical APDl solver. The 
Commands objects (also referred to 
as snippets) can be included at  
the Geometry level for modifying  
element types or material properties 
(Figure 1). At the Connections  
level, additional contact options or 
non-linear spring definitions can  
be introduced. Commands inserted 
under the analysis branch provide  
the flexibility to add pre-processing 
ac t ions ,  loads  and  boundary  
condition definitions, or solution  
settings. When used under Solution, 
commands allow accessing the APDl 
post-processors and could be used, 
for example, to perform complex 

operations on results or to export 
data to an external tool. Commands 
objects can be edited manually, or 
existing macros can be directly 
imported. The Named Selections in 
ANSYS Workbench Mechanical are a 
key companion feature to Commands 
objects, as they are converted to 
nodal or element components that 
can be referenced.

If you are an ANSYS Mechanical 
APDl user and your company has  
created and validated APDl macros 
for many years, these scripts can be 
reused directly or with slight changes. 
The current version of the ANSYS 
Workbench pro ject  schemat ic  
contains a Mechanical APDl system 
that can be linked to a structural  
analysis (Figure 2). You can then use 

Figure 1. APDL commands for defining  
additional material properties

Figure 2. Applying APDL scripts to a base 
ANSYS Workbench model

macros to operate on the model or  
the results of the ANSYS Workbench 
Mechanical analysis. The ANSYS 
Mechanical APDl system will accept  
a list of APDl files to be executed 
sequentially on any data that is  
provided by the upstream analysis. 
Furthermore, you can define input and 
output parameters from the variables 
of your APDl script and combine them 
with other parameters in the project. 
For example, APDl variables can be 
mixed with CAD dimensions to  
perform design variations. All standard 
solver options, such as job definition 
and licensing options, are defined with 

Figure 3. Multiple scripts applied to a model 
and solver option definitions

the ANSYS Mechanical APDl system 
(Figure 3).

It is likely that users will not be 
able to convert all their existing  
procedures at once, but you can start 
with the processes that will most  
benefit from the advantages of the 
ANSYS Workbench platform. And if 
you have an entire procedure scripted 
in APDl that does not require any 
user interface, you probably don’t 
need to use ANSYS Workbench for 
that specific case.

ANSYS Mechanical APDl users 
may want to take a look at the  
benefits of the ANSYS Workbench 
platform to see how much time can be 
saved on geometry import and modifi-
cations, meshing, contact detection 
and general model setup. If you are  
an ANSYS Workbench user and have 
found you need functionality that is not 
available as a button or menu, then 
learning APDl is definitely worth 
investing the small amount of time that 
can result in huge dividends. n
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ANSYS is the true test of product readiness. Go to www.ansys.com to learn more. 
Or call us at 1 (866) 267 9724.  Smart products require smart design tools. 

The chances of jamming this blender with oranges are probably fewer than 
jamming it from crosstalk emitted by other electronics all around us. 

Electromagnetic Interference. EMI. A prime suspect in recent auto and aircraft 
safety issues. And the hidden culprit in what may be the most daunting 
engineering challenge of our time.

Today’s most innovative and quality-driven companies are just beginning to 
understand the domino effect of modern products bursting with ingredients.  
Electronics and a cacophony of other interconnected systems and physical 
components each one talking over the other.  

This new era of smart products doesn’t seem so smart if you try to design things 
the same old way. Product design leaders rely on ANSYS engineering simulation 
software for analyzing the interplay of electromagnetic emissions, structural 
mechanics and fluid dynamics.

Are you talking to me?


