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The Multiplication of Disruption

It was intended to be a fun way to see who had memorized
their multiplication tables. I was still evaluating the theories 
behind addition vs. multiplication, I suppose, or maybe I was 
just too lazy to memorize the tables. At any rate, I was not 
fast. Our team often lost.

The Race is On
As advances in technology converge, companies today are
racing to multiply the benefits. What will sensor technologies 
times simulation times augmented reality equal? What’s 
the result of system engineering collaboration among 
mechanical, electrical and software disciplines multiplied by 
the cloud? What is the product of a digital workflow, additive 
manufacturing and artificial intelligence? If Becky uses 
advanced materials with optimization multiplied by automated 
hybrid manufacturing and Johnny does not, how long will 
Johnny’s company be in business? The list goes on and on. 

The solutions to the obstacles and opportunities caused 
by technology convergence and business disruption are 
quickly becoming less theoretical (digital twins, the digital 
thread, the factory of the future) and more concrete (realized 
cost savings, new business opportunities, faster time to mar-
ket), but no less impressive. 

At the Siemens Industry Analyst Conference last month, for 
instance, the company brought Gilberto Ceresa, CIO of EMEA 
and Latin America operations for Fiat/Chrysler Automotive 
(FCA), to the stage to discuss how the company is responding to 
disruption. Ceresa said the merger of Fiat and Chrysler “provided 
excellent training” for quickly responding to the three major 
transformations the auto industry is experiencing: the changing 
role of the driver given a future of autonomous vehicles, the evo-
lution of car ownership and how cars will be fueled.

“Product development engineers and process
development engineers are working on the same digital 
platform,” he said of FCA’s initiative to take advantage of 
those disruptions. “This platform is a simulation tool that 
allows engineers to test vehicles in the early stages of the 
process.”

The platform, which uses Siemens Teamcenter as a 
backbone, allows FCA to identify problems before physi-
cally building anything. It is part of the company’s broader 
digitalization efforts. “Digitalization will become more and 
more fundamental to linking the company and its customer, 
all along the stages of the car’s lifecycle, before and after the 
sale,” Ceresa said.

Reluctance Out of the Gate
But not all companies are moving as quickly as FCA, and
to some startups that embrace the fail fast, learn fast motto, 
FCA’s pace may seem cautious by comparison. 

“Our biggest challenge is customer inertia, getting them 
to embrace all the technology we’re talking about,” said Tony 
Hemmelgarn, president and CEO of Siemens PLM Software, 
during his keynote at the conference. “There’s a lot here. Some 
of our customers embrace it right away. Some will evaluate, 
and evaluate and evaluate and decide not to move.”

Timing is everything. Early adopters can get cut by the 
bleeding edge, but many of digitalization’s multipliers have 
been shown as tried-and-true productivity enhancers on their 
own. Still, understanding how the technologies will converge 
as part of the Internet of Things or a full digital thread can 
be intimidating. Companies can be paralyzed by indecision 
on when to jump in, or where to begin.

The good news is, you don’t need to see into the future 
to move forward along the path to digitalization. Whatever 
happens will be driven by data, so a solid first step—like the 
one made by FCA—is to ensure everyone is able to make use 
of the data to work together efficiently. Start small and be 
prepared to fail and learn like a startup—or like me in third 
grade learning multiplication—but start.  DE

Jamie Gooch is editorial director of Digital Engineering. Contact
him via jgooch@digitaleng.news.

W ITH APOLOGIES to my third-grade 
teacher, I have to confess that I hated 
learning multiplication. I remember 
splitting into teams, half the class against 

the other. A student from each team went up to the 
chalkboard (back when the boards were not “smart”) and 
raced to solve a simple multiplication problem, with their 
teammates cheering/jeering them on.
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 | CONVERGENCE

 AI adoption is in its infancy, 
with just 20% of survey 
respondents using one or more 
AI technologies at scale or in a 
core part of their business. 

— “Artificial Intelligence: The Next 
Digital Frontier?”  McKinsey Global 

Institute, June 2017

The State of Digitalization 

Countries at the most advanced 
stage of digitization derive 20% 
more in economic benefits than 
those at the initial stage.
— Maximizing the impact of digitization, 
Strategy& (formerly Booz & Co.), 2012

+20% 

Artificial intelligence (AI) could double annual economic growth 
rates by 2035 by changing the nature of work and spawning a 
new relationship between man and machine

— “Why Artificial Intelligence is the Future of Growth,” Accenture, Sept. 2016

The trinity of increasing computer power, 
more sophisticated algorithms and huge 
data volumes drew three times as much 
investment to AI in 2016—between $26 
billion and $39 billion—as three years 
earlier.

— “Artificial Intelligence: The Next  
Digital Frontier?” McKinsey Global Institute,  

June 2017

18%

The US economy as a whole  
is realizing only 18% of its digital 
potential.

— McKinsey Global Institute,  
December 2015

$ A third of the more than 2,000 respondents say their 
companies have started to digitize their supply chains, and 
fully 72% expect to have done so five years from now.

— Industry 4.0: Building the Digital Enterprise, pwc, April 2016
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The number of industrial robots
deployed worldwide will increase to
around 2.6 million units by 2019. That’s
about one million units more than in the
record-breaking year of 2015.

— 2016 World Robotics Report, International
Federation of Robotics (IFR), Sept. 2016

The collaborative robotics sector is
expected to increase roughly tenfold
between 2015 and 2020, reaching over $1
billion from approximately $95M in 2015.
— “Collaborative Robotics: State of the Market /

State of the Art,” ABI Research, June 2015.

Digital Predictions

Around 70% of industrial robots are at work
in the automotive, electrical/electronics and
machinery industry segments. In 2015, the
strongest growth was in the electronics
industry, which boasted a rise of 18%. The
metal industry posted an increase of 16%, with
the automotive sector growing by 10%.
— 2016 World Robotics Report, as published by the
International Federation of Robotics (IFR), Sept. 2016

In 2016 the North American robotics market broke
all-time records for orders and shipments. During
the year, 34,606 robots valued at approximately $1.9
billion were ordered in North America, representing
growth of 10% in units over 2015.

— The Robotic Industries Association (RIA) , Jan. 2017

100M
By 2020, 100 million
consumers will shop in
augmented reality.

— “Top Strategic Predictions
for 2017 and Beyond: Surviving
the Storm Winds of Digital
Disruption,” Gartner, Oct. 2016.

Automation: Robotics Continue to Rise

By the end of the decade, 80% of all new vehicle models in mature markets will have
data connectivity, and 30% of connected
vehicle models will have built-in, function-level,
over-the-air software update capabilities.

— “Top Strategic Predictions for 2017 and Beyond:
Surviving the Storm Winds of Digital Disruption,”
Gartner, Oct. 2016.

34,606 robots

$1.9B valuation

10% growth

2.6M deployed

+1M over 2015

10x increase

$1B by 2020

70% work in auto,
electrical/electronics &
metal/machinery

18% growth in
electronics

10% growth in
automotive

80%
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Engineering Conference News

ROAD TRIP

That was the message at “The
Changing Landscape of Additive Manu-
facturing Materials,” part of the Smart
Manufacturing seminar series produced
by SME and America Makes. The con-
ference took place in Youngstown, OH,
on August 10. It featured a lineup of
speakers from academia and AM ser-
vice and equipment providers, as well
as case studies from early adopters like
Northrop Grumman and GE.

Although the speakers were bullish on
the promise of AM in manufacturing, ma-
terial challenges were top of mind—both
the limited number of available materials,
and the inability to guarantee perfor-
mance in identical parts.

Tracy Albers, president and CTO of
RP+M, cut to the heart of the matter dur-
ing her presentation on qualifying mate-
rials and process. She said AM processes
are still unreliable, not reproducible, and
material behavior is not well understood.

RP+M has been conducting validation
testing on Ultem 9085 on Stratasys For-
tus 900mc machines to evaluate process
variability. Initial tests of tensile strength
found 30% coefficient of variance on parts
made on the exact same equipment. In
some cases, this variance appeared to be
the result of operator experience.

Based on findings from this research,

Albers said Stratasys recently redesigned
the tip used in Fortus machines, which
reduced the variance.

RP+M is developing the basis for what
an additive manufacturing material data-
base should look like. Standard material al-
lowables based on existing processes aren’t
reliable—the material goes through differ-
ent processes that affect its performance
not only before and after the AM process,
but during it as well. No one fully under-
stands how these processes ultimately af-
fect the performance of the final part.

“The material allowable has to be
tied to the process, and you can’t use in-
jection molding allowables,” Albers said.
“We are certainly in uncharted territory.
There is so much work to be done that
it’s a little overwhelming.”

The Good News
There was plenty of good news at the
conference, too. The ability to create
multi-material builds is advancing rap-
idly, and it’s possible to print a far greater
number of materials than was initially
thought possible.

Eric Wetzel, team leader at the U.S.
Army Research Laboratory, described a
multi-material process for creating opti-
cal fiber, medical microtubing and other
structures by 3D-printing thermal draw-
ing forms out of ABS and polycarbonate,
which could then be pulled down into very
small structures while maintaining com-
plex geometries. The team was also able to
turn those structures into filament.

Christopher Williams, associate pro-
fessor and J.R. Jones Faculty Fellow at
Virginia Tech’s department of mechanical
engineering, suggested that new polymers
should be designed specifically for use in
AM systems. He also discussed research
into printing with materials like high-per-

formance polymers that traditionally have
not been usable within these systems.
That research has involved collaborating
with chemists in the university’s polymer
engineering group.

“AM is on the verge of an inflection
point on polymer availability,” Williams
said. “Materials must be redesigned for
additive. Polymers can be tuned chemi-
cally for specific processes, but you have
to understand the process-structure-
property relationships.”

That means that design could include
concurrently developing not just a struc-
ture, but also a material and a manufac-
turing process specific to that structure.

Williams also described how his
team was able to print using polymide
(Kapton), a material only available as a
2D film that was considered unprint-
able. They developed a process of print-
ing a “wrapper” around the polymide
to give it shape via mask projection
stereolithography. “The mechani-
cal properties are identical to the film
version,” Williams said. And while the
printed structures shrunk significantly
after production, the shrinkage was near
isotropic—which actually opened up the
possibility of creating even smaller items
with the same resolution.

However, that will require designers to
start thinking differently about how mate-
rials are used. “We have to get designers to
think about this,” Williams says. DE

Brian Albright is a freelance journalist based
in Columbus, OH. He is the former manag-
ing editor of Frontline Solutions magazine,
and has been writing about technology topics
since the mid-1990s. Send e-mail about this
article to de-editors@digitaleng.news.

Facing 3D Printing’s
Materials Challenges
BY BRIAN ALBRIGHT

WHEN IT COMES TO
creating production
parts using additive
manufacturing (AM)

processes, the industry lacks the material
data needed to ensure consistent results—
and may need to take a whole new ap-
proach to understanding how materials
work in a 3D print environment.

MORE rapidreadytech.com/?p=11726
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Making Flexible Hybrid Electronics a Reality

Although this technology has
advanced quickly, manufacturers 
have been able to mass-produce only 
sensors with simple structures, such as 
disposable blood glucose sensors. What 
the market needs are more complex, 
flexible systems that sense, process and 
communicate; therein lies the rub. Mass-
producing complex printed sensing 
systems that include processing and 
communications modules requires designs 
that incorporate printed and advanced 
CMOS-based (complementary metal–
oxide–semiconductor) components, and 
until recently, no one in the industry has 
developed manufacturing processes that 
can produce such systems.

This may be about to change. Com-
panies, research facilities and government 
agencies have ramped up efforts to de-
velop production infrastructures that can 
cost-effectively mass-produce a new gen-
eration of electronic devices called flexible 
hybrid electronics (FHE). By harnessing 
printed and advanced CMOS-based 
components, manufacturers will be able to 
deploy systems on substrates that can con-
form to organic shapes and stretch while 
delivering advanced functions.

Hurdles
When manufacturers have tried to
develop advanced flexible electronics that 
incorporate CMOS-based components 
and printed electronics, they have been 
foiled by the limitations of current 

silicon technology. Traditional chips
measure between 100 microns and 300 
microns in thickness. Unfortunately, 
these are brittle, crack when bent and 
cannot conform to curved surfaces. 
Recent research, however, has shown 
that manufacturers can produce flexible 
chips by reducing the die’s thickness to 
less than 50 microns (see youtube.com/
watch?v=dlHCUj9C3rA).

The problem has been that chipmakers 
do not have the means to create, place 
and interconnect thin die. Today’s 
fabrication plants rely on pick-and-
place methods using automated robotic 
equipment to attach integrated circuits 
(ICs) to substrates, picking up individual 
chips from a wafer and placing them 
at predetermined attachment points. 
But when fabs have reduced the size or 
thickness of ICs to improve flexibility, 
pick-and-place techniques fail.

A New Production Paradigm
One company taking on the manu-
facturing challenges facing FHE is 
Uniqarta. The Cambridge, MA-based 
startup has developed a manufacturing 
process that could open the door for 
embedding ultra-thin ICs in flexible 
substrates, such as paper.

The process, called FlexChip, 
consists of tailored assembly steps that 
perform thinning, dicing, placement 
and interconnection, promising to 
transform commercial off-the-shelf die 

into ultra-thin ICs. Key to this process 
is the “handle wafer,” a support wafer 
bonded to the device IC. The material 
preparation step bonds this support 
material to commercial off-the-shelf 
wafers. This allows wafers to be thinned 
to the desired thickness and then diced 
without compromising the physical 
integrity of the device IC.

Each die/handle combination has a 
thickness comparable to a standard die. As 
a result, it can be handled and positioned 
using standard die bonder equipment. A 
die bonder then flip-chip assembles each 
die/handle onto a substrate. Because it is 
bonded to the die with a heat-sensitive 
adhesive, the handle wafer is released 
during the thermal cure cycle, when the 
die is bonded to the substrate. The handle 
is then removed, leaving behind only 
the ultra-thin die. FlexChip can be used 
with any type of semiconductor wafer 
or die without any modification to the 
semiconductor fabrication process.

FlexChip supports two die place-
ment methods: pick-and-place or laser 

T raditional sensing systems just aren’t cutting it these days. Rigid and 
fragile, they simply cannot support some of the wearable and Internet of 
Things applications that the medical, consumer electronics and military 
sectors are demanding. To address this issue, electronics manufacturers 

have turned to printed electronics, but even here, shortcomings hinder progress. 

Flexible hybrid electronics could help 
overcome the physical limitations of 
silicon IC obstacles. Images courtesy 
of Uniqarta.
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transfer. Pick-and-place is most suit-
able for use with assemblies that are 
sparsely populated or involve ICs of 
different types or with processes using 
existing equipment. The laser transfer 
method is tailored for high-speed as-
sembly lines with closely spaced iden-
tical ICs, such as with RFID (radio fre-
quency identification) inlays. Uniqarta 
contends that the laser transfer 
method can achieve placement rates in 
excess of 100 million units per hour in 
high-density applications.

Moving Forward
Companies like Uniqarta have moved 
FHE closer to becoming a commercial 
reality. The emerging class of flexible 
hybrids promises to enable manufacturers 
to create sensing systems that conform 
to organic shapes, flex with natural body 
movements and incorporate processing 
and communications components.

This translates into the introduction 
of applications that extend the reach 
of sensors. Wearable and conformable 
architectures will allow design engineers 

to embed sensing systems on or in civil 
structures, automobiles and aircraft, with 
an eye on monitoring structural integrity. 
FHE also promises to revolutionize 
wearable devices that monitor vital signs to 
optimize healthcare and even allow medical 
professionals to deploy biomarkers to 
monitor chronic conditions. DE

Tom Kevan is a freelance writer/
editor specializing in engineering and 
communications technology. Contact him via 
de-editors@digitaleng.news.

