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Don’t Be Too Busy To Improve

We attend so many conferences because they are a great 
way to meet engineers and vendors, which gives us a better 
understanding of the challenges they face. The conversations 
we have there and the presentations we attend shape our cov-
erage. Our own challenge is that our normal workflow tends 
to bottleneck when we’re in airports and conference sessions. 
While we’re traveling, magazine articles still need to be 
planned, written, edited and laid out, e-newsletters still need 
to be created and broadcast, websites still need updated and 
social media still needs fresh posts.

Come Out of the Cave
It might be tempting to eschew travel and keep our heads 
down, focusing on the work piling up right in front of us. 
But when you keep your nose to the grindstone, it’s tough 
to see anything else. At CAASE, Jon Aldred, VP of Product 
Management at HBM Prenscia put a slide up on the screen 
during his presentation that summed up the notion for engi-
neers. Two cavemen were dragging a heavy cart with square 
wheels past another who was offering innovative round 
wheels to them. The caption from the hard-working cavemen 
read: “No, thanks! We are too busy.”  

Aldred, who won the CAASE award for Best Presentation, 
used the slide to explain one of the challenges to democrati-
zation. Engineers are so busy that it’s difficult for them to ac-
cept any new technology that would disrupt their workflow, 
even if it’s beneficial for them in the long run. “Democratiza-
tion must overcome some real practical challenges in order to 
become a broadly adopted reality,” he said. “Democratization 
becomes a reality when engineers themselves are able to cre-

I T’S A BUSY TIME of the year at DE. The conference 
season is in full swing. In June alone, we attended 
PTC LiveWorx 18 and the Dassault Systèmes 3DEX-
PERIENCE Forum—both in Boston. We had editors 

at the HxGN Live event in Las Vegas, Siemens PLM 
Connection in Phoenix and the International Supercom-
puting Conference (ISC) in Frankfurt, Germany. And of 
course, it was all hands on deck at the Conference on Ad-
vancing Analysis & Simulation in Engineering (CAASE) 
that we co-hosted with NAFEMS in Cleveland.    

ate apps or automated processes without requiring custom IT 
projects or software development skills.”

Clashing with Culture
But there’s even more to making democratization a reality than 
that. As one CAASE attendee explained during a roundtable dis-
cussion hosted by Rev-Sim.com, a new website focused on simu-
lation democratization, you can give engineers innovative tools, 
but that doesn’t mean they’ll use them. His company introduced 
new topology optimization software and instituted a formal train-
ing program to show engineers how to use it. They even polled 
the engineers post-training to make sure the training was useful. 
The training received high marks; the engineers seemed pleased 
with it. Months later, none of the engineers have used the new 
topology optimization software in their day-to-day work. 

The story is all too common. It takes an enormous effort to 
successfully introduce a disruptive technology to a busy workflow. 
Is the problem that engineers don’t think they need the new soft-
ware, or are they just too stuck in their ways—or too busy—to 
change their workflow in order to incorporate it? Sometimes a 
mandate to innovate is required, but even that is likely to fail if 
end users aren’t part of the process from the very beginning. 

One engineer stopped by our booth at CAASE to chat about 
our recent coverage of real-time simulation visualization tools 
that can be used in the concept stage to help design engineers 
get a better idea of how model changes might affect a full simu-
lation run. “I don’t want our execs to see that,” he said. “They’ll 
think all we have to do is push a button to get a simulation 
analysis.” He didn’t want it to become a corporate mandate.

The walls separating engineering, management and IT 
are hard to knock down. Technology alone can’t do it—even 
technology that enhances collaboration. It requires people on 
all sides who are willing to make a change for the better, are 
able to get stakeholders to buy in and aren’t so busy that they 
can’t be bothered with innovation. It’s not fast and it’s not 
easy, but anything worth doing rarely is.

What are your simulation democratization challenges? 
Tell us here: digitaleng.news/de/simsurvey. DE

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

Percentage of respondents who ranked these digital 
transformation challenges as “very large” or “large.”  

Worldwide spending on digital transformation technologies 
(hardware, software, and services) is expected to be nearly $1.3 
trillion in 2018, an increase of 16.8% over 2017.

Knots in the Digital Thread

Digital Transformation

Percentage of respondents piloting, researching or on 
the radar of companies over the next 12 months.

— 2018 State of Business Transformation 2018, IDG  

$662B The majority of digital transformation spending in 
2018 will go toward technologies that support new or expanded 
operating models as organizations seek to make their operations 
more effective and responsive by leveraging digitally connected 
products/services, assets, people, and trading partners.

—  Worldwide Semiannual Digital Transformation Spending Guide,  
International Data Corporation, December 2017.

57% of executives say IoT-related 
analytics will be valuable to their 
organizations in the next 12 months. 

— Dun & Bradstreet/Forbes Insights 2017 
Enterprise Analytics Study, June 2017

1 in 5 executives will fail to act to bring about necessary  
digital transformation. 

— Predictions 2018: A Year of Reckoning, Forrester Research, November 2017

34% 
Lack of Technology Funding

30% 
Lack of Corporate Focus  
on Cultural Change Management

Corporate Leadership Challenges
27% 

Top 5 Technologies in the Works
1.
2.
3.
4.
5.

Artificial Intelligence: 56%

Machine Learning: 55%

Internet of Things: 50%

Software-Defined Networking: 45%

Software-Defined Storage: 44%

x 57%I T
$ 47% of respondents say their 

organizations either had an established 
IoT strategy with applications in 
production (19%) or have pilot projects 
underway (28%). 

In contrast, only 25% of executives are 
investing in artificial intelligence (AI).

— 2017 Digital Transformation Study, 
Constellation Research, October 2017

25%
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In 1964, the average tenure of companies on the S&P 500 was 33 years. 
In 2016, that narrowed to  24 years,  and is forecast to shrink to just  
12 years by 2027.

People and cultural issues 
dominate the top challenges 
in AI Implementation.
— Turning AI into Concrete Value, 
Capgemini Digital Transformation 

Institute,  September 2017

•  Capitalize on  
Digital Disruption

• Computing
•  Immersive Design
• Simulation
•  Ever-Growing  

Repository

The Design 
Engineer’s

Guide 
through the

 Digital 
Disruption

To Learn More 
Go To:

www.APDRC.com

Digital Disruption
33 Years 

24 Years 

12 Years 

37 Years 

 1964 1980 2016   2027

Business Longevity

Top 5 AI Challenges
1.
2.
3.
4.
5.

Lack of appropriate skills and 
talents within the organization: 64% 

Cybersecurity and data privacy concerns: 63%

Employee concern about job loss: 61% 

Resistance to change: 57%

Belief that human judgement is superior to 
machine judgement: 57%

50% at the current churn rate, 
about half of S&P 500 companies will 
be replaced over the next 10 years

— 2018 Corporate Longevity Briefing,  
Innosight, February 2018
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Engineering Conference News 

ROAD TRIP

CAASE, formerly the NAFEMS 
Americas Conference, changed its name 
to reflect Digital Engineering’s role in 
co-sponsoring the event and widening 
its focus. Together, NAFEMS and DE 
wanted to expand the conference topics 
to include simulation issues and use cases 
pertinent to design engineers as well as 
simulation analysts. 

NAFEMS (nafems.org) is a non-
profit, international association for the 
engineering modeling, analysis and simu-
lation community. 

“In covering NAFEMS editorially 
for years, Digital Engineering really felt 
as though there was a perfect synergy for 
what NAFEMS was trying to accomplish 
(which is providing knowledge, collabora-
tion and education for the use and valida-
tion of engineering simulation) and DE’s 
mission, which is reporting on technol-
ogy for optimal engineering design,” said 
Tom Cooney, publisher of DE, during his 
CAASE presentation. “Fortunately, both 
organizations saw the value that we each 
bring for an event like this and the part-
nership was formed.”

Simulation Drivers
To help the record number of attendees 
navigate the record number of presenta-
tions, CAASE18 was organized around 
four key themes: 
1.  Driving Design (of Physical Systems, 

Components and Products), 
2.  Implementing Simulation Governance 

and Democratization, 
3.  Advancing Manufacturing 

Processes and Additive Manu-
facturing, and 

4. Addressing Business  
     Strategies and Challenges.

In addition to the training, 
networking and presentations, 
attendees heard from six keynote 
speakers, whose presentations 
are summarized here.

Auto Transformation
Ford Motor Company is pre-
paring itself for an automotive 
market that will look signifi-
cantly different in the next 10 
years. The company recently 
announced it was abandoning 
the bulk of its sedan line in the 
U.S. in favor of its more popular 
trucks and SUVs. But the company is also 
preparing for a future in which there are 
more hybrid and battery electric vehicles, 
a greater reliance on ride sharing, and a 
highly connected vehicle and infrastruc-
ture ecosystem.

“There is a lot of disruption coming 
our way,” Piero Aversa, Ford’s chief engi-
neer for the Global Powertrain NVH and 
CAE said during his keynote. Those dis-
ruptions will turn up in Ford’s own prod-
uct mix, which will add 13 new electric and 
hybrid vehicles over the next five years. 
Ford has also launched its own ride shar-
ing program called Chariot in some cities.
MORE ➜ digitaleng.news/de/?p=44764

Blockchain for Engineers
Banking, finance and insurance com-
panies are looking closely at block-
chain, an emerging data encryption 
and recording system, but Dan Robles, 
founder of the Integrated Engineering 
Blockchain Consortium (IEBC), said 
“Blockchain will not and cannot real-

ize its full potential until engineers get 
involved.” 

Robles said engineers can unlock 
the potentials for the technology if they 
think of it as a mechanism to record 
and manage the points of risk transfer 
— certain phases in the project where 
data ownership and responsibilities 
change hands.

Such rules are difficult to implement 
and maintain by institutions and individu-
als, but easy to do for computers. Hence, 
the value of the chain as a safeguard for 
digital transactions.
MORE ➜ digitaleng.news/de/?p=44778

Collaboration is Critical
“Data is changing everything,” said 
Caralynn Nowinski Collens, CEO 
at UI Labs, an innovation accelera-
tor based in Chicago. But that data 
is much more useful when it can be 
used collaboratively. “These types of 
cross-functional and cross-disciplinary 
collaborations are challenging, but can 

CAASE18 Advances Simulation in Engineering 

T HE FIRST Conference on 
Advancing Analysis & Simulation 
in Engineering (CAASE) took 
place in Cleveland, OH, June 5-7, 

bringing together more than 500 current 
and would-be simulation users to learn 
from 15 workshops, 15 training courses, 
35 exhibitors and 200 presentations.  

Rodney Dreisbach (right) is recognized 
in the first class of NAFEMS Technical 
Fellows at CAASE18. Image courtesy of 
Matthew Ladzinski, NAFEMS Americas.
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Si Horton
Global Sales Engineer – 

 Product Design
FARO Technologies

REGISTER TODAY! www.digitaleng.news/de/3Dlaser

SPEAKER

July 31 | 2 PM ET/11 AM PT
WEBCAST

Product Development is a critical balance of cost, efficiency and time to market. During 
the product design lifecycle, planning and development processes require efficiencies 
in two objectives that often work against each other: extreme attention to detail and 
measurement accuracy and efforts to rapidly hit the market before your competition.

What if you could do both, while reducing costs and overcoming the difficulties  
of complex geometries? This webinar will demonstrate how 3D laser scanning 
technology can accomplish all of these tasks for product development.

In this LIVE webcast, you’ll learn how to:
•  Establish a simple set-up and digital scan
•  Create a scan to mesh
•  Create a detailed CAD model
•  Verify the design model to the source object
•  Transfer parametric data to the local CAD system

Sponsored by

LIVE

MODERATED BY  
Kenneth Wong
DE’s Senior Editor

Learn how 3D Laser Scanning Reduces  
Cost in Product Development

lead us to huge steps forward.”
In the engineering space, some of the 

challenges to collaboration include a lack 
of common file types, incompatible soft-
ware solutions and operational silos. 

“When you can look at a common 
problem together and leverage each oth-
er’s resources and insights, you can find 
new ways of solving problems,” she said.
MORE ➜ digitaleng.news/de/?p=44782

AI in Manufacturing
“When I say artificial intelligence, I 
mean something that, if you were to 
see a human does the same thing, you’d 
acknowledge that person as smart,” Jerry 
Overton, data scientist, DXC Technology 
told CAASE attendees. “Usually intel-
ligence requires some type of learning. 
This is why machine learning is at the 
heart of AI.”

Digital twins, or virtual counter-
parts to physical products operating in 
the field, rely on real-time data from 
sensors. The data represents a gold 
mine of intelligence that an AI pro-

gram can analyze and dissect.
With sensor-equipped factories, 

“You’d essentially have a digital repre-
sentation of your physical manufacturing 
process,” Overton pointed out. “Now you 
can try out all kinds of what-if scenarios, 
playing with new materials and processes 
that you might never try in a real setting.”
MORE ➜ digitaleng.news/de/?p=44787

FAA on Certification
“FEA (finite element analysis) has not 
been used as much as it should have for 
compliance in the past decades,” said 
Patrick Safarian, fatigue and damage 
tolerance senior technical specialist for 
the U.S. Federal Aviation Administration. 
It has taken decades for simulation to 
become widely accepted and trusted, and 
for the aviation industry to understand 
that it can be used for certification. 
However, he said it is now being used 
more and more to show compliance.

“We are moving to do more analysis 
for certification, but I don’t think it 
will ever be the only method,” Safarian 

said. “FEA can be used extensively after 
validation” for the substantiation and 
verification of the approaches and results.
MORE ➜ digitaleng.news/de/?p=44795

FDA on Simulation
“We’d like to use simulation more often, 
but in our community there are some 
hurdles,” said Tina Morrison, deputy 
director, Division of Applied Mechanics, 
Office of Science and Engineering 
Laboratories, Center for Devices and 
Radiological Health, U.S. Food & Drug 
Administration. Those include a lack 
of science around some biomedical 
models and how devices may interact 
with patients; resistance among device 
manufacturers to submit simulation data; 
regulatory uncertainty; and a mistrust 
of simulation by doctors and other 
clinicians. Still, there are three dozen 
projects underway through the Office of 
Science and Engineering Laboratories 
centered on modeling and simulation, 
said Morrison.
MORE ➜ digitaleng.news/de/?p=44806
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Engineering Conference News 

ROAD TRIP

With all of the acquisitions Siemens 
PLM Software has made—approximately 
$10 billion in investments since 2007—it’s 
clear the company is focusing on integrat-
ing its capabilities into its programs and 
building an offering that gives users an ex-
tensive toolset for all types of applications. 
The most prominent of these business 
deals was last year’s $4.5 billion acquisi-
tion of Mentor. One year after the news, 
Siemens has integrated capabilities for 
electronics design across its portfolio—es-
pecially in Solid Edge, but also within NX 
and Simcenter.

“In industries [such as auto and aero-
space], there’s an explosion of electrical 
content, and you have to design in the 
context of 3D systems,” explained Mar-
tin O’Brien, vice president and general 
manager, Integrated Electrical Systems 
Division, in an executive Q&A at the con-
ference. “Our integration takes tools to a 
whole new level—we’re fostering genuine 
cross-discipline collaboration in real time. 
We’ve always been able to collaborate, 
but now it’s better.”

Siemens PLM Software showcased 
new Solid Edge, NX and Teamcenter 
features, plus announced that starting in 
January 2019, NX will be on a continu-
ous release model. The company also 
announced a partnership with HP to 
support full-color 3D printing from its 
software.

Siemens Integrates
BY JESS LULKA

T HIS YEAR’S Siemens PLM 
Connections, which ran from 
June 4-7 in Phoenix, focused on 
how companies could effectively 

harness innovation, and bring their design 
workflows into the digital thread. “You 
can’t just throw technology at a problem,” 
said Siemens PLM Software CEO Tony 
Hemmelgarn in his opening keynote. “It’s 
all about integration.” 

ESTECO’s Matteo Nicolich explains 
the company’s plan to help optimize 
digital engineering processes. Image 
courtesy of ESTECO.

ESTECO Optimizes COFES Looks Ahead
BY RANDALL NEWTON BY DAVID COHN

MORE ➜ digitaleng.news/de/?p=44856

H AVE YOU ever wondered what 
it’s like to attend a think tank? 
For 15 of the past 19 years, I 
have journeyed to Scottsdale, 

AZ, in early April to attend COFES: The 
Congress on the Future of Engineering 
Software. COFES brings executives from 
design, engineering, architectural, 
development and technology companies 
together to understand the role 
engineering technology will play in the 
future survival and success of your business.

E STECO simulation process 
automation software users from 
around the globe gathered from 
May 23-24 in picturesque Trieste, 

Italy, to explore emerging trends in data 
management. The new frontier, it seems, is 
in exploring the gaps between disciplines. 

An improved value package informa-
tion experience is at the heart of this year’s 
updates to the ESTECO line, led by up-
dates to modeFRONTIER (engineering 
design optimization) and VOLTA (web-
based platform for process automation 
and simulation data management). 

Artificial intelligence algorithms have 
been added to allow better predictive 
analysis. modeFRONTIER has been given 
a facelift, so to speak, with a new user inter-
face to improve collaborative use. VOLTA 
is ESTECO’s new hub for enterprise anal-
ysis collaboration. The 2018 release offers 
the new My Teams data hub, where teams 
can focus on specific design tasks.

“No single expert can do the entire 
simulation; this pushes engineers to 
work together,” says Matteo Nicolich, 
product manager at ESTECO. “We use 
collaboration to give simulation experts a 
way to build processes and connect with 
PLM apps, and to give visibility to man-
agers and others in the process, to deliver 
their expertise.”

MORE ➜ digitaleng.news/de/?p=44854 MORE ➜ digitaleng.news/de/?p=44843

COFES is many things. It’s a think 
tank where great minds come together to 
discuss best practices and to share ideas 
for managing change. It’s a technology 
summit that promotes discussion and 
problem-solving. And it’s a business event 
that delivers practical strategies for achiev-
ing financial success in the engineering and 
design technology sector.

