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The CES Time Machine

I saw a Honda motorcycle balance itself and even follow
its driver. Pocket-sized, foldable Dobby Drones hovered 
around in formation, taking video that you might want to 
watch on LG’s W7, a new wallpaper-thin OLED TV. A man 
from Hyundai wearing an exoskeleton on his legs climbed 
steps to take the stage, promising mobility to the disabled. 
Watches, shoes, belts, glasses, bras and suits were all infused 
with sensors to track your life. People wearing VR headsets 
reached out for invisible steering wheels in the Dassault 
Systèmes booth, others gasped in surprise as they virtually 
jumped out of a plane during Intel’s press conference. 

Outside the convention centers, 
reality set in. Long taxi and shuttle 
lines gave way to traffic jams as more 
than 175,000 CES attendees tried 
to make their way to restaurants, 
hotels and casinos. Uber and Lyft 
drivers were working overtime, taxi 
wranglers screamed curses at people 
parking in no parking zones, shuttle 
drivers laid on horns as cars cut them 

off. The vision of quiet autonomous electric vehicles efficiently 
moving through smart, connected cities that seemed so real inside 
the conference’s walls seemed like a distant dream just yards away.

There was an almost overwhelming dichotomy between the 
CES future and state-of-the-art technology as I rushed from 
appointment to appointment, trying to find my way around the 
conference that sprawled across multiple venues using a mixture 
of signs, “you are here” maps, the CES app on my phone, help-
ful humans and the Google Maps app. As I lamented the fact 
that my contact lenses couldn’t overlay what I was seeing with 
glowing waypoints leading to my next meeting, I was reminded 

“5G will have an 
impact similar to 

the introduction of 
electricity or the 

automobile ...”  
— STEVEN 

MOLLENKOPF 

IN THE NORTH HALL of the Las Vegas Convention 
Center of CES 2017 last month, people donned virtual 
reality goggles and climbed into autonomous cars to 
take a virtual ride. In the Sands Convention Center 

they 3D scanned 360° models of themselves to 3D print. 
In meeting rooms and private venues across the vast tech-
nology conference, companies demonstrated how artificial 
intelligence and data analytics are changing the world. 

of the Louis C.K. bit where he takes on consumers unhappy
with the speed of their cellphones: “Give it a second! It’s going 
into space. Can you give it a second to get back from space?”

The Future is Always Almost Here
Consumers don’t want to give it a second, and soon they won’t
have to. “5G will have an impact similar to the introduction of 
electricity or the automobile, affecting entire economies and 
benefiting entire societies,” said Qualcomm CEO Steven  
Mollenkopf during his CES keynote.

That may sound grandiose and about what you’d expect the 
head of a wireless chip company to say, but I find it hard to argue 
with him. In a connected world, the multi-gigabit-per-second 
data rates and latencies as low as 1 millisecond expected from 
5G wireless will open doors in real-time VR, on-demand cloud 
computing, remote navigation, wearables that respond to medical 
emergencies and more. Design engineers should be ready for 5G. 
Like autonomous automobiles, many prognosticators point to 
2020 as the year 5G will be available to the public. 

Aside from Mollenkopf’s proclamation and the amazing 
gadgets on display, there was a good deal of restraint not 
far beneath the surface of CES. Autonomous car exhibitors 
I spoke to did not brush off the considerable hurdles still 
facing self-driving vehicles (see page 10), chief among them 
consumer acceptance and government regulations. Though 
not everyone thinks regulations are needed just yet.

“Autonomous vehicles are IoT (Internet of Things) and AI 
(artificial intelligence) all wrapped up together,” said Doug Davis, 
senior vice president and general manager of the Intel Automated 
Driving Group during a panel titled “Self-Driving Cars: New 
Rules of the Road.” That’s a lot to regulate, to be sure. “At this 
time, we need public-private partnerships and guidance from gov-
ernment agencies, not regulations right away.”

That’s not to say that automakers aren’t bullish on autono-
mous vehicles. They’ve already invested heartily in them, and 
with good reason. Consumers always want what’s next. Soon 
we’ll be complaining about how our self-driving car never 
takes the most scenic route as it chauffeurs us about. DE

Jamie Gooch is editorial director of DE. Contact him via
de-editors@digitaleng.news.
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|| SIMULATION
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Globally, 56% of industrial companies expect to 
increase efficiency by more than 20% over the next 
five years. In the Americas and EMEA, that number is 
50% and 55%, respectively, compared to 68% in the 
Asia Pacific Region.

— PwC’s 2016 Global Industry 4.0 Survey

66% of US manufacturers are adopting adopting adopting adopting adopting adopting adopting adopting adopting adopting adopting adopting adopting adopting adopting 3D 
printing in some some some some some some some way—half for prototyping 
and a third for production.

— “3D Printing comes of age age age age age age age in US industrial industrial industrial industrial industrial industrial industrial industrial industrial industrial industrial industrial industrial industrial industrial 
manufacturing,” PwC, 2016.

Improving Efficiency and Reducing Costs

Industry 4.0 in the USA

Globally, 43% of industrial companies expect to reduce 
costs by more than 20% over the next five years. In 
the Americas and EMEA, that number is 39% and 41%, 
respectively, compared to 57% in the Asia Pacific 
Region.

— PwC’s 2016 Global Industry 4.0 Survey

56% Globally 43% Globally

35% of manufacturers are collecting 
and using data generated generated generated generated generated generated generated generated generated generated generated generated generated generated generated generated by smart 
sensors to enhance manufacturing/ manufacturing/ manufacturing/ manufacturing/ manufacturing/ manufacturing/ manufacturing/ manufacturing/ manufacturing/ manufacturing/ manufacturing/ manufacturing/ manufacturing/ manufacturing/ manufacturing/ manufacturing/
operating processes; 17% plan to do so 
in the the the the the next next next next next next three three three three three three three three years.
— “The Internet of Things: what it means for US 

manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,”manufacturing,” PwC, 2015.

34% of manufacturers say it is “extremely 
critical” that that that that that that US manufacturers adopt an an an an Internet Internet Internet Internet Internet Internet of 
ThingsThingsThingsThingsThingsThingsThingsThingsThings (IoT) strategy strategy strategy strategy strategy strategy strategy strategy strategy strategy strategy strategy in their operations.

—— “The Internet Internet Internet Internet Internet Internet Internet Internet Internet Internet Internet of Things: what it means 
for US US US manufacturing,” PwC, 2015.

>33% of manufacturers expect to 
adoptadoptadoptadoptadoptadoptadoptadoptadoptadopt virtual reality and augmented 
reality technologies technologies technologies technologies technologies technologies technologies technologies technologies technologies technologies technologies technologies technologies technologies technologies technologies technologies technologies by 2018.

— “For “For “For “For “For “For “For US manufacturing, virtual virtual virtual virtual virtual virtual virtual virtual virtual virtual  
reality is is is is for real,” real,” real,” real,” real,” real,” real,” real,” real,” real,” PwC, 2016.

55%  EMEA

50%  Americas

68%  Asia Pacific

EMEA   41% 
Americas   39%
Asia Pacific  57%

creo




digitaleng.news /// February 2017 DE | Technology for Optimal Engineering Design 7

///////////////////////////////////////////
By 2020, more than
3 million workers
globally will be
supervised by a
“robo-boss.”
— “Gartner Reveals
Top Predictions for IT
Organizations and Users for 2016
and Beyond,” October 2016

59% of US manufacturers are
using some sort of robotics technology.

— “The new hire: How a new generation of robots is
transforming manufacturing,” PwC 2015.

Engineers using digital engineering tools, including VR,
to design the air-handling subsystem on John Deere’s JD
7760 cotton harvester reduced the design cycle time from
27 to nine months, part count by 60% and design costs
by over $100,000.
— “Evolution of Digital Tools Used in Complex Product Design,” 2010

presentation by Jerry R. Duncan, Ph.D. manager, University R&D
Relations and Collaborative Science Deere & Co.

Digital Design Savings

45% of all work activities
could be automated using
already demonstrated technology
and 59% of all manufacturing activities
could be automated, given technical
considerations.

— “Where machines could replace humans—and
where they can’t (yet),” McKinsey Quarterly, July 2016

AI will replace 16% of American
jobs by 2025, but will create 9%.

— “The Future of Jobs, 2025: Working
Side by Side with Robots,” J.P Gownder,

vice president and principal analyst serving
Infrastructure & Operations, Forrester

By 2018, six billion
connected devices
will proactively ask
for support.

— “Gartner Reveals Top
Predictions for IT Organizations

and Users for 2016 and
Beyond,” October 2016

7%

Big Data Talks

Global spending on Big Data will grow from
$130.1 billion in 2016 to $203 billion in 2020.

— IDC Worldwide Semiannual Big Data
and Analytics Spending Guide
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These developments open doors for sensing devices to play
new and unique roles in health care and wearable designs with 
emphasis on providing almost unprecedented levels of sensitivity. 
All this is part of the movement to realize the concept of sensing 
everything. 

Beyond Electronic Skin
One such application driving research efforts seeks to impart
human sensing capabilities to prosthetics and robots via electronic 
skin. Until recently, development efforts in this area fell short, 
failing to deliver the full range of human tactile senses due to in-
adequate sensitivity.

Researchers at China’s Harbin Institute of Technology, how-
ever, may have devised a way to make up for these shortcomings. 
They have built a sensor that emulates the fine hairs that cover 
most of the human body and relay sensory information to nerves 
in the skin. To deliver the same level of sensitivity found in these 
hairs, the researchers used wires 30 micrometers thick—about the 
size of a human hair—embedded in silicon, which acts like skin.

While past efforts to produce hair-like sensors have incorpo-
rated carbon nanotubes, this new design uses glass-coated wires 
made of a strong, flexible and conductive cobalt alloy. Unlike ear-
lier designs that sensed pressure or motion, the wires in the new 
design sense changes in a magnetic field created by an electrical 
charge running through the wires. The magnetic field changes 
when one or more hairs move from their original position.

One of the greatest successes of the technology is its impres-
sive sensitivity. The artificial hair has demonstrated that it can de-
tect the presence of a fly, a light breeze or an object being dragged 
across the hair in different directions. In addition, the structure 
can withstand 50 Newtons.

This sensing mechanism promises to enable a new strategy for 
designing multifunctional tactile sensors with great potential for 
expanding the capabilities of prosthetics and robots in harsh en-
vironments. In one test, the researchers attached the sensors to a 
gripper on a robot arm. The device acted like the pad on the tip of 
a finger, helping the robot to judge how tightly to grip objects.

From Child’s Toy to State-of-the-Art Sensor
Of all the sensor technologies emerging from research and de-
velopment labs, the composite material called G-putty makes 
you want to shake your head in disbelief. Researchers from 
Trinity College Dublin and the University of Manchester have 
combined graphene with a homemade Silly Putty-like polymer 
to create a pressure sensor sensitive enough to detect the foot-
steps of a spider.

Each element that makes up the enhanced putty delivers 
unique properties. The polymer flows like a viscous liquid when 
deformed, but it bounces like an elastic object when it strikes a 
hard surface. The graphene, on the other hand, creates electrical 
resistance that increases significantly when the composite experi-
ences the slightest strain or impact. Following this reaction, the 
resistance slowly returns to its original state as the putty “heals.”

The developers contend that the remarkable features of the 
technology will create new opportunities for manufacturing 
biomedical sensors, enabling the production of devices that can 
enhance disease diagnosis and treatment monitoring. One pos-
sible application would involve laying the G-putty onto a person’s 
neck, chest or back to allow healthcare providers to measure vital 
signs like heart rate, blood pressure and breathing.

Much like the artificial hair discussed earlier, one of the most 
impressive features of G-putty is its sensitivity to strain and pres-
sure. Testing has shown that these devices are hundreds of times 
more sensitive than traditional sensors.

Signs of Things to Come
Both the technologies examined here show how new materials
and design techniques radically change the form and function of 
sensors in response to new application demands. The new materi-
als have enabled developers to create devices that deliver perfor-
mance that could not be achieved with older technologies and 
thus set a new standard for the next generation of sensors. DE

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

Next-Gen Technologies for New Applications

ANEW GENERATION of sensors has begun to emerge from research laboratories. These devices are leveraging 
new materials, form factors and design techniques to push the limits of sensitivity, response time and operating 
range. Demands for new applications are shaping the efforts to develop these sensing devices, with an eye on 
delivering functionality that older technology simply cannot. 
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|  A B B E Y ’ S  A N A LY S I S  |

by Tony Abbey

TESTING

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

I’m going to brace myself for further feedback; this month’s
article discusses validation, focusing on the link between test and 
analysis. In a nutshell, can we prove a FEA (finite element analy-
sis) simulation is correct by validating it against a physical test 
or, perhaps better still, real-world evidence.

Limitations of Validation
Should we fully validate every analysis? We cannot, because we
don’t have the time or resource to set up an independent test for 
every structure we are considering. Validation really becomes a 
broad description of any data, information or thought process 
that helps confirm at least some of the behavior of the FEA sim-
ulation. This validation evidence must be external to the FEA 
process. We are bringing something fresh to the table, other 
than the mathematics of the simulation.

If we could carry out a test to validate our analysis, is the test 
the definitive answer? There is a tendency to believe so; test is 
real, analysis is virtual. However, the most challenging aspects of 
simulation are loads and boundary conditions. In many cases, test 
setups also struggle to model real-world representations of these.

Working Together
Validation is a cross-discipline approach. The analysis and test
teams should work closely together. For example, if part of a 
structure consists of a beam supported at each end, then there 
may be questions about how rigidly each end is supported. The 
analysis may have assumed a fully built-in end. Test evidence may 
show some flexibility at each support. Strain gaging close to the 
supported ends can show the actual bending moment that the test 
structure is seeing. From this, engineers can make an estimate of 
the test edge flexibility and re-run the analysis. At this stage, ev-
erybody can sit back and question whether the correlated test and 

analysis results now match the real-world structure!
The most important aspect of the modern verification and val-

idation process is to ensure that the analysis and test planning are
coordinated. In the example, this means the strain gaging is delib-
erately planned to validate the boundary condition assumptions.
Other strain gaging can be in place to validate any redundant load 
path assumptions around the supporting fixture. The overarching 
validation can be based on mid-span deflection. Traditionally, test-
ing has been associated mainly with the big requirements, such 
as the latter. Clearly, a deeper and more integrated approach can 
give much more valuable design information.

Informal and Formal Approaches
In practice, the modern approach has been used in many in-
dustries for years. I saw this firsthand in the ’70s, on combat 
aircraft structures. However, much of the cross-discipline co-
ordination was done on an ad-hoc basis, working within over-
all plans. Today that process is formally defined.

This early experience taught me the importance of discuss-
ing and observing as much test evidence as possible informally. 
Valuable data can sometimes be gleaned from the informal ap-
proach. For example, an anti-tank weapon was designed with an 
electronic “brain” at the rear. Sufficient time had to elapse after 
impact, so that the brain could decide how to respond. The inter-
mediate structure was a set of long spindly legs. The FEA simula-
tion attempted to show that the legs would survive long enough 
for the message to get through. However, no specific validation of 
my results was available. Chatting about this with a test range en-
gineer months later, I learned they had collected some fragments 
over the test series! Enough of one legs had survived to show the 
failure mode was almost exactly what the analysis had predicted. 
The survival time predictions were properly validated and could 
be used to assess structural design changes.

Throughout my career, I was lucky enough to interact with 
many test groups. However, one regret is that I did not spend 
significant time working within such a group. For any young en-
gineer planning their career path, I would strongly recommend 
they spend time on the testing side. Like analysis, testing is an art 
as well as a science; the only way to learn is hands-on. DE

Tony Abbey works as training manager for NAFEMS, respon-
sible for developing and implementing training classes, including 
a wide range of e-learning classes. Check out the range of courses 
available: nafems.org/e-learning.

Linking Test and Analysis

IWROTE AN ARTICLE IN DE a while back discussing the 
background to verification and validation (digitaleng.news/
de/?p=22909). There was some criticism of this article from 
those who thought I had not defined the process correctly. 

Verification and validation are attempts to describe a process that 
is evolving from a basis of well-understood checking procedures. 
It is not a hard science as such, so there are no rules to break!

Editor’s Note: Tony Abbey teaches live NAFEMS FEA classes in 
the US, Europe and Asia. He also teaches NAFEMS e-learning 
classes globally. Contact tony.abbey@nafems.org for details.
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Engineering Conference News

ROAD TRIP

Autonomy Meets Reality
It wasn’t tough to find self-driving tech.
The major auto manufacturers all had
cars on display. There was a refreshing
lack of overhyping fully autonomous
vaehicle technology or downplaying the
significant challenges still ahead.

“Show me an autonomous system
without a person in the loop, and I’ll
show you a system that is practically
useless,” said Maarten Sierhuis, director
of the Nissan Research Center, Silicon
Valley. “Even fully autonomous vehicles
will not be able to handle every possible
situation they encounter.”

