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Forward Thinking

I want to thank everyone in our audience who took the 
time to let us know about the technologies they use and how 
they use them, as well as how they use DE’s print and digital 
magazine, social media, websites and newsletters. We use the 
feedback you provide us, along with the trends we see emerg-
ing in the market, to determine where to focus our efforts. 

What You Said
We shared the results of our engineering technology outlook 
survey in last month’s issue. As a high-level recap: Forty-two 
percent of you classified your organizations as innovators or 
early adopters of design strategies and technologies. Collabora-
tion and short product development deadlines were neck-and-
neck at the top of the list for your day-to-day work challenges. 

That’s a pretty clear indicator that you’re looking for 
cutting-edge technologies that make it easier to work 
together so that you can meet those tight deadlines. But 
which technologies? When asked what would have the 
greatest impact on product design and development over 
the next five years, you ranked additive manufacturing/3D 
printing, simulation, artificial intelligence/machine learn-
ing, advanced materials and high-performance computing/
cloud computing as your top five. 

That technology outlook is half a decade away and per-
tains to the overall design engineering market, so in our 
reader survey we specifically asked what technologies you’d 
like us to cover more than we do now. At the top of that list 
on the hardware side were 3D printing, 3D scanning and 
sensors, while computer-aided design (CAD), software engi-
neering and simulation topped the software side.

Perhaps not surprisingly for an audience focused on inno-
vation through technology, the information you want more 
of and the technologies you see having the most impact on 
product design and development in the near future line up 
pretty neatly.  

A S I WRITE this, 2017 is drawing to a close. It’s 
a good time to reflect on the past and make 
plans for the future. Thankfully, I have the re-
sults of both our recent engineering technol-

ogy outlook and reader surveys to guide me.

What We’re Doing
DE was founded in 1995 in large part to explain the novelty of 
CAD. Without asking you, we might have assumed that you’ve 
heard enough about it. But it’s clear from the surveys that you 
want more, so we’ve decided to begin reviewing CAD software 
regularly in 2018. Starting next month, we plan to publish 
monthly reviews of design software.

In recent years, DE has focused on simulation-led design. 
Your responses to our surveys show we’re on the right track, but, 
like CAD, you want more in-depth coverage. To that end, we’ll 
be bringing back regular reviews of simulation software. We are 
also looking forward to co-hosting the Conference on Advancing 
Analysis & Simulation in Engineering (CAASE) with NAFEMS 
June 5-7  (see nafems.org/CAASE18).

DE was covering 3D printing before covering 3D printing was 
cool. Now that the hype surrounding what 3D printing might do 
has been replaced with how it’s being put to use, 3D printing and 
scanning are hotter than ever. We’ll continue to cover 3D printing 
and scanning in each issue, including a special focus on it in April 
that includes an online editorial roundtable discussion on simula-
tion for additive manufacturing. We will also continue to devote 
special coverage to its evolution online (see rapidreadytech.com) 
and via our Focus on Rapid Technologies e-newsletter.   

If there was a surprise with this year’s survey results, it was 
how quickly software engineering joined the rankings of most-
wanted coverage, no doubt led by interest in artificial intelli-
gence (AI) and the internet of things (IoT). The IoT first made 
the cover of DE in March 2015, and IoT/sensors was added as 
a tent pole of our coverage last year. There was some internal 
debate about whether we were indulging in hype at the time, 
and whether design engineers would be interested in software 
engineering. Turns out we need not have worried about your 
appetite for cutting-edge technology coverage, and we will con-
tinue to expand it in the magazine, website and our Focus on IoT 
& Sensors e-newsletter this year. 

We’ve got a lot planned for 2018. If you missed the chance 
to participate in our surveys, please contact me to let us know 
what technology topics are most important to you.  DE

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

Lighter Materials, Lighter Automobiles 

The M1 Abrams Main Battle Tank

5 Billion GallonsLightweight Material Potential Mass Reduction
Magnesium 30-70%
Carbon fiber composites 50-70%
Aluminum and Al matrix 
composites 

30-60%

Titanium 40-55%
Glass fiber composites 25-35%
Advanced high-strength 
steel 

15-25%

High-strength steel 10-28%

In the short term, replacing heavy steel with high-strength steel, 
aluminum, or glass fiber-reinforced polymer composites can 
decrease component weight by 10-60%. Longer term, materials 
such as magnesium and carbon fiber-reinforced composites 
could reduce the weight of some components by 50-75%.

— U.S. Energy Department Vehicle Technologies Office (VTO)

Weight today: 72+ tons

Entered Service: 1980 Weight in 1980:  
58 tons

The Abrams tank gained weight via additional armor and having 
its 105-mm gun replaced with a 120-mm gun.

— U.S. Army Tank Automotive Research & Development Center (TARDEC) 

Using lightweight components and high-
efficiency engines enabled by advanced 
materials in one quarter of the U.S. fleet 
could save more than 5 billion gallons of fuel 
annually by 2030.

— U.S. Energy Department  
Vehicle Technologies Office (VTO)

The Department of Energy’s Carbon Fiber 
Technology Facility has a capacity to 
produce up to 25 tons of fiber per year.

— Oak Ridge National Laboratory, 2017

25  
Tons

Lightweighting goal for next tank: 20-40% weight reduction

20%
40%
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$10,000 per pound 
It costs $10,000 to put a pound of payload into Earth 
orbit. NASA’s goal is to reduce the cost of getting to 
space to hundreds of dollars per pound within 25 
years and tens of dollars per pound within 40 years.

— NASA Marshall Flight Center, 2008

$1,000 per pound 
The SpaceX Falcon Heavy rocket will be the first-
ever rocket to break the $1,000-per-pound-to-orbit 
barrier, less than a tenth as much as the Shuttle.

— SpaceX press release, July 13, 2011 

BLAST OFF the Weight

$100-$500 per pound 
SpaceX CEO Elon Musk estimates the Falcon Heavy could achieve  
orbital payload costs as low as $100 per pound, depending on  
the flight rate.

— Popular Mechanics interview, Feb. 7, 2012

$109 Million 
Cost of an entry-level ULA Atlas V 
launch, not including the value of 
insurance, schedule certainty and orbit 
optimization.

— Rocketbuilder.com, United Launch Alliance

$62 Million,  
$90 Million 
  Cost of Falcon 9 and Falcon    
   Heavy rocket launch    
   services, respectively, not  
   including discounts for  
    contractually committed,  
    multi-launch purchases.

— SpaceX.com

9,920-23,148 pounds 
The Ariane 6 launch vehicle is expected to be on the launch pad by 
2020, and will feature two variants capable of placing 4.5 to 10.5 
tonnes in a geostationary transfer orbit (GTO). SpaceX pegs its GTO 
capabilities at 18,300 pounds for the Falcon 9 and 58,860 pounds  
for the Falcon Heavy. 
    — European Space Agency, SpaceX, 2017    

3,257 pounds 
The Solar Impulse 2 flew 40,000 km without fuel. The 3,257-pound solar 
plane used sandwiched carbon fiber and honeycombed alveolate foam for  
the fuselage, cockpit and spars. 
    — SolarImpulse.com, 2016   

Testing Lightweight Limits

404,600 pounds 
The weight of a Boeing 747-400, which entered commercial service in 1989, after wing weight was reduced via 
high-strength aluminium alloys and composite materials. The new Boeing 787-10 promises 25% better fuel and 
emissions than the airplanes it will replace, thanks in part to being 50% composite by weight. 
    — Aerospace-Technology.com; Boeing.com, 2017
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Engineering Conference News 

ROAD TRIP

“We’ve been talk-
ing about the robot 
revolution, about 
numerous kinds of 
automation, new 
capabilities that are 
indisputably going to 
replace some of the 
things you do every 
day. So what does it 
mean for your job? 
Are we moving to a 

world of driverless cars and driverless CAD?”
In recent years, Autodesk has been building up its generative 

design muscles. Project Dreamcatcher, once an experimental 
technology in the research phase, exemplifies Autodesk’s genera-
tive design aspirations. Components of Dreamcatcher are now 
mature enough to be part of Autodesk’s core offerings such as 
Netfabb, with robust optimization tools for additive manufac-
turing projects.

Describing generative design, Autodesk writes:
Designers or engineers input design goals into generative design 

software, along with parameters such as materials, manufacturing 
methods, and cost constraints. Then, using cloud computing, the soft-
ware explores all the possible permutations of a solution, quickly gener-
ating design alternatives. It tests and learns from each iteration what 
works and what doesn’t.

Some might call it algorithm-driven design. Some might 
call it topology optimization. And some might justifiably call it 
AI-driven design. For many CAD veterans who had to devote a 
good portion of their life to master the complex CAD software 
user interfaces to be able to sculpt the desired geometric shape, 
generative design is the dawn of driverless CAD.

“Or are we moving to a bright future? One where we can all 
make more, better, with less?” asked Anagnost.

AU 2017: Seeking Assurance in 
Times of AI and Automation
BY KENNETH WONG

A S HE STEPPED up to the stage in The Venetian’s 
ballroom to address the Autodesk faithfuls gathered 
at AU 2017, Andrew Anagnost tackled the anxiety 
that may be on many attendees’ minds.

MORE ➜ digitaleng.news/virtual_desktop/?p=13501

Autodesk CEO Andrew Anagnost 
took the stage at Autodesk University 
2017. Image courtesy of Autodesk.

There is nothing 
new about printing 
with metal per se, but 
this year saw several 
key announcements 
from 3D printer and 
software vendors. 
Right now, metal is 
a high-end proposi-
tion, limited to the 
largest manufactur-
ers with the highest 
requirements and 

the largest budgets. The news from formnext is a positive indi-
cation that metal printing is moving closer to wide-range adop-
tion as currently enjoyed by the more mature polymer-based 3D 
printing technologies.

Spee3D Introduces Commodity Metal Printing
Creating aluminum die-cast parts for manufacturing is a $55 
billion market globally, and it is expected to reach $80 billion 
by 2020. Much of the industry creates parts that don’t reach a 
consumer, but are used in manufacturing to create other prod-
ucts, or in industries such as mining or foundry work that need 
a wide range of cast parts to support their work processes.

Current metal 3D printers are high-end products designed 
to create special solutions for the aerospace, high tech and 
medical industries. They use custom-milled powders that are 
expensive to manufacture. A start-up 3D printing company from 
Melbourne, Australia thinks it has a solution that will allow cost-
effective printing of the vast majority of die-cast parts.

Spee3D (“Speed”) introduced a 3D printer that uses high-
speed 3D deposition technology. The company says it prints 
parts in minutes using a rocket nozzle to accelerate air up to 
three times the speed of sound. 

Metal 3D Printing Takes  
Center Stage at formnext 2017
BY RANDALL NEWTON

I F THE EXHIBITS AND ANNOUNCEMENTS at 
formnext 2017 in Frankfurt this month are any indication, 
2018 will be the year of metal for 3D printing.

MORE ➜ rapidreadytech.com/?p=12027

Additive Industries used this Sauber 
Team F1 mockup to demonstrate 
the capabilities of its new MetalFab1 
multi-material metal printing system.

de0118_Road_Trip.indd   8 12/14/17   9:26 AM
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|  A B B E Y ’ S  A N A LY S I S  |

by Tony Abbey

BENCHMARKS

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

This month’s article is prompted 
by several of these conversations. 
Newcomers to FEA, and those want-
ing to polish up advanced skills, 
search for good examples that dem-
onstrate specific technical areas. 
Two possible sources are software 
demonstrations, many of which are 
available on YouTube, and classical 
FEA benchmarks. However, there are 
some dangers in using these as best 
practice examples!

Software Demos
A YouTube search will reveal many 
demos using a variety of FEA software 
solutions. The objective of most of 
these is to demonstrate usage or tech-
niques within the software. The prob-
lem is that, because this is the focus 
and time is limited, the demo may not 
be representing good FEA practice.

A frequent example of this oc-
curs in demos using a simple link, 
for example. One end of the link is 
constrained, and the other end is 
loaded. Often, the constrained end is 
fully built in, all around the inside of 
the bearing face. The problem here is 
that stresses in the constrained region 
are extremely unrealistic. The model 
represents a component superglued 
to an infinitely rigid pin or other con-

nection. There is often no mention of 
this in the example.

Similarly, the loading can be 
somewhat arbitrary. Demonstrations 
exist where the complete inside bear-
ing face is subjected to an axial force 
distributed evenly over the full 360°. 
This implies a tensile load path across 
where gapping of a loaded pin would 
occur. It also means large tractions 
are being applied on surfaces tangen-
tial to the loading direction, where 
the real bearing pressure is zero.

The concern is that a new user will 
assume that that is normal engineer-
ing practice. If the presenter explains 
clearly that the loading is just an ex-
pedient way of providing a shortcut, 
then that’s OK. Otherwise, confusion 
will occur.

I often see assemblies frozen in 
place and arbitrary loading applied. 
If automatic bonded contact is used, 
then moments are created about 
hinge points that are unrealizable in 
practice. A simple free body diagram 
of each component would show that 
the boundary conditions are com-
pletely unrealistic.

Classical FEA Benchmarks
I use classical benchmarks in my own 
training, and many people develop 

them from textbooks. The motive is 
that if a classical solution can be emu-
lated using FEA, then it’s a good check 
of the software and our analysis skills.

The problem is that many of the 
benchmarks are highly simplified 
configurations. Classical solutions 
are tough to produce and require 
very simple boundary conditions to 
stand any chance of being solved. 
They often do not represent the real 
world in any sense, but have interest-
ing mathematical results that really 
stretch the FEA solutions.

My favorite example involves 
buckling of a simply supported plate 
under a constant end load. An elegant 
closed form solution predicts the 
critical buckling load and the center 
point deflection. The problem is 
that, for anybody carrying out an FE 
analysis, simply supported implies 
constraints in each of the three tran-
sitional directions along the edges. 
That immediately causes an issue as 
we cannot constrain the sides and 
loaded end axially, as the plate needs 
to deflect in that direction. We can 
overcome that by applying equal 
and opposite loads and a minimum 
constraint set, allowing the plate to 
shorten. If we now run the analysis, 
then unfortunately, we get the wrong 

FEA Demos and Benchmarks

THE LAST FEW MONTHS of 2017 were busy. I taught live classes to Rolls-Royce in Derby, UK, at the NAFEMS 
aerospace event in Wichita, KS, and most recently at Autodesk University in Las Vegas, NV. I’ve also been teaching 
my regular e-Learning sessions. It’s nice to meet people face-to-face at the live events, and be able to talk about finite 
element analysis (FEA). It is surprising the topics that come up. 

