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Predicting the Future of Technology

Supporters of new technologies make promises similar to
politicians as they campaign for the tools and techniques they 
say will save you time and money, revolutionize product design 
and development, and make other technologies obsolete. Which 
technologies are poised to do just that and which ones are being 
overhyped? It’s sometimes hard to tell. As the physicist Niels Bohr 
said: “Prediction is very difficult, especially if it’s about the future.” 

So we asked you, our audience of design engineering teams, 
what you thought the optimal design technologies are and will be. 
Where are you casting your vote, as it were, by investing in new 
technologies? Almost 600 of you responded. The results can be 
found throughout this special year-end issue that delves deeply 
into how technologies that are poised to change the future of 
product design are being used today. 

Optimal Design Technologies
On the whole, survey respondents were a bit more pessimistic
than last year. When asked whether you agreed that certain tech-
nologies would revolutionize the design engineering process, 
simulation-led design, design optimization, high-performance 
computing, the democratization of simulation and Big Data all 
received fewer votes of confidence than last year. For example, 
last year 71% of respondents agreed that both simulation-led 
design and design optimization would revolutionize the design 
engineering process. This year, those percentages were 52% for 
simulation-led design and 46% for optimization technologies.   

However, those opinions may not be based on real-world 
experience, especially when it comes to optimization technolo-
gies. In this year’s survey, only 6% of respondents said they are 
currently using design space optimization and only 7% are using 
topology optimization. However, 15% expected to be using 
design optimization software within two years and 10% said the 
same about topology optimization software. It should be noted 
that 17% of respondents classified their organizations as innova-

I t’s the day after Election Day as I write this. After enduring 
more than a year of promises, political drama and pundits, 
voters were asked to separate the hype from reality and 
choose a president. I won’t miss the campaigning, but in a 

way I won’t get the chance to. The stumping for optimal 
engineering technologies shows no signs of slowing.

tors (among the first to adopt new technologies) and 21% said
their organizations were early adopters (among the next to adopt 
leading-edge technologies).

When asked which technologies would have the biggest im-
pact over the next five years, more than half (56%) of respondents 
put additive manufacturing/3D printing on that list, followed by 
simulation (47%) and advanced materials (40%). About a third 
included high-performance computing, predictive analytics and 
what is expected to be a huge driver of predictive analytics: the 
Internet of Things (IoT).

 In total, almost half of respondents are already developing 
products for the IoT (22%) or expect to be within two years 
(26%). But the jury is still out on the hype is surrounding the IoT. 
More than a quarter of respondents (28%) say the IoT is more 
hype than real, while 19% disagree or strongly disagree with that 
sentiment. The remainder, perhaps wisely, stayed neutral.

Challenges Remain
At DE we believe technology should be used to solve your every-
day challenges, so we also asked about those difficulties. Both this 
year and last year, collaboration, short development deadlines, 
inadequate budgets, regulatory compliance and inefficient work-
flows ranked among your top five challenges. The question, then, 
is which technologies will help solve those challenges?  

As one survey taker put it when asked about the future of 
predictive analytics, the technology meant to quantify prog-
nostication: “Being informed of ‘what is’ can only offer limited 
benefit compared to the benefits of knowing ‘what is most 
likely and when.’ The most attractive products of the future 
will offer the less knowledgeable user the ability to make better 
decisions or act on recommendations.”

The ability for non-specialists to make informed, sound deci-
sions would go a long way toward removing the bottlenecks that 
plague design engineering teams and solving the top challenges 
that our survey respondents listed. But as Bohr said and the presi-
dential election results prove: Prediction is very difficult. It’s still 
early for predictive analytics and the technologies that surround it, 
but someday it could be the key to optimal product design. DE

Jamie Gooch is editorial director of DE. Contact him via de-editors@
digitaleng.news.



DESIGN THE DIFFERENCE

Airbus APWorks Light Rider

Designed for 3D Printing with Simulation-driven Innovation™

Airbus APWorks combined topology optimization and additive manufacturing to manufacture 
a 3D printed product leveraging its weight and performance potential. Design inspired by 
nature, simulation-driven design, and the freedom of direct modeling paved the way for  
a winning product. Learn more at altair.com/design4am

creo




4  DE | Technology for Optimal Engineering Design         December 2016 /// digitaleng.news

|| FOCUS ON Optimal Design Technologies

20 A Contemplation 
on Topology Optimization

An essay on the counterintuitive nature 
of topology optimization and the 
challenges faced by design engineers 
who employ it.
By Dirk Munro

23 Designing for 
the Future

Are you ready to combine additive, 
subtractive and other manufacturing 
functions in a single build? 

By Pamela J. Waterman

34 The Changing Art  
of Making Parts: Part I

3D printing materials, and how software 
and hardware can control their 
customization, create exciting 
possibilities for design engineering.
By Amy Rowell

38 Microfabrica: 
Mass Production  

at Millimeter Scale
The company’s manufacturing 
process addresses challenges for 
high-volume production. 
By Michael Belfiore

40 Sensors 
Transform

New materials are changing the 
form and function of the 
technology. 
By Tom Kevan

FEATURES

di
gi

ta
le

ng
.n

ew
s Dec/2016

Vol.22 • No.4

T E C H N O L O G Y 
F O R  O P T I M A L
E N G I N E E R I N G
D E S I G N

IN
SI
DE

ON THE COVER: Images 
courtesy of Autodesk, 
Additive Industries, Hewlett 
Packard Enterprise and 
iStock/KrulUA.

 

12   Design Optimization: 
Past, Present and Future

Making design exploration 
software speak the language 
of engineers has been a focus 
of development since the 
industry’s inception.
By Bruce Jenkins

|| SPECIAL SECTION

27           Optimal Design 
Leader Profiles

See how this section’s sponsors—
ANSYS, Autodesk, COMSOL, 
ESTECO, MSI and Proto Labs—
optimize the product design and 
development process in their own 
words.

 COVER STORY



digitaleng.news /// December 2016          DE | Technology for Optimal Engineering Design  5

43     Engineers: The New Data  
 Economy Wants You!

Big Data analytics is bound for mainstream engineering, 
promising to have a dramatic impact on how products 
are designed, manufactured and serviced.
By Beth Stackpole

48    Color-Coded Insights
  Data-mapped 3D models are becoming  

a natural extension of PLM.
By Kenneth Wong

2 Degrees of Freedom
Predicting the future of technology.
By Jamie J. Gooch

6 By the Numbers: Outlook Edition 
The latest facts and figures on what’s next for 
engineering technology. 

8 Consultant’s Corner:  
Generative Design 
Iterating toward Iron Man.
By Chad Jackson

9 Editor’s Picks  
Products that have grabbed the  
editors’ attention. 
By Anthony J. Lockwood

10 Road Trip 
Reporting from the Bricsys, Graebert and Solid 
Edge conferences. 

62 Advertising Index

63 Fast Apps  
MC10 uses Altium Designer to create 
wearable medical devices; NAFEMS helps 
create a curriculum for simulation certification.

64 Commentary  
The future of obsolescence management.
By Jonathan Wilkins, EU Automation

DEPARTMENTS

52   A Whole 
New Reality

Virtual reality could help  
engineers address  
prototyping and digital  
twin testing challenges.
By Jess Lulka

55   AI for Design Gets Real
  Rapid advances in artificial intelligence  

could alter the way designers work. 
By Brian Albright

59   Convertible  
Computer for CAD

The beautiful Lenovo ThinkPad  
P40 Yoga Ultrabook converts  
from laptop to Wacom-powered  
tablet.
By David Cohn

PUBLISHER
Tom Cooney

EDITORIAL
Jamie J. Gooch | Editorial Director
Kenneth Wong | Senior Editor
Anthony J. Lockwood | Editor at Large 
Jess Lulka | Associate Editor
Sarah Petrie | Copy Editor

CONTRIBUTING EDITORS
Tony Abbey, Brian Albright, 
Mark Clarkson, David S. Cohn,  
John Newman,  Beth Stackpole, 
Pamela J. Waterman

ADVERTISING SALES 
Tim Kasperovich | East Coast Sales  
440-434-2629
Jim Philbin | Midwest/West Coast Sales  
773-332-6870

ART & PRODUCTION
Darlene Sweeney | Director
darlene@digitaleng.news

A PEERLESS MEDIA, LLC  
PUBLICATION
Brian Ceraolo  | President and 
Group Publisher

ADVERTISING, BUSINESS,  
& EDITORIAL OFFICES
Digital Engineering ® magazine

Peerless Media, LLC
111 Speen St., Suite 200,  
Framingham, MA 01701
Phone: 508-663-1500
E-mail: de-editors@digitaleng.news
www.digitaleng.news

Kenneth Moyes  | President and CEO, 
EH Media

SUBSCRIBER  
CUSTOMER SERVICE
Digital Engineering ® magazine
PO Box 677 • Northbrook, IL 
60065-0677
Phone: 847-559-7581 
Fax: 847-564-9453
E-mail: den@omeda.com

Digital Engineering®  (ISSN 1085-0422) is published monthly by Peerless Media, LLC, a division of EH Media, 111 Speen St., Suite 200 Framingham, MA 01701. Periodicals postage 
paid at Framingham, MA and additional mailing offices. Digital Engineering® is distributed free to qualified U.S. subscribers. SUBSCRIPTION RATES: for non-qualified; U.S. $108 one 
year; Canada and Mexico $126 one year; all other countries $195 one year. Send all subscription inquiries to MeritDirect, Digital Engineering®, PO Box 677, Northbrook, IL 60065-0677 
Postmaster: Send all address changes to MeritDirect, Digital Engineering, PO Box 677, Northbrook, IL 60065-0677. Reproduction of this magazine in whole or part without written 
permission of the publisher is prohibited. All rights reserved ©2016 Peerless Media, LLC.Address all editorial correspondence to the Editor, Digital Engineering. Opinions expressed by 
the authors are not necessarily those of Digital Engineering. Unaccepted manuscripts will be returned if accompanied by a self-addressed envelope with sufficient first-class postage. 
Not responsible for lost manuscripts or photos.



6 DE | Technology for Optimal Engineering Design  December 2016 /// digitaleng.news

 1. Security
2. Keeping up with technology
3. Connectivity (wired and wireless)
4. Designing devices users will embrace
5. Systems Integration

(ERP, PLM, MRO, CRM, etc.)
 6. End user sophistication
7. Simulating the entire system of

“things” in a network
8. Pressures imposed by short

design cycles
9. Achieving better power efficiency in

IoT devices
10. Finding parts and components

required for the designs

— All results based on a survey of DE’s
audience; 580 completed reponses.

Top 10
IoT Development Challenges

IoT Platforms
Is your organization using/planning to
use an IoT development platform?

IoT Data & Design
To help guide future designs, is your
organization using/planning to use data
captured by IoT your solutions?

////////////////////////////////////////////////////////////////////
| OUTLOOK EDITION

No
 17%

Yes
 43%

Unsure
40%

Yes
 51%

No
 9% Unsure

40%

2016 DE Survey Responses
2015 DE Survey Responses

Challenges
How important are each of the following
challenges in your day-to-day work?

0% 10% 20% 30% 40% 50% 60% 70% 80%

Being Promoted

Service Providers

Staffing

Out-of-Date Hardware

Out-of-Date Software

Lack of Managers with
Technical Knowledge

Lack of Training

Inefficient Workflows

Compliance

Adequate Budget

Short Deadlines

Collaboration
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Familiarity
How familiar are you with  
these technologies?

Usage
What technologies are you using and/
or developing products for?

Five-Year Forecast
Which technologies do you think will have the biggest impact on product design and
development over the next 5 years? 

Very Familiar
Somewhat Familiar

Currently Using
Planning to use in next 24 months

%

%

%

%

%

%

0% 10% 20% 30% 40% 50%

Advanced Materials

Predictive Analytics

Simulation Software

Additive Manufacturing/
3D Printing

Internet of Things

HPC/Cloud Computing

Topology Optimization

Design Space 
Optimization

Virtual/Augmented Reality

AI & Machine learning

0% 10% 20% 30% 40% 50% 60%

Advanced Materials

Predictive Analytics

Simulation Software

Internet of Things

HPC/Cloud Computing

Topology Optimization

Design Space 
Optimization

Virtual/Augmented Reality

AI & Machine Learning

Additive Manufacturing/
3D Printing
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G E N E R AT I V E  D E S I G N
by Chad Jackson

 In contrast, today’s engineers must feel more than a bit
of angst. I know many who work up to 60 hours and week, 
staying late at night and coming in on the weekends. And 
a large percentage of that time is focused on paperwork, 
meetings and other non-design activities. Sitting in en-
gineering school, I know very few classmates 
who were just waiting to fill out another form. 
Almost all of them want to design big and im-
portant products.

Would an artificial intelligence technology like 
Jarvis improve the way engineers design and make 
them more productive? Absolutely. But that’s not 
possible. Right?

Well, it’s not quite here yet, but it is far closer 
than you might think. It’s called generative design.

Software Working for You
Interestingly enough, we’ve already taken the first
steps in the form of topology optimization. This 
technology allows engineers to define constraints, 
such as mounting points and a chunk of material 
to work with; environmental inputs, like loads; 
and objectives, such as minimizing weight while keeping 
maximum stresses below a certain threshold. With all those 
defined, topology optimization technologies will remove ma-
terial while analyzing the structure of the design. The soft-
ware has the means to know what regions of the material is 
not carrying any load and, accordingly, can afford to be re-
moved. It iterates on the design, trying different approaches 
independently, while the engineer does other things. Keep in 
mind, this technology exists today.

Of course, that isn’t the end game. This idea of defining 
constraints and letting software generate design alternatives 
is expanding. New algorithms are being explored constantly. 
There are some that mimic the structural approaches used in 
plant growth. There others that imitate how bacteria colonies 

connect to food sources in petri dishes. Such technologies allow
engineers to step even further away from the tactics being used 
to build the design. As a result, these tools are less constrained, 
allowing them to come up with innovative designs that few hu-
mans would ever consider, much less conceive.

Interacting with Technology
All those tools comprise the brains that come up with new de-
signs, or at the least assist the effort. But progress is being made 
on other fronts as well. Haptic devices, which allow individuals to 
use touch interaction as an interface, has matured significantly in 
recent years. Of course, it has made its way into gaming where en-

tire console games can be played exclusively by waving 
your hands in empty air. 

Haptic feedback becomes an even more vi-
able alternative when you consider virtual reality. 
People can now don smart glasses or helmets with 
embedded displays that present a virtual 3D space. 
The combination of these technologies would 
allow engineers to insert themselves into a virtual 
space they can use to design products. Aided with 
generative design software, their productivity 
could be greatly enhanced.

Last, but not least, voice assistant technology 
is appearing in more and more devices. You see it 
on your phone, where you can command it to play 
songs, text a friend or call home just using your 
voice. It is also now increasingly available as a de-
vice in the home, where it can tell you the weather, 

set an alarm or turn off your lights.
All in all, the combination of generative design, haptics 

interfaces and voice assistant technology offer some intrigu-
ing promise. Engineers could strap on smart glasses and talk 
to an assistant to start a design. Then they could hand off the 
details to an assistant that would finish the engineering. The 
engineer could walk away, returning some hours later to re-
view the completed work.

As a complete vision, it isn’t here yet. But the component 
technologies are. So maybe, sometime soon, we’ll all feel like 
Tony Stark. DE

Chad Jackson is president of Lifecycle Insights. Send email about this
commentary to de-editors@digitaleng.news. 

Iterating Toward Iron Man

These tools 
are less 

constrained, 
allowing them 

to come up 
with 

innovative 
designs that 
few humans 
would ever 
consider.

E VERY TIME I WATCH AN IRON MAN MOVIE, I 
drool. Tony Stark sits there, interacting with a hologram 
of his designs, instructing Jarvis to make this change or 
that one before offhandedly sending it off to production. 

Tony’s time in engineering has been reduced to developing new 
concepts and telling his ‘assistant’ how to improve it.
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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.

AMPERES has tools for things like
parametric what-iffing of designs, 
generating reports and graphs, creat-
ing animations, CAD import/export
as well as CAD healing. It has built-in, 
user-extendable materials libraries. And 
if need be, it has a robust API (applica-

tion programming interface) capability
so you can create your own specialized 
electromagnetic applications.

Among the notable updates to version 
9.3 are enhanced coils, winding editing 
capabilities and speed improvements.
MORE➜ digitaleng.news/de/?p=32737

Integrated Engineering Software Updates AMPERES
Software has all sorts of tools for optimizing electromagnetic assemblies.

Thor3D Launches Drake Scanner
Scanning device has a swappable lens for greater flexibility.

The Drake white-light scanner has a
number of attractive characteristics: It’s 
battery-powered and wireless. You can 
take it where you need to be and trans-
mit data to a workstation over Wi-Fi.
You can also dump data to a USB drive 
to work on later.

But the number one aspect to focus
on is that you can equip it with one of 
three lens sets, each of which has a dif-
ferent field of view. That means Drake 
is available with lenses for scanning in 
small, medium or large objects.
MORE➜ digitaleng.news/de/?p=32873

National Instruments TestStand 2016 Now Available
The release introduces a new data type.

Out of the box, NI TestStand has func-
tionality for building automated test se-
quences, testing your tests and distribut-
ing/installing your final test applications. 

Key developments making their 
debut in NI TestStand 2016 that 
should interest current users include a 

newly redesigned Property Loader for
importing/exporting things like test 
sequence variables, limits and proper-
ties. The Execution Profiler has been 
enhanced to better identify when steps 
or substeps take too long to complete. 
MORE➜ digitaleng.news/de/?p=32958

Autodesk Ships AutoCAD 2017 Fall Update
The update is available for perpetual and subscription license holders.

While its less bewitching official tag is
AutoCAD 2017.1, the Fall Update has 
a number of new and improved features 
that’ll beguile users. An important note 
is that this update is specifically for 
those of you with a subscription license 
or maintenance plan.

The quick rundown of the goodies in
this update include PDF imports with 
SHX font conversion, better support 
for high-resolution monitors, off-screen 
selection and a nifty little convenience 
called New-Feature Highlighting. 
MORE➜ digitaleng.news/de/?p=33058
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Engineering Conference News  

ROAD TRIP

In a move continuing to stir debate
among users, this year Autodesk com-
pleted the shift of its business model 
from selling software as a product 
with a perpetual use license to selling 
subscriptions for software use.

It is at this point in the twin de-
bates of 2D vs. 3D and perpetual vs. 
subscription that Bricsys would like 
to enter the conversation. For 15 
years this CAD developer based in 
Ghent, Belgium, has offered Brics-
CAD, a .dwg-based software that has 
proven popular with a small army 
(1,500+) of specialty engineering 
software vendors. At the Bricsys In-
ternational Conference in Munich, 
Bricsys CEO Erik de Keyser said 
there is a growing market for con-
tinuing to empower the .dwg format 
for contemporary use, and for of-
fering customers perpetual software 
licenses. In recent years, Bricsys has 
added functionality that takes it far 
beyond being an AutoCAD clone for 
both AEC (architecture, engineering 
and construction) and manufacturing.

Throwing Down the Gauntlet
In an impassioned keynote to start the
conference, de Keyser described the 
current approach at Autodesk as a “user-
hostile path.” The millions of users of 
.dwg-compatible software—who own 
billions of drawings—deserve a software 
platform that offers them a future, he 
said. Bricsys said it can guarantee a .dwg 
approach to both 2D drawing and 3D 
modeling that offers:
• 100% cloud collaboration for 2D 
and 3D;
• parametric objects;
• access to BricsCAD and third-party 
add-ons using web browser tech;
• a built-in database (SQLite); and
artificial intelligence.

Some of these features were demon-
strated in BricsCAD 2017; others (such
as artificial intelligence, aka machine 
learning) are in the early stages of de-
velopment. “We can own .dwg’s second 
life,” de Keyser told the audience of 
more than 1,000 developers. “Twelve 

million .dwg users have spent three de-
cades on it and spent a fortune in train-
ing, [and now] Autodesk wants them to
start over.”

“Stick with .dwg” was the confer-
ence slogan, and Bricsys has proven over
the years it has the will to make itself 
a player to be taken seriously. Outside 
the U.S., Bricsys has a thriving mar-
ket, based not only on its retail sales of 
BricsCAD but also its close working 
relationship with its network of 1,500+ 
third-party developers. De Keyser said 
in 2015 Bricsys invested 47% of revenue 
back into research and development, and 
promises the company will continue to 
do this. “Focus, but dare!” was his chal-
lenge to developers. To convince the 
market of the value of moving to Bricsys, 
de Keyser offered five keys:
1. Continue to extend the viability of 
.dwg by creating better technology.
2. Provide a familiar user experience re-
quiring minimal training.
3. Leverage past investments of both 
customers and developers.
4. Offer a rich choice of applications.
5. Increase revenue with better licensing 
and training opportunities.
MORE ➜ digitaleng.news/de/?p=33195

Bricsys Proclaims “Second Life” 
for .dwg File Format
BY RANDALL S. NEWTON

A utodesk’s AutoCAD has dom-
inated the CAD marketplace 
for more than 30 years. By ac-
tions and statements, Au-

todesk presents the 2D CAD represented 
by AutoCAD as the past and 3D CAD as 
represented by its Inventor, Fusion and 
Revit as the future. Yet even with the rise 
of 3D CAD, there are still more seats of 
2D CAD in active use today. For exam-
ple, Dassault Systemès has more profes-
sional users on its 2D CAD DraftSight 
than on its 3D products CATIA and 
SOLIDWORKS combined.

The new 3D Compare feature in BricsCAD 
compares 3D solids and surfaces, including 
imported geometry. Image courtesy of Bricsys.

creo
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Solid Edge Starts Up Small Businesses

To simulation analysts and engineers, inertia is 
defined as the property responsible for matter 

continuing in its existing state of rest or uniform 
motion, unless that state is changed by an external 
force. To engineering software marketers, inertia is 
defined as the tendency of human beings to keep 
doing things the way they’ve always done them, 
unless that tendency is changed by an external force. 
At Solid Edge University (SEU) 2016 in Indianapolis, 
representatives from Siemens PLM Software did their 
best to exert the forces of change.