The centerpiece of Nissan’s vision is
named SAM—short for Seamless Au-
tonomous Mobility. It enlists the aid of
actual human beings working remotely
to route autonomous vehicles around
obstacles. That info is then shared with
other autonomous vehicles.

At ESI Group’s CES booth, the com-
pany was also bringing humans into the
autonomous loop. ESI’s Virtual Human-
in-the-Loop is able to predict the percep-
tion, mental representations, anticipation
and decision of a standard driver to assess
how he or she will interact with their ve-
hicle; and the impact of their behavior on
the operational performance of new ad-
vanced driver assistance system devices.

At Ford’s CES Booth, standing in
front of an autonomous Ford Fusion,

Colm Boran, manager of Autonomous
Vehicle Platform Research and Advanced
Engineering, said the company will have
a brake-free, steering-wheel-free vehicle
ready for the road by 2021. Whether gov-
ernment regulations will allow them on
the road is another question.

3D Printing with Purpose
One industry that understands the perils
of hype is 3D printing. But there are
plenty of manufacturers who came out of
the down cycle with a new focus on pro-
fessional and industrial customers.

Markforged used CES to announce
Metal X. The company says it prints in
metal surrounded by plastic. The plastic
is dissolved and the metal is bulk sintered
in a process Markforged calls ADAM
(Atomic Diffusion Additive Manufactur-
ing). The company says ADAM avoids
the Z axis strength loss seen in other ad-
ditive manufacturing processes.

At the Sculpteo booth, the company
was also in a metal mood. Its Agile
Metal Technology (AMT) is an online
agent-based system designed to help

designers and manufacturers analyze
and evaluate metal additive manufac-
turing (AM) projects.

At the Titan Robotics booth, the new
Cronus fused filament type, open air 3D
printer was on display. It has five print
heads on multiple gantries that help speed
print times and create larger builds. It
was built using Autodesk’s Project Escher
technology. Autodesk Netfabb software
coordinates the multiple print heads.

Work with Your Workstation
When it comes to new ways for people to
interact with their computers, the pen was
mightier than the VR headset at CES.

The Dell Canvas is a 27-in. horizontal
screen you can plug into your workstation.
It is designed to be used as a digital draft-
ing table with a digital pen and dial-like
puck that sits on the screen and brings up
radial menus. Brian Hillner, product port-
folio manager for SOLIDWORKS, was
on hand at CES to show how design en-
gineers could use Canvas in their SOLID-
WORKS workflow.

Read our complete CES coverage on-
line, including videos and images from the
show floor at digitaleng.news/de/?p=34402.

CES: In Search of Engineering Tech
BY JAMIE J. GOOCH

INDE’s 22 years, this is the first CES
we attended. I went to Las Vegas in
January looking for the latest technolo-
gies for design engineers, as well as the

trends that will influence future designs. In
the 2.6 million sq. ft. of net space at CES, I
focused on three areas important to design
engineering: autonomous vehicles, 3D
printing and engineering computing.

SOLIDWORKS is working with
Dell to integrate the Canvas’ pen
and Totem interface tools.
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FOCUS ON 
INDUSTRY 4.0DESIGN | 

Friends or foes, the advanced robots are expected to 
come online eventually. The technological ingredients 
to breathe life into them are already in place, even if the 
alchemist’s formula is not yet perfect. The cyber-physical 
system’s role in Industry 4.0 is well defined. Some experts 
believe it’s time to also recalibrate the human’s role.

First, a Reality Check
Some of the building blocks for Industry 4.0 are spelled out 
in the paper titled “Design Principles for Industrie 4.0 Sce-
narios,” by Mario Hermann, Tobias Pentek and Boris Otto 
(Audi-Stiftungslehrstuhl Supply Net Order Management, 
Technische Universität Dortmund, 2015). They include:

• virtual copies of the physical world or digital plant 
models enriched with sensor data;

• assistance systems that support humans by making 
informed decisions and solving urgent problems on short 
notice; and

• cyber-physical systems that conduct a range of tasks 
that are unpleasant, too exhausting or unsafe for their 
human coworkers.

As a senior industry strategist for Autodesk, Diego 
Tamburini pays close attention to his clients’ Industry 
4.0 initiatives. “Many manufacturers are already using 
numerically controlled manufacturing equipment (ma-
chining centers, 3D printers, robots, material handling 
systems) and some level of automation, but very few have 
reached the level of automation, autonomy, adaptability 
and reconfigurability envisioned by Industry 4.0. Most 
manufacturers are still in the process of digitizing their 

Adjusting the 
Human-Machine 
Relationship

Industry 4.0 is redefining the 
engineer’s role within design.

BY KENNETH WONG

SCIENCE FICTION WRITERS describe them as intelligent robots. Industry 4.0 advocates call them autonomous 
cyber-physical systems. The former often depict them in the worst possible light, as part of their nightmarish visions and 
dystopian horror stories. From Arthur C. Clarke’s HAL to James Cameron’s T-800, these AI-powered mechanical monsters 
have a tendency to use their supernatural strength and intelligence to outwit, outrun and outgun humans. On the other 

hand, the tech sector tends to view them as the catalyst to exponential productivity growth—the key to automation utopia.

Credit: Thinkstock/Tick-Tock
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product development process—a neces-
sary but not sufficient step toward Industry 
4.0,” he says. 

PTC is a  company that champions the 
concept of digital twins. (For more on 
this, read “Driving Toward Digital Twins,” 
digitaleng.news/de/?p=32214). As virtual 
copies of physical products in the field equipped 
with sensors, digital twins pave the way for the 
intelligent cyber-physical systems envisioned by 
Industry 4.0 advocates. 

“From what we see in the market, most 
manufacturing executives are not prioritiz-
ing autonomous cyber-physical systems 
as their next capital investment. Rather, 
they are looking to improve operational 
performance and flexibility through digital 
manufacturing, real-time intelligence and 
predictive analytics,” says Howard Hep-
pelmann, divisional general manager for 
Manufacturing Solutions at PTC. “Our 
customers have proven consistently that 
there is a way to introduce IoT (Internet of 
Things) into the factory; connect to diverse 
and disparate assets, sensors and business 
systems; and deliver unprecedented busi-
ness value in weeks.”

By offering a matchmaking portal that 
connects manufacturing service provid-
ers with designers, Dave Evans, CEO of 
San Francisco-based startup Fictiv, seeks 
to democratize manufacturing. “When you 
increase manufacturing efficiency with au-
tomation, you will inevitably replace some 
repetitive tasks previously performed by hu-
mans,” he says. “That said, manufacturing is 
a complex and creative process ... We believe 
automation should augment the machine 
operator’s job rather than replace it and that 
the dynamic between automation systems 
and machine operators should be collabora-
tive rather than discrete.”

Legacy Roadblocks
The paradoxical nature of Industry 4.0 is, the 
very firms that stand to benefit the most from 
it—the long established manufacturing giants 
with the financial muscles to plan and execute 
the necessary automation initiatives—may 

also be hampered by the legacy systems they have accumu-
lated over time. 

“One of the main challenges is the diversity of the assets 
and the rigidity of the legacy manufacturing business sys-

Augmented reality and virtual reality hardware are 
expected to play an important role in Industry 4.0. 
Image courtesy of Hannover Messe.

The Germany-based technology fair Hannover Messe 
is credited with being the birthplace of many of the 
underlying principles for Industry 4.0, and the term 
itself. Image courtesy of Hannover Messe.
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tems,” says Heppelmann. “An IoT solution needs the ability 
to connect to diverse assets and data silos in the factory, and 
extend these data sources with modern technology, and do 
that without disrupting operations.”

“In order to fully realize the Industry 4.0 vision, the 
industry needs better multi-vendor, plug-and-play, equip-
ment interoperability. That is, the ability to bring a piece of 
equipment into the production line and easily and quickly 
have it ‘talk’ to the other machines and software systems,” 
says Tamburini. “This also requires a commonly agreed se-
mantic description of the services that a device offers and a 
partnership between hardware and software vendors.”

IoT Acceleration
If we want to pay homage to the origin of the con-
cept, Industry 4.0 should be spelled Industrie 4.0, as 
dubbed by the German government that first conceived 
it (industrie4.0.gtai.de). The term began circulating after 
Hannover Messe 2011, where it was widely discussed. In the 
last five years, many of the technological pieces necessary 
to make Industry 4.0 a reality became much more robust. 

“We have just reached a tipping point in artificial intel-
ligence and machine learning, whereby these technologies 
are starting to have real-world applicability. This is par-
ticularly encouraging for the Industry 4.0 vision because 
these technologies will be essential in providing the au-
tonomy, adaptability and ‘smarts’ envisioned in Industry 
4.0,” notes Tamburini.

“Today’s IoT platform far exceeds what was possible 10 
years ago,” says Heppelmann. “Operations technology/in-
formation technology convergence with IoT is now a real-
ity we can enable in weeks within a factory. Building from 
that same foundation, new technology such as augmented 
reality, predictive analytics, and digital processes are also 
now part of a new reality we can bring to the factory in a 
similar timeframe.”

Making a factory “smart” also means putting it in the 
cloud, in a manner of speaking. IP (intellectual property) 
concerns might force many early smart factories to be in 
their own tightly controlled private clouds. “Cloud technolo-
gies are also helping make Industry 4.0 possible, particularly 
thanks to its processing power and storage capability—essen-
tial to consume, store and process the large amounts of data 
that an Industry 4.0 factory generates,” observes Tamburini.

Humans Becoming Obsolete?
When visiting clients, Zvi Feuer, Siemens PLM Software’s 
senior VP of Manufacturing Engineering Software, often has 
to tackle the dreaded question: Will automation and robot-
ics replace humans? It comes up so often that he decided to 
address it publicly in a blog post, titled “Will Advanced Ro-
botics and Industrial Automation Replace Employees?” (July 
2016, siemens.com/plm/community).

Some operations will indeed be ceded to the machines. 
There’s no way around it. Feuer identifies them as “rou-
tine, physically difficult, complex [jobs that] require high 
quality and repetitiveness.

 “Industrial automation and advanced robotics will ... 
also generate opportunity for more—people with new 
skills—that will join to support the growth in produc-
tion,” he adds.

“The downside of Industry 4.0 (or automation in gen-
eral, for that matter) is not as much about jobs elimination 
but, rather, job shifts,” Tamburini observes. “So the problem 
is more about training and re-skilling the existing workforce 
than the availability of jobs.”

One of the skills that make people indispensable in the 
future may be cyber security. Sensor-equipped factory ma-
chines must communicate with one another or with their 

“Operations technology/information technology 
convergence with IoT is now a reality we can 

enable in weeks within a factory.”  
— HOWARD HEPPELMANN, DIVISIONAL GENERAL MANAGER 

FOR MANUFACTURING SOLUTIONS AT PTC
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operators. That also makes them vulnerable to hackers
with sinister goals. “The impact of a cyber-attack could be
more insidious and devastating in a highly-automated and
autonomous environment. A lot of damage can occur before
humans realize that something is going on and are able to

intervene to stop it,” Tamburini points out.
“There will be a shift in the jobs that are

available as advanced robotics become more
prevalent in manufacturing,” Feuer writes.
“The fear of retraining is real to many em-
ployees. They fear any new jobs to support
industrial automation will take over their ex-
isting jobs. This is why technical training and
local community technical schools are so criti-
cal. The workforce needs to be more educated
to accomplish this industrial automation.”

“While certain tasks may be replaced with
automation, Industry 4.0 will also enable new types of jobs
to be created as human operators are given more freedom
to focus on innovation and creative problem solving,” says
Fictiv’s Evans.

In the last decade, Siemens PLM Software and other
technology suppliers began investing heavily in the devel-
opment of simulation programs. Software like Tecnomatix
from Siemens allows plant operators to simulate machine
movements, worker activities and assembly line hiccups to
predict and avoid ergonomic problems and safety risks. The
skill to duplicate and analyze the operations of a real plant
using such technologies in the digital world, for example,
could put someone in the desired talent pool for companies
pursuing automation.

In his blog post titled “Smart Factory: the Factory of the
Future,” Feuer writes: “In the Smart Factory, people will
work alongside Cooperative Robots (Cobots), which will
have more sensors and become more human-aware. Robots
with vision systems and AI will be able to perform autono-
mous tasks, move to new locations, replicate work done by
humans and adapt to evolving situations, such as changes to
the position of parts/products. Learning at the Smart Fac-
tory will be facilitated by the use of virtual reality devices.
These devices will enable production employees to walk
through the production lines, inside the production systems,
in a virtual manner—well before they will be installed on
the shop floor.”

The machines are ready to evolve; so must humans. 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

Fictiv: Fictiv.com

Hannover Messe: HannoverMesse.de

PTC: PTC.com

Siemens PLM Software: Siemens.com/PLM

For more information on this topic, visit digitaleng.news
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The Building Blocks
of Industry 4.0

Cornelius Baur, a director in McKinsey &
Company’s Munich office, calls Industry 4.0
“manufacturing’s next act.” According to

him, Industry 4.0 is a transformation driven by “the
astonishing rise in data volumes, computational
power and connectivity, especially new low-power
wide-area networks; the emergence of analytics
and business-intelligence capabilities; new forms of
human-machine interaction such as touch interfaces
and augmented-reality systems; and improvements
in transferring digital instructions to the physical
world, such as advanced robotics and 3D printing.”

In “Design Principles for Industrie 4.0 Scenarios,”
the authors list the followings as some of the charac-
teristics of their vision:

• the ability of information systems to create a
virtual copy of the physical world by enriching digital
plant models with sensor data;

• the ability of assistance systems to support
humans by aggregating and visualizing information
comprehensibly for making informed decisions and
solving urgent problems on short notice; and

• the ability of cyber physical systems to physi-
cally support humans by conducting a range of
tasks that are unpleasant, too exhausting or unsafe
for their human co-workers.

Image courtesy of Christoph Roser
at AllAboutLean.com CC BY-SA 4.0.
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Enhance Your Product 
Development Lifecycle
To benefit from big volumes of constantly evolving data, organizations must have 
a well-defined strategy for Big Data and knowledge management. 

BY PRAVIN ASAR

SUCCESSFUL NEW PRODUCT INTRODUCTION (NPI) is key 
to business success. The consumer is king and drives the success or 
failure of the corporations. In today’s globally connected economy, 
offering a tailored product portfolio that can cater to the ever-

changing preferences of both local and global markets means organizations 
need to have a clear understanding of customer requirements in different 
segments, and must design products that meet those expectations. Incorporating 
the ever-changing requirements into a typical phased-gate/stage-gate product 
development is a challenge. 
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FIG. 1: DIKW (data, information, knowledge and wisdom) pyramid.

Adding to the challenge is the cut-
throat competition in the global market. 
Today, the race is not just about creating 
new products, but doing so faster than the 
competition. The ability to decrease time 
to market, improve first time right per-
formance and improve cost competitive-
ness, are emerging as key differentiators. 

A successful NPI process must use 
current and past records such as sales/
marketing, design, manufacturing opera-
tions and testing/service data to develop 
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new products. Doing so offers huge po-
tential to improve product performance, 
bring about efficiency in the product 
development process, contain costs and 
enhance customer experience. 

For example, product ideas, customer 
behavior patterns, voice of customer 
(VoC) data, quality function deployment 
(QFD) data, and product trends from 
social networks and listening platforms, 
can help design the product strategy and 
portfolio. Warranty, quality and testing 
data, data from CAD systems and manu-
facturing process data can help in product 
design and validation, as information is 
fed back into the NPI process. 

This data is not available in a simple 
format, but is generally in large volumes, 
and is dispersed across the enterprise. In 
order to benefit from this big volume of 
constantly evolving data, organizations 
must have a well-defined strategy to col-
lect, store, synthesize and disseminate it 
in the form of knowledge required for 
various business functions.

Key Definitions: Data,  
Information and Knowledge
The terms data, information and knowl-
edge are sometimes used interchangeably, 
but are in fact three distinct concepts as 
shown in Fig. 1.

Data consists of unprocessed discrete 
and objective facts about events, proper-
ties of objects, etc. Data is mostly struc-
tured and has no value unless processed 
and analyzed. 

Information is derived by the ag-
gregation and analysis of data. It is used 
mostly to assist in decision making by 
answering questions related to who, what, 
when and how many. Information is a 
message, usually in the form of a docu-
ment or audio-visual communication. As 
with any message, it has a sender and a 
receiver. Information is meant to change 
the way the receiver perceives something, 

and to have an impact on their judgment 
and behavior. 

Knowledge is know-how and is what 
makes possible the transformation of in-
formation into instructions. Knowledge 
can be obtained either by transmission 
from another who has it; by instructions 
(explicit knowledge); or by extracting it 
from experience (tacit knowledge). Es-
sentially, knowledge is evaluated and or-
ganized information that can be used pur-
posefully in the problem solving process.