Editor’s Note: Tony Abbey teaches both live and e-learning classes for NAFEMS. He provides 
FEA consulting and mentoring.  Contact tony@fetraining.com for details.
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answer compared with the classical 
solution.

In the classical buckling solution, 
the only degrees of freedom consid-
ered are the out-of-plane deflections. 
In-plane deflections simply do not 
exist in the problem. So, by constrain-
ing the plate laterally we have put 
in the wrong boundary conditions 
for the classical problem. To get the 
FEA solution to match the classical 
solution, we need to apply out-of-
plane translational constraints to the 
periphery of the plate and apply a 
minimum constraint set to stop rigid 
body motions.

This is counterintuitive, as no 
real plate would ever be supported 
like this. The benchmark is used to 
achieve a mathematical solution, and 
the FEA can be verified against this. 
But that is about the limit of its prac-
tical usage.

I am currently teaching a non-
linear FEA course online. I am using 
an example of a shallow roof that 
exhibits snap-through. This follows 
a classical benchmark and I apply a 
point load at the center. Throughout 
introductory FEA classes and all my 
online articles, I emphasize how we 
should never do this! The only reason 
we get away with it, in this example, 
is that the snap-through occurs at a 
low load level and the stress does not 
have a chance to build up to feature a 
significant singularity. If we were to 
apply an extraordinarily fine mesh, 
then we would see evidence of a sin-
gularity even at these low levels.

To compound the problem, the 
benchmark uses quarter symmetry 
and a 4x4 shell mesh. When the 
problems were first posed, this was 
about the limit of most FEA solv-
ers! So, I have to turn this problem 
definition on its head and explain the 
historical background and emphasize 
how this is not an example of good 
modeling practice.

So be wary of where you get your 
guidance. That’s probably a familiar 
warning regarding anything you may 
find on YouTube, or the internet 
generally. However, it may be a bit 

of a surprise to find that some of our 
tried-and-trusted FEA benchmarks 
are also bad examples of engineering 
analysis. In defense of the benchmarks 
and all the extensive theoretical devel-
opment behind them, they were never 
intended to be general engineering 
applications. DE

Tony Abbey is a consultant analyst 
with his own company, FETraining. He 
also works as training manager for NA-
FEMS, responsible for developing and 
implementing training classes, including 
a wide range of e-learning classes. Send 
e-mail about this article to de-editors@
digitaleng.news

COMPLEX MESHING
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FOCUS ON 
LIGHTWEIGHTING | TOPOLOGY OPTIMIZATION

By contrast, a newer crop of optimiza-
tion and generative design programs were 
developed to let design engineers seek 
and evaluate a range of possible design 
options, based on a mix of time-tested 
FEA (finite element analysis) principles 
and algorithms. Examples of such pro-
grams include Autodesk’s Project Dream-
Catcher, Altair’s solidThinking Inspire, 
nTopology’s Element and Frustum’s 
Generate. In some ways, they are the 
opposite of CAD. Some of them include 
a limited set of geometry construction 
tools, but they function primarily as 
form-generating engines, sometimes of-
fering unorthodox geometry that users 
may not have imagined.

In the last few years, the introduction 

of topology optimization and generative 
design elements in CAD has started to 
blur the line between parametric modeling 
and generative design. The technology 
experimented with in Project Dream-
Catcher is now part of Netfabb, Autodesk’s 
software targeting additive manufacturing. 
Autodesk also introduced Shape Genera-
tor in Autodesk Inventor 2016, Release 2. 
Topology Study is a new feature debuting 
in SolidWorks 2018. These features sig-
nificantly change the way design engineers 
use CAD software.

Speaking at this year’s Additive 
Aerospace conference in Los Angeles, 
Franck Mouriaux, RUAG Schweiz AG 
aerospace structures general manager, 
observed, “Engineers were not trained 

to formulate the problem. They were 
trained to find solutions.” Formulating 
the problem, as it turns out, is the key to 
generating good geometry.

Tell Me Your Problems
No doubt, engineers can express a de-
sign challenge in natural language. For 
example: If I redesign the bracket hold-
ing the rocket fuel tank to be 5% to 7% 
smaller, will the tank still be secure when 
the rocket is traveling at a certain speed? 
But formulating such a problem in com-
putable terms—regions targeted for ma-
terial reduction, regions that must remain 
unchanged for safety and aesthetics, an-
ticipated stress loads on the bracket while 
the object is airborne, the direction of the 

Design Advice  
from Algorithms
Design engineers 
face new challenges 
in working with 
computation-driven 
design software.

With generative design, you can create optimized shapes with 
elegant curvatures and parts with lattice structures, which 
gives you far more options than available in classic parametric 
CAD. Image courtesy of Frustum Generate. 

BY KENNETH WONG

C AD—SPECIFICALLY PARAMETRIC CAD—was developed as an efficient solid geometry construction approach. 
Therefore, CAD programs are ideal for design engineers who need to express their concepts, whether the shape of an 
automotive part or the housing of a smartphone, in detailed 3D geometry. Dassault Systèmes’ SolidWorks and CATIA, 
Autodesk Inventor, Siemens PLM Software’s Solid Edge and PTC’s Creo Parametric exemplify such programs. 
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loads, the type of vibrations it’ll likely en-
dure, and so on—is a different matter.

The skill to express the design prob-
lem as a set of parameters can be found 
in simulation software users. But this 
requirement could prove a steep learning 
curve for people trained in CAD. 

“[It’s especially difficult] for entry-level 
mechanical engineers,” notes Jesse Coors-
Blankenship, CEO of Frustum. “But peo-
ple who have exposure to FEA (finite ele-
ment analysis) and CFD (computational 
fluid dynamics) simulation have a much 
easier time getting started in generative 
design. They certainly can pick it up faster 
if they understand how to apply realistic 
engineering constraints. Moreover, we 
see a future that is more multidisciplinary, 
making engineering concurrent. This 
brings team knowledge to the product 
ideation phase, which can help to release 
the burden on the mechanical engineer to 
define the problem and create the solution 
with such new methodology.”

Frustum describes its software, Gener-
ate, as “functional generative design.” Ac-
cording to the company, it lets you “move 
beyond the boundaries of traditional CAD 
modeling and harness the power of addi-
tive manufacturing and the cloud.”

“To best solve a certain design prob-
lem, should you use hex8 elements in the 
meshing phase, or are second-order test 
elements good enough?” asks Bradley 
Rothenberg, cofounder and CEO of nTo-
pology. “A CAD user with no experience 
in simulation may not be able to answer 
these questions.”  

To describe them in their own words, 
nTopology’s founders are a group of 
engineers “dead set” on developing 
the next generation of design software. 
“With our unique combination of gen-
erative, manual and simulation-based 
design tools, we let engineers create 
parts whose functional requirements are 

baked right in,” they proclaim on 
their home page.

To compare them to natural 
language, generative design inquiries are 
usually not yes/no questions (will it break 
or will it hold?); they’re formulated as 
what questions (under these conditions, 
what are the best bracket design options 
to secure the fuel tank?). As you add ad-
ditional constraints or parameters (such as 
acceptable weight range for the bracket, 
preferred manufacturing materials and 
more), the design options change.

“We keep the physics under the hood,” 
says Rothenberg. “So if you don’t pick the 
type of mesh or tessellation, the software 
knows how to use the best standard mesh 
types to run the problem. But if you’re an 
expert and you want to control that, the 
software gives you that option, too.”

Frustum’s Blankenship agrees that 
accessibility to various users’ experience 
levels is key. 

 “We have worked very hard to make 
it as easy as possible to start using Gener-
ate,” Blankenship says. “It’s difficult to 

predict what the user may or may not 
understand up front. One thing is clear—
after some hands-on demos, a light goes 
on and they’re excited to rapidly start 
iterating with generative design.”

Fusing Parametric and 
Generative Modeling
“The design process has always been gen-
erative. It’s just that computers have never 
been part of that generative process,” says 
Rothenberg. Furthermore, comparing 
CAD programs to generative design pro-
grams may be as counterproductive as com-
paring apples and oranges, because “the two 
are doing different things,” he adds.

nTopology offers Element Free, a 
lattice structure generation tool; and 
Element Pro, a more comprehensive ver-
sion with geometry editing and analysis 
tools. “Our software looks more like a 
traditional CAD package than some of 
the other generative design tools,” says 

nTopology’s Element software incorporates 
FEA-driven optimization of complex 
structures. Images courtesy of nTopology.

“The solution you get is 
perfect for the problem 
you’ve defined, but it 
might not be perfect for 
the real problem.” 

— Bradley Rothenberg, 
nTopology CEO
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Rothenberg. “But it does both CAD de-
sign and generative design.”

“Frustum Generate is comple-
mentary to CAD,” says Blankenship. 
“Basically, there’s enough CAD in-
teroperability to get you going with 
generative design.”

The new topology optimization 
feature in SolidWorks is based on struc-
tural and fluid solver technology from 
TOSCA, part of the simulation software 
portfolio from SolidWorks’ parent com-
pany Dassault Systèmes. TOSCA could 
be traced back to FE-Design, a German 
software developer acquired by Dassault 
Systèmes in 2013. 

“We’ve always had optimization in 
SolidWorks, but it’s driven by dimen-
sion,” notes Kishore Boyalakuntla, VP of 
product portfolio management, Solid-
Works. “[SolidWorks 2018] is the first 
time we introduced topology optimiza-
tion. This is where, based on loading 
conditions you supply, the software takes 
away materials from the base geometry 
you supplied, and provides you with an 
organic, optimal shape.”

The new feature, dubbed Topol-
ogy Study, gives you a choice to define 
whether to produce the part in additive 
or subtractive manufacturing. “Based 
on that specification, SolidWorks re-
moves materials very differently for 
each approach,” says Boyalakuntla. 
Because the optimized geometry is a 
SolidWorks model, you can use the 
familiar CAD tools to refine the geom-

etry in the final phase, he points out.

Build-in Constraints  
to Prevent Failures
Mark Cichy, director of computation and 
research at Dialog, a building design firm, 
makes a distinction between generative de-
sign and computational design. “In generative 
design, you use the computer to assist you 
in finding the right design. With compu-
tational design, you may design a frame-
work that lets you combine a heavy data 
set, concepts and ‘build-ability’ factors to 
guide your design,” he says.

Cichy believes a good computation 
model should include rules to minimize 
failures. “Let’s say you have an unusual 
building envelope shape, and you want 
to explore ways to build it in titanium or 
glass-reinforced fiber cement,” he says. 
“You can build those material behaviors 
into the computational model, so the 
software knows what the maximum or 
minimum curvatures allowable are.”

Design engineers with less compu-
tational skills may prefer a generative 
design software that has built-in rules that 
automatically exclude forms that cannot 
be manufactured or constructed. On the 
other hand, Cichy prefers an open system 
that engineers or architects can use to 
build a framework of constraints, to limit 
the available options to fit the manufac-
turing or building criteria.

Quite often, what is mathemati-
cally optimal—geometry with sufficient 
material reinforcement to counter the 

anticipated stress in different regions—is 
impractical to manufacture or produce, 
either due to cost concerns or the limita-
tions of the production methods avail-
able. Additive manufacturing (AM) now 
gives the option to 3D print certain com-
plex geometric forms that cannot be ma-
chined; however, even with AM, there are 
certain rules about printable geometry.

 “Many topology optimized structures 
have thin walls and complex geometries 
with lots of overhanging features, both of 
which may be challenging even for AM,” 
says Timothy W. Simpson, director of 
the Additive Manufacturing & Design 
Graduate Program at Pennsylvania State 
University. “Some of the new generative 
design tools take these into account, but 
most do not—and engineers are not used 
to making these trade-offs during the de-
sign process. Before AM came along, we 
didn’t even know these trade-offs existed, 
let alone how to account for them in our 
software and design tools!”

In some generative design programs, 
the manufacturing feasibility rules are 
part of the generative formulas; in oth-
ers, they’re not. If they’re not, it’s up to 
the design engineers to work with the 
manufacturing engineers and construc-
tion engineers to account for them in 
the generative setup. Otherwise, the 
range of solutions proposed by the soft-
ware will most likely include problem-
atic geometric features.

Too Perfect for Reality
Math deals with the absolute; reality is full 
of uncertainty and unexpected changes. 
This makes generative design somewhat 
paradoxical. “The solution you get is per-
fect for the problem you’ve defined, but it 
might not be perfect for the real problem,” 
says Rothenberg. “You may have defined 
the [rocket fuel tank’s] pressure vessel with 
all the load cases you can think of, but in 

The Semantics of Optimization

Generative design, algorithm-driven design and topology optimization 
are the common terms used to describe programs that allow 
designers to seek the best—or optimal—forms for a project using 

specific inputs, such as stress loads, pressure, weight and material choices.
The term topology optimization is specific to the exploration of shapes, 

structures and solid geometry. It’s usually associated with automotive 
and aerospace lightweighting projects, where engineers seek ways to 
reduce material without jeopardizing the design’s safety requirements. For 
example, aircraft engineers may redesign a landing gear to weigh 5% to 7% 
less, with the same load-bearing capacity.

The terms generative design, computational design and algorithm-
driven design may be used in a much broader context, to include 
biomimicry projects driven by genetic algorithms and more.

“So what does it mean 
for your job? Are we 
moving to a world of 
driverless cars and 
driverless CAD?” 

—Andrew Anagnost, 
Autodesk CEO
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reality, there may be the effects of sloshing, 
which you didn’t consider or know how 
to define. So the optimization algorithm 
didn’t take that into account.”

Before optimization made light-
weighting possible, engineers usually 
over-engineered parts to account for 
unanticipated load cases. They build parts 
to be much stronger than necessary, just 
in case. As lightweighting becomes the 
norm, over-engineering is now seen by 
many as a wasteful practice, an engineer-
ing sin. But is engineering parts with 
barely enough strength a good idea?

“The structures are optimized for a 
given set of loading conditions,” warns 
Simpson. “So if the part experiences dif-
ferent loading than anticipated during its 
operation, then the structure has a much 
higher likelihood of failure because of all 
of the material that has been removed dur-
ing the optimization process. Nevertheless, 
generative design tools can give engineers 
new insight into what an optimal structure 
might look like, which helps them be more 
creative during the design process.”