MEET

Uniqarta has developed an ultra-thin chip fabrication process called FlexChip that could provide manufacturers 
with the means to cost-effectively mass-produce flexible hybrid electronics. A support structure called a “handle 
wafer” allows the production of chips with thicknesses of less than 50 microns, guaranteeing structural integrity 
in the process. The image here shows the various stages of IC assembly with and without the handle wafer.

Post-dicing, with 
die/handle stack

Ultra-thin 
die/handle stack

Ultra-thin die after the 
handle has been removed

creo
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by Tony Abbey

EDUCATION
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Social networking is an uncomfortable experience for many 
of us, but a conference setting is different. There are many areas 
of shared interest that come up even during brief conversations 
that networking can occur naturally. If you are a one-man band, 
or work in a small team, it’s great to get out and see that your 
challenges are, in fact, shared challenges.

Presenting Papers
Presenting a conference paper is daunting to many. I get 
nervous even after 40 years. However, if you can overcome 
inhibitions, it is the pinnacle of networking activity. A good 
paper, well presented, will stimulate interest and get you 
known among your peers. 

My favorite papers tell an interesting engineering story. 
What was the challenge? How did the engineer tackle it? And 
the punch line—how were those challenges overcome? Even 
when it is an analysis technique I’ve seen many times before, it’s 
always interesting to hear it in a new context. As a counterpoint, 
I stopped going to research-oriented conferences a long time 
ago. Fifteen-minute summaries of esoteric theories usually just 
leave me with a headache.

Continuing Education
Many people attend conferences to reinforce their knowledge 
in specific areas. It’s a good idea to target papers of interest and 
have a roadmap. Good abstracts help nail relevant papers. This 
is where multiple track conferences can be a mixed blessing: 
there is a lot more content, but the logistics of getting from hall 
A to hall Z can be challenging. Well-organized conferences with 
a good track record of timekeeping give the best opportunity for 
cherry-picking. 

My first conference was many years ago at Swansea University. 
My company was exploring new methodologies in fracture 
mechanics. I attended a paper given by a recent Ph.D., and the 
work reported fit exactly within our objectives. The result was 
photocopying a bound copy of his 400-page thesis. For the next 
18 months, this was our instruction manual as we turned the 

theory into a working method. 
Two friends impressed me at a conference a few years ago. 

They were on a mission to find best practices in a specific 
finite element analysis (FEA) technology area, and to find out 
what competing companies were doing in that field. They 
had a plan that included targeted papers, vendors and the 
scope of a report back to their company. I’m sure that prom-
ised deliverable had a lot to do with the expense justification.

The Vendors
Association conferences, such as an AIAA (American Institute 
of Aeronautics and Astronautics), SAMPE (Society for the Ad-
vancement of Material and Process Engineering), NAFEMS, etc., 
bring together a range of vendors in one place. If you’re trying to 
get a handle on available technology, or shopping for a new FEA 
solution, it’s a great place to start. You’re not going to complete a 
full evaluation in half an hour, but you will get a good sense of the 
software’s look and feel and its broad capabilities. If you get lucky, 
you may find engaging technical staff who will be keen to tell you 
more about their products.

A conference experience is very much about deciding what 
you hope to gain. If you want to have a fun few days, meet up 
with old colleagues, make some new friends and maybe pick up 
some information in passing, then in my book, there’s nothing 
wrong with that. On the other hand, if you’re on a mission and 
you want to get maximum payback from your attendance, with 
good planning and execution, you stand a good chance of suc-
cess. If you find the conference doesn’t deliver for you—and that 
sometimes happens—treat it as a lesson learned and take it off of 
your calendar for next year. 

Editor’s note: Tony will be presenting a range of mini training 
sessions at CAASE2018 (June 5-7, Cleveland, OH). DE

Tony Abbey works as training manager for NAFEMS, responsible 
for developing and implementing training classes, including a wide 
range of e-learning classes. Check out the range of courses available, 
including Intro to FEA at nafems.org/e-learning.

Why Attend Technical Conferences?

FOR MOST PEOPLE, networking is the main reason for attending a conference. This is also the most difficult 
motivation to justify to your boss. It’s intangible, yet it will certainly help you and it may very well help the company. 
What’s great about networking is that it never stops. During session breaks, workshops, evening events, even at 
check-in and checkout, there is always an opportunity to meet and talk to industry people.
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C O M P L E X I T Y
by Monica Schnitger
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How do you design this complicated system? A basic wind-
shield wiper is made up of an electric motor, a mechanical link-
age to transform the rotating motion from the motor to oscil-
lating motion of the wipers, and the wiper arms and blades. Like
most products, you work from the last successful design, add in 
new features like a rain sensor, simulate and test and, voila, pres-
ent a bill of materials to manufacturing. Sounds easy, right?

Not so much. The designer needs to understand solid me-
chanics, kinematics and dynamics to optimize the mechanism, 
controls design for the on/off/sensors, fluid flow to ensure that 
the wipers do their job of clearing the windshield and perhaps 
software for the speedup/slowdown. What if you now need to 
also factor in cost and weight, and make the appropriate trad-
eoffs for a wiper system that’s just right?

Understanding via Optimization
You’re entering the world of design optimization and multiphys-
ics. Multiphysics is included because creating efficient, sturdy 
wipers (and a capable-enough motor) combines an understand-
ing of the structural forces on the wiper arms with the fluid flow
of the liquid or ice on the windshield—leading edge, trailing edge, 
nearly dry vs. very wet and so on. There are lots of possible com-
binations of positions and loads, shifting over time.

This is also an excellent case for using optimization technol-
ogy because you likely want to understand the effects of all pos-
sible combinations: the material grades available for the wiper 
blades at their many cost ranges; the motor configurations and 
costs weighed against their ability to drive different wiper con-
figurations; cost and benefit of the sensors and how their data 
should affect the motor, and so on. You want to evaluate the per-
formance of each individual component against its criteria and 
then, of the system as a whole.

There is nothing simple about this either. Multidisciplinary 
optimization (MDO) technology is improving quickly, 
becoming more user friendly with every release, but it’s still far 
from easy to set up a study as complex as this one. 

If we set aside the fact that the structural designers now need 

to work with the team sourcing the motor, with the experts
handing the sensors and software—organizational issues that are 
outside the scope of any software package to fix—users of MDO 
need to understand the system as a whole and how to define 
the physics of each discipline. They will use the specific CAE 
models, inputs and solvers for each discipline and use the MDO 
software to link them via design variables.

Software can only help so much in getting this right. MDO 
users need to organize and track the discipline-specific analysis 
models, note any approximations (and understand how that may 
affect the overall outcome) and understand how the models are 
coupled for the simulations. Choosing the right algorithms is 
hugely important, too. A global optimization might lead to a 
better study outcome but can be computationally expensive. If 
the solvers can run in parallel, an answer may be arrived at much 
more quickly but again at greater computational cost. MDO 
software can do much, but the human user must understand the 
design, the algorithms available in the MDO solution, the com-
puting environment and the desired outcome to create the most 
appropriate study.

All of this is not to discourage you from considering add-
ing MDO to your CAE portfolio. MDO can unearth design 
alternatives you hadn’t considered, highlight the impact of one 
design variable over another, and increase understanding of the 
system as a whole. Perhaps start with shape (structural) optimi-
zation to get used to software doing part of the design job and 
to set the stage for MDO. Have methods engineers or other 
experts set up wizards and toolkits to enable less experienced 
users to start playing with MDO. Implement the means to man-
age parts, input decks, solvers and the other MDO building 
blocks so they’re ready when you do decide to start on an MDO 
study path. Above all, consider using MDO early in your design 
process—the understanding you’ll gain can save valuable time 
overall, and create a better end product. DE

Monica Schnitger is president of Schnitger Corporation (schnitgercorp.
com). Send email about this commentary to de-editors@digitaleng.news.

Optimize Early and Often

L ET’S TALK COMPLEXITY. Many modern products are systems of systems, complicated combinations of mechanical parts, 
electronics and software whose behavior can be difficult to understand in typical and extreme operating conditions. Take 
windshield wipers. On my first car, they were relatively simple: a motor with wiper arms and blades, either on or off, controlled 
by a button that flicked up or down. Today, my wipers also have a near-infinite number of swiping speeds, they automatically stop 

when the car is at a standstill, and I swear they speed up when the rain is heavier, although others in the car tell me I’m crazy to think so.
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In the 21st century, as technology
became the driving force behind the race
cars, more rules were adopted to curb or
prohibit techniques that might jeopardize
the race’s safety. In 2011, “to reduce the
speed of Formula One cars and to facilitate
overtaking, the double diffusers used since
2009 and the F-ducts developed in 2010
are prohibited,” for example.

But the temptation to find regulatory
loopholes to outwit the system proved
irresistible. The engineers’ quest to find
strategic advantages without violation, and
the regulatory body’s attempts to restrict
them became a game of cat and mouse.
“But one innovation that has been actively
endorsed is the DRS (drag reduction
system) rear wing,” according to FIA.

In the 1960s, F1 cars began to sprout
wings. The airfoils operate like aircraft
wings, but in reverse. Whereas airplanes
use their wings to create lift, race cars use
theirs to create negative lift, or downforce.
“The most obvious aerodynamic devices
on a Formula One car are the front and
rear wings, which together account for
around 60% of overall downforce (with

F1 teams seek aerodynamic advantages in wind tunnels and CFD simulations.

BY KENNETH WONG

FORMULA ONE’S REGULATIONS were initially aimed at safety. In 1971, the Fédération Internationale
de l’Automobile, the (FIA), the governing body of F1 racing, required the cockpit to be designed in such a way
so that “the driver can be rescued within five seconds,” as recorded in the FIA’s history page online. In 1972,
the six-point seat belt became mandatory.

Seeking Aerodynamic

Perfection
in Pixels and the Wind

Renault uses Elysium’s CAD translation
technology to prevent data loss in converting
legacy data. Image courtesy of Elysium.
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the floor responsible for the majority of
the rest),” FIA explains.

For most F1 engineers, the race begins
long before the car’s tires touch the track.
Their quest for aerodynamic advantages
begins in computational fluid dynamics
(CFD) programs and wind tunnel tests.

Growing Model Size
Andy Wade, lead application engineer,
ANSYS, has been a CFD software
specialist for more than a decade. In 2006,
ANSYS Software acquired Fluent, the
CFD firm where Wade was working. As
a result, ANSYS inherited not just Fluent
talents like Wade but also the F1 teams
using Fluent CFD tools.

“F1 teams often employ CFD at the
very forefront of the design cycle,” says
Wade. “For example, they may look at
the shape of their airfoil and front wing
as 2D geometry.”

It’s more than the airfoils. According
to FIA, “Every single surface of a modern
Formula One car, from the shape of the
suspension links to that of the driver’s
helmet—has its aerodynamic effects
considered. This is because disrupted air,
where the flow separates from the body,
creates turbulence, which in turn creates
drag and slows the car down.”

In the time Wade has been working
in CFD, he’s seen the F1 teams’ model
sizes getting bigger. “About 10 to 12 years
ago, when everyone else was looking at
models with five to 10 million meshes,
the F1 teams were looking at models with
roughly 50 million cells. Today, the typical
F1 model size is 200 to 400 million cells—
could even be a billion,” he notes.

“The airflow around F1 cars is very
complex,” says Craig Skinner, deputy
head of aerodynamics, Red Bull Racing.
“CFD gives us a complete picture of
the flow physics around a car. So after
running CFD on a different geometry
and seeing the results, we might go down
a different design development path.”

Pushing CFD to the Limit
Generally, CFD users are willing to make
a compromise between job complexity (or
fidelity, as some might call it) and speed.

Users who employ highly detailed models
to simulate a series of time steps (that is,
the aerodynamics of an operating vehicle
over a specific period) accept the fact
that such a job requires a longer period
to process. If they want to get the answer
back faster, they may choose to simplify
the job (in other words, run the job in
lower fidelity) by using a lower-resolution
mesh model. But, not so with F1 teams.

“Formula One puts more stress on
CFD than anybody else we know,” says
Steve Legensky, general manager and
founder, Intelligent Light. “We work
with NASA, Boeing, Lockheed and the
Department of Energy. But F1 demands
daily turnaround on multibillion-cell
models to understand the smallest design
details or the impact of weather. They
want both fidelity and speed to decisions
that impact the next race.”

The role of FieldView, Intelligent

Light’s CFD post-processing software, is
“from when the solver run ends to when
the engineer makes a decision,” says Le-
gensky. The software focuses on reducing
the movement of results files which, in
the case of F1 teams, could be massive. In
minimizing data movement, it increases
the CFD solution’s performance and
nimbleness. The software also emphasizes
“data management, allowing small pack-
ages of data to replace large results files
while maintaining full numerical fidelity,”
the company explains.

“Suppose a team wants to know
the differences in the results between
two different CFD runs with slightly
different design geometry. FieldView
can quickly subtract one run from
the other, and show you the precise
difference, both in numerical output and
in images of the flow fields around the
vehicle,” says Legensky.

Elysium’s CADdoctor software lets you
convert 3D data. The tool is used by the
Renault F1 team. Images courtesy of Elysium.
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Balancing CFD and Wind Tunnel
The FIA has set some strict guidelines on
the use of CFD and wind tunnel testing.
Simply put, the teams must ensure their
combined use of wind tunnel testing
(measured in wind-on time, or the
time wind is blowing) and CFD usage
(measured in teraFLOPS) remain within
the allotted quota.

“We have to split that quota between
CFD and wind tunnel,” says Skinner. “We
have to decide if we want to run a full-car
model or a sub-car model; what type of
turbulent model to use; whether we want
to use transient calculation and so on. We
have to find a way to get the best results
using the least amount of teraFLOPS.”

This is a dilemma because CFD is
particularly compute-intensive. “Most
teams would like to run transient analysis,
because it gives them a lot more insights
about the eddy and the flows,” says Wade.
“But a transient state CFD job may take
more than 100 times the CPU power
than a steady state calculation. So the
teams tend to do a mix of steady state and
transient simulations.”

“It comes down to a tradeoff,” explains
Legensky. “If they want to do a lot of
CFD, they have to do less wind tun-
nel testing and vice versa. So the teams
have to be extremely clever. The rules
specify what constitutes usage of CFD.
For example, if you do CFD calculations
on vehicle models that are older, it’s not

counted against that balance.”
A team can preserve its CFD allocation

balance by performing simulation using
older vehicle models. But this approach
has certain disadvantages. For one, the
results obtained with older vehicle models
and track data won’t accurately portray
how the current vehicle will behave on the
current track. Furthermore, the CFD job
still requires considerable time and effort
to prepare and set up, and costly hardware
to process. The resources may be better
spent analyzing the most current vehicle.

“One thing to note—the work done
in post-processing is not counted against
your balance,” says Legensky. “So we
help our F1 customers move some of the
analysis tasks out of the solver time, into
the post-processing phase in FieldView
and engineers can perform more high-
value solver runs.”

Pixels vs. Wind
Wind tunnel test—placing a scale model
of the vehicle and blowing air on it to ob-
serve the airflow—is a classic engineering
tool. It’s part of the automotive and aero-
space engineering workflow. CFD, by
contrast, allows you to digitally create the
airflow around the vehicle using 3D mesh
models. So the wind tunnel test could, in
fact, be replicated in pixels using CFD.

When Gaétan Didier, head of CFD for
Sahara Force India, first joined the team,
they relied more on wind tunnel testing
and less on CFD. At the time, the CFD
talent was “marginal,” he recalls. Wind
tunnel test is “real physics, real airflow,” he
points out. “But it can only show you wind
blowing across a car. It won’t show you,
for example, the airflow of a car turning a
corner. In the wind tunnel test, the air is
blowing straight in the working section.
On the track in corners, the wind is
coming in a curved fashion. Moreover, in
CFD, you can simulate the brake cooling
and radiator cooling activities, and exhaust
pipe hot gas emissions, which you cannot
simulate in the wind tunnel. So we use
CFD to study that.”

