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Democratization Advancing, but Cautiously

IMAY BE COMING LATE TO THIS EPIPHANY, but a conversation I had with my 10-year-old son recently illu-
minated just how far the technologies we cover here at Digital Engineering have expanded out of the engineering 
department and into the culture at large. 

He came to me with a copy of Scholastic News and told me 
all about a company that was creating 3D-printed meat, and 
then followed that up with a discussion about the upcoming 
test of the Boeing Starliner spacecraft—a project we’ve cov-
ered here in the pages of this magazine. 

I thought a lot about that conversation as we prepared our 
annual Technology Outlook survey and planned our edito-
rial coverage for 2020. We’ve written quite a bit about the 
democratization of simulation and design technology, and I 
think it’s clear the industry is approaching an inflection point. 

Over the past year there has been a significant amount of 
change in our industry, and even right here at Digital Engineering— 
in addition to my shift from a regular contributor to editorial direc-
tor, DE hosted its first online CAASE event in October.

Elsewhere, it seems that design and simulation solution 
vendors were in a bit of a race to complete all their merger 
and acquisition activity at the end of the year. As I was writ-
ing this column, Altair announced it had acquired DEM So-
lutions, a specialist in bulk material simulation. This came 
on the heels of Altair’s announcement that it was acquiring 
Polliwog Co., a Korean company that provides electronic 
design automation software. 

Just in the fourth quarter, we saw Computer Aided Tech-
nology acquire Fisher Unitech (a SolidWorks and Stratasys 
reseller); ANSYS snapped up Dynardo, which provides simu-
lation process integration and design optimization solutions; 
simulation software provider Coreform acquire csimsoft; and 
metal powder company GKN Powder Metallurgy acquired 
FORECAST 3D, a plastic additive manufacturing special-
ist. Private equity firm CORE Industrial Partners bought 
FATHOM, which the company will combine with Midwest 
Composite Technologies (MCT) to create what CORE calls 
one of the largest privately held digital manufacturing service 
providers on the continent.

And in what was probably the biggest piece of acquisition 
news, PTC bought cloud-based CAD pioneer Onshape for 
$470 million. PTC plans to leverage Onshape to help move a 
combined CAD and PLM platform to a software-as-a-service 
(SaaS) model. 

That marks a bold push into a cloud-only CAD strategy. 

While plenty of other software vendors in this space offer 
hosted or cloud-based options, so far they have followed a 
hybrid model. This year we also saw multiple vendors expand 
their software licensing options into a variety of more flexible 
configurations.

In 2019 we also saw announcements around new hard-
ware, software and visualization technologies that are en-
abling faster design space exploration, faster simulation re-
sults, easier-to-use simulation tools and more interest in how 
technologies like artificial intelligence and virtual reality can 
improve design processes. These advancements are also ex-
panding the democratization of simulation across the design 
process and to non-expert users.

At the recent ASSESS Initiative conference, CEO and 
co-founder Joe Walsh noted that demand for simulation is 
increasing and is poised for faster growth. “A simulation revo-
lution is going to occur,” Walsh said. “It will be model-based, 
fit-for-purpose, integrated, smart, transparent and generative. 
The idea of analysis being limited to engineers in the back 
room is going to go away. There will need to be organiza-
tional and cultural changes to enable that paradigm shift.”

We can see that in the results of our annual Technology 
Outlook survey, which shows that engineers are slowly em-
bracing new technologies and design approaches, but doing 
so with some level of skepticism. They see the potential, but 
would like some more evidence to prove out the operational 
and business benefits.

As we move forward into 2020, our goal here at DE is to 
help design engineers answer some of the questions they have 
around the use of these new simulation tools, new licens-
ing models and new technologies. As we do so, we shouldn’t 
forget just how far we’ve come. Not only is my son talking 
about additive manufacturing, but my 7-year-old daughter 
is attending coding camps, and both of them have access to 
a 3D printing lab at their school. While democratization 
is making simulation more accessible to engineers, it’s also 
making engineering more accessible to everyone.  DE

Brian Albright is editorial director of Digital Engineering. 
Contact him via balbright@digitaleng.news.
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America Makes: Focus on Collaboration, Education

ROAD TRIP

Driven by the National Center for 
Defense Manufacturing and Machining 
(NCDMM), America Makes is the na-
tion’s leading and collaborative partner 

in AM technology research, discovery, 
creation and innovation. It is the first 
of eight Manufacturing Innovation In-
stitutes established and managed by the 
U.S. Department of Defense as public-
private partnerships. America Makes is 
also a member of the Manufacturing 
USA® network, which seeks to secure 
U.S. global leadership in advanced 
manufacturing (AM).

After opening remarks there was a 
presentation from the Pittsburgh Air-
port Innovation Campus (PAIC) about 
its new additive manufacturing efforts 

(see the November issue of Digital En-
gineering). That was followed by a panel 
discussion including representatives 
of America Makes Satellite Centers 
around the country.

Panelists included staff from the 
Air Force Research Lab, Texas A&M 
Engineering Experiment Station, the 
National Institute of Aviation Research, 
and the University of Texas at El Paso. 
The satellite centers provide an oppor-
tunity for regional manufacturers and 
3D printing suppliers to collaborate on 
a variety of projects. 

For example, the University of 
Texas has built a comprehensive ad-
ditive manufacturing center with 60 

AM machines focused on 
technology and training. In 
partnership with America 
Makes, the facility is help-
ing to train active duty mili-
tary professionals around 
the world on 3D printing 
technology. 

The organizations that 
are part of the program 
help to fuel further eco-
nomic development in each 
region where a center is 
established. “If you look 

at what has developed just around the 
Youngstown ecosystem with America 
Makes, there is this building up of 
energy and new companies being estab-
lished,” said Dennis Butcher of the Air 
Force Research Lab. “I’d like to see that 
collaboration and that mentality trans-
planted to those other ecosystems.”

Training and education were also 
a key focus at the meeting. Jeannine 
Kunz, vice president of tooling at 
U-SME, discussed how her organiza-
tion and America Makes had worked 
together on technology and standards 

development, as well as educational 
development. “The number of orga-
nizations talking about training and 
educating people on additive has grown 
significantly,” she said. “We have to 
make this easier.”

Michael Gorelik of the Federal Avia-
tion Administration (FAA) was also on 
hand to discuss fatigue and damage tol-
erance considerations for qualification 
of metal AM parts on aircraft, and how 
those processes can be built on existing 
standards. In addition, there was a panel 
discussion titled “Women in 3D Print-
ing,” a small business panel discussion 
and a standards update.

Recognizing Collaboration 
Efforts
America Makes also honored both 
Ralph Resnick, FSME, retired 
NCDMM president and CEO and 
America Makes founding director, and 
Rob Gorham, Texas A&M Engineering 
Experiment Station (TEES) executive 
director of Manufacturing Initiatives 
– Office of Business Development and 
former America Makes executive direc-
tor, with the America Makes Distin-
guished Collaborator Award.

Established in 2014, the award 
recognizes an individual or a group of 
individuals with “exceptional commit-
ment and dedication to the advance-
ment of AM technology, practices 
and innovation in the manufacturing 
industry.” NCDMM President and 
CEO Dean Bartles, Ph.D., and America 
Makes Executive Director John Wilc-
zynski presented the awards to Resnick 
and Gorham, respectively, on the first 
day of the conference.  DE

MORE INFO ➜

➜ America Makes: Americamakes.us

Annual MMX Meeting Highlights Partnerships  
 BY BRIAN ALBRIGHT

America Makes held its annual 
Members Meeting & Exchange 
in Youngstown, OH, in Octo-

ber. The additive manufacturing orga-
nization provided updates on its on-
going projects, outreach efforts via its 
Satellite Centers, standards updates 
and presentations from the U.S. De-
partment of Energy, GE, the Office of 
Naval Research and others.

John Wilczynski, Rob Gorham, Ralph Resnick John Wilczynski, Rob Gorham, Ralph Resnick 
and Dean Bartles at the 2019 America Makes 
MMX conference. Image courtesy of America Makes.
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Hosted by the analyst firm 
Greenlight Insights, xRS 
Week took place in San Fran-

cisco in mid-October. A strategy 
conference on extended reality, the 
event brought together pioneers, 
heavyweights and startups in the 
augmented reality and virtual reality 
(AR/VR) market.

At the conference, Greenlight In-
sights released a report titled “Optics 
in Focus: The vital role of the optical 
interface in unlocking the true poten-
tial of AR.”

“By not engaging our natural visual 
cues, we are limiting users’ ability to 
accurately gauge distance and interact 
with any degree of precision with nearby 
computer-generated assets or interfaces, 
focal rivalry and vergence-accommoda-
tion conflict (VAC) represent a critical 
threshold for quality [in AR head-
mounted displays],” the paper points out.

Eye Tracking Brings new Insight
In the presentation titled “Rethinking 
Transformation in the Age of Immer-
sive,” Vinay Narayan, VP of Platform 
Strategy, HTC, discussed the role of 
eye tracking in firefighting simulation.

“With eye tracking, we can finally 
understand what the firefighters are 
looking at. You combine that with 
heart rate sensors, 
and you can correlate 
what they’re reacting 

Analyst Greenlight Insights hosts extended reality conference.

xRS Week: AR-VR Training Apps Get More Accurate 
with Physical Props, Eye Tracking and Hand Tracking

BY KENNETH WONG to, what they overlook. 
Tunnel vision is actu-
ally one of the biggest 
causes of injury among 
firefighters,” he noted.
The firefighting 
simulation apps from 
FLAIM Systems, based 
in Victoria, Australia, 
incorporates Vive and 
other VR headsets. 
The company offers 
two products: FLAIM 
Trainer, which simu-
lates professional fire-
fighter scenarios; and FLAIM Extin-
guisher, which simulates domestic and 
daily fire hazard scenarios.

Varjo, another firm at the confer-
ence, recently released Varjo VR-2, the 
second version of its VR hardware. The 
system includes eye tracking, allowing 
users to use eyesight itself for naviga-
tion and selection (like a mouse or a 
pointer) to activate context-sensitive 
menus and commands.

Replica Equipment 
Adds Realism
The Greenlight Insights paper also 
states, “enabling close interaction and 
naturalistic control via hand tracking is 
an important milestone for any AR sys-
tem. These developments show the im-
portance of bringing content into arm’s 
reach and point to the need to develop 

an optical interface that 
can effectively engage our 
visual system to give ac-
curate depth cues.”

In conversation with 
Greenlight Insights Ana-
lyst Ben Delaney, Joel 
Breton, President of Six-
ense Studios, observed, 

“Training is the killer 
app. You can train 
people faster, cheaper, 
and they retain what 
they learned much 
longer.”

Sixense focuses on healthcare, train-
ing and entertainment with its VR 
offerings. The company’s technology 
is incorporated into the welding and 
vehicle spray painting applications de-
ployed by Lincoln Electric and Honda, 
among others.

In FLAIM Systems’ firefighting 
applications as well as Sixense’s train-
ing apps, the use of replica equipment 
plays an important role. In FLAIM 
Trainer, users use a haptic-enabled 
water nozzle that can simulate water 
pressure. In Sixense’s spray simulation 
application, users use an industry-
standard paint gun.

The incorporation of eye tracking, 
hand tracking and replica equipment 
that help build muscle memory brings 
AR/VR-powered training to a new 
level, setting it apart from entertain-
ment applications that focus primarily 
on immersive visuals.  DE

MORE INFO ➜

➜ FLAIM Systems: FLAIMSystems.com

➜  Greenlight Insights: 
greenlightinsights.com

➜ HTC: vive.com

➜ Sixense Studios: sixense.com

➜ Varjo: varjo.com

Analyst � rm Greenlight 
Insights released a 
whitepaper titled Optics in 
Focus at xRS Week. Image 
courtesy of Greenlight Insights

SimSpray application incorporates 
Sixense’s technology and replica 
equipment that re� ects how the 
operation is performed in real life. 
Image courtesy of Sixense.
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ENGINEERING COMPUTING ||| Graphics

Focus on Edge Computing
November 8, 2017, might prove to be the day that everything 
changed for GPU manufacturers everywhere. Recognize the 
date? Raja Koduri sure does. That’s the day he left his job 
as senior vice president and chief architect of the Radeon 
Technologies Group at AMD and joined Intel, where he now 
serves as the chief architect and senior vice president of the 
company’s new Core and Visual Computing Group. 

He’s also leading Intel’s corporate push into edge comput-

ing solutions. According to the press release announcing his 
decision to join Intel, Koduri’s new responsibilities would 
“expand Intel’s leading position in integrated graphics for the 
PC market with high-end discrete graphics solutions for a 
broad range of computing segments.”

What does it all mean? There’s speculation galore out 
there, but hard facts are less forthcoming. Based on the press 
release and comments by Dr. Murthy Renduchintala, Intel’s 

chief engineering officer, we know that they’ve hired “one of 
the most experienced, innovative and respected graphics and 
system architecture visionaries in the industry.” 

And according to Agnes Kwan, a member of Intel’s Global 
Communications team, the press release also includes Intel’s 
plan to “gradually introduce products across the consumer, 
workstation and data center markets at various price points.”

The Odyssey Continues
That time is rapidly approaching. A tweet from @intelnews 
in June of 2018 said, “Intel’s first discrete GPU coming in 
2020” then offered a link back to the press release, which 
said nothing about 2020 or any potential GPU time frames. 
However, Intel CEO Bob Swan announced on October 
25 that, “This quarter, we’ve achieved power-on exit for 
our first discrete GPU, DG1, an important milestone…
#JoinTheOdyssey.”

If you’re wondering what “power-on exit” means, it re-
fers to the initial in-house product testing. It signifies that 
Intel has the GPU goods, they work as designed and project 
engineers are moving on to the next milestone, which most 
pundits suggest is external testing. 

And if you’re wondering what or who “The Odyssey” is, 
you can think of it as Intel’s “graphics and visual computing” 
fan club, a community that is actively recruiting members as 
the company moves toward its planned GPU-based gaming 
and workstation graphics dominance. 

Architecture Day and Beyond
Details are still unknown on the actual GPU, though, and 
what users can expect in terms of speed, footprint and integra-
tion with software providers. Intel’s last “Architecture Day” 
in December 2018 announced several exciting developments, 
including an industry first in packaging technology, the “3D 
stacking of logic chips” that Intel has named Foveros. 

There was also news of the company’s new Sunny Cove next-
generation CPU microarchitecture, a quad-core Ice Lake pro-
cessor with integrated Gen11 graphics capabilities (>1 TFLOPS 
performance), and the latest in Intel’s Optane DC persistent 

Getting Graphic
Intel is joining the discrete GPU market. Here’s how to follow 
the latest news and announcements from the chipmaker.
BY KIP HANSON

Anyone who follows the computing industry has heard  that Intel is getting into the graphics game. It’s kind of a big deal. 
To graphics processing unit (GPU) leaders AMD and NVIDIA, Intel’s announcement is the equivalent of Tesla hearing 
that General Motors is going all in on electric cars. With revenue and employee head count roughly seven times that 

of either company, it’s clear that Intel could be the elephant in the graphics room for years to come.

At SIGGRAPH 2019, Raja Koduri, Intel chief architect 
and senior vice president, Architecture, Software 
and Graphics, discussed the importance of exascale 
computing, which will unlock new opportunities for 
fast rendering, physical simulations and new arti� cial 
intelligence supported work� ows. Image courtesy of 
Intel.

At SIGGRAPH 2019, Raja Koduri, Intel chief architect 
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memory, said to significantly reduce read latency when processing “bigger data 
sets like those used in AI and large databases,” according to Intel press.

Unfortunately for GPU followers, though, the only mention in the 
post-event press release was in the context of Intel’s “‘One API’ Software,” 
which promises to “simplify the programming of diverse computing en-
gines across CPU, GPU, FPGA [field-programmable gate arrays], AI [ar-
tificial intelligence] and other accelerators” and be made available in 2019, 
according to Intel.

A more meaningful clue came from Intel’s annual investor meeting in May, 
during which Intel’s Renduchintala, who is group president of the Technology, 
Systems Architecture and Client Group, said that “the lead 7nm product is 
expected to be an Intel Xe architecture-based, general-purpose GPU for data 
center AI and high-performance computing. It will embody a heterogeneous 
approach to product construction using advanced packaging technology. On 
the heels of Intel’s first discrete GPU coming in 2020, the 7nm general-pur-
pose GPU is expected to launch in 2021.”