For the time being, Rothenberg thinks 
the best approach is to let experts set up 
the optimization as a series of steps, then 
let the less-experienced or inexperienced 
colleagues use it as a guided workflow. 
That is the vision Rothenberg and his 
R&D team share. They’re working to ac-
commodate it in their Element software. 
The strategy is similar to the template-
driven approach to promote simulation 
use. (For more, read “Wanted: Simulation 
App Publishers,” DE, April 2017).

Changing Roles
Last November, during his keynote ad-
dress at Autodesk University (AU) in Las 
Vegas, Autodesk CEO Andrew Anagnost 
decided to tackle the anxiety that’s on 
many CAD users’ minds. “So what does 
it mean for your job? Are we moving to 
a world of driverless cars and driverless 
CAD?” he asked rhetorically.

Cichy says, “The shift is [toward a 
workflow where] experience and the 
nature of knowledge are more tightly 
integrated. That is, the engineer, architect, 
designer, etc., can spend more time on 
engineering and less time on representing 
the engineering. One could argue that this 
is a much better position to be in.”

With the ability to churn out design 

ideas at a speed inconceiv-
able to humans, generative 
design certainly appears to 
be a breed of self-driving CAD. For many 
veterans trained in geometry sculpting, 
this is a fundamental shift in the nature of 
their work, not a comforting thought.

“When I left architecture and went 
into construction, I discovered there are 
many designs that should theoretically 
work, but actually don’t,” says Cichy. 
“There are mitigating factors onsite that 
change the design. If it changes even by a 
millimeter, it has cascading effects.”

To develop a good computation 
model, or to set up the design-generating 
script correctly, you may need additional 
input from those with first-hand experi-
ence—those who are involved in trans-
forming digital ideas into physical objects. 

“The so-called old-timers have a lot 
of experiences to tell you what works, 
and what doesn’t,” Cichy points out. “So 
if you want to build the computational 
model with all the important variables, 
they’re the ones who can help you.”

“[With generative design,] there isn’t 
just one right answer, but there are many 
viable alternatives,” said Steven Hooper, 
Autodesk’s director of manufacturing 
strategy, in his talk at AU. “[Technology] 
doesn’t replace the design engineers; it 
augments them with the ability to explore 
that solution universe.” DE

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

INFO ➜ nTopology: nTopology.com

➜ Frustum: Frustum.com

➜ Autodesk: Autodesk.com

➜ Dialog: Dialogdesign.ca

➜ SolidWorks: SolidWorks.com

For more information on this topic, 
visit digitaleng.news
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SolidWorks 2018 marks the debut of 
Topology Study, based on simulation solvers 
from TOSCA. The tool takes manufacturing 
constraints into account during the 
optimization. Images courtesy of SolidWorks.
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FOCUS ON 
LIGHTWEIGHTING | 3D PRINTING

Furthering a design for additive manufacturing (DfAM) phi-
losophy, Autodesk Netfabb and Materialise’s 3-matic and Magics 
packages, for example, support various aspects of mesh editing, 
slicing, part nesting and the generation of supports and lat-
tice structures, as well as topology optimization and distortion 
simulation for metal parts. End-to-end solutions from software 
powerhouses—e.g., Siemens PLM Software’s NX for Additive 
Manufacturing and Dassault Systèmes’ 3DEXPERIENCE plat-
form—continue to evolve in support of DfAM.

But how does one first step back, see the big picture and men-
tally shift gears to take full advantage AM’s design freedom? The 
following checklist from Wohlers Associates offers great insight 
to get started on this topic.

Stepping up to Successful Design  
for Additive Manufacturing
Complementary to classic design for manufacturing, DfAM not 
only looks at the bare-bones function of a part and its assembly 
techniques, but addresses just how to produce it with additive man-
ufacturing equipment and materials to gain efficiency.

Terry Wohlers, founder of Wohlers Associates, has spent de-
cades as a consultant in the AM industry. Together with associate 
consultant Olaf Diegel (professor of product development in the 
Faculty of Engineering at Lund University, and known for his 3D-
printed musical instruments), the two summarize seven aspects of 
design that can bring higher value to an AM-produced part.

1. Design (or modify an existing design) for minimum 
material that meets functional specs. By optimizing the 

design to put material just along the direction of force vectors, un-
necessary wasted material (that would be cut away with subtrac-
tive processes) would not be needed in the first place. Use tools 
such as topology optimization and lattice structures to make light 
and more efficient products.

7 First Steps to DfAM
Design for additive manufacturing looks at the bare-bones function 
of a part and how to produce it via additive manufacturing.

BY PAMELA J. WATERMAN

IN RECENT YEARS, software tools such as Autodesk 
Within and Altair solidThinking Inspire have directly 
tackled rethinking mechanical design from a blank piece of 
paper, to reduce product weight while maintaining strength 

and to optimize designs specifically for additive manufacturing.

Metal Powder 3D Printing Guide

Striking a balance between overview and technical details, “Introduction to Additive Manufacturing Technology: A 
Guide for Designers and Engineers” (epma.com/epma-free-publications) explains metal additive manufacturing 
(AM/3D printing). It comes from a working group within the European Powder Metallurgy Association (EPMA), 

known as the European Additive Manufacturing Group (EuroAM).
Addressing metal-only technologies, the co-authors (Adeline Riou of Aubert & Duval and Claus Aumund-Kopp of 

Fraunhofer IFAM) discuss laser-beam melting, electron-beam melting, binder-jetting and directed energy deposition 
systems, citing examples from such manufacturers as Arcam, Concept Laser, Digital Metal, EOS, ExOne, Renishaw, 
SLM Solutions, Optomec, Trumpf and more.

The report also presents the bigger picture, including all steps involved in the full manufacturing process. Successful 
metal AM requires 3D CAD modeling, creating 3D printable files, repairing files to close holes and clarify facet layouts, 
the layered-manufacturing process and a variety of possible post-build steps. Post-processing in particular can be 
costly and time-consuming, and each of the previous steps greatly influences this final phase of production. 

The guide includes 10 pages covering powder manufacturing processes (gas atomization and vacuum-based gas 
atomization, plus plasma and other approaches) and powder characterization. Because each AM process depends 
on having the right type of powder, understanding how to specify such defining parameters as maximum particle-
diameter, particle size distribution (PSD), chemical composition and trace elements is important.

The report explains the importance of such attributes as minimum wall thickness, minimum hole diameter, maximum 
arch radius and minimum gap distance, as well as the influence of part orientation and support structures. It also exam-
ines the topic of functional design optimization for AM parts, with its associated trade-offs.        — Pam Waterman
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2. Design for part consolidation. Con-
verting an assembly of many smaller 

parts into a single, integrated, highly custom 
shape means that the entire piece is printed at 
once. Moreover, eliminating the need for as-
sembly also eliminates the need for the inven-
tory of many components (plus screws, bolts, 
nuts, washers, etc.) and the time, cost and po-
tential errors involved in assembly steps—such 
as bolting or welding—and maintenance.

3. Design (or modify an existing design) for minimum ma-
terial that meets manufacturing process specs. In AM, 

large masses of material offer little engineering benefit and can 
induce considerable residual stresses. In turn, they require more 
support structures to anchor and combat the added stresses.  Also, 
they greatly increase print times and costs.

4. Design for improved function. For example, a cooling 
channel traditionally machined in a straight line for plastics 

injection molding can instead be a curved line that conforms to the 
shape of the end part and provides faster and more even cooling.

5. Design for optimized material type. Explore the possi-
bilities of 3D printing a part in a material that is traditionally 

difficult to machine or form, to gain the benefits of better material 
properties such as thermal conductivity, malleability or strength. 
Consider not what material the part has been made of in the past, 
but rather what functions it must perform and then choose the 
most suitable available AM material.

6. Design for optimized build-orientation and minimal 
support structures. Because many 3D printed parts re-

quire support structures, even within powder-bed production 
(e.g., anchoring a metal part to its build plate to avoid warping, 
and supporting inclined sections to avoid drooping), material is 
added just for supports. It must be removed later, which can be 
a painstaking and time-consuming manual task. This post-pro-
cessing can represent 70% of the part’s total cost. Shrewd part 
orientation can minimize the need for supports, while thoughtful 
part design can even swap out removable support structures with 
clever integrated elements and features.

7. Design for efficient and traceable workflow. Evaluate 
and specify all tasks involved in the production of an AM 

part, from pre-processing (nesting in the build-volume, defining 
build-parameter settings, etc.), to process monitoring, to post-
processing (support removal, heat treatment, cleaning, UV cur-
ing, surface treatment—whatever the particular process requires). 
Include recording parameters from the build process for later re-
view or real-time control, for continuing process improvement 
and/or in support of relevant quality standards.

Learning  from Experts and Each Other
With Diegel as the lead instructor, Wohlers Associates has pre-
sented three-day courses covering these steps in depth for NASA 
and other clients. Wohlers says the positive response has confirmed 
the need for high-quality DfAM instruction and hands-on learning. 

“It is clear that people learn more when they engage in actual de-
sign exercises, both individually and as part of small teams,” he adds. 
“With this type of guidance, those involved can use their favorite 
CAD software, along with products such as Magics from Mate-
rialise, Inspire from solidThinking and Netfabb from Autodesk.”

Wohlers observes that building parts and evaluating the results 
can be satisfying, and the learning that occurs, especially when a 
build fails, can be significant. DE

Contributing Editor Pamela Waterman, DE’s simulation expert, is 
an electrical engineer and freelance technical writer based in Arizona. 
You can send her e-mail to de-editors@digitaleng.news.

Concept for a 3D printed mini-distillery, whose layout 
demonstrates integrated tubing and minimal supports (in 
blue, to be removed later). Image courtesy of Olaf Diegel.

INFO ➜ Altair solidThinking: solidThinking.com

➜ Arcam: Arcam.com

➜ Aubert & Duval: AubertDuval.com

➜ Autodesk: Autodesk.com

➜ Concept Laser: Concept-Laser.de 

➜ Digital Metal: DigitalMetal.tech 

➜ Dassault Systèmes: 3DS.com

➜ EOS: EOS.info 

➜ European Powder Metallurgy Association: EPMA.com

➜ ExOne: ExOne.com

➜ Fraunhofer IFAM: IFAM.Fraunhofer.de 

➜ Lund University: LundUniversity.lu.se

➜ Materialise: Materialise.com

➜ NASA: NASA.gov

➜ Optomec: Optomec.com

➜ Renishaw: Renishaw.com 

➜ Siemens PLM Software: Siemens.com/PLM

➜ SLM Solutions: SLM-Solutions.com

➜ Trumpf: Trumpf.com/en 

➜ Wohlers Associates: WohlersAssociates.com

For more information on this topic, visit digitaleng.news.
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FOCUS ON 
LIGHTWEIGHTING | 3D SCANNING

However, CT scanners could play an even more important 
role in additive manufacturing in the future by providing detailed 
quality scans of printed parts for many industries. They are al-
ready being used to scan items for reverse engineering operations 
that use 3D printing.

“3D printing allows you to produce previously impossible 
products, but you cannot inspect them without 3D scanning,” says 
Gerd Schwaderer, business development, metrology, at Volume 
Graphics. “If you can’t inspect your product, you can’t sell it.”

The CT scanner market is poised to reach $6.5 billion by 
2022, according to a Transparency Market Research report. 
Unlike other types of 3D scanning and metrology, CT scan-
ners can provide precise dimensions of internal and external 
structures. The only other way to take those measurements is 
through destructive testing; you’d have to break the part or 
assembly to see inside.

Because 3D printing allows companies to produce parts with 
highly complex internal structures (channels or lattice patterns, 
for example), CT scanners can potentially help verify the accu-
racy of printed parts that are to be used in production environ-
ments. “We see a lot of interest in printing components because 
of the complexity it allows, particularly in aerospace and other 
industries,” says Steve Pilz, additive manufacturing product 
manager at ANSYS. “But there’s also this innate fear of putting 
one of these things on a plane or into production because they 
can’t see what’s inside.”

As more additively manufactured parts are evaluated for use 
in critical applications (like aerospace or automotive) where ac-
curacy and structural integrity are important, CT can take those 
measurements without destroying costly parts.

“CT scanning is really the natural companion of 3D printing,” 

Combine CT Scanning 
with Additive Manufacturing
CT scanning allows manufacturers to look inside parts made with 
additive manufacturing to measure complex internal designs.

A printed object can be CT scanned, and the images 
can be passed through Simpleware software and 
into ANSYS’ software so designers can compare the 
physical object to the original CAD file.  
Images courtesy of ANSYS.

BY BRIAN ALBRIGHT

In the medical field, computed tomography (CT) scanning 
has helped enable new 3D printing applications—
physicians can use 3D-printed models of human organs 
(like the heart) generated from highly accurate CT scans 

of patients to prepare for complex surgeries, for example.
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Schwaderer says. “When it comes to 3D printing, it’s like some-
body invented a problem that we already had the solution for.”

For polymers, CT scanning can detect potential part failures. 
“I can look at material flow and detect flaws in the manufacturing 
process that can’t otherwise be predicted,” says Rus Emerick, di-
rector of application engineering at Laser Design. “You can verify 
mold flow using CT and do a lot of fine-tuning.”

But so far there aren’t that many companies combining CT 
scans and 3D printing. In part, that’s because many custom-
ers don’t understand the technology or how it can benefit 3D 
print operations.

“They often have no clue how it works,” Schwaderer says. 
“They think it’s magic because they’ve only seen it in the con-
text of a doctor’s office.”

CT scanning works by taking hundreds of X-ray images 
of a part as it is rotated inside the scanner. The 2D images are 
then combined to create a 3D point cloud. In quality applica-
tions, the CT image can then be compared to the CAD file to 
measure accuracy of the print.

“People don’t seem to understand they are two sides of the 
same coin,” says Giles Gaskell, applications manager at Wenzel 
America. “If you can make it on a 3D printer, you can measure 
it with a 3D scanner. If you are going to use 3D printing to 
make a part and it has a lot of internal detail, then you can’t 
measure it any other way.”

Gaskell also theorizes that the reason many companies aren’t 
using CT scanning for quality inspection is that they aren’t really 
taking full advantage of 3D print capabilities. “If they were mak-
ing full use of the technology, they’d be making parts that they 
couldn’t measure conventionally,” Gaskell says.