What COFES is not is a trade show. 
In fact, COFES founders Brad Holtz, 
Joel Orr and Evan Yares said one-on-one 
interaction and building community 
were the most valuable functions of an 
industry forum. “For me, the real value of 
a conference is the time I spend meeting 
people and learning from them,” explained 
Yares. “Although it’s interesting to listen to 
speeches, attend classes and walk the show 
floor, it’s far more interesting to sit down 
on a couch, turn to the person sitting next 
to me and find out what they do. The in-
dustry is full of brilliant people. If you just 
listen to them, you can learn a lot.”

The theme of COFES 2018, held 
April 12-15, was “Human-Aided Design: 
Changing the Relationship Between Our 
Tools and Us.” The first full day began 
with a keynote by technologist, entre-
preneur and author Ping Fu, founder of 
Geomagic and now executive chairman of 
GelSight.
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by Monica Schnitger

|  C O N S U LTA N T ’ S  C O R N E R  |
D I G I T I Z AT I O N

First, what is a digital thread? It can mean many different 
things, depending on how technological the processes already 
are, and what the end game is. If you make industrial equipment 
and see potential opportunities for a maintenance business that’s 
fed by real-time operating data, the digital thread goes from 
concept to operations. It’s necessary to gather, store and keep 
current information about the product design, the decisions 
made during the process, who supplied the components, how 
the product was made and sold, and any maintenance logs. It’s a 
big vision, but the data exists and can be gathered and managed. 

Then the magic starts: The data can be analyzed, leading to 
a better-informed next design and to the opportunity to build a 
field service business.

Notice that the digital thread isn’t a digital twin. The twin is 
a virtual representation of a physical object as it is. The thread is 
the mechanism by which all of that data is gathered and managed, 
from design to use. To me, a digital thread is the communication 
framework that connects and integrates product data throughout 
its lifecycle, and across functional perspectives. It’s the next-gen of 
“right information, at the right time, to the right person.”

Ramping Up the Digital Thread
Where to start? That’s often the hardest part, because it seems so 
overwhelming. If starting where you are, with what is already on 
hand, it’s possible to make incremental progress. Let’s say you’re 
a monster CAD user; no problem there with digitization. Or is 
there? In email exchanges with colleagues about design changes—
how is that record being captured? For users of Excel—how are 
the formulas being documented so that someone else can under-
stand and extend what has been done? 

A digital thread starts at the concept and continues through 
every decision, every calculation and every step in the manufac-
turing process until the product leaves the warehouse. If looking 
at services, the thread likely extends beyond the enterprise to the 
services partner.

Start by documenting everything. Far more than one may 
think, it’s necessary, since it’s much easier to throw out informa-

tion that ends up being useless than it is to recreate something 
important after the fact. This includes customer requests, design 
specs, CAD models, CAE setups and results, CAM processes 
and codes, email trails of how decisions were made, meeting 
notes—basically everything related to the product. This can be 
done in product data management, product lifecycle manage-
ment, data warehouse or even a C drive (though that’s going to 
pose challenges in searchability). Wherever you are, start there.

One of the first things one will notice is that everyone 
doesn’t speak exactly the same language. Someone may label a 
component 1234-abc, while a colleague uses 1234-ABC. That 
minor difference will complicate downstream analytics, so start 
standardizing naming conventions and terminology. Solidify the 
versioning and part-naming schemes. Just those simple steps 
will create the foundation of a digital thread for the product.

Long-term Goals and Analysis
Getting people to change is difficult; they need to see the poten-
tial benefits before they completely buy in. Tell them about reus-
ability of prior designs and common components, possible only if 
everyone uses common names. 

Talk about reduced risk when the team can work backwards 
to figure out what worked and what didn’t on a design iteration. 
Perhaps the concept was right, but improperly sourced. And 
maybe an abandoned design branch can be the springboard for 
something new and innovative that can get to market faster be-
cause it enables the ability to avoid pitfalls.

Start analyzing both the thread and its data. See what data 
is there and what conclusions can be drawn. If, say, the analysis 
of products in the field shows production-related quality is-
sues, it may be necessary to add which specific computer-nu-
merically controlled (CNC) machine made which part. Then 
determine how to address both the manufacturing and end-
quality issues. When building that thread, remember the point 
isn’t gathering lots of data; it’s analyzing that data to improve 
products and processes.

There is no one path to a digital thread, because it’s the next 
step from wherever people are today. Many of today’s business 
strategies are only possible with this type of data and thinking—it 
fundamentally changes a gut-feel culture to one based on data. DE

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

Stitching Together the Digital Thread

UNLESS YOU’VE BEEN INCOMMUNICADO 
for the last year, you’ve probably been asked about 
your strategy for the digital thread. Not sure what 
that is? Feel bad for a moment, then roll up those 

sleeves and get started.
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“Aerodynamics has typically been 
considered through the lens of how it 
impacts certain parts of the design such 
as upper body style—what’s changed is 
that that’s no longer enough to reach 
the targeted coefficients,” says Bradley 

Duncan, senior director of aerodynam-
ics applications at Exa Corp., a wholly 
owned subsidiary of Dassault Systèmes. 
“Today, every inch of the car has to be 
designed with aerodynamics in mind 
and you have to be ready to make 

trade-offs to achieve that performance.” 
Given that aerodynamics is now a 

full-vehicle pursuit, it’s next to impossible 
to nail down specifics, identify potential 
problem areas and optimize structures 
using only physical studies in wind tun-

Winds of Change Hit 
Aerodynamics Testing

Despite more expansive use of computational fluid dynamics, carmakers are 
getting the best aerodynamics results by tuning engineering workflows to 
integrate both simulation and wind tunnel testing.

SimScale leverages the cloud to democratize 
CFD analysis, as with this example of an F1 
race car. Image courtesy of SimScale.

BY BETH STACKPOLE

H ISTORICALLY, THE LION’S SHARE of aerodynamics work has been channeled toward aesthetics, trying 
to nail down the optimized organic shape or determine the impact of an accessory on final design performance. 
In the wake of more stringent fuel regulations, automakers are taking a broader approach, shifting beyond pure 
styling concerns to consider all aspects of vehicle design as it relates to the impact on airflow and drag. As part 

of this holistic strategy, companies are remodeling workflows and expanding use of computational fluid dynamics (CFD) 
software to tackle multidisciplinary aerodynamic challenges far earlier in the design process.
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nels or on-road testing, experts say. For 
one thing, that approach requires engi-
neering teams to have a physical model 
of the vehicle, which means the majority 
of key design decisions are already well-
established, making it both difficult and 
expensive to make changes. At the same 
time, time-to-market pressures are col-
lapsing the vehicle development cycle, 
requiring automakers to put new tools 
and workflows in place to streamline the 
design process.

“There’s more pressure to optimize 
things quicker and get answers faster,” 
notes Andy Wade, lead application engi-
neer at ANSYS. “The problems are the 
same as they were before—we just need 
answers faster.”

CFD Dominates  
Early-Stage Design
By leveraging CFD earlier, engineering 
teams can spend less time building mul-
tiple physical prototypes and more time 
creating high-fidelity virtual models that 
can be run through their paces and easily 
modified in the digital world. “As fast as 
you can engineer some new CAD design 
on your computer, you can turn around a 

simulation result,” Wade explains. 
Moreover, with more accessible, in-

creased computing capacity on the desk-
top or in the cloud, engineering teams can 
create higher fidelity car models, which 
means CFD can produce more accurate 
results.  “Before when you compared CFD 
and wind tunnel tests, people couldn’t af-
ford to model all the details of a car—they 
had to simplify things,” Wade explains. 
“Now you can throw all the features in 
there and get a realistic car model.”

CFD aerodynamics studies are par-
ticularly useful for teams starting from 
scratch with new car programs or making 
radical changes to existing models, as they 
provide a higher level of design freedom 
to explore different ideas and less con-
servative concepts. Determining how the 
addition of bold character lines or signifi-
cant changes in topology would impact 
airflow in the conceptual stage is where 
CFD can shine, experts say. Further into 
the development cycle, CFD simulation 
also plays a role in perfecting designs and 
solving complex engineering problems—
for example, determining whether there 
is enough cooling air emanating through 
a modified grill or when there is a need to 

consider coupled physics problems.
“When you have different physics 

problems that need to be solved simulta-
neously, it’s easier to do digitally,” notes 
Paul Stewart, vice president, automotive 
aerodynamics modeling and visualization 
for Altair, provider of the HyperWorks’ 
AcuSolve CFD solver. Consider the ex-
ample of a brake cooling system. Although 
it’s a thermal problem, Stewart says it also 
involves design issues related to how to get 
air through the car body to cool the brake 
discs under all conditions. It’s a similar 
dynamic trying to study the impact of side 
mirrors, which couple aerodynamics with 
acoustic design studies. 

“When you are trying to solve two 
problems simultaneously, setting up a 
physical test where you have enough 
information or detailed information can 
be challenging,” Stewart explains. “There, 
CFD makes the most sense.”

Optimization is also an area where vir-
tual CFD studies have an advantage over 
physical prototypes in the wind tunnel. 
Say a design team is trying to determine 
the optimal angle of a spoiler on a deck 
lid by making small, iterative tweaks that 
shift things by a couple of degrees—if 

Advances in computational horsepower, coupled with sophisticated analysis capabilities, allow for CFD results 
on higher fidelity models. Image courtesy of ANSYS.
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that’s the only feature being explored, 
then it can be efficient to do with clay 
models in a wind tunnel.

However, if that study also considers 
other features on the car—the hood angle 
or the step size of the side glass panel 
recess in addition to the spoiler angle—
then it’s far more difficult to get optimal 
results using physical testing methods 
and much more efficient to automate via 
use of CFD software. “So many different 
surfaces on a car can change slightly and 
have a big impact on performance,” he 
says. “CFD allows you to explore dozens 
of combinations and find the optimized 
result whereas in a wind tunnel, you’d 
need to continuously reshape clay to 
make design changes.”

The advent of cloud-based simulation 
platforms like SimScale have  helped  de-
mocratize simulation and promote its use 
earlier in the process. Instead of requiring 
automakers to invest in high performance 
computing platforms and expensive CFD 
subscriptions, SimScale’s cloud-based 
CFD and finite element analysis tools 
become as accessible as CAD software, 
helping users embrace CFD in early-
stage design and solve multiple problems 
in parallel as opposed to waiting days, if 

not weeks, for access to high-end systems. 
Although cloud-based CFD factors 

more prominently in early-stage design 
and throughout the overall process, it is 
not a flat-out replacement for wind tun-
nels or other forms of physical testing, 
notes David Heiny, CEO and co-founder 
of SimScale. “CFD never replaces a wind 
tunnel, it just replaces some wind tunnel 
testing,” he explains. “Both have advan-
tages and disadvantages, and companies 
benefit best by having access to both.”

Two-Pronged Approach
Experts advocating use of both methods 
don’t have hard-and-fast rules, other than 
it depends on the specific use case and 
engineering problem as well as access to 
available tools and resources.  

The Automotive Research Center 
(ARC), which provides aerodynamics 
consulting services for transportation 
companies, including the automotive 
supply chain, got its start as the North 
American headquarters for Reynard Mo-
torsport race car design and, in the begin-
ning, primarily used wind tunnel tests. 
The company, which has branched out 
with CFD and scale and full-model test-
ing services, leans on CFD in early vehi-

cle design for understanding downforce, 
drag and fluid flow structure while turn-
ing to scale model wind tunnel testing to 
run through large numbers of parts and 
for certification and validation, according 
to Andrew Mosedale, the company’s head 
of aerodynamics.

“The advantage of starting with 
CFD testing is you can test radically 
different concepts at a relatively low 
cost without actually making parts and 
understand flow,” he says. Once there 
are a smaller number of questions to 
answer or much of a design is fixed, 
then it’s time to move on to physical 
wind tunnel testing, he says. 

CFD and wind tunnel tests also 
deliver different kinds of information, 
which can help determine when to use 
the different approaches. CFD is opti-
mal for producing full-field data such as 
the ability to look closely at where flow 
is going or how external temperatures 
might impact brake cooling—all data 
points that aren’t provided by a wind 
tunnel, ANSYS’ Wade explains. 

On the other hand, CFD requires 
engineers to make certain assump-
tions about the model, from materials 
used to details about the car, which 

As part of its workflow, ARC taps full-scale 
wind tunnel testing for final validation of 
parts from CFD and scale model testing. 
Image courtesy of Auto Research Center.
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could impact result accuracy. “There’s 
a small line between the real world and 
extreme detail that you need to take 
into account, so that’s why it’s good to 
finally put the model in the wind tunnel 
to see what a real-world, physical object 
does,” Wade says. 

Wind tunnel tests are well-suited for 
verification and certification purposes and 
to rapidly test a series of minor changes 
quickly—for example, testing different 
wheel designs. “If you’re evaluating 10 
to 20 wheel designs, you’d do better in a 
wind tunnel because a full CFD simulation 
could take overnight [to run],” says Altair’s 
Stewart. “From a computational cost point 
of view, there are some sweet spots where 
the wind tunnel is preferable.”

For some, the best results are 
achieved with a mix of three meth-
ods—CFD, wind tunnel exercises, and 
on-track testing. The Red Bull Racing 
team employs all three modes in its 
aerodynamics workflows, leveraging 
CFD and 60% scale wind tunnel test-
ing to get a detailed picture of the im-
pact of flow on cars and then turning to 
on-track testing for verification, accord-
ing to Craig Skinner, the team’s deputy 
head of aerodynamics. CFD is used 
throughout the design process because 
it visualizes the entire flow around the 
car and enables detailed analysis. On 
the flip side, it only depicts one par-
ticular car condition—a straight line 
or cornering, for example—so multiple 
runs are necessary for a robust as-
sessment. The wind tunnel’s strength 
is that it allows the Red Bull team to 
collect a large amount of data within a 
short period of time while providing a 

greater understanding of how the car 
performs, Skinner explains. The FIA 
organization, which imposes strict lim-
its on usage of CFD and wind tunnel 
resources for the Formula One race 
league, also has bearing on the optimal 
aerodynamics workflow.

“Typically, a new idea or concept 
will be assessed in CFD first and if it 
looks interesting, it will be sent to the 

wind tunnel for further evaluation,” 
Skinner says. “We are constantly mon-
itoring and balancing our usage of the 
tools to meet our development needs 
and to deliver the maximum amount of 
performance to track.” DE

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

 

CSIMSOFT.COM/ROCK

INFO ➜ Altair: Altair.com

➜ ANSYS: ANSYS.com

➜  Automotive Research Center:  
ARCindy.com

➜ Dassault Systèmes: 3DS.com

➜  Red Bull Racing: RedBullRacing.
RedBull.com

➜  Siemens PLM Software:  
Siemens.com/PLM

➜ SimScale: SimScale.com

For more information on this topic, visit 
digitaleng.news.

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

de0718_Aerodynamics_Beth.indd   15 6/13/18   1:51 PM



SIMULATION ||| Software

16  DE | Technology for Optimal Engineering Design         July 2018 /// digitaleng.news

That focus on making simulation easier to use has led 
to the development of simulation platforms or ecosystems 
that combine multiple simulation tools into a single suite, 
sometimes integrated with CAD and other software. These 
solutions can make it simpler and more affordable to switch 
among different types of simulation tasks in a common en-
vironment. At the same time, new and innovative simulation 
tools designed for specific tasks—electromagnetic interfer-
ence, composites, moldings and combustion—are being 
introduced to help provide better information for solving 
unique and often highly specialized design problems.

Design firms then are often faced with a choice of ap-
plying an ecosystem-level approach to their simulation 
deployments, or cobbling together a number of tools from 
disparate vendors. In many cases, however, companies are 
doing both—and software vendors are working to make this 
approach easier to accomplish.

Convergent Science offers a tool to address internal combus-
tion engine simulation, primarily for the automotive market.

“I still believe that the better tool for a particular area will 
win over the convenience of using a tool because it works 
with your other software,” says Kelly Senecal, owner and vice 
president of Convergent Science. “The big suites can save 
time and be more convenient, but on the flip side, the engi-
neer now has to make use of those tools and may be spending 
more time on a task than necessary because they don’t have 
the right tools in place.”

The big platforms also don’t always provide a truly seam-
less experience, in part because many of the larger players 
have grown their portfolios through acquisition. “These are 
general-purpose apps and very powerful, but using them is 

Simulation Software 
Ecosystems vs. Point Solutions
Democratizing simulation will require software providers to generate 
a mix of specialty and high-level applications. 

BY BRIAN ALBRIGHT

S IMULATION HAS BECOME a more prevalent 
part of design. Engineers are performing designs 
more frequently and much earlier in the design 
process than in the past, and simulations are 

increasingly being performed by non-specialists using tools 
with more user-friendly interfaces.

A pedal assembly is optimized via generative design 
in Autodesk Fusion 360 and then rendered (top to 
bottom). Images courtesy of Autodesk. 
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difficult,” says Malcolm Panthaki, founder and chief technol-
ogy officer at Comet Solutions. “Despite claims that they 
are integrated within the platforms, if you speak to end users 
they are kind of integrated, but moving information between 
tools can be a headache.”

“Even internally, Autodesk has built a lot of our simulation 
portfolio through acquisition, and those were different tools 
that had been conceived independently,” says Brian Frank, se-
nior product line manager in the digital manufacturing group 
at Autodesk. “We’re just now getting to the point where 
we’re really unifying the data models. It’s a tough computing 
problem. That’s the number one thing that’s going to face the 
industry as a whole, the interoperability of that simulation 
data so they can be used widely across users and vendors.”

However, the larger suites have improved over time and 
are becoming more popular with users who are exposing 
non-specialists to simulation activities as part of the design 
process. Still, experts believe engineers are likely going to re-
quire a mix of platform and purpose-built tools.