SIGGRAPH 2019
Perhaps the most relevant of all news for “creators and workstation users,” 
according to Intel’s Kwan, came from Intel’s CREATE event at SIGGRAPH 
2019. Here, the company discussed recent advancements that included their 
vision of democratizing creation by bringing exascale computing to every-
one, along with another mention of its oneAPI Rendering toolkit.

“I’m deeply passionate about this future opportunity and have challenged 
my teams to pursue a goal of 1,000 times performance advancement over the 
coming years to enable this,” says Intel’s Koduri. 

(Attendees at HPC DevCon in November in Denver, CO, will have 
heard Koduri’s keynote speech about Intel’s “vision, strategy and upcoming 
technology roadmap across hardware and software to further accelerate the 
convergence of HPC and AI and push the boundaries of HPC as we know 
it today.” As this issue went to press in advance of the event, it’s unclear as of 
this writing if there was any mention of GPUs.)

Here’s one final source for those of you following the Intel discrete GPU 
saga. It’s the @IntelGraphics Twitter, where Swan of Intel tweeted about the 
whole power-on exit technology. Kwan said it’s a good source for product 
announcements and community chatter, much of which mentions GPUs and 
other graphics-related news. Happy following.  DE

Kip Hanson writes about all things manufacturing. You can reach him at kip@
kahmco.net

MORE INFO ➜

➜ Intel: Intel.com

RESOURCES ➜
➜ Architecture Day details: intel.ly/325J5A2

➜ Intel CEO’s announcement: bit.ly/325HaLU

➜ Intel’s CREATE event: intel.ly/334yoPI

➜ Intel Investor Meeting details: intel.ly/2qcgmfz

➜ Intel on Twitter: bit.ly/333drV3

➜ PR on Raja Koduri joining Intel: Intel.ly/2q9IxMa

➜ Twitter for Intel Graphics: Twitter.com/intelgraphics?lang=en
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TECHNOLOGY OUTLOOK ||| Design Innovation

BY BRIAN ALBRIGHT

T he technology landscape for design engineering tools continues to shift and evolve. New simulation solutions 
for non-experts are emerging, and forward-thinking firms are starting to embrace technologies like augmented 
reality and generative design—or at least cautiously experimenting with them. Other solutions, like artificial 

intelligence (AI) and additive manufacturing, are becoming firmly entrenched in the design engineer’s toolbox.
Once again this year, we asked Digital Engineering’s audience for their perspectives on the current and future technolo-

Designing the Future
DE readers chime in on emerging design technologies.

gies that are shaping design engineering work, along with 
the products and systems that they are designing.

We received responses from approximately 350 read-
ers. The largest group of respondents described their pri-
mary role as product or system design engineering (32%), 
followed by research & development (13%), consultant/
engineering service provider (10%), engineering manage-
ment (10%) and engineering analysis (7%). Respondents 
were fairly evenly spread among market sectors, with most 
respondents hailing from the industrial machinery/prod-

ucts, electronic products & equipment, aerospace/avia-
tion/defense, consumer products and automotive markets. 

Struggling to Collaborate
For the past two years of this survey, collaboration has been 
listed as an extremely/somewhat important challenge in the 
day-to-day work of design engineers. Collaboration topped 
the list of challenges again this year, being cited as a very 
or somewhat important challenge by 87% of respondents. 
The second most common challenges were short product 
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development deadlines  and inefficient workflows, which tied 
at 84%, followed by a lack of adequate budget (83%), a lack of 
training (79%) and regulatory compliance (74%). 

Top Technologies Include AI, 3D Printing
When asked what technologies they thought would have 
the biggest impact on product design and development over 

the next five years, respondents cited AI and machine learn-
ing (51%), followed by additive manufacturing/3D printing 
(49%). Those were also the top two technologies in last year’s 
survey, although they have switched spots since 2018.

Simulation software came in third again (47%), followed by 
high-performance computing (HPC)/cloud computing (38%), 
advanced materials (36%), the Internet of Things (IoT) (33%) 

Source: Peerless Research Group (PRG)

How Are You Using 3D Printing

84%

For
prototyping

57%

For
testing

39%

For end-use
parts

23%

Other

Source: Peerless Research Group (PRG)

Familiarity with Digital Twin

Have heard of it,
but don't know what it is

27%

Never heard of it/
Not at all familiar

28%

Somewhat
familiar

32%

Very familiar
13%

Source: Peerless Research Group (PRG)

How Important are Each of the Following Challenges?

44% 40% 16%Short product
development deadlines

42% 45% 13%Collaboration

39% 45% 16%Inef�cient work�ows

38% 45% 17%Lack of adequate budget

36% 38% 26%Regulatory compliance

34% 45% 21%Lack of training

32% 43% 25%Out-of-date hardware

30% 47% 23%Out-of-date software

30% 47% 23%Staf�ng dif�culties

28% 40% 32%Lack of technical knowledge
on the part of your managers

22% 39% 39%Working with outside engineering
service providers/consultants

19% 35% 46%How to be promoted/
move up in your company

Extremely/Very Important Somewhat important Not very/Not at all Important
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and virtual/augmented reality (32%), which tied with predictive 
analytics for seventh place.

Shifting Technology Toolset
We also asked readers what technologies they were cur-
rently using or developing products for, as well as which 
technologies they expected to adopt or develop for in the 
next two years. As was the case last year, simulation soft-
ware held steady as the technology that readers were most 
likely currently using/developing products for, with 54% 
of respondents reporting that they were doing so. Additive 
manufacturing/3D printing was second at 39%—this was 
very close to last year’s figures of 55% and 40%, respec-
tively. Those were followed by the IoT (33%), PLM (31%) 
and advanced materials (29%).

Looking ahead, 32% respondents expected to incorporate 
AI/machine learning within the next two years. Predictive an-
alytics, HPC/cloud computing, and virtual/augmented reality 
tools were all cited in the future plans of 29% of respondents. 

Additive manufacturing/3D printing remains primarily 
a prototyping tool for 84% of respondents that are already 
using it (a figure almost identical to last year’s survey). How-
ever, there was a slight increase in readers using 3D printing 
for testing (57%, up from 55% last year) and end-use parts 
(39%, compared to 36% in 2018). This maps to what we’ve 
seen and heard throughout the year, with more companies 
tentatively leveraging AM for creating final parts as printer 
performance and materials section improves.

Those that have implemented additive manufacturing/3D 
printing did so to shorten product development schedules (listed 

as extremely/very important by 65% of respondents), to reduce/
control product development costs (53%), and to manufacture 
designs that were not feasible with traditional methods (45%). 

AI, Generative Design Still Emerging
While the use of AI is considered an important capability 
moving forward—both as a feature to be incorporated in new 
products, and as a capability critical for a new generative de-
sign process—adoption is still slow. According to the survey, 
15% of respondents are currently using AI/machine learning, 
while 32% plan to use it within the next two years—figures 
that are virtually unchanged from the 2018 survey.

Asked what impressions they had of the technology, most be-
lieved that AI solutions held some promise for design, but were 
waiting to see the use cases proved out more effectively. AI could 
potentially accelerate the design cycle, improve diagnostics, in-
crease collaboration and improve production timing. 

“Machine capabilities are becoming increasingly com-
plex,” wrote one respondent. “Lights out manufacturing with 
reduced staffing makes AI solutions important to ensuring 
consistency and reliability.”

Likewise, generative design adoption is still slowly in-
creasing. According to the survey, just 14% of respondents 
are currently using this approach, but 25% plan to use it in 
the next two years. Those that did implement generative 
design did so to foster innovation in product development 
(63% said that was very important), to discover new designs 
(63%) and to shorten product development schedules (59%).

“Generative design software is very interesting. It allows 
you to design seemingly very complex structures which use 

Source: Peerless Research Group (PRG)
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products, and as a capability critical for a new generative de-
sign process—adoption is still slow. According to the survey, 
15% of respondents are currently using AI/machine learning, 
while 32% plan to use it within the next two years—figures 
that are virtually unchanged from the 2018 survey.

Asked what impressions they had of the technology, most be-
lieved that AI solutions held some promise for design, but were 
waiting to see the use cases proved out more effectively. AI could 
potentially accelerate the design cycle, improve diagnostics, in-
crease collaboration and improve production timing. 

“Machine capabilities are becoming increasingly com-
plex,” wrote one respondent. “Lights out manufacturing with 
reduced staffing makes AI solutions important to ensuring 
consistency and reliability.”

Likewise, generative design adoption is still slowly in-
creasing. According to the survey, just 14% of respondents 
are currently using this approach, but 25% plan to use it in 
the next two years. Those that did implement generative 
design did so to foster innovation in product development 
(63% said that was very important), to discover new designs 
(63%) and to shorten product development schedules (59%).
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Is AR/VR Ready to Go 
Beyond Visualization?
Storytelling is the dominant use of mixed reality devices 
at present, but may change in the future.

BY KENNETH WONG

Lightshape developed a collaborative VR design app based on a Unity game engine for Audi. 
Image courtesy of Lightshape.

OFFERING NEW WAYS TO FACILITATE IM-
MERSIVE experiences for individuals or groups, 
virtual reality (VR), augmented reality (AR) and 

mixed reality (MR) devices have now become a dominant me-
dium for storytelling in manufacturing. 

Volvo uses Varjo’s VR headsets to let its test drivers virtu-
ally operate new car models that are still in development. 
Toyota uses AR in its showrooms to let car buyers virtually 
see what’s under the hood. The Volkswagen Group uses a VR 
training app developed on Unity game engine. BAE Systems 
publishes digital work instructions with PTC’s software, for 

employees and technicians to view on Microsoft HoloLens 
and other compatible devices. 

These cases represent how prevalent the use of AR, VR 
and MR has become in storytelling—not to depict an epic 
struggle between good and evil—but to expose potential 
design flaws, verify if a new concept is worth pursuing or to 
explain complex procedures. 

Use of the same tools for content creation—to design 
engine blocks and airplane seat holders inside virtual space, 
for example—seems like the natural progression. We spoke 
to leading CAD software makers and AR/VR pioneers to 
understand if the technology can become a legitimate design 
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tool, home of the next-gen CAD applications. The possibil-
ity exists, but there are more than a few technical and logical 
barriers to overcome.

A New Kind of Workstation? 
Will AR, VR and MR headsets replace the current desktop 
and mobile computing devices? Several leading workstation 
makers have already released their own headsets. You might 
view it as their preemptive strike, in recognition of the threat 
posed by the emerging devices. 

HP’s VR headset HP Reverb is widely available in regular 
and professional editions, with prices ranging from $450 used 
to $640 new. Lenovo recently unveiled its ThinkReality A6 
HMD (head-mounted display) at Augmented World Expo in 
May. Lenovo hasn’t revealed its price or release date. 

These devices, some affordably priced to be an impulse 
buy, are bound to whet the enterprise buyers’ appetite, set-
ting them up to explore high-ticket items like Microsoft Ho-
loLens 2 or Varjo’s VR. 

“Buyers tend to use VR for staff training beforehand, then 
AR for in-field work,” observes John Ludwig, HP’s product 
manager of Consumer and Commercial VR. “For example, 
in automotive, they might use VR in the design phase, then 
switch to AR in the production line.” 

In the design phase, a physical copy of the new product is 
seldom available for one simple reason: It has not yet been 
built. VR becomes the perfect medium to visualize and ex-
perience the concept in digital form. For example, an engi-
neering team may import the detailed life-size CAD model 
of a new vehicle into VR for closeup examination and design 
review. This can be followed by the use of AR in the assembly 
and maintenance processes. 

“You could technically open your Windows desktop in 
VR,” says Ludwig. In other words, wearing a Reverb headset, 
you could be examining a digital assembly and looking at its 
bill of materials in Excel at the same time. “But that’s still not 
a widespread practice. Creation is still happening primarily 
on desktop computers,” says Ludwig. 

The CAD model created in PTC’s desktop software 
PTC Creo (PTC Creo Polaris) can be imported into a 
mobile AR app for viewing alongside a real physical 
model of the product (Polaris Red with Physical). 
Image courtesy of PTC.

Higher end devices such as HoloLens 2 ($3,500) includes 
hand tracking, allowing you to interact with digital objects 
with natural gestures (for example, playing a virtual piano 
using your real fingertips). But for CAD modeling, the preci-
sion requirement is much higher. “CAD input is still very 
much driven by numbers,” notes Ludwig. “Today’s touch 
controls and hand tracking technologies are just not precise 
enough to do CAD.” 

Emerging VR CAD
New software like Lightshape, a modeling application for 
AR headset users, points to the future of CAD, says Tim Mc-
Donough, VP and GM at Unity. “The idea is, you sculpt out 
the high-level organic shape in AR in Lightshape, then bring 
it back into CAD for proper detail works,” he notes. 

Lightshape uses Unity’s technology to ingest CAD con-
tent and display it in VR. Software programs such as Light-
shape are “the solutions that work together with CAD rather 
than replace them,” notes McDonough. “In other words, you 
work in CAD, quickly jump into VR to view the design, then 
back to CAD for refinement.”

Carmaker Audi uses a turnkey version of Lightshape for 
collaborative engineering. With it, a group of people can 
view and evaluate design concepts together before the actual 
vehicle is built or mocked up. 

“With this [system], a whole team of users in one physical 
room can communicate in VR and examine virtual models. 
Furthermore, more VR headsets and Holodecks [VR system] 
can connect from all over the world. All users are located 
within the same virtual space and discuss their respective 
problems on the 3D model in question at hand. This way, 
complicated situations can be expressed and evaluated, com-
pletely independent from physical restrictions,” according to 
Lightshape’s online product homepage. 

In May, a startup called flyingshapes also released its first 
commercial product, a VR CAD program. Extending beyond 
viewing and measurement functions, flyingshapes includes 
2D profile sketching, extrusion, surfacing and cross-section-

The CAD model created in PTC’s desktop software 
PTC Creo (PTC Creo Polaris) can be imported into a 
mobile AR app for viewing alongside a real physical 
model of the product (Polaris Red with Physical). 
Image courtesy of PTC.
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express, capture, and communicate 
their ideas faster than ever before,” 
he says. “The increase in productiv-
ity is enabled by the sense of scale 
and 3D position and enabling its 
users to step inside the machine 
and interact with 3D data as if it 
were real.”

But for AR/VR CAD programs, 
the established modeling habits from the desktop regime 
remain a challenge. “For example, translating mouse-
optimized commands directly into AR/VR can be difficult, 
as using a mouse is different than working with controllers. 
We’ve also learned that the simplicity of the AR/VR me-
dium toolset opens new possibilities like sketching in 3D 
space, and intuitive, natural modeling workflows that are 
closer to traditional sculpting than technical modeling, and 
all with the ease and comfort of traditional sketching,” says 
Heermann.

Rethinking Geometry Modeling
Generally, AR adds a layer of digital data on top of the real-
world view. By contrast, entering a VR world means losing 
contact with the real world. 

“It becomes clear that software is now more than just 2D 
chrome on a monitor. We are now designing a [virtual] place 
in which designers will live while they are working. This is a 
massive shift in how we think of traditional software and one 
that will transform the industry. There are certainly ergo-
nomic challenges and limitations with hardware that prevent 
the traditional ways of CAD modeling and their accessibility 
in AR-VR,” says Heermann. 

With its acquisition of Vuforia in 2015, PTC gained a 
significant foothold in the AR space. PTC’s Vuforia-based AR 
apps are used by its clients for design review, sales and mar-
keting, training, and maintenance. 

“AR/VR promises to retain the efficiency and low cost of 
CAD, while bringing us back to the natural process of work-
ing with our hands to create products,” says Luke Westbrook, 
CAD Product Management Specialist, PTC. 

For AR/VR modeling app developers, the key is to strike 
a balance between the natural modeling methods (think of 
a child sculpting shapes out of a block of Play-Doh) and the 
need for precision. 

ing tools. Although the VR-based toolset is limited compared 
to a typical desktop CAD program’s range of functions, the 
program shows VR’s potential to become a geometry model-
ing environment. 

“Pre-CAD geometry authoring inside AR or VR is a very 
nascent field,” observes McDonough. “Right now, the more 
prevalent workflow is to extend the CAD workflow with 
rapid review cycles in AR/VR.”

Game engines like Unity play a crucial role in the CAD-
to-VR and CAD-to-AR pipeline, by giving users a way to 
transfer mathematics-driven CAD geometry into triangu-
lated surface geometry more suitable for immersive displays. 
Unity and its rival Unreal offer plug-ins for this purpose. 
(For more, read “From Solid Geometry to Responsive AR/
VR,” DE, August 2018; digitalengineering247.com/r/19062).