In theory, other more sophisticated
scenarios might also be analyzed in
CFD: for example, the consequences

of one car following another. In reality,
however, setting up such a scenario could
be problematic. “You cannot easily get
the boundary conditions for simulating
that scenario,” says Didier. “You don’t, for
instance, have the geometry for the car in
the front.”

The expertise making up Sahara
Force India has shifted under Didier’s
department guidance. Now, the talent
pool is nearly evenly split: 50% wind
tunnel experts, 50% CFD experts. “Our
development has now become much
more CFD-biased,” says Didier.

Though CFD is a computer model,
the application is most useful for studying
certain real-world phenomenons that are
seemingly inexplicable. “We use driver
feedback to understand where in the
course he’s having issues,” explains Red
Bull’s Skinner. “If he’s complaining about
having problems with a particular cor-
ner—a low-speed corner or a high-speed
corner—and we can’t see the problem in
our wind tunnel data, we will create a spe-
cific CFD run to replicate the conditions
on the track to understand his problem.”

The Optimization Challenge
The two critical parameters for F1
teams in CFD are downforce and drag.
“F1 aerodynamicists have two primary
concerns: the creation of downforce, to
help push the car’s tires onto the track
and improve cornering forces; and the
minimization of drag, a product of air
resistance, which acts to slow the car
down,” according to FIA.

CFD optimization is ultimately striking
a good balance between the two to create
the most advantageous driving experience.
“If you reduce drag all the way, the car
will be flying off the track because there’s
not enough downforce to keep it on the
track,” says Legensky. “On the other hand,
if (you) have too much downforce, your
car runs too slow. So the F1 teams tend to
optimize the downforce-drag ratio for all
the different turns, hills and corners on the
current track. Then they optimize it across
all the tracks they’ll compete on for the
entire racing season. It’s quite a fascinating
optimization problem.”

CFD simulation results show
only the front car drives into
undisturbed air. Simulation created
in FieldView by Torbjörn Larsson,
Creo Dynamics AB. Image
courtesy of Intelligent Light.
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Data and Translation
In 2002, when automaker Renault decided
to get involved in F1, it acquired the
Benetton F1 team. At the time, engineers
decided to move to a new CAD software
package, Dassault Systèmes’ CATIA. The
challenge to convert legacy 3D CAD data
into a format readable and editable in
CATIA was significant. The project was
the beginning of Renault’s partnership
with Elysium, a company that specializes
in data translation.

“Usually converting CAD files through
some other neutral format might cause
problems, like geometry opening up or
missing pieces,” says Annalise Suzuki,
director of Technology & Engagement,
Elysium. “The difference with Elysium
is, we understand those conversations
very well. What can take eight hours for
someone to prepare and create can be
done in minutes with our software.”

“The first component to be translated
to CATIA was a complete gearbox,”
recalls Patrick Sergent, Elysium’s Europe
engagement lead. “The engineers were
spending so much time having problems
with translation that they came to us
through another partner and finally, in just
a few hours, the problems were solved.”

The Renault team uses CADdoctor,
Elysium’s desktop CAD conversion
software. “We are currently working with
Elysium to implement an automated
export process to allow our CAM
(computer-aided manufacturing) users
to easily transfer CAD data to some

new machine tool controllers for NC
programming,” says Mick Bennett,
Renault team’s CAD/PDM (product data
management) manager.

Al Peasland, head of technical
partnership, Red Bull Racing, says, “The
real challenge for engineering is the
pace of change, and just how quickly we
have to develop the F1 car to meet the
demanding calendar we race in ... that
requires a certain amount of skills, tools
and infrastructure ... we work up to the
shipping deadline.”

Red Bull Racing uses Siemens PLM
Software’s NX software (for design and
simulation) and Teamcenter (for data
management) to keep track of its “five
complete sets of track equipment; 21
races across the world; 7,500 unique
components in a car; 30,000 design
modifications in the course of a season
and 40,000 kilos of air and sea freight sent
to every location,” according to Siemens
PLM Software’s published account of the
partnership with Red Bull Racing.

The Team not Tech Wins the Race
The engineering rivalry in F1 to
design the best car using the best breed
of technology is fierce. Room for
improvement is narrow in the neck-and-
neck race. Wade from ANSYS software
notes, “The margins for refinement in
these cars are very small. If they can get
2% faster, they’re happy.”

The best breed of technology cannot
predict the temperature of the race

day, the bumpiness of the track and the
drivers’ reactions to nearby cars.

“Ultimately, we don’t race in CFD;
we don’t race in the wind tunnel. We
race on the real track,” observes Didier.
“The strategic decisions that the pit
crew makes on race day may play a much
bigger role than the months of CFD
work we do. We may have the best car,
but it’s pointless if we don’t have a good
race team.” DE

Kenneth Wong is DE’s resident blogger
and senior editor. Email him at de-editors@
digitaleng.news or share your thoughts on this
article at digitaleng.news/facebook.

INFO

Racing Teams

Formula One: Formula1.com

Sahara Force India: ForceIndiaF1.com/

Red Bull Racing: RedBullRacing.com/

Renault Sports Formula One:
RenaultSport.com

Vendors

ANSYS: ANSYS.com

Dassault Systèmes: 3DS.com

Elysium: Elysiuminc.com

Intelligent Light: ILight.com

Siemens PLM Software: Siemens.
com/PLM

For more information on this topic, visit
digitaleng.news.
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Red Bull Racing, like all other Formula One teams,
must balance the use of computational fluid
dynamics (CFD) and wind tunnel tests to remain
within the allotted limits. Photo by Mark Thompson/
Getty Images; Image courtesy of Red Bull Racing.
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Riding on the 
Speed 

of Additive Manufacturing 
and HPC

Formula One teams turn to 3D printing 
and cluster-powered simulation.

Red Bull Racing (shown here) and other Formula One teams 
must balance the use of CFD and wind tunnels to remain 
within the allotted balance. Photo by Mark Thompson/Getty 
Images; image courtesy of Red Bull Racing.
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The Fédération Internationale de l’Automobile (FIA), 
the governing body of F1 racing, has strict regulations on 
how much computational fluid dynamics (CFD) and wind 
tunnel testing a team can employ. The team’s combined 
use of CFD (measured in teraFLOPS) and wind tunnel 
(measured in wind-on time, or the time wind is blowing) 
must not exceed the permitted allocation.

 “We have to figure out a way to get the best results using 
the least amount of teraFLOPS,” Craig Skinner, the Red 
Bull Racing F1 team’s deputy head of aerodynamics, explains. 
“So if we have no need for wind tunnel in a certain period, 
we increase our CFD usage. Or if we need to run more wind 
tunnel tests, we have to turn down our CFD. That way, by 
the end of the eight-week period, we would have used up 
every [wind tunnel or CFD] minute allowed in our budget.”

In the same way F1 teams find ways to speed up 
their simulation jobs with high-performance computing 
(HPC), they also speed up production and manufacturing 
by enlisting additive manufacturing (AM), known more 
widely as 3D printing. “From a prototyping and tooling 
standpoint, 3D printing is a much faster option,” says Jim 
Vurpillat, marketing director, Automotive and Aerospace 
Industries, Stratasys.

 One characteristic distinguishes the F1 teams’ use of 
HPC and AM from their other automotive engineering 
counterparts—speed.

Keeping a Close Watch on the Cluster
Because CFD is an integral part of their work, many F1 
teams keep and manage their own proprietary clusters. 
Andy Wade, lead application engineer, ANSYS, has 
been working with F1 teams for more than a decade. 
His engagement with the racing teams began at Fluent, 
the CFD software firm that ANSYS acquired in 2006. 
“Almost all F1 teams have their own clusters. They 
usually have about several thousand cores at their 
disposal,” Wade says.

Because the FIA has strict guidelines on how much 
CFD a team can use, engineers also find ways to keep a 
close watch on their CFD usage. Sahara Force India, the 
F1 team from India, uses Univa’s Grid Engine to manage 
its HPC usage.

“We like to make the most of our allocation. It’s 
seldom a problem in the first few weeks, but in the final 
phase, it’s important [to stay within the balance],” says 

Gaétan Didier, head of CFD, Sahara Force India. “So 
in the beginning of the week, we set the soft limit for 
CFD. Univa’s Grid Engine is useful in keeping track of 
the FLOPS we use. It would stop new simulations from 
launching if we’re getting too close to the limit.”

Univa Grid Engine software “manages workloads 
automatically, maximizes shared resources and accelerates 
deployment of any container, application or service 
in any technology environment, on-premise or in the 
cloud,” the company explains.

Memory-Filled Nodes
Steve M. Legensky, general manager of Intelligent Light, 
also has engagement with F1 teams. The company’s 
post-processing software FieldView has been used by 
CFD engineers on the racing teams. “Most F1 teams that 
are doing well tend to have their own HPC resources,” 
Legensky observes. “But there are also teams that find 
ways to utilize off-premise HPC resources from  outside 
vendors.”

Intelligent Light’s FieldView can scale on HPC 
hardware. Therefore, the software speeds up significantly 
in loading, displaying and processing CFD result 
files when running on HPC (as opposed to desktop 
workstations). Though the company is not a hardware 
provider, its experts often provide counsel on the best 
way to set up the HPC for the best outcome.

“Just throwing cores against the problem doesn’t 
solve it. We usually work with F1 teams to advise them 
on how to configure their nodes so they have nodes 
that are suitable for solving and nodes suitable for post-
processing,” explains Legensky. “F1 teams want to run 
multiple jobs at the same time. So we help them configure 
their systems with what we call Fat Nodes—systems with 
just a few sockets, about 16 processing cores, NVIDIA 
GPUs (graphics processing units) and half a terabyte of 
RAM. For post-processing, RAM makes a difference.”

RAM capacity ensures that the CFD result files—a 
combination of numeric outputs and interactive graphic 
depictions of airflow fields—can be loaded onto the 
system without any hiccups.

On-Demand HPC
Recently, many on-demand HPC vendors have sprung 
up, from the ubiquitous Amazon Web Services (AWS) to 
specialty vendors like Rescale. Therefore, engineering 
firms that do not want to invest in on-premise servers 
and HPC clusters have the option to run their CFD 
jobs on outside vendors’ hardware in the pay-per-usage 
model. But for some F1 teams, this approach raises 
concerns about data security.

“If we use an outside vendor, we have to make sure the 
data created is accessible to us and by us only,” says Didier. 

DURING THE FORMULA ONE (F1) races, 
with millions watching the live feed on TV 
and online, the skilled drivers must balance 
their cars’ downforce and drag to handle them 

efficiently in tight corners and turns. But in the weeks leading 
up to the race, the engineering teams behind the F1 vehicles 
also must maintain a different kind of balance.

BY KENNETH WONG



Earlier this year, the McLaren F1 team announced a 
partnership with Stratasys to 3D print parts for the 
MCL32 F1 car onsite during race weekends.

“It has become clear that motorsports’ reliance on rapid 
prototyping and additive manufacturing (AM), and the ability to 
radically cut time to market, is increasing, and we look forward 
to being well served by our new alliance with Stratasys,” said 
Eric Boullier, racing director of McLaren Racing, in a press 
release announcing the four-year partnership in January.

“F1 racecars are unique. You can’t go to a local part 
store and buy the special parts you need off the shelf. 
So AM fits their needs,” says Jim Vurpillat, marketing 
director, Automotive and Aerospace Industries, Stratasys. 
“Because you’re not relying on traditional CNC (computer 
numerically controlled) machining methods, you can come 
up with uniquely designed parts, so F1 teams use it for 
lightweighting parts or topology optimization.”

Lightweighting or topology optimization, usually done 
with special software that can suggest the best shape or 
geometry based on engineering requirements, tends to result 
in parts with asymmetrical, unorthodox geometry. Such 
parts are difficult or impossible to manufacture using classic 
manufacturing methods. 3D printing is often regarded as a 
better alternative for producing these parts. Stratasys offers 
thermoplastic materials, among others, which are suitable for 
producing parts that are light but durable. 

In addition to end-use parts for ducting and airflow, many 
teams use 3D printing to create custom jigs for carbon-fiber 
layup or to test the shape of a part before turning to expensive 
and time-intensive carbon fiber. For example, Williams Martini 
Racing used the EOSINT P 390 and EOSINT P 760 laser 
sintering machines from EOS to prototype a multi-part front 
spoiler. According to the company, team engineers used the 
EOS systems to produce mold prototypes before building the 
actual carbon-fiber-composite components.

3D-printed parts are also often used by racing teams 
in wind tunnel tests to ensure the shape of a part is as 
aerodynamic as possible. 

“Our innovation relies on the ability to produce and test 
high performance wind tunnel models in large volumes,” said 
Patrick Warner, manager of Additive Manufacturing, Renault 
Sport Formula One Team via a press release. The team has 
been a long-time partner of 3D Systems, which introduced 
a new, high-performance composite material this year called 
Accura HPC for its ProX 800 stereolithography 3D printer.

“Accura HPC gives us reliable results in aerodynamic tests, 
and the high production speeds possible with the material 
allow us to go through hundreds of parts a week to advance 

the performance of our car,” Warner said.
But plastic parts and jigs aren’t the only options for 

Formula F1 racing teams looking to incorporate rapid pro-
totyping and manufacturing. At the June Rapid.Tech confer-
ence in Germany, Additive Industries announced that the 
Sauber F1 team would be the launching customer for its 
MetalFAB1 Process & Application Development Tool.  

The Sauber F1 team is investing in two industrial 
MetalFAB1 3D metal printing systems over the course of two 
years to expand its AM competences to include metal materi-
als. The Process & Application Development Tools will be 
upgraded to full-size integrated multi-material MetalFAB1 sys-
tems for series production, according to a press release.

“Since this innovative fabrication technology is still in the 
early stages of industrialization, it is an ideal moment for us 
to take on this challenge with our new partner,” said Sauber 
F1 team CEO and team principal, Monisha Kaltenborn in the 
release. “By doing so, we will gain and develop the neces-
sary know-how in this area.” 

Whether in plastics or metals, or for prototyping, tooling 
or track-ready parts, Formula 1 teams’ varied uses of AM 
all focus on saving time before and during the race.

“F1 engineers do things at a much quicker pace than 
other people and other industries. The main difference 
between typical AM projects and F1 AM project is speed,” 
he adds. “Normally, in automotive, designing a part, testing 
and iterating it may take weeks or months. With F1 teams, 
it’s more like five days to make it, test it, then use the part in 
the race coming up in two weeks.”

The MetalFAB1 Process & Application Development 
Tool uses metal powder bed fusion with up to four 
lasers. It has a 16.5x16.5x15.8-in. build volume. Image 
courtesy of Additive Industries.

The Formula for Additive Manufacturing
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“We have to make sure nothing residual remains when the
analysis run is over. There’s also an issue with the retrieval
of the data. Usually, when the simulation is running, we
want to see it live, right away. Outsourced jobs can take
some time. Interactive review of the data isn’t always as
smooth as doing it with on-premise hardware.”

Didier isn’t completely ruling out the option for on-
demand hardware. He also sees the benefits of additional
HPC. “Most of the time, we’re using [our on-premise
cluster] to run simulation on the current model at full
throttle, so we can’t run other simulations. I wish we had
a second cluster to run unrestricted simulations,” he says.

FIA counts CFD studies on the current vehicle model
against the allotted balance. However, teams may run
CFD studies on older vehicle models without restriction.
Although the insights derived from older models may
not be as relevant as studies done with the most updated
vehicle model, they may still yield valuable insights about
the vehicle’s performance. Therefore, having a second
cluster could give a team the option to run additional
“unrestricted” CFD jobs. Didier says his team is considering
a hybrid approach—a proprietary cluster augmented with
on-demand computing—for the future. DE

Kenneth Wong is DE’s resident blogger and senior editor.
Email him at de-editors@digitaleng.news or share your
thoughts on this article at digitaleng.news/facebook.