“There’s not a clear-cut line,” says Flavio Souza, co-founder, 
president and CTO of MultiMechanics, which provides com-
posite material modeling solutions that the company says 
provide greater accuracy than more simplified tools. “We 

integrate with leading platforms like ANSYS and others that 
are focused on higher-level engineering processes and design. 
When it comes to predicting specific types of applications and 
materials, customers need more specialized tools.”

Product sets from different vendors may also play in 
both ends of the simulation spectrum. Altair’s suite started 
out as a mesh-specific tool and has since developed into a 
full platform. Next year’s release of HyperWorks, though, is 
configured so that users can build point solutions on top of it 
more easily than ever. It can also be deployed in a component 
fashion, and there will be application-specific profiles for the 
platform for customers in particular industries. Likewise, the 
company’s Inspire product is being reconfigured to incorpo-
rate solutions such as Click2Cast, but also as an integrated 
system that provides multiple manufacturing solutions via the 
same interface.

“The cool part is you can have them all together simulta-
neously in the platform,” says James Dagg, CTO for Altair’s 
modeling, visualization and math-based solutions. “If you are 
designing a product, you can do a quick check on 3D printing 
or molding simulations on the same model in the same space.”

Likewise, Autodesk sees itself as providing more general 
purpose tools as well as purpose-built solutions like Mold-

HP Jet Fusion 3D Printing’s revolutionary process has opened new 
possibilities in design and manufacturing, garnering attention for its speed, 
quality and cost-effectiveness. 
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flow for injection molding simulations. “The next genera-
tion of tools will help fuel generative design, which starts to 
change the equation a little bit on how simulation is being 
used,” Frank says. “In that scenario, users are looking to le-
verage both general purpose and purpose-built simulation to 
influence outcomes.

“If you can use simulation to help influence and inform 
the problem you are trying to solve, you will come out with 
a better outcome that will be more profitable,” Frank adds. 
“For a while, people were saying, ‘Let’s make the tools easier 
to use.’ We’ve taken a step back. Instead of making them easy 
to use, what if you have the technology inform the design it-
self, and help synthesize the geometry to solve the problem?”

Multipurpose suites are also popular with IT staff. IT depart-
ments like integrated platforms from the larger players because 
they are easier to manage. That desire to reduce complexity 
sometimes conflicts with what the engineering team wants.

“That conflict does come up, and at the end of the day our 
customers are still sticking with the best tool they need for the 
application,” Senecal says. 

“End users force complexity, and not just on the engineer-

ing side,” says Mark Hindsbo, vice president 
and general manager of the design business 
unit at ANSYS. “Engineers don’t want a 
‘good enough’ tool. Their customers want 
them to create more complex products. They 
are being pushed by the customer to be bet-
ter, and they need the best tools to be even 
better. They won’t compromise for a second-
best tool for the sake of it being integrated 
with a suite.”

Best of Both Worlds
Even simulation suite providers that offer 
multiple tools, CAD integration and other 

features recognize that the path forward will require an 
open approach and the ability to integrate third-party and 
custom solvers. 

“We’re going to have customers whose needs we can’t 
meet because they might have niche requirements. Custom-
ers are going to want to supplement and augment those tools 
with their own data, processes and maybe even their own 
solvers or other solutions,” Autodesk’s Frank says. “We con-
tinue to look at how we can build an open enough system to 
bring some of that along with them and plug it into whatever 
tool we have created. I don’t think we’re quite there yet, but 
that’s ultimately going to provide value for the customer. 
They can have the confidence that if the tool doesn’t go the 
last mile, that they can build that last mile and plug it into the 
infrastructure. It’s not an easy thing to do but it’s the direc-
tion things need to go.”

Addressing that integration issue is at the heart of Comet 
Solutions’ business model, which has focused its efforts on 
getting tools to talk to each other, managing data and making 
it easier for non-experts to use simulation. “Users need a ven-
dor-agnostic platform that can manage data, communicate 
with CAD and other CAE tools, and allow users to automate 
the processes that they wish to automate,” Panthaki says.

“We try to be as open as possible, and we provide applica-
tion programming interfaces (APIs) into our products so we 
can drive them interactively and get at all the data,” Altair’s 
Dagg adds. “We have customers who use their own solvers 
and other products with our tools. We can configure the da-
tabases with scripting capabilities.” Altair’s partner program 
also provides a way for other software vendors to sell through 
their channel using pool-based licensing.

That integration work remains a challenge, says ANSYS’ 
Hindsbo, because customers are always going to raise the bar. 
“As soon as you solve one problem, the customer poses an 
even tougher problem, and this has become routine,” he says. 
“A customer may need three different physics solvers and 
they are using composite materials, and it also involves com-
bustion and they want a real-time answer. As we give them 
more capabilities and more power, there are more things they 

MultiMechanics’ composite material modeling solutions 
integrate with other platforms, such as Abaqus and 
ANSYS. Images courtesy of MultiMechanics.
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want to solve. The level of effort to make that happen stays 
the same. It has never been easy.”

As a point solution provider, Convergent’s Senecal says it 
has been important for his company to integrate and work 
with other types of niche simulation tools, as well as with the 
larger suites. The company has coupled its tool with Gamma 
Technologies’ GT-Suite and Abaqus FEA, for example. 

“Engineers want the best tool for the application, and they 
want the best answer they can get from their simulations,” 
Senecal says. 

The decisions companies make about which tools to de-
ploy and just how closely integrated the different solvers and 
solutions need to be will be increasingly important as more 
firms move toward full-system simulations. 

“We don’t want to disrupt the engineer’s workflow,” says 
Souza at MultiMechanics. “They already know how to use 
those larger platforms. Our main challenge lies in how well 
we can integrate with those different tools.”

Hindsbo at ANSYS adds that this need for simulation 
tools to solve a wider variety of more complex problems has 
been further complicated by the demand for tools that are 
simpler for non-specialist end users. “As soon as we think 
we have delivered something, the next problem comes up,” 
Hindsbo says. “How do we take the complexity and provide it 
with an interface that is almost like a Google search, so users 
can ask a question in a common language and search for an 
algorithm to figure it out?”

A hybrid approach that leverages the benefits of a suite 
(integrated product lifecycle management and CAD interop-
erability) and the capabilities of specialized tools will be 
appealing to many firms. Even those who opt to use several 
different point solutions will likely need a third-party tool of 
some sort to help coordinate simulation activities.

“I see a need for the type of specialized solution we provide, 
but we also need people thinking about the overall scheme of 
the design using these platforms and how the different tools 
will be connected to each other,” Souza says. “It’s important to 
have both, because the design problems are complex enough 
that we need more brains involved to solve them.” DE

Brian Albright is a freelance journalist based in Cleveland, OH. 
He is the former managing editor of Frontline Solutions magazine, 
and has been writing about technology topics since the mid-1990s. 
Send e-mail about this article to de-editors@digitaleng.news.
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1. end abutment faces, which prevent 
the keel section moving fore and aft at 
both ends, lateral and vertical degrees of 
freedom (DOF) are free; and

2. longitudinal bolts, which are as-
sumed to be acting in shear to restrain 
vertical and lateral motion.

Fig. 2 shows the setup of the con-
straints within SOLIDWORKS. Notice 
that SOLIDWORKS describes con-
straints as “Fixtures.”

The left-hand image in Fig. 2 shows 
the bolts being constrained. The Roller/

Slider fixture type is chosen and then the 
Advanced option is selected. This has an 
option to constrain on cylindrical surfaces. 
In this case I have chosen to constrain the 
radial direction. The axial and circumfer-
ential directions are free. This assumes 
that the bolt will act in shear, by taking 
bearing loads on the bolt shank. The local 
stresses won’t be accurate, because as well 
as compression on the bearing face, there 
will be tension on the back face. For the 
overall model assessment this assumption 
is reasonable. All the bolt regions shown in 
Fig. 1 have been treated this way.

The right-hand image in Fig. 2 shows 
how the abutment faces were simulated. 
The assumption here is that compressive 
bearing load is carried across both abut-
ment faces. Any prying effect that would 
tend to gap at the top edges under bend-
ing is ignored. This is something to check 
in the stress results to make sure that 
there isn’t significant tension that may be 
trying to unrealistically pull against the 

BY TONY ABBEY

IN PART ONE OF THIS 
REVIEW, we looked at the aircraft 
keel section shown in Fig. 1 and 
focused on the meshing task. 

In part two we will be applying loads 
and boundary conditions, running the 
analysis and post-processing the results. 
Fig. 1 also shows the loads and boundary 
conditions. The boundary conditions 
consist of two components:

Part 
2SOLIDWORKS 

Simulation Overview
Walk through a static analysis study of an aircraft 
keel section in SOLIDWORKS. 

Editor’s Note

This is part of a new series of overview articles looking at FEA software prod-
ucts. Each overview is formatted as a walkthrough using a structural exam-
ple. The full capabilities of each product cannot be covered in a few pages, 

but the hope is to provide a feel for the basic workflow required for each product.
Each of the walkthroughs represents Tony Abbey’s independent assessment 

and is not sponsored in any way by the companies developing the products. 
However, in many cases he is indebted to the companies for supplying tempo-
rary licenses to allow the overviews to be completed.

The geometry files, SOLIDWORKS files and a set of videos documenting 
and expanding on the analysis steps taken, can be found at  
digitaleng.news/de/SWsimulation2.

Tony Abbey creates SOLIDWORKS Simulation online courses for 
LinkedIn Training. He also provides FEA consulting and mentoring. Contact 
tony@fetraining.com for details, or visit his website at fetraining.net.

FIG. 1: Applied 
loads and boundary 
conditions. Images 
courtesy of Tony Abbey.
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abutment face. Both end abutments are 
shown in Fig. 1.

Two load cases are considered: A verti-
cal load case with a distribution of down-
ward forces in the lugs and the horizontal 
load case with the distribution of lateral 
forces in the lugs.

Fig. 3 shows the preparation work 
needed to set up bearing loads at each lug. 
We need a center point that can be used 
to define a coordinate system for each lug. 
The objective is to have the Z axis aligned 
as the center of the bearing distribution. 
The creation of this supplementary ge-
ometry is straightforward and can be done 
within the Analysis Preparation tab of the 
command manager. This means we can 
stay within the simulation environment.

The menu in Fig. 3 shows the 
“pinned” menu option highlighted un-
derneath the Coordinate System header. 
This is a feature common throughout 
SOLIDWORKS and means that the 
menu is kept in place but refreshed for 
each successive coordinate system cre-
ation. This speeds up the workflow.

Once the local coordinate systems are 
set up, the bearing loads can be applied, 
as shown in Fig. 4. 

The menu in Fig. 4 shows a bearing 
face being selected and a vertical direc-

tion being picked. The load distribution 
is assumed to be a sinusoidal distribution 
over 180°. The selection is limited to 
either vertical (x) or lateral (y) directions, 
positive or negative. Oblique angles of 
loading will require a coordinate system 
orientated in that direction.

The feature tree shows eight instances 
of lug loading, split between each of the 
two load cases. 

Load Case Manager
The intention is to investigate each of the 
load cases separately, to identify the indi-
vidual responses and then to investigate 
the combined load case. This is a standard 
practice in many industries, and it’s one 
that I highly recommend. There are two 
ways to carry this out in SOLIDWORKS. 
The conventional approach sets up a 
simulation study for the two individual 
load cases and one for the combined load 
case. This requires three analysis runs 
from within each simulation study. But it 
means the full post-processing capabilities 
are available for each result set.

The alternative is to use the Load Case 
Manager, found by right mouse-clicking 
on the main analysis icon in the feature 
tree. This will allow a single analysis run, 
within a single study, to include many 

load cases. For versions 2018 onward, full 
manipulation of the results entities is avail-
able. Prior to version 2018 there is limited 
capability for post-processing, and I would 
not recommend its usage.

Fig. 5 shows the load case manager. In 
Fig. 5, using the Load Case Manager, I 
have labeled the two load cases as vertical 
and lateral. The appropriate constraints 
and loads are then selected or suppressed 
as shown in the spreadsheet.

The combination case is created auto-
matically by spawning a default equation 
within SOLIDWORKS. This is 1.0 times 
the vertical case added to 1.0 times the 
lateral case. These scale factors can easily 
be overwritten.

The next block in the spreadsheet 

FIG. 2: Constraint definitions: bolts (left), abutment face (right).

FIG. 3: Setting up the coordinate 
system for the lugs.

FIG. 4: Bearing loads being defined 
at a lug.

FIG. 5: The load case manager 
showing two load cases and a 
combinational load case setup.
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defines the result quantities to be post-
processed. These will spawn instances of 
contour plots for each of the stress types 
indicated and for the displacement.

If you are using the Load Case Man-
ager, then the analysis runs from this 
spreadsheet by clicking on the Run button. 
If you are not using the Load Case Man-
ager, then each run is launched in turn 
within the appropriate simulation study.

The Results
If the studies are run independently then 
a typical feature tree shows the instances 
of results visualization. They control by 
default; von Mises stress, maximum and 
minimum Principal stresses and X Di-
rection stress. Right mouse-clicking on 
the stress object allows manipulation via 
three Property Manager dialogue boxes. 
The result quantity can be changed, 
nodal or elemental values can be selected, 
and maximum and minimum values in 
the contour plot can be set; there are even 
further options. This versatility allows for 
a powerful post-processing tool.

If the Load Case Manager is used 
then the controller is slightly different. 

The default results are no longer avail-
able from the feature tree. Instead, under 
Load Case Results, the stress or displace-
ment plot type can be selected. The load 
case is also selected and highlighted in 
the spreadsheet. By synchronizing the 
stress or displacement plot type with the 
load case, then any result quantity can be 
seen. A summary table reporting stress or 
displacement quantities for each load case 
can be defined by the user as the maxi-
mum value or a variety of other filters.

The advantage of the load case man-
ager in this context is that there is no need 
to switch between simulation studies. 

Fig. 6 shows the von Mises stress 
distribution for the vertical, lateral and 
combined cases. The peak stresses seen 
in each case are 38459 PSI, 3800 PSI 
and 39185 PSI. The vertical case clearly 
dominates; however, it is always worth 
investigating contributing cases to see if 
there are any critical local effects.

In fact, the local lug stresses are not 
meaningful in the combined case. Two in-
dependent sine-bearing load distributions 

are being incorrectly combined. A sepa-
rate load case would be required with a 
single sine distribution about the correct 
resultant line of load action. However, the 
overall peak stresses are away from this 
region. A local lug model would probably 
be sufficient to demonstrate this point.

The peak stresses in local regions are 
investigated further, for the combined 
case, as shown in Fig. 7. The left-hand end 
upper fillet radii are the critical regions.

In a previous series of articles, (DE 
March, May and July 2016) I looked at 
various ways to assess stress distribu-
tion. We use von Mises stress to attract 
our attention to the peak stress regions; 
however, the distribution shown in Fig. 
7 is typical in that we don’t know what 
type of stress is being developed, and we 
have no understanding of the load path 
based on that plot alone.

It is easy to switch component stresses 
within SOLIDWORKS, and in Fig. 8, I 
have used the axial or X Direction stress.

I have deliberately set the upper and 
lower bound on the stress contours to a 

FIG. 7: Von Mises stress distribution in the left-hand fillet regions.

FIG. 6: One Mises stress 
distribution for (top) vertical case, 
(center) lateral case, (bottom) 
combined case. FIG. 8: X Direction stress and inset 

Bending Moment diagram.
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low magnitude of +/- 3000 PSI. This is 
easily done with the SOLIDWORKS 
post-processing controls. The point of 
the exercise is to understand how the 
stress flows axially through the structure. 
I’ve also shown an inset of a traditional 
Bending Moment diagram for this dis-
tribution of forces and built-in ends. The 
moment distribution confirms the pres-
ence of direct bending stresses at the top 
and bottom surfaces of the keel beam. 
The switch-in sign from the end regions 
to the center regions is clearly seen. The 
stress concentrations overlaid over the 
basic beam stress distribution can also 
be identified. This is a qualitative assess-
ment, but it does allow an understanding 
of how and why these axial stresses are 
present. The fillet pair identified in Fig. 
7 can now be understood further. The 
left-hand fillet is in a state of compres-
sion, while the right-hand is a state of 
tension. This is an important distinction; 
tension may indicate fatigue problems, 
and compression may indicate local crip-
pling problems.

Two further useful tools within 
SOLIDWORKS post-processing are 
shown in Fig. 9.

Fig. 9 shows two forms of section cut. 
The lower is an arbitrary cut, controlled 
by slider bar or user input. It gives an 
excellent sense of the stress distribution 
through the depth and again confirms 
the local bending sense. However, the 
results are interpolated within elements 
at the arbitrary cut plane. A useful ad-
junct to this is the element edge plot, 
which preserves the true face of the ele-
ments in that cut zone. This gives a true 

sense for the quality of the elements and 
hence the stress distribution through the 
cut region.

I always consider contour plots to be 
subjective and look to graphs of stress 
versus distance for a more definitive 
understanding. Figs. 10 and 11 show 
such graphs.

Taken together, the contour plots and 
graphs shown in Figs. 10 and 11 give 
an excellent understanding of the stress 
variation running around the inside of the 
fillets. These results, and the axial stress 
results shown in Fig. 9, uncover the full 
meaning of the von Mises stress distribu-
tion shown in Fig. 7.

The graphs shown in Figs. 10 and 11 
are easy to produce, using a Probe tool. 
Any geometric entity, in this case the 
edge curves, can be selected and used as 
the basis for the graph. The data can also 
be exported as a CSV file, ready for fur-
ther manipulation.