CT scanning has also improved significantly in resolution and 
speed over the past several years, while dropping in price. Many 
scanners can provide resolutions down to 5 to 7 microns (or less). 
The software running the scanner has also gotten easier to use, 
although interpreting scan results is still complex.

“CT is more of an interpretive science,” Emerick says. “To 
determine the edge of an object, if you are using laser scanners, 
then the edge is either there or it’s not. With CT analysis software 
you have to establish where the edge of the part really is, which is 
somewhere between air and 100% material. It takes some skill to 
interpret that data at the sub-voxel level.”

Cost is also an issue. Although prices have fallen, quality CT 
scanners still cost hundreds of thousands of dollars. For many com-
panies, outsourcing to a service provider is more cost effective.

Uncovering Inconsistency
According to several sources contacted for this story, some 3D 
printer manufacturers and service providers have also pushed back 
against CT scanning because there are still significant quality issues 
with many 3D print processes. The accuracy of a print for the same 
part on two different machines, or on the same machine at different 
times or run by different operators, can vary significantly. Many 
printers still don’t provide the type of reliability and consistency 

required for mission-critical parts and components because of is-
sues with porosity or delamination. 

“There’s not only less interest among 3D printing people in CT; 
there’s a thinly disguised hostility in some cases,” Gaskell says. He 
describes an experience in which his company was given printed 
parts by a customer to evaluate against a CAD file. “We had a con-
ference with the customer and printing people, and I thought the 
parts were being measured against the wrong CAD file,” Gaskell 
says. “The internal features had been so butchered by the printing 
process that they didn’t match the CAD anymore.”

Emerick agrees that CT scanning is critical for some 3D 
printing applications. 

“The ugly truth is that additive manufacturing inherently 
causes flaws,” Emerick says. “With aerospace, if you get the 
slightest amount of porosity in the wrong place, you will break 
that part when you put [it] under a load. The more advanced 
companies realize they have to be able to analyze the quality and 
integrity of printed parts, but it’s still in the early stages. If it’s a 
mission-critical part, you should have a CT system to verify the 
structural integrity of the parts you are producing.”

He expects that as quality standards emerge and end users 
get a better grasp of 3D printing, there will be greater use of this 
type of CT scanning.
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CT Scanning Limitations
3D printing doesn’t pose any special challenges when it comes to 
CT scans, but the inherent limitations of the scanning technol-
ogy still apply.

Multi-material items are challenging, for example. This is 
particularly true if both metals and polymers are present. “You 
have to jack the power up to get through the metal, which over-
exposes the polymer,” Emerick says. “You may have to do mul-
tiple scans of the same assembly at different power settings to 
get a good final image.”

Dense materials might be difficult or impossible to scan. 
This is an important limitation in some aerospace and auto-
motive applications where different types of metals are present. 
Titanium, for example, can be scanned but materials like cobalt 
chrome (which is used in high-heat applications) cannot. 

“The holy grail is to be able to 3D print turbine engine com-
ponents with a lot of internal features rather than cast them,” 
Gaskell says. “CT struggles with that because the material is 
very dense, and that problem applies whether those are cast or 
printed parts. There’s not a machine powerful enough to scan 
the blades that is also accurate enough for the metrology on the 
inside of the part.”

“The closer you get to lead on the periodic table, the harder 
it will be,” Emerick adds. “Platinums, gold and silver cause a lot 
of problems. Inconel is [a] very noisy metal. Bronze is atrocious. 
Most people don’t understand metallurgy and the effect of ir-
radiating metals, and how that impacts the quality of the scan.”

In addition, the size, geometry or thickness of the part can 
create scanning challenges. Printing materials may also display 
different behaviors than similar material used for casting. “We’ve 
run into that with additively manufactured parts,” says Nick 
Brinkhoff, product manager at North Star Imaging. “They tend 
to scatter differently than conventional parts.”

Quality Will Drive CT Adoption
The adoption of 3D printing is still in its nascent stages when 
it comes to end products and production parts. End users and 

Performance Variability

Every time the printer deposits a layer of pow-
der, opportunities exist for imperfections. To 
avoid having to redo printing jobs and extend 

production schedules, operators must be able to spot 
imperfections in time to rectify them and determine 
when an imperfection must be corrected.

This is exactly what GE Global Research pro-
poses to do with the new 3D printing control system 
it is working on. The control system begins with an 
inspection process that uses high-resolution cameras 
to film every layer deposited by the printer, recording 
streaks, pits, divots and other patterns in the pow-
der—features nearly invisible to the human eye. In the 
next stage, the operators examine the samples with a 
CT scanner, searching for flaws that will compromise 
the quality of the part.

The system stores all of this data in computer 
memory, and machine-learning algorithms correlate 
defects revealed by the scanners with powder patterns 
recorded by the camera. As with other machine learn-
ing processes, the more inspection data used to train 
the system, the smarter it becomes.

“We believe computer vision and machine learning 
are key technologies in our overall goal of achieving 
100% print yields,” says Joseph Vinciquerra, additive 
technology platform leader for GE Global Research. 
“We’re using computer vision to try and spot any 
anomalies that may occur during the printing process. 
Then, using artificial intelligence and machine learn-
ing, we’re building ‘digital twins’ of these anomalies.”

— Tom Kevan

Deviations are a comparative analysis between CAD and 
the 3D printed specimen. Image courtesy of Laser Design.Porosity Zone indicates porosity within a 3D printed 

metal part along with varying density in the various layers 
along with visible voids. Image courtesy of Laser Design.
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printer manufacturers are still working to create consistency in 
additive manufacturing processes, develop quality standards and 
improve the handling and storage of sensitive materials.

And many companies aren’t yet designing for 3D printing—
they are simply printing parts that could be cast or molded. Once 
the designs increase in complexity, the need for better measuring 
and inspection approaches will increase.

Gaskell expects that customers will eventually push for greater 
use of CT scanning for quality control and validation as they take 
advantage of 3D printing capabilities. CT scanners currently offer 
greater resolution than 3D printers, which means they are tailor 
made for identifying defects. 

“CT is way ahead in terms of resolution,” Gaskell says. 
“When it comes to materials, the 3D printing people are ahead 
of us. They can print parts we can’t measure because of the 
material, but they can’t make parts that are more accurate than 
we can measure.”

Schwaderer thinks there could eventually be combined print 
and CT scan systems that do in-line inspection of builds as they 
are being made. “You could evaluate a print line by line because 
the printers operate so slowly,” Schwaderer says. “That would 
allow you to adjust the machine during the build, or stop a bad 
print early and start over.”

The key will be tying CT scans into CAD and simulation pro-
cesses. CT scan data has to be converted into different file types 
to be useful to engineers. In some cases, the converted files may 
be too large to open in certain software programs. 

Volume Graphics has released a new Structural Mechanics 
Simulation Module for its VGSTUDIO MAX 3.0 that can take 
a CT file and (without meshing) calculate its porosity and do a 
simulation to determine if it is “good enough” for its application, 
even if there are imperfections.

By feeding CT scan information back into simulation 
tools, users can also create digital twins and simulate the per-
formance of a physical part rather than a CAD file. ANSYS, 
North Star Imaging, and middleware provider Synopsys have 
done just that, in fact. 

In 2016, Synopsys acquired Simpleware, which offers a 
solution that uses image-based meshing to convert CT scan 
images into files that can be used in finite element analysis 
tools. North Star can scan a printed object, then pass the 
images through Simpleware and into ANSYS’ systems so 
that designers can compare the physical object to the origi-
nal CAD file, as well as run simulations based on the actual 
printed product. 

“The key to this is high-value parts,” says Kerim Genc, 
Simpleware solution account manager at Synopsys. “You aren’t 
going to do this type of analysis on a cheap plastic part. Down 
the line, when you want to do scheduled maintenance on a high-
value part and see how it is performing, you can also use CT 

scanning and FE models to do analysis. This isn’t just for the 
production line.”

Once the data is available, though, it can drive improvements 
across an organization. “We have customers who are trying to 
replace CMMs, and CT scanning gives them all the data they 
need for validation,” says Brinkhoff at North Star Imaging. “With 
one CT scan, you can do analysis for voids, do the dimensional 
inspection and run simulations.”

According to Emerick, CT is only going to increase in value 
for 3D printing and other types of manufacturing, because it pro-
vides a central set of data that can be used across multiple opera-
tions. “All the data is there,” Emerick says. “From metrology to 
porosity to stress. You can do a complete structural stress analysis 
on the information provided, and everyone from engineering to 
manufacturing to marketing can extract the information they 
need. That’s a big deal.” 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.
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“When it comes to 3D printing, it’s 
like somebody invented a problem 
that we already had the solution for.”

— Gerd Schwaderer, Volume Graphics

The Wenzel exaCT U desktop CT solution can be 
customized for different applications. Image courtesy 
of Wenzel America.
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Increasingly, technologists and developers have come to real-
ize that for the IoT to grow and deliver value, designers must set 
aside this approach and adopt a paradigm that gives machines 
with greater analytical capabilities a larger role in the age of big 
data. These systems will integrate algorithms, business rules, 
machine learning code and predictive analytics, along with hard-
ware such as processors, sensors and communications modules. 
As a result, the machines will raise the bar on the intelligence 
that they provide, combining sensor data with human input to 
deliver real-time, contextualized information.

With these new machines, designers can implement “edge an-
alytics,” a computing paradigm in which data is stored, processed 
and analyzed closer to where the data is generated—as opposed to 

all the data being sent to the cloud for processing and extracting 
insights. This means rethinking how, when and where data is best 
analyzed—and more specifically, what functionality will be em-
bedded in the majority of the devices at the network’s edge.

“Edge analytics brings data science to the ‘edge,’ right next 
to the machine or sensors generating raw data streams,” says 
Ramya Ravichandar, director of product management at Fog-
Horn Systems. “Traditional methods of analytics and big data 
computing rely on batch data analysis that requires sending all 
data to the cloud. Edge computing analyzes and processes data 
as soon as it is produced, with very low latency.”

This results in edge devices that deliver real-time insights, 
enabling immediate business-impacting decisions.

The New Machine
Designing machines that can analyze data on the 
edge provides more value to the IoT.

BY TOM KEVAN

A S THE INTERNET OF THINGS (IoT) took shape, many network architects and device designers assumed that 
the primary function of “things” was to collect and transmit data, occasionally performing simple analytics. They 
saw clusters of powerful servers in the cloud performing most of the analysis on the resulting flood of data. Now 
that tide seems to be turning.

The FogHorn Lighting platform 
supports real-time analytics 
applications running on 
ultra-small footprint edge 
devices. The software allows 
application developers, 
systems integrators and 
production engineers to 
build high-performance edge 
analytics systems for industrial 
IoT (IIoT) applications. Image 
courtesy of FogHorn Systems.
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Differing Views
Just how much data analysis and decision-making should 
occur on these new machines at the network’s edge? Early IoT 
architects parsed analytics in three tiers, with simple analysis 
performed on stand-alone smart devices, more complex multi-
device analysis runs on gateways, and “heavy lifting” performed 
in the cloud. But this has changed.

Recent technological advances have freed designers from 
many of the constraints of the tier system. For example, 
advances in system-on-a-chip technology have enabled 
some commercial devices to be powerful enough to run 
full-fledged operating systems and complex algorithms, and 
include significant memory. These devices also incorporate a 
rich variety of sensors and connectivity options. The growing 
abundance of computing and memory resources now allows 
increasingly complex functions to be performed at the edge 
of the network.

Economies of technology are also changing IoT analytics 
architectures. “Factors like the cost of the bandwidth to move 
the data to and from the cloud, the latency associated with 
moving the data, a low tolerance for interrupted or intermit-
tent connection and the need to keep data private and secured 
are influencing modern architectures,” says David Formisano, 
director of internet of things strategy at Intel. “Finally, the 
emergence of artificial intelligence at the edge—utilization of 
advances in machine learning and deep learning—is creating 
brand-new use cases and applications that were not possible 
only a few years ago.”

Most technology observers agree that these changes have 
altered the cloud’s role in IoT data analysis, contending that 
devices and gateways can now perform more and more of the 
hardcore analysis. But developers of IoT platforms do not agree 
on the precise role of the various levels of the network.

Some put the emphasis on gateways. “We find that most 
IIoT [industrial internet of things] deployments are process-
ing data at a gateway level as opposed to a single smart device,” 
says Ravichandar. “The challenge with relying on the cloud 
to do the majority of data processing is the bandwidth cost to 
move that data—especially when it’s streaming in real time—
and the latency for processing and transferring insights back to 
the factory floor.

Others see the device as a key player. “One component to 
the data that is acquired from IIoT sensors is a real-time re-
quirement, where one may have to quickly act to prevent a ma-
chine failure or a process contamination,” says Tom Kovanic, 
technical marketing manager for Panduit. “This aspect of the 
data is best processed on the edge, as near to the sensors as 
possible because this shortens latency and therefore improves 
the response time.”

Still others see the device as a venue for pre-processing, hav-
ing edge analytics filter data where it is created. In these cases, 
data that falls within normal parameters or is irrelevant to the 
application is ignored and retained in low-cost storage. On the 

other hand, abnormal readings or more relevant data is sent to 
the cloud for more intensive analysis.

Early advocates of edge analytics contend that intensive 
analysis does not always have to occur in the cloud. “While we 
agree with the notion of distributed intelligence, we don’t agree 
that heavy lifting analytics functions will always be performed in 
the cloud,” says Formisano.

Adopting the new machine paradigm and embracing edge 
analytics does not, however, take the cloud out of the picture. In 
fact, changing technology, such as machine learning, has created 
new roles for the cloud. For example, “a long-term component 
of IoT data is its use to develop the predictive analytics mod-
els, based on fleets of sensors and factoring in other contextual 
system data,” says Kovanic. “Since this data does not need to be 
processed in real time, it is best processed in the cloud, where 
one has ample compute and storage resources.”

How the Pieces Fit Together
To get a clearer picture of where edge and cloud analytics fit 
into the bigger picture, design engineers have to drill down and 
look at specific applications. In doing so, they can extract rules of 
thumb that will guide them through the development process.

“We see that there are both edge-centric and cloud-centric 
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analytics approaches in every vertical market segment,” says 
Formisano. “So it is best to look at the use case vs. the verti-
cal application.”