Solid Edge can be used as a traditional ordered/
history-based modeler that most design engineers 
are accustomed to. Since the introduction of Solid 
Edge ST in 2007, the software can also be used 
with synchronous technology, which Siemens PLM 
Software says will  help “eliminate cumbersome 
preplanning and avoid feature failures, rebuild issues 
and time-consuming rework.” Solid Edge also allows 
a hybrid approach, making it easy to import a file from 
a competing platform like SOLIDWORKS and edit it in 
Solid Edge. “The power of synchronous technology also 
allows you to treat multi-CAD data just like native files, supporting seamless collaboration with 
suppliers and partners,” according to the company.

However, in an informal “raise your hand if you’re using synchronous technology” survey of 
SEU attendees, the majority of hands were not raised. It’s a testament to the power of inertia. 
Solid Edge ST 9 includes a spate of new features, including cloud capabilities and a workflow 
that can take design engineers from a Catchbook digital sketch to integration with Siemens 
PLM Software’s Teamcenter, but some Solid Edge users are not taking advantage of them.

Starting Small
While change comes slowly to experienced engineers set in their ways, there is an opportunity 
to accelerate that change among students and small businesses. For example, David Cullimore, 
a design engineer at Prodrive, was a teenager when he founded Cullimore Racing in 2012 after 
being told he didn’t have the math chops to major in engineering. That didn’t stop him from 
following his passion for design and making things. At SEU 16, he explained how he used Solid 
Edge to compete in the F24+ category of the Greenpower Education Trust races. His car “Jet” 
won the F24+ National Championship in both 2013 and 2014, competing against other cars 
sponsored by universities and corporations. He followed that up with Jet II, which won the F24+ 
International Final and F24+ Championship.

To help reach the emerging market of non-traditional engineers like Cullimore, Siemens PLM 
Software announced the new Solid Edge for Startups program at SEU 16. The program is open 
to design firms and manufacturers that have been incorporated legal business entities for less 
than three years, have less than $1 million in funding and less than $10 million in annual revenue. 
Startups that meet those requirements can apply to get a free year of Solid Edge Premium for 
each engineer, access to Solid Edge training resources and the Solid Edge community of product 
experts, plus co-marketing opportunities.

By reducing the barriers to professional engineering applications, Siemens PLM Software is 
expanding its pool of potential customers, and making an end run around the challenges of inertia.

MORE ➜ digitaleng.news/de/?p=33212
— By Jamie Gooch

Tony Hemmelgarn, newly 
appointed president and 
CEO of Siemens PLM 
Software, addresses SEU.

Graebert has taken a different ap-
proach, which it outlined at its annual con-
ference in Berlin. It has crafted mobile and 
browser-based versions of its .dwg-based 
desktop software so all three platforms 
work with a common user interface, with 
complementary access and license rights. 
Calling its approach Trinity, it will appear 
in the 2017 edition of ARES Commander 
(desktop CAD for Win/Mac/Linux), 
ARES Touch (mobile CAD for iOS and 
Android) and ARES Kudo (browser-based 
CAD). Purchasing any one of these gives 
the buyer a license to use all three. Trinity 
also includes a new customer portal allow-
ing each user to manage licenses and rights 
across all computers and devices.

ARES Touch offers full functionality 
as compared to the desktop and browser 
versions, but the exact user interface is a 
matter of choice. There is a Full mode for 
designing, a Simple mode for viewing and 
adding annotations, and a View mode that 
offers a full-screen view of the drawing but 
few operations. ARES Touch will also ship 
later this year with an open API for third-
party development.
MORE ➜ digitaleng.news/de/?p=33183

V endors across the CAD landscape 
are scrambling to figure out the 
best way to bring the advantages 

of cloud computing to design. Onshape 
offers a 100% browser-based 3D solids 
modeling approach that automates version 
control; Autodesk offers a hybrid “appi-
fied” approach to cloud access in its Fusion 
3D modeling software; Siemens PLM 
Software’s Solid Edge offers a floating li-
cense and preferences that follow you 
from one computer to the next. Several 
vendors are experimenting with virtualized 
CAD using Frame, a server-based utility 
that serves up desktop software from a re-
mote cloud services provider.

BY RANDALL S. NEWTON

Graebert Unites 
2D CAD Desktop, 
Mobile and Cloud 
Experience
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Reaching Functional Maturity
Many design exploration and optimization software products
originated as solutions for a comparatively narrow set of user 
requirements. Some focused on a specific application such 
as multidisciplinary design optimization. Others began as 
environments for integrating customers’ existing simulation 
software tools then building on those chained data flows to 
automate the setup and execution of analysis and optimization 
problems. Over time, most evolved to offer all the primary 
functions of design exploration/optimization software environ-
ments—design of experiments and various kinds of optimiza-

tion, supported by simulation process automation and multi-
tool integration.

Faster Implementation
from Off-the-Shelf Integration 
Design exploration and optimization software typically works by
exercising digital product models and simulation/analysis solver 
codes across a range of parameter values and defined functional 
conditions to characterize and optimize the performance of 
a design. Adoption of the technology was long hampered by 
the difficulty of integrating it with user organizations’ existing 

Design Optimization:  
        Past, Present and Future
Making design exploration software speak the language of engineers has 
been a focus of development since the industry’s inception.

BY BRUCE JENKINS

DESIGN SPACE EXPLORATION and design optimization software tools let engineers system-
atically and automatically investigate very large numbers of design alternatives to identify those
with the most optimal performance parameters. Many of the quantitative and algorithmic methods

that underpin design exploration and optimization have been long known—and sometimes applied—in cases where the at-
tendant costs in expertise, time and labor could be justified. What’s changing now is the way that fresh software technolo-
gies are transforming these powerful but formerly difficult-to-apply methods into practical, everyday engineering aids.

 COVER STORY

Size optimization with Tosca Structure done on a vehicle model developed by The National Crash 
Analysis Center (NCAC) of The George Washington University under a contract with the FHWA and 
NHTSA of the U.S. Dept. of Transportation. Image courtesy of Dassault Systèmes.
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modeling, simulation and analysis tools. Indeed, the expense
of developing those integrations on a custom basis, and the
consequent long, slow implementation cycles, soured many
early adopters on the experience in the 1990s and early 2000s.
Accordingly, today’s software vendors make it a point to offer
off-the-shelf integration with as many product modeling envi-
ronments and simulation/analysis codes as their development
budgets will allow, often presenting their list of ready-to-go
integrations as a key selling point.

Making design space exploration software speak the lan-
guage of engineers instead of mathematicians has been a focus
of development since the industry’s inception. Fortunately for
practitioners, developers have made great strides on this front
in the past handful of years. Parameter tuning, manual selection
of statistical search methods and other problem setup require-
ments that long made the tools intimidating to learn and painful
to use are today being minimized and even almost eliminated.
They are being replaced by increasingly capable and intelligent
software aids that let engineers characterize design problems
in more natural ways, then have the software select appropriate
settings and solution algorithms. New developments in self-
adapting solution search techniques are delivering still more
progress on this front.

Foundations in PIDO:
Process Integration and Design Optimization
Design space exploration as an engineering formalism origi-
nated in the embedded systems industry as a set of methodolo-
gies for hardware/software co-design, configuration of software
product lines and real-time software synthesis. In mechanical
engineering, design space exploration is rooted in the tech-
nological domain often referred to as process integration and
design optimization (PIDO) first identified and defined in 2001
(by this article’s author) as software and methods that help auto-
mate and manage the setup and execution of digital simulation
and analysis tasks; coordinate and integrate simulation results
from multiple disciplines and domains to produce a more holis-
tic virtual model of product performance; and optimize one or

Topology optimization of a robot gripper claw in solidThinking Inspire resulted in 35%+ mass reduction.
Image courtesy of solidThinking.

Not at All
Familiar/Never

Heard Of

20%

Very
Familiar

8%

Have Heard of,
But Not Very

Familiar

44%

Somewhat
Familiar

27%

Familiarity with Design Space Optimization Software

— Source: DE Reader Survey, 2016
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1 Geometry optimization denotes automated, software-

driven optimization of a structure’s topology, shape, size,

topography or topometry to satisfy operating limits imposed

on the response of the structure—which response is typically

calculated either by structural analysis, or by CFD analysis—

and by further limits imposed on the values that the structural

parameters can assume.

Topology optimization tools work by optimizing mate-

rial layout within a given physical design volume, for a given

set of loads and boundary conditions, so that the resulting

layout meets prescribed targets for strength, stiffness and/or

other performance attributes. This is often used to identify a

conceptual design that best meets specified design require-

ments, which is then refined for performance and manufac-

turability. It frequently yields biomorphic-appearing shapes

better suited to additive than subtractive manufacturing,

requiring modification for conventional manufacturing.

Shape optimization software optimizes structural shapes

by adjusting the surface shape of a 2D or 3D solid to minimize

volume while satisfying stress and/or displacement con-

straints (generically termed a cost functional). In many cases,

solving the functional consists of solving a given partial differ-

ential equation defined on the variable domain.

Size optimization applications work by modifying size-

related properties of structural elements such as shell thick-

ness, beam cross-sectional properties, spring stiffness and

mass to solve the optimization problem.

Topometry optimization is similar to topology optimization

but applied to 2D elements, with the variables restricted to

the element-wise thicknesses.

Topography optimization, like topometry optimization, is

applicable only to 2D or shell elements, and aims at finding

the optimum bead pattern for a component.

2 Parameter optimization, in some respects a more gen-

eralized version of geometry optimization, is a procedure

for finding values for any parameter(s) in a design—not just

geometric parameters—that are optimal in some defined

respect, such as minimization of a specified objective function

over a defined data set.

3 Multidisciplinary optimization (MDO) incorporates all

relevant disciplines—structural (linear or nonlinear, static or

dynamic, bulk materials or composites), fluid, thermal, acous-

tic, NVH (noise, vibration and harshness), multibody dynam-

ics, or any combination—simultaneously in an optimization

problem. By exploiting interactions among different disciplines,

MDO can identify design solutions that are superior to those

arrived at by optimizing each discipline sequentially, and at

substantially lower costs in time and labor.

4 Multi-objective (Pareto) optimization is a numerical

method for addressing the fact that real-world optimiza-

tion problems usually have more than one objective. In optimiz-

ing a structural design, for example, the desired design would

be both lightweight and rigid. Because these two objectives

conflict, a tradeoff must be made. The set of tradeoff designs

that cannot be improved on according to one criterion with-

out harming another criterion is called the Pareto set. For the

example shown on the facing page, the curve plotting the best

design candidates’ inlet pressure against velocity difference is

the Pareto frontier.

A design is judged to be Pareto-optimal, Pareto-efficient

or in the Pareto set if it is not dominated by any other design.

Once the Pareto set has been identified, the action of com-

paring the various Pareto-optimal solutions to choose the

preferred solution for the specific case under consideration is

based on exogenous factors (outside the computer model),

and is carried out by human decision-makers.

5 Robustness-and-reliability (stochastic)
optimization tools address the reality that product

designs are nominal, while manufacturing and operat-

ing conditions are real data. Finite geometric tolerances,

variations in material properties, uncertainty in loading

conditions and other variances encountered by a prod-

uct in either production or use can cause it to perform

slightly differently from its nominal, as-designed values.

Therefore, robustness and reliability as design objec-

tives beyond the nominal design are often desirable.

Performance of robust and reliable designs is less affect-

ed by these expected variations, and remains at or above

specified acceptable levels in all conditions.

To evaluate the robustness and reliability of a design dur-

ing simulation, its variables and system inputs are made sto-

chastic—that is, defined in terms of both a mean value and a

statistical distribution function. The resulting system perfor-

mance characteristics are then measured in terms of a mean

value and its variance.

6 Systems-level optimization is becoming increasingly

practical through integration among design exploration

and optimization software applications, and systems model-

ing and 0D/1D simulation tools. Systems modeling software

consists of tools and languages for systems engineering—the

specification, analysis, design, verification and validation of

systems and systems-of-systems—while 0D/1D simulation

software uses the time dimension only (0D), or time plus a

single spatial dimension (1D). Together, systems modeling and

0D/1D simulation are used early to make a product’s crucial

high-level functional and architectural decisions.

OPTIMIZATION
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The Six Types of Optimization Defined
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more aspects of the design by iterating analyses 
across a range of parameter values toward speci-
fied target conditions while observing defined 
problem constraints.

Core capabilities of today’s commercial soft-
ware offerings in this domain typically include:
• Design of experiments (DOE)
• Response surface modeling (RSM)
• Design optimization

- Geometry optimization
- Parameter optimization
- Multidisciplinary optimization (MDO)
- Multi-objective (Pareto) optimization
- Robustness-and-reliability (stochastic) optimization
- Systems-level optimization

• Process automation
• Multi-tool integration

Design of Experiments (DOE)
Design of experiments (DOE) studies are used to predict design
sensitivities and/or gain a better understanding of the design 
space. Their aim is to extract the maximum amount of informa-
tion quickly with the least computational or experimental effort. 

In a DOE study, an analysis model is automatically evaluated 
multiple times, with the design variables set to different values 
in each iteration. The results identify which variable(s) affect the 
design the most, and which the least. This allows variables that 
are not important to be ignored subsequently, or set to values 
that are most convenient or least costly.

More specifically, a designed experiment is a structured set 
of tests of a system or process. Integral to a designed experiment 
are response(s), factor(s) and a model.

• A response is a measurable result: fuel mileage (automo-

STAR-CCM+: Discover 
better designs, faster.
Improved Product Performance Through 
Multidisciplinary Design Exploration.

Don’t just simulate, innovate! Use multidisciplinary design explo-
ration with STAR-CCM+ and HEEDS to improve the real world 
performance of your product and account for all of the physics 
that it is likely to experience during its operational life.

siemens.com/mdx

Desktop Engineering advert oct 2016.indd   1 26/08/2016   12:24

Multi-objective (Pareto) optimization. Image courtesy 
of Noesis Solutions.
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tive), deposition rate (semiconductor), reaction yield
(chemical process).

• A factor is any variable that the experimenter 
judges may affect a response of interest. Common 
factor types include continuous (may take any 
value on an interval; e.g., octane rating), categorical 
(having a discrete number of levels; e.g., a specific 
company or brand) and blocking (categorical, but 
not generally reproducible; e.g., automobile driver-
to-driver variability).

• A model is a mathematical surrogate for the 
system or process.

The experiment consists of exercising the model 
across some range of values assigned to the defined 
factors. In deciding what values to use—more 
precisely, in deciding a strategy for choosing val-
ues—the goal is to achieve coverage of the design 
space that yields maximum information about its 
characteristics with the least possible experimental 
(computational) effort, and with confidence that the 

Ranking What Matters: Design Space Optimization Software
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Robust design optimization. Image courtesy of OptiY.
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set of points sampled gives a representative picture of the entire 
design space. Numerous sampling methods exist to do this.  
Which to use depends on the nature of the problem being stud-
ied, and on the resources available: time, computational capacity 
and how much is already known about the problem.

Response Surface Modeling (RSM)
The results of a DOE sampling process can be used to generate
an approximate model of the system being studied, generally 
called a response surface model (RSM). The RSM is generated 
by interpolating between the discrete DOE results to create a 
continuous surface map or model. These models are very con-
venient for visualizing the design space, examining relationships 
among variables and their effects on key responses, and rapidly 
evaluating design alternatives without performing additional 
expensive CAE evaluations or experiments.

Design Optimization
Topology optimization is the first thing many people think of
when they hear the term “optimization” in the context of engi-
neering design. But topology optimization is just one kind of ge-
ometry optimization—and that, in turn, is only one of six broad 
classes of optimization technology commercially available today. 
(See “The Six Types of Optimization Defined” on page 14.)

The power of all the various numerical methods is their 
ability to rationally, rapidly and automatically search through 
large numbers of design alternatives for the best possible 
design(s). Parameters in a design that can be varied to search 
for a top design are design variables. Given these, design can 
be structured as the process of finding the minimum or maxi-
mum of some attribute, termed the objective function. For a 
design to be acceptable, it also must satisfy certain require-
ments, or design constraints. Optimization is the process of 
automatically changing the design variables to identify the 
minimum or maximum of the objective function while satisfy-
ing all the required design constraints.

Simulation Process Automation
The power of PIDO is grounded in chained simulation process
flows, in which parameters and results from one software tool 
are automatically provided as inputs to another. Beyond elimi-
nating the time and error penalties of manual data extraction 
and reentry, automating the manipulation and mapping of data 
between process steps makes it feasible to combine simulation 
models and applications from multiple disciplines and physical 
domains for a holistic model of product performance, then auto-
mate their execution across a range of values hundreds or thou-
sands of times to explore and map the potential design space. DE

Bruce Jenkins is president of Ora Research (oraresearch.com), a re-
search and advisory services firm focused on technology business strategy 
for 21st-century engineering practice. Contact him via de-editors@
digitaleng.news
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The effects of digital transformation are reverberating
across industries as companies seek to disrupt existing
business models and reinvent core business processes
to improve performance, gain entrance into untapped
markets, and keep up with the accelerated pace of change.
According to research from International Data Corp.
(IDC), worldwide spending on digital transformation
technologies will surge to more than $2.1 trillion in 2019
with a compound annual growth rate (CAGR) of 16.8%
over the 2014 to 2019 timeframe. While the effects of
digitalization are rippling across industries, IDC research
cited discrete manufacturing, process manufacturing and
transportation as the segments most actively engaged in
sweeping transformation.

Digital Design Tools
For engineering teams, digitalization presents an
opportunity to leverage sophisticated 3D modeling and
simulation tools continuously throughout the design cycle.
In the wake of increasing product complexity, it’s become
critical for engineering teams to share design data and
collaborate on work in progress early on in the cycle when
it is far easier and cost effective to facilitate changes. At
the same time, each engineering discipline—mechanical,
electrical or the software development team—requires
easy access to highly sophisticated modeling tools that
are instrumental for optimizing designs and identifying
potential problems. Ready access to computing horsepower
at the desktop, whenever it’s required, helps streamline such
design workflows, untethering engineering teams from
shared resources and eliminating unnecessary downtime
that can take a toll on productivity.

As companies transition to the new design workflows,
they also require tools that deliver a higher level of realism
so the digital design is truly reflective of the physical
product. Having a workstation platform capable of

running sophisticated tools that simulate everything from
the behavior of a specific piston design, for example, to
replicating the physical characteristics of a wood grain or
the properties of steel goes a long way in cementing the
virtual prototype’s role in product development. Achieving
a high level of realism in the virtual world eliminates the
need to build multiple physical prototypes, which again,
drastically shortens the design process while significantly
reducing costs.

Technology and Complexity Advance
Beyond design, these highly realistic virtual models can
also play a role in testing. Rather than conduct all kinds
of verification tests on physical prototypes, companies can
transfer much of that work to the virtual world, relying on
simulation software to put product designs through their paces
and further reducing reliance on costly physical prototypes.
Ultimately, emerging capabilities in areas like augmented
reality and virtual reality can advance the digital workflow
even further, allowing engineers to capture data from a

Digitalization Drives the
Engineering Workflow
WHETHER THE PROJECT is to design a next-generation jet engine, a cutting-edge medical device or an

industrial pump, there’s no disputing the dawn of a new age of innovation. Even the simplest products now
incorporate sensors and software, and now devices that were previously standalone are being connected and
integrated into a broader Internet of Things (IoT) ecosystem. Design engineers are simulating and testing

virtually, sometimes even using virtual reality to create digital prototypes. To keep up with and capitalize on all of these
changes, engineering teams are transforming traditional workflows to favor new digital-driven design processes.

Making the Case
To help you explain why you should have a custom

computing workflow, DE has produced “Making

the Case for a New Engineering Workflow.” The

paper shows how engineering teams are transform-

ing traditional workflows to take advantage of new

digital-driven design processes. It explains how dif-

ferent engineering tasks require different computing

solutions, the productivity improvements inherent

in using the right tools for the job, and the return on

investment companies can expect by updating their

workflows.

Download this free paper at digitaleng.news/de/

workflows.
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which simulation and rendering workloads can be offloaded 
to a dedicated system—either the renderPRO option or a 
render farm. renderPRO functions as a rendering sidekick, 
configurable with up to 36 CPU cores (72 threads) to tackle 
advanced simulation or rendering work without taking over 
an engineer’s workstation. renderPRO 2, designed for 24/7 
maximum workload operation and to be quiet enough to 
remain deskside, enables engineers to shift computationally 
intensive rendering or simulation tasks to a dedicated 
resource, freeing up their own workstation to keep doing 
design or other productivity work.

Going Mobile
BOXX Technologies also has a full line of mobile 
workstations, from the GoBOXX SLM series of compact, 
ultra-thin high performance offerings, to the GoBOXX 
MXL models that offer true desktop class, professional 
workstation horsepower. 

Another option for engineers looking for the flexibility 
to access key design applications and data remotely is 
BOXX Pro VDI, the manufacturer’s line of both GRID-
based and XDI-based optimized configurations. XDI 
(Xtreme Desktop Infrastructure) systems are based on 
Virtual Desktop Infrastructure (VDI) technology and 
can host up to eight concurrent engineers on a single, 
centralized server.  XDI 8401R-V, the first overclocked VDI 
system, features the same safely overclocked Intel Core i7 
found in BOXX APEXX workstations, along with remote 
application access, security, ease of manageability and high-
speed shared storage).

Engineering organizations that don’t invest in new 
workflows put a lot on the line, including their ability to 
capitalize on innovation.

Learn more at digitaleng.news/de/workflow.
 

product deployed in the field and use it to create a digital twin, 
which can aid in optimization and future design iterations.

Amidst unprecedented product complexity, the 
digitalization of the engineering workflow has become an 
imperative for future innovation. Only by embracing the 
right tools and compute platforms can companies stake out 
a competitive edge.

The Workflow Takes the Lead Role
As digitalization meets engineering, sophisticated 3D 
modeling, simulation and rendering work is grabbing center 
stage, yet the average workstation is simply not equipped to 
play a starring role.

BOXX Technologies comes at the problem with a 
custom workflow approach that is specifically designed to 
empower engineers and reclaim productivity. 

For example, CAD modeling is a single-threaded 
task, so throwing additional cores at the problem doesn’t 
sufficiently resolve productivity bottlenecks. That leaves 
engineers still grappling with ridiculously long rebuild 
times, slow assembly openings, and sluggish model 
interactivity.