The core of the product development 
process lies in knowledge and its reuse. 
Knowledge—when managed effectively—
can help reduce NPI project time, improve 
product quality and increase customer 
satisfaction. In a knowledge-based orga-
nization, it plays a crucial role in guiding 
the organization’s actions and establishing 
a sustainable competitive advantage. Typi-
cally, the NPI process uses a combination 
of data, information and knowledge. 

Wisdom, the ability to increase effec-
tiveness by judicial use of the knowledge 
base, comes from the expertise and insight 
of a few individuals in the organization, 
and is usually manifested as policies, best 
practices and lessons-learned artifacts.

Making a Knowledge 
Management Integral to 
Product Development
Four kinds of “know” have been dis-
tinguished by Organization for Eco-
nomic Co-operation and Development 
(OECD), which are know-what, know-
why, know-how and know-who.

Know-what refers to knowledge 
about facts. Know-how refers to scientific 
knowledge of the principles and laws of 
nature. Know-why refers to skills or the 
capability to do something. Know-who 
involves information about who knows 
what and who knows how to do what. 

We could represent engineering 
knowledge creation during new product 

development (NPD) by posing the fol-
lowing questions:
• What product knowledge is created 
or represented?
• Who are the actors playing what roles 
in creating, using or modifying product 
knowledge?
• Where is the product knowledge cre-
ated and located?
• How is the product knowledge being 
created or modified?
• Why was certain product knowledge 
created or modified?
• When was the product knowledge cre-
ated or modified? 
The conventional product development 
process (Fig. 2) starts from strategizing 
the product to designing, validating and 
testing it, and finally ends with the prod-
uct being phased out.

The concept of integrating and shar-
ing heterogeneous knowledge emerged 
in the late 1990s, when product life-
cycle management (PLM) systems were 
conceptualized and knowledge–based 
engineering began attracting attention. 
Earlier PLM systems were essentially 
product data management (PDM) sys-
tems. More recent PLM systems now 
attempt to manage many more aspects 
of product engineering. However, they 
still do not provide end-to-end tools for 
product development.

Emerging Trends  
in Product Development
NPD teams are increasingly becoming 
cross-functional organizational groups, 
dependent on internal as well as external 
stakeholders. Additionally, crowdsourc-
ing, social media, collaboration, use-of-
field data, capture technology and addi-
tional tools are being utilized for product 
idea screening and refinement. Fiat Mio 
and Procter & Gamble (P&G) Products 
are notable examples of successful collab-
orative product development.

Product
Strategy 

& Planning

Concept,
Prototyping
& Definition

Product-Design
& Analysis

Product 
& Process 

Verification & 
Validation

Manufacturing, 
Launch, Service 

& Phase Out

FIG. 2: The conventional product development process.
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Obviously, significantly more data
resides outside the realm of engineer-
ing data. During the product develop-
ment lifecycle, large volumes of several
types of data are generated throughout
the design, analysis, testing and service
operations of the products. All of this
data is available to be processed and
used as a reusable knowledge base, and
to provide real time intelligence to the
product development teams. In most
cases, data such as customer insights
(structured and unstructured), com-
petitive intelligence and product per-
formance data can prove to be of great
value for the overall success of both
the new generation of the product and
future generations.

Knowledge Management
and Big Data
Knowledge management is getting the
right information to the right people at the
right time. Furthermore, it is helping team
members create, share and act upon that
knowledge in ways that will measurably
improve the performance of an organiza-
tion and its partners (Fig. 3).

Big Data analysis is normally associ-
ated with censuses, surveys and similar
applications. It can be used to positively
affect the product lifecycle, as a strategic

initiative to meet the goals of decreasing
time to market, improving first-time-
right performance, and improving cost
competitiveness. The four dimensions of
Big Data a.k.a. the 4Vs—volume, velocity,
variety and value—are also applicable to
new product development. These four Vs
are elaborated upon below.
•Volume: Machine-generated data is
produced in much larger quantities than
non-traditional data.
•Velocity: This refers to the speed of data
processing, or the latency rate at which
analytics must be applied to the data, and
looped back to the original sources of data
to action. Social media data streams are
not as massive as machine-generated data
and produce a large influx of opinions and
relationships valuable to customer rela-
tionship management.
•Variety: This refers to the large variety
of input data (customer insights, competi-
tive intelligence, trends, benchmarking
data, standards and materials) that in turn
generate a variety of data (CAD/CAM/
CAE data, drawings, documents, test
data, product and process performance
data) as output.
•Value: The economic value of different
data varies significantly depending upon
both the source and its end use.

 A Big Data strategy requires the abil-

ity to sense, acquire, transmit, process,
store and analyze data that generates
knowledge and can be stored in a reposi-
tory for later use. To derive maximum
benefits from Big Data Analysis and
Data Mining, organizations must make
sure their IT infrastructure supports the
4Vs, with the goals of knowledge capture
(rapid rate of delivery), knowledge repre-
sentation (extraction of huge volumes of
data, with varying data types), knowledge
transfer (availability of knowledge), and
knowledge reuse.

Big Data in Action
The use of Big Data and its analysis
in product development is mindfully
driven by the available technologies in
the organization and the tight integra-
tion between hardware and software and
other data generation mechanisms. An
approach to analyze the use of Big Data
and the consequent knowledge in NPI is
shown in Fig. 4.

A typical NPD process interfaces
with enterprise-wide systems such as
ERP, CRM and PLM, to retrieve in-
formation. The automobile industry is
currently leading the pack in this regard
with their integration of the Internet of
Things (IoT) to capture field data. This
information is explicit and structured.
Information and data are exchanged on
a continuous basis with these systems as
the product is being realized.

Although a small part of this infor-
mation flows back into the enterprise
systems, attempts should be made to
acquire this in a central repository, typi-
cally a single data warehouse, to capture
data of the new product initiative for
future needs. A deliberate attempt must
be made to keep the data together so
that it can be combined to create in-
formation that can then be analyzed to
generate the knowledge repository and
to support future product development
processes.

The key benefit of a centralized au-
thoritative and controlled data-driven
approach is the ability to use a single
source of data that drives many deci-
sions concurrently and reduces data

Knowledge
Reuse

Knowledge
Creation

Knowledge
Transfer

Knowledge
Representation

FIG. 3: An engineering knowledge management model.
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duplication. The mantra “create once,
use everywhere” should be followed.
For example, continuous availability
of market data, product planning data
and VOC data can be used to improve
the features and designs of current and
future products.

A service-oriented architecture
(SOA) coupled with real-time data anal-
ysis is beneficial in production capacity,
facility planning and to stay ahead of
potential capacity expansion problems.
For example, a warranty or a field issues
database will alert product designers to
product issues that can be eliminated
while a batch is still in production.
Real-time automobile performance data
from sensors pertaining to engine per-

formance or driver behavior can help
product developers capture potential
performance issues or add new features
to the vehicle.

Recommendations
Product development is a stage-gate and
cross-functional process, dependent on
many internal and external data and prac-
tices. Big Data usage in product develop-
ment offers new ways to integrate data with
product design and process improvement.
Having a SOA in place for real-time data
analytics can derive optimal benefits. Some
notable recommendations are listed below.
• Set a clear vision for knowledge manage-
ment in your organization.
• Perform a thorough assessment of

your current status, pain points and fu-
ture requirements.
• Devise a well thought out longterm
strategy for knowledge management.
• Prepare a roadmap to achieve the vision
and successful strategy implementation.
• Implement knowledge management as
a business transformation program that
aligns with your organization’s business
processes, technology, infrastructure and
change management practices. DE

Pravin Asar is a principal systems engineer at
Millenium Engineering and Integration. He
has over 20 years of experience in CAD/CAM
and PLM software development and integra-
tion with enterprise systems. Send email about
this article to de-editors@digitaleng.news.
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FIG. 4: An enterprise view of Big Data sources and knowledge management.
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However, the IoT calls out the need for a solid interface
among mechanical, electrical and now software developers. This 
could bring a different tint to the design team of yesterday, while 
presenting new challenges such as integrating suitable software 
tools and melding different technical cultures. 

“As more products are becoming IoT connected, more com-
panies are becoming electronically-focused versus mechanically-
focused,” says Steve Chalgren, executive vice president, Product 
Management and chief strategy officer of Arena Solutions. 
Arena offers PLM (product lifecycle management) and BOM 
(bill of material) software that is focused on the integration of 
multi-discipline design teams.  

This newfound focus will require more emphasis on software 
architectures and designs to accommodate IoT applications.

“IoT will definitely challenge traditional software packages. 
IoT devices require additional considerations––for example, wire-
less communication protocols, that traditional devices do not nec-
essarily consider,” says Ervin Sejdic, Ph.D., assistant professor at 
the Department of Electrical and Computer Engineering at the 
University of Pittsburgh’s Swanson School of Engineering.  

Engineering design software providers must ensure that their 
products allow effective collaboration and integration. 

“What if you [were] to design a car seat that will alert drivers 
if kids are not properly fastened during driving?” asks Sejdic. 
“Traditional design software tools, such as CAD systems, typi-
cally offer capabilities for mechanical design, but to design wire-
less protocols, you would need to use different software pack-
ages. Hence, a new comprehensive software package is needed. 
However, the question is who will offer such a package, espe-
cially as these software tools are designed by specific companies 
with a narrow expertise.”

Many Tools, One Effort
Different engineering disciplines have become comfortable using
the tools that they are accustomed to. They don’t want to forgo 
this familiarity; they hope to retain it. But is the digital design 
community ready to accommodate many tools for one effort?

“With traditional discipline-specific design tools, there are 
definite challenges with developing in a multi-discipline envi-
ronment desirable for the creation of connected products,” says 
Louis Feinstein, senior manager, Portfolio Management for 
Dassault Systèmes SOLIDWORKS’ ECAD products.  

Feinstein says that SOLIDWORKS is continuously develop-
ing applications by being mindful of the integration of electrical, 
electronic and mechanical design integration, without data trans-
lation between the disciplines. He adds that existing design com-
munities have always posed cultural barriers, and that the chal-
lenge moving forward, particularly in the age of IoT, is to make 
interaction among such communities seamless. 

According to Chalgren, companies who may have focused on 
mechanical disciplines are adding electrical and software engi-
neers to their staff—which means they are looking for PLM fea-

Design Teams in the Age of

The Internet of Things could change design team dynamics. 

BY JIM ROMEO

DESIGN TEAMS OFTEN have members
whose engineering disciplines are mechanical 
or electrical. Occasional and intermittent 
different disciplines are added to the design team, 

depending on the given product and its application.

III  T T T T T T

The SOLIDWORKS ECAD/MCAD collaboration server 
facilitates linking mechanical models to electrical data in a 
single managed project. Image courtesy of SOLIDWORKS.
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tures, and he says his firm has already anticipated this emergence. 
“We are quite happy with the growth of IoT and see a significant 
opportunity to provide capabilities to companies that are adding 
electrical and software to their mechanical offerings,” he says.

Chalgren adds that different disciplines working to the same 
end is nothing new for design teams of all sorts. Different teams 
of different disciplines are accustomed to collaborating and 
integrating with other disciplines. The challenge is when others 
use different tools—and may just have a different culture within 
their specific design community. 

“Electrical and software engineers have been working to-
gether on high tech, consumer, data center and medical prod-
ucts for years,” says Chalgren. “The integration points of each 
of their design tools have been pretty much worked out. Fur-
ther, the mechanical teams that work in high tech have largely 
worked out their integration points too.”

In today’s design environment, collaboration is more impor-
tant than ever and it is important for all disciplines in the col-
laboration team to realize that their design tool is not the center 
of the multi-disciplinary engineering universe. 

As Chalgren advises: Retain design tools the team is familiar 
with. Ensure all team members are comfortable with the soft-
ware tools that they have used and that others use. If it’s working 
for one discipline, try to integrate it as best you can with other 
design tools and applications.

Better Visibility into a Design Ecosystem
With a broader team of disciplines and the use of products now 
networked via IoT, there are some definite benefits. With the IoT 
as part of the design paradigm, there is heightened visibility into 
product development and the product’s use as customers adopt it. 

“IoT represents a lot of cool new things to a lot of people,” 
says Chalgren. “However, when it comes to IoT, the big op-
portunity is the data stream of telemetric information from all 
these devices back to the development team so they can finally 
see what is really happening to their population of installed 
products. Now, the creators of the product can see the behav-
ior of it, singularly or in aggregate, as they are being used by 
their customers.”

Not so long ago, customer visits were required to see prod-
ucts in use by end users. Now, with the internet and specific 
digital intelligence as part of their design, they can often moni-
tor product behavior in real time, and at any time, wherever 
they’re located. 

“IoT now enables the engineer to see 24/7 behavior of all 
their devices,” says Chalgren. “They can track their environ-
ment, feature usage, failures and even remotely update the firm-
ware and software proactively, preventing issues from becoming 
customer complaints.” 

Melding Design Cultures
For a team interdependent on the product design skills of mechani-
cal, electrical and software professionals, perhaps one of the most 

dominant challenges is the cultural barrier among the players. Each 
has its own unique culture, but successfully melding these cultures 
together is a key ingredient to a successful design team. 

“The barriers aren’t just software vs. mechanical and electri-
cal,” adds Chalgren. “All three of these disciplines are somewhat 
different. For instance, mechanical-focused PLM is quite dif-
ferent than electrical-focused PLM. The reason is that the way 
these teams work and design is different: Different paradigms, 
different general personalities, different skills and different types 
of documentation.”

 “At the core,” he says, “electrical engineers communicate 
how to build their product by carefully documenting their de-
sign in a BOM.  The BOM is core for electrical engineers.” 

Mechanical engineers are not usually very BOM focused. 
They communicate how to build their product by using the 
MCAD model, or more often, a stack of part and assembly draw-
ings. A BOM can be used by the mechanical engineer, but it is 
usually relegated to a reference document with the rule that the 
drawings and the parts listed on the drawings trump the BOM.  

“That is a big difference, and it shows in their choices for 
PLM,” Chalgren adds. “Software engineering is also quite dif-
ferent as they aren’t making a physical product at all. The code 
is built against requirements. The process is much more fluid—
more like writing a novel with tons of iterations, quick releases 
and quick adjustments. So all of these disciplines are different, 
with different personality traits, different tools and different de-
liverables—where do they intersect and how should that work?”

One Common Vision
When creating a multi-disciplinary product, it is key to make sure 
all teams have a clear understanding of the objective and have a 
transparent and easy way for everyone to see what is going on—
good and bad—in their combined development effort. 

A product created by a multi-disciplinary product team always 
demands clear communication by all stakeholders. The need for 
transparency is great from discipline to discipline and from team 
member to team member. Communication has and always will be 
paramount whether it is within the collaboration tools and soft-
ware or within the interpersonal communications of members. 

“The key need,” concludes Chalgren, “is an agnostic devel-
opment platform where each design discipline can publish their 
part of the design; starting at proof-of-concept and prototypes, 
all the way through to full production.” DE

Jim Romeo (JimRomeo.net) is a freelance writer based in  
Chesapeake, VA.

INFO ➜ Arena Solutions: ArenaSolutions.com

➜ Dassault Systèmes SOLIDWORKS: SOLIDWORKS.com

➜ University of Pittsburgh: Pitt.edu

For more information on this topic, visit digitaleng.news
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FOCUS ON 
INDUSTRY 4.0TESTING | 

To pinpoint some of these difficulties, 
Digital Engineering chatted with some 
product design and testing service provid-
ers to see how engineering teams could 
address some of the hurdles that can cause 
a gap between finishing a product design 
and ensuring it can effectively operate 
once it leaves the manufacturing line. 
Q: What are some of the challenges 
when bridging the design/test gap? 

A: Gregor Mittersinker, co-founder 
and principal, Loft LLC: 
One of the biggest challenges is that you 
need to have a product at a finished level 
that you can simulate how it would behave. 
With the emergence of rapid tooling and 
rapid prototyping, it becomes much more 
feasible. A lot of times, we make alphas that 
fully function and we can field test on.  

A lot of clients are scared in engaging 
on research and testing and repeatability 
of their ideas [due to] timelines. They 
have a very aggressive objective of getting 
to market quickly and therefore they are 
hesitant in engaging in testing initia-
tives. However, the key to us helping our 
clients is the philosophy of “test early, 
test many times, but don’t have the test 
become this overarching objective.” This 
way, testing has become a subsystem of 
agile development. 

A: Tony Norton, executive vice  
president, Altair ProductDesign:
When we take a design into testing—

whether it be physical or virtual—a 
highly constrained design can often lead 
to little room for change during testing. 
And our philosophy to approach this is 
to do early concept design using physics 
and simulation as early as possible, and 
then drive the design using simulation 
throughout. So in effect, the whole design 
process becomes a number of tests. 

A lot of times when we get involved 
with clients, they come from a design and 
test process, and they’re looking to get into 
a more simulation-driven process. That 
really smooths out that transition [from 
design to test], so now instead of getting 
surprises after or late in the design process, 
you’re now doing the learning early.  

