
FOR DIGITAL  
EXPLORATION

The same simulation technology once reserved  
for expert analysts is now available to all design engineers, 

and it’s easier to use than you think.

MAKING 
THE CASE

A SPECIAL SUPPLEMENT IN PARTNERSHIP WITH

Digital Engineering



LET SIMULATION 
GUIDE YOU

With today’s tools, every engineer can 
make use of simulation-led design.

S
imulation has been established as a proven, 
effective means of streamlining the product devel-
opment process. It allows companies to analyze 
product behavior earlier to evaluate more design 
iterations in the concept/design stage to optimize 

products, components and systems. However, simulation is 
often still siloed away in the domain of expert analysts, pre-
venting companies from fully capitalizing on its benefits. As 
the product design and development landscape evolves to 
meet demands for more customized and complex products 
faster, simulation throughout the process is critical. 

Considering that as much as 95% of production costs 
occur at the design stage, it’s easy to see why design engi-
neers need access to simulation tools to aid in the design 
of better products. Upfront simulation and digital explora-
tion can provide information to make informed decisions, 
reduce costly physical prototypes, and avoid unworkable 
designs down the road that lead to expensive engineering 
change orders. Upfront simulation helps you bring innova-
tion to market faster and at a lower cost. 

It does so by reducing the need for expensive physi-
cal testing, and allows design engineers to explore more 
complex product designs in shorter timeframes. This 
has been enabled by ever-faster, more affordable and 
accessible computing hardware — both within high-per-
formance computing systems and engineering worksta-
tions — that can quickly simulate larger, more complex 
scenarios. At the same time, simulation software has 
continued to expand upon the array of physics that can 
be quickly and reliably simulated.

The adoption of ubiquitous simulation has been slowed 
in the past by the cost and complexity of the tools — both 
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perceived and actual. Design engineers could not have 
hoped to have the simulation expertise (or time to acquire 
it) to run simulations that would help them arrive at the 
best design. That has changed thanks to easy-to-use simu-
lation tools that are democratizing simulation, making it 
simple for analysts and design engineers to collaborate 
early in the design process.

Simulation used throughout the design process gives 
engineers time to be innovative — to try and fail and try 
again until the optimum solution is discovered, all in a 
streamlined workflow.

The Current State of Simulation
Decades ago, when simulation software first entered the 
workflow, engineers were initially doubtful that simulation 

95% 
OF PRODUCTION  
COST OCCUR  
AT THE DESIGN STAGE

Source: “Industrial Design: A Competitive Edge for U.S. Manufacturing 
Success in the Global Economy,” National Endowment for the Arts, April 2017.

https://www.arts.gov/sites/default/files/Industrial-Design-Report-May2017-rev3.pdf
https://www.arts.gov/sites/default/files/Industrial-Design-Report-May2017-rev3.pdf
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LET SIMULATION 
GUIDE YOU THE BOTTLENECK

Most companies have rela-
tively few analysts compared 
to design engineers, leading to 
bottlenecks when simulation 
tasks are deemed to be too 
costly or complex for design 
engineers to use.

STREAMLINED
With new simulation tools that are more accessible to more engineers, simulation can be 
used earlier and more often in the product design and development process to streamline 
the workflow.
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could supplant physical testing, that skepticism has given 
way. In a number of fields, simulation has virtually replaced 
physical testing for some phenomena and physics. 

However, simulation is still seen as a complicated tool-
set in general, even for some experienced, dedicated ana-
lysts, and especially for intermittent users. Some com-
panies have hesitated to expand simulation earlier in the 
design process because they were put off by the expense 
and complexity of early simulation software offerings.

But the barriers dividing designers, CAD experts 
and simulation analysts are beginning to fall away. 
Traditionally, analysts performed engineering simula-
tions with CAE tools, and design engineers exclusively 
used CAD applications. But as technology advances and 
accessibility to sophisticated tools increases, the lines 
between drafter, designer, engineer and analyst are con-
tinually blurring. As a result, many design engineers are 
developing introductory analysis skills, and benefit from a 
basic knowledge of simulation. 

The Role of Design Engineers
When it comes to expanding digital exploration to make 
it pervasive throughout the design process, design engi-
neers have to play a role. There are far more design engi-
neers than simulation analysts. Democratizing the use of 
simulation relieves the bottleneck many analysts face by 
offloading some of their work to design engineers. With 

engineers leveraging intuitive simulation tools early in 
the process, design can be accelerated and the prod-
uct development process streamlined, while analysts 
can be freed up to focus on problems requiring their 
advanced skillsets.