BOXX overclocked workstations are designed to solve 
this problem. Featuring a safely overclocked Intel Core i7 
processor running at 4.4 GHz as opposed to the standard 
4.0GHz, the BOXX APEXX 2 operates as the fastest CAD 
and 3D design system. The compact APEXX 2 supports up 
to two, full-length NVIDIA Quadro GPUs, 64GB of RAM, 
and SSD storage, along with liquid cooling capabilities to 
keep its overclocked processors safe. 

For more advanced rendering and simulation 
applications, the APEXX 4 can be configured with an 
overclocked Intel Core i7 processor, up to four full-length 
NVIDIA Quadro GPUs, and maximum memory and 
SSD storage. Benchmark testing with SOLIDWORKS 
Simulation found that multi-threaded performance gains 
level off after 10 cores, so the recommended solution is an 
overclocked eight-or 10-core APEXX workstation.

More intense work requires a different approach in 
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Topology optimization is typically 
studied as a sub-field of structural opti-
mization—with automotive, aerospace 
and civil engineering in mind—however, 
topology optimization is an attempt to 
generalize structural optimization, encom-
passing and simultaneously addressing all 
the aspects of structural design. In 1990 
the authors of the book Elements of Struc-
tural Optimization, R.T. Haftka, Z. Gürdal 
and M.P. Kamat, wrote that “structural 
optimization is still a relatively new field 
undergoing rapid changes in methods and 
focus,” and that computational cost and in-
tegration with “general-purpose software 
packages for structural analysis” are some 
major challenges. For them, “the motiva-
tion is to exploit the available limited re-
sources in a manner that maximizes output 
or profit.” That is, from the authors’ point 
of view, the emphasis is on the optimality 
of the design—exploitation of resources 
for maximum output and profit—defined 
in terms of the objective and the restric-
tions that form a given design scenario.

A Matter of Manufacturability
More than a quarter century later, the is-
sues highlighted by Haftka, Gürdal and 
Kamat have remained much the same, 
while structural optimization methods, 
and their focus, have changed. On the one 
hand, topology optimization methods and 
techniques—i.e. very detailed structural 
optimizations—are plagued by issues per-
taining to the control of the complexity 
of the design: its manufacturabillity. If this 
aspect is not accounted for, a topologically 
optimized design may not be physically 
realizable, or the cost of manufacture may 
outweigh the efficiency and profit associ-
ated with the optimized design. On the 
other hand, with the development of ad-
ditive manufacturing techniques, unprece-
dented levels of structural complexity may 
be realized (both in terms of the geometry 
and the material properties of the design). 
However, a human designer may not be 
able to the design on the level of structural 
complexity afforded by additive produc-
tion processes. That is, topology optimiza-

tion may have the potential to fully exploit 
the increased scope of complexity afforded 
by additive manufacturing techniques, and 
these algorithmic procedures may be the 
only way to translate and communicate the 
wishes of a human designer—an objective, 
and the restrictions, within a predefined 
design domain—to the additive produc-
tion process. This automated avenue of 
design and manufacture—which may be 
the so-called third production revolu-
tion—is buttressed by a continual increase 
in common computational capabilities, 
improvements in the efficiency of compu-
tational methods and, more recently, user-
friendly integration with computer aided 
design (CAD) platforms.

The complex, natural-looking geom-
etries produced by topology optimization 
procedures almost invariably necessitate 
additive manufacturing processes. Some 
of the geometries shown here—like the 
Light Rider in Figure 1—are not manu-
facturable with traditional production 
processes. Advances in additive manufac-

A Contemplation  
on Topology Optimization
An essay on the counterintuitive nature of topology optimization and 
the challenges faced by design engineers who employ it.

BY DIRK MUNRO

TOPOLOGY OPTIMIZATION IS AN ALGORITHMIC APPROACH to a ubiquitous engineering prob-
lem: How can you distribute a limited resource (e.g. material), in a predefined design domain—subject 
to applied loads, boundary conditions and certain design restrictions—in an optimal way? In engineering 
terms, the state of material is discrete: at each and every spatial position material is either present or absent. 

Therefore, the term material distribution is often used interchangeably with terms like shape, geometry, connectivity, 
or layout. The word topology is derived from the Greek word topos, literally meaning place. Topology refers to the 
study of place, the relative positions of the constituent parts of a structure, and the manner in which these are con-
nected, interrelated and arranged.
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turing techniques, such as modelling of re-
sidual distortions, stresses and machining 
requirements, have the potential to fully 
exploit topology optimization techniques 
and vice versa. Constraints that preserve 
the conventional manufacturability of the 
design take the form of a limit on local 
geometric variations, leading to traditional, 
truss-like designs. 

There is, however, a trade-off between 
geometric optimization on the one hand, 
and the increased complexity and cost of 
manufacture on the other. Bruce Jenkins, 
president of Ora Research, a research and 
advisory services firm, advocates a system-
level approach to optimization, writing in 
the January issue of DE that “optimization 
technology offers great benefit when used 
early in product development to optimize 
the functional systems,” which are, “cre-
ated and refined before geometry defini-
tion begins.”

Natural Does Not Equal Optimal
The notion that a natural-looking design
is necessarily an “optimal” design should 
be approached with utmost caution. It is 
fair to say that many complex geometries 
may invoke connotations with structures 
found in nature—the patterns described 
by fractals, for example. Natural structures, 
like the cauliflower shown in Figure 2, ex-

hibit self-similar patterns of complexity on 
various length scales. Topology optimiza-
tion may come up with natural looking de-
signs, but this is predominantly due to the 
allowance of relatively detailed geometric 
variations. The fact that the geometries 
arrived at by topology optimization pro-
cedures often resemble natural structures 
is pertinent because it confirms the as-

Romanesco broccoli is an 
example of a natural fractal pattern.
Image courtesy of Flickr/Tin.G.

Ranking What Matters: Topology Optimization Software
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sociated differential equations—the equa-
tions of elasticity, in this case—are able to
capture the character of the physical laws
that govern the connectivity, interrelation
and arrangement of the constituent parts
of the structure. Moreover, the imposi-
tion of conventional manufacturability
constraints that may result in an optimal
design in terms of the entire supply and
manufacture chain, work by explicitly sup-
pressing small-scale geometric variations.
That is, considering a broader scope of
optimization, “more optimal” designs may
look “less natural.”

The reason topology optimization ex-
ists—and the motivation behind the pur-
suit of reliable and efficient methods—is
its potential to produce components and
structures that have improved perfor-
mance characteristics and that consume
resources more efficiently. In large-scale
production environments, material and
cost savings are paramount. In bespoke
production environments, the objective
often involves the performance charac-
teristics of the design, which may include
material and weight savings. Nevertheless,
topology optimization is typically used
after the definition of the functional sys-
tems, therefore only marginal gains may
be realized in a fairly narrow design scope.
Moreover, especially with recent CAD
integration—software used late in most
design methodologies—topology optimi-

zation may act as a translator between the
designer and the manufacturing process,
confining the scope for optimization.

Sustainable Progress
Taking a step back, it is perhaps prudent to
keep in mind that a specialized procedure
like topology optimization may inadver-
tently provide a semblance of sustain-
ability to industries and resources—the
automotive industry, for example, and
fossil fuels—which will have to be re-
placed, sooner or later, with fundamentally

different and uncon-
ventional alternatives.
In The Beginning of
Infinity: Explanations
That Transform the
World, David Deutsch,
a quantum physicist,
notes that “sustain” is an
interestingly ambiguous
word: on the one hand
it can mean providing
someone with what they
need, but on the other
hand it can also mean
preventing something
from changing.

Deutsch warns that
“prevention and delay-
ing tactics”—specialized

techniques, confined to a narrow design
scope, aiming at marginal, accumulative
improvements—“are useful … but they
can be no more than a minor part of a
viable strategy for the future,” because
“problems are inevitable, and sooner or
later survival will depend on being able to
cope when prevention and delaying tactics
have failed.

“For this we need a large and vibrant
research community, interested in explana-
tion and problem-solving,” Deutsch adds.
“We need the wealth to fund it, and the
technological capacity to implement what
it discovers.”

Undoubtedly, the marriage of topology
optimization and additive manufactur-
ing techniques will shape the machines
and the structures of the future, but these
algorithmic procedures should never be
allowed to curb—or indeed, be purported
to replace—the imaginative capacity of the
design engineer. DE

Dirk Munro is a Ph.D. candidate under
Professor A.A. Groenwold at Stellenbosch
University’s Department of Mechanical and
Mechatronic Engineering in South Africa.
This article is an edited excerpt from his dis-
sertation: “A direct approach to structural topol-
ogy design.” Contact Munro via de-editors@
digitaleng.news.

The Light Rider motorcycle, the result of a partnership between Altair
and APWorks (an Airbus subsidiary) has a hollow, topology optimized,
3D-printed frame that reduces weight by about 30% and allows wiring to
be hidden inside the frame. Image courtesy of APWorks.
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— Source: DE Reader Survey, 2016



digitaleng.news /// December 2016 DE | Technology for Optimal Engineering Design 23

OPTIMAL DESIGN
TECHNOLOGY OUTLOOKHYBRID MANUFACTURING |

For thousands of years, metal parts manufacturing has pretty
much involved casting, die-casting, forging and/or machining.
When engineers applied design-for-manufacturing (DFM)
rules, they did so within with these well-understood processes.
Now, to create parts that feature lower weight, sophisticated in-
ternal cooling, parts reduction, customized materials and faster
handling, engineers also need to consider several distinct AM
technologies—but that’s not the complete picture.

Producing finished parts still involves many steps, whether
a part emerges as machined raw stock, built-up depositions or
fused powder. Especially with layered manufacturing, most parts
demand some type of secondary machining to remove support
structures and/or create a finer surface finish. Then there may be
cleaning, heat-treating, dimensioning—and of course, inspection.
The fewer the separate steps, types of machinery and required
handling, the faster, cheaper and more precise these parts can be.
The solution may lie with hybrid AM/subtractive equipment.

Most vendors in this growing field feel that orchestrating addi-
tive and subtractive steps within one system will require thought-
ful planning. Before commanding the software to perform the
right step at the right time, designers must identify which sections
of a part should be “grown” and which require subtractive action.
Autodesk’s Duann Scott, whose group targets business develop-
ment and strategies for digital manufacturing, says that as design-
ers begin to understand the potential, they will learn to define the
surfaces that will interface with other parts and therefore are most
likely to require subtractive work to create a fine surface finish.

“This often requires the design of a ‘near net shape’ part,”
explains Scott, “with additional sacrificial material to be ma-
chined off in a secondary, subtractive process.” So, designers
must develop knowledge of how much extra to add, and where,
to accommodate this need. Scott says the tools for this are just

Designing for the Future
BY PAMELA J. WATERMAN

JUST AS YOU’RE (perhaps) getting used to additive
manufacturing (AM/3D printing) by understand-
ing its capabilities and changing your design process
to make the most of it, along come hybrid systems.

Their varying approaches present intriguing considerations for
adding AM technologies to a workflow. Some experts say this
task will be straightforward, while others see the need for new
software tools and thought processes.

Are you ready to combine additive, subtractive and other
manufacturing functions in a single build?

Example of a complex part with internal structures that
can be built on the MetalFab1 from Additive Industries.
This AM equipment includes automatic powder-removal
and in-line stress-relieving heat treatment—another
angle to offering hybrid functions in a single AM system.
Image courtesy Additive Industries.

Example of building a part with laser deposition, then
machining the features and surface finish, all done
on the DMG MORI LASERTEC 65 3D hybrid additive
manufacturing system. The 5-axis operation allows
metal deposition to continue as the part is re-oriented.
The image on the right shows that a second material
(bronze) was deposited before the final machining. Image
courtesy of DMG MORI USA.
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emerging in software such as Netfabb (now an Autodesk prod-
uct), to handle the complete DFM workflow—encompassing 
design, optimization, simulation of the build process (to predict 
thermal distortion), and subtractive post-processing.

At PTC, product manager Jose Coronado looks at this evolu-
tion as defining new rules of engagement. “In the past, engineers 
were trained to design for a set of manufacturing rules that 
remained stable,” he says. “Now, AM has come into play as an al-
ternative for production, and many of those rules have changed.” 
Coronado notes, for example, that designers are not as worried 
about shape complexity because design freedom is a key benefit 
of this technology. However, they do still need to be careful about 
the build process as the support structures can be the tricky part.

A dramatic benefit of hybrid technology is elimination of sup-
port structures entirely if the part is properly oriented and built 
on a 5-axis machine. However, Coronado says the designer will 
require a different set of tools to appropriately define and simulate 
the sequence of growing and cutting steps. Creo 4.0, introduced 
with input from Stratasys, offers a starting point: Users can define 
the materials and colors a plastics 3D printer can handle in real 
time. In the future, such manufacturing awareness, embedded in 
the CAD system, can be expanded to cover the multi-processing 
capabilities of metal hybrid manufacturing. 

Of course, most parts don’t exist in a vacuum; they are con-
nected to one another via screws, bolts, gaskets, etc. Being able to 
evaluate dimensions mid-stream in an AM build would allow the 
machining part of the process to actively create the necessary flat 
mating surfaces or even datum for precise alignments. A first step 
toward adding this feature to hybrid systems is underway, as de-
velopers at Dassault Systèmes SOLIDWORKS have teamed up 
with Geometric Americas to offer CAMWorks software.

Craig Therrien, SOLIDWORKS product manager, says the 
latest version of Geometric CAMWorks, embedded in SOLID-
WORKS, introduces “tolerance-based machining” into traditional 
CNC (computer numerically controlled) systems. This capability 
reads SOLIDWORKS model-based definition (MBD) dimen-
sional information, selects machining strategies, machines to the 
mean of asymmetric tolerances and selects appropriate tools, feeds 
and speeds. Therrien can envision how in-process machining 

would save time and improve accuracy on hybrid AM/subtractive 
systems, when expert MBD information is used to automatically 
generate CNC programs meeting specified requirements.

Working with Hybrid Powder-Bed Systems
You don’t have to wait to install combined additive/subtractive 
tools on your manufacturing floor. More than eight systems are 
already for sale, with additional options available for build-your-
own; all are based either on power-bed laser sintering or direct 
metal deposition, but vary in the details. Their developers, rang-
ing from familiar AM businesses to traditional CNC equipment 
providers, are ready to share what designers need to know.

Additive Industries and Sodick have both combined powder-
bed AM part production with features that simplify post-process-
ing or in-process steps. The MetalFab 1 from Additive Industries 
performs automatic powder removal in the same unit, stores eight 
empty build plates internally, and offers inline stress-relieving heat 
treatment up to 1100°C. Daan Kersten, co-founder and CEO, 
says in the future they will include automatic part removal, inte-
gration with machining and fast material change-outs. In terms of 
preparation, he says designers need to know the surface roughness 
and tolerances to define what areas can be printed and which need 
subtractive post-processing. “The same goes for material charac-
teristics,” Kersten says. “The designer should know what proper-
ties the material should have and thus whether heat treatment is 
needed.” Also, knowledge of CAM programming is important, 
though designers will benefit when smart products such as exa-
SIM build-simulation software from 3DSIM come into use.

Sodick, a 40-year veteran of electronic discharge machining 
(EDM) equipment, has applied its rigid linear-motor expertise 
to produce what it calls the One-Process Machine (OPM) 250L 
metal 3D printer. This system combines metal laser powder-bed 
sintering and high speed milling in the same workspace, offering 
designers the ability to create deep, finished internal cuts during 
a build that would otherwise be impossible to reach. The target 
usage is adding conformal cooling inside a single-piece mold.

Depositing (via direct metal deposition) a scalloped 
boss on a part, which will then be machined to a fine 
finish using the AMBIT multi-task hybrid docking 
system from Hybrid Manufacturing Technologies. 
Image courtesy of Hybrid Manufacturing Technologies.

Survey Says …
56% of DE survey 
respondents said 3D printing/additive 
manufacturing would have the 
biggest impact on product design and 
development over the next five years, 
beating out simulation, advanced 
materials, HPC and the IoT.
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To help designers make the most of this hybrid system, the
company offers OS-FLASH control software designed specifi-
cally for the OPM, says Evan Syverson, marketing manager at
Sodick. “Our software offers what you would expect from [stan-
dard] CAM software,” he explains, “but it can optimize the tool
path, adjust the feed rate and simulate the build to predict build
time. If you have milling experience, it should not be particularly
hard to program.” Tools are mounted in a 16-position automatic
tool changer. OS-FLASH defaults to building 10 layers at a
time, then milling, but designers can change this value.

Direct Metal Deposition
Having decades of experience with direct metal deposition
(DMD) systems, Optomec is in a great position to guide users
transitioning from traditional manufacturing to additive and hy-
brid processing. “The jump to total additive design approaches
(e.g., skeletal structures) is very ‘disruptive’ and requires a totally
new mindset and approach,” says Tom McDonald, senior pro-
gram manager for LENS at Optomec. “Hybrid AM, as recently
introduced by Optomec, represents a pathway for ‘evolutionary’
barrier reduction related to equipment cost and a familiar, user-
friendly CNC platform,” he says.

Launched at the 2016 International Manufacturing Technol-
ogy Show, Optomec’s new LENS Machine Tool Series inte-
grates LENS DMD technology with conventional CNC verti-
cal machining center (VMC) platforms and control software.
Three models offer the choice of pure metal DMD, metal hy-
brid DMD/VMC or metal hybrid VMC with inert capabilities
(the latter for depositing reactive metals and aluminum). With
the hybrid capabilities, explains McDonald, you don’t need to
totally rethink the part—the CAD is still the same—but you
remove the access restrictions that previously dictated building
that part as an assembly. “Your mindset can still be subtractive,”
he notes, “but you’re only building the shape that you require,
or adding features to an existing part; you have total freedom of

orientation to optimize the subtractive component.” The com-
pany is also working with Autodesk, an Optomec investor, to
demonstrate fully integrated CAD/CAM solutions.

It’s equally interesting to see the viewpoint of a player that is
relatively new to AM but has expertise in milling and multi-axis
machining equipment that dates back almost 150 years: DMG
MORI USA. Two years ago the company launched its LASER-
TEC 65 “all-in-one” laser deposition welding and 5-axis milling
system, followed last year by the LASERTEC 4300; the latter
system features integrated 6-sided turn-and-mill complete ma-
chining and almost three times the build-volume.

The company has been investigating this field for some time,
watching the split between AM for rapid prototyping and AM
for production applications in terms of what drives the designs
and where a hybrid approach is compelling, says Greg Hyatt, se-
nior vice president and CTO, Advanced Solutions Development
at DMG MORI USA. Citing the now-famous example of the
GE Aerospace fuel nozzle designed for AM, Hyatt notes: “They
took an assembly of parts and built it as a single part. In so doing
they eliminated the flanges between parts, eliminated assembly
time and eliminated the need for wrench clearance to assemble
the parts—fantastic benefits. But, there are very few cases where
you can take an entire assembly and combine it into a single
build without inadvertently trapping critical features that have
to be machined somewhere deep in the core of the part.” A hy-

Just-in-Time Hybrid/AM CAM

S iemens PLM Software has released a new

module for its NX CAM software suite called

NX CAM Hybrid AM (https://goo.gl/iqKOYT).

The software supports the company’s efforts to

provide an end-to-end AM solution encompass-

ing smart product models that move from design

to simulation to production with no need for data

conversion. “The first release (in NX 11) provides

programming for the DMG MORI LASERTEC series,

to do both metal deposition and CNC machining, in

multi-axes,” says Aaron Frankel, director of market-

ing at Siemens PLM Software. “This is one module

within our NX AM Solution that will be available in

phases over the next year and more, providing dif-

ferent tools at different price levels.”

Mike Panzarella, from partner DMG MORI, says

he’s trying to help his customers find a happy

medium on the scale between pure AM and pure

subtractive. One approach would be starting with a

stock shape like a cylinder and then adding on fea-

tures (what AM is good at), possibly even building it

upside down. “It’s important not to get tunnel vision

with AM; just because AM can do something well

doesn’t mean it’s the best route,” he notes. — PJW

Sodick’s OPM250L introduces a 45,000 RPM mill
during the sintering process within the same machine.
Image courtesy of Sodick.
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brid solution is essential to perform that mid-build machining.
This thought leads to observations about what Hyatt calls “the 

conventional approach” in today’s AM world, where a part is built 
by material deposition and then moved to a traditional machin-
ing center. “As a general rule, this [process] does not support the
consolidation of entire assemblies into a single build,” he says. 
Also, most assemblies are not made of the same alloy, so the sys-
tem has to be able to change alloys dynamically during the build.  
Machines that can support mid-process machining and dynamic 
change of alloys, adds Hyatt, are more expensive and more diffi-
cult to program than the simpler machines, but are almost essen-
tial for parts that are designed for the added freedom of AM.  

Equally intriguing is a flexible system from a company founded 
specifically to develop hybrid additive/subtractive capabilities. 
Hybrid Manufacturing Technologies began offering its AMBIT 
multi-task system in 2013, and by 2015 was the inaugural winner 
of the International Additive Manufacturing Award. The AMBIT 
system comprises a series of metal deposition heads and docking 
systems that allows virtually any CNC machine or robotic platform 
to support automated change overs including non-traditional tools. 
Currently the system supports 3D deposition, cladding, marking, 
cutting, drilling, pre-heating, annealing/stress-relieving, surface re-
melting, cleaning and in-process inspection.

For efficient use of these options, the entire part does not 
need to be made using only AM, says Jason Jones, CEO and co-
founder of Hybrid Manufacturing Technologies. “For example,” 
he explains, “parts can start as castings, forgings or machined bil-
lets, and then various features can be added onto them.” 

To design for an AMBIT-enabled system, “Designers should 
be well versed in conventional machining as well as the ad-

ditional requirements of AM; e.g., the 
proposed geometry should be self-sup-
porting, as dictated by the possible build 
orientations given the number of axes of 
the host CNC system,” says Jones. 

“They (designers) need to be mind-
ful that for features that are added, 
both the composition and microstruc-
ture are determined as the material is 
added.” With hybrid capabilities be-
ginning to appear in mainstream CAM 
software packages, Jones observes, “At 
present, the processing sequence is de-
termined by an operator well versed in 
CAM; however, the future promises to 
automate process routing.”