Conclusions
SOLIDWORKS simulation has a rich 
set of tools for analysis definition, mesh-
ing, loads and boundary conditions and 
post-processing. The user interfaces are 
straightforward to use, particularly if using 
the defaults. Because of this, there may be 
a tendency to stay with these. However, 
by exploring the deeper menu options and 
functionality, a user can develop more so-
phisticated analysis techniques. This does 
take some determination and patience, but 
can be quite rewarding. DE

Tony Abbey is a consultant analyst with his 
own company, FETraining. He also works as 
training manager for NAFEMS, responsible 
for developing and implementing training 
classes, including a wide range of e-learning 
classes. Check out the SOLIDWORKS 
Simulation courses Abbey has created at: 
linkedin.com/learning/instructors/tony-
abbey?trk=insiders_17432580_learning. 

FIG. 9: Section cuts showing axial 
stress; (upper) element edges, 
(lower) arbitrary cut. FIG. 10: Maximum principle stress, P1, plotted around the right-hand fillet.

FIG. 11: Minimum principal stress, P3, plotted around the left-hand fillet.
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With metal-based additive manufacturing, the bracket could 
be remade with fewer parts, possibly as a single consolidated 
part. But what is the best possible shape—a shape that’s both 
light and strong? To help them find the answer, the two col-
leagues enlisted the help of a non-human collaborator—genera-
tive design software from Autodesk.

Generative Design vs. Topology Optimization
Leading automotive manufacturers have already embraced topol-
ogy optimization, the use of algorithm-driven software that helps 
designers identify the best (or optimal) geometry based on an-
ticipated loads, stress, pressure and other parameters. Generative 
design, some believe, is a more advanced version.

 “Unlike topology optimization, the [generative design] 

software explores all the pos-
sible permutations of a solution, 
quickly generating design alterna-
tives. It tests and learns from each 
iteration what works and what 
doesn’t,” according to Autodesk’s 
description of generative design.

 The artificial intelligence-
like software takes into account 
user-provided design parameters, 
then spawns design families and 
variants, some with better perfor-
mance than others. This genera-
tive process can be repeated until 
the designer is satisfied he or she 
has discovered a shape that meets 

all the desired characteristics, such as structural integrity, aes-
thetic appeal and manufacturability.

 At Autodesk, generative design originated as a technology 
preview, codenamed Project Dreamcatcher. It’s now part of 
Autodesk Fusion 360, the design software maker’s cloud-hosted 
software suite. GM was “the first automaker in North America 
to use new generative design software technology from Bay 
Area-based software company Autodesk,” according to GM’s 
press announcement in May.

 The Embedded Team
The GM-Autodesk alliance goes beyond the perfunctory press 
releases and handshakes. The software maker, in fact, installed a 
team of software engineers to be on site at the GM Tech Center. 
The help was, quite literally, hands on, according to Bob Yancey, 
Autodesk’s director of manufacturing industry strategy.

 For most generative design users, such a close working 
relationship with the software developer may not be necessary, 
but, in this case, it was for mutual benefit, Yancey explains. “We 

Generating Collaboration
A look at two design partnerships between 
manufacturers and technology vendors.

3D printing system developer Carbon’s Digital Light 
Synthesis technology plays an integral role in the 
textured midsole of the Adidas Futurecraft 4D shoes. 
Image courtesy of Carbon.

BY KENNETH WONG

IN WARREN, MI, IN THE GM TECH CENTER that dated all the way back to the Eisenhower administration, Paul 
Wolcott and Mike Van De Velde began scrutinizing a ubiquitous automotive component many of us take for granted—
the seat belt fastener bracket. Wolcott, a GM application engineer for additive manufacturing, and Van De Velde, a GM 
design engineer, wanted to figure out a way to make the eight-piece assembly simpler and lighter.
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bring our expertise in generative design, which includes how 
best to frame the design problem and set up constraints for the 
software. We also get to observe first-hand how a key customer 
is deploying the technology,” he says. 

Whereas simulation software (such as structural analysis, 
flow simulation and multiphysics simulation) is well-established, 
generative design is relatively new, considered by some to be 
experimental. So if it can prove itself in a GM project, it could 
become more appealing to other household names in the au-
tomotive sector. “Generative design is still a new technology to 
many engineers and we’re available to assist,” says Yancey.

From 8 to 1
The redesigned seat belt bracket is no longer a multi-piece as-
sembly but a single component, weighing 40% less but 20% 
stronger, Autodesk stated in a blog post (“How GM and Au-
todesk are using generative design for vehicles of the future,” 
May 2018, In the Fold, http://blogs.autodesk.com/inthefold).

 In its own press release on the partnership with Autodesk, 
GM wrote, “Eliminating mass in parts where material is not 
required for performance, combined with parts consolidation, 
yields benefits for vehicle owners, including the potential for 
more interior space and vehicle content, increased range and 
enhanced vehicle performance.”

 “For the seat-bracket project, the constraints included at-
tachment points, geometric envelope, strength, mass and manu-
facturing method—in this case, metal additive. Knowing the 
manufacturing method very much impacts the process,” says 
Yancey. “The software output over 150 design options, which 
are prevalidated for the chosen manufacturing method.”

Generative Design Residency at Pier 9
As part of the partnership, Wolcott and Van De Velde also flew 
to San Francisco to further explore Autodesk technology in 

a two-week generative design residency. The residency took 
place in the Autodesk Pier 9 workspace, located by the San 
Francisco waterfront.

 “Talking to Autodesk folks, we came to a better understand-
ing of where we could use the software, and where we shouldn’t. 
The generative design software was very advantageous when 
used for part consolidation, but perhaps not suitable in crash 
analysis,” recalls Wolcott. The current generation of generative 
design and topology optimization software “tends to work in 
linear scenarios,” he observes, “so applying nonlinear load cases 
to them is difficult.”

 He suggested using generative design and topology optimi-
zation upfront in the development process to get “a coarse de-
sign, then using mainstream computer-aided engineering (CAE) 
tools to perform crash simulations.” At the end of the residency 
and the partnership, Wolcott came to realize “generative design 
is more of an iterative process than a set-it-up-and-hit-the-
button type of workflow.”

 There is a learning curve to understand how to set up the 
boundary conditions and inputs for the software, Wolcott says, 
and his own CAE background was a big help. “As you change 
the loads, the output changes, too. Sometimes the output is not 
what you’d expect. So you need to be able to study it and under-
stand why the software solves it this way,” he explains.

3D-Printed Sole
The next time you slip your feet into a pair of Adidas shoes for a 
jog, you just might be sprinting on 3D-printed soles made with 
Digital Light Synthesis (DLS), a technology from Carbon. “[We 
work] at the intersection of hardware, software and molecular 
science,” the California-based 3D printing technology developer 
Carbon states. “Our vision is a future digitally fabricated with 
light, where traceable, final-quality parts are produced at scale 
with CLIP (continuous liquid interface production) technology.”

Originally an eight-piece assembly, GM uses Autodesk generative design software to redesign the component 
into a single 3D-printed piece. Image courtesy of Autodesk.
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 In January, Adidas’ executive board member Eric Liedtke 
also became part of Carbon’s board of directors. This follows 
Adidas’ investment in Carbon in December 2017. Announcing 
the Series D funding at the time, Carbon stated, “The unprec-
edented Adidas Futurecraft 4D is a proven example of the power 
of true digital 3D manufacturing today, creating unlimited pos-
sibilities for designing, engineering, making and delivering truly 
innovative products.”

 Carbon developed the Futurecraft 4D model exclusively for 
Adidas, but, “Carbon’s digital 3D manufacturing solution is also 
used by many other customers to produce a variety of products, 
such as commercial blender parts for Vitamix, mobile device pro-
tection for Incase, denture molds, pediatric airway stents, tubercu-
losis diagnosis tests and automotive parts,” says Philip DeSimone, 
cofounder and VP of business development at Carbon.

Flexing AM Muscles 
Traditionally, athletic shoes have three-layer soles made of a 
mix of ethylene vinyl acetate, polyurethane and liquid silicone. 
Sandwiched between the insole and the outsole, the midsole 
layer functions as the cushion to provide comfort (“Running 
Shoe,” How Products are Made, madehow.com).

 But the Adidas soles made with DLS take a dramatic depar-
ture from this traditional method. “The Carbon team developed 

a proprietary print strategy for midsoles that enables print-
ing with essentially zero support material. This not only saves 
on raw material costs, but also dramatically reduces manual 
post-processing steps of traditional additive manufacturing,” ac-
cording to Carbon’s blog post on the project (“The perfect fit: 
Carbon + Adidas collaborate to upend athletic footwear,” April 
2017, carbon3d.com).

 The Futurecraft 4D’s midsoles, manufactured using DLS 
technology, consist of intricate lattice structures, providing 
shock-absorbing functionality with far less material than solid 
pieces. “With [Carbon’s] Digital Light Synthesis, we venture be-
yond limitations of the past, unlocking a new era in design and 
manufacturing—one driven by athlete data and agile manufac-
turing processes,” says Liedtke.

 “Now able to create and customize complex geometric 
structures based off of insights from 17 years’ worth of athlete 
data, Adidas could design midsoles that precisely address the 
specific requirements of movement, cushioning, stability and 
comfort, all in one single component,” notes DeSimone. “This 
is breaking new ground for the industry, given the limitations 
of current shoe production standards in which midsoles cannot 
be injection or compression-molded with properties that vary 
across the part, unless multiple parts are assembled through a 
labor-intensive process.”

 Both generative design and additive manufacturing are com-
paratively new technologies, with lots of room for exploration 
as well as improvement. Progressive manufacturers like GM 
and Adidas stand to benefit from their involvement to shape the 
technology to fit their domain-specific needs. DE

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

INFO ➜ Autodesk: Autodesk.com

➜ Carbon: Carbon3d.com

For more information on this topic, visit digitaleng.news.
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The Emergence of Co-design

In the age of social media, design and product 
development are shifting toward  the co-design 
practice, which urges firms to seek input from 

people beyond their own internal talent pool.
 “Co-design reflects a fundamental change in 

the traditional designer-client relationship. The co-
design approach enables a wide range of people 
to make a creative contribution in the formulation 
and solution of a problem,” notes John Chisholm, 
senior research associate, Design Management, 
Lancaster University. “A key tenet of co-design is 
that users, as ‘experts’ of their own experience, 
become central to the design process,” he adds 
(“What is co-design?” Q&A, Design for Europe, 
designforeurope.eu). 

Arguably, design partnerships like those fea-
tured in this article tread on the margin of co-
design, as both GM and Adidas, experts in their 
own fields, provided input in developing the tech-
nology that they plan to use. If co-design becomes 
the norm, manufacturers like GM and Adidas will 
go further. They’ll routinely seek the target con-
sumers’ input in the design development process; 
therefore, collaboration software makers will have 
to figure out ways to facilitate these interactions.

GM and Autodesk partnered to explore the use of 
generative design technology to redesign a seat belt 
bracket. Image courtesy of Autodesk.

de0718_Design_Partnership_Wong.indd   26 6/13/18   1:56 PM



CAD Software Review ||| DESIGN

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

In 1994, Graebert developed FelixCAD, which was later 
rebranded as PowerCAD. In 2005, the company replaced its 
existing CAD engine with an entirely new kernel and ARES 
was born. Although Graebert is second only to Autodesk in the 
number of seats of 2D software in professional use, most of its 
revenue comes from other vendors. 

The company’s technology powers Dassault Systèmes’ 
DraftSight and is found in software from geographic informa-
tion system goliath Esri. ARES Commander is also sold as 
CorelCAD, and Graebert’s CAD technology is embedded in 
Onshape’s cloud CAD platform. ARES Commander is posi-

tioned as a more affordable alternative to AutoCAD and uses 
DWG as the native file format. ARES Commander can now 
open drawings saved in AutoCAD’s 2018 DWG format, al-
though as a default, files are still saved to the older 2013 DWG 
format (or any earlier format back to R12).

ARES Commander will feel familiar to AutoCAD users. 
When starting the latest version, users see an interface nearly 
identical to AutoCAD, with a Quick Access Toolbar and ribbons 
across the top of the screen. Each open drawing appears in its 
own window, identified by a file tab across the top of the drawing 
area. The drawing file tabs let users switch between drawings or 
start a new drawing, and use tabs in the lower-left corner of the 
drawing window to switch between model space and multiple 
sheets—equivalent to paper space layouts in AutoCAD. 

There is also a command window and status bar across the 
bottom of the screen and users start commands by typing, just 
like AutoCAD. Some commands have different names—such 
as PATTERN instead of ARRAY—but thanks to command 

The Trinity of CAD
Graebert’s latest ARES software offers DWG compatibility 
on virtually any platform.

ARES Commander looks like 
AutoCAD, although it still lacks some 
AutoCAD capabilities.

BY DAVID COHN

GRAEBERT GMBH HAS RELEASED THE 
latest version of its flagship CAD program: 
ARES Commander 2018. The German software 
developer has a long history in the CAD 

industry as the first German distributor of AutoCAD. The 
company has been selling CAD systems since 1983. 
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shortcuts (like aliases in AutoCAD), it’s possible to type the 
AutoCAD command to start almost any ARES command. 
There is even a ribbon tab called XtraTools, which contains 
commands similar to those found on the AutoCAD Express 
Tools ribbon.

New for 2018
Since ARES Commander and CorelCAD are nearly identical 
(read the CorelCAD review here: digitaleng.news/de/corelcad-
2018-affordable-autocad-alternative/), we won’t spend a lot of 
time covering new features. ARES Commander still doesn’t 
include every function found in AutoCAD, but the list of 
omissions continues to shrink. For example, a new command 
allows users to move the base (insertion) point to a new loca-
tion in a block. The BlockAttributeManager command makes 
it easier to manage properties and settings of block attributes. 

A new multileader tool enables drawing, 
editing and configuring callouts with 
multiple leader lines and adjust existing 
callouts by adding and removing leader 
lines. All of these capabilities have been 
available in AutoCAD since 2008.

Tables in ARES Commander have 
also been enhanced. Users can add 
formulas to cells using arithmetic 
operators and export tables in CSV 
(comma-separated format) files, which 
can then be imported into spreadsheets 
and databases. Again, this matches capa-
bilities that have long been available in 
AutoCAD, but AutoCAD can addition-
ally save table data directly to an XLS or 
MDB file, and link Excel spreadsheets to 
tables within drawings.

Other notable new features include a 
helix tool that lets users create both 2D 
spirals and 3D helixes, new tools for modi-
fying 3D objects, and a dynamic custom 
coordinate system feature (like AutoCAD’s 
dynamic UCS) that temporarily aligns the 
XY-plane with the face of a 3D solid to 
allow the ability to draw on that face as if 
working in 2D.

It’s now possible to copy entities to 
the clipboard and paste them to the active 
layer instead of to the source layer. Users 
can switch between the default dark and 
light interface themes, although it is neces-
sary to close and then restart ARES Com-
mander before this change takes effect. 

AutoCAD compatibility extends 
throughout ARES Commander. The program can run most Au-
toLISP and ARX applications and uses the same hatch patterns, 
linetypes and text files as AutoCAD. Therefore, users should 
have few compatibility issues when exchanging drawing files, 
although when opening a DWG file saved using ARES Com-
mander, AutoCAD will warn that the file was not saved by an 
Autodesk program.

ARES Commander offers some capabilities not available 
in AutoCAD. For example, there’s a function to insert audio 
recordings into a drawing and then play them back later. Al-
though AutoCAD does not support these VoiceNotes, it has 
no problem opening drawings containing them.

Trinity of CAD
Graebert touts ARES as “The Trinity of CAD,” because it 
combines desktop, mobile and cloud-based versions of its soft-
ware, with all three sharing a common user interface. On the 
desktop, ARES Commander 2018 is available for Windows, 

ARES Touch provides more than 150 
tools for viewing and editing DWG files 
on mobile devices, although many 
functions require multiple taps.

ARES Kudo connects cloud storage 
solutions to ARES Commander. Users 
can view and modify DWG files via the 
web, and share them with others.
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macOS and Linux, and it can be purchased as either a perpet-
ual license or an annual subscription. Additionally, each license 
includes a one-year renewable subscription for ARES Touch 
and ARES Kudo.

ARES Touch is the mobile app for Android and iOS that 
lets users read, annotate and modify DWG files on the go. The 
program has three different modes. Full mode (which requires 
a subscription), enables use of more than 150 ARES com-
mands to read, modify and annotate drawings. Simple mode 
lets users view and add annotations; and View mode devotes 
nearly the entire screen of the mobile device for viewing draw-
ings, but provides few tools.

We downloaded ARES Touch from the Apple App Store and 
loaded it on an iPhone 7 Plus. The software was quite easy to 
use, but most operations require multiple picks. For example, 
to add a smart linear dimension, users must first tap Annotate, 
then tap Dimension and then tap Smart. A small dialog opens to 
prompt to specify the entity. Once a user taps in the drawing to 
select the entity they want to dimension, the program prompts 
to specify the dimension line position. Once this is done, the 
program prompts again to clarify an entity. Tap OK without se-
lecting anything else to complete the dimension.

With ARES Touch, users can record a voice note or take 
a photo in the field on their phone, attach it to a drawing and 
save the DWG file to the cloud. Stakeholders quickly receive 
notification of the change and can open the file using any of 
the trinity of ARES products—Kudo, Touch or Commander.

Although drawings are first downloaded to the mobile 
device, when saving changes, they are uploaded back to the 
cloud. Thanks to ARES Kudo, files are made available to all 
devices. Running in a web browser, it connects to all cloud 
storage solutions—including iCloud, Dropbox, OneDrive, Box 
and Google Drive—acting as a hub for all DWG files. Kudo 
enables DWG files to follow users on any device, anywhere, 
without having to install any software. ARES Kudo is also fully 
integrated with ARES Commander and ARES Touch, so any 
modification made on one device is instantly synchronized on 
all devices.

In ARES Commander, Kudo is integrated into a Cloud Stor-
age tab within a palette that is initially docked on the right side 
of the screen. Once we added our cloud accounts, we could ac-
cess any DWG file stored in our Dropbox account. ARES Kudo 
can also generate a view-only link to share with contacts, so that 
they can see the file online using the free Kudo viewer. There’s 
also an option for collaborators to export the drawing as a PDF 
and enable access to the actual DWG file.