INFO

Racing Teams

McLaren Racing: McLaren.com

Red Bull Racing: RedBullRacing.com

Renault Sport Formula 1: Renaultsport.com

Sahara Force India: ForceIndiaF1.com

Sauber F1 Team: SauberF1team.com

Vendors

3D Systems: 3Dsystems.com

EOS: EOS.info

Amazon Web Services: AWS.amazon.com

ANSYS: ANSYS.com

Intelligent Light: ILight.com

NVIDIA: NVIDIA.com

RePro3D: RePro3Dshop.com/en/

Rescale: Rescale.com

Stratasys: Stratasys.com

Univa: Univa.com

McClaren F1 team engineers prep for testing. Image
courtesy of McLaren Racing and Stratasys.
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As much as 95% of production costs occur at the design 
stage, according to a report by the National Endowment for 
the Arts titled “Industrial Design: A Competitive Edge for 
U.S. Manufacturing Success in the Global Economy.” It’s easy 
to see why design engineers need access to simulation tools 
to aid in the design of better products. Upfront simulation 
and digital exploration 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 innovation to market faster and at a lower cost. 

It does so by reducing the need for expensive physical 
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-performance computing 
systems and engineering workstations — 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 
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 simulation 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 
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 toolset 
in general, even for some experienced, dedicated analysts, 
and especially for intermittent users. Some companies have 
hesitated to expand simulation earlier in the design process 
because they were put off 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, 

Let Simulation Guide You
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.

S IMULATION has been established as a proven, effective means of streamlining the product development 
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, preventing companies from fully capitalizing on its benefits. 

As the product design and development landscape evolves to meet demands for developing more customized and 
complex products faster, simulation throughout the product development process is critical.

Equivalent stress in a tire rim from bolt tightening. Images 
courtesy of ANSYS.



digitaleng.news /// October 2017          DE | Technology for Optimal Engineering Design  23

analysts performed engineering simulations 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 continually blurring. As a result, many design 
engineers are developing introductory analysis skills, and 
benefit from a basic knowledge of simulation. 

When it comes to expanding digital exploration to make 
it pervasive throughout the design process, design engineers 
have to play a role. There are far more design engineers 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 product 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 simulation 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 ap-
proach can lead to simulation as an afterthought to CAD, 
rather than allowing simulation to lead design. Designers 
may struggle with CAD-embedded simulations, 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. 

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, designers can in-
corporate 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, smooth their workflows and ul-
timately position themselves to create better products.

Make Your Case
Although simulation tools are available that make it easier to 
use simulation early and often in product design and devel-
opment, companies who want to benefit from them still face 
cultural acceptance challenges. Beyond the cost and complex-
ity 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.

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 flexibility 
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. 

Learn how to make these shifts in “Making the Case 
for Digital Exploration,” a free paper produced by Digital 
Engineering on behalf of ANSYS. It includes an overview of 
the market, the benefits of upfront digital exploration, advice 
of how to present those benefits to various stakeholders in 
your organization and more. 

The free download is available at digitaleng.news/de/
digitalexploration.

Temperature contours and streamlines colored by 
temperature for a shell and tube heat exchanger 
simulation.

Current density in a planar transformer from a 
magnetic frequency response simulation.
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In 2014 a NASA blue-ribbon panel published “CFD Vi-
sion 2030 Study: A Path to Revolutionary Computational 
Aerosciences,” a paper that continues to be discussed and 
debated in engineering. “Mesh generation and adaptivity 
continue to be significant bottlenecks in the CFD (compu-

tational fluid dynamics) workflow,” the report summarizes.
“Additionally, adaptive mesh techniques offer great poten-
tial, but have not seen widespread use due to issues related 
to software complexity, inadequate error estimation capa-
bilities and complex geometries.”

Removing the 
Meshing Bottleneck

The common goal is to get accurate results fast enough to 
streamline the engineering process.

A hybrid prism-tetrahedral mesh for a notional 
electric-powered aircraft, created in Pointwise. 
Regular layers of extruded prisms, clustered toward 
the wall to resolve boundary layers, are displayed in 
white on the symmetry plane and on a cut through 
the wing. Image courtesy of Pointwise.

BY RANDALL S. NEWTON

NO ENGINEER EVER JUMPED up from the desk in celebration to shout, “We have a mesh!” After all,
creating a mesh is one pre-processing step toward creating a simulation from a CAD model, not an end 
product. Yet meshing is a crucial step in the use of computer-aided enigneering simulation tools—and it is, 
many times, a troublesome step.

DESIGN ||| Meshing
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The NASA study notes that in a perfect world the mesh 
would be invisible to the user. “It is an aspirational goal,” 
says John Chawner, president and co-founder of Pointwise. 
“Meshing is completely unglamorous; it is the red-headed 
stepchild of CAE,” Chawner adds. Engineering software 
companies “need to take ownership of the citations, where 
the deficiencies are,” as outlined in the report. 

John Parry, electronics industry manager with the 
Mentor division of Siemens PLM Software, agrees that 
meshing needs to become mostly invisible as a practical 
matter. “Meshing is generally a bottleneck for a lot of users. 
It is not uncommon for CFD users to spend more time 
meshing than all other things combined, more than 50% of 
their total effort,” Parry claims. 

One problem with improving meshing is the interrelated 
nature of the problems to be solved, says David Corson with 
Altair Engineering. You can fix quality in a mesh generator 
by improving cell structure, but this increase in cell quality 
might degrade the accuracy and stability of the simulation. 
If you “over-mesh” to improve quality, it increases mesh 
density, which can lead to large, inefficient models that may 
become unsolvable. “There is not much agreement on what 
the error metric is for automated mesh refinement,” says 
Corson. “There is no criteria for enough refinement.”

One point of view regarding invisible mesh, Parry 
says, is that mesh should be invisible “in that the user 
should not have to tweak it a lot. It is the difference 
between the pleasure of driving a car vs. being under 
the hood fixing stuff.” Invisible meshes are also about 
the team of user and software. “An engineering manager 
wants results independent of the operator,” Parry notes, 
yet “two experts will come up with different meshes and 
can defend their results.” 

The NASA study notes there are three issues to solve 
regarding the use of meshing in engineering: 1. inadequate 
linkage with CAD models; 2. lack of robustness in meshing 
technology and 3. computational performance issues.

Inadequate Linkage with CAD
First is the problem of inadequate linkage with CAD models. 
Chawner says this problem manifests in many ways. CAD 
models and the downstream applications that use them have 
different internal representations—even if they come from 
software products using the same internal kernel. Add to that 
the translation of CAD data to prepare the file for analysis, 
either from one CAD format to another or to a neutral format. 
“There are so many opportunities for failure,” notes Chawner. 

Lack of Robustness
The second issue noted in the NASA study is lack of robustness 
in meshing technology. As president and co-founder of a meshing 
software company, Chawner is an advocate for Pointwise products 
as a solution. But, he adds, lack of robustness is not strictly a 

software problem. “When experts generate a mesh, somebody 
always says, ‘I would do it differently.’” The key to solving a lack 
of robustness is for CAE vendors to not simply automate the 
meshing process but to “automate fit for a particular purpose,” 
and give room for the expert to then tweak further.

One way to improve robustness is to simplify the 
approach, says Corson. His company is researching the use 
of new solvers, or repurposing existing solver equations. 
“Another way to go around the bottleneck is to use simple 
techniques, like Lattice Boltzmann. It is not meshless; it is 
a simple mesh. It marks the cell as intersected by a surface, 
then the solver figures out how to deal with it.”

Computational Performance
The third problem NASA cites involves computational 
performance issues. It isn’t merely a case of faster 
computers, but of issues surrounding the use of those 
computers. Some CAE codes are licensed so that each core 
in a CPU requires a separate license payment. If you run the 
analysis in an HPC (high-performance computing) cluster 
or a cloud environment, 1,000 cores will require payment 
of 1,000 license fees. Some codes won’t run in parallel, 
negating their ability to work in today’s massive cloud or 
GPU (graphics processing units) compute environments.   

Runtime Meshing
ConvergeCFD is a relatively new CAE company working 
to achieve the vision of the NASA study with what they call 
autonomous or run-time meshing, using adaptive mesh re-
finement. “We don’t want invisible mesh; we want the user 
to have control,” says Keith Richards, a vice president at 
ConvergeCFD. Engineers decide the best settings, to strike a 
balance between mesh size, cell count and level of detail in the 
results. The mesh is created at runtime, based on the settings. 

FFA-W301 Vortex Generator Impact
Angle of Attack: 16 deg
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Altair product design example of applying automated 
meshing to study vortex generation on a wind turbine 
blade. Image courtesy of Altair.
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The goal is to make a solver that can be used early in 
design by designers, so that basic problems can be solved 
before the engineering is locked in. Richards describes the 
process as more about creating company standards, not 
unlike setting CAD standards. “Somebody already took 
the time to determine the right settings,” allowing design 
engineers to run a quick study at any time. 

Runtime Meshing and Pervasive Simulation
The largest CAE vendor, ANSYS, has not been quiet re-
garding the future of meshing for simulation and analysis. 
They recently introduced Discovery Live (digitaleng.news/
virtual_desktop/?p=13220), a new tool for what they call 
pervasive simulation. The goal is to create CAE software 
that makes sense for use by the large percentage of engi-
neers who currently never run analysis software. ANSYS 
Discovery Live, which is available as a technology preview, 
taps into users’ NVIDIA GPUs in parallel to allow engi-
neers to pose what-if questions, explore design scenarios 
and get immediate feedback via instantly updated simula-
tions, according to the company. “The what-if questions are 
important,” says S. Subbiah, vice president of global product 
operations at ANSYS. 

Simulation tools should also be design tools, says 
Subbiah. “Accuracy [during design] is the wrong approach. 
You need directional accuracy.” To achieve the goal of 
invisible meshing requires improvements all across the 
board, he says. 

The Seven Keys to Better Simulation
All the CAE vendors interviewed for this article agree the 
issues surrounding meshing are multifaceted. Some are 
developing new algorithms or new techniques, while others 
look to increasing computing power. The common goal is to 
get accurate results fast enough to streamline the engineering 
process and remove the bottleneck that meshing has become. 

Going forward, there are seven avenues of continuous 
development simulation vendors are exploring. Many will 
allow more use of simulation upfront in design, others will 
improve the specialist’s role in finding the perfect solution. 

1. Multiphysics: Designers don’t need dedicated solv-
ers for every physical process; they need generalized 
analysis that can advise them early. Let the specialists test 
designs in the final stages with the specialized software. 

2. Movement and Deformation: Designers should 
be equipped to study real-world physical issues, but the 
existing tools are too complicated. 

3. Large Models: Meshing as we know it evolved from 
the testing of individual parts or assemblies. Now only the 
largest CAE tools do large models and whole systems. The 
ability to work on large models has to migrate backward, 
so to speak, to the early stages of design. 

4. Solution Adaptation: A fine mesh is not always the 
right approach; more intelligent methods will allow for 
mesh refinement as needed. 

5. Part Replacement: Part of design is testing different 
parts in different settings. A CAE tool for engineering design 
should be automated enough to move quickly from one set of 
parts to another, without tedious calculation of a new mesh. 

6. Design Optimization: Whether you call the mesh 
adaptive, invisible or pervasive, it should work in all disciplines 
and be intelligent enough to perform 300 simulations.

7. Computation Flexibility: New GPUs are gaining 
compute power faster than Moore’s law. CAE vendors need 
to provide support for emerging form factors like GPU 
arrays and other “edge computing” approaches, in addition 
to desktops, virtual workstations and cloud computing. DE

Randall S. Newton is principal analyst at Consilia Vektor, and a 
contributing analyst for Jon Peddie Research. He has been part of 
the computer graphics industry, in a variety of roles, since 1985.

INFO ➜ Altair: Altair.com

➜ ANSYS: ANSYS.com

➜ Convergent Science: ConvergeCFD.com

➜ Mentor Graphics: Mentor.com

➜ Pointwise: Pointwise.com

➜ Siemens PLM Software: Siemens.com/PLM

For more information on this topic, visit digitaleng.news
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Improvements in Mentor’s simulation software allow 
custom meshing, as in sectional analysis. Image 
courtesy of Mentor/Siemens PLM Software.



Sponsored By

In this LIVE roundtable, DE’s Kenneth Wong 
moderates a panel of experts to discuss:

•  The state of self-driving vehicles today

•  The significant engineering challenges involved in creating a 
fully autonomous vehicle

•  The technologies available to help design, simulate and test 
self-driving vehicles, which will need to log hundreds of millions 
of simulated miles

•  The system-level design and simulation needed to combine 
mechanical, electrical and software subsystems

Download Today! 
digitaleng.news/de/autonomous-design

LIVE Panel Discussion

Design to Drive 
Autonomous Cars

DE EDITORIAL WEBCAST DISCUSSION SERIES — 
INSIGHTS, INSPIRATION AND INFORMATION

ON DEMAND!

Moderated by  
Kenneth Wong

DE’s Senior Editor

The advent of autonomous vehicles is not only one of the most 
complicated engineering tasks undertaken, it will also have far-reaching 
implications. Engineers from mechanical, electrical and software 
disciplines — even civil engineers who plan city infrastructure — are 
being called upon to contribute to the success of self-driving vehicles.

Panelist
Joe Barkai 

Industry analyst, author, public speaker

Panelist
Simon Hartley

VP Business Development
RunSafe Security

creo




SIMULATE ||| Optimization

28  DE | Technology for Optimal Engineering Design         October 2017 /// digitaleng.news

Robust Design Under Loading
Fig. 1(a) shows a design space ready for topology opti-
mization. The constraint is applied as a fixed constraint 
across the base of the gray-colored object. Loading is ap-

plied to the inside face of the two gray-colored cylinders at 
the top of the object. The design space is shown in brown. 
The non-design space, embracing the load and constraint 
regions, is shown in gray. Preserving the regions where 
constraints or loading is applied is an important aspect of 
topology optimization. Commercial topology optimizers 
have different behaviors, but in general, the developing 
topology configuration will be very unpredictable if the 
loaded surface or the constraint surface can be eroded dur-
ing the element deletion process. A situation could arise 
where the whole structure is disconnected from any load-

Topology Optimization
How to address manufacturing constraints in optimization.

FIG. 1: (a) design space, (b) axial load, (c) bending load, (d) torsional load and (e) combined loads.

BY TONY ABBEY

IN THE PREVIOUS ARTICLES in this series, we 
looked at the various topology optimization methods 
used in commercial finite element analysis (FEA). In 
this article, we will look at robust design solutions 

and methods used to align the final optimized design with 
available manufacturing techniques.

Part 
3

Editor’s Note: Tony Abbey teaches live NAFEMS FEA classes in the United States, Europe and Asia. He also teaches 
NAFEMS e-learning classes globally. Contact him at tony.abbey@nafems.org for details.
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ing or constraint path. As that condition is approached, the 
solution becomes nonsensical.

The two cylinders are first loaded in the vertical (Y) 
direction. However, the loads are not equal, so we will 
anticipate a different load path created under the two load 
application points.

Fig. 1(b) shows the resultant topology configuration 
found by keeping 25% of the original volume as a target 
and minimizing the compliance. The dominant load path 
is clearly seen on the left side of the structure. The overall 
load path has migrated to the left. The ability of the reac-
tion zone, defined by the constraints remaining, to adapt 
in this way is an important characteristic of the topology 
optimizer. The most efficient load path can develop, and 
inefficient material be deleted, if the constraint distribu-
tion can change.

In Fig. 1(c) the topology optimization is rerun, this 
time with a load in the lateral (-X) direction, resulting in 
a bending moment about the base. The configuration has 
changed dramatically. The constraint has now migrated 
to the extreme ±X axis positions. This will clearly maxi-
mize the bending stiffness. Ligaments are formed, con-
necting each of the four extreme support positions to the 
loaded cylinders.