Stay Tuned for More
The number of companies seeing advantages with hybrid sys-
tems continues to grow. Mazak USA now markets the 5-axis 
INTEGREX i-400AM DMD system that it says is perfect for 
small lot production of very difficult-to-cut materials. Fryer 
Machine Systems includes an Optomec LENS DMD print en-
gine in its new LaserFab hybrid machining unit. And Matsuura 
Machinery’s LUMEX Avance-25 alternates powder-bed laser 
sintering with 20-tool machining, working with such materials 
as steels, cobalt chrome, nickel alloys and, with the proper gas 
atmosphere, titanium. Watch for new design rules as all these 
systems make their way to the manufacturing floor. 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.

INFO ➜ 3DSIM: 3DSIM.com    

➜ Additive Industries: AdditiveIndustries.com  

➜ Autodesk: Autodesk.com   

➜ Dassault Systèmes SOLIDWORKS: SOLIDWORKS.com 

➜ DMG MORI: US.DMGMORI.com   

➜ Fryer Machine Systems: FryerMachineSystems.com 

➜ Hybrid Manufacturing: HybridManuTech.com 

➜ Matsuura Machinery: Lumex-Mastuura.com  

➜ MAZAK: MAZAKUSA.com   

➜ Optomec: Optomec.com    

➜ PTC: PTC.com     

➜ Siemens PLM Software: Siemens.com/PLM  

➜ Sodick: Sodick.com

➜ Stratasys: Stratasys.com

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

Geometric CAMWorks, embedded within SOLIDWORKS, 
reads 3D CAD model dimension tolerancing then selects 
machining strategies and tools for part production. 
This capability will be extended to operate with hybrid 
AM/subtractive systems. Image courtesy of Dassault 
Systèmes SOLIDWORKS.
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With products becoming more 
complex every day—and consumer 
demands constantly increasing—
companies are feeling unprecedented 
pressure to accelerate engineering 
and deliver differentiating products 
to win in the market. And, of course, 
they must do it with lean resources. 

ANSYS is uniquely positioned 
to lead product development 
engineers through this maze of 
complexities. Our extensive portfolio 
of engineering simulation solutions 
is unrivaled in the industry, covering 
structures, fluids, electromagnetics, 
semiconductors, embedded software 
and systems. What’s more, each of our 

solutions is built on and refined over 
45 years of real-world experience in 
helping to solve some of the toughest 
product problems across industries. 
No other company offers such a 
broad array of products to solve these 
complex challenges. 

ANSYS’ customers are some of 
the most innovative on the planet, 
delivering breakthrough products 
that couldn’t even have been dreamt 
about just a few years ago. And they 
are expanding the use of simulation 
earlier in the design process to rapidly 
and inexpensively iterate on design 
alternatives to create optimized 
products that exceed the expectations 
of their users.

Our leading customers are also 

expanding the use of simulation 
into operations by creating digital 
twins—virtual representations of an 
operating device whose performance 
and productivity can be improved via 
simulation. Through the rich data 
created by digital twins, users can 
determine potential failure points 
and proactively account for them—
reducing maintenance costs as well 
as decreasing unplanned product 
downtime to near zero.

Engineering simulation has the 
potential to fundamentally reshape 
the way that products are created 
and maintained. Likewise, it has the 
potential to transform engineers into 
something greater—they can become 
heroes in their organizations.

ANSYS Delivers the Future  
of Engineering Simulation

FOR NEARLY HALF 
a century, engineering 
simulation has played 
a major role in product 

development. Advances in nuclear 
technology, aerodynamic vehicles and 
component miniaturization would 
have been impossible without the 
power of simulation. But for all those 
achievements, we believe we’ve only 
scratched the surface of simulation’s true 
potential.

Special Sponsored Section

Contact Information:
www.ansys.com

BY AJEI GOPAL,  
PRESIDENT AND CHIEF  
OPERATING OFFICER

ANSYS
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We see the design industry
evolving in three major ways. First,
it’s becoming a highly personalized
experience. Second, collaboration
across diverse and distributed teams is
a necessity. And third, access to game-
changing insights is ubiquitous.

Autodesk provides customers with
platform technologies that can be
easily configured and augmented.
Liken AutoCAD software to plain
yogurt, and the ability to add modules
to toppings of choice.

We’ve improved collaboration
allowing AutoCAD and AutoCAD LT
to reduce the time and cost is takes to
change designs. The AutoCAD 360

mobile app lets users view, create,
edit and share AutoCAD drawings on
mobile devices anytime, anywhere.
When CAD users can move beyond
version control, they focus on the right
aspects of creation – energy efficiency,
sustainability and iconic designs.

Insights derived from cloud data
will help design team managers and
executives answer questions like
how many people in the department
touched the model? What were the
friction points? In the not too distant
future, CAD users will be able to
connect from within their application,
share and even monetize content and
best practices.

Savvy companies embracing change
such as subscription products, gain a
competitive advantage. Tait Towers
engineered a moving chandelier at
Omnia Nightclub in Las Vegas using
AutoCAD to create 3D models to
test the production designer’s vision.
Atlantic Industries trained new staff
on AutoCAD in just two days allowing
them to get quickly up to speed.

The CAD software industry
continues to evolve as cloud redefines
what’s possible. The ability to
purchase software on subscription
will continue to accelerate delivery
of updates that provide a delightful
experience to users.

Product Development Soars
Personalization, collaboration and insights drive the evolution of design.

Contact Information:
Autodesk

San Rafael, CA

www.autodesk.com/products/autocad/overview

W ITH THE MOVE
to cloud computing,
design engineering
teams face both

challenges and opportunities.
Industry solutions, like the ones
Autodesk provides, allow designers to
access tools anytime, anywhere and
also get new features and product
improvements on a regular basis
rather than waiting for next year’s
annual release.

BY AMY BUNSZEL,
VP OF DIGITAL ENGINEERING PRODUCTS AT AUTODESK

Special Sponsored Section
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We at COMSOL realize that achiev-
ing optimal design is a company-wide
challenge. Therefore, we are leading the
democratization of simulation efforts by
providing engineers from various fields
with the software tools to collaborate and
simultaneously optimize a design based
on geometrical dimensions, material
properties, and external conditions while
including all relevant physics in the mix.
Developed specifically for solving multi-

physics problems, our software is already
uniquely positioned to address these
complex optimal design challenges. That
is why we expanded our suite of products
with the Application Builder in COMSOL
Multiphysics® and COMSOL Server™.
The Application Builder provides design
teams with tools to turn detailed virtual
multiphysics models into easy-to-use apps.
COMSOL Server™ further allows world-
wide deployment of these apps by hosting
them locally and making them readily ac-
cessible through the latest web technology.

The adoption of simulation apps
makes the workflow streamlined and
inclusive. Design teams can reach the
optimal solution faster by providing other
departments with apps to let them experi-

ment with parameters affecting manu-
facturability and aesthetics, for example.
With simulation apps, you do not have to
be an expert in numerical simulation to
suggest a design iteration based on high-
fidelity multiphysics simulation results.

We are committed to continue to
deliver the most efficient and robust multi-
physics environment with a wide range of
products for electrical, mechanical, acous-
tics, fluid, thermal, and chemical simula-
tions. With the Application Builder and
COMSOL Server™, we provide design
teams with the software technology
to bring optimal product design and
multiphysics to everyone, from depart-
ments in their organization to customers
worldwide.

The Future of Optimal Design Computations
Is Democratized and Cross-Disciplinary
Overcome collaboration hurdles with easy-to-use multiphysics apps.

BY BJORN SJODIN, VP OF PRODUCT MANAGEMENT, COMSOL, INC.

Contact Information:
COMSOL, Inc., Burlington, MA

+1 781 273 3322 • info@comsol.com

www.comsol.com

THE NEVER-ENDING
struggle to fit more compo-
nents in a limited space while
keeping costs at a minimum

poses a great optimal design challenge
for future design engineering teams.
Miniaturization in consumer electronics,
for example, easily leads to overheating
and efforts to reduce weight may lead to
compromised structural integrity. These
contradictory requirements result in dif-
ficult optimization problems that require
a cross-disciplinary approach involving
many different types of coupled physics.
Consumer electronics is one of many
technology areas that require a multi-
physics approach to achieve future design
goals and competitiveness. Just think of
smartphones and the quest for lighter
batteries that can both be charged quickly
and last long enough on one charge to
meet consumer expectations. Other ex-
amples include wireless sensors for inter-
net of things (IoT) applications, motors
for electrical vehicles, and more.

Special Sponsored Section

Using a local installation of the COMSOL Server™ product, GrafTech gives
colleagues worldwide access to apps over the company’s intranet. Shown are apps
used to compare heat transfer among graphite foils, which are used to dissipate
heat in consumer electronics. Image courtesy of GrafTech International.
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Being at the forefront of innovation 
today means taking a holistic perspec-
tive when looking at the design process. 
The ESTECO technology addresses the 
entire design workflow: by orchestrating 
best-in-class simulation tools, it stream-
lines design iterations and leads engi-
neers to new, enhanced solutions. Many 
top industry players have started internal 
reorganizations to keep pace with rap-
idly changing engineering practices and 
are moving toward fast-paced, shared, 
multi-domain and system-oriented de-
sign processes.

One excellent example is Cummins, 
worldwide leading manufacturer of 
power generation equipment and diesel 
engines where quality is of the utmost 
importance. It’s crucial they meet the 
criteria of their customers concerns, 
such as total cost, initial cost, quality and 
fuel economy. The company is imple-
menting the Analysis-Led Design initia-
tive to get their products right the first 

time, in the highest quality and get to 
market faster. Within this process, taking 
an optimization approach has helped the 
company switch from a component to a 
“super-system” focus. ESTECO solu-
tions enable multidisciplinary engineer-
ing practices to consolidate specialized 
expertise and streamline teamwork by 
allocating competence and software re-
sources where needed.

However, moving from a test-centric 
to an analysis-centric culture is not 
enough. Another challenge remains and 
that is interoperability, which potentially 
could remain an ongoing challenge. 
VOLTA, the ESTECO web-based, col-

laboration environment that orchestrates 
simulation data and multidisciplinary 
business processes, addresses the interop-
erability and other crucial aspects of the 
multifaceted innovation dare. The new 
solution helps teams manage all cross-
functional concurrent design steps by 
integrating multiple modeling formats. 
Its service-oriented architecture facilitates 
the execution, sharing and re-use of en-
terprise engineering knowledge. Taking 
control of product design iterations and 
using relevant performance metrics for 
rational and informed decision making 
will be a key advantage for companies 
aiming at being true innovators.

Collaborative, Optimization-
Based Design Revolution
ESTECO technology has evolved into a comprehensive environment for 
integrated management of simulation process and data enabling true 
multidisciplinary design processes.

Contact Information:
ESTECO North America  

39555 Orchard Hill Place, Suite # 457, Novi, MI 48375 USA

ESTECO SpA  

Area Science Park, Padriciano 99, 34149 TRIESTE (ITALY)

www.esteco.com

ACROSS ITS JOURNEY 
through innovation, 
ESTECO has developed 
an increasingly tight 

collaboration with key customers to 
be ready to provide them with the 
right technology.

Special Sponsored Section
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With our WT series and WS
Series lineup, we are blurring the
lines between desktop and laptop
performance. The ability to have a
portable workstation with almost no
drawback in performance capability
allows professionals to be mobile
while rendering or modeling. MSI has
been in the industry for over 30 years
and comes from a strong background
of manufacturing quality hardware.
As a household name in the extremely
demanding PC gaming industry,
we’ve pour all the technological
advances and features into our
professional mobile workstations.

Features for Design Engineers
MSI’s workstation laptops come
packed with features that provide
an experience unlike any other.
True Color Technology enables
an accurate, calibrated display
that includes multiple viewing
modes for different usages. Various
ISV certifications in Autodesk,
SolidWorks and more, mean
applications are optimized to run
without a hitch. We also continue
to push the envelope, to as far as
incorporating professional VR ready
graphics cards, the M5500, into our
mobile workstations.

Work Anywhere
Companies like Realities.io are
already utilizing the power of
our mobile workstations to do
preprocessing on site, stating the
workstation “was able to process tens
of millions of polygons” in a project
that needed to create a full 3D
immersive environment, onsite.

With the ability to work
anywhere, MSI’s workstations
truly help users save time, increase
efficiency, and deliver exceptional
work.

Portable Power

Contact Information:
901 Canada Court, City of Industry, CA 91748

Phone: 626-913-0828

Email: USsales@msi.com

https://us.msi.com/Workstations

THERE ARE VARIOUS
challenges that design
engineering teams face
today, one of them is

the ability to have desktop grade
performance on the go. Being tied
down to the desk is both inconvenient
and detrimental to creativity. Having
the computing power of a desktop
workstation anywhere you travel was
unheard of, until recently. MSI has
been pushing the limits of innovation
to produce high performing
workstation laptops that redefine
what it means to be the complete
mobile workstation package.

Special Sponsored Section

Workstation-class productivity
for engineers on the go.
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Enter Proto Labs. We are the 
world’s fastest digital manufacturing 
source for rapid prototypes and on-
demand production parts.

One Company, Three Services
Our global company is well suited to 
serve as a manufacturing partner with 
design engineers through our three  
distinct services that produce custom 
parts for companies around the world:

• 3D Printing (Additive Manufacturing)
•  Injection Molding (which also  

includes Rapid Overmolding)
•  CNC Machining (Milling and  

Turning)
Proprietary software and automated  

processes drive our rapid prototyping and 
low- to mid-volume production of metal, 
plastic, and liquid silicone rubber parts.

Speed to Market
Our rapid manufacturing capabilities 
start with ProtoQuote, our online, 
automated quoting and design for 
manufacturability (DFM) analysis 
engine. Product developers can upload 
3D CAD models online and receive 
an interactive quote with free design 

analysis and real-time pricing within 
hours. The design analysis highlights 
potential issues and provides immediate 
solutions. It’s an iterative process that 
helps design engineers avoid product 
development speed bumps.

On-Demand Production
Next, we manufacture and ship quickly. 
How fast? We can deliver one to 50-
plus 3D-printed parts in one to seven 
days. For machining, one to 200-plus 
CNC-machined parts can be shipped 
in one to three days. And, 25 to 10,000-
plus injection-molded parts can be 
delivered in one to 15 days. Our on-
demand manufacturing capabilities 
can help companies effectively manage 
demand volatility and inventory costs, 
and help reduce overall risk.

Success Stories
We’ve helped thousands of companies 
work smarter and faster:

•  Brunswick Corporation recently  
turned to our 3D printing and 
injection molding services for 
low-volume production parts for 
its Sea Ray luxury yachts. 

•  Lockheed Martin used rapid  
injection molding for parts for a 
quadcopter drone.

•  University of Houston chose  
quick-turn CNC machining to  
develop exoskeleton prostheses  
for paraplegics.

•  The Metropolitan Museum of 
Art used our 3D printing service 
to build miniature scale models for 
its exhibit on ancient Egypt.

Manufacturing Accelerated

Contact Information:
5540 Pioneer Creek Drive, Maple Plain, MN 55359

Phone: 877-479-3680 

Email: customerservice@protolabs.com

www.protolabs.com

DESIGN ENGINEERS 
are constantly called on 
to speed new products 
to market. To meet this 

challenge now and into the future, 
engineers need suppliers capable of 
delivering prototypes and parts for 
those products on time and on budget.

Special Sponsored Section
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“Additive manufacturing creates new 
opportunities in many different areas, 
including remote fabrication for support 
and maintenance; rapid prototyping for 
realizing new concepts and experiences; 

but, perhaps most importantly, develop-
ing designs that were heretofore impos-
sible to fabricate,” noted Dominique 
Florack, Senior Executive Vice President, 
Research & Development, Dassault Sys-

tèmes in a company press announcement.  
By pairing AM with automated gen-

erative design capabilities, it is possible to 
create organic shapes that would be diffi-
cult for a human designer to envision, and 
impractical or impossible to produce with 
traditional manufacturing techniques. 

In just a few months, we can expect 
to see the results of a partnership forged 
between Autodesk Research and Lawrence 
Livermore National Laboratories (LLNL) 
last year to develop a proof-of-concept 
protective helmet design that reflects how 
generative design software can be used to 
accelerate innovation of advanced mate-
rial 3D printing. As part of an 18-month, 
in-kind cooperative research and develop-
ment agreement, Autodesk Research gave 
LLNL access to its software for goal-
oriented design as it studied how micro-
architected metamaterials (materials with 
properties that don’t exist in nature) can 
be combined with additive fabrication 
techniques to produce objects that were 
not before possible. This type of research 
could eventually lead to breakthroughs in 
other areas of anatomically fitted equip-
ment, such as body armor and prosthetics, 
suggests the company. 

The Changing Art 
of Making Parts
3D printing materials, and how software and hardware can control their 
customization, creates exciting possibilities for design engineering.

Part 
1

BY AMY ROWELL

3D PRINTING HAS COME A LONG WAY from its early days as a prototyping tool. While that was big news in 
the early 1980s, additive manufacturing (AM) is increasingly being viewed as a viable on-demand manufacturing 
process, one that promises to revolutionize not only the way parts are made, but what materials are used to make 
them. Researchers are exploring how they can manipulate the structure and composition of the materials used at the 

particle level to ultimately affect and control performance characteristics of the finished part.

Since acquiring Netfabb in 2015, Autodesk has been busy adding 
advanced technologies—including enhanced simulation, optimization and 
advanced toolpath capabilities—that will provide engineers and designers 
with a broad collection of additive design and manufacturing tools. Image 
courtesy of Autodesk.
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High Performance Parts from 
Engineered Materials
Today’s new AM-engineered parts may be 
lighter, yet stronger; and may be comprised 
of an array of innovative new materi-
als—from carbon fiber or industrial-grade/
medical grade specialty metals and resins 
to biomaterials and specially-blended 
multi-material plastic polymers that are 
digitally delivered “voxel by voxel.” They 
may take advantage of functional materials 
(e.g. materials that are thermo-insulating, 
or thermo-conducting) capable of enabling 
active smart sensors, or possess other 
unique electronic or mechanical character-
istics such as the ability to print a battery 
within a 3D printed component. 

For example, a team from Virginia 
Tech’s Design, Research, and Educa-
tion for Additive Manufacturing Systems 
(DREAMS) Lab was awarded first place 
for the inaugural America Makes for In-
novation Sprint award for its 3D-printed 
“smart wing.” The theme for the competi-
tion was smart structures, which America 
Makes defined as parts with integrated 
devices, such as sensors, that were created 
via AM technology. The DREAMS Lab 
“smart wing” integrated sensing and actua-
tion features to enable aircraft to autono-
mously adapt to flying conditions. 

“Our goal was to use additive manu-
facturing to directly fabricate mecha-
tronic devices—products that can both 
move, and have on-board sensing to 
detect and control that movement,” 
Chris Williams, associate professor of 
mechanical engineering and DREAMS 
Lab director told the Virginia Tech news 
service. “To demonstrate our progress 
toward this goal, we 3D printed a mul-
timaterial wing with a control surface—
that is the flap of the wing—that is both 

adjusted and controlled by embedded 
actuators and sensors.”

Processing Technology  
Makes It Possible
During the past few years, equipment 
makers have been working on perfecting 
the technology that makes this kind of 
advanced industrial-strength 3D printing 
possible. Examples are emerging for all lev-
els of production across the industry. 

The start-up company, RIZE recently 
unveiled its RIZE One “office-safe” 3D 
polymer printer that features an Aug-
mented Polymer Deposition (APD) indus-
trial 3D printing process that the company 
says can print a proprietary compound 
of medical-and engineering-grade ther-
moplastics that can be manipulated at the 
voxel level, making it possible to change 
the material properties (e.g. strength, sur-
face finish, geometric accuracy, and color) 
of the thermoplastic. 

The ExOne Innovent 3D printer offers 
a binder jetting process that supports the 
ability to create functional parts, requires 
no support structures, and is designed to 
enable machine customization for customer-
specific material requirements.

3D Systems’ Figure 4 3D printer in-
troduces a modular stereolithography 3D 
printing system that offers printing speed 
improvements along with the ability to 
integrate with secondary processes (e.g. 
finishing and coating), and in-line 3D 
part inspection to ensure part compli-
ance. 

NVLabs has developed a high-speed, 
Metal Additive Deposition (MAD) multi-
metal printing process that uses ordinary 
wire rather than powders to reportedly 
lower material costs by over 90%.

MarkForged’s Mark Two 3D printer ©2016 Measurement Computing Corporation 
info@mccdaq.com

www.mccdaq.com
1.800.234.4232

MEASUREMENT COMPUTING

Easy to Use  •  Easy to Integrate
Easy to Support

Ethernet devices include
comprehensive drivers & support

for C++®, C#®, Visual Basic®, 
DASYLab®, and NI LabVIEW™.

mccdaq.com/ethernet

Ethernet Devices for 
Remote Monitoring

and Control

Thermocouple Input
E-TC - Only $479
• 8 thermocouple inputs

• 24-bit resolution

• 4 S/s per channel sample rate

• 8 digital I/O

NEW

Multifunction DAQ
E-1608 - Only $499
• Eight 16-bit analog inputs

• 250 kS/s sample rate

• 2 analog outputs

• 8 digital I/O, 1 counter

Digital I/O
E-DIO24 - Only $289
• 24-channel digital I/O

• ±24 mA high-drive capability

• Digital output alarm

• One 32-bit event counter

DAQ Companion Software
DAQami™ 3.0 - Only $49
• Acquire and generate data 
 from analog, digital, and 
 counter signals

• Try DAQami FREE for 30 Days

HP printed a chain 
link in 30 minutes 
using HP Multi-Jet 
Fusion technology. 
The link weighs .25 
lbs. and can lift up 
to 10,000 lbs. Image 
courtesy of HP.



36  DE | Technology for Optimal Engineering Design         December 2016 /// digitaleng.news

MATERIALS
OPTIMAL DESIGN TECHNOLOGY OUTLOOK

is capable of printing continuous strand 
carbon fiber, Kevlar and fiberglass.

HP’s MJF (Multi-Jet Fusion) platform 
is designed to blend different inks to con-
trol material at the voxel level in order to 
vary stiffness, texture, color and more.

The new M 400-4 from EOS uses 
four lasers to improve direct metal laser 
sintering (DMLS) productivity.