In this examination, engineers should look at the use cases 
within the context of the four main drivers of edge analytics:
1. the cost of the bandwidth to move data to and from the cloud;
2. the latency associated with moving the data;
3. a low tolerance for interrupted or intermittent connections; and
4. the need to keep data private and secure.

An example of where the cost of the bandwidth comes into 
play can be seen in surveillance, retail and industrial monitoring 
applications. In these cases, context-aware video anomaly detec-
tion plays a key role. Edge analytics matches up well with these 
applications because it avoids the cost of sending raw video, 
especially high-definition or 4K, to the cloud for all the process-
ing, which would be prohibitive.

To see latency’s role in the dynamics, consider industrial ro-
botics applications. In this use case, humans and robots interact 
on the production floor. This requires safety mechanisms that 
can stop robots from injuring human workers. Here, edge ana-
lytics serve well because they can ensure near real-time response 
and control, sidestepping occasions where latency or intermit-
tent connectivity to the cloud can compromise services and 
jeopardize safety.

Similarly, edge analytics represents the best option for condi-
tion-based monitoring of assets in remote areas, such as oil and 

gas production facilities and shipping, which often rely on satel-
lite communications. In these cases, edge analytics are unlikely 
to experience connectivity interruptions that would prevent 
continuous asset monitoring.

In one of the areas with the broadest relevance, applications 
involving the use of personal or sensitive data benefit from local 
processing and analytics because they mitigate exposure of the 
data and, therefore, limit the risk of a data breach.

Despite the inroads made by edge technology in the cloud’s 
role, cloud-based analytics are ideal for certain classes of ap-
plications, particularly in the industrial sector. “Transactional 
data for maintenance repair histories across fleets of equipment 
in multiple global sites is an example that could be solely cloud 
based,” says Kovanic. “An example of this can include the health 
of HVAC or refrigeration systems in a plant.”

That said, the sway of cloud analytics does appear to be de-
creasing. “There are no scenarios where the cloud should be the 
sole solution when it comes to IIoT,” says Ravichandar. “The 
amount of data collected and bandwidth required makes this 
cost-prohibitive.”

Designing for Edge Analytics
Even though edge analytics and the machines that support them 
are still in the early stages of their evolution, the experiences 
of early adopters have begun to provide a set of best practices 
to guide designers. These prove invaluable because developing 
edge analytics systems requires design teams to consider a broad 
spectrum of factors when creating new products. The situation 
is further compounded by the fact that each application has its 
own requirements. There is, however, one issue that is always 
relevant: the lifecycle of the product.

To address this issue, the designer has to decide at the outset 
whether the product has fixed functionality or is software de-
fined and upgradeable. If the goal is a software-defined design, 
best practices require the design team to follow a set process.

“A software-defined approach requires sufficient compute, 
storage and connectivity resources for the entire lifecycle,” says 
Formisano. “Once the lifecycle is understood, the design engi-
neer must decompose the IoT use case to its essential functions 
at the edge and map them to the constraints of operating at the 
edge. Some of the more important constraints include the cost, 
thermal condition, size, I/O, connectivity, power, data formats, 
protocols and security and privacy considerations.”

Addressing this overarching issue, however, is just the begin-
ning. See the “Designing on the Edge” checklist to the left for 
more. All of these issues boil down to one rule of thumb: Keep 
the capabilities of the end point where the edge analytics will 
operate top of mind. Smaller devices require more planning.

“There are different kinds of end points: gateways with a lot 
of bandwidth and processing capabilities, and constrained end 
points that operate on battery with little processing capabilities 
and small bandwidth,” says Olivier Pauzet, vice president and 
general manager, IoT solutions business unit, Sierra Wireless. 

Designing on the Edge

Here is a checklist of issues to address 
when designing stand-alone, “on-the-
edge” devices:

√ Characterize the configuration (memory, pro-
cessing power, data storage) for desired through-
put and latency.
√ Plan for an identical stand-by system to provide 
for redundancy and high availability.
√ Decide on a hot-standby or cold-standby plan 
(each has its own implementation considerations/
requirements).
√ Decide if the high availability switch-over you 
want to provide will be automated or manual. This 
choice will make a significant difference in the 
implementation effort.
√ Decide if the local storage should be able to 
hold all accumulated data (both input and pro-
cessed) to accommodate any interruptions of net-
work services.
√ Design a data offload mechanism that transfers 
data periodically to a reliable network storage 
location and provides for easy retrieval of the data 
when required.
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“For constraint end points, a lot of tight integration between 
the hardware, embedded software, network and cloud will be 
required to build an efficient system.”

Network Issues
This rule takes you to the next item on the designer’s checklist: 
the network’s architecture. “We should design an edge network 
that has the elasticity to grow and shrink as more processing 
power, memory and data storage are required,” says Formisano. 
“The nodes in the edge network should be allowed to be added 
or removed as required by the data and processing loads on the 
network to ensure successful accomplishment of the targeted 
throughput and latencies.”

On top of this, developers must enable edge networks to 
manage their own health. This means architectures should in-
clude mechanisms that autonomously perform load balancing, 
workload migration and workload redistribution among the 
nodes of the edge network.

In addition, the architecture should enable smooth optimal 
deployment based on heterogeneous node configurations. This 
means each node in the edge network can have its own configu-
ration in terms of memory, processing power and data storage.

Moving Machine Learning to the Edge
Even as devices and gateways become more powerful, devel-
opers of edge analytics systems must still overcome two key 
hurdles before these machines can reap the full benefits of 
machine learning: device size and deployment experience.

Many smaller intelligence machines have limited-capacity 
memories and processors. The problem here is that state-of-the-
art machine learning techniques are not a good fit for execu-
tion on small, resource-constrained devices. To adapt machine 
learning to these operating environments, data scientists must 

develop compressed machine learning algorithms tailored for 
platforms that often use the lowest cost processors. This means 
balancing accuracy with runtime resource consumption.

The second challenge revolves around the fact that informa-
tion technology and operational technology staff have a wealth 
of process and equipment expertise, but often have limited expe-
rience with deploying machine learning systems. To address this 
hurdle, developers and data scientists must create tools and plat-
forms that will enable these critical players to engage with and 
create their own machine learning algorithms without coding.

Although these are serious impediments to inclusion of 
machine learning in edge analytics, developers have begun to 
find ways around these barriers. For example, many companies 
have already started to embrace open-source machine-learning 
libraries to build better tools and enhance collaboration. In addi-
tion, machine-learning-as-a-service promises to mitigate adop-
tion barriers.

Machine learning will certainly play a key role in edge ana-
lytics, new intelligent machines and the IoT. These areas are, 
however, still works in progress. What machine learning will 
look like in these applications when it finally grows into its role 
has yet to be determined. DE

Tom Kevan is a freelance writer/editor specializing in engineering and 
communications technology. Contact him via de-editors@digitaleng.news.
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Edge analytics stores, processes and analyzes sensor data close to where it is generated. Technology 
providers have begun to offer scalable platforms that meet these requirements, sidestepping the cost 
of moving data to and from the cloud, the latency associated with moving data and the problems arising 
from intermittent connectivity. Image courtesy of FogHorn Systems.
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The benefits of defeaturing manifest 
as faster simulation runs and fewer com-
puting cycles. The more complex the 
model, the longer it takes to simulate. 
Conversely, the simpler the model is, the 
faster it is to solve. In product develop-
ment, time and computing are both cost 
items in the budget.

 “It’s expensive to run analysis on big 
supercomputing systems. So by removing 
some fillets or fasteners, your analysis gets 
to the conclusion much faster,” says Todd 
Reade, CEO of TransMagic. “We’re in 
the process of developing a defeaturing 
tool right now; the goal is to speed up the 
analysis process.”

 Ironically, defeaturing also adds 
some complexity to the pre-processing 
workload. “The upfront cost of defeatur-
ing a part needs to be weighed against 
the fact that removing features may 
result in further downstream issues. For 
example, removing a fillet may introduce 
a stress concentration, which may drive 
the design,” cautions Stuart Sampson, 
VP, HyperWorks Enterprise Implemen-
tations, Altair.

Not Rocket Science,  
but Rocket Scientists May Use it
Borrowing some words from the Found-
ing Fathers of the U.S., TransMagic 

proclaims on its home page: “We the 
people of TransMagic, Inc., in order to 
form a more perfect design world, es-
tablish best practices in 3D CAD reuse, 
ensure high fidelity models, provide easy 
to use solutions ...” Best known for its 
CAD translation and healing products, 
TransMagic now embarks on developing 
a defeaturing program.

 “Our plan is to let the users select a 
feature, then tell the software, through 
a guided wizard, whether they want to 
remove all features of the same type of a 
certain size,” says Reade. “So if you have 
hundreds of nuts and bolts in your assem-
bly model, and you don’t want to include 
them in your analysis, the software will 
remove them for you in one step. You’ll 
be able to do it through the assembly 
hierarchy tree, or by selecting the feature 
directly on the model.”

 This method is fairly consistent with 
the defeaturing tools found in many 
CAD and analysis programs. It lets you 
set a threshold (for example, holes with 
diameters smaller than X), then automati-
cally remove the targeted features in a 
single sweep.

 “You don’t have to be a rocket scien-
tist to use our tools, but many rocket sci-
entists do use them,” quips Reade. “What 
we’ve seen is, people don’t like to have to 

learn another software, whether they’re 
technical or not. We want to keep the 
UI (user interface) simple so they don’t 
have to spend hours in training courses,” 
Reade adds.

The company’s upcoming defeatur-
ing product interface is also designed 
for geometry simplification for internet 
protocol protection. The product will be 
a pre-processor to FEA (finite element 
analysis) and CFD (computational fluid 
dynamics) applications. 

TransMagic licenses modeling tech-
nologies from many leading CAD ven-
dors to be able to read and edit common 
CAD file formats. “Our expertise is in the 
way we integrate all of these, so you can 
move data from mesh models to faceted 
models to true CAD format,” says Reade.

 According to Reade, the upcoming 
defeaturing product will likely be offered 
as an add-on to the company’s existing 
products. It may also be part of Trans-
Magic Expert, a CAD data exchange 
product in the company’s portfolio.

Apples and Oranges
John Graham, product marketing 
manager for ANSYS, points out that 
a designer’s defeaturing needs and an 
expert’s defeaturing needs are quite 
different, as a consequence of the dif-

Different Strokes  
for Different Folks
Geometry simplification needs are different for designers and analysts; 
so, too, are the tools they must use.

BY KENNETH WONG

DEFEATURING—removing rounded edges, small holes and other nonessential details from the 3D CAD 
model—is one of the necessary evils of simulation. It proved so tedious to defeature in parametric CAD programs 
that newcomer SpaceClaim was able to capitalize by positioning itself as a better defeaturing tool. Subsequently, 
SpaceClaim was acquired by simulation software maker ANSYS in 2014.

de0118_Defeaturing_Wong.indd   26 12/14/17   1:13 PM



digitaleng.news /// January 2018          DE | Technology for Optimal Engineering Design  27

ference in their skills and goals. There-
fore, the software tools they use should 
look and operate differently.

 Last September, ANSYS launched 
ANSYS Discovery Live, described as “in-
stantaneous simulation, tightly coupled 
with direct geometry modeling, to enable 
interactive design exploration and rapid 
product innovation.” Discovery Live is 
not meant for the detailed design valida-
tion phase, where every decision carries a 
certain risk and safety implications. The 
software is intended for the conceptual 
design phase, where designers are explor-
ing ideas and seeking general confirma-
tion of their viability.

 “With ANSYS Discovery Live, we’re 
not replicating the tools we offer to the 
analysts,” says Graham. “The goal is up-
front simulation, to find the right design 
direction, to find insights. Designers with 
those goals don’t need to be as concerned 
with details like holes, rounded edges and 
bolts. So they can remove them without 
affecting the quality of the design.”

 Such small details do make a dif-
ference in the design validation phase, 
usually involving experts and analysts. 
Different from the conceptual phase, re-
moving or keeping certain small features 

in this stage is no longer a risk-free or 
low-risk decision. 

With SpaceClaim as the geometry en-
gine behind it, Discovery Live allows au-
tomated discovery and removal of a class 
of features (such as blends and holes). 
“That approach works with simple geom-
etry,” says Graham. “But if your geometry 
is more complicated, or if you want more 
control over the decisions, you have that 
option as well. The new solver technol-
ogy allows for as much complexity as you 
want without an increase in solve time. 
Complexity is free when doing an upfront 
analysis in ANSYS Discovery Live.”

Conceptual and Detailed Views
The key is to automate the tedious 
manual defeaturing process, according 
to Altair’s Sampson. “Assuming there are 
several design iterations as the part ma-
tures, there’s also a real cost involved in 
having to defeature multiple iterations of 
the same part,” he points out.

 Altair is known for OptiStruct, a 
structural analysis solver for linear and 
nonlinear problems under static and 
dynamic loadings. The solver is the un-
derlying technology in its HyperWorks 
simulation suite. Under its solidThinking 

brand, the company also offers designer-
friendly simulation, topology optimiza-
tion and geometry editing packages.

 “Batch-meshing and mid-surfacing 
within HyperMesh support the auto-
matic recognition of geometries like 
holes, logos, fillets and flanges and can 
treat them accordingly,” says Sampson. 
“Within solidThinking Inspire, there are 
many defeaturing capabilities, which can 
automatically detect and remove features 
if required.”

 Sampson, too, makes a clear distinc-
tion between how designers in the con-
ceptual phase view defeaturing and how 
an analyst might view it in the detailed 
phase. “The concept level is really fo-
cused on generating a design concept and 
would include basic design simulation 
and optimization. In addition, a manu-
facturing feasibility assessment may be 
conducted. The outcome is a conceptual 
design decision. solidThinking Inspire 
targets this exact use case,” he says.

 For the detailed design phase, Hy-
perMesh, SimLab and HyperCrash are 
better options, according to Sampson. 
“The detailed level (high-end simulation) 
targets full system level simulation. De-
tailed simulation and optimization studies 

Aimed at the conceptual design phase, ANSYS Discovery Live offers users a way to quickly simulate and 
validate complex design ideas. Image courtesy of ANSYS.
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would be performed covering a number 
of different design variants. In-depth 
manufacturing simulations studies would 
also be performed.” 

Skip it Altogether
Deciding what to keep and what to delete 
is not always straightforward. Some of the 
small details you choose to exclude may 
turn out to be critical features that affect 
the part’s longevity or durability in actual 
operation. So if you design based on 

simulation runs performed without them, 
your design would be doomed to fail. 
Why take the risk? Why not use the 3D 
CAD geometry as is? Assuming there’s 
no computing penalty to pay, this would 
seem to be an ideal approach.