A: Peter Lavelle, application engineer, 
HBM Prenscia: 
Communication, planning and cross-dis-
ciplinary knowledge are three areas that 
engineers should focus on.

Design simulations are increasing 
complex and accurate, however they 
still require validation. Therefore, it is 
important to plan from the outset what 
design aspects require more detailed in-
vestigation in order to understand what 
data actually needs to be collected. 

Many engineers simply want data 
without taking the time to consider what 
is useful data. Useful data can be used for 
cross-correlation between design and test, 
in order to provide a form of validation 
of up-front simulations. Therefore, good 
communication at the planning stage be-
tween the design and test engineers will 
help identify the data that is required, and 
the tests that will generate it.

A New Look at Testing
Service providers offer some tips and tricks on how to 
pair the design and test workflow.

Product design and testing providers, such as Altair ProductDesign,  
can provide new technological and hardware resources for engineers.  
Image courtesy of Altair. 

BY JESS LULKA

A S PRODUCT COMPLEXITY EXPANDS, it seems engineers are tasked 
with completing more sections of the product design cycle simultaneously to 
meet time-to-market goals. However, challenges can still arise as teams push 
products through a disconnected, sequential workflow.
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Q: Has the increase in product com-
plexity added to the design-test gap?

A: Norton:
Yeah, I would agree with that. As you’ve got 
a lot of products now that have tradition-
ally been mechanical products and now 
also have electronic hardware and software. 
So now instead of having to develop a me-
chanical design, you’re having to develop 
electronic and embedded software designs 
in parallel. The integration of those three 
disciplines definitely adds complexity, be-
cause you can test each one individually, 
and integration of those three designs is key. 
A 1D tool can really help with communica-
tion between these three disciplines. 

A: Mittersinker:
Our human-centered approach has always 
had testing as a core integrated timeline. 
When we do agile development, which is 
a subtask-based initiative, the testing loop 
then influences consecutive refinement 
and engineering activities. It’s pretty much 
the only way we feel that you can develop 
and design products that deliver on some 
of the harsher and more extreme use cases 
that products have to perform on today. 

Q: Why do engineers work with a 
product design firm to bridge the gap? 

A: Mittersinker:
One of the key reasons is that companies 
have core expertise that might be around 
some sort of core subsystem of a product, 
but they don’t have the necessary expertise 
in design for manufacturing, or heat dissi-
pation. As a commercialization house, we 
can provide that outside expertise. 

A: Norton:
Part of it is new technology. A lot of our 
engagements are what we’d call a tech-
nology transfer. We’ll work on a project 
alongside the customer, and at the end of 
it, they’ll understand the process we’ve 
employed and they’ll be able to use it 
going forward. Additionally, we’re always 
looking at the new physics and simulation 
products that are being developed and 
ways to apply those in the design process. 

Another reason people engage with 
us is just from a cross-functional interac-
tion point-of-view. We can assemble a 
pretty small and diverse team of people, 
and sometimes in a larger organization 
that’s tougher to do. Being able to de-
ploy a small cross-functional team can 
sometimes really add value to the cus-
tomer if it’s hard to achieve internally. 

A: Lavelle:
Time is a finite resource determined by 
deadline constraints, which can influence 
the decision to outsource a piece of work. 
This can be particularly problematic when 
something unexpected happens, for which 
planning has not allowed. This allows the 
onus of timely delivery to be shifted onto 
a third party, with the results expected on 
the date agreed in the contract.

Modern test equipment is certainly 
not cheap to buy (or run) and the initial 
investment cost can be prohibitively 
high. This is especially true for smaller 
companies, one-off products or tests that 
are rarely performed. As a result of high 
investment costs, specialist testing ser-
vices are provided by a variety of com-
panies, such as HBM Prenscia’s material 
testing services (AMCT).

Q: What should clients consider when 
working with a third-party firm? 

A: Norton:
Expectation setting is key, and defining 
a clear scope of work. Oftentimes when 
you bring in an outside firm, it should 
be a collaboration going forward. [Engi-
neers] should be prepared for question-
ing to understand why things are done a 
certain way. 

A: Mittersinker:
It has to do with the fact that a lot of 
times you have to be honest [with the cli-
ent and service provider]. With this hon-
esty comes a level of trust. I would not 
take on a client without a very realistic 
understanding that we [as a partnership] 
are on the right path. When you have 
subsystems relying on thermal perfor-
mance, adhesion or anything that needs 
a lot of testing, the yield component cost 
equation becomes very important and [as 
a provider], you have to be realistic. 

A: Lavelle:
Testing providers often see both ends of 
the spectrum when it comes to test speci-
fications. They can be vague, ambiguous 
and poorly defined specifications that are 
open to interpretation. Alternatively, the 
tests can be over-specified and unneces-
sarily aggressive, which can quickly in-
crease the time and cost of testing. 

Therefore, providers of testing 
services should always give a criti-
cal appraisal of any test specifications, 
providing advice and liaising with their 
customers in order to ensure the most 
appropriate and cost-effective tests are 
performed. DE

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

With today’s increasing product complexity, engineers can use 1D diagrams 
to communicate multiple system requirements. Image courtesy of Altair.

INFO ➜ Altair ProductDesign:  
Altair ProductDesign.com

➜ HBM Prenscia: HBMPrenscia.com

➜ Loft: LoftLLC.com
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Today’s engineers are concepting,
testing and prototyping products in a 
highly realistic virtual world to save costs, 
drive efficiencies and accelerate time to 
market. Armed with high-fidelity CAD 
modeling, multidisciplinary simulation, 
sophisticated rendering—and even virtual 
and augmented reality (VR)—engineers 
are empowered to innovate on a scale not 
possible with traditional methods of design 
exploration and physical prototyping.

Optimized Graphics Processing
While digital design workflows can open
up innovation potential, it’s only possible 
with the right horsepower. AMD’s new 
Radeon Pro WX series of GPUs and its 
new Radeon ProRender rendering en-
gine are designed specifically to address
the demanding needs of workstation 
users, especially those professionals push-
ing the boundaries of science, technology 
and engineering applications.

The new Radeon Pro WX series 
GPUs are optimized for open source 
software, undergo extensive independent 
software vendor (ISV) application and 
workstation certification testing, and sup-
port advances that deliver the highest lev-
els of performance. Based on AMD’s new 
Polaris architecture designed specifically 
for speed and energy efficiency, the Rad-
eon Pro GPUs employ the latest advances 
in AMD’s 4th generation Graphics Core 
Next architecture, including 4K video  
decode and encode support, next genera-
tion display capabilities and support for 
open source software through GPUOpen. 

AMD has worked closely with leading 
ISVs and workstation providers to ensure 
the Radeon Pro GPU line supports the 
most advanced feature sets. For example, 
ISV certification for SOLIDWORKS® 
means the AMD GPUs support features 
such as the RealView Graphics real-time 
shading and self-shadowing functions as 
well as Mate, a SOLIDWORKS feature 
for joining parts in an assembly and simu-
lating how they fit and move together.

Three GPU Options
There are three offerings in the Radeon
Pro WX line: The 4100, a fast, low-profile 
workstation graphics card designed for 
CAD assembly and modeling; the 5100 
for more advanced needs, including more 
immersive design and simulation; and the 
7100, the fastest model with 8GB of ultra-
fast GDDR5 memory and DirectGMA 

support for reducing CPU use. The 7100
hits the sweet spot for design engineers 
doing complex and full-scale assembly 
modeling and simulations, along with  
immersive design such as cross sectioning,
rendering and VR.

New Rendering Engine
To accompany the new Radeon Pro GPU
line, AMD also released Radeon ProRen-
der, a state-of-the-art, physically-based ray 
trace rendering engine enabling interac-
tive workflows to produce photorealistic 
images on heterogeneous computing 
systems. With its support of the industry 
standard OpenCL API, ProRender can 
run on virtually any hardware, giving 
design engineers maximum choice in opti-
mizing a workstation to meet their needs.

AMD is also covering the bases for 
organizations trading up workstations for 
a virtualized design environment in the 
cloud. The AMD FirePro S7150 GPU 
delivers virtualized graphics, enabling 
a secure and cost-effective solution for 
high-performance virtual workstations.

Today’s engineers are driving competi-
tive advantage through unprecedented 
innovation. Armed with the right AMD 
GPU horsepower, the sky is the limit for 
next-generation design. 

To learn more about the Radeon Pro 
GPU line and see a SOLIDWORKS 
demo, go to radeon.com/wx.

GPU Power for Next-Generation Design 
AMD’s latest Radeon(TM) Pro WX workstation 
family ushers in an immersive computing 
experience for design engineers tackling 
complex design problems. 

GPU accelerated transparent mode 
(OIT). Image courtesy of Palatov 
Motorsport LLC.

IN THE FACE OF MOUNTING product complexity, engineers are increasingly
reliant on advanced modeling tools, robust simulations and nascent visualization 
technologies to get the job done. Yet to capitalize on their full potential, engineers 
need to step up their workstation game and invest in state-of-the-art graphics and 

processing technologies that can fully support new optimized design workflows. The Radeon Pro WX 7100 GPU.

 accelerated  mode
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Thoughtful designs combine art and engineering (see “De-
sign Considerations for Injection Molding,” digitaleng.news/
de/?p=30723) generally requiring some trade-offs divided 
between adjusting the part design, the mold design and/or the 
process. Autodesk, which offers three levels of its Moldflow 
injection-molding simulation software, introduces the basic 
challenges faced by manufacturers in this field: Will the mold 
fill completely? Will the final part warp or have visual defects? 
What changes could be made to the part geometry, materials, 
wall thickness or gate (injection port) locations to improve the 
part or process? How would decreasing the cycle time or tem-
perature affect the part quality? With these questions as starting 
points, experts know there’s much more work to be done. 

Simulation Software Offerings
Fortunately, as the materials, machinery and ideas involved in 
injection molding have progressed, so have the capabilities of 
related simulation software to tackle such questions. Whether 
hailing from companies based in the United States the U.K., 
France, Germany or Japan, these packages address the concerns 
of everyone involved in this field, though with different ways of 
dividing up the tasks. 

Autodesk offers two relevant packages with several levels of 
each: Moldflow Adviser (Premium and Ultimate) and Moldflow 
Insight (Standard, Premium and Ultimate), with some overlap. 
Hanno Van Raalte, Autodesk Moldflow product manager, notes 
that, for example, both Adviser Ultimate and Insight Premium 

cover cold and hot runner mold designs but are 
targeted to different users. “Adviser is intended for 
a designer or a manufacturing engineer who has 
some basic understanding of the molding process, 
but needs quick answers,” says Van Raalte, Typi-
cal questions would include: “Is this part design 
good for injection molding,” “how can I lay out a 
multi-cavity mold” and “how will my choices affect 
product quality and manufacturing cost?”

Moldflow Adviser Premium is aimed at the 
part designer, while Adviser Ultimate builds on 
this package to also help the tooling engineer. 
“The Moldflow Insight product line,” explains Van 
Raalte, “is Adviser’s big brother and is more geared 
toward a specialized user, typically a plastics engi-
neer or expert manufacturing engineer. Whereas 
Moldflow Adviser is tuned for speed, Moldflow 
Insight is tuned to provide very detailed and quan-
titative insight into the molding process.” 

What Injection Molding Simulation 
Software Can Do for You
Whatever your role in plastics injection molding, there’s 
a tool that will improve your endgame.

BY PAMELA J. WATERMAN 

IT’S NOT JUST THE PART; it’s the process. Successful injection molding of plastic parts involves three stages: 
design the part to be produced; design the corresponding tool/mold; and define the process that fills the mold for 
manufacturing. For each of these stages, whether for part designers, mold designers or part producers, simulation 
software packages stand ready to identify and guide optimized approaches, with some pretty amazing results.

Thermal conformal-cooling analysis performed with VISI 
injection-molding simulation software from Vero Software. 
Image courtesy of Vero Software.
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Both Moldflow product lines have access to the same plastics
material database of more than 9500 materials, with each mate-
rial characterized for injection molding simulation. Autodesk also
has a significant mold-material database, available in Moldflow
Insight, which lets users evaluate differences between, say, using
an aluminum tool instead of one made from P20 tool steel. The
company has recently added new capabilities that automate de-
sign changes to optimize a part for different quality objectives.

Dassault Systèmes supports injection-molding simulation
for two of its major product lines. Within its SIMULIA simula-
tion product family, the company offers Simpoe-Mold ENG for
plastic part designers and Simpoe-Mold TOOL (which includes
ENG) for part designers, mold designers and mold makers.

Dwayne Sawyer, growth senior solution consultant, Dassault
Systèmes SIMULIA explains, for example, that while ENG lets
users simulate filling and packing plus the cool-down stage for
the part inside the mold, TOOL then adds support for analyzing
cooling lines in the mold itself, using CFD (computational fluid
dynamics) to predict where cooling is needed and FEA (finite
element analysis) to calculate potential part warpage.

The company is also developing enhanced versions of these
packages that will integrate in the full Dassault Systèmes 3DEX-
PERIENCE. The benefit will be that advanced users won’t have

to go back and forth between Abaqus, CATIA and Simpoe-Mold,
but instead work within a single platform. Sawyer says that hot
topics for the future include the ability to run analyses of mold
cores and improve simulations of both hot and cold runners.

For SOLIDWORKS CAD-based users, Dassault Systemès
offers an adaptation of Simpoe-Mold that uses the same simula-
tion engine but has its own GUI (graphical user interface) and is
available in three versions. SOLIDWORKS Plastics Standard is
targeted to part designers, offering such information as fill time,
automatic gate location and predication of sink marks. SOLID-
WORKS Plastics Professional, intended for mold designers or
builders, includes multi-cavity layouts, a runner design wizard,
packing analysis and gas-assist injection analysis. SOLID-
WORKS Plastics Premium has all these features plus advanced
capabilities so CAE analysts and others can work on such tasks
as designing complex cooling-line layouts, predicting part warp-
age and optimizing processing parameters.

A similar breakout by role and task is taken with Moldex3D
simulation packages: eDesign Basic, eDesign, Moldex Profes-
sional and Moldex Advanced. “A part designer may not need to
understand the detailed design of the hot runner nozzle, so he
or she does not have to use the advanced hot runner module
on our high level package,” says Tober Sun, division manager

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
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at Moldex3D’s Product Support Division. “But he or she has to 
determine if a certain boss will cause problems during filling, so 
Moldex3D eDesign and Professional will help them assess geo-
metrical problems on the part design, while ignoring the more 
detailed mold design and processing conditions.”

All four Moldex3D products employ a full 3D boundary-
layer meshing approach that offers very fast processing times; 
each version also supports a number of add-on modules. Ac-
cording to Susan Lin, support engineer at Moldex3D North 
America, the conformal cooling add-on is one of their best 
sellers. “It’s a no-brainer for users to acknowledge the benefits 
of conformal cooling channels,” says Lin, “if these channels are 
designed the right way. They have to extract heat from the exact 
hot area and homogenize the temperature across the part and 
between the mold halves. This is why simulation is needed. The 
benefits, including cycle time reduction and warpage improve-
ment, can all be quantified from the simulation results.” 

Other Moldex3D modules include support for design of ex-
periments, gas- and water-assisted molding and powder-injected 
molding; Sun says that the next software release will add new 
modules such as for chemical foaming. The Moldex3D material 
database has more than 7000 entries (including thermosets, cool-
ant materials and mold materials), and lets users measure and add 
their own material property information. For added ease of use, 
the Moldex3D eDesign SYNC add-on connects with SOLID-
WORKS, PTC Creo and Siemens PLM Software NX, while 
the FEA interface supports such advanced analysis packages as 
SIMULIA Abaqus, ANSYS, MSC Nastran, LS-DYNA and more.

Creo Mold Analysis (CMA) is a PTC product based on 
Moldex3D technology. Working on top of PTC Creo, its user 
interface and workflow differ from that of Moldex3D, though 
its functionality is similar to that of Moldex3D eDesign SYNC. 
“The analysis object is the design model, so CMA provides in-
jection molding process simulation for preliminary product de-
sign directly within Creo. This has reduced the need to perform 
exchange operations with external tools,” explains Russell Hsu, 
PTC Creo product management manager. He notes that two 
wish-list items for future CMA releases are to include design 
optimization and cloud computing capabilities.

Another company that offers complementary injection mold-
ing software packages (under the VISI family name) is Vero 
Software. A huge advantage of the VISI modular structure is 
that a license can be shared across departments, supporting tasks 
such as part analysis, geometry validation and even a preventa-
tive flow analysis, all before a tool designer would work on the 
mold core/cavity and plan the manufacturing process, notes 
Marc Freebrey, group marketing director at Vero Software. 