Desktop Metal’s multi-metal desktop 
3D printer, currently in development, 

promises to provide “an effortless way to 
go from 3D CAD to robust metal parts,” 
which the company says will make metal 
printing faster, safer and more affordable.

 “End-to-End” Design through 
Additive Manufacturing
Whether you’re printing metal or plas-
tic—the big news these days is that the 
era of industrial 3D printing has arrived, 
which supports a digital thread from con-
cept design to prototyping to tooling and 
production-quality parts. 

In a recent announcement, Siemens 
indicated that it is seeking to revo-
lutionize product development with 
its end-to-end manufacturing solu-
tion—by integrating the entire additive 
manufacturing process from automated 
performance-driven design optimization 
to advanced 3D printing; and by sup-
porting the use of “smart models” from 
design through simulation and final AM 
production, with no data conversion 
required. The portfolio will include NX, 
Teamcenter, Simcenter to help drive the 

design process, the company explains. 
Dassault Systèmes’ 3DEXPERI-

ENCE platform is intended to deliver 
an end-to-end solution including all 
engineering parameters using additive 
manufacturing. That includes material 
science, functional specification, genera-
tive design, 3D printing optimization, 
production and certification, according to 
the company.  

Traditional 3D printer companies like 
3D Systems have adopted this approach 
as well, recently announcing a compre-
hensive strategy to “evolve 3D printing 
from prototyping to production.” One 
way 3D Systems is seeking to accomplish 
this is through their new partnership with 
PTC, which involves working together to 
integrate 3D Systems’ 3D Sprint software 
development toolkit into PTC Creo. 

Autodesk, too, has embraced this vi-
sion—recently announcing upgrades to 
its NetFabb 2017 tool for integrating 
design enhancement, manufacturing 
preparation and build simulation tools in 
a single environment.

Navigating AM data in GRANTA MI: The database homepage shows a map of the underlying data structure, 
or schema, helping users to find the data they need. Image courtesy of Granta Design. 

Survey Says …
28% of DE 
survey respondents 
are currently using 
advanced materials, 
and an additional 28% 
plan to use them in the 
next two years.
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Managing Materials Information 
In addition, companies like Granta Design 
and Materialise are aiding manufacturers 
with tools for both materials information 
management, and guides for using 
new materials in AM that incorporate 
years of experience working with—and 
documenting the performance of—a 
multitude of materials under a variety of 
conditions. Perhaps most importantly, 
the materials information management 
capabilities provided by these companies 
enable the traceability needed in the event 
of a part failure or a product recall.  

GRANTA MI: Additive Manufactur-
ing software, for example, was developed 
to bridge the materials information man-
agement requirements connected with 
AM-driven R&D, part design, simulation 
and production. According to the com-
pany, it enables users to build an additive 
manufacturing knowledge base that can 

help reduce R&D costs and support 
qualification and certification of parts. 
Data is captured in one place, with full 
traceability, using customizable templates.

In a similar fashion, Materialise offers 
a database management tool, Stream-
ics where all process-related data (STL 
file revisions, part positioning, materials, 
powder batches, etc.) can be stored. Users 
can also store machine parameters and 
log files together with this data. Main-
taining records of AM data in this way al-
lows users to trace back part information, 
optimize processes and create reports in 
an efficient way. DE

Amy Rowell is an industry analyst with a
passion for researching topics related to inno-
vation in next-gen product design and manu-
facturing—and all the tools that are making 
it possible. Send email about this article to 
de-editors@digitaleng.news.

ICOMold.com

Use our interactive online system to get  
instant quotes for your  
plastic injection molding projects. 
Visit ICOMold.com and get started.

InstantInstanttttInstantntInstanIInstInstannst
quotes.

FaststtFaststststttassssFasFFasFFFFasFasFas
parts.

INFO 3D Systems: 3DSystems.com

Autodesk Research: 
AutodeskResearch.com

Dassault Systèmes: 3DS.com

Desktop Metal: DesktopMetal.com 

EOS: EOS.info

ExOne: ExOne.com

HP: HP.com

MarkForged: MarkForged.com

Materialise: Materialise.com

NVLabs: NVBots.com

RIZE: RIZE3D.com

Siemens PLM Software:  
Siemens.com/PLM

Stratasys: Stratasys.com

For more information on this topic, visit 
digitaleng.news
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There’s no silicon, for starters. Instead, 
the 4-6 in. wafers on which Microfabrica’s 
products are built are made of ceramics 
and designed for reuse. Instead of chop-
ping up these wafers as in the creation of 
computer chips, technicians essentially 
wash them off at the end of the manufac-
turing process and start again. And what 
comes out in the wash are like nothing 
else. They are vanishingly small—in many 
cases less than a millimeter in diameter—
and only a few millimeters across. They 
separate from each wafer by the hundreds, 
the thousands and even ten thousand at a 
time. They take the form of tiny medical 
forceps, mechanical timing mechanisms 
complete with moving clockwork, novel 
computer chip cooling devices and more.

“We are the only high-volume produc-

tion, additive manufacturing platform in the 
market,” says CEO Eric Miller. “We’re fo-
cused on another end of the spectrum from 
where a lot of the 3D printing companies 
are focused, and that’s at the micro scale.”

Not only are the devices and compo-
nents made by Microfabrica smaller than 
those made by other processes, but they 
are also made of high-grade metals, ren-
dering them suitable for use in production 
applications as well as the prototyping 
that is common to 3D printing. Carol 
Livermore, professor of mechanical and 
industrial engineering at Northeastern 
University, is among the experts impressed 
by Microfabrica. “If the user needs the ma-
terial properties of a metal, then Microfab-
rica’s technique would provide what silicon 
micromachining can’t,” she says. “This can 
fill an important need for rapid develop-
ment and robust manufacture.”

3D Printing,  
Semiconductor Style
Company president and chief operating 
officer Michael Lockard started Micro-
fabrica with fellow 3D Systems alumnus 
Adam Cohen in 2000 with seed money 
from a DARPA grant. The two initially 
planned to develop micro 3D printers. 
“We ultimately realized that’s not the right 
platform for this technology,” Lockard 
says now. “The best embodiment for this 

technology is to leverage the full panoply 
of semiconductor tools to embody it as a 
fab.” (Cohen has since gone on to direct 
the Laboratory for Additive Manufactur-
ing, Robotics and Automation at Southern 
Methodist University.)

The Van Nuys headquarters for the 
100-employee company includes the 
manufacturing facility and offices for some 
of the company’s 30 or so engineers and 
scientists. They collaborate with customers 
to design parts as well as complete devices. 
Customers include major medical device 
manufacturers and aerospace firms.

The design and manufacturing process 
typically starts with a CAD file sent by 
a customer to Microfabrica engineers, 
who will then help refine the design. 
From there, the reworked design gets put 
through Microfabrica’s own proprietary 
software that slices the design into any-
where from four to over 50 slices that can 
range from 5-50 microns thick.

Finally, the designs are output to the 
fab for a series of processes any semicon-
ductor device manufacturer would recog-
nize: photolithography, in which patterns 
are created on the wafers; electrodeposi-
tion, in which layers of material are applied 
according to the patterns; and planariza-
tion to smooth each layer. More than one 
design can be made on each wafer at once.

Small Devices, Large Production
Livermore says she knows of no 3D print-
ing process that can exceed the level of 
detail produced by Microfabrica. A typical 
polyjet printer may produce individual lay-

Microfabrica: Mass  
Production at Millimeter Scale
The company’s unique manufacturing process addresses 
challenges for high-volume production. 

BY MICHAEL BELFIORE

THE 40,000-SQ.-FT. MANUFACTRUNG SPACE in Van Nuys, CA, looks 
like any other small fab, or computer chip fabrication plant. Although the 
equipment used for photolithography, electrodeposition and the rest are the 
same, the products created by Microfabrica are very different.

Survey Says …
42% of survey 
respondents are 
currently using additive 
manufacturing, and an 
additional 28% expect 
to be using it within 
two years.
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ers of plastic as small as about 16 microns 
thick. Direct metal sintering—the process 
that is perhaps most like Microfabrica’s in 
that it produces metal parts—forms layers 
that may be 20 or so microns thick.

The benefits are just being realized by 
Microfabrica’s customers, says Miller, be-
cause they often don’t know what the pro-
cess, dubbed MICA freeform, can really do 
until they start working with it. Miller cites 
as an example a manufacturer that went to 
Microfabrica to produce a very small gear 
for a miniature pump. After some back 
and forth, Microfabrica ended up fabricat-
ing the entire gear assembly with all of its 
moving parts in a single step, instead of 
just the one gear that the customer itself 
would have needed to put together with 
the parts of the previous design.

Besides helping its customers create 
products, Microfabrica is developing its 
own devices at an R&D center in Santa 
Clara, CA. These include tissue dissection 
and tissue removal devices. The company 
plans to market them to manufacturers to 
sell under their own brand names.

Once products have been manufac-
tured at Microfabrica’s Van Nuys facility, 
it’s time to ship them off to customers. 
Packaging varies according to the products 
being made and each customer’s needs, 
says Lockard. After being filtered from the 
chemical bath that separates them from 
the wafer, the devices might be packed in 
gel or placed in vials of alcohol for ship-
ping. Because each device can cost any-
where from $1 to $100, a single small vial 
or gel pack can contain tens of thousands 
of dollars’ worth of products. For this 
company at least, size does matter. DE

Michael Belfiore’s book The Department 
of Mad Scientists is the first to go behind the 
scenes at DARPA, the government agency that 
gave us the internet. He writes about disrup-
tive innovation for a variety of publications. 
Reach him via michaelbelfiore.com.

FROM TOP TO BOTTOM: A munition timing device that was printed 
as a single part and significantly scaled down; thermal management 
device with fine details; and an articulating tissue scaffold. 
Images courtesy of Microfabrica.

INFO ➜ Microfabrica: Microfabrica.com

➜ Northeastern University: 
Northeastern.edu

For more information on this topic, 
visit digitaleng.news
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These developments stem from the 
desire of developers to meet market 
demands growing out of the emergence 
of the Internet of Things (IoT) and 
technologies like wearable devices. In 
an era in which electronics companies 
constantly push the envelope in terms of 
form factor, energy efficiency and econ-
omy, engineers must seek out new mate-

rials and manufacturing processes with 
which to build their sensors. Two mate-
rials that promise to play a major role in 
shaping the next generation of sensors 
are stretchable inks and graphene. While 
application of these materials currently 
seems to be focused on health care and 
wearable applications, the incredible 
properties of the materials almost guar-
antee that their influence will spread to 
other industries and applications.

A “Wonder Material”  
for Sensors
One of the most impressive of these 
materials almost defies description. It’s 
stronger than a diamond, but only one 
atom thick. Graphene promises to revo-
lutionize future electronics, capitalizing 
on its extraordinary electrical conductiv-
ity, optical properties and thermal con-
ductivity. These qualities also make the 
“wonder material” a natural candidate for 
sensor fabrication.

While it has many applications, 
graphene has proven to be particularly 
effective in chemical and biochemical 
detection applications. Its large surface 
area enhances the surface loading of 
biomolecules, and its conductivity and 
small band gap are well suited for con-
ducting electrons between biomolecules 

and the electrode surface.
Graphene-based biosensors can be 

used for a variety of tasks, including the 
detection of glucose, cholesterol and 
hemoglobin. The carbon material also 
holds great promise for electrochemical 
biosensor development, based on direct 
electron transfer between the enzyme and 
the electrode surface.

While it is relatively easy to create a 
chemical sensor or a biosensor, it’s an-
other matter to build a sensor selective 
to different species. Graphene-based 
sensor designs have overcome this 
shortcoming by incorporating field ef-
fect transistors (FETs).

One vendor using this approach is 
Graphene Frontiers. Each of its chemi-
cal sensors and biosensors incorporates 
a FET, with a graphene channel. Re-
ceptor molecules or antibodies, depend-
ing on the type of sensor, are attached 
directly to the graphene channel.
When binding events occur, the current 
through the transistor changes, and the 
signal can be analyzed to determine the 
concentration in the sample. Graphene 
Frontiers’ chemical sensors are only 10 
mm wide, and as many as 25 analytes 
can be detected by a chip smaller than 
the size of a dime.

“Graphene’s stability, conductivity 

Sensors 
   Transform
New materials are changing the form and function of the technology.

Graphene is just one of several new 
materials used in the fabrication of 
electronic components that promises 
to change the form and function 
of sensors. The wafer shown here 
contains graphene field effect 
transistors, which enable chemical 
and biological sensors to detect 
selective species. Image courtesy of 
Graphene Frontiers.

BY TOM KEVAN

SENSORS HAVE BEGUN to cast off their traditional forms, enabled by the emergence of a new class of materials and 
manufacturing techniques. This transformation has allowed developers to introduce sensors that change the way users 
interact with both the digital and physical worlds. Equally important, these new technologies have swept aside physical 
design constraints and in the process expanded the options available to engineers in the design of new products.
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and two-dimensional nature make it 
ideal for sensor applications,” says Bruce 
Willner, chief executive officer of Gra-
phene Frontiers. “These properties are 
essential for sensitivity and specificity … 
Our sensors are composed of graphene 
field effect transistors (GFETs), func-
tionalized to detect specific chemicals 
and biochemicals. The target chemical 
is defined by the receptor attached to 
the GFET.”

Until recently, the main hurdle 
facing makers of graphene-based sen-
sors was how to produce high-quality 
material, on a large scale, at low cost, 
and in a reproducible manner. The 
situation was compounded by the need 
for a complex chemical vapor deposi-
tion process. Large-scale production of 
graphene using crystalline epitaxy was 
problematic, and this was possible only 
on a metallic substrate, which restricted 
the use of graphene for electronics. 
Technological advances, however, have 
mitigated these obstacles.

Currently, the main factor hamper-
ing development of graphene sensors is 
the absence of standards. “Graphene, a 
new material, is difficult to specify,” says 
Willner. “There are no industry standards 
to define a graphene product or specify 
performance parameters. Accordingly, it is 
difficult to source consistent material. As a 
result, we [Graphene Frontiers] produce 
our own graphene for sensors in house. 
The graphene is the critical component in 
the sensor, and controlling this material is 
essential to reliable production.”

Graphene offers design engineers real 
options, opening the door for smaller and 
lighter sensors that can detect minute 
changes more quickly than traditional 

sensors. Graphene devices will also be less 
expensive. That said, the process of get-
ting the most out of graphene in sensor 
designs, as well as production techniques, 
are just getting started.

What’s Next
While graphene holds great potential for 
the advancement of sensors, other mate-
rials are in the wings that will also shape 
sensor technology.

“Graphene is only the first of a grow-
ing family of two-dimensional materials,” 
says Willner. “While graphene develop-
ment is more advanced and more stable 
than many of these other materials 
— such as hexagonal boron nitride and 
molybdenum disulfide — these other ma-
terials will have roles in designing custom 
structures for sensing.”

Printable and Flexible Sensors
The second materials to play a major 
role in shaping the next generation of 
sensors are stretchable inks, which en-

able the production of printed sensors, 
a new class of sensors that offer both 
form factor and cost advantages. Printed 
sensors offer features that are at the top 
of most engineers’ wish lists, including 
such things as small size, the ability to 
conform to a variety of surfaces, lower 
manufacturing costs, low power con-
sumption and ease of integration with 
other functions.

A good example of one of these 
sensors is Interlink Electronics’ Force 
Sensing Resistor. This thin form factor 
device (0.45 mm) provides an inverse 
change in resistance in response to an 
increase or decrease in applied force, 
targeting human-machine interface 
applications. The Force Sensing Re-
sistor consists of a polymer substrate, 
with the first functional layer taking 
the form of a conductive-carbon-based 
patterned circuit that serves as the 
sensor. On the underside of the next 
functional layer, you find a printed 
electronics network, which also serves 
as the encapsulant of the stack. These 
sensors are available in a range of sizes, 
shapes and lengths.

It is important to remember that these 
features are made possible, in large part, by 
improvements made to the composition 
of the inks used in the printing process. 
The blend of inks has three components. 
Printable semiconductor inks enable high-
precision physical and environmental sens-
ing, as well as analog signal and logic pro-

Survey Says …
41% of DE survey respondents selected 
advanced materials as having a big impact on 
product design and development over the next 
five years, while the Internet of Things was 
chosen by 34% of respondents.

Graphene-based chemical and biological sensors incorporate field effect 
transistors to enable the sensor to identify specific species and quantify the 
concentration in the sample. Image courtesy of Graphene Frontiers.
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cessing of sensing data. Electrochemical 
inks enable integrated energy storage for 
autonomous or semi-autonomous sens-
ing networks. And thermoformable inks 
and substrates provide for the integration 
of sensing devices into different physical 
shapes and geometries.

Printing sensors is not new to the 
electronics industry, but advances in 
the technology now enable more types 
of sensors to be fully printed. This new 
breed of sensor can measure a broad 
gamut of parameters. These include 
chemical/gas composition, touch/
force/pressure, temperature, humidity, 
bio-medical data, airflow and imaging.

Current printing processes—such as 
screen printing, flexography, gravure and 
inkjet—enable low-temperature process-
ing and cost-effective manufacturing, 
especially on polymer-based flexible 
substrates. Digital manufacturing, which 
includes 3D printing and ink jet deposi-
tion, streamlines the production of the 
sensors by enabling direct translation of 
digital design data into fabricated proto-
types and finished parts.

By combining the material and pro-
duction technologies, sensor makers can 
fabricate flexible autonomous or semi-
autonomous devices, which are well 
suited for many of the applications cre-
ated by the emergence of the IoT. 

“Implementation of these materials 
in sensing devices, in combination with 
new manufacturing processes, will allow 
design and manufacturing of intelligent 
and interactive surfaces,” says Albert 

Lu, chief technology officer at Interlink 
Electronics. “This will have a strong 
impact by enabling intuitive human-ma-
chine interface and machine-to-machine 
interface solutions. Design engineers 
should consider the novel approach of 
seamlessly integrating sensing devices 
as part of the industrial design flow and 
human factor engineering.”

Despite all of the coverage of printed 
electronics in the press, the technology 
is just emerging from the early stages 
of its development, and there are still 
some issues that have to be resolved. 
Big picture: The challenge for develop-
ers is that the printed sensors still need 
designs that provide for them. This will 
require additional design tools.

“To improve the design cycle work-
flow, new multiphysics design automa-
tion tools would be very useful,” says Lu. 
“An example would be the tight integra-
tion of electronics circuit design and 
mechanical design.”

Changing of the Guard?
For so long, silicon has defined the form 
and function of electronics, and in doing 
so, the essence of sensors. That seems to 
be changing.

Materials like graphene, hexagonal 
boron nitride, molybdenum disulfide 
and new printing inks will open doors 
for the introduction of ever-smaller 
devices that out-perform their predeces-
sors in terms of speed, sensitivity, and 
cost. What this means for the design of 
sensors is open to speculation. One thing 
is certain: Performance will continue to 
improve by leaps and bounds. DE

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

INFO ➜ Graphene Frontiers: 
GrapheneFrontiers.com

➜ Interlink Electronics: 
InterlinkElectronics.com

For more information on this topic, 
visit digitaleng.news
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One of the major hurdles graphene-based sensor providers had to 
overcome was the development of processes that could economically 
mass-produce graphene. Graphene Frontiers’ proprietary manufacturing 
process creates a continuous graphene production and transfer line that 
enables the cost-effective manufacture of high-quality graphene films. 
Image courtesy of Graphene Frontiers.

New printable inks allow sensor 
providers to manufacture ultra-
thin devices in a range of sizes, 
shapes, and lengths. Shown here 
is Interlink Electronics’ FSR 402 
Short Force Sensing Resistor, 
which has a 12.7 mm diameter 
active area and is available in 
four connection options. Image 
courtesy of Interlink Electronics.

The process used to print sensors 
allows manufacturers to create 
devices by depositing multiple 
layers, combining substrates and 
layers of functionality. The end result 
is a small, flexible, feature-rich device 
with an array of functions. Image 
courtesy of Interlink Electronics.
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IoT, coupled with the general trend toward digital busi-
ness transformation, is spawning a new data economy where 
make-or-break success is based on the ability to spin a data 
deluge into golden insights that will direct decision-making 
throughout all areas of the business. This so-called Big Data 
wave is empowering companies in a variety of ways, from 
targeting the right product to the right audience at the exact 
right moment to drive sales, to feeding supply chains with 
real-time intelligence that alters logistics or sourcing strate-
gies for operational and cost efficiencies.

The data economy’s latest target is product development, 
where it promises to open up a treasure trove of insights that if 
channeled properly, can help companies more effectively design, 
manufacture and service products. While engineers have long 
had access to simulation data and customer requirements spe-
cific to an evolving product design, they’ve lacked real, quantita-
tive information about how a product is used and performs in 
the field other than anecdotal feedback or in some cases, infor-
mation gleaned from the warranty process.

“The whole idea behind smart, connected products is before 
you were blind and now you’re not,” explains Michael Risse, vice 
president and CMO at Seeq, a platform for industrial process 
analytics. “The goal is to inform the design engineer so they can 
make better products based on actual customer data.”

Analytics Early Days 
The emergence of IoT analytics capabilities, coupled with 
the concept of a digital twin, seeks to give engineers insights 
that go beyond marketing input or ad hoc customer feedback 

to affect the outcome and design of future products. It’s still 
early days, however. According to a Forrester Research study 
commissioned by Xively, 51% of companies are actively col-
lecting data from connected products, but only 33% are cur-
rently using it to create actionable insights. 

The most oft-cited use case for IoT analytics is for pre-
dicting part failure and eventually for prescriptive mainte-
nance practices that help avoid potential problems and prod-
uct downtime in the first place. PTC is one of the foremost 
champions of IoT and predictive service applications with its 
ThingWorx platform, which collects data from products and 
industrial plant floor equipment, employing analytics and 
machine learning capabilities to detect and identify what is 
regular behavior or a worrisome anomaly, explains Graham 
Birch, senior director of Solution Management at PTC.

While service professionals can leverage those insights to 
correct a flow problem with an industrial pump valve before 
it occurs, for example, that same anomaly detection has real 
ramifications for design engineers in the context of a digital 
twin, he explains. Correlating that information with data on 
operating temperature or rotational speeds and presenting it 
in the context of a digital twin could result in a possible de-
sign change that could circumvent the maintenance issue in 
the first place, he explains.