 And it’s the approach proposed by 
Ken Welch, cofounder and CEO of SIM-
SOLID Corporation. “Use the model 
that represents how you intend to manu-
facture it,” he says. “Tiny holes, blended 
corners—you can leave them in.” SIM-

SOLID solves models at the assembly 
level, not just at the part level, which also 
distinguishes its technology from many 
other solvers that can only handle part-
level simulation.

 “With SIMSOLID, you don’t pay a 
computing penalty if you don’t defea-
ture your model,” says Welch. “It’ll still 
solve the model in seconds to minutes 
even if you use a model with full details. 
Most FEA solvers use older techniques. 
Our technique solves fewer equations, 
but the equations are more pertinent to 
your model.”

 Explaining its technology, the com-
pany writes: “SIMSOLID does not use 
the point-wise degrees of freedom (DOF) 
inherent in traditional FEA. SIMSOLID 
DOF are functionals with geometrical 
support in the form of volumes, areas, line 
clouds and point clouds. This provides the 
ability to handle geometrical imperfec-
tions, as well as assembly contact imperfec-
tions like gaps, penetrations and ragged 
contact areas … [The approach allows] 
very large and/or complex assemblies to be 
solved quickly on desktop-class PCs.”

 Altair’s Sampson thinks defeatur-
ing may soon become a moot point in 
simulation. “It’s probably less important 
now than it was a few years back,” he says. 
“Traditionally, defeaturing was necessary 
to ensure good mesh quality, reduce the 
meshing time and in some cases, reduce 
the simulation time. With an established 
trend of reducing global mesh sizes, the 
feature adherence of the mesh to the 
original geometry is now becoming an 
easier task.” 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 ➜ SIMSOLID: SIMSOLID.com

➜ TransMagic: TransMagic.com

➜ Altair: Altair.com

➜ ANSYS: ANSYS.com

For more information on this topic,  
visit digitaleng.news
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Defeaturing tools should look and feel differently for the conceptual 
phase (Altair solidThinking Inspire Concept Level, top) and the detailed 
phase (Altair HyperMesh Detailed Level, bottom), because the users’ 
goals are different. Images courtesy of Altair.

de0118_Defeaturing_Wong.indd   28 12/14/17   1:23 PM



Legacy Data ||| WORKFLOW

digitaleng.news /// January 2018          DE | Technology for Optimal Engineering Design  29

The $1 billion Gentherm, a key 
player in the automotive supply chain, 
had long outgrown its MatrixOne sys-
tem. However, because the platform 
was ground zero for critical product 
and engineering-related material 
(nearly 40,000 documents comprising 
up to 2 to 3 terabytes of data) and be-
cause its functionality had mostly held 
up over the years, Gentherm kept 
postponing an upgrade to modern-
day PLM. That is until the company’s 
exponential growth—nearly doubling 
in size over the last five years—and 
the complexity of its product bench 
made the decision to put off switching 
PLM platforms no longer sustainable. 

“Our old system served its job 
well, but it couldn’t support our cur-

rent processes—it lacked support 
for a multi-CAD environment and 
it didn’t adequately enable reuse,” 
Lazanja explains. “We couldn’t keep 
using old tools. It was becoming 
more work to use the tool than to 
look for something else.”

Gentherm, like hundreds of early 
adopters of PLM, kept its first-gener-
ation PLM platform active far beyond 
its shelf life because of the cost and 
complexity associated with replacing 

a core system on an enterprise scale. 
“Lots of customers are stuck with 15- 
to 20-year-old PLM technology and 
they can’t upgrade,” says Kevin Power, 
business development manager for 
Tata Technologies. “They look at the 
data migration mountain and the huge 
effort to move into a new system and 
there’s not enough pain (tolerance) to 
go through with that.”

In addition to expensive software, 
protracted implementation services 

Integrating Legacy Data:  
a Perennial PLM Pain Point
Despite a flurry of migration tools and advancements in core PLM platforms, 
migrating legacy data remains a costly and complex endeavor when 
modernizing PLM platforms.

BY BETH STACKPOLE

L AST JANUARY, Marinko 
Lazanja, director of 
engineering systems at 
Gentherm, pulled the trigger 

on the first of many dress rehearsals 
for an important milestone for the 
manufacturer of climate control and 
thermal management systems: migrating 
from a 15-year-old legacy product 
lifecycle management (PLM)  platform 
to PTC’s Windchill.

Elysium DirectTranslator ensures 3D data exchange through all current 
and many legacy CAD systems. Image courtesy of Elysium.
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and the general upheaval to engi-
neering culture and the broader core 
business processes, one of the big-
gest inhibitors to moving between 
PLM platforms is the laborious task 
of migrating legacy data over to the 
new system. The process hasn’t got-
ten much easier despite the significant 
technology advances in current-day 
PLM, in part, because of the sheer 
size and scope of data now managed 
by the platform. In addition, many 
first-generation PLM deployments 
are highly customized, making it dif-
ficult for data to easily translate be-
tween systems.

“The tools are getting better at 
the same time the problem is getting 
harder and more complex,” says Tom 
Makoski, executive vice president, 
PLM & Migration for ITI Global, 
a consultancy specializing in prod-
uct data interoperability problems. 
“There’s been an improvement in im-

port and export capabilities, but there’s 
now much more complexity to the data 
going into these systems and much 
larger amounts of data migrating.”

Migration Best Practices
Gentherm’s migration plan involves 
shifting 15 years’ worth of product-
related data out of its long-time Ma-
trix One PLM platform and over to 
PTC Windchill. Rather than taking 
a big bang approach, the company 
has staged its migration over the 
course of two years, initially moving 
its quality management and docu-
mentation systems, implementing 
ProjectLink for project management 
in September, conducting a range of 
migration dress rehearsals and data 
verification tests, and targeting a full 
migration and retirement of Matrix-
One by 2018. 

“We’re building it out phase by 
phase—Windchill is a powerful tool, 
but there’s a lot of cultural change 
that comes with it and we’ve been 
using [Matrix One] for many years,” 
Lazanja says. “This is something you 
have to plan carefully.”

One of the first steps to migra-
tion planning is to understand your 

data and figure out exactly what and 
how much data to move over to a 
new PLM system, according to An-
nalise Suzuki, director of technology 
and engagement for Elysium, a pro-
vider of multi-CAD interoperability 
tools. In the case of CAD data and 
3D models, much of the complexity 
can be removed from the equation 
because it’s not always necessary to 
transfer 100% of existing data, de-
pending on how that data is expected 
to be used, she explains.

“The percentage of legacy data 
expected to undergo engineering 
changes, which truly require feature 
history, can be very small,” she ex-
plains. “It’s a lot of work if you expect 
you need everything and really don’t.”  
Elysium’s tools can be tapped to repair 
quality issues on CAD models and to 
facilitate CAD-to-CAD translation.

Once the data has been identified, 
transformation of that data is critical 
to ensure a smooth migration. Over 
the years, data in legacy PLM sys-
tems can be corrupted for a variety 
of reasons, including system updates 
and upgrades or changes to process 
and business rules. Removal of rela-
tions, missing mandatory attributes, 
incomplete revisions and orphan 
data sets are common causes of data 
integrity failures, says Troy Banitt, 
director, Teamcenter Product Man-
agement, Platform and Product En-
gineering at Siemens PLM Software. 

“When you want to move from 
an older to a newer PLM solution 
and migrate data, the big expense is 
cleansing and validating the legacy 
data,” says Tom Gill, senior consul-
tant, PLM Enterprise Value & Inte-
gration Practice Manager for CIM-
data, a PLM strategy management 
consultant firm. “The reality is data 
atrophy can set in, and data needs to 
be maintained to stay valid. People 
don’t follow standards and rules so 
data is never perfect.”

PLM migrations can also be com-
promised by legacy data that doesn’t 
conform to current business rules. 

Support for multi-CAD was among the many reasons Gentherm upgraded 
its 15-year-old PLM system to PTC Windchill despite the difficulty of 
migrating legacy data. Image Courtesy of Gentherm.

“People don’t follow 
standards and rules, so 
data is never perfect.” 

— Tom Gill, CIMdata
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In addition, because companies are 
increasingly operating at a 24/7 pace, 
migration performance is critical, as 
there is a limited window to accom-
modate what is typically a lengthy 
schedule, Siemens’ Banitt adds. To 
help its customers with PLM migra-
tion, Siemens released the Deploy-
ment Center, a web-based installer 
designed to make it easier to install, 
patch, and upgrade Teamcenter soft-
ware, including development and 
test environments. The company 
also has a number of loading tools 
to convert data from CSV format to 
native Teamcenter format along with 
frameworks designed to streamline 
the integration of Teamcenter with 
legacy applications.

One of the ongoing questions in a 
PLM migration project is what and 
how much data to migrate. Some, 
like CIMdata’s Gill, advocate for 
migrating all relevant data because 
it creates too much complexity to 
maintain separate processes and incur 
infrastructure costs related to keep-
ing siloed systems live. “If you think 
data has value then it should be mi-
grated—scope what needs to be done 
and retire the old solutions to reduce 
complexity and costs,” he says.

Another school of thought is to 
make some data accessible in a PLM 
system, in PDFs for viewing, for 
example, but don’t migrate complex 
native data like CAD to the new 
platform. A manufacturer building 
a highly engineered product like a 
satellite might not want to retire its 
legacy system and instead may want 
to build integration between that 
platform and its new PLM system. 
On the other hand, a supplier that 
builds small assemblies might decide 
it’s easier to bite the bullet and drop 
its legacy platform and migrate every-
thing over to the new PLM platform. 

After the merger of car giants 
Chrysler and Fiat, the new Fiat Chrys-
ler Automobiles (FCA) embarked on 
a full-scale integration effort to re-
place Dassault Systèmes’ CATIA V5 

and VPM with the Siemens suite of 
Teamcenter, TcVis, and NX to serve 
as the key PLM backbone for FCA 
Engineering. There was considerable 
effort to prepare CAD data structures 
and a set of dedicated tools were 

implemented for data extraction from 
the previous solution for ingestion into 
Teamcenter, says Gilberto Ceresa, se-
nior vice president at CIO for FCA. To 
streamline the effort, FCA staged the 
migrations based on vehicle program 
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timing and their related part carry over 
needs to be made available from legacy 
solutions. “This approach allowed 
us to split the migration in different 
waves of smaller complexity than a 
single big bang approach and allowed 
the team to gain experience on the mi-
gration procedures applied along the 
process to improve the overall quality,” 
Ceresa says.

From the get-go, Ceresa says it’s 
important to have a clear understand-
ing of the business benefits to be 
gained, starting with a clear picture 
of the existing processes and with a 
clear vision about how the new PLM 
solution will interact with the exist-
ing application landscape. “Internal 
customer involvement in the solution 
design, a timely communication plan 
for change management, and tailored 
training are then crucial to mitigate 
the risks of activities with this level of 

complexity,” he explains.
Honda, a long-time Dassault 

customer, is taking a similar tack of 
careful planning and moving only the 
data it needs as part of its ongoing 
transition toward increased virtualiza-
tion and digital manufacturing using 
Dassault Systèmes’ 3DEXPERIENCE 
platform. For example, when imple-
menting a new model process plan-
ning tool to help engineers create an 
efficient workflow for assembly, the 
company realized it only needed some 
of the CAD data in the new tool. 

“We had a legacy tool that was 
only text-based. It was really a valu-
able tool for our process engineers 
for what we had at the time, but 
we couldn’t take advantage of the 
3D data that was being generated 
by R&D,” said Ron Emerson, as-
sociate chief engineer, Honda North 
America, during his presentation at 

the Dassault Systèmes 3DEXPERI-
ENCE Forum in October last year. 
“We couldn’t take advantage of all the 
data that came along with that. It was 
really hard for the process planners to 
visualize what they were assembling.”

The requirements for the more vi-
sual tool included fast and simple part 
visualization. Honda worked with Das-
sault to develop the new model plan-
ning structure application, which helps 
engineers quickly see when they’ve 
dragged and dropped all the required 
parts into an assembly sequence. The 
new tool provides Honda with the 
ability to load an entire vehicle into a 
session 80% faster using lightweight 
data, rather than all of the heavy math-
ematics of the full CAD data.

“Both strategies are valid and you 
make the decision on a customer-by-
customer, application-by-application 
basis,” says ITI Global’s Makoski, which 
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promotes a multistep process for PLM 
migration, including exporting, trans-
forming, aggregating and loading.

Evolving Technologies
PTC offers a range of choices to ease 
the migration burden, promoting mul-
tiple levels of migration and integration 
and the idea data should live where it 
works best. For lightweight, sponta-
neous access to data in PLM or SAP 
platforms, mainstream users can tap the 
new ThingWorx Navigate to aggregate 
data, enabling them to look at a parts 
structure as a part of a bill of materi-
als (BOM), for example, without going 
through the pain of a big migration 
project, says Mark Taber, vice president 
of marketing for the PLM group.

Support for standards like Open 
Services for Lifecycle Collaboration 
(OSLC) enable a higher level of inte-
gration, allowing data to stay in an ex-
isting system, but still synchronizing 
traceability and compliance between 
platforms, Taber explains. PTC also 
has capabilities for integration via 
partner middleware programs along 
with a solutions and partner program 
to assist customers in the traditional 
full-scale PLM migration.

The idea, Taber says, is to offer 
choices. “The fact that product data 
lives in so many different systems of 
record, the idea that you have a single 
system that has everything isn’t practi-
cal anymore,” he says. “But you still 
need a single view of that information.”

For companies like Autodesk and 
Arena Solutions, the nature of their 
typical customer profile (companies 
new to PLM) and the fact they support 
cloud-based PLM solutions makes mi-
gration less of a pain point for custom-
ers, although it still remains an issue, 
says Steve Chalgren, Arena Solutions’ 
executive vice president of product 
management and strategy, and its chief 
strategy officer. Most Arena custom-
ers don’t have PLM already in place, 
he explains, and are instead migrat-
ing data stored in Access databases or 
spreadsheets to the new platform. 