Flexible Licensing
Graebert’s flexible licensing allows users to work from mul-
tiple computers under Windows, macOS or Linux. The com-
pany offers a 30-day free trial. The 64-bit Windows version 
was a 282MB download. The trial begins with only two days 
of access, but if users provide an email address and password, 

that trial period is extended to 30 days. Once an account is 
set up, users can also try out ARES Touch and ARES Kudo, 
and manage their  account via the newly launched Graebert 
customer portal.

Although still lacking some AutoCAD features, ARES 
Commander is a very complete CAD program that costs 
thousands of dollars less than AutoCAD. Graebert’s three 
programs—ARES Commander, ARES Touch and ARES 
Kudo—work well together, making this trinity of CAD a very 
attractive alternative. 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 dscohn.com.
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INFO ➜ Graebert GmbH: Graebert.com

Graebert ARES Commander 2018
PRICE
• Annual Plan (includes Commander, Touch and Kudo): $250
• Perpetual License (includes 1-year Touch and Kudo): $795
• Flex Network License (includes 1-year Touch and Kudo): $995
• ARES Touch only: $29.95/month

SYSTEM REQUIREMENTS
Windows:
• OS: Windows 10, Windows 8 or Windows 7 (32- or 64-bit)
• CPU: Intel Core 2 Duo or AMD Athlon x2 Dual-Core or higher
• Memory: 2GB minimum (8GB or more recommended)
• Disk Space: 500MB (1GB recommended)
•  GPU: 3D graphics accelerator with OpenGL v1.4  

(OpenGL v3.2 or higher recommended)
• Display: 1280x768 minimum (1920x1080 recommended)
Mac:
• OS: Mac OS X v10.10 (Yosemite) or higher (incl. macOS Sierra)
• CPU: Intel Core 2 Duo processor (or better)
• Memory: 2GB minimum (8GB or more recommended)
• Disk Space: 500MB
•  GPU: 3D graphics accelerator with OpenGL v1.4  

(OpenGL v3.2 or higher recommended)
• Display: 1280x768 minimum (1920x1080 recommended)
Linux:
•  OS: Ubuntu 14.04 LTS and 16.04 LTS, Fedora 18 Gnome,  

Fedora 20 Gnome and KDE, OpenSUSE 12.2 Gnome and KDE, 
OpenSUSE 13.2 Gnome

• CPU: Intel Core 2 Duo processor (or better)
• Memory: 2GB minimum (8GB or more recommended)
• Disk Space: 1GB
•  GPU: 3D graphics accelerator with OpenGL v1.4  

(OpenGL v3.2 or higher recommended)
• Display: 1280x768 minimum (1920x1080 recommended)
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Although industry experts continue 
to predict solid growth in this arena, the 
unanswered question remains: Why is 
smart home technology taking so long 
to gain momentum? Closer examination 
seems to indicate that one of the factors 
slowing growth is the ongoing issue with 
fragmented communications technology. 
Simply, there are too many choices and 
too little interoperability.

The Trouble with Fragmentation
The absence of interoperability has hin-
dered adoption on several levels. These range from functionality 
to the nuts and bolts of deployment.

In terms of functionality, many devices entering the market 
today do not meet consumers’ expectations. Although the de-
vices connect to the internet, they often cannot communicate 
or work with each other. This is a problem because simply 
providing the ability to remotely control devices via an inter-
net connection is not enough. A key value of the smart home 
lies in devices’ ability to work with each other. It amplifies the 
strengths of each device by leveraging those of the other systems 
in the home automation ecosystem. In short, the whole benefit 
is greater than the sum of its parts.

As for deployment, the absence of interoperability foils adop-
tion. Before users can get today’s home automation systems up 
and running, they must sift through a wide assortment of wire-
less technologies to identify the products that best meet their 
needs and work well within the system already in place. But 

users should not have to do a deep dive into the details of the 
various wireless standards to find one that can bridge the gap 
between all of their favorite devices. The frustration of trying to 
deploy a hodgepodge of technologies sets a negative tone for the 
users’ experience and all too often stops users in their tracks.

“Interoperability is the biggest hot-button topic in the in-
dustry currently, and the biggest challenge,” says Mark Lyle, 
founder of Atmos Home Tech. “The average homeowner, for 
the most part, does not have the necessary time or understand-
ing to research which products or protocols will work together 
seamlessly. In many cases, the customer purchases multiple 

Smart Home’s Pursuit 
of Interoperability
Given the diverse set of devices developed for home automation,  
is interoperability achievable? 

A key advantage of many of the smart home hubs 
is that they enable system-wide compatibility. For 
example, the Atmos smart home control platform 
shown here is compatible with Wi-Fi, Bluetooth, 
Bluetooth Low Energy, Zigbee, Z-Wave and even 
infrared. Image courtesy of Atmos Home Tech.

BY TOM KEVAN

M ARKET ANALYSTS PREDICTED that 2017 would be the year of the smart home. Since then, consumers 
have seen a flood of smart thermostats, connected security systems, smart appliances and intelligent lighting 
systems. By the beginning of 2018, however, research firm Gartner found that smart home technology 
adoption remained slow. Only 12% of users in the UK, U.S. and Germany had deployed some form of smart 

energy controls—such as thermostats or lighting—and another 7% had some type of smart home access device, such as smart 
door locks, according to the research firm.
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smart devices only to get them home, struggle for hours to 
configure them and then realize they are not compatible. This is 
clearly not the path to mainstream adoption. To realize the full 
potential, device manufacturers need to develop products that 
communicate with and complement each other.”

No One Standard Meets All Needs
To get a clear idea of where the leading wireless technologies fit 
into the smart home ecosystem, it’s necessary to examine the es-
sential features of a smart home network.

The optimal system would support high data throughput for 
streaming applications, as well as enable intermittent bursts of 
small packets of sensor data. It would consume enough energy to 
support high throughput, but support low-power applications, 
too. Signals would be encrypted to ensure security. Furthermore, 
the network architecture would be able to handle a large number 
of systems and allow users to easily add new devices as needed.

Herein lies the problem: There are a number of excellently 
crafted wireless standards. As a matter of fact, there’s a standard 
to meet each of these requirements. What is still elusive, how-
ever, is one that simultaneously meets all of the requirements.

Wi-Fi Power Problems
A good example of this conundrum is Wi-Fi. This wireless 
standard is a popular connectivity option for the smart home 
because it is already available in nearly every home. Wi-Fi offers 
WPA2 security, as well as speeds up to 800 Mbps. Essentially, 
the technology is a whole-home network, ideal for heavy-lifting 
applications like media streaming, web browsing and other large 
data transfers.

On the downside, however, is that Wi-Fi consumes a lot of 
power. As a result, many smart home device developers steer 
clear of Wi-Fi connectivity because it requires a dedicated 
power source or a long-lasting battery.

Wi-Fi also falls short in other areas. For example, just 
because Wi-Fi can theoretically connect 255 devices to a 
single Wi-Fi router or access point doesn’t mean it is practi-
cal. Each device added to the network reduces the bandwidth 
available to the other devices using the same internet con-
nection. This can create a bottleneck where traffic passes 
through the internet router.

That said, Wi-Fi developers do not plan on being outdone 
by competing standards. A new standard called 802.11ah 
(HaLow) offers a low data rate and supports long-range trans-
missions. In addition, the next standard for wireless LANs, 
802.11ax, promises to extend battery life. Although the new 
features could expand Wi-Fi’s capabilities for smart home appli-
cations, the new specifications still have to establish a presence 
in the market.

Bullish on Bluetooth 
Another standard with a large installed base is Bluetooth. The 
standard is well-known to users and offers moderate bandwidth. 
Because it uses frequency hopping and government-grade 
encryption to ensure that no one can intercept or unscramble 
interactions with smart home devices, Bluetooth is very secure.

In terms of supporting low-power applications, Bluetooth 
LE uses very little power compared with Wi-Fi. This makes the 
standard a good fit for one layer of smart home applications.

Until recently, however, developers shied away from using 
Bluetooth in smart home systems because of its short-range 
transmissions. That changed with the latest release of the stan-
dard, Bluetooth 5 in July 2017. This version adds mesh network-
ing capability, which enables many-to-many device communica-
tions and serves large-scale device networks well.

The latest specification changes to the specification could 
make Bluetooth a stronger contender for the smart home.

Zigbee and Z-Wave
The Zigbee and Z-Wave standards are similar in their general 
performance and the applications that they target. Both specify 
very low-power networks and support mesh networking.

The use of mesh technology makes the two standards par-
ticularly desirable for smart home applications. The inherent 
nature of mesh networks gives Zigbee and Z-Wave the range 
required to support widely distributed devices. Mesh and the 
standards’ low-bandwidth communications also prevent sig-
nificant signal loss, bolstering the technology’s reliability. The 
low-bandwidth performance also makes the standards ideal for 
simple devices, such as motion sensors, that require only data 
connections for on/off control functions.

It’s important, however, to remember that there are differ-
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ences between the two technologies. For example, Zigbee has 
a range of 10 meters, whereas Z-Wave can reach 30 meters. 
Z-Wave supports throughput rates of 100 Kbps. In contrast, 
Zigbee delivers speeds as high as 250 Kbps. Perhaps the greatest 
differentiator lies in the fact that the two specifications are not 
compatible with each other. In fact, Z-Wave is a proprietary sys-
tem, and Zigbee is an open standard.

Although Zigbee and Z-Wave target the same general ap-
plication requirements, each has a different focus. For instance, 
Z-Wave’s primary focus has long been on monitoring and 

control functions in the home. It is widely used for lighting 
control, security and climate control. Zigbee on the other hand 
has—until recently—leaned toward industrial applications and is 
well suited for scenarios that require infrequent data exchanges 
within a 100-meter range.

Both of the specifications boast ease of deployment. Zigbee 
has network profiles readily available, which can minimize de-
velopment time for common applications. However, it is more 
complex, which can extend deployment time frames. In contrast, 
Z-Wave is a simpler protocol, so development can be faster and 
less complicated.

One problem that arises with Zigbee and Z-Wave networks, 
however, is that their signals aren’t directly compatible with 
most computing devices, such as smartphones and laptops. As 
a result, devices like light bulbs, locks and motion sensors must 
communicate via an intermediary device.

Is Interoperability Within Reach?
So the question is: Given the diverse collection of protocols and 
systems on the market today, what level of interoperability can 
users achieve with current technology?

Many consumers and technology providers appear to be 
sidestepping the need for individual devices that interact directly 
with each other, relying instead on intermediary devices to en-
able communications and coordinated actions. For a number of 
companies, this translates to using a linguistic bridge that can 
work with a variety of protocols.

“I don’t believe that the communication standards/protocols 
are the barrier to interoperability at all,” says Lyle. “Each of 
them can accomplish specific tasks very well, and if smart prod-
ucts are designed with this in mind, leveraging the strengths 
of each of these technologies—as opposed to building closed 
ecosystems of a few products that work well together here and 
there—I believe that we can achieve compatibility across the 
board. By combining Wi-Fi, Zigbee, Z-Wave, RF and infrared 
technologies, we are able to integrate most smart home devices, 
either via direct interface or through various software applica-
tion programming interfaces (APIs).”

One of the earliest bridge devices to enter the market was the 
smart home hub (a.k.a. home automation hub). Hubs are net-
work devices that serve as a convergence point, where data ar-
rives from all the devices in the ecosystem. The hub determines 
how, when and where data is forwarded, and may have compute 
resources to perform some processing tasks.

Furthering the cause of interoperability, hubs unify multiple 
communication protocol capabilities on one platform. “We be-
lieve that the hub should combine multiple protocols to enable 
a greater vision for the smart home, where all devices connect 
to the home network and can be controlled from a single inter-
face,” says Johan Pedersen, product marketing manager, Z-Wave 
IoT, for Silicon Labs. “The hub provides the opportunity to 
unite smart home protocols in a single system.”

These bridging devices also translate low-energy radio sig-
nals from Z-Wave and Zigbee devices into communication pro-
tocols smartphones can understand, opening the door for single 
devices that can control not only Z-Wave and Zigbee devices, 

Most home automation device makers have chosen 
the smartphone as their control interface. The 
downside of this is that with each connected device 
having its own app, interacting with multiple devices 
becomes cumbersome. By deploying a hub with its 
own app, controlling smart home systems becomes 
more efficient. Image courtesy of Atmos Home Tech.
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but all the smart systems in the home.
Hub functionality, however, doesn’t stop at solving the in-

teroperability issue. They also offer scheduling and controls that 
enable users to automate devices so they work with each other 
without human interaction. For example, a user could program 
the system to automatically turn on the lights whenever the 
front door is unlocked. The hub can also perform more complex 
tasks, such as using inputs from multiple sensors and switches to 
adjust devices in the home as required.

Companies ranging from Samsung and Wink to Atmos 
offer hubs with a variety of features. These products support 
varying combinations of protocols, including Wi-Fi, Blue-
tooth and Bluetooth Low Energy (BLE), Zigbee, Z-Wave 
and even infrared.

At the same time vendors are pursuing the uses of hubs and 
unified controllers, a number of consortia are creating specifica-
tions, interoperability guidelines and certification programs, 
with an eye on effecting change by giving developers tools to 
deliver compatibility. 

“For a truly smart—that is responsive, perceptive and au-
tonomous—home, you need a level of interoperability that 
historically has only been delivered via standardization,” says 
David McCall, chair of the strategy work group at the Open 
Connectivity Foundation. “This does not mean that every 
device needs to be able to talk directly to every other device, 
but the systems that deliver ‘smartness’ need to have access to 
all the data and control points they need—and to each other, 
since there will probably be more than one system—with ap-
propriate security controls.”

Future Smart Home Interoperability
Well-established wireless networking specifications like Wi-Fi, 
Bluetooth, Zigbee and Z-Wave continue to vie for a piece of the 
smart home market, each offering credentials in their own key 
performance areas. Further complicating the bid for dominance, 
each of these specifications is a work in progress, with developers 
adding features that make the protocol more competitive. 

802.11ax makes Wi-Fi more appealing for applications in-
volving low-power devices, and Bluetooth 5 adds mesh to its 
strengths, enabling the technology to provide greater range. 
Adding to the fluidity of the situation, there are new protocols 
being introduced, such as Thread, the latest low power, mesh 
technology. The truth is, anyone waiting for one standard to at-
tain dominance in the smart home sector may have a long wait.

A more likely scenario is a hybrid network architecture, in 
which Wi-Fi is paired with a low power, mesh protocol well-
suited to handle communications of devices like sensors. “The 
optimal network architecture in a smart home environment 
needs to provide two types of connections: internet connectivity 
to the household and appliance connectivity to the network,” 
says Luca Gaetano Capula, CEO of ALYT. “These two net-
works must be separated for several reasons, ranging from secu-
rity to efficiency and performance.”

In addition, middleman-type devices will play a key role. Once 
thought to be the answer to smart home’s interoperability prob-
lem, however, smart hubs now face competition from newcomers 

like Google Home, Amazon Echo and Apple Homekit. The at-
traction of these devices lies in smart assistant platforms like Ama-
zon’s Alexa and Google Assistant, as consumers increasingly come 
to expect more natural interfaces. That said, stand-alone hubs 
offer a rich feature set that smart speakers cannot match.

All things considered, the smart home ecosystem is still in 
its development stage, and the concept continues to struggle to 
gain traction, leaving much of the story still unwritten. DE

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

INFO ➜ ALYT: ALYT.com

➜ Amazon: Amazon.com

➜ Apple: Apple.com

➜ Atmos Home Tech: AtmosHome.tech

➜ Google: Store.Google.com/us/product/google_home?hl=en-US

➜  Open Connectivity Foundation: OpenConnectivity.org/ 
Samsung: samsung.com/us/smart-home/smartthings

➜ Silicon Labs: SiLabs.com

➜ Wink: Wink.com

For more information on this topic, visit digitaleng.news.

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

de0718_Smart_Home_Kevan.indd   33 6/13/18   2:33 PM



WORKFLOW ||| Data Management

34  DE | Technology for Optimal Engineering Design         July 2018 /// digitaleng.news

Digitalization in product development is also relocating di-
rect human involvement in maintenance and operations. Built-
in IT allows products to perform self-analysis and to report out 
valuable operational data, changing human involvement to a 
more executive role of overseeing the automated process of de-
ciding when a part is under stress, needs maintenance or should 
be replaced. Such analytic parts must be designed for connectiv-
ity and sharing—which opens up management and control is-
sues between vendors and product owners. 

Just as operational models are changing, so too are the busi-
ness models that deliver products and services. Is an aerospace 
vendor obligated to provide IT support for an airplane? If a 
vendor wants to sell services around product data retrieval, 
does that mean the vendor is claiming ownership of the data? 
Should products be sold as physical product only, with full 
digitalization only available for an extra fee? Right now there 
are no simple answers. 

Take the case of the U.S. Air Force as an example. It wants 
to use operational data to predict when its cargo and refueling 
aircraft need maintenance or part replacement. Their newer air-
craft have the capability to monitor and send the necessary data, 
but they can’t do it under existing contracts. The Air Force owns 
the jets, but the rights to diagnostic information are controlled 
by the primary vendors of airframes and engines. “I want to own 
the data,” says Gen. Carlton Everhart, who leads Air Mobility 
Command. “Our airplanes have the capability right now; all I 
have to do is put it on contract,” the general said at an Air Force 
Association conference last year. “We have the capability; we just 
didn’t buy the capability.” 

In the case of the Air Force, the contractors are Boeing 
and Lockheed Martin for the airframes, and Pratt & Whitney 
and General Electric for the engines. There is no question the 

vendors want to work with the military; it is just a matter of 
contractual agreements and determining what both sides con-
sider as fair compensation. Because it is for military use, there 
are special complications, the most obvious of which is security. 
Any data passing between aircraft and operations must be se-
cure. Everhart thinks it could be several years before he is able 
to gather the money required to move real-time information to 
the ground. 