“There are tons of authoring applications, like CATIA 
[from Dassault Systèmes], Revit [from Autodesk] and 
SketchUp [from Trimble]. Users have created lots of 3D con-
tent in these tools. Our job is to build connectors, data pipe-
lines from these apps into Unity,” says McDonough.

Enter Autodesk
With a collection of 2D and 3D CAD programs, Autodesk 
is well-positioned to propose its own solution for model-
ing in VR. In October, Autodesk launched Alias Create VR, 
a conceptual design program delivered as part of the Alias 
portfolio.

The toolset lets you create and edit curves, and also ex-
plore surfaces, forms and shapes while fully immersed in VR. 
Sketches and models can be easily exported to Alias or other 
CAD packages for further detailed work.

“Overall, we’re seeing the use of AR-VR to review, col-
laborate and tell stories,” notes Thomas Heermann, senior 
director of Automotive and Conceptual Design, Autodesk. 
“What’s great is that designers can now use AR/VR to 

express, capture, and communicate 
their ideas faster than ever before,” 
he says. “The increase in productiv-
ity is enabled by the sense of scale 
and 3D position and enabling its 
users to step inside the machine 
and interact with 3D data as if it 
were real.”

Autodesk Alias Create VR: 
Autodesk launches Alias Create 
VR, for geometric modeling 
inside VR. Image courtesy of 
Autodesk.
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Of all the HMDs, this is perhaps the most sensible one to 
wear and work for 8 hours a day, but this is an outlier. The 
norm is much closer to a device like the Oculus Rift, which 
weighs 8.2 lbs. 

People have grown accustomed to sitting and working 
before desktop computers all day long, but very few people 
will be willing to wear a 6- to 8-lb. headgear and work with 
it for the entire workday. Thus, the most likely scenario for 
the foreseeable future is for people to use the HMD for a few 
minutes to an hour at a time as needed (to verify aesthetics, 
proportions and ergonomics), then do the rest of the model-
ing tasks on a desktop system. 

“Overall, we do foresee CAD modeling being done in AR/
VR. However, simply porting the existing CAD user inter-
face paradigms and tools directly into AR/VR will likely not 
be the best approach. The ultimate challenge with bringing 
CAD modeling to AR/VR will be in the experience. AR/VR 
is an extremely powerful new platform, much different than 
desktop, web and mobile,” says Heermann.   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.

MORE INFO ➜

➜ Flyingshapes: Flyingshapes.com 

➜ HP: www8.HP.com/us/en/vr/reverb-vr-headset.html 

➜ Lightshape: Lightshape.net

➜ Microsoft HoloLens: Microsoft.com/en-us/hololens 

➜ Nreal: Nreal.ai 

➜ PTC: PTC.com 

➜ Unity: Unity.com 

➜ Varjo: Varjo.com 

“Most importantly, natural but sustainable input meth-
ods must be worked out […] no one is going to be able to 
wave their arms around for more than a few minutes to 
create a design. Even if they could, using our hands is an 
imprecise input device, and CAD models need precision,” 
notes Westbrook.

Theoretically, voice commands, virtual dials and pen input 
with pointed tips can help solve these issues, but not without 
penalty. “These reduce the natural feel of the process, but in-
crease precision and longevity,” Westbrook points out.

CAD geometries are precise mathematical descriptions of 
shapes, thus suitable for manufacturing. By contrast, many 
AR/VR programs translate data into triangulated geometry; 
if you examine shapes too closely in AR-VR apps, it becomes 
apparent. Ideally, CAD users prefer to work with native CAD 
files when editing, to preserve the geometry’s integrity. 

“It’s possible to work with CAD files inside of AR/VR. 
However, it may mean that parts of the model are editable 
while others are not. For example, the number of triangles 
will be limited to ensure performance, which may mean that 
areas that are not essential in a scene are not loaded. These 
types of workflows have already been explored in the CAD 
industry when moving to newer platforms such as mobile and 
web browsers,” says Heermann.

“It’s not only possible to work with native CAD files in 
AR/VR; it’s possible to stream the CAD session itself into 
AR/VR, eliminating the need for exporting out to the desk-
top CAD tool,” says Westbrook. “While this is technically 
possible, it’s still not quite ready due to limited compute 
power on most AR hardware devices. However, developments 
in remote streaming and 5G are promising for such use cases. 
VR, on the other hand, is generally more readily accom-
modating to working with graphically intensive models since 
their compute power is coming from the base machine itself.”

A Peek at the Crystal Ball
Many HMDs capable of high-resolution imagery require a 
high-power workstation to run, because the headsets do not 
have adequate computing power to continuously pump out 
dynamic, responsive high-resolution visuals. Varjo’s VR, for 
example, requires the device to be attached to a workstation-
class machine to sustain high-resolution images at a good 
frame rate. This requirement alone rules out many AR, VR 
and MR headsets from becoming total replacements for 
workstations. 

Newer HMDs like the Microsoft HoloLens 2 give you 
cord-free movement, because the headset has a Qualcomm 
Snapdragon chip for computing, with Wi-Fi connectivity. 
But that’s an exception to the market. 

Nreal, the firm that makes AR glasses that look and feel 
like ordinary sunglasses, managed to cram all the AR compo-
nents into the eyebrow bar of its eyewear. It weighs a mere 88 
grams (about twice as heavy as a pair of Ray-Ban sunglasses). 

New startup � yingshapes launched a commercial 
version of its VR CAD program. Image courtesy of 
� yingshapes.
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T he mobile workstation market continues to be a bright 
spot for computer vendors. The price/performance 
curve bends in the customer’s favor, as each generation 

of key components continue to improve while prices generally 
remain steady. 

BY RANDALL S. NEWTON 

Demand is driven by the desire to have as much computing 
power as possible at hand 24/7.

Mobile Workstations 
Continue to Rise 

The workstation industry as a whole has never been 
stronger. In the second quarter of 2019, workstation sales set 
an industry record with more than 1.6 million units shipped 
(desktop and mobile), according to Jon Peddie Research 
(JPR). All vendors contacted by Digital Engineering agree that 
mobile workstation sales continue to grow as a share of the 
entire workstation market.

Demand is being driven by a variety of factors, including 
the desire to have as much computing power as possible at 
hand 24/7, the continued demographic shift toward “work 
anywhere” arrangements, and increasingly powerful specs 
becoming available to mobile workstations. 

A leading industry analyst says it is no surprise mobile 

workstations continue to expand their share of the larger 
workstation market. “Moore’s Law is not dead,” says Jon Ped-
die, president of JPR. “Maybe it’s not running as fast, but it is 
alive and well. Proof of that is the advances made in shrinking 
semiconductors and making them less power hungry in the 
process. Screens have gotten to 4K, and some mobile PCs are 
even offering cellular always-connected capabilities.”

But, the analyst warns of buyer beware. Just because a 
mobile computer is labeled or branded as a mobile work-
station, it may not be one. “Use the laws of a workstation,” 
Peddie says:

• must have a workstation-class CPU such as an AMD 
Ryzen-WS or Intel Xeon or Core i7-i9;

• must have a workstation-class graphics processing unit 
such as an AMD Radeon Pro or NVIDIA Quadro;

• must have error-correcting code memory;
• must have application-specific, vendor-certified drivers;
• must have Windows Pro or an equivalent Linux operat-

ing system;
• should have a minimum of 32 GB RAM; and
• must be ultra-reliable.
In recent years, most workstation vendors have introduced 

tiny desktop workstations. Although they are growing in 
popularity, they are not reducing demand for mobile work-
stations. 

“Desktops are shrinking, and the line is blurring between 
fixed and mobile workstations,” says Mano Gialusis, senior 
product marketing manager for Dell. “The big differentia-
tion continues to be the battery.”  

The thin-and-light form factor continues to grow in pop-
ularity, says Lane Jesseph, a mobile workstation segment lead 
at Lenovo. Designing workstation performance is a “tricky 
balance” between performance and the power required. “The 
laws of physics haven’t changed,” Jesseph says. “Customers 
in the workstation space understand this much power in this 

Lenovo has updated its ThinkPad P1 with a new 
chassis. Image courtesy of Lenovo. 
Lenovo has updated its ThinkPad P1 with a new 
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chassis limits expandability.” 
Lenovo’s popular ThinkPad P1 mobile workstation has a 

new chassis. “We built it to find a better compromise,” says 
Jesseph. “It is based on a different design philosophy: Design 
the chassis first, then decide how much horsepower we can 
put in.” This second-generation mobile workstation offers 
a choice of several Intel processors and adds a Dolby Vision 
HDR OLED 4K UHD display option. 

The Rise of RTX
Display technology has been an interesting segment for 
mobile workstations. Vendors agree that 4K and UHD are 
settled standards, and most upgrades from large customers 
now specify this level of display specs. “The end of the pixel 
wars is in sight,” says Lenovo’s Jesseph. Now customers want 
better pixels, wider color gamut and high-dynamic range. 

Mobile workstation vendors were delivered an early 
Christmas present this year with the release of NVIDIA’s 
RTX technology in a mobile form factor. This new standard 
offers real-time photorealistic rendering, AI acceleration 
and 8K video support for content creation including virtual 
reality. Dell, HP, Lenovo and MSI are among vendors now 
shipping new mobile workstations based on RTX technol-
ogy. Software vendors offering certification on RTX include 
Autodesk, Dassault Systèmes, Siemens, PTC, Chaos Group, 
ANSYS and Schlumberger.  

The RTX quantum leap for video is accelerating a shift in 
how mobile workstation customers perceive the market, says 
Dell’s Gialusis. Historically, the mobile workstation market 
had entry-mid-high segments, “but the lines are blurring. 
Performance is moving down the stack,” he says. 

Today’s entry-level workstations now have better per-
formance than the mid- or high-grade mobile worksta-
tions of only a couple of years ago. In Dell’s case, this 
means past customers who were drawn to enterprise or 
gaming mobile computers are now buying entry-level mo-
bile workstations. “Some customers are just now realizing 
they can afford the extra power and performance” that 
workstations offer, he adds.

Another shift in the mobile workstation market that will 
continue to rise in the year ahead is the use of touchscreens. 
At HP, of all their mobile workstations, there is “only one 
model that does not have touch,” says Marie Breedlove, HP’s 
worldwide product manager for the ZBook mobile worksta-
tion line. [For more on the new ZBook, see our review on 
page 42.]

HP has partnered with Wacom to extend touch even fur-
ther, offering screen-based pen control for several models. 
Wacom products were originally popular for creative and 
aesthetic applications, but HP sees the technology gaining 
ground in more technical applications. 

Thin and light continues to be a popular form factor 
for mobile workstations as powerful components 
shrink, including the HP ZBook 14 and ZBook 15. 
Image courtesy of HP. 

Thin and light continues to be a popular form factor 

HP is also extending the mobile workstation into the 
realm of the tablet. The HP ZBook x2 has a detachable 
screen; all the computer power is in the screen side. At 
SolidWorks World 2019, HP demonstrated the x2 running 
SolidWorks.   

Virtually Cloudy in the Enterprise 
Even within their engineering departments, enterprise 
customers continue to expand their use of virtualization 
technology. 

“Virtual applications, virtual desktops and cloud-based ap-
plications all support a flexible and mobile workforce,” notes 
Tim Lawrence, vice president of operations and engineering 
for BOXX Technologies. 

Virtualization is a popular way to maintain secure opera-
tions, and intellectual property when employees—and their 
mobile workstations—leave the building. “Many businesses 
are allowing more work from home,” and in other ways en-

The new GoBOXX SLM-17 was one of the � rst 
workstations to comply with the NVIDIA RTX Studio 
laptop speci� cation. Image courtesy of BOXX. 

The new GoBOXX SLM-17 was one of the � rst 
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couraging geographically dispersed work, 
he adds.  

Workstation computers have tradition-
ally been used for graphics-intensive ap-
plications, but BOXX sees rising demand 
for mobile workstations for artificial intel-
ligence fields, including data science and 
machine learning. Lawrence says the new 
generation of engineering software tools, 
which put more power in the designer’s 
hands, such as ANSYS Discovery Live, are 
also driving mobile workstation sales.   

What hasn’t changed in the workstation 
market is the implicit promise of a longer 
product life for workstations compared to 
consumer or enterprise computers.

“The long life of mobile workstation 
models is still very important,” says HP’s 
Breedlove. “A company with 50 employ-
ees wants everyone on the same comput-
ers.” If the company needs to increase 
employees, “they don’t want the new 
people on different computers,” Breed-
love adds.

 In the consumer and enterprise lines, 
the same model name may be listed on the price sheet, but 
the exact configuration could be refreshed. With work-
stations, the specs stay the same for the entire life of the 
model. “Our sales representatives help our customers man-
age their lifecycle requirements, to be sure the customer 
gets their buys right,” Breedlove says. “We offer assurance 
the model they need will be around.”  DE

Randall S. Newton is principal analyst at Consilia Vektor, covering 
engineering technology. He has been part of the computer graphics 
industry in a variety of roles since 1985. Contact him at DE-
Editors@digitaleng.news.

For more info on this topic, visit DigitalEngineering247.com. 
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As mobile workstations become more powerful, they are often 
required to replace desktop work� ows. The Dell Precision 5540 can 
support multiple monitors and devices. Image courtesy of Dell. 
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New Licensing Options  
Satiate Users’ Appetite  

for Design Tool Flexibility
As the cloud gains traction and the digital business 

accelerates, CAD and CAE users are hungry for more 
flexible deployment and payment options.

BY BETH STACKPOLE

F or decades, design engineers have been mostly satisfied 
with consuming and deploying their CAD, CAE and 
PLM tools the traditional way: primarily on-premise, 

served up with a generous helping of perpetual licenses. Yet the 
rise of the cloud, coupled with the accelerated pace of digital 
transformation, have whet organizations’ appetite for a more 
flexible deployment palette. 

Compared to mainstream enterprise software users, en-
gineering organizations have been slower to embrace new 
subscription and cloud-based Software-as-a-Service (SaaS) 
models. Many have held off due to security concerns related 
to storing and managing core design intellectual property in 
the cloud, beyond the jurisdiction and control of engineering. 
Others have tread slowly due to fears about whether CAD 
and simulation software can run optimally in the cloud, given 
the bandwidth required for increasingly large and complex 
3D geometries and simulation models.

Those long-standing concerns about cloud and new pay-
ment models have taken a back seat lately as organizations 
begin to seek more diverse offerings. Along with a hunger 
to integrate cloud into their enterprise architecture, many 
companies are re-evaluating budgetary strategies—shifting 
what was historically heavily weighted toward large capital 
expenditures to an operational expense model where assets 
are procured via more predictable subscription fees.  

In response to shifting requirements, CAD and CAE 
vendors are stepping up, rolling out a smorgasbord of pay-
as-you-go and hybrid deployment approaches. These offer-
ings are designed to provide flexibility and choice during a 
particularly tumultuous period when businesses are grappling 

with unprecedented change.
“Traditionally, if you wanted to solve business problems, 

there was really only one way a solution could get deployed 
and paid for,” notes Grant Rochelle, vice president of business 
models & portfolio management at Siemens Digital Industries 
Software. “Now more than anything, we hear [customers say] 
we want choice. There’s not a one-size-fits-all way anymore—
there’s a growing awareness that there are more ways to offer a 
solution to customers and more receptivity from customers as 
to how they want to receive software.”

Flexibility and Choice
Siemens Digital Industries Software is taking that customer 
feedback to heart and revamping how it offers its design and 
simulation application portfolio. Unlike companies like Au-
todesk, which now strictly delivers SaaS-based CAD, CAE 
and PLM tools via a subscription model, Siemens still offers 
the traditional perpetual license plus maintenance contract 
for customers that prefer that approach, but it is also serving 
up various new hybrid models.

For example, most applications in the Siemens portfolio 
are available in a subscription mode in addition to the per-
petual license; however, any new software either acquired 
or developed internally will use subscription as the de facto 
model going forward, Rochelle says. 

At the same time, Siemens has expanded its flexible op-
tions with managed services where customers purchase 
software via a perpetual license, and it is maintained by 
Siemens or a third party in a private cloud or delivered via 
“lift-and-shift” services to run in a public cloud infrastructure 
like Amazon Web Services. Through the Siemens online 
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store, customers can gain access to tools like the NX Cloud 
Connected platform as a cloud-based subscription, including 
automatic updates.

Siemens also plans to break off technologies incorporated 
in its popular design software platforms into microservices 
that will be offered as cloud subscriptions and aimed at solv-
ing very specific industry problems. Currently being tested 
in a limited pilot program with customers, these solutions are 
purpose-built, cloud-native apps targeted to small and me-
dium businesses that can be used anywhere, anytime, and will 
be released early next year (2020), Rochelle says. 