First, VISI Analysis offers solutions for the validation and 
preparation of model geometry, including splitting a model into 
core and cavity; creating parting and shut-off faces; checking draft 
angles and radii; and automatically checking for design changes. 
Second, based on a proprietary hybrid meshing technology, VISI 
Flow uses 3D flow simulation to forecast and visualize the devel-
opment of the plastic melt front as well as to predict and measure 
the final molded shape. It addresses the complete process for part/
mold designers and injection molding technicians, from filling 

Before and after temperature distribution in a rifle stock arm-brace part manufactured by injection-molding using the 
original mold (left) and a redesign that incorporates conformal cooling. Linear AMS, needed reduced cooling times per 
cycle. By using Moldex3D simulation software, they identified areas of heat accumulation, then added conformal cooling 
to inner and outer regions. Cycle time dropped from 112 to 35 seconds. Images courtesy of Linear AMS.

Simulation of filling an injection-molded multi-pin 
electronics connector, performed in SOLIDWORKS 
Plastics from Dassault Systèmes SOLIDWORKS. 
Image courtesy of Dassault Systèmes.
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analysis to warpage calculations to thermal optimization analyses,
with options for adding to or modifying its material database.

The third related product, VISI Mold, is targeted to the tool
designer and allows users to work with either solid, surface, wire-
frame or a combination of all three formats for maximum flexibil-
ity. Users can access a design wizard to simplify creating cooling
channels, import intelligent standard components whose dimen-
sions automatically adjust to fit mold parameters, and readily cre-
ate undercut release mechanisms such as side actions and lifters.

A la Carte or All-Inclusive?
Other simulation companies structure their injection molding
software products in different ways. Simcon markets three fun-
damental packages in its Cadmould 3D-F line: ESSENTIAL,
RAPID and FILL, all based on the same high-end solver—
along with 25 add-on or stand-alone modules that target differ-
ent materials, processes, analysis types and more.

Cadmould ESSENTIAL is termed the starter software: It
simulates the filling process so that users can optimize the posi-
tion and number of gates, detect weld lines and air traps, and
determine cooling time and part volume. Cadmould RAPID
performs these tasks along with automatic gate placement,
and also generates custom reports. Cadmould FILL builds on
RAPID and brings it to expert-level with the addition of tasks
such as visualizing hot and cold runner systems, balancing the
gating system for multiple-gate parts and using DOE (design of
experiments) for optimizing process parameters.

Add-on modules to Simcon’s Cadmould FILL bring ad-
vanced capabilities. For example, Cadmould WARP simulates
part shrinkage and warping at demolding and after cool down to
room temperature, and accounts for parameters such as pressure
distribution during packing. Cadmould COOL calculates con-
ventional, conformal and impulse cooling functions, and handles
different cooling agents and different materials for molds and
inserts. The Cadmould add-ons FIBER, FOAM, RUBBER and
THERMOSETS help users work with those specific materi-
als, while bundled software is also available (e.g., Warp Expert
includes FILL, PACK, FIBER and WARP).

Fiber orientation simulation of an injection-molded
filled-plastic foot-section for a piece of furniture,
performed with REM3D software from Transvalor.
Image courtesy of Solvay.

The Case for 3D-Printed Molds

When injection molding a plastic part,
you consider the material for the part,
the material for the mold (usually CNC-

machined steel) and perhaps an insert made of alu-
minum. But nowadays, especially if conformal cool-
ing is desirable, you might also think: “Could I make
the mold with additive manufacturing?” and that
leads to a variety of questions and answers.

“Generally tool steel such as P20 (when used
in 3D printing) has the same strength and usabil-
ity,” says David Lindemann, application engineer
for Cimatron, a 3D Systems partner and developer
of CAD/CAM software for tooling. “The biggest
issue for using a printed core or cavity is to get the
required finish. The core must be printed slightly
larger so material remains all around, so a good
CNC-machined finish can be cut after printing.”
Lindemann also points out a benefit you might not
consider with 3D-printed conformal cooling chan-
nels. “The inside of the waterlines will have a rough
printed finish because the quality is determined
by the depth of the print layer with each pass,” he
notes, “but that is actually a good thing because it
creates turbulence in the water, drawing out heat.”

Steel isn’t the only possibility for AM-produced
injection molds. Formlabs, which recently introduced
its Form 2 advanced desktop SLA (stereolithog-
raphy) 3D printer, describes new possibilities for
its 3D-printed High-Temp Resin in a white paper
called “Moldmaking with 3D Prints: Techniques for
Prototyping and Production” (goo.gl/bQlvbp). It is one
of several 3D printers with high-temp plastic materials
that support injection molding of other plastics.

3D-printed plastic molds generally have a lifetime
of 100 shots before they break down. The pros and
cons are discussed by Kip Hanson of service bureau
ProtoLabs in his blog post, “3D-Printed Molds vs.
Aluminum Tooling” (goo.gl/WiWWih). He also gives
advice on design rules, such as the need to increase
draft angles over those intended for aluminum.

Injection molding simulation software vendors
say their software is up to the job. Dwayne Sawyer,
growth senior solution consultant at Dassault
Systèmes SIMULIA, sees 3D-printed tools as useful
for prototyping the final tool. Autodesk’s Moldflow
expert Hanno Van Raalte notes that it’s important to
simulate the coolant flow within conformal cooling to
understand where coolant may become “stagnant.”
Bernhard Helbich, managing director at Simcon,
says as long as the heat transfer properties are avail-
able, injection molding software can simulate confor-
mal cooling for standard and 3D-printed molds.
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The company is very focused on automatic optimization of 
part, mold and process and thus has developed additional prod-
ucts with this in mind, according to Bernhard Helbich, Simcon 
managing director. A package called Varimos combines injection 
molding simulation with design of experiments and optimiza-
tion, which the company says can cut down mold iterations by 
up to 50% and development time by up to 30%. And, through 
its partnership with PART Engineering, Simcon markets CON-
VERSE, an advanced mechanical analysis package that couples 
process and structure interactions (like weld lines and fiber ori-
entations) for predicting part stiffness or failure. 

Taking a somewhat different approach, SIGMA Engineering 
builds its SIGMASOFT products around a single Virtual Mold-
ing principle based on finite volumes that creates a 3D simulation 
of flow, heat flux and warpage. This allows part designers, tool 
makers and part manufacturers to reproduce processing condi-
tions over multiple consecutive production cycles, which the com-
pany says is critical to understanding the complex heat-transfer 
conditions required to reach equilibrium. SIGMA Engineering 
structures its simulation products to fit the requirements of partic-
ular end-materials or processes, offering SIGMASOFT Thermo-
plast, SIGMASOFT Thermoset, SIGMASOFT Elastomer and 
even SIGMASOFT MIM/CIM (for metal and ceramic powders). 

The main differences between offerings are the material 
types for each full-function package (individually licensed), says 
Vanessa Schwittay, marketing manager, Engineering at SIGMA 
Engineering. “Different models for the material data are used,” 
explains Schwittay, “and of course you have some specific results, 
e.g., crystallization for SIGMASOFT Thermoplast or powder-
binder separation in SIGMASOFT MIM/CIM. Also depend-
ing on the material, different material and flow models may be 
used.” She notes that some of the next big features for their soft-
ware will be DOE and autonomous optimization functionalities.

The phrase “last but not least” comes to mind when describ-
ing Transvalor’s REM3D injection molding process simulation 
package. Launched in 2014, it builds on the more than 30-year 
Transvalor legacy of simulation software for forming processes. 
REM3D helps users not only simulate filling, determine pack-
ing time and identify best gate positions, but also adds many 
advanced features, such as handling water- and gas-assisted 

injection molding, overmolding, fiber reinforced materials, poly-
urethane foams, thermoset materials, injection-compression and 
injection of highly viscous fluids. 

Noting the range of advanced capabilities in REM3D, 
Nicolas Poulain, Transvalor technical manager, says: “Users do 
not need to have any knowledge of Navier-Stokes equations or 
any FEM background. The input data are process-related such 
as cavity design, material grade and initial melt temperature. 
Thanks to our revolutionary Automatic, Anisotropic and Adap-
tive (AAA) re-meshing technique, the user does not even have to 
worry about the mesh definition; the solver will refine the mesh 
as-needed, automatically.” 

REM3D offers a user-adaptable material database that in-
cludes characterizations for foam material properties. Transvalor 
is also working to incorporate the standard database known as 
CAMPUS (Computer-Aided Material Preselection by Uni-
form Standards), which will add an additional 10,000 entries to 
REM3D resources. 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 ➜ Autodesk: Autodesk.com

➜ Dassault Systemès Simpoe: 3DS.com/products-services/
simulia/products/simpoe-mold

➜ Dassault Systemès SOLIDWORKS: SOLIDWORKS.com

➜ Moldex3D: Moldex3D.com

➜ PTC: PTC.com

➜ SIGMA Engineering: SIGMASOFT.de

➜ Simcon: Simcon-Worldwide.com/en.html

➜ Transvalor: Transvalor.com/en

➜ Vero Software: VISICADCAM.com

For more information on this topic, visit digitaleng.news
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The picture shows the temperature distribution for two 
concepts. The left concept shows hot spots on the cavity 
cores whereas the right-hand layout leads to a much more 
homogenous temperature distribution. Image courtesy of 
SIGMA Engineering. Shrinkage and warpage of an injection-molded part 

(after cool-down to ambient temperature), as simulated 
with Simcon’s Cadmould 3D-F line of injection-molding 
software products. Image courtesy of Simcon.
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Skip ahead a few chapters in the his-
tory of the user interface and the user 
experience (UI/UX) to today. We have 

desktop and mobile form factors. Touch 
screens are increasingly common. We 
connect to programs located on our local 

computer or somewhere in the internet 
universe (the cloud) through a browser or 
an app. Large programs with a large fea-

Engineering the Software 
User Experience
Software designers are taking advantage of graphics 
technologies and user intuition.

BY RANDALL S. NEWTON 

IN THE BEGINNING, Unix created MAN. Short for Manual, it was the only way to learn about arcane commands—and 
they all were arcane in those days. Today, what we call “user interface” (UI) was in the early days of computing nothing more 
than a command line and a blinking cursor. Application software early in the “microcomputer” era varied by application as 
well as by hardware platform. Then Apple wrote the book on human computer interface—literally—with the publication of 

“Human Interface Guidelines” in 1987. At the same time, Microsoft introduced Windows. The goal was to make the power of the 
personal computer and the graphic user interface (GUI) accessible to a wider audience than the pricey Macintosh. Much of the 
software we use today is rooted in user experience (UX) codified in the 1980s. The goal was an intuitive interface that people could 
figure out—partially or completely—on their own.

Commands and hints appear in context throughout Onshape. Image courtesy of Onshape.
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ture set now compete for attention with 
tiny apps offering a targeted—or limited, 
based on your point of view—feature set. 

In the realm of professional engineer-
ing software, a transition is taking place in 
how software is used. Operating system 
standards are no longer driving the UI/
UX. Some of the most powerful pro-
grams in engineering—such as high-end 
analysis or data management—are mov-
ing away from reliance on a command 
line as the primary UI. R&D teams now 
have separate UI/UX teams, with some 
members trained in psychology or design 
instead of programming. 

Engineering design software UI/UX 
trends can be summed up in these four 
broad themes: 

1. make the model the menu; 
2. reduce the initial barriers to entry; 
3. progressive disclosure; and
4. customization is always an option.

Make the Model the Menu
An emerging theme in engineering 
software is to keep the action in the 
center of the screen. Mouse miles should 
be going down, not up. At simulation 
software vendor Altair, the interface 
design mantra is “make the model the 
menu,” says CTO James Dagg. When 
a cursor hovers over a specific item, a 

context-based tool tip will appear. If a 
specific command is engaged, a transpar-
ent representation of the effect appears. 
“We are always thinking of graphical 
previews,” notes Chris Peterson, director 
of User Experience at Altair. 

Due to acquisitions, Altair has a much 
broader product line than it did only 
a few years ago. There was little com-
monality from one product to the next. 

When they did a complete rework of 
HyperWorks, which introduced a new 
UI, they realized HyperWorks could set 
the pattern for updating the user experi-
ence of every Altair product. “Our goal is 
consistency,” notes Dagg. 

Modern graphics hardware has been 
a blessing to interface designers, says 
Dagg. “Graphical overlays were prohib-
itive until a few years ago,” he explains. 

PTC Creo uses a geometry-based selection user interface metaphor. 
Image courtesy of PTC.  

When a feature is selected, the bread crumbs display shows all related 
parts. Image courtesy of Cimquest.
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Altair wanted to animate extrusions 
long before graphics hardware made it 
practical. 

PTC Creo is another product sport-
ing an interface that takes its cues from 
the model. The guiding principle is 
“geometry-based selection,” says Paul 
Sagar, VP of CAD Product Manage-
ment. A toolbar pops up with context 
sensitive commands, allowing “our users 
to perform tasks faster because the com-
mands are right there,” he says. More 
experienced users use more features, 
notes Sagar, so in Creo a flick of the cur-
sor toward the top of the screen reveals 
the ribbon bar. 

PTC is studying touch as an input 
for Creo, but is not ready to add it to the 
desktop software yet. “We don’t see a 
lot of value in touch for our current user 
base,” notes Sagar. Touch will come into 
desktop CAD “to augment the experi-
ence, not to define the experience.” 

Reduce Initial Barriers to Entry
Last October, Synergis Software released 
a major update to Adept, its engineering 
documentation management platform. A 
focus on being “task-specific and task-fo-
cused” led to the time of an average usage 
session being reduced by 50%, says Todd 
Cummings, VP of Development. 

“There are simple and accepted ways 

to keep the barrier to entry low,” says 
Cummings. “Behind the initial presenta-
tion, we provide for users who are more 
technical.” 

At Dassault Systemès SOLID-
WORKS, a new aspect of user interface 
is what the company calls “bread-
crumbs.” Users select a part or an assem-
bly and its relationships are highlighted, 
such as mates in an assembly. “Bread-
crumbs becomes a way to take informa-
tion from the tree and make it func-
tional,” says Tom Spine, director of User 
Experience Design for SOLIDWORKS. 
As with the trend to focus action in the 
center of the screen, Spine sees bread-
crumbs as part of a larger trend. “The 
interface is becoming invisible; you in-
teract directly on the data.” 

Spine says desktop software is ad-
justing the idea of an invisible interface 
because of how we use our mobile 
devices. “You don’t need ‘previous’ or 
‘next’ on an e-book reader, you just 
swipe the screen. It is direct interaction 
on the object.”  

For 2D CAD vendor Graebert, reduc-
ing the barrier to entry became a special 
challenge with the introduction of its 
2017 product line. Graebert Ares has 
become a platform instead of a product, 
with versions for the desktop (Ares Com-
mander), the browser (Ares Kudo) and 

the mobile device (Ares Touch). 
“We wanted a consistent user experi-

ence,” says Cedric Desbordes, director of 
Marketing at Graebert. What they de-
veloped was a cross-platform user experi-
ence they call Trinity. “Whatever product 
or device, we want [commands] to feel 
the same but be adapted to the specifics 
of the device,” he says. 

On the desktop, an editing command 
will use a mouse and cursor, while the 
same command on mobile will use a 
finger or stylus, but both have the same 
icon for representation. “We did not want 
users to choose a platform because of the 
feature; that would be disruptive,” says 
Desbordes. “Synergies come from taking 
full advantage of each platform.” 

Having related products in three 
forms created a potential barrier to entry 
in the user experience beyond the screen 
for Graebert—cloud storage. “We are 
not good at cloud storage, we are good at 
CAD,” says Desbordes. So Graebert built 
hooks to all the leading cloud storage op-
tions, allowing the user to stay with their 
preferred cloud storage service. 

Progressive Disclosure 
Dan Staples, vice president, Mainstream 
Engineering at Siemens PLM Software, 
says the user experience can be summed 
up as progressive disclosure. “Compli-
cated workflows have complicated inter-
faces,” he says. “We need to lead them in 
slowly.” 

One innovation in Siemens PLM 
Software’s Solid Edge is elimination of 
a specific command, replaced by a sug-
gestion. If a user selects the edge of a 
section of sheet metal, a handle appears 
to suggest a flange is possible. “The most 
productive command is no command,” 
Staples notes. “We have sequences [in 
Solid Edge] where the customer never 
goes to the ribbon bar.” Another example 
of progressive disclosure is in the addi-
tion of a separate menu for student users. 
“They don’t need as much in a feature 
set,” notes Staples. 

Siemens is working closely with 
Microsoft on making Solid Edge work 
well with the Surface touch-enabled 

The revised User Interface in Altair HyperWorks is designed to display 
all relevant options based on the location of the cursor.  
Image courtesy of Altair.
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mobile computer. To keep things sim-
ple during initial usage, the software 
will know the difference between a 
finger and a stylus. “Fingers manipu-
late the view; pen selects,” says Staples. 
The distinction is important. “It is an 
important simplification; fingers are 
not precise.” 