The cost of full access to aircraft data will be worth it, Ever-
hart says. He cited the example of a commercial aircraft “telling 
on itself” by reporting out that it would need maintenance in 40 
hours. So the engine was changed out before it flew again. It was 
only after the swap that a nick was discovered in a fan blade. The 
estimated cost savings of changing the engine before it failed 
was $50 million. 

The European Union is watching how data ownership and 
access is changing industrial relationships. An April 2018 study 
examines the notion that the value of data increases with its ag-
gregation level. Contractual agreements are already in use to 
control how product data is gathered and used, but the EU is 
concerned contracts alone may not lead to “broad and fair access 
to data held,” especially when smaller companies buy products 
from very large vendors. Small companies want to “valorize” 
their product data—create value from its use. But relying on 
contracts alone, the report claims, does not settle many issues. 
There would be no standards on the definition of intellectual 
property (IP) and trade secrets as they impact data analytics.

High-Stakes Potential
The potential rewards of fully digitalized product data are high, 
which means there is no lack of companies bringing solutions 
to market. C3 IoT was created by Thomas Siebel, best known 

If Every Thing is Connected, 
Who Owns the Data?
In a changing landscape of data collection and security, 
intellectual property ownership is a top consideration. 

BY RANDALL S. NEWTON 

INDUSTRIAL DIGITALIZATION IS TRANSFORMING manufactured products into smart products. Automobiles 
and aircraft, for example, are quickly becoming computers with mobility. Moving human involvement from direct 
navigation to remote operation (drones, self-driving cars) is the most obvious result of how digitalized, smart products 
change the operational model. 
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for Siebel CRM Systems, a large database software company 
acquired by Oracle in 2005. C3 IoT offers data analytics for 
many industry segments including aerospace and defense. It 
now has product trials underway, analyzing data from flight re-
cords, maintenance logs, sensors and crew observations. “Based 
on initial results, we think we can improve aircraft availability by 
at least 25%,” C3 IoT President Ed Abbo told Bloomberg Gov-
ernment. The 2018 Air Force budget for operations and main-
tenance (O&M) is approximately $45 billion. Every percentage 
point of improved aircraft availability would trim hundreds of 
millions of dollars from operational costs.  

A recent Accenture Consulting study on data ownership and 
access models in aerospace and defense reveals two predominant 
streams of thought in industry. The first is coordination among 
multiple players (original equipment manufacturers, supply 
chain and IT providers). The second is central management of 
data as a comprehensive digital thread. In a survey of A&D com-
panies, 87% see supplier and IP management for both hardware 
and software as a key aspect of creating and using digital thread 
technology in the next three years. Accenture sees this current 
state of data usage as raising more questions than it answers, 
specifically surrounding data standardization, sharing, IP control 
and incentives for compliance.

The Accenture survey revealed only 27% of A&D firms have 
shared ownership of the digital thread and or the digital twin 
across their IT and business functions. “Of all the enterprise 
systems and processes, this is an area where a true symbiotic 
commitment is fundamental,” the Accenture report notes. 

“While there are clear techni-
cal components involved in 
developing the right systems 
and protocols, insights that re-
sult in effective monetization 
will necessarily come from the 
business.” 

Accenture is not the only 
company that suggests data 
issues transcend engineering. 
David Knight is founder and 
CEO of Terbine, a startup 
for curating industrial physi-
cal data from manufacturing 
to consumer use. “As a rule 
of thumb, whomever holds 
title to the data producing 
platform, likely owns the 
data,” notes Knight. But there 
are many uncertainties. “The 
common denominator is well-
crafted contractual language 
that both protects consumer 
interests and feeds a growing 
data ecosystem.”

In a study prepared for IEEE, two Bell Laboratories (Alcatel-
Lucent) scientists outline how they see multiple models of data 
ownership evolving. The first is pay per use. The product be-
comes part of a provided service agreement and the contract al-
lows the manufacturer data access and use rights in exchange for 
charging for use of the product based on usage data. The second 
data ownership model is data market. Those who purchase a 
product offer the data it generates as a commodity, either to the 
original manufacturer, a vendor or other parties. The third data 
ownership model is open data model, for situations like driv-
ing, where the data creation takes place in a public space. Such 
a space would include a notion of intention integrity, meaning 
device owners must have equal access to the data with manu-
facturers and public agencies, and the use of the data must be 
explicitly defined. 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.

INFO ➜ Bell Laboratories: Bell-Labs.com

➜ C3 IoT: c3iot.ai

➜ U.S. Airforce: airforce.com

➜ Accenture: Accenture.com

For more information on this topic, visit digitaleng.news.
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Two members of the U.S. Air Force do pressurization maintenance on an F-16 
Fighting Falcon radar waveguide. Such maintenance is now done based on pre-
established rules such as hours of use, but newer aircraft are being delivered with 
the capability to self-report maintenance needs using sophisticated IoT-based 
sensors. Image courtesy of the U.S. Air Force; Kenji Thuloweit, photographer.
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From metrology-grade 3D scanners that cost upwards of 
$10,000 to iPad-attachable devices that cost around $400, vari-
ous hardware allow users to scan and digitize physical objects. 
And the quality of the data you get also varies, in resolution, 
tessellation and accuracy. But depending on the purpose and the 
application, low-resolution data from a low-cost device could be 
just as useful as the hardware beyond your budget.

 Using an inappropriate level of detail could unnecessarily 
introduce guesswork or overburden the modeling software. The 
key is having a clear understanding of the purpose of the scan.

Why We Scan
An archaeologist might capture a newly discovered ancient wall 
fragment in 3D for subsequent digital analysis and reconstruc-
tion. A facility manager might scan the interior of a property to 
see if it has sufficient clearance for a new machine. A prosthetic 
designer might scan an amputee’s joint to create a custom-fitted 
socket. An automotive engineer may scan an automotive chassis 
component to study its wear and tear over time. These all have 
different purposes, with different data requirements.

 Because of the precise measurements needed to figure out 
equipment installation path and placement, the facility manager 
may be less forgiving than the archaeologist, who works at a 
much larger scale and is more concerned with the general shape 
of the artifact. The prosthetic designer who plans to use shock-
absorbing materials between the socket and the patient’s limb 
doesn’t need submillimeter accuracy. On the other hand, the au-
tomotive engineer who plans to study the minute deviations of 
the part’s fatigue patterns to understand wear and tear may insist 
on a metrology-grade scanner. Collecting scan data at the wrong 
level of detail, resolution or accuracy can add unnecessary data 
processing and cleanup tasks.

Do Your Point Clouds 
Have a Purpose?
Working with the right level of detail is the key to reverse engineering.

In ANSYS SpaceClaim, you can work with imported 
scan data to reverse-engineer a part or compare the 
scan data to the original engineering drawing for 
deviation analysis. Images courtesy of ANSYS.

BY KENNETH WONG

I F CAD MODELS ARE THE IDEAL representation 
of how parts and components are supposed to be built, 
then 3D scan data is the reality, and shows how the 
products arrive at the customer’s site, as well as how 

they’re installed, deployed and used in the field. 
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 “Sometimes people scan objects to build new geometry to fit 
around it. In that case, they’re not exactly reusing the scan data 
to rebuild the object’s geometry. They’re only using the scan as 
reference points [for the new geometry],” says Roman Walsh, 
product manager, ANSYS. “But in other cases, people might scan 
an object to quite literally rebuild what they’re scanning.”

 Old machine parts that are cracked, chipped or worn out 
and no longer in production, for example, may need to be re-
made using metal-based 3D printing. In such a case, the scan has 
to be meticulous, with enough geometry definitions to manufac-
ture a near identical part. 

“Look for the smallest feature you’re trying to capture,” ad-
vises Daniel Lainchbury, engineering manager, Physical Digital. 
“As a rule of thumb, to capture a 1-mm radius, you’d need to 
scan the object at 100-microns resolution at a minimum.”

The Role of the Software
Physical Digital, based in Guildford, Surrey, U.K., employs scan-
ning systems from GOM to offer scanning services and consul-
tancy to the automotive, aerospace and locomotive industries. 
“We use GOM system’s hardware because there’s traceability 
from the start of the project to the end,” says Tim Rapley, CEO 
of Physical Digital. The software that comes with the device al-
lows him and the firm’s engineers to perform data processing and 
inspection reports without additional software, he adds.

 Most scanning device makers offer software for processing 
scan data. The quality of this software affects how easily you can 
align the scan data from different scanning sessions into a single 
model, or how easily you can convert the data into CAD-editable 
mesh models or 3D-printable stereolithography (STL) models.

A New Generation
Earlier scanners’ output was usually point clouds—clusters of 
points indicating the positions of the surface geometry of the 
target object. But over time, scanners get more sophisticated; so 
too do the firmware and the scan data processing software.

 “Our scan data processing software Artec Studio is directly 
compatible with Geomagic Design X [from 3D Systems], and 
also with SOLIDWORKS [from Dassault Systèmes] if you have 
the Geomagic for SOLIDWORKS plugin,” explains Andrei 
Vakulenko, chief business development officer, Artec 3D. “You 
just click on the Export to Design X button or the Export to 
SOLIDWORKS button in Artec Studio and your model seam-
lessly opens in Design X or SOLIDWORKS.”

 Artec 3D is known for a line of handheld 3D scanners. The 
latest in the series, Leo, is cordless and features an inbuilt screen, 
making it much more versatile and mobile than other scanners 
that require a wire connection to a laptop or desktop. Leo takes 
advantage of the onboard graphics processing unit (GPU) to 
perform most data processing on the edge, thus eliminating the 
need to borrow processing power from a laptop or desktop.

The Cloud Appeal
Artec 3D is also looking at the cloud as another way to perform 
remote data processing. “For many people, it would be much 
faster to work with 3D data if they could process data in their 
cloud, rather than on their own computer,” notes Vakulenko.

 Another software maker who shifts to the cloud depending on 
data intensity is Autodesk. “The key is to ensure data interopera-
bility between different systems, and we believe cloud technology 
is the fastest and most scalable platform to do this. For example, 
you can generate a 3D textured-surface mesh from the points. 
Currently, this is a cloud service available in Autodesk ReCap; it 
works for any structure point cloud format registered in ReCap,” 
explains Tristan Randall, strategic projects executive, Autodesk.

 Autodesk ReCap, the company’s reality capture software, al-
lows users to create 3D models using photographs and laser scans, 
and then use the data in any of Autodesk’s software like Inventor, 
Fusion360 or Revit, as well as third-party tools. The software is 
compatible with mobile devices, such as the iPad Pro. It includes a 
set of tools for point editing, measurement and data cleanup.

 Other Autodesk software such as Autodesk Revit (for archi-
tecture, engineering and construction) and AutoCAD also include 
tools to ingest scan data and, if needed, convert it into mesh mod-
els. “The user imports a point cloud, then uses various plan, eleva-
tion and section views to snap lines to the point cloud data that 
can be used to generate parametric model objects, such as walls 
or windows,” explains Randall. “Another approach is commonly 
referred to as feature extraction, where an algorithm directly ex-
tracts geometric primitives from the point cloud data.”

CAD and Scan Can Coexist
One third-party software Physical Digital uses is ANSYS Space-
Claim, a direct modeling package that lets engineers easily edit 
and modify imported 3D models with or without parametric 
history. “SpaceClaim supports our operations from designing 
fixtures to reverse engineering,” says Lainchbury. “We find that 
we can use it for quick design mockups for internal discussions, 
but also for producing manufacturing drawings with tolerances.”

 “SpaceClaim can work with faceted data like STL files. We 
chose that route because most of today’s scanner software are ca-
pable of exporting that format,” says Walsh. This is an improve-
ment from previous generation scanners and their firmware, 
which provided the scan output in point clouds with little or no 
help to easily convert them into mesh models.

 “Today, saving point cloud files [from the scanner] as mesh 
data is a feature readily available in most scanners. It’s rare that 
we’d get point-cloud files, especially in manufacturing, but if we 
did, NX could handle that,” says Tod Parrella, product manager, 
NX, Siemens PLM Software.

Artec Studio software from scanner maker Artec 3D 
includes robust tools for editing and aligning scan data. 
Image courtesy of Artec.
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 Siemens PLM Software, makers of the NX CAD-CAM 
software, benefits from Convergent Modeling technology, a com-
ponent of the company’s Parasolid geometry kernel. The kernel is 
available for licensing, so many of its tools are also found in other 
CAD programs, including some from Siemens’ CAD rivals.

 “Why should you have to reverse-engineer the scan model 
[into a CAD-editable 3D model] first? Why can’t you just use 
the scan model directly in CAD? Prior to Convergent Model-
ing, you’d have to reconstruct the mesh model into CAD. But 
with Convergent Modeling, you can work with that, in NX, just 
like any other solid part,” explains Parrella.

Don’t Mess With My Mesh
Sometimes, due to the impossible reaches of certain corners or 
manual operations, the resulting scan data and mesh model may 
be incomplete or imperfect. “If people use handheld scanners 
or light scanners, it’s very difficult to scan all angles of a part in 
360° and get all the details in complex models. It’s almost impos-
sible to get the internal features,” says Parrella.

 Many scanner firmware and scan-data processing software 
offer tools to automatically patch these inevitable holes and fill 
in the gaps. “Smoothing and hole-filling are probably the two 
most common operations CAD users do to clean up scan data. 
NX has a robust set of scan cleanup tools,” notes Parrella.

 But both Physical Digital’s Rapley and Siemens’ Parrella feel 
users should use these tools judiciously. “If the object you’re scan-
ning is full of holes and gaps to begin with, and you need an easy 
way to digitally fill them in your model, these tools are helpful,” 
says Rapley. “But if you plan to reverse-engineer something accu-
rately, you shouldn’t use these tools to make up for the poor qual-
ity scan data, resulting perhaps from operator inexperience.”

“If you’re using the scan data for reverse engineering, you 
typically want to leave the data as is; keep it in the most natural 
form. You don’t necessarily want to reinterpret a missing feature 
if you don’t know the original part,” says Parrella. 

The more users implement such automating tools, the more 
guesswork is involved in reconstructing the model. Thus, it 
could introduce deviations from the actual object. Ultimately, 
the less users have to mess with the meshes, the better.  

Working With Scan Data Natively
Inside ANSYS SpaceClaim, there are tools to automatically 
smooth the rough edges in scan data or heal flawed geometry, but, 
Walsh says, “you don’t necessarily have to clean up the scan data. 
Even with scan data that has missing features, you can still execute 
parametric operations to create new geometry around it.”

 In ANSYS’ designer-friendly simulation programs such as 
ANSYS Discovery Live, users can import the scan data and use 
it as is, according to Walsh. This might be important for those 
who want to conduct structural analysis or fluid flow simulation 
on models that represent the products as they are deployed in 
the field—for example, beams and pipes at a construction site.

Photogrammetry and Others
There are other ways to inexpensively digitize an object using 
depth-sense cameras and photogrammetry. Their use is prevalent 
in architecture, according to Randall. “But 3D laser scanning, also 
commonly referred to as LiDAR, for Light Detection and Rang-
ing, is considered the most accurate method for reality capture.”

  “There is no affordable depth-sensing camera that can 
provide the accuracy of a professional 3D scanner,” Artec 3D’s 
Vakulenko notes. “Secondly, they can’t guarantee repeatability of 
results. Finally, the manufacturer of a consumer product doesn’t 
guarantee the provision and support of the product over a long-
term period.”

 Scan data resulting from photogrammetry, which involves 
photo-based reconstruction of 3D objects using approximation al-
gorithms, may not be good enough for reverse-engineering end-
use parts and components. However, they can satisfy certain users, 
whose sole purpose is to obtain the general shape of an object—a 
statue in a park, a building or a room’s layout, for example—for 
reference, inspiration or preliminary spatial studies. DE

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

INFO ➜ ANSYS: ANSYS.com

➜ Artec3D: Artec3d.com

➜ Autodesk: Autodesk.com

➜ Dassault Systèmes / SOLIDWORKS: SolidWorks.com

➜ GOM: GOM.com

➜ Exact Metrology: ExactMetrology.com

➜ Physical Digital: PhysicalDigital.com

➜ Siemens PLM: Siemens.com/PLM
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Resolution vs. Accuracy

To indicate the capacity of their scanners, 
scanning hardware makers usually list the 
products’ accuracy as well as resolution; each 

affects the data quality in its own way. According to 
scanning service provider Exact Metrology, accuracy 
is “an indication of the range of the error that is inher-
ent in the measurement ... the device could be said 
to be accurate [if] the error is relatively small and in 
reasonable agreement with the artifact.” The same 
firm defines resolution as “the number of points that 
can be measured on a surface.” 

 “A 3D imaging device that is capturing a high 
number of points per second or points per unit of 
area, would yield a much higher resolution (not nec-
essarily accuracy),” Exact Metrology further clarifies.
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It joins the ranks of devices like the Microsoft Surface 
Pro, Apple iPad Pro and Wacom MobileStudio Pro. But the 
ZBook x2 supports up to twice the memory of any other 
detachable PC and when equipped with a discrete NVIDIA 
Quadro graphics processing unit (GPU) included in nearly 
all available configurations, it delivers 73% higher graphics 
performance compared to the Surface Pro, according to HP.

Four Modes
Although you can use it in place of a notebook computer, the 
HP ZBook x2 is decidedly not a laptop. The tablet portion of 
the device measures 14.35x8.94x0.53-in. and weighs 3.84 lbs. 
The clipped corners of its CNC-milled aluminum and die-
cast magnesium body give it an octagonal shape. Ventilation 
fins are arrayed along the top and side edges and an 8MP 
rear-facing camera is centered near the top edge. A hinged 
kickstand supports the tablet at angles from 10° to 165°, but 

it is so well hidden it was initially difficult to deploy. The 
front of the tablet is matte black, with a wide bezel surround-
ing the 4K (3840x2160) display. Six customizable quick keys 
flank the display on either side, while a pair of 2MP front-
facing cameras is centered across the top.