“We’re looking at how we take the array of advanced ca-
pabilities available and bring them to market in a way that’s 
easy to consume and solves a very specific problem set for a 
particular type of customer,” he says.

ANSYS is also committed to providing choice in software 
licensing, especially because the industry is increasingly 
migrating to a hybrid model versus one specific mode of 
deployment, according to Steve Del, senior manager of soft-
ware development at ANSYS. ANSYS lets customers choose 
between the traditional perpetual license for its CAE portfo-
lio or a subscription model. 

The company also offers Elastic Licensing, a flexible, pay-
per-use model that enables hourly-based licensing for soft-
ware, computing power and hardware. Elastic Licenses can 
be purchased for either existing lease or perpetual ANSYS 
licenses. 

This piece of ANSYS’ licensing framework lets companies 
purchase ANSYS Elastic Units (AEUs) to meet their short-
term needs for simulation resources during peak times or at 
the end of a cycle for a specific development project when 

Alibre is sticking with the perpetual license model 
for its CAD software based on customer feedback.
Image courtesy of Alibre.

simulation plays a much larger role. The ANSYS Elastic 
Units serve as prepaid tokens that are consumed based on the 
number of core hours used and the type of ANSYS solver in 
play. Rather than the three approaches being in competition, 
ANSYS’ strategy is to offer licensing plans that fit all types of 
use cases and can be mixed and matched depending on need.

“I don’t want to downplay flexibility,” Del explains. “Cus-
tomers may not buy all perpetual licenses or subscription li-
censes—[but] depending on the particular department or job, 
they might choose multiple directions.”

Path to the Cloud
PTC is steering a more deliberate course to subscription 
pricing and SaaS. The company already made a concerted 
shift away from perpetual licenses to a subscription model 
for its applications, which can be deployed on-premise or in 
the cloud. Customers are gravitating toward subscription and 
SaaS because they want to avoid being locked in to a specific 
set of products and capabilities when their computing needs 
are in flux. 

“How many times are people in a situation where they are 
evaluating new technology and know exactly how many seats 
of this software or this particular module they will need and 
get it right 100% of the time?” questions Bruce Reed, senior 
vice president of pricing and licensing at PTC. To address 
that issue, PTC offers a remix program as part of its subscrip-

store, customers can gain access to tools like the NX Cloud Alibre is sticking with the perpetual license model 
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the ‘SaaS-ification’ of PTC.”
Autodesk made an early bet on SaaS delivery and the sub-

scription model for both its AutoCAD and Fusion 360 port-
folio of CAD and simulation tools. With this, customers ben-
efit from subscription by gaining easy access to a continuous 
stream of new features, including industry-specific workflows 
and integrated collaboration tools. They also can tap admin-
istrative tools that help control costs, allowing them to scale 
up or down as business cycles change, gaining insight into 
product usage to aid in purchase and software management 
decisions, according to Lauren MacLean, Business Models 
Manager at Autodesk.

Autodesk also has a usage-based consumption model 
called Token Flex, currently employed at more than 300 en-
terprises worldwide. 

“This works like a prepaid family cellphone plan with en-
terprises purchasing a plan with as many ‘minutes,’ or in this 
[case] tokens, they need over a three-year period,” MacLean 
explains. Although currently a top-tier offering, Autodesk is 
looking to scale down the plan market to meet customer de-
mand, according to MacLean.

Although Alibre has evaluated a switch to subscriptions, its 
customers prefer to stick with perpetual licenses for now, ac-
cording to CEO Max Freeman. Alibre, now an independent 
company again after being acquired by 3D Systems, addresses 
flexibility around budgeting with a 10-month payment plan 
that gives organizations a fixed, predictable monthly cost. 

“Our customers have told us in no uncertain terms that they 
want to own their software,” Freeman says. “A lot of things can 
happen—businesses can have a poor month or quarter and be 
down year over year. They want to be in control.”

In the end, most individual engineers are less concerned 
about the logistics of deploying and paying for their software 
and more interested in how the tools can improve their abil-
ity to build and iterate innovative products. 

“Most engineers I know don’t care how software is bought 
and don’t have a preference for one model versus the other,” 
says Stan Przybylinski, vice president of CIMdata. “The 
model that lets them be most effective at using the soft-
ware—that’s what they’ll go for.”   DE

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

MORE INFO ➜
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➜ ANSYS: ANSYS.com
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➜ Siemens Digital Industries Software: SW.Siemens.com

tion license that lets users shuffle around their license mix on 
each anniversary date.

More recently, PTC took a major step to take the lead 
in delivering SaaS options with its $470 million acquisition 
of cloud CAD provider Onshape. PTC already delivers its 
software running as a service in cloud. However, the current 
delivery model means the company runs separate systems for 
each customer instance, which is far less efficient compared 
to a true multi-tenant SaaS model, says Jim Heppelmann, 
PTC’s CEO. The Onshape technology provides the founda-
tion for PTC to accelerate its move to a SaaS model, giving 
it economies of scale and fueling its transition to a revenue-
based business model.  

SaaS also offers a considerable upside for customers, Hep-
pelmann says. With true cloud-based SaaS, customers incur 
less upfront cost, transfer risk back to the vendor because the 
service can be discontinued at any point if they’re not satis-
fied and achieve the flexibility to scale up or trim back service 
if their needs change or they are not satisfied with the soft-
ware, Heppelmann says. 

“We already moved to subscription to price software as a 
service whether we deliver it that way or not,” Heppelmann 
explains. “This is the next logical step.”

Although the Onshape technology will serve as the pri-
mary SaaS offering, PTC’s existing Creo and Windchill 
products will remain deployed either on-premise or as a ser-
vice, for the foreseeable future. Eventually, Heppelmann says 
he sees most organizations shifting over to a SaaS model over 
the next decade. 

“PTC knows the industry is transitioning to a SaaS 
model,” Heppelmann explains. “Onshape is the engine that is 
going to get us to the cloud. It represents, over the long run, 

the ‘SaaS-ification’ of PTC.”

scription model for both its AutoCAD and Fusion 360 port-
folio of CAD and simulation tools. With this, customers ben-
efit from subscription by gaining easy access to a continuous 
stream of new features, including industry-specific workflows 
and integrated collaboration tools. They also can tap admin-
istrative tools that help control costs, allowing them to scale 
up or down as business cycles change, gaining insight into 
product usage to aid in purchase and software management 
decisions, according to Lauren MacLean, Business Models 
Manager at Autodesk.

called Token Flex, currently employed at more than 300 en-
terprises worldwide. 

terprises purchasing a plan with as many ‘minutes,’ or in this ANSYS offers a pay-per-use Elastic Licensing model.
Image courtesy of ANSYS.

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



DigitalEngineering247.com /// December  2019          DE | Technology for Optimal Engineering Design  23

Robots 
Are  

Going Soft
Materials innovations are 

helping create less rigid, more 
compliant robotic structures.

BY TOM KEVAN

Robots made exclusively of hard materials prove their 
worth every day in industrial applications, excelling 
at repetitive, physically demanding and dangerous 

tasks that human counterparts cannot take on. Some robotics 
providers, however, want to steer the design and construction 
of these machines in a new direction.

Driven by robotic use cases in healthcare and coopera-
tive human assistance applications, designers have begun to 
develop less rigid, more mechanically compliant robots. This 
new class of machines is constructed of soft materials engi-
neered to mimic properties of soft biological tissue, matching 
its compliance, elasticity and low density. 

These properties allow soft robots to bend, stretch and 
conform to other objects, as well as make physical contact 
without imparting large forces. This class of robots can op-
erate more safely around humans and better handle fragile 
objects, such as fruit, electronics and human organs.

New Materials Flex Their Muscles
The current generation of robots derives its “soft” qualities 
from newly developed materials and existing substances used 
in new ways. These include specialized polymers, gels and 
fluids.

“Use of functional polymers in soft robotics can impart 
functional flexibility and multifunctionality in addition to 
mechanical flexibility,” says Jessica Liu, graduate research as-
sistant at North Carolina State University. “Soft robots can 

be designed to bend and twist with high curvatures, allowing 
them to navigate within confined spaces.”

Another advantage of soft materials is that they can be in-
tegrated into other material systems without altering natural 
mechanical properties. “Most soft materials can be cast in a 
3D-printed mold or directly printed into 3D shapes using 
additive manufacturing,” says Carmel Majidi, associate pro-
fessor of mechanical engineering at Carnegie Mellon Univer-
sity. “When combined with conductive fluids or elastomers, 
they can also be used to make soft, flexible and stretchable 
circuits, sensors and radio antennae.”

Morphing Materials
One approach to building soft robots is to use “shape-
memory” materials, which change shape and stiffness in 
response to heat or electrical stimulation. Two popular types 
of shape-memory material include nickel-titanium alloy and 
liquid crystal elastomers. Liquid-crystal elastomers are soft 
polymers that can remember their shape after they have 
deformed, springing back to their natural rest configuration 
when stimulated (Fig. 1).

Over the past few years, the Soft Machines Lab at Carn-
egie Mellon University has been building soft robots using 
nickel-titanium alloy. These machines can perform a wide 
range of locomotion modes, including walking, crawling, 
rolling, jumping and swimming.

More recently, the group has developed a type of electri-
cally conductive liquid crystal elastomer that can be stimu-
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Fig. 1: North Carolina State University Researchers have 
developed robots made of shape-memory polymer seeded with 
iron particles, whose movements can be magnetically controlled. 
Image courtesy of Jessica A.-C. Liu.



24  DE | Technology for Optimal Engineering Design         December 2019 /// DigitalEngineering247.com

PROTOTYPE AND MANUFACTURE |||Materials

lated with electrical current. 
“This is accomplished by filling the elastomer with drop-

lets of a metal alloy that is liquid at room temperature,” 
says Majidi. “These liquid metal droplets form a connected 
network within the elastomer that allows electrical current 
to flow through the material and induce the shape-memory 
effect through local heating. Applications of this composite 
include a robot ‘muscle’ and stretchable circuit wiring that 
can remain functional when punctured or torn (Fig. 2).”

Benefits of Soft Materials
Compliance has proven to be a main advantage offered by 
these machines. One of the most important advantages lies in 
the robots’ ability to dynamically adapt to changing environ-
mental conditions better than conventional robots made of 
rigid materials. For example, soft materials and their built-in 
feedback mechanisms allow robots to alter their shape to 
accommodate new operating demands, such as squeezing 
through confined spaces.

“Soft robots adapt to dynamic or unpredictable environ-
ments better than hard robots, because when they come into 
contact with elements of the environment, they don’t need 
sensors to react to an unexpected stimulus,” says Philipp 
Rothemund, postdoctoral fellow in the Keplinger Research 
Group at the University of Colorado, Boulder. “They simply 
deform around the object.”

In addition to enabling greater adaptability, the robots’ 
compliance also offers designers several significant benefits. 
For example, the low elasticity, low density and versatile 
chemistry of these materials reduce weight, cut development 
costs and make it easier to reconfigure the machines, stream-
lining the design and implementation of custom units.

Self-Help Features
Along with the compliance that brings so many benefits to 
soft robots, the materials used to construct these machines 
also open the door for capabilities that can reduce design 
complexity. One of these is self-sensing.

Among soft robot materials, dielectric elastomers—an 
elastomer set between two electrodes— and other similar-
acting components present self-sensing properties. The 
dielectric “sandwich” acts as a capacitor. When opposite 
charges are applied to the electrodes, they are attracted to 
each other, squeezing the dielectric and changing its thick-
ness, which in turn changes its capacitance. With a known 
voltage input and capacitance readout, an engineer can derive 
the thickness of the dielectric, and from there tell if the mate-
rial is fully actuated or has come into contact with something 
that is preventing its full actuation.

In addition to self-sensing capabilities, some soft robots 
also have self-healing features. The machines make structural 
repairs by applying specially engineered materials via chemi-
cal reactions, fluid flow and material phase change processes.

Fig. 2: This series 
of images shows a 
deformable liquid 
crystal elastomer 
matrix, a shape-
morphing, self-
healing material 
that can function 
like muscle or 
nervous tissue, 
enabling soft robots 
to autonomously 
respond to 
dynamic operating 
conditions. 
Image courtesy of 
Soft Machines Lab, 
Carnegie Mellon 
University.

For example, chemical reactions based on reversible hy-
drogen bonding can be used to reattach torn or severed robot 
components.

Using a different method, robots can repair torn or 
severed thermoplastic components using a material phase 
change process in which the machine applies heat to fuse the 
damaged parts back into their original place.

Looking at another repair scenario, soft robots with dam-
aged conductive pathways can use a fluid flow process to 
form new connections. Here, the robot applies electrically 
conductive materials that contain droplets of liquid metal, 
which form new pathways when the liquid metal flows into 
surround areas of the robot.

Material Challenges
Even with these benefits, robot designers also should be 
aware of the challenges yet to be overcome. One of the big-
gest obstacles currently encountered by engineers stems 
from the fact that the material science supporting soft 
robotics is still in the early stages of its development. As a 
result, a number of sticking points continue to hinder soft 
robotics evolution.

For example, the current collection of materials used by 
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opers must attain a better understanding of the materials in 
use before optimizing for soft robot construction.

Another obstacle is the nonlinearity of soft materials. 
“Because soft materials do not behave linearly to ap-

plied forces, unlike hard materials, new design and testing 
tools need to be developed to analyze soft materials,” says 
Rothemund. “In addition, soft robots require fewer sensors 
to respond to stimuli, and fewer sensors means fewer control 
systems. Whatever control systems a soft robot does need 
would have to handle nonlinearity, and therefore are more 
complicated to implement.”

Along with nonlinearity, designers must also contend with 
issues arising from soft materials’ irregular deformation. 

“A challenge with using soft materials is that the deforma-

soft robot developers offers only limited functionality. Al-
though elastomers and fluids have proven to be a good match 
for the mechanical properties of biological materials, they 
typically do not have adequate electrical, thermal or electro-
magnetic properties to replace the functions of motors and 
electronics.

This shortcoming, however, has not escaped the atten-
tion of leading developers of soft robots. In fact, much of the 
field’s work focuses on creating new types of soft multifunc-
tional materials that can address these issues.

The process of developing an inventory of materials that 
can bring soft robotics to their full potential, however, has its 
own challenges. One of the greatest of these is that develop-
ers have yet to fully analyze the materials being used. Devel-

Soft Actuators in the Works

If discussions of soft robots conjure up images of 
a Raggedy Ann-like R2-D2, that’s not an accu-
rate representation of the technology. Today’s 

research teams and robotics developers focus their 
efforts on creating the building blocks of the technol-
ogy. One area that offers a clear picture of this work 
lies in actuator development, where the creation of 
building materials and the design of this critical com-
ponent come together.

It is particularly relevant to note that because of 
compliance, components made of soft materials can be 
driven differently than metal components. Soft materials 
don’t require motors the way that rigid components do.

“Soft robotic components are often driven by volt-
age difference, as in electroactive polymers, pressure 
difference, as in pneumatic actuators, or tempera-
ture change, as in shape-memory polymers,” says 
Gavriel Kleinwaks, a Ph.D. student at the University 
of Colorado, Boulder and a member of the Keplinger 
Research Group.

One of the most common types of soft robot is a 
pneumatic actuator. These consist of elastomeric shells, 
which are inflated with air and flex according to changes 
in the air pressure within the shells.

These shells are made by casting the elastomer into a 
3D-printed mold. Different shapes achieve different types 
of motion, such as bending, contraction or twisting. 

One major application is industrial gripper pick-and-
place systems. The use of soft components in a gripper 
enables the device to handle delicate objects and to 
slightly wrap around objects.

Another type of soft robot is the hydraulically ampli-
fied self-healing electrostatic (HASEL) actuator (Fig. 3). 
These actuators consist of shells made from polymer 

sheets, such as polypropylene, filled with insulating oil 
and coated with conductive electrodes. The shells are 
heat sealed together, and the electrodes are screen-
printed, which allows for quick design changes. In fact, 
new shapes can be made in the same amount of time as 
slight geometric adjustments.

When a voltage difference is applied across the 
electrodes, the electrodes zip together, moving the oil 
into the part of the shell not covered by electrodes. The 
actuators respond to electrical waveforms, producing a 
smooth muscle-like movement.

HASEL actuators are similar to pneumatic actuators, 
but they don’t require pumps. Because of their versatile 
manufacturing method, HASEL actuators can be made 
in a variety of forms, for various applications.