Pervasive engineering requires simulation tools that 
engineers can easily incorporate into their day-to-day 
work processes. Previously, knowledge of analysis 
and physics was reserved for those with higher-level 
degrees and those who were proficient with simula-
tion software applications. But in recent years, various 
software vendors have attempted to target the design 
engineering market by developing CAD-embedded 
simulation plug-ins. 

Some designers find the limited CAE capabilities of 
CAD-embedded solutions inadequate. The embedded 
approach can lead to simulation as an afterthought to 
CAD, rather than allowing simulation to lead design. 
Designers may struggle with CAD-embedded simula-
tions, spend more time than desired running them, wind 
up with results that are not highly accurate, and then 
still have to rely on analysis experts to achieve their 
simulation goals. 

Leveraging a Modern Toolset
What is needed is a robust solution that combines the 
ease-of-use of CAD software with proven simulation 
solvers. Leveraging this type of modern toolset, design-
ers can incorporate simulation and digital exploration 
into their work processes. Companies that embrace this 
type of pervasive engineering will gain a competitive 
advantage by accelerating and improving their designs, 
smoothing their workflows and ultimately positioning 
themselves to create better products.

 COMPANIES THAT EMBRACE THIS TYPE OF PERVASIVE 
ENGINEERING WILL GAIN A COMPETITIVE ADVANTAGE BY 
ACCELERATING AND IMPROVING THEIR DESIGNS, SMOOTHING 
THEIR WORKFLOWS AND ULTIMATELY POSITIONING 
THEMSELVES TO CREATE BETTER PRODUCTS.

Streamlines colored by velocity magnitude in a 
butterfly valve (above). Geometry for automotive 
fuse box simulations (top right).



MAKING THE CASE for Digital Exploration  5

Geometry
AIM leverages ANSYS 
SpaceClaim for rapid creation, 
repair, and editing of any geom-
etry. Geometry modeling is per-
formed using direct modeling, 
which means these tasks can be 
accomplished much faster and 
with greater ease than is pos-
sible with traditional CAD tools. 
Because AIM is CAD-agnostic, 
engineers can use CAD files from 
any source.

Meshing
AIM enables rapid automated 
mesh generation, and users can 
mesh complex geometries in 
minutes instead of hours. The 
tool automatically generates a 
physics-appropriate mesh by vary-
ing the mesh density based on 
physics and geometric features.  
AIM also includes advanced glob-
al and local mesh controls that 
allows users to further refine the 
mesh. To rapidly generate a high-
quality mesh for complex geom-
etries, AIM uses parallel mesh-
ing, which leverages multiple CPU 
cores to accelerate mesh genera-
tion. CAD-embedded simulation 
tools often offer inferior meshing 
technology.

Solvers
ANSYS offers proven solver tech-
nology that is faster and more 
robust than competitive solutions 
including stress, thermal, fluid 
flow and electromagnetic simula-
tion. Other vendors either license 
their solvers from third parties, 
and/or have limited internal 

WHAT MAKES ANSYS AIM DIFFERENT

development resources 
for legacy solvers often 
acquired through acquisitions. 

Automatic Parametric Studies,  
Optimization & Customization
Users can automatically set up para-
metric studies to test different design 
variations. The solution also includes 
optimization capabilities to help 
accelerate the search for a design’s 
ideal performance. Almost any model 
input or output can be defined as a 
parameter and used in these para-
metric simulation studies, allowing 
designers to quickly evaluate multiple 
design alternatives.

Custom Applications
Users can easily define custom tem-
plates or applications to promote 
best practices, or to extend the AIM 
user interface by creating custom 
apps for less experienced users. 
You can customize AIM’s user inter-
faces to comply with your company’s 
standards for simulation, and create 
custom simulation templates for your 
unique industry applications.

Results
ANSYS AIM includes extensive capabil-
ities for reviewing simulation results, 
including realistic results displays and 
animations. AIM’s graphics display 
includes enhanced lighting and shad-
ing along with realistic material render-
ing to provide engineers a comprehen-
sive, realistic view of their models and 
simulation results. AIM also includes 
built-in material appearance 

data to generate highly realistic dis-
plays, and users can even fine-tune or 
customize material appearance.

Support
AIM users have access to ANSYS’ 
technical support team and its deep 
simulation experience. With CAD-
embedded simulation tools, support 
is often provided by CAD resellers 
who may have limited simulation 
experience.

ANSYS AIM is a low-cost solution 
for engineers that doesn’t require any 
formal training (or the accompanying 
lost productivity). Users can be up-to-
speed and running simulations within 
one day, using the same trusted sim-
ulation solver and associated technol-
ogy that expert analysts rely on.