In Fig. 1(d) the two cylinders are loaded axially, one 
in positive Z and one in negative Z directions. This gives 
the component a torsional loading. The distribution of 
material is a logical solution as it increases the torsional 
stiffness most efficiently. The material is spread out as far 
as possible toward the boundaries of the design domain. 
It is a thin-walled box section, and the wall thickness 
is almost certainly governed by the minimum member 
size that can be achieved by the topology optimizer, 
consistently throughout the structure. In practice, we need 

to guide the optimizer here by providing a cylindrical 
design space, rather than box-shaped space. At the loaded 
cylinders, a perfect hollow box shape is not possible. This 
is a typical situation where we are forcing the topology 

FIG. 2: (a) axial load free form, (b) axial load YZ symmetry and (c) axial load XY symmetry.
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optimizer down a particular route because of our choice of 
loading configuration. If the torsional input were the only 
load input, it would make sense to have distributed loading 
around the periphery of the structure. 

So, the implication of the three independent loading 
actions is clear, three very different structural configura-
tions will be developed. Each of the configurations is the 
most efficient distribution of material 
to provide the maximum stiffness. For 
a robust structure that sees a range of 
loadings, it is important that the topol-
ogy optimizer considers all load cases. 
The load cases are not combined into a 
single case; each is evaluated separately 
as shown. The optimizer uses the inde-
pendent responses of all cases. Fig. 1(e) 
shows the distribution of material if all 
three cases are applied. 

The configuration in Fig. 1(e) is a 
compromise across the three indepen-
dent solutions. The torsional require-
ment and the bending requirement have 
been combined to give well-dispersed 
material at the base, but the constant thickness, thin-walled 
solution has been abandoned. This illustrates how impor-
tant it is to make sure that we’ve considered all the cases in 
a topology optimization study. If we miss a load case, then 
the structure is almost certainly doomed to fail because it 
has been designed to avoid that load case. It would just be 
a matter of luck if other load cases developed an adequate 
load path that would sustain the missing load case.

One way to improve the robustness of a topology con-
figuration, in the sense of its ability to resist the cases we 

may miss, is to use symmetry. Fig. 2(a) shows the structure 
with axial loading applied as before. Fig. 2(b) shows the 
result with a topology symmetry plane enforced about the 
central YZ plane.

The bias shown in the configuration in Fig. 2(a) has been 
removed. This will be a less efficient solution than in Fig. 
2(a) because the less dominant load path now has superfluous 

material. However, if the loading was 
reversed and the load paths switched, 
this configuration would be capable of 
handling the scenario. In many situa-
tions, load cases are symmetric, and this 
is an easy way to create structures that 
can handle that. I remember doing a de-
tailed stress analysis of an aircraft wing 
lug during my first few months in the 
industry. It struck me that the load paths 
were not symmetric, and I painstakingly 
designed a configuration that would 
match the loading. The designers were 
not impressed, and they gave me many 
reasons why a non-symmetric lug would 
be a disaster. This included uncertainty 

of loading, manufacturability and ease of assembly! 
The way that the topology symmetry is defined in the 

topology optimizer is by simply defining a symmetry plane 
in YZ and ensuring that the design space is meshed sym-
metrically. Every element in the original design domain on 
one side of that symmetry plane is linked to its cousin in 
the opposite plane. These become a set of constraints, or 
design variable linking, which effectively slave the two ele-
ments together. If one element is deleted, both are deleted 
and vice versa.

FIG. 3: (a) combined load with extrusion constraint, (b) split view and (c) section view.

a b c

“If we miss a load case, 
then the structure is 
almost certainly doomed 
to fail because it has been 
designed to avoid that 
load case. It would just be 
a matter of luck if other 
load cases developed an 
adequate load path that 
would sustain the missing 
load case.”
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Notice that the loading and constraints do not have 
to be symmetric for topology symmetry. This is different 
from normal structural planar symmetry, where all 
aspects of the loading, constraints and geometry have to 
be symmetric. 

Fig. 2(c) shows a situation with axial loading, and 
central XY plane symmetry. The result is a more regular 
dispersion of material, compared with the free form of 
Fig. 2(a). The loading is still non-symmetric, but the look 
and feel of the configuration is much more traditional in 
Fig. 2(c), than in Fig. 2(a). We can imagine this structure 
being worked up into a quite conventional-looking pillar 
and bracket. There may be formal reasons why we want to 
impose the XY or YZ symmetry, which we will cover in the 
next section, but it’s interesting to see how pushing and 
pulling symmetry conditions can give us configurations 
that are perhaps more appealing in an intuitive sense.

Manufacturing Constraints
As I mentioned earlier, in relating my own design 
experience, symmetry may be required for manufacturing. 
Most topology optimizers also allow specific 
manufacturing constraints to be applied. In Figs. 3(a) 
through (c), an extrusion constraint has been applied in 
the Y direction and the three combined load cases are 
repeated. The topology optimizer can now only add or 
remove elements independently in the XZ plane, as shown 
in Fig. 3(c). The distribution is then projected along the 
y-axis. The non-design loading and constraint regions are 
not extrudable, but the rest of the design region is. Again, 
in practice it would make more sense to tailor the non-
design loading and constraint regions to suit the extruded 
design philosophy. 

Variations on the extrusion constraint include draw 
constraints, which can be single or double sided. This 
forces the topology optimizer to create shapes that can be 
drawn out of single-sided or double-sided molds or dies.

Further extensions to manufacturability include pat-
tern regions. For example, we could have divided our 
initial design space into three regions by slicing twice in 
the XZ plane. Each one of these three regions could then 
be forced to develop a similar pattern. The pattern is ar-
bitrary, but it is repeated as each of the three sets of cor-
responding elements across the three regions is slaved to-
gether. If an element is deleted from one region, it must be 
deleted from all. Conversely, if it is added in one region it 
must be added to all. Because the patterning is working on 
topology, it is possible to have varying sizes of the pattern 
regions. For example, in a tapered wing rib, the same pat-

tern could exist across different bays, but could be scaled 
and warped. The topology is identical, but the dimensions 
have morphed to suit. 

Manufacturing constraints attempt to control the “wild 
child” of topology optimization to produce more realizable 
structural forms. In most topology-led design evolutions, 
however, there will probably be a point at which it is more 
useful to transition to shape or sizing optimization, or 
think about the structure from a common-sense design 
perspective. In many ways, the whole point of topology 
optimization is to explore free-form designs and over-
constraining can become unproductive.

In future articles in this series, we will look at case stud-
ies using various commercial topology optimizers. DE 

Tony Abbey works as training manager for NAFEMS, respon-
sible for developing and implementing training classes, including 
a wide range of e-learning classes. Check out the range of courses 
available, including Optimization: www.nafems.org/e-learning.
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to produce more realizable structural forms.”
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The limited number of CAE specialists is highly val-
ued, not just for their in-depth knowledge of finite element 
analysis (FEA) and computational fluid dynamics (CFD), 
but also for their expertise in more specialized analysis and 
multiphysics domains. With only so many CAE experts to go 
around, engineering organizations are challenged to embrace 
new ways of working that can help propagate this rich source 
of intellectual capital throughout the engineering ranks and 
over the course of the complete design lifecycle.

The Struggle for Efficiency
In reality, most engineering organizations are still struggling
to optimize their limited CAE resources. Research shows 
there can be as many as 10 CAD designers for every dedi-
cated CAE expert, each vying for specialists’ input and analy-
sis results in a timely manner. The pumped up demand has 
created a serious simulation bottleneck, causing frustration 
for design engineers, who are forced to put projects on hold 
as they await analyst feedback, and also among the CAE ex-
perts who are overworked and pulled in too many directions.

There are other pain points surrounding the simulation 
workflow, particularly for CAE experts. With model sizes 
and complexity on the rise, CAE analysts are spending more 
time on each modeling task, limiting their ability to tackle 
additional simulation work. In a similar vein, the simulation 
studies themselves are more in-depth, many demanding 
multidisciplinary analysis and complex meshing strategies. 
The time-consuming nature of the work is limiting the 
number of simulation studies and design iterations while 
also requiring experts to labor over tedious model setup, as 
opposed to high-value work like more advanced simulations 
and defining and promoting analysis best practices.

The struggle to efficiently leverage highly skilled CAE tal-

ent creates a domino 
effect throughout the 
product development 
cycle. CAE experts 
work on fewer, more 
complex simulations, 
vastly impeding an 
organization’s abil-
ity to fully explore 
design options and 
home in on the best 
designs. In addi-
tion to undercutting 
the widespread use 
of simulation, the 
bottleneck makes it 
harder for analysis 
results to have a last-
ing impact on critical 
design decisions. For 
example, a longer 
than average analysis 
cycle can produce re-
sults that are too late or out of sync with the latest design itera-
tion, undermining the chance of proper optimization.

Break the Bottleneck
The good news is that there are a number of ways to break the
bottleneck and achieve faster, highly integrated and effective 
simulation. Taking advantage of the latest simulation software 
can go a long way toward making analysis capabilities more ac-
cessible to design engineers, shifting some of the burden away 
from dedicated CAE specialists and promoting analysis-led 

Analysts Can Work 
Faster & Better
Studies show CAE analysts can boost their productivity by 
5.4X by upgrading their software and hardware.

FREE DOWNLOAD: Benchmarking 
Report 5: Analysts Can Work 
Faster & Better via digitaleng.
news/de/benchmark5

ONCE A RELATIVELY obscure role focused on independent study, the computer-aided engineering specialist
has become a highly sought-after asset. Engineering organizations have ramped up their simulation efforts 
to boost product innovation and have become more competitive. The expanded focus has fueled a flurry of 
investment in new CAE analyst hires, but the number of on-staff simulation experts still pales in comparison to 

the broader engineering and design community.
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analysis-led design as a mainstream best practice. Faster solv-
ers provide simulation results faster, enabling their use in
critical decision making. In addition, integrated CAD/CAE
platforms with open programming environments can provide
a boost by capturing and automating simulation best prac-
tices, once again reducing dependence on CAE experts for
every simulation function.

Upgrading to the latest hardware can also significantly help
speed up simulation. Workstations equipped with state-of-
the-art, multi-core processors, solid state drives (SSDs) and
ample memory, among other enhancements, can dramatically
boost simulation software performance and drive efficiencies
throughout the analysis lifecycle. A workstation calibrated for
simulation can break the logjam, allowing analysts to perform
complex modeling work and explore more design possibilities
throughout the design lifecycle.

Deploying state-of-the-art hardware and CAE software not
only ensures simulations run faster, it also introduces the possibil-
ity of greater design exploration via more advanced, multiphysics
analysis and more detailed and complex models. With a simula-
tion platform tuned for optimal performance, CAE experts are
empowered to explore more design possibilities more frequently
throughout the process without taking their workstations offline
for hours at a time and freeing up bandwidth to juggle multiple
modeling requests. For example, our benchmark tests show the
latest version of Siemens’ NX Nastran (version 11 was used in this
study; Siemens will be releasing version 12 in the coming weeks)
on a state-of-the-art modern workstation will run some simula-
tions up to 5.4X faster than on a comparable hardware-software
setup from three years ago.

Siemens PLM Software, along with partners Intel and
Dell, collaborated with Digital Engineering to explore the
impact of outdated software and hardware on present-day
simulation studies. The partners conducted a benchmark
study to test vendor claims that state-of-the-art hardware and
simulation software upgrades can dramatically bolster the
performance of simulation-driven design and optimization.

Download the full benchmarking report at digitaleng.news/
de/benchmark5. DE

Using NX Nastran 11 on modern hardware provided
a 5.4X speed improvement when solving the smaller
model vs. using NX Nastran 9 on the three-year-
old workstation. The older workstation could not
complete the medium-size model simulation.

5.4X Speed
Improvement

The Results: Old vs. New

NXN 9.0
(w/Old Hardware)

NXN 11.0
(w/New Hardware)

Solution
Time

(mins)

Section view of vehicle body and air cavity geometry
of the automotive vehicle coupled structure/acoustic
model used for the benchmark.

The Dell Precision Tower
Workstation
THE DELL PRECISION TOWER 7910 workstation was
used as the baseline for the current workstation in our
benchmarking tests. It features dual-socket performance
with the Intel® Xeon® Processor E5-2600 v4 processor
series with up to 22 cores per processor, the latest
NVIDIA Quadro or AMD FirePro graphics and up to 1TB of
system memory using the latest DDR4 RDIMM memory
technology.

Dell has collaborated with Intel on the storage
acceleration software application, Intel CAS-W, which
improves workstation application performance. With
the Intel CAS-W software solutions, users can enable I/O
speeds close to that of solid-state drive configurations at
the storage and price of traditional drives.

The Dell Tower 7910 can be configured with up to four
actively cooled M.2 PCIe solid-state drives, which are up
to 180% faster than traditional SATA SSD storage. Tradi-
tional hard drive options are also available. The Dell Preci-
sion Tower 7910 comes with an integrated 12 Gb/s RAID
Controller (SAS), doubling the I/O speed of the company’s
previous generation workstation.

The Dell Precision Tower 7910 also features endpoint
security solutions, as well as the Dell Precision Optimizer
that automatically tunes the workstation to run specific
programs at the fastest speeds possible. Dell also
offers a rack workstation (Rack 7910) that has similar
configuration options.
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Key to its effort is the modification 
of one of the MDF’s large-volume 3D 
printers to output two different materials 
on a single object. The expanded system 
will be able to print polymer material in 
sizes up to 13 ft. long, 6.5 ft. wide and 8 ft. 
tall, and will also be retrofit with a pair of 
hoppers, dryers and lines to accommodate 
and tailor two different materials to allow 
varying properties to be produced based 
on different positions on a part. 

“As you start looking at the design of 
systems or components, the question is: 
Can you utilize more than one material 
to come up with a solution to make a 
part lighter in weight, more elastic in one 
area or have better strength properties 
in another and perform better than it 
did previously?” asks Bill Peter, director 
of the ORNL MDF. “The ability to 
leverage additive manufacturing to change 
materials as you go opens up a new tool set 
that hasn’t been available before.”

Research organizations like the ORNL 
MDF aren’t the only ones pursuing efforts 
to evolve multimaterial 3D printing. 
Leading 3D printer manufacturers, 
including Stratasys and 3D Systems, 
along with relative newcomers like HP 
and Autodesk, are introducing advanced 
technologies and new 3D printing 
paradigms to allow two or more materials 
to be printed simultaneously. The upside 
for design engineers is far ranging—from 
the simple benefit of printing support 

structures in a mode that’s different from 
the primary build material to adding 
color or tactile qualities to a prototype 
to the real cutting-edge—allowing the 
mixing of materials to achieve specific 
engineering properties that might be 
impossible to achieve with traditional 
production methods.

“Historically, when you designed 
a part, you looked at the existing 
manufacturing technologies and how to 
fabricate for a particular geometry, but 
there were limits as to what was possible,” 
Peter explains. “Thanks to additive, we 
can start thinking about new ways for 
multiple materials to come together, how 
structures can come together and how 
well each part will perform.”

Mix and Match Materials
At ORNL, the task involves exploring 
materials science and developing 
techniques that leverage the layer-by-
layer extrusion or fusion process of 3D 
printing to vary the materials as well as the 
material composition to achieve certain 
behavioral or structural characteristics, 
explains Vlastimil Kunc, leader of ORNL’s 
polymer materials development team. 
For example, a design engineer might 
want certain properties on the surface of 
a part, but an entirely different makeup 
for the interior—a scenario that is next 
to impossible to achieve with current 3D 
printing technology. The team is exploring 

ways to switch, for example, from carbon 
fiber-filled thermoplastic to glass fiber-
filled thermoplastic or even going from 
a metal material to a polymer. Although 
the efforts are clearly exploratory, Peter 
says ONRL’s goal is to work with industry 
players to commercialize technologies 
based on its ongoing research.