In fact, Chalgren contends Arena’s 
support for the cloud actually serves 
as a catalyst for many customers to 
bite the bullet on PLM migration. 
“We are seeing a regular cadence of 
people migrating to us from legacy 
systems because we are modern tech-
nology and they want to move to a 
more efficient enterprise software 
strategy in the cloud,” he says. “En-
terprise software is relatively sticky—
it’s expensive and disruptive to move 
so you need a reason to do it.”

Cloud-based PLM also provides 
an opportunity to approach what is 
typically a significant business proj-
ect in digestible pieces, notes Charlie 
Candy, Autodesk’s senior manager, 
Global Business Strategy for Enter-
prise Cloud Platform, which includes 
the Fusion Lifecycle PLM platform. 
“Starting with quick wins, support-
ing processes to larger use cases like 
NPI (new product introduction) is a 
good way to get users on board early 
and show the product potential,” he 
explains. “This approach delivers in-
cremental value and improvement.”

Standards help alleviate some of 
the pain associated with legacy PLM 
data migration, but the problem will 
remain a heavy lift for the foresee-

able future. “The newer PLM solu-
tions have more capabilities and sup-
port integration better and there are 
standards that make overall intercon-
nection easier, but it’s still a complex 
task and you still need governance,” 
CIMdata’s Gill explains. “Otherwise, 
you paint yourself into a corner and 
make the solution unsustainable.” DE 

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

INFO ➜ Arena Solutions:  
ArenaSolutions.com

➜ Autodesk: Autodesk.com

➜ CIMdata: CIMdata.com

➜ Dassault Systèmes: 3ds.com 

➜ Elysium Inc.: Elysiuminc.com

➜ Gentherm: Gentherm.com

➜ ITI Global: ITI-global.com

➜ PTC: PTC.com

➜  Siemens PLM Software:  
Siemens.com/PLM

➜  Tata Technologies:  
TataTechnologies.com

For more information on this topic, visit 
digitaleng.news
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With ThingWorx Navigate, companies can deliver role-based access to 
accurate product information without going through the pain of a full PLM 
migration, according to the company. Image courtesy of PTC.
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The Dell Precision 5520 is the successor to the Dell 
Precision M3800, the remarkably thin, lightweight mobile 
system we raved about when we reviewed it several years 
ago (see DE November 2015). Like its predecessor, the 
brushed aluminum and carbon fiber case bears an outward 
resemblance to a MacBook Pro. The 15.6-in. Precision 5520 
measures 14.1x9.3x0.8-in. and weighs just 4.54 pounds (plus 
less than a pound for its 130-watt external power supply and 
cables), making it even smaller and lighter than the M3800, 
while packing considerably more power.

Dell achieves this in part by surrounding the display with 
one of the thinnest bezels we’ve ever seen in a laptop—Dell 
refers to this as InfinityEdge—and packing all of the major 
components beneath a deck that tapers to a mere 0.44-in. at 
the front edge. Yet this is a true workstation, with a profes-
sional-grade CPU and discrete NVIDIA graphics.

Workstation CPU and Graphics
Although the base configuration Dell Precision 5520 in-
cludes a 2.8GHz Intel Core i5-7740HQ quad-core CPU, 
Dell offers six other options. Our evaluation unit came with 
a seventh-generation Intel Xeon E3-1505M v6 processor. 
This quad core “Kaby Lake” processor has a base frequency 
of 3GHz and a maximum turbo speed of 4GHz while main-
taining a thermal design power (TDP) rating of 45 watts, and 
adds $299 to the base price. 

Although the CPU includes integrated Intel Graphics 
P630, our evaluation unit also incorporated an NVIDIA 
Quadro M1200M discrete graphics card with 4GB of 
GDDR5 dedicated memory. This GPU, based on NVIDIA’s 
latest Maxwell architecture, has 640 CUDA parallel process-
ing cores, a 128-bit interface and adds an additional $65.

Stunning Display
Raising the lid reveals the 15.6-in. display and a full-size 80-key 
backlit keyboard. A gesture-enabled multi-touch touchpad with 
two buttons is centered below the keyboard. The keyboard has a 
decent feel but rather shallow travel.

The base unit has an UltraSharp FHD (1920x1080) in-plane 
switching, wide-view anti-glare display. However, our review unit 
came with a stunning touch-enabled 15.6-in. UltraSharp UHD 
IGZO (3840x2160) wide-view backlit LED, a $278 option.

Dell Precision 5520:  
Thin, Light and POWERFUL
BY DAVID COHN

IT HAS BEEN A WHILE since we last reviewed a Dell 
mobile workstation (see DE April 2016). So, when Dell 
included a new Precision 5520 mobile workstation as 
part of our review of the Dell Canvas interactive pen 

and touch display (see DE December 2017), we also put this 
new laptop through its paces.
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INFO ➜ Dell: dell.com

Dell Precision 5520
• Price:  $2,759 as tested ($1,199 base price)
• Size: 14.1x9.3x0.8-in. (WxDxH) notebook
• Weight: 4.5 pounds plus 0.9-pound power supply
• CPU: 3.0GHz Intel Xeon E3-1505M v6 w/8MB Smart Cache
• Memory: 32GB
• Graphics: NVIDIA Quadro M1200M w/4GB GDDR5 memory
• LCD: 15.6-in. UHD 3840x2160 wide view anti-glare backlit IGZO 
• Hard Disk:  512GB NVMe PCIe
•  Audio: Built-in speakers, built-in microphone array
•  Network: Intel dual-band wireless-AC 8265 WiFi 4.2  

plus Bluetooth 
•  Other: Two USB 3.0 with PowerShare, HDMI,  

headphone/microphone combo jack, SmartCard reader, 
integrated 1MP webcam

•  Keyboard: Integrated 80-key full-size backlit keyboard 
•  Pointing device: Gesture-enabled multi-touch touchpad  

with two buttons

The Dell Precision 5520 packs a powerful 15.6-in. mobile 
workstation into a package the size of a 14-in. laptop.

Dell packs lots of power into the world’s smallest 15-in. mobile workstation.
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Dell  
Precision 5520

15.6-inch 
3.0GHz Intel Xeon 
E3-1505M quad-
core CPU, NVIDIA 
Quadro M1200M, 
32GB RAM and 
512GB NVMe 

PCIe SSD

MSI WT73VR
17.3-inch 

2.9GHz Intel 
Core i7-7820HK 
quad-core CPU, 
NVIDIA Quadro 
P5000, 64GB 
RAM, 512GB 
PCIe SSD and 
1TB 7200rpm 

SATA HD

Eurocom 
Tornado F5

15.6-inch 3.6GHz 
Intel Xeon E3-

1270 quad-core 
CPU, NVIDIA 

Quadro M4000M, 
32GB RAM, 2TB 

PCIe SSD

Lenovo  
ThinkPad P50s
15.6-in. mobile 

2.6GHz Intel 
Core i7-6600U 
dial-core CPU, 
NVIDIA Quadro 
M500M, 16GB 
RAM, 512GB 

PCIe SSD

Xi  
PowerGo XT

17.3-inch 
4.0GHz Intel 

Core i7-6700K 
quad-core CPU, 
NVIDIA Quadro 

M5000M, 32GB 
RAM, 256GB 

PCIe SSD

HP ZBook 
Studio G3
15.6-inch 

2.8GHz Intel Xeon 
E3-1505M v5 

quad-core CPU, 
NVIDIA Quadro 

M1000M, 32GB 
RAM, 512GB 

PCIe SSD

Price as tested $2,759 $4,699 $5,450 $1,427 $4,423 $2,999

Date tested 11/27/17 6/28/17 2/13/17 10/10/16 5/27/16 3/9/16

Operating System Windows 10 Windows 10 Windows 10 Windows 10 Windows 10 Windows 10

SPECviewperf 12 (higher is better)

catia-04 44.56 157.84 85.32 21.75 109.37 35.30

creo-01 45.88 129.89 80.21 25.34 94.91 32.36

energy-01 3.66 12.56 6.36 0.52 7.02 3.08

maya-04 34.47 100.99 60.58 13.27 79.26 29.50

medical-01 16.48 59.31 27.39 9.68 31.90 14.46

showcase-01 23.29 67.53 48.46 6.97 51.57 21.04

snx-02 34.93 185.13 78.14 31.85 165.04 28.55

sw-03 72.15 160.26 100.19 37.24 121.39 55.23

SPECapc SOLIDWORKS 2015  (higher is better)

Graphics Composite 3.44 4.95 7.60 2.67 8.78 2.92

Shaded Graphics Sub-Composite 2.25 3.06 4.14 1.96 5.07 2.27

Shaded w/Edges Graphics Sub-Composite 3.27 3.89 5.46 2.52 6.54 3.05

Shaded using RealView Sub-Composite 2.70 3.54 5.64 2.01 6.65 2.32

Shaded w/Edges using RealView Sub-Composite 4.51 4.27 9.20 3.43 10.72 4.03

Shaded using RealView and Shadows  
Sub-Composite

2.31 4.07 6.44 1.96 7.40 2.13

Shaded with Edges using RealView and  
Shadows Graphics Sub-Composite

3.69 4.51 9.56 3.14 11.21 3.49

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

4.55 13.46 16.22 3.02 18.10 3.19

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

6.69 13.17 23.22 4.53 25.69 4.62

Wireframe Graphics Sub-Composite 2.96 3.91 3.65 2.61 3.91 3.16

CPU Composite 2.22 4.28 4.23 1.89 4.96 2.82

SPECwpc v2.0 (higher is better)

Media and Entertainment 2.51 3.12 2.96 1.04 2.37 2.29

Product Development 2.52 3.13 2.49 1.28 2.28 2.22

Life Sciences 2.86 3.60 3.05 1.25 2.40 2.46

Financial Services 2.88 2.90 3.10 0.49 1.39 1.15

Energy 2.58 2.94 2.60 0.96 2.34 2.22

General Operations 1.64 1.45 1.37 0.87 1.06 1.31

Time

Autodesk Render Test  (in seconds, lower is better) 87.10 67.00 78.30 172.50 53.10 76.80

Battery Life (in hours:minutes, higher is better) 9:24 2:55 3:20 11:44 2:30 5:18

  
Numbers in blue indicate best recorded results. Numbers in red indicate worst recorded results.  

Mobile
Workstations  

Compared
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Picture Perfect: Dell  
UltraSharp 38 Curved Monitor

A s part of our review of the Dell Canvas, the com-
pany also sent us its UltraSharp 38 curved moni-
tor. Given the opportunity, we put this IPS display 

through its paces. With its incredibly thin InfinityEdge bezel, 
the UltraSharp 38 (37.5 in., measured diagonally) provides a 
nearly borderless immersive image with a 21:9 aspect ratio 
and a native WQHD resolution of 3840x1600.

The UltraSharp 38 (Dell model number U3818DW) 
weighs 26.76 pounds (including the stand). The panel 
itself measures 35.2x15.62x2.19-in., has a height adjust-
ment range of 17.0 to 21.54 in., and needs a space 8.91 
in. deep. The stand provides a stable support and allows 
the display to be swiveled 30 degrees left and right 
and tilted from -5 to +21°. Cables can be neatly routed 
through a hole in the center of the lower portion of the 
stand.

In addition to the power cable, Dell also provides four 
cables: HDMI, DisplayPort, USB Type-C and USB 3.0 
upstream input. A printed calibration report, quick setup 
guide and a disc with drivers and manuals are also included. 
It took just a few minutes to assemble the stand and attach 
the panel. The panel also includes standard 100mm VESA 
mounting holes.

Connections on the rear include AC power, a security 
lock slot and four video inputs: two HDMI, one DisplayPort 
and one USB Type-C that supports USB power delivery, 
data and DP video signal. For our review of the Dell Canvas, 
that single USB Type-C connection was all we needed. 
There is also an audio line-out jack, a pair of USB upstream 
ports and a pair of USB downstream ports with power 
charging capabilities. A second pair of USB 3.0 jacks (one 
with charging capabilities) is located on the lower left edge 
of the screen. Five buttons on the lower-right bottom edge 
of the panel enable you to access the onscreen menu, con-
trol volume and turn the power on and off.

In addition to being able to switch between input sourc-
es, the UltraSharp 38 supports picture-in-picture (a smaller 
image from a second input in a corner of the screen) and 
picture-by-picture (two different simultaneous inputs side by 
side). The two USB inputs also enable you to use the moni-
tor as a KVM switch.

The active matrix TFT curved screen delivers a panoramic 
viewing experience, while integrated dual nine-watt speakers 
yield excellent sound quality. Visual tests using DisplayMate 
were flawless. Colors were vibrant and the image was crisp 
and clean across the entire 2300R curvature.

Although the UltraSharp 38 has a suggested retail 
price of $1,499, we found it online for $1,100 from several 

retailers. The U3818DW is backed by a three-year warran-
ty that includes replacement of the panel if you discover 
even one bright pixel. Although we tested this monitor in 
conjunction with the Dell Canvas and Dell Precision 5520 
mobile workstation, it would be a great addition to any 
engineering workstation.

The Dell UltraSharp 38 curved monitor provides an 
immersive image with a 21:9 aspect ratio.

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

INFO ➜ DisplayMate: displaymate.com

Dell UltraSharp 38 Curved Monitor (U3818DW)
• Price: $1,499 MSRP ($1,100 street price)
• Size: 37.5-in. (diagonal)
• Display type: Active Matrix TFT LCD IPS backlit
• Screen dimensions without stand (WxHxD): 35.2x15.62x2.19-in.
•  Physical size with stand at highest setting (WxHxD):  

35.2x21.54x8.91-in.
• Weight: 26.7 pounds
• Native resolution: 3840x1600 pixels @ 60Hz
• Display area: 34.63x14.43-in.
• Horizontal frequency range: 25kHz–115kHz
• Vertical refresh rate: 24–85 Hz
• Aspect ratio: 21:9
• Pixel pitch: 0.229 mm
• Dot/pixel per inch: 111
• Brightness: 300 cd/m2
• Contrast ratio: 1000:1
• Response time: 5ms (gray to gray)
• Number of colors: 1.07 billion
• Color gamut: 100% sRGB
• Power consumption: 56 watts typical, 0.3 watts standby
• Video input ports: Two HDMI 2.0, DisplayPort 1.2, one USB Type-C
•  I/O ports: Two USB 3.0 input, four USB 3.0 output  

(three with charging capability), audio line-out
•  Other features: Tilt/swivel base, built-in 9W stereo speakers,  

Kensington lock slot
•  Cables included: AC power cord, HDMI, DisplayPort,  

USB Type-C, USB 3.0 input
• Warranty: Three years parts and labor
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Due to its thin bezel, the 1280x720 
webcam is located below the display, 
rather than above. This placement 
results in some awkward images that 
emphasize your hands while looking up 
at the bottom of your nose, a significant 
flaw in an otherwise excellent system.