It also provides multiple physics 
(sequential use of single physics sim-
ulations) and multiphysics simulation 
capabilities in a single tool, as well 
as a universal graphical user inter-
face. Designers can increase 
the fidelity of their simula-
tions without the need to pur-
chase additional software for 
other applications. 

ANSYS AIM can help make upfront simulation and digital exploration 

possible. It combines intuitive, guided workflows, accurate 

simulation results, and design optimization in a single tool. 

ANSYS AIM enables easy digital exploration through a 

combination of traditional simulation and CAD functions.
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DESIGN ENGINEERS
Designer engineers are busy. Adding 
what they may perceive as complex 
simulation tasks to their workload 
is not going to sound appealing to 
them, particularly if they lack any 
previous experience working with 

these types of simulation tools. 
But digital exploration and 

pervasive simulation don’t 
require the investment in time and resources 

required for advanced analysis — in fact, early and fre-
quent design-based simulation can actually save time for 
engineers in the long run.

Adding simulation to the designer’s toolbox doesn’t 
mean they’ll be taking on analysis duties; it means that 
rapid simulation activities will be rolled into the design 

process in a way that is both seamless and 
valuable. This type of digital explora-

tion will provide engineers 
with insights that will 

ultimately save 

ALTHOUGH SIMULATION TOOLS ARE AVAILABLE that make it easier to use simulation early and often in product design 

and development, companies who want to benefit from them still face cultural acceptance challenges. Beyond the cost 

and complexity perceptions leftover from simulation tools of the past, there is a tendency to cling to the status quo. 

To convince a design engineering team to embrace the future of pervasive engineering, innovators must tailor their 

approach to address common misconceptions for each stakeholder.

Misconception:
We don’t have  

time to do  
the analyst’s  

job, too.

them time, help them avoid rework, and make it easier 
to identify problems with project requirements much 
sooner in the process.

Waiting until the final phase of a design to conduct 
simulation and testing can result in days or even weeks of 
redesigning that could have been avoided with early simu-
lation. Designers can create and test many more itera-
tions without waiting for analysts — who may not be fully 
versed in the design requirements — to provide results.

Pervasive simulation not only eliminates the rework 
associated with design flaws later in the process, it also 
helps identify the best design possible in the shortest 
amount of time. And adding simulation to a designer’s 
repertoire makes them a much more valuable commodity 
within the company.

Integrating upfront simulation into the design pro-
cess is also easier than ever before thanks to modern 
simulation software developed by vendors like ANSYS. 
These tools are both easy to learn and easy to use, so 
there isn’t a lengthy, productivity-killing training process. 
Because the tools are intuitive and built with design engi-
neers in mind, there are also fewer interruptions related 
to software support.

       DIGITAL 
EXPLORATION
MAKE THE 
CASE FOR



ENGINEERING 
MANAGEMENT  
AND ANALYSTS
Given the traditional separation between design and sim-
ulation/analysis, it’s not surprising that analysts might be 
concerned that expanding simulation capabilities across 
the engineering team might actually increase their work-
load. However, given how simple it is to work with ANSYS 
AIM, the time needed to ramp up digital exploration on 
the design team would be minimal — and there would 
practically no lost productivity for the analysts.

Guided workflows in the software help users eas-
ily learn how to perform simulations within one day. In 
addition, ANSYS provides excellent technical support, 
unlike some CAD-embedded tools that are only support-
ed by resellers with limited simulation expertise.

Analysts may also worry that expanding simulation 
into other departments could potentially erode the reli-
ability of results because of engineers not following 
established standards or processes. ANSYS AIM pro-
vides the ability to set up custom applications (or apps). 
Methods group leaders or more experienced analysts can 
create these apps, which will promote and enforce best 
practices across departments and physics. This also 
absolves the engineering team from having to learn every 
single option within the software — common simulation 
processes can be established in these applications and 
initiated quickly.
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Misconception:
We can’t afford  

simulation software 
for every design 

engineer.

Misconception:
We can’t take the 

time to train design 
engineers to use 

simulation software.

EXECUTIVE 
LEADERSHIP
This is case where manag-
ers’ views of simulation are 
mired in past experiences with 
more expensive and complex 
simulation tools. In addition 
to the upfront cost of the soft-
ware, a simulation deployment 
used to involve lengthy training and 
deployment times that diverted staff 
away from their primary duties, as well as 
increased IT resources and support.