The tablet attaches to the keyboard portion using magnets 
and eight pogo pins. Although the spill-resistant keyboard pro-
vides 85 backlit keys and a 4.25x2.50-in. multi-touch touchpad, 
it adds less than ¼-in. additional thickness and weighs just 1.12 
lbs., bringing the total weight to 4.96 lbs. Despite its shallow 
travel distance, the keyboard is excellent, providing a typing 
experience on par with full-size laptops. The small (5x2x1.12-
in.) 90-watt power supply adds an additional 0.93 lbs.

The ZBook x2 can be used in any of four modes. In laptop 
mode (with the keyboard attached), it serves as a powerful mo-
bile workstation. In detached mode, you can work on the tab-
let while continuing to use the Bluetooth-enabled keyboard off 

Divide and Conquer:  
HP ZBook x2  
with DreamColor
HP delivers a powerful detachable PC.

HP claims its ZBook x2 is the world’s 
most powerful detachable PC.  
Image courtesy of HP.

BY DAVID COHN

H P RECENTLY SENT US its ZBook x2, billed as “the world’s most powerful detachable PC.” The 14-in. tablet, powered 
by an Intel Core i7 or i8 processor, fills a niche in the HP mobile workstation family, positioned between the affordable 
HP ZBook 14u and 15u ultra-books (DE September 2015) and the no-compromise HP ZBook Studio (DE September 
2016). The ZBook x2 is meant to replace multiple devices—laptops and tablets—often used by creative professionals. 
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to the side. In docked mode, with the optional 
HP ZBook Dock ($209), the HP ZBook x2 can 
power two additional 4K displays, or five total 
displays. Plus, of course, you can simply use it 
as a tablet. As such, it is considerably heavier 
than devices like the Surface Pro (which weighs 
just 1.75 lbs. without its keyboard). But as a 
tablet, the ZBook x2 continues to deliver its full 
graphic performance and battery life, because 
unlike the Surface Pro (which places the larger 
of its batteries in the detachable keyboard) the 
HP ZBook x2 packs nearly everything inside 
the tablet.

In addition, when working in tablet mode, 
those buttons adjacent to the display replace 
keyboard shortcuts. For example, when work-
ing in Photoshop, you can press a button to 
display a color picker. HP includes presets for Adobe apps; you 
can also program the buttons yourself using a built-in app.

The HP ZBook x2 also includes an excellent stylus based 
on Wacom EMR (electromagnetic resonance) technology. As 
such, it never needs charging, has a comfortable weight and 
provides 4,096 levels of pressure sensitivity, with multidirec-
tional tilt capabilities, a single side button and a dedicated 
eraser. The x2 comes with two types of replaceable nibs; 
using the pen on the chemically etched matte display feels 
like drawing on paper.

Connections on the Edges
The left edge of the tablet provides a headphone/microphone 
combo jack, the power button, volume buttons and a security 
cable slot. The right edge includes a battery indicator light, 
AC power connector, two USB Type-C/Thunderbolt ports, 
an HDMI port, a USB 3.0 port, an SD memory card reader 
and an optional fingerprint reader. Those USB ports can be 
used to charge external devices, even when the system is off 
(when the tablet is connected to AC power). You can also use 
a Type-C port to charge the tablet. Slots along the top edge 
direct sound from the Bang & Olufsen speakers.

The keyboard includes small LEDs on the caps lock, 
number lock keys and on the function key used to toggle 
the microphone. When detached, the keyboard pairs with 
the tablet via Bluetooth, with its own button for turning the 
keyboard on and off and a light to indicate the keyboard 
status. The keyboard charges whenever it is physically con-
nected to the tablet (when the tablet is connected to AC 
power). It also has a micro USB port that can be used to 
power and charge the keyboard, and a smart card reader 
slot on the left edge. That reader only works when the key-
board is connected to the tablet. The slot also accepts a pen 
holder, although we would have preferred to have the pen 
magnetically attach to the bezel, as we saw on the Dell Can-
vas (DE, December 2017).

Configuration Options
Prices for the HP ZBook x2 start at $2,279 for a system 
based on a seventh-generation 2.7GHz Intel Core i7-7500U 
dual-core CPU, 8GB of memory, 128GB SATA SSD and a 
4K backlit (non-DreamColor) touchscreen. Although HP of-
fers several preconfigured systems, you can also create your 
own custom configuration.

The evaluation unit we received included an Intel Core 
i7-8650U quad-core CPU, which added $442. That 1.9GHz 
processor (4.2GHz max turbo) includes an 8MB cache and 
has a 15-watt thermal design power (TDP) rating. Several 
other “Kaby Lake” CPUs are also available. 

Although all include embedded Intel graphics, most ZBook 
x2 configurations also include a discrete NVIDIA Quadro 
M620 GPU with its own 2GB of dedicated memory and 512 
compute unified device architecture (CUDA) cores. Our system 
also included an HP DreamColor display ($175), a 3840x2160 
multitouch 10-bit panel capable of displaying 1 billion colors 
and calibrated to 100% of the Adobe RGB color gamut.

Our system came with the maximum supported 32GB of 
DDR4 2133MHz memory, installed as two 16GB dual in-line 
memory modules (DIMMs), adding $585. HP also offers seven 
other internal storage options, including MLC (multi-level 
cell) and TLC (triple-level cell) solid-state drives. Our system 
included a 512GB Z Turbo Drive G2 MLC SSD ($432). The 
largest drive currently offered is a 1TB Z Turbo Drive at $708. 
The system we received was also equipped with the optional 
fingerprint reader ($25). All HP ZBook x2 units include Intel 
8265 ac 2x2 wireless LAN plus Bluetooth 4.2.

Performance and Compromises
Although we always expect great performance from HP work-
stations, the detachable design of the HP ZBook x2 results in 
several compromises. For example, the four-cell 70Whr Li-ion 
polymer battery kept the system running for 5 hours, less than 
many other tablets and 6.5 hours shorter than the record-set-

The detachable 
tablet includes a 
hinged kickstand, 
an 8MP rear-facing 
camera and ample 
connections. Image 
courtesy of HP.
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ting battery life of the HP ZBook 
15 (DE, April 2018). Like the 
ZBook 15, the ZBook x2 supports 
HP Fast Charge, which charges 
the battery from 0 to 50% in 
just 30 minutes, after which 
charging slows down to preserve 
the life of the battery. The x2 
also includes the self-healing 
HP Sure Start BIOS.

Graphic performance also 
falls somewhat short of expecta-
tions. On the SPECviewperf test, 
the ZBook x2 performed well 
enough, but with a GPU consid-
erably below the specs of other 
mobile workstations, its results 
placed it at the lower end of the 
performance spectrum. On the 
SOLIDWORKS 2015 bench-
mark, the ZBook x2 was also 
near the bottom of the pack, outperforming ultra books, but 
lagging most other mobile workstations.

The results on the SPECwpc benchmark also placed 
the ZBook x2 in the bottom echelon among systems we’ve 
reviewed recently. But its average time of 78 seconds to com-
plete our AutoCAD rendering test showed that the ZBook x2 
is indeed a workstation-class device.

Unlike many other tablets, the HP ZBook x2 has internal 
cooling fans, yet the device was practically silent during all 
our tests, barely ever reaching sound levels above ambient 
room noise. HP pre-installed Windows 10 Pro 64-bit. Win-
dows 10 Home and FreeDOS 2.0 are also available. Like all 
other HP workstations, the ZBook x2 is independent soft-
ware vendor (ISV) certified for most CAD and graphics ap-
plications. Although the base warranty only covers parts and 
labor for 1 year; the 3-year warranty included in our price 
adds only $121.

As tested, our HP ZBook x2 costs $3,710, making it one of 
the more expensive mobile workstations we have tested and 
(as shown in the chart above) clearly not a price/performance 
leader. But this is a niche product, a specialized tool aimed at 
artists, designers and digital imaging professionals. There is 
currently no other system like it. For those looking for one 
device that can do everything, there’s a lot to like about the 
ZBook x2. 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 DE and the author of more 
than a dozen books. Contact him via email at david@dscohn.com or 
visit his website at dscohn.com.
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INFO ➜ HP: HP.com

HP ZBook x2 detachable mobile workstation
• Price:  $3,710 as tested ($2,279 base price)
• Size: 14.35x8.94x0.75-in. (WxHxD) laptop mode
• Weight: 4.96 lbs. (plus 0.93-lb. external power supply)
• CPU: Intel Core i7-8650U quad-core w/ 8MB cache 
• Memory: 32GB DDR4 2133MHz 
•  Graphics: NVIDIA Quadro M620 w/2GB GDDR5 and  

Intel UHD Graphics 620
•  LCDs: 14-in. UHD (3840x2160) DreamColor IPS touch  

with anti-glare
•  Video: 720p front-facing webcam with IR and 8MP  

rear-facing webcam 
• Hard Disk: 512GB PCIe M.2 SSD 
• Floppy: None
• Optical: None
•  Audio: Bang & Olufsen HD audio with integrated stereo 

speakers and microphone 
•  Network: Integrated Intel 8265 ac 2x2 LAN plus Bluetooth 4.2 
•  Modem:  None
•  Other: One USB 3.0 (with charging), two USB Type-C 

(Thunderbolt 3/DisplayPort 1.2/USB 3.1) ports, HDMI, 
microphone-in/headphone-out combo, A/C power, smart 
card reader, SD card reader

•  Keyboard: Integrated 85-key backlit keyboard with 
Bluetooth, smart card reader/pen holder, micro USB for 
charging keyboard, integrated touchpad with multi-touch

•  Pointing device: Wacom EMR pen with 4,096 levels of  
pressure sensitivity

PERFORMANCE
(based on SPECwpc Product Development benchmark dataset)

P
R

IC
E

Price vs. Performance of Recent Workstations
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The company recently sent us its ProMagix HD80A, a large 
workstation packed with some of the latest technologies, includ-
ing an AMD Ryzen Threadripper CPU, making this the first 
Ryzen-based system we’ve reviewed. Needless to say, we were 
quite excited to put this system through its paces.

The Velocity Micro ProMagix HD80A came housed in a 
large black GX4 extended depth aluminum ATX case measuring 
7.25x18.50x21.25-in. (WxDxH) and weighing 25.75 lbs. The 
front of the case has a round power button centered below a 
single drive bay and a Velocity Micro logo cutout near the bot-
tom. Both the power button and logo illuminate. Interior case 
illumination is also visible through fan vents in the top and left 
side of the case. A pair of USB 3.0 ports plus microphone and 
headphone jacks are located on the top of the case. 

When turned on, the case did little to reduce the sound of 
the system, which registered a constant 48dB. Although not the 
loudest system we’ve ever tested, the fan noise was quite notice-
able against the otherwise 29dB ambient sound level in our lab.

The rear of the case provides nine additional USB 3.0 ports, a 
single USB 3.1 Type-C connector, one RJ-45 LAN port for the 
integrated Intel gigabit LAN, a S/PDIF port and five audio jacks. 
The left side panel, held in place with six snap connectors, takes 
very little effort to remove. Inside, we found a well-organized, 
spacious interior with five internal drive bays, one of which was 
filled. We removed a large piece of foam packing material from 
the inside of the case before powering up for the first time.

Lots of Options
On its website, Velocity Micro lists a starting price of $1,999 
for the ProMagix HD80. But the company sells HD80 systems 
based on Intel and AMD processors. The “A” suffix denotes 
this as an AMD-based system, and those cost more, with prices 
starting at $2,599 (less a $150 online discount). The ProMagix 
HD80A is built around the ASUS PRIME X399-A moth-
erboard, which provides eight dual-inline memory module 
(DIMM) sockets, supporting a maximum of 128GB of error 

correction code (ECC) or non-ECC unbuffered memory mod-
ules. The base HD80A configuration includes 16GB of DDR4-
2400MHz RAM (4x4GB). Our system came with 32GB, in-
stalled using four 8GB Crucial Ballistix memory modules, which 
added $220 to the system price.

The base HD80A system also includes an AMD Ryzen 
Threadripper 1900X, an eight-core 3.8GHz processor. Velocity 
Micro offers two other choices, the 12-core 3.5GHz 1920X that 
was included in our evaluation unit (adding $465) or the 16-core 
3.4GHz 1950X (which would have added $745). 

All three CPUs use a pair of quad-core complexes combined 
into each of the two Zeppelin dies inside the Ryzen processor. In 
the 1920X, AMD disables four of those cores. Although the less-
expensive versions have fewer active cores, all three feature four 
DDR4 memory channels and 64 PCIe lanes. All three also have 
a maximum boost frequency of 4.0GHz—a 4.2GHz extended 
frequency range when paired with a robust CPU cooler—and a 
180-watt thermal design power rating.

Very Fast—Very Expensive 
The Velocity Micro ProMagix HD80A is the first AMD-based 
workstation we’ve benchmarked.

The interior of the case is spacious, but users must swing 
the cooling radiator out of the way to access the CPU 
and memory sockets. Image courtesy of David Cohn.

BY DAVID COHN

I F VELOCITY MICRO is unfamiliar, it is likely because the company is the outgrowth of a business started in 1992 
by a techie and entrepreneur who began assembling custom computer systems to run CAD and other demanding 
applications. Today, this Richmond, VA-based system integrator assembles systems for a wide range of uses including 
gaming, home, office, home theater and even driving simulation.
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Although all Velocity Micro ProMagix HD80A systems in-
clude an EVGA closed-loop liquid cooling system, our evaluation 
unit included one with optional blue lighted fans, adding $65. The 
base system also includes a 750-watt EVGA SuperNOVA 80Plus 
Bronze certified power supply. Power supplies of up to 1,300 
watts are available for those planning for maximum expansion.

Expansion capabilities are robust thanks to the motherboard’s 
six expansion slots—four PCIe 3.0/2.0 x16 slots, a PCIe 2.0 x4 
slot and a PCIe 2.0 x1 slot—which are clear of the CPU cooler. 
The cooling unit’s large dual-fan radiator assembly must be 
hinged out of the way to access the CPU and memory sockets, 
but the expansion slots are easy to access. The lower portion of 
the case has its own fan, with a metal baffle directing airflow over 
the expansion slots. These two bottom vents also have their own 
removable dust filters.

The base HD80A configuration includes an NVIDIA 
Quadro K620 graphics processing unit (GPU) with 2GB of 
discrete memory. Velocity Micro offers a choice of 18 other 
graphics cards from AMD and NVIDIA, including the NVIDIA 

Quadro P5000 supplied in our evaluation unit. This high-end 
board, which added $2,400 to the price, includes 16GB of 
GDDR5X memory and features 256 compute unified device 
architecture (CUDA) cores, a 256-bit interface and a maximum 
bandwidth of 288GB/second. Since the P5000 consumes 180 
watts, it requires an eight-pin auxiliary power connection, and 
its double width covers the adjacent PCIe 2.0 x4 slot. The GPU 
provides four DisplayPorts and one DVI-D port as well as 3D 
stereo support, although the stereo connector was provided 
but not installed. The P5000 has a maximum resolution of 
7680x4320 at 30Hz. We ran our tests at 3840x2160 resolu-
tion, using the NVIDIA WHQL driver version 391.35 (dated 
3/23/18); the driver installed when we received the system.

The base system also comes with a 256GB solid-state drive 
(SSD), but Velocity Micro offers 18 other choices, including SSDs 
of up to 2TB and standard hard drives from 1TB to 8TB. Our 
system came with a 512GB Samsung 960 Pro PCIe M.2 NVMe 
SSD, which added $340. Our evaluation unit also included a 4TB 
7200rpm Seagate SATA drive ($165 extra) for data storage. A 24X 
ASUS DVD+/-RW dual-layer drive comes standard, installed in 
the front-panel drive bay. Integrated gigabit ethernet is standard, 
but wireless and Bluetooth capability are extra.

Great Test Results
With its high-end components, including the very fast 12-core 
AMD Ryzen Threadripper CPU, we had high expectations. And 
indeed, the Velocity Micro ProMagix HD80A lived up to them.

On the SPECviewperf tests, the ProMagix HD80A turned in 
some of the best results we have ever recorded on this graphics-
intensive test, with improvements ranging from 2% to as much 
as 47% compared to the BOXX APEXX S3 (which DE reviewed 
in March 2018). But on several of the other Viewperf datasets, the 
HD80A lagged the BOXX workstation by as much as 53%. On 

Buy It or Build It?

W e often wonder whether it makes sense to 
have someone like Velocity Micro assem-
ble the system or if it’s a better deal to 

buy the components and build it yourself. Here’s 
what we came up with for the ProMagix HD80A:
•  ATX case (comparable to the Velocity  

Micro GX4 case): $105
• ASUS PRIME X399-A motherboard: $310
• AMD Ryzen Threadripper 1920X CXPU: $800
• Crucial Ballistix 4x8GB 2400MHz memory: $350
• EVGA BQ Series 750-watt power supply: $60
• EVGA CPU Closed Loop Water Cooling Kit: $120
• ASUS 24X DVD+/-RW DL optical drive: $25
•  Samsung 512GB 960 Pro PCIe NVMe M.2  

solid-state drive: $300
• Seagate 4TB 7200rpm SATA hard drive: $100
• NVIDIA Quadro P5000 graphics card: $1,900
• Windows 10 Professional 64-bit: $200
• Keyboard and mouse: $30
TOTAL: $4,300

That means that if one were to purchase the 
parts and build it on their own, it’s possible to 
save around $2,300. Of course, that assumes the 
builder has the requisite skill, confidence and time 
to do it on their own. Buying a system assembled 
by trained technicians and backed by a warranty 
from a reputable company is worth some extra 
cost when it comes with the assurance that the 
system is guaranteed to work when it shows up at 
the door. It’s up to the buyer whether a 50% cost 
increase is too much.