Onshape is the new kid on the 
block. “We were fortunate to be able 
to start with a blank sheet of paper, so 
to speak,” notes Andy Morris, a senior 
member of the Onshape user experi-
ence team. The concept of progressive 
disclosure is part of the Onshape user 
experience, but it is not based on mini-
mum viable disclosure. “Our users are 
building art inside a CAD system; we 
want people to feel the wow,” he says.

 At the same time, Morris notes, 
“complexity degrades the user experi-
ence.” Onshape wants to avoid what 
Morris and others call “experience 
rot.” Morris compares his Amazon Fire 
TV Stick to the remote control that 
came with his television. The Fire TV 
Stick has six buttons and one word-
less dial; the remote control “has 30 
buttons, most of which I will never 
use.” Amazon and Apple have similar 
devices that follow a similar theme as 
Onshape: Repeating patterns and ges-
tures can be powerful. 

Customization  
is Always an Option
All the software products mentioned in 
this article provide the ability to customize 
the user interface. More than one noted 
the ability to do “deep customization” as 
one of the key differentiators between 
professional software for experts and less 
powerful software for a broader market. 
Onshape offers a programming language 
called FeatureShape with an unusual 
distinction: Onshape itself is written in 
FeatureScript. Essentially, Onshape has 
published its source code so the user com-
munity can extend the product. Doing 
so doesn’t rob the company of revenue, 
because Onshape is a cloud-based product 
requiring access to Onshape servers.

Creating deeply customizable soft-
ware is one of the biggest challenges 
in designing the user experience, says 
Altair’s Dagg. “There is freedom to ar-
range tools broadly; some of our users 
abuse HyperMesh,” he says. But once 
users can customize on a deep level, 
those changes must be supported. “We 
have a saying, ‘no macros left behind;’ 
old stuff must run too,” he says. 

No two users are alike, says SOLID-
WORKS’ Spine, so it is important to 
support end user customization of the UX 
as much as possible. SOLIDWORKS has 

thousands of student users, and it has users 
with more than 20 years of product experi-
ence. Spine says whatever they do in open-
ing up the product for customization must 
work at both extremes of the user base. 
Spine is also concerned about unwanted 
complexity creeping into the program via 
customization. “We start simple, then add 
complexity over time,” he says. DE

Randall S. Newton is principal analyst at 
Consilia Vektor, and a contributing analyst 
for Jon Peddie Research. He has been part of 
the computer graphics industry in a variety of 
roles since 1985. Contact him via de-editors@
digitaleng.news.

INFO ➜ Altair: Altair.com

➜ Dassault Systèmes SOLIDWORKS: 
SOLIDWORKS.com

➜ Graebert: Graebert.com

➜ Microsoft: Microsoft.com

➜ Onshape: Onshape.com

➜ PTC: PTC.com

➜ Siemens PLM Software:  
Siemens.com/PLM

➜ Synergis Software: SynergisSoftware.com

For more information on this topic, visit 
digitaleng.news
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Siemens Solid Edge uses handles 
rather than commands, where 
possible. Here, dragging the arrow 
will create a flange on this sheet 
metal part, without having to invoke 
a command. Image courtesy of 
Siemens Mainstream Engineering.

Onshape allows users to customize all aspects of the program with the 
FeatureScript programming language. Image courtesy of Onshape.
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Engineers at NASA and MIT’s Center for Bits and Atoms
(CBA) combined new digital materials concepts with a highly
advanced robotic assembly method to create a new, “bendable”
wing architecture that optimizes lift and roll. The benefits of
such an approach applied to an aerospace application like wing
design, researchers say, is to increase aerodynamics and thus
improve fuel efficiency and reduce greenhouse gas emissions.

Yet beyond its potential impact for aerospace applications,
the research initiative is fueling innovations in the nascent
field of soft robotics, the practice of applying soft materials
like silicone and plastic to create robotic structures that are
more biologically accurate and capable of changing shape
to ensure safer, highly sensitive interaction. Soft robotics
reached a milestone this summer when Harvard’s Wyss Insti-
tute for Biologically Inspired Engineering unveiled the Octo-
bot, the first robot to contain no plastic or metal parts while
also employing pneumatics and chemistry, not electronics,
to achieve autonomous operation. Editor’s Note: Read more at
digitaleng.news/de/?p=34187.

Unlike the Octobot and other soft robotics efforts that
rely on the use of elastomeric materials like rubber and
manufacturing methods such as casting or 3D printing, MIT/
NASA’s digital materials concept stakes claim to a more scal-
able approach, making it better suited for the construction of
large-scale objects like aircraft wings or wind turbine blades,
according to Ben Jennett, a graduate student at MIT and a
key contributor to the project. The MIT/NASA research
effort is based on the concept of assembling any number
of tiny, lightweight pieces into a structure—in this case, an
aircraft wing—with each building block or component pre-

cisely tuned for flexibility and movement (hence the digital
materials concept), he explains. The result, Jennett says, is the
ability to combine both hard and soft characteristics into a
single lattice geometry structure while achieving far greater
scalability than what has been accomplished with many of the
early soft robotics research projects.

“Our contribution to soft robotics is the ability to achieve
the materials properties of elastomeric materials at ultra light
density with scalability and the ability to use heterogeneous
materials,” Jennett says. “We’re hoping that those in the soft
robotics field will recognize our approach as a way to build
compliant robots.”

LEGO-Like Building Blocks
There are two primary pieces to the MIT/NASA research:
The modular system of tiny, lightweight LEGO-like build-
ing blocks that comprise the wing structure and an advanced
manufacturing technique that calls for a team of specialized
and synchronized robots to assemble the subunits into a whole.

The building blocks are essentially an ultralight cellular

Morphing Wing Design Lays
Groundwork for Soft Robotics
MIT/NASA collaboration on a flexible aircraft wing structure showcases

the potential of digital materials and advanced manufacturing

techniques for soft robotics applications.

BY BETH STACKPOLE

INCREASED AGILITY, enhanced aerodynamics and
improved fuel efficiency are the central tenets of aerospace
design. A joint research project between NASA and MIT
hits all those notes in addition to laying the groundwork

for advancements in the emerging area of soft robotics.

With the MIT team’s approach, the whole shape
of the wing can be changed and twisted uniformly
along its length by activating two small motors
that apply a twisting pressure to each wingtip.
Images courtesy of Kenneth Cheung/NASA.
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solid created by stitching together modular 2D
elements at a voxel level and fine-tuning their
performance characteristics and the geometry of
their assembly, Jennett explains. This digital ma-
terials approach gives design teams the flexibility
to achieve high levels of stiffness and strengths
in some areas of a particular structure while also
incorporating compliant and energy-absorbing
characteristics in others. In addition, the design
approach, which is supported by a unique robot
assembly ecosystem, is more scalable than creat-
ing lightweight lattice structures with additive
manufacturing (AM) techniques that rely on a
continuous process of extrusion, he says.

“By using a discrete set of parts, we can tune local proper-
ties to determine global properties—that’s the innovation,”
Jennett says. “When you think of a material as something
that’s digital, you have bit-level control over the properties of
whatever you are building.”

The digital materials concept also advances the scal-
ability of the kinds of structures you can produce with soft
robotics characteristics and ultra lightweight materials. With
AM production techniques, design engineers are limited by
the size of a printer’s build platform, among other factors,
and the inability to make use of heterogeneous materials
to fully optimize designs. With the MIT/NASA developed
technique, one cellular building block could be carbon fiber
and another elastic, and an engineer could combine them in
ways that make the most sense for specific design objectives.
“Think of it as different LEGO bricks of different colors, but
in this case, it’s different materials properties,” Jennett ex-
plains. “Our approach brings micro-level control to a macro
scale, which can be applied to large-scale designs like airplane
wings or wind turbine blades.”

This approach to design and manufacturing large-scale
systems like airplane wings is also well suited for on-going
maintenance and design work. The LEGO-like parts are
reusable, thus can be put together with various fastening
techniques in different ways while also disassembled fairly
easily for repairs. Contrast this with AM, which is a continu-
ous process of extruding plastic or depositing metals, which is
a hard thing to undo, Jennett says.

“When there’s s structural defect or error on a giant fuse-
lage blade made by laying down composite tape, the whole
thing has to be scrapped, which compromises the integrity of
the monolithic element,” he explains. “With our approach, if
one part is damaged, it can be easily replaced.”

Robots at Work
MIT put its digital materials concepts to the test with the
NASA wing project. The goal was to create a wing design
that would allow for twisting in a precise way that eliminates
the need for separate structural pieces (like those found in

conventional wing design) and that also delivers a smooth,
aerodynamic surface. To that end, the researchers created a
skin to house the LEGO-like brick components and optimize
the structure’s performance. This part of the design takes its
cue from nature—bird feathers or fish scales, to be exact—by
layering strips of flexible materials that move across each
other as the wing flexes, but that still retain a smooth exterior
surface, according to researchers.

Based on early wind tunnel tests, researchers found that
the cellular solid wing design proved to match the aerody-
namic properties of a conventional, rigid wing model at about
one-tenth the weight while also exhibiting the potential to
increase lift, Jennett reports. The soft robotic wing structure
also supports a level of drag reduction that isn’t possible with
the rigid model, the researchers found. Following the initial
wind tunnel exploration, the team further tested the concepts
by creating a flyable unpiloted aircraft, which included the
wing structure along with a motor, at a California airfield and
achieved promising results. Future plans call for building an
entire aircraft—wing, tail and fuselage—with digital materi-
als, he added.

While the initial bendable wing was hand assembled,
future digital materials efforts will involve the new robotic
fabrication process that deploys a series of small robots to
assemble the structure and actually do so in the operating
environment. This would lend itself to the production of
large-scale wind turbine blades, Jennett says, which could be
assembled at the point of operation without having to incur
the expense of transportation and logistics.

“In order for digital materials to actually materialize as the
transformative material they should be, it does require auto-
mation,” he says. DE

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

INFO MIT: MIT.edu

NASA: NASA.gov

For more information on this topic, visit digitaleng.news
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The basic principle behind the new concept is the
use of an array of tiny, lightweight structural pieces,
referred to as “digital materials,” that can be as-
sembled into a virtually infinite variety of shapes.
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“Golf clubs have been made of tita-
nium and composites for 20 years, but 
they haven’t been optimized,” Kronen-
berg says. After working in the golf equip-
ment industry—starting in research & 
development before moving into product 
development and then to manufactur-
ing in China—he wanted to find a way 
to make better golf clubs. He launched 
Krone Golf to provide custom clubs that 
enable golfers to reach their full potential.

“You can go and get a fitting and 
they’ll adjust the weight or shaft or 
provide a different loft,” he says. “Our 
process is different. It’s like getting 
fit for a bespoke suit. Nothing is pre-
made. We watch you swing, see your 
strengths and weaknesses, and then de-
sign the club for each player.”

The nature of custom clubs make them 
a great fit for low-volume 3D printing, so 
Kronenberg initially looked into direct 
metal laser sintering for the titanium face 
of the driver. “It was good, but not fully repeatable and toler-
ances were not perfect,” he says. “If a golf club at the store 
says it has a loft of 10°, it might actually be between 8° and 
12°. If you need a 10° degree loft, I will give you exactly that. 
CNC is the best way to do that.”   

Looking for a Technology Trifecta
Kronenberg works with a CAD expert, but needed a manu-
facturing partner to realize his vision. He came across CRP 
Group online and sent an email to them out of the blue. CRP 
Group, based in Modena, Italy, has more than 45 years of ex-

perience in the world of F1 racing. One of its divisions, CRP 
Technology,  produces and sells Windform composite materi-
als for additive manufacturing. Another division, CRP Mec-
canica, provides high-precision CNC (computer numerically 
controlled) machining primarily for the motorsports, automo-
tive, aerospace and marine industries.

Creating a Custom Club
Krone Golf turned to CRP Group for construction of a 
CNC machined and 3D-printed driver clubhead.

KRONE GOLF CLUBS are offered to a limited number 
of clients through an invitation-only program and fit 
by affiliated PGA Teaching professionals. Images 
courtesy of Krone Golf.

BY JAMIE J. GOOCH

FORE! It’s the universal warning call of golfers, often because they shanked a ball onto an adjacent fairway
or—perhaps more rarely—drove the ball further than they expected. It means “heads up, watch out—a ball 
is coming your way.” Marc Kronenberg, CEO of Krone Golf, wants to help golfers hit long and straight. His 
company designs and engineers advanced custom golf clubs. A combination of 3D printing and machining 

enables him to tailor Krone’s KD-1 driver to individual golfers, but it wasn’t easy to find a process that would meet 
Kronenberg’s exacting specifications.  



digitaleng.news /// February 2017          DE | Technology for Optimal Engineering Design  37

When CRP Group received Kronenberg’s email about a 
golf club, it wasn’t exactly a natural fit for the company. 
It took a few months and a trip to Italy by Kronenberg 
before CRP decided to take on the project.

Together, Krone and CRP Group found some similari-
ties between golf and high-performance atomobiles. In golf, 
distance and launch conditions like loft, spin and ball speed 
are as easily measured and quantified as automobile acceler-
ation and top speeds. The nuances of how a club feels in the 
golfer’s hands or how it sounds when striking the ball are 
similar to factors CRP Group was familiar with in the auto 
industry, such as getting the balance, handling and exhaust 
note just right.

The Custom Club Process
Titanium golf club parts are typically cast, stamped or forged.
Their composites are laid up by hand using pre-impregnated 
materials cured by compression molding or in an autoclave. 
The traditional methods have limitations, according to CRP 
Group. Titanium cannot be cast or stamped any thinner, due 
to the need to post-weld parts together, and welding creates 
a heat-affected zone that can cause deformation in thin areas. 
Traditional carbon fiber parts cannot become any stiffer 
without switching to expensive high modulus fibers. 

CRP Group says high-performing CNC machining and 
additive manufacturing solve those issues. CNC machining 
of the club face allows tight control of thicknesses in critical 
areas, while additive manufacturing of the body enables the 
creation of very stiff, lightweight structures and 3D lattice 
geometries that were not possible before.

CRP and Krone decided on a combination of Ti6Al4V ti-
tanium alloy for the face and hosel, a brass weight, and Wind-
form SP for the body of the KD-1. Windform SP is a carbon 
microfiber reinforced polyamide laser sintering material that 
is resistant to shock, vibration and deformation, according to 
CRP Technology.

“Windform is strong and light, so it freed up some 
weight,” Kronenberg says. “We can now place a dense rib-
bon of discretionary weight across back.”

3D printing also allows for iterative changes and future 
improvements, such as adding sensors into the head of the 
club to track more swing data than current “smart” clubs 
track via sensors in the grip. “If you want to know what the 
golf club is doing, sensors should be in head too,” Kronen-
berg says. 

A Krone golf club CRP previewed in its CES 2017 
booth had a sensor in the head and one in the grip. 
Krone’s smart club prototype plans include both 3- and 
9-axis acceleraometers, a gyroscope and a magnetometer 
for the club, which will track swing data through an app. 
The electronics can be removed and replaced with dummy 
weight for actual play. 

“CRP been a great partner to work with,” Kronenberg 

says. “If I I send an order Monday morning, parts are in 
my hand Friday afternoon. They’re fitting beautifully—re-
ally quality stuff.” DE

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

THE KD-1 DRIVER In CAD (top), in pieces (middle) and 
the final product.

INFO ➜ CRP Group: CRP-Group.com

➜ Krone Golf: Krone-Golf.com

For more information on this topic, visit digitaleng.news
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BY DAVID COHN

FOR THE THIRD CONSECUTIVE YEAR, Taiwan-based MSI (Micro-Star International) has sent us a mobile
workstation to review. Unlike the thin, lightweight WS60 system we reviewed last year (digitaleng.news/de/thin-powerful),
however, the WT72 is quite large and meant to be a desktop replacement fully capable of running design,
engineering and virtual reality applications.

Portable and VR Ready
The MSI WT72 6QN delivers a great display and good performance.

The new MSI WT72 6QN, a VR-ready
desktop replacement, is big, heavy and
expensive, but delivers very good perfor-
mance. Image courtesy of David Cohn.
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Housed in a brushed black aluminum case with a glow-
ing green MSI workstation logo centered on the lid, the 
WT72 measures 16.85x11.57x1.89 in. (WxDxH) and 
weighs in at a hefty 8.68 lbs. Its large (6.6x3.25x1.3-in.) 
230-watt external power supply adds another 2 lbs., mak-
ing this MSI system one of the largest, heaviest mobile 
systems we have reviewed in quite some time.

Unlike many other OEMs (original equiment manufac-
turers), MSI does not let customers configure custom sys-
tems. Instead, the company offers pre-configured systems 
based on specific combinations of components. For exam-
ple, MSI sells four different models of the WT72 starting at 
$1,899, with each based on a specific quad-core Intel CPU.