“The correlation between failure of certain subsystems 
and particular operating conditions is something a design 
engineer never got before,” he explains. “Typically, they’d 
have to wait until something breaks and then figure out the 
design failure.”

Similarly, understanding product usage as captured by 
a digital twin can affect design in other ways. Take the 
example of a washing machine designed with 25 cycles, 
but in the real world, the digital twin confirms that only 
five cycles are regularly used. With direct feedback into 
how the product is operating, engineers could redesign the 
user experience in a subsequent model with a simpler way 

Engineers: The New  
Data Economy Wants YOU!
Big Data analytics is bound for mainstream engineering, promising to have a 
dramatic impact on how products are designed, manufactured and serviced.

BY BETH STACKPOLE

A S THE INTERNET OF THINGS (IoT) makes 
its way from talk to action, the emphasis is shifting 
away from connectivity to data analytics, giving 
rise to new design paradigms and workflows that 

seem outside the scope of mainstream engineering.
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to switch between the most often-used cycles. In another
example, an antenna with a high failure rate is found to be 
in close proximity to a motor, and it turns out the vibra-
tions are causing a problem. This insight would enable the 
engineering team to make a simple correction—changing 
the placement of the antenna—instead of launching into a 
full-scale redesign, which is costly and time consuming.

“Typically, engineers make assumptions about how a 
product will operate, but when you actually get measure-
ments back from the field, you find it isn’t meeting the 
original operating criteria,” says Francois Lamy, PTC’s 
vice president of Solution Management. “If you under-
stand product usage, you might change the design and save 
money by paring down a part or not building for such ex-
treme conditions. You could also reduce costs by redesign-
ing a product for manufacturing.”

Understanding potential failure modes not only helps 
direct future product features, but it can aid in designing 
a product for prescriptive maintenance. Through use of 
a digital twin, for example, an engineering team could 
be clued into a usage pattern that degrades performance 
over time, but doesn’t necessarily equate to high failure 
rates. “Having deeper insight into when and why this is 
happening would enable engineers to explore the impact 
of different maintenance schedules like changing a lu-
bricant every six months instead of annually,” says Ravi 
Shankar, director for Product Marketing in the simula-
tion and test business segment at Siemens PLM Software.

IoT data can also play a key role in modifying manu-

facturing practices to garner efficiencies and boost quality. 
Consider Airbus’ Factory of the Future vision, in which it’s 
creating a series of smart tools that understand operator 
actions and make automatic adjustments aimed at simpli-
fying the task. Using National Instruments’ System On 
Module (SOM) and the CompactRIO real-time embed-
ded industrial controller, Airbus is creating new drilling, 
measurement, and tightening tools designed to eliminate 
manual processes and human error. For instance, its smart 
tightening tool will understand which task an operator is 
performing and will automatically adjust to the required 
torque and record the outcome in a central database as 
part of automated tracking.

“This helps eliminate human error, reduce time and 
provides more data on the structure and how it was built,” 
notes Brett Burger, principal marketing manager, Moni-
toring Solutions at National Instruments.

Going further, data captured on how long it takes to 
install the different fasteners or if a particular type of fas-
tener regularly encounters problems can be funneled back 
to the design environment and eventually be evaluated 
for consideration in subsequent designs. To facilitate the 
capture of this kind of data, NI is partnering with IBM and 
SparkCognition on the Condition Monitoring and Predic-

The Classification Learner app makes it easy to 
train models using supervised machine learning, 
and to export classification models to the MATLAB 
workspace. Image courtesy of MathWorks.
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tive Maintenance Testbed to help identify machine failures
and reduce maintenance costs for heavy machinery, power
generation and process manufacturing assets.

The Tools You Know
Design tool vendors acknowledge that getting engineers
to feel comfortable with IoT data analytics is a big task.
That’s why most are evolving existing CAD, simulation,
PLM (product lifecycle management) and related tools to
address some level of IoT data analytics without neces-
sarily requiring engineers to learn a new environment or
reinvent themselves as data scientists.

MathWorks is positioning MATLAB in that way, en-
hancing its toolset to help engineers leverage such capabil-
ities as machine learning as part of an IoT analytics effort.
MATLAB’s apps and functions, including the Classifica-
tion Learner, are designed to guide engineers through the
process of applying machine learning, and the latest 2016b
release expands capabilities and simplifies working with
Big Data. The 2016b release includes support for tall ar-
rays for working with out-of-memory data using familiar
MATLAB functions and syntax instead of having to learn
new big data tools.  “We’re trying to demystify this and

Shown here is an articulated humanoid
robot leg, built by researchers at the Drexel
Autonomous System Lab (DASL) with a
Tormach PCNC 1100 milling machine. To
read more about this project and other
owner stories, or to learn about Tormach’s
affordable CNC mills and accessories, visit
www.tormach.com/desktop.

PCNC 1100 Series 3

PCNC 770 Series 3

Mills shown here with
optional stand, machine
arm, LCD monitors,
and other accessories.

www.tormach.com/desktop

Personal CNC

Survey Says …

DE’s survey respondents on
predictive analytics:

“In reality, we need to look at data sets and the

range within we operate our studies. Relying on fixed

assumptions and populations will limit design and

development, while studying trends can expand the

design dialog to introduce elements not previously

considered.”

“Depending on the requisite information data-

base, predictive analytics could be a very cost

effective way to ‘weed out’ systemic problems and

bypass repetitive errors inherent in R&D. However, as

the old saying goes: ‘garbage in, garbage out.’”

“Predictive analytics is good for guessing out-

comes of processes that do not have physical

interactions. Product design depends on physics.

Analytics will not impact mechanical design.”

“Useful in spotting trends. The better we can

predict failure events, the better we can design to

prevent them.”

“Predictive analytics may be helpful in anticipating

desirable design features and eliminating undesir-

able ones before they become a costly burden to an

organization.”

“It could save countless hours of development on

projects that have very little chance of success.”

“Helps quantify—and thereby enable—more

accurate and effective design and operation through

dynamic planning, prioritization, scheduling and allo-

cation of resources.”

“We currently use it to evaluate what factors really

affect consumer choice, rather than what they con-

sciously articulate. It is starting to be used to mea-

sure effectiveness of internal work processes.”

“If harnessed correctly, it could save billions in

the lifecycle.”
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By way of an embedded ThingWorx mashup,  
design engineers can tap into data on incident and 
part failure rates on a fleet of cars to improve the 
quality of future vehicles. Image courtesy of PTC.

With Seeq, design engineers can monitor data 
coming from plant assets and combine it with 
other data like customer or quality information to 
practice prescriptive maintenance and maximize 
uptime. Image courtesy of Seeq.
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make it easy to get up and running within minutes with 
pretty sophisticated tools,” says Paul Pilotte, MathWorks’ 
technical marketing manager.

SOLIDWORKS plans to leverage parent company 
Dassault Systèmes’ technologies like EXALEAD and 
Netvibes to bring analytics capabilities to its CAD and 
simulation toolset as well as by working with an ecosystem 
of third-party providers, according to Lou Feinstein, the 
firm’s senior manager of portfolio management. At the 
same time, it’s working with customers to revamp its exist-
ing tools so that data collected by sensored products in the 
field can be looped back into simulations to pinpoint ab-
normalities and provide more in-depth analysis of failure 
modes, he says.

The challenge is not to have feast or famine with these 
new data-driven design workflows. “You really have to 
understand the business process and the design so you 
can properly deploy the right set of sensors so you don’t 
end up with a Big Data problem,” Feinstein says. “Getting 
huge amounts of data can become a real problem in terms 
of how to manipulate the design so it can be impactful to 
the business.”

Beyond understanding how to instrument products for 
IoT analytics, engineering organizations will also have to 
adopt more of the agile practices associated with software 
development if they want to fully capitalize on data-driven 
design and keep pace with rapid change, experts say. In 
the new world of smart, connected products, engineers 
need to be able to act quickly, pushing products out the 
door even when every feature is not complete and issuing 
updates and improvements based on the real-time insights 
captured via software, not hardware rebuilds, says Ryan 
Lester, director of IoT Strategy for Xively, an IoT plat-
form provider. 

“In the hardware world, it’s all about getting product 
to market so people can buy it and use it,” Lester says. 
“Now that it’s connected, it’s about deploying new features 
via firmware,” he explains, citing car company Tesla as an 
example, which uses such an approach to upgrade its cars 
with new features.

As engineering organizations develop greater ease with 
IoT and analytics, the real value will come when the digital 
twin concept evolves past the representation of a single 
asset into an amalgamation of fleet data that can improve 
next generation designs, notes Marc-Thomas Schmidt, chief 
architect of the GE Digital’s Predix cloud platform and the 
former chief architect of IBM Watson. As an example, he 
cites a wind farm comprised of 100 wind turbines, all manu-
factured the same way, with the same materials, but placed 
in different places, which causes variation in how they cap-
ture wind surfaces and achieve different results.

“Design engineers can glean some interesting clues 
from observing the behavior of actual things designed in 

the real world and comparing the behavior of many of 
them,” notes Schmidt. “If you take that data and mix in 
weather information and geospatial data, it can help engi-
neers spot patterns of behavior that would be impossible 
to do if you were just simulating in a lab.” DE

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

INFO ➜ Airbus: Airbus.com

➜ Dassault Systèmes SOLIDWORKS: SOLIDWORKS.com

➜ GE: GE.com

➜ MathWorks: MathWorks.com

➜ National Instruments: NI.com

➜ PTC: PTC.com

➜ Seeq: Seeq.com

➜ Siemens PLM Software: Siemens.com/PLM

➜ Xively: Xively.com

For more information on this topic, visit digitaleng.news
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Many off-the-shelf PLM products have had facelifts with 
social media-inspired features (such as the incorporation of ex-
pandable and collapsible discussion threads), shape-based search 
functions and tighter integration with CAD. Nevertheless, at 
their core, most PLM systems still retain their origin as bill of 
materials (BOM) organizers, structured more or less like spread-
sheets. They’re efficient if you need to examine project data in 
columns and rows with associated details, but they fall short in 
revealing certain insights that can only come from inspecting 
the assembly model itself.

 Some have proposed visual data management, the use of 
the 3D assembly model as the gateway to PLM data. Instead 
of viewing project delays, cost overruns, and production is-
sues as lists, bars, graphs and pie charts, you can see them as 
color-coded items on the assembly model itself. There’s good 
reason to believe this approach offers insights not possible 
with traditional PLM.

Visual Reports in NX and Teamcenter
About five or six years ago, Siemens PLM Software debuted 
what it called HD3D, a novel approach to data manage-
ment. 3D CAD was historically a format to express geom-
etry and shape, not project data. But under HD3D, Siemens 
PLM Software proposed projecting critical project data—
such as part status, supplier info, cost overruns and compli-
ance data—onto the 3D assembly model. In traditional data 
management, such data are displayed in spreadsheets, charts 
or graphs. With HD3D, a 3D model or a lightweight rep-
resentation of the model can serve as the interface for data 
visualization.

“HD3D is a way to visualize your data without going through 
spreadsheets and Word documents,” says Paul Brown, senior mar-
keting director at Siemens PLM Software. “You’ll find HD3D or 
visual reporting in both NX [the company’s CAD and simulation 
suite] and Teamcenter [the company’s PLM software]. You can 

Color-Coded Insights
Data-mapped 3D models are becoming a natural extension of PLM.

BY KENNETH WONG

3D ASSEMBLY MODELS, authored in CAD programs and distributed in native or lightweight formats, account for 
a significant volume of the data that must be managed in engineering projects. The actual data management task, 
however, is usually relegated to the product lifecycle management (PLM) systems, designed to keep track of design 
variants, supplier data, compliance info, deadlines, schedules, costs and other pieces of information.

NX with enclosed volumes tagged and displayed, identifying areas where powder 
could be trapped in additive manufacturing. Image courtesy of Siemens PLM Software.
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color-code an assembly using specific criteria, such as materials 
used, release status or suppliers. The idea is to let you navigate 
your data using the 3D model. When you find the item you’re 
interested in, you can drill down deeper.”

 With visual reporting, you can infer certain issues with the 
project if the cost overruns, schedule delays and noncompliant 
parts are confined to components related a specific region of 
the assembly. You may also come to recognize the correlations 
between compliance issues and cost overruns in a way you can-
not hope to in a list view.

 “We deployed visual reporting in NX and Teamcenter for 
two different types of users,” Brown says. “Engineers who need 
to do the heavy lifting to understand the context may look at the 
information in NX. They need to perform an extended amount 
of checks and verifications at the design level. But managers 
looking for summaries and rollups don’t want to go into NX to 
do that, so we give them a way to visualize it in Teamcenter, not 
in a full-blown CAD system like NX.”

In Teamcenter, you can use the integrated lightweight 
viewer powered by the JT format to initiate visual reports. 
Siemens describes JT as “the first ISO International Stan-
dard (IS 14306-1) for 3D visualization and collaboration. 
Compact and accurate, JT is used throughout the product 
development lifecycle in all major industries to commu-
nicate the critical design information typically locked up 
inside a CAD file.”

HD3D was such a novel approach to data management 
that people were initially reluctant to embrace it, Brown 
recalls. “Among CAD users, we faced quite a challenge,” he 
says. “They can understand a new blend tool or geometry 
editing function, but when we first introduced visual report-
ing, many of them said: ‘That’s good for my manager, but not 
for me.’ It took some time to show them how to interrogate 
the data [in visual reports]. Then they realized: ‘Oh, this can 
make my life easier.’ We also had to work with them to better 
understand the type of visualization they wanted to do.”

Visual reports are made possible by a software architec-
ture that allows color-coding in 3D and tagging. Therefore, 
you may employ the same approach beyond CAD and PLM, 
Brown points out.

New Suite for Additive Manufacturing
The same tagging and color-coding system is expected to 
be in Siemens PLM’s upcoming software suite for additive 

manufacturing (AM), set to debut in early 2017. “If you have 
a void in your part, it tends to trap powder in an AM process. 
So you’ll need to be aware of those areas,” explains Brown. 
“Then you might consider putting a hole in that area to 
vacuum or wash out the residue powder. You might also want 
to check overhangs that typically need support structures 
during the build process. We’re using the same tagging and 
color-coding scheme to create out-of-the-box visual reports 
for these types of situations.”

Over time, AM or 3D printing has evolved from a proto-
typing technology to a viable manufacturing process. Along 
with Siemens PLM, Autodesk and other CAD vendors are 
looking for ways to bolster their AM design and simulation 
tools. (For more, read “The Race is On to Fill the AM Gap,” 
digitaleng.news/virtual_desktop/?p=12340) 

Color-Coded Creo Views
In the last decade, PTC re-engineered itself from a CAD and 
PLM company to an IoT-centric product development com-
pany. In PTC Creo View, a lightweight 3D data viewing ap-
plication, data visualization can be executed as color-coded 3D 
models powered by PLM data.

To make color-coded data visualization possible, PTC 
Creo View harnesses the relevant project and product data 
housed in PTC’s PLM program Windchill. “The queries 
are executed dynamically; therefore, they reflect the current 
status (rather than a canned view),” says Mark Lobo, senior 
director of Solution Management, PLM Solutions at PTC.  

PTC’s PLM software is used by many businesses, includ-
ing those that do not use the company’s CAD program PTC 
Creo. Therefore, some customers may need to use the same 
color-coding feature in a mixed-software setup.

“Because Creo View is tightly integrated with Windchill, 
the PLM data is seamlessly and dynamically made available 
to the Creo View session as attributes that can be used for 
search/filters/display,” explains Lobo. “[For those who use a 
different CAD platform other than PTC’s,] PTC does pro-
vide adapters to convert CAD data from most MCAD and 
ECAD applications to the Creo View file format. In addition, 
PTC also provides toolkits (Java, Office, Web/JavaScript) for 
Creo View to enable custom visual applications to be devel-
oped ... you can use these toolkits, along with the adapters, to 
generate Creo View-compatible files to use with third-party 
PLM, MRP and ERP systems.”

NX CAD model displaying 
overhang angles as color-coded 
regions, based on 3D printer build 
orientation (usually, the Z axis). 
The visualization identifies areas 
that may need support of post-
print clean up. Image courtesy of 
Siemens PLM Software.
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Data Visualization in AR/VR
In November 2015, PTC acquired Vuforia from telecom
giant Qualcomm. The deal makes Vuforia’s augmented real-
ity (AR) and virtual reality (VR) product lines part of the 
PTC portfolio. It opens doors to data visualization in AR/
VR gadgets. “Vuforia Studio leverages Creo View data for 
generating AR/VR experiences,” says Lobo. “The flexible 
nature of the Creo View format allows conversion from 
most 3D formats and enables optimization/reduction of the 
data according to purpose, including the delivery for mobile 
devices and head mounted displays (HMDs).”

 Sharing 3D data in collaborative product development 
has always been a difficult balancing act. In IP-sensitive in-
dustries like automotive and aerospace, project leads must 
weigh the need to share product data with outsiders (contrac-
tors and suppliers) against the risks of IP theft. Sharing a 3D 
CAD file carries the highest risk, as the rich geometric data 
can be used to reverse-engineer the product. Sharing the 
same product in a lightweight 3D format reduces the risk, as 
the low-fidelity geometry prevents replication of the product 
with full details on the shop floor. Here, the AR/VR-powered 

collaborative approach offers an-
other safety mechanism.

 “With AR/VR gadgets, no IP 
in the form of CAD data (native or 
lightweight) needs to be shared,” 
points out Lobo. “In addition, 
products can be experienced at 
real-world scale (1:1) in the envi-
ronment where it might be used. 
This can be done without a need 
for a physical prototype.” That’s 
because AR/VR gadgets usually 
use pixel- or polygon-constructed 
data that carries little or no risk for 
reverse engineering.

A Natural Interface
Different versions of visual reporting or assembly color
coding are available in many PLM products. Autodesk, 
for instance, offers data mapping that lets you display data 
housed in Autodesk Vault (the company’s workgroup level 
engineering data management product) on 3D assemblies 
in Autodesk Inventor (the company’s primary mechanical 
CAD product).

 Siemens’ Brown noted, “This is a much more natural way 
to navigate through information. We’re get positive feedback 
on how natural it is.” 

 Most mainstream PLM vendors now offer mobile apps as 
a way to accommodate the road warriors who need to review, 
annotate, approve and comment on design files. But visual re-
porting (as Siemens PLM calls it), data mapping (as Autodesk
calls it), or color-coded models (as PTC calls it) is only avail-
able in a small number of mobile apps. 

Facilitating visual data management as a mobile feature 
makes sense, because color-coded models offer a quick view 
of the most pressing issues that may not be self-evident in 
color-coded lists and columns.

Some vendors consider the feature mobile-accessible because 
it can be accessed from a web browser from a mobile device. 
However, without fully integrating it into a mobile app, the fea-
ture doesn’t offer its full potential, as smaller devices aren’t ideal 
for displaying and navigating 3D assembly models. 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 ➜ Autodesk: Autodesk.com

➜ PTC: PTC.com

➜ Siemens PLM Software: Siemens.com/PLM

For more information on this topic, visit digitaleng.news
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PTC Creo View offers a way to display PLM data from 
Windchill as color-coded items. Image courtesy of PTC.

Survey Says …
45% of DE survey respondents 
said collaboration was an extremely/
very important challenge in their day-
to-day work. Only 10% said it was not 
very/not at all important.
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While VR has been marketed as something more suited
for media markets, more companies are looking to use VR 
to propel a new era of product design and human-machine 
interaction. This year, Goldman Sachs forecast the engi-
neering VR market to reach $4.7 billion by 2025 with 3.2 

million users across the globe. “In product manufacturing, 
VR/AR can enable test scenarios and designs before the 
products are made, driving productivity and cutting down 
on the cost of wasted materials,” the research firm writes. 

Similar to engineering markets such as simulation and 
HPC (high-performance computing), VR technology isn’t 
entirely new to industry giants—Ford has been using VR 
since 2000; Boeing also opened its first lab in Seattle in 
1999. Now, more attention is being drawn to its democ-
ratization via gaming and other consumer products that 
might make it more accepted for use in product design. 

“Virtual reality will revolutionize several aspects of the product 

A Whole 
NEW Reality

Virtual and augmented reality could help engineers address 
prototyping and digital twin testing challenges.

BY JESS LULKA 

With NVIDIA Iray, the company was able 
to develop a sense of scale and lighting 
dynamics for its new corporate campus. 
Image courtesy of NVIDIA. 

ENGINEERING TECHNOLOGY is constantly
evolving to help solve everyday problems and is 
also changing the way consumers interact with 
their reality. And, with the emergence of virtual 

and augmented reality (VR/AR), it seems that product design 
is taking a cue from the entertainment and gaming market.
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lifecycle,” says Peter Schlueer, founder and president of World-
Viz. He cites design conception, realization, manufacturing and 
maintenance as potential candidates for disruption. Currently, 
engineers are already using VR/AR for design exploration, lean 
manufacturing applications and service training, he explains. 

Processing Power Needed
Though most picture headsets as the essential hardware for 
VR, the true power comes from the GPU (graphics pro-
cessing unit). Because generating and running VR content 
is such a massive computing challenge, the multi-threaded 
nature of the GPU lends itself to such an application.  

“The computing challenge of VR is so incredibly massive,” 
says Jason Paul, general manager for VR at NVIDIA. “Today’s 
immersive VR experience on the PC demand seven times the per-
formance requirements than typical PC gaming experiences. To 
reach the quality of the human eye, you’d need 400 times the com-
puting horsepower … [and] we’re just talking about the visuals.” 

NVIDIA’s current offerings from VR include its graph-
ics cards in its Quadro and GeForce lines, while AMD 
offers Radeon GPUs. While some of the cards in these 
portfolios have been branded for gamers in the past, inte-
gration with Oculus Rift, HTC Vive and various engineer-
ing workstations could further bring the technology into 
the engineering market. Over the past year or so, major 
hardware developers have debuted VR-ready workstations 
to help users create VR-viewable content.

Companies such as BOXX Technologies, MSI and Eu-
rocom are promoting VR-ready hardware to engineers. “A 
lot of our users do have a need to not only consume the 
VR content, but make changes to their CAD assets that 
are going to get updated in real-time and pushed back out 
to VR,” says Joe Pizzini, technical 
marketing manager at BOXX.  