The Velocity Micro ProMagix HD80A is a powerful 
workstation based on an AMD Ryzen Threadripper 
CPU. Image courtesy Velocity Micro.
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ENGINEERING COMPUTING ||| Workstation Review

Velocity Micro 
ProMagix 

HD80A
one 3.5GHz AMD 
Ryzen Threadrip-
per 1920X 12-

core CPU, NVIDIA 
Quadro P5000, 

32GB RAM, 
512GB SSD, 4TB 

SATA HD

BOXX  
APEXX S3

one 3.70GHz Intel 
Core i7-8700K 

6-core CPU 
over-clocked to 

4.8GHz, 
NVIDIA Quadro 

P4000, 
32GB RAM, 
512GB SSD

Lenovo 
ThinkStation 

P320 Tiny
one 2.90GHz Intel 

Core i7-7700T 
quad-core CPU, 
NVIDIA Quadro 
P600, 16GB 

RAM, 512GB SSD

HP Z2 Mini G3
one 3.2GHz Intel 

Core i7-6700 
quad-core CPU, 
NVIDIA Quadro 
M620, 32GB 
RAM, 250GB 
SSD and 1TB 

SATA HD

Lenovo  
ThinkStation 

P410 
one 3.6GHz Intel 
Xeon E5-1650 
v4 6-core CPU, 
NVIDIA Quadro 
M4000, 16GB 

RAM, 1TB SATA 
SSD HD

Dell  
Precision 3620
one 4.0GHz Intel 
Core i7-6700K 
quad-core CPU, 
NVIDIA Quadro 

M4000, 
32GB RAM, 

512GB PCIe SSD 
and two 1TB 

SATA drives in 
RAID 0 array

Price as tested $6,603 $4,559 $1,479 $1,698 $2,515 $2,860

Date tested 4/26/18 11/30/17 9/8/17 1/20/17 10/26/16 8/5/16

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

SPECviewperf 12 (higher is better)

3dsmax-05 143.38 140.20 30.87 33.19 n/a n/a

catia-04 159.73 170.48 40.37 33.97 89.66 86.07

creo-01 96.93 148.65 41.63 36.68 76.93 72.47

energy-01 18.58 12.62 0.41 0.63 6.34 6.33

maya-04 114.39 120.80 37.07 29.95 63.31 69.94

medical-01 76.94 56.17 12.24 10.74 26.62 26.54

showcase-01 102.04 82.78 16.32 19.63 46.58 45.77

snx-02 201.65 159.37 36.04 28.29 125.39 72.93

sw-03 167.42 196.79 63.53 57.90 106.37 108.73

SPECapc SOLIDWORKS 2015  (higher is better)

Graphics Composite 3.38 6.25 2.59 2.51 8.08 8.23

Shaded Graphics Sub-Composite 2.22 4.53 1.99 2.04 4.87 4.95

Shaded w/Edges Graphics Sub-Composite 2.70 5.55 2.46 2.58 5.97 6.36

Shaded using RealView Sub-Composite 2.43 5.51 2.17 1.94 6.43 6.35

Shaded w/Edges using RealView Sub-Composite 2.73 5.93 2.60 3.33 9.99 10.19

Shaded using RealView and Shadows  
Sub-Composite

2.80 5.82 2.25 1.73 7.23 7.07

Shaded with Edges using RealView and  
Shadows Graphics Sub-Composite

2.90 6.22 2.55 2.84 10.47 10.57

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

9.22 10.77 3.97 2.21 16.01 15.04

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

8.46 11.93 4.49 3.37 22.75 21.89

Wireframe Graphics Sub-Composite 2.99 4.67 2.05 3.46 3.26 3.88

CPU Composite 4.25 4.27 1.67 2.78 5.08 4.96

SPECwpc v2.0 (higher is better)

Media and Entertainment 5.03 4.91 1.44 2.53 2.84 3.22

Product Development 5.26 4.65 1.36 2.40 2.79 2.75

Life Sciences 7.32 5.24 1.39 2.59 3.03 3.25

Financial Services 10.37 6.07 1.70 3.11 4.60 1.40

Energy 5.76 4.91 1.10 1.97 3.11 2.77

General Operations 1.55 2.33 0.86 1.47 1.14 1.58

Time

Autodesk Render Test  (in seconds, lower is better) 34.30 33.40 109.90 62.40 50.10 58.20

Workstations  
Compared

  Numbers in blue indicate best recorded results. Numbers in red indicate worst recorded results.
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the SPECapc SOLIDWORKS 
benchmark, the Velocity Micro sys-
tem performed well, but its scores 
placed it in the middle of the pack.

On the very demanding SPEC-
wpc workstation performance 
benchmark, however, which in-
cludes six test suites representing 
vertical markets that often have 
very different computing demands, 
the Velocity Micro ProMagix 
HD80A turned in the top scores 
on more than half of the individual 
tests and ranked first for all but 
one of the six test suites.

With its 12 CPU cores, the 
HD80A averaged 34.3 seconds 
on the AutoCAD rendering test, a 
multithreaded test that shows the 
advantage of fast CPUs with multi-
ple cores, less than a second slower 
than the BOXX APEXX S3.

Unlike most other workstations we have tested, Velocity 
Micro preloads Windows 10 Home, or it’s possible to get Ubuntu 
Linux for the same price. Windows 10 Professional costs $70 
more (which we included in our pricing to maintain consistency 
with our other reviews), or users save $70 by ordering the system 
without an OS. Velocity Micro also does not include a keyboard 
or mouse unless one is added to the order. Various keyboards and 
mice are available at the time of purchase, with prices ranging 
from $15 each for a basic keyboard and mouse (which we in-
cluded in our pricing) to $99 for a wireless keyboard and mouse.

Most other manufacturers back their workstations with three-
year warranties, but Velocity Micro only includes a one-year 
warranty in its base price. That warranty includes parts and labor, 
lifetime regular business hour support and one-year depot repair. 
The company does offer other options, including one year with 
on-site repair ($99). For consistency, we included a three-year 
warranty in our configuration (which added $399). Velocity Micro 
also provides a lifetime upgrade plan that allows the ability to re-
turn the system for maintenance upgrades and tuning.

As configured, our system priced out at $6,753, although 
an online discount available when we priced our configuration 
dropped that total by $150 (and a Velocity Micro rep told us 
that such specials are often available). Therefore, we used $6,603 
for our price/performance chart.

That price makes the HD80A the most expensive single-
socket workstation we have tested in the past six years. And as 
an integrator rather than an original equipment manufacturer, 
systems from Velocity Micro lack independent software vendor 
certification. Clearly, the folks at Velocity Micro knows how to as-
semble a high-end workstation, but while the ProMagix HD80A 
is a performance leader, its price places this AMD-based system in 
at the high end of the price/performance scale. 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 DE and the author of more than a dozen books. 
Contact him via david@dscohn.com or visit his website at dscohn.com.

PERFORMANCE
(based on SPECwpc Product Development benchmark dataset)
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Price vs. Performance of Recent Workstations

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

INFO ➜ Velocity Micro: VelocityMicro.com

Velocity Micro ProMagix HD80A Workstation
• Price:  $6,603 as tested ($2,449 base price)
• Size: 7.25x18.50x21.25-in. (WxHxD) 
• Weight: 25.75 lbs.
•  CPU: AMD Ryzen Threadripper 1920X (12-core) 3.5GHz  

w/ 32MB L3 cache 
• Memory: 32GB DDR4 2400MHz (up to 64GB supported)
• Graphics: NVIDIA Quadro P5000 w/16GB GDDR5X
• Storage: Samsung 512GB NVMe SSD and 4TB 7200rpm SATA
• Optical: 24X ASUS DVD +/-RW dual layer
•  Audio: Onboard Realtek S1220A 8-channel high-definition audio 

(microphone and headphone on top panel; microphone, line-out, 
line-in, rear, center/subwoofer and S.PDIF on rear panel)

•  Network: Integrated Intel gigabit LAN
•  Other: Two USB 3.0 on top panel; nine USB 3.0 and one USB 

3.1 Type-C on rear panel
•  Keyboard: None included (Microsoft keyboard added to price)
•  Pointing device: None included (Microsoft optical  

mouse added to price)
•  OS: Windows 10 Home 64-bit (Windows 10 Professional  

64-bit added to price)
•  Warranty: 1-year parts and labor, with depot service and  

regular business hour support standard (3-year warranty 
added to price)
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PICKS

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

The 2018 versions of the HyperWorks 
EM suite are out. The suite is made 
up of FEKO for EM simulation, Win-
Prop for wave propagation modeling 
and radio network planning, Flux for 
EM and thermal simulations as well as 
FluxMotor, the stand-alone application 

for the pre-design of electric rotating 
machines.

The 2018 release offers enhanced 
functionalities, simplified workflows 
and a better user experience for better  
e-mobility, communications and more.
MORE ➜ digitaleng.news/de/?p=44518

Big Release of Electromagnetic Simulation Software
Altair’s 2018 electromagnetic software said to target e-mobility jobs.

3D Printer for Professional Workflows
Ultimaker also debuts new material and mobile app.

The Ultimaker S5 can fit on the desk-
top, a shelf or in a rack—yet it has a 
roomy 12.99×9.45×11.81-in. build vol-
ume. It can 3D print parts in an assort-
ment of materials, including polylactic 
acid and advanced engineering plastics 
like nylon and polycarbonate.

The company also introduced a new 
material with the Ultimaker S5. Called 
Tough PLA, this filament is said to pro-
vide toughness similar to acrylonitrile 
butadiene styrene thermoplastic. 
MORE ➜ digitaleng.news/de/?p=44340

Metal AM Printer Handles Crack-Prone Materials
Electron beam melting metal AM system said to have features that lower costs.

The Arcam EBM Spectra H is a high-
volume new metal manufacturing tech-
nology platform. 

It is designed to enable you to work 
with high heat and crack-prone materi-
als like titanium aluminide and nickel 
Alloy 718 at temperatures exceeding 

1000°C. Additionally, it incorporates 
automatic calibration technology and a 
dust-tight environment throughout the 
process. It has a 6kW beam; movable 
heat shield; and automated sieve and 
hopper filling station.
MORE ➜ digitaleng.news/de/?p=44228

Optimization and Process Solutions Updated
New user interface and optimization algorithm among enhancements.
ESTECO recently released the Spring 
2018 editions of its VOLTA and mode-
FRONTIER platforms. These software 
suites can help you create an enterprise-
wide solution for design optimization, 
simulation data management, process 
integration and automation.

They’re really about getting con-
trol over your engineering intellectual 
property, making engineering knowl-
edge a collaborative asset and fostering 
agile development processes for new 
products and technologies.
MORE ➜ digitaleng.news/de/?p=44081
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////////////////////////////////////////////////////////////////
Student Design Competition Profile:  

The AIAA Design Competition

Next-Gen Engineers

David W. Levy is the director of Technology at Sierra Nevada 
Corp. and the chair for the AIAA Aircraft Design Technical Com-
mittee. We spoke to him to better understand the competition.

Digital Engineering: Can you provide an overview of the 
AIAA Aircraft Design competition, how it started and the pro-
gram’s intent? 

David Levy: The yearly competitions are restricted to under-
graduate and graduate university level individuals and teams in 
the U.S. and abroad. They offer a great opportunity for students 
to participate in a simulated real-world problem, allowing them to 
gain experience and receive useful and constructive feedback from 
technical experts who sit on AIAA Technical Committees. 

Several of the competitions allow students to perform theo-
retical work and gain real-world insight into the design process. 
Whether students are designing an aircraft, engine or space 
vehicle, they will go through all of the primary design steps 
involved in determining a solution to a request for proposal 
(RFP). This includes determining a hypothetical solution, test-
ing the hypothesis, evaluating its effectiveness, doing some cost 
analysis and preparing a report to submit in response to the 
RFP. These responses are reviewed by experts in the field who  
provide constructive responses to the students.

DE: Can you describe one of the winning designs and what 
the design intent was?

Levy: According to the winner of Georgia Institute of Tech-
nology’s winning proposal, they pursued a design for the light 
aircraft market. They stated that to successfully enter this market, 
there needs to be some niche within which the aircraft occupies.

It was discovered that today’s jets capable of carrying six to 
eight people cannot operate out of airports with runways less 
than 3,000 feet. Improving takeoff performance in this regime 
drastically improves U.S. airport access and differentiates this 
plane from the rest of the market. Many light business jet opera-
tors do not operate larger jets because they seek an excellent 
value aircraft that can access more domestic airports. Short take-

off performance is key to making these airplanes as versatile as 
possible and it meets another primary design goal.

The final aircraft configuration was a standard composite 
fuselage with a swept low-wing and tail. Both the six and eight 
seaters were identical except for a small change in the fuselage 
and flight controller, resulting in 94% part-commonality by 
weight. Short takeoff performance was achieved with a high 
thrust-to-weight ratio and multiple high-lift devices. This 
resulted in takeoff performance that allowed the Coronis air-
craft to access 28% more airports compared to jets in the same 
category. Preliminary design analysis was validated with finite 
element analysis (FEA), computational fluid dynamics (CFD)  
and extended vortex-lattice models. Based on the aircraft weight, 
complexity and performance, the Eastlake cost model estimates 
the aircraft to be priced competitively to various aircraft of simi-
lar maximum takeoff weight.

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

Levy: The specifications for the designs are created each year 
by members of the AIAA Technical Committees. The RFP will 
describe the mission for the aircraft, payload to be carried, per-
formance requirements and other pertinent information. Then 
the airplane design  is completely up to the students. AIAA only 
provides the RFPs and then judges the entries. DE

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

Students Disrupt Worlds of Aviation and Astronautics
BY JIM ROMEO

THE AIAA DESIGN COMPETITION is 
sponsored by the American Institute of Aeronautics 
and Astronautics. It offers graduate and 
undergraduate students around the globe an 

opportunity to submit innovations and designs to compete 
with their peers, and lets them become the disruptors of 
tomorrow in the world of aviation and astronautics. 
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Virtual Product Development Needs 
Accurate Materials Information

The product development landscape is changing. With 
the availability of high-performance computers, and relatively 
inexpensive, easy-to-use simulation software tools, organiza-
tions across sectors like aerospace, automotive and industrial 
manufacturing are making significant investments in virtual 
product development and technologies like computer-aided 
engineering (CAE). Through these tools, analysts can use 
simulated models to refine and validate their products under 
development to ensure they will be functionally fit for purpose, 
and assess factors like manufacturability and predicted lifetime. 

 The software infrastructure within these manufacturing 
enterprises is often vendor-agnostic, meaning that interoper-
ability between the different design and simulation solutions 
become a concern. Analysts can also waste a lot of time finding 
the right material models. And, without consistent materials 
definitions across systems, they risk modeling a product based 
on the wrong material grade. The resulting errors greatly re-
duce the value of any virtual prototyping or simulation work 
from the start. Inaccurate materials properties may also hinder 
innovation by placing unnecessary limits on the design. 

For example, an aerospace manufacturer looking to opti-
mize airflow around an aircraft wing may turn to composite 
materials due to their flexibility, durability and lighter weight. 
Should the complex materials properties that make up that 
composite be inaccurate, the design at best will underperform, 
or at worst fail completely as the material won’t behave as 
expected. From a corporate perspective, this can have serious 
repercussions in the event of product failure or recall. 

Reduce Risk
So how do we serve analysts with accurate materials inputs, ide-
ally traceable back to the test data and analysis from which they 
were derived? How can we ensure users have confidence in their 
results? The answer is to connect simulation tools to a reliable, 
managed source of materials data—ideally the same source in 
which the company’s test and design data is stored. This enables 

links to be made between these data sets, ensuring traceability 
and consistency. Although the benefits of using virtual product 
development tools seem obvious, if an organization doesn’t have 
such an infrastructure in place, deploying one may be daunt-
ing—especially in large organizations with multiple sites and 
vast quantities of legacy data. 

But more organizations are recognizing the benefits of 
programs and supporting systems to enable the collection, col-
lation and analysis of materials data. This is valuable data, and 
the simulations in which it is used can be costly. Protecting 
that investment can best be achieved through the consolida-
tion of corporate materials data into a single, secure system 
that can be managed and maintained. Having a reliable “gold 
source” of information ensures accurate input data, which in 
turn safeguards the accuracy of simulations and other design 
efforts. Leading enterprises such as PSA Peugeot Citroen, 
Jaguar Land Rover and Molex have all commented on the im-
portance of managing materials information systematically to 
ensure accurate inputs to simulation. Enterprise-wide, materi-
als data management tools also enable in-house teams to work 
together coherently, regardless of geographic location, or area 
of focus within the product lifecycle. 

Conclusion
Any investment in virtual product development will not deliver 
on its full potential if the quality and accuracy of the materials 
information is not there from the start. The adage of “garbage 
in, garbage out” sums it up that if the input materials informa-
tion is flawed, the simulation outputs will be equally useless. 
This scenario can be avoided by using a materials information 
management system. The full lifecycle for simulation data and 
all related datasets can be effectively managed, and in-house 
data can be enriched with validated reference data. All stake-
holders from product stewards to simulation analysts can also be 
assured that their work is based on accurate, validated, traceable 
materials information. When materials decisions can be made 
with confidence, innovation and competitive advantage increase, 
while risk, cost and time to market can all be greatly reduced. DE

Beth Harlen is technical marketing communications specialist at 
Granta Design (grantadesign.com).

G ENERATING AND OBTAINING materials data 
for simulation is complex and time-consuming, but 
incorrect properties lead to incorrect simulations. 
So how can simulation analysts avoid costly errors?
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Multiple antennas are needed to create more complex 
communication systems on airplanes. But this arrangement 
of transmitters and receivers can cause aircraft operation 
issues due to crosstalk, or cosite interference. Simulation 
helps you analyze the crosstalk effect on an aircraft and in 
turn find the best antenna placement.

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 antenna simulation.

Overcome antenna crosstalk 
issues with simulation.

comsol.blog/antenna-crosstalk

Visualization of the electric field norm and 3D far 
field due to a transmitting antenna. Antennas are 
intentionally large in this tutorial model.
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