Just a Few Ports
The Dell Precision 5520 has two 
DIMM sockets and the base configura-
tion comes with 8GB of RAM, installed 
using a single memory module. For our 
evaluation, Dell packed our system with 
32GB of DDR4-2400MHz of memory, 
filling the two available dual-inline 
memory module sockets and adding an 
additional $409 to the system cost. The 
Intel Xeon CPU supports up to 64GB 
of ECC memory, but Dell does not 
offer ECC memory as an option.

A 500GB 7200rpm SATA drive is in-
cluded in the base unit, but here again, Dell offers options, includ-
ing solid-state drives up to 1TB. Our evaluation unit came with a 
512GB Samsung NVMe PCIe SSD, which added $464.

A three-cell 56Wh lithium ion battery is included in the base 
price, but systems equipped with the full high-definition display 
must also include a six-cell 97Wh battery, which adds another 
$45. That battery powered the Dell Precision 5520 for 9 hours 
and 24 minutes in our battery run-down test.

The Dell Precision 5520 does not offer an abundance of ports, 
however. The left side of the case houses the power connector, a 
single USB 3.0 port, HDMI port, USB Type C Thunderbolt port 
and a headphone/microphone combo jack, while the right side 
provides a second USB 3.0 port and a memory card reader. The 
system comes with a USB Type C Ethernet dongle and includes 
802.11ac dual-band Wi-Fi and Bluetooth 4.2. 

Great Performance
Throughout our tests, the Dell Precision 5520 remained cool and 
was nearly silent, even while running our most demanding bench-
marks. On the SPECviewperf test, it outperformed other 15.6-in. 
mobile workstations from HP and Lenovo that were equipped 
with comparable GPUs, but lagged those from Eurocom and 
MSI, which included higher-end graphics. The same was true 
when running the SPECapc SolidWorks benchmark.

On the very demanding SPECwpc benchmark, the Dell 
Precision 5520 held its own, continuing to beat out last year’s 
systems from HP and Lenovo. On our own AutoCAD render-
ing test, however, the 87.10-second average rendering time 
placed the Dell Precision 5520 slightly behind the other 15.6-in. 
mobile workstations we have tested recently.

Dell preloads Windows 10 Professional 64-bit. Although 
Dell offers Windows 7, that is not an option for systems based 
on the latest Intel Xeon CPUs. The Precision 5520 includes 

only a one-year warranty unless you buy an extended warranty 
at time of purchase, in which case Dell offers myriad options 
including next-business-day onsite service for up to five years, as 
well as accidental damage coverage, data recovery and more.

Like other Dell workstations, the Precision 5520 is ISV 
certified and comes with Dell’s Precision Optimizer software 
to enable users to tune system performance for specific applica-
tions. As configured, the system we reviewed cost $2,759 when 
we priced it in late November. You could easily lower that price 
by opting for a lesser CPU and FHD non-touch display. Either 
way, the Dell Precision 5520 is a worthy successor to the M3800 
and remains an excellent choice for any engineer on the go. 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.
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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.

National Instruments rolled out the 
Data Management Software Suite, com-
prised of three NI tool chests. Two ap-
plications form a server-based data-man-
agement solution: DIAdem Professional 
for managing, processing and visualizing 
measurement data; and DataFinder 

Server Edition Advanced for file-based 
data management and data mining.

The new Analysis Server helps 
you automate the search, standard-
ization, analysis and reporting of 
large amounts of measurement data.
MORE ➜ digitaleng.news/de/?p=40661

Solution Automates Big Analog Data Handling
NI software suite aims to simplify extracting insights from mountains of data.

Aircraft Surface Inspection Solution Launches
New solution combines surface damage analysis software with portable scanner.

Creaform launched a software tool for 
maintenance, repair and overhaul ser-
vice outfits called SmartDENT 3D. It 
works with Creaform’s HandySCAN 
3D metrology-grade portable laser 
scanner. Together, they create an air-
craft surface inspection and damage 

assessment system. Creaform says the 
software can also ease measurement ex-
traction of 3D scanning data.

On a side note, the SmartDENT 3D 
can be used to measure the effects of 
corrosion as well as dents.
MORE ➜ digitaleng.news/de/?p=40548

Workstation Rips with Threadripper
AMD Ryzen CPU powers new mid-size tower tuned for 3D CAD and simulation.

The Edge TR from NextComputing 
is powered by AMD’s newest Ryzen 
Threadripper CPU, the 1950x. This 
16-core CPU provides the Edge TR 
with 32 threads of simultaneous multi-
processing. Its typical speed is 3.4GHz, 
and it bursts up to 4GHz. When paired 

with AMD’s X399 chipset, you get ap-
proximately 40MB of combined cache.

The X399 chipset also provides all 
kinds of I/O bandwidth, which should 
give you crazy good throughput. It 
comes with 128GB of DDR4 memory.
MORE ➜ digitaleng.news/de/?p=40442

Binder Jetting 3D Printer Produces Metal Objects
3D printer reportedly can make small, intricate metal components in high volumes. 

The new DM P2500 is a 3D printer 
from Digital Metal.

The DM P2500 builds objects layer 
by layer using metal powder and high-
precision binder jetting. The process is 
said to be fast, highly accurate as well 
as repeatable. Layer thickness is 42 µm. 

Resolution is 35 µm. Available material 
options currently include stainless steel 
and titanium.

Parts do not need hardened supports 
because, without melting during the 
print, the material supports itself.
MORE ➜ digitaleng.news/de/?p=40232
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Student Design Competition Profile: Student Unmanned Air Systems

////////////////////////////////////////////////////////////////
Next-Gen Engineers

There are plenty of unexplored in-
dustries, and even more unexplored and 
developed applications within those indus-
tries that can and will use unmanned air 
systems. The global unmanned aerial ve-
hicle (UAV) market is anticipated to reach 
4.7 million units by the end of 2020. 

Mark Pilling is the competition direc-
tor and is a program manager and senior 
systems analyst at SAIC Inc. He provided 
an overview of the Student Unmanned 
Air System (SUAS) design competition, 
along with Phillip Tischler, who spoke 
about interoperability. 

Digital Engineering: Can you 
provide an overview of the SUAS  
design competition?

Pilling: The AUVSI SUAS Competi-
tion is designed to foster interest in un-
manned aerial systems, stimulate interest 
in UAS technologies and careers, and to 
engage students in a challenging UAS mis-
sion. The competition requires students 
to design, integrate, report on and dem-
onstrate a UAS capable of autonomous 
flight and navigation, remote sensing via 
on-board payload sensors and execution of 
a specific set of tasks. The competition has 
been held annually since 2003.

The competition has three major ele-
ments: the Technical Design Paper, the 
Flight Readiness Review Presentation 
and the Mission Demonstration. The 
paper details the team’s UAS design. The 

presentation details the team’s testing 
and preparedness for the competition. 
The demonstration simulates a mission 
in which the UAS and team is evaluated. 
The mission consists of autonomous 
flight, obstacle avoidance, object detec-
tion and air delivery. 

The SUAS competition is for un-
dergraduate students. Our 16th annual 
SUS competition had 71 schools regis-
ter: (36) domestic universities/colleges; 
(32) international universities and (3) 
high schools. 

DE: Can you tell us about the mission?
Tischler: The Interoperability Sys-

tem is a network and web server that 
teams should interact with during the 
mission. This system provides mission 
details and receives mission deliverables. 
The system provides automatic evalua-
tion for scoring and is available to teams 
for testing. 

DE: What is it about SUAS that you 
think interests the participants?

Pilling: Thousands of students 
have participated over the years. 
[There has been] interest in unmanned 
operations, systems engineering, team-
work and careers. 

DE: Does your organization team 
with industry sponsors who might have a 
particular stance on adopting innovation 
that is linked to the program? 

Pilling: Yes, we have industry spon-
sors for our competition. Visit our SUAS 
website and see the Sponsors tab.

DE: Anything else you’d like to tell us 
about the event?

Pilling: Although every team has 
the same set of rules, it’s interesting 
to see how each team approaches the 
challenge differently.

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

Designing the Future of Unmanned  
Air Vehicles
BY JIM ROMEO

THE ASSOCIATION for Un-
manned Vehicle Systems In-
ternational (AUVSI) is host to 
the Student Unmanned Air 

System design competition. This com-
petition incorporates designs from stu-
dents throughout the world. 

MORE ➜ auvsi-suas.org

The AUVSI SUAS competition requires students to design, 
integrate, report on and demonstrate an unmanned air 
system capable of autonomous flight and navigation, 
remote sensing and execution of specific tasks. 
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Calculation Management Done Right

For successful technical projects, 
growing competition has required faster 
design cycles and iterations in almost 
every sector. Companies take great steps 
to invest in the products they deliver, 
which are comprised of various designs, 
techniques and intellectual property, 
carefully managed to preserve these assets 
and make new products easier to deliver.

For many projects, technical calcula-
tions may not be managed with the same 
attention as other intellectual property. 
What’s often missing is calculation 
management, a process that treats calcu-
lations like the vital, valuable company 
assets they are. 

Consider the workflow of many engi-
neers or technical professionals. During 
beginning stages, there’s a lot of scratch-
pad work as the concept moves closer to 
reality. Typically, these calculations are 
spread out over notepads, spreadsheets 
and simply in the engineer’s head. As the 
design moves forward, these calculations 
become bundled into all future decisions, 
which can compound any deficiencies in 
how the calculations were managed until 
that point. What happens if an engineer 
moves on or is on vacation? Without 
the original author, engineers can be left 
without a transparent set of calculations 
and wondering where “that” number 
came from. 

Calculation management is a strategy 
that systematizes the way an organization 
manages its mathematics and knowledge, 
from start to finish. With best practices 
and proper software, calculation manage-
ment promises to:

•  treat calculations as a valuable,  
structured asset;

•  enable the tracking, validation and  
reuse of calculations;

•  prevent redundant calculation work,  
even across groups; and

•  allow deployment of calculations and  
tools across an organization.
It is common for engineering calcu-

lations to end up in spreadsheet tools. 
Although these tools are useful for a 
variety of applications, they weren’t de-
signed to manage technical calculations 
for the long term. 

Engineering calculations are a func-
tion of complex mathematics and physics-
based computations, complete with spe-
cialized functions and a wide spectrum of 
units. For these calculations to be reliable 
in large designs, they’ll typically undergo 
a validation process, so they must be in a 
tool that allows the full range of deriva-
tions to be transparent, well-documented 
and easily updated. The calculations are 
often a description of real, complicated 
physics, so they are best performed using 
tools that are optimized for efficient cal-
culations—even better if these tools can 
support the power of cloud computing.

Automate Common Tasks
Recently, a renowned automotive parts 
company decided to deploy calculation 
management software across the organi-
zation. They used a single tool to connect 
teams who worked on different aspects 
of any given project. Engineers used the 
software to explore their design space, and 
their proposals could be audited because 
their calculations were fully documented 
and transparent. 

Using natural math notation, en-
gineers performed calculations just as 
intuitively as by hand, while using plots, 

diagrams and text to create mathematical 
documents that are report-ready. Applica-
tion authors created highly specialized 
tools that had easy-to-use interfaces, 
allowing other technical employees to 
move forward without requiring the 
expertise to create the calculations. Em-
ploying a tool that automatically takes 
care of common tasks frees up their engi-
neers’ time to develop specific solutions, 
explore new design ideas and collaborate 
with others. Quickly, the company no-
ticed an increased ability to perform ad-
vanced analysis, and a stronger preserva-
tion of all the corporate knowledge their 
projects contain.

Be Proactive with  
Calculation Management
Many engineers have their own personal 
preferences for where to do their cal-
culation work, and adopting new tools 
can be hard to justify. Spreadsheet-based 
tools have become ubiquitous for their 
wide variety of capabilities, and many 
companies only explore new tools as a 
reaction to the problems they’ve en-
countered. By that time, they’re already 
experiencing losses from the underper-
forming tool, and pressures to find a 
replacement run high.  

The current pace of modern engi-
neering requires a proactive approach 
to managing calculations properly in a 
way that cuts out the redundancies and 
downtimes associated with past tech-
niques that use generalized tools. Com-
panies are also adopting the services of 
the software vendors, ensuring that the 
new tool comes complete with training 
and toolchain implementation. DE

Laurent Bernardin is chief scientist at 
Maplesoft, maplesoft.com.

I T’S TIME TO TREAT YOUR 
CALCULATIONS as an essential 
company asset, and manage them 
with the attention they deserve.
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In this LIVE online roundtable moderated by 
DE’s Senior Editor Kenneth Wong, industry 
experts discuss:

• The promises and perils of machine learning;
• Early adopters’ challenges with generative design; 
• AR-VR-driven visions and illusions. 
• How to make good use of the data collected from the field

Attendees can submit their questions during the question  
and answer session!

www.digitaleng.news/de/outlook18

Join us on Thursday the 25th for this  
free LIVE roundtable talk!

A Reality Check

DE EDITORIAL WEBCAST DISCUSSION SERIES — 
INSIGHTS, INSPIRATION AND INFORMATION

JANUARY 25, 2018 @ 2 pm ET / 11 am PT

In the last couple of years, machine learning, generative design, 
augmented reality and virtual reality (AR-VR) muscled their ways into the 
engineer’s world.

Are they unstable technologies better explored in research labs? Or 
are they mature enough for the production environment?

Register Today!

Moderated by  
Kenneth Wong

DE’s Senior Editor

Speaker
Dr. David Knezevic

Ph.D., CTO
Akselos

Design Technology 
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Developing the 5G mobile network may not be the only 
step to a fully functioning Internet of Things, but it is an 
important one — and it comes with substantial performance 
requirements. Simulation ensures optimized designs of 
5G-compatible technology, like this phased array antenna.

The COMSOL Multiphysics® software is used for simulating 
designs, devices, and processes in all fields of engineering, 
manufacturing, and scientific research. See how you can apply 
it to 5G and IoT technology designs.

Visualization of the normalized 3D far-field pattern of a  
slot-coupled microstrip patch antenna array.

IoT calls for fast communication between sensors.

comsol.blog/5G
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