BOXX recently released its 
GO MXLvr mobile workstation, 
which is equipped with a desktop 
Intel Core i7 CPU and NVIDIA 
GeForce GPUs. According to 
Pizinni, it has the highest CPU 
clockspeed possible in a mobile 
system because CPU frequency 
contributes to high frame rates for 
VR. Additionally, the high CPU 
frequency boost performance of 
single-threaded CAD applications 
like SOLIDWORKS and Revit.

Another offering on the mar-
ket is the MSI WT 6QN, which 
sports a Quadro GPU and con-
nectivity for the HTC Vive, and 
is certified for standard design software from Autodesk, 
SOLIDWORKS and PTC. “Because [it] became such a huge 

topic this year and it’s going to continue to grow, there will 
be a need for professional graphics that can handle VR,” says 
Maggie Chen, associate product manager at MSI Computer. 

New Way of Interaction
As engineers venture into the next era of design—which 
moves beyond 2D drawings and starts to incorporate data-
rich virtual models such as digital twins—some in the in-
dustry see VR/AR as the natural next step. 

“VR is the next evolution of human-machine interfaces. 
We’ve been stuck with 2D for more than two decades and 
this is the next level, and the next huge technology wave after 
mobile,” Schlueer explains. With so much increasing focus on 
Model-Based Design an 3D engineering content, VR and AR 
will provide a new way of interacting with the data instead of 
keeping engineers limited to screens and mouse clicks.  

This foundation of 3D content also sets up the future 
of product design for a more visual lifecycle. “VR is also 
the best way of reducing communication barriers between 
engineering departments,” notes Jacques Delacour, CEO 
of OPTIS. As interdisciplinary departments become the 
status quo for increasingly complex products, engineers 
can simply show how a product works and avoid confusion 
through convoluted spreadsheets, schematics and graphs. 

For larger projects, VR can offer a way to develop a 
sense of scale, says NVIDIA’s Paul. He says the company 
used the technology to design and monitor the construction 
of its new campus. By integrating real-time progress data, 
they were able to compare the reality to the intended virtual 
design. This type of workflow could certainly lend itself to 
applications in automotive and aerospace, he notes. 

Currently, most engineers are finding benefits through 

WorldViz’s Vizard VR software supports all major CAD 
formats, letting engineers view their files virtually in 3D. 
Image courtesy of WorldViz. 
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the use of models for either large-scale projects or high-
risk situations. Similar to traditional simulation, the idea
is that these virtual models can help reduce costs for test
prototypes and let engineers explore possible configura-
tions and designs. But that’s just the beginning.

“[Going forward], it needs to be easier to create these
VR experiences without requiring the skills of a game en-
gine specialist or programmer. These experiences should
be accessible to the average architect or product engineer,”
says Jon Wadelton, CTO of The Foundry.

This is where content creation software, such as The
Foundry’s CARA VR comes in, to provide more automated
assistance for content stitching, solve the physical layout
of the cameras in multi-camera rigs, calculate their focal
length and lens distortion and use depth-dependent warp-
ing to merge the multiple video sequences into an uninter-
rupted 360° view, explains Wadelton.

Additionally, developers will have to continue to make
models more realistic through the integration of all the
senses—and provide engineers with experiences that aren’t
strictly visual. “Sensation is the most complicated of [chal-
lenges facing engineering VR]. Reproducing the human
sensations is extremely important to fully complete the il-
lusion of reality and provide the best immersive experience
possible,” explains OPTIS’ Delacourt.

As integration of more realistic senses continues, the
industry is also working to get tighter connections with the
design software itself. Paul notes that NVIDIA is partner-
ing with Autodesk to ensure that the software can support
VR programs, while WorldViz’s Vizard does support all the
standard CAD formats. However, the link between CAD
and VR is still somewhat disjointed. For engineering ap-
plications, users may have to wait until they can design di-
rectly on the VR model. OPTIS, CARA VR and NVIDIA’s
VRWorks are some of the additional specialized software
offerings on the market for generating original content.

“To use a metaphor of going to the theater: If you think
of CAD as the tools that let you make the theater stage
props, then the VR software is the theater itself where the
whole show comes together,” says Schlueer.

As the amount of 3D content grows, and engineers are
further pushed toward tighter deadlines and increased
amounts of product data, VR and AR give users hardware
and software so designs can be explored to their full po-
tential—and don’t fall flat behind a 2D screen. DE

Jess Lulka is associate editor of DE. Send e-mail about this
article to de-editors@digitaleng.news.

INFO BOXX Technologies: BOXX.com

The Foundry: TheFoundry.co.uk

MSI: US.MSI.com

NVIDIA: NVIDIA.com

OPTIS: OPTIS-World.com

WorldViz: WorldViz.com

For more information on this topic, visit digitaleng.news
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Survey Says …
What impressions do you have
of virtual/augmented reality?

“Virtual, which is really an independent

development from Augmented Reality, will

provide a link between clients, vendors and

supplies. Use, functionality, and real-time simu-

lated feedback will all impact design and devel-

opment trends.”

“We use this today to experiment with machine

control placement and operator movement.”

“With the current main street technology I

don’t see it as more than a fad. Man is more

than a visual being. They are close on the sound

part, but the touch is what is missing now.”

“It will enable virtual product manipulation

and inspection on a level that has not been pos-

sible without creating a prototype. Designing for

usability and developing interfaces will be easier

and more efficient than ever before. The utility of

a virtual walk through of a product or complex

assembly will be accessible to companies of all

sizes for the first time in the next few years, and

this will further improve product designs and

iteration speed.”

“I think this is a concept being hyped by

those who created it. I do not think that it is nec-

essary for quality product design but may be a

valuable sales tool.”

“Given enough time and development it

could change the way we design products in

the future. Right now it is just a novelty in the

design process.”

“We use this to avoid making prototype parts

before we have more research.”

— Source: 2016 Optimal Technology Outlook Survey
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AI also presents an opportunity for engineers to improve de-
sign optimization and increase their efficiency via machine learn-
ing systems that can automate a number of tedious design tasks.

AI sprang from science fiction and then made the leap to real-
ity via early computing experiments in the 1950s and ’60s. Over
the last several years, the technology has rapidly advanced, in part
due to the development of complex neural networks created using
algorithms that allow these systems to teach themselves how to
do things, and to continue to get better at those tasks as they are
exposed to more data. AI technology dating back decades takes
a huge leap forward thanks to vast Big Data stores, high perfor-
mance computing resources and powerful processing.

“The training of the system is a heavy process, but one rea-
son that AI is resurgent now is because using GPUs (graphics
processing units), the calculations can be run in hours,” says
Andrew Cresci, general manager of the Industrial Sector at
NVIDIA. “It’s become a very practical operational tool.”

These neural nets learn the way children do; improving their
performance by performing actions or analysis thousands of
times until they master a skill—just at a highly accelerated rate.
This deep learning approach mimics the function of the neocor-
tex, learning to recognize patterns in digital data.

“Modern products are becoming increasingly complicated,
and AI accelerates the design process through faster, more ef-
ficient engineering,” says Nidhi Chappell, director of Machine
Learning, Data Center Group, Intel. “Machine learning, a leading
technique for AI, is being used to optimize engineering through
more efficient design and quality control. AI can be used to re-
duce the design cycle and detect more bugs during development,
and quickly browse through many thousands of historical test
records to uncover hidden patterns—a task which would other-
wise take a human hundreds to thousands of hours and would be
impractical to perform manually. There are countless examples of
how this technology is transforming business today.”

Some of those examples include:

• A Google deep learning system that studied millions of
YouTube videos was shown to be twice as effective at image
recognition than any previous system.

• A reduction in the error rate in Android’s speech
recognition capabilities.

• Google’s AI system teaching itself to encrypt data.
• Microsoft has demonstrated a speech recognition system

that can transcribe speech and then translate it into mul-
tiple languages.

• IBM, which was a pioneer in the space with its Watson
platform, is using that technology in a number of applications.
That includes health care, where the cognitive computing sys-
tem is being used to help physicians make medical decisions.

• Design co-op Local Motors is using Watson to add cognitive
computing to its Olli self-driving vehicle, which can analyze
and learn from transportation data generated by sensors on
the vehicle.
Meanwhile, NVIDIA, Intel and others are pushing the enve-

lope on compute power, making it possible for these systems to
advance even faster. For example, in August it was announced that
Intel had acquired Nervana, a startup focused on AI software and
hardware to advance Intel’s AI portfolio and enhance the deep
learning performance Intel Xeon and Intel Xeon Phi processors.

“Today, it still takes far too long to develop and deploy intel-
ligent systems,” Chappell says. “We must shrink the time that it

AI for Design Gets Real
Rapid advances in artificial intelligence could alter the way designers work.

BY BRIAN ALBRIGHT

Terminology 101
Artificial Intelligence (AI): A general term for human
intelligence exhibited by machines. Most current
applications are examples of “narrow AI.” For exam-
ple, a system that can classify images or perform
other specific tasks.
Machine Learning: An AI approach that uses algo-
rithms to parse data, learn from it, and then use that
learning to make a prediction. Large amounts of data
are used to train the machine to perform a task.
Deep Learning: A machine learning technique that
uses artificial neural networks. Each “neuron” in the
network assigns a weight to the data inputs, and
then come up with a probability vector based on the
weighting. Again, large amounts of data are used to
train the system.

DRONES THAT CAN INSPECT cell phone tow-
ers and identify maintenance issues. Self-driving cars
that learn how to react to unexpected obstacles in
the road. Virtual phone assistants that can respond to

your hastily spoken questions. Breakthroughs in artificial intelli-
gence (AI) technology are enabling everything from autonomous
vehicles to more accurate speech and image recognition.
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takes to ingest data, build models and especially to train complex 
neural networks—which can take days or weeks depending on 
the level of complexity.” 

For designers working on future products, AI will be an in-
creasingly important product component in many sectors as more 
“smart” machines are created. AI can also have a hand in the de-
sign process itself—considerably shortening development cycles.

“Machine learning ties together the entire design-make cycle,” 
says Mike Haley, senior director of Machine Intelligence at Au-
todesk. “This will impact the entire design process. Eventually, 
data from products in the field will be aggregated and used as a 
predictor of what worked in the design and what didn’t, and you 
have this intelligent simulator that gets better and better because 
of what it is learning. It will make design easier.”

Autodesk recently partnered with machine intelligence 
specialist Nutonian to embed the Eureqa artificial intelligence 
modeling engine into its IoT cloud platform Fusion Connect. 
The combined platform will be used to create predictive models 
for product failures or design flaws, by using data to create equa-
tions that represent what is actually happening with a device in 
the real world. The company’s Design Graph product is another 

machine learning system that helps users manage 3D content.
Autodesk has even extended its use of AI into customer 

support, teaming with IBM to create Otto, a digital concierge 
that uses IBM Watson technology to manage customer and 
partner inquiries.

One of the most well-known AI-related projects at Au-
todesk is the Dreamcatcher generative CAD software that 
uses machine learning techniques to generate designs based on 
designer-designated objectives related to function, materials, 
performance criteria, cost constraints and other data.

Ultimately, AI could even make manufacturing easier. “For 
example, setting up a CNC (computer numerically controlled) 
molder is a complex, difficult task,” Haley says. “But that is a task 
that could be machine learned to a fairly large extent. It could 
make that technology much easier to use in the future.”

Other software companies may follow suit. Bricsys’ BricsCAD 
solution may also integrate AI at some point. At the company’s 
recent user conference, executives mentioned the possibility of 
using AI to automate walls, floors, stories and other elements in 
the conversion to a full building information model.

“What AI can do is predict design intent if you have some 
idea of where you are headed and what you are trying to build 
based on what the system has seen in the past,” NVIDIA’s 
Cresci says. “That’s one approach. There is also predictive 

design, where you tell the system the type of thing you want 
and it will iterate around that design to help predict the best 
combination of parameters.”

Merging AI and Design Software
Combining AI and CAD will require design companies to have 
access to large amounts of data for the systems to “learn” how 
to perform whatever function is required. Logic-based machine 
learning approaches would require product components and 
structures to be stored in hierarchical form as opposed to deep 
learning approaches.

Autodesk’s first foray into machine learning was Design 
Graph, a system that uses algorithms to manage large stores of 
3D design data. The solution creates what the company calls a 
“living catalog” that categorizes every component and design 
created by a company.

Designers can search for a part type and be able to view 
hundreds of potential options. The system can identify designs 
based on their shape, structure and other characteristics without 
the need for labeling or metadata. A360 users can search Design 
Graph for design files that already exist that fit their parameters. 

“This was a great place to start with AI, because people pro-
duce a lot of 3D data, but the limiting factor was having humans 
curate the content,” Haley says. “It was a much better idea to 
have a machine learning system collate the data, learn your own 
unique taxonomy and deliver it in just-in-time fashion. The tool 
can predict what you need and give you a custom catalog. It can 
prevent duplication of components.”

AI can also be used to create designs from scratch using 
specific constraints and other data. Or it could be used to help 
quickly iterate and optimize existing designs.

What’s more, design software can use data generated by 
smart products to help improve next-generation designs of 
the same item. This combines the concept of the IoT with AI. 
Autodesk worked with the Bandito Brothers on the Hack Rod 
project, for instance, which used data from sensors in a custom 
car (and on its driver) to measure strains and stresses. They then 
fed that data into Dreamcatcher, which used real-world infor-
mation to create a new body design that improved the vehicle’s 
ability to withstand those stresses.

Dreamcatcher isn’t an AI product in and of itself, but it does 
use machine learning to generate multiple design options by 
rapidly evaluating design trade offs. This generative design solu-
tion can help designers concentrate on the creative aspects of a 
design, instead of more repetitive design tasks. 

AI Challenges
Integrating AI technology into design and engineering processes 
will require both an investment in data collection and gaining 
the trust of end users. “You want the system to be trusted by 
the user, otherwise they will not be able to take full advantage 
of capabilities of the AI system,” says Francesca Rossi, AI ethics 
researcher at IBM Research. “We need to build systems that 

“How you are going to work is going to 
change quickly—at a frightening pace 
for a lot of people.”

— Mike Haley, Autodesk 
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create trust between the human and the system.”
Intel’s Chappell says trust in AI will depend on making society

aware of the potential AI has to transform the world and solve
previously intractable problems, and then bringing together
government, business and society’s thought leaders to address the
potential adverse effects of AI. “The promise of AI goes beyond
automating dangerous or tedious tasks, such as driving, to accel-
erating large scale problem solving, unleashing new scientific dis-
covery, and extending our human senses and capabilities,” he says.
“This new symbiosis between humans and machines will expand
our capacity and lead to unprecedented productivity gains.”

Trust can be built through verification of the solution using
test data and letting end users see how the solution can potentially
function.“The trust is based on your confidence in the test data
and the ability for the system to delivery very high accuracy,” says
Jim McHugh, vice president and general manager at NVIDIA.

“If the pain is great enough, they will trust it,” Haley says.
“Even if the system gets things wrong, it can still generate
insight or find designs and correlations that you didn’t know
existed. Even a system that has error in it is still often better than
the manual systems people have today.”

Another challenge is making sure you have reliable data to
train the system. “People do need to make that leap of faith in
believing the system is accurate,” McHugh says. “The prep work
necessary to get you there is the big challenge.”

Having enough of the right data is critical. In the case of De-
sign Graph, Autodesk lets the product learn from its entire cus-
tomer base, not just the data in place for a specific customer. “It’s
not learning your specific designs, but it can learn to identify
components like bolts. We are going to mine everybody’s data at
a certain level. By allowing the system to learn using data about
bolts, we aren’t giving any design secrets away. But the solution
can identify any bolt in the world.”

Data is going to be the key for firms preparing to leverage
this type of technology. Companies should identify the type of

data they might need to train an AI solution (energy simulations
for buildings, or the effect of certain stresses on an aircraft part,
for example), and make sure they can accumulate the data.

However, that level of data sharing still creates unease for
many firms that are sensitive about their data. The use of AI is
also going to cause additional disruption because it will funda-
mentally alter the way a designer (and everyone else) works.

“You also have to get educated really quickly,” Haley says.
“Look around and see if you can create worthwhile data sharing
arrangements or data partnerships across your industry.”

“In my entire career I’ve never witnessed the speed of the
technology explosion like we’ve seen with machine learning,”
Haley adds. “How you are going to work is going to change
quickly—at a frightening pace for a lot of people.”

A lot of people still don’t quite grasp what AI is or how it
might work for them. For example, one common misperception
is that you can simply turn the AI system on and it will work. Ma-
chine learning or deep learning systems have to go through an ac-
tual learning process. The software itself is always fundamentally
shifting and changing, which is a difficult concept to grasp.

Earlier this year, Amazon, DeepMind/Google, Facebook,
IBM and Microsoft formed the non-profit Partnership on Arti-
ficial Intelligence to Benefit People and Society (also called the
Partnership on AI) to conduct AI research, develop best prac-
tices and encourage the adoption of AI systems that humans are
comfortable working with.

The group is also working on educational efforts so that
industry users are able to fully comprehend how the technology
works and understand its potential.

“The role of the partnership is to make everybody under-
stand what the real capabilities of AI are, and where it can be
useful in our professional and private lives,” IBM’s Rossi says.
“We can also help improve AI to make it not just effective for
our goals, but also improve it so it is more aligned with humans.”

That will be important as AI continues to evolve. Haley

Hack Rod and Autodesk used data from sensors in a custom car
(and on its driver) to measure strains and stresses. They then fed
that data into Dreamcatcher, which used to real-world information
to create a new body design that improved the vehicle’s ability to
withstand those stresses. Images courtesy of Autodesk.
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expects there will be three eras of AI software: 1. the use of intel-
ligent tools, like design optimization software; 2. truly intelligent
assistants that can help engineers complete tasks—finishing parts
of a common design or layout, for example; and 3. an AI system
that functions as a trusted collaborator. “This is 10 years out, but
AI will be anthropomorphized,” Haley says. “It will be akin to
working with a colleague.”

Designing Smarter Products
Designers will also be challenged to integrate AI into an increas-
ing array of products and smart machines. That will require
designing in some level of flexibility, because the products them-
selves will learn to perform tasks in better ways over time. In
some cases, they’ll even learn new tasks.

For example, factory robots that in the past were created to
perform specific tasks (completing a single weld in an automo-
tive assembly, for instance) will be replaced with general purpose
robots that can be trained to perform multiple tasks under varying
conditions. “By incorporating AI, you can make the robot respon-
sive to its environment,” Haley says. “You can then make the tech-
nology more horizontal. Instead of a robot that is dedicated to

spot welding, you have a bunch of robots who can figure out what
they need to do based on what’s in front of them.”

Low-power system on a chip (SoC) processing capabilities can
be incorporated into very small items. There will be heavier sen-
sorization of machines, along with intelligence added at the edge
so that machines can learn from and respond to their environ-
ment. Those machines can be connected to nearby servers that
can aggregate data from multiple devices in a single location. In
turn, that information can be fed into cloud systems that provide a
higher level of machine learning.

Engineers should ask themselves whether they have four key
things, says Chappell: 1. a deep understanding of problems they’re
trying to solve; 2. access to data; 3. organizational support to pur-
sue a non-deterministic timeline; and 4. access to AI technology.

“If the answer to the first three questions are yes, or yes
maybe, then it makes sense to ask questions to determine the
optimal AI technology,” he says. “Does the solution provide
compelling price-performance? Does the solution simplify de-
velopment? Does the solution scale efficiently and seamlessly? Is
the solution narrow or broad? Is the solution future-proof?”

Data used to train these systems also has to be accurate and
free from data bias. The types of potential bias will vary depend-
ing on the application, but the training should take into ac-
count all of the likely operational conditions and end users. For
example, if a system is supposed to respond to speech input, it
should be trained to respond to end users with different accents
or speaking different languages.

Design tools will need to be able to effectively incorporate
machine or IoT data in a meaningful way. “Everything is going
to be automated,” Cresci says. “There will be non-stop monitor-
ing of products and constant engagement with the machine so
there are never issues of failure.”

Haley says to expect more AI and machine learning-based
products in the design space. He also says that exactly how the
technology will be used is still going to be in flux. “As we pivot as a
company into doing AI, we have to figure out what is valuable and
what is not valuable, and there are going to be some AI solutions
that aren’t that great,” Haley says. “The only way we can discover
what is going to work is by doing a lot of experiments.” DE

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

INFO Autodesk: Autodesk.com

Bricsys: Bricsys.com

Intel: Intel.com

IBM: IBM.com

NVIDIA: NVIDIA.com

For more information on this topic, visit digitaleng.news
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Survey Says …

What impressions do you have
of AI and Machine Learning?

“Not necessary; just part of the ‘fluff’ distract-

ing most companies and engineers from doing

real innovation.”

“We began shipping products with embed-

ded, and later cloud based, AI in the mid-1990s.

That $10M company is now almost $500M due in

large part to the product differentiation enabled by

those AI capabilities.”

“AI is the way of the future—if we as humans

are wise enough not to abuse the benefits of hav-

ing a ‘being’ with all the collective knowledge of

the human race working ‘for’ us. AI will replace

us all one day, so human R&D personnel such as

myself will have to find another job that AI hasn’t

been developed for. Before we ask the question

‘can we?’ we should ask ourselves ‘should we?’”

“They provide a gathering of knowledge, but

are quickly helping people to not use their internal

computing skills, so that the overall effect will be a

lower level of competent decisions.”
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The company’s Yoga laptops are an interesting combination 
of power and portability well suited for business people on the 
go. They are thin and light, run for hours on a single charge, 
and quickly convert between laptop and tablet modes. The big 
question in our minds, however, was how well this multi-mode 
mobile workstation—technically an Ultrabook—would perform 
in more demanding CAD environments.

At first glance, the Lenovo ThinkPad P40 Yoga looks like a 
typical laptop, albeit a very thin one. Housed in a charcoal gray 
carbon fiber case with a magnesium-alloy frame, the P40 Yoga 
measures 13.30x9.29x0.74 in. and weighs just 3.85 lbs. Its tiny 
(4.18x1.75x1.12) 65-watt external power supply adds just 0.63 
lbs.—for a total package of less than 4.5 lbs.—making the P40 
Yoga the lightest laptop we have ever tested.