Fig. 3: Peano-HASEL actuators operate on 
electrostatic and hydraulic principles, which cause 
the actuator to contract linearly, similar to a bicep. 
Image courtesy of Philipp Rothemund, University of 
Colorado Boulder.
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State University. “In one application space, a soft or rigid 
robot would be able to conduct a wide range of tasks and 
perform them with a high level of control, mimicking human 
behavior. The challenge is how to select the design that will 
give the desired result.”  DE

Tom Kevan is a freelance writer/editor specializing in engineering 
and communications technology. Contact him via de-editors@
digitaleng.news.
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➜ North Carolina State University: NCSU.edu

➜ Carnegie Mellon: CMU.edu

tion of the robot becomes unconstrained,” says Majidi. 
“Rather than just moving at a discrete number of joints or 
motors, a soft robot can deform at any location due to the 
natural compliance of its materials. This introduces chal-
lenges in control, state estimation and robot planning.”

Just Getting Started
Still a relatively new field, soft robotics still must de-
fine their place in a growing number of industries. This 
poses challenges, but it also provides opportunities for 
creative ideas.

To maintain growth and adoption, soft robot develop-
ment teams must cultivate expertise in a broad spectrum of 
engineering disciplines. 

“Realization of a soft robot that senses and responds to 
its environment requires expertise in materials, electrical 
and mechanical engineering,” says Joseph Tracy, professor 
of materials science and engineering at North Carolina 

A Gripper with a Light Touch

Industries that require robots to 
have the handling and grasp-
ing capabilities of the human 

hand have been slow to deploy 
robotic systems. 

“Conventional robotics are based 
on hard linkages, and thus they are 
unable to adapt to fragile or variable 
products,” says Carl Vause, CEO of 
Soft Robotics. “This is why such a 
small percentage of non-automotive 
industries have automated robots 
today. Picking a soft and variable 
object like an apple is an impossible 
task for a traditional rigid gripper.”

To address this shortcoming, 
however, some robotics developers 
have adopted a more unconven-
tional approach. For example, Soft 
Robotics aims to solve this problem 
not with higher levels of design com-
plexity, but through material science.

“To replicate the dexterity of 
the human hand to pick items, we 
couldn’t just develop incremental innovations,” 
says Vause. “We had to go in a completely different 
direction.”

The Soft Robotics’ mGrip gripping system is com-
posed of robotic actuators made entirely of polymers. 
The grippers do not require sensors or other elec-
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Fig. 4: Soft Robotics claims the mGrip can handle delicate items of 
varying shapes and sizes. The soft robotic modular gripping system 
aims to facilitate quick tool builds, with a variety of con� gurations 
and spacing options. Image courtesy of Soft Robotics.

tromechanical devices for operation. All computational 
resources reside in the gripper.

The mGrip consists of a proprietary blend of materi-
als with microfluidic channels that, when actuated, aim to 
mimic the grasping and gripping capabilities of the human 
hand (Fig. 4).
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OVER THE PAST TWO YEARS, we have seen tremendous growing interest in cloud computing in the engineering 
community. Over 70% of high-performance computing (HPC) sites run some simulation jobs in public clouds today, 
up from 13% in 2011, according to Hyperion (the former HPC High-Performance Computing Group at IDC), and 

over 10% of all HPC jobs are now running on Microsoft Azure, Amazon Web Services and Google Cloud. 

CAE in the Cloud: 
The 2019 Compendium of 
UberCloud CAE Case Studies
BY WOLFGANG GENTZSCH AND BURAK YENIER

Although the cloud on-boarding process is well under-
stood, major challenges still exist. Obstacles include on-de-
mand independent software vendor software licenses for the 
cloud, multi-gigabyte data transfer, security concerns, lack 
of cloud expertise and potentially losing control over your 
cloud-based assets. 

In 2015, based on our experience gained from the pre-
vious 100+ cloud experiments, we reached an important 
milestone when we introduced novel software container 
technology based on Docker containers, which we applied 
to complex engineering CAE workflows. Use of these HPC 
containers by our cloud experiment teams dramatically short-
ened cloud experiment times from months to days. 

Our new 2019 annual compendium describes 13 technical 
computing use cases in the cloud. Like its predecessors, this 
year’s edition draws from a select group of projects under-
taken as part of the UberCloud Experiment, sponsored again 
by Hewlett Packard Enterprise, Intel and Digital Engineering
magazine. 

The UberCloud Compendium is a way of sharing our 
cloud experience with the broader engineering community. 
The UberCloud Compendium has just been released and is 
now available for free download (bit.ly/2Wna8FM). 

We have briefly summarized four of these CAE Uber-
Cloud Experiments to demonstrate the power of cloud for 
engineering and scientific applications.

Design Space of a Sparged Bioreactor on Azure
Bioreactors are the heart of pharmaceutical manufacturing. One 
goal of a bioreactor is to operate at process conditions that pro-
vide sufficient oxygen to the suspended cells. The design space 
of a bioreactor defines the relationship between the input and 
output parameters of the cell culture process. The design space 
typically relies on a design of experiments (DOE) approach to 
characterize the interdependencies between tank design and 
process operating conditions. 

Fig. 1: Air bubbles undergo breakup near the impeller 
blades. Right: Comparison of solution speed scale-
up for a different number of cores and with different 
mesh densities. Images courtesy of UberCloud.

This can be an expensive, time-consuming exercise to per-
form in the lab, especially at manufacturing scale. Therefore, 
the pharmaceutical industry has adopted computational fluid 
dynamics (CFD) modeling as a cost-saving option that can 
also reduce the risk associated with scale-up and day-to-day 
operations. However, the simulation time and compute re-
sources required to explore the relationships between various 
process parameters can be quite extensive. 

Sravan Kumar Nallamothu, senior application engineer, 
and Marc Horner, Ph.D., technical lead, Healthcare, at 
ANSYS, explored the use of HPC to establish the design space 
of a production scale sparged bioreactor. They developed and 
executed the simulation framework on Azure Cloud resources 
running the ANSYS Fluent container from UberCloud. 

In Fig. 1, air bubbles undergo breakup near the impeller 
blades and coalesce in the circulation regions with low tur-
bulent dissipation rates. This leads to bubble size variation 
throughout the tank. Since the interfacial area depends on 
the bubble size, bubble size distribution plays a critical role in 
oxygen mass transfer. 
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Artificial Heart Valve Simulation
This cloud experiment was performed by Deepanshu Sodhani, 
R&D project manager for Engineering, Modeling and Design 
at enmodes GmbH, a worldwide service provider in the field 
of medical technology with special expertise in the field of 
conception, research and development of medical devices. 

In this project, enmodes was supported by Dassault 
Systèmes SIMULIA, Capvidia/FlowVision, Advania Data 
Centers and UberCloud, and sponsored by Hewlett Packard 
Enterprise and Intel. It is based on the development of Das-
sault’s Living Heart Model applied to Fluid-Structure Inter-
action (FSI) of Artificial Aortic Heart Valve. 

The FSI simulation model was computed on UberCloud 
cloud computing services, using Abaqus from SIMULIA as 
the structural solver and FlowVision from Capvidia as the 
fluid solver. Scalability of the application up to 64 CPU cores 
has been studied with an increasing number of cores. The 
model was further evaluated to predict the risk parameters to 
understand the correlation between the level of fidelity and 
resulting accuracy by carrying out a mesh convergence study 
over three fluid domain mesh densities.

Migrating Engineering Workloads to Azure
FLSmidth is a leading supplier of engineering, equip-
ment and service solutions to customers in mining and ce-
ment industries. In September 2018, Sam Zakrzewski from 
FLSmidth approached UberCloud to perform an extensive 
proof of concept and evaluate whether the timing was right 
to consider moving their engineering simulation workload 
to the cloud. The project team designed and configured 
FLSmidth’s Azure cloud environment and benchmarked 
applications to understand engineering simulation usage of 
Cloud HPC resources and related workflows. Multi-node 
runs showed excellent scalability when using many compute 
nodes for large simulations. The ability to scale up to a large 
number of resources enabled FLSmidth to run multiple jobs 
simultaneously, reducing multi-job duration and significantly 
increasing HPC throughput for engineers.

The FLSmidth engineering team, which is distributed be-
tween locations in Denmark, India, South Africa and Brazil, 
drafted a list of requirements of moving different simulation 
scenarios using ANSYS CFX and ESSS Rocky onto Azure. 

FLSmidth currently has its own on-premises Intel 
Haswell-based HPE cluster with 512 cores and InfiniBand 
FDR for its 20 habitual users. In the next step, it wishes to 
increase its user base and upgrade the on-premises environ-
ment with cloud bursting for mission-critical applications in 

CFD (multi-phase, combustion) using ANSYS CFX and Flu-
ent, STAR-CCM+ and ANSYS Mechanical (static, thermal, 
modal, fatigue).

Electrical Power Lines Lifespan Assessment
Réseau de Transport d’Électricité (RTE) is the operator of 
the high-voltage electricity transmission network in France. 
With more than 100,000 km of high-voltage overhead lines, 
it is the largest network in Europe. Management of these 
physical assets is a top priority. The challenges are particu-
larly high in the field of overhead conductors, as the costs 
of replacing them will reach several hundred million Euros 
annually in the coming years. Preventive maintenance plays a 
major role in providing uninterrupted service.

  In this project, RTE studied the phenomenon of vortex-
induced vibrations of overhead power lines. It is essential 
to predict the line vibrations for a better estimation of the 
lifespan of overhead lines. UberCloud analyzed lift and drag 
forces created by low wind speeds, and line vibrations due to 
cyclic stresses that cause fatigue failure of the wires. 

Researchers developed a FSI process using CFD Code_
Saturne simulating the airflow around the overhead lines, and 
the overall line dynamics captured by an in-house solid solver 
with finite element modeling. The code coupling was used to 
determine interaction between the wind and the power line. 
The solution used a Quasi-3D method to simplify the cou-
pling problem, with CFD performed separately for a series 
of sections of the overhead line (fluid solver), the overall line 
dynamics constructed from the FEM solver and message-
passing MPI communication between fluid and solid solvers.

The final simulation ran on a 1,000-core 32-node cluster 
on the Advania Data Centers’ cloud. For reaching near-
steady vibrations after about 55,000 computational timesteps, 

the simulation took 431 hours or 18 days. The 55,000 com-
putational timesteps correspond to a physical time of 55 sec-
onds. At that time, the vibrations become stable. The present 
1,000-core run simulated a 325 meter overhead line repre-
sented by the 1,000 cylinders. 

Learn more about UberCloud at TheUberCloud.com and 
download the 2019 Compendium (info.theubercloud.com/
ubercloud-compendium-2019).  DE 

Fig. 2: The engineered valve is sutured 
into a self-expandable nitinol stent 
(left). Velocity streamlines through 
computational domain for the half-open 
valve (right).

Fig. 3: FLSmidth JETFLEX kiln burner. The simulation 
shows a multi-phase Lagrangian CFD calculation, 
including solid fuel combustion.

Fig. 3: FLSmidth JETFLEX kiln burner. The simulation 
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Engineering Technology Leaders
This special advertising section of Digital Engineering  

features company profiles of top-level technology  
vendors in the design and simulation markets. This section is  

designed to provide you with information and insight into  
the technology solutions that can help you meet  

the challenges of rapidly evolving engineering industry,  
accelerate design space exploration, expand the use  

of simulation, and improve the quality of the final design.
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The world is at the cusp of a great 
transformation in mobility. 
Companies across many indus-

tries are developing the revolutionary 
transportation technologies of auton-
omy, electrification and 5G communi-
cations to make new modes of mobility 
safe and ubiquitous. 

Simulation is key to overcom-
ing the unprecedented technological 
challenges involved in developing 
autonomous, electrified and 5G sys-
tems. Engineering simulation is the 
only rapid and cost-effective means to 
overcome the many design obstacles 
of mobility transformation. Simulation 
significantly optimizes and enhances 
the development of components such 
as antennas in autonomous vehicles, 
batteries in electric vehicles (EVs), and 
the semiconductors and infrastructure 
needed for 5G connectivity.

Move Forward with Simulation
The great mobility transformation is 
also major industry disruption. Compa-
nies that innovate fast will dominate the 
mobility markets for decades, and fast 
innovation requires simulation. ANSYS 
is the global simulation leader with the 
most trusted simulation technology. We 
continue to improve upon those trusted 
solutions and expand in key areas. 

For example, ANSYS recently closed 

its acquisition of LSTC, makers of 
LS-DYNA. The acquisition empowers 
ANSYS customers to conquer a new 
class of challenges, including devel-
oping safer automobiles, aircraft and 
trains while reducing or eliminating 
costly physical testing. Earlier this year, 
ANSYS acquired GRANTA Design, 
giving customers access to material in-
telligence, including data critical to suc-
cessful simulation of longer-lasting EV 
batteries, autonomous sensor detection 
and 5G signal penetration. ANSYS also 
entered into a definitive agreement to 
acquire Dynardo, a leading provider of 

simulation process integration and de-
sign optimization technology, enabling 
users to identify optimal product de-
signs quickly and economically. These 
are just a few of the recent strategic ac-
quisitions and partnerships ANSYS has 
made to ensure our customers are dis-
rupting markets, not being disrupted.

For 50 years, ANSYS has enabled 
companies of all sizes to accelerate 
product development. By making 
simulation pervasive throughout the 
product lifecycle, ANSYS customers 
are capitalizing on the digital transfor-
mation of mobility. 

Special Sponsored Section

ANSYS Accelerates Mobility  
Transformation

ANSYS, Inc.
Southpointe

2600 ANSYS Drive, Canonsburg, PA 15317
ansys.com

Phone: 844.Go.ANSYS
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Engineering Simulation in the spotlight 
of product design and development 

BETA CAE Systems International AG
Platz 4, CH-6039 Root D4, Switzerland

Tel: +41-41-545 3650, Fax: +41-41-545 3651

www.beta-cae.com

As products today become more 
complex with more variations 
and advanced performance re-

quirements, organizations strive to meet 
market demand for quality and improve 
the effectiveness of their processes. In 
these efforts, they employ engineering 
simulation more and more, making it a 
central point in product design and de-
velopment to reduce time to market, in-
crease product quality, and understand 
better the behavior of the numerous 
product designs.

New developments and capabilities 
in engineering simulation promise not 
only to tackle existing industry require-
ments and bottlenecks but also form 
the building blocks for new concepts 
that will speed up the evolution of cur-
rent processes in product design and 
development. However, to do so these 
new solutions and developments must 
be relevant to current engineering 
problems and requirements while avoid 
adding further complexity.

To develop such solutions, simu-
lation software providers should be 
aligned with customers and work 
closely with them to give answers to 
their needs beyond buzzwords. In this 
notion, and in partnership and con-
tinuous dialogue with the engineering 
world, BETA delivers a portfolio that is 
relevant to the engineers’ problems and 

enables accelerated performance and 
quality improvement, from the indi-
vidual user, up to a corporate level.

The advanced Simulation Data and 
Process management with KOMVOS 
and SPDRM, the versatile and powerful 
modeling with ANSA, the engagement 
of the freshly developed solver EPILY-
SIS, and the high-performance post-pro-
cessing and visualization with META, 
have become the trusted core of simula-
tion by the most demanding sectors.

New software products, enhance 
further the engineering simulation capa-
bilities focusing on taking collaboration 
amongst global teams to new levels and 

streamlining product design from early 
stages. NEERE, the new collaboration 
platform offers all the typical communica-
tion means and augments teamwork fur-
ther with Virtual Reality rooms and the 
capability for engineers to work remotely 
together on their models. The also new, 
OpDesign revolutionizes the product de-
sign and development process through a 
holistic, performance-driven method.

The BETA portfolio offers a plat-
form for engineers to move into the 
new age of simulation by transforming 
the way they face their challenges. Be-
cause, after all, it is their challenges that 
drive evolution.

Special Sponsored Section
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Mathematical modeling and nu-
merical simulation are widely 
accepted methods for product 

development, which makes sense: They 
have been around for more than half a 
century. As long as these tools have been 
available, their use has been restricted 
to simulation engineers. This creates a 
bottleneck in the development process, 
as design engineers wait for analyses and 
results. COMSOL provides the tools 
to sidestep this bottleneck by creating 
easy-to-use simulation applications and 
distributing them companywide.

Simulation engineers create special-
ized applications based on the com-
putational models they develop in the 
COMSOL Multiphysics® software. 
The applications enable anyone to test 
parameters and run repeated analyses 
without the simulation engineer, who 
can then focus on solving complex 
problems, developing innovative prod-
ucts, and building more applications.