The system we received, the VR-ready WT72 6QN, is 
the most powerful of the WT72 models and is available in 
three different versions, starting at $4,199. All three are 
built around a sixth generation Skylake 2.9GHz Intel Core 
i7-6820HK CPU with integrated Intel HD Graphics 530. 
This mobile processor has a maximum turbo boost speed 
of 3.8GHz, an 8MB cache and a thermal design power rat-
ing of 45 watts.

All three versions of the WT72 6QN also come with an 
NVIDIA Quadro M5500 mobile GPU (graphics process-
ing unit) with 8GB of GDDR5 memory and 2048 CUDA 
(compute unified device architecture) cores. With its 256-
bit interface and 211GB/s bandwidth, this top-of-the-line 
mobile discrete graphics card enabled the WT72 6QN to 
deliver excellent graphics performance.

In addition, all three versions of the WT72 6QN come 
with a pair of 128GB PCIe M.2 NVMe solid-state drives 
(SSDs) configured in a RAID 0 array for 256GB of solid 
state storage as well as a 1TB 7200rpm SATA hard drive 
and an optical drive. Each also comes with a Killer Gaming 
Network E2400, an Intel 8260 Wireless-AC and Bluetooth. 
In fact, the only differences between the three versions 
is the amount of memory provided and the resolution of 
the built-in 17.3-in. IPS (in-plane switching) display. The 
$4,199 version includes 16GB of RAM and a 1920x1080 
display while the $4,599 version includes the same full HD 
panel but doubles the amount of memory. The system we 
reviewed—the WT72 6QN-218US—includes 32GB of 
2133MHz DDR4 memory installed as a pair of 16GB mem-
ory modules and a stunning 4K UHD (ultra high definition) 
panel with a native resolution of 3840x2160.

Lots of Ports
Lifting the lid reveals the LED panel and a nice Steel-
Series keyboard with 102 backlit keys, including a separate 
numeric keypad. A built-in keyboard LED manager app 
lets you adjust the backlight color. A 1080p webcam is cen-
tered above the display with a single microphone to one 
side, while an LED adjacent to the webcam glows white 
when the camera is active.

A 4x2.75-in. touchpad with multi-touch capabilities is 
centered below the spacebar and includes two dedicated 
buttons. To the left of the keyboard are five small rectan-
gular buttons including a power button that glows white 
when the system is powered on. The other buttons below 
the power button enable you to toggle between the dis-
crete GPU or Intel integrated graphics, toggle the cooling 
fan speed, access the KLM app and launch a user-defined 
application.

A pair of stereo speakers are located above the key-
board, beneath a perforated grill. When the keyboard 
backlight is enabled, 3.25-in.-wide strips along the left and 
right front edge of the case also glow. Within the strip on 
the left, status LEDs indicate when the wireless LAN is 
active, when the battery is charging and when the system 
is accessing the internal hard drives.

The right side of the case provides access to the built-
in optical drive as well as a pair of USB 3.0 ports while 
the left side of the case provides four additional USB 3.0 
ports, four audio jacks (headphone, microphone, line-in 
and line-out), and an SD card reader. Across the rear of 
the case are a Kensington lock slot, a mini-DisplayPort, a 
Thunderbolt 3/USB Type C port, an HDMI video port, 

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
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MSI WT72 6QN
17.3-inch  

2.9GHz Intel Core  
i7-6920HQ  

quad-core CPU, 
NVIDIA Quadro 
M5500, 32GB 
RAM, 256GB 

PCIe SSD RAID 0 
and 1TB SATA HD

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

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

Date tested 9/15/16 7/27/16 5/27/16 7/26/16 3/9/16 3/21/16

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

SPECviewperf 12 (higher is better)

catia-04 128.73 19.98 109.37 99.74 35.30 42.44

creo-01 103.28 24.34 94.91 93.00 32.36 43.01

energy-01 16.25 0.61 7.02 7.60 3.08 4.12

maya-04 81.64 12.25 79.26 64.78 29.50 33.08

medical-01 61.03 14.03 31.90 33.66 14.46 18.53

showcase-01 58.88 6.81 51.57 52.93 21.04 22.02

snx-02 120.83 26.46 165.04 90.15 28.55 60.01

sw-03 118.06 35.31 121.39 116.72 55.23 64.70

SPECapc SOLIDWORKS 2015  (higher is better)

Graphics Composite 5.99 2.65 8.78 8.59 2.92 3.56

Shaded Graphics Sub-Composite 3.69 1.78 5.07 4.90 2.27 2.89

Shaded w/Edges Graphics Sub-Composite 4.84 2.40 6.54 6.31 3.05 3.63

Shaded using RealView Sub-Composite 4.77 2.00 6.65 6.49 2.32 2.95

Shaded w/Edges using RealView Sub-Composite 7.80 3.42 10.72 10.45 4.03 4.92

Shaded using RealView and Shadows  
Sub-Composite

5.16 2.03 7.40 7.26 2.13 2.68

Shaded with Edges using RealView and  
Shadows Graphics Sub-Composite

7.97 3.22 11.21 10.92 3.49 4.30

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

9.15 3.38 18.10 18.11 3.19 3.30

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

13.57 5.07 25.69 25.53 4.62 5.01

Wireframe Graphics Sub-Composite 3.20 2.20 3.91 3.86 3.16 3.26

CPU Composite 2.39 1.95 4.96 4.95 2.82 2.51

SPECwpc v2.0 (higher is better)

Media and Entertainment 2.64 0.99 2.37 2.93 2.29 2.43

Product Development 2.65 1.11 2.28 2.77 2.22 2.05

Life Sciences 3.08 1.25 2.40 2.98 2.46 2.49

Financial Services 2.61 0.49 1.39 1.39 1.15 1.15

Energy 2.61 0.87 2.34 2.69 2.22 1.86

General Operations 1.37 0.85 1.06 1.06 1.36 1.25

Time

Autodesk Render Test  (in seconds, lower is better) 73.20 149.00 53.10 65.70 76.80 82.80

Battery Test (in hours:minutes, higher is better) 3:09 9:10 2.30 2:28 5:18 4:37

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

Mobile  
Workstations  
Compared
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an RJ-45 LAN connector, the connector for the external
power supply, and ventilation ports. There are also addi-
tional ventilation ports on the bottom of the case as well 
a small subwoofer. The battery is not removable and the 
manual (which we downloaded from the MSI website) 
does not address any user-serviceable components.

During all of our tests, the MSI WT72 6QN emitted a 
quiet 33dB, except when we toggled the cooling fan speed, 
which caused the sound level to climb to a high 50dB. The 
integrated 9-cell battery kept the system running for just 3 
hours and 9 minutes on our battery run-down test.

Good Performance
The MSI WT72 6QN performed very well on most of our
benchmark tests. Thanks to its high-end NVIDIA mobile 
GPU, it turned in top scores on the SPECviewperf test, 
beating every other system we’ve tested to date on all but 
two data sets.

On the SPECapc SOLIDWORKS 2015 benchmark, 
which is more of a real-world test, this MSI mobile work-
station did extremely well, but lagged behind systems 
equipped with faster CPUs.

On the very demanding SPECwpc benchmark, the 
WT72 6QN turned in top scores on some of the indi-
vidual tests, although its RAID array SSDs were a bit 
sluggish compared to M.2 drives in other systems we’ve 
recently reviewed. And on our AutoCAD rendering test, 
the 73.20-second average rendering time was considerably 
slower than what we expected.

MSI preloads Windows 10 
Professional 64-bit and backs the 
system with a two-year limited 
warranty. And unlike many other 
brands, this MSI mobile worksta-
tion is ISV certified for major 
CAD/CAM programs including 
SOLIDWORKS and AutoCAD.

With a price of $4,999, how-
ever, the MSI WT72 6QN-218US 
will likely appeal to a narrow 
segment of the market—those 
looking for a mobile workstation 
capable of running any graphics-
intensive application you are 
likely to throw at it, including 
those using HTC Vive or Oculus 
Rift VR headsets. If you fit this 
profile, the MSI WT72 may be 
just what you’re looking for. DE

David Cohn is the senior content
manager at 4D Technologies. He also 
does consulting and technical writing 

from his home in Bellingham, WA and has been benchmarking 
PCs since 1984. He’s a contributing editor to DE and the au-
thor of more than a dozen books. You can contact him via email 
at david@dscohn.com or visit his website at dscohn.com.

INFO ➜ Micro-Star International Co, Ltd.: MSI.com

MSI WT72 6QN-218US
• Price:  $4,999 as tested ($1,899 base price)
• Size: 16.85x11.57x1.89 in. (WxDxH) notebook
• Weight: 8.68 lbs. as tested, plus 2-lb. power supply 
• CPU: 2.9GHz Intel Core i7-6920HQ quad-core w/8MB cache
• Memory: 32GB 2133MHz DDR4
•  Graphics: NVIDIA Quadro M5500 w/8GB memory
•  LCD: 17.3-in. diagonal (3840x2160) 
•  Hard Drives: 128GB SSD x2 RAID 0 and 1TB 7200rpm SATA
• Optical:  None
•  Audio: Nahimic Sound with a pair of 2-in. Dynaudio Tech 

speakers plus subwoofer; built-in microphone, headphone, line-
in, and line-out jacks  

•  Network: Killer Gaming Network E2400, Intel 8260 Wireless-
AC, Bluetooth 4.1

• Modem: None
•  Other: Six USB 3.0, Thunderbolt/USB Type C, mini-DisplayPort, 

HDMI 1.4, 1080p webcam, SD (XC/HC) card reader  
•  Keyboard: Integrated 102-key backlit keyboard with numeric 

keypad 
•  Pointing device: Integrated touchpad with multi-touch

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

PERFORMANCE
(based on SPECwpc Product Development benchmark dataset)
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Cloud-based storage platforms like Dropbox, Google Drive
and Microsoft OneDrive have provided one way for smaller 
companies to easily store and share files. However, these solu-
tions are not always the best fit for engineering applications.

In collaborative environments, storage is also inextricably 
linked to other functions including simulation, job manage-
ment, batching, file management and other systems. “Storage 
is a critical component of the workflows and systems that 
engineers use,” says Ray Milhem, vice president of Enterprise 
Solutions and Cloud at ANSYS. “There are multiple options 
available, both on-premise and in the cloud.”

The rush to readily available cloud options has caused some 

hiccups for engineers. While they work well for storage, con-
sumer-based cloud storage systems don’t necessarily have the 
capabilities needed to successful share those files, update them 
and collaborate using data stored in the cloud.

Before cloud options emerged, engineers were generally 
doing whatever it took to share files. “They’d have home-
grown FTP sites, USB sticks anything they could do to get 
the file outside of the environment,” says Leslie Minasian, vice 
president of Partnership and Alliances at Kenesto. “Then stor-
age companies started coming up with free storage solutions, 
but they aren’t typically designed for engineers, or really for 
anyone who does frequent editing of those files.”

THINKING 

OUTSIDE  
THE CLOUD STORAGE BOX

Industry-specific solutions can help engineers  
overcome storage and file sharing challenges.

BY BRIAN ALBRIGHT

A S DESIGN FILES, simulation data and other engineering information grow exponentially larger, storing those
files and, more importantly, sharing them with other stakeholders has gotten increasingly more challenging. While 
larger firms are using product data management (PDM), product lifecycle management (PLM) and their own IT 
resources to solve this problem, smaller firms have struggled.
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Tracking versions and revisions is challenging in those 
environments, and users may find themselves working with 
the wrong version of a file. “Smaller customers were cobbling 
together stuff with OneDrive or Dropbox, but running into 
issues with simultaneous access from different sites,” says Dan 
Staples, vice president, Mainstream Engineering at Siemens 
PLM Software. “If you have team members in different states 
trying to use the same data at the same time, a standard storage 
tool would run into problems.”

Engineering software providers have been developing more 
purpose-built solutions to help solve the storage/collaboration 
challenge. Kenesto, for example, provides its Kenesto Drive 
cloud-based document management system, which helps man-
age versioning, permissions and release processes. “We are try-
ing to help engineers work the way they want, as efficiently as 
they can,” Minasian says.

Autodesk added PDM functionality (including revision 
control, versioning and release tracking) to its Fusion Lifecycle 
product via PLM360 to provide PDM in the cloud. 

The ANSYS Enterprise Cloud solution leverages Amazon 
Web Services S3. It allows engineers to access the cloud environ-
ment via their desktop. They can also store simulation data on the 
cloud via different storage solutions, and upload or download files.

Siemens PLM Software released Solid Edge ST9 in July, 
which was built to address these same types of pain points for 
smaller customers that lacked the IT staff, and that were al-
ready using consumer cloud services.

The Siemens solution was to provide instant searching and 
release and revision processes without the need for a database. 
“You can put all those files in Dropbox and have it replicated 
to the cloud and other sites, and you don’t have to think about 
the complexities of replication or other issues,” Staples says. 
Solid Edge also locks access to files to make them read-only if 
they are being edited by another user.

Challenges of Consumer Cloud Storage
While there are drawbacks, many smaller firms still see an ad-
vantage to using ready-made cloud storage solutions for their 
work. How to best approach cloud storage will depend on how 
those firms are using the files and their available resources.

To ensure version management, engineers should store files 
in a central location (whether that’s on premise or in the cloud) 
and provide access. That way, everyone knows they are work-
ing on the most up-to-date version of the file. For firms using 
consumer-style cloud offerings, they may need to develop their 
own protocols for ensuring version control. Industrial scale 
systems often have features that automatically manage that 
function, as well as control read and write access to the files 
while they are being used.

“For smaller companies that are looking for files to follow 
them, or for collaboration and maybe just have a few seats, 
they can use something like OneDrive or Dropbox with Solid 
Edge,” Staples says. “That can solve the multiple access prob-

lem and synch those files to the cloud. Larger companies are 
going to have an IT person, and they really need more of a 
PDM environment.”

Services like Dropbox and OneDrive are easy to use, simple to 
set up and offer capacity that’s in-line with purpose-built, profes-
sional storage solutions created for engineering environments.

However, these consumer services don’t provide some en-
gineer-specific functionality that can be critical for successfully 
using cloud storage. A product like Autodesk 360, for example, 
automatically tracks file versions and provides a viewing plat-
form for sharing files with partners who don’t have AutoCAD. 
It is also integrated directly into other Autodesk products, pro-
viding a direct connection from the application to the files.

Without those features, users may wind up deleting files or 
folders, don’t have visibility into the status of task assignments, 
or could work off the wrong version of a file—which can cost 
an engineer days or weeks of work. 

“The most expensive mistake is working off the wrong file,” 
Kenesto’s Minasian says. “If you are working under a system 
that allows for different copies of files to be made, then ev-
eryone struggles to work off the current file. Even if it’s just a 
marketing document, that can be a significant challenge.”

Dropbox and other systems also present challenges when it 
comes to synchronization. Users may need to manage configu-
ration of folders and define them to synchronize on different 
machines. If there are data dependencies between files (as is 
common with CAD projects), then data would be synchro-
nized on all machines within a single organization, which is 
not terribly efficient. For larger companies, it probably isn’t 
even possible.

This is why tools like A360 Drive and Kenesto Driver were 
developed—to make it easier for designers to sync data from 
their desktop to the cloud. Siemens PLM’s Solid Edge ST9 
includes cloud-enabled file vaulting and built-in data manage-
ment. The cloud-enabled vaulting lets users share design data 
in a controlled manner with external partners using services 
like Dropbox, OneDrive, Google Drive or Box. 

Dropbox is also trying to solve this problem via its Drop-
box Project Infinite, providing access to files anywhere without 
having to store them on a drive. Users could manage cloud 
files the same way they manage local files, but without taking 
up any space on the hard drive. Dropbox has also acquired Pix-
elapse, a company that provides version control and collabora-
tion tools for designers

Moving up to an Enterprise Class Solution
While consumer solutions are initially cheaper and easier 
to use, there are still advantages to using a system built for 
designers—whether that’s one that works in tandem with a 
service like Dropbox, or one that utilizes a purpose-built infra-
structure for engineering applications. 

• Security: Enterprise-class systems can be configured to en-
crypt files, decrypt them and allow specific users access to specific 
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directories on the cloud. “There is an active directory component 
to the file system and storage system to make sure there isn’t un-
authorized access to the files,” ANSYS’ Wilhem says.

Content can be checked in or out, and entire folder struc-
tures can be configured for specific types of sharing. “For 
example, you can configure it so that anything beneath this 
folder my team has access to, or external suppliers have access 
to,” Minasian says. “The contents of that folder can have vary-
ing levels of permissions.”

• Version control: If multiple copies of files are created 
and kept in different locations, or there is no control over who 
is working on a file at a given time, then there are bound to 
be problems with versions and revisions. That functionality 
should be available so that you can automatically track those 
revisions, retrieve previous versions of files, and lock files when 
they are being edited.

“A lot of products are synchronizers, so you aren’t working 
with the current version of the file,” Minasian says. “That’s 
what we do differently. We also present the current file.”