With the current pace of design innovation and 
increasing demands from customers, companies can’t 
afford not to expand simulation and invest in digital 
exploration. Pervasive simulation will quickly pay for 
itself via optimized products, eliminating bottlenecks 
in the simulation/analysis process, streamlining 
workflows, reducing physical prototypes, and avoiding 
costly downstream errors.

What’s more, all of ANSYS AIM’s capabilities are 
available for one cost. There are no additional expens-
es for advanced features and no need for additional 
applications. This includes accessibility to the most 
common physics problems design engineers face, 
including structural, fluid, thermal, and electromag-
netic simulation.

Staying competitive will depend on fully leveraging 
these upfront simulation capabilities when it comes to 
speed and quality of design. The digitization of manu-
facturing depends on simulation. The more engineers 
within your company who have access to simulation 
tools, the better prepared you’ll be for the future 
needs of your customers.

       DIGITAL 
EXPLORATION

Address the common misconceptions among  
the product and design development team
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C
ompanies that have instituted digital exploration 
and upfront simulation into their processes are 
already experiencing the benefits of streamlined 
iterations, faster simulations, and improved 
designs.

Below are real-world examples of ANSYS AIM users 
who have increased productivity and accelerated various 
engineering processes.

Fluid Flow
Shell and tube heat exchangers present a design chal-
lenge that involves modeling fluid flow, heat transfer from 
the fluid into the mechanical structure, the conversion of 
pressure and heat into mechanical stress and deflection, 
and a number of other factors. 

In the past, this required using several different soft-
ware packages to create accurate simulations via compu-
tational fluid dynamics and finite element analysis. Using 
ANSYS AIM, engineers can create all of the necessary 
simulations in a single tool.  

The AIM simulation streamlines the process of design-
ing these heat exchangers by allowing engineers to view 
the graphical results of the simulations and easily under-
stand key design elements. Engineers can evaluate the 
performance of the design, identify areas of improvement, 
and run sensitivity analyses using parametric values for 
the geometry and boundary conditions to determine the 
values that have the greatest impact on key performance 
variables.

Fatigue
The compressed gas cylinders used to provide oxygen to 
divers, firefighters, and patients are to designed to be 
light, highly portable, and durable enough to withstand 
the cyclic loading generated by multiple filling/emptying 
cycles. 

ANSYS AIM has been used optimize cylinder design 

by providing access to structural 
analysis, fatigue life prediction, 
and parametric design tools in 
a single interface. This allows 
engineers to optimize the design 
much more quickly and efficiently 
than would otherwise be possible.

This optimization is important because the cylinders 
can develop cracks due to fatigue from multiple pressur-
ization cycles. If a tank were to fracture, it could harm or 
kill a user. Traditional simulation required engineers to use 
different simulation software tools for stress and fatigue 
and then move data between them.

AIM can perform Strain Life or Stress Life fatigue 
analysis to determine how many filling cycles the tank 
could withstand prior to fatigue failure. The software can 
automatically perform structural and fatigue analysis for 
multiple tank radius values and then graph the results.

Structures
Students participating in the 2015 University of Waterloo 
Engineering Analysis and Design Symposium tackled the 
problem of creating an optimized design for a downhill 
racing longboard. They were able to do so with a minimal 
investment in time and training.

The ideal racing longboard maximizes stiffness and 
minimizes weight; performance is dependent on the size 
and weight of the rider. The students use ANSYS AIM 
to conduct simulation studies to compare the impact 
of material selection and board construction on perfor-
mance, and to make recommendations for optimal con-
structions for a variety of rider weights.

The students used the dimensions of two actual 
longboard decks to create geometries for two different 
designs. Maple and bamboo were used as materials for 
the geometries. Fifteen simulations were run for each 
deck, with the weight of the rider varied from 100 to 125 

REAL-WORLD 
BENEFITS
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and 150 lbs. The students also tested 3-, 4-, 5-, 6-, and 
7-ply boards. 

The simulations showed that the maple board had more 
deflection than bamboo, and that displacement increased 
with weight applied. Displacement decreased as the num-
ber of plies was increased. The ideal number of plies to 
optimize flex-weight was dependent on rider weight.

Multiphysics
LED light fixtures require complex multiphysics simulations 
that designers and analysts may have difficulty complet-
ing because of the variety of simulation software tools 
required to analyze current, heat transfer, fixture tempera-
tures, and mechanical stresses. Up to 85% of the power 
used to drive LEDs is converted to heat, so thermal man-
agement is a critical part of design — but using multiple 
tools can be complex and time consuming.