For instance, Samsung Research 
America — a leading worldwide audio 
company — designs high-quality 
loudspeakers using simulation and ap-
plications. Get an inside look at their 
workflow in this blog post: www.
comsol.com/blogs/samsung-amps-up-
loudspeaker-designs-with-simulation/. 

Another example is 
Cornell Dubilier, a 
leader in manufac-
turing high-quality 
capacitors, which 
creates several 
applications for 
electrical optimiza-
tion. “[We] create 
applications for 
other departments 
to let them test 
different configu-
rations for their 
particular require-
ments and pick the 
best design.” says 
Research Director 
Sam Parler.

Collaborators 
are provided access to applications 
through two methods: compiling them 
into standalone executable files using 
COMSOL Compiler™ or distributing 
them via the application management 
tool COMSOL Server™. COMSOL 
Compiler™ is used to create compiled 
applications that can be run without a 
COMSOL® software license. COM-
SOL Server™ helps those who want to 
upload and manage applications for an 
organization and enable application 

users to run simulations via a web 
browser or desktop client — on any 
hardware, including phones and tablets.

Numerical simulation has changed 
since it first came about some 50 years 
ago. Through the use and distribution 
of applications, it has become even 
more powerful.

COMSOL, COMSOL Multiphys-
ics, COMSOL Compiler, and COM-
SOL Server are trademarks or regis-
tered trademarks of COMSOL AB.

Simulation Applications Bring the 
Future of Modeling into the Present
Simulation applications and the tools used to distribute them are ushering  
in a new era of product development to organizations around the world.  
By democratizing simulation, companies can develop better products faster, 
using the specialized expertise of each team member involved.

COMSOL, Inc.
100 District Avenue

Burlington, MA 01802

www.comsol.com

ENGINEERING TECHNOLOGY LEADER ||| COMSOL

Perforated Well Application calculating pumping rates.
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Democratizing simulation to  
accelerate product development

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

ESTECO Headquarters
AREA Science Park,  

Padriciano 99, 34149 TRIESTE (ITALY)
esteco.com

Simulation plays a key role in sav-
ing time and costs throughout 
the product development process. 

Nevertheless, simulation is often con-
sidered as a prerogative of a few experts. 
In this context, making it accessible to 
a broader audience is a challenge com-
panies need to face to stay competitive. 
Collaboration and democratization are 
key to address this cultural shift. 

A flexible environment that con-
nects simulation experts with simulation 
users, while keeping data safe, becomes 
crucial. Simulation experts specialize in 
model creation and process automation, 
while users are usually design engineers 
who need to use simulation models for 
exploration and optimization purposes. 
VOLTA brings them together on an 
enterprise platform for simulation pro-
cess and data management (SPDM) and 
design optimization.

In VOLTA, ESTECO collabora-
tive web platform, simulation experts 
create and automate the simulation 
process using the powerful workflow 
technology. The collaboration capabili-
ties of VOLTA enable design engineers 
to benefit from the simulation model 
without having to deal with the com-
plexity behind it. Specifically, design 
engineers can change the input parame-
ters and execute the simulation without 
recreating the model from scratch. In 

addition, they can rely on state-of-the-
art algorithms to execute optimization 
strategies and perfect the design in less 
time.

This democratization leads to rele-
vant advantages for both simulation ex-
perts and users. On the one hand, simu-
lation experts can work more efficiently 
and focus on the setup and automation 
of the most complex processes, without 
having to create models every time they 
are required. On the other hand, users 
can easily execute simulations and de-
sign explorations as many times as they 
need by simply changing the inputs. 

With VOLTA, companies can rely 
on a secure platform where data are safe 
and accessible at the same time. Indeed, 

different access levels ensure the high-
est protection of the company’s intel-
lectual property. Simulation experts can 
make their models available to other 
users, without having to share all the 
details and complexity behind them and 
preserving data integrity.

VOLTA platform helps redefine 
and accelerate product development. 
Organizations that are moving towards 
an agile engineering process can rely 
on a comprehensive solution to cre-
ate, capture and cultivate engineering 
knowledge. By making the most of col-
laboration, simulation and optimization 
technologies, they can reduce time-
to-market and costs and deliver better 
products faster.

How simulation experts and simulation users can make the most 
of digital transformation and collaborate in the most efficient way.

Special Sponsored Section
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NUMECA International
www.numeca.com
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An end-to-end CAE environment from design to analysis and optimization

OMNIS™  - Solving your  
toughest industry challenges

Solving today’s industry challenges 
requires a global, collaborative ap-
proach to the full design process.

However, today’s designers and engi-
neers rely on a large number of differ-
ent CAE codes and software tools, each 
with their own interface (GUI), data 
set-up, structure and format and with 
no or poor connection between them. 
This stands in the way of setting up a 
true multidisciplinary design optimiza-
tion framework necessary to create a 
reliable digital twin.

OMNIS™ offers the solution: an 
end-to-end CAE environment with 
dedicated tools to solve each step of 
the simulation process quickly and  
efficiently. 

One environment for multi-level 
high-fidelity simulations 
OMNIS™ enables users to run all their 
simulations in one single environment 
and to simply change from one phys-
ics to another by the click of a button: 
From simulating external aerodynam-
ics or thermal behavior, to tonal and 
broadband acoustics, to complex flows 
with rotating parts,... The unique set of 
application-dedicated software tools in-
tegrated within OMNIS™, can solve any 
fluid/acoustic flow problem, with the 

added flexibility of being able to plug in 
any open source or in-house solver or 
tool via the API. 

Up to 20 times faster than any 
other solution on the market 
CAD preparation and meshing no 
longer takes weeks but hours, with 
OMNIS™/Hexpress and its AutoSeal 
technology, automatically closing 
holes and cavities of dirty CAD, and 

its unique ability to mesh in parallel 
on distributed memory. Connected to 
the fastest CFD solvers on the market 
today, combined with smart optimiza-
tion software based on AI with UQ, 
users can evaluate the design envelope 
faster with results that are more reliable 
and far cheaper than before. 

Learn more about NUMECA solv-
ing industry challenges at https://www.
numeca.com/ReSolveMagazine

Special Sponsored Section
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Why are more and more design 
engineers asking for high-per-
formance simulation software? 

Because legacy desktop simulation con-
strains them with expensive tools limited 
by local compute power. Their skills, 
ingenuity, and hunger for innovation are 
bounded by budget, hardware downtime, 
and the expensive and time-consuming 
physical prototyping needed to generate 
engineering insights about new designs.

Physical prototyping practices are 
no longer sustainable, and engineers are 
turning to the power of Cloud Engineer-
ing Simulation to create true Digital 
Prototypes - cost-efficient digital repre-
sentations of physical high-tech devices 
that capture their complete physical be-
havior. With OnScale, digital prototypes 
are built by running thousands of full 
3D multiphysics simulations in paral-
lel. In fast moving markets like 5G RF, 
engineers are pushing the boundaries of 
technology and realizing massive benefits 
from digital prototypes—in many cases, 
seeing a 90% reduction in overall cost, 
risk, and time-to-market.

What do engineers get with On-
Scale? OnScale is the combination of 
high-performance natively-parallel mul-
tiphysics solvers developed for the most 
demanding organizations in the world, 
public or private cloud supercomputers, 
a functional GUI, an API to efficiently 
integrate OnScale into any design work-
flow, scripting languages to fully custom-
ize simulations, and plugins to enhance 

engineering capabilities. Data importing 
and exporting as well as postprocessing 
are included. Engineers can run simula-
tions on high-performance computers in 
the cloud by letting the software do all 
the heavy lifting. OnScale is multi-tenant 
- there are no software licenses and no 
IT license management issues. OnScale 
comes with world-class data security and 
uses best-in-class security components 
from our cloud partners, AWS and GCP.

Have you ever heard of pay-as-you-
simulate? OnScale’s engineers are proud 
of our business model as they have ex-

perienced first-hand how legacy licens-
ing schemes don’t scale up and down as 
needed. OnScale’s model is based on the 
compute time it takes for a simulation 
to run, and our AI estimators accurately 
predict how much a simulation study 
will cost and how long it will take before 
an engineer hits “run”. Pay-as-you-
simulate: it’s as simple as that.

In a few years, we will look back at 
this time in history —the dawn of Cloud 
Engineering Simulation era—and won-
der how we ever lived in the desktop 
simulation world.

Cloud Engineering Simulation: A 
Game Changer for Design Engineers
By combining powerful multiphysics solver technology with the limitless compute 
power of cloud supercomputers, engineers can create true Digital Prototypes.

OnScale
Redwood City, CA | +1 408-824-1012 

onscale.com
Get the latest updates on multiphysics and digital prototypes:

blog.onscale.com

Thermal-mechanical and ultrasonic cloud engineering simulation of a next-generation handset. This multiscale simu-
lation study includes all aspects of the design - from system-level to detailed component-level. The time-domain 58 
million degree of freedom simulation ran in the OnScale platform in under 25 minutes. Image courtesy of OnScale.
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Products nowadays are more com-
plex–they are becoming systems 
themselves connected to other 

systems. Manufacturers are also dealing 
with greater complexity from manag-
ing global teams, worldwide competi-
tion, increasing customer demands for 
personalized solutions, and faster in-
novation in the environment in which 
they operate. 

Product development companies 
must deal with many more require-
ments, new materials, and new manu-
facturing methods. Past experience is no 
longer sufficient. More physics have to 
be considered when designing a prod-
uct, and developers need to start early 
with more options and fail fast. 

Survival in such an environment is 
only possible by using comprehensive 
digital twins, made possible by combin-
ing physics-based models with IoT and 
big data. Collecting and using this data 
intelligently enables building digital 
twins that mimic real physical assets at 
every stage of development and usage.

Siemens Simcenter™ is a full set of 
simulation and test solutions that enables 
companies to build and leverage digital 
twins of their products in support of 
closed-loop performance engineering. 

Simcenter helps companies implement 

strategic initiatives with an emphasis on:
Frontloaded engineering – using 

system simulation, CAE simulation, and 
combining simulation with test earlier 
to deliver insights sooner. 

Generative engineering – using AI 
and simulation to increase innovation in 
components, systems, and entire archi-
tectures.

Model-based engineering – 
whereby models become the new 
“language” of communication around 
systems and systems of systems, improv-
ing the management of models and data, 
and the consumption of models across 

the larger organization.
Continuous engineering – enabling 

new opportunities for engineering to 
impact product performance through 
leveraging IoT data and through the 
embedding of “executable digital twins” 
in the actual product.

Simcenter solutions are designed to 
be personalized, adaptable, open, and 
flexible to accelerate productivity and 
protect our customers’ investments. 
Simcenter engineering and consulting 
services help accelerate customer ROI.

Learn more about Simcenter at  
siemens.com/simcenter

Digital Twin Accelerates 
Product Development
Engineer your innovations with Simcenter

Siemens
5800 Granite Parkway Suite 600  

Plano, TX 75024 | +1 (972) 987 3000

http://siemens.com/simcenter
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Improving the 3D Experience
SolidWorks 2020 offers a host of new features plus 

links to Dassault’s 3DEXPERIENCE platform.

BY DAVID COHN

In September, Dassault Systèmes began shipping SolidWorks 2020, the 28th release of the company’s parametric, feature-
based solid modeling software. Although it sports hundreds of new and improved features, the 2020 version appears to be 
pushing users toward parent company Dassault Systèmes’ 3DEXPERIENCE cloud platform. 

loss of detail. Users can use editing tools to add or modify anno-
tations and dimensions, arrange drawing views on sheets and so 
on. Any command that is not grayed out is available in Detailing 
Mode, making it useful for minor edits or design reviews.

Large Design Review (LDR) has been around since 
SolidWorks 2013, when it was called Quick View. But it is no 
longer just a viewing mode. Edit Mode in LDR enables you 
to create and edit components, create and edit mates, change 
configurations and save edits made in the LDR assembly. 

Envelopes, a reference component creation tool, is no lon-
ger limited to components within the same assembly. In Solid-
Works 2020, components can be selected from other subas-
semblies and included as envelopes in the destination assembly.

The new Make Part Flexible tool makes it easier to evalu-
ate mechanical motion. You can display the same part in 
different states—such as a spring in its compressed and un-
compressed states—without creating unique configurations 
or separate part files. Bills of materials recognize multiple 
instances of flexible parts as a common part and drawing ref-
erences are also maintained without impacting the geometry 
shown in the drawing. 

Improved Workflows
The Quick Mates toolbar, introduced in SolidWorks 2014, 
provides a means to rapidly assemble components directly 
from the graphic area. SolidWorks 2020 extends this tool by 
adding Slot and Width mates.

For example, when mating a washer to a slot, the Quick 
Mates toolbar now includes the Slot mate and provides op-
tions for choosing its constraints. After centering the washer 
in the slot, you can then mate a screw to the washer. A new 
Flip Alignment button lets you flip the mate upon creation. 
Limit Distance and Limit Angle mates also have been added.

Assembly patterns provide an efficient way to add multiple 
copies of components to an assembly. The Pattern Driven 
Component Patterns in SolidWorks 2020 understand the 
orientation of Hole Wizard features that are created with 3D 

DESIGN ||| Software Review

erences are also maintained without impacting the geometry 
shown in the drawing. 

Improved Workflows
The Quick Mates toolbar, introduced in SolidWorks 2014, 
provides a means to rapidly assemble components directly 
from the graphic area. SolidWorks 2020 extends this tool by 
adding Slot and Width mates.

For example, when mating a washer to a slot, the Quick 
Mates toolbar now includes the Slot mate and provides op-
tions for choosing its constraints. After centering the washer 
in the slot, you can then mate a screw to the washer. A new 
Flip Alignment button lets you flip the mate upon creation. 
Limit Distance and Limit Angle mates also have been added.

Assembly patterns provide an efficient way to add multiple 
copies of components to an assembly. The Pattern Driven 
Component Patterns in SolidWorks 2020 understand the 

In fact, in a video announcing the release, SolidWorks 
CEO Gian Paolo Bassi stated, “It’s all about digitalization 
and integration through a connected 3DEXPERIENCE 
platform.”

During a briefing prior to the product release, company 
representatives told us that there would be three main focus 
areas: performance improvements without user intervention, 
improved workflows offering new ways for users to get their 
job done and connectivity to other Dassault Systèmes soft-
ware through the 3DEXPERIENCE platform. 

For our first look, we focused on what’s new in the latest re-
lease, rather than the cloud-based tools and add-on products.

Faster Performance
A primary focus of SolidWorks 2020 was to make drawings 
faster. With the new Detailing Mode, users can now open 
drawings containing large assemblies, lots of sheets and mul-
tiple configurations in seconds, regardless of their complexity. 

Although the model is not loaded, drawing views show no 

Fig. 1: With the new Detailing Mode, it takes just 
seconds to open and edit drawings containing large 
assemblies, regardless of their complexity. Images 
courtesy of David Cohn.
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sketches on multiple faces. This means that 
a single pattern can be used to copy as-
sociated fasteners without the need to skip 
instances or use multiple patterns. Linear 
and Circular patterns are now more flexible 
by allowing users to modify each compo-
nent instance within the pattern, including 
the ability to change the angle of individual 
instances within circular patterns or the dis-
tance within linear patterns. 

There is also a new option to use com-
ponent origins that makes it easier to mir-
ror components; the option to change the 
orientation of mirrored components is now 
easier to understand with quick-access but-
tons within the PropertyManager.

Design features often change size, 
shape and even how they are configured 
at the assembly level. These changes can 
then cause other features, such as fillets, to 
fail. SolidWorks 2020 can now automati-
cally repair these missing references for 
you so you don’t have to reselect refer-
ences or recreate features.

You can now directly edit mesh bod-
ies—you no longer have to first convert 
them into solid bodies—making it easy 
to add things like holes and fillets. Mesh 
enhancements in SolidWorks 2020 include 
the ability to simplify complex mesh data 
using a new Mesh Decimation tool and to 
create accurate solid bodies with planes and 
an axis generated using mesh facets. 

You also can visually inspect the ideal-
ized geometry against the original mesh 
using Body Compare, which creates a visual 
heat map showing the maximum distance 
between the vertices of the original mesh 
and the finalized solid body.

Other mesh enhancements improve 
the ability to directly edit BREP mesh for-
mats like STL. For example, if a geometry 
check shows that there is an open surface, 
SolidWorks 2020 now lets you delete those 
holes by right-clicking and selecting from 
a context menu or by simply selecting the 
edge and pressing the Delete key. Solid-
Works 2019 introduced a Delete Face tool. 
SolidWorks 2020 expands that capability to 
support Fillet, Chamfer, Mutual Trim, Knit 
Surface, Delete Hole and Delete & Fill.