“The nice thing about additive is you 
can switch materials as you go or mix and 
grade materials as you go,” he explains. “It 
also lets you design in complex interfaces 
that might allow you to have two typically 
incompatible materials in direct contact.” 
Much of ORNL’s effort was driven by the 
team’s charter to 3D print large structures, 

SHATTER Multimaterial Barriers
New multimaterial 3D printing capabilities usher in more realism to prototypes 
while advancing the freedom to design and manufacture innovative products.

BY BETH STACKPOLE

T he U.S. Department of Energy’s (DOE) first Manufacturing Demonstration Facility (MDF), established at the Oak 
Ridge National Laboratory (ORNL), is leading efforts to revitalize American manufacturing. As part of a charter 
to break down barriers, the facility has taken on notable large-scale 3D printing challenges, including outputting 
automobiles, a house and a trim tool used to manufacture a wing for a Boeing passenger jet (which set a Guinness 

Word Record for the largest solid 3D printed object). Its latest endeavor aims to push the boundaries of materials science to 
enable multimaterial 3D printing, the goal being to boost manufacturing innovation.

A meshed model showcases how a 
unit cell can deliver different material 
properties for metal 3D printing. Image 
courtesy of TNO via COMSOL.
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which required some workarounds—for
example, adding chopped carbon fiber
or glass fiber to materials—to avoid
deformation, Peter explains.

The Netherlands Organization for
Applied Scientific Research (TNO) is also
invested in exploring materials science
and 3D printing. In one effort, the team
is using COMSOL multiscale modeling
and multiphysics simulation software
to optimize microstructures to achieve
different stiffness ratios and materials
properties, which can be exploited by
multimaterial 3D printers as they evolve,
according to Marco Barink, a researcher at
TNO. In one optimization study, Barink
used COMSOL to investigate how to
deliver twice the stiffness in one planar
direction as the other in a single unit cell
and in another he explored the spatial
distribution and orientation of fibers in an
anisotropic material.

As new generations of multimaterial
3D printers come on board with support
for printing at a micro level, one could
create new materials with tailored
properties, affording engineers quite a bit
of latitude in design performance, explains
Barink. “What we’re exploring is how to
make material that does what you want …
with every spot on the product acting as
you want,” he explains.

Vendors Up Multimaterial Game
In the near term, 3D printer vendors are
doing their part to advance multimaterial
capabilities. 3D Systems is appeasing
its customers’ increased appetite for
multimaterial capabilities through its
inkjet technology and specifically its newly
released MJP 5600 large-scale offering.

“You can take two thermoplastics
and layer them one by one to get some
mechanical benefits, but when you
go to an inkjet model, you chemically
change the results,” says Derek Johnson,
3D Systems’ director of MJP (multijet
printing) product management.

The MJP 5600 will soon have good
company. HP has announced detailed
plans for its Multi Jet Fusion (MLF) 3D
printing technology, which supports voxel-
level control over color and mechanical
capabilities as part of its support for
multicolor, multimaterial 3D printing
along with an open materials approach.
For its part, Autodesk is said to have a
patent covering different methods of fused
filament fabrication 3D printing to enable
multiple colors and nozzles as part of its
3D printing/digital manufacturing efforts.

Proto Labs, which provides rapid
manufacturing services, is seeing growing
demand for multimaterial capabilities
among customers using both its
overmolding and 3D printing services, for
prototyping and for limited production
run applications, according to officials.
In response, the company has refined its
overmolding process to be faster and less
costly, explains Tony Holtz, Proto Labs
marketing engineer. “We started doing
this a year or so ago because customers
wanted more realism, but they also wanted
to get things done faster so they can test a
part before going to market,” he explains.

For the 3D printing side of its business,
Proto Labs sees similar applications
driving demand for multimaterial
capabilities, says Eric Utley, application
engineer. The firm employs Stratasys
PolyJet multimaterial printers to deliver
its services, which have been extremely

popular among customers, he says.
In addition to the PolyJet J750

multimaterial printer, digital materials are
a major part of the Stratasys multimaterials
story. Material properties range from
rubber to rigid and transparent to opaque,
allowing for precise printing in layers as
fine as 16 microns. The result is support
for up to 1,000 composite material
combinations, each with specific and
predictable properties, while giving design
engineers the opportunity to optimize
designs, not just from the standpoint of the
outer shell, but also the interior capabilities
to achieve the characteristics they desire.

Changing the engineer’s mindset—
from printing with a single material to
designing the outer surface and interior—
is paramount to evolving multimaterial
3D printing, as is refining CAD and
simulation tools to exploit the medium,
according to Ohad Meyuhas, Stratasys’
director of academic research and
development for the education vertical.

“Once we train the industry to think
about things in a different way, we will
see these capabilities become much more
prevalent in industry,” he says. DE

Beth Stackpole is a contributing editor
to DE. You can reach her at beth@
digitaleng.news.

INFO 3D Systems: 3DSystems.com

Autodesk: Autodesk.com

HP: HP.com

Mosaic Manufacturing:
MosaicManufacturing.com

Proto Labs: Protolabs.com

Stratasys: Stratasys.com
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3D Systems’ ProJet MJP 5600
multimaterial printer and VisiJet
CR-BK rigid black plastic material
deliver parts with enhanced
mechanical performance. Image
courtesy of 3D Systems.

Palette+ transforms most 1.75
filament-based (FFF/FDM) 3D
printers into a multimaterial
solution. Image courtesy of Mosaic
Manufacturing.

Proto Labs has adapted its
overmolding processes to support
multimaterials to enable more
realism in prototypes. Image
courtesy of Proto Labs.
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German automotive supplier Continental believes it has
found a way to provide quality sound while reducing the 
amount of space and weight that sound systems consume 
in vehicles. The company has developed a “speakerless” 
system that uses a series of transducers (or actuators) in-
stalled within interior vehicle panels. Rather than vibrat-
ing a speaker diaphragm, these transducers vibrate the 
interior surfaces of the vehicle.

The new system—dubbed Ac2ated Sound—uses the 
resonant properties of interior materials to vibrate at 

different frequencies. Developing the new system required 
lengthy acoustical analysis and noise, vibration and 
harshness (NVH) testing.

The original idea for the speakerless system grew out of 
the company’s own research into plastic acoustic materials 
and pressure on automakers to use more lightweight and 
stiffer materials, according to Robert Joest, acoustic engineer 
at Continental. “We started doing our first investigations into 
the idea back in 2015,” Joest says. 

The various types of surfaces are tuned to cover the full 
spectrum of sound, according to the company. The system 
provides a surround-sound effect that has already received 
decent reviews when it comes to audio quality, based on dem-
onstrations at auto shows.

The resulting sound system is significantly lighter than a 
traditional audio system and can provide new opportunities 

SPEAKERLESS 
SOUND

Continental’s new sound system is the result of 
extensive NVH and acoustic analysis.

BY BRIAN ALBRIGHT

S PEAKER SYSTEMS in cars—from low-end
standard equipment to expensive custom set-
ups—all use basically the same type of voice coil/
diaphragm design. They also take up a significant 

amount of space in the vehicle. 

SIMULATE  ||| NVH
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for designers to alter interior vehicle designs because they no 
longer have to accommodate speaker vents. Ac2ated Sound 
also requires less electricity.

It can be integrated into any type of vehicle interior, 
and uses standard transducers throughout the vehicle to re-
duce the amount of customization necessary to fit different 
makes and models of cars.

Like a Violin
The sound system operates on the same acoustic principles as 
a stringed instrument. 

In a conventional loudspeaker, there is a magnet and a 
voice coil. When you apply voltage to the coil, it moves up 
and down. That movement is then transferred to a membrane 
or diaphragm, which vibrates and produces sounds.

With the Ac2ated system, the voice coil is attached to the 
structure and the magnet moves. When voltage is applied, 
the magnet moves up and down to produce vibrations that 
are transferred to the structure. “The whole surface radiates 
sound,” says Jens Friedrich, acoustic engineer. “Sound can 
come from everywhere, from any surface with different mate-
rials and different covers.”

The magnet moves (instead of the coil) in order to induce 
enough force into the material surface. 

Continental (which makes tires, interior electronics and 
other automotive systems) has leveraged its years of experi-
ence working with different interior materials to help deter-
mine which surfaces can be used as speakers. “We know the 
behavior of these different surfaces, so we can combine them 
into a sound system,” Friedrich says. 

Each surface has a unique acoustic behavior. A-pillars (the 
vertical supports that hold the windshield in place) are good 
for mid and high frequencies. Large surfaces like the ceil-
ing panel are able to produce lower frequencies. “With all of 
these surfaces combined, we can cover the whole frequency 
range a human can listen to,” Friedrich says.

NVH Challenges
Continental has deep experience in vehicle NVH testing and 
had to draw on these resources to determine how the differ-
ent panels would perform individually and in concert.

“We had a good idea of what was possible, but no one 
was sure if we could cover the whole frequency range,” Joest 
says. “That was the first question we had to answer. The 
other question was if there was any influence or interaction 
between the system and the vibration coming up through the 
vehicle when it traveled over rough surfaces or roads.”

As for the latter issue, extensive NVH testing of dem-
onstration vehicles showed that the movement or vibra-
tion of the vehicle had little or no effect on the sound 
system’s performance.

Continental uses proprietary acoustical analysis software 
to analyze its acoustic measurements, and operates its own 

acoustic testing environment. Each type of vehicle panel was 
tested individually (outside of the vehicle).

For example, the company tested different types of A-
pillar covers from different vehicles. “We put actuators on 
it and measured the vibration inside the material surface, 
and then tried to find the best fixing point for that acousti-
cally,” Friedrich says. “We measured that and then built 
the cover back into the car and did acoustical measure-
ments via microphones to record surface vibrations in the 
vehicle environment.”

Using that approach, Continental was able to analyze 
existing panels and determine the acoustic characteristic of 
each surface and material, how much vibration could be ex-
pected and where the best place was to attach the transducer 
to get the optimal sound reproduction.

The company did parallel testing of various surfaces in 
demonstration cars.

When looking at different types of vehicles using different 
interior panel materials, recent lightweighting efforts also 
helped play in Continental’s favor. “In general, we found that 
with the lightweight design trend in the last 10 years, most 
of the interior panels can be used for sound reproduction 
because everyone is trying to optimize weight,” Joest says. 
“That leads to similar structural behavior in interior panels. 
There were slight differences in the details, but in general, 
most components can be used for this system.”

After testing each individual panel for its acoustic proper-
ties, Continental then had to incorporate all of the panels to-
gether to analyze how the entire system would work together 
in a demonstration car. “There was tuning done for the over-
all system,” Friedrich says. “We optimized the combination 
of different panels to get the best outcome.”

Although the company’s acoustic analytics systems were 
used to help determine that final design, human hearing 
also played a big role. “We have engineers who sit in the 
car and do a subjective evaluation,” Joest says. “We do some 
frequency measurements, but there is also a more subjective 
process of tuning the car. We also optimized for the delays 
you get if there are different distances from the panels to the 
ears of the listener.”

It’s a similar process to that used for traditional speaker 
systems. “You tune the system via software and digital signal 
processing,” Friedrich adds. 

Continental also wanted to keep the transducer design 
standard so the equipment wouldn’t have to be altered signif-
icantly for different panels or vehicles. They also minimized 
alterations to the panels themselves.

“We basically just need a flat surface inside the panel 
for connecting the actuator or transducer,” Joest says. 
“The attachment method doesn’t make a difference. 
We’re not designing new interior panels or changing the 
mounting process.”

Because the transducers are also so much lighter and 



SIMULATE ||| NVH

38  DE | Technology for Optimal Engineering Design         October 2017 /// digitaleng.news

smaller than regular speakers, they could even be fixed to the 
panels prior to being delivered to the OEM for installation.

One remaining challenge is that the vehicles the trans-
ducers are being tested on still have speaker grills. “That’s 
not optimal because it reduces the surface area of the panel,” 
Joest says. “The larger the surface we can excite, the more ef-
ficient the system is.”

Human contact with the panel surface can affect the vi-
bration and acoustics. “But that depends on the frequency,” 
Joest says. “If you touch the panel lightly, then only high 
frequencies are affected. We use the A-pillar for those fre-
quencies, and drivers usually don’t place their hands there. It 
really depends on the surface material as well. Whether you 
are using fabric or leather can create small differences in the 
sound, but that can be overcome in the tuning process.”

The company is also developing solutions for smaller vehi-
cles like sports cars that don’t have particularly large panels. “It 
can be difficult to generate low frequencies in those interiors, 
but we are working on that,” Joest says. The company is proto-
typing that solution now but isn’t ready to demonstrate it yet.

Significant Weight Reduction
The transducers are smaller than conventional loudspeakers. 
A subwoofer box, for example, can take up to 12 to 20 meters 
of box volume that has to be placed in the interior of the 
car. With Ac2ated, that isn’t necessary. “We can reduce the 
amount of modules because (we) have these large surfaces 
that produce sound and can fill the room with sound,” 
Friedrich says. “With conventional speakers, the membrane 

is very small with a diameter of 10 cm or so. Because we 
have large surfaces, we reduce the amount of channels in the 
amplifier to build up the sound system.”

The system also has no visible components because the 
transducers are behind the panels. “That provides additional 
freedom for interior designers, because if they want to do 
some branding or something else on the sound system, they 
can do it in a variety of different locations in the car,” Joest 
says. “There are no speaker grills anymore.”

The most important benefit for OEMs, though, is the 
weight savings. According to Friedrich, the Ac2ated system 
can reduce the weight of the speaker system by up to 90%.

Joest says that a number of OEMs have already ap-
proached Continental about adopting the system in vehicles, 
but he was not able to elaborate at press time.

“We’ve had feedback that our approach is new and very 
interesting for them [automakers], because they are dealing 
with weight reduction, particularly as they look for ways to 
package batteries for hybrid and electric vehicles, which are 
very heavy,” Joest says. DE

Brian Albright is a freelance journalist based in Columbus, OH. 
He is the former managing editor of Frontline Solutions magazine, 
and has been writing about technology topics since the mid-1990s. 
Send e-mail about this article to de-editors@digitaleng.news.

INFO ➜ Continental: continental-automotive.com

For more information on this topic, visit digitaleng.news
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After analyzing panels for acoustic properties, Continental 
engineers incorporated them all into a test car to analyze 
them as a system. Image courtesy of Continental.
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National Electric Vehicle Sweden, the new owner of what
used to be Saab Automobile AB, is currently using Altair’s
Squeak and Rattle Director, described as a software set a set of
software automations that “rapidly identify and analyze design
alternatives to eliminate the root causes of squeak and rattle in
assemblies.” DE spoke to NVH experts from Altair for more info.
DE: What are the pros and cons of losing the combustion engine?

Jianmin Guan, director, Vibration and Acoustic Solutions:
In a traditional car, the combustion engine—to use industry
vernacular—“masks” a lot of the NVH problems, like extrane-
ous noises from accessories and components. In a fully electric
vehicle, the engine is no longer there, so these issues become
much more prominent to the driver and the passengers. For ex-
ample, wind and road noises become more prominent.

And all cars have cooling systems, which use pumps. Their
sound is not very loud, but can be fairly disturbing if the engine
noise is no longer masking it. And even though you no longer
have the engine, you still have the gear, so the gear noise becomes
more prominent. Usually, engineers have to solve these problems
by adding dampening, stiffing or absorption materials.

Unlike a combustion-engine car, the electric vehicle
produces very little external noise, so the pedestrians might
not easily recognize its approach. So, by requirement, electric
vehicles must make some noise to alert the pedestrians.
DE: How is simulation integrated with human perception?

Jianmin Guan: People generally perceive a car that vibrates
too much as a low-quality product. Without the engine, the
car has lost one source of vibration. At the same time, without
the engine’s vibration, road-induced vibration becomes more
prominent. So it can accentuate the perception of low quality.