• Familiar interface: Using a tool designed for engineer-
ing applications will provide your users with an easy to use and 
familiar interface. These solutions will structure folders and 
files the way an engineer is used to seeing them.

• Better file management and sharing: General file 
sharing tools aren’t designed to track the file dependencies 
common in CAD and other applications. Industry-specific 
software tools will do this automatically. They can also make 
it easier to share files with customers or partners who may 
not have access to the specific CAD or other program the file 
was created in.

Engineers Embrace the Cloud
The good news for cloud storage and file sharing is that the 
engineering community has largely embraced the concept. Re-
liability and security concerns that used to create a barrier to 
adoption have largely been addressed.

“Most people really get the cloud now,” says Bill Boswell, se-
nior director of Cloud Services Marketing and Business Strategy 
at Siemens PLM Software. “We hear fewer and fewer objections.”

One remaining concern is latency—your network and 
internet connection have to be robust enough to handle the 

movement of these large files to the cloud, as well as frequent 
accessing and editing the files.

“The speed at which the network is performing is always 
going to be important,” Minasian says.

“If you are waiting for a file to come across the internet, 
that’s not a place you want to be,” Staples adds. “You have to 
have a strategic approach with standard cloud synchronization 
tools, using local files, and if not that, then you have to have a 
caching strategy.”

Those concerns will vary depending on where you and affili-
ates or partners are located. “It can be a tough problem to solve,” 
Boswell says. “In some parts of the world, access is good; in oth-
ers not so much. Dealing with latency can be challenging, and 
you have to do your homework in that environment.”

Interactive engineering applications also require dynamic 
storage solutions that allow engineers to access files and 
perform streaming or rendering without downloading huge 
files. Autodesk, for one, hopes to address this through transfer 
avoidance technology that only updates files that have changed 
(instead of entire assemblies).

And the industry continues to improve, offering new and 
better tools to manage files in the cloud. “All of the pieces of 
the puzzle for cloud storage are evolving and changing,” Mil-
hem says. “Security is evolving, access is changing and network 
access latency is getting better. That ensures that the cloud en-
vironment is very similar to what engineers have experienced 
in terms of storing and sharing files on their desktop. This has 
all come together.” 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 ➜ ANSYS: ANSYS.com

➜ Dropbox: Dropbox.com

➜ Kenesto: Kenesto.com

➜ Siemens PLM Software: Siemens.com/PLM

For more information on this topic, visit digitaleng.news
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The latest version of Solid 
Edge introduced more secure 
and robust capabilities for 
the cloud. Image courtesy of 
Siemens PLM Software. 
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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.

The skinny is that the PXIe-5164 is a
reconfigurable oscilloscope that can 
perform multiple instrumentation roles 
for you. It provides capabilities for 
high-voltage measurements and high 
levels of amplitude accuracy. Its con-
figurability means that it has a built-in 

FPGA (field programmable gate array)
chip that you can program directly with 
tools like the LabVIEW FPGA mod-
ule. That characteristic enables you to
develop custom signal processing and 
control algorithms as needed.
MORE ➜ digitaleng.news/de/?p=33577

National Instruments Ships PXIe-5164 Oscilloscope
The device delivers up to 100 Vpp maximum input range.

ESI Group Announces IC.IDO Version 11
The visualization software supports multiple CAD and PLM systems.

IC.IDO is a field-proven, immersive
solution that provides real-time physics 
simulations of the real-world behavior of 
virtual objects. It has collaboration capa-
bilities so that remote sites can interact
with models. It supports multiple CAD 
and PLM systems.

The major enhancement in the v11
release is technology that will enable 
engineers without access to a CAVE to 
leverage VR for virtual assembly and ser-
vice simulations, immersive visualizations
and CAD data interaction. 
MORE ➜ digitaleng.news/de/?p=33750

ZWSOFT Launches ZW3D 2017
Updates are focused on sheet metal, flat finishing options and efficiency.

The overall theme for this ZW3D
release is improved efficiency and mini-
mized overhead during your design and 
manufacturing processes. An example of 
that would be an up to 30% reduction 
in the time required to load big files.

A lot is going on with ZW3D’s sheet 

metal capabilities, such as a hem flange
and a new jog. The hem flange feature 
allows expanded flange creation with 
all necessary pre-defined hem types 
provided. The brand-new jog helps you 
create two bends simultaneously.
MORE ➜ digitaleng.news/de/?p=33907

Autodesk Introduces AutoCAD 2017 for Mac
Refined user interface and PDF importing are among main enhancements.

A big theme running throughout Auto-
CAD 2017 and AutoCAD LT 2017 for 
the Mac is ease of use out of the box and 
through your own customization. This 
is most evident in the changes that have 
gone down with the user interface (UI).

The 2017 edition of AutoCAD for 

the Mac also marks a breakout release
for the system’s PDF capabilities. You 
can now import the geometry, True-
Type text and raster images from a 
specified page in a PDF file and from 
all or part of an attached PDF underlay. 
MORE ➜ digitaleng.news/de/?p=34003
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Medviso Receives FDA 510(k) 
Approval and CE Marking for 
Cardiovascular 
Analysis Software
MATLAB offers tools for compliance and 
design workflow completion.

Before treating a patient with an enlarged 
heart, congenital heart disease, or another cardiac condition, the 

doctor has to know how well the patient’s heart is working. Cardiac 
magnetic resonance (CMR) and computed tomography (CT) systems 
provide cross-sectional images of the heart’s structure, but these static 
images have limited diagnostic value. To fully understand the heart’s 
performance, doctors need to quantify several key measures, including 
how much blood the heart pumps each time it contracts, the diastolic and 
systolic volume of the left ventricle, the myocardial mass, and the ejection 
fraction, or the percentage of blood pumped on each contraction.

Researchers at Medviso have developed image analysis software 
that automatically quantifies these cardiac assessment measures. 
Developed in MATLAB, the company’s software has received FDA 
510(k) approval in the U.S. and CE marking in Europe, where it is 
certified to the ISO 13485 standard.

Designed with STAR-CCM+
Bottero SpA is changing the way bottles are  
being made with simulation.

BY STEPHEN FERGUSON, SIEMENS PLM SOFTWARE

As far as multidisciplinary simulation challenges go, predicting how a 
molten lump of glass is formed into a structurally rigid (although still 

technically liquid) glass bottle is one of the most complex. Manufacturing 
a glass container involves all modes of heat transfer and structural and 
fluid mechanics of a material whose viscosity changes by seven orders of 
magnitude as it is molded, formed and blown into a bottle or jar.

In a deeply traditional industry, one company is revolutionizing bottle 
manufacturing by deploying multidisciplinary simulation to understand 
exactly what happens inside the bottle making process and using that 
information to build better bottle making machines.

Bottero SpA is an Italian company that specializes in making machinery 
for the manufacture of various types of high quality glass products, 
including a “hollow glass” division that designs and manufactures bottle 
and container making machinery. Bottero’s aim is to allow their customers 
to develop innovative new lightweight glass products that are structurally 
superior to previous designs (and therefore more durable), but can be 
manufactured using less raw material and less energy, both to melt the 
glass and to transport the final container. Ultimately, this creates a quality 
product at a lower overall cost.

Put simply, Bottero is using multidisciplinary simulation to discover how 
to make better bottles, faster than ever before.

“Our aim is to make lighter bottles, that use less raw materials, less 
energy to melt and therefore cost less to manufacture. However, since 
glass is a very sensitive material, we also have to ensure that the bottles 
are very strong,” says Simone Ferrari, who performs many of the STAR-
CCM+ calculations at the heart of the simulation process. “Not breaking is 
the most important thing that a bottle has to do.”

MORE ➜ digitaleng.news/de/?p=34444

MORE ➜ digitaleng.news/de/?p=34440
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Shortening Production  
Processes with 3D Printing
Stratasys’ Connex enables French foundry to  
cut lead times by up to five weeks.

VHM Fonderie is experiencing faster product development time and 
improved capacity since introducing PolyJet 3D printing across its 

entire design and manufacturing process. Further exploiting the wider 
potential of its Stratasys Connex Multi-material 3D printer for external 
customers, the company has established its own service bureau, Reali3D.

VHM Fonderie (formerly Heinrich 
Fonderie), specializes in the production of 
various types of industrial iron castings using 
the traditional sand casting process. It uses 
its Stratasys Connex Multi-material 3D printer 

across a broad spectrum of applications throughout product development. 
This includes everything from the production of functional prototypes and 
master models for sand casting, to manufacturing tools, as well as the 3D 
printing of spare production parts for certain tooling machines.

MORE ➜ digitaleng.news/de/?p=34437
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Student Competition Profile

Next-Gen Engineers

Kamen is best known for inventing
the Segway, but he has more than 400
patents and leads more than 400 em-
ployees at the company he founded in
1982, DEKA.

FIRST designs programs to build
self-confidence, knowledge and life
skills for students from kindergarten
through high school while motivat-
ing them to pursue opportunities in
science, technology, and engineering.
“Students are challenged to raise funds,
design a team ‘brand,’ hone teamwork
skills, and build and program industrial-
size robots to play a field game against
like-minded competitors,” according
to the organization. It hosts the FIRST
Robotics Competition for students in
Grades 9-12, FIRST Tech Challenge
for Grades 7-12, FIRST LEGO League
for Grades 4-8, and FIRST LEGO
League Jr. for Grades K-3.

FIRST Championship
The FIRST Championship is the cul-
mination of the season for all FIRST
programs, bringing together three
separate robotics competitions. Each
year, a different theme and challenge is
created for students. This year’s FIRST
Robotics game, FIRST Steamworks,
was shown to high school students via
a January 7 kickoff where challenge
details were revealed. The next game
for the FIRST Tech Challenge students
will be revealed in September, and the

FIRST LEGO League game will be
revealed in August.

First Robotics teams received a kit of
parts made up of motors, batteries, con-
trol system components, construction
materials, and a mix of additional auto-
mation components—with limited in-
structions. High school students, work-
ing alongside professional mentors, have
six weeks to design and build a robot to
meet this year’s engineering challenge.

The 2017 FIRST Robotics Compe-
tition will reach 85,000 high school stu-
dents representing about 3,400 teams
from nearly every state in the US, as
well as other countries. Teams will par-
ticipate in 55 regional competitions, 80
district competitions, and 10 district
championships.

About 800 high school teams will
qualify to go to one of two Champi-
onships in Houston April 19-22 and
St. Louis April 26-29. At press time,
FIRST announced that a FIRST
Championship will take place in

Detroit beginning in 2018
and at least through 2020.

The 2018 event will take place April
25-28 with activities at both Cobo
Center and Ford Field.

Make an Impact
According to FIRST’s evaluation data,
student participants are twice as likely
to major in science or engineering, with
almost 90% of alumni now in a STEM
(science, technology, engineering and
math) field as a student or professional.

More than 200 businesses, academic
institutions and organizations make
$50 million in scholarships available to
FIRST participants.

You can get involved in FIRST by
donating, voluneering, mentoring or
via a corporate sponsorship. Individual
volunteers make up 99% of the FIRST
workforce via as little as a weekend
event commitment up to volunteering
to mentor or coach a team.

FIRST: Not Just Robots

Students prepare their robot for the
FIRST Championship. Photo courtesy of
Adriana Groisman / FIRST Robotics.

YOU’VE probably heard of
FIRST Robotics, but the
robots are a means to an end
for FIRST (For Inspiration

and Recognition of Science and
Technology), which was founded by
inventor Dean Kamen in 1989.

MORE FIRSTInspires.org
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The Next Era of Simulation

That’s the good news. The downside of this revolution is
the incredible levels of product complexity that these changes 
will require. Just take the example of a pump. A decade ago, this 
would be a simple metal, mechanical device. Now it includes on-
board electronics and wireless communications. It has multiple
composite materials and it is being deployed in environments as 
varied as a mountaintop in Alaska to the sweltering sand dunes 
of Saudi Arabia. Designing equipment for such conditions could 
challenge even the most experienced engineer.

Because of continuous enhancements, simulation solutions 
can meet these challenges. Engineers can now simulate more 
complex physical phenomena than ever before using structural, 
thermal, electromagnetic, fluidic and controls simulation, either 
in isolation or in coupled multiphysics studies. Computing 
power and usability have improved so much that companies 
large and small, established and startup, are using engineering 
simulation today. Design engineers can test thousands of ver-
sions of a product in a matter of minutes or hours, depending on 
the available computing resources. 

The ability to virtually test so many versions of a product has 
been the classical application of engineering simulation, typi-
cally referred to as digital prototyping. It has replaced the old 
and cumbersome build-and-test method of product innovation. 
Now, driven by market and technological pressures, engineering 
simulation is being used earlier in the design cycle—the digital 
exploration phase—and is also reaching beyond product devel-
opment into the operations realm in the form of digital twins. 

A New Digital Stage
In the digital exploration stage, engineers use simulation to fully
explore all the possible parameters of a new product—tempera-
tures, pressures, voltages, resistances, flows, strength, material 
properties and more—to identify unique combinations that may 
never have been considered, while simultaneously eliminating ob-
vious outlying designs. Performing digital exploration upfront in 
the design process reduces the number of variations that need to 

be tested in the digital prototyping phase.
In an exciting and relatively new extension of the technology, 

digital twins offer the most potential for growth by inserting en-
gineering simulation into the operations end of industry. A digital 
twin is a virtual copy of an actual operating machine rendered as 
an engineering simulation model. Sensors on the machine relay 
data—temperature, vibration, impact and loading—to the digital 
twin, and the twin evolves in step with the machine. The constant 
feedback can be beneficial in two ways: It can help engineers to 
optimize the operation of a machine or a system, and it can pre-
dict adverse conditions long before they happen. 

Take a wind farm generating electricity as an example. De-
pending on the wind speed and direction, it may make sense to 
tilt the turbine blades to maximize wind capture and electricity 
generation. Because of the interaction between neighboring 
wind turbines, shutting down some of the turbines may opti-
mize the output in certain wind conditions. Digital twins of each 
turbine in the wind farm can make such decisions easy. Also, en-
gineers might notice deteriorating performance of a certain tur-
bine blade in the wind farm, and can replace it during a sched-
uled downtime, rather than making an untimely shutdown. The 
collected data from digital twins could also be used to improve 
the design of the next version of the wind turbine. The cost 
savings from optimal performance, improved maintenance and 
enhanced future designs could be immense.

Combining the physical and the digital worlds brings enor-
mous opportunities and challenges. Expanding simulation from 
its traditional role as a validation tool and bringing it to new 
engineering audiences throughout the product lifecycle will 
spur innovation, lower development and operational costs, and 
improve time to market. At ANSYS, we are incredibly confident 
about the opportunities ahead, and are excited to be a part of 
this latest technological revolution. DE

Ajei Gopal is CEO of ANSYS (ANSYS.com). Send email about this
commentary to de-editors@digitaleng.news.

THINK FOR A MINUTE about the trends that are shaping our world: the Internet of Things, additive manufacturing 
(AM) and the push for sustainability, just to name a few. It’s not an exaggeration to say that we’re undergoing the most 
fundamental changes in manufacturing since the introduction of the assembly line more than a century ago. According to 
The Boston Consulting Group, these technological changes will create around $15 trillion of value in the new economy.
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Some Typical Applications:
•  Sheet metal gravity loading, binder closing, deep-drawing

•  Springback prediction, and springback compensation

•  Trimming and lancing

•  Flanging and hemming

•  Hydro-forming

•  Magnetic forming and thermal forming

•  Superplastic forming

•  Denting

•  Scrap fall simulation

LS-DYNA® in Stamping Applications

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

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

Website:    
www.ls-dynacloud.com

Twitter:    
https://twitter.com/LSTCandDYNAmore

Features:
•  Mesh adaptivity

•  Advanced material models for aluminum alloy and  
high strength steels

•  Smooth contact to minimize contact noise

•  One-step method in blanksize development

•  Un-flanging method in trimming curve development

•  Parametric input

•  Mesh coarsening

•  Formability Index gave more reliable forming limit  
prediction for non-linear strain path
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(a) Incremental solution (b) One-step result

One step result vs. incremental result

(a) Before un-flanging (b) After un-flanging

Accurate un-flanging simulation for trimming  
curve development

Implicit binder closing for floor-pan

For more than two decades, the use of  LS-DYNA® in the simulation of sheet metal stamping has been 
steadily increasing.  During this period, state-of-the art constitutive models were added for simulating high 
strength steel and aluminum alloys now commonly used in the automotive industry.  In addition, the  much 
improved robustness, speed, and accuracy of the implicit solver has resulted in gravity loading, binder 
wrap, and springback calculations becoming routine.  Die face compensation calculations in LS-DYNA® save 
money and time by eliminating the trial and error in die manufacturing.  Many original and unique ideas are 
implemented for insuring reliable stamping simulations, which make LS-DYNA® an excellent choice for this 
manufacturing process.
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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.
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