Fig. 2: You can make any part dynamic with the Make Part Flexible 
tool, without creating unique con� gurations or separate part � les.

Fig. 3: New Slot and Width quick mates make it even easier to 
assemble components.

Fig. 4: Mesh enhancements in SolidWorks 2020 include the ability to 
simplify complex mesh data using the new Mesh Decimation tool.
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Faster Sketching
The program’s sketch tools now support 
G3 continuity. There are also significant 
improvements to the Redo functionality 
and also improved workflows when using 
touch-enabled devices. For example, you 
can now enter dimensions without need-
ing a physical keyboard. Simply touch in-
side the number field and use the pop-up 
window to enter a dimension. SolidWorks 
2020 also introduces Power Modify to 
make rapid edits using gestures rather 
than picking individual tools. For example, 
you can use a curved stroke to add a fillet, 
or a straight one to add a chamfer.

Markups also have seen significant 
improvement. SolidWorks 2020 now in-
cludes its own Markups toolbar. Markups 
are stored in the FeatureManager tree 
under the Markups folder. When you 
hover over a markup, it appears in the 
orientation in which it was originally cre-
ated. You can now create markups using a 
mouse (no more need for a touchscreen) 
and you can add markups to 2D drawings 
using the same toolbars and workflows as 
when working in 3D. You also can export 
markups to PDF, JPEG and TIFF formats 
and control the visibility of markups on an 
individual or global basis.

3D Interconnect—introduced two re-
leases ago—allows you to reference neutral 
and native CAD files from other CAD ap-
plications without the need for translation. 
SolidWorks 2020 introduces a streamlined 
workflow enabling you to simply drag and 
drop those files from Windows Explorer 
into your SolidWorks assemblies like any 
other SolidWorks component. The 2020 
release also supports several new formats, 
including DWG, DXF and IFC.

Other Enhancements
SolidWorks 2020 also has a host of other 
smaller improvements. For example, the 
list of available drawing scales is now con-
trolled by a text file and is customizable. 
You also can now enter a custom scale with 
just two clicks. There is also a new Chain 
dimension tool.

In SolidWorks 2019, alternate position 
views were limited to assemblies. Now, 

Faster Sketching
The program’s sketch tools now support 
G3 continuity. There are also significant 
improvements to the Redo functionality 
and also improved workflows when using 
touch-enabled devices. For example, you 
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ing a physical keyboard. Simply touch in-
side the number field and use the pop-up 
window to enter a dimension. SolidWorks 
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make rapid edits using gestures rather 
than picking individual tools. For example, 
you can use a curved stroke to add a fillet, 
or a straight one to add a chamfer.
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Fig. 5: You can now directly edit BREP mesh formats to add � llets 
and chambers.

Fig. 6: SolidWorks 2020 includes a searchable database of 3D 
printers with envelope information, so you can be sure your part will 
� t within the build envelope.

Fig. 7: Drawing improvements include customizable scales and a 
new Chain dimension tool.
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In addition, SolidWorks CAM is included with an active sub-
scription.

SolidWorks Professional ($5,490) adds modules for 
ECAD/MCAD collaboration (CircuitWorks), automated 
cost estimation (SolidWorks Costing), design and drawing 
checking (Design Checker), a sophisticated components 
and parts library (SolidWorks Toolbox), reverse engineering 
(ScanTo3D) and advanced photorealistic rendering (Solid-
Works Visualize). It also includes eDrawings Professional, 
which allows users to send SolidWorks files to people who do 
not have SolidWorks, giving them the ability to open, mea-
sure and mark up files.

SolidWorks Premium ($7,995) includes everything in the 
Standard and Professional packages, and adds time-based 
motion analysis, linear static analysis for parts and assemblies, 
pipe and tube routing, electrical cable and wiring harness 
routing, advanced surface flattening, and rectangular and 
other section routing.

SolidWorks 2020 looks to be another excellent release, 
with lots of enhancements. It remains to be seen, however, 
if its loyal customers will also embrace Dassault Systèmes’ 
3DEXPERIENCE platform.  DE

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

➜ More Info

3DS: 3DS.com

SolidWorks 2020

PRICING

•  SolidWorks Standard: $3,995 (annual maintenance: $1,295) 
or Term license: $810/3 months or $2,700/year

•  SolidWorks Professional: $5,490 (annual maintenance: $1,495) 
or Term license $1,080/3 months or $4,600/year

•  SolidWorks Premium: $7,995 (annual maintenance: $1,995) 
or Term license $1,450/3 months or $4,825/year

SYSTEM REQUIREMENTS

Windows:

•  OS: Windows 10 (64-bit) 

•  CPU: 3.3 GHz or higher 

•  Memory: 16GB or more  
(PDM Contributor or Viewer: 8GB or more) 

 • Disk Space: SSD drive recommended for optimal performance 

 • GPU: A SolidWorks certified card and driver

alternate position views can be created from part models as 
well. You can now save Defeature information as a derived 
configuration and toggle between defeature configurations 
in assemblies.

The Structure System, introduced in SolidWorks 2019, 
provides a flexible method to create welded structures with-
out the use of complex 3D sketches to define all members. In 
SolidWorks 2020, the point and length member definitions 
have new options. 

You can create members between pairs of sketch points or 
chained together to create a series of members along a chain 
of points. There is also a new up-to-point option that allows 
you to create members that converge at a single reference 
point and a new up-to-plane option that creates members 
that terminate at a selected plane. Plus, primary and second-
ary members can now be split during creation.

Lastly, SolidWorks 2020 includes a searchable database 
of 3D printers with envelope information, so you can en-
sure your part will fit within the build envelope. Although 
SolidWorks 2019 provided insights into faces that required 
supports, as well as striation lines based off of a user-defined 
layer height, SolidWorks 2020 can generate slices based on 
precise 3D geometry rather than having to first export to a 
tessellated geometry format like STL. This information can 
then be saved in the 3MF format.

Other Module Improvements
Among the various add-on programs, SolidWorks SIMULA-
TION 2020 adds a new tool called SIMULATION Evalu-
ator that provides a single location to verify and update or 
reattach simulation results, check simulation study setup, 
verify materials and mesh. In addition, studies can be deleted 
without loading, saving significant time on large, non-linear 
or dynamic studies.

SolidWorks PLASTICS streamlines and simplifies the 
process of setting up plastic injection mold simulations by al-
lowing users to reference 3D geometry without the need for 
meshing. This saves time and provides dynamic updates as 
the 3D models change.

And SolidWorks CAM Professional now includes probing, 
so that the toolpath coordinates can be reset to enable pre-
cise manufacturing. This can save considerable time during 
toolpath generation versus manually adding these operations 
after post-processing.

Package Options
As was true for previous releases, there are three SolidWorks 
packages: Standard, Professional and Premium. SolidWorks 
Standard ($3,995) provides tools for part and assembly 
modeling—including sheet metal, weldments, surfacing, 
molds, product configuration, design analysis and Design for 
Manufacturing (DfM)—as well as producing 2D drawings. 

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
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HP ZBook 14u G6 Mobile Workstation:  
Compact  
Road Warrior  
Workstation
This new 14-in. workstation is a great 
choice for on-the-go engineers.

BY DAVID COHN

O ver a year has lapsed since we last reviewed an HP 
workstation—and more than four years since we 
reviewed one of HP’s 14-in. mobile workstations. 

So, we were understandably excited when the latest HP 
ZBook 14u arrived at our test lab.

caps lock, function lock, call answer and call end—illu-
minate when those functions are active. Additional lights 
along the front edge of the system indicate power, wireless 
connection and disk activity. A perforated grille extends 
the width of the system above the keyboard with a pair of 
stereo speakers beneath.

The base configuration includes a 1920x1080 display, 
but our evaluation unit came with a gorgeous 3840x2160 
anti-glare display with an HD infrared webcam centered 
above the display. The webcam is flanked by an ambient 
light sensor, a pair of microphones, and a pair of camera 
lights and also includes a privacy slide. A pair of Wi-Fi an-
tennas are located above the corners of the display. There 
is a third microphone located in the center of the case’s 
front edge.

HP includes a modest selection of ports. Along the left 
side is a security cable slot, an air vent, a USB 3.0 port with 
charging capability and a SmartCard reader. On the left side 
are a SIM card slot, an audio combo jack, a second USB 3.0 
port, an HDMI port, an RJ-45 network jack, a docking con-
nector, a USB Type-C port that supports both Thunderbolt 
and DisplayPort, the power connector and a battery light.

Ample Options
Prices for the HP ZBook 14u G6 start at $1,399 for a sys-
tem equipped with an Intel Core i5-8265U 4-core 1.6GHz 
CPU, 8GB of RAM, a 256GB PCIe NVMe solid-state drive 
(SSD), a 1920x1080 250-nit display, a discrete AMD Rad-
eon Pro WX 3200 GPU, Intel Dual Band Wi-Fi AX200 
plus Bluetooth 5, a 720-HD webcam with implanted reality 

ENGINEERING COMPUTING ||| Workstation Reviews

The HP ZBook 14u G6 is the thinnest, lightest ZBook 
mobile workstation the company has ever created. Designed 
specifically for often on-the-go power users, the evaluation 
unit we received measured 12.84x9.22x0.71-in. (WxDxH) 
and weighed just 3.34 lbs., plus 0.67 lbs. for the 65-watt ex-
ternal power supply and cord. 

Based on an 8th-generation Intel Core processor with 
built-in UHD 620 graphics, the HP ZBook 14u G6 also can 
be equipped with an optional AMD Radeon Pro WX 3200 
discrete graphics processing unit (GPU) and up to 2TB of 
storage and 32GB of RAM.

Compact Design
The HP ZBook 14u G6 comes housed in a sleek aluminum 
and magnesium alloy chassis with an HP logo centered in 
the lid. Raising the lid reveals a spill-resistant 86-key backlit 
keyboard with a pointing stick nestled between the G, H 
and B keys, and a 4.3x2.3-in. gesture-enabled touchpad with 
two large buttons centered below the spacebar. A very small 
power button is located above the upper-left corner of the 
keyboard, while a fingerprint reader is positioned below the 
lower-right corner of the keyboard. 

Lights on various keys—speaker mute, microphone 
mute, number lock, wireless antenna, sharing/presenting, 

Fig. 1: The new HP ZBook 14u G6 is a great 
choice for engineers who are constantly on 
the go. Image courtesy of HP.
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Mobile
Workstations
Compared

HP ZBook  
14u G6

14.0-inch mobile 
workstation 

(1.90GHz Intel 
Core i7-8665U 

4-core CPU, 
AMD Radeon Pro 
WX3200, 32GB 
RAM, 512GB 

NVMe PCIe SSD)

MSI  
WS65 9TM-856

15.6-inch 
2.60GHz Intel 

Core i7-9750H 
6-core CPU, 

NVIDIA Quadro 
RTX 5000, 32GB 

RAM, 512GB 
NVMe PCIe SSD

Dell  
Precision 3541

15.6-inch 
2.60GHz Intel 

Core i7-9750H 
6-core CPU, 

NVIDIA Quadro 
P620, 16GB 
RAM, 512GB 

NVMe PCIe SSD

Dell  
Precision 3540

15.6-inch 
1.80GHz Intel 

Core i7-8565U 
4-core CPU, 

AMD Radeon Pro 
WX 2100, 16GB 

RAM, 512GB 
NVMe PCIe SSD

Lenovo 
ThinkPad P72 

17.3-inch 
2.90GHz Intel 

Xeon E-2186M 
6-core CPU, 

NVIDIA Quadro 
P5200, 16GB 
RAM, 500GB 

NVMe PCIe SSD, 
1TB 5400rpm 

SATA HD

Origin PC 
NT-15 Quadro

15.6-inch 
2.20GHz Intel 

Core i7-8750HJ 
6-core CPU, 

NVIDIA Quadro 
P4200, 32GB 

RAM, 1TB NVMe 
PCIe SSD,  

2TB 5400rpm 
SATA HD

Price as tested $2,649.00 $3,499 $2,0687 $1,782 $4,887 $3,938

Date tested 8/8/19 7/12/19 7/3/19 7/3/19 3/26/19 3/11/19

Operating System Windows 10 
Pro 64

Windows 10 
Pro 64

Windows 10 
Pro 64

Windows 10 
Pro 64

Windows 10 
Pro 64

Windows 10 
Pro 64

SPECviewperf 13.0 (higher is better)

3dsmax-06 36.42 169.25 47.53 16.54 143.97 138.82

catia-05 35.60 213.02 53.63 31.56 247.85 178.96

creo-02 34.17 210.09 52.16 15.27 213.88 174.77

energy-02 2.61 39.87 8.25 0.42 36.33 30.46

maya-05 34.17 206.74 56.88 35.19 223.95 167.29

medical-02 9.73 80.88 12.63 8.52 51.37 44.55

showcase-02 13.93 92.57 21.87 11.20 69.64 75.87

snx-03 52.78 288.08 71.37 41.00 303.66 241.75

sw-04 46.04 123.16 60.95 49.00 150.18 124.58

SPECapc SolidWorks 2015  (higher is better)

Graphics Composite 2.27 3.73 4.16 4.14 4.86 3.80

Shaded Graphics Sub-Composite 1.39 2.23 2.69 2.28 3.18 2.26

Shaded w/Edges Graphics Sub-Composite 2.06 2.96 3.51 3.09 4.01 3.08

Shaded using RealView Sub-Composite 1.63 2.63 3.05 2.87 3.62 2.70

Shaded w/Edges using RealView Sub-Composite 2.98 3.12 3.50 4.87 4.11 3.19

Shaded using RealView and Shadows  
Sub-Composite

1.45 3.04 3.48 3.02 4.15 3.13

Shaded with Edges using RealView and  
Shadows Graphics Sub-Composite

2.47 3.30 3.66 4.83 4.34 3.39

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

3.01 10.06 10.13 7.75 12.14 10.11

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

4.58 9.59 9.73 11.27 11.69 9.80

Wireframe Graphics Sub-Composite 2.76 3.50 3.69 3.50 3.95 3.50

CPU Composite 1.85 2.71 4.17 3.37 3.06 2.78

SPEC Workstation v3 (higher is better)

Media and Entertainment 0.8 1.82 1.37 0.92 1.73 1.73

Product Development 1.04 2.01 1.57 1.21 1.57 1.93

Life Sciences 0.87 1.97 1.00 0.94 1.44 1.61

Financial Services 0.7 1.49 1.41 0.80 1.59 1.24

Energy 0.54 1.28 0.95 0.50 1.11 n/a

General Operations 1.13 1.75 1.67 1.52 1.45 1.78

GPU Compute 0.6 3.41 1.00 0.35 2.76 2.20

Time

AutoCAD Render Test  (in seconds, (lower is better) 140.40 43.80 59.70 77.50 42.80 63.80

Battery Life (in hours:minutes, higher is better) 5:30 6:07 15:28 15:17 5:38 4:05

Numbers in blue indicate best recorded results. Numbers in red indicate worst recorded results.
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HP also offers several other options, including 
nearfield communication and broadband wireless compo-
nents. The company also sells various docks, which range 
from $149 to $262.

Decent Performance
Because we always expect great performance from HP 
workstations, we knew that as an ultra-lightweight system, 
the ZBook 14u G6 was not going to set any records. The 
three-cell 50Whr battery kept the system running for just 
5.5 hours, considerably less than many of the mobile work-
stations we have tested recently.

On the SPEC Viewperf test, which focuses on graphics, 
The ZBook 14u performed about as well as we expected. Its 
AMD Radeon Pro WX 3200 was no match for the NVIDIA 
GPUs provided in most of the larger mobile workstations, 
but the graphic performance of the ZBook 14u did surpass 
that of the Dell Precision 3540, the only other AMD-
equipped mobile workstation we have tested recently.

Although the ZBook 14u G6 turned in decent results on 
the SolidWorks benchmark, its results on the very demand-
ing SPECwpc benchmark placed it at the bottom of the 
pack; its storage performance was quite good, but its CPU 
and graphics performance reduced its overall scores on this 
test. With an average time of 140.4 seconds to complete 
our AutoCAD rendering test, the HP ZBook 14u G4 took 
twice as long as the next slowest system we have tested in 
the past year.