Raising the lid reveals a 14.1-in. IPS (in-plane switching) 
display, 720p webcam, and an 84-key spill-resistant backlit 
keyboard. While the keyboards in most thin-profile laptops 
and Ultrabooks range from mediocre to atrocious, the key-
board in the ThinkPad P40 Yoga was excellent, clearly ben-
efitting from DNA acquired when Lenovo took over IBM’s 
PC business. Lenovo offers a choice of multi-touch IPS dis-
plays, a 1920x1080 FHD anti-glare panel or the 2560x1440 
WQHD glossy display in our evaluation unit (a $100 up-
grade from the base configuration).

Convertible Computer for CAD
This beautiful Lenovo ThinkPad P40 Yoga Ultrabook converts 
from laptop to Wacom-powered tablet.

BY DAVID COHN

L
enovo has had quite a year, 
with updated workstations 
across its entire product line. 
After reviewing its flagship  

15- and 17-in. mobile workstations 
(digitaleng.news/de/?p=31356), we 
were quite excited to get our hands  
on the smallest system in the new 
ThinkPad lineup, the P40 Yoga.

INFO ➜ Lenovo: Lenovo.com

Lenovo ThinkPad P40 Yoga
• Price:  $1,705 as tested ($1,237 base price)
• Size: 13.30x9.29x0.74 in. (WxHxD) notebook
• Weight: 3.85 lbs. plus 0.63 lb. power supply
• CPU: 2.6GHz Intel Core i7-6600U w/4MB Smart Cache
• Memory: 16GB DDR4 at 1600MHz (16GB max)
•  Graphics: NVIDIA Quadro M500M w/2GB GDDR3 memory
•  LCD: 14.1-in. WQHD 2560x1440 IPS 
•  Hard Disk: 512GB SATA3 SSD
•  Floppy: None
• Optical:  None
•  Audio: Built-in speakers, audio jack, built-in microphone array 
•  Network: Intel Dual-Band Wireless-AC (2x2) 8260, Bluetooth 

4.1 vPro 
• Modem: None
•  Other: Three USB 3.0 (one always on), mini DisplayPort, HDMI, 

media card slot, 720p webcam 
•  Keyboard: Integrated 84-key backlit keyboard 
•  Pointing device: Integrated touchpad with three buttons, 

pointing stick, fingerprint reader, Wacom-powered digitizer

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

The Lenovo ThinkPad P40 Yoga is a thin, 
ISV-certified Ultrabook workstation weighing 
just 3.85 lbs. Image courtesy of Lenovo.
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Lenovo P40 
Yoga

14.1-inch 
2.6GHz Intel 

Core i7-6600U 
dual-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

Eurocom Sky 
DLX7

17.3-inch 
4.0GHz Intel 

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

M5000M,  
32GB RAM, 

512GB 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

Lenovo  
ThinkPad P50

15.6-inch 
2.8GHz Intel Xeon 

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

M2000M, 16GB 
RAM, 512GB 

PCIe SSD

Dell Precision 
7710

17.3-inch 
2.9GHz Intel 

Xeon E3-1535M 
quad-core CPU, 
NVIDIA Quadro 

M5000M,  
32GB RAM, 

512GB SATA HD

Price as tested $1,705 $4,423 $5,223 $2,999 $2,353 $3,890

Date tested 7/27/16 5/27/16 7/26/16 3/9/16 3/21/16 1/23/16

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

SPECviewperf 12 (higher is better)

catia-04 19.98 109.37 99.74 35.30 42.44 75.57

creo-01 24.34 94.91 93.00 32.36 43.01 55.78

energy-01 0.61 7.02 7.60 3.08 4.12 9.00

maya-04 12.25 79.26 64.78 29.50 33.08 43.43

medical-01 14.03 31.90 33.66 14.46 18.53 31.21

showcase-01 6.81 51.57 52.93 21.04 22.02 48.07

snx-02 26.46 165.04 90.15 28.55 60.01 63.33

sw-03 35.31 121.39 116.72 55.23 64.70 82.02

SPECapc SOLIDWORKS 2015  (higher is better)

Graphics Composite 2.65 8.78 8.59 2.92 3.56 3.88

Shaded Graphics Sub-Composite 1.78 5.07 4.90 2.27 2.89 2.40

Shaded w/Edges Graphics Sub-Composite 2.40 6.54 6.31 3.05 3.63 3.21

Shaded using RealView Sub-Composite 2.00 6.65 6.49 2.32 2.95 2.85

Shaded w/Edges using RealView Sub-Composite 3.42 10.72 10.45 4.03 4.92 4.93

Shaded using RealView and Shadows  
Sub-Composite

2.03 7.40 7.26 2.13 2.68 2.94

Shaded with Edges using RealView and  
Shadows Graphics Sub-Composite

3.22 11.21 10.92 3.49 4.30 4.85

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

3.38 18.10 18.11 3.19 3.30 5.70

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

5.07 25.69 25.53 4.62 5.01 8.74

Wireframe Graphics Sub-Composite 2.20 3.91 3.86 3.16 3.26 2.99

CPU Composite 1.95 4.96 4.95 2.82 2.51 2.56

SPECwpc v2.0 (higher is better)

Media and Entertainment 0.99 2.37 2.93 2.29 2.43 2.57

Product Development 1.11 2.28 2.77 2.22 2.05 2.73

Life Sciences 1.25 2.40 2.98 2.46 2.49 3.18

Financial Services 0.49 1.39 1.39 1.15 1.15 1.19

Energy 0.87 2.34 2.69 2.22 1.86 2.66

General Operations 0.85 1.06 1.06 1.36 1.25 1.48

Time

Autodesk Render Test  (in seconds, lower is better) 149.00 53.10 65.7 76.80 82.80 85.60

Battery Test (in hours:minutes, higher is better) 9:10 2.30 2:28 5:18 4:37 5:30

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

Mobile  
Workstations  
Compared
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A touchpad with three dedicated buttons is centered below 
the keyboard, while a familiar red Lenovo pointing stick is 
nestled between the G, H and B keys. Our system also included 
a fingerprint reader (a $20 option). A small power button is lo-
cated on the left edge near the front of the system, with the red 
dot over the “i” in the ThinkPad logo on both the palm rest and 
outer lid glowing red when the system is powered up.

Built-In Wacom Digitizer
Like other Lenovo Yoga systems, the P40 Yoga is unique 
in several respects. It can be used in one of four operating 
modes—notebook, tent, stand or tablet—with the screen ori-
entation automatically adjusting as needed. When you fold the 
keyboard beyond 180°, the keys lock (a feature Lenovo calls 
“Lift’n’Lock”) so they cannot be pressed accidently when using 
the computer in tablet, tent or stand modes.

The ThinkPad P40 Yoga also includes a ThinkPad Pen Pro 
stylus, essentially turning the P40 Yoga into a Wacom Cintiq 
tablet. Based on Wacom Active ES technology, the pen stores 
inside the chassis where it also recharges. According to Lenovo, 
20 seconds in the storage bay provides 19 hours of use. While 
you can use your fingers, when using the stylus, the system ig-
nores your hand, so you can comfortably rest your palm on the 
screen while working. We used the supplied WRITEit software 
and as well as a copy of Autodesk SketchBook and absolutely 
loved the P40 Yoga in this regard. With right and left click but-
tons built into its shaft, the stylus proved very precise, offering 
2,048 levels of pressure.

Limited Options
The P40 Yoga comes with a 6th generation 
Intel Core i7 dual-core CPU—
either a 2.5GHz 6500U or the 
2.6GHz 6600U in our evalu-
ation unit (adding $165 to the 
base price). This Skylake proces-
sor has a maximum turbo speed 
of 3.4GHz and its 15W thermal 
design power (TDP) rating 
helps the Yoga achieve amazing 
battery life.

Although the Intel CPU 
includes integrated Intel HD 
Graphics 520, the Lenovo Think-
Pad P40 Yoga also includes an 
NVIDIA Quadro M500M dis-
crete graphics card with 2GB of 
GDDR3 memory. The 30-watt 
mobile GPU (graphics processing 
unit) provides 384 CUDA (com-
pute unified device architecture) 
cores, a 64-bit interface and a 
bandwidth of 14.4 GB per second.

The P40 Yoga has just one memory socket, and while the 
base configuration comes with 8GB of RAM, our evaluation 
unit came equipped with a 16GB 1600MHz SODIMM (small 
outline dual in-line memory module), adding $160 to the base 
price. There are also just two SATA3 storage options—the 
256GB SSD OPAL2.0-capable drive in the base unit or the 
512GB solid state drive that we received (a $150 upgrade). A 
more modern PCIe M.2 drive is not offered.

Despite its small size, the Lenovo ThinkPad P40 Yoga still 

The Lenovo ThinkPad P40 Yoga easily converts from a 
thin, ISV-certified Ultrabook workstation weighing just 
3.85 lbs, into a Wacom-powered tablet.  
Image courtesy of Lenovo.

PERFORMANCE
(based on SPECwpc Product Development benchmark dataset)

P
R
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Price vs. Performance
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provides lots of connectivity. The right side 
includes the aforementioned power but-
ton, volume control buttons for use while 
in tablet mode, two USB 3.0 ports, a mini 
DisplayPort, an HDMI port and a security 
lock slot. The left side houses the AC power 
connector, a OneLink+ connector for use 
with an optional dock ($150) or RJ45 Eth-
ernet adapter ($25), an always on USB 3.0 
port (that can charge USB devices whenever 
the computer is connected to AC power), 
an audio jack, a media-card slot, and the 
storage/recharge slot for the stylus. A pair 
of stereo speakers—that delivered excellent 
room-filling audio—and a hole to access an 
emergency reset switch, are located on the bottom of the case, 
while fan louvers occupy the rear.

Intel dual-band Wi-Fi and Bluetooth come standard and 
wireless WAN is available as an option. The built-in 3-cell 
53Whr battery kept our system running for an amazing 9 hours 
and 10 minutes. The Lenovo ThinkPad P40 Yoga remained 
cool and silent throughout all of our tests.

Adequate Performance
With its rather modest components (compared to other recent 
mobile workstations), we did not expect much in the way of 
performance. And certainly, the test results we obtained did not 
set any records. But the Lenovo ThinkPad P40 Yoga delivered 
decent results, surpassing the performance of several of the thin, 
lightweight portables we reviewed previously.

On the SPECviewperf benchmark, which focuses on graphics, 
the P40 Yoga’s results fell near the bottom of the pack, including 
the lowest score on one of the datasets. It also turned in similar 
middling results on the SPEC SOLIDWORKS 2015 benchmark, 
including bottom-of-the-pack scores on several composite tests. 
And on the very demanding SPECwpc benchmark, the ThinkPad 
P40 Yoga again fell short of larger laptops we’ve reviewed, but still 
managed to beat other lightweight systems except when running 
software aimed at the financial services sector.

On our AutoCAD rendering test, however, the Lenovo 
ThinkPad P40 Yoga turned in the slowest rendering times we 
have seen in years, lagging more than 20 seconds behind the 
next slowest system—largely due to its dual-core CPU.

Our evaluation unit came with Windows 10 Professional 64-
bit, a $30 upgrade from the Windows 10 Home operating sys-
tem included in the base configuration. Although the standard 
warranty covers the system for just one year, warranty extensions 
of three or four years, as well as onsite service, accidental dam-
age protection, priority technical support and a sealed battery 
warranty that offers a one-time battery replacement within the 
first three years of ownership are also available.

Like other Lenovo workstations, the ThinkPad P40 Yoga is 
ISV (independent software vendor) certified for a full range of 

professional applications. It is also MIL-SPEC 810G tested for 
ruggedness. While its performance won’t impress power users, 
its portability and flexibility, along with a price of just $1,705 as 
tested, are quite remarkable. The added bonus of also being a 
Wacom-powered tablet makes the Lenovo ThinkPad P40 Yoga 
a wonderful choice for design professionals 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 Digital Engineering 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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The Lenovo 
ThinkPad P40  
can be used in  
any of four  
modes—notebook, 
tent, stand (shown 
here), or Wacom-
powered tablet. 
Image courtesy of 
Lenovo. 
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Forwarding Flexible PCB Design
MC10 uses Altium Designer 
for critical flex circuit design 
in their wearable medical 
devices to reduce the 
manufacturing risk.

BY MARK FORBES, ALTIUM

The wearable electronic device market continues to grow at breakout 
pace. IDTechEx calls for the $30 billion 2016 market to triple to $150 

billion in 10 years. One of the areas that wearable devices are making a 
huge impact is in the medical industry where small, unobtrusive “patches” 
have replaced monitors that were worn on the patient’s belt or required a 
shoulder strap.

Wearable technology company MC10, founded in 2008, develops a 
variety of wearable medical devices that can monitor a wide range of 
data. Its technology platform combines conventional electronics and novel 
mechanics to enable a new generation of thin, orthomorphic electronic 
systems that can stretch, bend and twist seamlessly with the human body.

The flagship product for MC10 is the BioStampRC, a wearable sensor 
patch that can be placed anywhere on the human body to gather deep 
insights into physical issues, such as muscular disease. MC10 needed to 
find an advanced PCB (printed circuit board) design software solution that 
would allow the company to push the boundaries of traditional electronic 
design in what is becoming a flexible, foldable world.

PCBs That Bend and Twist?
Producing a product like the BioStampRC required more than a standard, 
rigid PCB. The obvious answer is flexible circuit technology integrated 
with small rigid PCBs: a rigid-flex solution. While flex circuits have been 
around for decades, it’s only the past few years that they have taken off 
with the advent of wearable technology. Designing the rigid-flex circuitry 
required and making it conformal to human limbs and muscles required a 
PCB design tool that provides complete flex circuit design and the ability to 
create and use non-standard shaped boards.

Boards designed for the BioStampRC are small and dense, with a lot 
of board cutouts, odd geometry and strangely shaped polygons with very 
accurate radii. Typically, a 3-5 cm board might have up to 300 custom 
drawn polygons. And, the board has to be readily manufacturable by a 
variety of PCB fabricators.

Several of the design engineers at MC10 employed Altium Designer 
previously in their career, and wanted the unified environment it presents, 
having all necessary tools integrated into a single environment.  Plus, it has 
advanced features that make designing rigid-flex products much easier.

Simulation 
Training for the Engineer
AMSL uses tools from NAFEMS to develop a personalized 
FEA curriculum.

BY IAN SYMINGTON, NAFEMS

The NAFEMS Professional Simulation Engineer (PSE) Program was 
launched at the Salzburg NAFEMS World Congress in 2013. PSE 

functions as both an educational framework for professional development 
and as an independent certification program. Early interest in PSE 
Certification was driven by the “super analysts”—engineers with decades 
of simulation experience who were looking to use it as a way to differentiate 
themselves from their peers. Candidates who have achieved Standard or 
Advanced Certification are able to claim they are PSE Certified and are 
allowed to use the PSE Certified logo. The number of individuals on the 
PSE Register has increased significantly since launch, particularly in 2015, 
when we saw a growth in interest from organizations looking to embed PSE 
within their organization. The driver for using PSE varies from organization to 
organization, and the purpose of this article is to show some of the different 
ways that PSE can be used by industry, and demonstrate the key benefits to 
both individuals and organizations of getting involved in this unique program. 

Case Study: ASML
ASML, based in The Netherlands, is one of the world’s leading manufacturers 
of semiconductor chip making equipment. The guiding principal at ASML is 
to continue Moore’s Law toward ever smaller, cheaper, more powerful and 
energy efficient semiconductors. They have over 5,000 employees working in 
research and development.

ASML has embedded simulation throughout their engineering teams. 
Designers and mechanical architects use CAE on a range of tasks, from 
designing the vibration isolation systems used to transport the lithography 
systems, to optimization of the thermomechanical control systems used 
to focus the light source. The designers and architects are supported by 
the Mechanical Competence Team, which is comprised of experienced 
simulation experts. PSE has been brought into ASML with the aim of setting 
a new standard that will lead to greater efficiency and a higher quality of the 
design. This will be achieved by ensuring that the all users of simulation tools 
have obtained a minimum level of competence.

Initially, ASML was invited by NAFEMS to take two free PSE certification 
interviews. After two trial certifications a feedback meeting was held to 
discuss if the PSE process would meet ASML needs. 

MORE ➜ digitaleng.news/de/?p=33425

MORE ➜ digitaleng.news/de/?p=33432

➜ For more application stories, visit digitaleng.news/de/fastapps
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The Future of Obsolescence Management

At this point, it’s worth explaining the Gartner Hype
Cycle, a theory that says a new technology first experiences a 
period of speculation and excitement, followed by a trough of 
disillusionment before settling into a plateau of actual use. 

Sometimes this excitement manifests itself in the form 
of highly ambitious predictions that probably won’t become 
widespread in the near future. More than 30 years ago, 
General Motors dreamed of creating factories where robots 
made robots with minimal human supervision. Lights out 
manufacturing, the stuff of sci-fi, was going to revolutionize 
the manufacturing industry. In the 1980s there was a buzz of 
anticipation. 

Fast forward three decades and we’ve only recently start-
ing seeing advanced automated systems that need minimal 
supervision. This is hardly the norm though, with many 
manufacturing facilities still exhibiting minimal levels of in-
dustrial automation. 

Concepts such as the Internet of Things (IoT) and Indus-
try 4.0 are driving industrial connectivity to profound new 
levels, aided by the standardization of communications pro-
tocols and a collapse of traditional automation architecture.

Don’t crack open the bubbly to celebrate just yet, though. 
There is still a long way to go before we’ll start seeing the 
fully automated smart factories of the future.

Not everyone is in the position to upgrade their entire 
manufacturing line. We’re hardly living in a world where 
every factory looks like a snapshot of the future. In fact, the 
majority of plants currently rely on obsolete parts to keep 
critical systems up and running, which is where higher levels 
of connectivity can really help plant managers in future. 

Current computerized maintenance management systems 
(CMMS) are an invaluable platform for plotting when re-
placement parts need ordering. They analyze best outcomes 

with regards to risk and generally aid a human supervisor in
keeping track of thousands of components.

All Hyped Up
Now comes the part I promised not to do: the hype. With
increasing interconnectedness—thanks to the wonder of the 
internet, smarter sensors and deep machine learning—is it 
wrong to believe replacements and upgrades will soon be taken 
out of human hands? 

This would be at the stage whereby a smart factory lived 
up to its name—an automated cyber-physical system. A cen-
tral computerized brain—a super CMMS—would contain 
analytics on all systems and know where they are on the 
maintenance lifecycle. Replacements or upgrades would be 
scheduled just in time to ensure maximum efficiency, which 
in turn would minimize downtime. When the plant’s analyt-
ics on average part lifespan, wear and product lead times dic-
tate there’s the likelihood of downtime, spare parts could be 
ordered automatically from suppliers. It certainly is the lean 
manufacturing dream—realized through combining the art 
of obsolescence management with highly interconnected and 
intelligent machines. 

I don’t think this is too preposterous of a prediction. 
Maybe not today or tomorrow, but in 20 years’ time we 
could see similar systems in place as the one described above. 
Because if it’s one thing we’ve seen over the last decade, it’s 
how important obsolescence management is becoming to an 
increasing number of industries. Just because new and ad-
vanced technology is being manufactured all the time doesn’t 
mean everyone is able or willing to buy it. If anything, it’s 
making perfectly good products obsolete at a faster rate.

If you’re looking for a concrete prediction, here it is: Ob-
solescence management will not become obsolete anytime 
soon. It will however, become more automated and techno-
logically intelligent as engineering and IT advance. But don’t 
trust your factory to order that obsolete drive just yet, you 
might be waiting a while. DE

Jonathan Wilkins is head of marketing at EU Automation
(euautomation.com), a supplier of industrial automation solu-
tions to industries worldwide. Send email about this commen-
tary to de-editors@digitaleng.news.

IN 10 YEARS’ TIME, robots will cease to be subservient/sub-
missive, manufacturing won’t exist as we know it and we’ll be 
3D printing our own clothes before we go out. Do any of 
these sound like familiar predictions you’ve heard over the last 

five years? I thought so. With this in mind, I’ll tread lightly when 
talking about what the highly interconnected future has in store 
for industrial automation. Oh, did I mention that this factory 
could be ordering your replacement parts for you?
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The LS-DYNA electromagnetism (EM) module 
allows performing coupled mechanical, thermal, 
electromagnetic simulations. It uses a Finite 
Element Method (FEM) for the solid conductors 
coupled with a Boundary Element Method (BEM) 
for the surrounding air hence avoiding the need 
to mesh the air and allowing simulations with 
moving and/or deformable conductors. The EM 
solver is automatically coupled with the mechanics 
and the thermal solvers, allowing for accurate 
and easy to set up multiphysics simulations. 
Consequently, the LS-DYNA EM solver has been 
widely adopted by the electromagnetic metal 
forming and welding community.

Application:
•  Magnetic metal forming or welding

•  Induced heating

•  Resistive spot welding

•  Sliding contact for rail gun applications

•  Coupling with CFD solver for kettle applications

•  Battery crush in electric car crash

Feature:
•  Easy connection with external circuits

•  Computation of self and mutual inductances

•  3D and 2D axisymmetric versions

•  Electromagnetic contact

•  Available with solid, shells and thick shells

•  Misc. EM equations of state

LS-DYNA electromagnetism (EM)
Coupled mechanical, thermal, electromagnetic simulations

Information - 30-day LS-DYNA demo license: sales@lstc.com

Railgun  simulation featuring the EM sliding contact feature 
that allows two conducting parts to slide one against the 
other while some current is flowing through them.

Resistance spot welding simulation, where the 
Joule heating due to the material and contact 
resistances gives the temperature needed for 
the weld. Different contact resistance models 
exist in LS-DYNA.

CFD solver is coupled to the solid thermal solver and the Electro-
magnetic solver to simulate the heating of water inside an electric 
kettle which is plugged into a standard 110V switch.

youtube channel:
www.youtube.com/channel/ 
UCPuoss7k_-IouTDXGT2EFiw

website:    
www.lstc.com/applications/em /



MULTIPHYSICS FOR EVERYONE 

The evolution of computational  
tools for numerical simulation of 
physics-based systems has reached  
a major milestone. 

Custom applications are now being 
developed by simulation specialists 
using the Application Builder in  
COMSOL Multiphysics®. 

With a local installation of  
COMSOL Server™, applications 
can be deployed within an entire 
organization and accessed worldwide.

Make your organization truly benefit 
from the power of analysis. 

comsol.com/application-builder
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