Using ANSYS AIM, engineers can complete the full 
multiphysics workflow. One customer wanted to improve 
the design of an LED fixture and used AIM to parameterize 
the thickness of the wires in order conduct a design space 
study. The engineer varied the thickness of the wires to 
determine the effect on temperature, voltage drop, ther-
mal stress, and fatigue life.

AIM generated a response surface to create an esti-
mate of the device temperature as a function of the thick-
ness of the two wires, and prepared a response surface 
so that the user could visually explore the design space. 

PROVEN 
SIMULATION 
TECHNOLOGY

AIM is based on trusted ANSYS technology for all the 
steps of upfront simulation — model setup, meshing 

and the physics solutions below. 

Fluid flow: Accurately simulate key fluid flow problems 
such as reducing pressure drop, calculating lift and drag 
coefficients, evaluating fluid loads and predicting flow 
behavior.

Static stress: Analyze static deflections and stresses for 
complex parts and assemblies using static stress analysis, 
including nonlinear contact, structural joints and large 
deflections.

Modal analysis: Determine, with proven modal analysis, the 
natural frequencies and vibration characteristics of your 
product designs to fully understand product longevity and 
durability.

Electromagnetics: Rapidly simulate static magnetic 
fields and current conduction to accurately evaluate the 
electromagnetic performance of your designs.

Thermal: Ensure your designs perform properly within their 
expected temperature ranges by accurately simulating 
thermal performance.

Polymer extrusion: 
Reduce trial-and-error 
iterations and quickly 
troubleshoot 
unexpected 
problems when 
simulating polymer 
extrusion processes 
and evaluating die 
designs.

Temperature contours, streamlines colored by 
temperature and key flow values (multiple results) for a 
shell and tube heat exchanger simulation.

Velocity vectors around a dish antenna.

Equivalent stress in a tire rim  
from bolt tightening.
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D
esign engineers are under pressure to create 
better designs within a shorter timeframe, and 
with a higher degree of optimization than ever 
before. The traditional model of sending designs 
to analysts for simulation has created a bottle-

neck in the process.
Upfront simulation and digital exploration is a must-have 

capability to take advantage of trends affecting the future of 
product development. The Internet of Things (IoT) will con-
tinue to generate more and more data from connected prod-
ucts — data that manufacturers will expect to roll into the 
design process and enhance simulation accuracy. Likewise, 
as digital twin solutions become more pervasive, engineers 
will increasingly find themselves working with simulations of 
both existing products and those in development.

This high level of connectivity and ongoing simulation 
that extends into the functional use of a product will help 
enable the factory of the future — where real-world perfor-
mance data is used to continually feed simulation process-
es that can help optimize production and maintenance.

The digitization of manufacturing will require all hands 
on deck when it comes to ensuring that product designs 
can be created and optimized quickly and accurately in a 
manufacturing sector that will increasingly require flexibil-
ity and responsiveness. Manufacturers want the ability to 
rapidly respond to both customer demand and to quickly be 

able to identify product defects and improve performance. 
To remain competitive, companies will need to disrupt or 
be disrupted.

In order to meet these requirements, designers will 
need the ability to thoroughly explore the design space and 
generate new product designs without relying specialized 
analysts to complete an expanding number of simulations. 

Companies can prepare for this shift and future-proof 
their operations by making simulation pervasive through-
out the design process. ANSYS AIM’s templates, guided 
workflows, and automation and customization capabilities 
can streamline simulation and enable companies to make 
analysis accessible across engineering departments.

Upfront simulation and digital exploration of the design 
space is critical capabilities for meeting the digital manu-
facturing challenge now and in the future.

FUTURE-PROOF 
SIMULATION

Want to learn more about digital exploration  
and ANSYS AIM? 
• Visit the ANSYS AIM website.
•  View instructive videos on the ANSYS AIM 

YouTube Channel.
• Check out the ANSYS blog for updates. 
• Access the ANSYS AIM Resource Library.
• View demos.

• Download a free trial version of the software.

Velocity vectors, contours of temperature and a key  
temperature value for an air-cooled lawn mower engine.

http://www.ansys.com/Products/Multiphysics/ANSYS-AIM
https://www.youtube.com/playlist?list=PLQMtm0_chcLwqYwIWiufXWV2GpLGse9fj
https://www.youtube.com/playlist?list=PLQMtm0_chcLwqYwIWiufXWV2GpLGse9fj
http://www.ansys-blog.com/?s=AIM&submit=Search
http://www.ansys.com/Resource-Library?keyword=Ansys&pn=dba79ea66f05429597d7661c5b237bed
http://www.ansys.com/Other/ansys-in-action
http://www.ansys.com/Products/Multiphysics/ANSYS-AIM/try-it-now