Throughout our tests, the HP ZBook 14u G6 was 
practically silent. As mentioned, HP preloaded Windows 
10 Pro 64, but offers Windows 10 Home and FreeDOS as 
less-expensive options. Like all its other workstations, the 
ZBook 14u G6 is independent-software vendor certified 
and backed by a 3-year warranty that covers parts, labor, 

SmartCard reader, backlit keyboard, fingerprint reader and 
Windows 10 Pro 64, all backed by a three-year warranty. 

But that’s just the starting point. You can even omit com-
ponents (such as the webcam, keyboard backlighting, fin-
gerprint reader and Wi-Fi), reduce the amount of memory, 
reduce the length of the warranty, or substitute Windows 10 
Home or FreeDOS to further reduce the cost.

HP offers a choice of three CPUs; you can choose 
whether to include the discrete AMD Radeon Pro GPU. 
Our evaluation unit came with an Intel Core i7-866U 
Whiskey Lake CPU as well as the AMD GPU, which added 
$694 to the price. That 1.9GHz CPU has a maximum 
turbo speed of 4.8GHz, an 8MB Smart Cache and a frugal 
15-watt thermal design power rating. A 1.8GHz Core i5-
8586U CPU is also available.

Other display options include a 1920x1080 panel with 
touch capabilities ($240) and two different 3840x2160 panels 
with brightness ratings of 400 or 600 nits. Our evaluation 
unit came with the top-of-the-line 3940x2160 600 nit display, 
which added $566. There is no touch option on the high-res-
olution displays. The AMD Radeon Pro WX 3200 includes 
4GB of GDDR5 discrete memory, 640 cores and a 128-bit 
interface to deliver a bandwidth of 96GB/second.

The base system comes with 8GB of RAM, though our 
system came with 32GB of 2400MHz memory, installed as 
a pair of DDR4 dual in-line memory modules, adding $550. 
Or, you could max the system out with 64GB of memory for 
$1,350.

HP offers lots of internal storage options. You could save 
$110 by downgrading to a 128GB M.2 SATA SSD or add 
$712 by opting for a 2TB PCIe NVMe SSD, the largest stor-
age option currently offered. Our evaluation unit included a 
Samsung 512GB PCIe NVMe SSD, which added $230 to the 
system price. A 1TB drive would add $652 to the base price.

Price/Performance based on SPECwpc Product Development benchmark dataset

@Xi PowerGo XT 2018
Dell Precision 3530

Lenovo ThinkPad P1
Eurocom Tornado F7W

MSI WS65 8SK
Origin NT-15 Quadro

Lenovo ThinkPad P72
Dell Precision 3540
Dell Precision 3541

MSI WS65 9TM-856
HP ZBook 14u G6
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Fig. 2: Price/Performance chart based on SPECwpc Product Development benchmark dataset.
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• Size: 12.84x9.22x0.71-in. (WxDxH) notebook

• Weight: 3.34 lbs. plus 0.67 for 65W power supply

• CPU: Intel Core i7-8665U 1.9GHz 4-core w/ 8MB cache 

• Memory: 32GB DDR4 2400MHz (2x16GB) 32GB max

• Graphics: AMD Radeon Pro WX 3200

• Storage: 512GB M.2 PCIe NVMe SSD 

• Floppy: None

• Optical: None

•  Audio: Bang & Olufsen with built-in speakers and microphone 
array, combo audio jack 

• Network: Intel Dual Band Wi-Fi AX2000 and Bluetooth 5 

• Modem: None

•  Other: Two USB 3.0, one USB 3.1 Type-C (Thunderbolt/
DisplayPort), HDMI, RJ-45, SmartCard reader, SIM card slot, 
docking connector, fingerprint reader

• Keyboard: 86-key backlit spill-resistant keyboard

•  Pointing Device: Touch stick and touchpad with two buttons

• Warranty: Three-year parts and labor

but not onsite service.
With the ZBook 14u G6, HP has once again delivered an 

excellent mobile workstation. As configured, our evaluation 
unit had a total cost of $2,649, making it slightly more expen-
sive than the Lenovo ThinkPad 52s and Dell Precision 3540 
while delivering similar performance. But as a 14-in. system, 
the HP ZBook 14u is smaller and lighter than those Dell and 
Lenovo systems, making it a great choice if you are a true 
road warrior.  DE

David Cohn is the technical publishing 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 Desktop Engineering and the author of more 
than a dozen books. You can contact him via email at david@dscohn.
com or visit his website at www.dscohn.com.

MORE INFO ➜

➜ HP: HP.com

➜ HP ZBook 14u G6 Mobile Workstation

• Price: $2,649 as tested ($1,399 base price)

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
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PICKS

Each week, DE’s editors comb through dozens of new products to 
bring you the ones we think will help you do your job better, smarter 
and faster. Here are our most recent musings about the products 
that have really grabbed our attention.

CAD Schroer’s new i4 AR-Viewer allows 3D models to be displayed in a real-world 
environment. Very complex models can now be easily displayed in a realistic setting. 

A free app is available for Android and iOS. Either version gives the user a quick 
way to add a view of a product model to any real-world situation. Once the 3D 
model is in the i4 viewer, it can be reduced, enlarged or rotated with screen gestures, 
allowing a view from all angles.
MORE INFO  ➜ digitalengineering247.com/r/23203

A Simple and Useful Tool for Product Visualization
Zoom, pan and rotate as needed to see how the product looks in the scene.  

Engineering Tools Feature AI, Robotics and More
Update gives a boost to autonomous automotive engineering capabilities.

In the MathWorks 2019b update, 
there are new capabilities for building 
advanced networks, including a Deep 
Network Designer app, to graphically 
design and analyze a deep network and 
to generate MATLAB code required 

to build it. 
MathWorks also has added support 

for Unreal Engine sensor models. 
This allows the user to integrate a 
Simulink model with a camera, lidar 
or radar sensor model running in an 

Unreal Engine scene.  
MORE INFO  ➜ digitalengineering247.
com/r/23170

Novel Solutions for Demanding Simulation Tasks
BETA CAE Systems releases version 20.0.

The BETA CAE suite has six tools, each with new features and 
improvements. ANSA pre-processor keeps a link between CAD 
geometry and the finite element mesh. EPILYSIS FEA solver is for 
linear and non-linear behavior. META post-processor is for 3D field 
and 2D plot results. KOMVOS is a model and data management 
platform. RETOMO processes CT data in correlation with CAE 
and CAD data. SPDRM is a unique solution for CAE workflow 
management.
MORE INFO ➜ digitalengineering247.com/r/23149

Tapping Into Data Science for Product Development
PNY Technologies delivers NVIDIA’s Data Science Workstation specification.

As NVIDIA’s master channel partner across NALA and EMEAI, PNY and its 
ecosystem of partners are offering scalable NVIDIA-Powered DSW systems.

The NVIDIA-powered DSW specification includes a software stack that starts 
with Ubuntu Linux 18.04, nicknamed Bionic Beaver. The bundled software for 
data analysis includes a set of software libraries based on the NVIDIA CUDA-X AI 
framework for AI research. 
MORE INFO ➜ digitalengineering247.com/r/23130
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Student Design Competition Profile: The Make48 Student Design Competition

BY JIM ROMEO

PBS Series Documents Designs Done in 48 Hours

Teams must create prototypes 
for each design challenge 
within 48 hours. Image courtesy 
of Make48.

Tom Gray, CEO and co-founder 
of Make48, discusses the Make48 
Engineering Student Design 

Competition. 

consisted of students from colleges 
around the country.

DE: Can you provide some examples 
of what the event has produced or 
what you expect it to produce?
Gray: Designs have included: 

Season 1: The Whizz Bang (Toi-
let Training interactive game), Chop 
Guide (innovative chopping board) and 
the Heel Seal (drain cover)

Season 2: The Wedgie (chair that 
can be positioned in multiple ways), 
360 Uplight (solar lighting system) and 
the Drink Slinger (a device to carry six 
drinks in one hand).

Our event has launched the winning 
prototypes in seasons 1 and 2. Some 
have been successful while other proto-
types have run into issues on the devel-
opmental journey.

In season 1, the Heel Seal was cre-
ated by Team Marquee Design, was 
launched and is currently being sold by 
The Handy Camel. The drain stopper is 
comprised of technology that eliminates 
movement, while still allowing water to 
flow through and keep gunk out. The 
product works best on a smooth surface, 
like a stainless-steel sink in the kitchen, 
but can be applied in smooth showers.

DE: Does Make48 have a particular 
stance on adopting an innovation? 
What drives firms to sponsor the 
event and coordinate it?

Gray: Companies and businesses that 
support Make48 support the entrepre-
neurial spirit of small business, startups 
and home inventors. These are compa-
nies who are aware of the importance 
of supporting innovation, the Maker 
Movement and initiatives like Make48 
that celebrate innovation.

DE: Anything else you’d like to tell us 
about the event that the above ques-
tions haven’t given you the opportu-
nity to express? 
Gray: Moving forward we are still fo-
cusing on consumer-based products but 
with an emphasis on major issues that 
need to be resolved. Make48 believes 
in building a community around in-
novation and supporting the invention 
process from napkin design to building 
a prototype—all in 48 hours.

We believe that our show taps into 
the entrepreneurial spirit of what in-
novation is. For Make48, innovation 
means that anyone can have a big idea, 
and with the right tools and collabora-
tion, can invent and innovate.  DE

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

MORE INFO ➜ 
➜ Make 48: Make48.com

Digital Engineering: Can you provide 
an overview of the Make48 competi-
tion and how it started? 
Tom Gray: Make48 was designed as 
an interactive, competitive event in the 
maker and educational community and 
is now a televised docuseries on PBS. 
Make48 brings together 10 to 12 teams 
(of two to four members) from all differ-
ent backgrounds and skill levels to invent 
and make prototypes within the specifi-
cations of a challenge, in 48 hours. The 
show is led by fabrication experts and 
mentors who help the teams bring their 
ideas to life, using the right tools and ma-
terials. We then take the winning proto-
type on a product development journey.

DE: Can you tell us about some of 
the designs that are part of the event 
and how they came to be?
Gray: The program came about with a 
few friends: Richard Brull, Tom Gray, 
Bob Coulston and Curt McMillan. All 
are involved in the inventing commu-
nity and discussed having an event for 
inventors in Kansas City, MO. We’ve 
filmed three seasons/events for televi-
sion, but there have been seven com-
petitive events all together. The events 
have taken place across the country, in-
cluding The Smithsonian in Washing-
ton D.C. and Union Station in Kansas 
City. Teams of all ages and skill levels 
have participated. Teams have con-
sisted of families, co-workers, friends, 
students and even strangers. Members 
have been as young as 8. 

In season 2, 12 teams came from 
12 different states. In season 3, teams 
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By Peter A. Bilello

Data, Culture Snag Digital 
Transformation to MBSE 

M
any folks in the product lifecycle management 
(PLM) world will tell you that moving legacy 
databases beyond “documents” (paper, Mylar 
and scans) is a no-brainer, provided that 

organizations follow the precepts of Model-Based 
Systems Engineering (MBSE). 

Experts in enterprise-class software in U.S. govern-
ment agencies realize it’s not that easy. These are the 
people who deal with data and systems engineering 
practices dating back to the dawn of computing in the 
1940s.

The CIMdata PLM Road Map 2019 conference in 
suburban Washington, D.C., offered a go-slow dose 
of reality in upgrading basic systems engineering de-
velopment operations to MBSE in its central role in 
digital transformation. Government agencies’ prob-
lems include dealing with so-called legacy data and 
resistance to change.

During my presentation at the conference, I noted 
the consequences within the ongoing disruption of 
the PLM ecosystem. Practitioners must expand their 

scope, rethink strategies and capabilities, and em-
brace the fundamental shifts in PLM requirements 
and implementations. 

Expanding scope may not be enough, however. 
Business models—the digital enterprise and its posi-
tioning, platform strategies, solution offerings—may 
all have to respond to disruptions including:

•  a workforce that is digitally savvy, well connected, 
socially aware and collaborative;

•  data migrating out of file formats;
•  convergence of configuration management, sys-

tems engineering and end-to-end lifecycle thinking;
•  radically new technology 

for engineering and manufac-
turing such as generative design, 
additive manufacturing (3D 
printing) and made-to-order 
materials; and

•  ever-increasing complexity 
of products and processes plus 
relentless global competition.

We used to say innovate or 
die; now we say transform or 
die. Despite the challenges, the 
PLM market continues to grow, 
up 9.4% in 2018.

A Model-Based Approach
Speakers from the National 
Institute of Standards and 

Technology (NIST), NASA and the Department of 
Defense (DOD) reinforced and added to my obser-
vations.

NIST often encounters confusion between hype 
and reality in the digital transformation of manufac-
turing, especially in success stories about very large en-
terprises. Small to medium-sized enterprises must be 
more cautious when going digital; they cannot afford 
to slow down or disrupt their production processes, 
NIST believes.

NIST, NASA, DOD dig deep to overcome legacy 
data and resistance to change in agencies.



NIST Weighs In
Speaking for NIST was Dr. 
Thomas Hedberg Jr., P.E., re-
search mechanical engineer. 
He highlighted the problem of 
trusted decision making in dis-
tributed environments. He noted 
concerns about the informa-
tion disconnects among origi-
nal equipment manufacturers 
(OEMs) and systems integrators 
in decentralized manufacturing.  

Hedberg pointed out that 
many small to mid-sized com-
panies (SMBs) cannot afford to 
completely redesign their manufacturing systems. 
They need to leverage the capabilities in which they 
have already invested while adding appropriate new 
technologies. 

Helping them do this is a key NIST goal of its Model-
Based Enterprise (MBE) efforts. A significant resource 
of that effort is NIST’s Smart Manufacturing Systems 
Test Bed. 

“The caution among SMBs should not be misun-
derstood as a lack of strategic alignment” with digi-
tal transformation, Hedberg said. “Technology alone 
cannot solve these challenges, nor is technology the 
hardest challenge to address.” The most difficult, he 
noted, are the human and sociotechnical aspects. 

NASA’s MBSE Take
NASA is investigating use of MBSE to supplement or 
replace elements of its traditional systems engineering 
approach. Speaking for NASA was Kurt Woodham, 
a systems engineer at the NASA Langley Research 
Center in Hampton, VA.  MBSE “allows the systems 
engineer to better focus on engineering the system—
understanding technical priorities, risks and opportu-
nities,” he explained. 

Challenges in NASA’s move to MBSE from docu-
ment-based systems engineering include:

•  Model metadata stored separately from the model 
itself, which causes problems in validation, determining 
provenance, and identifying restrictions and assumptions.

•   Networks of systems engineering models that 
were established prior to design/project decisions and 
analyses may be inconsistent with the project’s con-
straints. Examples include networks that combine high 
fidelity and rudimentary models; mixing models with 
dissimilar mass calculations for control parameters; 

and incompatible assumptions or approximations. 
• Evolving methods of models and data during the 

design lifecycles lead to problems in the traceability of 
significant data through development.

DOD Returns to Fundamentals
The DOD homed in on fundamental questions: What 
does authoritative data look like? How do we even know 
if data is authoritative and/or part of the authoritative 
source of truth? In dealing with legacy data, how do we 
describe what we do?

The DOD presentation was by Philomena “Phil” 
Zimmerman, deputy assistant secretary of defense for 
systems engineering. In her role as the DOD’s technol-
ogy chief, she pointed out that technology is transform-
ing the battlespace and “we need to change both what 
we do and how we do it.” 

The worldwide proliferation of knowledge and 
technology erodes historic U.S. advantages, she added, 
while “our near-peers” are increasing their rate of in-
vestment in military R&D. “We cannot expect success 
fighting tomorrow’s conflicts with yesterday’s weapons 
or equipment,” Zimmerman pointed out. 

This means getting capabilities to warfighters faster 
with new acquisition pathways and concepts of opera-
tion. The DOD itself must be reformed for greater 
performance and affordability, she continued. “The 
current bureaucratic approach, centered on exacting 
thoroughness and minimizing risk above all else, is 
proving to be increasingly unresponsive” to warfight-
ers’ needs.  DE

Peter A. Bilello is president and CEO of CIMdata Inc. in 
Ann Arbor, MI. Send email about this commentary to de-
editors@digitaleng.news. 
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A global leader in electronics rose to the top of the audio 
industry by adding multiphysics simulation to their design 
workflow. COMSOL Multiphysics® enables audio engineers 
to couple acoustics analyses and other physical phenomena 
to address design challenges inherent to loudspeaker and 
soundbar designs.

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

Simulation + testing = 
optimized loudspeaker designs

comsol.blog/loudspeaker-design

Acoustic pressure within a speaker 
box and the sound pressure level in the 
surrounding domain.