Andrew Burke, product design team manager: With
NVH, the driver or the customer is the sensor, if you’d like.
The driver is the one making the assessment and measurement,
whether consciously or subconsciously. So we have to take into
account the human perception. With our tools, you can link the
simulated noises to a [physical vehicle] simulator, so you can “ex-
perience” what it sounds like to be the driver. In some companies,

using AR-VR (augmented reality and virtual reality) hardware to
experience the simulation is now standard procedure.

Based on research data, you could understand how a human
would perceive noise or vibration by looking at a plot [in simula-
tion]. But there are also subjective reactions you won’t get by just
looking at a plot. So, now that we have the technology, it’s really
important to feed these simulated data into a simulator so you can
experience it. That helps you make better design changes.
DE: What about full-system NVH simulations?

Jianmin Guan: When you do a full-vehicle NVH simula-
tion, you’re looking at how all the individual components are
coming together and matching one another. So compatibility of
components is one issue to look at. If you turn on the engine and
you feel the steering column shaking too much, you’d consider
that car not too refined. The problem might even contribute to
breakage and failure. But that shake is not the result of a single
component, but the design issue of the entire structure. It has
to do with how the steering column is fastened to the body. To
solve such a problem, you need to look at the full vehicle. DE

Kenneth Wong is DE’s resident blogger and senior editor. Email him
at de-editors@digitaleng.news or share your thoughts on this article at
digitaleng.news/facebook

BY KENNETH WONG

NVH—THE STUDY OF NOISE, vibration,
and harshness—is supported by software and
simulation tools. As the automotive industry
transitions from combustion engines to electric

and hybrid cars, NVH tools also evolve to address new issues.

INFO Altair: NVH.Altair.com

National Electric Vehicle Sweden: NEVS.com
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National Electric Vehicle Sweden uses Altair’s
Squeak and Rattle Director to identify and
solve root causes of sounds in automotive
assemblies. Image courtesy of Altair.

NVH Engineers Take On New
Challenges in Electric Vehicles
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We reviewed the original ThinkStation P900 (DE, August
2015), nearly a year after it was first unveiled at SIGGRAPH
2014. That workstation represented a total redesign of the
P-series and featured a new, tool-less case. The updated Think-
Station P910 comes housed in the same large tower case that
measures 7.8x17.6x24.4-in. (WxHxD) and weighs 51.25 pounds.
Despite its weight, three large handles make it easy to move the
system. Those handles are each marked with red touch points—
a feature that also appears inside the case.

The front panel includes a FLEX module that gives users
the option of adding just the components they need. It can ac-

commodate optical drives, a 29-in-1 card reader, and iEEE 1394
FireWire and eSATA ports. In our evaluation unit, the FLEX
module contained the power button, a 9-in-1 media card reader,
a headphone/microphone combo jack, and four USB 3.0 ports,
including one that is always on and capable of charging USB
devices and a second that can be used for diagnostics. Below this
are three vertical 5.25-in. drive bays, one of which contained a
standard 5.25-in. DVD+/-RW dual-layer optical drive.

The rear panel provides PS/2 keyboard and mouse ports,
a nine-pin serial port, four more USB 3.0 ports, four USB 2.0
ports, two RJ45 network jacks and audio jacks for line-in, line-
out and microphone. The NVIDIA GPU in our evaluation unit
added its own DVI port and four DisplayPorts.

Lots of Options
To access the interior of the P910, you simply lift a lever that
releases the entire left side panel. Inside, those aforementioned
red touch points provide clear indications of where to grasp com-
ponents that require absolutely no tools to remove. For example,
the 1,300-watt power supply, with its own built-in self-test, can
be swapped out in seconds by pulling on its red touch point. Even
the motherboard can be removed without tools after taking out
all of the other components.

Big & Powerful: Lenovo
ThinkStation P910 Signature Edition
BY DAVID COHN

L enovo recently sent us the latest iteration of
its flagship workstation, the ThinkStation 910
Signature Edition. This is actually a refresh of the
P910, designed to support the latest Intel Xeon E5-

2600 v4 series CPU in dual processor configurations with the
latest NVIDIA graphics cards, up to 896GB of memory and
drives with higher storage capacities.

LEFT: The new Lenovo ThinkStation P910 is an update of the company’s
flagship workstation, designed to meet the needs of the most demanding
users. RIGHT: An air baffle conceals the CPU and memory sockets and ensures
that fresh air reaches these crucial components. Images courtesy of Lenovo.
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A large direct cooling air baffle 
occupies the center of the case. 
This baffle conceals the two CPUs 
and memory sockets. Three chan-
nels ensure that each CPU and the 
memory sockets receive their own 
direct airflow.

The $1,899 base configura-
tion comes with a single Intel 
Xeon E5-2609 v4 processor (an 
eight-core, 1.7GHz CPU), 8GB 
of 2400MHz ECC memory, an 
NVIDIA NVS315 graphics board 
and a 1TB 7200rpm SATA hard 
drive. Lenovo offers a choice of 
eight different Intel Xeon CPUs 
ranging from four to 12 cores and 
speeds up to 3.5GHz. And with 
its two sockets, you can opt for 
one or two CPUs. Our evalua-
tion unit came with a pair of Intel 
Xeon E5-2620 v4 processors, 
which added $820 to the base 
price. Those eight-core Broadwell 
CPUs run at a rather sedate 
2.1GHz, with a maximum turbo 
speed of 3.0GHz, provide 20MB 
SmartCache each and have an 85-
watt thermal design power rating. 

The base P910 configuration 
comes with 8GB of RAM, installed 
as a single 8GB 2400MHz ECC 
RDIMM module. The review sys-
tem came with 32GB of memory 
(adding $342). Filling all 16 sockets 
with 32GB RDIMM modules 
would provide 512GB of memory 
and boost the cost by $7,236.

The motherboard provides 
a total of eight PCIe expansion 
slots, arranged in groups on either 
side of the CPUs and memory 
sockets. The upper group consists 
of a pair of Gen3 x16 graphics 
card slots and a single Gen2.0 x4 
slot. The lower group provides 
a second pair of x16 graphics 
card slots, another x4 slot, and 
a pair of x1 card slots. The base 
P910 configuration comes with 
an NVIDIA NVS315 DMS-59 
graphics card, an entry-level board 
with 1GB of dedicated memory 

Workstation
Performance
Compared

Lenovo 
ThinkStation 

P910 Signature 
Edition 

(two 2.1GHz Intel 
Xeon E5-2867V4 

8-core CPUs, 
NVIDIA Quadro 
P6000, 32GB 

RAM, 1TB PCIe 
M.2 SSD)

Lenovo 
ThinkStation 

P410 
(one 3.6GHz 
Intel Xeon 

E5-1650 v4 
6-core CPU, 

NVIDIA Quadro 
M4000, 16GB 

RAM, 1TB SATA 
SSD HD)

BOXX 
APEXX 2 2402 

(one 4.0GHz 
Intel Core 
i7-6700K 

4-core CPU 
over-clocked to 
4.4GHz, NVIDIA 
Quadro M5000, 

16GB RAM, 
800GB PCIe 

SSD)

Lenovo 
ThinkPad P70

17.3-inch 
mobile  

workstation 
(2.8GHz Intel 

Xeon E3-1505M 
v5 quad-core 
CPU, NVIDIA 

Quadro M4000M, 
16GB RAM, 

500GB PCIe SSD)

Price as tested $8,080 $2,515 $5,806 $3,623

Date tested 5/18/17 10/26/16 1/30/16 2/12/16

Operating System Windows 10 Windows 10 Windows 10 Windows 7

SPECviewperf 12 (higher is better)

catia-04 154.86 89.66 133.05 80.54

creo-01 110.01 76.93 108.03 66.69

energy-01 31.83 6.34 11.44 6.39

maya-04 95.06 63.31 101.53 54.93

medical-01 113.27 26.62 45.12 27.23

showcase-01 131.80 46.58 60.37 46.70

snx-02 400.78 125.39 121.01 112.86

sw-03 156.25 106.37 158.22 88.04

SPECapc SOLIDWORKS 2015  (higher is better)

Graphics Composite 4.17 8.08 7.65 4.62

Shaded Graphics Sub-Composite 2.79 4.87 4.19 2.41

Shaded w/Edges Graphics Sub-Composite 3.36 5.97 5.57 3.42

Shaded using RealView Sub-Composite 3.15 6.43 5.45 3.41

Shaded w/Edges using RealView  
Sub-Composite

3.65 9.99 9.01 5.89

Shaded using RealView and Shadows  
Sub-Composite

3.59 7.23 6.77 3.87

Shaded with Edges using RealView and  
Shadows Graphics Sub-Composite

3.81 10.47 10.29 6.19

Shaded using RealView and Shadows and  
Ambient Occlusion Graphics Sub-Composite

11.52 16.01 14.87 7.97

Shaded with Edges using RealView and 
Shadows  and Ambient Occlusion Graph-

ics Sub-Composite
10.93 22.75 21.17 12.01

Wireframe Graphics Sub-Composite 2.54 3.26 4.19 3.02

CPU Composite 3.01 5.08 6.09 3.47

SPECwpc v2.0 (higher is better)

Media and Entertainment 4.22 2.84 3.52 2.60

Product Development 4.33 2.79 3.06 2.32

Life Sciences 6.32 3.03 3.65 2.56

Financial Services 7.55 4.60 1.54 1.14

Energy 6.07 3.11 3.17 2.27

General Operations 1.43 1.14 1.99 1.41

Time (lower is better)

Autodesk Render Test  (in seconds) 54.10 50.10 41.70 50.00

  Numbers in blue indicate best recorded results. Numbers in red indicate worst recorded results.   
* Results provided by Lenovo.
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and a pair of DisplayPorts. The system we received included an
NVIDIA Quadro P6000. This top-of-the-line graphics card in-
corporates 3840 CUDA cores and 24GB of GDDR5X memory. 
The 250-watt power demands of this VR-ready board require 
an auxiliary eight-pin connector and it covers the adjacent ex-
pansion slot.

Along the front portion of the case are four 5.25-in. drive 
bays, separated by the FLEX module and again identified by red 
touch points. Each bay uses blind connectors and a tray design 
that can accommodate a 3.5-in. or 2.5-in. drive, or a pair of 
2.5-in. drives. The base configuration includes a 1TB 7200rpm 
SATA drive, but Lenovo offers lots of choices, including SSD 
drives from 256GB to 1TB and mechanical drives of up to 4TB 
capacities. You can also order systems configured with multiple 
drives in various RAID arrays. There is also a pair of internal 
FLEX connectors that can support up to four PCIe drives. Our 
evaluation unit came with a single 1TB PCIe M.2 drive. All told, 
the ThinkStation P910 can accommodate up to 40TB of storage.

Mixed Results
With its ultra-high-end NVIDIA GPU, the new Lenovo 
ThinkStation P910 delivered the fastest results we have ever re-
corded for all but one dataset in the SPECviewperf benchmark 
of graphics performance. But with its CPU running at a base 
frequency of only 2.1GHz, the P910 did not set any records 
on the SPECapc SolidWorks test, lagging behind many of the 
other systems we’ve tested recently.

Once we turned our attention to the demanding SPECwpc 
workstation performance benchmark, however, the ThinkStation 
P910 again came out on top compared with other recent worksta-
tions we reviewed. But on the AutoCAD rendering test, its results 

were below those of other recent worksta-
tions. The sound of the internal fans never 
varied during any of our tests, but the sound 
pressure level remained a very noticeable 
50dB, even at rest.

Lenovo preloaded Windows 10 Pro-
fessional 64-bit. Windows 7 is also avail-
able. Like other Lenovo workstations, 
the new ThinkStation 910 comes with a 
three-year on-site warranty. The system 
is ISV certified for applications from 
companies including Adobe, Autodesk, 
Dassault and PTC.

The starting price of the ThinkStation 
P910 belies the potential within. Few are 
likely to purchase a system with this much 
potential equipped with entry-level com-
ponents. The system we reviewed is not 
available from Lenovo. It is available from 
CDW, at a cost of $8,080. Those looking for 
a better balance of price and performance 
for MCAD applications might be better 

served with a pair of high-end CPUs and a slightly lesser GPU.
This new Lenovo ThinkStation P910 is aimed at high-end 

CAD, CAE, R&D, rendering, special effects and the oil and gas 
industries. But if you need an extremely powerful system with 
lots of expansion capabilities, you need look no further than the 
Lenovo ThinkStation P910. DE

David Cohn is the senior content manager at 4D Technologies. He also
does consulting and technical writing from his home in Bellingham, WA, 
and has been benchmarking PCs since 1984. He’s a Contributing Editor 
to DE and the author of more than a dozen books. You can contact him 
via email at david@dscohn.com or visit his website at dscohn.com.

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

INFO ➜ Lenovo: lenovo.com/thinkstation

Lenovo ThinkStation P910 Signature Edition
• Price:  $8,080 as tested ($1,899 base price)
• Size: 7.87x24.41x17.56-in. (WxHxD) tower
• Weight: 51.25 pounds
• CPU: Two 2.1GHz Intel Xeon eight-core E5-2620 v4
• Memory: 32GB DDR4 ECC at 2400MHz
• Graphics: NVIDIA Quadro P6000 
• Hard Disk: 1TB Samsung PCIe M.2 
• Optical: 16X DVD+/-RW 
•  Audio: Integrated Realtek ALC662 audio 
•  Network: Integrated gigabit Ethernet, one RJ45 port
•  Other: Eight USB 3.0 (4 front/4 rear), four USB 2.0 ports rear, one 

9-pin serial, PS/2 mouse and keyboard ports, one DVI port and 
four DisplayPorts on NVIDIA board, 9-in-1 media card reader 

• Power supply: 1,300 watts, 92% 
• Warranty: Three-year parts and labor

PERFORMANCE
(based on SPECwpc Product Development benchmark dataset)

P
R
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Price vs. Performance
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PICKS

Each week, Tony Lockwood combs 
through dozens of new products to 
bring you the ones he thinks will help 
you do your job better, smarter and 
faster. Here are Lockwood’s most 
recent musings about the products 
that have really grabbed his attention.

SigmaTEK Systems has launched a new
edition of its profile cutting and sheet 
metal CAD/CAM system, SigmaNEST 
X1. It works with pretty much any 
machine type—traditional and fiber lasers, 
knife cutters, routers, oxyfuel cutters 
and whatever. It helps you optimize 

production schedules and workflows.
SigmaNEST X1.3 sees 

enhancements in nine areas including 
nesting, punching, CAD geometry 
repair, file import and working with 
task parameters. 
MORE ➜ digitaleng.news/de/?p=39013

CAD/CAM for Profile Cutting/Sheet Metal Updated
Improvements enable nesting engine to operate faster and more efficiently.

3D Printer Makes Castable Wax Patterns
Solidscape’s new S500 is described as high-precision.

Solidscape recently announced its
S500 3D printer for high-precision 
investment casting and rapid 
prototyping. The company also 
launched new modeling and support 
materials that work well with the S500.

The S500 3D printer can produce 

wax patterns ready to be cast in most
metals and alloys.

New build technology allows 
for organic shapes like undercuts, 
overhangs, thin walls and 
interlocking parts.
MORE ➜ digitaleng.news/de/?p=38904

Integrated Multiphysics Toolset Updated
Advanced markup technology and refined automatic part contact analysis debut.

IronCAD has released an updated
version of its integrated simulation 
tool, MPIC (Multiphysics for 
IronCAD). MPIC provides fully 
coupled multiphysics simulation for 
stress, thermal, electrostatic and fluid 
analyses. Some of the analysis types it 

offers are static/steady state, dynamic
and transient response, modal and 
vibration modes as well as instability 
buckling. You can extend MPIC with 
an advanced package to study things 
like large deformations. 
MORE ➜ digitaleng.news/de/?p=38742

Design Exploration, Optimization Tools Enhance CFD
STAR-CCM+ release adds integrated design exploration, optimization capabilities.

Design Manager is fully integrated into
STAR-CCM+ v12.04. It’s intended 
to help you explore multiple design 
options within your computational 
fluid dynamics (CFD) simulations. It 
presents an automated, methodical 
approach that explores designs directly 

within STAR-CCM+. Design Manager
evaluates variations in geometry and 
operating conditions, and you can 
use it on design families, including 
process management and performance 
assessment.
MORE ➜ digitaleng.news/de/?p=38661
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////////////////////////////////////////////////////////////////////////////////////////////////////////////
Student Design Competition Profile:  
Greenpower Electric Car Challenge  

Next-Gen Engineers

Digital Engineering: Can you pro-
vide an overview of the Greenpower 
Electric Car Challenge?

Jeremy Way: Greenpower’s first event 
was in 1999. Since then, the initiative has 
grown significantly. In the UK, we now 
work with over 600 schools and organiza-
tions, involving 10,000 students.

 The Greenpower project involves 
teams designing, building and racing fully 
functioning electric vehicles. The aim is 
to introduce young people, aged 9 to 25, 
to an engineering environment.

  A total of 36% of Greenpower 
participants are female, which is 
impressive for a science, technology, 
engineering and math (STEM) project.

 Greenpower began licensing its 
program abroad in 2015. Successful 
programs now run in Spain, China, Poland 
and the US. In the US, there are 96 IET 
Formula 24 teams and 20 IET Formula 
Goblin teams. We’ve also seen a growing 
interest globally, including in Indonesia, 
Thailand, Singapore and Malaysia.

DE: Can you tell us about some of the 
designs that are part of the event and how 
they came to be?

Way: In 2016, for the first time in 12 
years of the Goblin category, we launched 
a new kit car, which we are excited to start 
seeing on the tracks in 2017. We released 

our Goblin G2, a second-generation kit 
car, which is designed and manufactured 
by KMF in Staffordshire, UK. The as-
sembly process and appearance has made
it more appealing to primary schools.

 Recently, we asked one of our 
expert teams to design and build a 
demonstration car to show how the 
process does not need to be costly or 
time-consuming.

 Each team designs its own electric car 
over the course of the season. The teams 
make numerous modifications to the cars 
to improve performance.

 For example, in 2016, the Renishaw 
team used Siemens NX software, 
particularly for performing aerodynamic 
analysis and part simulations. The software 
enabled the team to use CAD models, test 
aerodynamics virtually and ensure there 
were no mechanical incompatibilities. 

The team also prioritized gearing. 
Using a gearing system allows drivers to 
adjust current usage during the race in 
reaction to changes in conditions and to 
the different tracks, thus improving the 
performance of the car. One of the team’s 

main electronic innovations was the cre-
ation of a smartphone display function,
which allowed the driver to make appro-
priate gear choices.

 In the 2016 Greenpower finals, 
held at Rockingham Motor Speedway, 
the Renishaw team of graduates and 
apprentices achieved first and second place 
in the Silverline Corporate Challenge.

 DE: Can you provide some examples 
of what the initiative has produced?

Way: In a recent survey, 95% of 
primary school-aged participants 
commented that, because of Greenpower, 
finding out how things work is interesting, 
which shows the impact the program has 
had on almost all participants. DE

Jim Romeo is a freelance writer based in
Chesapeake, VA. Send e-mail about this 
article to de-editors@digitaleng.news.

Design and Build a Fully Functioning Electric Vehicle
BY JIM ROMEO

Renishaw apprentices raced to success at Greenpower 
event in 2016. Image courtesy of Renishaw.

J EREMY WAY is the CEO of 
Greenpower, a nonprofit 
education trust. The organization 
runs an event in the UK, 

sponsored by the global engineering 
company Renishaw. The event challenges 
students to design and fabricate 
functioning electric vehicles. We spoke to 
Way to learn more about this event.

INFO ➜ Greenpower: greenpower.co.uk

➜ Renishaw: Renishaw.com

➜  Siemens PLM Software:  
Siemens.com/PLM

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
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Executive Summary
Over the past few years, there has been a 
trend toward lighter and thinner tablets. Fiber 
reinforcement materials (PC+GF) and proper 
product design are the key factors to reducing 
weight while maintaining the desired product 
strength and stiffness. In-mold roller (IMR) process 
is often used to decorate tablet products; however, 
possible defects such as ink washout and stress 
marks tend to occur in the IMR process. Acer used 
Moldex3D DOE (Design of Experiment) analysis to 
examine possible defects and achieve optimum 
gate design and process conditions.

Challenges
•  Ink washout on the thin-wall injection  

molded base case (Fig. 1)
• Visible stress marks around the gate
•  Stringent requirement for thickness (not  

exceeding 0.8 mm)

Solution
•  Using Moldex3D DOE to achieve optimum  

gate design and process conditions

Benefits
•  Identify the best gate type to reduce shear  

stress and avoid ink wash-out.
• Reduce the wall thickness significantly by 48%.
• Reduce product weight by 40%.

Case Study
The objective of this case study is to 
solve the ink wash-out and stress marks 
in an ultra slim tablet. Through Moldex3D 
analysis, Acer identified high shear stress 
in the design (Fig.3).

Acer set 11 sensor nodes on the gate 
(Fig. 3) and ran Moldex3D Flow analysis 
to check the shear rate of the sensors. 
The shear rate was compared with the 
experimental results. They showed that 
the problematic areas have higher shear 
rate. Therefore, shear rate analysis results 
might serve as an indicator and can help 
minimize ink washout.

Secondly, Acer performed Moldex3D 
DOE analysis to analyze the different types 
of meshes and gates in the four chosen 
designs, then set two quality factors: the 
shear rate and sprue pressure during the 
filling as smaller-the-better. Based on the 
Taguchi method, four control factors and 
four levels were selected for analyzing 
Signal/Noise (S/N) ratio (Table 1).

MORE ➜ digitaleng.news/de/?p=39322

Acer Achieves Quality Surface Finishes with Moldex3D DOE

FIG. 3: The shear rate result of the 
original design during the filling 
process.

FIG. 1: The ink washout problem on 
the base case.

FIG. 2: The original gate design.

Quality Factor Characteristic Weighting
Filling - Shear rate distribution [1/sec] The smaller, the better 50%

Sprue injection pressure valve [Mpa] The smaller, the better 50%

Control Factor/Order Level 1 Level 2 Level 3 Level 4
Mesh a-1 d-3 e-2 f-2

Melt Temperature (°C) 290 300 310 320

Mold Temperature (°C) 45 50 55 60

Maximum Flow Rate Profile Value (%) 20 25 30 35

TABLE 1: The DOE method analysis data of the quality factors and control factors.

Founded in 1976, Acer has a presence 
in over 160 countries today. From 

service-oriented technologies to the Internet 
of Things, gaming and virtual reality, Acer’s 
7,000+ employees are dedicated to the 
research, design, marketing, sale and support 
of products and solutions that break barriers 
between people and technology. 
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Gas turbines must be designed to produce energy as efficiently as 
possible, with components designed to sustain reliable operation in 

the extreme conditions within a gas turbine engine. Complex aerodynamic 
and thermodynamic interactions are a major determinant of a turbine’s 
performance; as such, flow and thermal analysis methods are fundamentally 
important to the gas turbine design process. Many turbine manufacturers still 
largely rely on one- and two-dimensional correlation-based approximations 
in their day-to-day turbine design processes, but these methods limit the 
accuracy of temperature predictions. Competing demands for improved 
efficiency, reliability, emissions and unit costs have amplified the need for 
tools capable of moving beyond simple correlation-based methods. 

Siemens PG now uses three-dimensional computational fluid dynamics 
(CFD) simulations to predict the complex flow-field and turbine blade 
metal temperatures accurately and rapidly enough to have an impact 
on day-to-day engineering decisions. This innovative workflow is based 
on the Siemens PLM Simcenter platform using NX for 3D CAD geometry 
generation and STAR-CCM+ software for multiphysics CFD simulation.

Results obtained with the STAR-CCM+ Conjugate Heat Transfer (CHT) 
CFD simulations are said to be highly accurate, with blade metal temperature 
predictions consistently within 8% of experimental test values.1  “Being able 
to rapidly obtain turbine blade metal temperatures that are within engineering 
accuracy of experimentally-measured values is enabling us to discover 
improved gas turbine designs, faster,” said Dr. Jose Rodriguez of Siemens PG. 

Progressing Beyond the Traditional 
The environment in which turbine blades operate is harsh, with 
temperatures significantly higher than the melting point of the metal blades 

themselves. Safe and efficient operation of gas turbines relies on the 
cooling provided by air routed through internal passageways built into the 
blades. As such, a goal of cooled turbine blade simulation is to determine 
metal temperatures throughout the blade. These temperatures and the 
predicted aerodynamic loads allow for stress predictions to be performed, 
and the durability of the blade to be established. Approaches to obtaining 
these temperatures and loads have evolved as computational methods 
have improved and become more practical. Each of the three analysis 
methods outlined as follows describes tools and process of predicting the 
blade temperature of a candidate blade design.
 

1. Legacy Design System: Internal and external turbine 
blade flow-fields are approximated using 1D correlations obtained from 
experimental data and simple relations. The correlation-based results are 
then used as inputs to a 3D finite element analysis (FEA) to predict blade 
temperatures. 

The process begins by specifying the cooling air being delivered to 
the blade and a specification of the aerodynamic conditions the blade will 
experience (boundary conditions). Additionally, a blade wall temperature 
is assumed. These inputs are used to determine the internal and external 
flow-field using low-fidelity methods. These flow-field estimates provide 
the necessary boundary conditions for a 3D finite element analysis (FEA), 
which will result in a blade surface temperature distribution. This analysis 
cycle is repeated until the predicted blade surface temperature agrees with 
the assumed input. 

Each iteration of the analysis loop is fast due to the simplicity of the 
models used; however, those simplifications yield lower accuracy leaving 
a greater uncertainty of how the actual engine will perform. The correlation 
methods used rely on engine test data for correlation, meaning that 
expensive experiments must be performed and only designs similar to 
what has been tested can be considered. Additionally, the analysis process 
relies on the maintenance of multiple tools, and a cumbersome workflow to 
pass data between the tools.

2. CFD-based Design System: The correlation-based 
flow-field predictions of the Legacy Design System are replaced by 
separate 3D computational flow dynamics (CFD) simulations of the 
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internal and external blade flow paths. The results from these separate 
CFD simulations are then used directly as inputs to 3D FEA analyses to 
obtain the metal temperatures. 

The use of CFD in place of the correlations means that this 
approach allows 3D effects to be captured and accounted for in the 
design iterations, reducing the reliance on prototype testing. The 
simulations of the internal and external flows can be performed 
simultaneously, but are not tightly coupled. The workflow has not 
changed from the Legacy Design System. The only change is that the 
correlation methods used for flow-field prediction have been changed 
to physics-based CFD models. 

The accuracy of the method as well as the design possibilities are 
improved as a result of moving away from correlation methods. However, 
the workflow remains cumbersome and error-prone.

3. CHT/CFD Design System: Performing the entire analysis 
within one virtual prototype platform allows for highly accurate results and 
a greatly simplified workflow. A single 3D multiphysics simulation models 
the aerodynamics of the internal flow-field, external flow-field and solid 
conduction in a single simulation. 

Performing a multiphysics simulation using the high-fidelity 3D 
model of the turbine blade allows for a more accurate characterization 
of the system than that provided by the other approaches. Solving both 
the aerodynamics and solid conduction domains simultaneously further 
increases accuracy, while eliminating the need to iterate within the analysis 
process. When these modeling techniques are combined into a streamlined 
design system, the shortened design time allows for efficient design-space 
exploration and the ability to analyze truly novel designs that fall well 
outside the scope of empirical correlation-based methods.

The overall value of the combined increases in speed, accuracy 
and ease-of-use associated with the conjugate heat transfer (CHT)/CFD 
workflow cannot be overstated, especially when it is understood that it 
is the only one which allows for automated exploration of new designs 
outside the scope of correlation methods.

Validating the 3D CHT/CFD System
Validation is important when implementing any analysis method. It 
is important to determine how to appropriately use the tool to model 
the system of interest. The Siemens team validated the CHT/CFD 
methodology in two stages. 

Reference
1 Jose Rodriguez, Philipp Cavadini, Marco Brunelli, Chad Custer and 
Cassandra Carpenter: High Fidelity CHT CFD for Gas Turbine Heat 
Transfer Applications, Proceedings of the 1st Global Power and 
Propulsion Forum (GPPF), Zurich, Switzerland, January 2017.

A: Candidate blade design complete with complex 

cooling features. B: Aerodynamic and thermal prediction.
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In-Service Part Quality for Additive Manufacturing 

Today we are witnessing the next breakthrough—the wide-
spread adoption of additive manufacturing (AM) technology,
popularly known as 3D printing, for production use. With the 
advent of highly controlled materials and processes made pos-
sible through advanced software, we are now seeing the prolif-
eration of much more functional engineering applications using
layer-wise manufacturing methods.

One capability of AM is the ability to manufacture parts with 
complex and heterogeneously variable internal substructures 
and properties at minimal additional production cost. But 
designing those complex internal structures is in no way trivial.

Simulation Guides AM Design
Advances in simulation technology for multiphysics, design
optimization and predictive analytics are aiding the adoption of 
AM for producing final parts. With design no longer constrained 

by subtractive manufacturing restrictions, a part designer can
leverage design simulation software to answer: 

• What is the functional objective of the part? 
• Can we design a part with the same functional characteris-

tics but use less material? 
• Can we obtain the savings from optimized additive parts?
By using physics-based simulation and optimization, engineers 

are empowered to develop parts that are increasingly complex, 
more organic and lighter—all while meeting performance 
requirements and using less time and fewer resources. 

Driven by representative volume elements (or RVEs) simula-
tion helps transform the detailed internal structures into con-
tinuum representations, which enables the realistic modeling of 
part-level simulations. Because the underlying variable that drives 
a topology optimization is the relative density of the material, 
simulation tools are able to determine variable densities and ma-
terial distribution in a fixed design space. Users can apply single 
or multiple loadings. Optimization software is capable of iterating 
the design with this load case to find the maximally stiff structure 
within a given mass constraint. Notably, the optimization results 
often reveal that the maximum density region does not always 
correspond with maximum load location. This kind of insight can 
only be achieved using simulation technology.

Expanded Manufacturing Machine Options
The AM machine provider now includes machines capable of han-
dling metals and polymers, with new material capabilities being 
added regularly. 

Most AM processes require detailed process analytics, such as 
temperature and distortion profiles. By adopting an all-purpose 
simulation framework, companies can simulate parts built from 
different processes. Such a framework allows users to specify 
machine-dependent information as inputs in space and time, 
include support structures from their builds and analyze material 
behavior—while it computes the solution locally and globally. DE

Subham Sett leads the Dassault Systèmes team responsible for
the rollout of roles and applications for additive manufacturing and 
materials. Contact him via de-editors@digitaleng.news.

O VER THE PAST CENTURY, we have witnessed amazing milestones in manufacturing. The most impactful 
achievements have been those that simplified and automated the design-to-manufacturing process. Consider Henry Ford’s 
moving assembly line in 1914, the launch of the first CAD software in 1954 and the arrival of industrial robots in 1973. 
Each of these developments allowed manufacturers to bring better products to the marketplace more quickly.

AM Simulation Requirements  
Material Evolution:

• Realistic temperature-dependent models
• Raw material—melt pool—solid
• Metallurgical transformations

Energy sources: 
• Scanning lasers, electron beams, polymer beads
• Localized heating: Over milli/micro seconds 
• Full part print: Over hours

Rapid cooling:
• Convection/Radiation
• Evolving free surfaces

Part-level simulation:
• Agnostic and open
• Highly customizable
• Use build data from machine
• Progressive material addition (even removal)

Model setup automation:
• Support generation/modeling
• Exact scan patterns
• Efficient toolpath–mesh intersections



• Affordable tooling
• Lower piece-part costs
• Mold life guarantee
• Inspection reports
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